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Chemistry of Carbohydrates, Amino sugars and
Mucopolysaccharides

Question 1:

Which of the following is an aldose sugar?

a) Erythrulose

b) Ribulose o, % '.:'h

c) Fructose g o ;

d) Erythrose 5: - S
Question 2; YR ~ 2

b i ..\-" . [ S . . b
Which of the following two monosaceliarides are‘constituents of lactose?

T

a) Glucose and Fructose [ " P,
b) Glucose and Mannose ot Tt
c) Glucose and Galactose ., _"-_ N
L |
d) Glucose and Glucose 5_-'_1- L
_\_--\_.\"' z g .J
hy F
Question 3; ; =4" o
iy A

Which of the following are enantiomers?

a) D-galactose and L-fructose
b) Galactose and glucose
¢) D-mannose and L-mannose

d) D-glucose and D-mannose

Question 4.

Which among the following is an example of epimers?

a) D-glucose and L-glucose

b) D-glucose and D- mannose
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c) D-glucose and D-fructose

d) D-fructose and D-talose

Question 5:

Which type of bond is there at the branching points in the structure of glycogen?

a) o1 ° 4 glucosidic bond
b) a1 ° 6 glucosidic bond
c) o1 ° 1 glucosidic bond ",

d) a1 ° 2 glucosidic bond ¥ @,

Question 6: . w" & %
4 : P~ - ™
Which of the following has the highest q_%lyéemic index? ol

" -
N )
L 1

a) Glucose
b) Fructose - —_- he N
C) Sucrose 3 ; W

d) Sugar alcohols

Question 7: Kl

i '-.\-]_. -\._"'\_.\'
You want to ‘assess glucose,inthe urine of a patient with diabetes. Which of the following
tests/methods cannot be used to detect the same?

a) Nelson Somogyi method
b) Ferric chloride test

c) O-Toluidine method

d) Folin and Wu method

Question 8:

Which of the following compounds in a patient's urine will not give a positive reaction tol
Benedict's test?

a) Ascorbic acid
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b) Homogentisic acid
c¢) Sucrose

d) Lactose

Question 9:

What would be the respiratory quotient if someone is on an exclusive carbohydrate diet?

a) 0.7 =
s

b) 0.8 o

c)1 o G )

d) 1.2 WY ,

: '|: i
ol Y ,
3 - g i 2 i P
Question 10: 43 i P
G .\-\-'. - -\. L1 1-| . L
Which of the following tests can be used to estlmate the hver functlon in a patient with
chronic liver disease? s sk ~
e .-I - . - W, T .-. .
a) Glucose Tolerance Test L Wy
b) Fructose Tolerance Test , o . : &
| -
c) Galactose Tolerance Tes_t - Y
d) Lactose Tolerance Tesﬁf By
— -\.\__-
i '-.\-]_ =, Nt
) 5 M K

Question 11 )

Which of the following is the most common mucopolysaccharidosis?

a) Hurler’s disease
b) Hunter's disease
c) Sanfilippo disease

d) Sly syndrome

Question 12:
A patient with deafness and mental retardation is found to have an excess accumulation of

glycosaminoglycans in his body. After a detailed evaluation, he is diagnosed with Hunter
disease. What is the site of synthesis of these accumulated substances?
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a) Mitochondria and Golgi apparatus
b) Endoplasmic reticulum and Golgi apparatus
c) Lysosomes and endoplasmic reticulum

d) Endoplasmic reticulum and mitochondria

Question 13:

What are the constituents of chondroitin sulfate?

a) N-acetyl glucosamine and glucuronic acid ",

b) N-acetyl galactosamine and glucuronic acid

c) N-acetyl glucosamine and galactose v o B ?
. L
d) N-sulfated glucosamine plus iduronic acid o i, W,
o, | Y r
. Wy o
. L : -\.. | '\-\.-
Question 14: Wy oY ol

Which of the following mucepolysaccharides*does not cofitain uronic acid?

. 5

a) Chondroitin sulfate v '_"' W Y

b) Hyaluronic acid o " ;1" -

c) Keratan sulfate .,:-_ - o 3

oy el el
d) Dermatan sulfate ™/ s
e ] ) -'\-\. i
i '-.\-]_ =, Nt
s A

Question 15: \

In a patient presenting with corneal opacity, deficiency of which of the following could be a
likely cause?

a) Keratan sulfate
b) Hyaluronic acid
c) Chondroitin sulfate

d) Heparan sulfate

Question 16:

Which of the following glycosaminoglycan plays an important role in cellular migration?
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a) Dermatan sulfate
b) Heparan sulfate
c¢) Chondroitin sulfate

d) Hyaluronic acid

Question 17:

Which of the following GAG is responsible for the charge selectiveness of the renal glomerular
basement membrane? i

a) Heparan sulfate

b) Heparin W ,"-- ,
c) Dermatan sulfate " A "“ :
2’y . iy
d) Hyaluronic acid - " - .
i ._ '\-. L 1, '\-\.-
| btk kX >
Question 18: ' _
ol {

. i 3 e e N 5 .
All mucopolysaccharidoses are inheritediin an autosgnial recessive manner, except:

a) Hurler’s disease e 3 &
L e e ._'-\.-
b) Hunter’s disease X L Y
c) Maroteaux - lamy di_'lsé“d'se Ty
d) Sanfilippo A disease .
5 X C o
'H. 5 I_.
Question 19:

A 6-year-old mentally retarded girl presents with a protuberant abdomen, short stature,
coarse facial features, and cloudy corneas. Skeletal malformations include dysostosis
multiplex and bullet-shaped middle phalanx. Which of the following enzyme deficiencies is
most likely in this patient?

a) Iduronate sulfatase

b) B-Galactosidase

c) a-L-Iduronidase

d) B-Glucuronidase

Question 20:
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A g-year-old boy presents with mental retardation, dysostosis multiplex, coarse facial
features, and clear cornea. What is the most likely diagnosis?

a) Hurler's disease
b) Hunter's disease
c) Maroteaux-Lamy disease

d) Sly disease

Question 21: ;

A 7-year-old boy presented with dwarfism and skeletal abpormalities. Upo'il éxamination, the
abdomen was distended with no hepatosplenomegaly., The child was.assessed and was found
to be of normal intelligence. Which of the followingmuicopolysaccharidoses could be a likely

cause? . ~5 b
a) Hurler’s disease . o o
b) Hunter’s disease W Gt e

c) Sanfilippo disease N

d) Morquio’s disease - '

Question 22: L 1

_-'\.\_ i

Naglazyme is used for tréating pa_t-ient§ with which of the following diseases?

a) Marotelaqxil-aa.my syndrgme g
b) Morquic;’s disease
c) Von Gierkes disease

d) Niemann-Picks disease

Question 23:

A 5-year-old boy presented with easy fatigability, irritability and inability to concentrate. Labs
revealed the following findings a and b (light and oil immersion respectively) on the bone
marrow aspiration. Which of the following is the most likely enzyme deficient in this
condition?
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a) Hexosaminidase
b) Glucocerebrosidase

c¢) Sphingomyelinase

-acetylglucosaminidase 'ﬁ"‘ ) 4'—_:""
d) N-acetylg ‘__J& {:‘5 .;,r*:”*
O e~
22 N
D J&

o éﬁlﬁﬁver Key

Question No. Correct Option

o

O |IN| OO | |W[N|(F

[N
o

=
=

=
N

=
w

O |Tc|jT|]o (o |o|o |T(2 |T|T |0 |0 |

'—\
S

10
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16
17
18
19
20
21
22
23

T | 2o

T |9 | |T|O

Detailed Explan"étli'dns

Solution to Question 1: g o L ot

wh g iy,
Erythrose is not a ketose sugar but an aldose sugar as. 1t has an aldehyd'e group in it.

‘- -\-

Erythrulose, ribulose, and fructgse are ketose sugars as they have a ketone group in them.

- =
[ e E & . e
A e e
1 N -.I
Solution to Question 2: o o
'\1_\'\' . e
Lactose is a disaccharide {hat consists of -ga.Iactose and glucose linked by a -1,4-glycosidic
linkage. ___:}-.. M_: 3
— -\.\__-
-4 =

L
Solution to Question 3: ™4

D-mannose and L-mannose are enantiomers. Enantiomers are mirror images of each other.

The designation of a sugar isomer as the D- or L- form is determined by its spatial relationship to
the parent compound of the carbohydrates, that is, the three-carbon sugar glyceraldehyde. The
orientation of the —H and —OH groups around the penultimate carbon atom determines whether
the sugar belongs to the D- or L- series. When the —OH group on the penultimate carbon atom of
the sugar is on the right side, then the sugar is designated as a D- isomer. When the —OH group is
on the left, it is an L-isomer.

Naturally occurring monosaccharides are D-sugars and naturally occurring amino
acids are L-isomers. Racemase enzyme interconverts between D and L isomers.

Examples of enantiomers include D-glucose and L-glucose, D-fructose and L-fructose and
D-mannose and L-mannose
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o
AN R
HO —F—H H————OH
HO —+—H H ————OH
H——+——OH HO —+—H
H——— OH HO ————H
CH,OH CH,OH
D-Mannose L-Mannose w L "f:r I
oy 2
il
XN
'l;':'..h:‘- |__".'H'h _h'-?:"'
[ hﬂ"xl iy _J 11.\."'\' "
: ; . W W "
Solution to Question 4: “{“T‘"l ,;L_‘I ;.,:'T"‘
- - i L
D-glucose and D-mannose are-@__ié:ﬁ'mples of (Ehg_{-mers. -

iy iy ™
Isomers that differ in configuration aroufid only one sp@_ci'fié carbon atom (with the exception of
the carbonyl carbon) are defined as epimers of eaqﬁl?hqt}rer.
"

Examples for epimers of glucose'.iﬁéiu-de mannose (epimerized at carbon 2) and galactose

(epimerized at carbon 4) ' ';:_—v- __‘_h:_":h'
CHO CHO
-
R | |
-~ H—C—0OH HO—C—H
N | |
HO—C—H HO—C—H
| |
H—C—0OH H—C—0OH
| |
H—IiI—U'H H—IiI—U'H
CHzOH CHz0H
D-Glucose D-Mannose

Solution to Question 5:

Branching points in the glycogen structure have o1 ° 6 glucosidic bonds.

12 Sold by @itachibot



Glycogen is the storage polysaccharide in animals. It consists of a-D glucopyranose residues in o1
° 4 glucosidic linkage in straight chains and branching by means of o1 ° 6 glucosidic bonds.

Solution to Question 6:

The glycemic index is highest for glucose.

The increase in blood glucose after a test dose of carbohydrate compared with that after an
equivalent amount of glucose (as glucose or from a reference starchy food) is known as the

glycemic index.
*

. . . . . . L
The glycemic Index of glucose and galactose is 1 while that of dietary fibres is 0,3

Low glycemic index sugars include fructose, sucrose, starcheand sugar alcghol
P Nt

"-.' |
I.L:\'_.ﬂ- . r
. | PO A
Solution to Question 7: 5. A S
'.-Hl\.l * - e 'q.\_

A Ferric chloride test is not used to de:cfcf glucose. I]_:-1§'~used to detﬁqt‘“alkaptonurla and
phenylketonuria. L

g i o
I:‘- ...\H'.. e .:"‘- -
-\._i . - i
|I'-\.-.\- x -l.'
Solution to Question 8: e - ¥
-'-.
Benedict's test is a test for ‘.rea'ucmg sugars Sucrose does not give a positive reaction to Benedict's
test as it is a non-reducing sugar. i
o oy

Principle: All mon_osa"éharldes ang_i reducing disaccharides contain a free functional aldehyde or
ketone group. When heated imthe presence of an alkali, they are converted to enediols, which
reduce the -e.upi*ic compoumasm'(Cu2+) present in Benedict's reagent to an insoluble precipitate of
red cuprou% oxide (Cu20y

Enaediol

Sugar acid
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Composition of Benedict's reagent:
* Copper sulfate: Provides the source of cupric (Cu2+) ions

* Sodium citrate: Complexes with cupric (Cu2+) ions to prevent its deterioration to cuprous ions
spontaneously

* Sodium carbonate: Provides an alkaline pH

Substances giving a positive reaction on Benedict’s test:

« All monosaccharides such as glucose, galactose, fructose, pentoses

» Reducing disaccharides such as lactose and maltose . 2
* Glucuronic acid, homogentisic acid, and ascorbic acid -;'_";"*'-_'I
Clinical correlate: Benedict's test is used to detect the .E\r.e@t%'te of gluco@;urine

The color of the precipitate gives a rough idea of thq;a?hount of sgg@rllpresent in urine. Hence, it is
titative test. iy
a semi-quantitative tes _?‘ Y E:‘r ]

o o e

Green 0.5%
Yellow 1%
Orange 1.5%
Red 2%
S G

& B

x
Solution to Que_‘s_.lt{gﬁ:fg: R

o
The respi;ﬁ'tory quotientif someone is on an exclusive carbohydrate diet, is 1.
The respiratory quotient is the amount of CO2 produced /O2 consumed.

The respiratory quotient for various substances:

Carbohydr | 1.00

ate
Protein 0.81
Fat 0.71

Alcohol 0.66

Solution to Question 10:
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The galactose tolerance test is used to estimate liver function.

Galactose is metabolized to glucose almost exclusively by the liver. Hence, the galactose tolerance
test is done to assess the functional capacity of the liver.

In liver dysfunction, galactose is excreted in the urine in increased amounts. The liver function is
measured as the rate of excretion of galactose in urine following the

ingestion or intravenous injection of a known amount of galactose.

Normally, less than 3 g appear in the urine within 5 hours after the ingestion of 40 g of galactose.

Solution to Question 11: C

The most common mucopolysaccharidosis (MPS) is Sanfilippo disease (MPS III) followed by
Hurler’s disease and Hunter’s disease. Oy s

Sanfilippo disease makes up a genetically heterogenedlis but clinically“similar group of 4
recognized types. It is due to the deficiency of enzymies involved in'the degradatlon of heparan
sulfate. The onset of symptoms occurs between.2 and 6 yearé of age.

It is characterized by severe CNS 1nvolvem.ent with a mﬂd somatic 1nvolvement Disproportionate
involvement of CNS is a unique featuretof MPS III4 Other features.Include sleep disturbances,
aggressive behavior problems; an’d hlI‘SlltlSl’Il :

e K

™

Solution to Question 12 e G

The sites of synthesis of g__ycbsamlnoglycans (GAG) are the endoplasmic reticulum and Golgi

ey, T,

apparatus. ' -

Synthesis of the egre proteins oceirs in the endoplasmic reticulum, whereas, biosynthesis of
glycosamin_c_l)glycén chains and-their subsequent modifications occurs in the Golgi apparatus

Glycosaminoglycans or mucopolysaccharides are complex carbohydrates made up of amino sugars
and uronic acids. They may be attached to a protein molecule to form a proteoglycan.
Proteoglycans are components of the ground substance of connective tissue. Proteoglycans have a
bottle brush appearance.

Note: Hyaluronic acid is the only GAG that is not synthesized by the Golgi apparatus. It is formed
at the plasma membrane. It participates in cellular migration among other things.

Solution to Question 13:

Chondroitin sulfate is composed of N-acetyl galactosamine with sulfate and glucuronic acid.

Chondroitin sulfate is the most abundant GAG in the body. It is located at sites of calcification in
endochondral bone, cartilage, tendons, ligaments, aorta, and CNS. In cartilages, it binds collagen
and holds fibers in a tight, strong network.
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Solution to Question 14:

Keratan sulfate is a mucopolysaccharide that does not contain uronic acid. It is constituted by
repeating disaccharide units of N-acetyl glucosamine and galactose.

Two types of keratan sulfate are seen:
« Keratan sulfate I - in the cornea
* Keratan sulfate II - in the cartilage

It is present between the collagen fibrils in the cornea and plays a major role in corfi€al
transparency. Hence, its deficiency can lead to corneal opacity. .-C

- ) A
Solution to Question 15: N s ;

..'\'\- I- . B

Keratan sulfate I is present between the collag:eh fibrils _in, the cornea and*plays a major role in
corneal transparency. Hence, its deficigpcy‘ can lead te eorneal opagity:

. LA )
Keratan sulfate is made of repeating*units of N-acetyl glucosamin€ and galactose. Two types of

keratan sulfate are seen: - = =
ot k -
!

« Keratan sulfate I - in the cdrnea i

LY

* Keratan sulfate II - in the cartilage -

Dermatan sulfate (DS) also plé-y's.a role in corneal transparency. However, DS is widely distributed
in the body, mainly in the,skin.

! B
i

Solution to Question 16:-."

Hyaluronic acid plays an important role in cellular migration.

It is composed of repeating disaccharide units of N-acetyl glucosamine and glucuronic acid. It has
no sulfate group. Hyaluronic acid is the only GAG that is not covalently attached to core protein.
It is located in Synovial fluid, vitreous humor, the umbilical cord, cartilage.

It serves as a lubricant and shock absorber, especially in joints. It also plays an important role in
permitting cell migration during morphogenesis, wound repair, and tumor cell metastasis.

Solution to Question 17:

Heparan sulfate is the GAG involved in the charge selectiveness of the renal glomerular basement
membrane.

Heparan sulfate is a GAG made up of repeating units of glucosamine and glucuronic acid.
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Functions of heparan sulfate:

» Mediation of cell growth and cell-cell communication by acting as receptors on the cell
membrane

* Charge selectiveness of glomerular filtration: Since heparan sulfate contains a lot of negative
charges, its ability to repel proteins is important in glomerular filtration

* As an anchor for lipoprotein lipase

Note: The major GAG synthesized by arterial smooth muscle cells is dermatan sulfate, which
binds LDL and plays a role in the formation of atherosclerotic plaque.

Solution to Question 18:

= e

All mucopolysaccharidoses are inherited in an autosomal recesswe manner, except Hunter’s
disease which is inherited in an X-linked recessive manner.

In Hunter's disease, the enzyme iduronate 2- s'ulp-hatase is de'f101ent Itis an X'hnked condition,

affecting males only. b Fat o
Clinical features of the condition inclide: el o
» Grouped skin papules b

» Extensive Mongolian spots;may be anlebrly marker
* No corneal clouding 3 .

» Communicating hydrocephalus" and spastlc. paraplegla may be seen due to the thickening of

meninges L -
* Severe form: extensi{_e;%r.ld progressive CNS deterioration, followed by death by 10-15 years of
age :
Wy .
= I..

Solution to Question 19:
The clinical features point to the diagnosis of Hurler's disease (MPS 1). Deficiency of the enzyme
o-L-iduronidase that degrades glycosaminoglycans results in Hurler’s disease.
Hurler’s disease was also known previously as gargoylism (coarse facial features).

Clinical features of the disease include coarse facial features, corneal clouding, large tongue, and
inguinal hernias. They also present with hepatosplenomegaly, short stature, skeletal dysplasia,
and can present with hydrocephalus or valvular heart disease. These patients also have Reilly
body inclusions in their leukocytes.

The gene encoding o-L-iduronidase is present on chromosome 4. Heparan sulfate and dermatan
sulfate are accumulated. Enzyme replacement therapy is available in the form of aldurazyme.

Mucopolysaccharidoses are a group of metabolic disorders caused by the absence or
malfunctioning of lysosomal enzymes needed to break down molecules called glycosaminoglycans.

* Most common MPS: Sanfilippo &gt; Hunter’s and Hurler’s
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* MPS with no mental retardation: Scheie’s disease, Morquio syndrome, and Maroteaux—Lamy
syndrome.

» MPS with no corneal clouding: Hunter’s disease and Sanfilippo syndrome
* MPS with XLR inheritance: Hunter’s disease

* MPS with no visceromegaly: Morquio’s disease

* Skeletal deformity associated with all MPS: Dysostosis multiplex

» MPS with no leucocyte inclusions: Morquio’s disease

Solution to Question 20: .y

The clinical features point to a diagnosis of Hunter's dlsea.se Corneal clouamg is absent in
Hunter’s disease.

In this condition, the enzyme iduronate 2- sul;_)ha:tase is def1c1ent It is an X- ll-n,ked condition,
affecting males only.

o | - —~ - 5
- i &

Clinical features of the condition ir_lclugle: - Fat 'k
* Grouped skin papules 1 _. > L% o
« Extensive Mongolian spots‘may be an eatly rr-1arker 3
* No corneal clouding i ' 7
» Communicating hydrocephalus and spastlc paraplegla may be seen due to the thickening of
meninges

* Severe form: extensive_é"hd progressive CNS deterioration, followed by death by 10—15 years of
. W | ]
age N

" .\]_. oy, Y
5 o, L]
! u l..

Solution to Question 21:

The key features in the above scenario are the absence of hepatosplenomegaly and
the preservation of intelligence. Both of these features make the diagnosis of Morquio’s disease
most likely. All the other conditions above are associated with hepatosplenomegaly.

Morquio disease (MPS-1V) is caused by a deficiency of N-acetylgalactosamine-6-sulfatase
(MPS-IVA) or of B-galactosidase (MPS IVB). Both lead to defective degradation of keratan sulfate.

Early symptoms:

* Genu valgus

* Kyphosis

* Growth retardation with short trunk and neck
» Waddling gait

* Preservation of intelligence

18 Sold by @itachibot



« Instability of the odontoid process and ligamentous laxity is regularly present and can result in
life-threatening atlantoaxial instability and dislocation.

It is of two types:
Note:

* MPS with no mental retardation: Scheie’s disease, Morquio syndrome, and Maroteaux—Lamy
syndrome.

* MPS with no visceromegaly: Morquio’s disease

-
5
Morquio syndro | Galactosamine 6-sulfatas | Chromoso -:.'“_"‘
me A e me 16 F
Morquio syndro | B-Galactosidase Chromoso
me B me 4
T Y hi Y
ll;'::"' |__-'H' N
o - e
A% ,l__ﬂ._“"- 1
i e g "
. . L | Il-\.‘| -"H'
Solution to Question 22: 3"‘1 ,_h-"l" t__'% A ?‘:"

Naglazyme is used in the t_rea.q_'l‘nent of Ma:i‘qfeaux—Lamy_s@adrome

-
Maroteaux—Lamy syndrome/MPS VL g,s,,gaused by L]:'lq:-deflmency of arylsulfatase B enzyme whose
gene locus is on chromosome 5. 1=e§'el‘vat10n 0 intelligence is the feature of this syndrome. It is
characterized by macrocepha].y’nhydrocephalus. macroglossia, short stature, and contractures.

Naglazyme is used as an \égime replaq.e-ﬁ'lent therapy.
D o
Ty .y
—~ ot
P W}
Solution to Q'bestlon 23:35:?'

The given clinical scenario of a child with easy fatiguability, irritability, and inability to
concentrate with the images showing a crumpled tissue paper appearance(Gaucher's cell) is
suggestive of Gaucher's disease. The deficient enzyme is glucocerebrosidase (also known as
beta-glucosidase). I

Gaucher's disease is an inborn error of metabolism caused due to a deficiency of beta
glucocerebrosidase. It is the most common lysosomal storage disorder and the mode of
inheritance is autosomal recessive. There is an accumulation of lipid-laden macrophages in the
spleen, liver, and other tissues.

There are three clinical subtypes - type I (chronic non-neuronopathic), type II (acute
neuronopathic), and type III (intermediate). Clinical features include anemia, thrombocytopenia,
hepatosplenomegaly, and neurological features depending on the subtype.

Gaucher's cells - These are formed as a result of the accumulation of massive amounts of
glucocerebrosides within the phagocytes. The cells have a fibrillary cytoplasm and give a crumpled
tissue paper appearance.
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Option A: Deficiency of beta-hexosaminidase A is seen in Tay-Sachs disease. The deficiency of
beta-hexosaminidase A and B causes Sandhoff's disease. Clinical features are seizures,
macrocephaly, and hyperacusis.

Option C: Deficiency of sphingomyelinase leads to Niemann-Pick disease. It is characterized by
the presence of foam cells in the bone marrow. There may be pulmonary infiltrates leading to lung
failure.

Option D: Deficiency of N-acetylglucosaminidase leads to Sanfillipo's disease. It is a type of
mucopolysaccharidosis (MPS - III). There is an accumulation of heparan sulfate leading to severe
cognitive degeneration.

]
b
o __l-
o
il
i '
- i
I-'.:'\-I o _\11%\_
-y o>
'L‘%-- ---H.h
ay o T L
|.::--\1 _I_- ._-.-
o 3 o
..\._' - 1."'
- - & -l‘\..\'\'\..
L A =,
'-.._- ok % __*'-.1"'
- 1
W Ra ._l.
I-\.\_'- ™ N .:-"l -
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E W
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Glycolysis and gluconeogenesis

Question 1:

Which of the following glucose transporter in the myocytes is under the influence of insulin?

a) GLUT 1
b) GLUT 2
¢) GLUT 3 ._!'-h
d) GLUT 4 x o &
- Y J
Question 2: it 3 o 3 ,

| n - Ly
Which of the following glucose transporter-is specific to.the transpert of fructose from the

intestine to enterocytes? L el 5% . '-1-"

a) GLUT 1 A o

b) GLUT 3 i {5 A

¢) GLUT 5 e e

.\1-\-\. L o |
d) GLUT 7 ‘_.'ﬂ_ {
.\.-—_:':?' -\.\__:.J
%, b = -
Question 3: 4~ v
i o oy i
5 ", 5

. -
Insulin was administered in‘a patient with severe hyperglycemia. This drug will stimulate
glucose uptake in all the following except:

a) Heart
b) Skeletal muscle
c) Liver

d) Adipose tissue

Question 4:

Which glucose transporter is present in erythrocytes?

a) GLUT 1
b) GLUT 2
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¢c) GLUT 3
d) GLUT 4

Question 5:

In a patient after overnight fasting, which of the following will have reduced levels of glucose

transporters?

a) Brain cells

b) Adipocytes 5

¢) Hepatocytes . "
d) RBCs »

Question 6:

Which of the following is false abo_ﬁt_éi-;'colysis? k4 o

a) Occurs in the cytoplasm ¥ o S
o e
b) Conversion of glucose to 3-carbon-umits =

S L
c) Complete breakdown of glucoge - L
W,

't 4
Q 5
2 Ky
Question 7: . < }" S

L g %
iy al,

The step involving which of the following enzyme is reversible in glycolysis?

d) 2 ATPs are utilized in zlxé-pathway )

a) Enolase
b) Phosphofructokinase
c) Pyruvate kinase

d) Hexokinase

Question 8:

Which of the following substances inhibits the rate-limiting enzyme in glycolysis?

a) AMP
b) Glucose-6-PO4
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c) Citrate

d) Insulin

Question 9:

All of the following statements about glucokinase are true in comparison to other

hexokinases, except:

a) Higher Km value
b) Phosphorylates multiple hexose substrates

c) An inducible enzyme x o
d) Higher Vmax value T %
) e
: Ilq. .H.h
s " L %
i 1 e,
Question 10: . o T

N, . r -L'..L - 1-.I -
Which of the following is the first pdm‘r?itted step, of glycolysis?»
a) Glucose to glucose 6 PO Tl O

L L%

v i,
b) Fructose 6 phosphate to Fructose-1,-6"bisphosphate
c) 1,3 bisphosphoglycerate to 3_:_p_hf)'sl;hoglyce_raté
| -
d) Phosphoenolpyruvate :53 pyruvate )
o T
i) Py

T -"'\._--
Question 11:, \* i
L %
b, . L

Which of the following is a false statement regarding anaerobic glycolysis?

F

a) End product is lactic acid
b) Net production of ATP is 2
c) Pyruvate dehydrogenase enzyme is needed

d) Occurs in places like the eye lens and RBCs

Question 12:

Which of the following glycolytic enzymes catalyze the step where an inorganic phosphate is

utilized?

a) Phosphoglyceromutase
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b) Phosphohexose isomerase
c) Glyceraldehyde-3-phosphate dehydrogenase
d) Phosphofructokinase

Question 13:

Which of the following enzymes takes part in substrate-level phosphorylation in glycolysis?

a) Pyruvate kinase

b) PFK-1 A
il
c) Hexokinase X 2
d) Pyruvate dehydrogenase . h, '-‘,"I"'. -
O v,
Wy LN h
X i 2 1 24 . r
Question 14: . : i, ! n“:
- Y %,
L™ '\-.H'.|| F } g 1-'."\.
i . % ; Sy
How many net ATPs are generated in-aerobic glyeolysis? K
_-\..'- '\"'\1" 1 .:.‘\_.

a) 2 .\-__i.\- : I..H . £ .

b) 7 vl N

c) 10 e 3

d) 9 ‘_.I-\_ - 1 .-

—\.\_\_'\"'\..- Tl
9 >
Y £
Question 15 e et
‘--h . I.-

You are collecting a blood sa.mple from a patient for blood glucose estimation. You put the
sample in a vacutainer containing sodium fluoride. Which of the following enzyme is
inhibited by this compound?

a) Glyceraldehyde 3 PO4 dehydrogenase

b) Enolase

c) Pyruvate kinase

d) 1, 3 bisphosphoglycerate kinase

Question 16:

What is fructose 2,6 bisphosphate?

24 Sold by @itachibot



a) Intermediate metabolite of glycolysis
b) Positive allosteric regulator of PFK1
c) Negative allosteric regulator of PFK2

d) Positive allosteric regulator of PFK2

Question 17:

A patient with anemia and hepatosplenomegaly is diagnosed with hemolytic anemia.
Deficiency of which of the following glycolytic enzymes is most likely associated‘with this
y, ey

LW

presentation? e
':'\"- '.-\..-
a) Enolase e, iy L
) 1
b) Pyruvate kinase . 4 =,
sl LR ™,
c) Aconitase _n K L ) A
. A3 ~ T %
d) Phosphofructokinase-1 e o 1
L - =, & -
L F N s Ny Y
%\ jo ) W o s
Question 18: ) " il A
A e _K
£ W

% wl
a) Liver ‘_-:' y
b Y 3
b) RBCS _'I_-:.\"" -\:__I. a
c) Kidney ) L
d) Brain % o
Ty "'\.|_

Question 19:

Which of the following pathways act as a major energy source for cancer cells?

a) Glycolysis

b) Oxidative phosphorylation
c) Krebs cycle

d) B-oxidation of fatty acids

Question 20:

In which of the following tissues does gluconeogenesis take place?
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a) Mature RBC's
b) Kidney

c) Adipocytes

d) Myocyte

Question 21:

Which of the following is not a substrate for gluconeogenesis?

'. *
a) Glucogenic amino acids o, o X
L
b) Propionate _';_‘ 1--_‘__._:_
c) Glycerol _:'.-.:“u )
W, &
d) Acetyl CoA e o p i, ' W,
L i .
F o R T e
..\.'_l.'I _'.1 Ny 2 -.I-\. 'q:\.
= L "
Question 22: | . ';.I."E _ﬂ{'*-.
W, S
LS ¥ L= e
What is the process of recor_;vef;%lion of lac.fat'e"formed inthe muscles and RBC's, back into
glucose inside the liver called? o =
e W N
o L =
a) Cahill cycle N L
B --\.\__'
b) Cori cycle _‘:; L " bl
c) Kreb's cycle ol o
o ¥ -
d) Dicken-Horecker cycle A
i ".\I]l.\. -\._"'\_.\'
W &
b ol

Question 23:

Which of the following organ pairs is involved in the Cahill cycle?

a) Liver and Muscle
b) Liver and Kidney
c) Muscle and Kidney

d) Brain and Liver

Question 24:

Malate shuttle is important in which of the following processes?
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a) Glycolysis only

b) Gluconeogenesis and glycolysis
c) Glycogenolysis

d) Glycogen synthesis

Question 25:

Which of the following is a repressor of the enzyme pyruvate carboxylase?

a) Cortisol
b) Glucagon =
c) Insulin e .,"-.‘:' . _ oy
d) Adrenaline = i 4 "
l.:' --I I—
_I'-I 2 '.1-'\-\. 1_-'\-
A . . - : -\.:-\. 'l‘\.'\'\..
Question 26: W gL e

W L,

L i

All of the following enzymes glr'fe-'involved jin gluconeogengésis except:

L -
a) Phosphoglucomutase v '_""" b _'-" :
b) Fructose 1,6 bisphosphatases, Fa __.5'1"'
c) Pyruvate carboxylase .,::_I" e
L Tl
d) Phosphoglycerate R'i.}ase O
Y By
i '-.\I]_. -\._"'\_.\'
u k
y

Question 27

Which of the following is a step in the gluconeogenic pathway?

a) Pyruvate to Lactate
b) Glucose-6-PO4 to Fructose-6-PO4
c) Pyruvate to Acetyl CoA

d) Oxaloacetate to Phosphoenolpyruvate

Question 28:

Which of the following is not seen in low insulin-glucagon ratio?

a) Glycogen breakdown
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b) Ketogenesis
c¢) Glycogen storage

d) Gluconeogenesis

Question 29:

Which of the following enzyme activity decreases in fasting?

a) Hormone-sensitive lipase

b) Glycogen phosphorylase .
L
c¢) Pyruvate carboxylase I;:]h"" @
d) Phosphofructokinase 1 H:E.:ﬁ H.{-:l:&
N v i
. ’ e
Question 30: 1'31 o = .;-f"~
i - B
. ok AN
Enzyme activated by a decrease 1_1111.ﬁsuhn: gl_uEa h ratio is: .
Pt = b=
. e oo o
a) Glucokinase -—II"-—- " I-::'-. ,;_:"'.'1:?.-
b) Hexokinase ,2:"; Wy
i | #]
c¢) Phosphofructokinase .__:_-f'* : _|_L-L.'_-,"'
d) Glucose 6-phosphata§'S£L L
SR
P o
) "
oo T o
“ -l
Answer Key

Question No. Correct Option

1 d
2 c
3 c
4 a
5 b
6 c
7 a
8 c
9 b
10 b
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11 c
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30 d

(@]

T |9 || TC|»  T|TC|TC|T|T |2

(@]

o o

(@]

o

" Detailed Explanations
'I-.\::I- . '.-\.-.H-
Solution to Question 1: %

GLUT 4 is the glucose transporter in the myocytes under the influence of insulin.

Glucose transport in our body mainly occurs through sodium-independent glucose transporters,
which include GLUT transporters and to a small extent through sodium-dependent glucose
transporters, which include SGLT-1 and SGLT-2. Insulin induces the movement of intracellular
GLUT 4 molecules to the cell surface and thus increases glucose uptake. In type 2 diabetes
mellitus, membrane GLUT 4 is reduced, leading to insulin resistance in muscle and fat cells.

Solution to Question 2:

Glucose transporter specific to the transport of fructose from the intestine to enterocytes is GLUT
5. It is present in small intestine, testis, and sperm, and it primarily transports fructose.
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Solution to Question 3:

In the liver, the transport of glucose is through GLUT 2, which is insulin-independent.

Insulin-stimulated glucose uptake takes place in the heart, skeletal muscle, and adipose tissue
through GLUT 4.

Solution to Question 4:

GLUT 1 is the glucose transporter present in erythrocytes.

It mediates basal glucose uptake. GLUT 1 is also the major glucose transporter.in-the brain and
placenta and is widely distributed. iy

o - = "
- %

Solution to Question 5: ol W Ny

Adipose tissue will have reduced levels of g'h'lcose trangporters after overnight fasting.

The passive uptake of glucose by mitscle and adipdsé tissue is qat'a-fyzed by the GLUT-4
transporter. Levels of insulin-sensitive receptot-GLUT-4 decredse after overnight fasting.

In the absence of insulin, most GLUT 4 nielecules are sgquestered in membrane vesicles within
the cell, but when blood glucose rises, thie release-of insulin triggers GLUT 4 movement to the

plasma membrane. e B
. LY

Solution to Question,6™
The comp_le;e'br.eakdown o_f'g’lﬁcose involves the Krebs cycle (TCA cycle), which occurs in the
mitochondria, and not glyeolysis.

Glycolysis takes place in the cytoplasm of all cells. 6 carbon-containing glucose is converted to 3
carbon-containing pyruvate in aerobic and lactate in an anaerobic environment. RBC lacks
mitochondria and hence completely relies on glucose for energy needs.

Phosphofructokinase-1 (PFK-1) is the rate-limiting enzyme in glycolysis and is involved in the
conversion of fructose-6-PO4 to fructose 1,6 bisphosphate. This is the

slowest reaction in glycolysis and is, therefore, the rate-limiting step. Hexokinase, PFK-1, and
pyruvate kinase are involved in 3 irreversible steps of glycolysis.

Net ATP from aerobic glycolysis is 7 ATP. Net ATP from anaerobic glycolysis is 2 ATP. 2 ATP
molecules are utilized in glycolysis. Steps releasing ATP in glycolysis are as follows:

* 1,3 bisphosphoglycerate to 3 phosphoglycerate
* Phosphoenolpyruvate to pyruvate
Inhibitors of glycolytic enzymes:

* Jodoacetate inhibits glyceraldehyde 3 PO4 dehydrogenase
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* Fluoride inhibits enolase

* Arsenate inhibits 1, 3 bisphosphoglycerate kinase step. Arsenic causes glycolysis to produce zero
net ATP.

B o et e Y T
¥ 2 e Fometate .
[,
e —
= ot
A 4 b — A—pronEhoate 1
Ao ro e e

1o mmphoRphogiycarate "'l_":.-'j
PR T— .
1.53 EERCH e l"__l
AT —-—
A-FhosBhoalyos

hons il
o=, 1 l'b-
S
AT -

Frria s tes

o & 2O

- o o
Solution to Question 7: g .;:'-_-_:"" .L}-E?”
Enolase catalyzes the conversionﬁ?b-phosphg‘%@cerate to phosphoenolpyruvate, which is a
reversible step of glycolysis.,;::_'" Fia

The irreversible steps {g&ycolysis qgiq?talyzed by the following enzymes:

» Hexokinase "":T"} .:_:'-.T"L
b

. Phosphoﬁqfct%_kinase ,'-:'_'-.."":-""

* Pyruvate kinase "l'""
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Solution to Question 8:

Phosphofructokinase (PFK-1) is the rate-limiting enzyme in glycolysis. Citrate inhibits the PFK-1.
Mg2+ serves as the co-factor for the enzyme. This step is the committed step of glycolysis.

In general, end products of a reaction on accumulation can inhibit the forward direction progress
of any reaction. Substrates and cofactors of an enzyme/reaction will stimulate a reaction/to
activate the enzyme, and hence push the reaction in the forward direction.
Inhibitors of PFK-1: ATP, Citrate -._';. &
e,
Allosteric activators of PFK-1: AMP, ADP, Fructose 2,6 bispl'}._osphate (Moitip'bt'ent activator)
5

Hormonal regulation: Inducer — Insulin, Repressc‘)kr;iggagon Oy

t.. A

.

Solution to Question 9:

Glucose is the only cellular substrate that can be phosphorylated by glucokinase.

Glucokinase has a higher Vmax and a higher Km value than hexokinase. This means it requires a
higher concentration of glucose for half saturation. Hence, glucokinase functions only when the
intracellular concentration of glucose is elevated, as seen immediately after a carbohydrate-rich

meal.
Tissue distribution Most tissues Liver and beta cells of the pa
ncreas
Km Low High
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Vmax Low High

Inhibition by G6P Yes No

Inducible No Inducible

Clinical significance Deficiency causes hemolytic a | Less activity in diabetes melli
nemia tus

Biological significance | Involved in maintaining intra | Involved in maintaining bloo
cellular glucose concentratio | d glucose concentration
n

e’

e

Vmax glucokinase

Glucokinase

t.. A

Vmax hexokinase

Hexokinase

Enzyme Activity

Glucose

. . concentration
Km - hexokinase Km - glucokinase

¥ L |
-,.'_‘::"“ 9
Note: Glucokinase ct"é-'.,-(')n other heié;'é’es such as fructose, mannose too. However, in vivo, the Km
for this reactio ,_'Eb_,\; high tha a{-"fhe intracellular concentrations available, the activity is not
signiﬁcan{;h e, the be_st::b._b‘tlon has been chosen as the answer in this MCQ.

~\

Solution to Question 10:

Fructose 6 phosphate to fructose 1,6 bisphosphate catalyzed by PFK-1 is the first commited step of

glycolysis. As fructose 1,6 bisphosphate once formed, it cannot revert back and go into any
pathway other than glycolysis.

Note: Glucose to glucose-6-PO4 is also an irreversible step catalyzed by hexokinase, but as this
glucose-6-PO4 can still enter the HMP shunt, it is not a step committed to glycolysis.
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Solution to Question 11: /T " Y
L L |_- _:-.

Lactate dehydrogenase enzyme, ismeeded in anaeroblc glycolySJS “not pyruvate dehydrogenase.

Under anaerobic conditions;pyruvate i is f'e..duced to lactate This reaction is catalyzed by lactate
dehydrogenase. O o,

Since RBC's lack mltochondrla the further reactions of pyruvate in the TCA cycle cannot take
place. Hence, glycolysis in e.tj’throcytes always ends in the formation of lactate. Also, anaerobic
glycolysis is the major fate.“for pyruvate irtthe lens and cornea of the eye, kidney medulla,
leukocytes, because thésé'are all pooﬂ:y‘vascularized structures.

Net ATP produced per molecule 'bf glucose under anaerobic conditions is 2. The NADH does not
contribute to the ATP prodﬁchon because it gets used up in the reduction of pyruvate to lactate,
which need*NADH. e !

Solution to Question 12:

Conversion of glyceraldehyde-3-phosphate to 1,3 biphosphoglycerate catalyzed by glyceraldehyde
3-phosphate dehydrogenase involves the addition of inorganic phosphate.

Note: The step catalyzed by phosphofructokinase utilizes ATP as a phosphate donor and not
inorganic phosphate.
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Solution to Question 13: W 4 -
° 4, (O L

The enzyme involved in SubStl’-ﬁ'lE%;;’el phosph:q_.;;latlon is p}u:#vate kinase.

In substrate-level phosph()ﬁi'a'tlon th "l.;_"a direct gem;rh-tlon of ATP. In glycolysis, there are two
such reactions, which are examples of%nbstrate le,{l_'ﬂhosphorylatlon They are as follows:

* 1,3 bisphosphoglycerate to Rl@?ﬁhoglycerat&‘ catalyzed by the enzyme phosphoglycerate
kinase {\ _'{x;_"-
* Phosphoenol pyruvat%'-tbpyruvate ea}lalyzed by pyruvate kinase

Solution to Question 14:
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Net generation of ATP up to pyruvate in aerobic glycolysis is 7.

Steps of ATP production in glycolysis:

But, remember that 2 molecules of ATP get utilized in the previous steps of glycolysis, catalyzed
by the enzymes hexokinase and PFK-1.

Hence, net ATP generation in aerobic glycolysis is 9-2 = 7 ATP.

Glyceraldehyde-3 phosphat | Glyceraldehyde 3 phosphat | From 2 molecules of NAD | 5 ATP (2*2.5 per N
e to 1,3 bisphosphoglycerat | e dehydrogenase H via respiratory chain oxi | ADH)
€ dation
1,3 bisphosphoglycerate to | Phosphoglycerate kinase Substrate-level phosphoryl | 2 ATP
3 phosphoglycerate ation
Phosphoenolpyruvate to py | Pyruvate kinase substrate-level phosphoryl | 2 ATP
ruvate ation
Total = g ATP
P, ", L e
h » ,.__"‘_“ 2 'l.""ﬁ-“
L B | 'l-\.‘l .':'H'-I.
W L o
Solution to Question 15: *..f* -] e
'-:" h.-'- ..:'-..

L=
Sodium fluoride and potassTflm oxala

ré‘added to ];'hb blood sample to estimate

glucose. Fluoride is an inhibitor of 611'0 ase and hehcé halts the process of glycolysis. By doing so,
it prevents blood glucose levelshfgfbm being falsély estimated as low.

Inhibitors of glycolytic enz,thes
* Fluoride inhibits en@'@se

O
o

* ITodoacetate 11,}];_1_'fb.~'its glycerald,sft?ﬂe 3 PO4 dehydrogenase
. Arsenate»kﬂhlbits phosp‘lal.';glycerate kinase

Solution to Question 16:

Fructose 2,6-bisphosphate is the most potent positive allosteric activator of phosphofructokinase-1
and inhibitor of fructose 1, 6-bisphosphatase. It is not an intermediate of glycolysis.

Fructose 2, 6-bisphosphate is formed by phosphorylation of fructose-6-phosphate by

phosphofructokinase-2

hence causes an increase in the rate of glycolysis during the well-fed state.

Solution to Question 17:

Deficiency of pyruvate kinase leads to hemolytic anemia.

36

. It acts as an intracellular signal, indicating that glucose is abundant and
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Erythrocytes lack mitochondria and hence generate ATP exclusively via glycolysis. In a glycolytic
enzyme deficiency, there is a reduced rate of glycolysis, leading to decreased ATP production. This
results in a few alterations in the RBC membrane, thereby leading to changes in cell shape. Such
deformed RBCs are later phagocytosed by cells of the reticuloendothelial system, and this results
in a state of hemolytic anemia.

The most common enzyme deficiency causing hemolytic anemia is glucose-6-phosphate
dehydrogenase deficiency (pentose phosphate pathway).

The second most common enzyme deficiency causing hemolytic anemia is the pyruvate kinase.

Note: Though hemolysis is seen in PFK-1 deficiency, it does not always manifest as anemia.

Solution to Question 18:

Rapaport Leubering cycle (2,3 BPG shunt) occurs in-RBCs.
0 0P 0P AP 0. 0 '
Phosphogyceratekinase 4
H—0H | > H—0OH
2- 2%
0PO, ; 0PO,

1 3-Bisphosphoglycerate 3-Phosphoglycerate

Bisphosphoglycerate

Mutase 2/ 2 3Bisphosphoglycerate
H OPOS phosphatase
).
_ 0P,
J 2, 3-Bisphosphoglycerate

Rapaport Leubering cycle:

* 1, 3-Bisphosphoglycerate is converted to 2, 3-bisphosphoglycerate by the action of the enzyme
bisphosphoglycerate mutase. 2, 3-BPG is present at high concentration in RBCs and serves to
increase O2 delivery. 2, 3-BPG decreases the O2 affinity of hemoglobin by binding to
deoxyhemoglobin and shifts the O2-Hb dissociation curve to the right. Hence, there is more
oxygen release in conditions like hypoxia.

* 2,3-bisphosphoglycerate is hydrolyzed to 3-phosphoglycerate and Pi by 2,3-bisphosphoglycerate
phosphatase and no ATP is generated.

Since the reaction catalysed by 1, 3- Bisphosphoglycerate kinase is bypassed, no ATPs are
produced in that step. Only 2 ATPs are generated by the pyruvate kinase step and 2 ATPs are

utilized in the steps catalyzed by hexokinase and PFK-1. Anaerobic glycolysis takes place due to
the absence of mitochondria. So this pathway yields no net generation of ATP from glycolysis.
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Solution to Question 19:

Cancer cells derive energy mainly from glycolysis.

Cancer cells utilize large amounts of glucose and metabolize it to lactic acid, even in the presence
of oxygen. This effect was termed the Warburg effect.

The increased rate of glycolysis is due to certain defects in the mitochondrial electron transport
chain. Besides, this enhanced glycolysis enables the cancer cells to proliferate in the reduced
oxygen tension conditions, which is seen in tumors. This switch from aerobic to anaerobic glucose
metabolism also acts as an impetus to tumorigenesis.

The increased glucose consumption is used as a carbon source for anabolic processes needed to
support cell proliferation such as the de novo generation of nucleotides, lipids, and proteins. Also,
the major isoenzyme of pyruvate kinase in cancer cells is PK-2 (in contrast to-PK- 1 in normal
cells), which appears to play a role in the Warburg effect. _*_

= e

ot {
Note: This effect is the basis for detecting cancers by FDG-PET scanning.

Solution to Question 20: -

S,

The liver and kidney are the two“major locations where gluconeogene51s takes place.

During short periods of fastm.g ‘most gluconeogene51s takes ‘place in the liver, while the remaining
takes place in the kidneys. However, dlil:lng periods of prolonged fasting, the kidneys become a

major site of gluconeogenesis. b
p

Gluconeogenesis is the process of 'synthesiziﬂg.glucose or glycogen from non-carbohydrate
precursors. It occurs in cytosel and mitoehondria of the liver and kidney. Significant substrates
are glucogenic amino,aeids, lactate, glyeerol, and propionate.

Lactate generated in'various tissués is transported to the liver and is converted back to pyruvate
and enters;gluconeogenesis=Fhis pathway is referred to as Cori’s cycle. The Glucose-alanine cycle
is referred*to as the Cahillicycle.

Muscle cannot participate in gluconeogenesis since it lacks glucose-6-phosphatase.
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Solution to Question 21: — *, N
e, ) %)
1 |H:l" W % '1“'

Acetyl CoA is not a substrate fq_}‘lgluconeogenesls Instead, it eflters the Krebs cycle for oxidative
phosphorylation. e

T
L_II"— ..'.. L l.--_ L
The following serve as substrates for. g'lu'coneogenesq
* Glucogenic amino acids, alanlne-,'f)élng the majdr contributor (alanine is the source of pyruvate).
Glucogenic amino acids are c'dnverted into pyruvate, oxaloacetate, succinyl CoA, and

alpha-ketoglutarate to er&ér “_luconeog\_l'n-'bsm and the Krebs cycle at various points.

9

* Lactate N o -
i | b

. Pyruvate‘ ) 3" I:-_ﬂ_u.

* Glycerol " o

* Propionate (ruminants)

Solution to Question 22:

The process of reconversion of lactate formed in the muscles and RBCs, back into glucose inside
the liver is called Cori's cycle.

Lactic acid is a metabolic byproduct formed after glycolysis in tissues such as the skeletal muscles
and RBCs. The lactate so formed is transported into the liver and kidney. Here, it gets reconverted
back into glucose. This entire process is called Cori's cycle or the glucose—lactate cycle.

Cahill cycle is also called as glucose—alanine cycle. In the fasting state, there is a significant output
of alanine from skeletal muscle obtained from glycolysis of muscle glycogen. Alanine is derived
from the transamination of pyruvate obtained from glycolysis. Alanine is then exported to the
liver where it undergoes transamination again back to pyruvate and enters gluconeogenesis.
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Note: Pentose phosphate pathway is otherwise known as Warburg-Dickens-Horecker Cycle.

Solution to Question 23:

The liver and muscle are involved in the Cahill cycle.

During periods of fasting, there is the production of alanine in the skeletal muscles, which is
formed by transamination reactions from pyruvate. This alanine is shunted out into the
circulation, and later on into the liver. Here in the liver, another round of transamination takes
place, and the alanine is reconverted back into pyruvate. This pyruvate serves as a substrate for
gluconeogenesis. This entire pathway has been called as the Cahill’s cycle or the _g:lki"éo'se—alanine
pathway. N

Solution to Question 24: s s LY

Al '

- = "
Malate shuttle is important in both, glucqi;i‘é'bgenesm am_i‘-gly_'%:olysis. .,.'-f“-

e b . !
Malate shuttle is a biochemical sy: r translg:tcf_d-iqﬂg impermeg,.ﬁé electrons (NADH) or
substrates (oxaloacetate), in the form of a permeable substancé, malate. The semipermeable inner
mitochondrial membrane &s pe neable totnIaI'ate. O i

In glycolysis, the impermeable NADq @noa'uced in _the?lé'ytosol (of liver and cardiac cells) are taken
up into mitochondria in the form of malate for ojgi'aa}ion via malate shuttle.
i L

In gluconeogenesis, pyruvate‘iﬁ‘*ﬁle mitochondria generates impermeable oxaloacetate, which is
converted to aspartate a'g:fi'anslocate('l. to the cytosol via malate shuttle for the synthesis of
glucose. 1":.-:' Ay

. T

A &
A I::'n.-"—."l-
. Sl )

Solution to Question 25:

Insulin is a repressor of the enzyme pyruvate carboxylase. Since pyruvate carboxylase is a
gluconeogenic enzyme, its activity is increased during fasting and decreased
following carbohydrate feeds.

Inducers Glucocorticoids Glucagon Epi
nephrine

Repressor Insulin

Activator Acetyl CoA

Inhibitor ADP
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Solution to Question 26: g Pt L
g .ﬂ . hﬁ ?.x

Phosphoglucomutase enzyme 1§_'T-"1"<9t mvolved ,}__-n gluconeogene%s-

2
hos hoenalp yruvae o

Phosphoglucomutase catai-yﬂzl.és the co t‘s__‘on of glucos__a-é phosphate to glucose-1-phosphate,
which is important for the synthesis.of UDP glucog_e This is essential for glycogen synthesis,

glycogenolysis, and the uronic ac1|_<}- j)‘a‘thway e,
Option B: Fructose-1,6- b1s phatase is angn’evermble enzyme in gluconeogenesis and mediates

the conversion of fructos __&_ blsphosp;h e° fructose-6- -phosphate (cytosol)

Option C: Pyruvate Qaﬁ-)'oxylase i [Ifi"rrevermble enzyme in gluconeogenesis and mediates the

conversion of p.yf'tl te © oxalqa't etate in mitochondria.

Option D%{hosphoglycere'g kinase is a reversible enzyme in gluconeogenesis and mediates the

conversion of 3-phosphoglycerate °© 1,3 biphosphoglycerate.

[t/

e | oheros
_~— | Fructose é-phosphate | <~
( )

fucios
| 1.6-bisphosphatase

Ko )
* | Fructose 1,6-bisphosphate |~

aktoiase

aldolas

Dihydroxyacetane | Dinydroxyacetone
phosphate phosphate

se phasphate [/ w

omems 4 /

SISA|02A1D
Gluconeogenesis

phosphegheeraie fyoerate
muiase I ‘mitase
2-phosphogiycerate 7]
onolase endlase

/ 'iwnmmﬂwmm {2) |, PEP carbouykinase
/ N
pinase P a

{
\.\ i //‘
| Pl |/ pyrvate catonylsse
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Solution to Question 27:
Oxaloacetate to phosphoenolpyruvate is one of the important irreversible steps in
gluconeogenesis.
It is important to note that GTP is utilized in this reaction and COz2 is liberated.

This reaction occurs in the cytoplasm. Oxaloacetate to phosphoenolpyruvate (PEP) is a step in
gluconeogenesis, which is catalyzed by PEP carboxykinase.

T

The image shows the process of glycolysis and glucogenesis. ""-."_-'E ’
il

voolysis and Glucogenesis

—— [<TI"] } —

Hexokinase Slucose
= S-phosphatase

= W e |

Phosphohexose isomerase | Phosphohexoss isomerase

Fru S
| B-Phosphate | 1Fnu:+n.«;(« -

Phosphofructokinase— 1 S-bisphosphatase

G

e -
— - Fru g
T 1.e-bisphosphate |
=
Aldolase Aldolase
Dihydroxyacetone |_ | Dinydaroxyacetone
Phosphate | Phosphate
=
Tricose phosphate r Triose phosphate
iscmerase \ | 18 iscmerase
[= rvde hate (=) |
1 =
Giyceraldshyde phosphate | Giyceraldshyde phosphate
dehvdrogenase | dehvdrogenase
= i = ate (=) |
Phosphoglycerate Phosphoglyvcerate
nase inase
~
|3—phosphogaycerate =) |
Phosphoglycoarate Phosphoaglycorate
mMmutase mutase
-
|2-e oty ) |
moomes | T e
= PEP carboxykinase
e | o ) |2 i
Pyruvate kinase Oxaloacaotate (2)
T = e e Fevrovate carsoxyiase

w5 o
S &
Option A: Ezru'&;_ate to 1act§fe:'-i}a step in anaerobic glycolysis.
Option B:mblucose 6 pho§'ﬁhate to fructose 6 phosphate is a step in glycolysis.

Option C: Pyruvate to acetyl CoA is an anaerobic step in the oxidation of glucose.

Solution to Question 28:

A low insulin/glucagon ratio indicates low insulin and high glucagon levels, which are observed in
the fasting state. In the fasting state, all of the above processes (i.e., glycogen breakdown,
ketogenesis, and gluconeogenesis) occur, but not glycogen storage.

Gluconeogenesi | Increased Decreased
s
Glycogenolysis | Increased Decreased
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Ketogenesis Increased Decreased

Glycogen storag | Decreased Increased
e

Solution to Question 29:

During fasting, there is low insulin, and hence, the activity of phosphofructokmasE gets
inhibited.

Phosphofructokinase 1 is an enzyme of glycolysis. It is 1nﬁed by insulin 'Ell'!-d a well fed state.
Other options: ""'-:"I '..:1:.'
Option A: Hormone-sensitive lipase mobilizes s_IQ‘h} fatsin a fa§'t11’1g state. 1-.5

Option B: Glycogen phosphorylase is actwﬂq‘i’:;fastlng state'so as to produ.@_':e glucose from
glycogen. 0 !

Option C: Pyruvate carboxylase ﬁ\b%nzyme of g'l.__l}eoneoge aﬂurlng the fasting state, the
liver is flooded with fatty amdi:qn ilized erhrd:—adlpose tlssue—f;he resulting elevated hepatic
acetyl CoA activates pyruvaté-earboxylas ‘Other enz {of gluconeogenesis that are elevated in

fasting include Phosphoenolpyruvate_b@akboxyklnag;::l_ﬂuctose -1,6-bisphosphatase, and
Glucose-6-phosphatase. o !

“{""h =
(&~ O

W
Solution to Questio&éﬁj {:ﬁﬁ{_:‘*ﬂ'

Enzyme ao;Lva-éb'a by a dec&ds} in insulin: glucagon ratio is glucose 6-phosphatase.

A decrease in insulin: glﬁ"!'agon ratio is seen in fasting state, in which there is the activation of
gluconeogenesis and inhibition of glycolysis.

Among the given options, only glucose 6-phosphatase is an enzyme of gluconeogenesis and
therefore is activated. The enzymes mentioned as other options are irreversible enzymes
of glycolysis and are inhibited in the fasting state.
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Glycogen metabolism and glycogen storage
disorders

Question 1:

Which of the following pairs correctly represents the primary glycosidic bond linkage and the
branch-point bond linkage in glycogen, respectively?

a) o(1° 4) linkage; o(1° 6) linkage
b) o (1° 6) linkage; o (1° 4) linkage

c) o (1° 4) linkage; o (1° 4) linkage P { O
)
d) o (1° 6) linkage; a(1° 6) linkage o P
i .."'\-.\- i b J'\.I.
uestion 2: o= 5.9 Ty
© W (L .

In which of the following organs'does glycogen synthesis,takés place?

a) Liver and kidney

b) Liver and muscle Rt &
c) Muscle and RBC d %_1 ‘
b \
d) Muscle and kidney; ™" e
! 4 P
Question 3: ™ )

Where does the process of glycogen synthesis take place?

a) Mitochondria
b) Golgi apparatus
c) Cytosol

d) Endoplasmic reticulum

Question 4:

Which of the following is a primer acting as an acceptor of glucose residues in the process of
glycogen synthesis?

a) Protein
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b) Carbohydrate
c) Lipid
d) Nucleic acid

Question 5:

Glucose attached to which of the following serves as the donor source of glucose in the
process of glycogen synthesis?

a) UDP N
b) ITP ' ’ <
c) ATP o o
d) GTP ) P :
s 0 .
Question 6: A ? .;'ﬁ'% . ;‘-.I '\-\.

Which of the following depicts-the E:orrectL sequence of enzymes involved in glycogenolysis in
the liver? T 5 _l__-_.
a) Phosphorylase, Glucan transfer_a’sé', Glucose-6-phosphatase
oy, ]
b) Glycogen synthase, PhoER};orylase, Gh%cps'e-6-phosphatase
c) Glucose-6-phospha_’g-a.:s;:' i’hosphory_zé.se, Debranching enzyme

d) Phosphorylase, G]ugose-6-ph0§phatase, Glucan transferase

i ™ =, Nt
5 %
5 - I_.

Question 7:
Which of the following enzymes catalyze the rate-limiting step of glycogenolysis?

a) Glycogen synthase

b) Glycogen phosphorylase
c) Glucose 6 Phosphatase
d) Phosphoglucomutase

Question 8:

Muscle cannot release glucose from glycogen because of the deficiency of which of the
following enzymes?
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a) Glucokinase

b) Phosphoglucomutase
c¢) Glucose-6-phosphatase
d) Muscle phosphorylase

Question 9:

Which of the following vitamins serves as the cofactor of the enzyme glycogen

phosphorylase? 2
Sy
a) Vitamin B1 - ,
-,'I-\‘_ 'l-\.'-'\—
b) Vitamin B6 _:'.,__‘:, ; ._"1"' :
c) Vitamin B2 T o,
i .-'-\:1- 1 .'1I » ..5.-
d) VItamin By N L v Q"
5 :- _\_:'-: ) _'M.\_:'..\.
N, i ) -
_ C ! L :_:x
Question 10: O I T
= ...H“.. '\-\. P -

Which of the following is an allosteric activator of muscle glycogen phosphorylase?
et W N

_.\.-\.\_. L -
a) ATP 1 |'|,'l
oy, |
b) Insulin "«.‘:"L O
c) Glucose ol o
o 'l_ % =
d) 5'’AMP g .
iy o™
i ol
Question 11:

Which of the following do not take part in regulating the enzyme glycogen phosphorylase?

a) cAMP

b) Calmodulin

c) Protein phosphatase-1
d) Glycogenin

Question 12:

Which of the following is the debranching enzyme?
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a) Phosphogluconomutase
b) Glucose 6-phosphatase
c) Amylo 1,6 glucosidase

d) Amylo 1,4- 1,6 transglucosidase

Question 13:

Under anaerobic metabolism which of the following substrates yields 3 molecules of ATP?

a) Glycogen o, S
b) Amino acid N o,
c) Glucose : M) ¥
. ."'\.

d) Galactose _H',_ ; ) "

L [ Lk

I' | L — -.\.'%.
. L : -\.. 1, '\-\.-
Question 14: L el gL .

Which of the following is net a_glycogen-storage disorder?-

a) Her's Disease v '_"' ; W y

b) Tarui's Disease o & ;1"

c) Scheie's Disease - Ky

B b e |
d) Andersen's Disease®’ ¥ o)
e ] ) -'\-\. i
P ) S
s &

Question 15: 1

Which of the following glycogen storage diseases is also a lysosomal storage disorder?

a) Von Gierke’s disease
b) Pompe’s disease
c) McArdle's disease

d) Cori’s disease

Question 16:
A 6-month-old baby was brought to the clinic with a history of failure to thrive. Further

examination shows generalized hypotonia and hepatomegaly. Chest X-ray image shows
massive cardiomegaly. Microscopy of a muscle biopsy is shown in the given image. Which of
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the following is the treatment for this condition?

a) Naglazyme ; W
b) Alglucosidase alfa \"':1"‘5" Lf‘-D ':.-E
¢) Aldurazy ""-..Eb?' '-.,."-‘_'3' e
urazyme - Yy O
d) Elaprase 3 @1 :E_,I?"
-
Question 17: & "'{"ﬁa

A 10-year-old boy ly developﬁ"-i‘iypoglycemla after moderate activity. Blood examination
reveals raise e of keto “ﬂbdles lactic acid, and triglycerides. On examination, the liver

and kidneys 'h found to bé,.enlarged Histopathology of the liver shows deposits of glycogen
in an excess amount. What is the diagnosis?

a) von Gierke’s disease
b) Pompe’s disease
c) McArdle’s disease

d) Cori’s disease

Question 18:

After evaluation, a child with severe hypoglycemia, lactic acidosis, and hyperuricemia is
diagnosed with von Gierke’s disease. What is the inheritance pattern of this disease?

a) Autosomal dominant
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b) Autosomal recessive
c) X-linked recessive

d) X-linked dominant

Question 19:

A 3-year-old child presents with growth retardation and a history of recurrent attacks of
hypoglycemia. On examination, you notice doll-like facies with relatively thin extremities and
massive hepatomegaly. Blood examination reveals increased lactic acid, triglyctpide, and uric
acid levels. All of the following complications can be expected in this child l'..é:'xi‘,é‘pt:

. o &

a) Hepatic adenoma - "".I::'I‘- _'.1__-"-."'-'

b) Pancreatitis _"'-:“‘-.'" i h

c¢) Cardiomyopathy "*f"::“h- Tl __':}"'

d) Renal failure JEE : {n"x Z W N

— : q---L
x"fﬂ et » L i
Question 20: o o ~
o e E - l"-
o '-._ e -

An adolescent male patient presented_WIth paln iitthe calf muscles on exercise. On biopsy, an
excessive amount of glycogen wa@found to bqﬁresent in the muscle. What is the most likely
enzyme deficiency? T W&

L

a) Muscle- debranchln"gbnzyme ;“:u'
b) Phosphofruqtaklnase 1 W% O

c) Glucosé% phosphatase._:,l_'?

d) Muscle glycogen phosphorylase

Answer Key

Question No. Correct Option

a

g | |w (N |-
(@]
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6 a
7 b
8 c
9 b
10 d
11 d

[y
N
(@]

[y
w
QD

14 c
P
15 b o, S
Ll
16 b
17 a
18 b
s
19 c -y
20 d
L —\_-."'\-1 3 I.'\-\E & ¥ 1;"5- L ]
0t e , o

'\-\.\_ ¥ -\_. ._l'

""'Detal Ie& Explana’tlons

iy '.
_.\.-\.\_. - -
L%

Solution to Question 1: e o 4

In glycogen, the prlmary g‘l:ycomdlc bond"ls an o (1° 4) linkage, whereas the branch point contains
an o (1° 6) linkage. 1"-.." o

Glycogen is a bra'héhed chain ho'mopolysaccharlde with o-D-glucose being the monosaccharide,

its major cqpst'ﬂ:uent oy
My

b |

Solution to Question 2:

Glycogenesis takes place majorly in the skeletal muscle and the liver.

Glycogen functions as the secondary long-term energy storage, with the primary energy stores
being fats held in adipose tissue.

Glucose 6-phosphate derived from glycogen breakdown can
* Be used as a fuel for glycolysis in muscles
* Be converted into free glucose in the liver and subsequently released into the blood

« Enter into the pentose phosphate pathway to generate NADPH or ribose in a variety of tissues
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Glycogen structure

A core protein of glycogenin is surrounded by branches of glucose units.
The entire globular complex may contain approximately 30,000 glucose units.

T
r ol
ll.l‘:::-?"". i o T 1.:"-»,'__ i
Solution to Question 3: . -«,‘“"1 e ,;IT_‘I {.%:.

1‘1. i
The process of glycogen synth I?S“:takes place within the cytosxj‘lvof skeletal muscle and liver,

where it is stored in the h}%@ed form wi{l:f_‘fi:‘free or fom; parts of water.
- ", W
'blq'\u-.\- .__h':.? s
o .""H_ ’
e N
: , _ W -
Solution to Question 4: ":::" ""-;";L

A protein named glyc%'é%n is the R{iﬁ}er acting as an acceptor of glucose residues in the process
of glycogen synth.es_l:s s

L. .
The ensuin,g'_e'l;:b_ity is glycogﬁged further by UDP-glucose. Glycogenin further catalyzes the
transfer o'?"seven glucoséresidues from UDP-Glucose, in 1 ° 4 linkages, to form a glycogen

primer. This in turn serves as the substrate for the enzyme, glycogen synthase, which is the
rate-limiting enzyme of glycogen synthesis.

Solution to Question 5:

o-D-Glucose attached to uridine diphosphate (UDP) serves as the source of glucose,
which is added to the glycogen molecule.

UDP-glucose is, in turn, synthesized from glucose 1-phosphate and UTP by the enzyme
UDP-glucose pyrophosphorylase.

Solution to Question 6:
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The sequence of enzymes involved in steps of glycogenolysis is phosphorylase, glucan transferase,
and glucose-6-phosphatase.

Solution to Question 7:

The rate-limiting step in glycogenolysis is catalyzed by the enzyme, glycogen phosphorylase.

The process of phosphorolytic cleavage of the a1 °© 4 linkages of glycogen to yield single units of
glucose 1-phosphate, is catalyzed by the enzyme glycogen phosphorylase.

Glycogen phosphorylase requires pyridoxal phosphate as the coenzyme The phosphate group is
catalytically active. There are different isoenzymes of glycogen phosphorylase in the liver, muscle,
and brain.

. " -

Solution to Question 8: L (™ )

Muscles cannot release glucose into the blood due to the absence of th’e enzyme
glucose-6-phosphatase. g

.. H. L --H.

Glucose-6-phosphatase is pregent in the lumerrof the smooth endoplasmlc reticulum of
hepatocytes. Hence, hepatocytés can convert glucose-6- phosphate into glucose and release
glycogen-derived glucose into the blood'in ‘order to maintain blood glucose levels stable, until

gluconeogenesis kicks in. -
p

However, myocytes lack the énzyme glucose_-6-.phosphatase. As a result, glucose-6-phosphate
cannot be dephosphorylatéd“and released.into the blood. Muscle glycogen provides a readily
available source of gluCQ'sé-l-phosphate-for glycolysis within the muscle itself.

Defects in the enzyme or glucose~6 phosphate transporter (GLUT 7) can cause type I glycogen
storage dlsease.; =

H- l...

Solution to Question 9:

Glycogen phosphorylase requires pyridoxal phosphate, i.e., vitamin B6, as its coenzyme.

The process of phosphorolytic cleavage of the 1 °© 4 linkages of glycogen to yield single units of
glucose 1-phosphate, is catalyzed by the enzyme glycogen phosphorylase.

Solution to Question 10:

5'AMP serves as the allosteric activator of muscle glycogen phosphorylase.

Glycogen phosphorylase catalyzes the rate-limiting step in glycogenolysis. It is regulated by
allosteric mechanisms and covalent modification by reversible phosphorylation and
dephosphorylation in response to hormone action.
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In both liver and muscle, the glycogen phosphorylase is:
* Activated by phosphorylation catalyzed by phosphorylase kinase (to yield phosphorylase a)
* Inactivated by dephosphorylation catalyzed by protein phosphatase-1 (to yield phosphorylase b)

Muscle phosphorylase differs from the liver isoenzyme in having a binding site for 5 AMP. It acts
as an allosteric activator of the (inactive) dephosphorylated b-form of the enzyme.

Liver ATPGlucose-6-phosphateFre
e glucose
Musc | 5' AMP ATPGlucose-6-phosphate . 2
-
le P
L
F'_ .: r |
Regulation of glvocogen phosphoryiase
Slucagorn (liver) Epinmnephrine (Mu=scle and liver)
Inactive Active h
et e riy vl — rncdesriw iyl Phosphodiesterasa i
owvoclmsmes cvclame b
AT — AN -5 ANP
INnactive cAMNMP
cderperrncdesnt
pProtain kinase
SSeERSEN. -y
= R o S
( el scdealin - A

Phospmhory loame Tﬂ o m e oy Lo e —_— -
inose B [=r Ll Ko —
Ginactive) (o tive)

AT -
e ]

Phosphoryions
=i [ i i

;. = B (inactive 5]
A 7

FProtein :
Phosphatone- 1 = AnAE

-

brammatie CEOP - Glucone -GS phonphate

A< o
i ‘*5?

Solution to Question 11:

-

Glycogenin cannot regulate glycogen phosphorylase enzyme. It is a polypeptide serving as a
primer in the initiation of glycogen synthesis.

Regulation of glycogen metabolism at the level of glycogen phosphorylase:

» cAMP activates phosphorylase kinase (by a cAMP-dependent protein kinase), which in turn
activates glycogen phosphorylase.

* Calcium activates the calmodulin component of phosphorylase kinase directly, which in turn
activates glycogen phosphorylase.

* 5' AMP acts allosterically to activate glycogen phosphorylase.
* Protein phosphatase-1 inactivates glycogen phosphorylase.

The regulation of glycogen phosphorylase is shown in the image below.
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Solution to Question 12:

bt
Amylo 1,6 glucosidase + o(1, 4)*;,'%&% (1,4) gluc

AT
el
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g

Slucosae-1 -

Glycogen Dhoanhate

ﬂl e I

Phos v
- ﬂaﬂv-}

( S alrn o cuie A
cresrTipcI e

Phonphoryianae | € I—"holll:bhcbrvll:lnu P retein

1] = e b sy —— cuar--..—l Fimmaalies | prhiesms paba—

Gractive) (nanvo) ez 1

Te
AT Iramsatis
Givooogen

. pha-p rvln--
e e S P hRaaniS "'"'-..
o e

brasmatie CEEECHluc one -G Bhonpiate

-.;,:b""’ [_'_J‘:‘:-L '-1""
# ”‘-T"‘-. =3 W
5 oo GBS
<4 O &

-

aq’.i_';hsferase far#s‘ the debranching enzyme.

When four glucose re51dues-f€fna1n 0 eﬂﬂ_br side of thq:'b'?"nchlng point, o(1,4)-&gt;(1,4) glucan
h of glycogen to the other following
of the a(1,6) glycosidic bond to liberate free

glucose.

transferase transfers a trlsaccharl(‘iﬁgb from on
which, amylo 1,6-glucosidase ca% the hydr@l
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Solution to ng‘i@?l&

-4
ﬂ:i.
ﬁt:x

Breakdow'}';ﬁ')f glycogen ﬂﬁ? er anaerobic conditions yields 3 ATPs.

Breakdown of glycogen yields glucose-6-phosphate which can enter the glycolysis pathway. Since
it bypasses the first step, one ATP is saved and anaerobic glycolysis yields 3 ATPs.

The first step in glycolysis involves the conversion of glucose to glucose-6-phosphate which
requires one ATP. Glycogen breakdown leads to formation of glucose-6-phosphate which can
enter glycolysis hence bypassing the first step and saving one ATP.

One ATP is used for conversion of fructose-6-phosphate to fructose 1,6 biphosphate hence net
ATP formed from anaerobic glycolysis of glycogen is 3ATP

Phosphoenol pyruvate to Pyr
uvate

on

1,3-bisphosphoglycerate to 3 | Phosphoglycerate kina | Substrate level phosphorylati | 2 ATP
phosphoglycerate se on
Pyruvate kinase Substrate level phosphorylati | 2 ATP
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TOTAL PRODUCED

4 ATP

---------------

Solution to Question 14:

Scheie's disease is not a glyc
.{%'Lr

‘Qﬁ
Solution to Qu?‘it;._fqﬁls:

WS
3

e e el b
A-phosshoate

o]

rrrrrrrrrrrrr

|}H‘

n-$torage dliﬁabg it is a type of mucopolysaccharidosis.

o

2

Pompe’s &;:?:ase is the gbﬁi{(;g:'en storage disease (GSD), which is also a lysosomal storage disorder.

A small amount of glycogen is degraded by the lysosomal enzyme, o (1° 4)-glucosidase also
known as acid maltase. A deficiency of this enzyme causes the accumulation of glycogen in
vacuoles in the lysosomes. This is called type II GSD or Pompe’s disease.

Glycogen storage disorders that are associated with the following findings:

* Liver cirrhosis: Types III, IV, IX GSD
* Renal dysfunction: Type I GSD
* Neurologic involvement: Type II GSD

Note: Another GSD that is also a lysosomal storage disorder is Danon disease (or glycogen storage

disease Type IIb)

Solution to Question 16:
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The clinical symptoms of hypotonia, hepatomegaly, and cardiomegaly, along with muscle biopsy
showing vacuoles are suggestive of Pompe's disease.

Pompe's disease (type II glycogen storage disorder) occurs due to a mutation in
alpha-1,4-glucosidase (also known as acid maltase), a lysosomal enzyme. A defect in this enzyme
leads to the accumulation of glycogen in the lysosomes of peripheral, voluntary muscles and
progresses to involve the cardiac muscle and diaphragm. Clinical features include hypotonia
(floppy baby syndrome), cardiomyopathy, hepatomegaly, and failure to thrive. Myozyme

The treatment for Pompe disease is recombinant enzyme alglucosidase alfa (Myozyme), which can
prevent worsening or reverse cardiac and skeletal abnormalities.

Solution to Question 17: "

= e

o,
The given features are consistent with von Gierke's dlsease Itis the most common glycogen
storage disease. -

'\.

Enzyme deficient in this condition is glucoses6= phosphatase (common to both ‘glycogenolysis and

- 5

gluconeogenesis). Inheritance is autosomal recessive. ™ "

Von Gierke disease (type I glycogen storage dlsor_der') beeurs due 10 the deficiency of
glucose-6-phosphatase enzyme irtithe liver, kidney; and intestinal mucosa. Patients present
commonly by 3-4 months o_f_ age with hypoglycemia (leading to seizures), lactic acidosis, and
hepatomegaly. Affected children often have a doll-like-face with fat cheeks, relatively thin
extremities, short stature, and a protuberant abdormen due to massive hepatomegaly. The kidneys
are also enlarged, whereas the spleen and heartiare not involved. Laboratory findings include
hypoglycemia, lactic ac1dos1s 'hyperurlcemla, and hyperlipidemia.

A definitive d1agnos1s is’ fﬂade using a- h,ver biopsy. Fructose and galactose restriction in the diet is
advised. b
J \
= I..
Solution to Question 18:

Von Gierke's disease is inherited as an autosomal recessive trait.

Von Gierke disease (type I glycogen storage disorder) occurs due to the deficiency of
glucose-6-phosphatase enzyme in the liver, kidney, and intestinal mucosa. Patients present
commonly by 3-4 months of age with hypoglycemia (leading to seizures), lactic acidosis, and
hepatomegaly.

Affected children often have a doll-like face with fat cheeks, relatively thin extremities, short
stature, and a protuberant abdomen due to massive hepatomegaly. The kidneys are also enlarged,
whereas the spleen and heart are not involved. Laboratory findings include hypoglycemia, lactic
acidosis, hyperuricemia, and hyperlipidemia.

Solution to Question 19:
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The most likely diagnosis in this clinical scenario is von Gierke’s disease. Cardiomyopathy is not a
complication of von Gierke’s disease. On the contrary, cardiomyopathy is associated with Pompe's
disease.

Enzyme deficient in von Gierke’s disease is glucose-6-phosphatase (common to both
glycogenolysis and gluconeogenesis). Inheritance is autosomal recessive.

Glycogen accumulation occurs in the liver and renal tubular cells. Clinical features include:
* Severe hypoglycemia
* Ketosis

« Lactic acidosis
L |

* Hypertriglyceridemia ""'-E'_-'

'Es

A definitive diagnosis is made using a liver biopsy. Fr@{;% and gala{t_p?g restriction in the diet is
advised.

Complications of von Gierke's disease includ%@lycystlc oxjdﬂeﬁsteopeﬁghepatlc adenoma,

pulmonary hypertension, pancreatitis a nal failure 1;-.,.
1

3 iD“‘ PR

™

The given clinical features are seeE?ﬁQcArdle S &TEEESE This patient has muscle glycogen
phosphorylase deficiency. q

* Hyperuricemia

Solution to Question 20: '—_j'} "":""

The lack of muscle glycog q[_l'r.'phosphoryl sults in excess glycogen build-up in muscles. The
image given below sho he Vacuo],a.qﬁl‘lyopathy seen in McArdle's disease.

Clinical features include poor exercise tolerance, abnormally high muscle glycogen (2.5-4%), and a
very low blood lactate after exercise
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The images given below show myophosphorylase enzyme histochemistry showing (A) Normal
muscle and (B) McArdle's disease.
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HMP shunt pathway, Fructose , Galactose
metabolism

Question 1:
Which of the following is false about HMP shunt pathway?

a) No ATP formation
b) Formation of NADPH occurs y
c) Synthesis of ribose-5-phosphate occurs
-\._"\. - N,
iy

d) Non-oxidative phase is irreversible
H.- -1 ..:‘.

Question 2: B 5
: ] ot
“h

Rk =1 )
In which of the following sites does HMP shunt 6ceur? {

a) Golgi apparatus -, o) s
] " __
L L

b) Mitochondria
o &

c) Endoplasmic reticulum |

d)C 1 -
) Cytoso & 3
: N

Question 3: ; =4
L™ 5
b, al,

HMP shunt can occur at all of the following sites except:

a) Liver
b) Adipose tissue
c) Adrenal cortex

d) Muscles

Question 4.

NADPH is used in
a) Fatty acid synthesis

b) Ketone synthesis
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¢) Gluconeogenesis

d) Glycolysis

Question 5:
A young man with chronic bacterial prostatitis was treated with cotrimoxazole. During

treatment, he developed malaise, jaundice, abdominal pain, and dark urine. His blood picture
is given below. What is the most likely diagnosis?

\ 4 &

h.

" Tl
a) Hemolytic ureneS drome -1.:;.""
b) Autoimmu,gsllﬂémolytic anemia

c) Paroxy'é'tr:nﬁhl nocturnal'-ﬁ?moglobinuria
d) Glucose 6 phosphate dehydrogenase deficiency

Question 6:

All of the following are the products obtained in the uronic acid pathway in humans, except:

a) Vitamin C
b) Glucuronic acid
c) Pentose sugars

d) Proteoglycans

Question 7:
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A 28-year-old woman was found to have excessive urinary glucose levels. However, her blood
glucose levels were normal. Further investigations revealed high levels of only L-xylulose in
the urine. A genetic defect in which of the following pathways is most likely?

a) Krebs cycle

b) Uronic acid pathway

c) Ketone synthesis

d) HMP Shunt

Question 8: o, % 3
Which of the following is the first enzyme to act on frl_le'_ﬂé"s'é metabolism?
a) Aldolase B Cn N

b) Fructokinase ., W I

c) Glucokinase e S o
s S i 1 =
d) Hexokinase g " *
-, E b,
Question 9: L
e iy

A 10-month-old male baby is 'b}dught with VE')r-Iiiting, lethargy, and severe jaundice when
weaning was started wi’ghﬁ'*dit juice. Which of the following enzymes is most likely defective?

i

a) Aldolase A -
b) Aldolasg-B-'“'
c¢) Fructokinase

d) Hexokinase

Question 10:

A patient was incidentally found to have essential fructosuria. Which of the following
enzymes is deficient in this condition?

a) Aldolase A
b) Aldolase B
c¢) Fructokinase

d) Hexokinase
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Question 11:

A newborn baby refuses breast milk since the 2nd day of birth but accepts glucose water. He
develops vomiting and severe jaundice by the 5th day. Benedict's test was positive for urine
and blood glucose was low. The most likely cause is due to the deficiency of

a) Aldose reductase

b) Galactokinase

c) Galactose-1-phosphate uridyl transferase

d) UDP galactose-4-epimerase

I:I-l.:"l. 1;'._:',_.
-y -
l..‘-\'\.\_.ﬂ:-'.. 3 ."-\.
AnSV\ie_J;}Key AN 5,

1 —

Question No. Correct Option

© | o | N[fojoa | |[wW | IN|PF
T |T|T|( Q|9 [ ala |

[EEN
o
(]

[EEN
[N
(]

Detailed Explanations

Solution to Question 1:

The non-oxidative phase of the HMP pathway is reversible.

In the HMP shunt, no ATP is formed, but the formation of NADPH and ribose takes place. The
pentose phosphate pathway is an alternative route for the metabolism of glucose.

It does not lead to the formation of ATP, but it has two major functions:

» Main source of NADPH: important for reductive biosynthesis of fatty acids and steroids, and
maintaining reduced glutathione for antioxidant activity
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« Synthesis of ribose-5-phosphate

There are 2 phases in the HMP pathway:

» Oxidative: irreversible

* Non-oxidative: reversible

Ribulose-5-phosphate

MNADP

FADPH -

Glucose-6-F

Glucose-G-phosphate
dehyvdrogenase (RLE)

G-Phosphogluconate

FLADP

MNADPH -
e ——

dehydrogenase

—--% S-FPhoasphogluconate

Ribulose-S-phosphate

imomerase

=g
— S

Ribose-S-phosphate

Ribulosoe-5-phosphate
S-Epimerase

Xylulose-S-phosphate

H_\_{r’nrini-(mtﬂlnr./ﬂy
-

o .
N

Glyvceraldenyvde-S3-phosphate + Sedoheaptulose-7-phosphata

P

-
" Transaldolase
-

Fructose-6- i
phosphate

Glycolysis

Solution to Question 2:

L e

Gilyceraldehyde-3
Pphosphate

Erythrose-—<4-
Pphosphate

Slycolysis

Hylulosa-5-
Phosphate
‘H"'Q;lr\!: knt_c:l;xy"
~
H""-\- /

Fructose-6-

: phosphate

Glycolysia

B -
e " 3
s l..-_".-
P
o
&
e

(eseyd ampepurg)

(eseyd anpepiro-uoy]

F

L

-

. P
HMP shunt takes place i fhe cytosol as énzymes needed for the HMP shunt (pentose phosphate)

pathway are located iﬂ:}l& cytoplasmts,

-

- II -- .l 1-
3 5,
o i

. %, . i
Solution to Question 3: by

]

._:'-.__-'

HMP shunt pathway can not occur in muscles because muscle tissue is deficient in glucose
6-phosphate dehydrogenase, the rate-limiting enzyme in the oxidative phase of the pathway.

HMP shunt pathway takes place in the following:

* Liver

* Adipose tissue
* Adrenal cortex
 Thyroid

* Erythrocytes

* Testis

 Lactating mammary glands

Given below is the HMP shunt pathway.
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Glucose-6-P

FLADE —
] Glucose-G-phosphate

FAADE - —— dehydrogenase (RLE)

G-Phosphogluconate

(eseyd anmepixg)

A dehydrogoenasa

NADP ——.] 8-FPhoaphogluconate
e m———

Ribulosae-S-phosphate

Ribulose-S5-phosphate T~ Ribulose-S-phosphate
i TNerase — el = imerase
—~ e

Ribose-S-phosphate Xylulose-5-phosphate
T~ Transketolasa "
Ly -
=

S
Glyceraldehyde-3-phosphate + Sedoheptulose-7-phosphate

_~ Transaldolase l
-

(eseyd anpepieo-uol

Fructose-6- . Erythrose-—d- Hylulose-5-
phosphate phosphate Phosphate
e Transkoetolase -
Glycolysis S e 'I_
e Tl -. -.l

Giyceraldehyde-3 : Fructoase-6 o
Phosphate Phosphate .;. o

Slyvoolyais Slveolysis

- 1-'\-

Solution to Question 4: e e o
5 W -

NADPH is the source of reducing equivalent-for-fatty acid syn.the;is.

7,
N

£y b |
This NADPH is derived frent-3 sources: % o
1 .I . -

¢ HMP shunt pathway (main source)_h_'_"" .
» Extramitochondrial isocitrat,g—de‘hydrogena*_se'ﬁninor source)

+ Malic enzyme - e
¥ -
Q 5
3 o

-\._"'\_.\'

| ) :
Solution to Question 5: Ny

The most likely diagnosis in the above case scenario is glucose-6-phosphate dehydrogenase
(G6PD) deficiency.

The clinical features are suggestive of an acute hemolytic reaction following the administration of
cotrimoxazole. A hemolytic attack starts with abrupt onset of malaise, weakness, and abdominal
or lumbar pain. After an interval of several hours to 2—3 days, the patient develops jaundice and
often dark urine, due to hemoglobinuria.

The peripheral smear shows characteristic "bite cells" or degmacytes or blister cells. In G6PD
deficiency uncontrolled oxidative stress causes hemoglobin to denature and form Heinz bodies.
Bite cells result from the removal of Heinz bodies by macrophages in the spleen.

Cotrimoxazole contains sulfamethoxazole which triggers a hemolytic reaction in persons with
G6PD deficiency.

Drugs that carry a risk of clinical hemolysis in persons with G6PD Deficiency:
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Antimalarials PrimaquineChloroquineDaps
one/chlorproguanil

Sulphonamides/sulphone | SulfamethoxazoleSulfasalazin
S eSulfisoxazole

Antibacterial/antibiotics | CotrimoxazoleCiprofloxacinC
hloramphenicolNalidixic acid
NorfloxacinNitrofurantoin

Others NaphthaleneMethylene blue
Rasburicase
2"
A5
il
o L
Solution to Question 6; ‘{".ID A
'-,.ﬁ,_"'l. " " b
Vitamin C is not a product of the uronic acid path,\_/_va'y in humaq_s\_ .':.

Glucuronic acid, pentose sugars, proteoglyea'hs-are all the pf_g)'ducts obtalge-a in the uronic acid
pathway in humans. W 1,:‘_“ W

In the liver, the uronic acid pathway_ 1€:’£he source; 6f g_;?ucuromc a_?‘:('i for conjugation of many
endogenous and exogenous suh_stances before___-excretlon as glueuromdes in urine and bile.

The lack of one enzyme of‘th;e uronic aq_d"pathway called 't: -gulonolactone oxidase in primates and
some other animals including human_.beings explax_ns_"why ascorbic acid (vitamin C) cannot be

endogenously synthesized. Hence,,l-lt is a dietary requirement for human beings.
-u.__\"'\.'\"- - "'\..|
{ o
8 B
Solution to Quest|q1r_rr-,7 o
High levelssof 'Etxylulose uﬂﬁ"'ine point to a diagnosis of essential pentosuria. It is a benign

condition caused due to & 'defect in the uronic acid pathway.

Essential pentosuria has no clinical consequences. However, it can give false-positive results when
urinary glucose is measured using alkaline copper reagents (Benedict's test).

The lack of enzyme xylulose reductase of the uronic acid pathway leads to essential Pentosuria.
Affected individuals excrete large amounts of L-xylulose in urine. Xylulose being a reducing sugar
gives Benedict's test positive. Bial's test is positive as xylulose is a pentose.

Essential pentosuria is a part of Garrod's tetrad which includes :
* Pentosuria

* Albinism

e Cystinuria

« Alkaptonuria
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Solution to Question 8:

Fructokinase is the first enzyme to act on fructose metabolism.

Fructokinase in the liver, kidneys and intestine catalyzes the phosphorylation of fructose to
fructose-1-phosphate. This enzyme does not act on glucose and, unlike glucokinase, its activity is
not affected by fasting or by insulin, which may explain why fructose is cleared from the blood of
diabetic patients at a normal rate.

Deficiency of fructokinase results in essential fructosuria.

Fructose

= Essential
fructosuria

Fructose 1 phosphate
=2 e =
- ~_Aldolase B —— Hereditary fructose
e e intolerance
e ~a
Glyceraldehydea Dihydroxyacetona
phosphate

[’
, J‘ Phosphotr
Glyceraldehyde 3 phosphate = ISomerase

o

Pyruvate

Acetyl Col

TCA cycle If body demand for ATP is less
Fatty acid synthesis — TAG
! |
il N “ael
i X
N,

-.\_'\'\--. i |

Solution to Questign, 9% ol

=, -

The given q].iﬁiz;él scenariog s suggestive of hereditary fructose intolerance (HFI), which is due to
deficiency of the enzyme-aldolase B.

Individuals affected with HFI are asymptomatic until they ingest fructose or sucrose (usually in
the form of fruit, fruit juice, or sweetened cereal). Symptoms include:

» Hepatomegaly
* Jaundice

* Vomiting

* Lethargy

* Convulsions

* Hypoglycemia

Urine-reducing sugar (Benedict's test) and tests for ketoses (Rapid Furfural and Seliwanoff's test)
are positive. Treatment is the removal of fructose and sucrose from the diet.

The flowchart given below depicts fructose metabolism.
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Fructose
=
Fructokinase ———m Esseantial
Fructose 1 phosphate

=
Aldolase B — e

Gilycearaldehyde Dihydroxyaceatona
phosphate

l Kinase
Glyceraldehyde ‘—T
3 phosphate S otriosa

Pyruvate

Acetyl Coi

'. ¥
TCA If body c|_arr1a1r|cl for LY .
oycle ATP ia leas P, -_|
l %
Fatty acid synthesis ————— = TAG
N i
"-._\_ by * 4
' i Tl %
Other options: .-u: [ ) Ar

Option A: A deficiency of aldolase A leads to myopathy and ﬁemolytlc -an'éﬁma

Option C: Fructokinase deficiency feadsito essential Tructosurla w.ﬁ;ll is a benign condition and
does not have significant chmc_al"'tnamfestatlons. A

Option D: Hexokinase deﬁ-c-}ency isa rare-mutatlon that -c'an present with hemolytic anemia and
does not present with the symptoms in thls patlent P

Solution to Question 10:.*
b .l- . L -l . . . . . . .
Essential fructosuria is due to .the-""deflclency of the enzyme hepatic fructokinase. It is inherited in
an autosomal recessive pattern.

. by . .. .
This defective degradatlo-'fl"-does not cause any clinical symptoms. Fructose is either excreted
unchanged in the urine or metabolized to fructose-6-phosphate by alternate pathways in the body,
most commonly by hexokinase in adipose tissue and muscle.

No treatment is indicated for essential fructosuria.

The flowchart given below depicts fructose metabolism.
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Fructose
=
Fructokinase ———» Essential
Fructose 1 phosphate

=
Aldolase B — Heaereditary

Gilycearaldehyde Dihydroxyaceatona
phosphate

l Kinase
Glyceraldehyde ‘—T
3 phosphate S e otriose

Pyruvate

Acetyl Coi

TCA If body demand for i "-
oycle ATP ia leas .-\...hl. -_|
l %
Fatty acid synthesis ————— = TAG
i II-\..\.- ™ .'\'\-
ol i ™,
L1 L AP
I'I : 1-'\-\._ ; 1-'“":
. . . e . 5,
Solution to Question 11: sk I;ln:u o
) ; M

The above clinical features on ingestion of breastmilk at birth.s"uégest classical galactosemia,
a disorder of galactose metaba'hsm Gala(;fose 1- phosphaté"‘urldyl transferase deficiency leads to

classical galactosemia. g ™ '

y e !

It is an autosomal recessive dlsorder ~Clinical fq'.a.tul'es include:

* Accumulation of galactose;r 1“p_hosphate in fh.e’hver causes liver damage &amp; leads to
hepatomegaly, vomltmg .G nvulsmns e

» Accumulation of galé"e’cose -1-ph phate depletes the liver of inorganic phosphate leading to
diminished ATP Syhthesis whlch“"a fects gluconeogenesis resulting in hypoglycemia.

. Accumuia:hon of galactQ_se 1- phosphate in the nerves causes intellectual disability.
» Accumulation of galactltol in the lens causes an oil-drop cataract.

Urinary reducing sugar (Benedict's test) and the Mucic acid test are positive.
Treatment is a galactose-free diet.

The flowchart given below depicts galactose metabolism.
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Metabolism of galactose

Galactose
l _ ©
Galactokinase —j
Galactose 1 Galactosemia
phosphate {non classical)
SDPClicoes Galactose 1 POy e
Epimerase uridyl transferase
UDP Galactose o
Gilucose 1 Classical
hosphat alactosemia
Non classical phosphats 9
galactosemia
Lactose Complex
carbohydrate
©MARROW

70

@2
E"":.,,."J

Sold by @itachibot



ETC and bioenergetics

Question 1:

Where are the components of the electron transport chain located?

a) Inner mitochondrial membrane

b) Outer mitochondrial membrane

c) Mitochondrial matrix o,
d) Intermembranous space ¥ o "
-l._"-l. S, e
'|: ."-\.
Question 2: o e ™

. ¥ b | %
a1 i

. -'h "h .
Which of the following enzymes is not present in the miitochondrial,matrix?

LY -\.-:"'\4. - I:-" __:-,

a) Citric acid cycle enzymes i c Ly
b) B-oxidation enzymes ! 8 ) e S

A e e
c) Pyruvate dehydrogenase ) =
d) ATP synthase el 1

L %

{ X
"._"-:.' o
Question 3: o

Which of th&;golialvﬁng form's-'b‘(_)mplex I of the electron transport chain?
y

a) Q-cytochrome c oxidoreductase
b) Succinate-Q reductase
c) NADH-Q oxidoreductase

d) Cytochrome c oxidase

Question 4:

Succinate-Q reductase belongs to which complex of the ETC?

a) Complex I
b) Complex II
c) Complex III

71 Sold by @itachibot



d) Complex IV

Question 5:

Which of the following is a component of cytochrome oxidase?

a) Caz2+

b) Cuz+

c) Mn2+ )

d) Zn2+ i_‘h-,,_--_i"“.

L
I:I-l.l"l. 1;'._:',_.
T =
Question 6: .'-.:H-..""-'-"' -
T 3 5% ™

. N B 1 . e

Which of the following ETC complexes does not pump hydrogen ions? =
Lt 4 4 N ..I-\.
e Ny L
a) Complex I "-j'-uq' et L) :"-1'}
b) Complex IT % . o A
™y SO "
c) Complex III Ly Nt 2
d) Complex IV >t Wy
""\.- 1E' . .'.'.l Y
-u.__\"'\.'\"- ._"'\...
{ L
Question 7: 1':?,' H'“I'I'L
w ARl

Which of the follqvﬁﬁ:g is known, as complex V of the ETC?
[ e oy, o

5 LY
a) Q-cytochrome c oxidoreductase
b) ATP synthase complex
c) NADH-Q oxidoreductase

d) Cytochrome c oxidase

Question 8:

Which of the following is an inhibitor of the Fo-F1 domain of ATP synthase?
a) Atractyloside
b) Oligomycin
c) BAL
d) Cyanide
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Question 9:

Which of the following substances is an inhibitor of the ETC complex 1?

a) Carboxin

b) Hydrogen sulphide
c) Amobarbital

d) Malonate

Question 10: : ,%L_'_"T"‘ o
T ik
Which of the following substances inhibits 0X1dat1yé phosphox;ylatlon by blpckmg the

transportation of ADP and ATP? =, N A

l-'u 5 L —__I . ,H:\.
'_' _ 1 '\-
a) Oligomycin i - : I;l.q_;-._ -,:-:"‘w
b) Atractyloside . A o AT
c) Amobarbital 0 A - h S
o Y e
d) Rotenone y bt gy
e :\-- 1 'l.-'l ’
L S
. ) { i
Question 11: L
—\.\_\_'\"'\..- Tl
S )
Which of the followmg is an exami')"le of a physiological uncoupler?
=y '

a) 2,4 Dlnﬁophenol -._,:'
b) Oligomycin
c) Atractyloside

d) Thermogenin

Question 12:

All of the following are high energy compounds except?

a) Phosphoenolpyruvate
b) Carbamoyl phosphate
c) Creatine phosphate

d) Fumarate
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Question 13:

A 3-year-old child presents with muscle weakness, vomiting, and seizures accompanied by
focal neurological deficits. Her developmental milestones were normal during the previous
visits. Laboratory tests show lactic acidosis and microscopic findings of muscle biopsy are
shown below. What is the likely diagnosis?

a) MELAS ﬂ;':-' b4
b) Duchenne muscula@?";lshtrophy "f_"l-“‘!.'-
o

c) Becker mu ._3& ystroph{}{:'h

d) Myoto rophy \'I'"h

Question 14:

Which of the following is not the source of phosphate?

a) Oxidative phosphorylation
b) Glycolysis
¢) Citric acid cycle

d) Gluconeogenesis

Question 15:
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In which of the following sites is creatine phosphate not present in?

a) Skeletal muscle
b) Heart
¢) Spermatozoa

d) Nephron

Question 16:

Which of the following is a hemoprotein? b

a) Cytochrome oxidase . o,
b) Xanthine oxidase .‘n_"-."" ' c;
c¢) L-amino acid oxidase i 5 ™

d) Succinate dehydrogenase 4 = O

Question 17: ) AL ~,
Cy e o\
Cytochrome oxidase is inhibited in all_'_(")'futhe following poisonings except:
iy : |'.-'

g o o]

‘: ".\_ 5 ._'.

b) Carbon monoxide - e
Il a

c) Methane . R

-
=

a) Hydrogen sulphide

%
Y L
1 .

d) Cyanide, =4 it
%,
, "'\-l__

Question 18:
A TPN bag consists of 100g glucose, 30g amino acids, and 40g lipids. What is the amount of
calories delivered?

a) 840 KCal
b) 880 KCal
c) 640 KCal
d) 680 KCal
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Answer Key

Question No. Correct Option

1 a
2 d
3 c
4 b
5 b
j E N
e
8 b
9 c
10 b L
11 d ot
12 d
13 a
14 d
15 d
16 a
17 c
18 b
Q" B
5D i

"I'.x : ":" . .
o " Detailed Explanations
Solution to Question 1:

ETC (electron transport chain) carriers are located on the inner mitochondrial membrane.

ETC is the final pathway by which all the electrons derived from oxidation of carbohydrates, fatty
acids, and amino acids are directed towards the final reaction with oxygen to form water and ATP.

Solution to Question 2:

ATP synthase is located on the inner mitochondrial membrane, not mitochondrial matrix.
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Intermembrane
space

Enzymes of inner membrane
include:

Electron carriars

(complexes I1-1V)

ATP synthase

Membrane transporters

Enzymes of the
mitochondrial

matrix include:

Citric acid <..y<..lu BNZYyMes
B-oxidation enzymes
Pyruvate dehydrogenase

Outer membrane

Enzymes in the outer

membrane include:

Acyl CoA aynthetase

Glycerolphosphate "
acyl transferase 'I

S

T |
IH. -

Note: In contrast to the other enzymes of citri¢ a'c‘fd cycle, succlnate dehydrogenase is bound to
the inner surface of inner mitochondrial m-e’m‘brane Succmate dehydrogenase functions as

complex II of electron transport chain., "~ B O
S, '\"-l. i ) Ny
) e | o
F -\..'- F .
L o I.-.\H'. e,
) . ") . L
Solution to Question 3: ; 0 =

Complex I of the electron trar_:.gygr't "cﬂain (E:l:g).'fs 1\-IADH-Q oxidoreductase.
The ETC constitutes 4 enzyme complexes:™ "

» Complex I: NADH- Q:q?i'}h('loreductas‘e, .

e Complex II: Sucomate -Q reductase

. Complex HI: Q cytochrome c ox1doreductase

e Complex IV: cytochrome c oxidase

Components of complex I are FMN and Fe-S complex. NADH-Q oxidoreductase catalyzes the
transfer of electrons, from NADH to coenzyme Q, along with the transfer of four H+ across the
membrane.

But, this occurs by means of the electrons being transferred from NADH to FMN initially, and
from then on, through a series of Fe-S centers, to finally reach coenzyme Q, then to complex III.

Solution to Question 4:

Succinate Q reductase belongs to complex II of ETC.

Components include FAD and Fe-S. It receives electrons from succinate and donates it to a mobile
carrier, coenzyme Q, thereby, reducing it and then to complex III.

There is a catalyzed oxidation of succinate to fumarate.
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Solution to Question 5:

Cu2+ is a component of cytochrome oxidase. Cytochrome C oxidase is complex IV of the ETC.
Components include two heme groups a and a3, and copper (Cu). It is an irreversible complex.

It receives electrons from complex III (Q-cytochrome C oxidoreductase). Components are Cyt b,
Cyt c1.

The final electron acceptor from complex IV is oxygen and it is reduced to water.

Solution to Question 6:

L L
Complex IT does not pump any proton. N - P
ETC complexes: K _-.'“h : |_'-' f .
» Complex I pumps 4 protons : b Ky e 0 : :' ;
» Complex II doesn’t pump any pf(')t(_')‘n“'." Lt J -:'

* Complex III pumps 4 protons®

» Complex IV pumps 2 prot'(;'n-s

Solution to Question 7: :{'- i ik
" oy
ATP synthase is amulti-subunit enzyme complex, also referred to as complex V of the ETC. It
synthesizes ATPby utilizing the energy of the proton gradient that is generated by the ETC.
i h
It containstwo domains®i,
* Domain (Fo): spans the inner mitochondrial membrane

* Domain (F1): extra membranous, which also protrudes into the mitochondrial matrix
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- .
'-,.ﬁ\,_'\l. xl‘-

The chemiosmotic theory states that the two O.E\'-JSSGS (respm*a;'bry chain an&‘ synthesis of ATP)

are coupled by a proton gradient across thé“"l"“'ner mltochq_n_dhal membrane. The proton motive

force caused by the electrochemlcal H_E?ﬂt-lal dlfferem;i‘e. drives the mﬂ__ec."l'lamsm of ATP synthesis.
s

Lo

K
""-. e e
. . "—,-:' ":‘E '
Solution to Question 8; - b o
.,Lw_ o
Oligomycin is a competitive 1nh1bq,té'r of the Fo, uBmplex and blocks oxidation and phosphorylation
by stopping the flow of prote_ﬁ'?’t.flrough the@.-TP synthase enzyme complex.

Binds to the Fo domam:;cfﬁ*ATP synthxasg

l _;-.._} *x v

Closes the Q{Ot@_n channel ,::'n
> S

Prevents the reentry of protons into the matrix
l

Stops the phosphorylation of ADP to ATP

Solution to Question 9:

Amobarbital acts as an inhibitor of the ETC complex I by blocking the transfer from Fe-S to Q.
Inhibitors of complex I of the ETC:

* Barbiturates such as amobarbital

* Piercidin A

* Rotenone
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Solution to Question 10:

Atractyloside is a drug, which inhibits the process of oxidative phosphorylation by preventing the
transportation of ADP into, and ATP out of, the mitochondria.

Solution to Question 11:

Thermogenin is a physiological uncoupler. . 3

5 |

Uncouplers mediate their effects by increasing the permeability of the mitocHondrial membrane
to ions, thereby leading to a collapse in the proton gradle , established byallowmg the H+ to pass
across the membrane without going through the ATP symt ase enzyme: complex

e L |
Examples: N i % %
L [7 . 3

* Synthetic: 2, 4 dinitrophenol — Ly

a1 . . --\.

» Natural: Thermogenin which is found, naturally in the brown adlg_ose tissue, whose function is
heat generation, especially in a newborn and thyrdxme Fals

Solution to Question 12: Lo .
Except for fumarate, all otﬁhefs- are high-qneféil'compounds.
The high-energy comp_e)}}ﬁ'cis (in decre_:a'sing order of energy):
* Phosphoenolpyziwate (-61.9 KJ/mol)

* Carbamoyl pl-tb.sphate oy

*1,3 Bisph:)sphoglycerate: \

* Creatine phosphate

¢ ATP to AMP

¢ ATP to ADP

* PPi

* Fructose 6 Phosphate

* Glucose 6 Phosphate

* Glycerol 3 Phosphate (-9.2 KJ/mol)

Solution to Question 13:
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The given clinical scenario with microscopy showing ragged red fibres is suggestive of MELAS
(mitochondrial encephalopathy, lactic acidosis, and stroke).

It is a mitochondrial inherited condition due to complex I or complex IV deficiency. Patients have
normal development previously and then present with symptoms of lactic acidosis and
stroke (seizures with focal neurological deficits).

The microscopy of muscle biopsy with modified Gomori trichrome staining shows ragged red
fibers (arrowhead) as shown below.

.;?'EJ'" b
Other mitochondrial 1nher1teﬁ'gbases x.'.hlz"

(e,
* Leigh’s disease ‘-..:I'f" b

* Leber hereditary @ neuropat O
» Kearns—Sa drome
4 o
. Chronlc"b: gressive ext&nal ophthalmoplegia

* Pearson syndrome

Solution to Question 14:
Gluconeogenesis is not a source of phosphate that takes part in energy conservation or energy
capture.
There are three major sources of phosphate are as follows:
* Oxidative phosphorylation
* Glycolysis

« Citric acid cycle
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Solution to Question 15:

Creatine phosphate is not present in nephrons.

Creatine phosphate occurs in vertebrate skeletal muscle, heart, spermatozoa, and brain.
Phosphagens act as storage forms of high-energy phosphate.

Solution to Question 16:

Cytochrome oxidase is a hemoprotein widely distributed in many tissues.

Hemoproteins are metalloproteins that have a typical heme prosthetic group. They are present in
myoglobin, hemoglobin, and other cytochromes.

Cytochrome oxidase is the terminal component of the,chain of respiratdry carriers found in
mitochondria and transfers electrons resulting from the-oxidation of substrate molecules by
dehydrogenases to their final acceptor, oxygen. Iticontains two molecules of heme, each having
one Fe atom that oscillates between Fe3+ and'F_e2+ during oxidation and reduction. It also
contains two atoms of copper, each associdted with a heme tnit. O

The action of the enzyme is blocked-by- carbon monox1de cyamde.,_"and hydrogen sulfide, and this
causes poisoning by preventing cellular resplratlon

Solution to Question 17: 2 2 e

Cytochrome oxidase is a hémeoprotein, whieh is the terminal component of the respiratory chain
carriers (complex IV) in mitochondrid=The action of cytochrome oxidase is inhibited in carbon
monoxide, cyanlde and hydrogen sulfide poisoning, resulting in prevention of cellular respiration.

Hemoproteins.ate metallopzroteéins that have a typical heme prosthetic group. They are present in
myoglobifl;hemoglobin, and other cytochromes. Cytochrome oxidase contains two molecules of
heme, each having one Fe atom that oscillates between Fe3+ and Fe2+ during oxidation and
reduction. It also contains two atoms of copper, each associated with a heme unit.

Complexes of ETC :

Complex I: NADH-CoQ oxidoreductase

Contains - FeS, FMN, Coenzyme Q

Inhibitors — Rotenone

Complex II: Succinate-CoQ reductase

Contains - FeS, Coenzyme Q

Inhibitor - Carboxin

Complex III: CoQH2-cytochrome c oxidoreductase
Contains - cytochrome c, b, C1, and FeS

Inhibitor - Antimycin A
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Complex IV: cytochrome oxidase

Contains - Cytochrome a, a3, and Copper
Inhibitor - Cyanide, Azide, Carbon monoxide
Complex V (informally): ATP Synthase
Inhibitor - Oligomycin

Note: MELAS (mitochondrial encephalopathy, lactic acidosis, and stroke) is an inherited condition
due to NADH-Q oxidoreductase (Complex I) or cytochrome oxidase (Complex IV) deficiency.

Solution to Question 18: B,

The amount of calories delivered by the given TPN (Tofcall._-[*afenteral Nuitition) bag is 880 KCal.
n, Ty

The caloric value of different food components are’s’ P
 Carbohydrate (glucose) - 4KCal/g . _-"‘h |_'-' ! .:"=
* Proteins (amino acids) - 4.2KCal/g = ~4K:Cél/-g o L »

» Fat (lipids) - 9Kcal/g O y o &b . -:' :

Calculation of the number of calories: :
* 100 gm of glucose = 100 x. ?}f(Cal=4o_0 _IzC-e.ll
* 30 gm of amino acids = 30 x 4 ISCal-.:..120 KC.a}-._ 6
* 40 gm of lipids = 40 x 9 KCal=360 KCal ™
Total amount of calori§§___aifli-\-/ered= 409-:120+360=880 Kcal
Note: The caloric Vglu-é" of alcoho_}_-is 7I.L<Ca1/g.

el _—

i

5 - I_..
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Krebs Cycle

Question 1:

What is the site of the TCA cycle?

a) Cytosol
b) Endoplasmic reticulum
c) Mitochondria . _.:-."
d) Lysosomes 3 o <
20~ o
Question 2: L %' e J e

Ty — L
- i1

Which of the following is true about K_re_sbs;clycle? 5 o
a) It is the final common pathvyay :-f.o;::l:e oxidgti}n;" of carbo}}ygiré;;:e.-s, lipids and proteins
b) Pyruvate condenses \Arit_h_lfiga{'loacetate té.-fofm citratt?;. o
c) Oxidative phosphorylation occurs-in.the cytoplagni«.-
d) Alpha keto glutarate is a 4 f_ahl_r_b(;ﬁ-éompo?_r_l_(};' -
{ o

—\.\_\_'\':}. "-\._:.‘
Question 3: '\ b A0S
o L

Which of th&;golialvﬁng is not an intermediate of the TCA cycle?
o |_.

a) Citrate
b) Acetyl CoA
c) Succinyl CoA

d) Fumarate

Question 4:

Hyperammonemia inhibits the TCA cycle, by depleting levels of which of the following
substances?

a) Oxaloacetate

b) Alpha ketoglutarate
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c) Succinyl CoA

d) Fumarate

Question 5:

Aconitase contains which of the following?

a) Ca

b) Mg

c) Fe e

d) Mn e, =

*«:ﬁ‘:’ o
vﬁ £
Question 6: {:‘3" - 0%
e —_:." o

Which of the following substances i in ‘}aité-acomtas??nzymw h.:hx

a) Arsenite Gy £

b) Mal :—:"'. I-:h'f'x i o

) Malonate b ot 2
c) Fluoroacetate __:_-'_'"‘* Wy
- T
d) Iodoacetate N o . [ .5'1"'
.
{ L N
Wb i
_ O %

Question 7: A £

e g )
At which level'does valine .eft\e'r the TCA cycle?
a) Alpha ketoglutarate
b) Fumarate
c) Succinyl CoA
d) Acetyl CoA

Question 8:

In the Krebs cycle, Which of the following catalyses the step in which the first CO2 is

released?

a) Aconitase

b) Isocitrate dehydrogenase

85
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c) Succinate thiokinase

d) Succinate dehydrogenase

Question 9:

What is the co-factor needed for the isocitrate dehydrogenase enzyme for decarboxylation?

a) Cuz+

b) Mn2+ o

c) Fea+ I_L_jﬁ_ =1

d) Ca2+ X @

o ok
-.__“."'-"" I C.
Question 10: ;.‘-1."' - L O
. -.'““'.' T o T T

Substrate level phosphorylation oceurs q_in ‘which of th&follomng steps of the TCA cycle?

a) Isocitrate to alpha keto glutarﬁ"te L .t S _: )

b) Alpha keto glutarate tosupelnyl CoA "-H' ) _r o

¢) Succinyl CoA to Succinate _L_" J '1 _'-" *

d) Succinate to fumarate - % - .__'1"'-'l

{ % >
- ﬁx..- :h_:,_._

Question 11: ) Py

-
i ]
| =

i -4 -\._"'\_.\'
How many ATPs are generated per turn of the TCA cycle?
a) 10
b) 20
C) 25
d) 30

Question 12:

All of the following serve as cofactors for the enzymes of the TCA cycle, except:

a) Biotin
b) Pantothenic acid
c¢) Riboflavin
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d) Niacin

Question 13:

Why is the TCA cycle called as an amphibolic pathway?

a) Both oxidative and synthetic reactions take place
b) Metabolites are utilized in other pathways

c) It can proceed both in forward and backward direction

b
d) Same enzymes can be used in reverse direction o, e
':“"- _-\.\_'.-\..-
Ny, o g,
. )
Question 14: -
3 Wl i 8

. . . pps L 1 el .
Which of the following substances inhibit.the.enzyme al_ph@.—ketogluta}rate dehydrogenase in
the TCA cycle? \ A s

5 -\.-'\"-.l. #h ) = "
% 5
a) Iodoacetate i c " e o
b) Fluoroacetate ., 8 ) e s
A e _ K
c) Arsenite y ! gy
d) Malonate e B &
-\.|__\'\- . - |
‘_ .-\..
W X
. Oy T 1

Question 15: LN

Which of th&;golialvﬁng is not a cofactor of the enzyme alpha-ketoglutarate dehydrogenase?
o |_.

a) Lipoate

b) Thiamine pyrophosphate
c) FAD

d) Pyridoxal phosphate

Question 16:

All of the following enzymes are components of the pyruvate dehydrogenase enzyme complex,
except

a) Pyruvate dehydrogenase

b) Dihydrolipoyl transacetylase
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c) Pyruvate kinase

d) Dihydrolipoyl dehydrogenase

Question 17:

Which of the following is inhibited in thiamine deficiency?

a) Isocitrate to alpha-ketoglutarate

b) Succinate to fumarate

c) Pyruvate to acetyl-CoA o, e
il
d) Fumarate to malate = S
Ny o = i,
o {
: II.\.- ] ; x .'\.\_
Question 18: e P e
'-.-' 3 .,'-\.\__'I -.-'\-'H:
Which of the following is an allosteric. qi_&lHiBitm“ of pytuvate dehyg}i;pg‘enase?
Y | '-. :"-.
a) AMP " G s
F -\..'- g, _:-"l_

b) ADP '\-_-I"- . L'l-\.. -l. ]

c) Acetyl CoA C '_""" e _'-" :

d) Citrate N\ fi _-5',"'

i~ 4
ot 7
_ 3 e i

Question 19: Yy ol

i ™
Which of thé'following enzyme deficiencies is likely to cause congenital lactic acidosis in a

patient?

a) Pyruvate dehydrogenase enzyme complex
b) Pyruvate kinase
c) Pyruvate Decarboxylase

d) Transketolase

Question 20:

Identify the anaplerotic reaction among the following?

a) Conversion of pyruvate to Acetyl CoA

b) Conversion of pyruvate to Oxaloacetate

88
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c) Conversion of pyruvate to Acetaldehyde

d) Conversion of pyruvate to Lactic acid

Answer Key
l C . .\._.I'.::r. ¥
a .:.-:_"-

3 b

4 b

5 C i

6 c +

7 c

8 b

9 b

[
o
o

11 a
12 a
13 a
14 c
e 15 d
-l.II -
""‘E"‘ 5 16 c

[
~
o

[
(o]
o

=
©
QD

N
o

Detailed Explanations

Solution to Question 1:

The TCA cycle (Krebs cycle) takes place in the mitochondria. It occurs in all organs of the body.
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Solution to Question 2:

The Krebs cycle is the final common pathway for the oxidation of carbohydrates, lipids, and
proteins as glucose, fatty acids, and most amino acids are metabolized to acetyl-CoA or
intermediates of the cycle.

Other options:
Option B: Acetyl CoA condenses with oxaloacetate to form citrate.
Option C: Oxidative phosphorylation occurs in mitochondria by ETC (electron transport chain).

Option D: Alpha-ketoglutarate is a 5-carbon compound.

L "'
i
Solution to Question 3: ,_:TH P
Acetyl CoA is not an intermediate formed in the TCA"cycle, but rather it is a starting substrate.
ol Y ,
There are three sources of acetyl-CoA: _n K L ) AP
* From glucose ° Pyruvate ° Acetyl-CoA. v A L -
. = -\.: L 'l.. L
* Fatty acid oxidation ° Acetyl-CoA:“:H" "t :—.1."

* Ketogenic amino acid oxidation® acetyl;CoA’ =

i, i E .
The starting materials of Kreb's cycle are Acetyl CoA _?-nd oxaloacetic acid. All the other options
are intermediates in the TCA cycle an_ﬂ'oxaloacetie-@md is released in the end.

The image given below depictg—th.é Krebs cyq]e_',:L

L

{ Pyruvate]

SH + NAD"

€0, + MADH, H'

Acetyl-Coa | (et JsH

| Fumarate

Succinate

Solution to Question 4:

Hyperammonemia results in the depletion of alpha-ketoglutarate.
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This happens in two steps:
* The excess free ammonia binds to glutamate and forms glutamine.
* To compensate for the reduced glutamate, alpha-ketoglutarate is aminated to glutamate.

Thus, hyperammonemia eventually depletes alpha-ketoglutarate, leading to a stoppage of the TCA
cycle.

Solution to Question 5:

Aconitase is a Fe-containing enzyme. It is involved in the conversion of citrate to isécitrate.
The process occurs as a two-step reaction catalyzed by the enzyme, aconltase' A
* There is an initial dehydration reaction with the remoyd], of a moleculé of water, from
Cis-Aconitate. P i

% &
» This is followed up by a rehydration reaction, where a molecu'le‘bf water 1s &dded to
Cis-Aconitate, thereby forming Isocitrate - %™ —y

- —~ - 5

- L
Note: Aconitase is involved in iron homeostasis. -y ™,
LY .\_7"-\.|l R il 1 ..:I'. kL
(Oxaloacetate Malate Fumarate Succinate Succinyl-
CoA
OH OH OH Coh
Y% "~ oL
0 e
)ﬁ NADHyAD* i 3 ;> CEA Pm; O_&
S f\ Hy0 FADHFAD ATP (50P)
=0 )=0 0 GtRy
HO HO HO HO 0
AcelykCop + HO
0.8 NAH[]I-
Hy0 J K b
CoA NAD
OH
] ,OH OH ol OH 0
5 ", 0= 0 o= ’ 0_'( 0
by o ) 0 has NDPH o Y0 (o
Low MO KO %/ NADPY MY Y ;
l\ o W H b }\ {
HO ) HO \__HO )=OH HO ) —i
o={ 0 2% 0={ 0
OH OH ’ OH OH

Citrate cis-Aconitate |socitrate Oxalosuccinale oxoglutarate

Solution to Question 6:

Flouroacetate is an inhibitor of the aconitase enzyme.

Fluoroacetate combines with Co-A to form fluoroacetyl-CoA. Fluoroacetyl-CoA then condenses
with oxaloacetate to form Fluorocitrate. Fluorocitrate then inhibits the enzyme aconitase.

Solution to Question 7:
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Valine enters the tricarboxylic acid cycle (TCA) cycle at the succinyl CoA level.

Alpha keto-glutarate ArginineHistidineGlutamine
ProlineGlutamate
Succinyl CoA ValinelsoleucineMethionine
Fumarate PhenylalanineTyrosine
Oxaloacetate AspartateAsparagine
Pyruvate SerineAlanineCysteineGlycin
eHydroxyproline @
Acetyl CoA LeucinelsoleucineLysineTryp ,_:-.:'-'
tophan - o
ok "
: "-.,_:'] =
o @
& <& %,
Solution t tion 8: 2 - o
olution to Question 8: I,I:H"'-H, - {‘}_
'._l_' .-H.hl 1.'.

Isocitrate dehydrogenase catalyses tl_l__le_@hteﬁ in wlllig"{]@-';ﬁrst CO2 iE-:rﬂéleased.
COz2 is released and NAD+ is n%@c\;H to NADJ:i}i?l"this reactig_lﬁ-.-

There are two oxidative dei;#-b?'oxylation @s in TCA cKeIg""

* Isocitrate to alpha ketoglu:carate ca,‘ti_'fysed by iSOEﬂ'LflEﬁé aehydrogenase.

i |
* Alpha ketoglutarate to succj_.néz,}-ebdA catalyg&@l'g;r alpha ketoglutarate dehydrogenase.

'
Pyrvats)
[ [[con Jsm + nan®
s €0, + NADH, W

Acetyl-Coa | [e=a s
H%

Solution to Question 9:
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Isocitrate dehydrogenase catalyzes the decarboxylation of isocitrate, to form o-ketoglutarate. This
decarboxylation reaction, requires Mg2+ or Mn2+ ions.

Solution to Question 10:

Substrate level phosphorylation occurs when succinyl CoA gets converted to succinate in the TCA
cycle.

Succinyl-CoA is converted to succinate by the enzyme succinate thiokinase or also called
succinyl-CoA synthetase.

GTP formation takes place in this step, and hence this is the one and only exam_pl-e of
substrate-level phosphorylation in the TCA cycle.

The GTP so formed is used for the decarboxylation of oxa'loacetate to ph.psphoenolpyruvate
catalysed by PEPCK in gluconeogenesis. W

.\_ S

! d \
o "
(Pyruvate ] X

SH + NaD'
€0, + MADH, H'

Acetyl-CoA ) [=a Jst

|_Fumarate NAD' + [ Jsm

Succinate

Solution to Question 11:

Total ATPs generated per turn of the TCA cycle is 10.

The following steps of the TCA yield ATP:

« Isocitrate to alpha-ketoglutarate — Yields 1 NADH per turn

* Alpha-ketoglutarate to Succinyl CoA — yields 1 NADH per turn

* Succinyl Co A to Succinate — yields 1 GTP (Substrate level phosphorylation)
* Succinate to fumarate — Yields 1 FADH2

» Malate to Oxaloacetate — Yields 1 NADH

So total ATP formed will be= 10
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3xNADH=7.5 ATP
1x FADH2=1.5 ATP

1x GTP=1 ATP

TOTAL= 10 ATP PER TURN

Solution to Question 12:

Biotin (B7) is not a cofactor for TCA cycle enzymes.

The following vitamins serve as cofactors for various enzymes of the TCA cycle:
* Riboflavin (B2) ¥ 2
* Active form: FAD

* Cofactor for: Succinate dehydrogenase
* Niacin (B3) _ _
* Active form: NAD+ - - iy o W

* Cofactor for: Isocitrate dehydrogenase o- ketoglhtarate dehydrogénase and Malate

dehydrogenase complex - 5 =
e e -

 Thiamine (B1) / N

* Active form: Thiamin diphosphate ) !

N

* Cofactor for: decarboxylatlon step of alpha ketoglutarate dehydrogenase complex

L

« Pantothenic acid (B5)_ o X

* Active form: As a parf of Coenzyme A

* Cofactor f_(ﬁ)r.‘ asterified to tie.tarboxylic acid residues, i.e. acetyl-CoA and succinyl-CoA.

5% 'I_.

Solution to Question 13:

In the TCA cycle, both oxidative and synthetic reactions take place.

The TCA cycle is not only a pathway for oxidation but also that of interconversion of metabolites
arising from the transamination and deamination of amino acids. It provides the substrates for
amino acid synthesis by transamination as well as for gluconeogenesis and fatty acid synthesis.

Solution to Question 14:

Arsenite inhibits alpha-ketoglutarate dehydrogenase.
Inhibitors of TCA cycle:
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Aconitase Fluoroaceta
te

Alpha-ketoglutarate dehydro | Arsenite

genase

Succinate dehydrogenase Malonate

Solution to Question 15:

Pyridoxal phosphate is not a cofactor of the enzyme alpha-ketoglutarate dehyd.t’@g'_bnase.
Alpha-ketoglutarate dehydrogenase enzyme complex has éj:senzymes E—h‘eﬁz are :

s Lipoate _'-.fx::-" a2
 Thiamine pyrophosphate {."‘-"‘ : [ S\ '} >
*« NAD+ (i ﬁ'& o™, =2 1._-‘. N
" -\.: '|.~ b L
« FAD - a2 a
! n'ﬂ o ; i _?..:‘-
 Coenzyme A W5 e o

(ol b ™
All the enzymes carrying mﬂg.bxidative deearboxylation .phu'ire these 5 coenzymes, namely:
* Pyruvate dehydrogenase, catalyzmg_-'tlh'e reactlon"i'.’yruvate to acetyl CoA
« Alpha-ketoglutarate dehydrq_gen.'hse b _'-..,';"

* Branched-chain keto a \tg:.?i'ehydrogen..a?e

o
..x:rx" ”v

Solution to Q‘yesdhon 16: _q:?

Pyruvate kinase is not a component of the Pyruvate dehydrogenase (PDH) enzyme complex.

Pyruvate dehydrogenase complex is a multienzyme complex that is associated with the inner
mitochondrial membrane which catalyzes the oxidative decarboxylation of pyruvate to
Acetyl-CoA.

The three enzyme components are:
* Pyruvate dehydrogenase

* Dihydrolipoyl transacetylase

¢ Dihydrolipoyl dehydrogenase
The Cofactors are:

» Thiamine pyrophosphate (TPP)

* Lipoic acid

* Coenzyme A
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* Flavin adenine dinucleotide (FAD)

* Nicotinamide adenine dinucleotide (NAD+)

The overall reaction is : Pyruvate + NAD+ + CoA ° Acetyl-CoA + NADH + H+ + CO2
Clinical aspects:

* Arsenite and mercuric ions react with the -SH groups of lipoic acid and inhibit pyruvate
dehydrogenase.

* Dietary deficiency of thiamin inhibits PDH eg. Chronic alcoholics may develop potentially fatal
pyruvic and lactic acidosis.

« Patients with inherited pyruvate dehydrogenase deficiency present with lactic ac1d_051s
particularly after a glucose load and neurological disturbances. N

_\.'\._.

Note : Pyruvate kinase catalyses the last step of glycolysis ie- transferlng p_hosphate group from
phosphoenol pyruvate to ADP forming pyruvate and A’EP'-.nespectlvely, L

Solution to Question 17:

In thiamine deficiency, conversmn 'of 'Bi’ruvate tma'eetyl CoAis 1n_'fn1b1ted

Thiamine is a cofactor of the pyruvate deh;(drogenase com-ponent of the PDH complex. In
thiamine deficiency, pyruvate dehydrogeniase is 1nh1b1ted “Hence pyruvate is not converted to
acetyl CoA. "8

e -

Other options: e Py _____-1'=

Option A: The enzyme inyolved in converfing isocitrate to alpha-ketoglutarate is isocitrate
dehydrogenase whichxpeqﬁi'lires Mn2+,_g_:r'Mg2+ as a co-factor.

Option B: Riboflayin (lil‘AD) is the eo- factor for succinate dehydrogenase enzyme, which is

responsible for;onvertmg sucgmate to fumarate.
iy
* '

(Ryrwvats)

SH + NAD

€0, + NADH, H'

Acetyl-Coa | (et JsH

[ Citrate
Water

Isocitrate

| Fumarate NAD' + [ Jsm

Water

Succinate
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Solution to Question 18:

Allosteric inhibitors of the PDH enzyme complex are NADH, acetyl CoA, and ATP.

Solution to Question 19:
Inherited pyruvate dehydrogenase deficiency, can be due to a defect in any one/ more of the
components of the PDH enzyme complex. This presents with lactic acidosis. ;.
Causes of lactic acidosis:
* Tissue hypoxia ~
* Mitochondrial disorders ™ 3 %
* Deficiency of: n _ l__'-
- PDH Enzyme o - s .
« TCA cycle enzymes : Al o,
* Vit B1 e ay S
* Poisoning;: r . o
* Cyanide 3
* Mercury %

* Arsenite

e oy, Y

j
Solution to Question 20:™4

The conversion of pyruvate to oxaloacetate is an anaplerotic reaction. It is catalyzed by pyruvate
carboxylase.

Anaplerotic reactions are chemical reactions that form intermediates of a metabolic pathway. The
above reaction is important in maintaining an adequate concentration of oxaloacetate for the
condensation reaction with acetyl-CoA. If acetyl-CoA accumulates, it acts as an activator of
pyruvate carboxylase and an inhibitor of pyruvate dehydrogenase, thereby ensuring an adequate
supply of oxaloacetate.

Other anaplerotic reactions are:

» Compounds that are metabolized to yield propionyl CoA, which can be then carboxylated and
isomerized to succinyl CoA.

* Glutamate and glutamine are important anaplerotic substrates because they yield
o-ketoglutarate as a result of the reactions catalyzed by glutaminase and glutamate
dehydrogenase.
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 Transamination of aspartate leads directly to the formation of oxaloacetate.

hﬁh o %‘-:bq:‘
'F‘:J& t:::;ﬁ 'i'.-_‘.-{h
¢! O
22 J&
ol >
I
Q D
G
&V O
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Amino acids: Basics

Question 1:

How many amino acids are encoded by the human genetic code?

a) 20
b) 25
'.'\-
c) 17 iy
l;.-u-"..
d) 15 . "
-"|.\‘. .\_\.".\_.
iy o =
e /
s ,
Question 2: P W 2

0y ot o)

A neonate presents with feeding difficulty.and failure £o.thrive. Her.arine has a peculiar burnt

sugar odor due to an excess of braneled-chain atnino acids. Which of the following is unlikely
L) i L™

&

to be elevated? A ey Ly
-H_. -‘H-- 5, .:-‘|

. .\-_i.\- E %
a) Valine e e _l--.
b) Isoleucine o -

oy 1
c) Leucine P T
d) Lysi g b
ysine )
9 >
5) - £
L -\._"'\_.\'

. L "-\J-.
Question 3:-:~ b

Which of the following is not an aromatic amino acid?

a) Phenylalanine
b) Tyrosine

c¢) Tryptophan
d) Arginine

Question 4:

Which of the following amino acids has an imino ring?

a) Proline

b) Tyrosine
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c) Tryptophan
d) Histidine

Question 5:

A 45-year-old woman presents with loose stools, memory loss, and rashes over sun-exposed
areas. On examination, a Cassal’s necklace lesion was identified. What group does the amino
acid she is deficient in contain?

a) Indole group . --_:":r !
b) Imidazole group e
c) Thioalcohol 3 ﬂli_'_"!" _1.,__--»:"-'

d) Thioester linkage P o

L %
uestion 6: L Y iy
Q o O O

%,
Which of the following contain-a.phenol group? -
.\-__i.\- l_'.. s,
a) Arginine S
b) Phenylalanine e Ko,
c) Tyrosine ok el
d) Proline St ; oy

Question 7:%* )

Which special group is present in arginine?

a) Guanidine
b) Benzene
c) Imidazole

d) Indole

Question 8:

Which of the following is not a basic amino acid?

a) Histidine
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b) Arginine
c¢) Lysine
d) Glycine

Question 9:

Which of the following amino acids is polar in nature?

a) Aspartic acid
".:'r
b) Alanine o o
il
c) Proline I:.-_':" 2
d) Methionine o b ."1"' -
l..‘-\'\.\_.ﬂ- 3 ."-\.-
¢ . i:'.._ i _:‘.‘:'H. - .'5_..
i 1 —
. e — P
Question 10: 0 LN "

5

y L
[ —\.-I'\"'ﬁ' W I'-\-I == 1‘:\%

A medical student was admitted tu_fhe hospital ff)l'lowing a hunger strike. Which of the

following amino acids cannot be'tised for .g].ucbneogenesis-.b? his body?

3 e S
a) Tyrosine g o
- L -
b) Leucine o L
-u.__\"'\.'\"- ._"'\...

c) Phenylalanine { % Aty

i
d) Tryptophan ﬁu'"' :h-:"-'-

- B b
. 5 A '-.-"1_'.
Question 117 .

Which of the following is a purely glucogenic amino acid?

a) Leucine

b) Tyrosine

c) Tryptophan
d) Alanine

Question 12:

Out of the following, is a semi-essential amino acid.

a) Methionine
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b) Tryptophan
¢) Leucine

d) Arginine

Question 13:

Which of the following is a non-essential amino acid?

a) Methionine

b) Valine l:._:___--_."'::r'

c) Lysine I:_'_"'I-" ‘:ﬁ_';._*. -

d) Aspartate B O

I..".:\EH -\.\_I"'\_ .
! L o
!;'::.h:‘- |__-'H' a b P
. . ’ h""\-\. = .-,H:.-
Question 14: (& {._-a &
e, . B " -L‘I ] -'H'-l. ;
. . . ! Tﬂa'- e I._ I' T_i.:‘"-
Beta-alanine is seen in . ‘-._'h"' *— Pl C .
o N E
a) Thiamine - O "l o
A N, %
b) Niacin __:_-'_'"‘* '-.;_'-:' -3
- T
c) Pantothenic acid _ N o . L _'..5'1"'
d) Biotin ﬁ::"— A
Q 2
N o
: L2 b
Question 15:¢ ™4 .
W e

Which of the following amino acids is not formed after post-translational modification?

a) Selenocysteine
b) Triiodothyronine
c) Hydroxy proline
d) Hydroxylysine

Question 16:

Amino acids absorb UV light due to :

a) Peptide bond

b) Aromatic ring
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c) Disulphide bond

d) Imino group

Question 17:

Which of the following amino acids is the most sterically flexible?

a) Glycine
b) Lysine .
b
¢) Leucine o,
il
d) Aspartate =9 2
"o *
. -
; . o : ) ]
Question 18: e P (%
- I-'.l e _ 5 o™
Lt ., 1
Which of the following is not a proper_‘g_y* of-amino agin_i's at isoelec{rj&'pH?
-._\.—\.: b I:_ :
a) Maximum precipitability = % G A
d -\..'- F e
b) Maximum buffering actieq- \ '--:'- Rral
¢) Minimum solubility -u_'-l.'; b _'-"
iy i
d) No mobility in electric field-, O ; .5'1"'
i~ W
ot "
& P

Question 19: n £

At physiologi‘(.:_"al pdi{ buffen_i{'l-g action in blood is caused by :

a) Histidine
b) Methionine
c) Arginine

d) Glycine

Question 20:

A mixture of insulin is being tested in a lab to determine its amino acid sequence. Which of
the following reagents can be used?

a) Sanger's reagent

b) Benedict's reagent
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c) Seliwanoff's reagent

d) None of the above

Question 21:

A forensic team performed a ninhydrin test on some samples obtained from a crime scene.
This test can detect which of the following?

a) Bile salts

b) Amino acids n,

P
c) Nucleic acids . y
sk o
ipi PN -,
d) Lipids 0 .
: II.\. ] x .'\.\_
o Y ,
a2 [ L
Question 22: ay 2 ™ 2.
- . :
. . % -\.-_"'\-.|| I:-I.'\-:"- _1-"%\_'\-\.

Sakaguchi test is answered by __« %} »; ¢ e

a) Amino acid e O Tl S

o Y e
b) Bile acid y bt gy
o . _l.--\. - Il'.'l .
c) Lipids s =3
d) Nucleic acid ey " bl
b i
—\.\_:'\"'\..- "-\._:"
5) - ™
Question 23:. A" i
5 )
Ty "'\.|_

A neonate was incidentally diagnosed with a benign inborn error of metabolism. A positive
Pauly’s test would indicate the accumulation of which of the following amino acids in his
urine?

a) Tryptophan

b) Cysteine

c) Histidine

d) Arginine

Question 24:

Which of the following is responsible for the negative charge in fibrinopeptide A?

a) Glutamate and Valine
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b) Histidine and Lysine
c) Aspartate and glutamate

d) Serine and Threonine

Question 25:

The graph shown below is the titration curve of a biochemical compound. Which of the
following statement is true?

Acid mixture

NaOH

pH

W i
o i |

a) The maximum ]:)_uffé"r'ing capagity of the compound is represented by points A and B

b) The points-Aiand B represént the range of maximum ionization of the amine and carboxyl
iy 1
group % i

c) The compound has three ionisable side chains

d) The compound has one ionisable group

Question 26:
Replacing alanine by which amino acid, will increase UV absorbance of protein at 28onm
wavelength?

a) Leucine
b) Proline
c) Arginine

d) Tryptophan
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Question 27:

Nitric oxide is synthesized from:

a) L - arginine

b) L - citrulline

c) Glycine
d) Lysine
2
x_ .:.._I-__l"'-
Answer K_%:j ::.F"-.
oo oo
1 a
2 d
3 d
4 a
5 a
6 (o
7 a
8 d
9 a
_‘_lj:'-. 10 b
"'-I:'* ) 11 d
12 d
13 d

H
N
o

15 a
16 b
17 a
18 b
19 a
20 a
21 b
22 a

N
w
O

N
N
o
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25 a
26
27 a

Detailed Explanations

Solution to Question 1:

The total number of standard aminoacids encoded by triplet codons in the humanigefetic code is
20. o, S

Selenocysteine (Sec) in eukaryotes and pyrrolysine (Pyl) ip-prokaryotes are.cotranslationally
inserted into proteins and are known as the 21st and 22‘ amino acids;respectively.

Selenocysteine can be found in various human selenoprotelns s.uch as thioredoxin reductase,
glutathione peroxidase, and deiodinase. =, % o L -

In this question, 21 (20 standard AA + selenocystelne) is Tot prowded‘as an option, so the correct

answer would be 20. P 'S %
- ..- --H

Solution to Question 2: Yy

Y LY .
The given clinical scenario is'stiggestive of maple syrup urine disease (MSUD). Lysine is not a
branched-chain amino acu:l and hence i is unlikely to be elevated.
Branched-chain amm@ ) acids are: o
* Valine (V)

a4
« Isoleucihe(I)

L l..
* Leucine (L)

MSUD is due to the deficiency of branched-chain alpha-keto acid dehydrogenase complex
(BCKDC), leading to the formation of branched-chain amino acids and their toxic by-products
(ketoacids) in the blood and urine. There is a peculiar odor of burnt sugar found in urine, sweat,
and cerumen.

Solution to Question 3:

Arginine is not an aromatic amino acid.
The four aromatic amino acids, which include an aromatic ring, are as follows:
* Phenylalanine

* Tyrosine
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* Tryptophan
« Histidine

Proline is a heterocyclic amino acid.

Solution to Question 4:

Proline is an amino acid with an imino ring.

The distinctive cyclic structure of the side chain of proline gives it exceptional conformational
rigidity as compared to other amino acids. Hence, proline plays a major role ir.}' colldgen stability.
o
.

Solution to Question 5:

The given clinical scenario is suggestive of pellagra which can be seen in the deficiency of the
amino acid tryptophan. Tryptophan contains an indole group.

Tryptophan with the marked indole group:
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N7 N o

i I"' = " ..H-
i '.H.‘ |_.|I 3 }'
I' ! 2 - -'H. - | & 'H:
Solution to Question 6: sk 4= e ol
% ] W , :"-.
The amino acid containing a phénel group is tyrosine. ",
) F -\..'- L i :—.,\_.
Structure of tyrosine: i . B Fay

HO

Solution to Question 7:

Guanidine is present in arginine.

Image: Structure of arginine indicating the guanidine group
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Solution to Question 8: R e hd O

Glycine is not a basic amino a_cid.' .

Mnemonic for basic amine-acids-HAL:, *
* Histidine :
* Arginine (most basic) e

* Lysine Wy

ey, T, 1

The acidic amino acids:are: o, P
» Aspartic acid (aspartate): most acidic

« Glutami&-acid (glutamate:)

Solution to Question 9:

Aspartic acid is polar in nature.

Solution to Question 10:

Leucine cannot be used for gluconeogenesis.

Leucine and lysine are the only purely ketogenic amino acids. These two amino acids yield only
acetyl-CoA on oxidation (ketogenesis), and hence, they cannot be used for gluconeogenesis.

Four other amino acids give rise to both acetyl-CoA and intermediates. Therefore, they can be
used for both ketogenesis and gluconeogenesis. They are:
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* Phenylalanine
* Isoleucine
* Tyrosine

* Tryptophan

Solution to Question 11:

Alanine is a purely glucogenic amino acid.

e
Solution to Question 12: -.,,.:,‘[:J 2
y

B &

Arginine is a semi-essential amino acid. , o

* Essential or indispensable amino acids lare_l"tﬁese that canﬁgl:;,oe synthes{iég‘{)y the body and
need to be supplied through diet. -.E__ _::-.’:"-. "

-
» Semi-essential amino acids are tﬁﬁ@a‘%at are sis;_ij:h%ized adeqqg\fél‘y by adults but synthesized
at rates inadequate to suppor@w{h in chi}d"_lfe_p. r—_:""

» 8 amino acids are absoldfgl?‘essentia{‘\ﬁﬁhe" 2 are ser@:‘%ential.
L0 -

IsoleucineLeucineLysineMet | ArginineHistidine AlanineAsparagineAspartate

hioninePhenylalanineThreoni CysteineGlutamateGlutamine

neTryptophanValine GlycineHydroxyprolineHydro
xylysineProlineSerineTyrosin
e

Solution to Question 13:

Aspartate is a non-essential amino acid.

Solution to Question 14:

Beta-alanine is seen in:
* Pantothenic acid (vitamin Bg)
* Coenzyme A

» Carnosine
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* Anserine

* Acyl carrier protein

Solution to Question 15:

Selenocysteine, the 21st amino acid, is formed by co-translational modification. It is coded by the
UGA codon, which is normally a stop codon. The protein synthetic apparatus can identify a
selenocysteine-encoding UGA by the presence of the selenocysteine insertion sequence (SECIS) in
the untranslated region of mRNA.

T
Selenocysteine is an analog of cysteine and is synthesized from serine. o b, -_."‘
Selenocysteine is present at the active site of several human enzymes that catalyze redox reactions
such as thioredoxin reductase, glutathione peroxidase; a{lﬁ"delodlnase_,ﬁ-‘hce Glutathione

peroxidase contains selenocysteine and hence it is -an, ioxidant. |

Impairments in human selenoproteins have b@eﬁn"'mphcated lm"tumorlgene51.§1and atherosclerosis
and are associated with selenium deﬁc1encyu cal‘dlomyopat}ry'-(Keshan dlsq_ase)

u“.“:'n . l;_l.-'l
WO o L
Solution to Question 16: - (™" L o
L E -
o Y e
Amino acids absorb UV light due to arematic ring: Arematic amino acids such as tryptophan,
tyrosine, and phenylalanine absonlbféo to 290, om UV light. The maximum absorption of UV light
is by tryptophan. b T o

,|:"-\_ i e

CCompound Wb aboed
-

Wi Aromatic Amino ac | 250-290 nm (UV)
B Ty ids

Nucleotides (pH=7) | 260 nm (UV)

Porphyrins 400 nm (Soret band, visible)

Solution to Question 17:

Glycine is the smallest amino acid with R group as H atom.

So, as it has no R group, it increases the flexibility of the protein. Proline and glycine are
frequently found in beta turns.
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N H 2 S I

. ‘_‘:-h‘.‘;_. —\-.“‘.
: '|: ."-\.
o L% .
L [7 .
Solution to Question 18: e - Y
L '\"-I. i - 1-.
) W o s
The properties of an amino acidiat isoelectrie pH are as follows:
* Maximum precipitability—=*= o % Rl
* Minimum buffering action (note: m_a.icifnum buffer_ir.ig action is when the pH=pKa, and not at
isoelectric pH) - W L
il N ._'-\.-
* Minimum solubility { Y
g

« No mobility in an eléctric field Y 4
. L
N By
) P

o
'H. 5
Solution to Question 19: \
At physiological pH, buffering action in blood is caused by histidine.

The imidazole group of histidine has a pKa value of 6.5-7.4, which is close to physiological
pH. Hence, histidine has the maximum buffering capacity at physiological pH.

Solution to Question 20:

Sanger’s reagent is used to determine the amino acid sequence.

Peptides are isolated and hydrolyzed into a mixture of smaller peptides and treated with
1-fluoro-2, 4-dinitrobenzene (Sanger's reagent) which reacts with the alpha amino groups of the
amino terminal residues. The amino acid content of each peptide is then determined, and the
amino-terminal amino acid is identified.
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Solution to Question 21:

Ninhydrin test is used to detect amino acids.

A purple-colored complex (Ruhemann's purple) indicates a positive reaction. Proline and
hydroxyproline form a yellow adduct with ninhydrin. Glutamine and asparagine produce a brown
color.

This test is used effectively used at crime scenes to develop and identify latent fingerprints.

Solution to Question 22: N e
x IH. i .-h e
Sakaguchi test is answered by amino acid arginine; which containsjguanidium group.

. h ]
..'\'\- I- . B

Solution to Question 23: - ' h O

e Tl L =
" o N
Pauly's test is used for detecting'the presence.6f-histidine in prbteins.

When proteins containing histidine react'with diazotized sulfanilic acid under alkaline conditions,
a red color is formed by a coupling reaetion. The same-reagent will give an orange colored product
with the phenol group of tyrosine,

LY

o Ry o
L "

Solution to Question 24
Aspartate and glutamate aré fégponsible for the negative charge in fibrinopeptide A and B of
fibrinogen." )

The negative charges contribute to the solubility of fibrinogen in plasma and importantly also
serve to prevent aggregation by causing electrostatic repulsion between fibrinogen molecules.

Solution to Question 25:

The maximum buffering capacity of the compound is represented by points A and B, which
corresponds to the pK1 and pK2 of the compound.

Other options:

* The points A and B represent the pKa of carboxyl and amino groups respectively.

» The amino acid has no ionizable side chains as the graph shows only two pKas.

» The amino acid has two ionizable groups: an amino group and a carboxyl group.

The above graph resembles the titration curve of the amino acid glycine.
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Titration curve of Glycine:

III'I‘-H Pk, P;l-'H3 Pk, ITJH?
CH, = = CH, = = CH,
COOH [oleTe] [slele]
e e e e e e e e e e e e e e e pK_, = 9.60
7| I
1 I
I
oH- pl = 95.97 |
—_— — e — s — — e —— |
- 1 I
i I
1 I I
d 1 I
d 1 I L
K, =2.34 i l W, =y
jeE— pK, = 2. ]
1 i 1 I .
I I I s
- i I I
I 1 I
I I I
7 I 1 I
— H
1 =l 3 4 5

- =
S | i . ¥

The titration is completed at a pH of 12, where the glyc1-ne predomlnanﬂy exists in the form

of H2N - CH2 - COO-. L - 4

5 *u
pK1 and pK2 correspond to the pb.lnt where th.e buffering capaglty is maximum.

Characteristics of the titratienrcurve: X, 2 :
* Buffering capacity is referred to as the ability of the am1noac1d to resist the change in pH due to
the addition of acid (H+) or base -(OH equlvalents) by accepting or losing the protons

respectively.

L

* An ionizable group re.fefs to the group, which can either lose or accept a proton and becomes
negatively charged or positively chargéd ion respectively.

* During the t_itg_atien, the byfierihg capacity of the compound reaches its maximum, at points
where the.pKa of the ionizable groups is reached.
~,

 Each of these pKa are labeled as pK1, pK2, pK3, etc.
* The presence of two pKas indicates that the compound has two ionizable groups. Ex. Glycine.

* The presence of three or more pKas indicates the presence of side chains on the amino acid, with
additional ionizable groups.

* Ex. histidine has three ionizable groups, an amino group, an imidazole group (on the side chain),
and a carboxyl group. The pKas of these groups respectively correspond to the pK1, pK2, pK3 of
the titration curve of histidine.

Solution to Question 26:

Replacing alanine with tryptophan will increase UV absorbance of protein at 28onm wavelength

The amino acids which absorb 250-290nm (maximum at 28onm) UV light are Tryptophan
(Maximum Absorption), Tyrosine, Phenylalanine.
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Solution to Question 27:

Nitric oxide is synthesized from arginine by a calcium-dependent reaction catalyzed by NO

synthase.

The co-enzymes of NO synthase include FMN, FAD, Heme, and Tetrahydrobiopterin (BH4).

NH,
| . NADPH NADP*
(|3\H2
I & /
(?Hﬂg
(FH—COO‘
+NH3
Arginine
o
A\
S O
¢ B
A &
fh_“ {u.ﬁ
x 3
116

<+

T 2
C=0 o

I N

™

(Ing + NO
?H—COO‘

NH;

Citrulline
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Amino acid: Metabolism

Question 1:

Which of the following enzymes is involved in the transfer of an amino group from an amino
acid to a keto acid?

a) Transaminases

b) Aminases X
i
c) Transketolases W
. e, '.-\.-
d) Deaminases i L
y N
: '|: % 3 ."-\.
e L% .
. l:_ 1 i Nk
Question 2: oy Ly, .

1-'\-\. 1-'\-

. . . . "l M o«
Which of the following amino acids*daés not undetgo transamination?
L - 1 h

i L i

a) Methionine ™y S T
. e e e
b) Threonine Y o
c) Leucine o . R
. W oy
d) Glycine e e,
—\.\_\_'\':}. '.‘
W i)
Y {4
Question 3: v W
i ™ oy
u k

8
Tetrahydrobiopterin is a cSe"nzyme for all of the following except:

a) Phenylalanine hydroxylase
b) Tyrosine hydroxylase
c) Tryptophan hydroxylase

d) Homogentisate oxidase

Question 4.

Phenylalanine is the precursor of all of the following except?

a) Tyrosine

b) Epinephrine

117 Sold by @itachibot



c) Melatonin

d) Thyroxine

Question 5:

Which of the following amino acid is used for the conversion of norepinephrine to
epinephrine?

a) Glycine
b) Alanine . _:-
c) Methionine . o "
d) Serine T "
iy
: '|: ."-\.
e Y ,
i 1 W
Question 6: By o on
= - | '\-\.-

a) Melatonin 0 e '

A e e
b) Thyroxine o Ny
c) Epinephrine el "

-1-H' L’ .--_h1
d) Nor-epinephrine { Y
~.'=.:'h' el
% , - -
. "y -.H' -
Question 7: & 'y ot

Ty . '
A child is brought to the OPD with a history of impaired vision and severe photophobia. He
has achieved all the developmental milestones at the appropriate age. Examination shows fair
hair, light skin color, and pale blue eyes. Which enzyme is most likely deficient in this case?

a) Tyrosinase
b) Tyrosine hydroxylase
c) Tyrosine transaminase

d) Phenylalanine hydroxylase
Question 8:
Vitamin B3 deficiencies in patients can be minimized by the administration of which of the

following amino acids?
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a) Arginine
b) Tyrosine
c) Tryptophan
d) Histidine

Question 9:

A patient presented with intermittent upper abdominal pain for 4 months, episodic hot
flushes of the face for 2 months, and 5-6 episodes of watery stools per day for 1month. His
urinalysis was positive for 5-OH indole acetic acid. Which of the following .;is_“ré'sponsible for

these symptoms in him? i '-.-_TH e
a) 5 hydroxytryptamine o .":"' I " >
b) 5 hydroxytryptophan W H‘ - o ;¥ _-_:5".
c) 5 carboxytryptamine _'- *: '.-."\-\._.I : Pt
d) 5 carboxytryptophan S ) L .;_'--': : _J_:-.q"‘ y
y '
. = S L RS
Question 10: Y i

| 3

. . . My 2 L . o
Conversion of serine to glycine;requires which.of the following vitamin as a co-factor?

‘_ L= 1
a) Folic acid - )
b) Thiamine % iy o
¢) VitaminiC 4 -
W, &
y

d) Cyanoc&balamin

Question 11:

Which of the following is not obtained from glycine?

a) Creatine
b) Carbon atoms of purines
c) Heme

d) Nitric oxide

Question 12:
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Ethanolamine is synthesized from which of the following amino acids?

a) Serine

b) Tryptophan
c) Lysine

d) Histidine

Question 13:
_:r i
Which of the following vitamins is not involved in sulphur containing amino.aeid
metabolism? 0 o w
-,
. . - _._"II::" ~,
a) Vitamin B6 _-..:h.."‘-"" @ ,
b) Vitamin B A R0 W
) 9 " :1-.,"'- I_.:"-. - %
c) Vitamin B1 ’ N - - e
..\. Ly - i ™
d) Vitamin B12 o Y ek ol
e .4 i
- !
Y e o
. - . ",
Question 14: g - @
-_.",_.“' _‘:- _':. .

Taurine is bio-synthesized fro%hf&-of the fﬂﬁ'owing amino acid?

_ )
a) Leucine c;:.l"‘ ,I""- W
- o) =
b) Arginine -y Ty & L
c) Cysteine %' b
i e I::-'.'-L
. 5 1 L
d) Valine *. .
Question 15:

Which of the following is not a derivative of histidine?

a) Carnosine
b) Ergothioneine
c) Anserine

d) Homocysteine

Question 16:
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FIGLU is an intermediate in the metabolism of which of the following?

a) Valine

b) Histidine
c) Methionine
d) Arginine

Question 17:

Gamma-aminobutyric acid (GABA) is synthesized from :

a) Fumarate I:_'_"!"'
2 ",_':-I {
b) Glutamate _'-..:-{‘-. 2
c) Histidine M 2 ; Wi
T s
d) Glycine A 2
Y % %
5 2 -"'H.
-._\.—\.I"'\-at - i I.-\-I .?_:‘-\.
53 o £\
Question 18: :'~ y A o
T, L - N
_II i T _-l.
Creatine is synthesized from all excepﬁ” '
o . 1'.'-'
a) Glycine e e
bY Acgini { L
inine ) |
) Arg ine ‘;.}M} o~
c) Methionine : .?_-,_ Ry
d A] 3 __Il u L
) amns,‘ L) I
N ~y

Question 19:

Glutathione is composed of .

a) Cysteine and glycine
b) Glutamic acid, cysteine, and glycine
¢) Glutamic acid, glycine, and cystine

d) Lysine and methionine

Question 20:

Common precursor amino acid for urea, creatine and nitric oxide is

121
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a) Glycine
b) Arginine
C) Aspartate
d) Alanine

Question 21:

In a patient with hyperammonemia, which of the following will also be elevated?

a) Urea

b) Glutamine
c) GABA

d) Uric acid

Question 22:

".:'l'
Sy
il
I:I-l.!"l. .'._:'.‘_.
; ",_:"ll _.._"
: l..‘-\'\.\_.ﬂ- 3 ."-\.
. 1 s P 'L
_Il:_ 1‘ 1 1 -_'-._..
P o T T —.:l_ e
= o o0
() i
L) .t-h. I. H-a:-‘.

Which of the following is th,g_llmg'jor transpb'f‘tér of ammoftia from muscles to liver?
% L ¥

s

. LB
a) Alanine *u " _'-:'
b) Glutamine % W&

-u.__\"'\.'\"- ._:'\...
K =iy, B
c) Glutamate o T
e el
d) Aspartate by O
s A
", ~y '-.q-'L'.
Question 23:* b’

Which of the following enzymes is involved in the process of oxidative deamination?

a) Glutamate synthetase
b) Glutaminase
c) Glutamate dehydrogenase

d) Glutamate aminotransferase

Answer Key
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Question No. Correct Option
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o

=
=

=
w

'—\
S

[N
a1

=
o

=
~

=
oo

=
(o]

N
o

N
[ixy

F
N
N

=
N

O | |OC|TC|o|a|jc|jTo|ja|o |0 (9 Q|2 9290 |Q | DO (0 |Q|T|D
=

“x
N

Detailed Explanations

Solution to Question 1:

In transamination, there is a transfer of an amino group from an amino acid to a keto acid to form
another pair of amino acid and keto acid, and this reaction is catalyzed by transaminase.

Transaminases are also known as aminotransferases and belong to the class of transferases. They
require pyridoxal pyrophosphate or vitamin B6 as their coenzyme. AST (aspartate transaminase)
and ALT (alanine transaminase) are examples of clinically important transaminases. These are
elevated in virtually all liver diseases and serve as liver function tests.
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HyN-C—H c=0
I I
Ry R2
PLP Transaminase
?OO
coo” HyN-C—
| i o
b Ra i,
| &
Ry
: l...:.-\'\.\_-h- 3 ."-\.-
o L ™,
. 1:_ 1' 1 24 - F
T
Solution to Question 2: -4 e e o
Y T e P
Threonine does not undergo tﬁaﬁ'éamlnatlon Gy A
5 T -
All amino acids undergo tra-r_;Sammatlo_p except: @ s e
. : I'._\__'\- e NP
* Proline -2 )
Lusi - : .'..l
¢ Lysine ' Sl
4 o,
» Threonine "*-.‘:' a e b
L .\.\_‘:\-.\J_

* Hydroxyproline "'-._;' o
In transamlnauo.n there is a transfer of an amino group from an amino acid to a keto acid to form
another pait. of amino ac1d's and keto acid, and this reaction is catalyzed by transaminase.
Transaminases are also known as aminotransferases and belong to the class of transferases. They
require pyridoxal pyrophosphate or vitamin B6 as their coenzyme. It is important in the

biosynthesis of non-essential amino acids.
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Solution to Question 3: ek = e _1:,;%
) W o
Tetrahydrobiopterin (BH4) is a,__c-'('i'enzyme for the following en.%ymes:
. O e o
* Phenylalanine hydroxylase, y 2
. : I'._\__'\- e NP
* Tyrosine hydroxylase 2 s, ¥
« Tryptophan hydroxylase fa Py
{ i
« Nitric oxide synthase "*-.‘:' - e,

Y il
Tetrahydrobiopteriqh(BH4) resen_l]gl__e;"'folic acid, but it is not a vitamin. It is derived from GTP.
-, -1_ -'I.\.

L | .
k-
i - o
5 o B '-.ﬁ

i el

Solution to Question 4:

Phenylalanine is not a precursor of melatonin.

Serotonin is the precursor of melatonin and is derived from tryptophan.
The derivatives of phenylalanine are:

* Tyrosine ° Thyroxine

* Dopa ° Melanin

* Dopamine

* Nor-epinephrine

* Epinephrine
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Solution to Question 5:
Methionine in the form of S-adenosyl methionine is used during the conversion of norepinephrine
to epinephrine.

Function of S-Adenosyl methionine:

1. Transmethylation reactions:

* Norepinephrine to Epinephrine

 Ethanolamine to Choline

* Acetyl serotonin to Melatonin

 Guanidinoacetate to Creatine I A

2. DNA methylation ’
3. Polyamine synthesis:

* Cadaverine

* Putrescine

* Spermidine -

. i -
* Spermine - r o

Solution to Question 6:

.l'. i LY
Melatonin is a metabolic d_JeI;_i;/ative of try,pto.ph.an.

Tryptophan is hydroxyi@‘béd by tryptephan hydroxylase to form 5-hydroxy tryptophan which
undergoes decarbexylation to form serotonin (5-hydroxy tryptamine). Serotonin is further
converted to melatonin in the pineal gland via acetylation and methylation in which S-adenosyl
methioning_!-(SA’IVI) acts as l.tl-ie methyl donor.

Melatonin is involved in the regulation of the sleep-wake cycle.

Solution to Question 7:
The clinical scenario is suggestive of albinism which occurs due to a deficiency
of copper-containing enzyme tyrosinase causing a defect in melanin production.

Oculocutaneous albinism (OCA) is a group of inherited disorders characterized by a reduction or
complete lack of melanin pigment in the skin, hair, and eyes. They have an increased risk for skin
cancer.

Its symptoms are albinism with vision problems, which include:
* Strabismus

* Photophobia

* Nystagmus
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* Impaired vision or blindness
* Astigmatism

Neuropsychiatric manifestations are not seen.

Solution to Question 8:

Vitamin B3 deficiencies in patients can be minimized by tryptophan as it can be converted into
niacin (vitamin B3).

Approximately 60 mg of tryptophan is equivalent to 1 mg of dietary niacin (NADH. &amp; NAD+).
Tryptophan also produces serotonin and melatonin. =

Clinical correlation: Deficiency of the enzyme kynurenlna,?e or Vit B6 resu].ts in niacin deficiency
and pellagra-like symptoms and xanthurenic ac1dur1a

Solution to Question 9: ) _'" i
P, " § M | 'I
The given scenario of a patient with facial ﬂushlng, episodic abdomlnal pain, and watery diarrhea
is suggestive of carcinoid syndrome Excesswe levels of serotomn also known as 5
hydroxy-tryptamine is responsible for 1’;

Serotonin is a monoamine neurotransmitter. It is produced by hydroxylation and subsequent

decarboxylation of tryptophan. It'is'a potent yasoconstrictor and stimulator of smooth muscle
contraction. ;s f

._-\.. |

In carcinoid syndrome; _excesswe levelsiof serotonin is produced which causes flushing, diarrhea,
wheezing, damage, to the tricuspid Valve etc. The levels of 5-OH indole acetic acid (serotonin
metabolite) are elévated in thewrine.

) e

5%

\
Solution to Question 10:

Vitamins required for the conversion of serine to glycine are pyridoxal phosphate (B6) and folic
acid.

Serine is also required for the synthesis of :

» Phosphatidylserine: plays a role in apoptosis and a component of cell membrane phospholipids.
* Ethanolamine and choline: a component of lecithin and cephalin.

* Selenocysteine: Serine serves as a precursor for peptidyl selenocysteine.

* Sphingosine: Serine and palmitoyl CoA are the starting material. It is a part of glycolipids.

Serine is also one of the most common sites of phosphorylation.
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Solution to Question 11:

Nitric oxide is not a special product obtained from glycine.
Products obtained from glycine:

* Creatine (from glycine, arginine, and methionine)

* Heme (from succinyl CoA and glycine)

e Glutathione (from glutamic acid, cysteine, and glycine)

* C4, Cs5, and N7 of the purine ring structure

Note: Nitric oxide is a special product obtained from arginine.

Solution to Question 12: 5 . )
Ethanolamine is synthesized from serine by deca{boxylatlon Amlno acids
undergo decarboxylation to form their correspondlng amlnes :

=,

Ethanolamine is involved in the synthesis-of cephahn (phosphatldylethanolamlne) which is a
component of cell membrane phospholi‘plds . 3

|

Choline (trimethylethanolamine)-is synthesized from ethanplamme in a reaction where S-adenosyl
methionine (SAM) is the methyl donor ".

! LN

Solution to Question 13: T~ 1

Vitamin B1 (Thiamine)ds not 1nvolved‘ in sulfur- -containing amino acid metabolism.

Vitamins B6, Boy and B12 are, _mvolved in sulfur-containing amino acid metabolism.
IR L' R 1. -

* Vitamin B6 (Pyridoxine)iis the co-enzyme of cystathionine f3 synthase.

« Vitamin Bg (Folic acid) and B12 (Cobalamin) are involved in the conversion of homocysteine to
methionine by methionine synthase.

Clinical correlate: A defect in the enzyme cystathionine B synthase leads to classic homocystinuria.

» Homocystinuria can also be due to a deficiency of vitamin B6, B9 or B12.

Solution to Question 14:

Taurine is biosynthesized from cysteine. The reaction is catalyzed by the enzyme cysteine
dioxygenase.

Taurine is involved in the conjugation of primary bile acids (cholic acid and chenodeoxycholic
acid) to form the bile salts taurocholic acid and taurochenodeoxycholic acid. Bile salts are
important in the emulsification of lipids for their absorption.
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Solution to Question 15:

Homocysteine is not a derivative of histidine. It is a derivative of methionine.
Histidine derivatives include the following:

* Carnosine: a dipeptide made up of beta-alanine and histidine, that is found in excitable tissues
like the brain and muscles.

* Ergothioneine: a diet-derived amino acid with anti-oxidant properties.

* Anserine: a dipeptide made up of beta-alanine and 1-methylhistidine and is a marker of meat
consumption. .,

Solution to Question 16: Ny b,

N-Formimino glutamate (FIGLU) is an intevr-rie;iiate in_the -Irietabolism-oiihistidine.

The formimino group is transferred t.oietrahydrofqlate to form gh_{tamate then
alpha-ketoglutarate. In folic a01d deﬁmency, the transfer of thelformimino group is impaired, and
FIGLU is excreted. S ! o

L
Importance of FIGLU: Indlvlduals deﬁCLent in folic acid' excrete increased amounts of FIGLU in
the urine, particularly after ingestion: ofa large dose of histidine. The FIGLU excretion test has
been used in the diagnosis of foli¢-acid def1c1_e_n_¢y

Histidine

}
v
N Formimine Glutamate
(FIGLU)

(:_'“rh itamate Excreted in
Formimino g

urine
transferase

Glutamate

l

Alpha keto glutarate

Solution to Question 17:
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Gamma-aminobutyric acid (GABA) is formed by the decarboxylation of glutamate by the enzyme
glutamate decarboxylase.

GABA is an inhibitory neurotransmitter in the brain.

GABA Inhibitory neurotransmitter i
n the brain and spinal cord

Glycine Inhibitory neurotransmitter i
n the spinal cord
Glutamate, Aspartate | Excitatory neurotransmitters 5 “'_I';:'t '
in the CNS ,;-h-"'n
e 2

. . A "
Solution to Question 18: "':;'F‘ o Oy
.-'I:““-l e “'-_.:"-'
Creatine is synthesized from glycine, arginine, and meﬁﬁ%nine. -._:'-.-""

The 1st, 2nd and 3rd steps take Blééﬁri" kidney, iiy%r,'and musE}_eE."respectively.
W N Bl e

Biosynthesis of creatine and creatinine

Glycine

A
e Arginine-glycina

Orn amidinotransferase

AL

Guanidinoacetate

SN Guanidoacetate

S-Adenosylhomocysteine methyitransferase

AV

- Creatine
_Iéll"- ATP
-,'::.._ 1 ADP

Creatine phosphate

Creatine kinase

AL

H-0O -
= MNon enzymatic
in muscle

AL

Pi

Creatinine

Creatine phosphate donates a phosphate group to ADP to form ATP to be used during the first few
minutes of intense muscular contraction. Creatinine is formed in the muscle by non-enzymatic
dehydration of creatine and also from creatine phosphate. It is then excreted in the urine. The
amount of creatinine excreted is proportional to the muscle mass.

Clinical correlates:
1. Creatine kinase has 3 isoenzymes, which are elevated in the following diseases:

* CK-MM: Muscular dystrophy, acute kidney injury, autoimmune myositis, hypothyroidism,
malignant hyperthermia, and drug-induced myopathy
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» CK-BB: Stroke, brain injury, and meningitis
* CK-MB: Myocardial infarction, and myocarditis

2. Normally, creatinine is rapidly removed from the blood and excreted in the urine. Hence,
creatinine clearance is a sensitive indicator of kidney function.

Solution to Question 19:

Glutathione is a tripeptide composed of glutamate, cysteine and glycine

Glutathione is an antioxidant that helps maintain the integrity of the RBC membraiie! It is also
used in phase 2 xenobiotic reactions (conjugation). >

* Cystine: Two molecules of cysteine linked by a dislulfi&e bond.

Note:

* Cystine is reduced to cysteine by cystine reduetase or cysteilne' can be oxidized to its disulfide
derivative cystine. e e

Solution to Question 20: = e -

- K

Arginine is the common precursor forurea, creatine.and nitric oxide.

! LN

T |

Solution to Question 2__1;:"' )

In a patient with hyperammonemia, glutamine will also be elevated as ammonia is detoxified in
the brain to form glutaming® ™

Glutamine synthetase combines ammonia with glutamate to form glutamine. It requires the
hydrolysis of ATP.

Solution to Question 22:

Alanine is the major transporter of ammonia from muscles to liver. This is by a process called
the Cahill cycle.

Alanine is extracted by the liver and undergoes transamination with alpha-ketoglutarate by
alanine transaminase (ALT) to form pyruvate and glutamate. Pyruvate is in turn, converted to
glucose by gluconeogenesis and glucose is released into the blood.

Glutamate undergoes oxidative deamination and release ammonia which further enters urea
cycle.
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Solution to Question 23:

Glutamate dehydrogenase is involved in the process of oxidative deamination.

In contrast to transamination (transfer amino groups), oxidative deamination by glutamate
dehydrogenase results in the liberation of the amino group as free ammonia. Glutamate
dehydrogenase can use NADH or NADPH during oxidative deamination.

The image below shows oxidative deamination by glutamate dehydrogenase:

Glutamate [
dehydrogenase

Glutamate * a Ketoglutarate

N >

NAD(P)* NAD(PH  NH,
.} -\.-- il
_.\.-\.\_. L -
ey 1
B --\.\__'
{ 1
ﬁ'\"'\..- :\_-:-.\J_
- Lk
.\I]l '.-\._"'\_.\'
b |
132
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Amino acid: Metabolic disorder

Question 1:

An infant is brought with a history of vomiting and poor feeding. A musty odor is noted in the
baby. Guthrie test was done and it was found to be positive. All are true regarding this disease
except

a) Phenylalanine hydroxylase enzyme defect > %
b) White patch of hair due to tryptophan deficiency i

c) Phenylacetate positive in urine > o o
d) Mental retardation is present T -__
.. -.Hq- | 3 A ﬁl-
Question 2: S 5t s

...\_-\.||

.-"_..

o
A 3-month-old infant born to consangumeous ‘parents presented with global developmental
delay and seizures. Plasma amino acid an*aly51s revealed elevated phenylalanine levels. A
urine FeCl3 test done was positive. What is detected i in this test?

Y -‘--

a) Phenylacetate s
b) Phenyllactate ,___*'_.‘" ..
oy St ! |
c) Phenylpyruvate _ ™/ L
d) Phenylalan_i_né ; Ay .
W 0
'H. 5 I_.
Question 3:

Defective fumarylacetoacetate hydrolase enzyme is associated with

a) Type 1 Tyrosinemia
b) Type 2 Tyrosinemia
c) Type 3 Tyrosinemia
d) Type 4 Tyrosinemia

Question 4.
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An infant is brought with abdominal distention and increased irritability for 10 days. Physical
examination showed jaundice, hepatomegaly, and a boiled cabbage odor. Investigations
showed elevated transaminases and succinylacetone. What is the treatment of choice for this
condition?

a) Dietary restriction of phenylalanine
b) Dietary restriction of tyrosine

c¢) Nitisinone (NTBC)

d) All of the above

Question 5: . 3

e, -y

=N
a L

Richner-Hanhart syndrome is associated with a d_efe(.lt-.‘il-l which of'the following?

LY

a) Fumarylacetoacetate hydrolase L s

b) Tyrosine aminotransferase

L . " 2
c) p-Hydroxyphenylpyruvate hydhroXylr:ée W Fals
d) Homogentisate oxidase =%~ N P
-, E N T
Question 6: .3

Neonatal tyrosinemia is_dp:é to the deficiency of which of the following enzymes?

a) Fumaryl ace_toaoétate hydrolas-é

=, Nt

. uld .
b) Tyrosm_g_e-.transamlnase b
y
c) Tyrosinase

d) 4-hydroxyphenylpyruvate dioxygenase
Question 7:

Which of the following enzyme deficiency most commonly causes the disease shown in the
image below:
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%y, oy e
. AN ,
a) Tyrosinase -.;_ﬂ_:""l" '._".'% F kP
_ e - e
b) Tyrosine hydroxylase L% {.'H. i
j o W,
c) Phenylalanine hydroxylase ) Lt - j-:‘ﬁ
i ; Ch o A
d) Tyrosine transaminase ,::-. - M P
o e E & = 'l._
A h, L
- bt o
. "
Question 8: e 2%
i ~

e Ty, =
A man complains of bluis@lack disc IQI-"E'ItiOIl of the sclera and pinna for the last 6 months.
Since childhood, his riﬁg has tur;llfc:lfblack on standing, as shown in the image below. What
is the most probalI)_l'e.."'dlagnosis'_2L N
O

a) Phenylketonuria
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b) Alkaptonuria
c¢) Tyrosinemia

d) Maple syrup urine disease

Question 9:

The patient presents with pigmentation of the face as shown in the image below and
gradually increasing backache and stiffness. The X-ray image of the spine is shown. What is
the most probable diagnosis? 0,1

%

a) Phenylk_eto_r_riniia_ "
b) Alkapt(‘)'l:;ﬁria |
c) Maple syrup urine disease

d) Tyrosinemia

Question 10:

A child is brought with complaints of diarrhea, skin eruptions, and delayed mental
development. She is found to have neutral aminoaciduria and a positive Obermeyer test. The
impaired renal and intestinal transport of which amino acid must be suspected in this child?

a) Tyrosine
b) Tryptophan
c) Phenylalanine

d) Threonine
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Question 11:

Xanthurenic aciduria is seen in which of the following vitamin deficiency?

a) Vitamin B2
b) Vitamin B3
¢) Vitamin Bs

T

d) Vitamin B6
Question 12 v~ e
uestion 12: _ o
: ",_"'."lll::'l L—-.."-
. °, . . . . . ..hﬁ-‘lhl. L L . .
In which condition is excessive urinary excrethr{gf 5- hydrogq{-l_naole acetic acid seen?
'.1:__: |_' L
a) Alkaptonuria A o e & o
. e % %
b) Alb . ; %
) Albinism ._{_IH:,'_ ..:_u._"-' -_ﬁ1.__
c) Carcinoid syndrome N L= A
. Ch bk oy
d) Phenylketonuria oy \ o 2
. ." 2 L
- ol i .'.-.'-
:.l A &
Question 13: Pty .
,|:. s i e

W )
A patient presents with"a:iécurrent kidf_l%‘j'l‘ stones. Microscopic examination finding of the urine
specimen is show.nx'h'éi'ow. Whichof the following is not seen in the urine of this patient?
e B

- =, e
"-l. .| [
My
/A-\_\
4

-
|J
!r‘f

et

a) Ornithine
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b) Lysine
c) Arginine
d) Histidine

Question 14:

Defect in the metabolism of which of the following is associated with increased cardiovascular
risk?

a) Branched amino acids -._':-_,"‘::' :
b) Aromatic amino acids CT"" -.,,_':-i-
c) Sulfur-containing amino acids : ',,':-_-:"I ::-.:"-
d) Imino acids ) -
e 5 e
'\"l,:;'w.:- Il—.I ."-T" '-"-‘
1'5:1 o0 = &
uestion 15: 3 ; iy
Q H':r_:.L h;} ) ?,.{'ﬂ

A 4-year-old child developed a_l_gi'ldden onse"\I1 akness o) rth'(?"left side of the body with facial
deviation to the right side. On examlna‘hlolh- e is tall -eind thin with elongated limbs. Ocular

findings are shown in the image beloyj at is tl’ie_"rnost likely inborn error of metabolism in

this child? e c,"'r | _,_:-'.'ul"

a) Cystinuria
b) Homocystinuria
c) Cystinosis

d) Alkaptonuria
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Question 16:

Garrod’s tetrad includes all of the following, except .
a) Alkaptonuria
b) Cystinuria
c) Pentosuria

d) Phenylketonuria

K

. _ e 2
Question 17: -""'.O ."'1}
by | L’
Primary hyperoxaluria is due to the defect in the ietabolism of *~ .
!;‘::‘1 |__q£‘— _h':._"'
a) Threonine ?-H“ o E 5
. L % b
. y,
b) Serine "nj-'“:"- et - ?_:-.
c) Glycine % e A
. . 51 : W i
d) Alanine ey g % R,
e N
_._.._l- 3 . .'.‘.l
H . '\-.__\'"\-""- |
Question 18: &-.__ H_H_-L
§
The histidine load tes’g'F iﬂﬂone to ideﬁ:t;'\ﬁl the deficiency of which of the following?
o Lh”
M .'H. i | £
a) II‘Ol:l & Y I::'._-.‘_I-
b) Folic acid -

c) Pyridoxine

d) Vitamin B12

Question 19:

Deficiency of aspartoacylase leads to:

a) Canavan disease
b) Oasthouse syndrome
c) Hawkinsinuria

d) Hartnup disease
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Question 20:

Maple syrup urine disease type I is due to a defect in

a) Decarboxylation
b) Oxidation
c) Carboxylation

d) Deamination

h
Question 21: o,
': . '.-\..-

Type II MSUD results from the mutation in the genes Sl}coalng A

a) o-Ketoacid decarboxylase _-H_" o o \

P B LB
b) Dihydrolipoyl transacylase - ': - X L
c) Dihydrolipoamide dehydrogenase | “= B e o :
L -\.-_'\"-l. e s Ny Y
d) None of the above . L r o
N A o2
- i e
A e e
. L L
Question 22:
_l.— e | . ll.-l

oy, * ’ o
A neonate with poor feeding_,-y?(“)miting, aI%d_ lethargy was found to have increased isovaleric
acid in urine. This is due tora defect ig;the metabolism of
]

R

a) Isoleucine =% s
b) Valine, ', ™ oy
Ty o L
c) Leucine
d) Lysine
Question 23:

A 16-year-old boy with progressive myopia and night blindness was found to have gyrate
atrophy of the retina and choroid. Which of the following will be elevated in plasma?

a) Cystine

b) Ornithine

c) Lysine

d) Alanine
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Question 24:

Segawa syndrome is due to the deficiency of which of the following?

a) Tetrahydrobiopterin
b) Pantothenic acid
c) Biotin

d) Tetrahydrofolic acid

Question 25: i

During the routine follow-up of a 9-month-old child, y&d.}lotlce a pecq'har boiled cabbage

odor. What is the most likely diagnosis? T 2
o ol W >
a) Hypermethioninemia L e ot
P (ot R n T
b) Isovaleric aciduria N e o
. . k _\_"\-\_.|l J I_-\.' .\. 1 1_-."-\.
c) Multiple carboxylase deﬁc1enc¥ ) ! O
d) Trimethylaminuria = o o7
.\-_i.\- E % . T
T X
'._ | 2 L

Question 26: ) &

{ i
Which of the following sheuld be avoi{i_qd by a patient of fish odour syndrome?
a) Biotin e ) s i
b) Choline’, ™ 'S
L9
¢) Niacin

d) Pantothenic acid

Question 27:

In a patient with Wilson's disease which of the following is decreased in urine?

a) Tyrosine
b) Phosphorous
c) Serine

d) 3-methylhistidine
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Question 28:

A patient came to the hospital with complaint of abdominal pain. Routine investigations were
unremarkable. On observation, the urine turned black on standing. Which of the following
enzymes is likely to be defective in this patient?

a) Homogentisate oxidase

b) Xanthine oxidase

c) Phenylalanine hydroxylase

d) Dihydro oratate dehydrogenase @1
. L
8 Q l:'-:'-‘h_.l
o
o £
AnswerKey . A
Question No. Correct Option

1 b

2 c

3 a

4 d

5 b

6 d

7 a

Wi 8 b
., =N 9 b
10 b

11 d

12 c

13 d

14 c

15 b

16 d

17 c

18 b

19 a

20 a

21 b

22 c

142 Sold by @itachibot



23
24
25
26
27
28

L QT | (T

Detailed Explanations @,

Solution to Question 1: r

ol T =
o,

The given scenario of an infant with a history of Vqun.iti'hg' and poonﬂfee.ding with a musty odour
is suggestive of phenylketonuria (PKU). Tryptophan deficiency is.aiot a featuse of this
disorder. The deficiency of the enzyme phenyl'alanlne hydrox'ylase causes PKU‘

Characteristic clinical findings in Phenylketonurla o

i =4 1 =, LY Ny
» Mental retardation % n b % P

* Failure to walk or talk Syl o ~, =
* Seizures g -
» Hyperactivity L. .
* Tremor |
",

il i |

*» Microcephaly "
* Failure to grow_» %
. Deﬁciencg.of:'p'igmentation (fair hair, light skin color, and blue eyes)

b .
The Guthrié bacterial inhibition test is a screening test for phenylketonuria. This test uses a
phenylalanine requiring strain of Bacillus subtilis. The ferric chloride test is also used as a
screening test for PKU. Tandem mass spectrometry is the gold standard investigation.

Solution to Question 2:
The infant with developmental delays and seizures with elevated phenylalanine levels is most
likely suffering from phenylketonuria. The FeCl3 test is used to detect urinary phenylpyruvate.

In this test, a test tube with 1 ml of fresh urine, 3-4 drops of 10gm% ferric chloride is added. A
positive test reveals a transient green color due to the formation of a ferric phenol complex.
Phenylpyruvate, phenyl lactate, phenylacetate and phenyl acetyl glutamate are products of
alternative pathways of phenylalanine catabolism.

Specificity of FeCl3 test:
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Phenylpyruvate | Phenylacetate

Phenyllactate

Phenyl acetyl glutamate

Phenylalanine

Pyruvic acid

Tyrosine
2"
3¢
. ) _ . .-
Solution to Question 3: o~ -~
. \L‘g -':"-
Defective fumarylacetoacetate hydrolase enzyme i_s-.;:tsé‘o 1ated witlr__l-__t_y‘pe I tyrosinemia
(tyrosinosis). It is the most common type of tyr9§11-nemia. AN %
L Y a b P
There are three types of tyrosinemias: h"‘x - e

|_\..\_ J'l.-\.\'\'\. 1 L
* Type 1 (Hepatorenal tyrosinemia): F,],;Elaryl acetoe_lq;e{&te hydrolasﬁ'-d‘eﬁciency
'-1_- h.

} b
* Type 2 (Oculocutaneous tyro,_s_"i.ﬁe_m'i'a/RichneriHanhart syndmm%: Tyrosine transaminase
5 il 4

deficiency ‘-—.:"‘ h:,; n O
 Type 3 (Neonatal tyrosinemia) -_.'::" q .:_'-I."
i '’
e | T
-u.__\"'\. '::.1. - "'\.Iql'.
{ L N
Solution to Question 4; i
o T

The given clinic_a-L_;'Sc"Enario of a child with abdominal distension, jaundice, hepatomegaly, and a
boiled cabbagelodor is sug : ive of type 1 tyrosinemia (tyrosinosis). It is treated by a combination
of nitisin('i'm:«'é- and dietaryqr_e triction of phenylalanine and tyrosine.

Type 1 tyrosinemia is the most common form of tyrosinemia caused by defective
fumarylacetoacetate hydrolase enzyme. They usually present between 2-6 months of age with
acute liver failure. They may also present with peripheral neuropathy resembling acute porphyria.
Renal involvement is manifested as a Fanconi-like syndrome with hyperphosphaturia,
hypophosphatemia, and vitamin D-resistant rickets.

An odor resembling boiled cabbage resulting from increased methionine metabolites can be
noted. Elevated levels of succinylacetone in blood or urine is diagnostic of type 1 tyrosinemia.

Note: A boiled cabbage odor can also occur in hypermethioninemia.

Solution to Question 5:

Richner- Hanhart syndrome (Tyrosinemia type II) is associated with a defect in tyrosine
aminotransferase. It is also called oculocutaneous tyrosinemia. Alternate metabolites of tyrosine
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are excreted in type II Tyrosinemia.

It is an autosomal recessive condition with onset between ages 2 and 4 years when painful
circumscribed calluses develop on the pressure points of the palms and soles.

Solution to Question 6:

Neonatal tyrosinemia is due to the deficiency of 4-hydroxyphenylpyruvate dioxygenase
There are three types of tyrosinemias:

* Type 1 (Hepatorenal tyrosinemia): Fumaryl acetoacetate hydrolase deﬁciency 2

5 |

* Type 2 (oculocutaneous tyrosinemia/Richner-hanhart syndrome) Tyrosme transaminase
deficiency -y "

* Type 3 (Neonatal tyrosinemia)

Solution to Question 7: Pty ek W
c 64 e
The image shows a child with-albinism and is due to a deficiency of copper-containing enzyme
tyrosinase causing a defect 1n_melan1n productlon The affected child has milky white hair and
milky white skin.

In untreated phenylketonuria, the baby looks nprmal at birth, with a skin and hair color lighter
than other members of the family. Later, the child has blonde hair, skin with a light complexion,
and blue irides. Manifest%tims are not so,Severe as in OCA. The image shows an infant with white
hair, so albinism is the-best choice. 4

Note - Tyrosine hydroxylase is the'rate-limiting enzyme in the biosynthesis of catecholamines.
Tyrosine is f1rsLhydroxylated to form 3,4-dihydroxyphenylalanine (DOPA) by the enzyme tyrosine
hydroxylase®This enzyme ,_15 abundant in the central nervous system, the sympathetic ganglia, and
the adrenal medulla.

Solution to Question 8:

The given scenario of a patient with urine that turns black on standing and blackish discoloration
of soft tissues (oochronosis) is characteristic of alkaptonuria. It occurs due to the excretion of
homogentisic acid in the urine.

Alkaptonuria is an autosomal recessive condition due to the deficiency of homogentisate
oxidase (also called homogentisate 1,2-dioxygenase). The homogentisic acid in these patients is
oxidized to benzoquinone acetate and polymerized to form black-colored alkapton bodies, which
deposit in soft tissues like cartilage, and this phenomenon is called ochronosis.

In the following images, A shows normal urine and B shows urine from patients with alkaptonuria
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Solution to Question 9:

|

E .t- i‘ L™
The given clinical images show,'_tﬁa accumulation of blackish d;seoloration on the face and the
X-Ray shows calcification ,9% the intervertebral discs. These*findings are associated with
- e W

alkaptonuria. -_.':;" 5 2
Alkaptonuria is a condition caus d-gi'u‘e to the dgﬁcu‘—:ncy of homogentisic acid oxidase. This results
in the accumulation of homogentisic acid. - -

. s ot "y
This condition is assoc1e_1_§'§1 with the folll'(;'v;ing symptoms:
* Black ochronotic gg.";-l"entation_ (Q-l.kﬁ-ehi‘pton bodies) of cartilage and collagenous tissue
- L

. Homoger}tisi_q‘: aeiduria (patient’s urine contains elevated levels of homogentisic acid, which is
oxidized to a dark pigme_g{gh standing)

* Large joint arthritis

* Calcification of intervertebral discs known as as ochronotic spondyloarthropathy

Solution to Question 10:

This child presents with diarrhea, dermatitis, and delayed mental development. This combined
with neutral aminoaciduria and a positive Obermeyer test should raise suspicions of Hartnup's

disease. This is due to impaired renal and intestinal absorption of tryptophan and other neutral
amino acids.

Hartnup's disease is characterized by a varied clinical presentation including ataxia (lack of
muscle control), delayed mental development, diarrhea, and dermatitis. Patients can also develop
symptoms similar to pellagra as tryptophan is a precursor of niacin.
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Diagnosis is based on aminoaciduria and increased excretion of indole compounds detected
by Obermeyer test.

Solution to Question 11:

Xanthurenic aciduria is seen in deficiency of vitamin B6 (pyridoxal phosphate), a coenzyme
required by kynureninase enzyme to convert 3-OH kynurenine to 3-OH anthranilic acid during
tryptophan metabolism.

Solution to Question 12: "

Excessive urinary excretion of 5-hydroxy indole acetic aclh (5 HIAA) is"seen in carcinoid
syndrome. N

Carcinoid syndrome is marked by symptoms Of_b}onchospa_s!n.: cutaneous ﬂushing, abdominal
cramps, and diarrhea. It occurs due to ex¢éssive production of serotonin,‘a specialized product of
tryptophan metabolism by tumors comimonly in thesnrall intestine; liver and lungs. It is then
metabolized and excreted in urine as 5- HIAA L r o

Solution to Question 13:

The image shows hexagonal, '.c'ranslucent ,an(i white crystals suggestive of cystinuria. Histidine is
not seen in the urine of tl’ns patient.

Cystinuria is an autosomal -recessive dlsease due to a defect in renal PCT &amp; intestinal amino
acid transporterithat is essential for reabsorptive transport of Cystine and the dibasic amino acids
Ornithine; -hysi"ﬁe, and Arginine (COLA).

. 1,

Diagnosis of cystinuria is by the cyanide—nitroprusside test. Initial treatment is with adequate
hydration, alkalization of the urine with citrate supplementation or acetazolamide, and dietary
modification to reduce salt and protein intake. If this fails then patients are usually started on
chelation therapy with penicillamine.

Solution to Question 14:

Defect in the metabolism of sulfur-containing amino acids (homocysteine) due to the deficiency of
cystathionine-B-synthase leads to homocystinuria and increases cardiovascular risk.

Homocysteine is highly cytotoxic and elevated levels within the bloodstream are believed to
damage the endothelial lining of arterial vessels, leading to intravascular coagulation.
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Solution to Question 15:

This child presented with an acute stroke. This in addition to elongated limbs and a tall body
habitus with ocular examination showing downward subluxation of the lens is suggestive of
homocystinuria.

Homocystinuria is an important cause of pediatric stroke. It is most commonly caused by a defect
in cystathionine § synthase enzyme leading to homocysteine accumulation in the urine and blood.
They are generally normal at birth; the first sign usually is subluxation of the lens (ectopia lentis)
seen after 3 years of age.

Manifestations of homocystinuria:
* Ectopia lentis. PR

* Intellectual disability and psychiatric and behavioral disorders.

= e

« Thromboembolic episodes. - L

« Skeletal abnormalities resembling those of Marfan syndrome Théy are tall and thin with
elongated limbs and arachnodactyly. T . _" .

" L |
Elevations of both methionine and homocyste'nie in body-fluids are the-diagnostic lab findings.
Note: Marfan syndrome is the other.cause of herjtablelectopia lentis. However, in Marfan’s, the

lens is dislocated in an upward and temporal direetion whereas ifrhomocystinuria the lens is
dislocated in a downward and-iasal direction: -
k e

Y i LN
Solution to Question 16: L

T |

Phenylketonuria is no_jt—e}%bmponent c_)hf Garrod's tetrad.
Garrod's tetrad ineliides the follewing:

. Alkaptonu.pa“Due to homogentlsate oxidase deficiency
. Alb1n1sm Due to tyrosmase deficiency

« Cystinuria: A type of aminoaciduria that prevents proper reabsorption of basic, or positively
charged, amino acids that includes cystine, ornithine, lysine and arginine(COLA)

* Pentosuria: Due to the deficiency of L-xylulose reductase or xylitol dehydrogenase, which are
necessary for xylitol metabolism

Solution to Question 17:

Primary hyperoxaluria is a defect in the metabolism of glycine.

The main defect in primary hyperoxaluria type I is the deficiency of the alanine glyoxalate
aminotransferase in liver peroxisomes causing failure to catabolize glyoxylate formed by the
deamination of glycine. This leads to a gross overproduction of oxalate, leading to the formation
of oxalate stones and subsequent kidney damage.
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Solution to Question 18:

The histidine load test is done to identify folic acid deficiency. Formiminoglutamic acid (FIGLU) is
excreted in urine, which is measured by the histidine load test.

Histidine
'

'
'
v
N Formimine Glutamate
(FIGLU)

Gl
Formimino

itamate

transferase

Glutamate

l

Alpha keto glutarate

T
‘:.-'-,_

Deficiency of asparto "T;

Solution to Question 19:

A

21
By oy ™
i-\u-'“l-_'l
il
Excrated in
urine

5

!

-

se leads td‘@él'navan disease. It is an autosomal-recessive

disorder, which ].Q;a._(li_s to excessn-‘.g_'e"e-'kcretlon of N-acetylaspartic acid in the urine.

Itis characﬁsﬂzt;d by leukquktrophy

Neurons Membrane Oligodendrocyte
Aspartate
trN-al;atyl- | Aspartoacylase
L-aspartic Tansierasé n acetyl-  Sodium  N-acetyl- L-aspartic
acid aspartate  coupled  aspartate acid
transporter l
Canavan 3 N-acetyl-aspartate
disease: excreted in urine
Aspartoacylase
deficiency
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Solution to Question 20:

Maple syrup urine disease (MSUD) type I is due to impaired alpha-Ketoacid decarboxylase
component of BCKAD (branched chain alpha keto acid dehydrogenase) complex, leading to
defective decarboxylation reaction and the formation of branched-chain amino

acids (leucine, isoleucine, and valine) and their toxic byproducts (keto-acids) in blood and urine.

A peculiar odor (burnt sugar) is found in urine, sweat, and cerumen.

Note: Amino-acids and disorders of their metabolism are invariably being asked in NEET as well
as in AIIMS examinations. b

5 |

Solution to Question 21: T
Type II maple syrup urine disease (MSUD) reSults from a mdtatlon in the genes encoding
dihydrolipoyl transacylase. ! ™ O

i 1, =

There are 4 known types of Maple-Syrup U_rine D_i&_eaée: -

|

« Type IA and IB MSUD arise from mutations, i the E1o and E1b genes, which encode the enzyme
o-Ketoacid decarboxylase! - L !

* Type II arises from mutations in the'E'2 gene, which encodes dihydrolipoyl transacylase.

« Type III arises from mutations'ih the E3 gene,“which encodes Dihydrolipoamide dehydrogenase.

T |

i !

g, gl

Solution to Question22:

This infarit, with poor feedj:ng and increased isovaleric acid in the urine likely has isovaleric
aciduria. This condition is caused due to a defect in the metabolism of leucine.

Isovaleric aciduria is a condition characterized by vomiting, refusal to eat, listlessness, and a
characteristic sweaty foot odor. The enzyme defect in this condition is isovaleryl Co-A
dehydrogenase.

Solution to Question 23:

Plasma levels of ornithine are elevated in gyrate atrophy of the retina and choroid.

The initial reactions in arginine catabolism are the conversion of arginine to ornithine followed by
the transamination of ornithine. Any mutations in ornithine aminotransferase lead to elevated
plasma and urinary concentrations of ornithine.

This is associated with a condition known as gyrate atrophy of the choroid and retina. It presents
with myopia and night blindness in adolescence which progresses to legal blindness by 50 years.
The condition is treated with dietary restriction of arginine.
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Solution to Question 24:

Segawa syndrome is a hereditary progressive dystonia due to the deficiency
of tetrahydrobiopterin(BH4).

Segawa syndrome, also known as dopamine-responsive dystonia occurs due to a defect in the GTP
cyclohydrolase I enzyme required for BH4 synthesis.

This condition is characterised by increased muscle tone and Parkinsonian features, typically
absent in the morning or after rest but worsening during the day and with exertlon Treatment for
this condition is with Levodopa. %

5 |

Solution to Question 25: T
Boiled cabbage odor in urine, sweat, and breath' oceurs in -
hypermethioninemia. Dimethylsulphide, a metabohte of methionine, causes the characteristic

boiled cabbage smell. ieh AN

S,

People with a genetic deficiency.of o/B- methlonme adenosyltransferase present with
hypermethioninemia and neural demyehnatlon However “they're usually asymptomatic until
early adulthood. 2 -

Methionine adenosyltransferase converts methionine to S-adenosyl Methionine (SAM) - a
principal methyl donor. Hence- the enzyme defidincy causes excess accumulation of methionine
and its broken down to metabolites. d

B

i

Solution to _deé-t'ion 26: ¢
. i

A fishy odor is seen in trimethylaminuria. Consumption of food products with choline should be

avoided in fish odor syndrome.

Fish odor syndrome (trimethylaminuria) is an autosomal recessive disease where

TMA (trimethylamine) is not converted to the non-odorous TMAO (TMA-N-oxide) in the liver. This
is due to the deficiency of flavin-containing mono oxygenase 3 (FMO3). TMA then builds up in the
body and is released in sweat, urine, and breath, giving off a strong odor of rotting fish from the
body.

Choline, lecithin, and TMAO are precursors of trimethylamine which are found in food products.
These food products are eggs, liver, peanuts, meat, poultry, fish, dairy foods, pasta, and rice.

Solution to Question 27:

Urinary levels of 3-methylhistidine are decreased in patients with Wilson disease.
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Amino acids in urine exist either in conjugated form (most) or in free form. In Wilson's disease
the amount of conjugated amino acids far exceeds the amount of free amino acids. Methyl
Histidine largely exists in free form and does not increase in amount on hydrolysis of acids in
urine. Hence low amounts is seen in Wilson's disease.

Wilson disease is an autosomal-recessive disorder caused by mutation of the ATP7B gene located
on chromosome 13. The ATP7B gene, encodes a transmembrane copper-transporting ATPase,
expressed on the hepatocyte canalicular membrane.

Deficiency in the ATP7B protein causes a decrease in copper excretion into the bile, impairs its
incorporation into ceruloplasmin, and inhibits ceruloplasmin secretion into the blood, leading to
the accumulation of toxic levels of copper in the liver, brain, and eye.

Solution to Question 28: ) ; o

Urine turning black on exposure to air is suggestlve of alkaptonurla which occurs due to the defect

in homogentisate oxidase enzyme. O £ %

Alkaptonuria is a disorder of tyrosine metabolism, that -d'e-velops due to'the defect in
homogentisate oxidase, which oxidizesthomogentisatéjto maleylacefoacetate. The defect in this
enzyme leads to the accumulation of-homogentisaté, which is then*excreted in the urine. The
excreted homogentisate gets oxidized when exposed to the air-and causes the urine to turn black.

In some cases, the excessive- ihomogentlusat’e may get ox1dlzed to benzoquinone acetate, which
binds to the connective tissue. This leads to arthritis’and pigmentation of the connective tissue, a

condition called ochronosis. % I
Other options: L 1
b
Option B: Xanthine ox1dase deﬁmencx results in hypouricemia, xanthinuria, and xanthine
lithiasis.

Option C:_l}lef'e-et's in pheny}alaﬁine hydroxylase can lead to phenylketonuria characterised by
hyperreflexia, seizures, hypopigmentation, low IQ, hyperactivity, and tremors.

Option D: Defects in dihydroorotate dehydrogenase are rarely seen in clinical practice. Miller
syndrome is associated with this defect.
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Protein structure and function

Question 1:

The primary structure of a protein refers to

a) Linear structure and order of the amino acids present
b) Regular conformational forms of a protein
c) Complete three dimensional structure of the poly peptide units of a given protef’

d) Subunit structure of the protein ’ o

e 3

n, Ty
Question 2: _.H',_ »
Alpha helix and beta pleated sheet are examples of the . str.uc:tiire of a protein.
. N i

...\_'-\.|l

I. L —
a) Primary i " hi

b) Secondary - ; 'l P,

c) Tertiary LS
d) Quarternary Py 4

Question 3: g 'y
Which of the_f!ali'("fwing is falsé regarding alpha helix?
y
a) Stability of an alpha helix arises primarily from the peptide bond.
b) A complete turn of an alpha helix contains 3.6 amino acyl residues.

c) Pitch of the helix is 0.54 nm.

d) Large numbers of charged amino acids disrupt the helix.

Question 4:

What is the most common and stable conformation for a polypeptide chain?

a) Alpha helix
b) Beta pleated sheet

c¢) Turns and bends
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d) Motifs

Question 5:

Which of the following amino acids do not participate in the formation of an alpha helix?

a) Leucine
b) Methionine
c) Proline

d) Lysine N,

Question 6: o

All of the following types of interactions coape‘rate in stabl-hzmg the tegﬁaw structures of
globular proteins except . b

Y |:- 5 -

a) Disulphide bonds g . " i, o
b) Hydrogen bonds F Oy e SN

A e _ K
c) Ionic interactions ot gy
d) Peptide bonds T 1%

'\1_\'\' . . e
{ X
:«. 3 o
. | ': : ':".I_ .

Question 7: » 'y

Proteins are l@ear polymers of amino acids folded into compact structures. Sometimes, these
folded structures associate to form homo- or hetero- dimers. Which of the following terms
refers to this associated form?

a) Primary structure
b) Secondary structure
c) Tertiary structure

d) Quaternary structure

Question 8:

Which among the following is true about denaturation of proteins?

a) Biological property of the protein is retained.

b) Primary structure is lost.
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c) It is always irreversible.

d) It mostly renders the protein insoluble.

Question 9:

What do chaperones assist in?

a) Ubiquitinization of proteins

b) Protein modification

c) Protein folding o, Sy
il
d) Protein cleavage X @
iy o = W,
L \
T N,
: : Wy LN b,
Question 10: L, 0 %
| " - _I - ":
. . L -- '.1 b 1-..h

All of the following are storage protﬁ(::l_rgi.'. exeept ¢ ~h _’::M "

a) Myoglobin o o et 4

. d -\..'- g, _:-"l_

b) Ovalbumin ey \ o R

c¢) Ferritin v '_""" P _'-"

d) Glutelin N\ O ; .__'1"'

{ O
ot o
_ 3 M 1

Question 11: ) Nl

i ™
Which of the'following is a protein separation technique based on molecular/ ionic charge?

a) Affinity chromatography
b) SDS-PAGE
c) Absorption chromatography

d) Ion exchange chromatography

Question 12:

Which of the following protein separation techniques is based on the molecular size?

a) Agarose gel electrophoresis
b) Size exclusion chromatography

c) Ion exchange chromatography
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d) Affinity chromatography

Question 13:

All of the following are methods used to detect the three dimensional structure of proteins
except

a) X-ray crystallography

b) NMR spectroscopy

c) Electrophoresis 5

P
d) Infra-red spectroscopy . y
-,'I-\‘_ _\_\."_\_
Ny o = i,
i ;
ol ",
Question 14: o 2 ; A N
- T
Rossman fold-associated NADH domain isfound in _<" Fy h
L™ '\-.H'.|| " } g 1"
% %
a) Pyruvate dehydrogenase h, h _.‘ . o
b) Lactate dehydrogenase; e S
3 e e
c) Acetyl CoA dehydrogenase ot =
d) Isocitrate dehydrogenase e "
B g,
{ '
-x"'-h'. H_:-'.
Question 15: o 1 L
a Y T

All of the follg:{\wi-ﬁ‘g can de’E?t-fr'ffne protein structure except
L

a) Mass spectrometry

b) X-ray crystallography

c) High-performance liquid chromatography
d) NMR spectroscopy

Question 16:

Where is quarter-staggered arrangement seen?

a) Immunoglobulin
b) Hemoglobin

c) Keratin
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d) Collagen

Question 17:

Which of the following is not a protein-misfolding disease?

a) Prion disease
b) Alzheimer's disease

c) Beta thalassemia

'. *
d) Ehlers—Danlos syndrome o, o X
il
-.:'-.. 1:_",_-
1 "\.I r =
Question 18: _‘*?'HH o
i cx -""I‘- - "1'".\.\. ..5'

. . . . | 1 =5 F

Which of the following is not a conjugated-protein? 5~ e
.'\-.:- 'l..' * 1'-.\.
a) Albumin and globulin e (.4 oh _ﬂx__"‘*k'
b) Casein and vitellin O G e b
. i o '\-\. Py -
c) Hemoglobin e \ o )
d) Carbonic anhydrase _L'_" ' b _'-"
N 1%
P el
. : 'x:':."‘— ol
Question 19: o) 4
1

o 'l_ N ]
Which among the following is not'a transport protein?
[ ".\]l oy

Y, !
a) Insulin * ol

b) Myoglobin
c) Hemoglobin
d) Albumin

Question 20:

All are true about collagen except that

a) It is the most abundant protein in the body.
b) Type IV collagen is found in basement membrane
c) Every third amino acid is alanine

d) Procollagen is formed inside the fibroblast
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Question 21:

An infant is brought to the pediatric OPD with clinical findings as shown in the image.
Further examination shows that the child has a loss of developmental milestones, truncal
hypotonia, and failure to thrive. Which of the following enzymes is defective in this child?

a) Branched chain keto-acid @boxylase %n':'g'l.ex

b) Prolyl hydroxylase ,':::-.
c) Lysyl oxidase {;' T

{?:1-'.
d) Cystathioni @mthase 5 )
N $©

Question 22:

Which among the following will be reduced in a patient with chronic inflammation?

a) C-reactive protein
b) Fibrinogen
¢) Transferrin

d) Ceruloplasmin

Question 23:

Which of the following is present in glycoproteins?

158 Sold by @itachibot



a) Monosaccharide
b) Oligosaccharide
c) Polysaccharide
d) Disaccharide

Question 24:

A postmenopausal woman presents to her gynaecologist for her annual check-up. An ovarian
cyst was noted on ultrasound. Histopathology revealed a mucinous cystadenomd, Which test
y, ey

can be used on the sample to detect the presence of mucin? e
ay &
a) Periodic acid—Schiff reaction el i
e :
b) Sepharose-lectin column chromatography h P
e N L
c) Mass spectrometry L > L) L
d) Masson trichrome stain = 't W
. e == % o b
L ¥ :\';-\-'I & i 5 I :_:‘-
Question 25: ) " il A
A e _K

P

What is the site of synthesis of O—_lhi.nkéc.l glycoplfp;c'eihs?

™ ]

a) Endoplasmic reticulum e .

. . W R
b) Mitochondria 1.:,;'--- o
c) Golgi apparatugs. L
d) Cytoplasm ™ o~

Ty o L
Question 26:

What type of glycoprotein is collagen?

a) O-linkage
b) N-linkage
c) GPI linkage
d) None

Question 27:

Which of the following types of collagens is involved in wound healing?
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a) Type II
b) Type II1
c) Type IV
d) Type V

Question 28:

Which of the following is caused by the lack of a specific lysosomal hydrolase for

o]

glycoproteins? e -
oy
a) Oligosaccharidoses x o b
-,'I-\‘_ i
b) I cell disease :,_:I"-' oy
'|: 5 3 ."-\.
c) Scurvy : _1‘ 1 & 5,
d) Ehlers-Danlos syndrome = :: . . [ p
2 Sk o
Lo R 2
Question 29: T o e\
d -\..'- I-.H'H" 1 _:-"l_
Which of the following disease is assocf_%&tea with defﬁc'.'tive glycosyl-phosphatidylinositol
(GPI)? 2 o b

oy, * Vgl
a) Paroxysmal nocturnal hfnggglobinurial CF

b) Oligosaccharidoses,:::":} ; x_:-'.
c) Ehlers-Danlos.syndrome 4™ y
d) L-cell disease: oy
Ty "'\.|_
Question 30:

Which of the following features will not be seen in a patient with I-cell disease?

a) Coarse facial features
b) Corneal clouding
c) Failure to thrive

d) Buphthalmos

Question 31:

Which of the following would have no effect on the function of the protein product?
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a) Glutamine replaced by asparagine
b) Glutamine replaced by alanine
¢) Glutamine replaced by glutamate

d) Glutamine replaced by arginine

Question 32:

What is the function of the proteasome?

a) Protein folding i_t._:-_-"':}'
il
b) Post-translational modification ¥ ¥
I::.I"l. ."'::q_.-
c) Protein degradation _".ﬂ'::.:‘ﬁ | i
d) Protein sorting -"n,":- h .,:-.-_h' e "
W, L ) it
ll:l.%ﬁ"". ﬂ _J '.1:'-\.&:'.-
B - 4 "
Question 33: e C ,
5 L o

C - I._ . -
Which of the following is trggl;ég"out the sﬁ*ﬁb'fhral orgap{z'at_'llon of proteins?
. Yy, o

a) Tertiary structure is three dimens,.l:_q'i‘ta"l '-.;q_'-:' =3
b) Primary, secondary and te@éﬁ-gtructuresqég destroyed by denaturation
¢) Secondary structure is ia'i‘bilised by (Ei'&l:ﬂp{'hide bonds
d) Secondary and tertﬂ}y structureé:h:ﬁend upon amino acid sequence

o AR

-.I'. .
NN

Answer Key

Question No. Correct Option

O o (T |

[oRN o RN ol Nel

O | 0| N[oja|bd|[wW | IN|PF
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Detailed Explanations

Solution to Question 1:

The primary structure of a protein refers to the linear structure and order of the amino acids
present.

There are four known levels of protein structure:
* Primary: A linear sequence of amino acids in the polypeptide chain

* Secondary: Folded and geometrically ordered units of short segments of polypeptides. Eg: Alpha
helix, beta-pleated sheets, loops, and bends

» Tertiary: Secondary structures arranged into larger functional units

* Quaternary: Different types of polypeptides arranged in a spatial manner
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Primary Protein Structure
is sequence of a chain of amino acids

~I.hl:\-_.llq::r. .
[
{:'h:'" : '._ T_':ﬁ-_._
I.. %“x ﬂ'h\.\__':' 1._1 ,H:.-
Solution to Question 2: . —."'“::IL e l.“‘|1" . .:_x'-.

} L !
Alpha helix and beta-pleated sh_eh'ts are examlg.es of the secom_:}ary structure of a protein.

The secondary structure of -a;.'p'roteln ref_efs__to the foldeé_'a'hd geometrically ordered units of short
segments of a polypeptide chain. Exa;hp‘les 1nclude: a'_lp-'ha helix, beta sheets, turns and bends.

f‘ W

-u.__\"'\.'\"- — e
MW
Solution to Question 3.-,11} {»},

Alpha helix is q.t-a't;."l'hzed prlmarl.ﬂﬂ'by intra-chain hydrogen bonds.

Alpha heh.}:qs t'l"'re most c‘(ﬁnon and stable secondary structure of protein. It is a rigid,
right-handed spiral. A complete turn of the helix contains an average of 3.6 aminoacyl
residues. The rise per turn of the helix (pitch) is 0.54nm.

Large numbers of charged amino acids (glutamate, aspartate, histidine, lysine, and arginine)
disrupt the helix by forming ionic bonds or by electrostatically repelling each other.
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alpha helix

N A
™ 0 &y
N L ;
# = o
. _ .,_"'-_ L . 1:..,,_“"-.
Solution to Question 4: -»,‘“'1".. . iﬁ {.;.

b T
The most common and stable q'xd;hiformation fg-f.:;ﬁolypeptide__ﬂihg:l is alpha helix.

; 5
The alpha helix has high Sfa-l?"'i'-;fty due t‘hl%‘-p'resence of_aj:'i;'rge number of hydrogen bonds and
van der Waals interactions between t];&mino aciq;i\'_'ﬂeﬁloglobin and myoglobin are proteins
whose major secondary structur_?hi-s:-fl'f'e alpha I}Ehx .

alpha helix

Solution to Question 5:

Proline does not participate in the formation of an alpha helix.
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The stability of an alpha helix arises primarily from hydrogen bonds formed between the oxygen
of the peptide bond carbonyl and the hydrogen atom of the peptide bond nitrogen of the fourth
residue down the polypeptide chain. Since the peptide bond nitrogen of proline lacks a hydrogen
atom, it is incapable of forming a hydrogen bond with carbonyl oxygen.

alpha helix

3 ¢ TS Fa
Ny c . ' I. ; L™
™y ! o T
l\._ll . Il.'.. | .G %
Solution to Question 6: et =
- L -
- r | .'
Peptide bonds are not 1nvolved‘-1n stablhzlng. tertlary structure of proteins. It forms the primary
structure of proteins. i L ¥ W

Interactions stablhzlngl__ ertlary structu% of proteins are as follows:

. Hydrophoblc 1n"cér'act10ns N

oy

. LY
Hydrogeq:bonds )

* Ionic interactions

* Disulphide bonds

Note:

Hydrogen bonds and Van der Waal interactions are involved in the formation of o helix
(secondary structure).

Solution to Question 7:

Quaternary structure refers to the arrangement of multiple folded polypeptides that aggregate into
homo- or hetero-dimers.

Homo-dimers (e.g., D-amino acid aminotransferase) contain two copies of the same polypeptide
chain, while hetero-dimers (e.g., Rab geranylgeranly transferase) contain different polypeptides.
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Solution to Question 8:

Denaturation mostly renders the protein insoluble.

Protein denaturation results in the unfolding and disorganization of the secondary and tertiary
structures of protein. Thus, the biological property of the protein is lost. However, there is no
hydrolysis of peptide bonds, which form the primary structure.

Denatured proteins are often insoluble and precipitate from the solution. This process may be
reversible under ideal conditions, such that the protein refolds into its original structure when the
denaturing agent is removed. b

Solution to Question 9: e G

Chaperones assist in protein folding.

Chaperones are heat shock proteins. They.k blnd to the sHort sequences ‘of hydrophoblc amino acids
of an extended polypeptide. Thus, they'shield the__r{ew polypeptlde_"belng synthesized from
aggregating. This provides the polypeptlde an ppportunity to fOrm an appropriate secondary

structure. t Sy

When a protein is thermodyflamically traplped in a mi'stlolded dead-end form, chaperones can
rescue the protein by unfolding thelr hydrophoblc ends. Thus, they provide the protein a second
chance to fold productively. « ~,

o Ry o
L "
--'.h-. . .
-.h'

Solution to Questign10:
™ =, Nt
Myoglobir'l-?)inds oxygen-in muscles and is not a storage protein.

Proteins that act as a storehouse of amino acids and metal ions are called storage proteins. They
are as follows:

* Ferritin

 Ovalbumin of egg white
¢ Glutelin of wheat

* Gliadin of wheat

« Vitellin of egg yolk

* Oryzenin of rice

» Milk casein

Solution to Question 11:
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Ion exchange chromatography is a protein separation technique based on molecular/ ionic charge.
Other techniques based on molecular charge are:

* Agarose gel electrophoresis

¢ Cellulose acetate electrophoresis

* Isoelectric focusing

* High-performance liquid chromatography (HPLC)

Solution to Question 12: A

5 |

Size-exclusion chromatography is a separation technique that separates sqlutlés on the basis of the

molecular size. o, n

Solution to Question 13: A I

Electrophoresis is not used to deteet the three-dilensional structure of proteins.

The techniques used to determine the three-dimensional structures of proteins are as follows:

-, E N "
| | . | |

« X-Ray crystallography ’ =Y
* NMR spectroscopy

.l'. LY

* Infra-red spectroscopy % :

e Polychromatic X-ray _cfy"‘shfa-i-lography. Y ?
» UV light spectrosc_:o;;-)"r- g

* Optical rlo;Eat(;.ry dispersiq_n ot

« Circular dichromism
» Computer-based modelling

* Mass spectrometry

Solution to Question 14

Rossmann fold-associated NADH domain is found in lactate dehydrogenase.
Rossmann fold is an N-terminal NAD(P)+ -binding domain. It is seen in:

* Lactate dehydrogenase

» Alcohol dehydrogenase

* Glyceraldehyde-3-phosphate dehydrogenase

» Malate dehydrogenase
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* D-glycerate dehydrogenase
* 6-phosphogluconate dehydrogenase

» Formate dehydrogenase

Class 1: Rossmann Fold

General aminoacyl-tRNA synthetase

-._\.—\.;"". e d g Ty,

Solution to Question 15: LS e
- .\_.H'- i
High-performance liquid cth,_ma.fbgraphy ca_nhlbt determine protein structure. It is used for
separation, purification, and.identificatienof proteins.
Given below are the v@bhs methods:foidetermine protein structure:
. L

» X-Ray crystallography i

-\._"'\_.\'

* NMR spe;gtr;;sd'copy 3 l:-.
* Mass spectrometry

* Infra-red spectroscopy

* Polychromatic X-ray crystallography
* UV light spectroscopy

* Optical rotatory dispersion

* Circular dichromism

» Computer-based modeling

Solution to Question 16:

The collagen fibers have a triple-stranded, quarter-staggered arrangement.
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In a collagen fibre, tropocollagen molecules are arranged side-by-side. Each fibril is displaced
longitudinally from its neighbour by less than one-quarter of its length. This is known as a
"quarter-staggered array". This arrangement helps in mineralization.

ﬂ 1 -Jllr‘] ]n a ‘J"j‘ B 0
— | | i | |
V. — Y, J— V] ———— ) (s - )
| | | | |
Ir) - B Jllrj- # EJU- g ]
Cross-links ey Tocammgnn i -
| | | ] | | | | | | |
 —— — = _.:-
. ‘ ]-(‘ : ) & — ‘-'1 = ) A
Collagen microfibrils
5
o W4 '
5 —\.'\"'1 "'-HE _13-'&
%
" o , i
b ™ 5 b - ey
i ...H“.. '\-\. Py
Solution to Question 17: ~7J ) e
L P

™
Ehlers-Danlos syndrome is not a_ll)ro'tein misfol,g,ing' disease.

Ehlers—Danlos syndrome is._a"'g_lh:(;up of conr_l_e:rc-:-ﬁ've tissue disorders resulting in mobile joints and
skin abnormalities. It is d."lgle“_to mutationin the genes encoding o collagen 1, procollagen
N-peptidase and lysyl'l;l_'i:y-'c'froxylase. )

B

. & I
The following ar€'examples of protein misfolding diseases:

i oy
* Prion disQase?J'Creutzfe],g:c-—J akob disease, bovine spongiform encephalopathy, scrapie disease of
sheep. J

e Alzheimer’s disease

 Beta thalassemia

Solution to Question 18:

Albumin and globulin are not conjugated proteins
Based on composition, proteins can be classified into:
1. Simple proteins: They contain only amino acids.

* Globular: Albumin, Globulin, histones

* Fibrous: Collagen, Elastin, Fibrin

2. Conjugated proteins: These contain a non-protein part (prosthetic group).
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* Phosphoproteins: Casein, Vitellin

» Metalloproteins: Hemoglobin, Carbonic anhydrase

* Glycoproteins: Blood group antigens

* Nucleoproteins

« Lipoproteins

* Mucoproteins

3. Derived proteins: These are degradation products of native proteins.
 Primary: Coagulated proteins

* Secondary: Peptides T

Solution to Question 19: O

. . . _ | 1 1 .,
Insulin is not a transport protein.

Insulin is a regulatory protein (hormone)‘secreted by.the beta cells ofithe pancreas. It promotes
anabolism. Tyt % rY

- 5

o &

The following are examples of.transport proteins: "

T L i
» Hemoglobin transports oxygen from the lungs to the.capillaries of the tissues. It is found
exclusively in red blood cells 3 .

» Myoglobin functions both as-a. téservoir of oxygen and as an oxygen carrier. It increases the rate
of transport of oxygen within.the musclecell: Tt is present in heart and skeletal muscle
e

« Albumin is a plasma/protein that trafisports cations, fatty acids, bilirubin, etc. It also regulates
the plasma oncotie pressure.

- j
-
o !
= l..

Solution to Question 20:

Every third amino acid in collagen is glycine.

Collagen is the most abundant protein in the body. The major collagen in the body is type I, in
which every third amino acid is glycine. It is found in noncartilaginous connective tissues,
including bone, tendon, skin. Type IV collagen is found in the basement membrane.

Collagen is synthesized intracelluarly by fibroblasts as a large precursor called procollagen. The
procollagen is then cleaved extracellularly by specific peptidases to form tropocollagen.

Solution to Question 21.:

The given image reveals an infant with sparse and kinky hair. This, along with loss of
developmental milestones and truncal hypotonia, strongly suggests a diagnosis of Menkes disease,
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which is caused by defective lysyl oxidase.

Menkes disease results from a deficiency of lysyl oxidase co-factor i.e copper. This is due to a
defect in the ATP7A gene, which prevents the absorption of copper from the intestine.

Note :
* ATP7A mutation: Menkes disease - X-linked recessive

* ATP7B mutation: Wilson's disease - Autosomal recessive

Solution to Question 22: 2,
] A ’

Transferrin will be reduced in a patient with chronic 1nﬂammat10n asitisa ne_gatlve acute phase
reactant. If_"l" -.,,_"-_-

.
Acute-phase reactants are proteins that increase on,_d.g;}ease in levels‘lrf response to inflammatory

and neoplastic conditions. s : .,:-._ : W

'l;'u'. i __" . _F

C-reactive proteinHaptoglobu | AlbuminTransthyretinRetinol
linFibrinogenCeruloplasmin | -binding proteinTransferrinA
Alpha 1 antiproteaseMannose | ntithrombinTranscortin
-binding proteinComplement
factorsFerritinSerum amyloi
dA

& e
L

o o
Solution to Que_sti-dn 231 M
Oligosaccharides are pre-%nt in glycoproteins.

Glycoproteins are proteins that contain oligosaccharide chains covalently bound to amino acids.
The oligosaccharide (carbohydrate) is attached to the protein by cotranslational or
posttranslational modification. This process is known as glycosylation. Some examples include
collagens, mucin, antibodies and hormones like erythropoietin and follicle-stimulating hormone
(FSH).

Solution to Question 24

Periodic acid—Schiff (PAS) reagent helps to detect mucin which is a glycoprotein.

PAS is a staining method used to detect polysaccharides such as glycogen, and mucosubstances
such as glycoproteins, glycolipids, and mucins in tissues.

PAS staining can be used to facilitate the diagnosis of several medical conditions:
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* Glycogen storage diseases (versus other storage disorders)

* Adenocarcinomas, which often secrete neutral mucins

* Staining of macrophages in Whipple's disease

* A1-antitrypsin deficiency if periportal liver hepatocytes stain positive

The image shows mucinous cystadenoma in HE (haematoxylin-eosin) stain and a positive PAS
reaction.

Eﬁ‘*}
Solution to Question 2@'-.'} ﬁ_ril

O-linked glyco dirq ns are s tﬁ;'s‘lzed in the Golgi apparatus by the sequential transfer of sugars
from their Qu otide carrlﬁpé"-’éo the protein.

O-linked glycoproteins a‘;"'-protelns attached to a sugar (eg: N-acetylgalactosamine) through an
O-glycosidic linkage between the hydroxyl side chain of serine/threonine and the sugar. Examples
of O-linked glycoproteins include mucins, proteoglycans and collagens.

Solution to Question 26:

Collagen comes under glycoprotein sub-classes of O-glycosidic linkages.
Glycoproteins can be divided into three main groups:

* O-linked: They contain an O-glycosidic linkage. Examples include mucin, proteoglycans,
collagens, nuclear and cytoplasmic proteins.

* N-linked: They contain an N-glycosidic linkage. The types of N-glycosidic linkage include
complex, hybrid and high-mannose types.
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* Glycosylphosphatidylinositol-anchored (GPI-anchored): Examples include acetylcholinesterase,
alkaline phosphatase, decay-accelerating factor, 5"-Nucleotidase, thy-1 antigen and variable
surface glycoprotein (Trypanosoma brucei).

Solution to Question 27:

Type III collagen is involved in wound healing.

Collagen types I and III predominate in the skin and aponeurotic layers. In the early stages of
wound healing, type III collagen is synthesized. It is replaced by type I collagen as wound healing
progresses. . e

5 |

The tensile strength of the healing wound is directly proportional to the amount and type of
collagen present. During healing, as disorganized collagepis‘degraded and- reformed, covalent
cross-links are formed that enhance tensile strength. The' maximum strength of the healed wound
depends upon the interconnection of collagen subuhits. Approximately 8o percent of the original
strength of the tissue is obtained by six weeksqdfter surgery. Wounds slowly continue to get
stronger but may never achieve 100 percent;of their preyious 's:trength; g

1
L

S, " -
o N

Solution to Question 28: (% o,

Lack of a specific lysosomal hydrolase'fo'r glycoproteins cause a group of very rare, autosomal
recessive genetic diseases called glycoproteln storage diseases (oligosaccharidoses).

Lysosomal acid hydrolases: a.re spec1ﬁc for theé removal of the oligosaccharide chains of
glycoproteins. They are primarily exoenzymes that remove their respective groups in sequence in
the reverse order of their incorporatioh (“last on, first off"). When one acid hydrolase is deficient,
there is accumulation of partlally degraded glycoproteins in the lysosomes. This results in
ohgosacch;mdoses

Solution to Question 29:
Paroxysmal nocturnal hemoglobinuria results from mutation of glycosylphosphatidylinositol
(GPI)

GPI is necessary for the attachment of decay-accelerating factor (DAF) (CD55) and CD59 to the
RBC membrane. Because of the absence of DAF when GPI is mutated, the complement system
attacks the RBCs resulting in hemolysis. Patients present with symptoms of:

* Anemia

* Esophageal spasm

* Erectile dysfunction
» Abdominal pain

 Pulmonary hypertension
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Treatment is with eculizumab, which is a terminal complement inhibitor.

Solution to Question 30:

Buphthalmos is not a feature of I-cell disease.

I-cell disease is an inherited lysosomal storage disorder caused by a defect in the Golgi enzyme
N-acetylglucosamine-1-phosphotransferase. This results in failure of the Golgi to phosphorylate
mannose residues (mannose-6-phosphate) on glycoproteins. Hence, proteins are secreted
extracellularly instead of being delivered to lysosomes. Lysosomes lack most normal enzymes and

thus accumulate undegraded molecules, forming inclusion bodies. ,,..-:_.I'q::"-
It is characterized by the following: = o %

* Coarse facial features . ':-..','_‘1":11 o o

* Gingival hyperplasia .-'n."‘::? . _'::'ﬁ- 3

* Clouded corneas - »..H"'i.__.'- _.::._" 'HT:'.--‘

* Restricted joint movements A {‘ﬂ“‘ __:-"

* Claw hand deformities _:.._: ) :"::;' O c _?-..{R

» Kyphoscoliosis -:I"-. "-|"~"‘:_ ) P -

* High plasma levels of lysogbmal enzxi:q_es ] s .:.?'_'.-' ;

I cell disease

MNormal
Pathway

—= Hydrolytic
enzymes in
blood

b o

Golgi complex

. =———Cell
Lysosome membrane

ER

Solution to Question 31:

When glutamine is replaced by asparagine, there is no change in the function of the protein
product.
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This is due to the concept of conservative or homologous replacement of amino acids. Asparagine
and glutamine are both uncharged polar (hydrophilic) amino acids. Thus, when glutamine is
replaced with asparagine there is no change in the polarity or the charge of the peptide/protein.

Solution to Question 32:

The proteasome takes part in protein degradation.

The proteasome is a cylindrical structure in the cytosol that degrades polyubiquitinated proteins.
It has a central core with proteolytic enzymes. Proteins that are tagged by ubiquitin to be
degraded enter the core through regulatory rings on either side of the cylinder, i

.

il

PROTEASOME

"._I..'
N
- ) L
Clinical relevance: It plays an important role in antigen presentation to T lymphocytes as it
degrades viruses and othglt*molecules to small peptides.

Solution to Question 33:

The tertiary structure is three dimensional is the right answer among the given options.
Proteins are structurally organised into four levels, as follows:
* Primary: The linear sequence of amino acids in the polypeptide chain

* Secondary: Folded and geometrically ordered units of short segments of polypeptides. Eg: alpha
helix, beta-pleated sheets, loops, and bends

» Tertiary: Secondary structures arranged into larger functional units called domains
* Quaternary: Different types of polypeptides arranged in a spatial manner

Other options:
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Option B: Protein denaturation results in the unfolding and disorganization of the secondary and
tertiary structures without the hydrolysis of peptide bonds, which form the primary structure.

Option C: Hydrogen bond and Van der Waal interactions are involved in the stabilization of
secondary structure(helix). Disulfide bonds stabilize the tertiary structure of proteins.

Option D: Primary structure depends upon the amino acid sequence, not secondary or tertiary.
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Primary protein structure
Stabilizing bond: Peptide bond

Secondary protein structure
=1 v el

Stabilizing bond velrogen e

Tertiary protein structure
Stabilizing bond: Hydre e
Gl

Quaternary Pro
Stabilizing bond:
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Urea cycle and its disorders

Question 1:

Where does the ornithine cycle take place?

a) Cytoplasm
b) Mitochondria
c) Cytoplasm and mitochondria " :

d) Cytoplasm and nucleus

Question 2: = h, T .

Which of the following allosteric activators-are def1c1ent in a patlent w1th no activity of
carbamoyl phosphate synthetase I’7 ~ b Lt -_.,,
a) Alanine
b) N-Acetyl glutamate
c¢) Ornithine 2 2 N

d) Citrulline

Question 3: O o
™ oy, Y
. - L

A 3-month- old child presented with vomiting, irritability, and lethargy. He was then
diagnosed with a urea cycle disorder that is inherited as an X-linked recessive disorder. What
is the likely diagnosis?

a) Citrullinemia

b) Hyperammonemia type I

¢) Hyperammonemia type II

d) Argininosuccinic aciduria
Question 4:

An infant was admitted with failure to thrive. His reports show hypoglycemia, high
glutamine, and uracil levels in urine. Gastric tube feeding was not tolerated and the child
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became comatose. Parenteral dextrose was given after which the child recovered in 24 hours.
What is the likely enzyme defect?

a) Carbamoyl phosphate synthase I

b) Ornithine transcarbamoylase

c) Argininosuccinate synthase

d) Argininosuccinate lyase

Question 5: o,
.;_'-“."‘ 4
Deficiency of arginosuccinate synthetase results in ¥ r T
-,'I'-\‘_ ey N
iy o = N,
a) Hyperargininemia L /
s ,
b) Argininosuccinic aciduria ol N ™,
N i A
c) Citrullinemia v e Fah
%, %, 4
. — . !
d) Hyperammonemia type 1 ) N O
P -
% 3 e o
I - 1
o) SO Ty
Question 6: i ™ &
. | C

The two nitrogen atoms in urea_@fe_dérived fr_gi'ﬁ which of the following?
a) Ammonia and Glutam fle e e
b) Ammonia and AspEl'rtate 'y or
¢) Glutamine and Arglmne Y,

d) Aspartate and Arglnm-e.__

Question 7:

Urea cycle and Krebs cycle are linked at

a) Arginine
b) Ornithine
¢) Fumarate

d) Oxaloacetate

Question 8:
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A neonate was brought to the emergency room with lethargy and failure to thrive. A

microscopic image of his hair strand is shown below. Which of the given enzymes may be

deficient in this patient?

: i >
a) Arginosuccinate lyase AP . oy
-H_.l - ., .:-h.
b) Arginase iy = F
N.-F | C
c) Fumarase . M
By &
d) Tyrosinase W T
]_ L i |
— 'h-hl. -.
L i
Question 9: =N _ %
Ty -\._"'\_.\'

i ™
A neonate we‘l“;brought with, tachypnoea and feeding difficulties 2 days after birth. Later he

developed focal seizures that progressed to coma. The plasma ammonia level is 300
The argininosuccinate level is high but the arginine level is low. What is the enzyme
deficiency?

a) Argininosuccinate synthetase
b) Argininosuccinate lyase
c) Arginase

d) Carbamoyl phosphate synthetase

Question 10:

At which step of the urea cycle does hydrolysis occur?

179

pg/dL.
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a) Cleavage of arginine
b) Formation of arginosuccinate
c) Formation of citrulline

d) Cleavage of arginosuccinate

Question 11:

A 3-day-old child developed lethargy, poor feeding, and hypotonia. An inborn error of
metabolism (IEM) panel was sent. Reports reveal hyperammonemia, hyperornithinemia, and
y, ey

homocitrullinuria. What is the most likely defect? e
':"- 2! '.-\..-
a) Citrin defect s L
5 5
b) Ornithine transporter defect % P,
e N L
c¢) Carnitine acyl transferase defect _n K L L) L
i _I " - 1 T, 'q.-
d) Ornithine permease e o 1
L - - . N
& -\_."-\.|| b |:-' J :_-'i.
Question 12: F Oy . AN
J e it
| L

a) Glutamate P -:ﬂ : . i
b) Phenylbutyrate ___-.='-.?'. ) 4
c) Isoleucine - ] s .
d) L-carni:d.ne":-*. oy
" o)

Question 13:

All are enzymes involved in the urea cycle except

a) Carbamoyl phosphate synthase -11
b) Ornithine transcarbamoylase
c) Argininosuccinate Lyase

d) Arginase

Question 14:

In which of the following biological processes is carbamoyl phosphate synthetase I used?

180
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a) Urea cycle

b) Purine synthesis

c¢) Pyrimidine synthesis
d) Glucuronic pathway

Answer Key

Question No. Correct Option e,
&

O |IN| OO | |W[N|[F

[N
o

=
=

=
N

F
=
w

i
R

c
b
c
b
c
b
c
a
b
a
b
b
a
a

Detailed Explanations

Solution to Question 1:

,

L.

LY

2

Ornithine cycle/Krebs—Henseleit cycle/Urea cycle occurs in both the cytoplasm and mitochondria.

The reactions that take place both in the cytoplasm and mitochondria are:

* H: Heme synthesis
 U: Urea cycle
* G: Gluconeogenesis

 Pathway: Pyrimidine synthesis
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Solution to Question 2:

In the given scenario, the patient is likely to be deficient in N-acetyl glutamate. N-Acetyl
glutamate is the allosteric activator of carbamoyl phosphate synthetase I, the rate-limiting enzyme
of the urea cycle.

Solution to Question 3:
This child with vomiting, lethargy, and irritability with an X-linked recessive u:i‘ea-'cycle disorder
most likely hyperammonemia type II E

Hyperammonemia type II is due to the deficiency of tite. énzyme ornitHine transcarbamoylase. It
is the most frequent urea cycle defect. Biochemical findings include“elevated levels of glutamine in
the blood, urine, CSF, low citrulline, and high.drFinary orotic geid. This condition may be
precipitated by a switch from formula to whole milk. e i

- 5
- i &

Urea cycle disorders are all characterized by hyperagmionemia, e_p{:epﬁalopathy, and respiratory
alkalosis. There is an accumulation ‘ef the precurSors of urea - aminonia, and glutamine. They
include: oy e ; ]

« Defect in carbamoyl phosphate synt}}et_a:Se I- Hyperamm'oilemia type 1
* Defect in ornithine transcarban}ioyla.sé - Hyperammonemia type 2

* Defect in argininosuccinate s&n’tﬁetase - Ci_trliliinemia

* Defect in argininosuc_ciﬂ'f;té lyase- Argill;inosuccinic aciduria

* Defect in the gene for ;rginase—_ -Hyp.érargininemia

Clinical features of urea cycleidisorders are common to all and include vomiting, avoidance of
high-protéiri-foods, intermittent ataxia, irritability, lethargy, and severe mental retardation.

Note: Classically, Type 2 Hyperammonemia is an X- linked recessive disorder. But in certain
heterozygous females (with one mutated gene), the disease manifests and they necessarily do not
remain as carriers. In them, the disease follows an X-linked partially dominant pattern of
inheritance.

Solution to Question 4:

This infant with failure to thrive, hypoglycemia, elevated levels of glutamine and uracil levels most
likely has hyperammonemia type 2. This condition occurs due to the deficiency of the enzyme
ornithine transcarbamoylase.

There is an accumulation of carbamoyl phosphate, which then enters into pyrimidine

synthesis producing orotic acid and uracil and leading to orotic aciduria and high uracil in blood
and urine. Since the ammonia from glutamine is not converted into urea, its level increases.
Glutamate is not regenerated. Since glutamate is not available for transamination, amino acids
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cannot be used for gluconeogenesis. Hence, the glucose level drops in the blood.
Treatment:

* Reducing intake of ammonia - Dietary protein, a metabolic source of ammonium, is restricted
and caloric intake is provided by glucose and fat.

* Increasing excretion of ammonia - Addition of phenylbutyrate, which scavenges nitrogen by
combining with amino acids to form a more water-soluble product. This can be easily excreted by
the kidneys.

Solution to Question 5: e

Deficiency of arginosuccinate synthetase results in citrullinemia. o
. hd )
Other options: by, & .

-
[}

Option A: Hyperargininemia is due to a deficiency, of arginase. /=,
= .
. . . . . . . . 3 L 3 . I . . . o
Option B: Argininosuccinic aciduria is due;to'a‘deficiency of-argininosuccinate lyase.

Option D: Hyperammonemia type 1 due to-a deficieney .-of.carbamoyl [;hé)sphate synthetase I.
o, 1 N =

| )

Solution to Question 6: .

The two nitrogen atoms in urea a_l'n'e derived from ammonia and aspartate.

o Ry o
.H.h-
.- _"'\. o

Solution to Question’?:ﬁ

e oy, Y
The urea eyele and Kreb's E:ycle are linked at fumarate.

In the urea cycle, cleavage of argininosuccinate to arginine releases the aspartate skeleton as
fumarate. Fumarate in Kreb's cycle, by the addition of water, converts to L-malate.

Solution to Question 8:

The given microscopy image shows trichorrhexis nodosa and longitudinal breaks and is seen in
argininosuccinic aciduria. This occurs due to a defect in the enzyme argininosuccinate lyase.

Trichorrhexis nodosa is a defect in the hair shaft characterized by thickening or weak points
(nodes) that cause the hair to break off easily. It can also be caused by other disorders such as
hypothyroidism, iron deficiency and Menkes' kinky hair syndrome

Solution to Question 9:
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This infant with feeding difficulty, tachypnea and seizures, combined with an elevated
arginosuccinate level and low arginine levels most likely has argininosuccinic aciduria. This is
associated with an argininosuccinate lyase deficiency.

This condition is accompanied by high levels of argininosuccinate levels in blood, CSF, and urine.
Like other classical urea cycle disorders, it presents 1-4 days after birth with lethargy and failure
to thrive that progresses to coma and even death. It is also associated with friable, tufted hair
known as trichorrhexis nodosa.

Diagnosis is by measurement of erythrocyte argininosuccinate lyase activity and can be performed
on umbilical cord blood or amniotic fluid.

Solution to Question 10: ’ 5
o L
Hydrolysis occurs during the cleavage of arginine to forni urea and ofnithine in the urea cycle. It
is catalyzed by the enzyme arginase.

. h ]
..'\'\- I- . B

Clinical correlation:

- 5
i &

» Deficiency of the enzyme arginase results’in hyperargininemia.

* Levels of arginine are elevated ip. both'blood antd :-cérebrospin_al fluid (CSF).

™

Solution to Question 11: Cy™
This child with lethargy, ppofféeding, and labs showing hyperammonemia, hyperornithinemia,
and homocitrullinuria most likely has hyperammonemia, hyperornithinemia and
homocitrullinuria syndrome (HHH syndrome). This condition is due to an ornithine transporter
defect. \

Solution to Question 12:

Phenylbutyrate can be used to reduce ammonia levels in patients with urea cycle disorders.

Phenylbutyrate diverts urea into an alternate pathway and reduces the amount of ammonia.
Hence, acting as an ammonia scavenger. Other drugs that can be used to achieve the same
outcome (ammonia scavengers) include phenylacetate and benzoate.

Note: Arginine is used as first-line treatment as it provides ornithine; a positive regulator of the
urea cycle. Arginine also activates NAG synthase which increases NAG; a positive regulator of the
urea cycle

Solution to Question 13:
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Carbamoyl phosphate synthetase-1l is a cytoplasmic enzyme, which is involved in pyrimidine
nucleotide synthesis.

Carbamoyl phosphate synthetase-1 is a mitochondrial enzyme, which catalyzes the rate-limiting
step of the urea cycle.

Solution to Question 14:

Carbamoyl phosphate synthetase I is a mitochondrial enzyme that catalyzes the rate-limiting step
of the urea cycle.

_:r i
Carbamoyl phosphate synthetase II is a cytoplasmic enzyme that catalyzes th(ie_h"syml"['h'esis of

pyrimidine. = L
I::.I"l. ."':'q;l..
2 'l-,_"'."|| -.“'-
b e
.-"h:‘- I;-'.':\I-HI —\.'zﬁ..‘
I..-_:-H. I“H. H-E'H- _.ﬁ ‘_'I. ":'.-
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(il b i ™
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Lipids: Basics

Question 1:

Which of the following is a derived lipid?

a) Fats

b) Oils

c) Steroids n, ___I"‘.r

.
d) Waxes . @ b
L= =
. ..'.:"II::'! "
l..‘-\'\.\_.ﬂ- 3 ."-\.- sy

Question 2: B ' I._‘-'."“ 1,

. ?. oy = . ,H:. :
Which of the following serve as the main ‘storage forlqglyb_f”lipids in _gli'r"body?
. ey

N, i '
1 %
a) Fatty acids n - é _.":' e
b) Triacylglycerols .__II: J .._'"“"."-' L .
My -
c) Phospholipids an Wy
: : - 1E' ot
d) Lipoproteins o, i ___%-1-.
k
{ L
i
s x_:ﬁ-l.
uestion 3: b &
Q * 1_'-._ 3 :,\_

Which of th&@lig’vving is r_%_(z'.t-'éLsaturated fatty acid?

a) Linoleic acid
b) Caproic acid
c) Myristic acid
d) Palmitic acid

Question 4:

Which of the following is not an example of monounsaturated fatty acid?

a) Palmitoleic acid
b) Oleic acid
c) Elaidic acid

186
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d) Linoleic acid

Question 5:

What is the total number of double bonds present in arachidonic acid?

a)1
b) 2
c)3 N

ke
d) 4 o

L
--r.\‘ --\-\.:..\.-
. | :-L_‘.“.I"" L
Question 6: AN ,
= : L N

. . o ) R
Which of the following are known to possess*anti-inflam _'tory activities?

_
- 1, N
a) Omega 3 fatty acids sl M i 4%
%) W )
b) Omega 6 fatty acids oy L s
. d -\..'- '\"'\1" 1 _:"-\.
c) Omega 9 fatty acids oy ; o Rl
d) Omega 7 fatty acids v " e _'-"
_l.— - . l'.'l
_\‘.—\.\_ L l
. ] _‘:._"- !
Question 7: i )
N el
Which of the following are essential fatty acids?
W o™

a) 1,2 R b !

b) 2,4

)13

d) 2,3.4
Question 8:

A boy presents with dry skin, scaly rash, hair loss and poor wound healing. He has cystic
fibrosis and recently developed malabsorption syndrome secondary to pancreatic
insufficiency. Deficiency of which of the following substances can explain these
manifestations?

a) Arachidonic acid

b) Oleic acid
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c) Linoleic acid

d) Elaidic acid

Question 9:

Which of the following is a by-product of hydrogenation of vegetable oils?

a) Eicosanoids

b) Glycerol

c) Cis fatty acids ™
d) Trans fatty acids - "

Question 10: o & %

Prostaglandins are derived from which ~£f the follovsii-q'gq f::ltty acid1§.:)_ "W
b &4 i

iy i &

a) Palmitoleic acid
b) Oleic acid - _ - i P
c¢) Linoleic acid P ; "

d) Arachidonic acid

Question 11: e

L LY
-\._"'\_.\'

)
A 6-year-old oy presents.with muscle aches, hypotonia and poor exercise tolerance. Further
investigation reveals myoglobinuria and elevated creatine kinase enzyme level in blood.
Which transporter deficiency is responsible for the pathophysiology of the disease?

a) Creatine
b) Creatinine
c¢) Carnitine

d) Acyl carrier protein

Question 12:

Which of the following proteins bind free fatty acids for transport in the blood?

a) Ceruloplasmin
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b) Pre-albumin
¢) Albumin
d) Transthyretin

Question 13:

What is the respiratory quotient of lipid?

a1
b) 0.8 G
L
c) 0.7 ¥ e, -
d) 0.6 .x;*_-,':' {‘-‘"}
o 2
s - 1
-’ﬁ":':r‘ —;:"h : {".'E}
Question 14: (& e ‘.--.,,_"'-.
il % {-;.‘-..

" ‘\':a'_ [ e
A child presents with hypotonia%'a_.gn*d";l:izures_. It s conﬁrm@'gl.% be cerebrohepatorenal
syndrome. Which of the following is accumulated in the aif in cerebrohepatorenal
R opgiRiin ks

syndrome? =2 ,
e~ e
a) Very long chain fatty acid > &
W "
b) Glucose ﬂ__ W&
c) Lactic acid "-.:II'-L} _ﬁ,:-i,
d) Triglycerides_n.,l'"ﬂ-.."' \ "':.-,"“-.-“
. :
" a!F:

Answer Key

Question No. Correct Option

0 IN|OO[O | |WI[N ([P
O Q|| | T|O
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9 d
10 d
11 c
12 c
13 c
14 a
Detailed Explanations o,
Solution to Question 1: N o,
ket i
Steroids are derived lipids. T C
Lipids are classified as follows: ,1~. : S '

» Simple lipids: Esters of fatty acids with Vz.!.Iii-O'l.l.S alcohols, E-g_ fats, Oi]ST__&fld waxes.

+ Complex lipids: Esters of fatty acids-with alcohol% ¢ontaining other groups like phosphate,
nitrogenous base, carbohydrate protein, etc. They can be d1V1ded into three groups:

* Phospholipids: Contain fatty a01ds alcohol phosphorlc dcid and a nitrogenous base.
* Glycolipids (glycosphmgohplds) Conta'rn fatty ac1ds- sphlngosme and carbohydrate
« Others: Sulfolipids, amino llplds- and hpoprotelns

e Derived lipids: These are,the formed by,the hydrolys1s of simple and complex lipids. They
possess the characterlstlc:é- of lipids. Examples Fatty acids, glycerol, steroids/sterols, lipid-soluble
vitamins, ketone bodles etc. o

i '-.\-]_ oy, N
L
k|

Solution to Question 2:

Triacylglycerols serve as the major storage form of lipids in our body.

Triacylglycerols are esters derived from glycerol and three fatty acids. The fatty acids contained in
lipids are mainly of two types:

« Saturated: Without any double bond in the chain

» Unsaturated: With one or more double bonds in the chain

Solution to Question 3:

Linoleic acid is not a saturated fatty acid.

Linoleic acid is a polyunsaturated fatty acid (PUFA) as it has 2 double bonds. Fatty acids can be
classified into:
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» Saturated fatty acids: No double bonds within the chain. Eg: Butyric acid, caproic acid, myristic
acid, palmitic acid, stearic acid

* Unsaturated fatty acids:
» Monounsaturated fatty acids (MUFA): One double bond within the chain. Eg: Oleic acid

* Polyunsaturated fatty acids (PUFA): Two or more double bonds within the chain. Eg: Linoleic
acid, Arachidonic acid

Solution to Question 4:

Linoleic acid is not an example of monounsaturated fatty acid. It is a polyungurated fatty acid
(PUFA) with 2 double bonds.

Monounsaturated fatty acids (MUFA) contain a smgle,ﬂ"gi:duglle bond E_)'c'a"i’nples include palmitoleic
acid (w7), oleic acid (m9) and elaidic acid (w9).

Clinical correlate: When substituted for satu-rg{ga‘ fatty acids 'J.n-'\he diet, M{-J'EAS lower both total
and LDL cholesterol and increase HDL. Th;'é may explalmw?y the MeQrté‘rranean diet is
associated with decreased serum total_atna‘LDL cholf!si'erol compa;scl"to a typical Western diet
high in saturated fats. _1_'. L

Solution to Question 5: 3 s oy ¥

e . W o
Arachidonic acid contains ‘ﬂigouble bond's';kra__'}ts structure.

Arachidonic acid is a gt;}}énsaturated_‘:é’mega -6 fatty acid (PUFA). It has 4 double bonds present in
acis conﬁguratlo It 18 present m,:tlre phospholipids of cell membranes and is the precursor of
prostan01ds suqh_ as prostaglanghns thromboxanes, and leukotrienes.

Number c')‘i.boul’)le Bonds_g_[:r-l\Polyunsaturated Fatty Acids

Given below is an image of the structure of arachidonic acid.

Linoleic Acid

Linolenic Acid

Arachidonic Acid

Timnodonic Acid

NGk~ W N

Cervonic Acid
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Solution to Question 6: '. - e Foa
LW . L i __-1

Omega 3 (03) fatty acids have anh—mﬂammatory effects.

™

o3 fatty acids, such as linoleric, eicosapentaenoic and docesahexaenoic acids, result in synthesis
of less inflammatory prostaglandlns and leukotrienes: “This contributes to their anti- -inflammatory
effect. They also have anti-thrombetic effects. ThlS 1S because thromboxane A3 (formed from w3
fatty acids) is less thrombogenie than thrombekane A2 (formed from w6 fatty acids). o3 fatty
acids have also been shown to reduce serum triglyceride levels.

. g, ' 1

| B
i

Solution to Question 7: ("
= ' I.
Linoleic acid and a-linolenic acid are essential fatty acids.

Essential fatty acids refer to polyunsaturated fatty acids(PUFAs) required for biological processes
which are not synthesized by the body. Thus, they must be acquired from diet. The two essential
fatty acids in humans are linoleic acid (Omega 6) - the precursor of arachidonic acid -

and o-Linolenic acid (Omega 3) - the precursor of eicosapentaenoic acid and docosahexaenoic
acid. Arachidonic acid and y-Linolenic acid are semi-essential fatty acids since they can be derived
from essential fatty acids.

Solution to Question 8:

Dry skin, scaly rash, hair loss and poor wound healing with malabsorption syndrome are
suggestive of essential fatty acid deficiency due to malabsorption. Linoleic acid is an essential fatty
acid.
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Essential fatty acids (Linoleic acid and a-Linolenic acid) are needed for many physiologic
processes, including maintaining the integrity of skin and cell membranes. Deficiency of essential
fatty acid is a rarely seen clinical entity in healthy adults and children who consume a varied diet.
However, it can occur in individuals with risk factors affecting fatty acid absorption, like cystic
fibrosis, pancreatic insufficiency, inflammatory bowel disease, massive bowel resection and
prolonged parenteral nutrition. Patients with essential fatty acids deficiency have loss of structural
integrity of the cell membranes, leading to like scaly dermatitis, hair loss and poor wound healing.

Solution to Question 9:
2
Trans fatty acids are a by-product of the hydrogenation of vegetable oils. o, S

Trans fatty acids are isomers of cis fatty acids, the naturally“occurring unsaturated fatty acids. The
configuration of groups in a trans fatty acid is such that"the acyl chains are on the opposite side of
the double bond. They are formed during the hydrugenatlon of Vegetable oils and in the

production of margarine. s LN it

NS
\

M

Trans fatty acids raise the level of triglycerides, total and LDL cholesterol and also lower the level
of HDL. Hence their consumption is associated with an increased risk of cardiovascular disease.
WHO recommends that the intake of trans fats should be less than 1% of the total energy intake.

Solution to Question 10:

Prostaglandins are derived from arachidonic acid.

Prostaglandins (PG) are a group of physiologically active lipid compounds. They act as local
hormones. They belong to the chemical group known as prostanoids, which is a subclass of
eicosanoids. They are synthesized from arachidonic acid through the cyclooxygenase (COX)
pathway.
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Solution to Question 11:

A young boy with muscle aches, hypotonia, poor exercise tolerance, myoglobinuria and elevated
creatine kinase suggests a deficiency of carnitine.

Carnitine is a key transporter needed for beta-oxidation of fatty acids. It binds to acyl-CoAs to
form acylcarnitine. This helps in the transfer of fatty acids across the impermeable inner
mitochondrial membrane for beta-oxidation. Thus, carnitine deficiency results in impaired
beta-oxidation of fatty acids. There will be inadequate ATP production in response to increased
demands (e.g. exercise) with excess fatty acid accumulation in muscle cells. This rﬁ:sp].ts in muscle

breakdown. Sy
il
Patients with carnitine deficiency present with hypoglycemia, muscle aches; hypotonia and poor
. . R .
exercise tolerance (myopathy). They have high levels.o{?&m creatinekinase. Treatment includes
carnitine supplementation. _"-.:“-""- " 5y
{?:L i -':-‘ '}"'
oy i ¥
i\ .:I 1':._ .:.1
Solution to Question 12: s 'Lﬁ ?:_:'x
) L
E Y I. ; L™
Free fatty acids are transportei%.i;'" the bloqf'i_hb{)mld to albg{ni'm
- ™, ' o, ;
P o
_ _ A -;"' . R
Solution to Question 13: - o
[

b 3
The respirato uotien lipidis 0.7z
p ry q A p ] «_ZLH.

The respiratory qtu,grtiéi'rt (RQ) is the-molar ratio of carbon dioxide produced to the oxygen
consumed when.one mole of a"-[sl}bstrate is metabolised.

i e -1_
Respirato'i";"quotient for-\q(:l:i\ous substances

Carbohydr | 1.00

ate
Protein 0.81
Fat 0.71

Alcohol 0.66

Solution to Question 14:

Very long-chain fatty acids are accumulated in cerebrohepatorenal syndrome.
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Cerebrohepatorenal syndrome, also known as Zellweger's syndrome, is a rare inherited disorder
characterised by the absence of peroxisomes in all tissues. It is caused by mutations in the genes
encoding peroxins, which take part in peroxisome biosynthesis. There is accumulation of C26-C38
polyenoic acids in brain tissues along with generalised loss of peroxisomal functions. Patients
present with severe neurological symptoms and most die within a year. Other biochemical
findings include abnormalities in the bile acid synthesis and a decreased plasmalogens.
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Fatty acid oxidation and ketogenesis

Question 1:

Which of the following statements is false?

a) In beta oxidation, 2 carbon units are released as acetyl CoA per cycle.

b) In alpha oxidation, one carbon is lost in the form of CO2 per cycle.

c) Alpha oxidation is an energetic process. o
d) Beta oxidation is the major mechanism that occurs in the mitochondria mattix.
O A
i
Question 2: el A .

Which of the following statements is true?- ;
) %

o, 1 i i d =
a) Propionyl CoA is produced by‘the* oxidation_of.' odd-chain fatty acids.
b) Methylmalonyl CoA mutaSe'is a biotinsdependent enzyire.
c) Propionyl CoA is not glucbgenic. : ™ -

d) Odd-chain fatty acids do not _u_h'de-ligo oxidg_tién.

o Ry o
b i
s |

Question 3: 1 ;
ATP is hydrolyzé('f directly t6 AMP, with the release of PPi during a biochemical reaction

catalyzed by which of the fbhowing enzymes?

a) Creatine kinase

b) Adenylate kinase

c) Myokinase

d) Acyl-CoA synthetase

Question 4.

For fatty acid oxidation which of the following intermediate is formed during the transport of
acyl-CoA using a mitochondrial shuttle?

a) Acetyl-CoA
b) Acyl-coenzyme A
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c) Acyl-carnitine

d) Aceto-acetyl-Coa

Question 5:

Which of the following enzymes is required for the only energy-requiring step of fatty acid

oxidation?

a) Thiolase

*
b) Acyl CoA dehydrogenase NS -_:'
c) Thiokinase . o w
-,'I-\‘_ N,
d) Beta-hydroxy acyl Co A dehydrogenase *.__T,I"-' ._"1"' -
W .
T : h,
N o ._1' § K>
Question 6: % e o
: '.1 Ny .\.:_.
& -\-'\"'.‘. W I'-H: 2 - 1‘-}\.
How many molecules of acetyl-CoA are produced.in - oxidation*of palmitic acid?
8 ¥ L= ="
a) 6 ) 'y i) -
) = b <
b) 7 |I'-\.-.\- iy -\..' ;
L .\.-\.\_. L -
c)8 M e
W gl
d) 9 ‘:.'._\_ 1.. N
_"-—::'\"'\..- .\.\_-:\.‘
o ol
- ] .
Question 7: . < }" S
W, &
Ty "'\.|_

Each cycle of B-oxidation produces

a) 1 FADH2, 1 NAD+, and 1 acetyl-CoA

b) 1 FADH2, 1 NADH, and 1 acetyl-CoA

c) 1 FADH2, 1 NADH, and 2 CO2 molecules
d) 1 FAD, 1 NAD+, and 2 CO2 molecules

Question 8:

Which is the rate-limiting enzyme in beta-oxidation of fatty acids?

a) Acyl CoA dehydrogenase
b) Thiolase
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c) Thiokinase

d) Carnitine palmitoyl transferase-1

Question 9:

What is the net ATP yield in the beta-oxidation of a straight-chain fatty acid having 2N carbon
atoms?
a) 7N-6
b) 14N-6 e
c) 7N-3 :
d) 14N-3

Question 10: oy T
. -\..\._ ---\... "1.. g =
A 28-year-old woman at 33 weeks, of ges"tation presented with ndusea and right upper
quadrant abdominal pain. Her I&FT's pointed towards a diagnosis of acute fatty liver of
pregnancy. Which of the following enzyme.deficiencies;is'most likely involved in the
pathogenesis of this condition? el Yy
.l'. i 1 ‘-

a) Fetal medium-chain acyl C¢A dehydrogendse

b) Maternal long-chain 3:1_'iy(%il'roxy acyl CoA dehydrogenase

c) Fetal long-chain 3-fiy:clroxy acyl €6A dehydrogenase

d) Maternal médium-chain acyl CoA dehydrogenase

i %
L 'I_.

Question 11:

An 8-month-old infant was brought to the pediatric emergency department with recurrent
seizures and hypoglycemia. His family history revealed the sudden death of his sibling at the
age of 3 months. Labs showed increased dicarboxylic acid in blood and urine. Which of the
following is the pathophysiology behind this clinical manifestation?

a) Impaired alpha oxidation of branched-chain fatty acids

b) Impaired beta-oxidation of medium-chain fatty acids

c) Impaired omega oxidation of medium-chain fatty acids

d) Impaired peroxisomal oxidation of very long-chain fatty acids
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Question 12:

An infant is being assessed for hypotonia, seizures, and neurodevelopmental delay. Clinical
examination reveals facial deformities, hyporeflexia, and hepatomegaly. A congenital disorder
affecting extramitochondrial lipid metabolism is suspected. Which of the following processes
is impaired in this patient?

a) Acetyl CoA formation
b) H202 mediated breakdown of fatty acids

c) Transport of fatty acyl CoA using shuttle mechanism

d) Peroxisomal alpha oxidation of fatty acids o,

Question 13: WS, g
- ..'\'\- 3 . B

A 3-year-old child is being evaluated for anesniia, deafn_ess,:and unstable gait. Further

investigation reveals retinitis pigmentosa‘on fundoscopy and cardiac'thythm abnormalities

on ECG. A rare congenital disease affecting lipidumetabolism is being suspected. Deficiency of

which of the following enzymesis -expectec] to be found in this'patient?

E %
Y

a) Phytanoyl CoA oc-hydroxif-k:se ™
b) Acyl CoA synthetase

.l'. LY

c) Phytanic acid synthetase ; *."

d) None %A .|

Question 14* o

Which of the following is a primary ketone body?

a) Acetone

b) Acetoacetate

c) Beta-hydroxybutyric acid
d) Acetyl CoA

Question 15:
A 13 year-old-boy with type 1 diabetes presents with abdominal pain, severe nausea, and

vomiting. He has a history of increased urine output over the past 2 days. ABG analysis
reveals high anion gap metabolic acidosis. The given clinical condition is due to the
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over-activity of which of the following pathways?

a) HMP shunt

b) Gluconeogenesis
c) Lipolysis

d) Glycogenolysis

Question 16:

The rescue team has found a 33-year-old hiker who was stranded for 8 days:a_H::e was found in
an extremely weak and dehydrated state. His breath has afruity smell and"urinalysis shows a
positive ketostix test. The activity of which of the following enzymes.j§ increased in him?

a) HMG CoA synthase H_ ! N
" p o iy f-l.
b) HMG CoA reductase o L ' -
c) Acetyl CoA carboxylase e - Wl sl
oy oL nh

d) Pyruvate dehydrogenase .

Question 17: N

Y -‘--

Which of the following cannpt_;lt-il.ize ketqne.'t.)-ddies?
L i

a) Brain .l . By
b) Skeletal muselé | .
el -
c) Liver *.* i ._
d) Kidney |
Question 18:

A diabetic man presented with vomiting, abdominal pain, and polyuria. He gives a history of
missing 2 doses of insulin since morning. He is hypotensive and tachycardic and his breath
has a fruity odour. Blood glucose was 350 mg/dL. Which test, done here will give a positive
result?

a) Hay's test

b) Fouchet's test

¢) Ninhydrin test

d) Rothera’s test
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Question 19:

A 12-year-old girl suffers from an inadequately treated type 1 diabetes mellitus. She is
currently hyperglycemic. Which of the following is most likely to occur?

a) Glycogenesis in muscle

b) Increased protein synthesis

c¢) Increased conversion of fatty acids to acetyl-CoA

d) Decreased cholesterol synthesis "-.,:-F: :
[
M ¥
- Ao a8
Question 20: .-""'-.ﬁ“hﬁ _#_.h
. . o ~ oy
Ketosis is common in type 1 DM due to: _ % b :
.k:x' o £n"
a) 2,3 and y = oy '
b) 1,2,3 and 4 “"-:h-" o :';'-« .__:-v
c) 4 only - ) ““.:"‘l"' o
g 3 L7
d) 1 and 2 only e {{E :
T d
e 2
oW -
(&~ e
S o

aqu}“ " Answer Key

3 o
""'I:" ' Question No. Correct Option

1 c
2 a
3 d
4 c
5 c
6 c
7 b
8 d
9 b
10 c
11 b
12 b
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13 a
14
15 c
16 a
17 c
18 d
19 (o
20 a
%
y
Detailed Explan attdj-ns o
& *
. i '-,.ﬁ,_"'l. L*
Solution to Question 1: . ¥
_.-.,1'-._ ; "'q."“ ':-'5._-
Alpha oxidation is not an energy y1eld1ng I{Bp"'Ge'SS i o T \_1.,:..
Y Ty !
; hy
e .4 i
. & ae
Solution to Question 2: Yy LT T
L o E % - "._
A N, L&

"Propionyl CoA is produced by the oxi-(!i&’fion of odd;e.l‘iéin fatty acids' is the correct statement.

In the oxidation of odd-chain fa_-tf)‘l ac1ds the laé't cycle of oxidation yields a

three-carbon-containing p]‘":(lRIOIlyl CoA. ,lzrppionyl CoA is carboxylated to methylmalonyl CoA by

propionyl CoA carboxylase, a b10t1n-d§‘_llendent enzyme that requires ATP hydrolysis.

Methylmalonyl Cc uis further cqn,Herted into succinyl CoA by racemase and mutase, (a vitamin
B12 dependent énzyme) which pnters into the TCA cycle.Thus, propionyl CoA can be converted

into glucose.by“gluconeogex'?éms

COy, + HoO

Propionyl CoA
carboxylase

Propionyl COA/ \D—Methylmalonyl CoA
Biotin

ATP ADP + Pi

Methylmalonyl CoA
racemase

Vitamin B12
Succinyl CoA L-Methylmalonyl CoA

Methylmalonyl CoA
mutase

TCA cycle

202
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Note:
* Methylmalonyl CoA mutase is a vitamin B12-dependent enzyme.

* Propionyl residue from an odd-chain fatty acid is the only part of a fatty acid that is glucogenic.

Solution to Question 3:

ATP can also be hydrolyzed directly to AMP, with the release of PPi by the enzyme Acyl-CoA
synthetase.

This occurs in the activation of long-chain fatty acids. This reaction is accompanied’by the loss of
free energy as heat, which ensures that the activation reaction will go to the right-It is further
aided by the hydrolytic splitting of PPi, catalyzed by inorgamic pyrophosphatase a reaction that
itself has a large AG0’ of —19.2 kJ/mol. 0

Solution to Question 4: LA o ot

g . d ol N ¥ - A : . .
In the fatty acid oxidation process, 'a_cyl'-'carnltlne-ls formed as anintermediate during the
transport of acyl-CoA using a mitochondrial shuttle.

Acyl CoA is converted to acyl-carnitine, which is the active"form of fatty acid during transport
from the cytoplasm to the inside of theé-mitochondriafor oxidation. The enzyme CPT-1 (carnitine
palmitoyl transferase-I), present-@mithe outer mitochondrial membrane catalyzes the reaction.

"ol e
o Ry o
L "

g, gl

Solution to Question 5%

The only energy requiring -sfep in fatty acid oxidation is catalyzed by the thiokinase enzyme.

In the presence of ATP and coenzyme A, the enzyme acyl-CoA synthetase or thiokinase catalyses
the conversion of a fatty acid to acyl-CoA, the active form of fatty acid for oxidation.

Solution to Question 6:

In the B-oxidation of palmitic acid (C16), 8 molecules of acetyl-CoA are produced.

In the beta-oxidation pathway, two carbons at a time are cleaved from acyl-CoA molecules
between alpha(2) and beta(3) carbons, starting at the carboxyl end. The two-carbon units formed
are called acetyl-CoA.

Thus, in palmitic acid (C16), 7 cycles of B-oxidation take place, releasing 8 acetyl CoA molecules.
In the first 6 cycles, 6 acetyl CoA molecules are released. In the 7th cycle, 2 acetyl CoA molecules
are released.
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Solution to Question 7:

One cycle of B-oxidation of fatty acids produces 1 FADH2, 1 NADH, and 1 acetyl-CoA.
» FADH2 is formed in the reaction catalyzed by acyl CoA dehydrogenase.
* NADH is formed in the reaction catalyzed by B-hydroxy acyl CoA dehydrogenase

* In each cycle of B-oxidation, the terminal two carbons are cleaved as acetyl CoA starting at
carboxyl end.

Thus, the overall reaction of each cycle of B-oxidation can be summarized as follows:

(Cn)acyl CoA + FAD + NAD++ H20 + CoA ° (Cn-2)acyl CoA + FADH2 + NADH + Acetyl CoA
+H+ !

1
5 |

Solution to Question 8: "y
Carnitine palmitoyl transferase-1 (CPT- 1) is the Tate- llmltlngu enzyme in the beta oxidation of fatty
acids. ] . ™

CPT-1 is responsible for transferring.the acyl group from CoA to c_armtme forming acylcarnitine
which can enter the outer mltoch.ondrlal membrane Thus the acyl group enters the mitochondria
from the cytoplasm. - - B

N E
Malonyl CoA is an inhibitorof CPT-I. Thus,

* In the fed state, with high insulin--gluicagon razio: acetyl CoA carboxylase is active and malonyl
CoA is produced, which inhibits Bloxidation, '

* In the fasting state, w1th1ow insulin: glucagon ratio, acetyl CoA carboxylase is inactive and
malonyl CoA is not pmduced Hence +p-oxidation takes place.

w B N
Solution to Question 9:
A straight-chain fatty acid comprising of 2N carbon atoms will undergo [(2N + 2) -1] = (N-1) cycles
of beta-oxidation and produce N number of acetyl CoA.

Each acetyl CoA will undergo TCA cycle, producing 10 ATP. On the other hand, each cycle of
beta-oxidation also produces 1 FADH2 and 1 NADH generating 1.5 ATP and 2.5 ATP respectively.
Therefore (N-1) cycles of beta-oxidation will produce (N-1) FADH2 and (N-1) NADH.

The energetics of B-oxidation of a straight-chain fatty acid comprising of 2N carbon atoms can be
summarized as follows:

So, the net ATP yield after beta-oxidation of a straight-chain fatty acid having 2N carbon atoms
will be (14N-4) - 2 = (14N- 6)We must keep in mind that during the initial activation of fatty acids
(conversion of fatty acid to fatty acyl CoA), 2 ATP is utilized.

This formula can be used to calculate net ATP yield from a straight-chain fatty acid having an even
number of carbon atoms. For example,

Net ATP yield from beta-oxidation of palmitic acid (16 carbon) will be 106.
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Calculation: Here, 2N = 16 i.e, N = 8 . Therefore net ATP yield = (14x8 - 6) = 112-6 = 106

FADH2 1.5 N-1 1.5(N-1)
NADH 2.5 N-1 2.5(N-1)
Acetyl CoA 10 N 10N
Total ATP 1.5(N-1) +2.5(N-1) +10N =(14
N-4)
ATP used in activatio | - 2
n
Net ATP yield (14N-4) -2 = 14N-6
\. s
o S
) -
"':"":1' i ":":h -3:1.
Solution to Question 10: "HH‘*‘“- Ly ~
|..':| - 1.:"'..\1“'
. b
A deficiency of fetal long-chain 3—hygxq§y acyl CoA. d@fl’fydrogenase{LCHAD) is involved in the
. ] b e e
pathogenesis of acute fatty llver__g{ prégnancy. F L P

Free fatty acids normally incq'e_:ha:"Sé in pre nqpc"y particu_la{_-'bc Ei'lring late gestation to fuel
fetoplacental growth and (Imelopment'.‘-l__n tuses hombfygous for LCHAD deficiency, the
fetoplacental unit is unable to undel;f_a_lke fatty acid-:ij!gtébolism adequately. This contributes to the
accumulation of long-chain mg’iagsbhtes in mqhefhal blood and hepatocytes, resulting in toxic

effects. . s
F e
Y |
- W
i L
Solution to Q.lde-é{"ron 11: {.;1_*1

The given\c\inical Vignet’zt‘ah'is suggestive of medium-chain acyl-CoA dehydrogenase deficiency in
which, there is impaired beta-oxidation of medium-chain fatty acids. This leads to the
accumulation of dicarboxylic acids leading to dicarboxylic aciduria. It is characterized by:

* Excretion of C6-C10 w-dicarboxylic acids (medium-chain) in the urine.

* Nonketotic hypoglycemia: due to the lack of ATP and acetyl CoA from B-oxidation (which is an
activator of pyruvate carboxylase) to support gluconeogenesis.

Defects in medium-chain acyl-CoA dehydrogenase have been identified as a cause of sudden
infant death syndrome (SIDS).

Omega-oxidation is an alternative way of fatty acid oxidation in the body when the beta-oxidation
enzymes are either saturated or defective. Omega oxidation converts excess fatty acids to
dicarboxylic acids that are soluble and hence can be excreted out via urine.

Other options:

Option A: Impaired Alpha oxidation leads to Refsum’s disease. The manifestations of classic adult
Refsum's disease include retinitis pigmentosa, peripheral neuropathy, ataxia, ichthyosis, anosmia,
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deafness and cardiac arrhythmias.

Option C: Medium-chain acyl CoA dehydrogenase deficiency will lead to increased (not impaired)
utilization of the omega oxidation pathway, resulting in the overproduction of dicarboxylic acids.

Option D: Impaired peroxisomal oxidation of very long-chain fatty acids (VLCFA) causes
Zellweger (cerebrohepatorenal) syndrome. It is a rare inherited disorder characterized by the
absence of peroxisomal enzymes in all tissues leading to the accumulation of C26—C38 polyenoic
acids in brain tissue. The clinical manifestation of Zellweger syndrome includes:

* Facial deformities resembling Down syndrome (Mongoloid facies, Hypertelorism, Frontal
bossing, Upslanting palpebral fissure)

* Brush field spots
* Hypotonia and hyporeflexia =
* Seizures ok o

* Neurodevelopmental delay

* Liver enlargement " By o

Solution to Question 12: T

The clinical vignette is suggestive of Zellweger (cerebrohiépatorenal) syndrome in which
H202-mediated peroxisomal beta-oxidation of very=long-chain fatty acids (VLCFA) is impaired.

Beta-oxidation in perox1some 1s (hfferentlated from that occurring in mitochondria by the
formation of H202.

Beta-oxidation of fatty-aeld in perox1somes is not coupled to ATP synthesis. The high-potential
electrons are transferréd to Oz, whlch yields H202 (instead of FADH2). The enzyme catalase,
found exclusively in perox1somes converts the hydrogen peroxide to end products

water and, exygén

Zellweger syndrome is a rare inherited disorder characterized by the absence of peroxisomal
enzymes in all tissues leading to the accumulation of C26—C38 polyenoic acids in brain tissue.
The clinical manifestation of Zellweger syndrome includes:

» Facial deformities resembling Down syndrome (Mongoloid facies, Hypertelorism, Frontal
bossing, Upslanting palpebral fissure)

* Brush field spots

» Hypotonia and hyporeflexia
* Seizures

* Neurodevelopmental delay

* Liver enlargement

Solution to Question 13:
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The given clinical vignette is suggestive of Refsum’s disease, characterized by impaired alpha
oxidation due to the deficiency of phytanoyl CoA a-hydroxylase (also known as phytanic acid
alpha oxidase).

Refsum disease is a rare, autosomal recessive disorder caused by a deficiency of peroxisomal
phytanoyl CoA o-hydroxylase, an enzyme involved in the alpha oxidation of phytanic acid
(branched-chain fatty acid). This results in the accumulation of phytanic acid in the plasma and
tissues.

The manifestation of classic adult Refsum disease includes

* Retinitis pigmentosa

¢ Peripheral neuropathy

* Ataxia o,
« Ichthyosis ok P

* Anosmia - :
 Deafness el - .
* Occasionally cardiac arrhythmias g " = 3 b

Treatment: Restriction of dietary phytanlc acid (found in dalry products and green leafy
vegetables). 8

Solution to Question 14: %

Acetoacetate is a primaryﬁ_-ketone body asiitsis directly synthesized by the pathway of ketogenesis.

Secondary ketone bodi_'_eﬁ are those which are produced from the primary ketone body via
spontaneous breakdown or by enzymatic reaction. Examples of secondary ketone bodies are:
acetone and bela hydroxybuty,rate

Ketone bodles are formed 'under conditions associated with a high rate of fatty acid oxidation such
as:

* Fasting

* Carbohydrate restrictive diet

* Starvation

* Prolonged intense exercise

» Untreated (or inadequately treated) type 1 diabetes mellitus.

In such conditions, there is increased production of acetyl CoA from beta-oxidation of fatty acids
which inhibits pyruvate dehydrogenase and activates pyruvate carboxylase. The oxaloacetate thus
produced is used for gluconeogenesis rather than the TCA cycle. Hence, acetyl CoA is diverted into
ketone body synthesis.

Acetyl CoA is converted into acetoacetate by the following reactions that occur in the liver
mitochondria:
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(&} (&}

)l\ -+ /U\ 2 Acetyl-CoA
HaC SCoA HasC SCoA
Thiolase
CoA-SH
/Ll\ Acetoacetyl-Cos
HaC ~ /U\/ SCoA

Acetyl-Con
K CoA-SH HMG-CoA synthase

(o] OH o

beta-hydroxy-beta-methylglutaryl-CoA
J—]\/'\/Ll\ (HMG-C o)
o SCoa

CHa

HMG-CoA lyase
Acetyl-CoA

o o
J"l\ )‘l\ Acetoacetate
- CHig

NADH + H™*

o

Non-enzymatic D-beta-Hydroxybutyrate * n

decarboxylation NAD® vdehydrogenase

o co, o oH .'-\. #
I oAl >\
HaC CHg CH 5
Acetone D-beta-Hydroxybutyrate
Thus, acetoacetate is the primary ketone body:synthesized. (™’ W

HMG CoA synthase is the rate-limiting stép in ketone body s'.ynthesis. L iy
Lof o s

Solution to Question 15: === )

The given clinical scenario is sug estive of diabetic ketoacidosis which is an insulin-deficient state
leading to increased lipid breakdown (lipolysis), into fatty acids. This condition is also
characterized by hyperglyqemla and increased ketone body synthesis.

Type 1 diabetes rnelhtus"is commonly.,_found in the adolescent population. In response to certain
precipitating factorsy such patients.may develop a severe insulin-deficient state. Since insulin is an
inhibitor of hotmone-sensitive lipase (HSL), an insulin-deficient state will cause HSL overactivity
in adipocytes and the brqakdown of lipid into fatty acids (lipolysis). Free fatty acids will undergo
beta-oxidation and produce a large amount of acetyl CoA, which gets converted to ketone bodies (
acetoacetate, acetone, beta-hydroxybutyrate, etc.) Such ketone bodies will accumulate in the
blood and cause high anion gap metabolic acidosis.

Solution to Question 16:

A fruity smell (presence of acetone in breath) and positive ketostix test (ketonuria) on the
background of prolonged starvation is suggestive of starvation ketosis. This is characterized by
increased activity of HMG CoA synthase enzyme.

Prolonged starvation implies a catabolic state in which there is excessive B-oxidation leading to
increased production of acetyl CoA. The excessive acetyl CoA is utilised by the hepatocytes to
synthesise ketone bodies for extrahepatic utilisation.

HMG CoA synthase is the enzyme required for ketone body synthesis, it is also the rate-limiting
enzyme.
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Other options:

* HMG CoA reductase is involved in the synthesis of cholesterol.
* Acetyl CoA carboxylase is involved in the fatty acid synthesis.

* Pyruvate dehydrogenase converts pyruvate into acetyl CoA.

All three enzymes are inactive in low insulin state (such as prolonged starvation).

ﬁ + i 2 Acelyl-CoA
HaC™ ~SCoA aC~ T SCoA
| . Coa-SH
n ]
/U\/LI\ Acetoacetyl-CoA ¥
HaC SCoA | T
e
Acetyl-CoA L
K CoAa-SH HMG-CoA synthase
b= oH o beta-hydroxy-beta-methylglutan/d-Cos
s (HMG-CoA)
o — — SCoA
CcHo
HMG-CoA lyase
Acetyl-Con .
- N
o o =
J_I\ J—L Acetoacetate | ¢
o~ ~ TCHs
MNon-enzymatic NADH + HY _pota-Hydroxybutyrate
decarboxylation rNAaDt vdehydrogenase
o COo (&} OoOH
L B
HaC CHa 9 CHg
Acetone D-beta-Hydroxybutyrate
| |
[ g = g
L
-
-'l
'l._ '
e e .
Solution to Question 17: 4" N

g, gl ™
The liver cannot utiliie. ketone bodies!

The ketone bodles synthesued in “the liver mitochondria are transported in the blood to the
peripheral } ‘tissues, where they are utilized by the following steps:

¢ B-hydroxybutyrate is ox1dlzed to acetoacetate by B-hydroxybutyrate dehydrogenase producing
NADH.

« Acetoacetate is then activated to acetoacetyl CoA by transferring a CoA molecule from succinyl
CoA by succinyl CoA-acetoacetate CoA transferase (thiophorase).

* Acetoacetyl CoA is cleaved into two acetyl CoA molecules by thiolase and oxidized into CO2 by
the TCA cycle.

RBCs cannot utilize ketone bodies as they lack mitochondria.

The liver cannot utilize ketone bodies as it lacks the enzyme thiophorase.

Solution to Question 18:

The clinical picture is suggestive of diabetic ketoacidosis in which rothera’s test will give positive
results due to the presence of ketone bodies in urine.
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Rothera’s test by nitroprusside reagent is a specific test used to detect whether acetone or
acetoacetate is present in the given sample of urine. A purple ring at the junction of two liquids
indicates a positive test.

Note: Rothera's test does not detect B-hydroxybutyrate.
Other options:

Option A: Hay's test is used to test for bile salts.
Option B: Fouchet's test is used to test for bilirubin.

Option C: Ninhydrin test is used to test for alpha-amino acids.

Solution to Question 19: . o
w IH. oy
With the background of inadequately treated type { diabetes melhtus an 1nsu11n deficient state in
the body is expected which will lead to increased conversion of. fatty acids to acetyl -CoA.
"'\.

Type 1 diabetes mellitus is commonly found. 1 in'the adolescent population,’ In response to certain
precipitating factors, such patients may develop a severe insulin- def1c1'ent state. Since insulin is an
inhibitor of hormone-sensitive lipase (HSL), an lnsuhn deficient state will cause HSL overactivity
in adipocytes and the breakdownof lipid into fatty acids (11p01y51s) Free fatty acids will undergo
beta-oxidation and produce alarge amount; of'acetyl CoA, whlch gets converted to ketone bodies (
acetoacetate, acetone, beta- h'ydroxybutyrate etc.)

Solution to Question 20' ;' - '

2, 3and 4 statements éorrectly explaln the reason behind increased ketogenesis as seen in type1
DM.

Type 1 DMiis characterized‘by a deficiency in insulin production. Since insulin is deficient, GLUT4
(insulin-dependent uptake) mediated glucose uptake is not possible in the heart or skeletal
muscles. So adipose tissue mobilizes fat to be used as an energy source. These FFA (free fatty
acids) are oxidized to acetoacetyl CoA which serves as a precursor for ketone body synthesis.

As the level of serum FFA is raised, proportionately more of the acetyl-CoA produced from their
breakdown is converted to ketone bodies and less is oxidized via the citric acid cycle to CO2. A fall
in the concentration of oxaloacetate, particularly within the mitochondria, can impair the ability
of the citric acid cycle to metabolize acetyl-CoA and divert fatty acid oxidation toward ketogenesis.
Such a fall may occur because of an increase in the (NADH)/(NAD+) ratio caused when increased
B-oxidation alters the equilibrium between oxaloacetate and malate so that the concentration of
oxaloacetate is decreased.

Beta-hydroxy butyrate dehydrogenase is one of the enzymes used in ketone body synthesis.
Increased rate of ketone body synthesis in insulin-deficient state implies an increased activity of
beta-hydroxy butyrate dehydrogenase enzyme.
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Biosynthesis of fatty acids and Eicosanoids

Question 1:

Which of the following biochemical reactions does not occur in mitochondria?

a) Kreb cycle
b) Urea cycle
c) Gluconeogenesis "

d) Fatty acid synthesis

Question 2; it ot
Which of the following pathways utilizes NADPH as _ﬂ’l:e-SOl.lI‘CG of .re:d-ﬁ::ing equivalent?
. | ! X

a) Fatty acid synthesis g . a4 C.e
b) Ketone synthesis =, : ) i, Ay

c) Gluconeogenesis ’ - :

d) Glycolysis P 3 '-

Question 3: g 'y
Which of the. _:folibiwing patpﬁay is the most important source of reducing equivalents for fatty

acid synthesis in the liver? \

a) Glycolysis
b) Tricarboxylic acid cycle
c) Uronic acid pathway

d) Hexose monophosphate shunt pathway

Question 4.

Which of the following is the rate-limiting enzyme of the fatty acid synthesis pathway?

a) Acetyl CoA carboxylase
b) Beta-hydroxy CoA dehydrogenase
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c) Acyl CoA dehydrogenase
d) Ketoacyl synthase

Question 5:

Which of the following is an allosteric activator of acetyl CoA carboxylase?

a) Citrate

b) Acetate

c) Malate b »
d) Palmitate X @

Question 6: o, 0

Which is an important intermediate pr&dh'f:t of fat‘_cy-qé'id. biosynt{le_s‘is ?

. L Fi
a) Cholesterol R : !
b) Malonyl CoA ey -.L A 2" W
c) Acetyl CoA -. 4 ", !
d) Isovaleryl CoA e A
-\.\_\..-'...\" 1
LT Sl

Question 7: %Y Kl

=, Nt

A child with SéveI; acute malnutrition is undergoing nutritional rehabilitation. During
follow-up visits, he shows significant improvement in appetite, an adequate gain of weight,
and a gradual increase in subcutaneous body fat. Activity of which of the following enzymes is
responsible for the restoration of fat storage in this patient?

a) Acetyl CoA carboxylase
b) Acyl-CoA dehydrogenase
c) Thiolase

d) Carnitine palmitoyl transferase - I

Question 8:

Which of the following is the most common end-product of fatty acid synthesis pathway?

a) Arachidonic acid
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b) Oleic acid
c) Palmitic acid

d) Acetyl CoA

Question 9:

Which of the following statements about the mechanism of synthesis of fatty acids is correct?

a) Acetyl-CoA is the most active donor of two carbon atoms in fatty acid synthesis.

b) Malonyl-CoA is the most active donor of two carbon atoms in fatty acid SYI_lI'h_eS'!l-S.

c) Fatty acid synthesis is the reverse of oxidation of fatty acids. @
d) Coenzyme A is the acyl group carrier of intermedigfe‘s“ in fatty acid(symthesis.
. ."'\.
S LN h
. i 2 1 24 W
Question 10: A ~ P
L -u_"‘:l. B I:---L. ..1-.I'x
In which of the following steps offatty acid synthesis is CO2 produced?
. . --.h' h-- - ﬂ. e
a) Activation b ; ™ O o
b) Condensation v '_"' ; W y
c) Elongation o " __'1" -
d) Reduction .,:-_.'" N
Oy o
5 b il e
m— -H-h 1
Question 11 ) et
‘-‘h - I.-

Which of the following is not a part of the fatty acid synthase complex?

a) Enoyl reductase

b) Ketoacyl synthase

c) Acetyl CoA carboxylase
d) Acetyl transacylase

Question 12:

The elongation of long chain fatty acids takes place in which if the following hepatocyte
organelles?

a) 1,2
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b) 3.5
C) 2,3,4
d) 1,3

Question 13:

Stearic acid is converted into which of the following fatty acids by the enzyme B9 desaturase?

a) Linoleic acid

%
b) Oleic acid o, Sy
L
c) Linolenic acid = S
d) Arachidonic acid oy o
. 4
i L N
L i L
i =, Ty, o ol W
Question 14: . o "
s _\_\:'..\. "M.H"- 5

e # 1 s
Which of the following is false regarding the roléof insulin on lipid metabolism?

—
RS

a) Increasing acetyl CoA car-l_s}'okylase agﬁtiV-il’E'y 3

b) Increasing the transport of glucos‘eh'_liﬂqt'o the cells _'-"
g i

c) Inhibition of pyruvate dehx_dro"genase 2 .5'1"'

]

d) Decreasing intracellulag_éAMP level N
—\.\_\_'\"'\..- Tl
Q 5

of

.
— %

Question 15__:-_‘ “udy =y

Ty "'\.|_
Eicosanoids are derived from fatty acids with

a) 19C
b) 17C
c) 20C
d) 15C

Question 16:

What is the first step in synthesis of eicosanoids?

a) Activation of PGH2 synthetase

b) Activation of lipooxygenase
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c) Activation of hydrolase

d) Activation of cyclooxygenase

Question 17:

Which substance is least likely to have its production decreased by aspirin?

a) Prostaglandins

b) Prostacyclin

'L_'r
c) Thromboxane i,
L
d) Leukotrienes I:_"T‘ 2
I-'-:'\-hl o _\11%\_ b
l...:.-\'\.\_.ﬂ- 3 ."-\. sy
Question 18: ot P 0%
F l_"-\.\_l'-\-\." — o
i '_- i N ™
Which of the following are unstable in_"c_glrfnedlate pllez,l-ucts of thekey@:"tooxygenase pathway?
Y S P
a) 1,2 O Ca el
Oy T o
b) 3,4,5 Cy . " o "
BB P
C) 2,4 ™ )
P | i,
d) 11315 _"\-"'\-.lll ."-\.I.:'.
£ i
i N
1
| Q~ o

Question 19: B o

= L
i .

I e 1 oy, N
Which of thé{ollowing is n_q_"t a primary prostaglandin?

a) PGD2
b) PGI2
c) PGE2
d) PGF2a

Question 20:

Which organ pair can synthesize the whole range of COX products?

a) Lung &amp; spleen
b) Spleen &amp; liver

c) Lung &amp; liver
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d) Blood vessel &amp; spleen

Question 21:

Which enzyme is required in the synthesis of PGE2 from cyclic endoperoxides?

a) Isomerases
b) Cyclooxygenase
c) Hydrolase

d) Reductase i_t._:-_-"':}'
Ir_'._ o il
-h. =
Question 22: _w..m'::"' S
-"'h.._!‘".'. _-l:l\'\'\- ; :I.

A 7-year-old girl presents with sudden onsqtl'tﬁ};evere breatitessness _w,iht'ﬁ"'\'/vheezing. Her peak
expiratory flow rate is reduced significantly. Which of@_'é followir_lé@ﬁzymes is important for
™,

the pathogenesis of the most likeZd{%qqosis? e p Y
[ % e )
a) 7-Lipoxygenase " ._:"'“' ) o o
b) 12-Lipoxygenase 2 ™ &
POXYg o Ny
c) 15-Lipoxygenase -~ N
: e —
d) 5-Lipoxygenase ‘:‘i__ ._"-.,_-:_"'-
.
Q 2
: i At
Question 23: i) N
YO

What is the first intermedi-a‘ll‘*:e product of the LOX pathway?

a) HPETE

b) LTs

c) Lipoxins
d) HETE

Answer Key

Question No. Correct Option
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2 a

3 d

4 a

5 a

6 b

7 a

8 c

9 b

10 b -
11 c :.__-‘_l"i
12 d =
13 b

14 c L
15 c -
16 c

17 d

18 a

19 b

20 a

21 a

22 d

23 a

At &
e, o o

Detailed Explanations

Solution to Question 1:

Fatty acid synthesis does not occur in mitochondria.

Fatty acids are synthesized in the cytosol by a process called de novo fatty acid synthesis. All the
steps, from acetyl-CoA to palmitate, are done by an extramitochondrial system. Fatty acid
synthesis takes place in the liver, kidneys, brain, lungs, adipose tissue and lactating mammary
gland.

Solution to Question 2:

NADPH is the source of reducing equivalent for fatty acid synthesis.
The NADPH utilised for fatty acid synthesis is derived from 3 sources:
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* HMP shunt pathway (major source)
» Extramitochondrial isocitrate dehydrogenase (minor source)

» Malic enzyme

Solution to Question 3:

The reducing equivalent for fatty acid synthesis in the liver is NADPH. The most important source
of NADPH is the hexose monophosphate shunt (HMP) pathway.

The HMP shunt pathway, or pentose phosphate pathway, is an alternative route for'the
metabolism of glucose. It generates NADPH and synthesizes ribose. NADP+ 1&'hyarogenated to
NADPH by glucose-6-phosphate dehydrogenase. Since the HMP shunt pathway and de novo fatty
acid synthesis both occur in the cytosol of the cell, there- Aré no membranes or permeability
barriers against the transfer of NADPH. Thus, this forms the major source for NADPH for fatty

acid synthesis. e -

'\-\. :-

Other minor sources of NADPH are extramliochondrlal 1soc1trate dehydrggenase and NADP
malate dehydrogenase (malic enzyme). *=

L

5

=N "'I
| )

Solution to Question 4; 2 B W

Acetyl CoA carboxylase is the rate-limiting enzyme of the fatty acid synthesis pathway.

Acetyl CoA carboxylase copvpﬁ*té acetyl CgA-iﬂtb malonyl CoA, the first step of de novo fatty acid
synthesis. It is an allosteric'enzyme activated by citrate in the well-fed state. Acetyl CoA
carboxylase requires the following:. *

« NADPH as the.reducing egqizafl'ent

« Biotin is'a’ co;nzyme neeéied.by carboxylases
* ATP for energy .

» Manganese (Mn2+)

* HCO3- as the carbon donor
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oM Citrate synthase

Acetyl CoA CoA
Mitochondria
Cytosol Matrix
Oxaloacetate .40
cAC / Citrate
- — shuttle
& malonyl CoA formation
O-O-con R
o —_
Acetyl CoA ’/— -‘< ( Citrate ) High energy!

ADP ATP
ATP

Biotin
Acetyl CoA carboxylase I Long-chain
H CO3 ' fatt)? acyl CoA

| |
ADP

A
o e A en
AN vy
& &y
*{ﬁu ) C %
Soluti Question 5 f:h o N.:-I"*ﬂ""-
olution to Question 5: - % .
'~,"3-. - ‘Ln L

Citrate is an allosteric actlvatoqxti'f-acetyl -CoA c-:'a_g;’l';"oxylase |__|"-r

Acetyl-CoA carboxylase is *t-hgl':"rate llmliarfg}nzyme in d.s‘-ﬂovo fatty acid synthesis. Citrate
promotes the conversion of acetyl CoA .carboxylas an inactive dimer to an active polymeric
form. Its concentration increases mu."fh'e well- feck—se.;re Insulin also activates the enzyme by
dephosphorylating it. ‘-.:-. ’ _..

Glucagon and epinephrij ";-promote in c.ﬁ-vatlon of acetyl-CoA-carboxylase by phosphorylation of
the enzyme. Long- chai@ acyl-CoA mQ'_}e les such as palmitoyl CoA also promotes inactivation of
the enzyme. "-.:} -I:_'_"-.

h""*“ N

AMP-activated
protein kinase

Active ATP— ADP

Inactive
carboxylase Protein carboxylase
Phosphatase 2

P1 -+ HQO

MARROW
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hase-II

Enzyme Allosteric inhibitor | Allosteric activator
1. ALA synthase Heme -

2. Aspartate transcarbamoyla | CTP ATP

se

3. HMG CoA reductase Cholesterol -
4.Phosphofructokinase Citrate, ATP AMP, F2,6P
5. Acetyl CoA carboxylase Acyl CoA Citrate

6. Citrate synthase ATP -

7. Carbamoyl phosphate synt | - NAG

hase-I

8. Carbamoyl phosphate synt | - ATP

Solution to Question 6:

&

Malonyl-CoA is an importan tiﬁtermedla

Production of malonyl-CoA from ace
synthesis. Bicarbonate is a source
carboxylation of acetyl-CoA t

r

S\

0A is th

.

Fatty Acid synthesis

9 Malonyl CoA formation
(& FLVEN

0

CoA

Acetyl CDA

Mitochondria
,":5 I‘-'!"q Cytosol Matrix

CAC

Acetyl CoA

ATP
Biotin
H COs
ADP

CoA
Malonyl CoA

Solution to Question 7:

/“\

ADP

Acetyl CoA carboxylase

ATP

SOMARROW
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J-\.":ﬂ_
&

@Qﬂb?lct of fatqz'q;'cli biosynthesis.

ITand rate-limiting step in fatty acid
2 and i 1si; ired in the initial reaction for the
onyl- CoAin.& e presence of ATP and acetyl-CoA carboxylase.

oA  Citrate synthase
CoA

Oxaloacetate Citrate

Citrate
shuttie

(h(‘,‘utrste ) High energy!

I Long-chain
fatty acyl CoA
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The restoration of fat storage in a child undergoing nutritional rehabilitation, as evidenced by
adequate weight gain and an increase in subcutaneous body fat, occurs with the help of acetyl CoA
carboxylase.

With appropriate supplementation of nutrition, the child's body will gradually enter an anabolic
phase. In the well fed state, there is an abundant supply of glucose, which is converted to
pyruvate, which in turn is converted to acetyl CoA. Acetyl CoA is diverted into fatty acid synthesis,
in which acetyl CoA carboxylase is the rate-limiting enzyme. There is also a high insulin : glucagon
ratio in the well fed state. This favors dephosphorylation (activation) of acetyl CoA carboxylase,
resulting in increased fatty acid synthesis. The fatty acids thus formed (most commonly palmitoyl
CoA) are esterified into triacylglycerols. This process is called lipogenesis.

Note: The enzymes acyl-CoA dehydrogenase, thiolase, and carnitine palmitoyl transferase-I are
involved in fatty acid oxidation and are inactive in the well-fed state. i, Y

o - = "
- %

Solution to Question 8:

. h ]
..'\'\- I- . B

The most common end product of fatty acid;synthesis is p_alm'i'tic acid. ™,

Palmitic acid is a 16 carbon saturated-long chain fatty acid (LCFA).-.Thé- substrate for its synthesis
is acetyl CoA. Acetyl CoA is also‘the'end product’of fatty acid beta-oxidation.

™

Solution to Question 9: = :

Malonyl-CoA is the most aetive donor of.twe-carbon atoms in fatty acid synthesis.

Malonyl-CoA is a 3-ca;‘b_6.-;i unit that-donates 2 carbon units in fatty acid synthesis. It is formed
from acetyl-CoA by ‘acetyl-CoA carboxylase. During fatty acid synthesis, acetyl CoA primarily acts
as the primer, The enzyme fatty acid synthase (FAS) adds two carbons from malonyl-CoA to the
inital acetyi'hCoA forming,a 4-carbon intermediate (butyryl-ACP). FAS then sequentially adds two
carbons from malonyl- -CoA to the ACP-intermediates (eg: butyryl-ACP) to elongate the fatty acid
chain.

Thus, in the end product palmitic acid (C16), only carbon atoms 15 and 16 are from acetyl CoA.
The remaining 14 carbon atoms are derived from malonyl-CoA. Thus, malonyl-CoA is the most
active donor of two carbon atoms in fatty acid synthesis.

Note:

Option 3: Fatty acid synthesis is not a simple reversal of oxidation of fatty acids. These two
processes involve completely different enzymes and occur in different compartments of the cell.

Option 4: Intermediates in fatty acid synthesis are covalently linked to the sulthydryl group of
an acyl carrier protein (ACP), not coenzyme A, of the enzyme fatty acid synthase. Intermediates in
the fatty acid breakdown are covalently attached to the sulfhydryl group of coenzyme A.

Solution to Question 10:
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In fatty acid synthesis, CO2 is produced in the condensation step.

Solution to Question 11:

Acetyl CoA carboxylase is not a part of the fatty acid synthase complex.

The fatty acid synthase complex is a multienzyme polypeptide complex that synthesizes fatty acids
from malonyl-CoA and acetyl-CoA. It is a dimer of two identical polypeptide monomers
(homodimer). Each monomer contains six enzymes and the acyl carrier protein (ACP). ACP
carries the intermediate products formed during fatty acid synthesis. The enzymes of the fatty
acid synthase complex are as follows: 5

1. Condensing unit:
» Ketoacyl synthase - L) X
» Malonyl/acetyl transacylase " -

2. Reduction unit: ik : '

« Dehydratase o - Ra i O i
« Enoyl reductase b ® kL =0

* Beta-ketoacyl reductase Syl 0 .,

3. Releasing unit: ’ s .

» Thioesterase

ey, T,

Solution to Question,12:

The elong_a];joh:-(;f long chain fatty acids takes place in the 1. endoplasmic reticulum and 3.
mitochondria of hepatocytes.

Fatty acid elongation occurs in three cellular compartments: the cytosol, mitochondria, and
endoplasmic reticulum (microsomes). Both unsaturated and saturated fatty acids can be
elongated, with malonyl-CoA acting as the 2 carbon donor and NADPH as the reducing agent.

Solution to Question 13:

Stearic acid is converted to oleic acid by the enzyme M9 desaturase.

M9 desaturase is present in the endoplasmic reticulum. It catalyzes the synthesis of
monounsaturated fatty acids (Eg: Oleic acid) from saturated fatty acids (Eg: Stearic acid).

M9 desaturase is a mixed-function oxidase, requiring NADPH and O2. The first double bond is
always introduced in the B9 positions. Humans cannot introduce double bonds beyond H9
positions (between C-10 and terminal methyl group). Hence, linoleic (A9,12) and linolenic acid
(A9,12,15) are considered essential fatty acids and should be included in the diet.
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Solution to Question 14:

Inhibition of pyruvate dehydrogenase is not an action of insulin. Insulin activates the pyruvate
dehydrogenase enzyme.

Insulin stimulates lipogenesis by the following mechanisms:

* Decreasing the level of intracellular cAMP. This favours dephosphorylation of acetyl-CoA
carboxylase, resulting in its activation.

* Increasing acetyl-CoA carboxylase activity. This accelerates the rate-limiting step of fatty acid
synthesis. Ny

» Increasing the transport of glucose into the cell and activation of pyruvate dehydrogenase in the
adipose tissue. This yields more acetyl CoA for fatty ac1d !i.ynthe51s

Solution to Question 15: L0 e ok

Eicosanoids are derived from fatt_}; acids with 20€.% o s

Eicosanoids are formed from aracflldonlc aeidhand other G20 polyunsaturated fatty acids (PUFA).
They are short-acting paracrine chemlcals that bring about their action through a
G-protein-coupled receptor. e .

! LN

Types of eicosanoids: )
* Prostanoids L 1
* Prostaglandins (E &aini); F) o

* Prostacyclins, 1,
» Thrombb6xanes
» Leukotrienes

* Lipoxins

Solution to Question 16:

The first step in the synthesis of eicosanoids involves the activation of hydrolase.

Eicosanoid synthesis is governed by the rate of release of arachidonic acid from membrane lipids
in response to appropriate stimuli (Eg: Increased calcium). These stimuli activate hydrolases,
including phospholipase A2, which releases arachidonic acid from membrane phospholipids. The
released arachidonic acid is then converted into:

* Prostaglandins and thromboxanes by the cyclooxygenase (COX) pathway. PGH2 synthase is the
first enzyme of this pathway.

* Leukotrienes and lipoxins by the lipooxygenase (LOX) pathway
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Diacylglyearal or phospholipi

Arachidonic ackd

Lipooxyganans
FLAR, Alers)

Prostagion, n in Hg (PGH) HPETE (hycdroperoxy

sicosatetrasnoic ackd

HLO

v

LTB, = Laukotrians A,

- b J s i
"

PGD, (=1 Pre =lim Thre 3o Leuketriens £, L |
{F‘Cll s rrxn )

Solution to Question 17: -«,‘“"1 - I:-,I {.;.

Aspirin is least likely to decreaixéfﬂle productl,gn.%f leukotrlemé:sr

Aspirin is a non-steroidal aﬂjﬂnﬂam atE;":'y drug (NSA{Dﬁat inhibits the cyclooxygenase (COX)
pathway. The cyclooxygenase (COX).pathway gene,l':i.1 elcosan01ds with a ring structure -
prostaglandins, thromboxane, pr t&c&rchn Le enes, however, are produced by the

lipoxygenase pathway (LOX ch is not ml:iblted by aspirin.

i

Solution to Question 18:

PGG2 and PGHz2 are unstable intermediates of the cyclooxygenase (COX) pathway.

224 Sold by @itachibot



The cyclooxygenase enzyme of the COX pathway is a bifunctional enzyme. It first oxidizes
arachidonic acid to PGG2 and then peroxidizes PGG2 to PGH2. These two intermediates (cyclic
endoperoxides) are unstable. PGH2 is metabolized further by specific synthases and isomerases
into a variety of eicosanoids including PGE2, PGD2, PGF2q, prostacyclin (PGI2), and
thromboxane (TX) A2.

Solution to Question 19:

PGI2 is not a primary prostaglandin.

PGD2, PGE2, and PGF20 are called the primary prostaglandins based on their, s_'_c%hzétl'lre. Primary
prostaglandins contain a single cyclopentane ring with a 15-hydroxyl group witltd 13,14-trans

double bond. Prostacyclin, or PGI2, structurally differs fr&quhe primaryh_p_tpst'aglandins due to its
double ring structure. . :-.:ﬁ X

i et

&

Diacyiglyearsl or phaspholipic b 1

Arachidonic acid

Liponxyaerane
FLAP, Alexs)

FProstaglandin He (PGHS) HPETE (hydroperoxy

sicosatetrannoic acic

HaO J
LTE, - Y Strimre o,
Gilutathion l gt o g
Strimae G,
Strimne O
strimen £

Glutamio
ashel

Lesuikce
e
[
wernbex arne Leuibe

(Ta)

e Frermibsox ane
PQF (ALY

Solution to Question 20:

Lung and spleen can synthesize the whole range of COX products.

Whole range of COX produ | Lung & Spleen

cts
Thromboxane Primarily platelets
Prostacyclin Endothelium of blood vessel

S
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Solution to Question 21:

Isomerases are required in the synthesis of PGE2 from cyclic endoperoxides i.e., PGG2 and PGH2

PG,

PGF;,

.

LN

)

Solution to Question 22:

Arachidonate
202ﬂ Cyclo-oxygenase
PGG, j| PGH, synthase
l Peroxidase

PGH. THA,
% Thromboxane

synthase
llsomerase
PGE. TXB.

l Reductase

PGF,,

Prostacyclin
synthase |

Isomarasel

PGD,

PGI2 Prostacyclin synthas

e
PGD2 Isomerase
PGE2 Isomerase
PGF2a Reductase . '__.I';:_:'_',
TXA2 Thromboxane synth e

ase (4

TN o~

Sudden onset of severe breathlessness and wheezing with a reduced peak expiratory flow rate is

suggestive of acute exacerbation of asthma. 5-lipoxygenase enzyme is important for the

pathogenesis of this condition.

Acute exacerbation of asthma is characterized by bronchoconstriction due to chemicals mediators
like leukotrienes (LTB4, LTC4, LTD4 etc.). Leukotrienes are produced from the breakdown of
arachidonic acid by 5-lipoxygenase via the lipoxygenase pathway.

226
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'-,.ﬁ\,_'\l. _H.uq__

Leukotrienes are eicosanoic acid derivatives.f n'ﬁ'e"a in 1eukoczt.és mast ce].l_& _platelets, and
macrophages. They are potent COIlStI‘lCtOI‘S&]%e bronchi l_a"lrway Leukafnenes also cause
increased vascular permeability and a ivation and Lq'actlon of leukﬂ__ocytes Thus, they are
involved in many 1nﬂammatory or “immediate hype-r ensitivity rei&‘lons such as asthma.

."1. m‘*—"‘* e
% .-l'.. o
L:I.l_ N h‘_ .i'-_

Solution to Question 23: . A
| .'-._"

Hydroperoxyelcosatetraenok3301-'('i (HPETE)_{S s the first intermediate product produced in the LOX
pathway. __::_ \

o
5-lipoxygenase, the {11.@I enzyme the LOX pathway, breaks down arachidonic acid into
5 hydroperoxyg__"el"'satetraenomaa'(‘:l (5-HPETE) which undergoes further chemical reactions to
produce lgﬂ.}fot’ﬂenes (LTs)c;:h'y roxyeicosatetraenoic acid (HETE) and lipoxins.

Diacyiglycarol or phoapholipic

Arachidonic acid

ooy erane

FLAF, AlcacS)
Prostaglandin Hg (PGHS) HPETE (hydroperosy
sicosatetrannoio acic

—=
/l
1

Glutathione

PGD, PGF, Prostacyelin  Thromboxans L=
(=T (Ta)

B . Thrermbses=an
PQF 1, (TAG)Y
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Metabolism of Acylglycerols and Sphingolipids

Question 1:

What type of lipid is triacylglycerol?

a) Glycerolipid
b) Glycerophospholipid

c) Glycolipid % k-
d) Sterol Lipid _ o 5
ek v
Oy
II-\: ."'\.
Question 2: b : ol »
Which is the first step for catabolism of triacylglycergl:?-' ; _%
o g o,
B i |_-
a) Decarboxylation - ; = ¢ o
b) Hydrolysis ) e SN
4 R &
c) Oxidation y Tah
d) Dehydrogenation e y
'\1_\'\' = =" |
-\.\_\..-'...\" i
LT e 1

Question 3: » A
Which of the_:f!alialwing organg can catabolize the glycerol component of triacylglycerol?
I.-
a) 2,3, 4
b)1,2,3,5

€)1,3,4,5
d)1,2,3,4,5

Question 4:
Which of the following represents the structure of a phospholipid?

a) Glycerol + phosphate + choline or ethanolamine
b) Monoglyceride + phosphate + choline or ethanolamine

c) Diglyceride + phosphate + choline or ethanolamine
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d) Triglyceride + phosphate + choline or ethanolamine

Question 5:

Which of the following is not a phospholipid?

a) Plasmalogen
b) Dipalmitoyl lecithin
c) Ceramide

o 2
d) Cardiolipin —
e

Question 6: "-.:'-. |'.§_.

weeks of@atlon _é{. ant was cyanotic
. His chgst adio 1S shown below. A

gra
11ke1y g@g for the condition?

A 1.5 kg male baby was delivered vaginall
and required CPAP immediately after de
deficiency of which of the following"i

bt

a) Phosphatidylethanolamine

b) Dipalmitoyl phosphatidylcholine
c¢) Diphosphatidyl glycerol

d) Phosphatidylinositol

Question 7:
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What is the location of phospholipids synthesis?

a) Rough endoplasmic reticulum
b) Smooth endoplasmic reticulum
c) Golgi apparatus

d) Mitochondria

Question 8:

o]

01
Which of the following is the common intermediate in the biosynthesis of triacylglycerols and
phosphoglycerols? b

X 2
a) Phosphatidate : _.: "-T' ?
O ",
b) Acyl CoA it Lo h,
W i L
c) Acetyl CoA i . Fa s
ot - 1
d) Plasmalogen wt ek WY
L ¥ :\';-\-'I e |_-I' I E_:'-
; .
Question 9: et ) &
L N o

! 5

Which of the following is the cg_m(_)éi;[-ion of_tbb-'ph-ospholipid cephalin ?

a) Phosphatidylserine '\-\.:'- i P T

—\.\_\_'\"'\..- Tl
b) Phosphatidylethanolamine '
Y £

c) Phospha}tidyieiloiine Y,
d) Phospﬁa?idylinositol x ._

Question 10:

Which of the following phospholipids plays an important role in apoptosis?

a) Phosphatidylserine

b) Phosphatidylethanolamine
c) Phosphatidylcholine

d) Phosphatidylglycerol

Question 11:
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Which of the following phospholipids is found only in the mitochondria and helps in the
mitochondrial function?

a) Cephalin
b) Cardiolipin
c) Lecithin

d) Plasmalogen

Question 12: .1

LW

Which of the following phospholipids serves as a reservoixfor prostagla_n.d'in synthesis?

e, -~

a) Phosphatidyl serine i _
b) Phosphatidyl inositol ¢ = 5 h e
c) Phosphatidyl choline i e N T
d) Phosphatidyl ethanolamine -y . ; o i 4%
Y L "
Question 13: g 5 '

%

Which of the following phosphg_]jpi&s has a 1:(_)_19-3[0 play in signal transmission across
membranes? o ‘

.h-hh. P 1. .,
a) Phosphatidyl serine:'in"
b) Phosphatidyl ihdsitol
i ™ oy, N
c) Phosphatidyl choline ., ._

d) Phosphatidyl ethanolamine

Question 14:

A lady undergoing further evaluation after a miscarriage has a positive VDRL result. Gold
standard investigation using FTA-ABS shows a negative result. Which of the following
substances is responsible for this discrepancy in the results?

a) Cephalin

b) Lecithin

c¢) Cardiolipin

d) Plasmalogen
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Question 15:

Sphingolipid is a type of

a) Glycerol esters saponifiable lipid

b) Non-glycerol esters saponifiable lipid
c) Non-saponifiable lipids

d) Derived lipid

'L_'l'
Question 16: i,
L
Which of the following is not a component of glycosph'i{lﬁ?bhpid ? _;l.__"‘:""
l...‘-\'\.\_.ﬂ- L sy
a) Carbohydrate s o
) Y .: . 1.1'1- ; L -:5__.
b) Glycerol e Ly 5
| " o™ E "|-'\' b
c) Sphingosine 4 e - <
Py Pl - 1‘-\.
d) Fatty acid i LA &
LS ¥ L= ey ™
ik bk f -
.\-_i.\- . .-'.. 5 -l. B
Question 17: ;_-_'Lv” Oy~

&
Which of the following is ar&egélmple of a_l_gb}'go'lipid?
! i

a) Plasmalogen 1.3-""' :“-:""
% o
b) Cerebroside, (™™ y
. [ "-\IJ| -\._1_.\'
c) Sphingefhyelin ___:‘-

d) Lecithin

Question 18:

Which of the following is not a role of glycosphingolipids?

a) Source of blood group antigens
b) Cell surface receptors for cholera toxin
c) Cell surface receptors for tetanus toxin

d) Formation of lung surfactant

Question 19:
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A 1-year old boy presented with loss of motor skills, increased startle response to noise and
seizures. On fundoscopy, the following image was seen. Further evaluation reveals the
diagnosis of a lysosomal storage disorder. Which of the following enzymes is most likely
defective in this condition?

b :
a) Hexosaminidase A l'—__':;:l "-:::"" IE.:::"'
b) B-glucosidase 'E..-tr ‘-..;}E’
c) a-galactosidase ,,qg}l:? .*E.:‘I"E-

d) Glucose-6-phosphataf'fp"hl;._l'r"."r b4

"
A
X\

Question 20";::;‘%‘--3.I

A 6-month-old infant with progressive failure to thrive and milestone regression is being
evaluated for an inborn error of metabolism. On examination, hypotonia, apathy, deafness,
hepatosplenomegaly, and generalized lymphadenopathy are present. Fundus examination is
shown below. A liver biopsy shows foamy hepatocytes loaded with sphingomyelin. Electron
microscopy reveals zebra bodies. What is the likely diagnosis?
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a) Niemann-Pick disease type A )
b) Tay-Sach disease @ ¢
¢) Niemann-Pick disease type BE::,':';‘EL ;{1{5{3 g ,EF'"

d) Sandhoff's disease
P

Question 21:

An 8-year-old boy presen@;gh(ﬂ burmg‘ﬁ in and numbness in his hands, heat intolerance
uation reveals skin angiokeratomas and a decreased

and decreased visual ac Furthea:,:a
renal function. V}l{@ﬁof the fo@ﬁng is the mode of inheritance of the most likely diagnosis?
a) Autoso'i'h(.z(ﬂ recessive “I"'ﬁ

b) X-linked recessive
¢) Autosomal dominant

d) X-linked dominant

Question 22:

A 10-year old child presents chronic fatigue, growth retardation and epistaxis. On further
evaluation, hepatosplenomegaly, thrombocytopenia and anemia was found. Bone marrow
biopsy showed cells with wrinkled tissue paper appearance. What is the probable diagnosis?
a) Niemann Pick disease
b) Fabry’s disease

¢) Gaucher’s disease
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d) Tay Sach’s disease

Question 23:

Which of the following enzymes is deficient in metachromatic leucodystrophy?

a) B-Galactosidase
b) Arylsulfatase

c¢) Sphingomyelinase

d) Ceramidase i_:_':'j';:::.
l'l_.-
M »
Question 24: _-.,.-:q_:'-. _H.|‘:1"“
N o 1
- g 3
Accumulation of which of the following sul?.sl"t-awhces is re_shxpe_gll‘sible for_E@__l-r'ber’s disease?
"-I':I. e -,
a) Lecithin ‘-1l:-.|""a|_ ;.;'-kﬁ."% - ?':::"-.-"
b) Ceramide O = Gy '—_:""
c¢) Sphingomyelin '—l:"—' . h:’- : ,_-_-.-j'-
d) Sulfatides E:"; '--.;q_"--."'Ei
P &
DA
e e
ﬁi 3
¢ &
H‘iﬁﬂ _1_,1':3"‘ Answer Key
hY Question No. Correct Option
1 a
2 b
3 b
4 c
5 c
6 b
7 b
8 a
9 b
10 a
11 b
12 b
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13
14
15
16
17
18
19
20
21
22
23
24

(on
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L9

- oo

Detailed’Explanations -~
& —\.-"'\-‘. 5 ] _1“_
y N W o
Solution to Question 1: WA )
' R ~
\ I._H. _-_ L
L LT

Triacylglycerol is a glycer(;IEid.

Glycerolipids are esters of the tribydric alcoholl y?:érol and fatty acids. The types of glycerolipids
include mono-, di- or tri-substituted glycerols=The best known glycerolipid is the fatty acid
triester of glycerol knownhai_é‘n-triglycerides_bf triacylglycerols.

0
gl o I
S H,Cc—0—C

R

p
HC— O

Oy =
my
Ma

o
Hoc— @

3
N
0

Solution to Question 2:
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The first step for the catabolism of triacylglycerol is hydrolysis.

Triacylglycerols must be hydrolyzed by lipase to their constituent fatty acids and glycerol before
further catabolism. Hydrolysis (lipolysis) occurs in adipose tissue with release of free fatty acids
into the plasma. Free fatty acids combine with albumin to reach various tissues, where they are
oxidized to obtain energy or re-esterified.

Solution to Question 3:

White adipose tissue cannot catabolize the glycerol component of triacylglycerol.

The utilization of glycerol depends upon whether the tissue has the enzyme gl}fqer-f)l kinase. It is
found in the liver, kidney, intestine, brown adipose tissue and the lactatlng mammary gland.
However, white adipose tissue lacks glycerol kinase. Oy e

Solution to Question 4: i i

Phospholipid consists of diglyceride -~ flhosphate__ﬂcl;oi'ine or etha,zlz)lamine

A phospholipid, such as lecithin of cephahn is-any lipid consisting of a diglyceride combined with
a phosphate group. A simple organic molecule such as chohne or ethanolamine is attached to the
phosphate group. A dlglycerlde is glycerel molecule \{\thh 2 fatty acids attached to it.

Phosphate

Hy;irophilic head

—— Glycerol

Saturated
fatty acid

Unsaturated
fatty acid

Hydrophobic tails

Solution to Question 5:

Ceramide is not a phospholipid.

Ceramide consists of sphingosine and a fatty acid (ceramide = sphingosine + fatty acid) . It can be
a component of a phospholipid e.g sphingomyelin, which consists of ceramide, phosphoric acid
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and choline. It is also a component of non-phosphorylated compound lipids like cerebrosides,
globosides, and gangliosides. These are fatty acids esterified with alcohol and contain other
groups.

Option A: Plasmalogens are a class of glycerophospholipids that contain vinyl-ether.

Sphingosine

|
( ]
OH O ) L r ]
Hol o

CH3—(CHy)p—CH==CH — CH— CH— N — C —R g

I

Fatty acid

Solution to Question 6: & O

Y LY
A preterm infant requiring reSuscitation at birth with cyanosis and diffuse bilateral opacities on
chest radiography is suggestive of infant respiratory distress syndrome. It is caused by a deficiency
of dipalmitoyl phosph@_t:i-aylcholine. Ty

Dipalmitoyl lecithin or dipalmitoylphosphatidylcholine (DPPC) is a major component of lung
surfactant.iIn BPPC, positigi‘n"s?t &amp; 2 on the glycerol are occupied by palmitate. Surfactant is
secreted by*the type 2 pneumocytes in the alveoli. It reduces surface tension at the air-liquid
interface of the alveolus and increases compliance.

Mature levels of surfactant are present after 35 weeks of gestation. Thus, preterm babies are at
risk of surfactant deficiency, leading to infant respiratory distress syndrome. Lung maturity of the
fetus can be assessed by determining the ratio of lecithin to sphingomyelin (L:S ratio) in the
amniotic fluid. A ratio of &gt;2 indicates maturity.

Other options -

Option 1: Phosphatidylethanolamine, also called cephalin, is found in the cell membranes of
nervous tissue, particularly in the brain.

Option 3: Diphosphatidyl glycerol, also called cardiolipin, is found in the inner membrane of
mitochondria and plays a key role in apoptosis.

Option 4: Phosphatidylinositol present in the cell membrane acts as a precursor of hormone
secondary messengers and platelet-activating factor.
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Solution to Question 7:

The location of phospholipids synthesis is the smooth endoplasmic reticulum.

Once synthesized the phospholipids are transported into the Golgi apparatus, and further across
cell membranes, to be extruded out of the cell by the process of exocytosis.

Solution to Question 8:

The common intermediate in the biosynthesis of triacylglycerols and phosphoglycerols is

phosphatidate. %

Acyl-CoA combines with glycerol-3-phosphate in two successive reactions to ﬁf)“rhbhosphatidate
or 1,2-diacylglycerol phosphate. 1,2- diacylglycerol phosp e contrlbutes 'its phospahate for the
formation of phosphatidyl inositol and becomes 1, 2- d1acylglycerol Ny

The 1,2-diacylglycerol is either converted to trlacylgycerol by d].acylglycerol acyl transferase, or
reacts with CDP-choline or CDP- ethanolamlné tb form the thsphohplds phosphatldylchohne or
phosphatidylethanolamine. _' ) P o b

(Note: Phosphoglycerol is the glycere.l*ester of phoq;phorlc acid al’ld'-lS' a component of
phospholipids). =_ I

Glycerol-3-phosphate ————3p Dihydroxyacetone phosphate

Phosphatidate Plasmalogens Platelet-activating factor
|
- l ‘l

Lo ¢ )
L _:l Diacylglycerol Cardiolipin Phosphatidylinositol

| l
Phosphatidylcholine Triacylglycerol Phosphatidylinositol

Phosphatidylethanolamine 4,5-bisphosphate

Solution to Question 9:

Phosphatidylethanolamine is the composition of the phospholipid cephalin.

Cephalin is a phospholipid composed of ethanolamine and phosphatidic acid. Thus, it is also
known as phosphatidylethanolamine. It is found in cell membranes.
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Solution to Question 10:

Phosphatidylserine plays an important role in apoptosis.

Phosphatidylserine, a phospholipid, is a component of the cell membrane. It is composed of
serine and phosphatidic acid. It plays a key role in cell cycle signaling, coagulation and apoptosis
(programmed cell death).

Solution to Question 11:

Cardiolipin is the phospholipid found only in the mitochondria. A

Cardiolipin is an important component of the inner mitochondrial membrané; It is essential for
the optimal function of numerous mitochondrial enzyme -“nvolved in mitochondrial energy
metabolism and for the maintenance of the mltochondrla membrang Structure.

Decreased cardiolipin or alteration in its metabohsm results in .mltochondrlal dysfunction. This
is seen in Barth syndrome (cardioskeletal mydp_aﬂly) which i§.characterized by an enlarged and
weakened heart (dilated cardiomyopathy);‘weakness in_muscles used for, movement (skeletal
myopathy), recurrent infections due to! small numbers,of white blopd eells (neutropenia), and
short stature. ' L )

Solution to Question 12:

p i LY
Phosphatidylinositol serves a§ a reservoir for pfostaglandin synthesis.

Phosphatidylinositol contalns stearic.aeid and arachidonic acid attached to glycerol. Therefore, it
serves as a reservair,offarachidopic'acid in membranes and hence provides the necessary
substrates for prostaglandin synthesis.

i ;
5% I_.

Solution to Question 13:

Phosphatidylinositol (PI) plays a role in signal transmission across membranes.

Membrane-bound phosphatidylinositols (PI) are phosphorylated to produce
polyphosphoinositides such as phosphatidylinositol 4,5-bisphosphate (PIP2). When
neurotransmitters, hormones, and growth factors to receptors on the cell membrane, degradation
of PIP2 by phospholipase C.

The degradation products are inositol 1,4,5-trisphosphate (IP3), which mediates the mobilization
of intracellular calcium, and diacylglycerol (DAG), which activates protein kinase C. Both of these
act synergistically to evoke specific cellular responses thus accomplishing signal transmission.
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Phospholipase C
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Solution to Question 14: sk e o
. ) e | o
Cardiolipin, a phospholipid with’ antigenic properties, is responsible for the discrepancy in results
i.e positive VDRL test with E;Q-gative FTA-ABS test. I

K .ﬁ I.h -'l. o .
A positive VDRL test with negative FTAABS test suggests a false-positive VDRL. The VDRL
antigen consists of cardiolipin-ch__oleétérol-lecitlh'.in mixtures for the detection of serum antibodies
formed against Treponema pallidum. T

The lady undergoing furth."ér"evaluation for a miscarriage probably has an anti-cardiolipin
antibody in her serum,_l_"I-"li'is antibod}Z'-Iias likely cross-reacted with the cardiolipin component of
the VDRL reagentyresulting in albiological false-positive VDRL result. However, a confirmatory
test i.e FTA-ABS test reveals that her anti-cardiolipin antibody is not from infection with
Treponenta pallidum but__(iue to some other reasons.

Solution to Question 15:

Sphingolipid is a type of non-glycerol ester saponifiable lipid.

Sphingolipids (eg: sphingomyelin) are a class of lipids containing a backbone of sphingoid bases, a
set of aliphatic amino alcohols e.g. sphingosine. They are known as non-glycerol esters.
Sphingolipids are amphipathic molecules.

Sphingolipids are found on the outer layer of the plasma membrane and in the myelin sheath
surrounding the nerves. They also play a role in cell signaling and apoptosis.

Solution to Question 16:
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Glycerol is not a component of glycosphingolipids.

Glycolipids or glycosphingolipids are complex lipids that contain the alcohol sphingosine instead

of glycerol. They also contain a fatty acid and a carbohydrate attached to sphingosine.

Glycosphingolipid = Sphingosine + fatty acid + carbohydrate

Solution to Question 17:

Sphingosine unit
[ 1
CH3(CH,);,CH=CHCH — OH

/0 Fatty acid
CH—NH—C—R | unit

CH,OH
HO B oLk
OH

OH
e
Sugar unit

.l'. LY

Cerebroside is an example;of a glycolipids
.H'h !

A glycolipid is a complex-ipid contairﬁﬁg a carbohydrate. Cerebrosides consist of sphingosine, a
fatty acid and a single sugar linked to sphingosine. Thus, they are glycolipids. Cerebrosides are
found predominantly in the brain and peripheral nervous tissue, with high concentrations in the

myelin sheath.

Solution to Question 18:

o

Formation of lung surfactant is not a function of glycosphingolipids.

Lung surfactant is composed of the glycerophospholipid known as dipalmitoyl lecithin or
dipalmitoylphosphatidylcholine.

Glycosphingolipids, like cerebrosides, are part of the outer leaflet of plasma membranes. They are
important in cell adhesion, cell recognition, and signal transduction. Some function as blood
group antigens, and as cell surface receptors for cholera (GM1 ganglioside) and tetanus toxins,
and certain viruses and microbes. They also serve as various embryonic antigens specific for
stages of fetal development. The carbohydrate portion of a glycolipid which serves as the antigenic

determinant.
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Solution to Question 19:

An infant with loss of motor skills, increased startle response to noise and seizures (neurological
involvement) and a cherry-red spot in the macula suggests Tay-Sachs disease. This disease is
caused by a deficiency of the enzyme hexosaminidase A.

Tay-Sachs disease is an autosomal recessive disorder resulting in the deficiency of hexosaminidase
A. As a result, GM2 gangliosides are not degraded and they accumulate within lysosomes.
Affected children present with loss of motor skills, increased startle response, seizures,
hyperacusis, macrocephaly, neurodegeneration, blindness and muscular weakness. Cherry-red
spots are seen in the macula of eye.

Note: The clinical features of Sandhoff's disease, due to deficiency of hexosaminidase.A and B, are
similar to Tay-Sachs. Affected children additionally have hepatosplenomegaly ‘and:cardiac
involvement.

. " -

Solution to Question 20: L - %

Progressive failure to thrive, milestone regression, hypq'té)'nia, apathy; :d-éafness,
hepatosplenomegaly, and generalized lymphadenopathy with the-cherry-red spot on fundus
examination suggests a diagnesis‘of Niemann-Pick disease typée.A.

Niemann-Pick disease is a-lysosomal storage disorder duehto an inherited deficiency of
sphingomyelinase. This results in the aceumulation.of sphingomyelin in the
monocyte-macrophage system. T}:pe A disease is,a severe infantile form. Infants present with
extensive neurologic involvement (hypotonia,amilestone regression, apathy), marked visceral
accumulations of sphingom¥elin (hepatosplénomegaly, foamy hepatocytes, zebra bodies on
EM), progressive wasti.n_gxand early dedth within the first 3 years of life.

. W | ]

In contrast, patient§swith Niemamn-Pick disease type B have organomegaly but generally no CNS

involvement. . %" g
o 9 Ty e

o [

= I..

Solution to Question 21:

Burning pain and numbness in hands, heat intolerance, decreased visual acuity with skin
angiokeratomas and a decreased renal function is suggestive of Fabry’s disease which is inherited
as an X-linked recessive disorder.

Fabry's disease is a lipid storage disorder due to a deficiency of a-galactosidase A, resulting in the
accumulation of globotriaosyl-ceramide in tissues. Young boys present with Fabry crises (burning
pain in the hands, feet and proximal extremities), angiokeratomas (reddish blue telangiectatic
skin lesions between the umbilicus and knees), corneal and lenticular opacities, renal failure and
cardiomyopathy.

Note: All sphingolipidoses are inherited in an autosomal recessive manner, except Fabry’'s disease.

244 Sold by @itachibot



Solution to Question 22:

Chronic fatigue, growth retardation, epistaxis, hepatosplenomegaly, thrombocytopenia, anemia,
Erlenmeyer flask deformity of femur with bone marrow biopsy showing cells with wrinkled tissue
paper appearance suggest Gaucher’s disease.

Gaucher's disease is a genetic disorder in which glucocerebroside accumulates in the
reticuloendothelial system due to the deficiency of the enzyme glucocerebrosidase (acid
B-glucosidase). It is the most common lysosomal storage disorder.

Affected children present with bleeding tendencies secondary to thrombocytopenia, chronic
fatigue secondary to anemia, painless hepatomegaly and splenomegaly, and bone pain. They may
have liver cirrhosis, osteoporosis and pathological fractures. Neurological symptm@ such as
developmental delay, hypertonia, strabismus, supranuclear gaze palsy are seertimtype

3 Gaucher's disease. On bone marrow biopsy, Gaucher's cells with wrinkled tissue paper
appearance are seen. Erlenmeyer flask deformity is seen ¢ny X-ray of fi\{sé/

. Ee "‘"’ } e Fl
Y - L

pre

Erlenmeyer flask deformity
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Treatment is with enzyme replacement therapy in the form of human recombinant acid
B-glucosidase (Imiglucerase), velaglucerase alfa or taliglucerase alfa.

Note: Neurological involvement is not seen in type I Gaucher's disease

Solution to Question 23:

Metachromatic leucodystrophy occurs due to the deficiency of arylsulfatase A enzyme.

Metachromatic leucodystrophy is an autosomal recessive disorder. Deficiency of arylsulfatase A
enzyme leads to accumulation of sulfated glycosphingolipids in white matter with subsequent
demyelination. Affected infants (infantile form) present with cognitive deterloratlen muscle
weakness, hypotonia, nystagmus, myoclonic seizures, optic atrophy and prog‘resswe paralysis.

- b %

Solution to Question 24: O (™

Accumulation of ceramide is seen in Farber S dlsease

Farber's disease occurs due to deﬁc‘lency of ceramlﬂase which cata-lyses the breakdown of
ceramide to fatty acid and sphigdsine. Affected:children present with painful joint swelling and
nodules, progressive joint deformlty, hoarse cry and breathlng difficulty, mental retardation and
failure to thrive. [
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Cholesterol Synthesis, Transport and Excretion

Question 1:

Where does cholesterol synthesis take place?

a) Cytosol and endoplasmic reticulum
b) Peroxisomes and mitochondria

c) Mitochondria and cytosol 5

d) Mitochondria and golgi body . ¢
Ny . -':- 3
Oy
'|: ."-\.
Question 2: A 3 ; A ™
il 2 I
What is the substrate for cholesterol synthesis? A A
T [ -
5 N .
a) 3-hydroxybutyrate g c " vy
b) Acetoacetate ) Tl O
A e e
c) Acetyl CoA y ot T
d) Acyl CoA - Py _-___-1'= v
‘_ .-\..
W g 1
O .
Question 3: & LN

Which of th&@lialvving is not a primary bile acid?
L I..
a) Cholic acid
b) Chenodeoxycholic acid

c) Glycocholic acid
d) Deoxycholic acid

Question 4:

Which is the first intermediate in the conversion of cholesterol to bile acids?

a) 7-dehydrocholesterol
b) 7-hydroxycholesterol

c) Lanosterol
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d) Ergosterol

Question 5:

A 47-year-old diabetic man comes to the OPD for a follow-up visit. In the most recent lab
report, serum LDL level is high. He is therefore started on a lipid-lowering drug that acts on
the rate-limiting step of cholesterol synthesis. Which of the following is the site of action of
this drug?

a) HMG CoA synthase @1

b) HMG CoA reductase o -"

c) Squalene epoxidase L A -

d) HMG CoA lyase o "

Question 6: , B, % ;

-.-\.. e s Ny Y
Oy W )

Which is the first hormone to be_ﬁroduced in.¢holesterol syn’éhésis?
. e 2

- E & 5

a) Cholecystokinin
b) Epinephrin Loy
c) Lanosterol

d) Secretin Y i

. o
Question 7:-:- b

What is the function of lipoprotein?

a) Transport majority of nonpolar lipids
b) Transport majority of polar lipids
c) Transport only cholesterol

d) Transport only fatty acids

Question 8:

Which of the following lipoproteins have the highest cholesterol:triglyceride ratio?

a) Chylomicron and VLDL
b) LDL and HDL
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¢) HDL and VLDL
d) IDL and HDL

Question 9:

In a patient with lipoprotein lipase deficiency, which of the following is increased following a

fatty meal?

a) Chylomicron

b) LDL n
c) HDL = o
- 2
d) Apo A : N ._"1"'
Lh_:. % N
T : h,
||: '-\1.‘ I_.|I 3 5 F
Question 10: % 2 A
| - J I.-\-\: %, 1&1&"'\-\.
Which of the following lipoproteins are the major, carriers of trideylglycerol?
8 ¥ (=N ._.l'
a) Chylomicron and VLDL~_‘_" Tl .
3 e e
b) LDL and HDL Lo e
- L -
¢) HDL and VLDL ) %
W gl
d) Chylomicron and HDL 4 " " bl
_"-—::'\':} :\_-:\.I‘
o) B
Question 11:. 3" Y
5 W k]
Ty "'\.|_

Which is the largest human plasma lipoprotein?

a) VLDL
b) LDL
c) HDL
d) Chylomicron

Question 12:

Which of the following statements about HDL is false?

a) HDL act as repository for the apo C and apo E.
b) Class B scavenger receptor B1 (SRB-1) is HDL receptor.
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c) HDL removes cholesterol from tissues.

d) HDL increases LDL oxidation.

Question 13:

An adolescent male with a history of recurrent abdominal pain and eruptive xanthoma is
suspected to have a rare genetic condition affecting lipid metabolism. On serum lipid
electrophoresis (diagram below) band 1 (origin) is found to be wider than normal. Activity of
which of the following enzymes is reduced in this patient?

".:'r
Sy
il
Origin @)
o >
e -
(3
Mobility
v e
Anode(+)
R n
A
. S Ll
a) Lipoprotein JLipaSe .
G e
b) Hormong.Sensitive Lipase

c) LCAT
d) HMG Co-A reductase

Question 14:

Which of the following contains apolipoprotein A?
a) 1,2,3
b) 1,2
€) 3,5
d) 2,4.5
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Question 15:

Which of the following has the highest electrophoretic mobility and least lipid content?

a) Chylomicrons
b) HDL

¢) LDL

d) VLDL

Question 16:

Which of the following is the main apolipoprotein presehf'ln LDL ?_4.*

a) Apo B-100
b) Apo E =
c) Apo-48 o
= —\.-_'\"'1
d) Apo A-11 M !
{ = ™
.\-__i.\- . ..'.. L
. LB
Question 17: v

"y |._"'
oy
N
0
oo ™
.
--.. A '5.
l:_ 1 ._-.-
N e o
- N = -|I-'\-"\'
,_:'-,_ T
) L
N o
L= ._l'
s
N
L ]
g

.'..'

Which of the following state‘_ments about LDL is false?

x_:ﬁ-l.

a) It delivers cholesteli__ﬁ -'to cells.
b) It contains QnI'y.'Une apoprotefh
¢) It is the,n Faarker of car@bvascular disease.

d) It contains Apo B-48.

Question 18:

Which of the following is an activator of the key enzyme required in reverse cholesterol

transport?

a) Apo B-100
b) Apo B-48
c) Apo A-IV
d) Apo A-I
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Question 19:

Which apoprotein do chylomicrons require in order to enter the lymph?

a) Apo B-48
b) Apo B-100
c) Apo C

d) Apo E

Question 20: .;.:“:_"

Where does IDL become LDL? H_:‘-.i:'

a) Blood capillaries of the liver

b) Cytosol of liver o~ L™ i "
Heart S -

c) Hear ; |,"|1"“ -___"x.l"

d) Mitochondria of liver By

Question 21: ,;_{"‘; Oy~

B
A 56-year-old man sufferingl:.f;"_z)“m uncontrolled diabetes mellitus came for a routine checkup.
His lipid profile revealed inereased ’I_‘G,Qriacylglycerol) and VLDL (very low-density
lipoprotein). What -l.s'-_,t'b ause of_x.ﬂzis- abnormal lipid profile?

kN
a) Increasei. aci.i"vity of lip(,?__prb.}ein lipase and decreased activity of hormone sensitive lipase
b) Increa;a activity of hﬁajl‘mone sensitive lipase and decreased lipoprotein lipase activity
c¢) Increase in peripheral function of LDL receptors

d) Increased in activity of hepatic lipase

Answer Key

Question No. Correct Option

a

c
d
b

Alw N |R
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Solution to Question ].,.:x‘“ e

Cholesterol synthe51s takes place in the cytosol and endoplasmic reticulum.

Cytosolic ‘a;;"étyl CoA form§ acetoacetyl -CoA, which condenses with another acetyl-CoA to form
HMG-CoA.

Cytosolic HMG-CoA, a key intermediate in cholesterol biosynthesis, is reduced in the endoplasmic
reticulum to mevalonic acid by the regulatory enzyme HMG-CoA reductase. Mevalonic acid
subsequently undergoes phosphorylation, decarboxylation , condensation and cyclicization
reactions to produce cholesterol.

Summary of cholesterol synthesis pathway:

* Synthesis of mevalonate from acetyl-CoA

» Formation of isoprenoid units from mevalonate

* Condensation of six isoprenoid units form squalene

* Cyclization of squalene to give rise to the parent steroid, lanosterol
» Formation of cholesterol from lanosterol.

All tissues containing nucleated cells are capable of cholesterol synthesis, with the majority
produced in the liver and intestine.
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Solution to Question 2:

Cholesterol is synthesized from acetyl-CoA by a long pathway that may be divided into five steps
* Synthesis of mevalonate from acetyl-CoA

» Formation of isoprenoid units from mevalonate

* Condensation of six isoprenoid units form squalene

* Cyclization of squalene to give rise to the parent steroid, lanosterol

» Formation of cholesterol from lanosterol. e

—_

All tissues containing nucleated cells are capable of cholesterol synthesis, withthe majority
produced in the liver and intestine. ) N

Solution to Question 3: i F i O

Deoxycholic acid is not a primary bilé aeid. It is a;Secondary bile acid.

The primary bile acids are cheli¢-acid and.chénodeoxycholic aéid synthesized from cholesterol in
the liver. They are next conjugated with glycine and tauginte in the liver peroxisomes to form
glycocholic, glycochenodeoxycholic, taurocholic, and, taurochenodeoxycholic acids.

The secondary bile acids are fqr_n_ied in the intestine as the primary bile acids are deconjugated
and dehydroxylated by the intestinal bacteriasto form deoxycholic and lithocholic acid.

These are absorbed in -tI_}é"'ileum and.returned to the liver by enterohepatic circulation.
. W | ]

i

W &
Solution to Question 4: ™

The first intermediate in the synthesis of bile acids is 7o-hydroxycholesterol

This reaction is catalyzed by the enzyme 7o-hydroxylase, a microsomal CYP450 enzyme, which
requires NADPH, oxygen, and vitamin C as co-factors. It is the rate-limiting step in the synthesis
of bile acids.

Regulation of bile acid synthesis occurs by feedback inhibition of 7o-hydroxylase via the
Farnesoid X receptor. When the level of bile acids in the enterohepatic circulation increases, FXR
is activated and transcription of the enzyme is suppressed.

Other options:
Option A: 7-dehydrocholesterol is an intermediate in the conversion of cholesterol to vitamin D.
Option C: Lanosterol is an intermediate in the synthesis of cholesterol.

Option D: Ergosterol is a sterol found in plants.
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Solution to Question 5:

HMG-CoA reductase is the rate-limiting enzyme of cholesterol synthesis.

HMG-CoA reductase is inhibited by the statin group of drugs (e.g. Atorvastatin, Rosuvastatin,
Pravastatin, etc.), which are widely used as lipid-lowering agents.

Regulation of HMG CoA reductase:

Glucagon and glucocorticoids repress the transcription of HMG CoA reductase via sterol
regulatory element-binding protein (SREBP).

Solution to Question 6:

-

i
-

21
Insulin Glucagon, glucocorticoid Sy
il

] @, -
Thyroid hormone Cholesterol, mevalonate ,.“,__-""

Dietary cholesterol

Statins _h.}_ %

™Y D L
Acetyl CoA

Beta hydroxy beta methyl glutaryl CoA

HMG-CoA
reductase

Insulin

@
S

Glucagon

v
Mevalonate

Cholesterol

saters Chol.?Fterol
Receptor-
mediated )]
endocytosis
LDL Cholesterol

Lanosterol is the first steroid to be synthesized in cholesterol synthesis.

* Cyclization of squalene gives rise to the parent steroid, lanosterol.

* The formation of cholesterol from lanosterol involves changes in the steroid nucleus and the side

chain.

Note: Though lanosterol is technically not a hormone, it is the best choice among the listed
options. This is a recent NEET question.
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Solution to Question 7:

Lipoproteins transport the majority of non-polar lipids to most tissues for oxidation and to
adipose tissue for storage as follows:

» From the intestines as chylomicrons, it carries exogenous triglycerides.

 From the liver as very-low-density lipoproteins (VLDL), it carries endogenous triglycerides.

Solution to Question 8:

As cholesterol is the predominant lipid in LDL and HDL, they have a higher cholesterol
triglyceride ratio.

VLDL also has a significant amount of cholesterol but i_t..pfedominantly icomprises triglycerides
(lower cholesterol: triglyceride ratio). Therefore LDL.and HDL are considered the major carriers
of cholesterol.

."'\..\- h :-

IDLs are formed by the removal of trlglycerldes from VLDL by muscle and adlpose tissue and are
hence enriched in cholesterol. LDLs are derlved from VLDL and IDL pat'tlcles and contain more
cholesterol than IDLs. e | & )

o &

Solution to Question 9: .

Y LN
After a fatty meal, chylomicrons are elevated in lipoprotein lipase deficiency.

Chylomicrons transport dietary lipids _ from the intestine to the peripheral tissues. They are
synthesized in the 1ntest1ne by assembhng apo B-48 with lipids (mainly triacylglycerols). This is
called a nascent chylomlcron, which upon receiving apo C-II and apo E from HDL is remodelled
into mature ch;domlcron it

Apo C-II actlvates hpoprotem lipase present on the endothelium. Lipoprotein lipase hydrolyzes
the triacylglycerols into fatty acids and glycerol which are either used for storage or energy.
Therefore, patients who are deficient in lipoprotein lipase or apo C-II (type I
hyperlipoproteinemia) show increased levels of chylomicrons in the plasma after a fatty meal.

Solution to Question 10:

Triacylglycerol is predominantly carried by chylomicrons and VLDL.

Solution to Question 11:

Chylomicrons are the largest among plasma lipoproteins, which are especially rich in
triacylglycerol.
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Solution to Question 12:

HDL plays no role in LDL oxidation.

A major function of HDL is to act as a repository for the apo C and apo E required in the
metabolism of chylomicrons and VLDL.

The class B scavenger receptor B1 (SRB-1) has been identified as an HDL receptor with a dual role
in HDL metabolism. SRB-1 mediates the acceptance of cholesterol effluxed from the cells by HDL,
which then transports it to the liver for excretion via the bile.

';:::_ i

e

o &
Solution to Question 13: .*-.,:v-,':' .__‘-.:':'“
) 2

The given clinical vignette with a wide band at ];];Lé;i‘igin on sg@;‘ﬁpid eletgzophoresis is

. o1 . . E . . .
suggestive of familial hyperchylomicronemia,(elevated chylomicron level od) which is
associated with a deficiency of Lipoprotei_rﬁ[ipase. Famit'ral_lg[yperchy].q-ﬁqﬁci‘onemia is also
associated with hepatosplenomegaly, pancreatitis a_r{d%ruptive/prq_'_i-ti'c xanthoma. Serum
biochemistry commonly reveals increased chylé)rﬁi_"érdn, triglycg_ljﬁe and cholesterol levels in the

blood. Py o O =2

: ot e % . :
Chylomicron has the lowelsTinoblhty on, serim lipid (?Feﬁophorems and the chylomicron band
appears at the origin location (initial;_}g'?‘cﬁtion). Ormrthe other hand, HDL has the highest
electrophoretic mobility and the :éé'a%t lipid co&ﬂé‘lt.
™,
As a general rule, lipoprot, i'ig"with highq}:-p;'btein content will move faster towards the anode and

those with fewer protei ave mini_n}_;q!lmobility.

""l. s
S

Electrophoretic mobilit | origin pre-b | broad-b | beta | alph
y eta eta a
Protein composition 2 10 20 20 30-6
(%) 0
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Electrophoresis of lipoproteins

Origin Chylomicron

: YA
VLDL (Pre B-Lipoprotein)

Mobility

!

HDL (a-Lipoprotein)
Anode(+) ,ﬁ":_"

ARROW
ARROW

oW .‘."-."i'ﬁ
Note: Even though VLDL has a lesser perce t-qé&":t()f proteins @'ﬁl respect tg'tDL, it moves ahead
of LDL closer to the anode due to the pre@c of more ﬂl.:.-glt"ﬁ'egative c}i.a,"i_‘g"é'in VLDL
Y My
Gl @ 0
| . . N o~
Solution to Question 14: '_;:' t:'-f% L

o

Apolipoprotein A is found in chylo&?}dn and HD'I;::-'E"
.E_I.P 8 F

Apo- Apo- Apo- | Apo-

HDL A C E D
""'IT"- Chylomicr | A C E B48

on

VLDL C E Bioo

IDL E Bioo

LDL Bioo

Solution to Question 15:

HDL has the highest electrophoretic mobility and the least lipid content. HDL particles are the
densest.

On electrophoresis, HDL moves farthest on the electrophoretic plate towards the anode. On the
other hand, the chylomicron does not move towards the charged end in electrophoresis, thus
having the lowest mobility. As a general rule, lipoproteins with higher protein content will move
faster towards the anode and those with fewer proteins have minimal mobility.
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The density of various lipoproteins and their electrophoretic mobility are shown in the images
below:

Electrophoresis of lipoproteins

Origin Chylomicron

: 2L
VLDL (Pre B-Lipoprotein)

Mobility

|

HDL (a-Lipoprotein)

Anode(+)

©OMARROW

|}H‘

FRYNT 2 N
«;E" S
0 il

Pt .
Solution to Question 16: ,;5?'“' tba.._::_-" o

The main apolipoprotein of LDL (B-‘lg&rotein) is,%-ﬁ_EB(TB-loo), which is found also in VLDL.
G

Apo- Apo- Apo- | Apo-
HDL A C E D
~ .

-.,::.,_ Chylomicr | A C E B48
on
VLDL C E Bioo
IDL E Bioo
LDL Bioo

Solution to Question 17:

Apo B-48 is not the ligand of LDL.

Apo B-48 is the apolipoprotein present on nascent chylomicrons. The main apolipoprotein of LDL
(B-lipoprotein) is apo B(B-100), which is found also in VLDL.

Low-density lipoproteins (LDL) deliver cholesterol to the tissues, hence it is a marker of
cardiovascular disease.
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Solution to Question 18: ""-;'_‘1':' I,
b

Apo A-I is the activator of Lecithin: cholesterol _gg‘gilransferase @R’T) the e_n_"yme present in
HDL facilitating reverse cholesterol transpoqil'i.“'- L) @ 5

Lecithin-cholesterol acyltransferase (LCA'-’.Fj is actlvated:b_s* apo A-I wh_hi'z;h then converts free

cholesterol(amphipathic) in HDL to eI;rélesterol estﬁﬁfl’lydrophoblg)f:zts a result the initial discoidal

shape now becomes spherical. -3'-,. Ca A
"y

~
This facilitates reverse chole?&‘ol transpQLi"t. l.'_"l"‘

Clinical correlation: Familial LCAT deﬁs‘lency will aﬁ to failure of reverse cholesterol transport
resulting in cholesterol deposition-in spe01flc pq.r.l-pheral tissues - the cornea, kidneys, and
erythrocytes. Major complic ::stbrﬁ include prémature atherosclerosis, renal failure, anemia and
corneal opacities. HDL chelesterol level ‘gﬂecreased
% O
o &
Solution to Q}lé‘htlon 19: 'if“
ol

Each nascent chylomicron particle has one molecule of apolipoprotein(apo) B-48 with which
chylomicrons are released from the cells into the lymphatic system and travel to the blood, where
they receive apo C-II and apo E from HDLs.

Solution to Question 20:

IDL (Intermediate-density lipoprotein) particles are rapidly taken up by the liver in circulation,
where they undergo further triglyceride hydrolysis and are converted to LDL (Low density
lipoprotein).

Solution to Question 21:
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In chronic diabetes, the values of TG and VLDL are increased due to an increase in
hormone-sensitive lipase and a decrease in lipoprotein lipase.

Insulin has an inhibitory effect on hormone-sensitive lipase (HSL). In diabetes, low insulin
corresponds to an increase in HSL activity. This promotes the breakdown of lipids and the release
of TG and free fatty acids from the adipose tissue.

Insulin induces the activity of lipoprotein lipase (LPL) which is present on the capillary walls. LPL
promotes hydrolysis of TG and the degradation of the transport proteins, VLDL, and
chylomicrons. In diabetes, low insulin leads to decreased LPL activity which corresponds to an
increase in VLDL and TG.

LIPOLYSIS 2"

TRIGLYCERIDES
IN THE ADIPOCYTE:

HORMONE

SENSITIVE
LIPASE
INSULIN ) y
(negative effect) [\

IN THE BLOOD: EPINEPHRINE FREE FATTY  GLYCEROL
GLUCOCORTICOIDS ACIDS

(positive effect)
. e

\_, PROTEIN
KINASE
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Porphyrins and bile pigments

Question 1:

What is the porphyrin present in heme?
a) Protoporphyrin
b) Uroporphyrin
c¢) Coproporphyrin 5

d) Benzoporphyrin ~ o X
I-l'-..\"' _-\.\_:.-\..
o) »
'|: 5 ."-\.
Question 2: o : ; A - 5
Which of the following is not a site for heme synthesis?- * o
iy -\.-_"'\-.|| L I:-I' | _J-:_-."-\.

a) Osteocyte . o c AT

b) Liver .___;-_' ; I._.:' : @ i

c) Erythroid cells of bone marrow " Wy

d) Mature erythrocyte e "

W -
‘.I.\_ { -. -
—\.\_\_'\':} 3 "-\._: .‘

Question 3: -._1"-' A0S

5

Which of th&;golialvﬁng TCA'Eyae intermediate is a part of heme metabolism?
o |_.

a) Alpha ketoglutarate
b) Fumarate

c) Succinyl CoA

d) Malate

Question 4:

Which step of heme synthesis requires pyridoxal phosphate?

a) Succinyl CoA to a-amino-B-ketoadipate
b) c-Amino-B-ketoadipate to ALA
c) ALA to porphobilinogen
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d) Porphobilinogen to hydroxymethylbilane

Question 5:

Which of the following is the rate-limiting enzyme in the hepatic biosynthesis of heme?

a) ALA Synthase
b) Uroporphyrinogen III synthase
c) ALA dehydratase

d) Ferrochelatase '-._ 3

Question 6: W, C

B _:".
A 44-year-old man with a past medical histery'of acute i_nte_i‘mittent porphyria is planned for
neurosurgery. Considering the risk of potential complications, the ahaesthetist decides not to
use barbiturates for induction. What'is the biochemieal basis be_h:ind the worsening of

porphyria by barbiturates? Py
N

a) Repression of ALA synth.a;'szz =Y
b) De-repression of ALA synthase ©*
c) Inhibiton of ferrochelatase™®.

T |

d) None of the above ___.__""-'

: |
Question 7:s%

A young patient came with complaints of acute abdominal pain on and off and tingling
sensation of limbs and at times weakness of limbs. She had a history of eating paint from the
wall of a newly built house. Which of the following enzyme defect will be the cause of her
condition?

a) ALA synthase

b) ALA dehydratase

c) Heme synthase

d) Coproporphyrinogen oxidase

Question 8:
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What is the by-product of the Breaction catalyzed by cytosolic hydroxymethylbilane synthase
in heme synthesis?

a) H20

b) NH3

c) CO2

d) CoA.SH

Question 9: £

Which of the following enzymes catalyzes the cyclization of hydroxymethylbilane?

=N

a) Uroporphyrinogen I synthase i _
b) Uroporphyrinogen II synthase i f_ : 4 " .;_ g
c¢) Uroporphyrinogen III synthase v - ™
d) Uroporphyrinogen decarboxylase A N ' & .
o L i "'i.
Question 10: ' ‘ y

%

Which of the following porphyriagis not inhfe_l_‘i_téd in an autosomal dominant mode?

a) Erythropoietic protoporphyria
Py 7

b) Variegate porphyrias’

c) Acute inter_r_n}tteht porphyria :

d) Heredi}a;'ry coproporphyria

Question 11:

A 50-year-old man presents with a history of fatigue, dark-coloured urine and
photosensitivity. He consumes alcohol regularly. On examination, hyperpigmentation and
scarring are present on the face and dorsum of the hand. Lab findings are given below. Which
of the following is the most likely diagnosis?

a) Acute intermittent porphyria

b) Porphyria cutanea tarda

c) Hereditary coproporphyria

d) Variegate porphyria
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Question 12:

A middle-aged female patient presented with intermittent abdominal pain, nausea, vomiting,
constipation and bilateral lower limb numbness for 3 days. On examination, she is thin and
pale. Her vitals and lab findings are given below. Which of the following is the most likely

diagnosis?
a) Hereditary coproporphyria
b) Acute intermittent porphyria

c) Porphyria cutanea tarda _
et
d) Variegate porphyria o, S
': . 2! '.-\. .
e I-._- _.- .
. y N
Question 13: i
" '.\- . & -'\-\. _:.\.
. . . . ... : H.I I p 5, r
Which of the following is not a hepatic porpliyria? _ e
a V . t h . . L - i -\.. L 1, '\-\.-
) Variegate porphyria - | L -

b) Acute intermittent porphyrias % C

c) Porphyria cutanea tarda—;~ e & :
d) Erythropoietic protoporphyria __ . . g
T .."_ _\_._- y
Question 14: %_ﬁ"_‘?' g = A

An infant presented with delayed éruption of her teeth. An image of her teeth are shown
below. She alsge has history of blisters over the face, hands and feet on exposure to sunlight
since the first week of birth.'What is the most likely diagnosis?
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a) Congenital erythropoietic porphyria

¥
b) Porphyria cutanea tarda @H ..:'-T':j -..,::."?'L
c) Erythropoietic protoporphyria ‘-..:1_,“1 !.;1,,:_[-'] 5 E::'I‘
d) Acute intermittent porppy&a_jﬂ' 1.1""'-.:"-&} _:}L-'LI
=2 {:"1 %Fa
| ¢ O
Question 15: s H.';,"'?'

) >
Which of the following ogﬁxyria is cagi&y a mutation of ALA synthase-27?
-""hl_
a) Acute intermi&ﬁl porphyria {:‘-:"t

b) Congeni‘te.l"eﬁiythropoiet@;'rphyria
c¢) X- linked protoporphyri
d) Erythropoietic protoporphyria

Question 16:

Which of the following enzyme is defective in variegate porphyria?
a) Coproporphyrinogen oxidase
b) Protoporphyrinogen oxidase
¢) Uroporphyrinogen III synthase
d) Uroporphyrinogen decarboxylase
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Question 17:

Carbon monoxide is released in which of the following reactions?

a) Conversion of biliverdin to bilirubin
b) Conversion of heme to biliverdin
c) Conversion of bilirubin to bilirubin monoglucuronide

d) Conversion of bilirubin monoglucuronide to bilirubin diglucuronide

Question 18: '-.

Which of the following is the site of bilirubin conjugat_ialifmﬁthin the._céll.I‘?'

a) Cytoplasm N

"y L% .

P f =
b) Endoplasmic reticulum - ': L X ;
c¢) Mitochondria = Bk s

e £l =y
d) Golgi apparatus y L4 e
--'h. ; h-- - .:-‘-. - —
- -I - .l I.h L - - L’
Question 19: k '~_"'
N &

Which of the following is the -1::%'11?e-.1imitingt s_t'é.f)'for hepatic bilirubin metabolism?

a) Transport of bilirubIlnH'With albumin ™
b) Uptake of bilifabin by liver, ™ o

¢) Conjugafion of bilirubir{-ﬂ

d) Secretion of conjugated bilirubin into the bile

Question 20:
In a patient with jaundice which of the following tests can be used to determine serum
bilirubin?

a) Ehrlich's test

b) Van den Bergh test
c) Hay's test

d) Benedict's test
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Question 21:

A 65 year old man was admitted with generalised weakness, easy fatigability, itching and
jaundice since 1 month. On examination, he was emaciated and had scratch marks all over
the body. A mass was palpable in the upper abdomen. Which of the following can be seen on
Van den Bergh reaction?

a) Direct positive
b) Indirect positive
c) Biphasic reaction

d) Negative ™y

Question 22: el -
o i y it

An adult male patient presents with yellow;discolouration‘ef the sclera,There was a history of
recurrent mild jaundice since childhood. His lab values‘are mentioned below. A liver biopsy
was performed which revealed normal liver architecture with cgarse granular black
pigmentation. The mutation of which protein.js:involved in‘the following condition?

a) OATP1B1 : 05

b) BSEP

c) MRP-3 K o

d) MRP-2 o .\

Question 23* o

A young adult presents with yellowish discolouration of the skin and sclerae for the last 3
days. He is otherwise asymptomatic. He had a viral fever one week ago which has now
resolved. Investigations reveal unconjugated hyperbilirubinemia. Which of the following is
true regarding this patient's condition?

a) BSEP protein is mutated

b) Active transport of bilirubin is impaired due to MRP-2 mutation

¢) Promoter defect of UGT1A1 enzyme is the most common cause

d) Missense mutation of transferase enzyme is the most common cause

Question 24:

268 Sold by @itachibot



Which of the following is false regarding jaundice?

a) Urine bilirubin is absent in hemolytic jaundice
b) Urine urobilinogen is increased in obstructive jaundice
c) Criggler-Najjar syndrome presents with unconjugated hyperbilirubinemia

d) Hepatocellular jaundice can have normal or decreased urine urobilinogen

Answer Key {:{j“}' |

1 a

2 >
3 c
4 a
5 a
6 b
7 b
8 b
9 c
10 a
i 11 b
. -'5.'_" 12 b
H:"' 13 d
14 a
15 c
16 b
17 b
18 b
19 d
20 b
21 a
22 d
23 c
24 b
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Detailed Explanations

Solution to Question 1:

The porphyrin present in heme is protoporphyrin.

Heme is ferroprotoporphyrin. Iron is present in the ferrous (Fe2+) state in heme. Porphyrins are
cyclic coloured compounds formed by the linkage of four pyrrole rings through methyne or
methenyl (=CH-) bridges. There are three types of porphyrins:

* Uroporphyrin (most water-soluble).

* Coproporphyrin (intermediate). o1
* Protoporphyrin (least water-soluble). .--u"'- 7
':"- - '.-\.
Ny ] -'.. -
Oy
: . L 5
Solution to Question 2: ot i, Y
L £ hr

Mature erythrocyte is not a site for heme blosynthe51s o5 )

Approximately 85% of heme synthe_:s.l_s-occurs in erQr’rhrmd precur.s_gr eells in the bone marrow and
the majority of the remainder in‘hepatocytes. Heme biosynthesis occurs both in mitochondria and
cytoplasm. It is initiated by the -condensatLQn of succmyl—GoA and glycine in a reaction catalyzed
by mitochondrial ALA synthase. This initial teaction, and the last three steps in the formation of
heme occur in mitochondria, whereas ‘the 1ntermed1a’te steps of the biosynthetic pathway occur in

the cytosol. =" i
. g 8
Mitochondria Cytosol
= i B S-Aminolevulinic acid
=1 f.-’ .’_.f Gilyeine PLP L (ALY
L™ pully - ————— - O-ALA 2 ALA-dehydratase
| | succinw-coa ALA,
: Porphobilinogen (PBG)
\ . Feadback
| ' i inhibition F A Urof V=1
I Heme 4 NHg
Fa. s
il N Hydrosymethyit
~ Ferrochelatase vdroxymethy|
y ‘[\H Fas (linear tetrapyrral)
F
{

otoporphyrin- <X

nogaen-ill Uroporphyrinogen-

Solution to Question 3:

Succinyl Co-A, an essential part for heme biosynthesis, is an intermediate of the TCA cycle.
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The synthesis of heme begins by condensation of succinyl Co-A and glycine to form
o-amino-B-ketoadipate, which is then converted to d-aminolevulinate. These steps are mediated
by the enzyme ALA synthase in the mitochrondria.

Various steps involved in the synthesis of heme is illustrated in the image given below:

Mitochondria Cytosol

V. B - S-Aminolevulinic acid

& e rE ¢ (ALY
( g S-ALA 2x ALA-dehydratase
| [ Succinyl-CoA ALA,

L, synthase

L . Porphobilinocgen (PBG)

Feedback
N o]

7 inhibition c ax /] Uropo ' ¥
.I { e 4 NHg a n -
) H -.|-- nethylbilane .51. A

Fi B
A I,n’/ Protoporphyrin-1x
I ’
[
I| Ill
\\\ II.. '
b l\/'(

%

k. |
. "N
N W £ "
" 5 b - ey
= F
by | o
.\-_i.\- L
e -
l'.l-- 5 l-.l
Solution to Question 4: Ty
- | =
s 1 l'.

Conversion of succinyl Co;i_x.té"_&—ﬁamino—ﬁ—ka‘t&zfdipate requires pyridoxal phosphate.

Y
The first step of heme syﬁihesis is the-¢onversion of succinyl CoA to o-amino-p-ketoadipate. This
reaction is dependel;_ltﬂtar'l pyridog(a;]_ phosphate. a-amino-§-ketoadipate is rapidly decarboxylated to
produce § -aminolevulinate. It.is‘eatalyzed by mitochondrial ALA synthase.

i = A oy, N
Succinyl-€oA + glycine °, Ex-amino-B-ketoadipate + CoA-SH ° &-aminolevulinate + CO2

Various steps involved in the synthesis of heme is illustrated in the image given below:
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Mitochondria
C
=
3, C
Glycine PLP
ir — e a-ALA
Succinyl-CoA ALA
synthase
=
— Feedback
inhibition (
Heme ;

> Ferrochelatase

Protoporphyrin-1x

Protoporphyrinogen
oxidasea

Protoporphyrinogen-D<

==>

o

Solution to Question 5: ) —
e

Coproporphyrinogen =TI
oxidase
- / &Courouuruhyrinoﬁum-lkl >

Cytosol

S-Aminolevulinic acid
(LAY
2x ALA-dehydratase

Porphobilinogen (PBG)

A Uroporphyrinogen-1
synthase
4 MNHg
Hydroxymethylbilane
{linear tetrapyrrol)

Uroporphyrinogen-ill | Uroporphyrinogen-1

K.‘ hyrinogen &:.- 1
. boxylase
By oy ™
cO., 31
l:.-\.-"-..

Coproporphyrinogen-iil

(O &

The rate-limiting enzyme in t}nz;ﬂ'epatic biosyQ:thesis of hema_i_.};qﬁitochondrial ALA synthase.
; .

ALA synthase (ALAS) is a&ﬁ't;'%hondri%} E;Zkyine catalyq_i't}ghe conversion of succinyl CoA and
glycine to ALA. There are two isozymes.of ALA syqth-];;_a:'se. ALAS-1 is expressed throughout the
body. It is induced by drugs who e-ﬁﬁ'étabolisnll,fgq ires cytochromes (hemoprotein). Heme,
probably acting through an aporepressor molecule, acts as a negative regulator of the synthesis of
ALAS-11i.e. ALAS-1 synthe.l;é'é—decreases inthe presence of heme.

ALAS-2 is expressed ﬂ-.:t e erythroﬁrecursor cells. It is neither induced by drugs nor is its
feedback regulat heme. {_'_"-..-"

G

Mitochondria Cytosol
[
— < &-Aminolevulinic acid
Glycine PLP ( (ALA)
- — s a&-ALA 4 : s
2 AlLA-det dratase
Succinyl-CoA ALA o it b
synthass
== Parphobilinogen (PBG)
— Feedback
inhibition C ax /| Uroparphyrinogen-i
- synthase
Heme 4 MNHg

> Ferrochelatase

Protoporphyrin-1x

Protoporphyrinogen
oxidasea

Protoporphyrinogen-D<

==>

o
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Coproporphyrinogen =TI
oxidase
- / aCourouuruhyrinoﬁum-lkl >

Hydroxymethylbilane
{linear tetrapyrrol)

Spontanecus

Uroporphyrinogen-ill | Uroporphyrinogen-1

Uroporphyrinogen
decarboxylase
CO.

Coproporphyrinogen-iil
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Solution to Question 6:

The biochemical basis of worsening of porphyria by barbiturates is due to de-repression of ALA
synthase. De-repression is the removal of repression of an enzyme, or the induction of a blocked
enzyme.

Barbiturates are metabolized by microsomal CYP450, a heme-protein oxidase system found in the
liver. In patients with porphyria, barbiturates precipitate an attack of porphyria by the following
mechanism:

Barbiturates increase the synthesis of CYP450

) o

Enhanced consumption of heme

!

Decrease in hema concentration in the liver

v X

De-repression or induction of ALAS-1

v

Increased synthesis of heme precursors

v

Precipitation of porphyria

Solution to Question 73"~ ';

A child with acyte ébdomin_quai.rl, tingling sensation and weakness of limbs with history of eating
paint likely has lead poisp{ring. It is characterized by impaired ALA dehydratase enzyme activity.

Lead is a potent inhibitor of both ALA dehydratase and ferrochelatase/ heme synthase (option C).
However, it has the greatest inhibitory action on ALA dehydratase. Lead poisonining thus leads to
the buildup of protoporphyrin and ALA. Lead also substitutes for calcium in many fundamental
cellular processes. It can cross red blood cell membranes as well as the blood-brain barrier and
enter the neuroglial cells which support brain function. The fatal dose of lead is 20g of lead
acetate and the fatal period is 1 to 2 days.
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Glycine + Succinyl CoA

ALA Synthase ———

v

ALA
ALA Dehydratase —»{ (= Lead ‘

v
Accumulate
in urine

v |
Protoporphyrin X

Porphobilinogen

Ferrochelatase ——— = (=) Lead |L.." 1
- - '__l
o
Heme l'.
l...‘-\'\.\_-h- 3 ."-\.-
it AN .
Other options: s < ! %

|-
Option A: ALA synthase 2 defect causes X .'[mked protql?é“ltphyrla 1.'- '“'

Option C: Heme synthase, or ferro‘cqul’ﬂtase defe,@t._é‘aﬂses erythrup"oeltlc protoporphyria.
A, !
Option D: Coproporphyrinogen.oxidase dqlf'_egt“causes herei_c_lmlta:ry corproporphyria.
L ¥ . L

Solution to Question 8: ;n; i
The by-product of the ;xeg_i'atlon catalyzg!_li_ by cytosohc hydroxymethylbilane (HMB) synthase in
heme synthesis is ax}gi’iqpma (NHQ

HMB synthase iis also known as porphoblllnogen deaminase or uroporphyrinogen 1 synthase. It
catalyses t]jr___e condensath__n'-.of 4 molecules of porphobilinogen to release hydroxymethylbilane and
4 molecules of NH3. ‘

4 Porphobilinogen + H20 ------- &gt; Hydroxymethylbilane + 4 NH3
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Solution to Question 9:

rochelatase

inhibition

Heme

]\“_ —

FProtoporphyrin-i<

Protoporphyrinogen

4

Coproporphyrinogen
oxidase

. &

HMB is cyclised to uropo

is the first porphyrin precursor in h

Note: HMB can also cyclize s
circumstances, the porphyrl,.tL

%

Protoporphyrinogen-1x

Coproporphyrinogen-iil

Mitochondria
p '-\\3
Glycine PLP €
ir e A-ALA
Succinyl-CoA ALA
synthase
. Feedback

e
Mitochondria
ol
"
""'I:"' . . .\“3
Glycine PLP €
- —_— s &-ALA
Succinyl-CoA ALA
synthase
—

rochelatase

Feedback
inhibition

Heme

]\“_ —

FProtoporphyrin-i<

Protoporphyrinogen

4

Coproporphyrinogen
oxidase

&

Solution to Question 10:

Erythropoietic protoporphyria is not transmitted in an autosomal dominant manner..

Protoporphyrinogen-1x

Coproporphyrinogen-iil

275

Cytosol

S-Aminolevulinic acid
(LAY
2x ALA-dehydratase

Paorphobilinogen (PBG)

A Uroporphyrinogen-1
synthase
a4 MHg
Hydroxymethylbilane
(linear tetrapyrrol)

Ure |))rlvr ogen-l

il Spontanscus

Uropoarphyrinogen-ll Uroporphyrinagen-1

O o

Cytosol

S-Aminolevulinic acid
(ALY
2x ALA-dahydratase

Paorphobilinogen (PBG)

A Uroporphyrinogen-1
synthase
a4 MHg
Hydroxymethylbilane
(linear tetrapyrrol)

Uroparphyrinogen-1il

surthass Spontanecus

Uropoarphyrinogen-ll Uroporphyrinagen-1

nyrinogen

Uirc =1 Inoge
o boxylase
cO,

Coproporphyrinagen-1il

__1
Cyclization of hydroxymethylbﬂfﬂ’t:? HMB) is Gaﬁﬂfyzed by urnéarphyrlnogen III synthase

nogen Iw‘hm}uroporphyqn%en III synthase. Uroporphyrinogen II1
ynthesis -\-h'_"?.

n;bq‘_"bously to fﬁm uroporphyrinogen I. But under normal
en formed 1g'_'predom1nantly uroporphyrinogen III.
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Erythryopoietic protoporphyria is an autosomal recessive disease caused by a defect in the enzyme
ferrochelatase (FECH). It is the most common porphyria in children, who present with
non-blistering photosensitivity. An increase in the ratio of free protoporphyrin to zinc bound
porphyrin in erythrocytes is the hallmark of this disease. The diagnosis is made by FECH
mutation analysis.

Note: Most porphyrias are autosomal dominant except:

» ALA dehydratase deficiency porphyria - autosomal recessive
 Congenital erythropoietic porphyria - autosomal recessive

* Erythropoietic protoporphyria - autosomal recessive

* X-linked protoporphyria Pl

Solution to Question 11: o

A middle-aged adult presenting with features bf‘ﬁgmolysis and photosensitiv{ty with elevated
urine uroporphyrin suggests a diagnosis ofiporphyria cutanea tarda. ~.*

Porphyria cutanea tarda (PCT) is the-.most common porphyria. It-i8 caused by the deficiency of
uroporphyrinogen decarboxylasexwhich converts uroporphyrlnogen III to coproporphyrinogen
III. It is characterized by photdsensmty, whi¢h manifests as blistering skin lesions on the back of
the hands with crusting and’scarring. It is'associated with hemochromatosis and patients may
develop chronic liver disease. There is increased eéx¢rétion of uroporphyrin in the urine.

! LN

Solution to Question 12;™ -

An adult female'with intern_lit_thit abdominal pain, nausea, vomiting, constipation, bilateral lower
limb numbmness ‘with elevated urine ALA and porphobilinogen is most likely to have acute
intermittent porphyria (AIP).

ATP is a type of hepatic porphyria characterized by neurovisceral symptoms. AIP is caused by a
defect in hydroxymethylbilane synthase, which converts prophobilinogen to hydroxymethylbilane.
Patients present with abdominal pain, tachycardia, hypertension and peripheral neuropathy.
There is increased plasma and urinary ALA and prophobilinogen. Darkening of urine on exposure
to air also occurs.

Other options:

Options A and D: Hereditary coproporphyria and variegate porphyria present with both
photosensitivity and neurovisceral symptoms. The porphyrin intermediates appearing in urine
help differentiate the two diseases.

Option C: Porphyria cutanea tarda presents with blistering photosensitivity with vesicles and
bullae formation.
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Solution to Question 13:

Erythropoietic protoporphyria is not a type of hepatic porphyria.

Porphyrias are classified into erythropoietic and hepatic porphyrias, based on the location of
accumulation of heme pathway intermediates:

* Erythropoietic porphyrias:

* The overproduction of heme pathway intermediates occurs primarily in bone marrow erythroid
cells.

* They are characterized by cutaneous symptoms and appear in early childhood.

» Examples: Congenital erythropoietic porphyria, erythropoietic protoporphyrla X, -linked
protoporphyria =

w IH. r oy

* The overproduction of heme pathway intermediates ‘Qecurs prlmarﬂy in the liver.

 Hepatic porphyrias:

* Acute hepatic porphyrias are characterised b_y neurologic symptoms and present acutely.
Examples: Acute intermittent porphyria, heredl-tary coproporprhyrla Varlegate porphyria, ALA
dehydratase deficient porphyria

* Chronic hepatic porphyrias presenf‘ln adulthood w1th photosens-l.tmty Example: Porphyria
cutanea tarda { .

™

Solution to Question 14: ) N\

An infant with delayed erq‘-pffon and r_eddish discoloration of teeth, and blisters over sun-exposed
areas suggests a diagn(__?sfs of congenital'erythropoietic porphyria.

Congenital erythfepoietic porphyria, also is known as Gunther's disease, is an autosomal recessive
porphyria. Theére is uroporphyrinogen III synthase deficiency, leading to uroporphyrin I and
coproporphyrin I accumulation in teeth, bone marrow, erythrocyte, plasma urine and feces.

Infants present with port wine urine or pink stained diapers, severe cutaenous hypersensitivity,
and reddish-brown teeth known as erythrodontia. When illuminated with UV light, the teeth show
reddish fluorescence. It may cause non-immune hydrops in utero or shortly after birth in severe
cases.

Solution to Question 15:

X-linked protoporphyria is caused by a mutation of ALA synthase-2.

X-linked Protoporphyria is caused by a gain-of-function mutation, leading to the increased activity
of ALA synthase-2. This results in increased ALA synthesis. Due to the saturation of iron,
protoporphyrins are not converted to heme and thus protoporphyrins accumulate.

ALA synthase-2 mutation is also seen in X-linked sideroblastic anemia. However, this is not a
porphyria. X-linked sideroblastic anemia is due to loss-of-function mutation, leading to decreased
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activity of ALA synthase-2 and decreased protoporphyrin synthesis.

Solution to Question 16:

Protoporphyrinogen oxidase enzyme is defective in variegate porphyria.

Variegate porphyria is an autosominal dominant porphyria. Protoporphyrinogen IX accumulates
in the urine. Patients present with acute attacks of abdominal pain and peripheral neuropathy.
Cutaneous photosensitivity is also seen.

Solution to Question 17: - )

e, -y
=

The conversion of heme to biliverdin produces carbeiimonoxide.

Heme oxygenase catabolises heme to biliverdin: Carbon mon0x1d'e and ferrlcﬁron are released in
the process. This is the only source of endogenous carbon monox1de in the body. Biliverdin
reductase further converts biliverdin to bilirubin in an NADPH dependent reaction. Iron

produced from this reaction is stored a8 ferritin. ¢, --_'.

The process of heme catabolism oecurs in the mlcrosomal fraetlon (endoplasmic reticulum) of
reticuloendothelial cells. - . A

Note: 1 g of hemoglobin produces 3% m-g of blhrubm About 250-350 mg bilirubin is produced
daily in the adults. %

Solution to Question 18:

The endoplasmic reticulum is the site for the conjugation of bilirubin.
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Hepatocytes convert bilirubin to a polar form by a process called conjugation. UDP-glucuronic
acid acts as a glucuronyl donor in this reaction. It initially produces bilirubin monoglucuronide.
This is subsequently converted to bilirubin diglucuronide which is excreted in bile. Conjugation is
catalysed by the enzyme glucuronyl transferase, which is present in the endoplasmic reticulum.

Blood

Hepatocyte Criglor-MNajjoar,

N ————— myndrome | and 1l 'I >
= Gilbert syndrome. L,
o |
o

L

Bubin-Johnaon
myrclrome

J \ i

Intoestinoe

e ™ .y
% ) %
e = e
e ot ~ <
.\-__i.\- . I_'... -l. L
Solution to Question 19: y Wy

- L -
= .
The secretion of conjugated bi_l"rrth)in into the_:-hll"le is the rate-limiting step for hepatic bilirubin
metabolism. H.l:_ LY e
The secretion of conj F'a-f'éd bilirubin‘_‘ﬁﬂo the bile occurs by an active transport mechanism, which

involves multidrug.iesistance—gss?bcihted protein 2 (MRP-2), also called multispecific organic
anion trangporter (MOAT). It.ds located in the plasma membrane of the bile canaliculi.
w5 L

My

Boed Bitirutin | } AlBLmin ]

- Rotor syndrome

H-%}—-—

Hepatocyte Criglor-MNajjoar,

N ————— myndrome | and 1l
Gilbert syndroma.

Bubin-Johnaon
myrclrome

J \ i

Intoestinoe
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Solution to Question 20:

Van den Bergh test can be used to determine the serum bilirubin level in a patient with jaundice.

Van den Bergh reaction is a colorimetric method to measure serum bilirubin. It is based on the
formation of red-purple azodipyrroles when diazotized sulfanilic acid reacts with bilirubin.

Option A: Ehrlich's test is used to determine urinary and fecal urobilinogen.
Option C: Hay's test is used for bile salts in the urine.

Option D: Benedict's test is used to detect the presence of reducing sugars. . PR

d
Normal serum No reaction Negative
HighconjugatedbilirubinEg: Reacts in the absence of met | Directpositive
Obstructive jaundice hanol
HighunconjugatedbilirubinE | Reacts in the presence of met | Indirectpositiv
g: Hemolytic anemia hanol e
Highconjugatedandunconjug | Reacts strongly both with an | Biphasicreacti
atedbilirubinEg: Hepatic jaun | d without methanol on
dice

o i
2~ O
) @
S o
: : i oW
Solution to Question 21'.,_} |
O BN

Generalised weakness, easy fati@b}l'i-’cy, itching and jaundice with a palpable upper abdominal
mass is suggestive of pancr ie malignancy leading to obstructive jaundice. This gives a direct
positive résult on Van degll. ergh reaction.

In obstructive jaundice, obstruction of the biliary tree causes regurgitation of conjugated bilirubin
into the blood. Patients present with itching, jaundice and pale coloured stools.

Van den Bergh reaction is a colorimetric method to measure the serum bilirubin level. It is based
on the formation of red azodipyrroles when diazotized sulfanilic acid reacts with bilirubin.

Normal serum No reaction Negative
Highconjugatedbilirubineg:O | Reacts in the absence of met | Directpositive
bstructive jaundice hanol

Highunconjugatedbilirubineg: | Reacts in the presence of met | Indirectpositiv
Hemolytic anemia hanol e
Highconjugatedandunconjug | Reacts strongly both with an | Biphasicreacti
atedbilirubineg: Hepatic jaun | d without methanol on

dice
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Solution to Question 22:

Yellow discolouration of the sclera with coarse granular black pigmentation of the liver is
suggestive of Dubin—Johnson syndrome, characterized by a mutation in the MRP-2 protein.

Dubin—Johnson syndrome is an autosomal recessive disorder with predominantly conjugated
hyperbilirubinemia. It is due to a defect in the active transport of bilirubin across the canalicular
membrane, due to a mutation in the MRP-2 protein. It is also known as black liver jaundice due to
the accumulation of a dark pigment, derived from epinephrine metabolites, in the lysosomes of
centrilobular hepatocytes. Bromosulpthalein test on plasma shows 2 peaks.

Option A: OATP1B1 and OATP1B3 are mutated in Rotor syndrome. It is due to defective bilirubin
excretion and causes conjugated hyperbilirubinemia. r i

ol T =

1
Option B: BSEP protein is mutated in progressive famlhal 1ntrahepat1c cholestasis (PFIC type-2)
and benign recurrent intrahepatic cholestasis (BRIC 2) ) y

LT 5
3 L

Option C: MRP-3 is mutated in PFIC type-3, . o [

Blood

Rotor syndrome

Hepatocyte Criglor-MNajjoar,

syndrome | and 11
Gilbert syndrome.

EBile
coanalicull

Intestino

Solution to Question 23:

A young adult with a short history of jaundice following a period of stress (viral fever) with
unconjugated hyperbilirubinemia likely has Gilbert syndrome. Gilbert syndrome most commonly
occurs due to promoter defect of the UGT1A1 enzyme.

Gilbert syndrome is caused by a defect in the promoter region of the gene coding for the
UDP-glucuronosyl transferase (UGT1A1) enzyme. This results in a variable rate of transcription of
the normal enzyme. UGT1A1 activity is reduced to 10-33% of normal. It presents with periods of
mild unconjugated hyperbilirubinemia with other liver function tests being normal. The disorder
is precipitated by stress, alcohol and reduced caloric intake.
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Liver histology shows increased lipofuscin pigment. It responds well to phenobarbitone. Gilbert's
syndrome doesn't require treatment. The bilirubin levels may fluctuate over time, and patients
may occasionally have jaundice, which usually resolves on its own with no ill effects.

Blood - ]
Bitirubin | nin

Hepatocyte Criglor-MNajjoar,

Y = ayndrome | and i
= Gilbert syndroma.

i

EBile
coanalicull

W
&
o,

- &

Solution to Question 24:

Urine urobilinogen is not increased-in obstructive jaundice.

Obstructive jaundice has the following featres:

* Absent urinary urobi]ipb“gen: In complete obstruction of the biliary tree, conjugated bilirubin
cannot enter the intestine. Thus it-is'ot metabolized by the intestinal flora and urobilinogen is
not formed. b

S

* Increased ‘serum direct Jsélirubin: Due to obstruction in the biliary tree, the bilirubin conjugates
diffuse into the blood causing conjugated hyperbilirubinemia.

* Increased urine bilirubin: Conjugated bilirubin is water-soluble and thus appears in the urine in
excess amounts.

Option A: Urine bilirubin is absent in hemolytic jaundice because unconjugated bilirubin is not
water-soluble.

Option C: Criggler-Najjar syndrome, due to absent UGT1A1 activity, presents with raised
unconjugated bilirubin.

Option D: Hepatocellular jaundice can have decreased urine urobilinogen if micro-obstruction
occurs due to swollen, damaged hepatocytes.
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Enzymes - Mechanism of Action & Clinical
Importance

Question 1:

Which of the following is false regarding the properties of enzymes?

a) Enzymes are stereospecific catalysts

b) Enzymes are neither consumed nor permanently altered in a reaction 5 -?
c) Most of them are proteins E o
d) They are heat-stable o y 'k
.. -.Hq- | 3 -q. ﬁl-
Question 2: hy

k!

L | gl 2 .
Which of the following is not a mechahism of enZymes to enharnée rate of reaction?

a) Catalysis by proximity (. h

T

b) Acid-Base catalysis y St T
c) Catalysis by strain T "

d) Catalysis by increasin&tﬁe activation energy

P, w ol
b 1 "
L !

Question 3: 'y PN
|_:| 3 |_.
Which of the following is the prosthetic group present in the enzyme dinitrogenase ?

a) Molybdenum
b) Zinc
¢) Manganese

d) Copper

Question 4.

Which of the following is not a copper-containing enzyme?

a) Mitochondrial superoxide dismutase

b) Cytosolic superoxide dismutase
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c) Tyrosinase

d) Lysyl oxidase

Question 5:

Which of the following is not a coenzyme?

a) Lipoic acid

b) ATP
k
¢) Vitamin K o,
L
d) S-adenosyl methionine =8 @
0
: II.\. ] x .'\.\_
: . el LR ™,
Question 6: L, 0 %
whl Lo il %
ot ., N
Which of the following is false? | ¢ . N
ey .4 S

a) Cofactors have functions smqll'ér to those of,_prosthetlc grouﬂs
b) Cofactors bind in a trans&ent dlssomabl,g manner to .gnzymes
¢) The most common cofactors are rgé’taﬂ ions. ™ _~"

d) Enzymes that use metal iog_—as"a cofactor ax};'"termed as metalloenzymes.

d o
W 5"

v
o

Question 7:

-\."'\_

Which of thé‘{bllomng enzygne is not involved in oxidation-reduction reactions?

a) Dehydrogenase
b) Hydrolase
c) Peroxidase

d) Oxygenase

Question 8:

Which of the following is not a mono-oxygenase?

a) Tryptophan pyrrolase
b) Tryptophan hydroxylase
c) Tyrosine hydroxylase
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d) Cytochrome p450

Question 9:

Which of the following is false about the function of oxygenases?

a) Can incorporate 2 atoms of oxygen in a substance

b) Can incorporate 1 atom of oxygen in a substance

c) Important in hydroxylation of steroids

d) Catalyze carboxylation of drugs b

Question 10: o

Which of the following is a lyase? e - . &

a) Aldolase B o N N !
b) Acetyl-CoA Carboxylase = ™ o e
c) Fatty Acyl- CoA Dehydrogje-n'ase \ % i

d) Acetyl-CoA Synthetase A W™

Question 11: O

oy, gl { % - .
The group of enzymes that catalyze the joining together of two molecules is called
i ™ oy

u
a) Transferases )
b) Ligases

c) Oxidoreductases

d) Lyases

Question 12:

Which of the following is not a non functional enzyme?

a) Lipoprotein lipase
b) Alkaline phosphatase
c) Lactate Dehydrogenase

d) Gamma glutamyltranspeptidase
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Question 13:

All of the following is true about isoenzymes except

a) They catalyze the same reaction.
b) They have the same number of charged amino acids.
c) They can be separated by electrophoresis.

d) They differ in tissue localization.

Question 14: .:‘ . -
A 20-year old woman presented with generalisediv \;\'/eakness andli?g,htheadedness for 2 weeks.
Her peripheral smear showed RBC fragments ana blood 1nVest1gat10ns were notable for
decreased haemoglobin, increased 1nd1rect._b111rub1n and*LDH. Whlch of the following
isoenzymes of LDH is likely to be ralsedl? J

5% o s
a) LDH 3 = iy -
e Ve o o e
b) LDH 4 g P
c) LDH-5 5" :
d) LDH-2 o
.H.\.:.. P : |
o |
'._\.- B
Question 15: ¢
ot B .\_ 5
. ".

A 54-year-old'man who is a'’known case of diabetes mellitus and hypertension experiences
severe, sudden-onset chest pain radiating to the left arm and profuse sweating. He was
admitted to the emergency ward. An ECG is taken which is as shown below. Which of the
following is true regarding blood lactate dehydrogenase levels in this scenario?
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|.\. ."'\.
A ! 5
a) LDH 1 &gt; LDH 2 ®D o (e
b) LDH2 &gt; LDH1 (28 A oo
L = - i il
c) LDH 2 &gt; LDH 3 Yeh 4! N
d) LDH 3 &gt; LDH 2 A, o a
= .-I— s I-H- .G L
.1 N -.I
Question 16: o e
o

A 40-year-old man was admrtted with complalnts of fever, anorexia, vomiting, abdominal
pain and dark urine sinte' 6 days. Oninvestigation, he had elevated liver enzymes and
serology was positive for IgM hep‘atltls A antibodies. Which of the following liver enzymes is

most specifiq;for"ﬁis condition?”
B |
a) Alkaline phosphatase (ALP)

b) Aspartate aminotransferase (AST)
c) Alanine aminotransferase (ALT)

d) Gamma glutamyl transferase (GGT)

Question 17:

Which of the following is not a serine protease?

a) Chymotrypsinogen
b) Plasmin

c) Prostate specific antigen

287 Sold by @itachibot



d) Elastase

Question 18:

Elastase acts on the carboxy-terminal of which amino acid?

a) Arginine
b) Alanine
c¢) Tryptophan
d) Phenylalanine i_t.:—_l';:.:
ll_.-
L »
Question 19: -.,,:{'n vy
C Q
> 3 Oy
Which of the following enzyme does not pq@i?i-pate in a pi-g'g'-pong rea.g_ﬁ'.on?
et e i
a) Serine proteases _-1':_1,_1.". 5..;5':1'1 ; E.:::"‘H
b) Aminotransferases ,.{_f"-. ’ .1_-"—1. ;__I'-f'
. o
c) Pyruvate carboxylase '—::' o h:'n z ,:_1-??"'
d) Aldolase " ."_’:""F ""i,_""-'E
X o
O o
¥ w
ﬁ{ b
¥ &
__iﬂ*:’ ﬁ‘:“ Answer Key
W X
h Question No. Correct Option
1 d
2 d
3 a
4 a
5 d
6 d
7 b
8 a
9 d
10 a
11 b
12 a
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13 b
14 d
15 a
16 c
17 a
18 b
19 d
L1 "'.\-
- - L = |
Detailed Explanations N
':"- -\._'-\..-
Solution to Question 1: b
'|: ."-\.
Enzymes are not heat-stable. oy ) N it
i i " |

Most enzymes are proteins and are thus susceptlble to heat.-Many enzymes also have temperature
ranges at which they are most active, and'they get deactlvated at temperatures higher than the
aforementioned range. W 5 -..

Coenzymes are heat-stable. En.Zymes are stereospecific catalysts. They are neither consumed nor
permanently altered in a reaction. Most of them are proteins except ribozymes. A ribozyme is
RNA with catalytic activity. Some examaples of ribozymes are:

* Sn Rna in the spliceosome. _ 73 &
L | . -_"\-1
* Ribonuclease P { )
b % _
« Peptidyl transferased ™™ e
% , - e

* RNAse P e R

i '-.\-]_. =, Nt

o, k
Ny b |..

Solution to Question 2:
Enzymes do not catalyze a reaction by increasing the activation energy, rather they do it by
decreasing the activation energy.

Specific acid or base catalysis, catalysis by proximity, catalysis by strain all constitute mechanisms
of enzyme to enhance the rate of reaction.

Enzymes use combinations of four general mechanisms to achieve enhancements of the rates of
chemical reactions:

* Covalent catalysis

» Specific acid or base catalysis
* Catalysis by proximity

» Catalysis by strain
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Solution to Question 3:

The prosthetic group present in dinitrogenase is Molybdenum.

Prosthetic groups are non-protein part of a holoenzyme which are tightly and irreversibly bound
to the protein part by covalent or noncovalent forces. The prosthetic group may be organic (such
as a vitamin, sugar, or lipid) or inorganic (such as a metal ion). Metal ions constitute the most
common type of prosthetic group.

If an enzyme uses metal ion as a prosthetic group it is called a metalloenzyme. Metalloenzymes

have metal ions as an integral part of their structure. . L%
D™ .\.- -:
I-
Active enzyme = MNon-protein part + Protein part
Holoenzyme Apoenzyme -:"'l_
&
! +
Inseparable from protein If separable from protein
part part, it is called as Cofactor

Prosthetic group

Organic Inorganic
l (Metal)

Inorganic . Coenzyme
(Metal) Organic Cofactor
Metalloenzymes Metal-activated
enzymes

'-.\-]_ oy, N

5
'H.
Solution to Question 4:

Mitochondrial superoxide dismutase is not a copper-containing enzyme. It contains manganese.

Solution to Question 5:

S-adenosyl methionine is not a coenzyme. Its a methyl group donor.

Coenzymes are cofactors in which organic compound is present. Coenzymes transiently and
reversibly bind to the enzyme to catalyze the reaction. They play an important role as a two-way
shuttle.

Some coenzymes:
» Coenzyme A
* ATP/GTP
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« NAD/NADP
* FAD/FMN
* Lipoic acid

* B-complex vitamins

e Vitamin C
e Vitamin K
Active enzyme = MNon-protein part + Protein part I..\-
-'-\. T,
Holoenzyme Apoenzyme |:-\' L
Inseparable from protein If separable from protein
part part, it is called as Cofactor
Prosthetic group 5
Organic Inorganic .
l (Metal)
Inorganic . Coenzyme l
(Metal) Organic Cofactor
Metalloenzymes Metal-activated
enzymes
-
e L -
N &
'\1_\'\' . e
S i
H H 2 T, -
Solution to Question 6;% Py
5 b il e

Enzymes that_usé metal-ion agia cofactor are termed as metal-activated enzymes (and
i = A oy, N
not metallgenzymes). b,
y
Metalloenzymes are prosthetic groups in which the metal is tightly and irreversibly bound to the
enzyme. The metal forms an integral part of its active structure. Metal-activated enzymes are
those that have a cofactor containing metal (inorganic) which are loosely and reversibly bound to

the enzyme. They show enhanced activity in the addition of metal.

A cofactor is a non-protein part of a holoenzyme that can be separated part from the protein part.
Cofactors are mostly metal ions or inorganic. If an organic compound is present in a cofactor, it is
called a coenzyme. Cofactors serve functions similar to those of prosthetic groups. Cofactors bind
in a transient, dissociable manner to enzymes. Cofactors must be present in the medium
surrounding the enzyme for catalysis to occur.
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Active enzyme =

MNon-protein part +

Protein part

Holoenzyme Apoenzyme
Inseparable from protein If separable from protein
part part, it is called as Cofactor

Prosthetic group

l_l_l

Inorganic
(Metal)

i

Metalloenzymes

Organic

Solution to Question 7:

e

Organic Inorganic
l (Metal)
Coenzyme l
Cofactor
*
! -_:'"
Metal-activated =
enzymes o
il
T 'y
Py W
Y LY 5
l:_ 1‘ 1 - F
o ?
o -
& &
™ i
I ey

A4

ﬂ
Hydrolases are not involved 1n-.,o->'("1dat10n reduction reactionst J!'Iydrolases are involved in the

hydrolysis of the substrate usLng water. 5" \ I
" _
: l.."ﬂ- P
3 5 "-
_.\.-\.\_. L -
- .'-."
. . '\-.__"" S |
Solution to Question 8: { C e

Tryptophan pyrrolase-.__h "hot a mono- b}“iygenase Its a di-oxygenase.

b F Sy
Oxygenases catal'yzes the lncorp(}ratlon of oxygen into a substrate. Oxygenases are of two types:

1) Mono- o-x_?genases (Hydl‘(-)xylases/ Mixed-function oxidases): Incorporate one atom of oxygen

into the substrate.
Examples:

* Tryptophan hydroxylase

* Tyrosine hydroxylase
 Cytochrome p450

* Phenylalanine hydroxylase
« 7-alpha hydroxylases

2) Di-oxygenases: Incorporate two atoms of oxygen into a substrate.

Examples:

* Tryptophan pyrrolase

» Homogentisate di-oxygenase (previously known as homogentisate oxidase)
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Solution to Question 9:

Oxygenases do not catalyze the carboxylation of drugs. They catalyze the hydroxylation of drugs.

Cytochromes P450 are an important superfamily of heme-containing monooxygenases. They are
located mainly in the endoplasmic reticulum in the liver and intestine but are also found in the
mitochondria in some tissues. It is involved in a series of enzymatic reactions known as the
hydroxylase cycle. Together cytochromes P450 and bs are responsible for about 75% of the
modification and degradation of drugs that occur in the body by hydroxylation and not
decarboxylation.

Mitochondrial cytochrome P450 systems are found in steroidogenic tissues such as the adrenal
cortex, testis, ovary, and placenta and are concerned with the biosynthesis of stergid hormones
from cholesterol by hydroxylation. (Option C) b

o

Depending on the number of atoms of oxygen being addeds there are twogtypes of oxygenase
(Options A and B): e . .
* Mono oxygenases: Incorporate one oxygen atom ihon a substrate:* .

* Dioxygenases: Incorporate two oxygen atom$ j'nﬁfo a substl_rafte'.

o | - —~ - 5
- i &

kA o
Solution to Question 10: -y
Aldolase B is a lyase.

Lyases are enzymes that catalyze-the cleavage of C- C C-0O, C-N and other covalent bonds by atom
elimination generating doublebonds.

Some examples of lyas_es__-mclude:
« HMG-CoA lyase, % % _
-Argininosuccip'até lyase PN !
* ATP citr-a‘:é lyase : '-_.

* Aldolase

* Fumarase

Solution to Question 11:

The group of enzymes that catalyze the joining together of two molecules with the hydrolysis of
ATP is called ligases.

Solution to Question 12:

Lipoprotein lipase is not a non-functional enzyme. It is a functional enzyme.
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Functional enzymes have a specific function in the plasma such as coagulation factors,
pseudocholinesterases, and lipoprotein lipases.

Nonfunctional enzymes have no specific function in the plasma.

* They are released from the cells as a result of normal wear and tear. Their level is very low in
serum.

* They serve as biomarkers whose levels in the plasma can assist in the diagnosis and prognosis of
diseases affecting specific tissues.

» Eg: Lactate dehydrogenase, Creatine kinase, alkaline phosphatase, gamma glutamyl
transpeptidase.
h.h:_.lk:r. .
[
)
Solution to Question 13: e e
o0

Isoenzymes do not have the same number of char_g"Ba"amlno acu_iEu. "

Isoenzymes are physically distinct forms of ﬂi&@ame enzyme' ._’,[‘-'Pley catalyze 'tl:i"e same reaction but
differ in the following: A 'H. 2,

LR J'I. q.

» Amino acid sequence and the numb'eﬁ,_of charged@'iﬁ'lno acids ?.:-:"“'

* Subunit composition: CK-1 c@.l_}'%ams BB wh11§CK 2 contams—_]!VIB subunits
« Electrophoretic moblhty"d{' 1 movesf a'éter than CK—3,_ o
» Tissue localization: CK-1 is present-.fnkﬂle braln UK’-2 in the heart

* Substrate affinity: Glucoklna_se has low affm:&ty but hexokinase has high affinity.
FT
Fa
Solution to Queth_o% 14: Tl

1_

The glvenh'éhmcal scenarie,of a woman with fragmented RBCs and decreased RBCs is suggestive
of hemolytic anemia. LDH1 and LDH-2 isoenzymes are expressed in the RBC and particularly
raised during hemolysis.

LDH is a tetrameric enzyme with 4 subunits. It has four subunits with two isoforms: H-isoform
(Heart) and M-isoform (Muscle)

LDH- | HHHH Heart and RBC
1

LDH- | HHHM RBC and kidney

2

LDH- | HHMM Lungs, Spleen, Brain, Lymph
3 atic tissues, Platelets

LDH- | HMMM Liver and skeletal muscle

4
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LDH- | MMMM Liver and skeletal muscle

Solution to Question 15:

The given clinical scenario of sudden onset chest pain with profuse sweating and 12 Lead
Electrocardiogram (ECG) with ST-segment elevation in Leads II, III, and aVF is suggestive of
myocardial Infarction. Serum LDH 1 &gt; LDH 2 levels are seen in this conditio_{:.r_I

Under normal conditions, LDH 2 is predominantly presen n the blood aeg IDH 11is
predominantly present in the heart. So, normally LD @t LDH 1 in bleod. When cardiac tissue
is damaged LDH 1 is released into the bloodstream..This results 1n,3'111bped lactate
dehydrogenase (LDH) ratio where LDH 1 &gt; L 13}2 1.5.

a
LDH is a tetrameric enzyme with 4 subumtsl"'-?thas four sub;g['n'lts with twlt_?.‘lsoforms H isoform
(heart) and M isoform (muscle) ot :‘- o %

LDH- | HHHH Heart and RBC

LDH- | HHHM RBC and kidneys

2
{ LDH- | HHMM Lungs, brain, lymphatic tissu
.,".1-]_ 3 es, and platelets
_,__':ll':':' LDH- | HMMM Liver and skeletal muscle
S
LDH- | MMMM Liver and skeletal muscle
5

Solution to Question 16:

The enzyme most specific for his condition, acute viral hepatitis, is alanine aminotransferase
(ALT).

Alanine aminotransferase (ALT) is predominantly found in the liver and therefore is a more
specific marker for hepatocellular damage than AST.

Aspartate aminotransferase (AST) is found in various tissues. The AST/ALT ratio is very
important.

» AST/ALT &lt;1 is seen in hepatocellular damage like in NAFLD, toxic hepatitis, paracetamol
toxicity. In cirrhosis, the ratio becomes more than 1.
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» AST/ALT&gt; 2 is suggestive while AST/ALT&gt; 3 is highly suggestive of alcoholic liver disease.
Other options:

Option A: Alkaline phosphatase rise is seen in many liver diseases but more than fourfold rise
indicates cholestasis.

Option D: GGT is used to identify occult alcohol use.

Solution to Question 17:

Chymotrypsinogen is a zymogen. Its active form chymotrypsin is a serine proteasé,”. *

Serine proteases are proteolytic enzymes having serine, histidine and aspartaté.at the active site.
Active site consists of two binding sites and a catalytic sitesWhile serine-i§;present in the catalytic
site of serine proteases, histidine and aspartate are présent on binding'sites. Serine proteases
differ in substrate specificity. b Fa'

Examples of serine proteases : _p : '

« Chymotrypsin . : N : e,

* Trypsin ;s L .

» Elastase = P  ?

 Thrombin g 0 i .

* Plasmin -

» Complements

» Factor X and XI ~ _:‘-

* Prostate-specific thi-é-el’l.
. __-. . '.ﬂ P

)

Solution to Question 18:

Elastase is a serine protease that cleaves at the carboxy-terminal of neutral amino acids like
alanine and glycine.

Serine proteases are proteolytic enzymes having Serine, Histidine and Aspartate at the active
site. The active site consists of two binding sites and a catalytic site. While serine is present in the
catalytic site of serine proteases, histidine and aspartate are present on binding sites.

Serine proteases differ in substrate specificity.
* Trypsin cleaves the carboxy-terminal of basic amino acids like arginine and lysine.

» Chymotrypsin cleaves at the carboxy-terminal of bulky hydrophobic amino acids like tryptophan,
phenylalanine, and tyrosine.

» Elastase cleaves at the carboxy-terminal of neutral amino acids like alanine and glycine.

296 Sold by @itachibot



Solution to Question 19:

Aldolase does not participate in a ping-pong reaction. Ping pong reactions are a type of Bi-Bi
reaction.

Bi-Bi reaction is a two substrate two product reaction. Most of the Bi-Bi reactions follow
Michaelis-Menten kinetics. There are three types of Bi-Bi reactions:

* Ordered Bi-Bi reaction: Example- NAD(P)H-dependant oxidoreductases.
« Random Bi-Bi reaction: Example- Most kinases and dehydrogenases.

* Ping pong reaction: Example- Serine proteases, aminotransferases and pyruvate carboxylase.
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Enzyme Kinetics and Regulation of Activity

Question 1:

Activation energy is the free energy difference between

a) Substrate &amp; product

b) Substrate &amp; transition state

c¢) Transition state &amp; product :__ﬁ.-_,"‘.r .
d) Sum of all the above x y
-5 _._"II:_""- —-.1“'-1:'“-
'-.:“‘*-.L"'-h i, ;
Question 2: x i - M

-"\-\. - —"l
In the given reaction, two molecules of A cnmblnes t_QI-.f otm P. Whatzis the kinetic order of the

reaction? “»".""'l & i
W i _"

L ¥ L= -

K1
“ K2

a) 1st order for the forward reaction &amp; 2nd order for the reverse reaction
b) 1st order for the forward reaction &amp; 1st order for the reverse reaction
c¢) 2nd order for the forward reaction &amp; 1st order for the reverse reaction

d) 2nd order for the forward reaction &amp; 2nd order for the reverse reaction

Question 3:
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Regarding enzyme kinetics, which of the following is true?

a)Qio=1
b) Qo =2
c)Qo=3
d) Q10 = 4
Question 4.

o]

"
Which of the following is not a type of covalent modification for regulatlon of'enzyme
kinetics?

o L = 'y
- h- e
a) Methylation i
|.\. ."'\.
b) Acetylation B LK :ﬁl
c) ADP ribosylation i e Fah
d) Ionization T N O
Al
. [ ot - a0
Question 5: ) N i

Which of the following is false rggardlng the effect of substrate concentration on the rate of

reaction? " 4 .
.H.\.... - 1. .,

o . g ! o ey e . . . o] o
a) As substrate concentration increases, 'the initial velocity of the reaction increases until it
reaches a maximum'value (Vmax)*

b) The substrat‘é concentratloﬁ ‘at which the velocity of the reaction is half maximum is called Km
c) The Mlchaehs Menten equatlon says that initial reaction velocity (Vi) = Vmax [S]/ Km+[S]

d) The plot of initial reaction velocity against substrate concentration is linear

Question 6:

The catalytic efficiency of enzyme is best expressed by which of the following kinetic
constants:

a) Kcat/Km
b) Km/Kcat
¢) Km/Ka
d) Ka/Km
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Question 7:

In a reaction, the substrate is available in a concentration that is 1000 times the Km value of
the enzyme. After 9 minutes of reaction, 1% of substrate is converted to product (12
microgram/ml). If the concentration of the enzyme is changed to 1/3 and concentration of
substrate is doubled, what is the time taken to convert the substrate into the same amount of
product that i.e. 12 microgram/ml?

a) 9 minutes

b) 4.5 minutes

C) 27 minutes e

d) 13.5 minutes %

Question 8: it A &

Which of the following best defines the type of enzyme 1nh1b1t10n b}g malonate on succinate
dehydrogenase reaction? L el % J piy
a) Non-competitive N N ™
b) Uncompetitive 0 s
c) Competitive % 4y

d) Allosteric i

Question 9: 4 ») LY
il
5, ".

Which of the followmg is trIIe about competitive inhibition?

a) Vmax increases
b) Vmax decreases
¢) Vmax constant

d) Km decreases

Question 10:

Which of the following is false about non-competitive inhibition?

a) Vmax decreases

b) Km decreases
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c) The inhibitor binds at a site different from the active site

d) The inhibitor does not affect the binding of the substrate

Question 11:

Which of the following situations does the red line in the following graph depict?

Vo i

i,

Normal Enzyme L

Vi 5
b g
T
' [S]
Ky
T = w
a) Reaction with a compet}:taw'é Thhibitor ._.:'--"'

b) Reaction with a nonq_@ﬁ'lpetltlve 111{11_'531tor
c) Reaction with.a .g"almde inhibitor
d) None o‘ﬁ_’;‘hé';hl-'aove .__'--‘-"

i

b |

Question 12:

Which of the following situations does the red line in the following graph depict?
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— inhibitor
1/V = no inhibitor

’ Slope: change
s J." Y-intercept: change

1/[S] e

b "
a) Reaction with a competitive inhibitor "'j'“::“k Y .
b) Reaction with an allosteric Inhibitor ﬁ-;'h- . -, &
c) Reaction with a suicide inhibitor; :'.'““:'l. Rl r

A, ;
d) Reaction with a noncompgtl‘lnve 1nh1b1tgh}:ﬁ-.:' )
- %

- . &

.J':'} o
N ""-

Question 13: e &
i ~

A - -_"'\-"
Which of the following i§_] @e regardiq%l;n allosteric modifier?
L
a) Desaturates the-.g_'h;}me ol
M .'H. i | £
b) Causes t]&e'e'ﬁ_zyme to wQ'HQ-faster only.
c) Binds to the catalytic ;ﬁ‘e

d) Participates in feedback regulation

Question 14:

Which of the following is true about allosteric regulation?

a) Allosterically regulated enzymes belong to K-series, V-series or both
b) Allosteric modifier binds to the active site of the enzyme
c) Induction and repression are examples of allosteric regulation

d) Allosteric modifier binds to the enzymes by covalent bond
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Question 15:

Chymotrypsinogen is a

a) Zymogen
b) Carboxypeptidase
c) Transaminase

d) Clot-lysing protein

Question 16: b,
-: . - "-\_ - o .

A 46-year-old male visits the cardiology clinic with a history of exertiénal chest pain. He is a

known diabetic, hypertensive and hyperlipidemic Which' are controlled with appropriate

medication. Considering his high 10 year-ASCVD,nsk score (atherosclerotte cardiovascular

disease risk), he is started on low dose aspl;rm. Which of the 'followmg best defines the

mechanism of aspirin action? = B o
e Wy Rl .
a) Suicide inhibition : b
b) Competitive inhibition (' i SN

c) Allosteric activation y b e

d) Allosteric inhibition A #y

Question 17: B, o
Which of the-_:f&)lialwing nuqlsﬁﬁﬁe triphosphate targets ATCase for feedback regulation?

a) Cytidine triphosphate
b) Adenosine triphosphate
¢) Guanosine triphosphate

d) A &amp; B

Question 18:

Which of the following is true regarding non-competitive inhibition?

a) Constant Km and increased Vmax
b) Constant Km and decreased Vmax

c) Decreased Km and decreased Vmax
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d) Decreased Km and increased Vmax

Question 19:

Gibbs free energy curve of an enzyme-catalyzed reaction is given by

A
".:'I'
i
L

’ I.'-, - -
oL O
a)B .._i-;r .'-.-" !
Y e W ]

b) A ' ) v :‘

d) D _|.:1_.'|. ) ':'H. %
", nl '-.q-'L'.
i el

Question 20:

Which of the following enzymes has the highest catalytic efficiency?

a) Km of an enzyme = 10 micromole and Kcat = 20 per sec
b) Km of an enzyme = 2000 nanomole and Kcat = 50 per sec
¢) Km of an enzyme = 2 micromole and Kcat = 200 per sec

d) Km of an enzyme = 4 micromole and Kcat = 200 per sec

Answer Key
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Question No. Correct Option

O |IN|OO | |W[N|(F
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=
=
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20

et ,_‘p-
A Detailed Explanations

Solution to Question 1:

Activation energy is the free energy difference between the substrate and transition state.

Activation energy is defined as the minimum energy required to start a chemical reaction. Because
of the high activation energy, the rates of uncatalyzed chemical reactions are often slow. In an
enzyme-catalyzed reaction, the activation energy is reduced by forming a relatively stable
intermediate-enzyme complex. Thus, enzymes increase the rate of chemical reactions.
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without enzyme

activation
energy without
enzyme
pnzyme activation

energy with

enzyme

Energy

reactants overall energy

e.g. CO,+H;0 released during
reaction
products .
H,CO, oy
oy
N
>
Reaction coordinate
i II-\..\.- L ."'\-
' L %
i LP i Pk
I'I.\. 1-'\-\._.I -|-'\-":.
Solution to Question 2: L n.h Ny
Q LT -\.-'\"-l. 1 1-.."\'

| (" )
The above reaction has 2nd order for the forwa.rd reaction and. 1st order for the reverse reaction.

The sum of the molar ratlos-bf the reac;"EahILs deflnes the_klnetlc order of the reaction.
In the forward reaction, A + A ° P ;he sum of re&ct'ants is 2. Thus,

Rate o< {A], [A] or Rate oc-[Al']z
Therefore, the reaction 1s,,_l§'aid to be second" order with respect to reactant A.

In the reverse reactroflu, 'P E 2 A the?s‘um of reactants is 1. Thus,

ks Rate o< L_]_
il
Therefore, 'w;he reaction 1sqa1d to be first order with respect to reactant P.
Kinetic order of reactions:
« Zero-order reaction: Rate is independent of the concentration of reactants.
* First-order reaction: Rate is directly proportional to the concentration of one of the reactants.

» Second-order reaction: In the simplest kind of 2nd order reaction, the rate is proportional to the
square of the concentration of one reactant.

Solution to Question 3:

Q10 = 2 is the correct statement regarding enzyme kinetics.

The temperature coefficient (Q10) is the factor by which the rate of a biologic process increases for
a 10°C increase in temperature. The rates of most biological processes typically double for a 10°C
rise in temperature.
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Thus, Q10 (degree celsius rise) = 2 (double).

Solution to Question 4:

Ionization is not a type of covalent modification regulating enzyme kinetics.

Regulation of enzyme kinetics can be brought about by reversible covalent modifications of the
enzyme. These include methylation, acetylation, ADP ribosylation, phosphorylation and partial
proteolysis.

Solution to Question 5: - )

e, -y

= !
L

The plot of initial reaction velocity against substrate cb}'léentration.is hyperbolic, not linear.

For a typical enzyme, the velocity of a reaction has* a-hyperbqlic" i"'elationship _'v\gith the substance
concentration. As the substrate concentration.increases, initial velocity (Vi)-increases until it
reaches a maximum value Vmax. After Varax is reach_gq', farther increase in the substrate
concentration does not change reactignivelocity. (This-is because the enzyme is saturated with the
substrate. gt b

The Michaelis constant (Kin) is the substpe:tfé éoncentra_tioﬁ at which Vi is half the maximal
velocity i.e. Vmax/2. The Michaelis-Meniten equation_illflstrates the relationship between Vi and
substrate concentration [S] mathematically i.e, ., °

Y LY
Vi =Vmax x [S]/ Km +[S] ™%

= -

L S O
: Vmax
L -‘1 . :L g
®
1
c
O b e 1
- : /ZVmax
O] |
s /|
9/ |
“
Ky :

Substrate concentration

Solution to Question 6:

The catalytic efficiency of an enzyme is expressed as Kcat/Km.
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Kcat is the rate constant, which is the limiting rate of an enzyme-catalyzed reaction at saturation.
It is given by Vmax divided by number of active sites of the enzyme. Km is the

Michaelis-Menten constant, which is defined as the substrate concentration at which the initial
velocity(Vi) is half the maximum velocity (Vmax/2).

For some enzymes, when a substrate (S) binds to the active site of the enzyme (E), and forms an
enzyme-substrate complex (ES), the product is instantaneously formed. For such enzymes, the
reaction of E+S° ES becomes the rate-limiting step. Its rate is determined on the rate of diffusion
of the molecules in a solution. Hence, these enzymes are called diffusion-limited or

catalytically perfect.

Examples of the catalytically perfect enzymes, where the catalytic efficiency reaches the diffusion
limit of 108-109 M—1s—1: o

* Triosephosphate isomerase >N
* Carbonic anhydrase 51wt o ¥
. -
. N
* Acetylcholinesterase 1 C
» Adenosine deaminase L ) S
| p X 5
=" e i '-'.:'

Solution to Question 7: % C

The time taken for the formation of the,same amount of product is 27 minutes.

In this reaction, the substrate conc_ent'r'ation beco_n’leé 1000 times i.e much greater than the Km
value. Thus, the rate of this reaction is equal t6, Vmax and is thus independent of the substrate
concentration i.e. it follows Zero-order kinetics. Thus, doubling the substrate concentration does
not change the Velomty Q__f“the reactlon le.'it remains as Vmax.

No matter the substrate concentratlon the rate of the reaction is directly proportional to the
concentration of the enzyme. In this situation the enzyme concentration becomes 1/3rd. Thus, the
velocity of } the reaction (Vi max) also becomes 1/3rd. This means that the time taken for the
formation of the same amount of product will become tripled i.e 9 x 3 = 27 minutes.

Zero-order kinetics

First-order kinetics

Reaction velocity (Vi) —>

Substrate concentration (S) ———
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Solution to Question 8:

Inhibition of succinate dehydrogenase reaction by malonate is an example of competitive
inhibition.

Solution to Question 9:

L
-

Vmax remains constant in competitive inhibition. P,

Competitive inhibition is when the inhibitor binds reversibly.to the substrate-binding site and
competes with the substrate for the active enzyme-binding site. This efféct of competitive
inhibition can be overcome by increasing the substrate concentration by which maximum velocity
can still be achieved. Therefore, Vmax (maximua. velocity of the reaction) is _hnaltered in this type
of inhibition. However, the concentration-of the substrate regtired to achieve half of the
maximum velocity is increased. Therefore;"Km is incgeq'sed in this C(I)nzii’tion.

=8 L

<

=
= e WWith competitive
= v inhibitor
= i . P
= z
k=3
&= a (Apparent 1K,,, In the preasence
/4 —— ©f & competitive inhibitor)
o
o
T =1
L
Linewesaver-Burk plot
(=] e
1 irt
Ve
o 1 -
Sl i Vmax = Mo inhibitor
i (g L
k] 4

Solution to Question 10:

Km remains constant in noncompetitive inhibition.

Non-competitive inhibition of enzymes occurs by the binding of inhibitors to enzymes in locations
different from the active site. The inhibition is not overcome by increasing the concentration of
the substrate. Thus, noncompetitive inhibitors decrease the Vmax of the reaction.

Non-competitive inhibtiors do not resemble the substrate. Thus, they do not interfere with the
binding of the substrate to the enzyme. Thus, Km of the enzyme does not change.
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Enzymae ‘— Inhibitor
@— Substrate

Inhibitor hinding Substrate binding site
site

The inhibitor and
substrate bind
independently of each
other. Either or both
may be bound at

any time.

Completing the
reaction, however,
depends on the
enzyme un(lergolng

a conformational
change that is
blocked by the inhibitor.

Q &

MW R

Mon competitive inhibition h'lr_-

Mo Inhibitor .,

Minam

Reaction veloety V,

Minms
= e With non-compaetitive
> inhibitor
o ¥ - - - - - - -
T =1
Ly

Lineweaver-Burk plot

MNon-compotitive
Inhibitor

L

— Mo inhibitor

K. P
=1

!l: For the non compeatitive inhibitor Vmax is lower than for the

narmal enzyme. but Km remains the same.

0 MARROWVW

Solution to Question 11:

The red line indicates an enzymatic reaction taking place in the presence of a competitive
inhibitor.

The graph represents the enzymatic reaction velocity in relation to substrate concentration. The
black line indicates the reaction taking place in the absence of any inhibitor.

In the presence of a competitive inhibitor, as indicated by the red line,

* Vmax remains unchanged.

* Km is increased.

In the presence of a non-competitive inhibitor, as indicated by the blue line,

* Vmax is decreased
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* Km remains unchanged
Note:

Suicide inhibitors are specialized substrate analogs. They contain a chemical group that can be
transformed by the target enzyme. After binding to the active site of the enzyme, catalysis by the
enzyme generates a highly reactive group that forms a covalent bond and blocks the function of
the enzyme.

Vmax
Normal enzyme Competitive o ol
inhibition § ¥
Non-competitive inhibition b
=
1 S)
Km
%, #
Solution to Question 12: 4 * Y

P, ! |
The red line in the graph representsah enzymatic reaction with a noncompetitive inhibitor.

The above graph-is called thhe__'_Lirieweaver—Burk plot' or 'double reciprocal’ plot. 1/vo (vo - initial
velocity) is,plotted versus'1/[S] ([S] - substrate concentration) and a straight line is obtained. This
plot can be used to calculate Km and Vmax as well as to determine the mechanism of action of
enzyme inhibitors. The x-intercept represents -1/Km while the y-intercept represents 1/Vmax.

In non-competitive inhibition, Vmax decreases (or 1/Vmax increases) but Km is
unchanged. Hence the graphs of inhibited and uninhibited reactions have the same x-intercepts
(converge at the same -1/Km) but different y-intercepts.

Note: An allosteric inhibitor alters the conformation of an enzyme upon binding. Enzymes
affected by allosteric inhibitors exhibit a sigmoid, not hyperbolic, relationship between Vo and [S].
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Lineweaver-Burk plots for enzyme inhibition

= inhibitor ~ inhibitor ~ inhibitor
\ = 1o inhibitor W = no inhibitor \w / = no inhibitor
" Slope:change ) Slope:same ' Slope: change
‘: V-intercept: same ',n' \l’-interclept: change _.“ . Vntercept: change
11s) 1s] Us)
Competitive Uncompetitive Noncompetitive
inhibition inhibition Wheiitton N
Kysincreased Ky reduced Ky unaffected
V.. unaffected V., reduced U, reduced
b bl s
- R4y &y
o O
W e
(A 3 P
. . W 0 W
Solution to Question 13: 4 T o
O AN

D
An allosteric modifier of an enz@)e usually pe.r_t_gébates in fee.r_:i'back regulation.

products or feedforward from upstre

fiié'%f control

- Y
Allosteric regulations are a-n_:’a'tural exa.li

important in the cell's ability to adju enzymelﬁgt'

I"-_|

1@'{»? such as feedback from downstream
m ubstratesﬁﬁgﬂesteric regulation is also particularly
ivity.

An allosteric modifier or effg%‘Bl‘ inds to t@ﬁlosteric site to induce a conformational change in

the catalytic or active sit_ﬁ_
referred to as allosteri
called allosteric i itors.

3 ¥

&

ose mod_i%i
ctivators, qu\/_::I'_le

ohs

or effectors that enhance the protein's activity are
as those that decrease the protein's activity are

Enzyme Allosteric inhibitor | Allosteric activator
1. ALA synthase Heme -
2. Aspartate transcarbamoyla | CTP ATP
se
3. HMG CoA reductase Cholesterol -
4.Phosphofructokinase Citrate, ATP AMP, F2,6P
5. Acetyl CoA carboxylase Acyl CoA Citrate
6. Citrate synthase ATP -
7. Carbamoyl phosphate synt | - NAG
hase-I
8. Carbamoyl phosphate synt | ATP -
hase-II
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(a) Reaction

suhsilale .

.f
active site 8 ‘
allosteric site

enzyme Substrate molecule binds with active  Reaction occurs and
site of enzyme molecule, inducing a product molecules are
change in the allosteric site that enerated
(b) In h 1 b ItIOI‘I prevents the inhibitor from binding. o

mhm‘ ‘ ‘
allosteric site

active site Inhibitor molecule binds Substrate molecule cannot bind

with allosteric site of with changed active site.
enzyme, inducing a
change in the active site.

TN 3

Solution to Question 14: b e
Q “'1"5& I:__"I

Allosterically regulated enzynm;s-_:ibelong to eltl:tﬁﬁﬂhe K-serles;}l-Serles or both.

An allosteric modifier or r blnd allosterlc.gt&o induce a conformational change in
the catalytic or active site. The kine }.bf alloster f%ctor dos not follow Michaelis-Menten
kinetics. Hence, allosterically ac vaéd enzyme,s;g all under the following categories:

* K-series: The allosteric effg-é};f raises t {\@bof the enzyme without affecting Vmax i.e. similar
to competitive inhibitiox_l'..':::a

* V-series: The allo effector (]\.Q\\Q%}s the Vmax without affecting Km i.e. similar to
non-competitive in 1b1t10n

* Both: In'h%m iate effe‘c@an also be seen.

Option B: Allosteric modifier noncovalently binds to a site other than the active site (Allo=other,
steric=space) and affects the catalysis.

Option C: Induction and repression are methods of controlling the rate of enzyme synthesis, not
regulation of activity.

Option D: Allosteric modifier binds to the enzymes noncovalently.

Solution to Question 15:

Chymotrypsinogen is a zymogen.

Some enzymes are secreted as an inactive form called as zymogens. The zymogens are converted
to their active functional forms by partial, or selective proteolysis. Examples of zymogens include
trypsinogen, chymotrypsinogen, proelastase, pepsinogen, prophospholipase A2 etc.
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Prosnzymes (zymogens] —————— s Active enzymes

H*
Popsinogen —————————— Popsin

enteropopbdase _
Trypsinogen L& Tryp&an

irypsin
Chymairypsinogen =... . Chymolrypsin

1 5if
Frosagiase — it 1 e s Elastaca II-"- .

IFypdin

Procarbonypeplidasas Carboaypoplcases

i II-\..\.- ™ ."'\-
ol Y ,
3 - g i 2 3% B
% B 1_x'.' 1__h-,:
; H . e By y
Solution to Question 16: e Y K
%) e o
Low dose aspirin exerts its actl.pn by irreversibly inhibiting cycleoxygenase enzyme activity in
platelets, which is an examR}IQOf suicide J,__ﬁ'hlbltlon I

A suicidal enzyme is one that undergoes self destrucnon in order to terminate its own activity. In
this case, in response to irreversible,inhibition by aspirin, platelet cyclooxygenase loses its ability
to synthesize thromboxane. Itunidergoes selfad.estruction. Unless new platelets are formed, this
cyclooxygenase activity cgﬁnnet be regalne,d
-\u\.:.\'\--'
W% )

of

— N 9
Solution to Question 17: (%"
Ty o L
Both cytidine triphosphate and adenosine triphosphate target aspartate transcarbamoylase
(ATCase) for feedback regulation.

ATCase, the catalyst for the first reaction unique to pyrimidine biosynthesis, is a target of
feedback regulation by two nucleotide triphosphates: cytidine triphosphate (CTP) and adenosine
triphosphate (ATP). CTP is an end product of the pyrimidine biosynthetic pathway. It inhibits
ATCase, whereas the purine nucleotide ATP activates it.

High levels of ATP can overcome the inhibition by CTP, enabling synthesis of pyrimidine
nucleotides to proceed even when purine nucleotide (CTP) levels are elevated.

Solution to Question 18:

Noncompetitive inhibition has constant Km and decreased Vmax.
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Noncompetitive inhibition occurs when the inhibitor binds at a site different from the
substrate-binding site. The structure of the inhibitor does not resemble that of the substrate and
the inhibitor does not affect the binding of the substrate.

Enzymes .— Inhibitor
Z:}— Substrate
Inhibitor binding - Substrate binding site

site

4

The inhibitor and

substrate bind
H independently of each

other. Either or both

may be bound at

any time.,

Completing the i-"\:":-':zl-
p ] [

reaction, however,
depends on the

I

G

enzyme undergoing

a conformational
change that is

blocked by the inhibitor.

!

Pt .
..:I"-._"- 4 "'1.,_"'-:'"'-_}

. . 0 o
Solution to Question 19: {}“-..

R

Among the given graphs, the Gilgé-%e energy .;;i’rge of an enzyme-catalyzed reaction is shown
by graph A (Option B). 1-..;'_--. i

Graph B (Option A) can 'farepresent t ."'Ebbs free energy of an enzyme-catalyzed reaction, as
the energy state of an ermedlat qg.-n ot be lower than the product. A lower energy state of the
intermediate implie$ that the en{}'m.ne -intermediate complex is stable and such a complex will

usually no&“h form a Qafuct
During ar;} emical reathon the product is formed by the breaking of substrate bonds and the
conformational change of the substrate into a highly unstable transition state. This transition state

is denoted by the peak of the graph. The Gibbs free energy curve of an enzyme-catalyzed reaction
(with no intermediate state) is shown in the image given below:
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The below graph shows the normal intermedlia_feﬁf‘(')'rmation with-an energy.state still higher than
e A

that of the product:
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All the reactions have a transition state, but not all reactions have an intermediate state. Every
intermediate state is again always followed by another transition state.

Activation energy is the energy difference between the free energy of the substrates and that of the
transition state. Because of the high activation energy, the rates of uncatalyzed chemical reactions

are often slow.
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In an enzyme-catalyzed reaction, the activation'energy is reduCed by formmg a relatively stable
intermediate-enzyme complex. Enzymes provrde attachment’ sites for thessubstrate and speed up
the rate of reaction. They don't change the-energy sta.te..of either the. substrate or the product. The
Gibbs free energy change remalns 'th'éhhme % .

Lo

Graph C: Free energy change-cannot be a stral.ght line. Eve.ry reaction passes through a
high-energy intermediate tramnsition stai'te o

Graph D: The activation energy of any Teaction 1s neVer lower than the free energy of the product.

h.'_. o 1 .-

Solution to Question 2('):"“" .

The hlghest catalytlc efﬁmency-ls seen when Km= 2 micromole and Kcat = 200 per sec.

Catalytic efﬁc1ency is calculated as Kcat/Km, where Km is inversely proportional to the binding
affinity of the enzyme and Kcat is the catalytic constant (Vmax divided by the total number of
active sites of the enzyme present). Higher values of Kcat and lower values of Km gives better
catalytic efficiency. Catalytic efficiency can be used to compare the performance of 2 different
enzymes in catalyzing a reaction.

Step 1: Km of each option after converting respective units to moles will be 10, 2, 2 and 4 (each
multiplied by 10-6) moles.

Step 2: The catalytic efficiency is calculated as Kcat/Km. On substituting the values in various
options after converting to moles, the values come out to be 2, 25, 100 and 50 (each multiplied by
106) M-1 s-1.

Some enzymes can be so efficient that they convert the substrate to product instantaneously. They
are limited only by the rate at which substrate diffuses towards the enzyme in a solution. These
are called diffusion-limited enzymes and their catalytic efficiency is as high as 108 M-1 s-1.
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Fat soluble vitamins

Question 1:

Basal metabolic rate is closely dependent on which of the following factors?

a) Body surface area

b) Lean body mass

c) Body mass index %, .:'
d) Height to weight ratio - ¢ \
Ny . -':- 2
Oy
: '|_: ; ."-\.
Question 2: B . o
I'I'..' o —_l_ _'%.-
Which of the following conditions will cause'a decreaséd BMR? .
. L -u_"‘-l. b I:-- 1 .._:-.
a) Starvation i c e L
b) Cachexia F Oy e i
J e it
c) Cold environment ) Wy
d) Hyperthyroidism el "
'\1_\'\' . . e
{ X
":h' 3 o

Question 3: » 'y

All of the fol@v{h"‘g vitamingiare synthesized by the bacterial flora in the intestine except?
y

a) Niacin
b) Biotin
¢) Vitamin K

d) Pantothenic Acid

Question 4:

Which of the following represents the recommended dietary allowance of a vitamin or
mineral?

a) Estimated average requirement +2 standard deviation

b) Estimated average requirement -2 standard deviation
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c) Equal to estimated average requirement

d) Twice the estimated average requirement

Question 5:

What is the recommended dietary allowance of vitamin A in a 6-year-old child?

a) 7oomcg
b) 8oomcg
C) 400mcg

d) 30omcg y "

Question 6: " 'S .

A patient presented with symptoms of delayed adaptauon to v151on in dark places, a gritty
sensation in the eyes, and dry eyeg. “Exarninatiorshows soft corﬂ'eas Which of the following
is deficient in his retina? -

- E & o
A o, _K
a) Retinol Y e
b) Retinal Sy >
. . . H-H. , ’
c) Retinoic acid % ’
.H'h !
d) Isotretinoin ' o el
Y o
i '-.\-]_ ™ L
Question 7:%," )

A young woman presents with a 2-week history of progressive severe headache and blurry
vision. Examination showed bilateral papilledema. A lumbar puncture revealed elevated
opening pressure with normal CSF composition and no space-occupying lesions were seen on
MRI. She has recently started taking high-dose vitamin supplements. Which vitamin excess is
likely to cause the above scenario?

a) Vitamin A
b) Vitamin D
c) Vitamin E
d) Vitamin K

Question 8:
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An arctic explorer facing a scarcity of food resorts to hunting down a polar bear. He later
develops headaches, flushing, vomiting, and desquamation of the skin. The consumption of
which of the following should have been avoided to prevent this toxicity?

a) Kidneys
b) Spleen

c) Muscle

d) Liver

'.'\-
Question 9: o, Sy

=1 o o "'\--' oy
A 24-year-old obese woman presented with severe headache and exfoliative dermatitis. She
was found to be on a herbal weight loss supplem(_en’gfo} 3 years, which contained high
concentrations of vitamin A. All of the following:suggest togic‘it'y except: %,

a1 i . 4 N

a) Ataxia . . "
b) Reduced intracranial pressure * ""'- Lof _ -:'
c) Hepatomegaly oy e oYy =
d) Alopecia i _ ._L H 7
% - "
Pl T _-._ i
Question 10: ey O

o z i .J
Which of the following vitamins is-a_llsa considered a hormone?

a) Vitamin\E o oy
'H. 5

b) Vitamin C \

¢) Vitamin D

d) Vitamin K

Question 11:

The first hydroxylation of vitamin D takes place in which of the following organs of the body?
a) Skin
b) Kidney
c) Liver

d) Small intestine
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Question 12:

A 60-year-old woman with osteoporosis is prescribed vitamin D tablets. Which of the
following is not a function of this vitamin supplement?

a) Immunomodulatory

b) Regulation of phosphate
c) Antioxidant

d) Antiproliferative

Question 13: ’

ol T =
= 1
= =

Which of the following vitamins is the most potent. ana naturally ioccurring antioxidant?

3
Yy "-"-\. Y

a) Beta carotene _n K L o p
b) Vitamin E Wy e __’_-" 5
c¢) Vitamin C i _-"H" e o s :
d) Vitamin A Syl N P
- " X R
-.l .
Question 14: 0 i

A 34-year-old woman pr_es__énted with generallzed weakness and lightheadedness for 2 weeks.
Blood 1nvest1gat10ns were notable for decreased hemoglobin, increased indirect bilirubin, and
increased LDH. Her per1phera1 smiear showed RBC fragments. Which vitamin deficiency is
associated with the above presentatlon’7

a) Vitamin A

b) Vitamin E

¢) Vitamin D

d) Vitamin K

Question 15:

Which of the following fat-soluble vitamins also has coenzyme activity?

a) Vitamin A
b) Vitamin D

c) Vitamin E
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d) Vitamin K

Question 16:

Which of the following statements is true about vitamin K?

a) Deficiency of vitamin K leads to hypercoagulability.
b) It is a water soluble vitamin.
c¢) Prolonged use of antibiotics leads to vitamin K deficiency.

: : : N : 2
d) Menaquinone is the dietary source of vitamin K found in green vegetables. ™, 2

_ O &
Question 17: ""'-:ﬁ N,
o S o
A 45-year-old woman who is a known case-QlT:jBVT is on loag'term Wﬂl{&]’.‘ln therapy. The
levels of which of the following clotting factors will bqunaffected 1n&'her’>

a) Factor 11 =Y s ol _:";-." I._-?'.

b) Factor VII ._II-.::"'.' ; g:'-._h'} o £

c¢) Factor VIII ' h__.'-::‘- -,x.,:-?l.'

d) Factor X - -.._—n' .;:"r- 5 _;_:.nn

G N
D o
a2 fo"
{:fh- ﬂ{*i‘- Answer Key

1 b
2 a
3 a
4 a
5 c
6 b
7 a
8 d
9 b
10 c
11 c
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12 (o
13 b
14 b
15 d
16 (o
17 c
Detailed Explanations g
Solution to Question 1: x )

ol T o,

Ny I'l_
Basal metabolic rate (BMR) is closely dependent on leah body masg; (fat free mass).

Lean body mass is the difference between totq_] b'Qdy weight anﬂ body fat we,fght It is the

metabolically active tissue in the body. % o o

The BMR decreases with increasing age, éven when body welght remains constant. This is the
result of muscle tissue replacemen't by adipose tisste; which is m__etabohcally less active. Women
have a significantly lower BMR than men of the-same body welght and age. This is because

women’s bodies contain proportlonally mote ‘adipose tisste®
J e [

Solution to Question 2: s s

Decreased basal meta‘ﬁpﬂb rate (BMR)- 18 seen in starvation.
- ) -'\-\. e
i '-.\-]_ oy, N
5 !
Ty . L
Solution to Question 3:

Niacin is not synthesized by the bacterial flora in the intestine.
Endogenously synthesized vitamins can be derived from 2 sources:
1. Synthesized by the body
* Niacin: synthesized from an amino acid tryptophan

* Vitamin D: synthesized from 7 Dehydrocholesterol by exposure to UV-B rays (290-315 nm) in the
skin.

2. Synthesized in the body (by bacterial flora in the intestine)
e Vitamin K
* Biotin

* Pantothenic Acid
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Solution to Question 4:

Recommended dietary allowance (RDA) is calculated by using the formula, RDA = EAR + 2SD.

Estimated average requirement (EAR): The EAR is the average daily nutrient intake level
estimated to meet the requirement of one-half of healthy individuals in a particular life stage and
gender group.

Recommended dietary allowance (RDA): The RDA is the average daily dietary intake level that is
sufficient to meet the nutrient requirements of nearly all individuals in a life stage and gender
group. The RDA is calculated based on EAR and is set above the EAR to provide asmargin of
safety for most individuals. So, RDA is set 2SDs above the EAR. .

" )
- T %
b A
iy

Solution to Question 5: d . 2
_ | i .,

Recommended dietary allowance (RDA) of ¥itamin A ina .6-5;ear-old child“is 4g00mcg/day.

1
L

Sources of vitamin A: | ¢4 e
» Animal source: liver, egg, bu_tt_el:,'milk, fish; meat

* Richest plant source: carrot - "\

» Richest source: halibut liver oil (fish oil) '
p LN

i !

g, gl

Solution to Question 635 i L

This patient with-difficult darkwision and gritty sensations in the eye with findings of soft corneas
suggests vitamin A deficientey. In the retina, a form of vitamin A called retinal (11-cis
retinaldehyde) plays an important role in Wald's visual cycle. Its deficiency leads to vision defects.

Rhodopsin, the visual pigment of the rod cells in the retina, consists of 11-cis retinal specifically
bound to the protein opsin. When rhodopsin is exposed to light, a series of photochemical
isomerizations occurs. This results in the bleaching of the visual pigment and release of
all-trans-retinal and opsin. This process triggers a nerve impulse that is transmitted by the optic
nerve to the brain.

The image given below shows Wald's visual cycle.
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5 L Isomerase 2
11-cis-Retinal = all-trans-Retinal |. ]
-

= sras 5 P i Tt
11 -cis-Retinol - el ) all-trans-Retinol i

Vitamin A)

Solution to Question 7: o -~ ™
i i =y
"\ L i
The clinical scenario of increased intracranial pressure in the absence of space-occupying lesion

points towards the diagnosis of pseudotupiorcerebri. Vitamin A excess is the likely cause.
| " i

’ i,
Clinical features of hypervitaminosis-A;_" o,

|
e

* CNS: Symptoms of raised mtrac;:anlal pressure (pseudotumor cerebri) such as headache, nausea,
vomiting, blurring of VISIOI’I éi'tax1a anorex1a

* Liver: Hepatomegaly.an'a 'hyperhplclff;na

» Musculoskeletal: Thlé'kenlng ofithe long bones (bony exostosis), hypercalcemia, soft tissue
calcification " "

oy, N

. Dermatol'oglcalz Dryness), exfoliative dermatitis, alopecia

* Teratogenesis: Pregnant women should not ingest excessive quantities as it can cause congenital
malformations in the developing fetus. Isotretinoin(13-cis retinoic acid) is a drug that is
teratogenic and absolutely contraindicated in pregnancy.

Solution to Question 8:
The clinical scenario is suggestive of vitamin A toxicity. Polar bear livers should not be consumed
as they can cause vitamin A toxicity and death.
Vitamin A and other fat soluble vitamins are stored particularly in the liver and adipose tissue.
Vitamins can be broadly classified into two categories:
 Fat-soluble vitamins: Vitamins A, D, E, K

» Water-soluble vitamins: Vitamin B complex and vitamin C
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Properties of fat-soluble vitamins:
» Hydrophobic in nature
« Transported in blood by the lipoproteins, such as chylomicrons

» Stored in the liver and the adipose tissue

Solution to Question 9:

The clinical scenario is suggestive of vitamin A toxicity. It causes increased 1ntracran1al pressure,
not reduced intracranial pressure. L

5 |

In cases of chronic ingestion, the accumulation of vitamin A goes beyond the capacity of
intracellular binding proteins producing hypemtamlnomﬁ "

Clinical features of hypervitaminosis A:

* CNS: Symptoms of raised intracranial pressure -(pseudotumor cérebri) such*as headache, nausea,
vomiting, blurring of vision, ataxia, anorexia*, ™ -

- - 5
- i &

* Liver: Hepatomegaly and hyperlipidemia- " s .
" = e
e Musculoskeletal: Thickening of. the long bones (bony exost051s) hypercalcemla soft tissue

calcification - - =
' .

 Dermatological: Dryness, exfohatlve d'e:rmatltls alopecla

» Teratogenesis: Pregnant womenﬁshould not 1ngest excessive quantities as it can cause congenital
malformations in the developing*fetus. Isotretinoin (13-cis retinoic acid) is a vitamin A derived
drug that is teratogenic aﬁr_f.d absolutely contraindicated in pregnancy.

_-'\. 1

! B
i

Solution to Question 10:
5 i,
Vitamin D is also considered a hormone.

Vitamin D encompasses a group of sterols, which have a hormone-like function.
Functions of vitamin D:
 Regulation of calcium and phosphate: It increased blood calcium and phosphate level

* Immunomodulatory action: Vitamin D increases the ability of the innate immune system to fight
against pathogens

* Antiproliferative: Because of the antiproliferative function, deficiency (&lt;20ng/ml) is associated
with an increased incidence of colon cancer, breast cancer, prostate cancer

* Bone development
Solution to Question 11:
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The first hydroxylation of vitamin D takes place in the liver to form 25-hydroxycholecalciferol.

Vitamin D, as either cholecalciferol or ergocalciferol does not have significant biological activity. It
is activated in the following steps:

« Skin: 7-Dehydrocholesterol (an intermediate in the synthesis of cholesterol in the skin)
undergoes a nonenzymic reaction on exposure to ultraviolet light (29onm to 315nm),
yielding cholecalciferol.

e Liver: Cholecalciferol is hydroxylated to 25-hydroxycholecalciferol (the most abundant
circulatory form of Vitamin D) by the enzyme 25-hydroxylase.

* Kidney: 25-hydroxycholecalciferol is converted to 1,25 dihydroxycholecalciferol (calcitriol), the
biologically active form by the enzyme 10-hydroxylase. e I

L
" ry
e
i
7-Dahydrocholesterol

-—  Sunlight
Previtamin Dy
SKIN
-
Vitamin Da [
(cholecalciferol)
LIVER 25-Hydroxylase |
Other 3l
rn:-_:l.'_lt_)-‘::itu:_-'. - 2 S-Hydroxycholacalcifaral
24-Hydroxylase 1a-Hydroxylase
( KIDMNEY j
24, 25-Dihydroxycholecalciferol 1,.25-Dihydroxycholecalciferol
Various steps in formation and hydroxylation of Vitamin D3
. |

1 | e
L !

Calcitriol acts o the bone, intestine, and kidney to maintain calcium and phosphate homeostasis.
If the body.does not requir_e-ﬁt'émin D, in the kidney, 24-hydroxylase converts vitamin D into
24,25 dihydroxycholecalciferol, which is an inactive metabolite.

Solution to Question 12:

Vitamin D is not an antioxidant.
Functions of vitamin D:
 Regulation of calcium and phosphate: It increases blood calcium and phosphate level

* Immunomodulatory action: Vitamin D increases the ability of the innate immune system to fight
against pathogens

« Antiproliferative: Because of the antiproliferative function, deficiency(&It;2ong/ml) is associated
with an increased incidence of colon cancer, breast cancer, prostate cancer

* Bone development
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Solution to Question 13:

Vitamin E is the most potent and naturally occurring antioxidant.

Current therapeutic use of vitamin E is recommended in diseases that cause fat malabsorption,
severe pancreatic insufficiency, and cholestatic liver disease.

Protective antioxidant nutrients:

* Vitamin E
 Vitamin C . _:-.ﬂ'
« Vitamin A and the carotenoids ; i .
* Selenium v o __-_.""-'"
* Polyphenolic compounds derived from plant foo_ds:. ) P, ;
i [ W _:5".
Solution to Question 14: e Tl __:f-“

The clinical scenario of a patient with fatigue'and decreased hémoglobin, increased indirect
bilirubin, and increased LBH"is suggesp\*ehof hemolytlc arlemia. It is associated with a deficiency

of vitamin E.

The most important function of V&Iamm Eis 1ts'-c'ha1n -breaking antioxidant role. Vitamin E
inhibits lipid peroxidation byTree radicals, thereby stabilizing cell membranes. Hence, its
deficiency can result in er-;?throcyte memﬁranes being abnormally fragile leading to hemolytic

anemia. 1'-. 1 ‘“-. 1
g iy

L™ Reduced Vitamin E

: )

Peroxidation of
mambranea lipids

l

Inhibition of red call
membrane —_—
sulfhydryl groups

Inhibition of active
cation transport

elling
z

Microaspherocyte
formation

Note: Vitamin K deficiency does not cause hemolysis. It causes manifestations of impaired
coagulation, such as easy bruisability, mucosal bleeding, etc. However, vitamin K toxicity can
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cause hemolysis.

Solution to Question 15:

The only fat-soluble vitamin that has a coenzyme function is vitamin K.

The co-enzyme role of vitamin K is in the y-carboxylation reaction of clotting factors.
Many of the water-soluble vitamins also have a coenzyme function, such as:

* Vitamin B1 as thiamine pyrophosphate (TPP)

» Vitamin B6 as pyridoxal phosphate (PLP) Ak

Solution to Question 16: O y

Prolonged use of antibiotics leads to Vltamin K def1c1ency Thrs is due to.thé loss of normal bowel

flora that synthesizes menaquinones (Vltamln K2). o N

5

Vitamin K is a fat-soluble vitamin. “The Tollowinglate the vitamerS';)f vitamin K:

* Phylloquinone (Vitamin K1)-s$: the normal dletary source of Vitamin K that is found in green
vegetables. - .

+ Menaquinones (Vitamin K2) are syntlesized by {ritéstinal bacteria.

* Menadione (Vitamin K3) is a-sy-;ithetic compound that is metabolized to phylloquinone.
h:: L= |
T :"'\. o
Solution to Question 17:
™ oy, Y
% .

Warfarin, which is an oralianticoagulant drug inhibits gamma-carboxylation of clotting factors II,
VII, IX, and X, but not factor VIII. Thus, the levels of clotting factor VIII will be unaffected in her.

Warfarin inhibits vitamin K epoxide reductase, an enzyme required for the reduction of vitamin K.
Reduced vitamin K is involved in the post-translational modification of blood clotting factors such
as prothrombin (factor II), factor VII, factor IX, factor X, protein C, and protein S.

Therefore, warfarin indirectly inhibits the gamma-carboxylation reaction or post-translational
modification of blood clotting factors.
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Inactive |

Coagulation factor Coagulation factor
2,7,9,10 2,7,9,10
protein C, protein S Carboxylase protein C,protein S
epoxidase
Vitamin K

hydroquinone

Vitamin k Vitamin K
quinone reductase epoxidase
Vitamin k Vitamin K

inone * epoxide
e Vitamin K ° e

epoxide reductase 4—| 1
Warfarin 'é:h._‘-;'

©MARROW
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Energy releasing vitamins

Question 1:

Which of the following multienzyme complexes catalyzing decarboxylation reactions does not
require thiamine as a coenzyme?

a) Pyruvate dehydrogenase

b) a-ketoglutarate dehydrogenase

c) Branched-chain keto-acid dehydrogenase 2N

d) Isocitrate dehydrogenase

Question 2: T oy

Which of the following co-enzyme de_ﬁc‘iencies makeés'a patient pf'one to lactic acidosis?

a) Thiamine ) . et ™ ’
b) Riboflavin i ™y
c) Biotin B y
d) Niacin K g :
L .
o |
'._\.- B
Question 3: .
= A oy, Y
i k

'H. 5 %
What is the reason behind decreased energy production in thiamine deficiency?

a) It is required for transamination reactions
b) It is the coenzyme for pyruvate dehydrogenase
c) It is the coenzyme for transketolase

d) It is required in the process of oxidative reduction

Question 4.

A man with chronic alcoholism presented with orthopnea and pedal edema. On investigation,
cardiomegaly is noted. Which vitamin deficiency can lead to this presentation?

a) Vitamin B1

b) Vitamin B2
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c¢) Vitamin Bj
d) Vitamin B6

Question 5:

Which of the following enzyme activity assays can be used for the diagnosis of a patient with
suspected thiamine deficiency?

a) Pyruvate dehydrogenase
b) Erythrocyte transketolase " :
c) o-ketoglutarate dehydrogenase
d) RBC glutathione reductase

Question 6: oy T
. i ‘ ---\..-\. -.-1.I "
A middle-aged man with a history, of chronic alcoHol comsuptionpresented to the casualty
with confusion, ataxia and diplopia. What is.tlie protocol to'treat this patient?
E % -

a) Thiamine injection followed by glucose infusion _
b) Glucose infusion followed thiam‘iﬁé injection;*
¢) Glucose infusion alone C, ; -

W \
d) Thiamine injectionalone )

i

'-.\-]_ oy, Y

Question 7:%," )

FMN and FAD coenzymes are derived from which of the following vitamin?

a) Niacin

b) Vitamin B1
c¢) Riboflavin
d) Vitamin Bj

Question 8:

A young lady presented with a tingling sensation in her legs and hands. On examination, she
had fissured tongue, lips, and lesions in the angle of the mouth. On investigation, she had low
RBC glutathione reductase activity. Which vitamin is most likely deficient in this patient?
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a) Vitamin B12
b) Vitamin B3
¢) Niacin

d) Riboflavin

Question 9:

A man presents with rashes around the neck, as shown in the image below. Dietary history
reveals that he has consumed jowar for a long duration. Which vitamin is moaJﬂEl&ly

deficient in this patient? ,é:"k
» i,

S
a) Vitami&!; '\-'.'|I
b) Vitamin B1
c¢) Vitamin B3
d) Vitamin B7y
Question 10:

A farmer presents with loose stools, depression, and photosensitive dermatitis as shown in
the image. On examination, a red beefy tongue is noted. Which of the following is not
associated with this presentation?
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a) Hartnup disease )
b) Carcinoid syndrome @

c) Wernicke's encephalopathy "-.::I,“I‘"L H::;_
d) Pyridoxine deficiency {.;,"}'-..

L_',J
& o
ﬁa

A 45-year-old woman w1t 'Sipertrlgl &ﬂ"ﬁl}ﬁ;mla is considered for niacin therapy. She is a
known diabetic man dequat sugars well under control. Why should niacin be

used cautiously }‘3.,@ patlent’?

a) It can é"a‘u%e hyperglym'ipla

b) It can cause scleroderma which makes injecting insulin difficult.

Question 11:

c) It can increase the metabolism of oral hypoglyemic drugs.

d) It can cause hypoglycemia.

Question 12:
An alcoholic patient presented with itchy lesions as shown in the image, He also has a

red-colored beefy tongue. Which of the following histories would you like to additionally ask/
elicit in this patient?
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ik G{'E“ &y

a) Ask for diarrhea and history of memory 1 @

<

b) Ask for diarrhea, thiamine deficiency @JI‘CS, and iled dieta -ngory
c) History of allergy "-.::I,“I‘"L Hﬁ'{j B
d) Ask for diarrhea and conj tis 'w.,."f':' ";-:I':'J
i S
. 2 )
Question 13: ) qE“

o
o ?
A middle aged man comeﬁﬁr routine follow-up. His lipid profile shows
hypercholesterolemi Fﬁ)ertriglyce{ﬁe ia, elevated LDL and VLDL. Which of the following
vitamins can be 5" o treat this patient?

a) Riboﬂa% '\-'.'E::I
b) Pantothenic acid
¢) Nicotinic acid

d) Pyridoxine

Question 14:

A patient is prescribed niacin for treating his hyperlipidemia. All of the following statements
about this drug are true except:

a) It inhibits lipolysis in adipose tissue
b) It causes a reduction in the liver TAG synthesis

c¢) It reduces the level of HDL
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d) It reduces the level of LDL

Question 15;:

Which of the following vitamins constitutes a part of the coenzyme A?

a) Thiamine

b) Riboflavin
c) Pantothenic acid _
L
d) Pyridoxine o, o X
o o
=y, r i 9
. ) e
Question 16: -
s . N '5.

Burning feet syndrome is caused by a partlcular Vltamm defrmency W],}_ich of the following
amino acids is contained in this vitamin?+= T

- & -l_ '\-\.
L" -\.'\"4. Pl T, T
) %

a) Phenylalanine i c " e o
b) Arginine __':-'. e s

A e e
c) Beta-alanine y L
d) Tryptophan e 2%

-\.|__\'\- . - |

{ X
"._"-:.' o
Question 17: : L"

Which of th&;golialvﬁng Vité}hm-ﬁl.; serves as a cofactor in carboxylation reactions?
L

a) Thiamine
b) Riboflavin
c) Pyridoxine

d) Biotin

Question 18:

A 20-year-old bodybuilder presented with fatigue on moderate exercise. He had recently
started eating raw eggs for protein. Which of the following enzymes is likely deficient in him?

a) Glucose-6-phosphatase
b) Glycogen phosphorylase
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c¢) Pyruvate carboxylase

d) Phosphoenolpyruvate carboxykinase

Question 19:

Vitamin B12 is found maximum in:

a) Animal products

b) Green leafy vegetables

¢) Roots and tubers i_:_':'j';:::.

IH '
d) Vegetarian diet L - T
e Sl
.".-:‘:-._ St
Question 20: =-;,:L""-L” Ll._:-:“ ' 1.}'} ;
-I::-?"'“. s =3 _{\.,'::'.'.
Which vitamin, when infused in supra‘l_)}z}"é'-iologica_l H‘Jsés, causeg::{r;i‘cular edema and
macular cysts? _:.._'. ) i-.;} : ¢ P
i . l: - ]
3 | v -
a) Vitamin A - 1) "H.:"I"‘ i
g 5 &
b) Vitamin D b ""L""'E ]
. . 4 !_:::_.- ~ ¥
¢) Vitamin E -.:.'55"' = -u.'.':'
d) Vitamin B3 .;%'L. WnE
N .
9 X
P o
4O 5
""-I:'“ ' n.aF“'

Answer Key

Question No. Correct Option

1 d
2 a
3 b
4 a
5 b
6 a
7 c
8 d
9 c
10 c
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11 a
12 a
13 c
14 c
15 c
16 c
17 d
18 c
19 a N
s
20 d .
X e
iy ] ._-'.-- e
O
. I': . "\-\_
Detailed Explanations:. A
Sl i -._- '

n ks 2 8 iy

- i1

Solution to Question 1:

L -u_"‘:l. "-\.'% ..1-.I'
Thiamine pyrophosphate (TPP) does-not serve as'the coenzyme férisocitrate dehydrogenase.
Isocitrate dehydrogenase, aniénzyme of the ¢itric acid cycle, uses Mg2+ or Mn2+ ions as a

coenzyme. : iy %
| oo

Thiamine pyrophosphate (TPP), f_fom.-v.itamin B.Ll‘ serves as the coenzyme for three multienzyme
complexes that catalyze oxidafive decarboxylation reactions:

* Pyruvate dehydrogenase‘_"-. c"arbohydra_te"-ni-etabolism
oy o l
» a-ketoglutarate dehydrogenase - citric acid cycle
. Branched-chgtir-i keto-acid gghyarogenase - metabolism of leucine, isoleucine, valine

Most of these enzymes alra:involved in carbohydrate metabolism, so thiamine is required in excess
during a high carbohydrate diet. TPP also serves as the cofactor for transketolase in the HMP
shunt.

Solution to Question 2:

Thiamine (Vitamin B1) deficiency makes a patient prone to lactic acidosis.

Thiamine pyrophosphate (TPP) serves as a coenzyme for the pyruvate dehydrogenase enzyme. In
a state of thiamine deficiency, there is an impaired conversion of pyruvate to acetyl CoA. When
the patient consumes a high carbohydate diet, there is thus an accumulation of pyruvate. Pyruvate
then gets converted into lactate by the enzyme lactate dehydrogenase. This results in increased
plasma concentrations of lactate and pyruvate, leading to a state of lactic acidosis.
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Solution to Question 3:

Decreased energy production is seen in thiamine deficiency because it acts as a coenzyme for
pyruvate dehydrogenase and o-ketoglutarate dehydrogenase.

Both pyruvate dehydrogenase and o-ketoglutarate dehydrogenase are required for the production
of NADH, which is used for ATP production. In thiamine deficiency, the reaction catalyzed by
pyruvate dehydrogenase cannot go forward. Hence, there is no formation of acetyl CoA, causing
decreased substrate for the citric acid cycle. As a result, energy (ATP) production is grossly
reduced and instead, lactic acidosis is seen.

Solution to Question 4: >

Cardiac failure (orthopnea and pedal edema) and cardion'égély in a patient with chronic
alcoholism suggest a diagnosis of wet beriberi. Thla,mlne (vitamin Bit)"deficiency leads to this

condition. o T y

_ | 1 1 -
Chronic alcohol consumption is associated;with thiamine deficiency due-toinadequate dietary
intake, malabsorption of thiamine from the gastromtestlnal tract and impaired utilization of

thiamine in the cells. This deflclerrcy'-presents asg 4" ey

|

« Wet beriberi: The cardiovasctlar’ system is affected. Patients-present with high output cardiac
failure (orthopnea, pedal edema), dyspnea, eardiomegaly, ‘and pulmonary edema.

« Dry beriberi: Both the peripheral and-eentral neryous systems are affected. Patients present with
symmetric motor and sensory neurdpathy (pain;’paresthesia, loss of reflexes) especially in lower
limbs. In severe cases, musclé.atrophy may-also be seen.

.H:_ o o

i

Solution to Question 51 %
o !
Erythrocyté transketolase activity can be measured to diagnose thiamine deficiency.

Thiamine pyrophosphate (TPP) is the cofactor of erythrocyte transketolase, which is involved in
the non-oxidative phase of the HMP pathway. In thiamine or vitamin B1 deficiency, the value of
erythrocyte transketolase activity will be decreased.

Solution to Question 6:

Diplopia, ataxia and confusion in a patient with chronic alcohol consumption is suggestive of
Wernicke's encephalopathy. The current standard of treatment for patients with symptoms of
Wernicke's encephalopathy is to give thiamine 100 mg intravenously before administering
glucose-containing IV fluids.

Thiamine deficiency leads to the following:

» Wernicke’s encephalopathy: It is more commonly seen in alcoholics with chronic thiamine
deficiency. It is characterized by global confusion, truncal ataxia, ophthalmoplegia and horizontal
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nystagmus.

« Korsakoff psychosis: Symptoms in addition to those of Wernicke's encephalopathy include
memory loss and confabulation

* Beriberi: It can be either -
* Dry beriberi: Sensorimotor peripheral neuropathy, muscle weakness

» Wet beriberi: Tachycardia, cardiomegaly, high-output cardiac failure

Solution to Question 7: [

Coenzymes flavin mononucleotide (FMN) and flavin ademne dlnucleotlde (FAD) are derived from
riboflavin (vitamin B2). oy -

FMN-coenzyme is part of complex I (also known as NAPH-Q ox1dqreductase NADH
dehydrogenase) in electron transport chain (ETC_) Tt also acts as.a coenzyme, for L-amino acid
oxidase. . '__ S

FAD-coenzyme is part of complex II in ETé It acts as & éOeﬁzyme for 'SfIcEmate dehydrogenase
(Kreb's cycle), acyl CoA dehydrogenase-(fatty acid oxidation), D- a.r-ﬂlno acid oxidase and xanthine
oxidase. -

Solution to Question 8: 2 2 &

Tingling sensation of legs dnd hands, fissured tongue and lips, and lesions in the angle of the
mouth combined with-ow RBC glutathione reductase activity is consistent with riboflavin
(vitamin B2) deﬁmency

Deficiency state. of rlboﬂavm a‘water soluble vitamin, is characterized by the following signs and
symptoms % 0

* Cheilosis: Pallor in the angle of mouth and fissuring of lips, which extends radially to skin
* Glossitis: Tongue becomes smooth, loss of papilla causing magenta-colored tongue

* Eyes: Keratitis, conjunctivitis and corneal vascularisation

 Other features: Seborrheic dermatitis, anemia

The nutritional status of riboflavin can be assessed by measuring the activity of the RBC
glutathione reductase, by FAD added in vitro. This test is specific for riboflavin deficiency.

The image below shows cheilosis and stomatitis due to riboflavin deficiency.
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Solution to Question 9: {‘1.
A patient with high intake of and char@,"é t1c Casal’ klace pattern rash is most likely
suffering from pellagra. It.l_i:i;-é'.'used due to*a deficiency oﬁ.‘?rtamm B3, known as niacin.

Pellagra, or niacin deficiency, prese
and dementia. Patients often haye-

there is an erythematous pi
C3 and Cy4). If left untreat j-p

ith 3 clasg;gbé‘ - dermatitis (photosensitive), diarrhea
Casal co Casal necklace. It is a clinical sign in which

d skin ra, the distribution of a broad collar (dermatomes
ellagra leads.to the 4th D of death.

Jowar (sorghum) has leucine ,c\tij{]_;t'&qt This inhibits QPRTase, an enzyme responsible for the
synthesis of niaci om amino ryptophan. Excessive consumption of maize-based diets can
also cause e_: due to %oxh-low levels of niacin and tryptophan.

N K\

Solution to Question 10:
Loose stools, depression, beefy red tongue and Casal's necklace, as seen in the image, is suggestive
of pellagra. Pellagra-like symptoms are not seen in Wernicke's encephalopathy.

Pellagra is caused by niacin deficiency, either due to dietary deficiency or deficient conversion of
tryptophan to niacin. Hence, pellagra-like symptoms are seen in:

» Hartnup disease: It is an autosomal recessive disease caused by mutations in the SLC6A19 gene
leading to defective membrane transport of tryptophan across PCT (kidney) and enterocytes
(intestine). This leads to malabsorption, and hence deficiency of tryptophan.

* Carcinoid syndrome: Due to excess conversion of tryptophan to serotonin, there is a decreased
level of tryptophan availavle for niacin synthesis

* Pyridoxine deficiency: Pyridoxine is required as the co-factor of kynureninase, an enzyme in the
pathway of niacin synthesis.
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» Maize/corn rich diet: In these grans, niacin is in bound form (niacytin form) and is not absorbed.

 Jowar diet (Sorghum): The increased leucine content inhibits QPRTase enzyme, an enzyme in
the pathway of niacin synthesis.

Solution to Question 11:

Niacin should be used cautiously in diabetics as it can cause hyperglycemia.

Niacin induces insulin resistance and also decreases glucose-stimulated insulin secretion,
which may result in severe hyperglycemia. When niacin is prescribed for patients with known or
suspected diabetes, blood glucose levels should be monitored at least once a V\LEek'.l

Solution to Question 12:

. h ]
..'\'\- 3 L

1 y
An alcoholic patient with a red-colored beefy*tongue, itchingiand the characteristic Casal's
necklace, shown in the image, is suggestive of pellagra:Tt is caused by‘macm/wtamln B3
deficiency. Hence, one should ask for athistory of diarthea and memory loss in this case.

Pellagra presents with 4 Ds: Dlarrhea Dermatitis, Dementia; and if untreated, Death. Early
symptoms of pellagra are loss-of appetitey generahzed weakness and irritability, abdominal pain,
and vomiting. Photosensitive dermatitiSiis seen oyer stin-exposed areas. Diarrhea occurs due to
proctitis or malabsorption. Brightxed-glossitis (beefy tongue) and Casal’s necklace (a pigmented,
scaly skin rash that forms a ring around the néeck) follow. Depressive psychosis and dementia also

commonly occur. i d
y

Corn/ maize/ jowar based-diets are th€"main causes of niacin deficiency. Corn/maize lacks niacin
and tryptophan. The excess leucine in jowar and maize disrupts the conversion of tryptophan to
niacin. Niacin deficiency is also. seen in alcoholism. Hence, additional histories of diarrhea and
memory leSs will aid in supporting the diagnosis of pellagra (along with dietary history).

%

Treatment includes oral supplementation with 100-200 mg of nicotinamide or nicotinic acid
three times daily for 5 days.

Option B: Thiamine deficiency (vitamin B1) features include CVS manifestations like heart failure
and edema (wet beriberi), peripheral neuritis (dry beriberi), and Wernicke encephalopathy (in
alcoholics).

Option C: Dermatitis seen in pellagra is due to dietary deficiency of niacin and so allergy history is
not relevant.

Option D: Conjunctivitis is not a feature of niacin deficiency.

Solution to Question 13:

A man with hypercholesterolemia, hypertriglyceridemia, elevated LDL and VLDL should be
treated with a lipid-lowering agent. Thus, the vitamin that can be used to treat this patient is
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nicotinic acid (niacin or vitamin B3).

Niacin causes a reduction in LDL, VLDL and triglycerides along with increasing HDL. It is the
only lipid-lowering agent that lowers lipoprotein (a) levels significantly. The main adverse effect of
niacin is cutaneous flushing and pruritus. It can be controlled by pre-treatment with aspirin.

Solution to Question 14:

Niacin increases the level of HDL.

Niacin (vitamin B3) is known to inhibit lipolysis within the adipose tissue. Hence, the, circulating
free fatty acids (FFAs) are reduced. The liver normally uses these circulating FFAS~ as a precursor
in the synthesis of triacylglycerol (TAG). As a result, niacin causes a reductlon in liver TAG
synthesis. TAGs are in turn required for very low density ,]}poproteln (V. bDL) and low density
lipoprotein (LDL) synthesis. Therefore both plasma VIDL and LDL values are reduced. Overall,
niacin decreases LDL, VLDL and TAG levels, and,intereases highs -density lipoprotein (HDL) levels.
Thus it is particularly useful in the treatment of type IIb hyperhpoprotemerma in which both
VLDL and LDL are elevated. ) " - O

Solution to Question 15: (% o,

Pantothenic acid constitutes a part ofithe coenzyme A"

The primary function of coengym"e A (pantothénic acid) is to transfer acyl groups. Pantothenic
acid as coenzyme A is involved in: i

« Fatty acid oxidation{™ :‘--" o
* TCA cycle (as_s_uceinyi Co-A and acetyl Co-A)
* Cholesterol synthesis (asl:Hl\'/I(.-} Co-A)

* Acetylation reactions

Solution to Question 16:
The vitamin that is deficient in burning feet syndrome is vitamin B5 (pantothenic acid) which
contains the amino acid beta-alanine.

Pantothenic acid deficiency is rarely seen as the vitamin is abundantly found in food (egg yolks,
whole frains, vegetables). Burning feet syndrome is classically seen in pantothenic acid deficiency.
The other symptoms of pantothenic deficiency are non-specific and include GI disturbances,
paraesthesia, muscle cramps and ataxia.

Beta-alanine is an amino acid seen in:
* Pantothenic acid (vitamin B5)

* Coenzyme A
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» Carnosine
* Anserine

* Acyl carrier protein

Solution to Question 17:

Biotin serves as an important cofactor in carboxylation reactions

Biotin (vitamin B7) functions as a carrier for the activated carbon dioxide molecule in
carboxylation reactions. The enzymes using biotin as a cofactor are acetyl CoA carbo6xylase,
pyruvate carboxylase, propionyl CoA carboxylase and methyl crotonyl CoA carbexylase.

Malic enzyme and carbomyl phosphate synthetase I and Hde not use blotm as a coenzyme.
Gamma carboxylation by vitamin K is also biotin- 1ndependent

Solution to Question 18: -
o e

The patient developed pyruvate earboxylase enzyme deﬁc1ency-

Individuals who eat an exeess 6f uncooked*egg-white develop biotin deficiency and as a result
carboxylase enzyme deficiency. This isbecause a proteifi-¢alled avidin present in the egg-white
binds to biotin in the diet and makes:biotin unavailable for intestinal absorption. Biotin deficiency
can cause dermatitis, mental §te_1ti‘ls changes _(depression, hallucinations), paraesthesia and
alopecia. i

Biotin serves as a co- enzyme for the.synthesis of several carboxylase enzymes such as acetyl-CoA
carboxylase, pyruvate éarboxylase propionyl CoA carboxylase and methylcrotonyl-CoA
carboxylase. Thus'these enzymes are deficient in biotin deficiency.

i ;
5% I_.

Solution to Question 19:

Vitamin B12 is found maximum in animal products.

Vitamin B12 or cobalamin is synthesized only by microorganisms. Thus, the only source of
cobalamin for humans is animal products. It is not found in plant sources. Therefore, individuals
who are strict vegetarians are usually at the risk of developing vitamin B12 deficiency.

Solution to Question 20:

Macular cysts and edema may develop in patients due to the infusion of supraphysiological doses
of vitamin B3 (niacin toxicity).

The toxic effects of niacin include:
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* Flushing associated with skin dryness, itching, paresthesia, and headache is seen. These
effects may be seen with even a low dose of 3omg/day. Pre-medication with aspirin alleviates
these symptoms as these symptoms are mediated by prostaglandins.

» Macular edema and macular cysts

* Nausea, vomiting, and abdominal pain.

* Hepatic toxicity presents as jaundice with elevated AST and ALT levels.
 Fulminant hepatitis requiring liver transplantation.

* Glucose intolerance

» Hyperuricemia
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Hematopoietic and other vitamins

Question 1:

Which of the following vitamins contains cobalt as a part of their structure?

a) Vitamin B1
b) Vitamin B2
¢) Vitamin B6 o,
d) Vitamin B12

Question 2: = h, T .

Which of the following patients is likely to _develop Vltamln B12 deﬁé.ency”
e,
a) A 40-year-old male with a segmental resection of primary duodenal cancer

b) An intestinal obstruction ¢ase with jejuttectomy due toiiecrotic segment
c) A 30-year-old patient who got his ilevim removed due to Crohn's disease
d) A 62-year-old patient who qn(_IeT'wént coleqtoifly for ulcerative colitis

o Ry o
b i
i |

Question 3: N

A 45-year-old -patlent came Wlth complaints of easy fatiguability and palpitations. On
examination, she had pallor Methylmalonic acid excretion in the urine was estimated as a
part of evaluation. This can be utilized to assess the nutritional status of which vitamin?

a) Vitamin B12
b) Folic acid
c¢) Niacin

d) Iron

Question 4:

Folate trap occurs due to the deficiency of which of the following vitamins?

a) Pyridoxine

b) Vitamin B12
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c¢) Niacin
d) Folic acid

Question 5:

A young woman presents with increasing fatigue, numbness, and tingling in the legs. She
started following a vegan diet 4 years ago. On examination, glossitis is seen, and hyperreflexia
is present in the lower limbs. Lab investigations revealed the following. Which of the
following findings is not seen in this condition? -

a) Decreased homocysteine levels i

b) Positive Romberg sign 34 o AL
c) Optic atrophy T o C
d) Dementia e oy e
. = )" o4
Question 6: N L% o

Which of the following are vitafmin-B12 .dé;;endent enzynies?

a)1,2,3and4 o

b) 1 and 4 only

c) 1 and 3 only T e, |
1] "
d)1,2,and3 2% ° 3
i :-]_. =, Nt
5 h
'H. 5 I_.
Question 7:

A patient presented with symptoms of peripheral neuropathy and macrocytic anemia. She
was given folate 5mg and the blood picture improved. However, the neurologic
manifestations were aggravated. What is the most likely cause?

a) Malabsorption of folate

b) Treatment with folate unmasking pyridoxine deficiency

c) Deficiency of folate reductase in CNS

d) Folate therapy using the B12 stores

Question 8:
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Which of the following vitamins serves as a carrier for one carbon atom?

a) Thiamine

b) Niacin

c) Folic acid

d) Pantothenic acid

Question 9:

o]

. . o . . Al
Which of the following vitamins serves as a coenzyme in transamination redctions?
[

a) Thiamine '-.-_'-‘ P
iy .

b) Riboflavin e 0

c) Pyridoxine e : | W ._:"“.

d) Biotin 4y 1-____'_ I

- .
. = : -\.:-\. 'l‘\.'\'\.
L ¥ :\';-\-'I e i L I E_:'-
Question 10: P i o7
.\-__i.\- \ I..H S -‘:. s
Which of the following vitamins is nqt_'_'i'equired in~t_1'1"e TCA cycle?
N &
a) Thiamine P - e
‘_ L=
b) Niacin 2 £t
>
c) Riboflavin & LRl
Yy L
d) Pyridoxine~} " it
-|..\.:|. L |_.

Question 11:

A 45-year-old man is undergoing treatment for pulmonary tuberculosis. During one of his
follow-ups, it was noted that he is taking pyridoxine tablets in excess. Which of the following
symptoms is he most likely to develop?

a) Dementia

b) Hallucinations

c) Sensory neuropathy

d) Nystagmus

Question 12:
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Which of the following enhances iron absorption?

a) Vitamin A
b) Vitamin C
c) Thiamine
d) Riboflavin
Question 13:

: .. 2
Which of the following is false about scurvy? .;.':":-'I
a) Microcytic anemia can be seen -.,I'::-‘- B -.,,_':-fa )

b) The beading on ribs is non-tender and round ; a-x.':."' _m'-:_'-l“ 4

c) Patient can present with pseudoparalysis -"._'hl"'- | -.:":'"‘ - __,_H:':._
d) There is impaired formation of maturq;:.ﬂ_zbﬂ;;'hective tif.s_u@_'r ‘.-;_“':"-'
N . !
SOV Y
i u -
O T ?
- 5 1
g ::An swe&l&éy

1 d
- 2 c
"El."' 3 a
N 4 b
5 a
6 b
7 d
8 c
9 c
10 d
11 c
12 b
13 b

Detailed Explanations
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Solution to Question 1:

Vitamin B12 contains corrin rings with cobalt as a part of its structure, hence this group of
vitamins are referred to as cobalamins.

Vitamin B12 is derived mainly from animal products such as meat, fish, eggs and fortified
cereals. There are no plant sources as such for vitamin B12 / cobalamine, hence strict
vegetarians are at risk of developing a nutritional deficiency of vitamin B12.

Vitamin B12 deficiency is associated with defects in RBC production leading to megaloblastic
anemia.

Solution to Question 2:

¥ Fi.d
= e

A 30-year-old patient who got his ileum removed due to érohn's disease"is likely to develop
vitamin B12 deficiency. Vitamin B12 is absorbed fronithe distal thifd of the ileum via receptors
known as cubulin, which binds the intrinsic factér=vitamin B;z'cdmplex. ™y

Dietary vitamin B12 is normally bound t¢proteins in food. Pepsin and;gastric acid in the stomach
degrade these food proteins and release vitamin B12:The free Vltarpin'-Blz then binds to a salivary

glycoprotein called haptocorrin (R blnder) Rt o

In the alkaline pH of the duodenum pancreatlc proteases degrade the haptocorrin, and vitamin
Bi2 is released again. It then binds tlghtly'to intrinsic fa¢tor (IF), a glycoprotein secreted by the
parietal cells of the stomach and thig binding takes;place in the duodenum. The IF-Vitamin B12
complex reaches the terminal ilearmi*and attachés'to a receptor on the enterocyte, from where it is
absorbed. Vitamin B12 is transported in the bldod bound to a carrier protein called
transcobalamin II and delivered to the pérlpheral tissues.
g, gl

Absorption sites: %/ o, P
Iron- Duodenum. ' " .'

A "
Folate- Jejuhum "y

Vit Bi2- Ileum
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Solution to Question 3: o ~ Ont
i '\"". b |:- L 1‘-\.
The above scenario suggests anemla ‘and methylmalonic ac1d_excret10n in the urine can be utilized
to assess the nutritional statu_ siof Vltamm,__B'12 I

Methylmalonyl-CoA mutase is a v1tam51;1‘-B12 depend.gsnt enzyme. The activity of methylmalonyl
CoA mutase is greatly reduced in vitamin B12 d,sflcrlency, leading to an accumulation of
methylmalonic acid and its expre'tlon in urlnew,

There are two vitamin Blg-dependent en%ymes

* Methionine syntha,sé"-(homocystq&n;" methyltransferase): Catalyzes the conversion of

homocysteine to, ‘nethionine + *
=y "'\_

. Methylm.@on;'l CoA mu,j_:dse methylmalonyl CoA, formed as an intermediate in the catabolism of
valine, isoleucine, and proplonyl CoA is converted to succinyl CoA

Note: Urinary excretion of methylmalonic acid is also used to differentiate between megaloblastic
anemia due to folate and vitamin B12 deficiency.

Solution to Question 4:

Folate trap occurs in the deficiency of vitamin B12.
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Mathionine Folates

= Tetrahydrofolate —

4
S-adenosyl

msthionine R - Slycine

Mathionine 5,10 methylens
synthase tetrahydrofolate

Homooysteine ~

-~ Cystathionine B synthase (vitamin B6)

LT ..\.

The conversion of 5,10-methylene-THF into 5-méﬂ:1yl THF(methyltetrahydrofolate) is an
irreversible process. The major source of tetrahydrofolate for tissues is.g-methyl-THF. The only
way to make further use of 5-methyl-THF-and to maintain the folate cycle is by the vitamin
B12-dependent remethylation of homoc'ystelne to.thethionine by tnéthionine synthase enzyme.

Decreased activity of methionine-synthase,in vitamin Bi2 defieiency results in the accumulation of
methyltetrahydrofolate that-eannot be usbd resulting ina folate trap. The folate cycle provides a
link between the functions of folate and vitamin Bi2,"where vitamin B12 deficiency causes a

functional deficiency of folate. . " €

Solution to Question,5™

The clinical;scenario of a p;_iti"éﬁt on a vegan diet now presenting with glossitis of the tongue,
hyperreflexia, and numbhess and tingling in the legs is suggestive of vitamin B12 deficiency.
Decreased homocysteine levels are not seen in this condition. Rather, increased homocysteine
levels are seen.

Vitamin B12 is a cofactor of methionine synthase and methylmalonyl CoA mutase. Methionine
synthase is required for the conversion of homocysteine to methionine, which is the principal
methyl donor. In vitamin B12 deficiency, defective methionine synthase leads to the following:

1. In the absence of methionine, there is decreased methylation in the CNS. This leads to defective
synthesis of myelin and neurotransmitters, which results in the following symptoms :

* Posterolateral cord degeneration: It presents as loss of proprioception and vibration, positive
Romberg sign, ataxia, hyperreflexia, spasticity

* Dementia leading to cognitive impairment
* Peripheral neuropathy: presenting as muscle weakness, paraesthesia
* Optic atrophy

2. Homocysteine accumulates in the blood conferring an increased risk of cardiovascular disease.
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3. Megaloblastic anemia: The availability of 5,10-methylene THF is reduced, which is required in
the conversion of deoxyuridine monophosphate (dAUMP) to thymidine monophosphate (TMP) for
DNA synthesis. This leads to macrocytic anemia with megaloblasts in the bone marrow.

- Folate

Serine

v - Tetrahydrofolate —

S-adenosyl - k= P
mathionine = AT

—

5,10 methylens
tetrahydrofolate

c / sthylane

& rwihi " tetrahydrofolate

s
tetrahydrofolate raducta

v
Homooysteine

Searine

“\\ Cystathionine B synthase (vitamin B&6)
Cyﬂ:l;l:}:ir_‘rwinr
Cyat -
= i
- - & 'l‘\. LY
"l el ety
= —— ..- I.- .:-'.
I - I_
-\._- g b ~
-\-. L-.H'\‘" 5, _:-I'i
- - i oy
Solution to Question 6: Y K
| T '| ]

Among the given enzymes, methyl-ntalonyl CoAhlsomerase and methionine synthase are vitamin

B12 dependent enzymes.

W o

]

There are two vitamin Blg-dependent en%ymes

» Methionine syntha,sé'*(homocystq_{n;" methyltransferase): Catalyzes the conversion of

homocystelne to, ‘nethionine + *

. Methylm.@onyl CoA muj_:dse methylmalonyl CoA, formed as an intermediate in the catabolism of
valine, isoleucine, and proplonyl CoA is converted to succinyl CoA

The below figure shows B12 serving as a cofactor of methionine synthase. Its deficiency may

cause a folate trap.
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Mathionins Folate

v Tetrahydrofolate
S-adenosyl
msthionine

Methionine
aynthase
(vitamin B 12)
v
S-adanosyl
homocysteine

tatrahydrofolate

Homooysteines

v
Cystathionine

Sarne Cystathionina B synthase (vitamin B6)

T
.-'n,__!"l-
'-|;'H'.
.I::;"aﬁ -
Solution to Question 7: - "

Ny
The most likely cause is folate{%}-i:_érap

|

o T Y

Searine

- Gilycine

5,10 methylene
tetrahydrofolate

meathylena
— 5 methyl = tatrahydrofolate

reductase

ank
o
o

y which ,_Lxrse}up the Blzétﬁ}es, aggravating the symptoms.

iy %
Administration of folic acid-for patient{vb‘ilh r'nacrocytig_a%mia can partially reverse the
hematologic abnormalities associated, with Vltamnld}ia -deficiency. However, the neurologic

manifestations of vitamin B12 de Ic_i-bncy are no;t.-_tre

ted by

folic acid.

=
Administration of folic acid,@"‘?n individual:_h?lhlh vitamin B12 deficiency can potentially mask

untreated vitamin B12

iency or evqr-i"worsen the neurologic complications. Hence, testing for

and/or treatment of v@mm B12 de{@%hcy is required in all patients being treated with folic acid.
[ [

.

Supplemental folic acid can
preavent macrocytic anemia,
thus hiding vitamin B,
deficiency. Untreated vitamin
B, deficiency can cause
irreversible nerve damage.

Folic acid from food
and supplements Proteins

F i
Amino acids
Active *

folate Methionine

512 l

Inactive
folate

This form of folate, needed
for the synthesis of DNA,
cannot be made if vitaumin
B, i=s deficient. The
rasulting folate deficiency
causes macrocytic anemia.

Cystaine

Folate and vitamin B,; are both
neaded to convert homocoystaina to

methionine. When either is deficient,

homocoystaeine levels rise.
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High bBlood
levels in the

Homocysteine —= blood increase

cardiovascular

dizease risk
Vitamin Bg
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Solution to Question 8:

Folic acid serves as a carrier of one carbon atom.

Tetrahydrofolate receives one-carbon fragments from donors such as serine, glycine, and histidine
and transfers them to intermediates in the synthesis of amino acids, purines, and pyrimidines.

The manifestations of folic acid deficiency includes:
» Megaloblastic anemia
* Homocystinemia

* Neural tube defect (spina bifida, anencephaly)

i

Folate

Glycine g———" NMethylene HF Methyl THF
Serine g
Formiming ——+ Methenyl THF
THF
Histidine I—P Formyl THF
Tryptophan

L

—.h'h- e ]

| oy
Note: The major point of entry for, o1ie-carbon fragments, in one-carbon metabolism, is
methylenetetrahydrofolate.
"} ._
o |
'H.

-\._'\'

oy l...

Solution to Question 9:

Pyridoxal phosphate (PLP), an active form of pyridoxine serves as a coenzyme in transamination
reactions.

Pyridoxal phosphate (PLP) is a coenzyme for enzymes involved in the following:
 Transamination

* Decarboxylation

* Glycogenolysis: Glycogen phosphorylase

* Transsulfuration reaction: Cystathionine B-synthase and cystathionase

» Heme synthesis: ALA synthase (deficiency causes microcytic hypochromic anemia)

* Tryptophan metabolism: Kynureninase (deficiency causes pellagra-like symptoms)
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Note: Pyridoxal phosphate (PLP) serves as a coenzyme in many amino acid metabolisms, so its
RDA mainly depends on daily protein intake.

Solution to Question 10:

Pyridoxine is not required in the TCA cycle.

Vitamins, in the form of their respective coenzymes, are required for the proper functioning of the
TCA cycle.

The following vitamins are needed in the TCA cycle: 21
» Thiamine as TPP, for decarboxylation in the a-ketoglutarate dehydrogenasq;t?eaé'tion

* Riboflavin as FAD and FMN, for succinate dehydrogenaf_ ! _L_-__"-_

* Niacin as NAD and NADH, for isocitrate dehydro,gena"'se o- ketoglut'arate dehydrogenase, and
malate dehydrogenase

. -q‘-. AN '5.
« Pantothenic acid as a part of Coenzyme Ah'eIps to form aeetyl CoA and succmyl CoA
- -L
| o o
Pyruvate ";? ¢ ‘ Legend
" Hydrogen Adenosine
astI1 I::: drogenaseggy ﬁ 8 Caten BYfS phoptate
N CO, +HADH, H* e e 6 © o e mh:;;
“@“S“ X | i B
Water MNADH Niotinamide adenine dinuckotide
Pymvate dehydrogenase Enzyme

Acontase @ 0
e o e ¢ o
] ©-¢ wsaee e o G@
00 g
) 00
Q
Q bgfelg
0.6%¢® g
e Isoeitr: atr- I»—hy Irogenase
@ . )
[N -
- @ L= )
i T
e i e o-ketoglutarate dehydrogenase
=k o .
L™ ee Q@ @e HADH, H* + CO,
* ) b Succiny-C oA synthetase Q é

Bk 99 @ o
o

Solution to Question 11:

Excess pyridoxine (vitamin B6) causes sensory neuropathy. It occurs at intakes above 2 g/day.
There are only two B-complex vitamins that cause toxicity:

* Niacin: It is associated with:

* Prostaglandin-mediated cutaneous flushing

» Fulminant hepatitis (most fatal manifestation)

 Glucose intolerance
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* Pyridoxine: It is associated with sensory neuropathy.

Solution to Question 12:

Iron absorption is enhanced by vitamin C.

Vitamin C reduces the ferric iron to its ferrous form, thereby helping in the process of absorption
of dietary iron from the intestine.

Vitamin C deficiency causes

* Decreased absorption of iron leading to microcytic-hypochromic anemia L

* Decreased hydroxylation of proline and lysine, which results in defective coﬂagen synthesis and
bleeding manifestations.

w Iq. oy
Conversely, vitamin C toxicity (&gt;2000 mg/ day).cait lead to iron overloaded states.

Note: Alcohol and fructose also enhance iron abso'fpt1on Howe‘vér the absorption of both
inorganic and heme iron is impaired by caleium. So, a glass of milk with-a meal significantly
reduces iron availability. - R W

- 1

=N "'I
| )

Solution to Question 13: 1 .

The beading of ribs in scurvy is slgarfj and tender
A deficiency state of v1tam1n C results in scurvy The clinical features are:
* Fatigue, irritability, loss of appeute o

* Loose and spongy, gums along with loose teeth

-\._'\'

* Swollen qun’tsl. 'y
« Perifollicular hemorrhaéés
* Bleeding into the skin - ecchymosis, purpura, petechiae

* Pseudoparalysis

* Microcytic anemia (due to decreased absorption of iron from the intestine)
* Scorbutic rosary - sharp, tender beading at the costochondral junctions.

Many of the deficiency symptoms can be attributed to deficient collagen synthesis caused due to
an inability to hydroxylate the prolyl and lysyl residues of collagen.
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Antioxidants & Minerals

Question 1:

Which of the following is not a reactive oxygen species?

a) Superoxide
b) Glutathione

c¢) Hydroxyl radical . _:-
d) Oxygen singlet . a
-"_.\"' _-\.\_'.-\..
30 .
'|: .'\-\.
Question 2: el L o,

e N

4 5, B -'h "h .
Which of the following method is not used-for the medSurement of-bedy free radical burden?
L™ '\-.H'.|| % } -1" :
% 3 5
a) Ferrous oxidation in xylenol assay " >

i Lo

b) Measurement of pentane and methane,in exhaled air_ <™

a " K
c) Estimation of dialdehydes y L
d) Direct assay of free radicals_ o . _ &
b ® -
‘_ .-\.. i -
o 4
1] '““-.

Question 3: "

Yy L
Which of th&;golialvﬁng is ahcﬁéfi'n-breaking antioxidant?
1
a) Glutathione peroxidase

b) Vitamin E
c) Catalase

d) Selenium

Question 4:

Which of the following kills lipid-engorged macrophages?

a) Esterified cholesterol
b) Unesterified cholesterol

c) Unesterified lipoprotein
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d) Esterified lipoprotein

Question 5:

A child is brought to the clinic due to repeated episodes of ear and lung infections. History
and investigations have revealed a deficiency of the enzyme responsible for respiratory burst
in the neutrophils. Which of the following enzyme is deficient?

a) Catalase
b) NADPH oxidase X

c) Superoxide dismutase

d) Myeloperoxidase

=,

Question 6: =

- i1

Which of the following acts as a lipid_'s”b“.luble radioéljflrapping ap-f’i;)'xidant?

a) Ascorbate : b e AN
b) Uric acid 8 Y ; _-.-'.-
c) Polyphenols I .
' ]
d) Ubiquinone K
'H." - !
_\_-.\_'\'\--. gt |
-.ll 3
Question 7: &3~ W
i = A ™ ™

iy .

A middle-agea obese womart had elevated liver enzymes on routine follow-up. A USG showed
grade 2 fatty liver. She is non-diabetic, non-hypertensive and has never consumed alcohol.
Which of the following can be considered as a first-line pharmacological treatment option for
this patient?

a) Vitamin B6

b) Selenium

c) Vitamin E

d) Vitamin C

Question 8:
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A homeless man is brought to the ER by the police after he was found shouting unnecessarily
at people in a nearby area. He is confused and has a slurred speech. His blood ethanol levels
are 220 mg/dl and his glucose levels are 45 mg/dL. The toxic effects of the substance
consumed by this patient are due to which of the following?

a) Decreased lactate/pyruvate ratio
b) Stimulation of gluconeogenesis

c¢) Increased NADH/NAD+ ratio

d) Stimulation of fatty acid oxidation

Question 9: . .
) A

An infant is brought to the pediatric clinic with symptoms of diarthea, hair loss, and failure to

thrive. On clinical examination, there is inflammation of the gkin around the mouth and the

perianal region. Which mineral deficiencyi 1s reSp0n51ble for this dlseasga?

- 5

a) Zinc . | oL -k
b) Selenium » * .
c¢) Chromium iy : o h

d) Copper N Y

Question 10: o
Zinc is a cofactor of whlch of the followmg enzymes?

% .
a) Xanthine oxidase |

b) Glutathione peroxidase
c) Carbonic anhydrase

d) Lysyl oxidase

Question 11:

Which of the following enzyme action is not affected in a patient with Menke's disease?

a) Superoxide dismutase
b) Dopamine hydroxylase
c) Glutathione peroxidase

d) Amine oxidase
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Question 12:

An exchange student from China presented to the ER with features of heart failure. On
treatment, he was stabilized and later reported that he is a known case of Keshan disease.
This disease is due to deficiency of which of the following?

a) Thiamine

b) Selenium

) Zinc @,
) A5
d) Copper X e ;
a0 - N
. N s
Question 13: L L N
O & A
N, L™ o %
Magnesium does not have a role in which,of the folloyiifi‘g processes_ﬁ?_' %
N, . " Il-\.‘| l;'"'\-\.
a) Calcium homeostasis u "q..'qﬂ:l" L q Pl
b) Maintenance of normachaf_a.l"dc rhythnil_ ; o O i
. a e o _-l._'
c) Copper metabolism _;__._'w-" %
d) Neuromuscular function e Ny
S 5
A " -_"'\-"
. SO
Question 14: "::-' il
G £nt
£ B

An adolescenf..bi)&'-ji)resents x{_V'ifhL jaundice and tiredness. On investigation, his AST was 150
IU/L, ALT w;é* 175 IU/L andibilirubin was 4.5mg/dl. Serum ceruloplasmin levels were found
to be low. Which of the following minerals is used in the treatment of this condition?

a) Copper

b) Zinc

c) Magnesium

d) Molybdenum

Answer Key

Question No. Correct Option
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1 b
2 d
3 b
4 b
5 b
6 d
7 c
8 c
9 a N
s
10 c i,
o
11 c
12 b
13 c
by
14 b ¥
-I--I '.'l-"'\- : 1_-'\-"\.
=5 - -\.:-\. 'l‘\.'\'\..
b -'H" A4 '*':"
DetalleQEXplanatmns
y " K
Solution to Question 1: e Y

o -
| 3

) L%
Glutathione is not a reactive oXygen species{ROS).

Glutathione is an antloxlh_dant Reduced g}utathlone is used for detoxification of hydrogen
peroxide. . "-., M‘* )

Bridges—Good syhﬂ'rome isa chr?)nic granulomatous disease due to a deficiency of NADPH
oxidase. In«this'syndrome,ithe lysosomes are unable to produce hydrogen peroxide to kill the
bacteria. Stich patients have increased susceptibility towards catalase-positive organisms.

Note:
» The most powerful oxygen-free radical is hydroxyl radical (OH-)
* The least powerful reactive oxygen species is hydrogen peroxide

* The precursor of all reactive oxygen species is superoxide radical (02-)

Solution to Question 2:

Direct assay of free radicals is not used for the measurement of total body free radical burden.

This is because free radicals are extremely reactive and short-lived. Free radical activity is usually
assessed by indirect methods. Thus, the total body free radical burden can be estimated by
measuring the products of lipid peroxidation using the following methods:

* FOX (Ferrous oxidation in xylenol orange) assay
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* Estimation of dialdehydes: The dialdehydes formed from lipid peroxides can be measured by
reaction with thiobarbituric acid.

» Measurement of pentane and methane in exhaled air

Note: Radical damage to unsaturated fatty acids in cell membranes and plasma lipoproteins leads
to the formation of lipid peroxides.

Solution to Question 3:

Vitamin E is a chain-breaking antioxidant.

Antioxidants are used to control and reduce lipid peroxidation during which reactive oxygen
species (ROS) are formed. Antioxidants thus fall into two c}asses

= e

* Preventive: These reduce the rate of chain 1n1t1at10n of 11p1d perox1dat10n

* Chain-breaking: These interfere with the chain propagatlon phase of lipid perox1dat10n

Solution to Question 4: ) oo

Lipid-engorged macrophages.are killed by tniesterified cholesterol.

Free radicals can damage the proteins'elmd lipids in-plasma low-density lipoprotein (LDL). They
are chemically modified to form qbndrmal LDL whlch are not recognized by the liver LDL
receptors. Thus, abnormal LBI:is not cleared by the liver and is instead taken up by macrophage
scavenger receptors. The§_-e lipid-engorged macrophages infiltrate the blood vessel

endothelium. These macrophages are'then killed by the high content of unesterified cholesterol
they have accumulated® This causes the development of atherosclerotic plaques which, over time,
can completely, acelude a bl_oo_d_vessel.

i ;
5% I_.

Solution to Question 5:

The enzyme responsible for the respiratory burst in neutrophils is NADPH oxidase, which is
deficient in this child.

NADPH oxidase is an enzyme in the inflammatory cells (neutrophils, eosinophils, monocytes, and
macrophages) which produces superoxide anion by reducing oxygen. It does so by a process of
respiratory burst during phagocytosis. Most of the enzymes that produce and require superoxide
are contained in the peroxisomes, together with superoxide dismutase, catalase, and peroxidases.

NADPH + 202 ° NADP+ + 2-:02— + 2H+

NADPH deficiency can lead to chronic granulomatous disease (CGD), which is characterised by an
inability of neutrophils and monocytes to kill catalase-positive organisms. Children present with
recurrent ear, lung or bone infections.

Note:
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There are multiple sources of oxygen radicals in the body:

* Ionizing radiation (x-rays and UV) causes lysis of water, leading to the formation of hydroxyl
radicals

e Transition metal ions (Cu+, Co2+, Ni2+, and Fe2+) can react nonenzymatically with oxygen or
hydrogen peroxide to form hydroxyl radicals

» Nitric oxide can react with superoxide to yield peroxynitrite, which decays to form hydroxyl
radicals

* NADPH oxidase in the inflammatory cells produces superoxide

Solution to Question 6:

Ubiquinone acts as a lipid soluble radical-trapping antidxli'dant.

Lipid-soluble radical-trapping antioxidants like qbitlluinone and-earotenes trap radicals in plasma
membranes and plasma lipoproteins. The water‘soluble radical-trapping antiexidants are
ascorbate, uric acid and polyphenols derivéd from plant-foods. £

o &

Solution to Question 7: - )

An obese woman with grade 2 fatty liver in the absence of alcohol consumption is suggestive of
non-alcoholic steatohepatitis (NA'SH) Vitamin'E-is considered as a first-line pharmacological
treatment option for NASH 1n non-diabetics ‘When diet and lifestyle changes have failed.

Vitamin E is well tolerate.'a and shows_hmodest improvements in aminotransferase levels,
radiographic features of hepatic steatosis, and/or histologic features of NASH. It is important to
note that vitamin E must be cop51dered only for non-diabetic patients due to cardiovascular risks
with chronrc vitamin E therapy

Note: The FDA in 2024 has approved Resmetirom, a thyroid hormone receptor-beta (THR-beta)
agonist for noncirrhotic NASH with moderate to advanced fibrosis.

Solution to Question 8:

Confusion and slurred speech with elevated blood ethanol levels suggests ethanol
intoxication. The toxicity of ethanol is due to the increased NADH/NAD+ ratio.

Ethanol is metabolised in the liver by alcohol dehydrogenase. This reaction generates NADH. A
high concentration of NADH leads to a high NADH/NAD+ ratio. Due to this, the metabolic
reactions which require NAD+ are inhibited. This is the basic cause of all the metabolic effects of
alcohol.

Glycolysis, citric acid cycle and fatty acid oxidation are inhibited. Ketogenesis is favoured.
Pyruvate is shunted for lactate synthesis due to abundance of NADHand lactate/pyruvate ratio
increases. Thus gluconeogenesis, which requires pyruvate as a substratre, is inhibited. This leads
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to hypoglycemia.

Solution to Question 9:

An infant with diarrhea, hair loss, failure to thrive and dermatitis around orifices likely has
acrodermatitis enteropathica which is due to the deficiency of zinc.

Acrodermatitis enteropathica is an autosomal recessive disease due to a defect in zinc absorbing
transmembrane protein. Affected infants present with growth retardation, diarrhea, alopecia,
gonadal atrophy, muscle wasting and impaired wound healing. A rash is classically present. It
involves the extremities, face, and perineum and is characterized by vesicular g.lnd'-;ﬁls'tular

crusting with scaling and erythema. .;.'i-_:':-"

i e

Before treatement After zinc treatement

— B

.

Solution to Question 10:

Zinc acts as a cofactor for carbonic anhydrase.

Zinc is a component of many metalloenzymes including carbonic anhydrase II. Zinc also has
antioxidant activity as extracellular superoxide dismutase is zinc-dependent.

Chronic zinc deficiency can cause stunted growth, hypogeusia (decreased taste sensation)
hypogeusia, impaired immune function, hypogonadism and hypopigmented hair. Acrodermatitis
enteropathica is an autosomal recessive disorder characterized by abnormalities in zinc
absorption.

Solution to Question 11:

In a patient with Menke's disease, glutathione peroxidase action is not affected.
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Menke's disease, or kinky/steely hair syndrome is an X-linked recessive condition, where there is a
mutation in the ATP7A gene. This leads to defective copper-binding P-type ATPase and copper is
not mobilized from the intestine. Thus copper deficiency occurs and enzymes containing copper
are affected, like superoxide dismutase, dopamine hydroxylase and amine oxidase.

Glutathione peroxidase is not affected since it requires selenium in the form of selenocysteine.

Other copper deficiency disorders include Wilson's disease and MEDNIK syndrome. Wilson's
disease is an autosomal recessive disorder, due to ATP7B mutation, a gene encoding for copper
transporting ATPase in the cells. There is defective biliary copper excretion from liver cells,
leading to copper deposits in the liver and brain. MEDNIK syndrome is a rare multisystem
disorder of copper metabolism with features of both Wilson’s and Menke’s disease.

Note: .

Other enzymes requiring copper are ferroxidase (ceruloplasmin) , cytochr_or_né ¢ oxidase,
tyrosinase (melanin synthesis), lysyl oxidase (cross-linking"irt collagen). ft.is"also a component of
ferroportin, which is involved in iron absorption. _ =%

Solution to Question 12: - Wl ™
e 1 F i .
. & .
Keshan disease is due to a deficiéncy of selenium.
Selenium is an important traee element that is a part of-the 21st amino acid selenocysteine. There
are many selenium-containing enzymes‘such as glutathione peroxidase, de-iodinase and
thioredoxin reductase. Selenium is.also an intracellular antioxidant that complements the role of

o . - Ly
Vitamin E. Dietary sources of selehium include, seafood, muscle meat, and some cereals.

Selenium deficiency leadsto Keshan disease and Kashin-Beck disease. Keshan disease is an
endemic cardiomyopathyfound in children and young women residing in regions of China where
dietary intake of selenitim is low; Kashin-Beck disease is a chronic, endemic osteoarthropathy
seen in regiongof China and Russia.

=, !
Chronic ingestion of high-amounts of selenium leads to selenosis or selenium toxicity. It is
characterized by hair and nail brittleness, garlic breath odor, myopathy, irritability, and other
abnormalities of the nervous system.

Solution to Question 13:

Magnesium has no role in copper metabolism.

Magnesium is a major intracellular cation required for the function of various enzymes such as
hexokinase, phosphofructokinase, alkaline phosphatase, enolase. The role of magnesium can be
seen in the following processes:

* Calcium homeostasis: One-half of the total body magnesium is located in bone. Magnesium is
important for parathormone secretion which controls serum Ca2+ level.

» Neuromuscular function:
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» Hypomagnesemia may cause generalized alterations in neuromuscular function including tetany,
tremor, seizures.

» Hypermagnesemia is known to cause symptoms of neuromuscular blockade such as hypoactive
tendon reflexes, GI hypomotility, paralysis.

» Maintenance of cardiac rhythm:
» Hypomagnesemia can lead to supraventricular and ventricular arrhythmias.
» Hypermagnesemia can cause bradycardia, heart block, and asystole.

Magnesium deficiency symptoms are similar to those of calcium deficiency, but symptoms will be
relieved only when magnesium is given. Oral administration of magnesium may lead to diarrhea,
hence intravenous magnesium sulfate is given. k

Solution to Question 14: o

An adolescent with jaundice, elevated AST, AET and low seruni ceruloplasmin'likely has Wilson's
disease. Zinc is used in the treatment of this condition. /~, ~ A

Wilson's disease is an autosomonal r€eessive disorglei"' It is characfered by mutations of the
ATP7B gene, resulting in decreased biliary copper‘excretion and ceruloplasmin formation. The
accumulation of copper leadsto-liver dlsease hemoly51s aﬂ-movement disorder neurologic disease,
and/or psychiatric illness. ) oL,

Elemental zinc is commonly used as é fnaintenancé therapy along with chelating agents. Zinc acts
by blocking the intestinal absorptron of copper Tt can also be used as first-line therapy
in pregnancy.

T |
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Basics of genetics - Nucleotide metabolism and its

disorders

Question 1:

Which of the following nitrogenous base contain amino group on the 6th carbon?

a) Adenine
b) Guanine iy
c) Cytosine X o

d) Thymine

Question 2: v o

o T gt Y :
Which of the following process do.not'contribute‘to purine nucléotide biosynthesis?

T

a) Synthesis from amphibolig:iritermediate:é-- i
b) Phosphoribosylation of pl-lI‘iI‘leS .
c) Phosphorylation of purine pqql‘éosides "
d) Phosphoribosylation o{-purine nucle_os'ide'é
oy St g |

. B
i

Question 3: y : e .
" 0
Which of the following molel..cule doesn't contribute to the synthesis of a purine ring?
a) CO2
b) Aspartate
c¢) Glutamine

d) Lysine

Question 4.

What is the rate-limiting step of de novo purine synthesis?

a) PRPP to Phosphoribosyl amine by PRPP glutamyl amidotransferase
b) PRPP to Phosphoribosyl amine by PRPP synthetase
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c) Ribose 5-phosphate to PRPP by PRPP synthetase
d) Ribose 5-phosphate to PRPP by PRPP glutamyl amidotransferase

Question 5:

The parent purine nucleotide made from de novo purine synthesis is

a) AMP
b) GMP )
b
c) IMP s
d) TMP ':.\"' _-\-\_"-\..-
_"._:'. 1 %
'|: i
Question 6: ol e a
: l.:- _- I_ ..'- r
% - -4 ":

A 4-year-old girl is started on rasburicase before in_ixi@finé chemothe'i';py for acute
lymphoblastic leukemia. What is tlfe énd produck,of the breakdewn of purine nucleotides in
her? it . e

” =
L % A
a) Allantoin ' Y o, A
b) Amino acid - .
. i d
C) Ammonia LY y
L o R
d) Uric acid o N o
e %
i ™ -\._"'\_.\'
Question 7:%* "y

Which of the following diseases is not associated with purine degradation?

a) Gout
b) Severe combined immunodeficiency syndrome
c) Purine nucleoside phosphorylase deficiency

d) Orotic aciduria

Question 8:

Which of the following bases can't be salvaged to the corresponding nucleotide?

a) Uracil
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b) Adenine
c) Hypoxanthine

d) Guanine

Question 9:

A g-year-old child presents with hyperuricemia and delayed developmental milestones. He
also has the habit of biting his lips, fingers, and feet because of which he is always strapped to
the bed. Urine examined showed orange sands. Which is the most probable enzyme

deficiency? Pty

a) Adenine phosphoribosyltransferase o, ; ._'h-"*-'

. . . T -

b) Hypoxanthine-guanine phosphorlbosyltransfer_asg_- .

c) Adenosine Deaminase Cr i .

d) Purine nucleoside phosphorylase (+2 0 i ot

L - - . M
L" -\._'\"-I. b I:_ L :_-'i.
Question 10: A o7
e .-I - . - L ; .-. s,

Which of the following is not requillegd_'.fo.r pyrirn_idin‘é r-ing synthesis?
) 3

LY

a) Aspartate P e
- %
b) CO2 %_ﬁ_:_“- |
. | ]
c) Glycine % T s
d) Glutamine™4 ot
D A
Question 11:

The only mitochondrial step in pyrimidine synthesis is catalyzed by the enzyme

a) Carbamoyl phosphate synthetase-2
b) Aspartate transcarbamoylase

c) Dihydroorotase

d) Dihydroorotate dehydrogenase

Question 12:

The rate-limiting enzyme for pyrimidine synthesis in human is
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a) Aspartate Transcarbamoylase

b) Carbamoyl Phosphate Synthetase I
c) Carbamoyl Phosphate Synthetase II
d) PRPP glutamyl amidotransferase

Question 13:

Which is the first true pyrimidine nucleotide formed in pyrimidine synthesis?

i
a) UDP el
b) CTP s N .
c) UMP o i
. ."'\.
d) TMP '-\.:"' ' -1."\-\_ %
.-:__- i Pk
I' s L b | -.\.'%.
. . | : -\..'\. 1-|.'\l\_-
Question 14: N _-.‘--. oY r

Which of the following is not _a:i;'roduct of p'}'fri;nidine cat_é‘b-o-l-ism?

a) NH3 ¥ -'.- F l1 C ..l

b) B-alanine " 3 ;1"-

c) B-aminoisobutyrate .,:-_ - ¥ J

o, i e |
d) Uric acid o ¥ o)
e ] ) -'\-\. i
i '-.\-]_ =, Nt
s A

Question 15: \

The blood report of a patient shows increased uric acid levels. Which of the following
diagnosis can be ruled out?

a) von Gierke's disease

b) Xanthinuria

c) Lesch-Nyhan syndrome

d) Kelley-Seegmiller syndrome

Question 16:

An 11-month-old infant presented with growth failure and developmental delay. Her
peripheral smear showed macrocytic anemia. Vitamin B12 or folic acid levels in plasma were
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normal. No evidence of Transcobalmin -2 deficiency was found. The compound given in the
picture is excreted in the urine. What is the most likely diagnosis?

NH

b
\._‘
L o, ..I_-\. b
e Y ,
g %
b) Lesch Nyhan Syndrome :'- ol AN o~
L= ! L 5
c) Xanthinuria A ™ - _l-.'_-
= WY,
d) Orotic aciduria i T
o L
W 5
,|:"-\_ e
. - 4 4
Question 17: & ey

) {4
- L
A 14 year old .mallfﬁg broug}{.’e..vﬁ'th the complaints of multiple hyperpigmented papules over
the face and dther sun expesed areas with persistent erythema. He had history of similar
episodes since childhood. Which of the following mechanisms is likely to be defective in this
condition?

a) Removal of mismatched base during DNA replication

b) Removal of oligonucleotides containing damaged bases by endonuclease

c) Removal of the altered base by base specific glycosylase
d) Repair of double stranded breaks

Answer Key

Question No. Correct Option
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Solution to Question 1:5'} .A..:“i.

N o
Adenine has e_l‘r_l:l:éhnno (NH2)'§£-11) on the 6th carbon.
g
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Solution to Question 2:

Phosphoribosylation of purine nucleosides does not contribute to purine nucleotide biosynthesis.

The three processes that contribute to purine nucleotide biosynthesis in the order of decreasing
importance are :

* Synthesis from amphibolic intermediates.
* Phosphoribosylation of purine bases.
» Phosphorylation of purine nucleosides.

De novo purine nucleotide synthesis doesn't occur in the brain, bone marrow, erythrocytes, and
leucocytes. ¥

Solution to Question 3: P

Lysine does not contribute to the synthesis of-a p'tlrlne rlng ")

Glycine, aspartate &amp; glutamine are the amino acids that contrlbut'e"to synthesizing a purine
ring. CO2, N1o-Formyl-THFA and N5N.10 Methen;:l {THFA are the1other molecules that influence
the structure. 5 i

The image below shows the _oiig'in of the atoms in the pu_r-i_'r‘le ring:

5 .

HCO35"

\c /
Asp NT /6 \ — N\ Formate*®

I | | 2 C“/‘fru::um Haf

5 sfolate

NP ‘o,

Glycine

4 Formate* H
. Glutamine amide
Sources of the atoms in purine ring

N1 : Derived from NHz group of aspartate
C2 and C8 : From formate group
N3 and N9 : Amide group of glutamine
C4, CS, N7 : Glycine amino acid

C6: From CO2z

Note: Glycine does not participate in pyrimidine ring synthesis.

Solution to Question 4:

The rate-limiting step of de novo purine synthesis is the conversion
of 5-phosphoribosyl-1-pyrophosphate (PRPP) to phosphoribosylamine by PRPP Glutamyl
amidotransferase.

374 Sold by @itachibot



The first intermediate formed in the de novo pathway for purine biosynthesis is 5-phosphoribosyl
1-pyrophosphate (PRPP). The rate-limiting enzyme is PRPP Glutamyl amidotransferase. This is
the committed step in purine nucleotide biosynthesis.

Note: PRPP Glutamyl amidotransferase is activated by PRPP and glutamine and inhibited by AMP
and GMP.

Solution to Question 5:

Inosine monophosphate (IMP) is the parent purine nucleotide made from de novo purine
synthesis. .

5 |

Ribose 5-phosphate is converted to inosine monophosphate (IMP) by series df reactions. The
regulatory enzymes of purine synthesis are Oy %

* PRPP Synthetase

* PRPP glutamyl amidotransferase s N .

The rate-limiting enzyme is PRPP glutamy} amidotransfexase. b

Following the synthesis of IMP, sepatate b}anch@_s léad to AMP and GMP synthesis.

™

Solution to Question 6: .

Y LY
Allantoin is the end product of purine catabelism in a patient on rasburicase, a recombinant

uricase enzyme. L™ ’

Uric acid is the natural end product of purine catabolism in humans. So, in conditions with high
cell turnover, suehi-as leukemia, fymphomas, and other malignancies, there is increased uric acid
production. Teprevent hyperuticemia, medications such as rasburicase are administered
prophylactically. It is a recombinant uricase enzyme that converts uric acid to a water-soluble end
product, allantoin that is easily excreted by the kidneys.

Note: In mammals other than primates, uricase is naturally occurring and allantoin is the end
product of purine catabolism.

Solution to Question 7:

Orotic aciduria is not associated with purine degradation.

Orotic aciduria is an autosomal recessive disorder caused by the deficiency of orotidylate
decarboxylase or UMP synthase. It is the most common metabolic error in the synthesis of
pyrimidines.

Gout, severe combined immunodeficiency syndrome (SCID) and purine nucleoside phosphorylase
(PNP) deficiency are associated with purine degradation.
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Solution to Question 8:

Uracil cannot be salvaged to its corresponding nucleotide.

Pyrimidine bases cannot be salvaged to their corresponding nucleotides. Purine bases that are
salvaged are adenine, hypoxanthine, and guanine.

Salvage pathway - This pathway involves the conversion of purines to nucleosides and later to
mononucleotides. It requires less energy than de novo synthesis. It usually occurs in places where
de novo synthesis of purines is absent like brain, erythrocytes, etc. The enzymes that catalyze this
reaction are :

* Adenine phosphoribosyltransferase (APRT)
» Hypoxanthine-guanine phosphoribosyltransferase (HGPRT). ey

o - = "
- %

Solution to Question 9: L%

."'\..\- h :-

The given clinical scenario is highly suggestlve of Lesch- Nyharl syndrome; It is caused due to the
complete deficiency of Hypoxanthine-guanine phosphoflbosyltransferase (HGPRT)

Lesch-Nyhan syndrome is an X- hnked recessive disorder. This deﬁmency results in an inability to
salvage hypoxanthine or guanine, from which excessive amounts of uric acid is produced and
excreted in urine as orange. sa.nds X

Clinical features include compuls1ve self “mutilation; hyperurlcemla intellectual disability, delayed
milestones, dystonic movements-and megaloblastic anemia.

Diagnosis is made by def1c1ent HGPRTase énzyme activity in the erythrocyte. Partial deficiency of
HGPRTase cause Kelley-Seegmlller syndrome

Other options: b

Option A: Adenine phospharibesyltransferase enzyme deficiency causes urinary calculus
formation*with crystalluria:

Option C: Adenosine deaminase enzyme deficiency is one of the 2nd major cause of SCID.

Option D: Purine nucleoside phosphorylase causes a severe deficiency of T cells but B cells are
normal.

Solution to Question 10:

Glycine is not required for pyrimidine ring synthesis.

The sources of the atoms in the pyrimidine ring are glutamine, CO2, and aspartic acid. The
pyrimidine ring is synthesized before being attached to ribose 5-phosphate, which is donated by
PRPP.

Note: Glycine is required in the synthesis of purine ring and not in the pyrimidine synthesis.

The image below shows the origin of the various atoms in the pyrimidine ring:
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Solution to Question 11; - B i

-, - i
i TR ",

The only mitochondrial step 1n pyrlmldlne synthe51s is cataly.zed by the enzyme dihydroorotate

dehydrogenase. e, . '_ o

Pyrimidine synthesis primarily happefsiin the liver-in both cytoplasm and mitochondria. The
conversion of dihydroorotic acid t6-orotic acid ca.talyzed by the enzyme dihydroorotate
dehydrogenase is the only step‘that occurs in mltochondrla The rest of the reaction occurs in the

cytoplasm. A~ i

CAD enzymes are mulﬁfﬁhctional en'z-iffhes present in a single polypeptide chain. It includes:

* Carbamoyl phosphate synthetase 2
. Aspartat'q"transcarbamqyl-ase

* Dihydroorotase

Solution to Question 12:

In humans, the rate-limiting enzyme for pyrimidine synthesis is carbamoyl phosphate

synthetase-II (CPS-II).

Carbamoyl phosphate synthetase II catalyzes the conversion of glutamine to carbamoyl

phosphate. CPS-II is inhibited by UTP and activated by PRPP.
Other options:

Option A: Aspartate Transcarbamoylase is the rate-limiting enzyme for pyrimidine synthesis in

bacteria(prokaryote).

Option B: Carbamoyl Phosphate Synthetase I is the rate-limiting enzyme of the urea cycle.
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Option D: PRPP glutamyl amidotransferase is the rate-limiting enzyme of De Novo purine

- K

synthesis.
Mitochondria
co, Carbamoyl phosphat
i el it s > C,:;Zm:;f: ——————» Ureacycle
NH, synthetase phospl
Cytoplasm
co § L
i Carbamoyl phosphate _ Carbamoyl Pyrimidine b, ;)
> —_— ; =
Glutamine synthetase Il phosphate synthesis iL
-
& |
= "5, 1
i - - 1.| .
"y, W =
| b
iy i
Solution to Question 13: . o =

The first true pyrimidine nucleotide forined in pyriqm_'rc-iiile synthesis is UMP.

OMP formed from orotic acid by_‘tﬁe énzyme _orétate phosphoribosyltransferase (OPRTase).
OMP is then immediately dechr'boxylated using orotidylic acid decarboxylase to produce UMP.

Nucleotides CTP and TMP'are then formed subsequently from UMP via CTP synthetase and
thymidylate synthase ‘=“' -.

Methotrexate inhibits Dlhydrofolate reductase (DHFR) which stops TMP synthesis. 5-Fluorouracil
inhibits thm;md*ylate syntha&e

OPRTase and orotidylic acld decarboxylase are two enzymes which are considered as a single
polypeptide enzyme - UMP synthase. Deficiency of UMP synthase leads to orotic aciduria.

Solution to Question 14:
Uric acid is not a product of pyrimidine catabolism, it is a product of purine catabolism. All other
options are products of pyrimidine catabolism.

Unlike the low solubility products of purine catabolism, the catabolism of the pyrimidines forms
highly water-soluble products, thus pyrimidine overproduction results in few clinical features.

Cytosine and uracil form B-alanine, CO2, and NH3. Thymine forms f-amino isobutyrate, CO,2
and NH3.
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Solution to Question 15:

Hyperuricemia is not seen in xanthinuria.

Xanthinuria occurs due to a defect in the enzyme xanthine oxidase. Xanthine oxidase catalyzes the
conversion of hypoxanthine to xanthine and xanthine to uric acid. It is associated with
hypouricemia and xanthine lithiasis.

Lesch-Nyhan syndrome is caused by complete deficiency of HGPRTase, whereas Kelley-Seegmiller
syndrome is caused by the partial deficiency of HGPRTase. Purines accumulate, causing
hyperuricemia.

In von Gierke's disease, the oxidation of glucose-6-phosphate via the pentose phosphate pathway
leads to increased production of ribose-5-phosphate which activates the de noyo synthesis of
purine nucleotides. Overproduction of these nucleotides leads to their degradation, which

causes hyperuricemia. E oy
IH. E T .-h i
X -

Solution to Question 16:

The given clinical picture is highly suggl_estTVe of orotie ac1dur1a Th,e compound given in the image
is orotic acid. ' L o

Orotic aciduria is a rare autosoinal recesswe condition. The def1c1ency of UMP synthase causes
type-1 orotic aciduria. Typé-2 orotic aadurla is caused. by .the deficiency of orotidylate
decarboxylase. It manifests usually in-the first yearof life and presents with growth failure,
developmental retardation, megaloblastic anemi# and increased urinary excretion of orotic acid.

Severe megaloblastic anerrhliat_;/vith normal serum B12 and folic acid levels suggests this condition.
A presumptive diagnosis,is made by checking increased urinary excretion of orotic acid.
Confirmation is done by enzyme assays of transferase and decarboxylase of erythrocytes. The
anemia only responds to the administration of uridine. Allopurinol and 6-azauridine may
precipitate _’glhiswondition. P

Other opti(;ns: \

Option A and B: In gout and Lesch Nyhan syndrome uric acid crystals are excreted.

Option C: In xanthinuria, xanthine crystals are excreted.

Solution to Question 17:

The above given clinical findings is suggestive of xeroderma pigmentosum. Defect in the removal
of oligonucleotides containing the damaged bases by endonucleases is seen in xeroderma
pigmentosum.

Xeroderma Pigmentosum (XP) is a rare autosomal recessive genetic disorder characterized by
defective DNA repair which leads to clinical and cellular hypersensitivity to ultraviolet radiation
and other carcinogenic agents.

Important clinical features are:
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Intense cutaneous photosensitivity, xerosis, poikiloderma, actinic keratosis, acute burning under
minimal sun exposure, erythemas, hyperpigmented lentiginous macules, and malignant lesions in
sun-exposed areas, including basocellular carcinoma, squamous cell carcinoma, and melanoma.

The final diagnosis of XP can be confirmed by special laboratory tests by examining the DNA
damage repair in cells from cultures exposed to ultraviolet radiation. The most common tests are
skin biopsy and culture of skin fibroblasts.

There is no cure for XP. Treatment consists of minimizing exposure to sunlight and regular
dermatological care, as well as surgery for recurrent tumors excision. Patients should be followed
up every 3 months. Genetic counseling is important in a family that has an affected child and is
considering having more children.
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DNA organization, replication and repair

Question 1:

Which of the following is true about DNA?

a) Each nucleotide pair includes two purines.
b) The information from DNA is copied in the form of tRNA.

c) The nucleotide of one strand binds with the nucleotide of opposite strand. q{j"?'

d) Cytosine and uracil differ by one ribose sugar. " -~ o
L= y, e
LT '::'.-" [
. s i, i
Question 2: {__-.:-.. : R -}1-
- =, - Ly™ e
Identify the marked bond: A T W
[ —\..\-\"'al e 'I-\.‘| —h_.':h
L Adenine
Thymine _* _HoN

wr ARG

) NH )

it 4
H“

Z _H2N
[ '“I'h O'-.‘
NS ,...N; ) -
A o
NH%‘ o Cytosme d_ 5

HC)3_Guanine

a) Ionic bond

b) Covalent bond

c) Hydrogen bond

d) Phosphodiester Bond

Question 3:

What is the percentage of cytosine in DNA if the percentage of thymine residues is 28%7?
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a) 22
b) 28
C) 36
d) 44

Question 4:

Which of the following is true about the types of DNA?

k
a) Z-DNA is a right handed double helix. o, e

i
b) B-DNA is found in conditions of high salt concentration :_a_pd low humldity.

c) A-DNA is found in high humidity and low salt coqcéﬁ’tmaﬁon. 1
o @

d) B-DNA is the physiologically most common f_qzm'" ) "
o \

N =
5 — u

) P Fah

Question 5: . 2% h " ol
: ) e | o

Which of the following is a tfgitt:&'i‘e of denatured DNA?_«{™
] N &
a) Breaking of phosphodiester bond " il
b) Alteration of primary struq:t_u.ré' }
¢) Increase in viscosity .,:-_I" o J
Mot Tl
d) Hyperchromicity_lai'-._§6o nm L o
— -"'\.
i '-:-]_. -\._"'\_.\'
S 0,
Question 6: 1

Which of the following is not a histone found in nucleosome?

a) Hi
b) H2A
c) H2B
d) H3

Question 7:

What is the role of the (H3-H4)2 tetramer in the nucleosome?

a) Central role in the formation of the nucleosome
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b) Stabilizes the primary particle
c¢) Firmly binds two additional half-turns of DNA

d) Stabilize the 30-nm chromatin fiber

Question 8:

Which among the following statements is incorrect?

a) Acetylation of H3 and H4 is associated with the activation of gene transcription
o, 1
b) Acetylation of core histones is associated with chromosomal assembly duririg DNA replication

c) ADP-ribosylation of histones is associated with DNA repair

d) De-phosphorylation of histone H1 is associated wd:ch'Ehromosome ¢ondensation during

Y =

replication %

Question 9: o, N {
R P

Which of the following statemeiits'is true regarding heterochtomatin?
e e e

1 X .

a) It is transcriptionally active K ;
b) It is less densely packed D R *y

c) It stains densely d '..:1 { &

d) It is replicated ear].i_g;;"nt-"ﬁ.an euchroq'l:cltin

'-.\-]_ oy, N

Question 10%, g

Which of the following is true about DNA organization in chromosomes?

a) Centromere is an adenine-thymine (A-T)-rich region containing repeated DNA sequences
b) Telomeres consist of short TTAGGG-rich repeats
c) Each sister chromatid contains one dsDNA molecule

d) All of the above

Question 11:

What percentage of cellular DNA is in mitochondria?

a) 1%
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b) 10%
c) 0.1%
d) 20%

Question 12:

True regarding mitochondrial DNA is:

a) One set from each parents
b) It has a higher mutation rate than nuclear DNA )
¢) It codes for more than 25% of oxidative phosphorylationproteins '-._"'-"

A . Ny -"l|l r
d) It has 3 X 10”9 base pairs ._".ﬂ._'_'-.. e

L9

Question 13:

Klenow fragment lacks the activity., _6f- '

a) 3° 5'Exonuclease - x b, s
b) 5° 3' Exonuclease > Y
c) 5° 3' DNA polymerase H_-,;:"l : =3
d) 3° 5 DNA polymeraiih_"‘— L
r
b L
1 i | %
Question 14 " i
DNA synthesis occurs in which phase?
a) G1 Phase
b) G2 Phase
c) S Phase

d) Go Phase

Question 15:

Which of the following is not a feature of DNA replication?

a) Semi-discontinous

b) Template independent
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c) Bidirectional

d) RNA primer is required.

Question 16:

Which of the following is true about DNA replication?

a) Replication can occur only from a single stranded DNA template
b) Replication can occur only from a double stranded DNA template
c) Deoxynucleotide polymerization is catalyzed by helicases N

d) Only DNA polymerase functions at the replication fork &,
) .

Y

Question 17: " e 'S (e

Which of the following initiates local denaturation and: uhwinding-of‘ DNA during replication?
L f -

- .‘ I. : --H
a) Helicase ' _ :
b) Topoisomerase ey : X R
c) Single strand binding protein _ p ! Wy
d) Ori-binding protein o O .
h::. L= |
L o = 4

Question 18: Y s

i '-.\-]_. =y N
Which of the'following is thefunction of the replication protein-A during eukaryotic DNA
replication? ;

a) Unwinds DNA template at replication fork
b) Create a single- or double-stranded break in the helix to add or remove supercoils
c) Prevent strands from reannealing

d) Catalyzes the formation of a phosphodiester bond within a strand of double-stranded DNA

Question 19:

Which of the following is synthesized by DNA primase during replication?

a) DNA primer
b) RNA primer
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c) Okazaki fragments

d) Leading strand

Question 20:

Which of the following is true about DNA polymerase 1?

a) It is involved in the creation of okazaki fragments.
b) It is found in prokaryotes.

c) It synthesises RNA primers.

d) It is the primary enzyme of DNA synthesis.

Ny s,
Oy
: '|_: ; ."-\.
Question 21: O a5
I'_I . L e £ '%.
Which of the following is not a functiog__ﬁ ofthe DNA. polymerase qﬁom’plex?
Sy b I:-- :_-'i.
a) Chain elongation o s L
. = " H.--- ! .:-h.
b) Processing e b o
c) Proofreading v '_"' ' W g
d) Unwinding of DNA o O __'1" -
‘_ .-\..
O £+
_ Oy e
Question 22: % T e

i '-.\-]_. =
Which of thé'following is to-base alteration DNA damage?

a) Oxidative free-radical formation
b) Alkylation of base
c) Base-analog incorporation

d) Bifunctional alkylating agent cross-linkage

Question 23:

A patient who has been diagnosed with multiple gastrointestinal polyps and carcinoma, with
a positive family history/history of hereditary non-polyposis colon carcinoma has a defect in

which of the following?

a) Mismatch repair
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b) Nucleotide excision repair
c) Base excision repair

d) Point mutation

Question 24:

A 10-year-old girl is brought to the dermatologist by her parents. She has many freckles on
her face and limbs as shown below. She is also unusually sensitive to sunlight. Early changes
of squamous cell carcinomas are also noted on her face. Which of the follomng;grocesses is

most like to be defective in this patient? l:'__'-,._

QS0
a) Defecti\té*DNA nucleo.té:e\“excision repair
b) Defective DNA base excision repair
c) Defective DNA mismatch repair

d) Defective homologous repair

Question 25:

What is the defective DNA repair mechanism in a patient with SCID?

a) Mismatch repair
b) Nucleotide excision repair
¢) Non-homologous end joining repair

d) Homologous recombination
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Question 26:

By which mechanism does gene repair occur when mediated by CRISPR-Casg?

a) Base excision
b) Non-homologous end joining
¢) Homologous end joining

d) Mismatch repair

'.:::. i
26
= . il
Question 27: - '{:‘-’
; "-.,_:‘l' ™
N &
Chimeric DNA is associated with: e ..,:C . 1
'\1.‘:;.“.' I;'l T‘-"'\—‘
a) Paternity test .,_T" ~ 4 1.-.;}. c
b) Maternity test . e ; f‘l1"' ; -.‘_'_"h-'".
" L i)
c) Personal identification x{':_"-. e __:' -t
d) Organ transplantation '_.I:. o h-:._"'-_h' _i,_-_a-":""'
B OF
F -..:." . I.._"
Question 28: e A
O
§
Which of the followin% Qhot a true m_sif_ah’ﬁément regarding telomerase?
W L

a) Has revi rsafg:i‘}nscriptas&a@tivity
b) Presen"z"snly in eukaryotes
¢) Maintain the chromosome length

d) Involved in DNA repair

Answer Key

Question No. Correct Option

©

©

a

AW IN |
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5 d
6 a
7 a
8 d
9 c
10 d
11 a
12 b
13 b -
14 c :.__-‘_l"i
15 b =
16 a
17 d L
18 c -
19 b
20 b
21 d
22 d
23 a
24 a
25 c
26 b
- 27 d
__1.:. L Iy - 28 d

Detailed Explanations

Solution to Question 1:

The true statement about DNA is that the nucleotide of one strand binds with the nucleotide of
the opposite strand.

DNA (deoxyribonucleic acid) is a polymeric molcule containing genetic information. It is a
double-stranded molecule consisting of nucleotide pairs. Each nucleotide pair includes one purine
and one pyrimidine. The nucleotide of one strand binds with the nucleotide of the opposite strand
by hydrogen bonds.

Other options:
Option B: The information from DNA is copied in the form of mRNA.
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Option D: Cytosine and uracil differ by one amino group.

Solution to Question 2:

The marked bond represents a hydrogen bond between thymine and adenine.

The complementary nitrogenous bases of the 2 strands of the DNA double helix are linked by
hydrogen bonds. Adenine and thymine are linked by two hydrogen bonds (A=T) whereas three
hydrogen bonds are present between cytidine and guanine (C=G). Van der Waals and hydrophobic
interactions are present between the stacked adjacent base pairs.

o]

A B-N-glycosidic bond is present between the nitrogenous base and deoxyribose, su"gar C1of
deoxyribose/ribose sugar is joined covalently to N1 of pyrimidines and N9 of purlnes by
B-N-glycosidic bond. An ester bond is present between thgsugar and phosphate group of the same
nucleotide. An acid anhydride bond is present between-tWo phosphate groups.

A polymer of nucleotides is joined by 3'-5’ phosthdiester bond. The bond 1S':.present between the
sugar of one nucleotide and the phosphate_group of another " ]

Hydrogen bonds o

; Adenin

Nitrogenous bases: Thymine |\ ..HoN e
. 5

3y 5 EEBAdenine s N

=X Thymine Oy O /

Q
#P'
< 0 >
- Base pair & 10 / NH™ 0" b, @O
7 - P"
S — _%H ..... 0 Cytosme 5,
S~ Sugar o Guanne ©

phosphate | | I |
backbone | l |
Sugar-phosphate Bases Sugar-phosphate
§y ¥ backbone backbone

Solution to Question 3:

The percentage of cytosine in DNA will be 22%.

According to Chargaff's rule in cellular DNA, regardless of species,
A=TandG=C

Purines = Pyrimidines i.e. A+G = C+T.

In the question it is given that thymine is 28%, therefore adenine is also 28%. So, adenine +
thymine = 56% and guanine + cytosine = 44%. Since guanine = cytosine, the percentage of
cytosine = 44/2 = 22%.
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Solution to Question 4:

The correct statement is that B-DNA is the physiologically most common form.

There are 6 types of DNA- A, B, C, D, E and Z. All are right-handed except Z-DNA. Z-DNA is a
left-handed double helix in 5' end of chromosome and has phosphodiester backbone in a zigzag
form. A-DNA is found in conditions with low humidity and high salt concentration. B-DNA is the
physiologically most common form. It is found in conditions with high humidity and low salt
concentration.

Solution to Question 5: ) ; .“.“-

Hyperchromicity at 26onm is a feature of denatured DNA

'\.

Denaturation or melting of DNA is a process fhat separates- the two strands 1n’co component
strands. During denaturation, the hydrogeh’bonds are breken. The phosphodiester bond is not
broken. DNA's secondary and terlary structures are also broken, butth‘e primary structure is not
altered. As DNA gets denatured sits V150051ty decreases. Denatured*DNA also shows
hyperchromicity at 260onm, which'is the incredase in absorbance of UV light showed by
nitrogenous bases. = * \

! LN

Solution to Question 6: A ¥

Hz1 is not a histone found in nucleosomes.

Chromatin is formed by nucleosdmes which are composed of DNA wound around an octameric
complex of-'hlstone molecules. “They contain four major types of histones: H2A, H2B, H3, and H4.
Histones are a small family of closely related basic protein composed of arginine and lysine. H3
and H4 form a tetramer while H2A and H2B form dimers; these histone oligomers associate to
form the histone octamer. These four core histones are subject to at least six types of covalent
modification or post-translational modifications - acetylation, methylation, phosphorylation,
ADP-ribosylation, monoubiquitylation and sumoylation.

Hi1 histone is seen in the linker region between nucleosomes and is bound loosely to the
nucleosome.
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octamer of core histones:
H2A, H2B, H3 H4 (each one x<2)
core DNA

histone H1 —

linker DNA
[y Tl
& &N
o =8 -
& 3 o
Solution to Question 7: ot "':1" K
. “al

{‘1.
The (H3—H4)2 tetramer has a*q'-_eiﬁt-ra role in- [{ie,!%rmatlon of_#re nucleosome.

c i i i'E"*

Hi1 histo | Stabilize the 30-nm chromati

nes n fiber
"-:5” H2 histo | H2A-H2B dimers stabilize th
Q nes e primary particle and firmly
-.,:,. bind two additional half-turn
‘-'!IF:I s of DNA
"-.,I:-._ _H'_." H3 histo | (H3-Hg4)2tetramer has a cent
nes ral role in the formation of th

e nucleosome. It confers nucl
eosome-like properties on D
NA.

H4 histo
nes

Solution to Question 8:

Roles of modified histones:

* Phosphorylation of histone H1 is associated with the condensation of chromosomes during the
replication cycle.

» Acetylation of H3 and H4 is associated with the activation or inactivation of gene transcription.

* Acetylation of core histones is associated with chromosomal assembly during DNA replication.
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» Methylation of histones is correlated with activation and repression of gene transcription
» ADP-ribosylation of histones is associated with DNA repair.

» Monoubiquitylation is associated with gene activation, repression, and heterochromatic gene
silencing.

Methylation and acetylation of histones

Histone tail

Methylation of DNA and
histones causes nucleosomes
to pack tightly together.
Transcription factors cannot
bind the DNA, and genes are

not expressed. E_ 1
a7

A

Histone tail . .
Histone acetylation results

in loose packing of nucleo-

somes. Transcription factors

can bind the DNA and genes :.-.._
are expressed. [

Acetyl group
DNA accessible, gene active

e
IE.{""-
ol
Solution to Question 9: _'_b-iﬁ H-f::?
The true statement is that.,%}'étué'r“ochromaﬁj_'_n_&ains densely.

-l-_:l-l
N,
&

Differences between he ochromatin:alllnd euchromatin:
) o

e
& | eeodwomain  mcomain

Transcriptionally inactive Transcriptionally active
Densely packed Less densely packed
Chromatin stains densely Chromatin stains less densely

The chromatin in the region i | Generallyreplicated earlierth
s high in meC content (methy | an heterochromatin

lation of deoxycytidine residu
es decreases gene transcripti
on)

Histone deacetylation increas | Histone acetylation increases
es heterochromatin euchromatin

Solution to Question 10:

All of the given statements are correct.
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Chomosomes can be visualised during metaphase of mitosis. At this point, they are duplicated
with two-fold symmetry. The duplicated, identical sister chromatids are connected at the
centromere. Each sister chromatid consists of a single dsDNA moleule. The centromere is an
adenine-thymine (A-T) - rich region containing repeated DNA sequence. The ends of each
chromosome contain structures called telomeres, which have a variable number of repeats of the
sequence 5-TTAGGG-3'. Telomere shortening is associated with aging and malignant
transformation.

Telomera (TTAGG),,

Centromere

Sister chromatids

ol |
Solution to Question 11: H{"‘- i
a-\.:"'\-..- .\.\_-:-.\_._
1% of cellular DNA -i_s."ih mitochondria.
) n

Human mi.too]:ighf:lria containg}2 to 10 copies of a small circular ~16 kbp (kilo base pair) dsSDNA
molecule that makes up aﬁQ'proximately 1% of total cellular DNA. Out of 37 genes in human
mitochondrial DNA (mtDNA), 22 genes codes for transfer RNAs, 2 for ribosomal RNAs, and 13 for
proteins that play key roles in the respiratory chain. A feature unique to human mitochondrial
mtDNA is maternal non-mendelian inheritance because all mitochondria are contributed by the
ovum during zygote formation. Thus, mothers transmit mtDNA to all their offspring.
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Control region
or "d-loop”

125 rRNA Cytochrome b

NADH
Dehydrogenase

165 rRNA subunits

[l 22 tRNA-encoding genes

BAGH -

Dehydrogenase
subunits

13 protein-encoding regions

NADH
Dehydrogenase

subunits E__ L]
&“:I

Cytochrome Oxidase

subunits ';_:
C&tocr;]cm i?sxlrlase "T@ __.'l{"i
&

F.
"E- %
Solution to Question 12: ll"] T

The true statement is that mltqﬁcﬁ'o\'}irlal DN -@s a high mutét«wn rate.
Mitochondrial DNA is c1rdﬂ:1§;'an(;§§bl'5;§tranded It @?6 569 bp (that makes up

approximately 1% of total cellular D hile nu f’_‘DNA has 3.3 billion bp. It has 37 genes that
encode 13 protein subunits of the Fespiratory chain (out of a total of 67 proteins) i.e. about 20%. It
mutates at a rate 5-10 times E&f nuclear. . Mitochondrial DNA is transmitted by maternal
non-mendelian inheritanongf-—-' "-l.‘:"-."'

\® "?‘5‘ G o
II:.;'\} C\ 125 rRNA

Cytochrome b

NADH
Dehydrogenase
subunits

[] 22 tRNA-encoding genes

NADH
Dehydrogenase
subunits

W | | 13 protein-encoding regions

NADH
Dehydrogenase
subunits

Cytochrome Oxidase
subunits

ATP Synthase

Cytochrome Oxidase subunits

subunits

Solution to Question 13:
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Klenow fragment lacks 5’ ° 3’ exonuclease activity.

DNA polymerase I is an enzyme involved in DNA replication. It has polymerase activity along
with both 3'° 5'and 5'° 3' exonuclease activity. When the 5'° 3' exonuclease domain is
removed, the remaining fragment is called Klenow fragment. It retains the polymerization and
proofreading activities of DNA polymerase I.

Solution to Question 14

DNA synthesis occurs in the S phase.

o]

In the cell cycle, replication of the DNA genome occurs only at a specified timeé dqrmg

the synthetic or S phase. During the S phase, mammalian cells contain greatér quantities of DNA
polymerase than during the nonsynthetic phases of thg Eq_}l-,bycle : :-u"w-

Gap 1 (G1) phase consists of cell growth and preparatfb'i"l for DNA sxnthesm It occurs before the S
phase. Gap 2 (G2) phase occurs after S phase, duri.ng which preparation for m1t051s (M phase)
occurs. Cyclins tightly regulate the transmon- Between phaseé of the cell cyclé

G1 - Growth

S - DNA synthesis

G2 - Growth and

preparation for
] mitosis
t M - Mitosis
(cell division)

Solution to Question 15:

DNA replication is not template independent.

DNA replication occurs in S-phase of cell cycle. It is semi-conservative, semi-discontinuous
and bidirectional. DNA strands separate and each acts as a template strand on which new
complementary strand is synthesized. RNA primer is required. The new strand is synthesized
always in 5'-3' direction and thus, the synthesis of DNA in both strands is not the same.
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Chromosome

Free nucleotides DNA polymerase

Original (
(template)
DNA
';:::_ i
@ Adenine J .:.""."'-H-'I
Thymine ; =
@ Cytosine y
@ Guanine DNA polymerase _ Original (templatg) E)_NA strand
- T
N 3 S
" o
<l o 3 -JE'H N 3 {.:-5
olution to Question 16: g Chy
L" \:\._T"il T iﬁ . .?':::-"
In all cells, replication can occqsibnly from a imgle-strandedQNA (ssDNA) template.
--I~I "‘-. -"

Sl
. % "E.'-..

« Identification of the origins of Tegll@gl"tﬁ)n 1.."'::5' i
+ ATP hydrolysis-driven unwi.q.diﬂg of dsDNé:fg;" provide an ssDNA template
» Formation of the repli%ﬁpqh fork; sy thiesis of RNA primer

* Initiation of DNA yﬁ:hesis and el_E_)';'l'g tion

L

» Formation o_ffqﬁlication bul)_‘hles with ligation of the newly synthesized DNA segments

Steps of DNA replication: '—l:"-'

. Reconsti't::"tion' of chroma‘_‘tri\i:l structure

The replication fork is formed when DNA helicase unwinds a short segment of the parent dsDNA.
Primase initiates the synthesis of an RNA primer. DNA polymerase then initiates DNA synthesis
(deoxynucleotide polymerisation) in the 3' to 5' direction. Hence, helicase, primase and
polymerases act at the replication fork.
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origin of replication

leading strand lagging strand
=

overall direction
of replication

leading strand
DNA template
sliding clamp  polymerase I

single-stranded
binding protein

continuous synthesis

helicase leading strand

b replication fork
RMA primase Okazaki Okazaki Okazaki

DNA polymerase I1i fragment #3  fragment #2 fragment #1

&=

parental DNA

topoisomerase/
gyrase RNA
primer

lagging strand \I/ i
template s o
lagging strand/ DNA DNA ligase L 1
sliding clamp  giscontinuous polymerase | N ..
synthesis 5
AT N
ligase L’
TTTTT TTT TTTTT TTT
—_— O
J_LLK}‘DH \:pi J_LI_L J_LLK}‘O
a o
T |
¥ IH' n M
s L L
| ;- i B 5 B
- -' - ey ™
] 2 - 4 N
= 1- .h
Solution to Question 17: ) - LN
S, '\"-I. i - 1-.
b o

Ori-binding protein initiates local' denaturatlon and unw1nd1ng of DNA during replication.

Splitting of the two DNA stmnds durlng f'e.p‘hcatlon is 1n1trat'ed when the ori-binding protein (eg:
DnaA protein) binds to the origin of réplication (ori), ‘This leads to positive supercoiling of the ori.
The adjacent A+T rich region, knowaras DNA unwu‘ldlng element (DUE), undergoes local
denaturation and separationAsshort reglon of'sSDNA is formed, to which helicases bind and
further unwind DNA. ___-.'__'-- ™
SSB or replication prafai}i:A preventé-.-réannealing of the ssDNA strands generated by helicases.
Topmsomerase s’tablhzes the stré‘m caused during unwinding.
W N o™
'H. 5 I_.

Solution to Question 18:

Replication protein-A prevents strands from reannealing during the process of DNA replication.

Replication protein-A is a type of ssDNA-binding protein (SSB). During DNA replication, it binds
to the ssDNA generated by helicases. It shifts the equilibrium between dsDNA and ssDNA in the
direction of ssDNA and thus preve ts reannealing of strands. It also protects the ssDNA from
degradation by nucleases.

Option A: Helicase unwinds the DNA template at the replication fork.

Option B: DNA topoisomerases create a single- or double-stranded break in the helix to add or
remove supercoils.

Option D: DNA ligase catalyzes the formation of a phosphodiester bond within a strand of
double-stranded DNA.
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Solution to Question 19:

DNA primase synthesizes RNA primers during replication of DNA.

During DNA replication, DNA is synthesized using an ssDNA template. This is done by DNA
polymerases in the 5' to 3' direction. However, DNA polymerases require an RNA primer, which is
a short (10 - 200bp) double stranded region consisting of RNA paired to the DNA templete. Thus,
RNA primers serve as scaffolds to which deoxyribonucleotides are added. The RNA in the primers
is later replaced by DNA.

Other options:
Option C: Okazaki fragments are lagging strands built on RNA primers by DNA polymerase 6.
Option D: Leading strands are synthesized by DNA polymerase €. s -!' <4
x . !
C "
Solution to Question 20: A :
2 e

i h 5
The true statement is that DNA polymerase I(pol I) is found:in prokaryotes'

The prokaryotic polymerases are DNA po]ymerases I-uII and IIL. DNApolymerase I recognize a
“nick” or break in the phosphate bacl'igh"ne and thén removes each.RNA primer and fills the gaps
with DNA. It does this through.] its'5"° 3' exonuelease act1v1ty It-has DNA repair activity through
3" 5'exonuclease activity, DNA polymerase H carries out, DNA proofreading and repair. DNA
polymerase III is the prlmary enzyme f fbr the synthes:,s Of the leading strand of DNA.

Option A: DNA polymerase o (euk_aryotlc polyr_n_t_erase) synthesizes Okazaki fragments which are
short, newly synthesized DNA(fragments that'are formed on the lagging template strand during
DNA replication. They ar_g-'complemental'y to the lagging template strand.

Option C: Primase sym;Iiesmes RNA p‘rlmers to start the replication.

origin of replication

LR leading strand lagging strand
5. E——

leading strand
DNA template
sliding clamp  polymerase I /

overall direction
e ons —_—

of replication

single-stranded
binding protein

continuous synthesis

helicase leading strand

\ RMA primase Okazaki Okazaki Okazaki
% DMA polymerase Il fragment#3  fragment #2 fragment #1

parental DNA

topoisomerase/
gyrase RNA
primer

sliding clamp  giscontinuous  polymerase |
synthesis

lagging strand \I/ i
template N
lagging strand/ DNA DNA ligase

ligase

) TTTTT O TTT

T

J_LLK}‘DH g

-
LN
a o
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Solution to Question 21:

Unwinding of DNA is not a function of the DNA polymerase complex.

A number of different DNA polymerase molecules engage in DNA replication that share three
important properties: Chain elongation, processivity, and proofreading. Unwinding of DNA is
done by enzyme helicase.

Chromosome

Free nucleotides DNA polymerase

'..:'r
Sy
il
Original —\
(template) Cavtei
DNA 200NY o
strand '5._.
Replication k
fork
@ Adenine
&= Thymine
@=» Cytosine
@ Guanine DNA polymerase Original (template) DNA strand
L - K " .
o Y e
- KR "
3 5 .l_
- 1'\.\_- -~ '
_H_-:'-\. 1
. . o]
Solution to Question 22: {._ A 1._._‘n

Bifunctional alkylatlngg:ggént cross-lmkage is a type of two-base alteration DNA damage.

Bifunctional alkyia‘ttng agents, lfke cyclophosphamlde and chlorambucil, are commonly used
anti- cancer_&h‘ugs. They co;_:rt-aﬁ-n two reactive sites and thus, can cause intrastrand and interstrand
cross-links*between two nuycleotides.

Solution to Question 23:

Mismatch repair will be defective in a patient with multiple gastrointestinal polyps and
carcinoma, with a positive family history/history of hereditary non-polyposis colon carcinoma
(HNPCC)

Mismatch repair is a DNA repair mechanism that corrects single-nucleotide mismatches,
insertions, and deletions introduced by the DNA polymerase during DNA replication.

HNPCC or Lynch syndrome is an autosomal dominant genetic condition. It occurs due to defects
in DNA mismatch repair genes like MLH1 and MSH2. The genomes of these patients show
microsatellite instability. HNPCC is associated with a high risk of colon cancer. It may also be
associated with a risk of developing carcinomas of the endometrium, stomach, small bowel, ovary,
pancreas, and transitional cell carcinoma of the ureter and renal pelvis.
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The diagnostic criteria for HNPCC are referred to as the Amsterdam criteria or the 3-2-1-0 rule. It
includes:

* Three or more relatives with HNPCC-associated cancer (colorectal cancer, endometrial cancer,
cancer of the small bowel, ureter, or renal pelvis), one of whom is a first-degree relative of the
other two.

* At least two successive generations affected
* At least one case diagnosed before age 50 years
 Familial adenomatous polyposis excluded

 Tumors verified by pathologic examination.

Other options: T
Option B: Patients with xeroderma pigmentosum have a defect in the nucleotide excision repair
pathway. s i) L
Option C: Defect in base excision repair pathway 1s'seen in patlents with MUTYH-associated
polyposis. O ) )
Option D: Sickle cell disease and beta-thalassemia are examples of diseases seen in patients with
point mutations. g Mol )

e e

Solution to Question 24:

Photosensitivity, freckling and skin‘cancer on theface in a child aare suggestive of xeroderma
pigmentosum. It is an examPfe of defective DNA nucleotide excision repair.

In xeroderma plgmentesum there is al inability to repair DNA pyrimidine dimers caused by UV
exposure. It is an autoSomal recessive 'disease characterized by exaggerated sunburns and
pigmentary changes on exposure'to UV radiations. There is increased risk of developing
non-melagema and melanéma skin cancers, and neurodegeneration. They are also more prone to
developing ‘smoking-induced lung cancers.

Diagnosis is mainly clinical and it can be confirmed definitively by cellular tests for defective DNA
repair. Management includes sun avoidance and regular follow-up to assess and treat any skin
cancers. There is no cure for xeroderma pigmentosum.

Solution to Question 25:

SCID is associated with a defective non-homologous end-joining (NHEJ).

NHEJ is a predominant pathway for DNA double-stranded break repair. NHEJ also functions in
class switch recombination, enhancing T and B cell diversity. Thus, NHEJ deficiency leads to
combined immunodeficiency due to a failure to carry out recombination efficiently.

Severe combined immunodeficiency (SCID) is characterised by defects in both
humoral and cell-mediated immune responses. Genes involved are JAK3, RAG1, and IL-7R.
Persons with SCID are extremely susceptible to recurrent, severe infections by a wide range of
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pathogens, including Candida albicans, Pneumocystis jirovecii, Pseudomonas species,
cytomegalovirus, varicella, and a host of other bacteria.

X-linked SCID is the most common form, accounting for 50% to 60% of cases, is X-linked, and
hence, SCID is more common in boys. The genetic defect is a mutation in the common y-chain (yc)
subunit of cytokine receptors. In these patients, the thymus contains lobules of undifferentiated
epithelial cells, resembling fetal thymus.

Autosomal recessive SCID is commonly caused by a deficiency of adenosine deaminase (ADA)
enzyme. In these patients, the thymus contains remnants of Hassall’s corpuscles.

L "'.\-
™

Solution to Question 26: __;5_ ]

Non-homologous end joining (NHEJ) is the major mecha{l_rs'm used by C-Ii'iSPR Caso for gene
repair. v |

The CRISPR (Clustered Regularly Interspaced Short Pahndrormchepeats) are clustered
palindromic sequences found in many bacte¥ia.. Tis a form-of-acquired immunity to infection by
bacteriophages which complements the systém of restriction endonucleases and methylases.
CRISPR uses RNA-based targeting to- tzging the Casg éndonucleaseito, foreign (or any
complementary) DNA. Within bactérih this CRIS'Pf{ RNA- Casg complex then degrades and

inactivates the targeted DNA.-.* O ~

The CRISPR system has been adapted f-or tise in eukapyotlc cells for gene deletion, gene editing
and even modulation of gene transcmptlon b

Solution to Question 27:

Chimeric DNA is associated with organ transplantation, especially bone-marrow transplantation.

402 Sold by @itachibot



In organ transplantation, chimeric DNA refers to the mixture of donor and recipient genetic
material that occurs when donor cells begin functioning within the recipient's body. It is used for
long-term monitoring of bone marrow transplant recipients. Detecting changes in the levels of
donor-derived cells can provide early warning signs of graft failure, rejection, or relapse of
underlying disease.

Note: The practical applications of recombinant DNA technology include:

» Gene mapping using techniques such as fluorescence in situ hybridization (FISH).

* Producing proteins such as:

* Interferons, tPA (tissue plasminogen activator)

* Insulin, growth hormone Pl
« Hepatitis B vaccine i

* Molecular analysis of disease, to detect gene variations and mutationst. ™

* Restriction Fragment Length polymorphism (RFLP) and smgle nucleotlde polymorphlsm (SNP)

L

* Microsatellite DNA polymorphisms i, | 2 ) %
* Gene therapy and bone marrow transplar;lt'ation LN 0
) " s i 1, =

Solution to Question 28: ~ .

The false statement is that telomerase is involved i DNA repair.

Telomeres are the end of chro'm'dsomal DNAXSince prokaryotic DNA is circular, it does not have
free ends and hence no te-lomeres Thus, telomeres are present only in eukaryotes Telomeres have
TG- rich repeats and usually do not ‘¢ade for any proteins. With every DNA replication during cell
division, telomere*shortening oc€urs. Once telomeres are almost negligible or non-existent in
length, the, DNA'iS unable to zéplicate and the cell dies. Hence, there is a limit to the number of
times a céll ean divide. l_'

In stem cells and cancer cells, an enzyme telomerase having reverse transcriptase activity (RNA
dependent DNA polymerase) adds telomeres to the chromosome ends, thereby preserving
chromosomal length. It allows the stem cells and cancer cells to multiply a lot more number of
times than a normal adult cell.
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RNA synthesis, processing and modification

Question 1:

Which among the following is a protein-coding RNA?

a) mRNA
b) tRNA

c) rRNA L,
d) snRNA

Question 2; it ot
Which of the following RNA is not directly'_illlvolved Ln:ﬁfofein synﬂiééié?
S, "‘-.I. " 1 =

o
a.) mRNA |.. n : - --: --b'
b) rRNA ) i L
4 e
c) tRNA =
d) miRNA el
T |
h::. iy |
_\_-.\_.\'\- i |
Question 3: 1 "y

Which of the_f!ali'("fwing is trie?”
y
a) Primer is involved in RNA synthesis
b) Highly active efficient proofreading function in RNA transcription

c) Deoxyribonucleotides are used in RNA synthesis
d) U replaces T as the complementary base for A in RNA

Question 4:

Which enzyme is responsible for the polymerization of ribonucleotides into a sequence
complementary to the template strand of the gene?

a) RNA-dependent RNA polymerase
b) DNA-dependent RNA convertase
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c) RNA-dependent replicase
d) DNA-dependent RNA polymerase

Question 5:

Which enzyme prevents the formation of superhelical tensions in the DNA during
transcription?
a) Topoisomerase
b) RNA polymerase 5
c) Pyrophosphatases

d) Unwindases

Question 6: vhl T e

L . ol - 1-.
Which of the following is not a fuqcti.o‘qr-l-"of RNA polymerase 117

a) Synthesis of mRNA  _{» Tl S
A e e
b) Synthesis of rRNA ) P
¢) Synthesis of miRNA ", o . R y
L | e |
d) Synthesis of snRNA ___-.-__'u. Y
oy St gt |
"'._l"i "
- z -_ - -M_
Question 7: . A" i
o, k
'H. 5 1

The role of the sigma factor in bacterial RNA polymerase is to

a) Catalyse RNA synthesis

b) Position RNA polymerase correctly on the template DNA
c) Terminate RNA synthesis

d) Unwind the DNA template

Question 8:

During a field trip, an 11-year-old boy consumes a wild mushroom which was later identified
to be a death cap mushroom. Which of the following enzymes is inhibited by the toxin from
this mushroom?

a) DNA polymerase
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b) RNA polymerase
¢) Topoisomerase

d) Helicase

Question 9:

Which enzyme gives signals for termination of RNA transcription?

a) RNA Polymerase I
b) RNA Polymerase 11 e
c) RNA Polymerase II1

d) Topoisomerase

Question 10:
% -\.'\"-.I.

¢l S
RNA produced from a fragment of DNA has the %elhuence of UAAGGC. The sequence of the
non-template strand in the DNA'that gaveise to this sequence is which one of the following?

2 L ¥ %
a) CGGAAT LS. L
b) UAAGGC el &
ol -
c) TAAGGC a*-."' O
d) ATTCCG ».::"" By
N £
i '-.\-]_ =, Nt
. 5 = LY
Question 11 "

What is a primary transcript?

a) RNA product synthesized in the 5-3" direction
b) RNA product synthesized in the 3’-5" direction
c) DNA product synthesized in the 3’-5” direction
d) DNA product synthesized in the 5’-3” direction

Question 12:

7-methyl-guanosine triphosphate capping of the primary transcript is necessary for

a) Processing of the primary transcript to mRNA
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b) Translation of the mRNA
c) Protection of the mRNA against nucleolytic attack by 5’-exonucleases

d) All of the above

Question 13:

The attachment of Eukaryotic mRNA to the ribosome is mediated through

a) Poly A tail

b) tRNA o, )
il
c¢) Guanyl Cap _:!'_‘ __-h:'--
d) Shine-Dalgarno Sequence 0 ) »h
O v,
- 3 h,
L ._1' § B
Question 14: : i, ! n“:
L - -\._"-\. 'l‘\. 'H.-'
: . Wy ! I . :
After synthesis, eukaryotic mRNAwundergoes exténsive modifications including which of the
following? oy T o
.\-__i.\- . I..H s, -l... ",

a) Capping o Ny

b) Polyadenylation @ P -__-1'-.

c) Splicing _‘:;'q_ " bl

d) All of the above 4 %™ o

". e
- . L
i '-.\I]_. -\._"'\_.\'
] 5 5 &

Question 15 "

Which of the following does not require 5’ capping?

a) tRNA of Alanine
b) U6 snRNA

c) mRNA for Histone
d) siRNA

Question 16:

Which of the following statements about mRNA splicing is true?

a) The existence of split genes has no advantage
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b) Self-splicing introns do not require the help of any protein for splicing to occur accurately
c) B-thalassaemia results from a genetic defect in the spliceosome

d) Splicing occurs in the cytosol

Question 17:

Which of the following does not happen in 5' to 3' direction?

a) Transcription
b) DNA replication e
c) DNA repair
d) RNA editing o) e

Question 18:
% -\.'\"-.I.

el 4
The eukaryotic initiation factor (eIF)‘that helps in I?:ap binding is?
a) elF 1 Ca - "l o
b) eIF 2 e Y
c) elF 3 0 3

d) elF 4 { - B

Question 19:¢. Y it
‘-‘h - I.

Which statement best explains the function of eEF-2?

a) It is required for the translocation of peptidyl-tRNA during translation
b) It is required for the initiation of protein synthesis
c) It is the agent that binds to, and is inactivated by, chloramphenicol

d) It functions as a peptidyl transferase

Question 20:

All of the following statements about stop codons and amino acids are false except:

a) Selenocysteine is coded by UAA
b) Pyrrolysine is coded by UAG
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c) Selenocysteine is considered the 22nd amino acid

d) Other name of UGA is ochre

Question 21:

The process of apolipoprotein B48 synthesis involves which of the following?

a) RNA alternate splicing
b) RNA editing

2
c) DNA editing Ak

L

d) RNA interference ¥ S
I::.I"l. ."':'q_.

2 ",_'. 2 -'.1"-
s A

Question 22: -.;“:""" o q-f.h"

-. l."'\-\_l""'\-\_ il —.:|_ T .'H:_ 5

The illustration below shows alternativ éﬂicing 01_C P-.f;zne which%,g:s"intron segments 1, 2, 3,
4, and 5. It yields two products Aqﬁ“& B, by the action of diffq_reﬁ'tt promoters. You are
provided with the promoters w,X;-y, and z, each of which binds to a different segment as
shown below and acts in themarked direction. Which_-:if"‘t}ie following promoters will you use

to get product A? e ™)
.".._."h- B "
—{ seg-1}—{ Seg-2|— Seg-3] [Seg-4] [Seg-5|—
C o @E& D B

Products are :

A— —{1[3]a]5 }—

B— —{ 1 [2[4]5 |—

a) W.X,Y
b) W,Z
c) W,X
d)W,Y
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Answer Key

Question No. Correct Option

1 a
2 d
3 d
4 d &
5 a .;.'_i-
6 b
7 b
8 b i
__1.
9 b
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Detailed Explanations

Solution to Question 1:

mRNA is a protein-coding RNA.

The mRNA convey genetic information from DNA to the ribosome, where they specify the amino
acid sequence of the protein products of gene expression.
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Solution to Question 2:

miRNA is not directly involved in protein synthesis. miRNA participates in the modulation of
gene expression by altering mRNA function.

The mRNAs, rRNAs, and tRNAs are directly involved in protein synthesis. Other RNAs participate
in either mRNA splicing (snRNAs) or modulation of gene expression by altering mRNA function
(mi/siRNAs) and/or expression (IncRNAs).

Solution to Question 3: .
Wt
Uracil (U) replaces thymine (T) as the complementary base for adenine (A) i);z:R-I\?'A.

Difference between RNA and DNA

Cytosine . .5-
[

Cytosine .
NH;

L
Guanine -

o

undiBl
LR

-~
.— Nucleobases

Guanine .
Q

N NH
& N)\NH,
Base pair i

Ad Adeni
en meH:N @ enin eH,N @

= 3
LS €y
H H
Uracil
. =
HH

ELx helix of/ S

N o sugar-phosphates| 7

Thymine [ |
bt

HaC.

Nucleobases Nucleobases
of RNA of DNA

RNA DNA
Ribonucleic acid Deoxyribonucleic acid

Solution to Question 4:

DNA-dependent RNA polymerase is the enzyme responsible for the polymerization of
ribonucleotides into a sequence complementary to the template strand of the gene.

The enzyme attaches at a specific site, the promoter, on the template strand. This is followed by
the initiation of RNA synthesis at the starting point, and the process continues until a termination
sequence is reached.

Solution to Question 5:

Topoisomerase prevents the formation of superhelical tensions in the DNA during transcription.

During transcription, supercoils form when the DNA is unwound and can add stress to the
molecule. Topoisomerase activity enables RNA elongation to proceed further without being
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stopped. This action of topoisomerase also takes place during DNA replication.

Solution to Question 6:

Synthesis of rRNA is not a function of RNA polymerase II. This is done by RNA polymerase I

Solution to Question 7:

The ¢ subunit (sigma factor) enables RNA polymerase to recognize promoter regie;'ns on the DNA
and thus helps to position it correctly on the template DNA. !

P, Ay
Solution to Question 8: e ) .
The mushroom death cap (also known as Amanlta phall'mdes) produces the toxin, o-amanitin
which inhibits RNA polymerase. & -4

e e
In eukaryotes, o-Amanitin forms.a tlght complex with the polymerase thereby inhibiting mRNA
synthesis and, ultimately, p_l;oieln synthems

Note: Rifampicin inhibits the prokaryotlc DNA- dependent RNA polymerase.

! L%
e

T |

"
Solution to Question Q" )

b

RNA polymerage Il gives signals for the termination of RNA transcription. Proteins catalyzing
RNA processing, terminatioh,and polyadenylation appear to load onto RNA polymerase II soon
after initiation. )

Termination of transcription can be:

* p dependent: When the termination signals are met, p factor binds to RNA. p factor has ATP
dependent helicase activity. It detaches the RNA from the DNA.

* p independent: In the 3' end of RNA, there is a series of U. RNA detaches from DNA due to
weaker A=U at the end.

Solution to Question 10:

The non-template strand or coding strand in the DNA will have the same sequence of the RNA
that is produced, except that the non-template or coding strand has T is in place of U.

As all sequences are written in the 5" to 3" direction, unless otherwise specified, an RNA sequence
of UAAGGC would correspond to a DNA sequence, on the non-template strand, of TAAGGC. Both
the non-template strand and RNA produced will be a complementary sequence to the template
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strand. Therefore, the template strand would be ATTCCG (written 5 to 3").

Templaje Stra'rldl rrrrrrrrerrrrrrrrrrerrrrrrr T
DNA TACGGCGTTAGACAAGTGCOTGAGTACACA
ATGCCGCAATCTGTTCACGCACTCATGTGT
e [ [ e I I |
Transcription
AUGCCGCAAUCUGUUCACGCACUCAUGUGU
HNA S e e ey e e v |
NSNS [ IS | VSR [ NN [ SN ) NN [ SN [y WU [y WSS [y -
e
‘_i-.":'-'l
Translation W
!
Protein Met Pro Gin Ser Val Hs Ala Leu Met Cys
L q‘_ -_l'\u\.\. -
L i .
Mo &
:I:. ﬂi-\-\x—'ﬁ 1:::1".
T - &
- on1t: A0y KT B
Solution to Question 11: s Ao
o P

The RNA product, which fs-s&‘rithesm ﬁ:’c_‘he 5-3 dlre.g_t-fbn is the primary transcript. The
primary transcripts are generated by A polyme;.-a_q_s_C'II

The longest primary transcrq-)lt 1s&-pr7)duced by the dystrophin gene.

Iz It 3
wo o ER
- bl ool IR
)
b Transcription
Primary RNA ] ]
transcript | | . .
Splicing

mRNA -

Solution to Question 12:

7-methyl-guanosine triphosphate capping of primary transcript is necessary for:
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* Processing of the primary transcript to mRNA
* Translation of the mRNA

* Protection of the mRNA against nucleolytic attack by 5’-exonucleases

Solution to Question 13:

The attachment of mRNA to the ribosome is mediated through the guanyl cap at the 5' end.
Eukaryotic mRNAs have 7-methylguanosine caps at the 5' end and poly-A tails at the 3' end.

The 7-methylguanosine caps (Guanyl caps) are necessary for: Ay

5 |

* Processing of primary transcripts to mRNA.

* Mediating the attachment of mRNA to the ribosome, foritranslation. 4 ™"

* Protection of mRNA against nucleolytic attack by’ 5_'exc-)nuc1eases. L

."'\..\- h ]

Other options: ol ) )

Option A: AAUAAA is present at the 3’ end Wthh is the polyadenylatron sequence (poly-A tail).
They help stabilize the mRNA, facilitate its exit from the nucleus and aid in translation. After the
mRNA enters the cytosol, the poly- -Artail is gradually shortened

Option B: tRNA molecules-sérve as adapters for the translg}mon of the information in the sequence
of nucleotides of the mRNA-Into specifie athino acids;=*

Option D: Shine-Dalgarno sequenée, nitiates translation in prokaryotes.

Note: The guanyl cap and pol§7 -A tail aid in‘attaching the mRNA to the ribosome for translation,
however, it is initiated andmediated first'through the Guanyl cap. The poly(A) tail stimulates
recruitment of the 4OS ribosomal subuit to the mRNA, after which the ribosomal subunit binds
to the guanyl cap.at5 ‘end of mRNA.

- j
-
o !
= l..

Solution to Question 14:

After synthesis, eukaryotic RNA undergoes extensive post-transcriptional modifications
including 7-methylguanosine capping, polyadenylation forming poly A tail and splicing

* 5' Capping: This is the first of the processing reactions for pre mRNA. The cap is a
7-methylguanosine attached backward to the 5'-terminal end of the mRNA, forming an unusual
5'° 5'triphosphate linkage.

* Poly-A tail is added after transcription by the nuclear enzyme, polyadenylate polymerase, using
ATP as the substrate. These tails help stabilize the mRNA, facilitate its exit from the nucleus, and
aid in translation.

» Maturation of eukaryotic mRNA usually involves the removal of introns &amp; joining of exons
together to form the mature mRNA. The process of removing introns and joining exons is called
splicing. snRNA facilitates the removal of introns by forming base pairs with the consensus
sequences at each end of the intron.
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Solution to Question 15: ] - - 2l
S fhd -y
! o

tRNA of Alanine does not reqmre 5’ capplng &

=
Capping process protects t‘hﬁ'“5 end of {nRNA from the ac}idn of exonucleases and
polyadenylation protects the 3’ end of thie mRNA. All'-mRNA snRNA, and siRNA undergo this
process, but tRNA are comparatlglely“stable and,'.do not require a capping at the 5" end.

Note: rRNAs also do not requ"}re 5' capping! *
S Rk

"~.
ﬁ'\"'\..- :\_-:-.\J_
" o

-|!_ L

Solution to Question 16: .+
N %

L b " . . . .. .
Self-splicing introns do not require a spliceosome or any other proteins for the splicing reaction.

Self-splicing introns fold into complex loops and undergo transesterification reactions, thus

undergoing self splicing.

Other options:

Option A: Split genes have the advantage that they allow alternative splicing so that a single gene

can code for variant forms of the same protein.

Option C: B-thalassemia results from the faulty splicing of the B-globin transcript. However, the
spliceosome is normal and the reason for the fault is a mutation in the -globin gene itself.

Option D: Splicing occurs in the nucleus and mature transcripts are then transported into the

cytosol for translation (protein synthesis) to occur.
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Solution to Question 17: ’ -H'IL iﬁ L

RNA editing occurs in 3’ to 5’ 1r:é‘ct10n Itis 1;th :;i'*ocess by w]#eh the coding sequence is changed
at the mRNA level before @;@latlon b L

|_'_"‘
RNA editing occurs by insertion of ad_d;];'tonal Us aﬁbs 3’ end of the mRNA and proceeds in a 3’ to
5’ direction. The guide RNA (gRI\{ﬁA),"acts as a te{ﬂp te for the editing process. An example of RNA
editing is apoB gene and mRNA shown in th.g:q.mage below:

e i e
Apo B Gene

DHNA strand

Ac .
"'::". L Transcription

Intestine A Liver

EMA editing changes a CAA to Mo RNA editing
Tad canzing a STOP instead of

aGln
1 Translation 1

Apolipopratein B 48 Apolipoprotein B 100

Pre-mRNA strand

Solution to Question 18:

The eukaryotic initiation factor (eIF) that helps in cap binding is elF 4.
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elF are accessory proteins that help initiate protein synthesis.
Functions of elF:

» eIF3 &amp; elF 1A: First step of initiation involves dissociation of the ribosome into its 40S and
60S subunits. eIF3 &amp; elF 1A bind to newly dissociated 40s ribosomal subunit and hence
delays the association of 40s and 60s.

« eIF2: It is involved in the formation of binary complex (GTP+elF). This complex binds to met t
RNA. Further, the GTP-eIF-2-tRNAi ternary complex binds to the 40S ribosomal subunit to form
the 43S preinitiation complex. This is the second step of initiation.

* eIF4: It forms the cap binding complex. It binds to 5" terminal of mRNA molecules which are
capped. The mRNA would then bind to the 43S preinitiation complex to form the ﬁSS initiation
complex, in the third step of initiation. -u-. - R

» eIF5: It is involved in the hydrolysis of GTP bound to eIF2 This results m-blndlng of 60s subunit
with 48s initiation complex to form the 80s initiation -cedmfﬂex This i is the fourth step of
initiation. {

X

’i.\. L

Solution to Question 19:
Eukaryotic elongation factor 2 (eEF-2) is required for the translocation of peptidyl-tRNA along the
mRNA during translation.

The elongation reaction requires GTP hydrolysis. The corresponding elongation factor in bacteria
is EF-G. Diphtheria toxin ADP-ribosylates eEF-2, leading to its inactivation.

Other options:

Option B: Initiation of eukaryotic protein synthesis requires several initiation factors, designated
elF-1, elF-2, etc.

Option C: Chloramphenicol inhibits prokaryotic peptidyl transferase.
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Option D: Peptidyl transferase is an rRNA (within the large ribosomal subunit) involved in
formation of the peptide bond between the amino acid groups within the A and P sites of the
ribosome.

Solution to Question 20:

Pyrrolysine is coded by UAG is the correct statement.

Other options:

Option A: Selenocysteine is coded by UGA and not UAA

Option C: Selenocysteine is considered as the 21st amino acid o, &

Option D: Other names of stop codons are as follows:

P, A0

* UAA: Ochre o i
« UAG: Amber i 0 b
« UGA: Opal oz )
St | 4t 7
Solution to Question 21: ' e o

The process of apolipoprotein B48 sy_r'i't'}iesis invplves-RNA editing.

RNA editing is the process by,wh.féh the codi_r-l-g"sequence of the mRNA is changed before
translation. As a result, the mRNA templatediffers from the DNA from which it was transcribed.
This leads to the form_a.t_i&'n of a different protein. This occurs by insertion of additional uracils at
the 3’ end of the mRNA and proceeds"in 3’ to 5’ direction.
RNA editing in‘apoB synthesis» ;

o K
* In the liver, the apoB gene is transcribed to mRNA which is then translated to apoB 100.
« In the intestine, the same apoB gene is transcribed to the same mRNA. But now, the mRNA

undergoes editing by an enzyme cytidine deaminase which converts the CAA codon in the mRNA
to UAA at a single specific site. This edited mRNA translates to apoB 48.
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EMNA editing changes a CAA to
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1 Translation 1 s

Apolipoprotein B 48

DNA strand

Pre-mRNA strand

Mo RNA editing

-.I‘

Apolipoprotein E 100 1

Solution to Question 22: 0o e £
By, Ty b i "'i.

Among the given options, usmg primers W and Y will yleld the desired product A.

Promoters or DNA regulatory‘elements u’sually precedes the desired exon to be transcribed. It
helps redirect transcription of only the desired exons'of a gene to yield a product. Alternative
splicing utilizes different promote_ps to code shghﬂy different products from the same gene.

In this question, the desired p'roduct A has segments 1,3,4,5 whilst the other product B has 1,2,4,5.
The difference between bQ'th is the presence of seg 3 in product A and the presence of seg 2 in
product B. As the prod'u'cﬁ’t in questioiis'A, only seg 3 is required while excluding seg 2 and
ensuring seg 1 4 and'5 intact. £

* Seg 1- Nee.gls to be transcn‘bed and so W is essential
* Seg 2- Does not need to Be transcribed.
* Seg 3- Needs to be transcribed and so Y is essential

* Seg 4- Needs to be transcribed but Z is not essential as Y continues the transcription in the
direction shown by the arrow.

The answer is hence promoter W and Y.
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Regulation of gene expression

Question 1:

All of the following are examples of housekeeping genes except

a) Ribosomal protein genes
b) rRNA genes
c) Beta galactosidase 5

d) RNA polymerase

o, i L
N, -.H. .
Question 2: : _.H',_ ] : »
Which protein is produced by a regulatory-gene? . ; o
| { 2
a) Operon i c " i
b) Inducer ) o SN
| "
c) Promoter st =
d) Repressor nlD
h::. L= |
L W-- 4

Question 3: 5 ¥
What does th_ie-of)"éron model attempt to explain?
y
a) The coordinated control of gene expression in bacteria
b) Bacterial resistance to antibiotics

c) How genes move between homologous regions of DNA

d) The mechanism of viral attachment to a host cell

Question 4:

In the Lac operon model, how does the presence of lactose activate transcription?

a) Lactose directly activates RNA polymerase

b) Lactose binds to the operator region and blocks the attachment of RNA polymerase to the
promoter

c) Lactose binds directly to the promoter region and activates transcription
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d) Lactose binds to repressor protein and inactivates it

Question 5:

The lactose operon is likely to be transcribed when

a) There is more glucose in the cell than lactose
b) Cyclic AMP levels are low
c) There is glucose but no lactose in the cell

d) Cyclic AMP and lactose levels are both high within the cell Sy

o '-.-:‘ ; __:_ A
. . . -\.\_ } 3
Question 6: ”

P i : A .:"‘..
A mutation in which section of DNA could ;igﬁ‘uence the bigiding of RNApolymerase to the
DNA? W ik W

- 1,

v b I:- L "'b.
a) Operon i L
b) Inducer r i) o SN
] " &
c) Promoter "8 =
d) Corepressor M L
il N ]
.H.h.-.. P 1.
e gt |

Question 7: » 'y

e .. :
The tryptophan operon is a l?'.epres&ble operon that is

a) Permanently turned on
b) Turned on only when tryptophan is present in the growth medium
c) Turned off only when glucose is present in the growth medium

d) Turned off whenever tryptophan is added to the growth medium

Question 8:

Two potential devices that eukaryotic cells use to regulate transcription are

a) DNA methylation and histone amplification
b) DNA amplification and histone methylation
c) DNA acetylation and methylation
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d) DNA methylation and histone acetylation

Question 9:

The phenomenon in which RNA molecules in a cell are destroyed if they have a sequence
complementary to an introduced double-stranded RNA is called

a) RNA interference
b) RNA obstruction

c) RNA blocking n,/ -:'
d) RNA targeting . ¢ "
iy 3 -':- 3
Oy
'|: ."-\.
Question 10: el A it

Which of the following describes the functton of an enzyﬁle known Qs dlcer’?
iy -\.'\"-I. 1-.

a) It degrades single-stranded PNA c LA el &
b) It degrades single- strande(i'thNA e - o
c) It degrades mRNA with no poly(A) taﬂ ) y ."-"-
d) It trims small double- stran_‘dedﬁRNAs 1nto_ rzlqolecules that can block translation
<
Oy By

Question 11: » 'y

Which of th&fallowmg does not favor euchromatin formation due to changes occurring at
cytosine remdues at CpG islands in DNA?

a) Methylation
b) Phosphorylation
c) Alkylation

d) Sumoylation

Question 12:

DNA methylation is not involved in?

a)1and 2

b) 2 and 3
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c) 1and 4

d) 2 and 4
Answer Key
Question No. Correct Option
1 C ".::r i
2 d .5_{7'
3 a
4 d
5 d b
6 c ot
7 d
8 d
9 a
10 d
11 a
12 d
LW w,
O ¢
9 %
= .'F -"-\.H-"\'l.-- .
A Detailed Explanations

Solution to Question 1:

The gene expressing beta-galactosidase is not a housekeeping gene.

Housekeeping or constitutive genes are those which are expressed at a constant rate in almost all
the cells of the body. These genes are required for the basal cellular function. Examples
include genes encoding RNA polymerase, ribosomal protein, rRNA, enzymes for glycolysis, etc.

In contrast, inducible genes are those which are expressed under special circumstances. The
expression of these genes increase in response to an activator or inducer, or decrease in response
to a repressor.

Solution to Question 2:

A repressor protein is produced by a regulatory gene.
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In bacterial operons, a regulatory gene, like the lac I gene, which is present upstream of a set of
structural genes, codes for a repressor protein (a transacting factor). The repressor protein binds
to the operator site and interferes with the progress of RNA polymerase. This blocks transcription
of the structural genes and is an example of negative regulation of gene transcription.

The lac Operon and its Control Elements

1
lacl cap P o lacZ lacY lacA ' gends
5 - - > > > L3 DNA
site
UG AuG 7 AUG
= messenger RNA
& & s
* protein - RNA polymerase
5 O m ]
23 o " Lactose available = L -
§ . W -]
I--h .h-
Repressor protein "
s e - High glucose
» > > close
. . ]
- .
&
. CAP P O e e e High glucose
E 'biEng zcs » - - Lactose available
site
L e ] N ,
1 W o
L ]
k. e .
- % o= .
* K h. 5 4
J g e N
i ; . L} |l
Solution to Question 3: . b W™

.L' . L IL-- . . .
The operon model attempts tg explain the coordinated control of gene expression in bacteria.

In bacteria, the structuralée“ﬁes that code-for proteins involved in a particular metabolic pathway
are often found sequentlally grouped“oﬂ the chromosome. The cis-acting regulatory elements that
determine the tI‘al’l-’S.CI‘lpthl’l of these genes are also grouped with the structural genes.

The transgqptlﬁn product of the entire operon is a single polycistronic messenger RNA (mRNA).
The structural genes des¢ribed above are coordinately controlled, that is, turned on or off as a
unit. This entire package, of structural and regulatory genes, is referred to as an operon. An
example of this is the lac operon in Escherichia coli.

Note: Gene regulation in bacteria is important in order to:
* Enable response to environmental stimuli
» Allow cells to adjust promptly to changes in the growth medium

* Alter biochemical capabilities appropriate for available substrate
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The /ac Operon and its Control Elements

1
lacl cap P o lacZ lacY lacA ' gends
5 Bndng | > > » 3 DNA
nding
site
AUG AUG AUG

» messenger RNA

& & s

protein  RNA polymerase
i

> > L L.actose available

Repressor protein

s _m i = - High glucose

3 n_@ o = ¥ i . ¥ >N

. CiP _P. E i = e High glucose .

* binding G Lt Ll Lactose available

n -.H.IH- | q.- A ﬁl-
Solution to Question 4: L ey £
T o -

In the Lac operon model, lactose ‘binds to the repressor protel.n and inactivates it, thus activating
transcription. " . -_ A

When lactose is present in abundancela’ small amount of lactose is converted to allolactose. This
compound binds to the repressor pzotein of the lac operon and creates a conformational change.
As a result, the repressor cangot*bind to the operator and transcription of the structural genes
occurs. This is an examplgpf negative regulation.

This can only occur wﬁlefi glucose is'@bsent. In the absence of glucose, adenylyl cyclase is active.
This generates sufficient quantities 6f cAMP which bind to catabolite activator protein (CAP).The
cAMP—CAP trans-acting complex binds to the CAP-binding site, another regulatory region present
upstream’ef‘the structurall:genes of the operon. This causes RNA polymerase to more efficiently
initiate transcription at the promoter site. This is an example of positive regulation.

Solution to Question 5:

The lac operon is induced only when cyclic AMP and lactose levels are both high within the cell.

When lactose is present in abundance, a small amount of lactose is converted to allolactose. This
compound binds to the repressor protein of the lac operon and creates a conformational change.
As a result, the repressor cannot bind to the operator and transcription of the structural genes
occurs. This is an example of negative regulation.

This can only occur when glucose is absent. In the absence of glucose, adenylyl cyclase is active.
This generates sufficient quantities of cAMP which bind to catabolite activator protein (CAP).The
cAMP—-CAP trans-acting complex binds to the CAP-binding site, another regulatory region present
upstream of the structural genes of the operon. This causes RNA polymerase to more efficiently
initiate transcription at the promoter site. This is an example of positive regulation.
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The /ac Operon and its Control Elements

lacl s lacZ lacY lacA P HenES
5 i 2 - - » 1 2 DNA
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Solution to Question 6: = - L%
L '\"-I. 1 .. i T
i i
A mutation in the promoter sectlon of DNA could influence the blndlng of RNA polymerase to the

DNA. - C by AN

J "

The regulatory portion of bacterial op.eron is upstl:eam of its structural genes, and consists of the
promoter (P) region where RNA pelymerase blr}Lds ‘and two additional sites, the operator (O) site
and the CAP site, where regu].a‘tory proteins.bind.

Corepressor is a substanoq that facilitate "the inhibition of gene expression. In prokaryotes,
corepressors are small molecules wh(?re‘as, in eukaryotes, corepressors are proteins. A corepressor
binds to the repressors and activates the repressor transcription factor. The repressor, in turn,
binds to the opetator site, thereby blocking the transcription from the structural genes. A lack of
corepressor ‘would result..iir the inability of the cell to Bturn offl genes.

Solution to Question 7:

The tryptophan operon is a repressible operon that is turned off whenever tryptophan is added to
the growth medium.

The tryptophan operon contains five structural genes: trp E, trp D, trp C, trp B, trp A, which
encode enzymes required for the synthesis of tryptophan. It also contains a promoter that binds to
RNA polymerase. Its operator blocks transcription when it is bound to repressor protein

synthesized by the repressor gene (trp R). In this, tryptophan is a corepressor i.e. it facilitates
binding of the repressor protein to the operator.
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When tryptophan is present, the trp repressor binds
the operator, and RNA synthesis is blocked.

Promoter | Operator | trpE | trpD | trpC | trpB | trpA |

RNA Polymerase )9

Tryptophan

In the absence of tryptophan, the repressor dissociates
from the operator, and RNA synthesis proceeds.

Promoter Operator | trpE | trpD | trpC | trpB | trpA |

[ ]
RNA Polymerase ’ E"::

o =
2 &
A - &
> o i
Solution to Question 8: - W e
| 4 > &

kL™ .
Two potential devices that euka\r.?@tic cells usﬁxi’egulate tran_.'f';erlption are as follows DNA
methylation and histone a,gjtﬂa ion. ..{1.:"'-. !

DNA methylation occurs by methyltr i‘{éferases thqf:{ﬁe §-adenosyl-methionine as the methyl
donor. It silences gene expression e g

Histone acetylation decreasgil;é positivﬁ@?e on histone proteins, thus decreasing the strength
of their association wit atively charged DNA. This chromatin remodeling relaxes the
nucleosome, allowing'lfki’anscriptiog_;@c rs access to specific regions on the DNA. Thus, histone

acetylation imp&#& gene expression.

. e
Note: In l%dn}_;f‘elhkaryotes a{i_l';""prokaryotes, gene expression is primarily regulated at the level of
transcription. "l-"|.

Methylation and acetylation of histones

Histone tail

Methylation of DNA and
histones causes nucleosomes
to pack tightly together.
Transcription factors cannot
bind the DNA, and genes are
not expressed.

Histone tail . .
L2 Histone acetylation results
in loose packing of nucleo-
somes. Transcription factors
can bind the DNA and genes
are expressed.

Acetyl group
DNA accessible, gene active
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Solution to Question 9:

The phenomenon in which RNA molecules in a cell are destroyed if they have a sequence
complementary to an introduced double-stranded RNA is called RNA interference.

RNA interference is a mechanism of gene silencing through decreased expression of mRNA, either
by repression of translation or by increased degradation. It is thought to play a key role in such a
fundamental process as cell proliferation, differentiation, and apoptosis.

Ny L'
i
Y
TrTrT IQ_I:EJ_L:)I TTT Ir'.l.“::'-_u-':ﬁ_-.g”.::lHNA
I'KIT(_":
Tramnsi l|-'|-n£ P S O Degracation t)f{u-q- -t RRA D
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Solution to Question 10: (™™
. = L
Dicer is an endonuclease that trims small double-stranded RNA into molecules that can block

translation.

Dicer is an enzyme that cleaves the cytosolic dSRNA encoded by the genome and generates short,
double-stranded (ds) miRNA. One of the two strands (the guide or antisense strand) selected for
loading into the RNA- induced silencing complex (RISC) which is composed of one of four
argonaute proteins (Ago 1° 4). The RNA then forms a mature, functional 21—22 nt single-stranded
miRNA.

In the RISC complex, miRNAs can modulate mRNA function by one of three mechanisms:
(1) Promoting mRNA degradation directly

(2) Stimulating CCR4/NOT complex-mediated poly(A) tail degradation

(3) Inhibition of translation by targeting the 5-methyl cap-binding translation factor
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Solution to Question 11:

Methylation does not favour euchromatin formation due to changes cytosine residues at CpG
islands in DNA.

The transcriptional regulatory regions of active genes often contain a high frequency of CpG
dinucleotides (referred to as CpG islands) and they are normally unmethylated. Therefore,
methylation is an epigenetic modification that inactivates DNA, and hinders the formation of
euchromatin (transcriptionally active chromatin). Epigenetic changes include alterations of
chromatin structure by:

» Methylation of cytosine residues in CpG dinucleotides

» Modification of histones by acetylation or methylation e

-

» Changes in higher-order chromosome structure

Sumoylation of histones (SUMO - Small Ubiquitin-related MOdifier) is associated with
transcription repression. Other possible roles of pasttranslationally miedified histones:

* Acetylation of core histones is associated with gh‘ro-mosomall a'sgembly durir_i'g DNA replication.

* Phosphorylation of histone H1 is associated with the condehsation of €hromosomes during the
replication cycle. = " ™

S, A

ks .
* ADP-ribosylation of histones is‘associated with DNA repair,. |
« Methylation of histones is_dorrelated witli‘aetivation andFepression of gene transcription.

» Acetylation of histones H3 and Hg4.ds associated w1th the activation or inactivation of gene

transcription. e r

 Monoubiquitylation is assgciated with gene'activation, repression, and heterochromatic gene
silencing. N
] 9 4

Solution to Question 12:.}"
DNA methylation is not involved in the base pair excision repair mechanism (statement 4) and
RNA splicing (statement 2).

DNA methylation is an epigenetic modification used as a gene expression regulation mechanism.
It causes gene silencing by inactivating DNA and hindering the formation of euchromatin
(transcriptionally active chromatin). Thus, it also aids in chromatin remodelling,.

It however is not involved in the base pair repair mechanism or RNA splicing.
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Methylation and acetylation of histones

Gene Histone tail

Methylation of DNA and
histones causes nucleosomes
to pack tightly together.
Transcription factors cannot
bind the DNA, and genes are
not expressed.

DNA inaccessible, gene inactive

Histone tail

Histone acetylation results
in loose packing of nucieo-
somes. Transcription factors
can bind the DNA and genes

are expressed. "'ﬁ'?:l

DNA accessible, gene active
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Molecular genetics, recombinant DNA & genomic
technology

Question 1:

Enzymes that cut DNA at specific DNA sequences within the molecule are

a) Helicase enzyme
b) Polymerase enzyme 5
¢) Restriction enzyme

d) Gyrase enzyme

Question 2: Y -

Restriction enzymes are found with ™

a) Site-specific DNA methqus-es. X ™ ek
b) RNA-inducible interferon- system,- y bt e
c) Thermostable DNA polymgl:.’;_ls_és_ . -.

d) Terminal transferase 4 L

_\_.\_'\'\- el

Question 3; ; =4" S
5 ",
B!

Restriction endonuclease will act on which of the following:

a) AAGAAG
b) GAGAGG
c) AAGCTT

d) TACGAG

Question 4.

Which of the following tools of recombinant DNA technology is incorrectly paired with its
use?

a) DNA polymerase - copies DNA sequences in the polymerase chain reaction
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b) DNA ligase - enzyme that cuts DNA, creating sticky ends
c) Reverse transcriptase - production of cDNA from mRNA

d) Electrophoresis - RFLP analysis

Question 5:

Gene cloning uses

a) Plasmids

k
b) Noncoding nucleotide sequences o, e
c) Bacteriophage N ~2 .
d) A &amp; C b B »h
: '|: i
o ) L
. .: L? 1 _1I r . r
Question 6: . ! P
L% -\.""-l. ) 1% h _"-.1.'
Which of the following cloning veetors has linear DNA? C e
r H_.l -‘h-- ., .:-‘-.
a) Phages i \ o 7
b) Plasmid C '_"' [ Y
c) Cosmid W & J,'"
d) All of above -,:-..'" ¥ J
Oy By
% %
Question 7: e w ot
'L-‘h . I.-

Genomic library is a term used to describe

a) A computerized listing of known DNA sequences

b) Bacterial plasmids containing DNA fragments representing the majority of the genetic
information from a plant or animal

c) A library of complementary DNA copies of the population of mRNAs in a tissue

d) A compilation of the amino acid sequences of protein coding genes

Question 8:

Northern blotting is used for detection of which of the following?

a) DNA
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b) RNA
c¢) Proteins

d) None

Question 9:

What is the correct sequence of events in Southern blotting?

a)1,2 3 N
s
b) 2,1, 3 Sy
) -
c 3! 11 2 _'-\‘_ B
i "\-I'I—"! -_-'.-\-\.-
d) 2,3,1 Tand -
: II.\. ] x .'\-\_
= z -_\1'1. . ".""\. .'5_
K i h "
Question 10: 4 ™ o Pl
= -\._"-\. 'l,_\."'\-
%, -\.'\"4. F ety

Approximately how many polyme:ase ‘chain reac"tlon (PCR) prod-i'lcts are produced from a
single template DNA moleculeiira PCR rea,ctlon that con—tmues for 30 cycles?

e N K
a) 64 s o
b) 128,000 e "
W gl
c) Approximately 1 mllhon; - " bl
d) Approximately 1 brl{":)tf By
T '.\:""\-
i '-.\I]_. -\._"'\_.\'
_ % &
Question 11 )

Which of the following is NOT required for a PCR reaction?

a) A thermostable DNA polymerase
b) Dideoxy-dNTPs (ddNTPs)
c) Primers

d) Template DNA

Question 12:

Which of the following is a function of PCR?

a) To detect infectious agents, especially latent viruses
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b) Make prenatal genetic diagnoses
c) Detect allelic polymorphisms
d) All

Question 13:

RT-PCR is a method that is used for

a) Forensic analysis of DNA

k
b) Amplification of genomic DNA sequences o, e
c¢) Amplification of mRNA sequences only 3 @, .
d) Analysis of mRNA expression and its ampliﬁcatiog.": b 3
. L
o L h,
.-. P i 3 5 B
Question 14: (=38
L" -u_"‘:|| - 1.:-'-\.'% ..1-.I g
Which of the following statements.about forensic:analysis of DNA is correct?

a) A DNA profile using shert ;-(;u.ldem re_lpeé._-’;s i:s not un_%gugfo an individual
b) Forensic analysis makes use of SN_PS in coding se_q"uénces to distinguish between individuals
c) PCR is used for DNA proﬁlling."('IDINA fingq_np_r'i-r-lting)
d) DNA fingerprinting caQ'h.dt be used for Paternity testing
LN .

= |
]
o N | B

Question 15, =4 o
al
In which technique of gene localization is a radioactive probe used?
a) Somatic cell hybridization
b) In situ hybridization
c) Fluorescence in situ hybridization (FISH)
d) All of the above

Question 16:

Which of the following diseases is an example of point mutation?

a) Hemoglobin Lepore
b) B-Thalassemia type III
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c) Diabetes
d) Sickle cell disease

Question 17:

Restriction fragment length polymorphism (RFLP) is used to

a) Construct high resolution linkage map
b) Identify single gene disease

c¢) Construct QTL maps %,
d) All of the above

Question 18: O & %
i 3 o
Which of the following is correct regardlng-CRISPR Casg’? 1%. !

y i
a) It is a system used by bactel:_lal‘ ceHs to recogmse and destroy v1ral DNA as a form of adaptive

immunity - T "-_ i

b) It is a tool which is de51gned to detéct TB .,

c) It is tool designed to test air poI[utlon &
T -

d) It is a tool used in DNA,_Sequencing O

Question 19: 4+ b

iy 1
Y -

L
Which of the following site does the restriction enzyme act when RFLP is used in-order to
identify the five different species of staphylococci in a surgical ICU?

a) ATGGAC-TACGTG
b) GATATC- CTATAG
¢) TAGATA-ATCTCT
d) AATATA-TATAAT

Question 20:

Which of the following is the best screening investigation for metabolic disorders?

a) Western blot

b) Tandem mass spectrometry
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c) PCR
d) Gel electrophoresis

Question 21:

The best method to measure HbA1C is

a) Isoelectric focusing

b) Affinity chromatography

2"
L
¢) Ion exchange chromatography o -
d) Electrophoresis d‘,._ -
-y ~
'-,.ﬁ,_:':ﬁ.-" [
N L .
Question 22: {?—-‘" ) L
l..l %“H‘l ﬂ-\-\.\.\_ _J ..-q::"'\. E
Identify the phenomenon shown belowy “~ l."|1'" b &
b B et pY

aal1-41

deleted
P Laci P O LacZ
(5] (— [ ) ]
Inactive l Inactive
ll;:: ]:';[::;shsur p-galactosidase
IPTG

ol
&3 -
LacZ active
Fragment B-galactosidase
Xgal Blue
Product

a) Translation
b) Transformation
¢) Complementation

d) Conjugation

Question 23:
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In a patient with chronic myeloid leukemia, the translocation in Philadelphia chromosome is
best studied by

a) G banding

b) SKY

c) Southern blotting
d) DNA sequencing

Question 24: o1
b

e

Which of the following techniques is used for the detectionﬁof variations in"DNA sequences
and gene expression? Y N,

- N

o)
a) Microarray technique X "
b) Northern blot e - . : 2
c) Southern blot h -.:': L

d) South western blot y r A

Question 25: '.

M
Array CGH can detect all ex-(_:e_]_;i?
'Hl L
a) Mutation in cancers_l'in'" O
b) Subtelomeric/deletion _-
' oy, N

i ly L
c) Balanced'translocation), *
d) Aneuploidy

Question 26:

The correct order of steps in Polymerase Chain Reaction (PCR) is:

a) Hybridisation, Annealing, Elongation, Denaturation
b) Elongation, Denaturation, Hybridisation, Annealing
c) Denaturation, Annealing, Extension

d) Annealing, Extension, Denaturation

Question 27:
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Wobble hypothesis explains which of the following concepts of the genetic code?

a) Universal
b) Unambiguous
¢) Degeneracy

d) Non-punctuated

Answer Key

Question No. Correct Option

1 c
2 a i"
3 c
4 b
5 d
6 a
7 b
8 b
9 c
10 d
o 11 b
% —-.':.," 12 d
b 13 d
14 c
15 b
16 d
17 d
18 a
19 b
20 b
21 c
22 c
23 b
24 a
25 c
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26 c
27 c

Detailed Explanations

Solution to Question 1:

Enzymes that cut DNA at specific DNA sequences within the molecule are called restriction
enzymes. e s

These defensive enzymes protect the host bacterial DNA from the DNA genom:e" of foreign
organisms (primarily infective phages) by specifically 1nacﬂ\/@t1ng the 1nvad1ng phage DNA by
digestion. I -,

Solution to Question 2: . L L
Restriction enzymes are found Wi_th site-specific BNA methylases >
Restriction endonucleases aré"present in cells that also have a compamon enzyme that
site-specifically methylates the host DN.A thus renderm-g it an unsuitable substrate for digestion

by that particular restriction enzymez .
Thus, site-specific DNA methylases and restrl.ctlon enzymes that target the same sites always exist
in pairs in a bacterium. '

L \

e ! |

Solution to IQ,pes'lt'ion 3,y
B! . 1
Restriction endonucleases can act on AAGCTT.

Restriction endonucleases act and cleave at the site of a palindromic sequence. A palindromic
sequence is a sequence that reads the same backward and forward. An example is listed below.

5' --AAGCTT-- 3'
3' --TTCGAA-- 5'

Solution to Question 4:

DNA ligase is not paired correctly with its use for cutting DNA and creating sticky ends. DNA
ligase joins the adjacent nucleotides in a covalent linkage.

Restriction endonucleases cut DNA at specific sites creating sticky ends.
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Solution to Question 5:

Gene cloning uses both plasmids and bacteriophages.

Hybrid DNA molecules can be constructed in cloning vectors typically using bacterial plasmids,
phages, or cosmids. A clone is a large population of identical molecules, bacteria, or cells that
arise from a common ancestor. Molecular cloning allows for the production of a large number of
identical DNA molecules, which can then be characterized or used for other purposes.

Solution to Question 6:
Phages have linear DNA into which foreign DNA can be inserted at several restriction enzyme
sites. k

-y =

'k,
Amplification of DNA (cloning) is done using clonlng VECtoTs - bacterial plasmids, phages, or
cosmids. My :

Bacterial plasmids are small, circular, duplex 'D_N-A molecules whose natural function is to confer
antibiotic resistance to the host cell. Cosmid i$ a plasmid-into which the.DNA sequences from
bacteriophage lambda (A cos sites) have béen insertedy This enable.s tle packaging of plasmid
DNA in vitro. They have a small; cn‘cular duple)Z'DNA (Optlons Brand C)

™

Solution to Question 7:

Y i LY
A genomic library is bacteria .\"Vlth plasmids éoritaining DNA fragments representing the majority
of the genetic informatien.from a plant,or'animal.

. W | ]
Gene library describes the combi_nation of restriction enzymes and various cloning vectors allows
the entire genome of an orgamsm to be individually packed into a vector. A collection of these
different re(-:om"'bmant clones 1s called a library.

A genomic library is prepared from the total DNA of a cell line or tissue. A ¢cDNA library
comprises complementary DNA copies of the population of mRNAs in a tissue. (option C)

Genomic DNA libraries are often prepared by performing partial digestion of total DNA with a
restriction enzyme that cuts DNA frequently.

Solution to Question 8:

Northern blotting is used for the detection of RNA.

Southern blotting is used for the detection of DNA and Western blotting is used for the detection
of protein.

440 Sold by @itachibot



‘ RNA Extraction

\n——ll_""-_\

Eloclroohorosls

—
Labeled
RNA separated by size ‘

Visualization of labaled
ANA on X-ray film

Noﬂharn Blotting
(Transfer of RNA to membrane)
—'
—e

il
o O
A~ %
o e, |_'1'H' ah
?. %, ~ —_:- .,I'-\. ,H:. o
Solution to Question 9: — A W

. ) o
, |H:l" W i '1“'

In Southern blotting DNA frag-l;p-"'nts are first separated by e]enf‘trophoresm

by il
» The DNA in the gel is then-l.l’nade smgle stranded by e}gposure to dilute alkali, and transferred by
capillary action to the nylon membrane, which is la.lq_'-over it. The relative positions of the different

DNA fragments are thus preservg._ld- on the mem,l'.)_raﬁe

* The membrane is then soa._ké‘d in buffer conta’lmng the labelled probe, which base pairs with the
o

DNA fragment of 1nteresb_ \

oy
* The position of tha,;[ .Tiégment i h,en determined by autoradiographic (exposure of the
membrane to X _galiffllm), or ﬂlzo"rescent detection of the hybridized probe.

“y 5.0
5 B Southern Blotting
b

Paper towels
Agarose \ /

gel

,Filter paper =%

Nylon
membrane

The DNA s transferred
from the agarose gel to
anylon membrane.

Electrophoresis is used to
separate DNA fragments by
size, There can be so many
fragments that they appear
as a smear on the gel.

441

The membrane is bathed
in a solution containing a
probe, a short piece of
DNA complementary to
the sequence of interest.
The probe is labeled or
tagged with a fluorescent
dye so that the location
of DNA fragments to
which it hybridizes can
be visualized.
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Solution to Question 10:

A PCR reaction that continues for 30 cycles will produce approximately 1 billion PCR products
from a single template DNA molecule.

Polymerase chain reaction (PCR) is a method of amplifying a target sequence of DNA. DNA
sequences as short as 50 to 100 bp and as long as 10 kb can be amplified by PCR. The
amplification is exponential.

* 20 cycles provide amplification of 220 = 106 or 1 million copies

* 30 cycles provide an amplification of 230 =109 or 1 billion copies

Solution to Question 11: e o
N Iq_ ; .-\. e
Dideoxy-dNTPs (ddNTPs) is not required in PCR reacuon C
In a PCR reaction, the DNA sample is first heat denatured (&gt 90°C) to separ.ate the two strands
of the template DNA containing the target:sequence. The prlmers added,in excess, are allowed to
anneal to the DNA (typically 50-75°C); and each strands’ copied by, a‘DNA polymerase, starting
at the primer sites in the presence-ofall four dNTPs(agaln in vast, éxcess)

DNA synthesis is catalyzed by'a heat-stable DNA polymerase purlfled from one of a number of
different thermophilic bacterla orgamsms that grow at 70—80°C

Solution to Question 12:
L

All of the listed optioné are applicatioﬁs' of PCR.

The applicati(_)ns_ of PCR to forensic medicine are as follows:
*To detec‘t:mfe:tious agen:c.s-, ;specially latent viruses

» Make prenatal genetic diagnoses

* Detect allelic polymorphisms

» Establish precise tissue types for transplants

¢ To study evolution, using DNA from archeological samples

« For quantitative RNA analyses after RNA copying and mRNA quantitation by the so-called
RT-PCR method (cDNA copies of mRNA generated by a retroviral reverse transcriptase)

* To score in vivo protein-DNA occupancy using chromatin immunoprecipitation assays

Solution to Question 13:

RT-PCR is a method that is used for analysis of mRNA expression and its amplification.
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Reverse transcriptase polymerase chain reaction (RT-PCR) is a variant of PCR and includes 2
steps:

* Generation of complementary DNA (cDNA copies) from mRNA using reverse transcriptase -
used to qualitatively detect gene expression

» Amplification of newly synthesized cDNA by traditional PCR -This can be quantitatively
measured by using fluorescent dyes (QRT-PCR).

Uses:
* Determination of viral load in disease

* Screening of genetic diseases and cancers

——————— 1
— 1 AR RNA PP 1
L
— Primer

Reverse

Transcription
[ —————————— :
| R | o cDMNA _ﬁl
—1

PCR 1

—¢———————1 o
Amplified
e DNA

Amplifi cation>\

1 1

- —

— T I 1 —
———
L"

) g |
B

i

=, Nt

Solution to Question 14: t
PCR is used for DNA profiling (DNA fingerprinting).

The PCR allows the DNA in a single cell, hair follicle, or spermatozoon to be amplified and
analyzed. Thus, the applications of PCR to forensic medicine are obvious. DNA fingerprinting, or
DNA profiling, is used for forensic analysis of crime scenes and paternity testing (Option D).

Other options:

Option A: Short Tandem Repeat (STR) are short sequences of DNA at scattered locations in the
genome, repeated in tandem (one after the other). E.g., CG-CG-CG-CG-CG. The number of these
repeat units varies from person to person but is unique for any given individual and, therefore,
serves as a molecular fingerprint.

Option B: Single Nucleotide Polymorphism(SNP) refers to variations that involve just one base at
a given locus (Eg., base C replaced by base A), which can occur within exons, introns, intergenic or
coding regions. They are almost always biallelic and are majorly used in the definition of inherited
diseases where the functional deficit is unknown. Each of these variations is present to some
appreciable degree within a population and hence not unique to an individual.
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Solution to Question 15:

In situ hybridization uses a radioactive probe for gene localization.

It is added to a metaphase spread of chromosomes on a glass slide. The exact area of
hybridization is localized by layering photographic emulsion over the slide and after exposure,
lining up the grains with some histologic identification of the chromosome.

Fluorescence in situ hybridization (FISH) utilizes fluorescent probes, not radioactive probes.
Fluorescent probes have greater safety, stability, and ease of detection (Option C).

1
5 |

-

Solution to Question 16: s : O

Sickle cell disease is caused by a point mutation._x,_ ; i "

_ | 1 1 -
This is caused by mutation of a single baserouit'of the 3 x 109 in the genome, a T-to-A DNA
substitution, resulting in an A-to-U change'in the mRNA.corresponditg to the sixth codon of the
B-globin gene. | g4 e
Defective production of B-globid results in a ‘variety of disegses. and is due to many different
lesions in and around the B-globin gene. » c

! LN

Solution to Question 17: i y
L

Restriction fragment h;_ﬁ:gth polyr_norp-hfsm (RFLP) is used to construct a high-resolution linkage
map, QTL maps;-and identify single gene-disease.

An inheritéd difference in the pattern of restriction enzyme digestion (e.g., a DNA variation
occurring ift more than 1%, of the general population) is known as a restriction fragment length
polymorphism (RFLP). RFLPs result from single-base changes (e.g., sickle-cell disease) or from
deletions or insertions (CNVs) of DNA into a restriction fragment (eg, the thalassemias) and have
proved to be useful diagnostic tools.

SNPs(single nucleotide polymorphisms)/RFLPs can be used to establish linkage groups, which in
turn, by the process of chromosome walking, will eventually define the disease locus.

Solution to Question 18:

The CRISPR-Cas9 system, found in many bacteria, represents a form of acquired, or adaptive
immunity to infection by bacteriophages, which complements the system of restriction
endonucleases and methylases.

In recent years, a novel DNA editing/gene regulatory system termed Clustered Regularly
Interspersed Short Palindromic Repeats- CRISPR-associated gene 9 (CRISPR-Cas9) has been
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developed. CRISPR uses RNA-based targeting to bring the Casg nuclease to foreign (or any
complementary) DNA.

Within bacteria, this CRISPR-RNA-Cas9 complex then degrades and inactivates the targeted
DNA.

Solution to Question 19:

Restriction endonuclease enzymes act at specific palindromic sequences that create DNA
fragments of different lengths. By analyzing the fragments, specific species of bacteria can be
identified. Option B is the only palindromic sequence here, hence it is the answer." )

RFLP is a restriction fragment length polymorphism (RFLP) analysis techniq{;e that involves
cutting a particular region of DNA with known variability; with restrlctlonﬂenzymes then
separating the DNA fragments by agarose gel electrophore51s and determlnlng the number of
fragments and relative sizes.

e Wi .:. B
Cleavage of a sample of DNA with a restrictien.enzyme prodlf,lces a characteristic set of smaller
DNA fragments. Deviations in the normal product pattern, produce RFLPs that occur if a
mutation renders a restriction site unr.g_cogmzable and alternatlvely, generates a new recognition
site.

Solution to Question 20:

! LN

Tandem mass spectrometry(MS) is the teehnique of choice for screening neonates for inherited

metabolic diseases. %

Tandem MS employs the equivalent of two mass spectrometers linked in series (MS-MS or MS2).
It can be used to-screen blood 'samples from newborns for the presence and concentrations of
amino acids, fatty acids, and‘other metabolites.

|

Abnormalities in metabolite levels indicate inherited metabolic diseases, such as phenylketonuria,
ethylmalonic encephalopathy, and glutaric acidemia type 1.

Solution to Question 21.:

The best method to measure HBA1C is ion-exchange chromatography.
In ion-exchange chromatography:
* Proteins interact with the stationary phase by charge-charge interactions.

* Proteins with a net positive charge at a given pH will tightly adhere to beads with negatively
charged functional groups such as carboxylates or sulfates (cation exchangers).

* Proteins with a net negative charge adhere to beads with positively charged functional groups,
typically tertiary or quaternary amines (anion exchangers).
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» Non-adherent proteins flow through the matrix and are washed away.

* Proteins elute in inverse order of the strength of their interactions with the stationary phase.

Solution to Question 22:

The image shows a schematic representation of the blue-white assay used in the screening of
recombinant vectors for inserted DNA fragments. It uses the phenomenon of
complementation (alpha-complementation of the B-galactosidase gene).

Blue white assay: The DNA of interest is ligated into a vector. The vector is then ir}ﬁ.erted into a
competent host cell viable for transformation, which is then grown in the prese of X-gal (X-gal
detects active B-galactosidase). Cells transformed with vectors containing recombinant DNA will
produce white colonies whereas cells transformed with nQB-QTecombinaq;t«.i'ﬂ:asmids (i.e. only the

vector) grow into blue colonies. ) )

S &
The image below shows the result of a blue-white'assay. K E:ir .

Solution to Question 23:
Translocation in the Philadelphia chromosome (a reciprocal translocation between chromosomes
9 and 22) is best studied by SKY.

SKY stands for spectral karyotyping or multicolor FISH (M Fish). This technique allows one to
display all the chromosomes together and thus help identify chromosomal defects in conditions
such as chronic myeloid leukemia.

Other options:
Option A: G banding is also a karyotyping technique but SKY is a better option between the two.
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Option C: Southern blotting is a technique used to detect a specific DNA sequence in a tissue
sample.

Option D: DNA sequencing cannot detect structural abnormality in a chromosome.

Solution to Question 24:

DNA microarray can be used to-detéct DNA seduence variations.
There are various microargdy.techniquesquséd in clinical practice which are described below:
DNA Microarray techaigte or DNA chip:

* To the DNA chip eontaining kilown oligonucleotide sequence, flourescent labelled unknown
oligonucleatidelis added. ;

 The computerised algorithms can decode the unknown oligonucleotide, by detecting the location
of flourescent hybridization pattern on the chip.

* This technique is used for genotyping or genome sequencing.
RNA microarray: RNA microarray can detect gene expression.

* To the known array of oligonucleotide, flourecently labelled cDNA prepared from unknown
mRNA is added, and the unknown ¢DNA is decoded

* This technique is used for gene expression studies
Protein microarray:

» Known antibodies placed on glass slide and flourescently tagged target protein added. Target
protein is detected by antigen antibody interaction.

» This technique is used in study of proteomics
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labelled target (sample)
fixed probes *

1 -J_‘lllk‘

different features I
(e.g. bind different genes) b

L

Fully complementary  Partially complementary e
strands bind strongly strands@rgd"\veakly ¥

Solution to Question 25: s e W ol

Array CGH cannot detect balanced translocatlon iy

In Array-based CGH, two genomes are cdmpared The tes¥ DNA and the reference DNA are
labelled with two different ﬂourescent'-dyes (red and green respectively) and are added to a DNA

chip spotted with entire human g_endrne o

« If the contribution of both, s'?imple are equa'l Jfor a given chromosomal region, then all spots on
the array will flouresce yeli‘ow "

o If the test sample has- amphﬁcau__(_)nh’that spot will fluoresce red
« If the test sa.m_lple has a dele,__lon that spot will fluoresce green
Uses of Ari'ay CGH: 4

* To detect gene amplification

* To detect gene deletion

* To detect copy number variations

Solution to Question 26:

The correct sequence of events for PCR among the given options is denaturation, annealing, and
extension.
The process of PCR is as follows:

The DNA sample is first heat-denatured at &gt;90°C (90-96 degrees Celsius for 3 minutes) to
separate the two strands of the template DNA containing the target sequence; the primers (which
attach to the 3' end of the flanking sequence) are added in excess, are allowed to anneal to the
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DNA (typically at 50-75°C) in order to generate the required template-primer hybridization
complex. Under suitable conditions and presence of deoxynucleotides, elongation of the DNA
stand occurs.

The number of copies produced in the presence of an unlimited supply of deoxynucleotides and
enzymes is given by - 2 to the power n (where n is the number of PCR cycles)

* 20 cycles provide an amplification of 220 = 106 or 1 million copies
* 30 cycles provides an amplification of 230 =109 or 1 billion copies

Below is an image showing the various ingredients for carrying out PCR.

i

o z |
Solution to Question 27:
)

oy, Y

5 1
The wobble hypothesis explains the degeneracy of the genetic code.

The wobble hypothesis states that codon-anticodon pairing follows the traditional Watson—Crick
rules (G pairs with C and A pairs with U) for the first two bases of the codon but can be less
stringent for the third/last base. It has been observed that a tRNA can recognize more than one
codon for a specific amino acid, especially in the last nucleotide of the codon triplet. This is
referred to as degeneracy and its mechanism can be explained by the wobble hypothesis.

The first base of the anticodon moves to permit nontraditional pairing with the last base of the
codon. This movement is called wobble and is possible because the first base of the anticodon is
not as spatially defined as the other two bases. Due to the wobbling, 61 tRNA species are not
required to read the 61 codons.

For example, three codons for glycine—GGU, GGC, and GGA—can form a base pair from one
anticodon, 3 CCI 5’ ie, I, inosine, can base pair with U, C, and A, as shown in the diagram below.

Other options:

Option A: The genetic code is universal because it is the same for all living organisms.
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Option B: The genetic code is unambiguous because each codon is specific for only one amino
acid. Example: GGA only codes for Glycine.

Option D: The genetic code is non-punctuated. This means that once the reading commences at a
specific start codon, it is continuous and is read continuously as triplets until a stop codon is
reached without stopping.
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