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(Notice)

1. Don't open this booklet until the start of test.

2. Be sure that you should write subject number which you chose as well as your name and
examinee number on each answer sheet.

3. There are eight specialized subjects in the examination. You have to select and answer three
subjects out of the eight. However, it is mandatory to answer the specialized subject specified by
your desired laboratory. The required subjects specified by each laboratory are as follows in the
table below.

4. Excluding the cover page, the exam booklet consists of 27 pages (Note: there is 1 page for subject
6, 2 pages each for subjects 4, 5, 3 pages each for subjects 3, 7, 4 pages for subjects 8, 5 pages
for subject 1, 7 pages for subject 2). The answer sheet set comprises 3 pages. Please make sure
to check for any missing pages, misprints, or unclear print after the start of the exam. If you find
any, raise your hand and report to the exam proctor.

5. You can answer questions in either English or Japanese. If your answer does not fit within the
space provided on the front page of the answer sheet, you may continue your answer on the
reverse side.

[# B 58 fRE 1 2 4O MR H] Required subjects as designated by the laboratory

i HPELE FRE 2 WA & D ISy B
No. Specialized subjects Laboratory
1 = A - 3KP*¥ Molecular and System Pharmacology
Clinical Pharmacy A - 4B~ Physiology - 2 3K% Pharmacognosy
5 ZH% B - W EHE~~ Clinical Pharmacokinetics
Clinical Pharmacy B - ¥RAZ2 Pharmaceutics
At A - B HEAIFY: Protein Drug Discovery
3 Biology A < S EMEES: Molecular Biology
- A AE{LS: Cellular Biochemistry
4 B%Ii@glygB - A EEE Pharmaceutical Cell Biology
5 WELSE A
Physical Pharmaceutical Sciences A
WyEses B « Sy FIRTERRHTSS Molecular Pathobiology
R - -
6 Physical Pharmaceutical Sciences B ﬁj%ﬁ%ﬁfaﬂﬁ%\ Drug Il?ls'covery an.d Evolution ) )
- BIFE I V(A rY— Medicinal Chemistry & Chemical Biology
7 AR A
Organic Chemistry A
- HW) 4y 1% EH Pharmaceutical Synthetic Chemistry
3 HHL¥B - BRETIHFNAIZEAL S Green Pharmaceutical Chemistry
Organic Chemistry B - K5Oy #E: Molecular Transformation Chemistry
- S AIHALS: Reaction-Driven Drug Discovery
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Clinical Pharmacy A Subject number

BN A MEES | 4

1. UFOELEIZOWT, IELWEAITO, B2 TWABAIIX ZEE LR SV,
Answer "O" for the correct or " X" for the incorrect statements.

(1) SROBHERIZ. T 8 U O N2 D DA E RIS /E L COIR o ILHE /) %

(2)

(4)

5,

Cardiotonic glycosides act on sodium/calcium exchange transporters to
increase cardiac contractility.

AF T X RVUIZBWETH DM, A A2 T v AR —F —|LREB % T
D,

lon channels are passive transport, whereas ion transporters are active
transport.

VU IORENORIESNZZ Y 7a v id, BEREDOT R oL/ 7
— AEE AR A HE S S 2 & T BHED BA A2 mET 5,

Gliflozin, identified from apple bark, reduces elevated blood glucose levels by
inhibiting sodium/glucose transporters in the intestinal mucosa.

Pl il Sz L =13, BIRCAER SN T ATy ) 7 Uk
FMCEW L CT oA T v T BERT S,

Renin released from the liver enzymatically cleaves angiotensinogen
produced in the kidney to produce angiotensin I.

%8 IR R, ASEARRRAIEC X - TilikE 3 %,

Intestinal smooth muscle relaxes upon sympathetic nerve stimulation.
FBERTA (IR 2 & BRI TR AR IS L. ORI D T &
Fral URRRERE & LTRSS,

Motor neurons with cell bodies in the ventral horn of the spinal cord project to
skeletal muscles, where these neurons release acetylcholine as a
neurotransmitter from their nerve terminals.

IEEN IR A2 B RPICHIR T D 2 & THE LD BERMHOIHEL, ¥ hal iz
Lol s s,

The contraction of skeletal muscles induced by electrical stimulation of motor
neurons is inhibited by dantrolene.

(D<= ~f5i<)
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(10)

(11)

(12)

(13)

BV RITHIMAE JE PHIK FVE R KHEREZ IR U, T A IR T 5T
T v b = IR RSR 2 TEMAL T D,

Morphine acts on the periaqueductal gray matter and the nucleus raphe
magnus, activating descending serotonergic pathways that project to the
dorsal horn of the spinal cord.

FTINT ALY TR A EFA FZFEIETFIETH Y | LB ITFET D
SRR Z W+ 2 2 LT, B RICKDEREERIET 5,
Naldemedine is a peripherally acting p-opioid receptor antagonist that blocks
M-opioid receptors in the gastrointestinal tract, thereby alleviating morphine-
induced constipation.

TVUANY URREG L, T OERIENCEEREE 2 RI-§ 2 37 HiL,
EBAARGMEI N T LAF v RV Da2d BT 2=y hTH D,

The protein to which pregabalin binds and which plays an essential role in its
analgesic effect is the a2d subunit of voltage-dependent calcium channels.
T, HAREITLEEADA v 7 o FOYIADTER Z Rl 525, 75
IR DIEED B 2 B, PERES OB, FIRIRIERE THEE O BE 213
HxRGZ2ET D,

Maoto is effective in alleviating early symptoms of influenza in individuals who
are naturally sweating. However, it should be administered with caution in
patients with cardiovascular disorders, urinary retention, or hyperthyroidism.
/NG NP HRLG . IIFERCIE, HEICEENLS 7 U T F U
FHZ X DEH Y U AMFEDFER & LT, I AT ORI RARIE DS & &
PNHZEDRD D,

In formulations such as Shosaikoto, Shakuyakukanzoto, and Yokukansan,
myopathy or rhabdomyolysis may occur as a consequence of hypokalemia
induced by metabolites of glycyrrhizic acid contained in Glycyrrhizae Radix.
BRI, R3S, e £ 73R LT S aTREME D & L i NI G- L 72
W EDREE LYY,

Administration of Persicae Semen, Rhei Rhizoma, and Sal Mirabilis should
be avoided in pregnant women or women who may be pregnant.

(D= ~f5i<)
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(1 4) ¥ a v (Zingiber officinale Roscoe) DIRZE %5l L £ 7213&K L7 D %&EL
ZEXWQ [6]l-a uHA—NR6]-F o Fua— I+ 25 & TEED
RGOS (SEEN/AT: L e RN
The rhizome of ginger (Zingiber officinale Roscoe), when blanched or
steamed, is known as Zingiberis Rhizoma Processum. During this process,
[6]-shogaol is converted into [6]-gingerol, which enhances the ability of
Zingiberis Rhizoma to improve blood circulation.

(15) MEMMZDOBIEICITHENEE L TND ZENM RSN TN D,

Coptidis Rhizoma is presumed to be associated with the development of
interstitial pneumonia.

2. LT (1) ~ (3) Oofinb 1 RZ2ER L, @R L8R Z 2 5 L TRE
L7p&W, 72720, iR A 2 UL EMRE L 7c a3 m LR vy,

Select one of the following three questions (1) ~ (3), indicate the selected question
number, and describe your answers. Please note: If you answer two or more
multiple-choice questions, your answers will not be graded.

(1) FHROULEREAE BT 2 L FORIVIZE Z R S0y,
Answer the following questions regarding the mechanisms of muscle
contractions.
(@) O, MEEIERG . B ONMEIC BT 2L, Iy Al AU
HHLUTHHALZRZW,
Explain the common mechanisms for contraction of myocardium, vascular
smooth muscle and skeletal muscle, focusing on calcium ion.
(b) Doy & MBS O UHERERE D F 72 5 R AT L7 S vy,
Explain the different mechanisms of contraction of myocardium and
vascular smooth muscle.

(2) HAEKIMEIZET LU TORWICER RSV,
Answer the following questions regarding schizophrenia.
(@) FAKIVEDBAEIER D A T = K BT DN T BT 2 AT AR
MRMCEMBE R LT OZ AR Z GO TRELSHRBA LR SV,
Explain in detail the mechanism underlying the positive symptoms of
schizophrenia, including the relevant brain regions, neural pathways,
neurotransmitters, and their receptors.

(D<= ~f5i< )
(Continue to the next page)



(b) MEKTVEDIRIFEIHR CTHHT VT T — )VOVEREFICOWTEEL <t
BHLZ2 SV,
Explain in detail the mechanism of action of aripiprazole, a therapeutic
agent used in the treatment of schizophrenia.

(3) BEFLIFIZET DU T ORIWIZEZ RS,
Answer the following questions regarding Kampo medicines (Japanese
traditional medicines).
(@) EHEBGIZOWT
About Boiogito

(i) BIEEEG OHERA S A2 LU ORERVES Y 2 B s B, ALT7 D0 -
BIREIZ DWW TR L2 S0,
Select the constituent crude drugs of Boiogito from the list of crude drugs
below, and explain the indications.

HERAESK Y 2 |k (List of crude drugs)

FERz (Cinnamomi Cortex), X (Rhei Rhizoma). F5E. (Sinomeni Caulis
et Rhizoma). H¥# (Glycyrrhizae Radix), #%2%" (Scutellariae Radix).
% (Astragali Radix), fi§ (Sal Mirabilis), 4% (Zingiberis Rhizoma).
##+4 (Phellodendri Cortex)., K% (Zizyphi Fructus), #Jlt (Atractylodis
Lanceae Rhizoma), #i# (Coptidis Rhizoma)

(il) AT OHERRAEFKD 5 B AR OK T 2 E3K A2 3 DT S0y,
B2, PE O E 23X 2 DRERERAIT DS E 3 DT RS0y,
Among the constituent crude drugs in Boiogito, list three crude drugs that
help to resolve internal fluid retention. Additionally, list three crude drugs
used for deficiency patterns to support the Spleen-Stomach system.

(D= ~f5i<)
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(b) BEMETES IOV T
About Orengedokuto

() HEMAFHRGICETLHHADO O ~ @ I TUIELEELEEFEZLR IV,
Answer the crude drugs that apply to @ ~ ® in the explanation of
Orengedokuto.
pOEARTEG X, BOE, A, EM. R K0S, 4 BT AT
WIRBVER OS50 TH D, O X EEHORIE, M, FhRZ % fit
HL, © LA LTLEHROOLE, WAhEt s Dd, £z, @ 13- 1 -
HOBEZLY, @ 38 - B2 EOTREOBE LY RIEZHED D,
® 2%, K, WA s, ki, FIER2AH D, LEeA-T, OIF
HRETHEIR L, FRHZ LI BE & RIEMEDOER & L Co ML &
D, OERLESHOONZEFK LS NICHET 5,
Orengedokuto consists of Coptidis Rhizoma, Scutellariae Radix,
Phellodendri Cortex, and Gardeniae Fructus. All four crude drugs possess
cold nature and functions to clear heat and reduce fever. D alleviates
inflammation, bleeding, and mental restlessness in the upper body, and
works synergistically with @ to relieve epigastric fullness and pain. @
clears heat from the heart, spleen, and stomach. @ clears heat from the
lower body, including the kidneys and bladder, and has anti-inflammatory
effects. ® has anti-inflammatory, antipyretic, sedative, hemostatic, and
choleretic properties. Accordingly, this formula is suitable for individuals
who tend to have facial flushing and a sensation of heat in the upper body,
along with inflammatory symptoms such as bleeding, thirst, and epigastric
discomfort.

(il) ALT7 X, WGBSR CEZ S SR 232 &0 H 5, B3R IRgE S

NDAEHEE 1 ST RS, o, ZORAERTFIZONT, ot a5
FREF L 722 S0y,
Orengedokuto has been associated with the development of mesenteric
phlebosclerosis. Name one crude drug strongly implicated in this condition.
Additionally, explain the pathogenesis by referring to the specific chemical
constituent involved.
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1.

Clinical Pharmacy B Subject number

% B [ R 5 2

LUF DA SLED TR OW T, ELWGAITO0, fE> THDS IR ELELZR
S,

For each underlined part of the following sentences, place a "O" if the correct
and write the correct expression if the incorrect.

(1)

(2)

(3)

(4)

(5)

(6)

BRI A KI5 L. TORIKORERENIRDT D,
When inorganic salts are dissolved in water, the surface tension of the
solution decreases.

BRITZEANRKEZNS OIT EFREMEN L,
Powders with a larger angle of repose have better flowability

bHT AT g ATKEMAD LREAME T L, WMEMZ 5 & REEER L5
T 5 & iFAKRP WA (ow) MTHS,

When adding water to an emulsion decreases its viscosity, and adding oil
increases its viscosity, the emulsion is an oil-in-water (o/w) type.

7N ra R A RE L TR PICHRE SV T, BT ER 3 DRI
B ORI LD b2 T MRS KT D,

Drugs excreted into bile as glucuronide conjugates undergo oxidation by
gut microbial enzymes during enterohepatic circulation, increasing their
polarity.

SRERIR D FL I IFEMEICHTEBL TWDD T, I TF A 37 =4 MEd
(ZHARTIRSIL T,

Since the glomerular basement membrane is negatively charged, cationic
drugs are filtered more readily than anionic ones.

HRAERI DN E O EY 2 WS 56, RERRERGRET S ZENEE
LY,
When using drugs with a short half-life, it is desirable to set the

(RDO_—=T~f5i<)
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administration interval to be longer.

(7) BRIz A~THRIH RO SOV, T2V T Z 0 A3 AT il fmd
KA %,
Drugs with high liver extraction rates compared to liver blood flow have liver
clearance that is dependent on liver blood flow velocity.

(8) I MAEFANIEFIZ R EWEMIT, FITMIIMNETIZ oML TWnWDHEER S
no,
Drugs with a very large distribution volume are thought to be distributed
mainly in the extracellular fluid.

(9) FEBEERBA R FY T, AUC I3 G- &AL 5,
Drugs exhibiting nonlinear dynamics show an AUC that increases in
proportion to the dose.

(10) KEHLGIZBWT, EFIKEOMAPIREIZEET HETORMIL, &5 &
(2L TRED,
In repeated administration, the time required to reach steady-state blood
concentrations depend on the dose.

UTD (1) ~ (4) OHnb 2 @R, @IRUZIEE S 2 HRIL TRZEL
2RI, T2 IR % 3 BLL BARE L 725 S 3B A LR,
Select two of the following four questions (1) ~ (4) , indicate the selected

question numbers, and describe your answers. Remark, if you answer three or
more multiple-choice questions, your answers will not be graded.

(1) EHREIRGOEMEE L, REEDN -ETHLIEHETIZBNT, LTD
Noyes-Whitney I Tk 15, L FOERIZEZ R IV,

Vsl =K+ S - (Cs - C)

K : g ES (min™ - cm™)

S: BEREELOREHE (cm®)

Cs: FEAREIESS OFME (mg/mL)

C: W] t 1B T 2T OIEMIRE (mg/mL)

(RDO_—=T~f5i<)
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The dissolution rate of a solid drug can be described by the Noyes—Whitney
equation under the condition of constant surface area. Answer the following
questions.

Dissolutionrate =K - S - (Cs - C)

K : dissolution rate constant (min™ - cm™)

S : surface area of the solid drug (cm?)

Cs : solubility of the solid drug (mg/mL)

C : concentration of the drug in solution at time t (mg/mL)

(a) & 2EUREIEMN A ZKICHIR LTS, KA 0 B3 5 O FE D3 I iR

ED 12 DIREIZET H E TORFH (te) ZROLRI WV, (BL, &K
IS WL b0 LT 5,
When a solid drug A is dissolved in water, how long does it take for the
concentration in the aqueous solution to reach half (t12) of its solubility?
The system is well-stirred so that concentration is uniform throughout
the solution.

(o) [EIHAMARVE 2 A CTRERESE S A OWFRIERE 2 01E U7 BE, WiRB b

2B 5 R DIRENT 0.05 mg/mL 725 72, AR S OFSMEHE EE K
(min™-cm™) RO SV, H L, HBEOAREmEIL 1.0cm? & L,

ARERFIIZ L LN b D& T 5, o, WIKOREIZ—E T, YooK
51X 0.8 mg/mL &9 5%,
A solid drug A was subjected to dissolution testing using the rotating
disk method. Five minutes after the start of dissolution, the
concentration in the solution reached 0.05 mg/mL. Calculate the
dissolution rate constant K (min™"-cm™). Assume that the effective
surface area of the disk is 1.0 cm? and remains constant throughout the
test. The temperature of the solution is also constant, and the solubility
(Cs) of the drug is 0.8 mg/mL.

(2) OXED (D) ~ (@) IZHTUIELIRBEYRFEAEEZRIV,
Answer the most appropriate term for each blank ( @O ) through ( ) in
the following passage.

(RDO_—=T~f5i<)
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MAEFN IR A I 2 R T ERFAET D208, b EEDEZ WV H DT
(O) ThH2, (O) IIEFIEZOERLFEET DM, FHICULT 7
VoAV RAZ U RED (@ ) EoBFtEREN, (O )IZIE( @ )
BT D FIR D HMFEETNLAH Y . (O ) ISHEET 2EMIT I S EALO
WTNDICREART D, T2, e ) VIR coEEN (O ) 1Tk
WTEWRN, TOERIZEIZ (@ ) OFEERETHY, YL oEARICE
WD & "7 EITHA_RBEEMR IR, —FH, (® ) oF&EiE, miE
T2 R BEREEICKH L TR 0% SR b oD, e T s a— U R
A, ZanryasTrmpmElon (@) LmuBlnttzmd,
—fRICMmEFTO (@ ) OERNEDIT, 20O NREM LY | ik
BATHEN R E S BEZ T 5, EWREN LF L, MEh 2 "7 8E0
faa2 (® ) ICELZEEIE (@) 33 L EA L MfkombRE
KENT D, o, BROEW Z G LIcGE ., WEh 2 7B L ORsG
ISLDOFNZ J - THF S, WRRED LA T 556 b5 5,

MmAfEF & R 7B ITxt LT, B LR UHALICHE &3 2 3 C 23 FH
ENd L., EEEAA~OBFEDE N L > T, miEdh & o7 Elzxtd
LHM B OFEERITENT D, ZThzxe (@) &S,

—J7. KB LA L TW DR 2 N7 BT LT, i C sz v
WNIBDALy T A—va bz sl S L, ¥ B OfEaHEE AR S
BHZEDRDHDH, ZOLIRAI=ALTHl SR SNAHAMBFEF & X7
BLOMEFEROENE (O ) LS, (@) OFE, 3 C OREN |
FA3oe, MEERZ R TEICKT LY B OfaESIE (@ ) 25, &
BEEIT (@) THDH, —J7, (O ) OHE, Y C OREN EFT
D e Mg 2 T IS 23 B OfEGERIT (B ) 23, A AL
#ix (W) 5%,

Various proteins are present in plasma, but ( O ) is the most abundant.
( @ ) binds to a wide variety of drugs, showing particularly high affinity for
( @ ) such as warfarin and indomethacin. It has ( ® ) distinct drug-binding
sites, and drugs that bind to ( D ) typically interact with one of these sites.
Globulins are the second most abundant proteins in plasma after ( @O ), but
their primary role is ( @ ) regulation, and their contribution to drug binding
is relatively minor compared to other plasma proteins. In contrast, although
( ® ) accounts for only about 0.1% of total plasma protein, it exhibits high
affinity for ( ® ) such as propranolol, lidocaine, and chlorpromazine.

In general, drugs with low ( @ ) in plasma are more susceptible to
changes in tissue distribution, even with small variations in protein binding.

(RDO_—=T~f5i<)
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When drug concentrations increase and plasma protein binding reaches
( ), ( @ ) rises sharply, resulting in substantial changes in tissue
distribution. Furthermore, when multiple drugs are co-administered, the
binding of one drug to plasma proteins may be inhibited by another, leading
to an increase in the unbound drug concentration.

Now, when drug C, which binds to the same site on a plasma protein as
drug B, is co-administered, the binding rate of drug B to the plasma protein
changes depending on the difference in binding affinity. This phenomenon is
referred to as ( @ ). On the other hand, if drug C induces a conformational
change in the plasma protein to which drug B is bound, thereby altering the
binding characteristics of drug B, the resulting change in binding rate is
referred to as ( ). In the case of ( @ ), as the concentration of drug C
increases, the binding constant (Ka) of drug B ( @ ), while the number of
binding sites ( @ ). In contrast, in the case of ( ), as the concentration
of drug C increases, the binding constant (Ka) of drug B ( @ ), and the
number of binding sites ( ).

(3) 75 B, BHEEAE (eGFR 15 mL/min/1.73 m?) D 7= BHTETD APt
H, HIEERGYEDIRE DT, 3 D (kM 90%., HH 10%., #EH)
He) i TETH D, YD OFEER L EIL 500 mg/H Th 5, AUC %
s N ERREICRLIZWEGES, Z0BEO 1 HEGEIT T mg o3
D, BREORELZEBE LR LRIV, 2L 2 0_BEDOIHRILE
HCTHY ., EFFFO eGFR X 100 mL/min/1.73 m* &9 5%,
75-year-old male. Currently hospitalized prior to dialysis due to chronic
kidney disease (eGFR = 15 mL/min/1.73 m?). Planned use of drug D (renal
excretion 90%, hepatic metabolism 10%, linear pharmacokinetics) for the
treatment of a bacterial infection. The standard dose of drug D is 500
mg/day. To maintain the AUC at the same level as in healthy individuals,
calculate the daily dose for this patient in mg, considering the effect of renal
function. Remark, this patient's liver function is normal and his normal eGFR
is 100 mL/min/1.73 m2.

(4) mMLERET O 60 mBMEICHHORY E 2R EE Lz, 3% E %5k
N#E (10mg) L7=& Z A, AUCIZ 100 ug * hr/mL TH Y . JRFIZITR
AR LCemg Bt s -, £7-, EME 20 EE (10mg) L7z

(RDO_—=T~f5i<)
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&2 A, AUC (240 ug - hrimL TH Y | RN OARZE(LIAR E LT 5mg 3#
EPICHERS Sz, 7272 LEY) E IXELE N TOeRENIZ T3, /b
JB 7> & DI 2 BT 1T, RIS~ TEME S (EA PR S 220) ISPk
EhbabDEd 5,

A 60-year-old male patient receiving hypertension treatment was
administered a new drug E concomitantly. When drug E was administered
intravenously (10 mg), the AUC was 100 pg-hr/mL, and 6 mg of the
unchanged drug was excreted in urine. Additionally, when drug E was
administered orally (10 mg), the AUC was 40 pg-hr/mL, and 5 mg of
unchanged drug was detected in feces. Remark, drug E does not undergo
degradation or metabolism in the gastrointestinal tract, and all unchanged
drug is excreted in feces (with no bile excretion), except for absorption from
the small intestine.

(a) EMEDODT XA ZEUT 1 (F) R X,
Calculate the availability (F) of drug E.

(o) #W E OB RMBEER (Fa) 25RO K,
Calculate the gastrointestinal mucosal permeability (Fa) of drug E.

(c) EME DT XA 7Y T 1 (Fn) ZRDIE,
Calculate the hepatic availability (Fn) of drug E.

(d) M E OBFHEMER (fo) RO I (L LHERERET—2 2 HW5
ZE).
Calculate the renal excretion rate (fe) of drug E (use data from
intravenous administration).

(e) EME D27 V7T % (Cln) ZRO K (7272 LITREHO A & ARE
T2,
Calculate the hepatic clearance (CLn) of drug E (assuming hepatic
metabolism only).

(f) EHMEDEHE 7 VT T2 (Clot) % mbl/hr AL TR X,
Calculate the systemic clearance (CLtot) of drug E in mL/hr.

(g) EME DB VT Z A (CL) % ml/hr AL TRD &,
Calculate the renal clearance (CL:) of drug E in mL/hr.

(h) W E 2@l TH 52 RIS TH 2222, fHliHR (En)
OAE Z - THIEr L, 2 ORI A BHERISE A~ S, (7272 LTI Qn
12 90L/mhr &%),
Determine whether drug E is a high or low hepatic extraction drug based

(RDO_—=T~f5i<)
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on its hepatic extraction ratio (En), and briefly explain the rationale.
(Assume hepatic blood flow Qn is 90 L/hr).
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Biology A Subject number

1. KIGHE O DNABEBERED 72 MIETF I v A v —IZxHE TE DV AT A7z <

4 BB DH, ZNHIZIE RecA Z U T BITEGFETAHDE LANE D ERDH
Do TNH 4 ODEBEERIZONWT, TNLI, LFRE D FREREZHTI LR S0,

DNA repair systems in Escherichia coliinclude at least four systems which can respond
to the formation of thymine dimers. These are dependent on or independent of RecA
protein. Explain the names and molecular mechanisms of the four systems,
respectively.

2. MICBIT HAR Y RTF FEEIE mRNA @ AUG FIRRBHtG = KB ahE 203,
AUG =t R 3R SRAINIC S 8 5, K- T, #Mifldid mRNA 231 O RS o O K iE
? AUG = R zftay 7 e LTI 2 A=A b zfkioTnd, OB =
R 2R A 71 = X W & i K OEZMIZ N EIZ O TREICHIA L S
AN

Polypeptide synthesis in cells is initiated at the AUG translation start codon of mRNA.
However, since AUG codons also occur within the coding sequence, cells have evolved
mechanisms to specifically recognize the correct AUG codon as the site for translation
initiation. Briefly explain the mechanisms of start codon recognition in both prokaryotic
and eukaryotic cells.

3. L TOMIZE FOMIIKIZFET DH OIS R E R L TWD, ZDH N
7B, MO & D ISHINES R & IR ERTERUC KB TE D, ZDEE, ZOEL N
JEREICHESINTWNWDT XV BORBIZONWTEZ D,

The following figure shows a membrane protein present in the human plasma
membrane. This protein is mostly composed of an extracellular region and a
transmembrane region as shown in the figure below. This question is about the
characteristics of the amino acids located on the surface of this membrane protein.

(kD ~—T~fi<) (Continue to the next page)



il el 1 E AR
Extracellular region

feeE £ a6

Transmembrane region

(1) Z D& X7ED() Mias kS K OV) BEECREIRA AT D BREE LBk
HIBRBENBUKRIBREE D, TN ENEZ RSV,

Indicate the nature of the chemical environment (hydrophilic or hydrophobic)
around (i) the extracellular region of the protein and (ii) around the transmembrane
region.

(2) MRAMEIKOREICFEIZED L HRT I VA RE I NIUIZ DX NI
X ZEIAET D Z &ﬂf%é#0A%m&7 /M@%ﬁ%so*f@ﬂ%%
DEFN ZFH LR S0,

What kind of amino acids are expected to mainly appear on the surface of the

extracellular region? Explain the reason(s) for your answer and name three

examples of amino acids likely present on the surface of the extracellular region.

) IREBEHOREICEIZED LI RT I VA REINIVUIZ DX NI

XL EAET D D k#f%é#0A$%&7 /M@%ﬁ%so*fﬁﬂ%%
DEENZ T L7 Sy,

What kind of amino acids are expected to mainly appear on the surface of the

transmembrane region? Explain the reason(s) for your answer and name three

examples of amino acids likely present on the surface of the transmembrane

region.

(kD ~—T~fiE<) (Continue to the next page)



4. UTORIFHRE 727 Y > G(IgG)D 95 b, Fab fEkOfEMEEL R LT H D Th
%o 1272 L, KTl Fab 495 ~2OR ) X7 F FEZRAL A TRLTY
Do ZOREEIZEAT DL FORWIZE Z RSV,

The following figure shows the crystal structure of the Fab region of immunoglobulin G
(IgG). In the figure, the two polypeptide chains composing Fab are depicted in black
and white, respectively. Answer the following questions about this structure.

(1) KIC7R L7 Fab fEIkIC R 532 RIS D4 A D281 e S0,
Name two secondary structures of the Fab region based on the figure above.

(2) IR L7z Fab fEI D =R iE I X ORI E 2 DWW T LR O HEE A v 72
DO LRI,

HEE : RAA L, 7= b UK G EAL

Explain the tertiary and quaternary structures of the Fab region above based on
the following three concepts: Domain, subunit and antigen-binding site.

(3) —MXAYIT, Fab sEMUIHUR & AR AT L > THAMFEMT 5., HFUs-HikE
BIERDAIFIC —RIZA BN DA S DAL =2% T, ThENDOREE
RIS L7 S0,

In general, the Fab region interacts with antigens by non-covalent forces. Name
three different types of non-covalent interaction forces generally found in antibody-
antigen complexes and briefly describe the key characteristics of each of these
interaction forces.
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1. fEWECH U2 NADH K& EN2E T2 I bavy P TIEET 27 ) v —
Y UIES ¥ P AICOWTHHL R X W,
Describe how the glycerol phosphate shuttle transports electrons from NADH,
which is produced during glycolysis, to the mitochondria.

2. FROFZIZOWTEIRICHMA L2 S0,

Explain briefly the following subjects.

(1) BSRINo— H R RE
Acceptable daily intake of food additives

(2) vy FUHREy 7 Lat B ATy 7 OJRKYEDE
Difference in the causal compounds of two smog-types, London-type and Los
Angeles-type

(D= ~fi< )
(Continue to the next page)



3. LU T OHMREHE _FEES (1)~3) XV iaa SN sEYOEREOAL M2k
N E, Flo, M DEER LR O AT LIRS,
Answer the name of functional group of the drug conjugated by the following phase
Il drug-metabolism reactions (1) - (3). Also, give the name of the catalytic enzyme

and coenzyme involved in each reaction.

(1) Z7vr e s
Glucuronidation

(2) FifEf &
Sulfation

(3) 7EF LA
Acetylation

4. LT () ADa~ellUTEEL DAL LRIV, 2B, a. cBLULe
I bEaEW4 %, b B LN ITIIEEREA ZRLT 2 &
Answer the name of the compound or enzyme that is suitable for each parenthesis
(a )to( e )In( a ),( ¢ )and ( e ), answer the name of the
compound.In( b )and( d ), answerthe name of the enzyme.

TH ) —)iE, THAa—ARKEREIZLY ((a )2k D, (a ) EFEIC
(b )IZEoT ( ¢ )ITEHBINDLL, (b ) OEBEHZHITLY T L
=)W T DR E DA EDNFHAFRE L Z X b TWD, =X ) —)Lirh
(a ) OAEKICEGTEFELLT, ((d ) bbb Tn5, (d ) DX
VN LAV, =X — VBRI KV EINT 5 2 EBRmb TV D, FEEIH
MLz (d ) iE, 7=FTF U FEETH LI HMEERA (e ) 2wt
KRBT DN AT D,

Ethanol is metabolized to ( a ) by alcohol dehydrogenase. ( a ) is then
converted by ( b )to ( ¢ ). The genetic polymorphism of ( b ) is
considered to explain inter-individual susceptibility to alcohol. It is known that
( d ) also plays a role in the formation of ( a ) from ethanol. The protein
expression level of ( d ) is elevated by ethanol ingestion. The increased
( d )can metabolize a widely-used analgesic ( e ), a phenacetin derivative,

to its toxic metabolite.
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VB2 BIXLL T OfiEdk T OSA Vv S0,

SAEEHR=8.31J-K" mol', 7777 —E#HF=9.65x10*C-mol', EE1V=
1J-C', In(0.1) =-2.30, In(0.5) =-0.693, 1In(0.9) =-0.105, In(2.0) = 0.693,
In(10) = 2.30, In(x) =In(10) % log(x)

Use the following constants and formulas if needed:

Gas constant, R =8.31 J-K-'-mol'; Faraday constant, F = 9.65x10* C-mol'; Eelectric
potential, 1 V = 1 J-C"; Natural logarithms, In(0.1) = —2.30; In(0.5) = —-0.693; In(0.9) =
—0.105; In(2.0) = 0.693; In(10) = 2.30; In(x) = In(10) % log(x)

1. UTORIZEZ IV,
Answer the following questions.

NAD*/NADH 25\ T, 25°C (28 28 FRUIEHERENL (pH = 0 @ & & DFENL)
. 0.1V Th2s,

The standard thermodynamic potential equation for the NAD */NADH redox couple at
25°C (pH =0)is -0.11 V.

(1) ERISOZETHISNZ R LR S0,
Write the reduced half-reaction for the redox couple.

(2) ZOLEDRNVAIDRERLZIV, EL, EEEHWVWTORTZ &,
Write the Nernst equation for this system using activities.

(3) LEICBT 2EWFHIEREEN (PH=7 D& ZDENM) ZiHE LRIV, 7=
2L, HZERS TR TOERITHFEERE L 35,
Calculate the biological standard potential (i.e., at pH 7) assuming all species
except H* are in their standard states.

(4) FEWEEN EEERISFE 7 Az rX— L OfRERTNE R L, BTFAE

YEIRRER K OVEM FEHIEAEIRIED & & OIEMER G X T AT R L X—%3H L
RSV, 722U, B ETRT L,
Derive the relationship between the standard potential and the standard Gibbs
free energy change, and calculate the standard Gibbs free energy changes
under both thermodynamic and biological standard conditions. Include
appropriate units.

(RD~—=T~5i<)
(Continue to the next page)



2. PHEEZICHOWVWT, UTORE (1) ~ (4) IZ&FERRIV,
Answer the following questions (1) — (4) about the * decay.

(1) PHEENEDOLIBREETEIDLTVNER LRI,
Answer which types of nuclides are likely to undergo * decay.

(2) BPHEENEZLIBELETXLX—QHEOFRMFEZNTRLARE N,
Answer the condition of decay energy Q value required for B* decay to occur.

(3) BHEEBIHVERIZED L I ICBLT 0K 272 E 0,
Answer how a nuclide changes as a result of §* decay.

(4) BEEENEDIIICERICHNPRENTWVDENEZRIV,
Answer how * decay is applied in the medical field.

3. WSRO NRITK T 2 B 31T 2 EHEM & MIEEEMIZ DWW TR L2 S,
Explain the direct and indirect actions of radiation on human body.
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L. KB D AL FOFEEIZOWT, ZREIHPI L2 SV, SFCIEMN %
HAWTH Ky,
Explain the following terms used in spectrophotometric analysis. You may use
figures for explanation if necessary.

(1) FH TG0 = 31 % — & IR R D BEF%
Relationship between UV-visible light energy and absorption wavelength.

(2) @0t &V DR IHEDE N
Difference in emission mechanism of fluorescence and phosphorescence.

(3) TN (IR) AT RIS T 2 RV
Characteristic absorption band in infrared absorption (IR) spectrum.

(4) 7'm F UBEBRIERB(H-NMR)IC BT D ~WIE & 75 O Bf%
Relationship between shielding effect and electron density in proton nuclear
magnetic resonance (H-NMR).

2. DHEESHTICEET 2 LR ORWIZE X RS,
Answer the following questions in separation analysis.

(1) BAA My a~ N7 T 7 0 —ORBERIEZHH LR X0,
Explain the separation principle of anion-exchange chromatography.

(2)7v= 7774 —T2MHOWEZ BT 2R L U THREE & SRR
EHESND, ZOMECONTEVZHMEIC LARNLHHA LRIV,
Resolution and separation factor are used as the indicators of separating two
compounds. Explain these indicators to show clearly their difference.

(3) Wk a~ ~7 77 4 =W ONT, HREZ M L &2 FEEZH L
RSV,
Explain the options to get higher sensitivity in liquid chromatography.



1.

BT EEKTE UNRERFGRENFELRE AEANRFRE AERRRE

FHLE A MEES | -

Organic Chemistry A Subject number

(1) 726 (3) OFMNTEZ IV,

Answer each question from (1) to (3).

(1) Y DX PUTIEEWT OB IEMEENE W), £7-. ZOHE % 50 F

(3)

RETHH LRI,
Which is more basic, pyridine or piperidine? Explain the reason in about 25

pyridine piperidine

words.

A IFY = NVETGFEREZ O 5 BRILEM TH 5, & X b5 HLIRIED
2B, A7 Ty MW T b D& 4 FER LRSIV,

Imidazole is a five-membered aromatic compound. Among its possible
resonance structures, draw four that satisfy the octet rule.

H
N
7

imidazole

TAINE R (EF I C) ORBEERMEEDEV OH KT LNy, XMz~
T, BHZHH LRSIV,
Which hydroxyl group in ascorbic acid (vitamin C) is most acidic? Use a diagram
to explain your reasoning.

o)

OH
0
J

OH
HO  ©oH

ascorbic acid

(RDO_—=T~f5i<)
(Continue to the next page)



2. WOKG (1) 6 (4) IZBITFARIEA, BOILEMAT L OFELEKY C-F O
FEEX 2R LSV, 7272 L, FARDICE I AT LR EEFNDEEICITEND DT
EALFEZ AL NCTHZ &,

Show the names of reagents A and B and draw the chemical structures of main

products C—F. Indicate the stereochemistry clearly when the main products contain a

stereocenter.

(1)

EtOH

o)
\//
O NaO'Bu

heat

n,
\
(@]

/ 9-BBN H202, NaOH
/\// > > D

THF H20

NaH H2804, EtOH

Y
m

> F

(RD_—=T~5i<)
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3.

(x)-Pancratistatin DG A F— L O—F AL FIZRT, ZHIZOWTLL T O/
(CERRS VY, 22 L. ALEM DN LT HER L TRV,

Here is shown a scheme for the synthesis of (x)-pancratistatin. Answer the
following questions. The stereochemistry of the compounds can be ignored.

< | o o
o + —_— < —_—
0
| o)
OMe o)
G H OMe |

0 \/El 0 VEE\ _-SiMe,'Bu
< (@) @] < (@) (@)
O e}
OMe K

OMe
O ‘
benzene THF, H,O <O CO,H

reflux

Y

OMe

(1) fEEMG L H D 1 25060V — M, HEREE & PO ER %
EWTRLARINY,
Draw a synthetic scheme for | using G and H with appropriate reagents and
the chemical structure of intermediates.

(2) {LEMI DD KafGD o OIZ BRI HE TR LRIV,
Draw chemical structure(s) of reagent(s) required for the reaction of J to K.

(3) ILEM KIS L 2155 GO IEZ R L2 S0,
Draw the mechanism of the reaction from K to L.
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1. ANVR=AEEMIZET DU T ORIWIZEZ 7R SV,
Answer the following questions concerning carbonyl compounds.

(1) FROKEOTHMAC & AR D OfLFHERA# X 72 X0,
Draw the chemical structures of the intermediate C and the product D in the
following reaction.

o O
NaOEt H,O*
)J\ + _ > C —_— D
Ph” “CHjs O
A B
(2) FROBIEOTHIE G L LR | OIFHERAHE 2 S\, Eo, #EH O
RN 2 ROCHE & & HITR LR E 0,
Draw the chemical structures of the intermediate G and the product | in the
following reaction. Also, explain the role of reagent H along with the reaction

mechanism.

CHj [ >

N
(0] +
(0] (O] cat. KOH HH H;0
¥ cat. KOR G - |
W\i:/r \)J\CHs heat

E F

(3) TRROKETIH, REKE CulZ2bon LGS ETEIMERHDH, Z0D
& ED Cul &I ZHHAE XL, 720 PHEIE L LARY N OfbFEE %
SERALTFED DD KO I E e E 0,
In the following reaction, it is necessary to pre-mix reagent K with Cul. Explain
the role of Cul in this context. Also, draw the chemical structures of the
intermediate L and the product N, clearly indicating their stereochemistry.

9 BN
é + Ui ~ge +cul — L W N

R',Si0 K

(RDO_—=T~f5i<)
(Continue to the next page)



(4)

T RETZATE, WFR B BRIESRME T TR fRZZT D05, 7 X RO
IRGIRANNTIMBR LB T %D o Z DISHEDFEIZOW TR L7 S0, £z,
7 AT R A X o TEM LS TR EX A/ & 2 S0,
Both amides and esters undergo hydrolysis under acidic conditions, but the
hydrolysis of amides requires heating. Explain the reason for this difference in
reactivity. Also, draw the chemical structure of the protonated form of the amide
that is activated under acidic conditions.

2. KA —ERBKSOSIZBET DT ORWICE L2 S0,

(1)

Answer the following questions concerning C—N bond formation.
TROIEWM O LILEM P & ORIGNZ X - TEEY Q 23E U 5 s O %
AL SV,
Propose a reaction mechanism for the formation of compound Q from the
reaction between compound O and compound P.

O, = O
F COzEt heat Q\
CN

o P

CO,Et

ERO X BEEFHE A AT A ET I DT v T T RRIE, Pd il
WD ZETHRESND, TG, KV IRKHERIFEB 17 A& D
BOSHFIREIZ 72 % — 07T FERT v AT BOSTED D TR S | F7FR =
UER I EOEE NN DME R B D, Z DORUSHEDEVIZ DWW TR L
SV,

Coupling reactions between aryl halides and amines, such as the one described
above, can also be promoted by palladium catalysis. In such cases, a broader
range of aryl halides can undergo the reaction. However, aryl fluorides are
generally unreactive, and substrates such as aryl iodides must be used instead.
Explain this difference in reactivity.

(RD_—T~fi< )
(Continue to the next page)



3. Grubbs’ catalyst ZF|H L7cA L7 ¢ v A & ARISZ IS HAWT, {bE
MIN DBERES T, LTOMWZEZ RS0, JRFEOSZEIZLLTO®EY Th
Do ARJETHRLTWD AN FLDfEIE ChemDraw z W= FHIIETH 2,
Compound V was synthesized using an olefin metathesis reaction as the key step,
employing Grubbs’ catalyst. Answer the following questions. The reference atomic
weights are as follows. The spectral values shown in this question are predicted
values generated using ChemDraw.

C:120, H: 1.0, O:16.0. N:14.0, Cl: 355, Br:79.9, 1:126.9

Comgound . Comgound NaH, THF Comgound
(R)-isomer (S)-isomer

1) ‘Bu,AIH, THF | 2) PhsPCH3Br

PCys then H,O* KOBu, THF
| «Cl y
C|’R|u:\ph °0 Grubbs'
PCy; 0 catalyst | Compound
u
Grubbs' catalyst _
(1st generation) Compound V
Olefin Metathesis Reaction
Grubbs'
catalyst
/: + /: —— /:“17 + —
A B A B

(RDOR—=T~5i< )
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(1)

LAY R OMEEZHERIL, 'HNMR BEZ N BC NMR @@ L7z SV, 728,
L& R DT R FE O LR EFII(R)-ETh 5,

Propose the structure of compound R, and assign the signals in the '"H NMR
and "3C NMR spectra. Note that the absolute configuration of the chiral center
in compound R is (R).

{LEMI(R)-R DAY kv
The spectrum of compound (R)-R.

'H NMR: & 4.73 (1H, q, J = 6.8 Hz), 4.21 (2H, g, J = 8.0 Hz), 1.97 (3H, d, J =
6.8 Hz), 1.21 (3H, t, J = 8.0 Hz).

13C NMR:  168.7, 60.6, 40.1, 21.4, 14.1.

HRMS: observed M* 179.9786 (100%), 181.9766 (97%).

b S (58 178) OEEHER L7z, B, bEWM S D RFRFED
MR SEAR L FIX(S)- R TH D,

Propose the structure of compound S (molecular weight: 178). Note that the
absolute configuration of the chiral center in compound S is (S).

ILEP(S)-S D NMR A7 kL
The NMR spectrum of compound (S)-S.

"H NMR: & 7.28 (2H, d, J = 7.5 Hz), 6.89 (2H, d, J = 7.5 Hz), 5.82 (1H, m), 5.30
(1H, br), 5.13 (1H, dd, J = 16.8, 2.1 Hz), 4.91 (1H, m), 4.88 (1H, dd, J = 10.0,
2.1 Hz), 3.81 (3H, s), 2.56 (1H, m), 2.31 (1H, m).

13C NMR: 8 159.5, 136.1, 134.3, 127.0 (2C), 116.4, 114.5 (2C), 75.8, 55.8, 42.4.

ILEW(R)-R &(S)-S b 4 TRETILEHV 2GR LTz, GRTPHAET EUD
MG Z NREFEDR DD X I IZEZ R E W,

Compound V was synthesized in four steps from the (R)-R and the (S)-S.
Provide the structures of the synthetic intermediates T and U, clearly indicating
their stereochemistry.

{bE V OSSR bFEEWFE L, ZOSNHRLETHER L TWD Z L 2 ERT 5
TEEZRE LRIV,

Specify the stereochemistry of compound V, and propose a method to confirm
that it has been obtained with this stereochemistry.



