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Development of a Light-to-heat Energy Conversion System
Using Oligomerization of Molecular Heater Proteins

Akihiro OTOMO*

This study aimed to demonstrate a biomolecular function-modulation system driven by photothermal
conversion of a heme protein. As a model system, myoglobin was used as a molecular heater protein, and
ATP hydrolysis by thermophilic ATP synthase was employed as the functional readout. Enzyme activity
increased by approximately 1.7-fold under laser irradiation, supporting the proof of concept. In addition,
to enable future oligomerization for more efficient photothermal conversion, a thermostable myoglobin
mutant was selected as a candidate molecular heater protein. The purified mutant showed improved ther-
mal stability, indicating that it is a suitable target for subsequent oligomerization studies.

1. HEREEB

A BLG O ERARIZ A C L MR O R E ST CAEBRSRE A BET 2 IR ORI RO BT b, ZOFEO—2E L
TR TE L= FNX =2 L LS, TOEE LR E2FATEAERT 7o —FNEE SR Tn5, 3t
BT R NX—ZERT MBS LT, ZRETEBT /R 7-00 /8K E OB AR Sh T & (1, 2], 2
UDIEEO BN F 2 Rm 3 — 07 | AR RE G TEOIK S OAEEN TORBIE(LOHE L X5 | A0 1 R~Om I I3
DD, 2O LiEERob & ERERS T ERBERE T L L CHAT O RAR R EN TV, B, iKY 7 0 U v
A THHINLII AT U E L RNET B E LR EDANLE R EORR S T TH Y e 2RI L CE i S
% & @2 MRRATREANIC XV RO = RV F — 2 @R TEICEIT 5, JTF, WP O~LZ X7 BRI
Lo THRIBEDIRE ERZ51 &R Z e NfESN., Ao T2k e LI RBAESRNEBFATGE L o TE72[3], &
ZCARIFFRTIL, ~LH T B ONEIEERE 2RI U7 B Ry THRE O HIH TE 2L L, S SIS v X Bk
LI L D JRprm#sh=om 4 HiE L,

2. ERAE

JEEMEHUT X 2 AR5y THERE IR O FEREIC AT C L R B SISl o TIEMEDSBE N3 2 47 80ROk ATP A RkESR (TF.F)
D ATP AR RSS2 A & U TR 2, TR IEMEI ., ATP 07K 53 fR SO 2 NADH B s & e &8 (K1), SOGBSA
% 10 ORI B AR B T DIEEE R Lz, ~AaZ 7B LTHROKBEI A 72y (M) % H
VN, 100 pM Mb 7F7E N CHER 405 nm O L — W — KO MG O M I 0 IEMESHINT 2 2 MGEE LT,

BR A L B OERILICENT T, EREILORHE & 22D~ % U7 ol L O Ertm L2 B E LT, #iz
RS SAVTZEE 2 7R3 Mb B RAK[A)ICEF B L, U ARADOREL T T A I ROME, KW E W BEB L0 7
LAEM AT o 72,

Pyruvate
kinase 2
ATP PEP § 5
ADP + Pi Pyruvate NADH é
Lactate X NAD™ 0
Lactate 300 400
dehydrogenase Wavelength / nm

1 NADHEE{L & 464 U 7= TFF IGPERIE R O S A - — A

20264E3 A4 H 28
BB A A T —
TURR AR B B A 7E R b2



BJR 5 287 HOERALIC X BB AV F 2> 2 T L DR 111

3. BRLEER .
Mb DBV J 2 BEFTE ORI A HFET 51270 | TRF, #ff e

TCB I D IR0 PABEARD bz, 2 2 Cha%&fHcs 280

WCIhbLOEENY 2 /T FELTHELLK 2 LT, TFUFlEEEE 260

DAY wwzwﬂm U B AR L7z, B 218 bni TRE o AP @40

AT 27T, 10 HEOIEIEHIC & - TiEMIE33. 627,95 v 820

58.0+16.2 s~ J\EJ:?FL\ Mb ~OIBRIHC & % TRF MR+ £ 0

e '<T: ( ) laser (+) laser
S, £ 1T EOTEERINASE S 7, TRF, TEPEOIR KA % 7%

T QIO fE[B1IC S &, ZOZLIFKI 5COWRE ERICRIET 5, —F B2 JERHATINC &5 ATP K FRTRLE.

T AETEHESNEIE, P — BT L VIR S D R iR
BEELREEROFSETH D, LN T, BIRIIC L 5 247 8 v 0iR)E LR L OBERIHEEOBIN 2 & &1
WZHRRES 2 7o 01T, JERREHT A D 1R AES 2 ZE R REAG 3 2 BB S 2 7 o 72,

£ )ﬂb\éﬁzﬁ& VR B OBREICINT T, Fol il SAVCIMMEWE Mb & A x5 & U7z (4], HEE L7388
FTAI FEAOVTWENE M 2 KIBE CRISE, #7670~ T 7 0 —IC LD ERKM 2R L, 5ok
DB EVEE TGS 2 72, BEOIREE SR CUEL LIZRiE OWIN ALY A ZHE LTz & 2 A, ZEREITEAR My &
L CEmWZEREEA R Lz ([3), ZORERIE. MU ERERNER L LONEHOT-DORRE L X7 B L LT
BUETHHZ L ERLTNWD, —H T, FEH - FLEE T RS BE AR E LTES, AR & L CHRITE %
EHIIRON TN, ZD7D, fﬁuﬁ%ﬁf TR OMFHI A D RIEM & LT, J88L - RS oRELZED TN D,

FAEEMb it ZPEMb
8 12 —— before
% — 37-deg
O — 65-deg
o — 70-deg
2 — ‘ 80-deg
% 68— 1 e T T — |
300 400 500 600 700 300 400 500 600 700
Wavelength / nm Wavelength / nm
3 BFAES L OHEAME Mb 0 A EERTAT.
4. SBERORE

AT K> T AL 7 B o BRI EL & UTOEIREH S BERTEED ER 2 KRS 5 2 LB TE A%
Al SIS EREORME R Z R L LT, 2OV AT AOEEMRFH - 21D 5. BRI, 7‘554’5%1“7&{4:?(
OTEME EA- 2 IR 2 b F L OZE MRS AR & XSS TRHlid 5 2 & T OBV X 2 TEVERIE O BGHES 2 ez
T 5, SHIC, BHHATh - 728R Y 7 BOERLIC K-> TRFTMEGSR 2 mb 5 Z LT, KD TBT@J$CCI*/WF‘
~’E$ﬁ&“/7<7‘A%%§é@‘é INODORENEZEFENORD U R Y — 2/ & kG, Ml RETEE 2 &
TN B~ DB & B9,

REFERENCES

1) S. Duan, et al., RSC Adv., 13 (2023) 14443-14460.

2) X. Cui, et al., Chem. Rev., 123 (2023) 6891-6952.

3) T. Watase, et al., J. Phys. Chem. C, 129 (2025) 148-155.
4) C. Kiing, et al., Protein Sci., 34 (2025) €70112.

5) N. Soga, et al., FEBS J., 278 (2011) 2647-2654.





