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Inter-individual differences in muscle deoxygenation during cycling exercise
Shun TAKAGI*
(Received September 18, 2020)

The aim of this study was to compare quadriceps muscle Oz dynamics between aerobic capacity-matched subjects without
(NAP) and with (AP) attenuation point in deoxygenated-hemoglobin concentration at vastus latelalis (AP peoxy-Hb@vL) during ramp
cycling exercise. Relative changes from rest in deoxygenated-hemoglobin concentration (Deoxy-Hb) were monitored at the vastus
latelalis (VL), rectus femoris (RF), and vastus medialis (VM) by near infrared spatial resolved spectroscopy during cycling
exercise. Cardiac output and pulmonary VO2 were also continuously measured. At VL and VM, a significantly higher slope of
Deoxy-Hb was found in NAP than AP during high intensity exercise. At RF during high intensity exercise, the slope of Deoxy-Hb
tended to be higher in NAP than AP. During moderate intensity exercise, the slopes of Deoxy-Hb were similar between groups at
all measurement sites. While the slope of pulmonary VO2 was similar between groups, the slope of CO was lower in NAP than AP
during high intensity exercise. These results suggest that the slope of muscle deoxygenation was not attenuated at the other thigh
muscles in NAP, compared to AP during high intensity exercise. The differences in subjects with and without APpeoxy-Hb@vL may

not be explained by muscle deoxygenation in other thigh muscles.

Key words : near infrared spectroscopy, muscle Oz dynamics, inflection point, regional difference
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1. [FCoIc JTCIERWY. AREESOE@HO—2TH D

R OIRENH IR 2R EE &0, SMANAFZ BN TIE,  Hr3E EER BT CIIMifE R
FEIEICRA S BEMEomMcL-oThlEkRo & b~ 7 a B PR EE (Deoxy—Hb) A ELFRANICHE R
o, LinLznns, EEEEOBKICHEY, @R T 203, mR EEEBREZ 35U Tl Deoxy—Hb DR
TE OB RIZxT D IR MG O KA 431 ZBRET DMEMT 2 Z ERMmBI TS (Fig. 1A). Ll
el 25. ZOY, BEREEBO FREIZHWT ZD—JT, 10-30%FLEDXRIZIBNTIE, M
(X, EENIREE ORISR VBRI O SR LN E JKFHIZHT % Deoxy—Hb DIERIMEMTT DA
FRAIZTTHET 5 & —IRIIIZBE 2 BTV D, N (APpeoxy mev.) DMFERE SN & b ST
L2y UEBRIZIE, EETRE O KIS T W5 (Fig. 1B)%%. APpeoxymev. DFEAESCH I BIT
DEFEFHIZ I CEARAN MR L TS 5 BH AN =R NTHF S TR TH D0, FMAULR
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LIS O BRI T D MiEEFEE (0, extraction D
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R T D MR X, BhfJREECIERE B O%
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% AR BEE) O ESRCEIRE 2 APpeoxy-mev. 723
INDRIG LR SRV R THERT 52 &
FHBIE LTz, KIFIETIE, APpeoxy-mev, D3ERR
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Fig. 1. Representative changes in deoxy-Hb at vastus latelalis
muscle during ramp cycling exercise until exhaustion with (A)
and without (B) attenuation point. A down-pointing arrow

indicates the attenuation point.

2. HRBLUVAHE
2—-1. ARELVEBER
TR AR A DI 23 4 (21 £ 1 5%) Zxige s
LT, HEHETLIA—F—2H\ =T 7 AnH
i F L) A 9 7 R C e L 7.

2—2. AFIEAH
PTARANZE R 3 iRy IR K 0 SMAART (VL) KAR
B RE), WARDAR (W) (2380 DRI~ T 7
7 B YR (Deoxy—Hb) K OV e S& B fn B2 (SmO,)
%, Breath-by-breath }EIT X B MR A55HTIZ L -
TEAHRBIUE (V0 ZRbmRFHEHE, FERACHALL
%, MERA v e—F o ARIZ L0 bR (C0) B
F OV (HR) &, &2 U sEsE) 1 I8 aY (2 E
L7z. Deoxy-Hb } OF Sm0, HITEFNLIZ 51T 2 a2
AEI B E— NEICTHIE L, JCOBELD TR
FIRIZ X 0BG LT — 2 I RIF T8 A I
MHIE L72 P . BeKIE@hRg I B A ERY R %, JEE)
1B 7% | Z B R . 2 S8 B RN BE (Sp02) & Z VZ UaTATh L 72
WE U772 BB FREEED O e R R B EURE (Peak V0,)
ZIRTE LT, Peak VO, 134 B — & v AJEICCTEHHM
L 7= BRIBIA R CTHEIE L7z,

2 — 3. APgeoxy-tan MIRTE & FEHi A%

Deoxy-Hb 7 —%4 % 10 I FEEIL L7z £ C 50%
peak VO, IR s> B 7 IRERE S E COT— I3 L
ThyN B K 2 EMREYFIC CEM R A RE L
72 V. R BN O (A1 EAR OO & A R
IOEIFEMROMEE LV B/ WA, APooxy-man.
b EEFR L. EROIC, 23 4% 5 4l
APpeosy-mev. SHERR SH72 o T MIERED ) A XD
HEICK DA SEREELSRETE D o725 4
ZFRANL T, APpeoxyman 78 LEE (NAP £, n=5) &
APpeors-mav. & W EE (AP B, n=13) 2B\ CHMEIEHE
Baltig L=, F£7z, AP FEIBIT D APpeoxy-men, 23
72-84% peak VO, DEIPH CHEGE SALT=7= 8, HEEETH
JEEFH I (55-70% peak VO0,) M OF & 90 Ji 1 ©) i
(85-100% peak V0.) (2 CHEMIEHE HIZH T H1H
& 2Rk L7z,



3. BERUER
Deoxy-Hb 35 & TSm0, DEHEIZEI L T, )T

OEEFREICBIT 5T X TRIEHEBIZBWT, FE
R ZEERD o Tz,
EREEERIEE O VL 1B AE XL, NAPE?& b SIA

T Deoxy-Hb NHEIZEEZ 7~ L, Sm0, 23 \ZARAE
Zs L7z, REIZRIT DXL, %%@fﬁ@%ﬁﬂ# (T
& B2 Deoxy-Hb 23 K L, Sm0, 288 L=, Ll
= TR ESEEEF O Deoxy—Hb DAE X 1X, NAP BEIZ Taifil
@@ﬁ%vttrﬂﬁ*ﬁﬁﬁ@VM BB XX
NAP ﬁ};c:m VT Deoxy-Hb 23 B B EOBIH & 789
Sm0, 7% WIKECTH - 7. %ﬁgﬁﬁﬁm*ﬁé
V0, 3 KON HR O & ITIIHERNIC A B AR 222 RO 220

ST, CO DEZIT-DOVWTIZNAP BEICB W THEIZ
MEE R Ui, AWFEOMGE & 1358720, NAP Bl

BWTIXEFREEERF TV T VL LIS O E S 1T
TR L OTLEN G, Lo LA AP BEIC ki L

JLHET DM TH -T2 DI, IMALFHLIS
DAL KERVUFAF (23 1T 2 WifeF Ak (0, extraction
DI IZE 2T, APpeorymen. DA AT T E 720
AIREMED R ST

H S R B IR O X T T R COREEH IS
BOWTHBICHEEZRBD T Eiz, F,
SRk, (KHE, KIENER, BRIEAE, HieReen
EEALIZIT DREIE - iR, BRIEMIRESHT-0
peak V0,, B AMEFEICITHRICABZEITR D 20
S BIT, FRHEBIRFICF51T 2 FERASHLEL, HR,
B T AR R IR M ONEBENE 2 D Sp02 (238U T b HER]

BRENEREINN -1, LEER->T, Zh
D OHERNZ L > THARMIE TBIEL TS APpeoxy-mon.
DEEZHHTE RN bDEEZLND.
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Relationship Between Sprint Performance and Post-Activation

Potentiation Induced by Sled Towing
Yuya WATANABE*, Naoki USHIROOKA*

(Received September 16, 2020)

It is known that moderate to high intensities conditioning activities can acutely enhance subsequent athletic performance given
adequate recovery. This phenomenon is called post-activation potentiation (PAP). We hypothesized that the application of PAP would
contribute to better sprint performance. PAP occurs mainly in agonist muscles in conditioning activities. Thus, to enhance sprint
performance, mobilization of the agonist muscles of the sprint movement is needed. Sled towing, which puts a load on the sprint

movement, is considered a good choice for causing sprint-specific PAP. We designed a study comparing the effects of heavy sled towing

(70% body weight), light sled towing (30% body weight), and squats (70% 1-repetition-maximum) on sprint performance.

Key words : enhancing athletic performance, resisted sprint training, warming-up strategy
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1. [FXC&HIZ

1R/ T — 72 EOIR ) BERITEN TN T +—
VU AREOTIEL 10D, DD, L DAKR—Y
BB WNT, T =< R[A] RIT D72 2 D Hepl
BHEEETHIDICEE N L —=0 73 T T
WD, R, KR L—= o SRS E T S =
ETHIST DR NERPHERT 5 2 LITIR<F bR
TWD. ENERDMICAREZRT LY AL X b
L= U IR IE R Al s D L, —&
UL EosREDAIRE N L —= o ZI3 2T EHA ) & 16
EEELZLIFEATHD. 27U MR
TR EA L — RE 0l m ESE 5050837
F v ACKRESBERL, ENEEDDIZOITH
TR T —DH FIFEEEZZ 5N TIN5,

*Faculty of Health & Sports Science, Doshisha University, Kyoto

7o, P-EREOESREL EMTLLT,
B L ORI S 4L, —IRRYICEE) T —v
ANEETLZENmbNTWD D T alEEhiiz
H45®  (Post-activation potentiation : PAP) & 5. PAP
WM N L —= 72 RS Z L TR
ZIEEERE D) I & 138 < B 2 EHIA 72088 Th
v, ZOMRIT—FHREDTHS. PAP O FEHER
AR=RALE LT, IAVURERED ) VL, &
YOEB AR S OB, PHRA DD BZET HND.
AT UL ATP ZNMKRGRL, CHUC L > THLR
HIZANFX—ZHWNCT 7 F U EHAEERTHZ L
TIRAZRES D, HEBREOFEMIC LY, I A
DOFREREGN Y Vb I D 2 & T OMRENTEE
fbL, SiOENNREEDLEBZHLNTWD 2. EHikiE
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B HLAL OB OV, 58 2 £F O IEERREN K
X7p o B = o — 1 VU CIE T D IRENEN DR R
RO SEDH Z LITE D, TypellfHt DB E =K1Y
g2 &EnTnD 3. FOVERSE Tttt ET
DT AEPIRA SN, PRADNIWVIEER
OWHEENRITE N EDM BN TWD. FEITHET
X, S RVERKI IR OIS %I PR A ORD A
BOLNTEWVWIRENRDHD Y. 2o DBIRNHE

S

5

PAP Z#{EHT25Z & T, Xy@uWiEdh 7 y—~
VADFRFENFEEIC /2 D00 LIV, PAP [EFEIC
EEFREO F#FG TR Z 578, EE ST p—~<
A0 EAg| EEZFTITITHERN E R 2EEL Fl—0 &
B 2 FFOTEBERE S M L 72 5. —RAVICIX, PAP
ERlERIHEESEE LAYy M oLy
AP AT YA ZRHANEND T —ANEL,
MREREOAMN (&K% ELE& (One repetition
maximum : 1RM) @ 60-84%) TH#HHE L~ M5 L7
BAICHIES RN E N E ST D S, BT
AWM AT Y v X7 p—~ v A LA E BRI
ERFOZL O%EBET DL, IRBAETREGE A T
ETHAZT Y MZEDPAPIIAT U Y b7 4

—V U ADMLEEBTELTIENAREL BEABND.

LnLeR s, 2277y NEWEIZA T U » MEEL
SEAZFE—TIERWV. A7V MNEEZDO L DICHA
iz 2 %071 LTA Ly R (Sled towing) 2341
HBILTWD., ZHULZEV ZES LR EDL L VA
Ty RATV U R hb—=27 (AfRZERLIZAT
Yoy hhb—=v72) O—FTHDH. PAP I[ZLDA
TV MR T v AN EERBDGE, ALy

REZEIREE L THRAT OB LR TH
HETREREINSG.

INET, A7 Uy hRA Ly REZEEFLE L
L7ZPAP L 27U ¥ hRT p—<  ADBHRZ it
L72HF22 2934 T TV B 28, HREED AL, #HE
Yy FO25MEERTZLTWD HDOIERLI TV S.
Z ZCAMIZETIE, 20 2 FEEMTET AU v b
BILOR VY NEEZHWEERGREN AT o b
T~ A2 DRIRRE R A TRA L, fEE R
DOREWST HZ 2N ETS.

SHINCEE-T 5 Z L TPAPIIRAET L LEZBND.

2. Ak

2. 1 HROBE

RGL, 30m A7V > hAE (Pre), FEEHFRE, 30m
A2 7Y v biE (Post) THERK S D —HOFERHR 7 1 b
VAR EMT . EBERET 2 FEOAND AL v
RE (KED 30%B L0 70%DEM) &, A7 Ty
~ (70%1RM) @ 3 fifHE T2 GEMILER). Pre &
Post DAY v kN7 p—< 2V ZADE % 3 FED
EERRE Tl L, T —~ A EICHBRT S
EEEEEZ RRT 5. d5E 1L 2 AU EOMREE &
T3 T N TCoERBREA ER TS, vk, &
BEREONEFI X EAIZEI D 1T 5.

AT, FEFKRT T NE RS 3 D58 (2B
T HMEFALZESORGRERTHEBEIND KR
F7 :20010) .

2. 2 NERH

AW TIE, X0 EfERT —X 2 R2CEGT5
BLEDPO B TR EHERTENIRE LT 5.
KREDBEIZB T, OB/, EMNE, T
B, VA7 ELEHBITWDOTHARFREZHS Z L 72<
SINFERTE L Z LA NBEB L OSCETH L, BF
REMANZ TR TORNRENS, FEEICAEES
155,

2. 3 EHEE

AW TIX, PAP ZRASH 5720 OERFE &
LT, ALy RERLWNNIAZ Uy bEEfT 5.
1) AL RiE

ALy NEFZEVZESLRDBOEDLZETAY
Vv NEMEICANE B 2D 1ETHD (Fig 1). ARHF
FETIIARED 30%33 L OV 70%DAME AV 5. i
fiEHIZ15m OETE 3y FEHT S, £y MHE
ODIREIZ 0B ETS. 28, WTFhoky hb4a))
TITH.

2) A7 U bk
27T MINR—ULE W= 7 27 T R
LT B, RBFIIAN— UL E EO%K T THX FIRR
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FEDAZ  ATHEAIZ LR DRATLR T a ET
fEEEE L, BIER X OBBEENE2IcMEST D
RYvarET®Ebds. AL IRM O 70%E L,
3% 3y NET D, ZAmICHE LoD, AlRE
RERY FIERL E LTS X ORL, TROEIIX
TELETS. 728, By MEOKEZ 90 B L9%.

Fig. 1. Sled towing.

2. 4 RFTYURIRTH—T U ADFH

EEREOR£1Z 30m 2 7Y v hEE EM L (Pre
BEDPost), #A L&FHIT 5. & A LOFHAMHLA
1, 10m, 15m, 30m S35, £z, A7V B
EOBEZHRE T 5. FONToH A L7305 OB H
THWMNDAXBNCRIT 2y F LA N T A
RZsRD 5. 7ok, HFRE Oy FIIAZ— B

FOR KM A @R L Egoz 1 L L, &
DX [ % @il L7 B % O E TOAEL L TSR
DHREMT D, A T A RIS X2 X 4
A LTS D 2 LIS ko TR S B E R
Z, FHE Yy FTRTLHZLICLVES.

2. 5 ZEEAFIR

REL, FHHEICBWCHE, (KB, 27U v
FO IRM ZEHHIF 5. 572 KE L IRM OXfE
MO A BEBREIC T 2 AR ZRET D, FlHE
% 2 HUL EORMRE &7 T, PAP OBWRZHREET 5
FBRAAT .
ERTIIET, 2000 =077 v 7 &T
W, 3 HIOIKREBZIC Pre DAY v M EZRITY. £
D%, 15 RIOKREZ R CEEFREZ 4 5. &
WA, 8 FHIDIREZIXE %, Post DAY
v hEEBET S, FEBRO T 0 —% Fig. 2 IR LT,

2. 6 #EtanE

HBonieT — % OEBFREER O ZOMEL, Y
RLDEH D Ik ES BT (Two-way ANOVA) %
HAWTITH. T RTOREICBNT P<0.05 2 HE
L5, HEHLER L SPSS (IBM SPSS Statics ver.26.0,
HAIBM, HA) #HW\WTIT9.

Preliminary
measurement
Warming Pre
1RM test > ur » 30 m sprint
2 days 20 min I min
or more 1time

Experimental protocol

Sled towing or squat with 90 sec rest
between sets

Sled towing 30%BM

3setsx15m
Post

A 4

15 min 3setsx15m 8 min

Sled towing 70%BM 30 m sprint

1 time

Squat 70%1RM
3 sets x 3reps

Fig. 2. A flow chart of the current study.

1RM: One-repetition maximum, BM: Body weight.
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Significance of Science of Emotions

Masao YOGO ™, Mingzhe JIN, Tadashi YAGI, Minoru TADA, Hideki OHIRA, Yasuko NAKAMURA, Tadao ISHIKURA,

Philip TROMOVITCH, Hiroshi RIQUIMAROUX, Manabu KANEKO, Katsuaki TANAKA, and Akiko NIIMI

(Received September 18, 2020)

Emotions such as love, anger, fear, sadness, happiness seem to play important role of our lives. Our research team has attempted to
understand scientifically the role of emotions in our lives. Over the last decade, there has been a revolution in the scientific
understanding of emotions. For example, according to the Psychological Construction Theory of Emotions (Barrett, 2017), there is
no specific neural circuit for each of the various emotions such as anger, sadness, and happiness. According to that view, much of the
traditional scientific understanding of emotions is wrong. In this paper, we consider the significance of scientifically understanding
emotions. The consideration suggests potential challenges for future scientific research. ~ The truth discovered by common sense

and science in the human world is not always in match.

Key words : emotions, science, common sense,
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Attempt to Design Novel Active Micro-sized Systems Based on

Non-equilibrium Dynamics

Daigo YAMAMOTO*, Koichiro SADAKANE**, Takahiro KENMOTSU**, Tomokazu [YODA***, and Katsumi TSUCHIYA*

(Received September 8, 2020)

Our research group has been trying to design micro-sized machines based of non-equilibrium dynamics. We focused on five

different active systems induced by various sources of propulsion, such as chemical reaction, ultra-sonification, and light. In this paper,

we introduce in particular the study on dynamics of catalytic particles (aggregates) in a solution containing organic fuels. The particles

are found to exhibit various types of regulated motions individually under the condition of low particle concentrations. Further findings

include: higher concentrations lead to several unique collective motions of the particles, depending on species of organic fuels. At the

end, results of other subgroups are introduced briefly.

Key words : non-equilibrium dynamics, catalytic particle, autonomous motion, collective motion
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This paper presents a novel differential active self-interference canceller (DASIC) algorithm for asynchronous in-
band full-duplex (IBFD) Gaussian shift keying (GFSK), which is designed for wireless Internet of Things (IoT). In IBFD

communications, where two terminals simultaneously transmit and receive signals in the same frequency band, there is

an extremely strong self-interference (SI). The SI can be mitigated by an active SI canceller (ASIC), which subtracts an

interference replica based on channel state information (CSI) from the received signal. The challenging problem is the

realization of asynchronous IBFD for wireless IoT. Due to the asynchronous mode, it is subject to pilot contamination

induced by non-orthogonal pilot sequences. Due to the contamination, the SI cannot be canceled entirely at the receiver,

resulting in residual interference.

To address the above issue, the DASIC incorporates the principle of the differential

codec. Because of the differential structure, the DASIC can suppress SI without the CSI estimation of SI.
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Fig. 2. Block diagram of IBFD GFSK transceiver.

HEODES%E/—FBARXELDD, AR/ —FB
NEETHEFE2ZETE. ZOLE, Fig. 1ITRT &
12/ =N ADZERFESrat) i, /—KB2oH
G5 sp(t) (R#& hap) IZHIA, /— K ABHEDES
sa(t) GREE haa) DEHCRIDIAATFHLE L TEEND.
J—FNADZEETIIEEGDESPENTHL-D, *
DERUE S 2TEH U THOD T (SI: Self-Interference)
L7V AEERL, TNEZEES»ORAETLII L
THFEXY VRV ETS ZENTES. Ak, ZOTH
F ¥ URIVITIE, haa OEIDIAAFHOBEHREE
EHECHEE LRI NIER SR W2, /—RNA & B»
HWIBER LU N ==V IRH%H—21 IV I T
RETHILENDH L. AFTIE, FEFEIPREOEIRREER
DL HE LT, ZDX57% b —= 7 RINTR
Lz pEE Ligy, 2SO ZE D A7z
T4 v o7 Fu s HETEY Yy v F (DASIC:
Differential Analog Self Interference Canceller) ®) M J§
HZMRST 5.

Fig. 212 ToT fE{A(Z1Z5#E U 72 GFSK (Gaussian fil-
tered Frequency Shift Keying) %\ 7z IBFD D357
ERMER 2 RS, &/ — FAE(ET 5 RF (Radio Fre-
quency) 55 s;(t) € R, (i € {A,B}) BIXRAXTHAS
ns.

sit) = V2aR{zi(t)&(1)} (1)
§i(t) = explj(wit +0i(t))] (2)

272U, ald/ —F i OEEFEESOERE, w =w.+wd
EA 7y bw? Z2HT D w, ZHDE UM RS ER
T IHIT, 0,(t) =0i(t)+ 602 ZATREY M EHETS
0;(t) b & L7fitiE TH 5. N (1) I2aEhs ¥
FENX—Z/NV K (CBB: Complex-valued BaseBand) {3
5 z;(t) € CIIIRATERINS.

xi(t) = exp [joi(t)] 3)

272U, ¢i(t) REREED O DRHEETH S, W
i, 1“/‘/*)]/0)312\\}1/#——% Es, ﬁFﬁﬁﬁ% Ts wcc%:zga



T2, R o = /E/T, THA6N5. BB, a
WA 1 U IESS (VGA: Variable Gain Amplifier)
L E I EESE (PA: Power Amplifier) (Z& 0, HAHRY
HIEII N TWBE DL T 5.

£/ —NIZBII % GFSK OEHABAINFA—TH 5
DETBE, REXMET <t(=t +kT) < (k+1)T;
DAL o5(t) IFIRATEEI NS 0),

)+ mn Z az

(4)
MY Y b & B C &8 L
72HDTHY, nIIEPEE, LIFTIAT4)LEXD 3dB
wigilE Bg & Ty OFIEIHEM Bo Ty \ITHKRF T 5 AEY
YA XThb. AFETIE, (n=0.5,BgT, = 00) D MSK
(Minimum Shift Keying) & (n = 0.5, BgTy = 0.5) ®
GMSK (Gaussian MSK) D215 X% FIIZ 2 TH X
5. B q(t) FARMH SV ATH D,

@i (t) = 2mn Z a;[llg(t’ + (k

l=k—L+1

7B, alk] € {~1,1} &

0 t<0
Mﬂ:{L@t>LT (5)
DFIFIDOT, MARTEHEZONS.
t
a(t) = / g(r)dr (6)

DT, B g(r) WRROHBE L ATER S5,

0 (2B’ =2 ) — @ 2Bz
e Vin2 e VIn2
(7)

1
2T,

g(m) =

E7L, Q) 1% QB E kT 5.

AT, /—FAZBVWT/—FBDAYE—Y
AT 25 GE2EAS. IO E, WEHEET 4 L&
(BPF: Band-Pass Filter) {2 D35 RF {55 ra(t)
FIRATHEZ6NS.

ra(t) = R{haraza(t +7a)éa(t +7a)}

+R{hapazp(t + 18)&(t + 78)} + na(t) (8)

727U, haa,hap € CI3E~%A-AME A-BHDE(E
BRETH D, IRIEHRE o, HFHREE, Yy F—1 27,
Tx—=IVIDEELR2ITRTELIDET S, £z, 7
(SO AERF, na(t) € RIZHESFITHTH 5.

CBB 155 ya(t) 13MEHE & HIEA (LNA: Low-Noise
Amplifier) , VGA, 1Q I %4, HARSESEE 7 1 b &
(LPF: Low-Pass Filter) ¥ % i L 72821243 54, IR

ATHEALGNS.

ya(t) = V2{ra(Q&i(t)}Lpp
= hAAnAA(t)aa:A(t+TA)
—l—hAB/{AB(t)OéxB(t*FTB)+ZA(7f) (9)
7L, alt) = VAW D) pe THD, FHI0,

DER B2 & No/Ty DEHEH T ATV X LERRIZHES &
DETH, ZIT, Noldl ¥y RIVREREDMES T3
¥—TbHh3. rnai(t), (i € {A,BY), ZREFMLER (LO:
Local Oscillator) D ATERMEIER T 2ZMTH D, X
ATHEZONS.

rai(t) = &t +7)EA(t) = k()RR (10)
rait) = exp[j(6i(t +7:) — 04 (1))] (11)
Kaa = 1 (12)
rip = explj(wy —w})]exp[j(f —03)] (13)

IBFD T, 50 F#¥®E (SIR: Signal-to-
Interference power Ratio) IFIXATHZ 5N 5.

E{'EABaﬁgMjr} e
E{\BAAaﬁA[mf} |haal?

ERE, /=R AL BOHENENEY, |haal A
|haB|? IZHNTRELS D, BAZEHSTHEFERT S
ZLERRBELTNA, FHEIIZEN SIR T, haps(t)
DIE5H41E, ADC (Analog-to-Digital Converter) @
SRERENE N L, ADC O BHEKT S, LzdioT,
A (8) DAL 1 HDH AT 1E, ADC DRI, ¢
BHOLTFRIHEETE Y VeV ITRETH D, ZEHK
T, hy\ = hanaba(t+71a) D ST L7V AHEMEAE
BRARETH 5 LNET B &, HEIAIZZ ASIC (Active
SI Canceller) %%, ¥R#% W THARNIZ THRS 2 F ¥
VLT BRI LNTES.

(= (14

TA(t)—%{h:AAJ:A(t—FTA)} (15)

AFTIE, EBICIEZSIV ) AP ERITERTE R

ZEIZEHAL, XEIT®HAS DASIC [ % HWT,
25 RF 35 ra(t) 25 HCRE D AARTFEED & T
LT CBB1ET ga(t) i U, mMIICHRKFRIHER
(MAP: Maximum A-posteriori Probability) ¥|E#: T,
J — K B DYy bRY aglk] Z2HET 5.



xalf)
e N
Xal
XA )
ya(l)
Yal| 1 Phase | ya(t)
- N Shifter @ |
i yalt)
' 4

Fig. 3. Block diagram of the DASIC process.

3 EH7TI/T4TECFEFYOES

Fig. 3 122K 3 % DASIC DMk &R, /— K AIC
B 5 DASIC TIZ, [A—/ — NHNDOEEHMA S CBB
(55 2a(t) £ZUID, WA 7 b EERTES
EHRT 5.

za (1)

Ya(t) = oalt =T (16)

BRI F AL DDt = t— T, 2 EHL, Mk
7 MRIZBWT 1 YV RIVBIED CBBEH ya(t — Tt)
X UTR (16) DRy 7 25 R B &,

ya(t-)Ya(t) = haaaza(t) +ea(t)
+hapras(t)arp(t- + 78)Pa(t)
+2a(t-)Ya(t) (17)

285, 1L,
ea(t) = haaa[kaa(®)za(t +7a) — xa(t)] (18)

A (10)-2 (12) 13, SIDIZHGEIL 7o 230 THIUL, ea(t)
H0THBILEZRBLTWVWS. DFD, BHGELE 7
THEEH ea(t) 2K T 5.

BRI, THa Xy v IR TE X
5N5.

ga(t) ya(t) —ya(t=)va(t)

= hapo@p(t+78) + Ea(t) + 2a(t) (19)

=7z L,
hag = haBrip (20)
Ip(t+7m8) = zp(t+78)—valt)zs(t-+78) (21)
Ea(t) = ea(t)+haslrpp(t) — lazs(t + m8)
—haplp(t-) — 1a(t)axs(t- + 78)(22)
Za(t) = 2a(t) —va(t)za(t-) (23)

I I, Ea(t) X DASIC IS T 5 SI A TH 5.

Real Amplimde

Time[ T ]
8 2 T T T T
2
=2l \X\
) 0 /j
sl A T=|
&
E 5 1 L L i i L h
0 0.z 0.4 06 08 1 1.2 1.4 1.6 I8 2
Time[ T ]
s
(a) MSK: BgTy = oo.
=
2
=3
E
<
3
0 0.2 0.4 06 08 I 1.2 1.4 1.6 I8 2
Time[ T ]
. .
E
&
£
<
[~
=
j=g
‘B
o
E ‘ i I i i L I I
] 0.2 0.4 06 08 I 1.2 1.4 1.6 I8 2
Time[ T ]

(b) GMSK: BaT. = 0.5.
Fig. 4. Eye diagrams of the DASIC output ga (¢).
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Eigenvalue Computations Based on the Integrable Systems
Masato SHINJO *
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The Toda equation describing motions governed by nonlinear springs is well-known as famous soliton equation in the study
of integrable systems. Flaschka's variables lead to Lax dynamics of the Toda equation with tridiagonal matrix. The Toda flow
interpolates the QR algorithm at integer times. It is interesting that a skillful discretization of the Toda equation contributes to computing
eigenvalues of tridiagonal matrices related with shifted LR algorithm. In this paper, from the viewpoint of discretizations of Lax
dynamics, I propose a discrete analogue of the Lax pair associated with symmetric and non-symmetric matrices, and then grasp the
shifted QR and LR algorithms in the framework of integrable systems. Furthermore, based on the resulting discrete lax pair, I explain

some of the discrete integrable systems which corresponds to extensions of the discrete Toda equation, observe numerically variables

in them as discrete-time evolutions.

Key words : integrable systems, eigenvalues computation,
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Spontaneous Formation of Magnetic Nanoparticles from Peptide-Based

Diblockpolymers and Their Interactions with Cell
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Novel polymeric nanoparticles (NPs) with uniform sizes were prepared from peptide-vinyl polymer diblock hybrids

by the self-organized precipitation (SORP) method. Hybrid polymers of poly(styrene) and tetra-peptide (cell-binding

epitope, RGDS, reverse SDGR, cationic KKKK, and anionic DDDD) were successfully synthesized by combining solid-

phase peptide synthesis and reversible addition fragmentation chain transfer (RAFT) polymerization methods. Narrowly
dispersed hybrid polymers (PDI <1.25, M, 14000~17000) were obtained. Altering the preparation conditions easily tuned
the size and size distribution of the NPs. When the zeta potentials for the NP suspensions were measured at pH 6.0, the

obtained values corresponded to the net charge of each peptide segment. More importantly, the NPs could encapsulate

fluorescent Nile red and magnetic iron oxide NP, which might be suitable for fluorescent imaging and magnet-induced

patterning of cells, respectively.

Key words : peptide-based diblock polymer, RAFT polymerization, SORP method, magnetic nanoparticle, fluorescent imaging
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diblockpolymers by using RAFT polymerization method.

Peptide segment: RGDS, SDGR, KKKXK, and DDDD.
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Figure 2. RAFT polymerization of styrene with RGDS-
CTA. (a) SEC charts of PSt-RGDSs obtained at different
polymerization time. (b) Plots of My and PDI as a
function of conversion.
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Figure 3. Size distributions of PSt-RGDS nanoparticles
by varying THF/water ratio during SORP method.

Figure 4. SEM images of PSt-RGDS nanoparticles.
THF/water = 1.0 mL/2.0 mL (a), 2.0 mL/4.0 mL (b), 3.0
mL/6.0 mL (c¢). Drop rate = 1 mL/min.
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Figure 5. Size distributions of PSt-RGDS nanoparticles
by varying the total volume and the drop rate.
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Figure 6. Phase contrast micrograph (a) and
fluorescence micrograph (b) of the NR-loaded PSt- RGDS
nanoparticle cast film on a glass plate..
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Figure 7. SEM image of PSt-RGDS nanoparticle (a),
and photographs of the MNP-loaded PSt-RGDS
dispersions without (b) and with (c) a magnet plate.
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Effective cultivation for substance production by cytotoxic T lymphocyte

Yoshiro Tahara*

(Received September 18, 2020)

Cytotoxic T lymphocyte (CTL) is a major cell in the cellular immunity. Cancer cells, infected cells and damaged cells are

lead to apoptosis by CTLs. Development of the effective cultivation method of CTLs attracts much attentions and recently, it has

been reported that activated CTLs produce cytotoxic extracellular vesicles against mesenchymal stem cells in the tumor

microenvironment. The present study focused on the cultivation method and substance production by CTLs. In the most researches,

CTLs are cultivated using the immobilized antibodies (anti-CD3 anotibody). In the present study, however, it was shown that the

immobilization of antibodies is not necessary to produce the number of CD8-positive T lymphocytes and the cytotoxic effect

against mesenchymal stem cells in the cultural medium.

Key words : Cytotoxic T lymphocytes, Extracellular vesicles, Mesenchymal stem cell
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Analysis of the Regulation of Selenoprotein P Translation
by a Novel Noncoding RNA

Yuichiro MITA*
(Received September 18, 2020)

Selenium (Se) containing proteins contain Se in the form of selenocystine (Sec), which replaces the sulfur of cysteine with Se.
The incorporation of Sec into proteins takes place in a special form using the Sec insertion sequence (SECIS). We searched a novel
regulation of Sec insertion using SECIS. in cilico analysis revealed that the SECIS of the plasma Se containing protein Selenoprotein
P (SeP) had a noncoding RNA (L-IST) with a complementary sequence in the SECIS. Overexpression of L-IST caused an mRNA-
independent decrease in the amount of protein in SeP. Inhibition of ATP synthesis was able to reduce SeP protein by two mechanisms:
a decrease in SeP mRNA and an increase in L-IST. The reduction of protein by L-IST expression was caused by inhibition of mRNA
to protein translation. Because SeP is a factor that exacerbates diabetes, suppression of SeP by L-IST is a promising therapeutic target

for diabetes.
Key words : Selenoprotein P, SECIS, translation
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ERERER T 2 eHRITKE - RE - REDO L D ICH — 5T, @RENEET D Z & THRERIEORIEY A7
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FATFRRIZ BRI L > TV AT A > ORI Se I
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Se B HHZ /7 ED3 IFRE (3’ UTR) I2IE,
AT UG R & D Sec#E ARSI (SECIS) & FRHEILD
Wk R BOB SFEAE L, SECIS (T SECIS fi& & v /32
BHThsd SBP2 BFEATHI LICL-T, WL
1 Rl LTHEREL TWvD UGA = R/IZ Sec %4
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Table 1. RNAs with SECIS-like sequences

GPX!| GFPXIPI |67/69
GPX1PZ | 65/69
Selk SelKPT | 84/88
62/62
SeP L=IST 81/81
SelT SELTFP 70/74
SellWi Se/WiP | 75/89
Sells Arginase Zintron 2 | 76/82
SPSZ2 | SEPHS2ZP! | 61/77 | SCAPERIntron 27 | 67/77
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Fig. 1. Expression levels of SeP mRNA (A) and L-IST (B) in

various cell lines.
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Fig. 2. Changes in expression of (A) SeP protein and SeP mRNA
and (B) Se containing proteins (TR1, TR2, GPx4) in HepG2 cells

when L-IST is overexpressed.
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Fig. 3. Polysome analysis by sucrose density gradient
centrifugation (left) SeP mRNA, (right) GPx4 mRNA.
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Fig. 4. Changes in SeP expression by Inhibition of ATP synthesis.
Changes in protein and mRNA expression 24 hours after
stimulation of HepG2 cells with 100 mM H202 (A) or 10 pM
Oligomycin A (B).

4. ﬁiﬁ
in silico DfFFTIZ L T, SeP DX RV EE%
mRNA EIFEAFRIC NI %,  H O noncoding RNA
THD L-IST Z[FE L. L-IST L SeP mRNA & U 7R
V= LOFEREET D Z LICk 5T SeP & L%
JBE~ORREZLEL TS, SeP 1THERIFDIRE

ERIZ EF 5 b7z, L-1ST ORBLEZHINE
BB EE, HERIFOB - IIREIEIC 2 5 RTREMER
=AY

AMFFEE, U AR, BT, SRk
ZRLRERMEIS IR D B IR FEB R A 52 T TP T
Sfc. ZZIZRLULTHEERT

|

BE X
1) L. H. Duntas, S. Benvenga, “Selenium: an element for life,
Endocrine. 48[3], 756-75 (2015).
2) M. P. Rayman, “Selenium and human health®, Lancet, 379
[9822] 125668 (2012)

3) C. Vindry, T. Ohlmann, L. Chavatte, “Translation regulation of
mammalian selenoproteins®, Biochim Biophys Acta Gen Subj,
1682 [11], 2480-2492 (2018).

4) N. Fradejas-Villar, S. Seeher, C. B. Anderson, M. Doengi, B.
A. Carlson, D. L. Hatfield, U. Schweizer, M. T. Howard, “The
RNA-binding protein Secisbp, differentially modulates UGA
codon reassignment and RNA decay*, Nucleic Acids Res. ,45
[7], 4094-4107 (2017)

5) C. Carrieri, L. Cimatti, M. Biagioli, A. Beugnet, S. Zucchelli,
S. Fedele, E. Pesce, 1. Ferrer, L. Collavin, C. Santoro, A. R. R.
Forrest, P. Carninci, S. Biffo, E. Stupka, S. Gustincich, “Long
non-coding antisense RNA controls Uchl1 translation through
an embedded SINEB2 repeat”, Nature, 491 [7424], 454-7
(2012)

6) Y. Mita, K. Nakayama, S. Inari, Y. Nishito, Y. Yoshioka, N.
Sakai, K. Sotani, T. Nagamura, Y. Kuzuhara, K. Inagaki, M.
Iwasaki, H. Misu, M. lkegawa, T. Takamura, N. Noguchi, Y.
Saito, “Selenoprotein P-neutralizing antibodies improve
insulin secretion and glucose sensitivity in type 2 diabetes

mouse models®, Nature Commun, 8 [1], 1658 (2017).



2020 4EJE [RAEARE N Y A BN ZERTITSE 5634 (2020 4E 11 H 26 H)

The Issue in Science Communication between the Expert Committee and the
Government for Measures against COVID-19

Noriko Noguchi *
(Received September 14, 2020)

Scince the first victim of COVID-19 was found in Japan, the government has taken measures by setting up several kinds of

committees including the expert committee for measure against COVID-19 mainly consisted of the experts of the infection disease.

Mr. Shinzo Abe, a prime minister of Japan had the press conference 5 times, at which Dr. Shigeru Omi who was a vice-chairperson

of the expert committee explained about infection status and measures from the scientific point of view. The expert committee also

had the press conference 10 times independently. The volunteer group consisted of experts of corona virus has transmitted

information about COVID-19 across the internet at its homepage. It is good for us to have many resources of information but it

may cause confusion sometimes. On 24™ June, 2020, three members of the expert committee had the press conference to sum up

their activities and to make a proposal to the government to make clear the role and the responsibility of the government and the

expert committee. At that press conference, surprisingly, they were informed about abolition of the expert committee. Insufficient

science communication between the government and the expert committee is considered as one of reasons for these situations. To

solve these issues, cultivation of science communicators is an important urgent need.

Key words : science communication, expert committee, government, COVID-19
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Novel Regulatory Mechanism of Cholesterol Biosynthesis in Cancer Cells

Tsuyoshi WAKU*, Toru HAGIWARA, Yuri ATSUMI, Natsuko TAMURA, Yasuomi URANO, Akira KOBAYASHI

(Received August 28, 2020)

Cholesterol serves as a component of cell membrane and a precursor for the biosynthesis of fat-soluble bioactive

substances. Cancer cells enhance cholesterol biosynthesis to maintain its rapid cell growth. However, the regulatory mechanism in

cancer cells is still unclear. Here, we found that cholesterol biosynthesis in cancer cells is regulated by a transcription factor NRF3

which promotes cancer development. DNA microarray and gene ontology analysis using NRF3 knockdown and/or overexpression

cancer cells indicated that NRF3 induces the expression of enzymatic genes related to cholesterol biosynthesis, including HMGCR

and HMGCSI1. NRF3 also increases and activates SREBP2, a master regulator of cholesterol biosynthesis. Furthermore, we found

the physical interaction between NRF3 and SREBP2 proteins, and the DNA recruitment of NRF3 to its response element adjacent

to SREBP2 response element in the promoters of HMGCR and HMGCS1 gene. To investigate the impact of NRF3 on cholesterol

biosynthesis, we performed GS-MS and found that lanosterol, a precursor of cholesterol, is reduced by NRF3, whereas cholesterol

itself is not changed. LDL uptake assay revealed that NRF3 enhances cellular uptake of cholesterol by endocytosis. These results

suggest that NRF3 reprograms SREBP2-mediated cholesterol biosynthesis in cancer cells.

Key words : Cholesterol biosynthesis, Transcriptional regulation, SREBP2, NRF3
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HRER LI, 7ua—0 A b A MY —&2 W CHila
WKCIRVIAENT-a L AT e — L2 ER& LT,

3. ®BRBLIUBE

3.1 NRF3 [Fa LR THO—/LEESREKRIZEEET 5

NRF3KD-HCT116 , NRF3KD-HCT116p53K0 3 X O°
NRF30E-H1299 ™ 3 Z&f TDNA~ A 7 1 7 LA 4T\,
NRF3 / w7 X0 CHEUKT L, 23> NRF3 i F5
BLCHBL LA 2 100 BIn T2 0 AT, RIZ,

Z D 100 W16 LT GO ST 217 - 7= 5, NRF3
15 DD L AT m—/LAREESE (ACAT2, HMGCR,

HMGCS1, IDI1, SCAMOL) Di&fms{-3EICBEE+ % =
ExEFAH L (Table 1). PLEOFERIE, NRF3 3=
VAT o — VAR GERIEIZE 595 Z & 258 R
LTW5.

3.2NRF3 (FO LR TA—ILEEGRDO YT R —Hl{HE
FTH5 SREBP2 # EZEET %

SREBP2 1% = L AT 1 — )L & kBRI & G012
GBI o~ A2 —Hl#HKTTH 5. &2 TRIZ, NRF3
7% SREBP2 D FEBLPVE A BT B A T ~T=. 7
TRAE T ay ML TH 37 YRR O RS

Table 1. Gene ontology of NRF3KD or NRF30E cancer cells.

Term P-Value FDR Genes

G0:0006695~cholesterol biosynthetic process 3.E-05 0.05 ACAT2,HMGCR, HMGCS1, IDI1 SC4MOL
G0:0008299~isoprenoid biosynthetic process 2.E-03 296 HMGCR,HMGCS1, IDI1
G0:0007584~response to nutrient 5.E-03 7.86 HMGCR, TGFBR2, GNPAT, PTEN

G0:0051726~regulation of cell cycle
G0:0048661~positive regulation of smooth muscle cell proliferation

G0:0030512~negative regulation of TGF- receptor signaling pathway

G0:0060044~negative regulation of cardiac muscle cell proliferation
G0:0034145~positive regulation of TLR4 signaling pathway
G0:0042493~response to drug

2.E-02 28.30  ICK, GADD45B, PTEN, CDKL5

3.E-02 40.22 HMGCR, TGFBR2, TGM2

4.E-02 44.02 TGFBR2,CHST11, BAMBI

5.E-02 51.33 TGFBR2, PTEN

5.E-02 54.72  HMGBI, PELI1

6.E-02 59.79  TGFBR2, HMGCS1, GNPAT, PTEN, BCAR3

— 44 —



MR SREBP2 & o 7327 B 5 NRF3 CTHEANT % = & (Fig.

1A, Tnactive), F 7= ChIP fiE#T1Z X - T SREBP2 7' 1 A L
B2 —|ZIENRF3 AHEAT D ARE RMFEIEL TV D 2 S gg
R 5 O E=]
LWL LI (Fig. 1B). & BICARIEMER SREBP2 2 s:gg
L [FER, & 3T B YL OTEMER SREBP2 & /X7
—
BUk S NRE3 12 o CHINT 2 2 & b AL L7 (Fig, sl -
1A, Acti . VLEOFERE DS, NRF3 I3 SREBP2 % H. Myc e
A Aetive). LEORCRAS i (Active SREEP?) D
PR % 2 & C SREBP2 D& L 37 B AN &
w5, FHUT XY SREBP2 & SCAP D% LR 7 B &bt B
AABRAOICIR T35 7290, SREBP2 OIEHE(LANEE & REC LTI Sl ] [kl || | e
. - s (RefSeq, GenBank, CCDS, Rfam, @iNAs & C aratnve Genomics) (filter activated)
2}’117:_&%2_‘52}%5. 1 I {MGCR e—
HMGCR gene
A B  SREBP2-ARE SRE  ARE
GFP NRF3 2 . * sbolbdect |
o Inactive [> w— s ,630 e ] 43,313,600 | 43,313,700 | 43, 31330 Imatc 3313, 900
% "5‘ g ’ UCSC Genes (RefSeq, GenBank, CCDS, NAs & Comparative
x o c
7] . s co 1 HMGCS1 gene I ‘
Active p -— e SRE ARE
LE/ 0.5
o-Tubulin s — 0 - C HMGCR-ARE ~ HMGCS1-ARE
GFP NRF3 A - . 15 - %

Fig. 1. NRF3 induces SREBP2 expression and

w
1

10 -
activation. GFP; Control.

% input
(Fold change)
N

[y

3.3 NRF3 (& SREBP2 LiBEAIL CaLRATHR—ILES
BERZERIRMICES LTS " GFP | NRF3 J—
FREOFER DD, NRF3 FIEELMAL Tl SREBP2
PEMEE LT DIcH B 57 (Fig. 14), HMGCR <9
HMGCS1 72 & — 8D G pliliEFR L MEEFHE I T
W EMRH SN E o7z (Table 1). ZHUHDHIRIL,
NRF3 7% SREBP2 DRRGIEHMEIZER ML 52 TW\WDH Z
LERELTWD., ZORMEERT 5720, £F
I NRF3 & SREBP2 D % > /X7 G HAER T 2 D)
2 IARIEILIRIZ K o THAT. 2RSSR, NRF3 IHTE
P SREBP2 CFHAAMEMH T 52 &2 R L7z
(Fig.2A). F7= HMGCR <° HMGCS1 7'v1&— & ND
SREBP2 i EiA (SRE) UTf12 1% NRF3 S &AL (ARE)
DEFELTWSHZ bR L (Fig.2B). £2°T
ChIP fi##T 21TV, Z4UD ARE (21X NRF3 23 EAT 5
ZEaMER LT (Fig. 20). LA LEOFEEREMNS, NRF3
IXSREBP2 & AR A TER T % Z & THMGCR & HMGCS1
Z RIS LW D ATREMED R STz,

Fig. 2. NRF3 interacts with active SREBP2 and
binds to ARE adjacent to SRE in HMGCR and HMGCS1
promoters. In (A), algG; Control. In (B), ARE;
NRF3 response element, SRE; SREBP2 response
element. In(C), GFP; Control.

SANRFI[FaLRTH—LEERHE) TR S LL
TW5

ERZ NRF3 232 L 27 1 — LA A ki 6 & 253
(VFurF5) LTOWDLONERDT0 GSMS
fENTZAT o 72, ZOFER, NRF3BEEFEEBLIC L -T2
VAT a—/VEIIEL L2 ole— T, ab AT
o — /LHBRATH 5T ) AT n— LB EITED
LCWe (Fig. 3A). filaN= L AT v —g, A4
FRLSMZE DL O KA b= Rk o TR



ENDHZENFEBNTWDSY, ZZ TLDLELY JAZAfiF
WrafTo 1o/, NRF3 282 L AT a— LI Y iAdA %
fREL WD Z AL (Fig. 3B).

Cholesterol Lanosterol B
_ 3000 A *

< 100 0.3 o
< 2
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s 0.1 2 1000 1
g 20 2
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0 0 0

GFP NRF3 GFP NRF3 WT NRF3

Fig. 3. NRF3 reduces lanosterol, and maintains
cholesterol by LDL uptake. In (A), GFP; Control.
In (B), WI (wild-type H1299); Control.

4. &R
N L AT a—LEIL, ~ A X —Hl#ERFT
& % SREBP2 IZ K W ffEFF STV 5. ARBFETIL, 2
APETRIZ T 53 D HR SR 1~ NRF3 %% SREBP2 & #HAAE
HT+252&7T, albAFo— L AESRKEEFED IMGCR
R IMGCS1 ZERAICHBFFET 5L TaL AT
o —/VAESRHRRKE Y a7 T AL TWD A RENE R
R L7z, —J5 CTNRF3 1L, AR DO ) 7n 7
ML o> THIfEN = L AT o — L&D L &
2T DD, DL Oy RYA h—T R XK D
faskno a L 27— LI AL BIREL TWAD Z
EEHLMNIT LT, 5% OFBEIX, NRF3-SREBP2 (Z
LD a v AT m— VAR Y 7' 7T AHEE
TERRSCHER 72 E OB /VEEHEARIZ E D X 9 7o 8% K
ETOPERFTHZ L, N3 ICL DL AT
2 — VI ARIED X D78 A B =X A THIFIS

TWOIDERAT L2 L THS.

AWFFED—ERIL, FHFF R L ORISR FEANY A
BYEARIIERTES 4 MM DR 2% 1 TiT 7. 22
ICRELTHIEZ LT 5.
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Functional Cell Scaffold from Peptide-Polymer Hybrids

Tomoyuki KOGA*, Hajime KAWAMURA*, Shin-nosuke NISHIMURA*, Yukiko TAKI**, Naoki HOKAZONO**, Nobuyuki
HiGAsHI*, Koji YAMAMOTO** and Yusuke Morita**

(Received September 17, 2020)

Significant efforts have been applied recently toward designing functional scaffolds that control cell adhesion, shape, and
proliferation for tissue engineering and regenerative medicine applications. A hybridization of sequence-controlled peptides and
synthetic vinyl polymers offers promising opportunities to design highly functional cell scaffolds. In this study, we report a universal
technique for modulating the cytocompatibilities of two-dimensional (2D) and three-dimensional (3D) materials using a
photocleavable Arg-Gly-Asp-Ser (RGDS) peptide-poly(2-hydroxyethyl methacrylate) (PHEMA) hybrid graft copolymer that is
prepared via post-polymerization modification using a click reaction. This strategy was applicable to various hydrophilic and
hydrophobic materials, such as 2D-glass plate, 3D-printed poly(lactic acid) and cellulose nanofiber, due to the high film-forming
abilities of the PHEMA unit. The resultant thin film promoted cell adhesion and spreading of MC3T3-E1 and NIH/3T3 cells. In
addition, in vitro cell studies demonstrated the high potential of this method for spatially controlling cell micropatterning and cell
sheet engineering by integrating photolithographic techniques. We believe that this work provides a useful method to fabricate

various scaffolds with a photo-controllable cell affinity for soft and hard tissue engineering.

Key words : Peptide, Synthetic polymers, Cell scaffold, Photo-patterning
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Figure 1. Peptide—polymer hybrids for functional soft-materials.

RN Ty s e F Ty s R 75T
B SDDANATY » RRY ~—ZREICAEKT DI &
PN TE 5 (Figure 1). ARWFFETIE, EEREAMEDO R
RV (e FedomF A% 27 Y L— ) (PHEMA)IZ
SRt O MaEE A AT F RE T T T MEE
LCEALNA T Yy REL O E 558 8 & B 5%
L, NLAEEE e & o FE B AEH M i 28 o il 18 %
BfL7-.

AR THERL D HE A - YEFE D 723D D )2 35 D E 4 R
7L TWA O3 Man~ rY v 7 2 (BCM) TH Y,
T LS RV ED—DTHDH T 4T
0% 7 F U (FN)RFEF ISR e B itk 2 £ o
ZEMHM BTV A, Pierschbacher & Ruoslahti (3,
FN HOMBEEASEMHEICE S L T 2 A0
Arg-Gly-Asp-(Ser) (RGD(S)) DT 3~4 K TH
LI laRMLEY. BE ZoRFLE, RGD A
B % R Tk 2 72 G B O BRFE S A TV B 101,

T, 7V vy RN ERMM LI ESREMIEE
PR L, fiEIEREEE D PHEMA (20 Rtk Y o b —
Z/ L CRGDS X7'F K4 777 MEL7-. PHEMA
IARHEREEMENE <, B B\ o, BIK~BK
PEDRR % IR EMBE~DRZER 2 —T 4 T R3HIFF
T&5, W>T, ZONATV v RRY~—V AT A
ZRNDZ LT, ZEERTBIR - YA XD kot - =R

T BRI 2 I T T R CEMiniE L /e A H. £
7o, MEFRREICEA SN 7=~7F RITEUIRTIC X v {E
BIZlRETE2Z2E00, MlaotEs - BE) - /51t -
WA &, TGP 2SN DRI CE D8 LW
VAT AERDZ LML

2.EBRAE
2.1 7P FERRICET HH5 % RGDS XTF
Fo&ER"

Fmoc-7 X / BA#5 K (Fmoc-L-Ser, Fmoc-L-Asp
(OtBu), Fmoc-L-Arg(Pbf), Fmoc-f-Ala,
Fmoc-L-Lys(Mtt)), Fmoc-ANP 353 L OV 6-7 ¥ R~
VI (N5-HA) (3 &) Z#MEa A HOBt (3 &) B
LFONN-DAVTaELANLRIA IR (DIPC) (3
W) VT DMF FCIHKMES &S5 Z iz k
v, BHOESNEZHGT 57 F K% Fmoc-NH-SAL
MBHA #fig L2 & L7z, W\ C, TFA/YZ rmr X
2 TIS (vIviv =1/98/1) 1RA VAT Lys {HI#5 =D Mit
FaWifrE Lo, B2 LB Lo Lys o7
JH L RhB (3 Y H), 4-(4,6-P A FFT-13,5-hU T
DU D-AN)AAFILENT ) = MR
(DMT-MM) (3 % f) BLWN N-AFLELT+ U
(3 %) & DMF/A X/ —)b (viv=4/1) IRETEET
T 24 RfBOG S, #0067 ~ A ki L7z, TFA/
vruan XK UTIS (viviv=8.5/1/0.5) IR &A%
WTHIIR22 D OXTF ROl L AE1TVy, FiE
BRI B DO F R (N;-HA-ANP-K(RhB)
-BA-RGDS-Am) % 1537=. #1%Z MALDI-TOF MS, 'H
NMR 3 KOV FTIR A2 b2 K 0§l L7=.

Fmoc-Gly,

2.2 AH BT IN-FELEEEE (RAFT) ES
L - HEMA & PgA D ES "

HEMA(17 mmol), 7 7 U Vg7 1 3L ¥ 1 (PgA) (3
mmol), 4-3 7 ) -(4-F F XA NNFF) R H R
(CTPA) (0.02 mmol)¥ L Y AIBN (0.01 mmol) % 2& 5

EER

mL L7225 X DI DMF LA S, ©/ ~—REL 4
ME L7z, ZORRERBREICE L, BERA L7-%

ICEE L, 60°C THEA L. mEAK, BREKEHETA



WT 5L TCRINEEIESEZ. 0%, KINEKE
VEFNT =T ANE T DI ETERLERD
—Z[ L72. DMF % R, voFloz—7 %

FEEPBCH W - EE I L O ERLL, BT &

L3R Y ~— (poly(HEMA-co-PgA)) % 157-.

2.3 ) v RIEIZE S poly(HEMA-co-PgA) ~ D
RGDS RTF KD &t
Ni3-HA-ANP-K(RhB)-BA-RGDS-4m (96 nmol), CuBr»
(175 nmol), PMDETA (349 nmol) B X O'7 A2/l v
“E(AsAc) (85 umol) %15 mLD A ¥ / — )L /K
(VIv=5/T) IR TEIRICEIR S8, IRIREFR 2 VT2l
FELARUC RV IEFBEEZRE L. T, 0K
% & poly(HEMA-co-PgA) 2 — N Ekf &2 /87 71>
T AN, BIRTEEH AZI0NH ATV T
L7~ BRI NT752apay 7 &L, 40°CT
4WFE S STz, RUSE, AZ 7 —IVIK (vIv=5/T)
AW, IM-HCly, 1M-EDTA.(pH 8.0) 3 X UK
FAKDIAIZ100 T DI3E S5 2 L THg L, =ik
TR S H T

2.4 HFE

'H-NMR A7 k)L HARE T8 FT-NMR
AL400, MALDI- TOFMS A~X7 kI 7 Vvl —% v
k= 7 AR S EL Autoflex speed % FiV CHIE
L7z, %A XHbr2 v~ 77 7(SEC) HIEIL HA
7768 LC-net IVAD (4 7 2 GF-710F, PMMA A % >
2= W TITom. A a— ML, dfn
PRAFRL A B 3 — & —K-359S1 % FHV T 3000 rpm T
AL 7o bR I E VL, B AN SR R o
DropMaster-501 % H\ 7=. ATR-FTIR A7 /Ui
H A Vet FTIR-4600 % WV CHIE L7, oo
BOSIX, N7 4 —UV 77 SLUV (365 nm, 8 W)
ZHWTITo72. UV A7 v, BHARS kY
V-650 Z HWTHIE L7-. JR 7/ 5BEMEE (AFM)
Bl L SR ERTRL SPM-9700 % AV CiTo 72, B8
SHAEIZ 1T OMCL-TR800PSA-1 (HH =R -£%: <20 nm) %
v, ar %7 hE— RN TAF v 3#E 1.0 Hz TH|
ExRATo o, HEABEMERE, A h~A 7R

7 L8 AF6000 22 FHVNTYT o 72. AN U L-FLI#(PLLA)
5 78 2 T IE I BN R E 5D 3D-7)
% — (Replicator Desktop 3D Printer, Maker Bod f1:
By A W TERL L 7=,

2.5 #faEER

~ U A HOkE M LR AR AR (MC3T3-E1, EEAF
BRC) ¥ X '~ 7 R HORAHME 2F M il (NIH3T3) %
80% 1 7))V MI/2BHET, 10%D =7 U ilE
(EBS) (04-001-1A, =t AFE/ A FREAEHE) BLW
PUAEME (A5995-100ML, > 7' <7 /LRI v F T %
NRUBASHR) 25T o-MEM (74 777 /1
VAV NUBRA S ) LY DMEM (5T
AT A7 RASHR)PIC T EERE L. Zhb
DI Z FEBRIZ IS U T6.0x10° F 72 1X3.0x10%ells
ecm?DFEETHRY ~—HE IR L, HEimjEE-
IXIMEE L T, 37°C, 5% CODA ¥ F 2 _—H —
TEFE L. BRI A o -AMTY LT,

3. BRBLUSEE

3-1. RAFT E&12& % poly(HEMA-co-PgA) DFEE
‘"

=haxy RAEEANMP)Y, HBEZ7 Vb
JVEA(ATRP)1D 35 L ORAFTE A9/ SIofizk &
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BRIRBERIEIR DR Y =~ —721F T, TAF Dk
IRTIINEDKIEERRVERELEL T X
LaR)v—b U B TCESFREICR Y D0 b
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AWFFETIIRAFTEHEAEZ B L, @SB EIHIC
CTPAZ W T E£THEMA L PgAD T > & L3LESL
Z1To72. HEMALPgAN S 7% T v &4 AILEAR
BRY ~—8RNICT VX2 AT 520, EARE
ffiASATRE & 72 5. SEE A, DMFH60°C THEA MM
BB SE T2, BohRY ~—0t
HEIX'H NMR A7 b LE X OSECHIEZ X 0 FFf
Lz, #FEAFREM /LAY ~—OSECHIE %
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1€/~ —#{LRIZx L THUIE—EDETH - 7.
bz binn, R ~v—#HENHIE I, (AR
Y O % b Dpoly(HEMA-co-PgA) 3 % H 5 &
LB Dol LIBO IR TIX, My=101500, P=1.31,
Fpea=9.87Dpoly(HEMA-co-PgA) % I\ 7=,

3.2 Jt4fEtE poly(HEMA-co-RGDS) 7 4 JLLDE
R & MR iR E 58 7

7V v 7 KIS X D poly(HEMA-co-PgA) 7 1 /L I
~ORGDSST'F R OEH & BB OV THRET L
7. AV a— MEZLVRY ~—EE 5T A
B EIAERE L 72, I, SR AEAE T 40°C TR T
Y FMERGDS X 7 F R Z 24l It & ¥ 72
(poly(HEMA-co-RGDS)). #tV T, 365 nmDOUVIE%
T A4 VADHEEIZ T + hv A7 B L TC304 RS
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Figure 2. Scheme for the modification of alkyne-containing
poly(HEMA-co-PgA) with the RGDS peptide via a click
reaction, and the cleavage of the peptide by UV irradiation.

L, K (pH3.0) TELHEEF L. UVERHZIZKIT
57 4NV EERBEMEICBIELIZE A, UV
RIBFHEET RhABT ~ L7 F RIZH kT 5
W T 4 NV ARRIZE BRSNS DIZH LT,
UVIBEHEIR IR < 720, RGDSST'F RMR 7 4 /LA
REPLUWEINT-Z Exbho7z. BEEHEBL IO
FTIR/H 2> HRGDS 7' F K OYIMr R % A - 72
L2 A, EIFI00%TH D Z & bbhoiz. PLEDRE
RLD, KFEIZE VRGDSTF KO EmEH &
ZDONHHPEGIZEBLTE D Z ERbnoTe.
®IZ, poly(HEMA-co-RGDS) 7 ¢ /b A D a7
BMEZRET L72. MC3T3-E1#lfE % 6.0x10° cells cm™
OB E CREFE L, MM iE R 37°C C24mF 1S
& L7-. Hig & L CTRGDSAKE fipoly(HEMA-co-PgA)
7 4 VA ETHEBROERZ1T > 7. RGDSAHIEAf
7 4V ADOEEICIE, HEMA = v O AKMECH K
Pefihf54° VTR LT, D E MR 0oREE LB
SN7pinotz. —JF5 T, RGDSIERG T 1 /v LD FKH
WX OBEEMRA B ST, SEMnEITR
BT 4V DR THRIA~5ETH Y, I<MEL
TWHZ Ebbhotz (Figure 3(A). 2D &b,
70 v 7 RIGIZ XV EANLZRGDST & b — 7 23
JatEBEhir e LT 7 4 LA ECHNTHREL TV 5
T EDNRMEE T, TR, BE LIl o gt
Petaff(Figure 3B) LV, A > T 7 U U BIB LT 7
FrT7 7 AN—DRENRO L, MlaEEEN
RGDSXTF'F KA 77V v EOMEERZI L
THELTWD Z ENbhoT-. UVIREHZ X Y RGDS
TV =T ERSICONTE, MinBEM AT
X%, UVKRBI O 7 4 V2 &l LT, BB NICHE
EHHIIRE A LT b Z & 23 h 5 (Figure 3(A)).
Z OEEEMIREIL, T F RO AR D R
LA UHiE & A3 % &7 LR (Figure 2 F B) DR R
EWRE LN T

ZoEoiL, Y77 MIXTF R-v= LR <
— e ATV RERHWSZ &T, KRFICEIVH
B O E AL EICHIE T 5 2 LN TE 5.
AR D ZRIe/ R Z — AL S — b L ~DIH
HLARETH B.



(

A) 3000
— p <001
£ 2500
(3]
w
T 20004
s
uwh
3 1500 4
S 1000+
5 T
2 Z
E 500+ /
=
0 //;
o
ff
(B)

Figure 3. (A) Summary of the cell adhesion experiments on
various polymer thin films in serum-free medium for 24 h. A
statistical analysis was performed using the #-test (N=6). Error
bars represent the standard deviation. *p<0.01. (B) Fluorescence
microscopy image of MC3T3-E1 cells cultured on
RGDS-modified hybrid film. Cells stained with actin filaments
(red), cell nuclei (blue), and integrin (green).
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Figure 4. Poly(HEMA-co-RGDS) coatings on various 2D- and
3D-materials for developing functional cell scaffolds.
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Figure 5. SEM and CLMS images of CNF obtained before and
after coating with poly(HEMA-co-RGDS).
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