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Direct measurement of microscopic thermal properties of cellular components using
the artificial cell
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This research focused on elucidating the mechanism of thermal regulation at the cellular level. Specifically, we
addressed the following three challenges; (1) experimental verification of the low thermal conductivity in living cells
using hybrid-type nanoprobes with higher precision and functionality and artificial cellular systems, (2) analysis of
elementary processes of chemical and mechanical energy conversion by protein molecules using molecular dynamics
simulations, and (3) experimental exploration of the response of biomolecules and molecular assemblies to heat and its
physiological significance. The following results were obtained for each of the challenges: (1) The surface of fluorescent
nanodiamond particles were successfully modified to reduce their size and to increase dispersibility. Liposomes
encapsulating fluorescent nanodiamond particles were prepared. (2) The characteristics during the initial stage of the ATP
hydrolysis process were elucidated in myosin. (3) The difference in temperature sensitivity between skeletal and cardiac
muscle contractions were clarified. The current project provides important insights into the mechanism of thermal
regulation at the cellular level. We would like to continue to develop and utilize the experimental systems at each spatial

scale that we were able to initiate as a result of this project.

HRBA/M
MIBOBPEA X, B PO LY ICHhDHERERERIK
FEAFF AN, SNMEREE L 0 bIRIRZ & < HEFF C©
E DA DRI TH D, FIAEWITINTRE DR
EEICEES N, IBE L, THUIATGOBGEEIC
HLTHREETHD, TR L~V DL A r—
LT, BOSHIRIZ B 2 DR A £ O THUIKREE T &
D125 DD FDFEFRRIREEL, —MICEE LU,
HELUWERR I AT, BVIBR O CREA S,
BRSO JHH~BORT 5 Z LIk D, DE D E
BN EL e b, RENREEL Y FRI BT
B12 0 (B ZAE A — V32255 70 BIE R IT 1/4,
RREIE 1/8 1272 %) . PN e e CHIRE S 5 2y 7e
BT, KREREWBEROEE EFIZ S THRED
WS L, oL b7 TH D, FENITLT,
AR A — L CEVE D = L O L S, IT4EICE
S D MR EE F HANE LB E AT K o TR &
NC&7, —FH T, fIETHELN D EREROMIR

WL, FIENE RS X — X QBN AR AR TH B,
LvL, 26 OMEEN FEERAICEHII S e
FIRENHED G TEY . T ORI Y ez el
OB E LT, BRSNS L9 1o TE T,
HEEE OIXLIRNC, ERREE 7 7 —7 & LT
RET DEET ) XA VEL FOFER A, LS M
nE <, ERIN LEAE T 2 E 2 Fom o+
THIET 2 2 & T, I K- THEADOH ) 2l T
X DIRERH - BEDNA TV v RS ) Ta—T
EFHUCER L, Zhad AW, Ml ORRE
KEHNZRZh Uiz, HIRNOBMRER 1T, (6RO
BLEIT R S TAD 1/6 E/hEL | EICITRE
RIZLOERFEOH LN, L, WELEKROMRE
MRFER T D, OMIAZERT D5 I BT
RNEE 70 EORAFDIEYLEIT AT T 58, @
JADEIRD—>ELE X HiLD K /37 E 531D ATP
NI G R Z 35 1T DD F s FE OFRM . F5 KO
@BGEA BN TN T B RSy F OB



DRRFE, % Z TAFET Z O AREIC->NT, O
EREEAL « EREREIL LT A 7 ) RALF ) T —
7 & N THIRE R & T EBRIRGE, @F R 78
ST K DT - NP X =BG D 41
#FE (MD) I ab—3 g ARV, BX
VD@ T DA T« 3 THEAERDISE & A
HIBROEBRINER, 2B E L, ZhbZlElr
1T L CHERE L 7=,

WrRRE
RE LT EO~IZHOWT, LTSRS %2
SRR

OFEkEEL - WHREIL LToA 7Y v R T
— 7L NTHIBRZ AWV EREOBREE MM T,
B DR TRENTER L D B R — e BVRiE R %
L LD LT D L&, FHNORFTED WD &2
KOO D, BURERGHAORETEX, /) T a—
THRRRE O EE L LRl SN D, RFHEZ &
WAHE=DIZE, /7 -T2 LD /NESLTEHNE
BdoTe, THETITENREFE LTHHL T
RO T ) Z A ' FRLFIT SRR
100nm THY ., ZnEHWCGRRENSF ) 7 o—
T ORIIT T 200 nm FRE & 72D, [ Lk~
72 X O ICERBRITITRRDO NN T DX R REV, £2T
AL TIEE T, KRB L V/INE L DR Hi
NE VPt ) XA Y EY PR AFIRT 57
2 kLD EIT o7, EORE, S0nm LV /hS
<. ETRBRORI - Iobi T 2150 5602 A+ 2 &
I LTe, R TL RN e BH M3 K OYES:
Rl 2 E Lo b | il COFH TR O REt &
BRtG L7, E7oMla~FIHT2ICH0, T/ hi+
T RICA OGN DEEMSRZ IR L, DML & D
7O ORMERIZOVWTHEEbE TRF Lz, ZD
#E 8. hyperbranched polyglycerol (HPG) (Z K % {&ffi
BEYTHDZEBbroT-, ZNHDOFED—E
(2D T 2022 FEITHBR R AL —H R ATV (KA
—HEK3), 2024 FITHERERETEL TV D,
FEBRGHZR & 72D N TR ORI &2 1T - 7=,
F ) 7a—TENEAT LRV VRS D 2 L)
SRR ERG Lz, 7 L— b hicy—7effg
BEAHAET S, RICZORE —&EiFEE2, -/ 78
— 7 ENLTET RS E T, S -7
WERT 7V (URY—24) RARNICERIND
(FX AT 4 7). TORER, ZIBITeo72 )R

V=R, W A Ay NRi (T
0 —7ORb Ve T ) XA Y E L RRL-CEM
Bt Tz) ZNUTHIRY —LDTETND
TN, HOLEAMEEE VTR ESNTZ, L LW
BENDIRIAITH LTI R — 2N KRENWZ EnE
<, FRRIFZE2NA LY R Y — 20N D77
EORBES RniZaniz, JHREFOIRER X OES
BREAEZ D LT, RROHENATRETH D Z &
Moo TR, WURFMEORGTZED TN D,

SRR BT RITIL, AEE ORPE TR~ 72tk
BAF ) T —T ROV ilic e & 2 TET
5o

Q% v RI B TIT X BF - NFZ T — LM
FWEOSTENF (MD) =2 b—r a3y zEHAn
T AT ATP IKGMES 2 & R0 By 113, Ik
SRIZEZ D ATP DAL R V¥ —% 1Py 7e iz
B 500 =X NVFX — LR O—FEThDH, —
VR =D NRPRZERTH D722, FIHT
XMool RZAF—O—HFHn & UTEBEA~TR L,
ML~ LT~ veRrabty 7 REEERE LT
REMER IR SN B2 6N TS, =RLF
— OISR TA U DEIEE b0 ) Fao o A B
MEZRICET A RITEAMICED S, £X7 L
FF NIREBIC IS T B & o /R 7 B SIS DR 45 iR
RE COWRER, M CHEERBLAHIET 5 2 =
RAWELALMTENTE R, &AM, ATP N
KO FRABFRD A F1 = X DT STz,
% ZCARIE TIE, 7 ATP MK fifEEE Cd
B IA TN LD ATP K EOIHBREIZE B L,
MD ¥R = lb—varEHAnT, =X —Z2
FROMBHI A ) = X L E it Lz, TOREER, I 4
U DEERINL— T DIRT Y ¥ LT RV F— 03K
kcal/mol 2k L. N—THN~D L FEOZEN
s niz, FHEN LIS, ATP MK RIC X -
THERS 4L 2 BUGERD U A3 S 7 RHET B |

[FEEDBISFE RN G DT, 2 42 13, ATP X° ADP
— Y U L ORI EAEH OFEWNC Lo T

bFT N —% J)FHI R FICERT 5 2 L8 T
xB, XUNRTEITMIEBNTEIZE ) A XI2& 6 X
NTCHDTID, 2D X D72 A = X LW GRENf# X |
EWTFR T v A 2 22 ERICHIE LT 2 TREPE S
BB Z L DIRIE ST ARRRIT DOV T 2023 4RI
SREERRZ T (HEEEK 1), TELHETH
DICERILE LTHETE D89, NEREZIV Lo



TW5, FEARFEICHONT, EES I X DEGE
AL BORBFE O E MR ETHMD I 2 L—
3 VFERIZOWTHY £ 2O BFE, 2023 FI2H
# Ll GEEFEI),

@B T D AEMESF - FFEEEDISE & AR
BEROERIOEE  FRAET O IILANS, OlEE
kT 2R (LR OIGEARIRZEIZ I Y Eo
KO REEEZ T DA, ODIEAMRIREEFEN T
ZhEWNHBET D Z L 2R LT (BB D, AHF
JECIE, BREA & O OUHE OB &S M DIE W
DWT, JRETINEBAMEEEE VTG L7z, BT
INBAGERERTE & 13, AKIZ X DWIEROE W ER 1.5
um O L —HF—J A2 BME L X a il L CRUE
HICENTHZ LT A EZEIRE L, £
Z TR S U5 JRPTR 7 IR A)Bd 2 R L C
ARy OISR 2 YIRS N RV 5 Tk
ThD, BJEN/NI W=Dz, b—F— RS2
DIV E AEITESCMTTE R L, RETH 7RI
ZIEARTOIRIEICRE ST Z E N A RETH D, T 20
DN OZGEINEL 25T 5 41.5°COHFE) 2k,
BB U 72 B W 5 15 JRURRAE (2 W T it ok e &
72 D VIRAAFIZ I T O IUHE A PSS FRE S 41 D
ZERRWE ST, IR o E R E W
TRIREIPHN (40°CET) TiMli L7z, Z 2 Cidky
2RI X0 RIHEAE 2 Roe T CTREBLT S
invitro W8V EEREZFIHTHZ LT, BEKLEE
GBI OO ORZ 0BT 4T A b (v
T AT AN) B, B E IRk I AT
YO AR EET L EEOHEEIZONT, ZDIE
FERAEMEZFHI L7, ZORER. (1) B 4
v BT EERT S EAEGOMNT T A OV
0 BREE DR EEARAFMEIT. B4 755 55 JRURRAE O I 15
ONTIRERFEERIE TH-TZ 8, (2) B D
DEATDOMNT 4 7 A bb, DI AT EX
DY, BRI IAY Y EOFTMEWERE TIED RD
HZE.(3) LFFOMNT 4T A NI, EBHD
ZATDIFT v ETH, BRHOMNT 17 A
FEVDHIRWEETIED Z L. BTz, > T,
IO BRI OV, Bkx ZeRilicki %
AFZHERIIGC T, 34 bRty
AR =N K o THMAICHE S22 6, KIR
DEENT H PN TR X IHET 2 & 0 IS
TN TV AR R Stz ARBFFEICBEE T 5
FRRAIZDOWNT, 2023 4RIZFES MR FR (T (D8R

K2, RAX—FFK12), FREFRLE LTHRE
L7z GEEREIL,

EE

HRRELN O AL SR IT N IR OB & L TR
EEERORIBIEFEOMRFICRIA S D, 207
72 A TE Y RIS LRI T Ch D, R
DAL RS T AN DR 28T BT, Y]
H SN2V EITIRZ R RE L 2 RN B 5
MNHETHD, ZDOELIZHONT, IEREEHIZZ
AIVETIT, BHEREE S RO 7 v — 7 b s S
NORERICHESX [ FF AR — VB TS v
7] EWVIOIEERELTE L, LWolX ) ABF%ET
TRREREO~Q@ZE L T, ERRIC L 2BWEE L |
BUH T D AR RORE 2 RSO T, R0 D
STEAGIR, MlaE TORRDZER A — L& x5
(T & B E T2, Zhb oo BEiE L
WEIZDOWT, —fiZ#il & LT 2023 FITRE LT
GEEFEK 2), ASEREA L LCHmT 52
EMTEEREMAr—VOEGRRE, 5% LEE
BRI LT TE 20,

BEXH

1. S.Ishii, K. Oyama, T. Arai, H. Itoh, S.A. Shintani, M.
Suzuki, F. Kobirumaki-Shimozawa, T. Terui, N.
Fukuda, S. Ishiwata: Microscopic heat pulses activate
cardiac thin filaments, J. Gen. Physiol., 151(6), 860-
869, 2019.

S EANE .

REERIES

1. Kaurisaki, I., Suzuki, M.: Mechanical work generation
at the early stage of ATP hydrolysis by myosin, The
61st Annual Meeting of Biophysical Society of Japan,
AR, 20234511 A 14 H~16 B AR#E

2. ERH: BT Ca® LIUHE A& S ATEN 7T
V7, EENMIE RS Tl > A7 LEfR D IZ80
D 7 FOVIRE R O R AR ik, 2023
HF9H14H~15H

RA & —HFK

1. SRR Yeser R pTnE - I8 B EHI 2 V7o B
7F v TRENT, BTAEMBNRER T +— T A
2023 EOWFEE, JLEHERT 2023 429 A 13 H



~15H

Madoka Suzuki: Heat-hypersensitivity and its
mechanism in mutants of Ca?" release channel RyR1
revealed by nanothermometry and opto-thermal
technology, International Conference on Biological
Physics (ICBP2023), Seoul, Korea, August 14-18,
2023

H. Okita, S. Sotoma, S. Chuma, M. Suzuki, Y. Harada,
Research on the development of localized highly
dispersed surface modified nanodiamond and their
cellular uptake, The 60th Annual Meeting of the
Biophysical Society of Japan, Hakodate, Japan,
September 28-30, 2022

Nakanishi, N. Nakahara, *M. Suzuki, S. Ishiwata, *N.
Fukuda: Myosin and  tropomyosin-troponin
complementarily regulate thermal activation of
muscles, J. Gen. Physiol., 155(12), 202313414, 2023.
KIRT:, FOREERER T, &R AT
ZEBREMEAE (QST) LV HF LAV U —2, 5
(RBIC = A 22 U — 48 (A. Mansson: Changing
face of contractile activation in striated muscle at
physiological temperature, J. Gen. Physiol., 155(12),
€202313494),
*M. Suzuki, C. Liu, K. Oyama, T. Yamazawa: Trans-
scale thermal signaling in biological systems, J.
Biochem, 174(3), 217-225, 2023.

*1. Kurisaki, *M. Suzuki: Simulation toolkits at the

REERR (FEEEE)
1. *S. Ishii, K. Oyama, F. Kobirumaki-Shimozawa, T.

molecular scale for trans-scale thermal signaling,
Comput. Struct. Biotechnol. J., 21, 2547-2557, 2023.



