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AAFEE 2ITHEFETHEE L2 SV, (Answer in Japanese or English)

M1 JEE 0 IR X 2 MR o T Rl LM o0 N Ak 7 PR B LA I PN 2% o 98 2 0t 2 i TR L
TWo, ZHWEEL TUTORIZEZ LRIV,

Q1  The formation of the cell membrane by lipid bilayers isolates the inside and outside of the cell
and limits the permeation of substances into and out of the cell. Answer the following questions.

(1) AROIFE " FEOE ST 6~10 () THD, By aRNICADLFLEZEZ RS,
The thickness of lipid bilayers in living organisms ranges from 6 to 10 ( ). Answer the units in
parentheses.

(2) LTDO A~EIZY TEFE DB EEZ RS0,
A ZED U CREIE, (A ) OEEE (B ) ORILKIZHDRIMEZF > T
2, C A )& (B ) oMFOMWEZR~TWLZEE ( C ) Lo, IFEZ
DTEP DY CNREOIEE A FIROR CEHN TIIIEES TOBETHS ( D) 135
BRI D0, FE»SRAHIDE~DIEE S FoB#TH2L ( E ) 1L, BEMIZ
THO ST Z B0,
Answer the words that apply to A to E below.
Phospholipids, which make up cell membranes, have a (A) head and a (B) tail of hydrocarbon
chains. Phospholipids with both (A) and (B) properties are called (C) phospholipids. The
movement of phospholipids within the same leaflet of a lipid bilayer, known as (D), happens
rapidly. On the other hand, the movement of phospholipids within a membrane layer from one
side to the opposite side, known as (E), rarely occurs spontaneously.

(3) DEEDEINRT ENRKRERRDITRED, 60 LFLUNTHH LS,
Explain why likelihood of occurring of D and E are very different within 30 words.

(4) NEE 3 FIRIZ BT DGR IEIC DN T, LU 5 DOWEIZ OV TGRSR DO K &
WIEIZAE 72 S0y,
JNa—Ax, A=), Na', O, FU 7 h7 7
Arrange the substances in order of their membrane permeability coefficient.
glucose, indole, Na®, H>O, tryptophan

(5) Na"®B LU KTMAEN - Mgk D &6 5 TRENE WD, ZRLENEZ RSV,

Answer whether Na* and K™ are more concentrated intracellularly or extracellularly, respectively.

(6) MM Na'& K'OEAN & HERr 3 DA DN T 60 CFLUN TR L2 S
A
Explain a mechanism for maintaining concentration gradients of Na* and K* between inside and
outside of cells within 30 words.

(7) (O) TEAMTA A REARLZFIM L T, MOWE Z@ES DAL 5 2E
ZIRIUN,
What is the name of the mechanism that uses the ion concentration gradient created by
mechanism (6) to transport another substance?
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2 ATP PEAIZET 2L TOMIZEZ RSV,
Q2 Answer the following questions regarding ATP production.

TNaA—2 1 IR TENLE V2 IR SN D, BV E UBRIT NS Tl
(A) &RoTIZUMEKICAD, ZORKNFIELVE VBT e Rul—+€ (PDH) #
HiRE LT, 7 U REIR T (A) T4 e eE s L (B ) BRAELS, D B)
P OEBDOIET 2 EORFTFS (C) DIETERONTAIZ =)L CoA~E @,
ZOEFETAELLEFIZINADH O CHitE SN 5, A7 =)L CoA TN < DB Z#8 T
X uliiE~EHAEIN, ZOWMRETAELCLE 71X NADH X° FADH: O CTHift S i1 5,
NADH X° FADH: & L CHife S 7B F NI ha FUTEFRERT (D) mESNH
LB, ~ MY v 7 ZAnGEMPE~ ( E ) PlE S NVARNSERIND, ATP GREEHR X
Zo (E) ARZFMLTATP 21T 2, — T, UEIRER E T, IFE2H 6 ATP
DEERINDG, NI TIAT Ve —nAnblENigfic L > TET2OENE-S (A)
DAEL, 7 UBREK OB I ATP NE SN D,
One molecule of glucose is metabolized to two molecules of pyruvate in glycolysis.
Pyruvate enters the citric acid circuit as ( A ) under aerobic conditions. This reaction
proceeds via the pyruvate dehydrogenase (PDH) complex. In the citric acid circuit, ( A)
reacts with oxaloacetic acid to produce ( B). Then, D (B) is metabolized to succinyl CoA
by the loss of two carbon atoms in the form of ( C) in multiple reactions, and electrons
produced in this process are carried in the form of NADH. Succinyl CoA is regenerated
into oxaloacetate through several steps, and the electrons generated in this process are
carried in the form of NADH and FADH:. Electrons in the forms of NADH and FADH>
are transferred to ( D ) by the mitochondrial electron transfer system, which in turn
transports ( E ) from the matrix to the inter membrane space, forming a ( E ) gradient.
On the other hand, ATP is also synthesized from lipids during starvation and other
conditions. Fatty acids that are produced by lipolysis from triacylglycerols, then @ fatty
acids are broken down to generate (A), which is used to produce ATP.

L (A)~(E)CHEYRFEZ AR E N,
Answer the words that apply to (A ) to ( E ) above.

2. EAEVEETE Rus—E (PDH) OIEMHEIZED X 9 IZHi ST\ 252, 80 SLFLL
NTEZRIV,
Answer how the activity of pyruvate dehydrogenase (PDH) is regulated within 30
words.

3. THODWMEDISDALEEZIRI W,
Answer the name of the reaction in the process underlined .

4., 7 BRI NS1IEEET S E, (A) 1574720 NADH & FADH: X% E 51
RS D DVEZ IR S,
How many molecules of NADH and FADH: are produced per one molecule of (A) when
the citric acid circuit makes one rotation?
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BARERIL I~IV O 4 SOZ ARV HEEEERP O SND, Z0 I~IV 05 5,
(E) ZE@ETHHOEENNEZ RSN,

The electron transfer system consists of four protein complexes I-IV. Answer which of
these I-IV transport ( E ).

ATP A% FILFO L F1 7 2=y FTHEINATWD, FOIZED LD etk r A
MEZIRSV, FIHBEL7 FLITEBRENTEDO L) R E AT 20E 2RIV,
ATP synthase is composed of FO and F1 subunits. Answer what function FO subunit
has. In addition, answer what function isolated F1 subunit has in vitro.

ATP SRR N _BEROF Y I~ —Z2 KT 2MET7 VAT LIRS b N
T EDN IS o TeMEEDNTER S D, 2 OREED ATP GRUIC E D K 5 IC% 579 27, 80
LFLNTEZ RIS,

In the process of ATP synthase forming dimeric oligomers, a structure with a bent
mitochondrial inner membrane called a cristae is formed. Explain how this structure
contributes to ATP synthesis within 40 words.

THRQDIMBFED K Ii D& R o B 275 S,

Answer the name of the reaction in the process underlined @.

THOIT 4 SORIEREVIELIZEY (A) BELD, Z0 4 BBEO RIS OIERF A3 1E
LWHDZLU TG = DR T ZE LRIV,

Four reactions are repeated to produce ( A) in the process of underlined @. Choose
one of the following that has the correct sequence of reactions in these four steps and answer with
a symbol.

WAt — AL — KA I — T A — L B 2
WeAt— KA IN— At —F A — VB R
WAt — KA N — 1% e — F A — VB R
WAt — 1 T — KA —F A — VB R
Wit —E e~k —>F 4 — VB

o T

Oxidation—0Oxidation—Hydration—Thiol cleavage
Oxidation—Hydration—Oxidation—Thiol cleavage
Oxidation—Hydration—Reduction—Thiol cleavage
Oxidation—Reduction—Hydration—Thiol cleavage
Oxidation—Reduction—0Oxidation—Thiol cleavage

°pe T
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13 DNABHIZETHLLTORICE ARSIV,
Q3 Answer the following questions regarding DNA replication.

AFMEEO L & Tk, OZAKE DNA ZABREZ O LEAMIEEZ AL, HIEE 5 A
FoTIZEREICEB SN, BV Ao -EER L0 AMF R OEREL 3.4A T, bHA
ML 84 A TR LTWS, B R TIE 1 fifadH7- 04 3.6 m @ DNA R Eh,

(A) ROGEAMERIZHPNT, BREKS pm OBEOFIZID 5N TWD, ENTIE, ik
P RIETHD (B) D8 EREZIK L., TDOREDIZH 200 bp @ DNA 73& & ST
R72%D (C) #BEKLTWS, (C) EHBARICHATHEAERD ., EHIZFEAN
=T RICERIZIT Y 7ol ENTHREERO SIREENTER STV 5,

@DNA DNEBINHERICIE,. —HOFAMEOEZN TN OENHFER L 720 . F LWVEEN
Bl END, ZOZEiE, LTIERTRIBEZHW ALY X2 —LDFERIZI - T
FERA &7,

[ 5=5%]

(1) 2EHEJ &L LT BNH4Cl DA% G et SR b bz > TRIBHE 2 8% L. DNA 4

T op 14N % 1N (2 {E# L 7=,

(2) D%, RIBEAZZFEP L LT UNHLCl OALZ2Eieizlc B Uz TEEEZHIB L. &

PRI L C DNA 2l L 7=,

3 THEOLNIEDNAZ (D) HEBCL-oTHEEL, O ROMEEZ MNDNA B O
15N DNA O3> ROfLE & i L 7=,

TRE DNA 03V EB I N5 BICE, —ELHEAD 2 KOEN (E) & XiEh 25
Lo ThHlfsis, 88 E 725 DNADBEH LI-obiz, (F) & Xidind RNAKRY A
7 —EB 2 DNA 50— LA 10 X 7 LA F FRREOHE W RNA A2 A5+ 5, &
D RNA 82 DNA GO 77 A ~— L LTHE, DNASIZT X U ARX T LATF NENAL
Z 1 ETOIEF AT 2 L E i 28FETHS (G ) I > T, DNA G’ TTHOI
5, (G) 1%, 5=30O—FEIZLM» DNA Z2HETIHZENTE RN b, HEOK
ZHENTH LT +— 71BN TiE, @F DNA O—FO8{IE 5'—3 O MIZEfEAIIC
ARENEN OFHEDNADO S 5 —HOHIT OFER 7 +— 7 \ZF K720 AFET 5 8V DNA
Wih e LT3 HFMICEMINT-OBHIZ, DNABAZ o <EERETHD (H) offix
L > THER S, UIHOZRWIREA L 705,

Under physiological conditions, (Ddouble-stranded DNA forms a right-handed helical
structure, with the bases arranged almost perpendicular to the helical axis. The distance
between adjacent bases in the helical axis direction is 3.4 A, and the helical structure
repeats every 34 A. Humans contain about 3.6 m of DNA per cell, which is divided into
(A) chromosomes and contained in a nucleus with a diameter of about 5 pm. Inside the
nucleus, a basic protein called ( B ) forms octamers, around which about 200 bp of DNA
is wound to form a huge number of (C). (C) are arranged in a helical shape and stacked,
which are further folded into higher-order loops to form the higher-order structure of the
chromosome.

@When DNA is replicated, each strand of the double helix structure serves as a
template to synthesize a new strand. This was proven by the experiment by Meselson and
Staal using Escherichia coli shown below.
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[Experiment]

(1) E. coli was cultured for several generations in a medium containing only 15NHClI as
a nitrogen source, and “N in the DNA molecules was replaced with 15N,

(2) The E. coli was then transferred to a medium containing only “NH4Cl as a nitrogen
source to begin culturing, and the bacteria were harvested over time to extract DNA.

(3) The DNA obtained in experiment (2) was separated by the ( D ) method, and the
position of the band was compared with the positions of the 14N DNA and 15N DNA bands.

When a double-stranded DNA molecule is replicated, the two strands of the double
helix are separated by an enzyme called ( E). After the template DNA is exposed, an RNA
polymerase called ( F ) synthesizes a short RNA strand of about 10 nucleotides that is
complementary to one of the template DNA strands. This RNA strand acts as a primer
for DNA synthesis, and DNA synthesis is carried out by an enzyme called ( G ), which
catalyzes the reaction of adding deoxyribonucleotide units to the DNA strand one by one
in sequence. Since ( G ) can only extend DNA in one direction from 5' to 3', at the
replication fork where replication occurs, (Qone strand of the parent DNA is synthesized
continuously in the 5' to 3' direction, while @the other strand of the parent DNA is
synthesized in the 5' to 3' direction as ®short DNA fragments that exist only for a short
time at the replication fork, and then linked by the action of an enzyme called ( H ) that
links the DNA fragments to form an unbroken daughter strand.

1. (A)~(H @I 258/ £ 21382 A S,
Answer the words or numbers that apply to (A) to ( H) above.

2. THIBO® “ A DNA X 58 ABICZ - THE 1 > SMEREET 2 K 2 S0,
What is the angle at which the double-stranded DNA described in the underlined
part D rotates along its helical axis per base?

3. ANV RAF—VOERIZET LU TOMWICE X e Z 0,
Answer the following questions about Meselson and Staal's experiment.
a. FHIB@D X 572 DNA ER O A& LENE 2RI,
What is the name for the mode of DNA replication like the underlined part ©@?
b. (2) CRGH OB Z Bl hhtk . 1 HRZIZIZ DNA O R 1 AZLiTZ, Z® DNA
DEFEIXED X ST/ 5 0, UNDNA B LN IBNDNA OFEFE LI L TEZ 8 S
AN
After starting the cultivation of Z. coli, one DNA band was observed after one
generation. What is the density of this DNA? Compare it with the densities of
14N DNA and N DNA.
c. Q) TCKBHEOEE R ZRGE, 5 HRRBRIITEDX I REED AR R ED L S 7T
BT DMERIRIV,
After starting the cultivation of E. coli in (2), what density and ratio of bands will
appear after five generations? Answer both their density and ratio.

4. THREG, @o#HIX, ZnEhf e LT D2 0EZ RS,
What are the strands described in the underlined part @ and @ called,
respectively?
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. FHEO@OE WV DNA WX, e KT &z eI,
What is the name of the short DNA fragment described in the underlined part ®?

. KIBHE DT 5 DNA X 460 HHFER 7223, & b o 2 fF AL TIX 60 S TH
%, Flo. RIGEOBIRERIZ 1 KROGEIRIZINE > TWD2, B FOGAITHEEOLGE
BRI DPINTIRE->TEY , RBEICHASTEHEBEPKRETHL, ZNOOMMEICK L, &
N ORIBIEZ ED K SIS LTV D20 L7222 S0,
The DNA that E. coli replicates is 4.6 million base pairs, whereas in diploid human
cells it is 6 billion base pairs. Also, the genetic information in £. coli is contained in a
single chromosome, whereas in humans it is split across multiple chromosomes,
making replication more difficult than in £. coli. Explain how human cells deal with

these problems.
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(1) nm

(2) A #KM%E/hydrophilic B ERZKM/hydrophobic  C m#fiEE/ amphipathic

D RIFSIEEY lateral diffusion E LA or 2w T 20w T / transverse
diffusion / flio-flop

(3) U VIBBEDFKENRKMEDIEERZHZ TRXIAIX TREITDCHICENIRILF—
[BEEZHZ DINEN D DT
The movement of hydrophilic group of phospholipid across hydrophobic lipid
membrane requires high energy

4) HoO>A Y E=I)IL>RUT D2 >0)03—2A>Na'
H->O >indole >tryptophan >glucose >Na”

(5) Na"  #@#ash /extracellular K™ #BiaR/intracellular

6) Na-K7h> T (D& Na' K-ATP 7—1) [CXKD Na'l3#Biasnc. KI3HBiamIC
BEENHHE SN DITYH
Na+/K+-ATPase, (sodium-potassium pump), is a transmembrane protein that
actively transports sodium (Na+) out of the cell and potassium (K+) into the cell

(7) ZIRM4#8IX/secondary transporter

HERBOEX
FRRBKU. HRREONEEBICEII SERHRHE-[ D

FF )

N
>t
N
&t
Tl
N
s
Nk
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2 Q2

1 A PEFI)LCoA/acetyl C)oA B DI VB/citricacid C ZTBEELRER
D= E JOkY

2 PDHFF—BICKD VB {tESNDERNEEEZD, PDHIRRDI »H—CICKDIR >~
BitcNd B ERD
It becomes inactive when phosphorylated by PDH kinase and active when
dephosphorylated by PDH phosphatase.

3 E&{bBIBRERER/ oxidative decarboxylation

4 NADH 32F/ 3 molecules FADH, 1 2F/one molecule

51 I, NV

6 FO 7OkYFv=RIl/proton channel F1 ATP?—¥ ATPase

7 BFEROTORVRNY TN ATP GREROES TIO MY ERMCICENTEDE
. ATP SROMENEFRT D,

The efficiency of ATP synthesis is increased because the proton pumps in the
electron transfer system can pump protons close to the ATP synthase.

8 BEHE/B oxidation

9 b

HERBOEX
ATP EECEDIRILF—REORRRFZED

N
>t
N
&t
Tl
N
i
Nk
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3 Q3

1A46 B X kV/histone C XOUZAY—/I/nucleosomes
D BELELZIN/ density gradient centrifugation E  DNA AL A—1T/DNA helicase
F 54 V—1Y/primase G DNA R XS5 —1/DNA polymerase
H DNA J7J—1/DNA ligase

2 36 E/36°

3 a. FHHREFEER/ semiconservative replication

b. "N DNA & "N DNA DBENDDPREDBEICTRD.

c. "N DNA & >N DNA OBEDOPEDEBED DNA : "NDNA=1:15

4 D J—F a1V leading strand @ SF2TtH/lagging strand

5 BIET ST XY +/Okazaki fragment

6 BREREZHNAIDICETAM LTS,

This is achieved by using many replication origins.

HERBOEX
DNA BRI(CRE I DERHAIHZE D

(FEXRZXRZKR FF )

Tl
“NE
A
Nk
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