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9. The destination of ubiquitinated proteins in cytosol is

Il

(D) passive transport.
(E) receptor mediated endocytosis.
Ans: (D)

helps the maintenance of membrane fluidly of animal cells in cold environments.

(A) PIP2

(B) Glycerol

(C) Cholesterol
(D) Phospholipid
(E) Fibronectin
Ans: (O)

8. Which of the following is not the derivatives of mesoderm in vertebrates?

(A) Skeletal systems

(B) Circulation and lymphatic systems
(C) Dermis of skin

(D) Adrenal cortex

(E) Thymus

Ans: (E)

(A) lysosome

(B) autophagosome
(C) proteosome
(D) spliceosome
(E) peroxisome
Ans: (C)

10. Which of the following genotypes due to nondisjunction of sex chromosomes is lethal?

(A) XXX

(B) OY

(C) XXY

(D) XO

(E) None of the above
Ans: (B)

What do hagfishes and lampreys have in common with the extinct conodonts?
(A) Lungs

(B) The jawless condition

(C) Bony vertebrae

(D) Their mode of feeding

(E) Swim bladders

Ans: (B)

. A polymerase chain reaction must have:

I. DNA template [I. DNA primers [1I, RNA polymerase
IV.dNTPs V. DNA polymerase VI. RNA primers

(A) L, IL TIL, IV
(B)LILIV.V
(C) I 111, 1V, VI
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f& o P2 R v BT b enzb T A 14 Jev & £ membrane associated | (C)
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18 | Succinyl-CoA synthetase (SCS) catalyzes succinyl-CoA to produce | { & & = # ¥
succinate and GTP/ATP. In mammals, SCS is a heterodimer and is | — # 4% & & %
located within the mitochondria. Two different isoforms exist: one is | = (A)~(C)> lﬁ(A)
ATP-specific (ATPSCS; EC 6.2.1.5) and the other is GTP-specific | £ (C)#2% »

(GTPSCS; EC 6.2.1.4). Thus, A and C are correct.

9

Reference:

Lehninger Principles of Biochemistry 8/e, David L. Nelson; Michael
M. Cox; Aaron A.Hoskins, W. H. Freeman, 8version, Nov. 2021, page :
585

Structure of GTP-specific succinyl-CoA synthetase in complex with
CoA. Acta Crystallogr F Struct Biol Commun. 2015;71(Pt 8):1067-
1071. doi:10.1107/S2053230X15011188

34 |3+ % Biology, A global approach, 12 Ed. Campbell, Urry, Cain, | B4F = # ¥ %
Wasserman, Minorsky, Orr. Chapt 44, pp 1036-1043. (D)

Figure 44.8 Key steps of excretory system function:an overview
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39 | & 49513 < =% g (Cardiac arrhythmias)if -2 % 2 v©f & (T hot %%
S E AR RARRAR 5 &(A) ~ (B) ~ (C)fa’fs’ﬁ T FME | AR R
F@A)~B) () 5(A)~(B)~(C)-

i (A) 2 (B) & (C)
PSRV

48 | WFLENMNBF N ERE L EL > B ANF LI RARL SN | aF R F F &

TG 45 5 p § t(radiotrophic) s #4-4% {7 % & % * (photosynthetic)* | (B)
A 1T % 5 4F 1 (analogus) iT* » e T &K% F o
70 | In the “Biochemistry” textbook and several reports as below mentioned | &3F i &% & %

that S-adenosyl-L-methionine (SAM) is a universal methyl donor for
various molecules, such as DNA, protein, metabolite as shown below.

Serine provides methylene group for tetrahydrofolate(THF) to generate
N5, N1%-methylene tetrahydrofolate, which serves as a methyl donor

for dUMP, Thus, serine is not a common methyl donor.

Reference: 19

(A)
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Biochemistry, by Roger Miesfeld and Megan McEvoy, 2017 (ISBN:
9780393977264), page 331-332, 886-887. 930 (legend of figure 18.33)
Nicotinamide N-Methyltransferase Interacts with Enzymes of the
Methionine Cycle and Regulates Methyl Donor Metabolism.
Biochemistry 2018, 57, 40, 5775-5779

The Role of Methyl Donors of the Methionine Cycle in Gastrointestinal

Infection and Inflammation. Healthcare vol. 10,1 61. 29 Dec. 2021,

77 | AZT is the earliest and the most common nucleoside analog for treating | { & & = # & %
patients with HIV. This question does not mention “the earliest and the | — * %& i /2 § %
most common”. Thus, the other nucleoside analogs are correct answers | = (A) ~ (B) ~ (C) ~
as well. (D)~(E)  E(A)=

(B)zt (C) (D) =
By -

78 | The most of proteins are synthesized in the rough endoplasmic | &3 2 # ¥ %
reticulum and undergo glycosylation. Glycoproteins take place within | (A)
lumen of endoplasmic reticulum. Some of O-glycosylation occur in the
Golgi complex. However, the question asks general “sugar
modification of protein starts”. Thus, it should be still in endoplasmic
reticulum.

Reference:
Biochemistry, by Roger Miesfeld and Megan McEvoy, 2017 (ISBN:
9780393977264), page 648

82 | Glycogen phosphorylase phosphorylates and removes glucose from BFEFR T FE
non-reducing end of glycogen until it reaches to branch point. Major (B)
degradation of glycogen releases Glucose-1-P (~90%), which is
phosphorylated “monosaccharide”. Thus, the answer should be (B)

Reference:
Biochemistry, by Roger Miesfeld and Megan McEvoy, 2017 (ISBN:
9780393977264), page 706-707
85 | Pyruvate oxidation to acetyl-CoA is catalyzed by the pyruvate | 3% i = # % %

dehydrogenase complex (PDH complex). It is an oxidative
decarboxylation, which is virtually irreversible involving three
enzymes and five coenzymes. Thiamine pyrophosphate (TPP), one of
the cofactor in pyruvate dehydrogenase, participates in decarboxylation
of pyruvate, yielding hydroxyethyl-TPP for next step. In clinical study,
patients with PDH complex deficiency elevate plasma pyruvate levels.

The pyruvate carboxylase reaction reggyres the vitamin biotin, which is

©)
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the prosthetic group of the enzyme. But lacking biotin or pyruvate

carboxylate does not cause high level of pyruvate in their blood.

Reference:

Pyruvate dehydrogenase complex deficiency: updating the clinical,
metabolic and mutational landscapes in a cohort of Portuguese patients.
Orphanet J Rare Dis (2020) 15:298

&9

The question mentions that “Several classes” of hydrolases, does not
mean single hydrolase.

Lysosomes contain more than 70 hydrolases and are the major location
for degradation of both intracellular and extracellular macromolecules,

including protein, glycogen, lipid and nucleotides.

Reference:

Biochemistry, by Roger Miesfeld and Megan McEvoy, 2017 (ISBN:
9780393977264), page 719, 852-853

Current methods to analyze lysosome morphology, positioning,
motility and function. Traffic. Vol 23, Issue 5, May 2022, Pages 238-
269

wFERLT S %
(B)
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Unit 1 gBRRENS

Unit 2 N E182

Unit 1 8RB NE

Unit 2 BN LIRS

Unit 2 EN4N4 IR

$1-3058 » §R8—7

Endoplasmic reticulum » $&ZB&0E » ~H7EN °
IE:R:E % © Chap T BROIBIEAOTNIRE + page 26-30

Central nervous system » ZE
IE:25E % : Chap b ISR 1 page 20-2%
EBETE - Unt 2 Avimal Physiology, page 10-12

Cell junctions » ZEMH

IR E : Chap T WHADIBIEAvINEE + page 58-59
82252 - Umt 1 Cell Biology, page &

Action potential » fy e
IEEBE R  Chap 5 WETUAREG 1 page 42-50
BEERR - Unit 2 Animal Physiology, page 7
Movement of fluid » 4ph

IE:B3E% : Chap 9 BEI AR+ page 75

page 1
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Diffusion » ZE &
EER5E 2% : Chap 2 4BAOHE + page 28-32
BEETRE : Unt 1 Cell Biology, page 9

Active transport » ZEM
IEER58 % : Chap 2 YRR RS / page 12-13
EBETE - Unit 1 Cell Biology, page F

Rhodopsin » & pth
IFEBEEZ : Chap 14 B+ page b6-63
BEER - Unit 2 Auomal Physiology, page 5%

Ubiquitin- proteasomes system » Z £
IEsR5h % : Chap 23 KRAKIRES] / page 58
BEELRR : Unit ¢ Molecular Biology, page 37

Nondisjunction » ZZ& 4 &
IERREAR : Chap 20 K ERTIBEE + page 63-72
BEETRE : Unt ¢ Molecular Biology, page 17-18

Chordates » Z &4
IEE23E 3 1 Chap32 BN % 151E + page 96 and 123
BEETE : Unt 8 Evolution, page 12

Polymerase chain reaction » &4 H
1F:2%5 % : Chap 24 DNA #3434 + page 19-20
EBEETZ - Unit 5 Biotechnology, page 3

Rhodopsin » ZE s
IE:BEEE © Chap 5 WA REG + page 85
EEETE  Unit 2 Avimal Physiology, page 8-9

Sexual selection » ZE &

IFiBsE%& - Chap 31 B - page F
Chap32 B4 % $51E + page 58

EE 2R : Unit 8 Evolution, page 3 and 10

Short-term memory » ZE 4P
IE:BEE% : Chap b WIS RER 1 page 96-99
2B 232 : Unit 2 Auimal Physiology, page 12

page 2
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cAMP » ZEfpep
P25 % : Chap 3 BAOHIEBIE + page 42-43
BE:2%2 - Umit 1 Cell Biology, page 11

Pyruvate oxidation » &
IEEB# % « Chap 16 YRR PR page 31-32
B B:ETE  Unit 3 Biochemistry, page 10

TCA cycle » &
FE225 2% - Chap 16 4BADPYR + page 33-3%
BE 2R - Uit 3 Biochemistry, page 10

Diffusion » T4
IFEBEE 2 © Chap 2 4BATHE / page 28-32
8 B:EF2 : Umit 1 Cell Biology, page 9

Gout » P
IE3B5EE « Chap 12 HE RER / page 37

Alternative RNA splicing » ZE& 4 ®
EE%‘%%-%% : CL\GP ZZ %lﬂ%&f% / Pag,e q—5
LEERR  Unt ¢ Molecular Biology, page 26-27

. . . 2 A A
Basic amino acids » &

IEEREE : Chap 15 2B+ + page 63
BB ER : Unit 3 Biochemistry, page &

Bile salts » & #pth
IEEREE2E © ChapTT ZHIC R/ page 62
8258 - Unit 2 Animal Physiology, page 38
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Unit 2 BN IE2

Unit 2 B4 LIRS

Unit 2 BN LIRS

Unit 2 B4 LIRS
Unit 2 BN4NEIES

Unit 2 BN EIES

Unit 6 £ &S

Unit 4 73445

$31-90% > G -7
Splenic sinusoids » BRIV ZEHIEZE

Ciliated pseudostratified epithelium » ZE
IEBEE % © Chap ¢ BEEIBEROTNEE + page 13-1¢
128272 : Unit 2 Animal Physiology, page 5

Bronchioles » B B B4R &2 86052 78
F:B55% : Chap 9 BN RIR / page 121-122

Excretory systems » R E
IEEREE2 : Chap 12 HEE R 4R/ page 59-60
BEETR : Unt 2 Animal Physiology, page 44

B A A

LH surge » ZE& e
IEiR5E 2 : Chap 13 FR MR/ page 47-49
EEETR  Unt 2 Animal Physiology, page 53

Heart failure » B B RIBBEEEEE
IEER5E 2 - Chap 9 BEI R /1 page 25

PPN

Atrial natriuretic peptide » T E
IFi225% : Chap 12 HEE R4/ page 99
EEEEARR - Unit 2 Animal Physiology, page 48

Reticulocytes » B RBNHGZ 00572 78
IER5E % 1 Chap 9 B RR + page 93
Serum potassium » B BRRIESB &% 8

Epidural hematoma - B HBRIEB&=%= A
IEE%E%% : CL\GP é j?ég': ?ﬂ %ﬁ / Pag.e 26

Class I major histocompatibility » ZE e
IEZRE2 : Chap 26 RAR ZPF™ / page 63-65
EE 2R - Unit 6 Microbiology and [mmunology, page F

Synapsis and crossing over » EE i
IEERE % : Chap 18 BELD X + page 3¢-38
BEEERR - Unit ¢ Molecular Biology, page F-8

page ¢
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Homeostasis » T E
IERREERE  Chap ¢ BETIBIEAoIfIAE / page 33-3¢
BEERE : Unt 2 Avimal Physiology, page 6

Epistasis » TP
IEZRE2 : Chap 19 188 + page 63-93
BB ETE - Unit & Molecular Biology, page 13

Genetic code » ZE4pp
1Fi225% : Chap 22 KRAK3E / page 16-19
EEER - Unit ¢ Molecular Biology, page 23

Protein sorting » T &4
IEEREE 2 © Chap 22 KEK3A / page #8-79
BEERR : Unit ¢ Molecular Biology, page 31

Heart conduction system » ZE
IE:B3E% : Chap 9 BB AR+ page 46
BEEE52 - Umit 2 Auimal Physiology, page 24

Fungi life cycles » R
IERREE2 : Chap 31 A/ page 9-13
BEETR : Unt 8 Evolution, page 3-4

cDNA » ZE M
FE25 2% - Chap 24 DNA FH% / page 3¢4-35
EBEETZ - Unit 5 Biotechnology, page 3

RNA-protein complex » ZE s
IEERFAE © Chap 21 REBRHWIE / page 47

Chap 22 2% EH%&38 + page 42 and 101
EB2HE  Unit & Molecular Biology, page 22, 27-28

2o A A

Glia cells » ZE g
IESREEE : Chap 5 WG TCA RER / page 13
BEERR  Unit 2 Auimal Physiology, page 9

Plant hormones » ZE 4
PR : Chap 29 A IEF1T L+ page 22-32
BE 2R : Unt F Plant Biology, page 16-19

Vitamins » T

FEREEE ¢ Chap 16 LBAT 7K+ page 98-100

page 5
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Unit 7 154052
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Class I major histocompatibility » ZE &
IERREEE : Chap 26 BRI Z 7 7 page 63-65
BE 242 - Umit 6 Microbiology and [mmunology, page F

Endocrine signaling » ZE &
IEREEAE : Chap 10 72X+ page 69-63
BEETE - Unit 2 Animal Physiology, page 33

Reproductive isolation » ZE4n
IEiBEE % © Chap3% YF2H0R + page 62-55
28 :2%2 : Uit 8 Evolution, page 21

Photosynthesis » T E i
IEREEE « Chap 29 TAYPRIRA01T 2+ page 127-139
BEZERR  Unt F Plant Biology, page 25-28

Endomembrane system » ZZE
FER5E % : Chap 1 WADKBIE A INAE / page 25-28
BEETE : Unt 1 Cell Biology, page 2-3

Neuromuscular junction » ZE
IEEBEZ : Chap 8 BE) /1 page 17-20
B E:2%8 - Unit 2 Animal Physiology, page 8

Microtubules and motor proteins » B B BI&HHa 4 453
#0157 78
IEZRE 3 © Chap T 4HRDFBIEFCINRE + page 44-49

Genome of viruses » TE P

IEEBEE : Chap 27 T F T+ page 117 and 118
EBEETE : Unit b Microbiology and lmimunology, page 20

Retroviruses » T

TFiRE% 2 © Chap 2% DNA F44%  page 91

Transcription factors » ZE 4
1Fi225% : Chap 22 KA K3E / page 29-31
EEER - Unit ¢ Molecular Biology, page 25

B cells » ZEfm
IEREE R : Chap 26 BREK 25/ page 67-32
BEEER : Unit 6 Microbiology and [mmaunology, page 9

page b
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Glycolysis » ZEfMmH
1E:255% « Chap 16 4RO PR+ page 16-23
BE 232 - Uit 3 Biochemistry, page 9

Glycolysis » ZEfmMH
1E:22E% : Chap 16 4RO PR + page 16-23
BEEAE : Uit 3 Biochemistry, page 9

TCA cycle » ZEfpeh
Fi25 % : Chap 16 4ARAY ¥R + page 33-3F
B BEETE : Unit 3 Biochemistry, page 10

Point mutations » Z &4
PR « Chap 22 KA K3IE / page 87-88
BEEE : Unit ¢ Molecular Biology, page 32

Irreversible inhibition » T &4y
IEERHEE - Chap 15 2B T+ + page 110
BEELE - Unit 3 Biochemistry, page 8

HIV » éyeh
IEEREAE « Chap 27 T EHT + page 103
EEER  Unit b Microbiology and lmmunology, page 23

Endomembrane system - &
IEBER : Chap 1 WHADFBIEROINIHE © page 23-28
BE:2%2 - Umit 1 Cell Biology, page 2-3

Disulfide bridges » &
IEEREEE : Chap 15 £¥IBZ0F 7 page 30
B8 B:EF2  Unit 3 Biochemistry, page ¢

page F
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Electron transport chain » ZE &P
1EE22E 2% - Chap 16 4BADPYR + page 54-59
BEEE42 - Unit 3 Biochemistry, page 11-12

Endomembrane system » ZE M
IF3RE 2 ¢ Chap T HARDIBIE AvINBE + page 29
BEETR : Unt 1 Cell Biology, page 2-3
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9. Ans: C
[f#+7] UPS (ubiquitin-proteosome system):
Target protein— polyubiquitinated protein — 26S proteosome

12. Ans: B
[fiZtf] PCR T LA MIA:
1. One pair of DNA primer (ll)
2. Two DNA templates (= 2 ssDNA) (1)
3. Taq DNA polymerase (V)
4. dNTP = (dATP, dGTP, dTTP, dCTP) (1V)

17.Ans: D
[fgetfr]
1. Pyruvate + NAD* (1) + CoA-SH
| pyruvate dehydrogenase complex (2)
Acetyl-CoA + NADH (3) + H* +CO>
2.(3) fEZ NADH + H* A" [

18. Ans: A (FE58(% A, C B5H])
[t
1) TCA cycle: acetyl-CoA — 2CO; (1) + 3 (NADH/H+) + FADH2 (4) + GTP
or ATP* (2)

2) Two types of succinyl-CoA synthetase in humans*:
(a) ATP-specific : in heart, muscle, and brain
(b) GTP-specific : in kidney and liver

(*Ji Huang et al., Structure of GTP-specific succinyl-CoA synthetase in

complex with CoA, Acta Crystallographica F Structural Biology
Communications, 2015 Aug ; 71: 1067)

19. Ans: A
[FEATT]
1. KRR A
2. {FERRIESE B [H COfERENELL HCOs T =7 E, FREEH
ZEEAHAENE (CO2 + H,0 — HCO3™ + HY by carbonic anhydrase)

-30-
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22.

23.

27.

28.

30.
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Ans: E

[t
1. Insulin gEFZEIMME, SCEELHERE L B2 PFK-1 (in liver)
2. Glucagon gEFTIMME, HreIHINEE 2 2R PFK-1 (in liver)

Ans: E

[FEHT]
1. Charge-charge interaction: (+)/(+) or (-)/(-) or (+)/(-) charge

2. H{#EE (E): aspartic acid (-) /lysine (+)

Ans: B

[f#477) NADPH = A3 JE:
1. Pentose phosphate pathway (B)

2. Malic enzyme
3. Cytosolic isocitrate dehydrogenase

Ans: A
[fgetfr]
1. Acidic or Neutral amino acids: pl = Lal;rw
. . . 2.24+9.11
2. Tyrosine J& Neutral amino acid: pl = . =5.655 =~ 5.66 (A)
Ans: C

[f217] (C) alternative splicing is one of post-transcriptional processing.

Ans: D
[t
Lecithin
= Phosphatidylcholine
= (glycerol + 2 fatty acids + phosphate + choline)

Ans: D

[FEATT]
1. Bile acid: amphipathic compound (D)

2. Cholesterol is an amphipathic molecule in plasma membrane.

Ans: C
[f247] (C) Chiasmata = Holliday intermediate/junction/structure

-31-
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46. Ans: B
[f#47] & signal peptide (in N-terminus)Z& (in signal hypothesis):

1. Proteinsin ER
2. Proteins in Golgi apparatus
3. Lysosomal proteins (B)
4. Plasma membrane proteins
5. Secretory proteins
49. Ans: B
[t
1. Mature mRNA 5 R {45 ME 57T~ 5’cap and 3’poly(A)
mMRNA — cDNA: cDNA 43 5’cap, {J5{5E4 3’poly(A)
cDNA 7 3’poly(A): poly(A)- poly(T) homo-polynucleotide in double
stranded state. #7735 B
50. Ans: D
[ftrr]
1. DNA-Protein complex: Nucleosome (l1)
2. RNA-Protein complex: Ribosome (1), Spliceosome (IV), Telomerase (V)
3. Protein-phospholipid: Lysosome (lIl)
4. Telomerase: (RNA template + Reverse transcriptase/protein)
53. Ans: B
[t
ezl EI1E
(A) Scurvy
(C) Calcium absorption
(D) Antioxidant
(E) Blood coagulation
58. Ans: D
[t

1. Histone: nuclear protein

2. Nuclear protein biogenesis: cytosol — nucleus (D)
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63. Ans: A
[FEAT] Hormone
l
GPCR
l
Gs protein (heterotrimer= as+ [ + y)

l

Adenylate cyclase
l

ATP - cAMP — activated PKA — phosphorylation of CREB

(CREB = cAMP responsive element binding protein: transcription factor)

65. Ans: D
[f#+7] Ketogenesis (D) occurs in fasting or starvation and diabetes.

66. Ans: C
[fAT] Glucose
| glycolysis (2)

Pyruvate
l
Acetyl-CoA
l
De novo biogenesis of fatty acid (3)

| esterification (1) with glycerol

Triglyceride

68. Ans: E
[f##417] Long-term fasting: ketone bodies (E) as energy for brain

69. Ans: B
[f#+7] Irreversible steps (= not the reversible) in glycolysis:
Step 1. Hexokinase
Step 3. Phosphofructokinase-1 (B) : F-1-P — F-1, 6-BP
Step 10. Pyruvate kinase
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70. Ans: A
[fFEtfT]

1. Methyl group donors:
a. S-adenosyl-methionine (from methionine)
b. Methyl-B12
c. N> methyl-tetrahydrofolate
d. Betaine

2. AREHZEEE amino acid as common source: % (A) methionine

73.Ans: B
[f#+7] Carnitine shuttle (B): transport LCFA (long-chain fatty acid)

76. Ans: E

[fgetfr]
1. 3 Acetyl-CoA - HMG-CoA — lIsopentenyl pyrophosphate (IPP) + CO;
2. 6IPP — squalene — cholesterol

i E

79. Ans: E

[fgetfr]
1. Lipoprotein transport the hydrophobic nutrients.
2. Pyridoxal phosphate(E) is a hydrophilic coenzyme.

81 Ans: D
[fEAT] Sphingomyelin
| sphingomyelinase
Ceramide + Phosphocholine

82. Ans: B
[fEAT]
1. KNEFEEE:
a. JHMEERH By/KiglE{T F: hydrolysis by amylase
b. FFEE i £ 2 glycogen phosphorylase {7
Glycogen + Pi — Glucose-1-phosphate (G-1-P)
25 B
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83. Ans: D
[f##+7] Functions of pentose phosphate pathway:
1. To generate NADPH: for detoxification and biosynthesis
2. To generate ribose-5-phosphate for RNA or DNA biosynthesis (D)

85. Ans: C
[ AT]

1. The fates of pyruvate:
a. Pyruvate — acetyl-CoA (by pyruvate dehydrogenase: TPP, FAD, CoA, NAD")

b. Pyruvate — lactate (by lactate dehydrogenase: NAD")

c. Pyruvate — Alaine (by alanine transaminase)

d. Pyruvate — oxaloacetate (by pyruvate carboxylase: PLP)
2. TPP from vitamin B1 (thiamine); PLP from vitamin B6

88. Ans: B
[f#+7] The chromophore in GTF derived from the tripeptide Ser®>-Tyr®6-Gly®7.

90. Ans: B
[ftrr]
1.

R FC¥t it
A. CoA (IV) Acyl group Acyl-CoA
B. TPP (1) Aldehyde  Pyruvate decarboxylase
C. PLP (1) Amino group Transaminase
D. CoQ (V) quinone CoQ also called ubiquinone
E. FAD (1) H atom FAD —» FADH2

2. TPP to activate acetaldehyde in pyruvate decarboxylase
(acetaldehyde f&J& aldehyde group), = FME=REFy
Hydroxyethyl-TPP* intermediate in pyruvate decarboxylase

(*Van Hold et al. Biochemistry, 4™ edition, 2013, p.537)
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