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(1] Biology

1. Read the following text, and answer the questions below Q1 and Q2.

DNA replication is ( (1) ) replication. That is, the double strands of the parent
strand separate, and each becomes a template for the daughter strand. During DNA
replication, DNA polymerase directionally synthesizes DNA from the ( (2) )
direction. ( (3) ) is an enzyme that separates the parental DNA duplex into two
single strands of DNA. Short single-stranded nucleic acids, ( (4) ), are required for
DNA polymerase to initiate DNA synthesis in living organisms. At both ends of the
eukaryotic linear chromosome, there are long repeat sequences called ( (5) ).

DNA replication is highly accurate. The rate of replication error is extremely low.
DNA polymerase has ( (6) ) activity that removes false base pairs generated during
DNA replication. This ( (7) ) function helps to reduce the number of mistakes in
DNA synthesis that would otherwise result in mutations. Some errors are not
corrected by the ( (7)) function. ( ) is another system that works to correct
replication errors such as misinsertions, deletions, and misincorporations of bases
in newly synthesized DNA. The ( ) machinery distinguishes the newly
synthesized strand from the template. In gram-negative bacteria, DNA ( (9) ) is a

marker for the parent strand.

Q1. Select the suitable word or phrase that applies to (1) to (9) in the sentence

from the following words and phrases.

[Words and Phrases]
3to 5 5t 3 3’ to 5’ exonuclease
5’ to 3’ exonuclease endonuclease topoisomerase
DNA helicase acetylation methylation
conservative dispersive semi-conservative
DNA primers RNA primers oligo dT primers
centromeres telomeres chromatids
base excision repair mismatch repair nucleotide excision repair

proofreading surveillance
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Q2. The CRISPR/Cas system is a useful tool for genome editing technology,
which can induce double-stranded DNA breaks on the targeted genome.
With this technology, it is possible to edit any part of the genome by using the
intrinsic DNA repair system in the cells. Describe the target gene modifications

after double-stranded DNA breaks. Your description should be within 50 words
and use all of the following terms.

[Terms]

insertion-deletion mutations (indel mutations), gene knock-in,

homologous recombination, non-homologous end joining, repair errors

(Below margin)
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2. Answer the questions below Q1 and Q2.

Q1. Read the following text about the metabolism of dietary lipids, and fill in the
blanks ( (1) )~( (8) ) with the suitable words.

Dietary triacylglycerols (TAG) are enzymatically digested by pancreatic ( (1) ) to
form 2-monoacylglycerol and long-chain length ( (2) ) in the intestines. These lipid
digestive products form ( (3) ) with bile acids that facilitate the transport of
hydrophobic lipids into the intestinal epithelial cells. Within the intestinal
epithelial cells, a series of synthetic events occur resulting in the formation of TAG
in the ( (@) ). The long-chain length ( (2) ) are first converted into fatty acyl-CoAs,
and the 2-monoacylglycerols are converted to TAG through sequential reacylations
in the ( (4) ). The newly synthesized TAGs are hydrophobic and are packaged into
lipoproteins named ( (5) ). ((5)) are secreted from intestinal epithelial cells, follow
the ( (6) ) and are then transported into veins where they enter the blood
circulation. Pancreatic secretion of the hydrolytic enzymes that digest dietary

lipids in the intestines is controlled by gastrointestinal hormones such as ( (7) )

and ((8)).

Q2. Short- and medium-chain length fatty acids are important in dietary therapy for
individuals with lipid malabsorption disorders such as cystic fibrosis (poor lipid
digestion resulting from pancreatic dysfunction) and short bowel syndrome

(decreased lipid absorption). Briefly explain the reason within 30 words.

(Below margin)
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3. Readthe following text, and answer the questions below Q1~Q3.

Antibodies consist of ( (1) ) heavy chains and ( (1) ) light chains connected with
( (2 ) bonds. They are produced and secreted by ( (3) ) cells differentiated from
( (@)) cells. Antibodies also contain a ( (5) ) region binding to antigens and a ( (6) )
region binding to complement proteins. They are classified into 5 types, (q2)1gG, IgM,
IgA, IgD, IgE , dependent on the ( (6) ) region.

Antibodies play an important role in immune responses to infectious agents. Dr.
Shibasaburo Kitasato found ‘anti-toxin’ in the serum of rabbits infected with
Clostridium tetanni, and advocated ‘serum therapy’. ‘Anti-toxin’ corresponds to the
antibody, and ‘serum therapy’ led to the development of (g3)vaccines.

Recently, technological development in molecular biology has enabled us to
generate ( (7)) antibodies, which contain both human-derived ( (6) ) region and
mouse-derived ( (5) ) region. Moreover, ( (8) ) antibodies with less mouse-derived
portion, or ( (9) ) antibodies made only from human-derived peptides are now on

the market as pharmaceutical products.
Q1. Write the most suitable words for ( (1) )~((9)).

Q2. Select two sentences below describing the correct features of each class of
antibodies.
a. IgA is transmitted from mother to newborn via maternal milk.
b. IgD is produced in the early phase of infection.
c. IgE increases in allergic disease.
d. IgG is the class found in lowest quantity.

e. IgM functions in dimeric form.

Q3. Explain a vaccine’s mechanism of action using all the words given below,

within 100 words.

[Words]

antigens, antibodies, immunological memory, memory B cells,

neutralize, pathogens, phagocyticcells, prevention
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(IV] Pharmacy

1. Answerthe questions below Q1~Q3.

Q1.

Q2.

The table below describes possible adverse effects by using Drug A and Drug B
together. Select one answer each for (1)~(5) from the choices below (drugs or

adverse effects).

Drug A Drug B Adverse Effects (by drug
interactions)
isosorbide dinitrate € drop in blood pressure
amitriptyline 2 cognitive disorder, delirium
ciprofloxacin ketoprofen 3
aspirin @ decrease in anti-coagulation
digoxin propranolol 5

[Drugs]
ibuprofen, sildenafil, trihexyphenidyl, warfarin
[Adverse Effects]

epilepsy, hyperalgesia radycardia arrhythmia, urinary retention

For a long time, Coca leaves have been chewed by South American Indians to
endure long and severe physical labor in high mountain areas. Coca leaves contain

cocaine as an active ingredient which gives rise to (1) numbness in the mouth and

tongue, and (2) euphoria_and sustained mood elevation. Describe cocaine's

pharmacological mechanisms (including its target proteins) in terms of each

action, @ and @

(Below margin)
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Many drugs are known to act on ion-channels for their drug targets and elicit their
biological and clinical effects. Select one answer each for (1)~(6) from the choices

below (drugs).

[Drugs]
apomorphine, donepezil, granisetron, metformin, memantine,

nifedipine, phenytoin, phenobarbital, sotalol, tamoxifen,

Ion Channel Target Drug Clinical Use
Ca?* channel essential hypertension
K* channel arrhythmia
Na* channel epilepsy

NMDA glutamate receptor Alzheimer's disease

5-HT3 serotonin receptor nausea, vomiting

insomnia

@O®® O

GABAA receptor

(Below margin)
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2. Answer the questions below Q1~Q3.

Q1.

Q2.

Warfarin has a volume of distribution of 8.0 L. Assume that the volume of plasma
is 3.0 L and that warfarin can be distributed only in plasma and the tissues. If the

steady-state plasma concentration is 1.0 mg/L:

(1) How much drugis in the body?
(2) How much drug is in the plasma?
(3) How much drug is in the tissues?

(4) What percentage of the drug in the body is in the tissues?

The following steady-state plasma concentration (Css) of phenytoin have been

observed in a subject following various constant daily oral dosages:

Dosing Rate (mg/day) Css (ug/ml)
250 9
300 18

Bioavailability of phenytoin is assumed to be 100%, and it is eliminated only by
metabolism in the liver. Elimination rate can be explained by a Michaelis-Menten

kinetics.

(1) What is the main enzyme responsible for phenytoin metabolism in human?
(2) Calculate Michaelis constant, Km (1M), and maximum elimination

rate, Vmax (mg/day) for phenytoin metabolism in this subject.

(Below margin)
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The dissolution rate of drug A granules is described by the following equation.
dC DS
dt Vs

(G —0)
where % is the dissolution rate, D is the diffusion coefficient, S is the surface
area of the exposed solid, V is the volume of solution, § is the thickness of the
diffusion layer, C is the solubility of the solid, C is the concentration of solute in
the bulk solution at time t.

A preparation of drug A granules weighing 600 mg having a total surface area of
0.35 m? is allowed to dissolve in 500 mL of water at 25 °C. After 10 min., 70 mg has
passed into solution. The quantity % can be referred to as an apparent dissolution

rate constant, k. C is considerably less than the solubility and assume sink

condition.

(1) If the solubility, Cs, of drug A granulesis 15 mg/mL at 25 °C, C is considerably
less than the solubility. Assume sink condition, and calculate k (min-1-cm-2).

(2) In addition to the condition of (1), the diffusion layer thickness is estimated to
be 5.0%x10-3 cm. Calculate D(min-1-cm?).
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3. Answer the questions below Q1~Q3.
Q1. Answer the questions SubsetQ1A~SubsetQ1C regarding vitamins.

( (O ) was one of the first vitamins discovered and its active form acts as a
coenzyme for carbohydrate metabolism enzymes.

((2)) includes two active coenzymatic forms NAD*+ and NADP+, which are critical
for oxidation-reduction reactions in the body.

( (3)) is a fat-soluble vitamin and synthesized by enterobacteria. Two main forms
of ( 3 ) are phyroquinone and menaquinone. ( (3) ) is involved in blood

coagulation and calcium homeostasis.

SubsetQ1A.  Write the most appropriate name of vitamins missing in blanks ()~(3).

SubsetQ1B.  Write the name of the deficiency disease of (2).

SubsetQ1C.  Explain the molecular mechanism by which (3) affects calcium
homeostasis, by choosing the necessary words/phrases from the

following:

osteoblasts, osteopontin, osteocalcin, gastrin, glutaminic acid residue,
tyrosine residue, lysin residue, serine residue, hydroxylation, phosphorylation,

y-carboxylation, acetylation, calcification of the bone

Q2. Answer the questions below SubsetQ2A~SubsetQ2B regarding the spoilage of
oils and fats.

When oils and fats are oxidized, a change in color and an increase in viscosity occurs.
This gives off an unpleasant smell. These phenomena are referred to as spoilage of oils
and fats. The main cause is due to the autooxidation of the polyunsaturated fatty acids.
The degree of spoilage of oils and fats is evaluated by 1) acid value, 2) peroxide value,

3) thiobarbituric acid test value, and 4) iodine value.

SubsetQ2A. About eicosapentaenoic acid, oleic acid, docosahexaenoic acid, linoleic
acid, linolenic acid, answer in the order that express the susceptibility to

autooxidation.
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SubsetQ2B. The next figure shows the change of the values of 1) acid value, 2)
peroxide value, 3) thiobarbituric acid test value, and 4) iodine value,
accompanied with spoilage of oils and fats. Choose a graph from (1)~(4)

which is suitable for the values above 1)~4).

values

time

The list below shows the type of the malignant neoplasm (cancer) and some main
risk factors. Choose the most appropriate kind of a malignant neoplasm (cancer)

in blanks (1)~(4) among the following choices.

Type of Malignant
Risk Factors
Neoplasm (Cancer)
€ High salt content food, Helicobacter pylori
@ Smoking, asbestos, bis(chloromethyl) ether
©) Smoking, vinyl chloride monomers, aflatoxin
@ B-naphthylamine, benzidine

[Type of malignant neoplasm (cancer)]
lung cancer, skin cancer, bile duct cancer, prostate cancer,
liver cancer, gastric cancer, renal cancer, bladder cancer,

breast cancer, oral cancer, leukemia
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