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(Notice)

1.
2.

3.

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

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

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.

. Excluding the cover page, the exam booklet consists of 26 pages (Note: there is 1 page for

subject 6, 2 pages each for subjects 3 and 5, 3 pages each for subjects 4, 7, and 8, 5 pages
for subject 1, and 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.

. 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 response on the
reverse side.

(& HE BB ET 2480 ELH ] Required subjects as designated by the laboratory

& HRELE RE A WZH &3 D I B
No. Specialized subjects Laboratory
1 [EI5 A - 3PS Molecular and System Pharmacology
Medical A - A P15 Physiology - A3K*% Pharmacognosy
o =B - HYERES: Clinical Pharmacokinetics
Medical B « A Pharmaceutics
et A - F'EAIFE Protein Drug Discovery
3 Biology A - I AEMFES Molecular Biology
- EHMALALF: Cellular Biochemistry
4 B%isz - fia A FEF Pharmaceutical Cell Biology
5 WA A
Physical Pharmaceutical Sciences A
WyERSEE B - Jr IR HERRHTS: Molecular Pathobiology
. Iini:THz ~ ,%’L,,—'—»‘ . .
6 Physical Pharmaceutical Sciences B EJ% ﬁ%%ﬂ: E@% Drug Dlls.covery an.d Evolution ) )
- BIFE I VAL A r Y — Medicinal Chemistry & Chemical Biology
7 AL A - [EF PRI International Chemical and Physical Pharmacy
Organic Chemistry A i
L B . %%ﬁ%%&“% = ‘Pharmaceutical Synthetic Chemistry
8 Organic Chemistry B - BRETIRANAIZ/LS: Green Pharmaceutical Chemistry
- ¥ 5y 2 #1{b¥ Molecular Transformation Chemistry
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Medical A Subject number

1. UTOKLFEIZOWT, ELWEGAIZO., o TWALAIIX ZRIE L7 SV,
Answer "O" for the correct or " X" for the incorrect statements.

(1)

(8)

DM DULAE /1T = 8K Gg & o 73 7 BT SRR Ko TR T 5,
Cardiac contractility is enhanced by heterotrimeric Gq protein-coupled
receptor stimulation.

DNF TV BRI REIER & LT, RAHESEIRD B 5,

A characteristic side effect of diltiazem is reflex tachycardia.

7 vt R7 L VIEERILEE XV b BRI L THZRIGRETH D,
Clopidogrel is a more effective treatment for arterial thrombus than venous
thrombus.

U R A AIIEE AR ) 2 R S ¥ 5 2 & THAEIRMEN 234 5,
Lidocaine exerts its antiarrhythmic effect by shortening action potential
duration.

JMAEZED U 27 BEmWAEARIL, DEMEITH 5,

The arrhythmia with the highest risk of cerebral infarction is ventricular
fibrillation.

-0k RS 2 REIPERRR TR S 70> DAAREZ IS L T D,
Mesolimbic dopaminergic neurons project from the ventral tegmental area to
the nucleus accumbens.

U ARY RAT Do A EFEGUEN & 58V 5-HToa A IRFEHUER 263 2,
Risperidone has an antagonistic effect on D2 receptors and a potent
antagonistic effect on 5-HT2a receptors.

TIVET T =T LI AET T — )L D2 BRI xET 25 (EEhTG
HEa4 2,

Aripiprazole and brexpiprazole have a partial agonist effect on D2 receptors.

(KD_—T~f5i< )
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(9)

ranra<rORWERTHLE T e 7 7 F U MAEICIT BB - K3
T AREIERRGR N D,

Hyperprolactinemia, a side effect of chlorpromazine, involves the nigrostriatal
dopaminergic system.

(10) A&7 Y EAITMBEEZ T 21EM A& 0 BERIF &2 058 LIkt 6 RiE &

(13)

F~bixbETED,

Olanzapine lowers blood glucose levels and can be administered to
schizophrenia patients with diabetes mellitus.

EARGHE. BARREIT LI ADDE O OIER AR T 505, D EORERD
< e B VIEROFIEICHHEMTE 2,

Kakkonto relieves early symptoms of a cold in people with spontaneous
sweating, but it can also be used to relieve stiff shoulders even without cold
symptoms.

WEICEEND 7 ) FAY FUBORMEDIL, SEaLT a4 FEAKE
ALTED Y 7 AMIEZF &2,

Metabolites of glycyrrhizic acid in Glycyrrhizae Radix cause hyperkalemia via
mineralocorticoid receptors.

/NEEAG X, VBRI DFRIESEDS D72, A 2 —7 = n VR A
BHEHOBREFIIIHEHEZRTH D,

Shosaikoto is contraindicated in patients receiving interferon because of an
increased incidence of interstitial pneumonia.

REOE TEMIZ, SUAEWE L O THEmE N5,

The laxative effect of Rhei Rhizoma is enhanced when combined with
antibiotics.

AN, I URRAT DB ERN B TH Y | FLEEH OBV Y
NAYX ) YT Ihaf RO U a2E L TND,

Phellodendron Bark is the bark without the pericarp of Phellodendron
amurense (Rutaceae), and contains berberine, a benzylisoquinoline alkaloid
with potent antimicrobial activity.

(RDO~N—T i< )
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2. LTD (1) ~ (3) oFinb 1 2R L, @R L EE S 2 L TRE
L72EW,
Select one of the following three questions (1) ~ (3), indicate the selected question
number, and describe your answers.

(1) 1K O EFREIZ B9 LT ORIWIZE 22 S0,
(1) Answer the following questions regarding blood vessels and blood pressure

regulation.
(@) b MoIMEFRE O Z, 2OET - R - BRI TR L 72
S,

Explain the mechanism of human blood pressure regulation, dividing it into
rapid, intermediate, and prolonged types.

(b) BIR & ERIRODOIZREFERERY 221 W AR L7 S Uy,
Explain the morphological and functional differences between arteries and
veins.

(2) BVERZETHLLTFOMWICE 272 S0,
(2) Answer the following questions regarding morphine.

(@) FATMEEIEMGIRZ T2/ XOBERIEH A 1 =X LZONT, EIL

b X MERT DA, BN, FRMsIEME L Z OB R 2T T
LKA LZRS Y,
Explain in detail the mechanism of analgesic action of morphine via the
descending pain suppression system, including the receptors on which
morphine acts, and the relevant brain regions, neurotransmitters and their
receptors that are involved in the morphine’s analgesia.

(b) ENEXDOMEREZWET HIERIEL O L DT, EOMEMET 250l L7
X,

Name one therapeutic drug that relieves constipation by morphine, and
describe its mechanism of action.

(RDO~N—T i< )
(Continue to the next page)



(3) BEHWIFTIZET DL T DORIWIZE RSV,
(3) Answer the following questions regarding Kampo medicines (Japanese
traditional medicines).
(a) PEEAREHIZHONT
About Tokakujokito
(i) BRSSO RCAESE 2 LUT ORERAESR Y 2 b2y BEEON, ARILT7 DA -
BREIC DWW TR L2 S0,
Select the ingredients of Tokakujokito from the list of crude drugs below,
and explain the indications.

HERZESKY 2 |k (List of crude drugs)

K3 (Rhei Rhizoma), %t (Atractylodis Lanceae Rhizoma). 5.
(Sinomeni Caulis et Rhizoma). #££ % (Cinnamomi Cortex) . 71—
(Armeniacae Semen), H ¥ (Glycyrrhizae Radix). K% (Zizyphi Fructus).
$HE (Astragali Radix). t“ff (Sal Mirabilis), 4=% (Zingiberis Rhizoma).

Hkf— (Persicae Semen)

(i) ALLTF OWEIRE & 72 DHEREIZOWT, ZOME L E O T LR S0,
Explain the abdominal signs of indications for Tokakujokito, including its
location in the abdomen.

(iii) AT ORERAEIKED 5 B | Il £ 7 ITIER LTV 5 ATREMED & 5 i AL
G L7anZ ENEE LWASE 3 2% IF RS,

Among the crude drugs used in Tokakujokito, select three crude drugs that
should not be administered to pregnant women or women who may be
pregnant.

(RD_—T~f5i< )
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(b) ERZGIZHOWT
About Shinbuto
(i) ERGICET 23O O ~ ® I8 TUITEDIEIEAZEZ I,

Answer the crude drugs that apply to @ ~ & in the explanation of
Shinbuto.

BRI, M. B Bt NS RE X VShD, O & @ I
LK EMIH L, @ I3FHORELEM L THE DKL LD [F
R BRI R A FEH T 5, @ 13T 2l THiezm LS5, =
BT, B, HOENR &R 2 U S (K2R <IRD D2 1EH DO &
5 ® #ZMAT-bDOThHD, LIeh> T, FBEAESEL L, Kbk -
THEROELSmA, EEA, HILEREIZ D & L0 B BRZIRLZ AL
HY 2,

Shinbuto consists of Aconiti Radix Processa, Zingiberis Rhizoma,
Atractylodis Lanceae Rhizoma, Paeoniae Radix, and Poria. @O and @
work together to improve fluid retention, @ relieves muscle tension and
removes intestinal fluid retention, and at the same time has an analgesic
effect. @ warms the spleen and stomach and improves digestive function.
To these is added (®, which has analgesic and cardiotonic effects,
increases metabolism, and strongly warms the body. Therefore, Shinbuto
is suitable for people with depressed metabolism, fluid retention, severe
cold, body aches, and general weakness of the body as well as digestive
function.

0

(i) ART7 ORERAEFEDMFIL, B bikx 2R ONL) s T,

(iif)

fifFDERIZONWT, A E2ZE TR LSV,

The Aconiti Radix, an ingredient of Shinbuto, needs to be processed
before use. Explain the specific processing of Aconiti Radix, with the name
of the compounds.

AILTT ORERRAEFED AL AR LTk, Bl S5 2 & THRITIZAEMT %
20 B R TR SN,

Answer the name of the compounds newly produced by steaming and
drying the Zingiberis Rhizoma, which is an ingredient of Shinbuto.
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Medical B Subject number

VAT DB LED FHIIZOWT, IELWEEITO0, fioTWa5LAIE ELELAR

SYAN

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

(1) FEMHAKE LT DIHLE DO IS T, RN m W D

I B VS O i i PE AR 70 D,

In the absorption process from the gastrointestinal tract, where an
unstirred water layer is present, membrane permeability serves as the
rate-limiting factor for the absorption rate of highly lipophilic drugs.

NI AR =2 =N AE T D IRVERE BN A 1T, =L — RO B A=
BEAYAN

Transporter-mediated primary active transport of drugs across cell
membranes is not affected by energy metabolism.

W A LI sES L 7 LOFEE DY Langmuir TR T 584, 3 B (2
FOMIES LRI ~DBFAPAFPEE DL A L5237 LDRE G
(X3 2,

If the binding of drug A to plasma proteins can be described by the
Langmuir equation, competitive inhibition of plasma proteins by drug B
reduces the number of binding sites for drug A on the proteins.

JFEA )T 7 AD NSO, AT EAEB DL 7Y T T A K
ERN i e

Drugs with small hepatic intrinsic clearance also fluctuate in hepatic
clearance when hepatic blood flow fluctuates.

PRAME CTOZ BRI FRIUT, pH S BAAREIZIED DT, JROST VA VPRI R
AT, HREEME R O B P B 38 32,

Passive reabsorption in the renal tubules follows the pH partitioning
hypothesis, whereby the renal excretion rate of basic drugs is reduced if
the urine becomes more alkaline.

(RD_—T~fi<)
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(6) HWANBRELTIE 1-20 XS— R AV NET UIZIED I DTG R 1T, & 5 &
(ZEEBILZE AT 2,
The elimination rate of drugs whose pharmacokinetics follow a linear one-
compartment changes proportionally depending on the dose.

(7) —RITHEEENED @\ W FE OFARRBAT IR, Z D MAEFITREL,
In general, highly liposoluble drugs have low tissue translocability, and their
volume of distribution is large.

(8) (RNBIREDHRIZ 1-232 S—RAUNET UITIED N TIL, BRH T T RE
IMBERENEBIT 2 f5IC BRI DL RN 2 £51270 5,
In the case of drugs whose pharmacokinetics follow a linear one-
compartment model, a two-fold increase in both systemic clearance and
volume of distribution leads to a doubling of the elimination half-life.

(9) FEMEIRET DN Z R T IIT T AL, MR E[A C A AR T,
Clearance, which indicates the ability to remove drugs, is given in the same
units as blood flow velocity.

(10) BEHMLITRB TOIRMEANNOIHIT LY D6 B 7T T AT
VT FL AR IVT T ADFE TR ED,
In the case of drugs that are eliminated from the body by renal excretion
and hepatic metabolism, systemic clearance is determined by the
multiplying of renal and hepatic clearance.

LTl (1) ~ (4) OJhhb 2 fa@RL, EIRUZRER 52 AL TRE

L7REW,
Select two of the following four questions (1) ~ (4) , indicate the selected
question numbers, and describe your answers.

(1) koLED( D) )~ ( N T ED b i Y 7255 M) TR EE B 2 728
WV, F e, (a )~ (d)IChTUTELRLE Y 2N EE 2 230,
Answer the most appropriate word or number that applies to ((1))-((8) ) in
the following explanation. Additionally, give the most appropriate
mathematical formula that appliesto (a ) - (d).

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



IO L IIMBIEFIHEREO (. O )WETHY, IR TlE A
TCLIEAT LT DI DAL TUD, FEM DG IENED pH 3 BLRERIZIED 6
HATLTHTIEC @ ) BEOTZDITHIARED FE MR TTHET 23, A4 TF
TR0 @ )PEWEDICEERIEIK T2, 2ok, (O ) EYO
Mo 1T, BB BT DIEA A UL TIRET D DEI & &, DI
AFUMED( @ )L TEBELZ T D, WK <oKW O i BEN
(@ VREBCHHGAE . AV RYEIAA L R OFAEIT, TRIKD pH
LY D pKa ZHWTLL T OIDNIERK S ZENTED,

Most drugs are weakly acidic or weakly basic ( @O ) substances, and ionized
and non-ionized forms of the drug coexist in solution. If the membrane
permeability of drugs follows the pH partitioning hypothesis, the non-ionized form
of the drug is more permeable to the cell membrane due to its higher ( @ ),
whereas the ionized form of the drug is less permeable due to its higher ( ® ).
Therefore, the membrane permeation rate of ( (1) ) drugs is dependent on the
proportion of the drug present as the non-ionized form at the site of membrane
permeation and the ( (2) ) of the non-ionized form. If the dissociation of the drug

in solution is in the ( (4) ) state, the ratio of ionic to non-ionic drug present can be
expressed using the pH of the solution and the pKa of the drug as follows.

SR D & %%%=( a )
For weakly acidic drugs
S EE DI D55 ﬁ;]:(b )

For weakly basic drugs

ZZTC [ AT HA NI 55t DA A L B LA L TEDOIEE A [ BHTIE[ B I

SRS DA T T EIAT TR DIREE R T,

Where [ A"] and [ HA ] represent the concentration of ionized and non-ionized
forms of weakly acidic drugs, and [ BH*] and [ B ] represent the concentration of
ionized and non-ionized forms of weakly basic drugs.

SEM OIHHE 5 2o R T CIAA TG IM A E ORREED L FTF
ETHONEMHENEETHY, IEAA L TEOEIE (fu) 1, IR pH L3P D
pKa %z AWTLLFDISINCETZENTES,

When considering the membrane permeation rate of a drug, it is important to
know the proportion of the non-ionized form of the drug present at the membrane

surface. The fraction of the non-ionized form (fu) can be expressed as a function
of the pH of the solution and the pKa of the drug as follows.

(RD_—T~fi<)
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[HA]

SRR DY E fu(acid)=m= ( ¢ )

For weakly acidic drugs IRAl=Le

FHEMEADOBE  fupase) = ——d—= ( d )
[BH'] + [B]

For weakly basic drugs

P UF VIR (pKa=3.0) OWIGE RIS 1T DENE MDY pH 23 Bl IED A
Z DL BN IEA AL T DEI B ARAFT HEE % BB, pH=4.0 TIZHY
Fu 8 OFAFCHOEEGIE( & )% THLHDITXIL, pH=7.0 TiX
( ©® )%r2d, LIzdo T WAL pH 3R IERSEOSE | 5985
X pKa 28 (7)) )bDIFE, J9HEEMEEYIE pKa 23 ( )HDIEE T
WL EFT 2,

If the membrane permeability of salicylic acid (pKa=3.0) during the
absorption process follows the pH partitioning hypothesis, its passive
absorption would depend on the proportion of the non-ionized form. At pH=4.0,
the proportion of the non-ionized form of salicylic acid is ( ® ) %, while at
pH=7.0, itis ( ® ) %. Therefore, when the pH at the absorption site is near

neutral, the membrane permeability increases for weakly acidic drugs with a
pKa of ( @ ) and for weakly basic drugs with a pKa of ( )-

TORITTRTIEYENRE T A—2%2005M A, F B, W C 135, ZnbHD
HEPIOTHBERY X L0528k TG T 2 U A ES NS,
T2 FEY AL EY) B, B C IV B AT TR 2T 522 E > TD A
KL, ISR OENENRE X 1-22 /X —h A NET IVITHED , FF LI EE E 5 &
MR OFEIL, TN 1.4 Lihr/kg 33X 0.077 LIkg THHZEEEFEL ., K
DERINTEZ T2 &,

Drug A, drug B, and drug C have the pharmacokinetic parameters shown in
the table below. Serum protein binding to all these drugs are inhibited when
used in concomitant with Drug X. Drug A, B, and C are eliminated only
through hepatic metabolism, and their disposition follows a one-compartment
model. The hepatic blood flow rate and blood volume are 1.4 L/hr/kg and
0.077 L/kg, respectively. Answer the following questions.

(RD_—T~fi<)
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Drug A Drug B Drug C
) A ) B Y C
Total body clearance
BHIVT TR 0.10 0.05 1.3
CL (L/hr/kg)
Volume of distribution
SARITEAY 10 0.08 10
Vd( L/kg )
Unbound fraction in serum
MG IERE Ry 2 0.1 0.1 0.1
fu

(a) HW A, 3 B, 3 C TN THEEFHEL, B 5PN 24 W% (i
16 PR ITE FARRBICE L2, ZORBIZEBWT, Y X 220 F RN

HLTcEZA ) AL 3 B, KY) C DIfnig IR

BRI ERIT. W 2 £5

(CEF LT, ZoLEEY AL HKY) B, W) C DI TR &R EE O Z{BIZ S

WTC, FHRIERAZRL T L2 S0,

Drugs A, B, and C were each administered intravenously at a constant rate,
and the serum drug concentration reached a steady state 24 hours after the
initiation of administration. When drug X was rapidly administered
intravenously, the serum unbound fractions of drug A, drug B, and drug C all
increased two-fold. Explain the changes in the serum concentrations of
unbound fractions of drug A, drug B, and drug C, showing the calculation

process.

(b) A X ANEEFFAENS I T IS — ERE THEE T DERIC, ) AL Y

B. ¥ C zthZThifkHixhGLI-eIA, MiF RS

B FITNT IO H

MEE G- GEY) X EOFHLRNGE) LR 2512 ER LT, ZolE Y XD
B I ST Y ALY B, 3 C OFINITENENE DI TS
P, FHEIERRZ R CRIBIL 2SN,
When drug X was administered intravenously at a constant rate,

maintaining a constant concentration in the serum, oral administration of
drugs A, B, and C resulted in a two-fold increase in their serum unbound
fractions compared to when they were administered alone (without
concomitant administration with drug X). Explain how the half-lives of drug
A, drug B, and drug C are affected by drug X, showing the calculation

process.

(RDON—T~f5i <)
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(3) ENENEDSHIEIE 2 7= 9734 D 13, IR & BHRIEC K> TO BRI HIH

KL, E%H# BAIFRHZ VT 723257 V7 702D 20%TH
Do Flo, BEARHIEY D OB 27 VT 7 o ZTEM L ns, Bkt
7)77/x TRERIE AR (GFR)ICHABI L TR T 2, #W D &5
FORBEIZBNT, GFR N IEFEFFD 25%I{K T L72Rf, %) D oM HiRE
P AR N A (AUC) 2 BARREIE W R & [F] TIC 921213, &5 &2 Bk
IEHRFOM%BIZELE T IIX I DNFHR LRI,

Drug D, which exhibits linear pharmacokinetics, is eliminated from the body
clearance being 20% of systemic clearance. While hepatic clearance of drug
D does not change during renal disease, renal clearance changes in
proportion to the glomerular filtration rate (GFR). In a patient receiving drug
D, when GFR falls to 25% of normal, what percentage of the normal renal
function should the dose of drug D be changed to achieve the same area
under the blood concentration-time curve (AUC) as that of normal renal
function?

HLHBEEICHMD8mMg ZHARNK G Li-& 2A, FY DL, IRHITRKRE
Bk & LT 5mg 238k S v, bR EERFE fh#t FimAE (AUC) 13 120 pg -
hrimL CTH -7z, 7=, 8 mg ## A& 5 L7=1%® AUC 1% 30 pg - hr/mL T
SO, EEPICREMKE LTAamg Bt ST, 72720, ¥ D i3/
DI TR S v, HALE OFERET TORBMRITEES | RN IR G2 ITT
R & BRI K-> TORIHEK L, HILE OB ~O55W, BBt x
BANGDET D, £7o. H D OERNENREICIIRIEER K Y SLoH D & L,
FFILFEE X 100 L/hr & 9%, BLFORIWICE 2 X

When 8 mg of drug D was administered intravenously to a patient E, 5 mg
of drug D was excreted as the unchanged drug in the urine and the area under
the blood concentration-time curve (AUC) was 120 ug * hr/mL. The AUC after
oral administration of 8 mg was 30 ug * hr/mL and 4 mg was excreted as the
unchanged drug in faces. Remark, it is assumed that drug D is not
metabolized or degraded in the lumen of the gastrointestinal tract and is
eliminated only by hepatic metabolism and renal excretion after intravenous
administration, and there is no secretion into the lumen of the gastrointestinal
tract or excretion in the bile. The pharmacokinetics of drug D is assumed to
be linear, and the hepatic blood flow rate is assumed to be 100 L/hr.

(RD_—T~fi<)
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HEMDOTXAZ7 T4 (F) &R,

Calculate the availability (F) of drug D.

W) D O LB R RS (Fa) 2R X,

Calculate the gastrointestinal mucosal permeability (Fa) of drug D.
D OEE V)T T A (Chet) 2R X,

Calculate the systemic clearance (Clwot) of drug D.

HY)D O V772 A% (Ch) %R LI,

Calculate the hepatic clearance (Cln) of drug D.

EYDOEIZ VT 7 A% (Cl) #RD L,

Calculate the renal clearance (Clr) of drug D.

) D ORI (En) &K X,

Calculate the hepatic extraction rate (En) of drug D.

HED OF7T A7 07 1 (Fn) &KX,

Calculate the liver availability (Fn) of drug D.

A E OBEMRED 50%IXT L7256, 4 D @ AUC % B EEREIE & iy
ERICICT IR G EEZ EFREOM%ICERTIUX I Wk &,

If the renal function of patient E is reduced by 50%, calculate what
percentage of the normal dose should be changed in order for the AUC
of drug D to be the same as when renal function is normal.
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Biology A Subject number

1. KIBEOEM T +r— 7128175 V7" Y — AO LA & SRR 1 D 4 HEHE.
BLOI A~y F(REGVEE DS FHEIZOWT, IBEOHELZ T XTHWTEL

SHALZRSI W, EEORNPTHWREEDOHGEIIT THREI 230, ME M

WTH RV,

Explain overall structure of the replisome at the replication fork, the molecular functions

of each component, and mechanisms of mismatch repair in E. coli, using all the

indicated words correctly. Underline the indicated words in your answer. You may use

figures in your answer.

FBEOHEE : DnaB ~U 1—E, 774 ~—8, X278 DNARU X7 —EIll,
DNA R YU AT —F¥ |, KIEHGE., A F /b, GATC A%l

Indicated words: DnaB helicase, primase, the lagging strand, DNA polymerase llI,
DNA polymerase |, proofreading, methylation, GATC sequence.

2. FENIKIGHE lac A OEXTH S, ZORESRICL T, B-HTF7 7 b ¥
— BB T OEGHEBERICOW TR L722 S0y,

The following is a schema for lac operon in E. coli. Using the schema, briefly explain
the mechanism for transcriptional regulation of 3-galactosidase gene.

Schema for lac operon

/ P 0 Z

/ : repressor gene

P: promoter

O: operator

Z: B-galactosidase gene

(K D_—~Hi<) (continue to the next page)



3 HZUNTENI LT EN DB R 2 R E DO MREE TN THW TR L
S,
Describe the physical principles of protein folding using all the indicated words.

FREDMEE « Z2MRIRRE, RN, BEH= R L¥—, = hpb— = Z L —,
HILFHEE

Indicated words: denatured state, natural state, free energy, entropy, enthalpy,
non-covalent bonds.

4. Z R EDONMEE IR DTEE 1 OFT, TORM L ETR L ORFT &
BHLZRSW,

Describe one method for studying the conformation of proteins and explain its
principles, disadvantages and advantages.
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Biology B Subject number

(1)~(10) DHIGE & HEICBIR S 2580 2 XD~ — L DFEAIMH (A~N) o5 —
DIEFEN R IV, 2720, [ UFER OEEELEFRIIA L T 5,

Select only one word from the word columns (A ~ N) below that is closely related
to the terms (1) ~ (10). The same word may not be selected.

(1) Z7Vva—A6-KAT7 742 —F
Glucose-6-phosphatase

(2) HARBEILEED
Advanced glycation end products

@B) 7FFveT v IRk
Anaplerotic reaction

4) =%
Ubiquinone

(5) M ALAZAl
Uncoupler

6) EEZ 7 b
Lipid raft

(7) RENiFRE R
Fatty acid synthesis

(8) U RN
Lipoic acid

(9) @=L AT ua— VIifE
Hypercholesterolemia

(10) S- 7T/ A AFH =V

S-Adenosylmethionine

(D=~ <)
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FEAJ (Word columns)
(A) v7 / > Rotenone ; (B) "A 7 7 F /L=l Phosphatidylcholine ;
(C) NADPH ; (D) v /v el /LR ¥ 7 —F Pyruvate carboxylase ;
(E) = b= R VU T74HE Mitochondrial outer membrane ;
(F) A7 ¢ > F5'E Sphingolipid ; (G) A F /LAt 54K Methyl donor ;
(H) /IMafkiE Endoplasmic reticulum membrane ;
() Ve VBT & e —EH8 51K Pyruvate dehydrogenase complex ;
(J) =R ZF > Lovastatin ; (K)NADH ; (L) A 7 — Kt~ Maillard reaction ;
(M) & 1-i#EHk{A Electron carrier ; (N)2,4->= 1w ~” = /—/L 2,4-Dinitrophenol
2. TROFLIZOWTHERICHH L I,
Explain briefly the following subjects.

(1) XA A U EHOMAE 1 BHEE (4 pg TEQ/Kg (KE/H)DE M
The meaning of ‘tolerable daily intake of dioxins (4 pg TEQ/kg body
weight/day)’

(2) EFIZRBIT D ak— MFEOER
The meaning of ‘a cohort study’ in epidemiology

3. HMEHE HOSICHH SN DAL E 3 0%, ThEIZBEI L /%R
ERIBFROAPRATL LR SV,
Answer the three types of conjugating reactions in phase Il drug metabolisms.
Then, answer the enzyme and co-enzyme involved in each reaction.

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



4., YV TV EE-TINFARY T VDI EEIZ LV AECEEEOA D =X
DZOWTHEIFIAFELHA L2 SV, 72720, YU 7V ofERIT TR
DIE@Y
Explain the mechanism of the adverse effect caused by drug-drug interaction
between sorivudine and 5-fluruorouracil with the biochemical aspect. The structure

of sorivudine is shown below.

X Br

HO

OH
VAIRTAINABY: Sot-v
Structure of sorivudine



T 6 EEKTF UNREREREEFELRE SARARFIEER AFRRME

PRI A RREEE |

Physical Pharmaceutical Sciences A Subject number

VETHIUE, LLFOfEZ v/ XU, If necessary, use the following values.
Gas constant = 8.314 J K mol' |, In2 = 0.693. log2 = 0.301, In3 = 1.099. log3 =
0.477

1. BIE EANCOW T FOMWIE Z e S, 72720, &= hr e —2£1k
ZASorarn RDT Y b B —BAEZASs RO b r =R L EAS g, & T
Do
Answer the following questions about the second law of thermodynamics.

Note:

e AS;,:a1 : the total (universal) entropy change

* AS,ys :the entropy change of the system

e AS.,, :the entropy change of the surroundings

(1) BI)E JERIOERIT OV TRELUCHA L2 X0,

Briefly explain the definition of the second law of thermodynamics.

(2) FTXZXNVF—ZE{L (AG) PRICETDHEETTRELZ L&, BT b

nE—Zfbx b LIFHEE LRIV, £, AREMOR, —EET), —ERE
TIiE, AG<0E72 52 L HRLIREN,
Induce that the Gibbs energy change (AG) can be expressed only in terms of
values belonging to the system, based on the total entropy change. Also, under
the spontaneous condition, show the AG < 0 under constant pressure and
temperature.

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



A2 2BORISIZRWV T, 42 1.00 atm, i 310 K OIS, EAD 20%
WL TS, ZO&ED, a) FHER K, b) IEAEIREEX 7 A= 3 /1% —2%
ft (4G°). ¢) ¥FT AR LX—ZM (4G). ZFHE LRI,

In the reaction A 2 2B, 20% of the substrate A is decomposed at equilibrium
under a total pressure of 1.00 atm and a temperature of 310 K.

Calculate the following values: a) the equilibrium constant K, b) the standard state
Gibbs energy change (4G°), and c) the Gibbs energy change (4G).

WR IR B & AR Y B DWW CEBA L2 &y,
Explain absorbed dose and dose equivalent.

TR D NI BRI B OV THI ZE T RN bt L S,
Explain deterministic radiation effect with examples.



D6 FEKFE NUINKRERFGRENFELRE AEANRFRE AERRRE

Physical Pharmaceutical Sciences B Subject number

MEFEF B MEEE | g

L. AR D LU FOFRHIZOWT, 2@ L3 v, SCiXEZH
WTH LW,
Explain the following terms used in spectrophotometric analysis. You may use
figures for explanation if necessary.

(1)

(2)

(3)

(4)

AN RIS FEREVEIC R T 5 T L h=_— L DL

Lambert-Beer law in ultraviolet-visible spectroscopy

TNF LA v DENTE R

Fluorescence generation mechanism of fluorescein

LS T T A~ &8 (ICP-MS) OJIE

Principle of inductively coupled plasma-mass spectroscopy (ICP-MS)
measurement

R R B (NMR)ICEBIT 5B —~ o4y 5L

Zeeman effect in nuclear magnetic resonance (NMR)

2. 7u< b 7774 —ICETLUTOMWNIZEZR S,
Answer the following questions about chromatography.

(1)

(2)

WitH HPLC Do Bt 23] L. ATt g b e oE&ofitt (k) 2K S
BTOLFEEZRLRIV,

Explain the separation principles of reversed-phase chromatography, and
explain how to increase the capacity factor (k) of the target molecule.

su~ N7 774 —TCrtEiath2 B L LT Th 288Kz oV T, &
Bl a2 F 72 D BRI L 722 S0y,

Explain the derivatization reactions used for the high-performance
chromatographic analysis.



1.

L6 EEKFT NINRKREREREAFELRE NEARIEER AFRREE

B A RIEE 5 7

Organic Chemistry A Subject number

(1) »B (4) OFMICEZRSVY,

Answer each question from (1) to (4).

(1)

(2)

(3)

(4)

TF L ETEF LU TIINTROMMIEER SV, o, TOHMA%Z 50
RETHH LRIV,

Which is more acidic, ethylene or acetylene? Explain the reason in about 25
words.

(3R,4R)-4-bromo-5-methylhexan-3-ol (A) DOfbFEEERE EX 72 X0,

Draw the chemical structure of (3R,4R)-4-bromo-5-methylhexan-3-ol (A).

bW A DRFE AN DRFEIMNERIZEE, BEXHD 3 DD Lk
% Newmann ##ACitik L7g S0,

Looking at carbon 3 from carbon 4 of compound A, describe the three possible
staggered conformations using Newman projections.

IbEW A 2oL CUBE L7z & AR T 5 =A% ¥ N B Db iEiEX%a L
BIEFDRDD L ITEZR I,
Draw the chemical structure of epoxide B, formed when compound A is treated

with a strong base, indicating the stereochemistry clearly.

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



RO (1) 226 (4) 1285 E4AMY C-F OfbFHENEZ R L7223, 1o
2L, (LEMOSE L FITIEE L TRV,

Draw the chemical structures of main products C—F. The stereochemistry of the
compounds can be ignored.

(1)

O/\ HBr
—_— D

NaBH;CN

O
{ 5 AcOH
+ N B —— E
H

0 conc. H,SO,

_ > F

EtOH

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



3. (x)-isocomene (M) DAKAF—2L (PiF) ZLLFIRT, ZHICOWTLLTFD
FRNZEZ TR &V, ALEYONAREFITER L TR,
Here is shown a scheme for the synthesis of (t)-isocomene (M). Answer the
following questions. The stereochemistry of the compounds can be ignored.

cat.

L O
X, O,
0] EtOH, benzene OEt THF
G H

(0]
0 )I\/\/MQB"

\it( K aq. HCI
THF
OEt

J L M

\)
\J

(1) 1EEW GO HESGARISOIEZ R L7230,
Draw the mechanism of the reaction from G to H.

(2) ALEVH DB J Z150 A F MU N T, SHEZRER T Ofb52 A%
R LIRS,
Draw the chemical structure of reagent | required for the methylation.

(3) A~ 732> U ARIGAIK % TIZRT 7 02—V NP BELERRL— b
Z, BERRER LOTMEOEZ ZO TR LRIV,
Draw a synthetic scheme for K using N with appropriate reagents and the
chemical structure of intermediates.

)I\/\/OH

N

(4) \LEWI DO L 25N EZ R L7 S0,
Draw the mechanism of the reaction from J to L.



D6 FEKFE NUINKRERFGRENFELRE AEANRFRE AERRRE

1.

(1)

ALY B MEES | g

Organic Chemistry B Subject number

LITFORW (1) ~ (3) IZEARIVY,
Answer the following questions (1) to (3):

b&% A D>HALEY B ~DOEBNI B IELE 2 S, £z, {bH
Y B oAb G C ~DEMES & ISR T1T - TE R b 22 W E 2 5
L7y,

Propose the reagents required for the conversion of compound A to compound
B. Additionally, explain why the conversion of compound B to compound C
should not be conducted under basic conditions.

Br

COzMe COzMe COzMe
A B C

TRLOBIS DO TR E &AM F O FEEN i E S0,
Draw the chemical structures of the intermediate E and the product F in the
following reaction.

OH cat. H*
MeC(OEt A
\)\ u, E - F
Me
D

It&% G oAb EW H ~DEWSISDSUCHEZ R LR SV, Fo, RS
e LTTFRED 1) BELU2) ROV IZ, EtOOC-N=N-COOEt & PPhs # H
W25 E O EAR O FREE N/ E S0,

Draw the reaction mechanism for the conversion of compound G to compound
H. Furthermore, draw the chemical structure of the main product when EtOOC-
N=N-COOEt and PPhs are used instead of the conditions 1) and 2).

1y o «l
Cl
OTBS
Me.,
Ho. < Ve Cl Cl, EtsN ,
(0] .
0 OH 2) '@\ N-""0TBS
=
a NMe, O y

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



2. TFFeo 1,10-decanediol (1) 7>5(R)-muscone ~DEHSIZEET 2 LA F ORIV
(1) — (3) IZ&EARIV
Answer the following questions (1) to (3) concerning the conversion of 1,10-

decanediol (I) to (R)-muscone.

0O O

O
HsC OEt
NaH Me
J K
HBr M
NaOH
4 0 \ %0 A)H .
A cat. Ru
J 0 0 h
cat. [M], Me Me, base 2
HO/\t/)/S\OH ________________________________ MGWMG
1 \ 8 o
I : (X=0) : L
H [M]  [MHy] ' \\Me
R)\X'H ‘7T R/%X
[M]  [MHj]
(X =0, CHR)
S ! (R)-muscone

(1) A &EFE Kb EX LR X 72 S0,
Draw the chemical structures of intermediates J and K.

(2) ILEW L LG M OSSO SOSHEREZ R LR S0,
Draw the reaction mechanism for the conversion of compound L to compound
M.

(3) WU ERSREAME M] ZHWDZ & TILEW | D BILEY L ~EHEA# S
HTZENTED, 20O [M] &, M2HAT D [MH2) IZA#R CHENTZ KIS E
il %, Z OEBSIED EE R 3 oD PR LA E XA i s X v, 72
2L, ®EEE AT G | ORE%L RCH20H & ik L TR T 5 2 &,
Using an appropriate transition metal catalyst [M], compound | can be directly
converted to compound L. [M] and the resulting [MHz] catalyze the reactions

enclosed by dashed lines. Draw the chemical structures of the three main
intermediates in this conversion. Note that the structure of the symmetrical
compound I should be simplified and represented as RCH20H.

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



3. MLAEMN % TR RTHRIETREELIZ L 2 A, L&YW O 2kl LILEW P 34
Ul L& P D43 7815 306 TH Y  NMR A7 MUILLFO#EY Th b (4
Tl C=12, H=1, N=14 TiHH ; 'H-NMR [X3RME S 4J 241 L RElg(L
LCR#E LT, KFE 1 o907 —F= 7 L TEIHHSI TV ;
13C-NMR /& ChemDraw Z W 7= FIfE) . 7Zedfba¥ O IZiTmis i 71372 < |
P (ZI3miss i 7 & MR R F1d e, (e P Ok E X4 % 2 ,"H-NMR % /&
BLARSW, o, (LEWNDPDALEY P DA Z I L 22 SV, 2B, =
N7 I ) HEAOBILOA D =X NIEK L TEL,

Compound N was treated under the conditions shown in the figure below, resulting

in the formation of compound P via compound O. The molecular weight of
compound P is 306, and the NMR spectra are as follows (The molecular weight is
calculated using C=12, H=1, and N=14. '"H-NMR values are simplified and exclude
4J values from actual measurements; one hydrogen signal is broadened and not

observed. "3 C-NMR values are predicted using ChemDraw.). Compound O does
not contain a sulfur atom, and compound P does not contain sulfur or oxygen
atoms. Determine the chemical structure of compound P and assign the "H-NMR

signals. Additionally, explain the mechanism of the formation of compound P from
compound N. The reduction mechanism of the nitro group to the amino group can
be omitted.

Ve
K2003 Zn P

_— 0 —_—
DMSO
WS AcOH, H,0 MW = 306

0 I
ZOEHET, ZFAELKTI/RBICERTIND
Under these conditions, the nitro group is reduced to an amino group.

Compound P

"H-NMR (400 MHz, CDCI3) d 7.76 (1H, br), 7.48 (1H, d, J = 7.3 Hz), 7.25 (1H, d,
J=7.3 Hz); 7.25-7.23 (5H, m), 7.10 (1H, t, J = 7.3 Hz), 7.04 (1H, t, J = 7.3 Hz),
3.81 (2H, s), 3.00-2.88 (4H, m), 2.70 (2H, t, J = 7.0 Hz), 1.57 (2H, quintet, J=7.0
Hz), 1.34 (2H, sextet, J=7.0 Hz), 0.89 (3H, t, J = 7.0 HZz).

13C-NMR (predicted) & 140.2, 136.2, 134.6, 128.5 (2C), 127.9 (2C), 127.3, 127.0,
121.7, 119.8, 118.8, 111.1, 108.2, 52.6, 48.3, 32.2, 30.1, 24.4, 22.3, 14.1.



