2025FFAE
REBRKEFEXZRFZEFZAREHELREE

NEANZZEHRES

B HPR B AR

(2025%2H1 2H%E)

[2 2T APAEYF]
[Microbial Systems Biology]

(FE) FEMRBEITRETHRELTH L,
Either English or Japanese is accepted for answer.

A R R 9:00~10:00

= B 5 (Examinee Number)

K4 (Name)




T £ A # (Memo)



~—=v (1)

20258FE s T B

AEANBZFERHNES
[V 27 Ltk FE]

Answer all the following questions (1)~ (4) in English.

Consider the space between each question as sufficient to answer using readable font size.

Question 1

Microorganisms such as bacteria grow by binary fission. In the laboratory, in a closed culture
tube (where gas exchange is possible) with limited resources population growth follows a
reproducible and well-described shape. Answer the following questions that are based on
bacterial liquid culture.

a) Draw a typical microbial growth curve (cell number vs time) showing the entire growth
cycle and indicate on the graph the four phases using labels and arrows.

b) For each phase, write down below its main characteristics or the events that occur during
that phase.
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Question 2
a) Describe what a microbial biofilm is and how it forms.

b) Explain some of the advantages of biofilms as a growth mode.

Question 3

In Escherichia coli, catabolite repression regulates the expression of certain enzymes involved
in carbon metabolism. Answer the following three questions related to this process.

a) Describe the mechanism of catabolite repression and explain how it allows E. coli to
prioritize the utilization of glucose over other carbon sources.

b) How do cyclic AMP (cAMP) and the cAMP receptor protein (CRP) play a role in this
process?

c) What would be the expected phenotype of a mutant E. coli strain lacking the CRP protein
in the presence of glucose and lactose?
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Question 4

Propose some experiments that you would use to investigate whether cellular differentiation
(division of labor) occurs within a bacterial biofilm during its growth and development. Assume
that the biofilm is composed of a single bacterial species, like E. coli, and that it is of clonal
origin.
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M1l ROMHGESEYEIREIC KT 3B D W CEBH L 72 W, Explain the impact of the following terms on pharmacokinetics.

(1) WEb#EEzISE  The first pass effect
(2) P-WE7zAIELE P-glycoprotein

SN ERGRIERYES
The first pass effect

P-¥E7- A IXHE
P-glycoprotein

2 mRNAY 7 Fvid, mRNALJEE RS 02 F / Wk FOME2fi>, LA L7 s, mRNABEMCAKNICHRS LTy Tk
RIEMRBTFONB N LB oT w5, £ 2T, mRNAFH TG L7z & 2R/ onmvwEHTie, thzdiET 57201
mRNA7 7 F ViTfiE T 2 B TR %, mRNAS X OIREIC DWW T 1 23 ofil 2 21 TR+ X,

An mRNA vaccine is a nanoparticle composed of mRNA and lipids. However, when mRNA alone is administered in vivo, insufficient
immunization was observed. Explain, one example at a time for mRNA and lipids, why sufficient effect cannot be obtained when mRNA is

administered alone and what formulation innovations have been made for mRNA vaccine.

Reasons why sufficient therapeutic effect cannot be | Formulation innovations to improve the problem

obtained when mRNA is administered alone

mRNA

Lipids
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M3 A vE—Tzuy FAZ72bld, AvEZ—7=z0Y FAZ77-2b CAMFLR)ZFLV ) a—riitEs (PEGIR) L7z
bDOTH2, PEGILTHIRF S N 2R L BBFHICOWT, TR nMH L & b ICHE &
Peginterferon alfa-2b is an interferon alfa-2b conjugated with methoxy polyethylene glycol (PEGylated). Explain expected benefits and

concerns of PEGylation, along with the reasons for each.

M4 FEREHIEIE, B4 RRE~omES e Lo I hTwailllldtd 3,
Mesenchymal stem cells are cells that are expected to be used as therapeutic agents for various diseases.
(1) DX RBEIREREST 22 EBMFI TV 220, 2 DFTF CHiAE X,
List and explain two of the types of therapeutic effect they are expected to exert.
(2) RN DENBIREIC O W TERE Ko
Outline the body fate after intravenous administration.
(3) (RHNBIEEX RET % 720 OHEATIC DWW T 1 ofl 2205 CHiHE X,

Give an example of a method that can be used to improve the pharmacokinetics.

(1)

(2)

(3)
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1 |MRXRXEZ(SCN)ITEHFDVRIVILRHEGCTFOREANMMAOHAB YA IVIVICRARATIAD=XLEHRBAE &,
Q1. Explain the mechanism by which rhythmical clock gene expression in the suprachiasmatic nucleus (SCN) is entrained to the ambient light/dark cycle.

M2 v-73/B# (GABA)DHBREZEANXLICEHLTHPFODRR@O®D®IZDLNTHM B LEi N &,
Q2. Describe what you know about the neurotransmitter mechanism of y-aminobutyric acid (GABA) for @), @, @, @, ®, ®, @, and ® in the figure.

B3 ASvIAMRICEVTAHAVLLNAAUTOMRFEIZODVT. ZEDREBLEBMZEHRBALGSILY,
Q3. Explain the principles and objectives of the following research methods/approaches used in omics study.

RNA-seq

Ribo-seq

Bottom-up proteomics

Phosphoproteomics
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M1 RO EZHA T, FalOMICE R L, FHEMBICII TN THEMEMS L TRET D Z &,
Read the explanation below and answer the following questions. Include all necessary units in your calculations.

BRI BRI CRIET 2013, YoM TRE SIRPHMEZZT TH 5, EMERERITIEICEBRE T CTH D 0T, FEW I E R AT
T, &7 V7702 LB7 VT T2z B L, @bl BHAIT VT I 2%R2 VT T ALRET D, WEAZ VT 72> A%, TS
W - P TE oARRDRENE X L, MkTT TOEMPEMREZEEL LTELET D, W7V T 7 RLFEAZ VT T 2L DH
REBZDIITRITMKEIREE TV RBETH Y | well-stiredE 7 L OHAITIFROKNTEREND,

In clinical pharmacokinetic studies, drug concentrations in blood and excretion amounts in urine are the primary measurements obtained. Therefore,
pharmacokinetic analysis typically involves calculating total body clearance and renal clearance. Since the main drug elimination organs are the
kidneys and liver, extra-renal clearance is generally assumed to represent hepatic clearance. Hepatic ‘intrinsic’ clearance represents the liver's inherent
ability to metabolize and excrete a drug, and is defined relative to the free drug concentration in the tissue. In order to understand the relationship
between hepatic clearance and hepatic intrinsic clearance, a regional blood flow model is needed, and in the case of the well-stirred model, it can be
expressed by the following equation.

_ QnfpCLpint

© Qn+f3 Clpine

CLy:hepatic clearance; Qj: hepatic blood flow; fp: unbound fraction in blood; CLj, ;,,;: hepatic intrinsic clearance

CLy

(1) 3 A % 0.1 mg/min/kg O E CHFIRMNIZ 30 3 B AEERE L7, & 5% EEREFM £ o R LR iR T (AUC) ZRdiz& Z
%, 2.0 ug-h/mL ThHoto, RPRE(CIKPEMEN 08 Thofocl &, BMADOHZ VT 7 A% iHAE X,
Drug A was administered via intravenous infusion at a rate of 0.1 mg/min/kg for 30 minutes. The area under the blood concentration-time curve
(AUC) from administration to infinity was 2.0 pg-h/mL. Calculate the hepatic clearance of Drug A, given that the fraction of unchanged drug
excreted in urine is 0.8.

(2) MUY A% 6mgkg TROKELS LZEZ A, AUCIE32ugh/mL ThHholz, Y A OHLEWRINE (FaFg) X\ < By, HF2R 5,
I AE 3 & 1.5 L/h/kg & L CRHFEHR X,
When Drug A was administered orally at a dose of 6 mg/kg, the AUC was 3.2 ug-h/mL. Calculate the fraction absorbed (FaFg) from the gastrointestinal
tract of Drug A. Use a hepatic blood flow rate of 1.5 L/h/kg if needed for the calculation.

(3) ¥ A OMPIHAEETESRIT 0.1 THDH, L, Y B 2iHREGLELEIZE, MY A7 A LOBEEGMEFICLD, WA D
MR ERDER2MBICRD2bDET D, B LOUHRMET, MW A% 6 mgkg TRAKELESS. Lf AUCIZBLEWVWSH
BT D PHRENDIDEZ L, LERGIX, SREKIKAEBEE % 0.15 L/hkg, BifjiEz 1.2 L/hkg & L TEHER L,

The unbound fraction of Drug A in blood is 0.1. When co-administered with Drug B, competition for plasma protein binding doubles the unbound
fraction of Drug A to 0.2. Estimate how the blood AUC of Drug A would change when administered orally at 6 mg/kg under co-administration
with Drug B. Use a glomerular filtration rate of 0.15 L/h/kg and a renal blood flow rate of 1.2 L/h/kg if needed for the calculations.

[FI1 A8 (Answer box)]

(M @) €)

NOTES (Show all your work as it may be considered in the scoring):

(RDR—T|Z#: < Continued on the next page)
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M2 RICRTEDHEBICHT 2B HOT N4 0% RAT, MHHEICHEAE L, METAARETHEFETL LV,
From the following group of terms related to drug metabolism and pharmacokinetics, select four and provide a brief explanation for each.
Answers can be in either Japanese or English.

OGN 1EE:  (Enterohepatic circulation) . @% M AH/< )& (Phase II reaction) . @P-$E7- AIX <& (P-glycoprotein) .
@¥% A b¥x 7 T a v (Tightjunction) . @M R (Reticuloendothelial system) . ®RE{K (Glomerulus)

(R 2 f#ZH8(Answer box)]

NOTES (Show all your work as it may be considered in the scoring):
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