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3) G.W.Albers, M. P. Marks, S. Kemp et al. N. Engl. J. Med. 2018, 378:708-718.

4) M. Gekka, T. Abumiya, T. Komatsu et al. Stroke 2018, 49:1960-1968.

5) K. Toyoda, S. Yoshimura, M. Nakai et al. JAMA Neurol. 2022, 79:61-69.
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E OIS X7 BT OREXNHINIG UCRE SN, Z L TR s LT
W5, FUNRTESTREMTRA T v OESITE ) FOEREE R ELSE, 4
T LRI OTEM %2 KIBICEZ A Z E TEHENTWLIRTEEDH L. Ihk
TOATY)y 27257 — LA,

ANEZBE Y (HD)IETUAT Y —%RT 7 YR HORERTH D, XM
WIS IRANCBEH SN2 8 YT ED—DThH 5. af, UKD T Hb
BT oM ERZLEET, 4D O, BEMOIEDT O AT Y v 7 (AL
FIAHEAER) R, N&A LIRS T H2KEA 47, A% VB, CO, L 08
OTURTY v 7@i(~NTa by ZJHELER) 2HMidb N7 0 ATEIL T
5(KE). Ho o7 A7) —OREENIEREIZ, BREIZIE, X Rk ST ©
B S22 ENTZ 0, DAL TWARWTF F ¥ Tltense) it & 0, D 4GS LA
¥ ¥ R(relaxed) EE OB O 2 RET 2 A7) v 78R (KA T) THP I LTV 5.

LAL, FHEENEEHEMTIE R, &k, 2 REBER TIEHMHTE 2 WElls
BIREFHERE DR N THE SN TWE., —FlE2F5 &, Alx, MAEICHZL
72 Ho O P R Be B 437 (0, A% 1~3 flFE A L 72 Hb) DE 70V % v 72 X SR G T 2
1TV, Hb OPURMEEZEILIE AL 2 RBIB CIIR <, ZIRBOMEITERTIHE
MWREMAET)THA I E, H—EREPdo o MEORL L NREEZFL S
LORLEY. CofEmHEEFEAIRE, Hb ORI G L BT T O AT v
WP INTITEZLON TV L) HIIEDICHMEBRTHLI EERBLT
W5, 10ALEOKRE S %L, 0.1A OH CHRTOMELXHEICT  bu—L LT
W5 VST BREEZEALD A S = X L B BRT 5 720121%, Hb T T 72H0EZ Lo
HFREIREOHMASRENIIARE L TWE LEDLEDL 2 2V,

AT, Hb o, Bk, BIBICET 2 RFTOMEEREZHAT L L LB,
SHOBEIZONVWTEER LW,

X

1) N. Shibayama, K. Sugiyama, J. R. H. Tame, S.-Y. Park J. Am. Chem. Soc. 2014, 136, 5097.
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MBS 5501 3 ATIARADOLEY & SHOBL
BRI

FOLRFRFBE R AR AR BREE 2 E
atomi@g.ecc.u-tokyo.ac.jp

RMi 7% EOEEY (X I ZEFIC T 2 RMERPEE L L & DI, TOREALMPMIEA TS, FEITBW
T kg s L CEHEMbeE L THRBIMER > 7 —AHREEL TH 0, A A3yt > & — 128w THE R MLE
D=2 LTEBENTVD. 2O L) ZRAEIIRLMIIFA DM Z O 550A46, S SR ARIURDOIFAE D ZIE L 722085 J i
TRLENDHL. LpLahs, BRTEHADOEZITHWOTHEIMAERTE 2 &) ZRWITIEE > T, 7z, FFERR IR
HZELTIIHt Y 7 =280 TH EESHEER IR % < .

ZTORIBENO—2E LT, EEMNZEWIHE N Y 7 PEHTE TR0 E W) GB8IF6Nh 5. ZOEBUIZEREM D &0 T
% OEDIAET 5720, BHIW I MAPLETH 5.

ZOMOFRFE LTH—IZBTHNL D05, BIATIED 5 WMLAMLE & 72 2 SO FEM 2 WY & FrBlin ik O Ch
% F A IAFTRACTEAEBE O R B B BB L T2 OBRIRIVIEECR 5 T AW E IR IE O RAT ICIL) HLATB Y Y, MilaN s 7
WAREREHE D — D Tdh 5 Wnt-Beatenin R BT 2 B E 2 M L7z, 4RI ZOBHEENE Lo FENEROMELZ HIEL Tw
5.

COE) WY MAIIEETEDH L b0, FHRRIMEIC X 2 KRG ML MBS OA R Z &, Al R M4 fE 23 EEA K 2%
WLE & 2 IR D AT 5. £D720, NTMERAI OIS L CWRICHPZH L o Twb. BUER A SRR AH TG AL
FREG D FALFERE &L O FEFZEO T T, RISHWTRRZALT VT I VRBAOFMiZ17oTHEY, ZOREEZMHERAL T2,
RGN, RICUIXUIZFRET 27 V7 3 Y IifiE 2 5] 3 2975 KRR LIS ) RIME ST 2 0%E L LTANZ DIk
L2HDLHEL TS,

AR 28 LT, B IC B M AL E B9 A MR § N SR, S SITIEABERZZ TR ERERRIC B W TH AT R o 2
BRI L2 BEATENIZDLELENTH S,

Xk
1) A. Tani, H. Tomiyasu, A. Ohmi, K. Ohno, H. Tsujimoto J. Vet. Med. Sci. 2020, 82, 771.
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S1-1 f#% - RARSHFTRES ALFNBRRFOEALE BIETHE
OHLE! v/ S S

AR ERFRSALSHE, ENERRF N R
hirosakai@naramed-u.ac.jp

MG IIBATORBICAT R TH ), EROEE L EREICE KOBERE LTWwah. LaL, GRS 2 E5wE 5 Ui
MASH R VIR DS 2 BT 5. s 3MERE [Hie) 3 2%E2WF S5 ATRLERKEA (NEZB Y Y XY 70, HbV)
ZRATEL, ZOMREZ ZAMICHFZE L T & 72 BLESROIFHARILERD S 7 4 )V ARNTAL - RELREZRETATZ7 O Y~ (Hb) % ki
HEEL, ChEURY—ATHTeMLL, HARSO TS T, fiid - Bafk5 2k N TRINEEANIC [F4] Tz
LN TIEREINLBILMEZ AZFH L, BIILEOZEZE LKL 2WZ &, ITUBERBHOMEREOEERTH L. TR
Bl & OARBHFN 0 5 E0F 2 B DSR2 S8 D Driving force Td 5. 2015 £ & H AR W72 B 2845 (AMED) O 48 % %), B
OREW L LT HbV o2at - Ao T RNIFZEZ ki3 2 & & D18, R EFREEHE AT (PMDA) O SESR K 1 7% % &
fa, BE TR O & GLP JEMIR 24 3B & H D 722 2 LT 2020-21 4EEE 12 TR B NMU-HDV @ GMP D #L3% & Phase 1 (First-
in-human, FIH) #Ek % M L7-%. FIH OfE2 S, Bl SISy 3 v 7 106 L CRBK 253 25T, 1EBKRY 2 — A OfF & i
FE RO BAGZ FREIAT) 2 EAITE, ZORKE, BAOMERA»E F CEEBBOBREZRGTEL, HOBWEMRTELDD
EHIRRENG. NSO RETEE AT, 2021 EEH SIX AMED B LI 70 75 24 (— X B) & L CRMIC ) 7 ¥ A A3 AT
THsb. M, WLOMRHEE LTOFMHEADAZL ST, KREHOWHALFRF L 210 LBRFEBHRE L LT, BithEs, BEBRFEL,
f B RETE I 22 E~OFH, MEE L —F—EBROENE LToRMM, —BILRECO)F vV 7HERE L L THA B RIEMRE~OF
M, E5IZIEHBVY DA MR 7 gL EOMBERICO A TE 5 2 LA BWESL S S 224 ), AR oA AT B S1C
FHL T30 L D BRICKRELLLLDEEZOND.

3k

1. Kure T, Sakai H. Preparation of artificial red blood cells (hemoglobin vesicles) using the rotation-revolution mixer for high encapsulation efficiency.
ACS Biomater Sci & Eng. 2021;7:2835-44.

2. Sakai H, Kobayashi N, Kure T, Okuda C. Translational Research of Hemoglobin Vesicles as a Transfusion Alternative. Curr Med Chem. 2022; 29
(3):591-606.

3. Azuma H, Amano T, Kamiyama N, Takehara N, Jingu M, Takagi H, Sugita O, Kobayashi N, Kure T, Shimizu T, Ishida T, Matsumoto M, Sakai H.
First-in-human phase 1 trial of artificial red blood cells and hemoglobin vesicles developed as a transfusion alternative. Blood Adv. 2022; (in
press)
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ORI LA
S1-2 ALFMER(NETOE > N2 7)L) BEIDEER (First-in-human) & R D&&HE
Om =wORBER? WK BH B2 fnbEw e, rEAwR

PINNERR N F a0, 2 A E R PR BRI e S £ v & —, ° R RIS R R R AR AL O,
CTINBERER 2 BE R e S e &~ & —

azmaS5p@asahikawa-med.ac.jp

®E

A LR1fEk (Hemoglobin vesicle; HbV) @ &5z (Phase 1, First-in-human: FIH) 72 ¥ = 7 h 75, AMED OHF e 5% % 1% C 2018 4EFEIC A
F—1F L7 A7y M, JEINERFRZZERIFIE L€~ & — K O iR K200 BRI e 581 ~ % — O ARO #REEZTHH L
TH#D LN, FIHRAEZ T b 3L PMDA @ RS #EEHHFE T O AR & IRRFENE T H 5 Ll RFAREOEREER B SO KRB/
T, 2020 4£ 10 H 25 FIH BRERABAA S 2021 4 9 FI#k T L7z,

HbV S DELE E Phase | B¢ 0 kaJL

GMP BLHNEZE RIE A ERIR Y0 CPCIZ Tl L7z, s A A B k. i6BRIE 3 D 0 Cohort (K AHEERH 4 44) 12501F H 7z, Hov
O 5-21% Cohort 1, 2, 3 TENZI 10ml i.v.(0.2ml/kg; $¢5-H5 [ 30min), 50ml i.v. (1.0ml/kg; $¢5-K5 [ 70min), 100ml i.v. (2ml/kg; $%
LW 9omin) & L, &M (BEHES, MEEFREMOLE), MEOCEH%) B X OERBIEO M PEMEIREICOWTEHME L2, &
K53 1 Cohort 1 25 1ml/min, Cohort 2, 31 2.5ml/min & L7z, Cohort 3 TlZ, &BREES 51712 BiH% 3 (dexamethasone, famotidine,
acetaminophen) % 17 - 7-.

BEE

BELGAEFRIBE SN LD 572, Infusion reaction (IR) (Cohort 1: 3 #, Cohort 3: 1 ), &%k (Cohort 1: 3 %, Cohort 2: 2 1),
4% (Cohort 2: 1 ) 2552 S 7z, Cohort3 @ 3 FIH L, F5-BMEEBZICHIINIEOZRB TS (IR) 2SI L 72 7208 525 1k 298,
FEB DEFE N AME L THARBRR L 72, o Cohort iCBWT L IMILFE DA FE R LT %5 - 72. CRP Mt % 9 L 72 Cohort 3 3 I
T day2~day4 \ZBEED A GRAME: 0.89mg/d) 253 o 72, I - B LA, N4 2 VA4 > oSN, BES 2 BMEEIRD 2 { &
TIEFMICEE L7, BRREEED RO R o 72 Fif#E %17 7% o 72 Cohort 3 TIFFEESSIIEIEE S I/ Ao 7. Cohort 3™ 241 (100ml
Pel5) 12 BT % HbV DI H i, 7.5h U 8.9h TH -7z, HbV OREKK S PEG IRE & T b Z L4 5, Cohort 3D 3HITH
HIC ML PE PEG $ifk 2 2 L7z, 196G Jufkid, ZRRBARE O MBI L 72 CTHMETH - 7205, HAEHROIIED %o 728 RE T
L 1BITHMETH 7. IgM FURIZ L TR L HIlF S 7z, 4, Cohort 3 @ 4 BIH~DFEIZ, T 0 FBEIARIC L 5 EE L 5 ER L
W7 DEBREVBERIREINE 2D, EETE Lo

ZR

BRI N2 IR A WIIREASULEL, HRITEROWEEREZ A TBY, EELAERERITIIN 5 2w EHIRF S Nzhs, g O%4e
HAEROBLE, S, FEEOEZEEILE L. TURIIIEIC D AR EZEI 2 <, B4 Ho % vz A LB ER A TR S - me
PGEIERIE, Ho/ze LTIV BMEEZOND., —EBOIME - ELFHREOLD S BMTH ) HET2ERDEL BEL, A
BH &M X7z, 100ml 35 o M 2R 8h T, GBI HbV 28wt 2068 L, MRSk s L TRty 2FH2RL
TWb. HEFHBAOPPEG TiADOB 5 35 BOMRFAPUETH L. TNOLORKEZET A2, WHEEZEIREL, LV KED HV %
Be5 L, 2oReEMzF#MT 57200155 (Phase 1) Z 5T TH 5.

Xk

[1]JAzuma H, Amano T, Kamiyama N, Takehara N, Jingu M, Takagi H, Sugita O, Kobayashi N, Kure T, Shimizu T, Ishida T, Matsumoto M, Sakai H.
First-in-human phase 1 trial of hemoglobin vesicles as artificial red blood cells developed for use as a transfusion alternative. Blood Adv. (in press)
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S1-3 EERIEMIH MBI T 7L ORI & ATHRMIROGERR IS DV TDREE

OB ', B2 RT 4° MRmE T S BARTE L WEAKS, AlET° FHEOR®, Bk
e B

PBhEER R EROERE R AR, C B R R R BRI, BB R SR R,
"RIEERREREGER Y v 7 — RIRE, R RIBSIER RS ALFHE, Uit ERR AR Bifig A v 4 —
ishibashi19840528@gmail.com

HE

FERHERE M RATE R OFE—MTh b, WIMAEITEEORE L 25T h . WIMAEERE LTATRIILE (Hov) 257 H
ENTBY, BRCHIIMEY 3 v 712689 5 HoV OFMEIR STV 528, ERMEREM BT T2 5oz s hTnizn, £
TR A IF IS ERE RN B MBI T TV 2R L, HoV OEINEOMEE 1T 5 7.

ES

PR Y X oMLY 2T VIET M, TEBIIRE UIBE LB % &k S22, WG E L Ul R A 8 5-% 461
1To7z. WIME2S100 m L i Mk 30 45 % 8 2 72k % EEEHE R IR RE & ek L, DLk o iG# I HES B (R ML Al, n=7),
HbV # (HbV + 25% 7 V7" 3 ¥, n=10), Bi#E (FRILER + 1%, n=8) ® 3 BIZ/HH L, $aibBZ A Lz, s 60 45 ik g
200mL (23 LB CIkI L, & RED AR R AT E) A5 % st L 7=,

BEREEE

WL BAAGH 30 5 C, @flASHb 6g/ d L UUF & 7 0 EERHERAY I OIRREIZE L Tz, HES BEASIRINLE 6 BRI CAapIZE T L 7228,
WM EBIAESE LTz, Baniadits, HoV B FBEIIREAY 45mmHg DLk, Hb6g/dL DB & - THBY, 6 BERBZOR LTI 8 6l
(80%) VSHAFT % Z L ASTE 72, AEAEHIIE HoV BEASRINAEE & ) PHRA R 5 724%(p<0.01), HES L IR LA RIS FHREHTH -
72(p=0.01). Z A HbV #%5-THb, CtO2 #HEFRFTEX AT LHHEKEEZ N, WO T HOV OEEFERGE L FAET 5 2 & AT X il
BEEITO [BE] BB INEHERE L7, —JF, WA LY b EFREIEME L2 Z2RKE LT, HoVv #E O Hb R,
PR M OV HBV BRI BV BB N REAARIT O, SHBOIh S 0iEZ ik LA TIM/IMUEEFI S 2000 L2 8 5 4% B BREEDS U3
LRI N

H5 5

72 ERHERI I E 7V 2 M. T 2 2 L3 CTE 7z BOEWIMLE S 5 v 7 \2E 2 ERHe i o fin o A% H#R & LT, Hbv
SER R TBE R D135,

ik

1) Ishibashi H, Hagisawa K, Kinoshita M, Yuki Y, Miyamoto M, Kure T, Sakai H, Saitoh D, Terui K, Takano M. Sci Rep. 2021, 16;11(1) :22367.

2) Jansen AJ, van Rhenen DJ, Steegers EA, Duvekot JJ. Obstet Gynecol Surv. 2005, 60(10) :663-71.

3) Moon PF, Bliss SP, Posner LP, Erb HN, Nathanielsz PW. Anesth Analg. 2001, 93 (1) :142-50.

4) Taguchi K, Watanabe H. J Drug Metab Toxicol. 2012, 3(4):1000128.

5) Wigger O, Bloechlinger S, Berger D, Haner J, Zanchin T, Windecker S, Raber L, Schefold JC. Eur Heart J Acute Cardiovasc Care. 2018, 7 (1) :45-
52.

6) Hagisawa K, Kinoshita M, Takikawa M, Takeoka S, Saitoh D, Seki S, Sakai H. Transfusion. 2019, 59 (10) :3186-96.

7) Sakai H, Seishi Y, Obata Y, Takeoka S, Horinouichi H, Tsuchida E, Kobayashi K. Shock. 2009, 31 (2):192-200.

8) Yuki Y, Hagisawa K, Kinoshita M, Ishibashi H, Kaneko K, Ishida O, Saitoh D, Sakai H, Terui K. Am J Obstet Gynecol. 2021, 224 (4):398.e1-398.
ell.
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PRI ) LA
S1-4 ANEJOE/NRFOREBERICE T 2 LR TMEFRERDRE
OREMA, FHFIH % MBI . BG4 B IR BSNEGHES LB WIREKS, MREC EEL

R APV A RPN, R R ERR R AR v & — IR, B SRR R A RS RL,
MR- AAVAR-J VAT 7RIS 04N S N S RV SN SV S [ T

ohiwakana@gmail.com

BE

RS T IS BT, WEFS R EIR O8I % 47 O Mt s RE M ofaitkasd 5. F7-, BRI EZAT O IS KRS T To
KBS B2 B S & 5700, BROBSICE W TIIEERE)E & B3k 7 208 b & 2 2 Wil A s AN L EAT KT
5. MUREAMMEY T FIVIZB W TAEZ T ¥ /Rl (Hemoglobin vesicle; HbV) D% 525G TG IR BIEE 2 20 S 4,
BRI TFHRENSORBICOHO 02 EERZRAORVWI L 2HRAL TV, HBOKBIZITMEELOFENL 2505 b
b EMIMDZ L WREX 2 YIRS 2 M bR Tl & 0 IS A E XM OREEGAED D 5. FEEPFEE LB NE SN 50ED
—DTH 5. K 250nm O HoV IIBUMILE 2RISR TE, MBOBELIMHTE S, MEMELZITORVWAERBMET VIZ
BT HbV EARIMERD BN O FEHER % Ll L7z,

ES ]

< AREWEBME TV THOV 215 L, Bl S 758 o LR M EMIE (Subepithelial capillaries; SEC) DIl = Bl L7z, €7
VAL C57BL6J, 7 HEx i L7-. 352 TIC M- —0iRikE T2 5 5 E CORE LMD LAERITRIE L T4CTHft
95, ZOHRLIELY POREWFF—REZ 2 7 Cmflly& 2475 . BMZICEEHRS S HoV A (Hb i 109/dL)0.3ml %
BELHMEXE5. FEOrR (1, 4, 6, 8 M) THMIL X &E 2R LMK ICFRE %2 1T /2.

‘R
BRSO SEC IZIZRIMERIZFAD 2 h o 72h HoV #55- 4 #2112, BT-THMEE T HbV B2 E N7z, 2ot 6 TRk L
70 8 EIfA F TBIZ X7z HbV IZARIMER & 0 F S BRA O BMIMA [ PR L Tz,

i

/7% HbV IEARIMER & 0 b 5 < Bl (S FHE L, BARROBRELICHF G5 2 TiethavRie S h, Al e T3 W+
ELTHIfFS %,
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#E

SOR L AT EL ORI HE ) Wi M A AR O, T 2BUTOMBERAN T k4 20 A7 ofRE HigL, BUE Rl
REHORGEWE LT, MAc Ly A4 T7OANTHRMEDPHFETTH L. O &9 & ANTRMERDOIGERERENI T 2B RT3 2078
X, BEREFNBEDPSZ L OR;ITbRTwb o0, MENIZBET 2 KMIREBHOWENFHLEERIH I ST,
IMEBCRIZB T 2 NTRIMERORF R 7O 2% X ) flICEER L, 2 OMEHET 2 @3 27201213, A 7Blaickon:
MADERTHLLEEZE2ONL. 22 TE, EICEAEMRATI S (CFD) IZHED W 7ML 2 BT 2 N TR MER OB R R Mk~ DO IR
FAHE B BB DOV TR T 5.

BRI %

SWITMUMIEET NV EVER L, L) RMERE ALRMIRDOBIET 2HNBEDO Y I 2L — a V&7 o7z, RAEDOBITIZIIH
TRy < rikm @i L7z RIMERFEICIE neo-Hookean E 7V 2@ L, FRIMER & Gk H B fFHT 1213 Immersed boundary i % 7z,
BRAMFET VT, HBREEE &0 3RICOMMIEETVEREEL, ATRMIRNONESBE Y EEBRONL, B X THE~O
BEEHHEE I 2L —Y a3y L, ATRMBROBEUERBEEICOVWTHREL T 72 ALRIMEROMEREZ T 2 720D /35 X —
y & LT, MRREREERE, BMIEBAN, BRI EEEZEL.

fBREER

3 WILHUNMILE T TNV OYE, ARk E N THRMMERASRIES A Z & C, ARMERIGEAEFIC L Y fulfhEic, —h T ALRmMERIEMm L &
VL LGS 5. fiFE LT, ALRIMIRO—EIIARMIROIT & i 2 WILE T E RSN, BREDBEOR Y D3 S hz.
INH ORI, ANTHRMIERANOEBRABETRIZB T BB ORI —MUEANTEML TV AL I L ZRIRL T, BRREGT
TN O, NLARMERD & il U 73RBS E T3 2 S EAURE N/ fRE LT, ALRIMIRD K /8T A= 128 o C,
TIMOMERAERCBETENEILT LD bhro7z. ¥ Ia b= a VR LMD in-vito EBRT— & R L 72 & 25 BT
GHHFROLNT. INSOFRIE, WEBIE U CATRMERZ R R T 27200 BERLHREZRETLTHA .
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S$1-6 —RILRFHEEENEIOE L/ MNIFOREFFRIEBSREES X T 2 MERIR
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taguchi-kz@pha.keio.ac.jp

—MR LR E (CO) X, EEATANLNANLT F VX F =Y TRBENZBEBICB O TEHEMICEESN TS, ZONRECo L, ¥
TFIMEEWRE LTHRIELTB Y, AFREEEZHERT 2 LCIEFICHEERREHZH--TwA,. /2, KIBEED CO 2/ A AEEK
BT 22T, SHLENEBIOEBMREOTEL ERZIHNTEL I LHFLLOFWEBRICL>THLNE ENTWE, Z0H
FLh, COWAFERLEST COtE4KTDH B CO-releasing molecules(CORMS) % JH\ 72 CO BIEDHEASIRA LI, ZDO—EFIIB W
TIEHRRBSEITL TS, ke d CO M E L-ARIMIED—BE LT, RIMIRMABWHHKE L CHEIEDONTVEANES
o ¥ /NMERHDY) 2 COHMKRE LTRIH L7z COZEY AT AZMEEL, CO AT HbV 2T MiAHERE P PAE M A L KA &
OB A RIBORBREL LTEWBERZAETLIIL2WHLNELTEL RV UYRY T LATIE, CORAR HbV DOBHRRHEIM A,
CO #HEH HoV ASHEAMEIEZHE 1S L CRWFH (B MR E R T S L 2 RO 0L L2, TRHICDOWTY AT T F V%
PEEHEICBIT 2R % PO/ T 5.

Xtk

1) Nagao S, Taguchi K, Sakai H, Tanaka R, Horinouchi H, Watanabe H, Kobayashi K, Otagiri M, Maruyama T. Biomaterials. 35(24) :6553-62 (2014)
2) Taguchi K, Yamasaki K, Sakai H, Maruyama T, Otagiri M. J Pharm Sci. 106 (9) :2392-2400.(2017)

3) Watabe Y, Taguchi K, Sakai H, Enoki Y, Maruyama T, Otagiri M, Kohno M, Matsumoto K. Eur J Pharm Biopharm. 170: 43-51(2022)

4) Taguchi K, Suzuki Y, Tsutsuura M, Hiraoka K, Watabe Y, Enoki Y, Otagiri M, Sakai H, Matsumoto K. Pharmaceutics. 14 (1) :57(2021)
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ARIMERACE & L COBHNEZ T » (5 Hb) O RIEH <, ShFE 4 2 A THREERARAFHEINTE TS, FEM
Ja®l & FIEN 5 2 OFEOBANL, RMEROFEGE L IARZEMICE LR Y, Wb 5 V7 EOKBRTH LN, HHhEEE Kax
b, B SIS . EE, BN EA TW D N LEERERIEDIZ E A E2MEH Ho A TH 5. MMk & B o
ANTEEZERBIIENENOFE 2 ENL, FEIDICBVWTHWGITINRTELEEZOLND.

Frize PET7T VT I Y (HSA) 2 ALMBISTEH T A L WO BE,T D, A RILAWERELTETWAS. HbIZ3 5T D HSA %
WAL ATHEERAL “(NEZ70E -7V T3I V)75 A5 =" (A% : HemoAct™) i, WA T, REZEEICENR, EH
EOBEWEKITH LY. BUE, %tk - AR E L TWwaY. By 3 v 7 OERE LTIEL b2 A, BIERINSEED
BIRICHDTH B, L, metHemoAct™ ASHRALAKFEHHO BB LD L AW ST LY. Mz Hb &Mz HSA 2 H
WALE, BRI 2 — LT & L 2 WSE AT AT HemoAct™ A3T & 5. ZRBADME, HSA OREEMEL MRS 52 & T, MER
HOWMEME(TORTY v 7558 2 L2 BA 0RBICH I LY. 72, Hb OHPICH ST 5 HSA 2Rl 2 4 XMET V7 3
Y, HMZ A TMIBET VT I VIEBRT S E, K- MO HemoAct™ 12 5. h ¥ 5 —¥haATELI2r T AY —EHBANGHTIF
WEOREH E UTERT 5.

HemoAct™ Dy fEiL 15nm L /NS W72, Ho 2 HA L723RIRMK 722K 0, TORME HSA THE L2 7 - > = VD Ho F
JRT-(HONP) Z &K L7z, 2 bu~w7 U —Hb 25 &, BETEH Y 5 —LORERIGIEIC X ) A2 0 HEIRILIZEIIF S h
2. =), RUTFLUZYa—)V(PEG) A Hb X, ke U CATEREERAMIEOTHICH S, L LT, i PEG Jilko A
PEHREINDE LI ko TEL. FITEAIZPEG OREME LTREY 54V ¥ (POX)IZIEH L7, PEG Ffk, SLEEMA T VA
WERTIZ, BROBES S, ALABHO LR T SIEPEG L) NS, Hb % POx(Mw: 5kDa) THi% L 72 %] Hemoxa™ 3 HemoAct™
LS DA - HAMERFFEL 2. 512, THIMIET VT I V% POX THB L 728K Aloxa™ % &ik L, K - M o AT s
BAE LTOEMMLEZHEDTVEY, THVWI L2, 25 DOBHANZTXT HemoAct™ LR U HHETRIETE 5.

Fa DL TVWBEANET 7 PRI TEERERARRA OME L RH B OWTREA L.

Xi#k T. Komatsu et al.

1) Biomacromolecules 2013, 14, 1816.

2) ACS Omega 2019, 4, 3228.

3) Sci. Rep. 2015, 5, 12778.

4) Artif. Cells Nanomed. Biotechnol. 2018, 46, S621.
5) J. Biomed. Mater. Res. 2022, 110, 1827.
6) Stroke 2018, 49, 1960.

7) Brain Res. 2020, 1746, 147012.

8) J. Control. Release 2022, 349, 304

9) J. Mater. Chem. B 2020, 8, 1139.

10) Chem. Commun. 2021, 57, 9144.

11) Sci. Rep. 2016, 6, 36782.

12) J. Mater. Chem. B 2417, 6, 2417.

13) Mater. Adv. 2022, 3, 6451.

14) submitted 2022.

15) in preparation 2022.

16) in preparation 2022.
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PRI L2
S2-2 AIEFERREICEK 5 REEGEMFTDIIR—HemoAct L DEFIDLEE A S5 —
ORI, AIEIES? PHEHER ", WBak’, R %% e’

PE O AIREE, C ACHE R RARRIVEE, ° Hh g T A
abumiya@miyanomori.or.jp

WE
TR 28100 B AR R R PR S N T & 7228, BRIBHDZHRE TV S L Db v, ARETIZ, ALEBREZERAE W
AT ZETEHEIFZE D BLIK 2 HemoAct & Lo B o ik > SR L 72\,

af

A% 28 0 R ML P 9 A 2 oD 9 HE A2 1 mwlti-factor 5B 5- L T\ % 25, UM OFIMUIC & 2 TR E D R EALIC b 2 mE A
factor T 5. ATHEEFEMMAIL, RIMIRE YREIVNS <, RIMBRICILE U CRUNMLE o BEF 2855, MEMSSHIESh, B
EIRWH L LTCOMRED LR INTE 2 BAET TUT O 5 8o N T FEEWS (1) Cross-linked Hb: Diaspirin cross-linked Hb (DCLHb),
(2) Polymerized Hb: Recombinant hybrid Hb polymers, Zero-link Bovine Hb polymers(ZL-HbBv), (3)PEGylated Hb: PEGylated carboxyHb
bovine (Sanguinate), PEGylated Hb in the carboxy state (PEG-COHb), Polynitroxylated pegylated Hb (PNPH), (4)Encapsulated Hb: Hb vesicle
(HbV), Liposome-encapsulated Hb (LEH), (5) Albumin conjugated Hb: Hb-albumin cluster (HemoAct) {2 DWW TIfFE#fi5 2 8D TV 5. 2O
AL, ZLOWMEPHRRTICLZ Ty PPRBRBIRFMEETVEMH L CB Y, 2 REHIEIMN 24 REFERO S0 TIrbNTW iz, #%
Ha, %5543 0 7 EEERICAILZBOERBIZ A % h > 72 PNPHY & HemoAct®® 1, TRBREM % K & W iE THIERZ I
42w ERRICAL2ER 7T b3 — )V CTRIFZMIRER R Z R L. RIS OREO P CRUMEBRBEEIZ oW T,
N THEFEARATE— A R 2 A L Vw2 5. L2 L, multi-factor 32 DIRBIZH G- L T2 HEE2E 2 EbE 5 L, ANTHEERRA
MG BR DAL @ multi-target OTER %2 IS AU RERN R IZ L VB F 2 L iS5, PNPH & HemoAct O — 2 O AN LR LI
M, b LRMEREIEHEZR LT, RIFRNRERIRERE-b0LEz N,

=]

HemoAct IZFERRICAN L 72928k 7' 1 b a2 — )b CRAF 2 MRERM R 278 L7z, N TRRFGERA IS IS BUMEBRSCEEE R 720 Tid % <,
PulRAk, PUIE, HUT7 K b — 3 A7 & multi-target OVEH 2 019 % S CIHNBEZERR O IRRICHANOWREEDIR 2 b D EF 2 b/

Xk

1) Cao 'S, Koehler RC, et al. J. Am. Heart Assoc. 2017, 6, 006505

2) Gekka M, Abumiya T, Komatsu T, et al. Stroke 2018, 49, 1960-1968
3) ItoY, Abumiya T, Komatsu T, et al. Brain Res. 2020, 1746, 147012
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YR T) L2
S2-:3 REAKEZBIEL LRBERZEHRRIEA MAEITOEL-FIVT IV I T8~
ORIV, SiAM Y WA #i7 MRS, Bt

i L5 NG e R N S R
taguchi-kz@pha.keio.ac.jp

®E

FL41Z, CREITEAETZ P ™MHPDOAETOE V2 X MEERZA PAEZOE Y - TIVT I V7 5 R 5 —DAbKE R FEEH]
ELTHEHWEBANRZAET AL ZMOMILTE ALY, 4%, AEAZ hHEREH & LTHNT 5450 LTEBMEE TSN
B, ZFITAMETIE, HEEEBFLICEEA PANEZOE Y - T T I V7 527 —0ORMHE2BIEL T, BHEHERILET R
BIZBUBAMAEZOVE V-TIVT I VT 5 RY—OMERUBALKZE D REERE L L L 7.

EER

AMNEZQEY-TNT IV T TAY — % B L, ST CLEMBRE LA PBS, ABAEK, 5% 7V a— ABHTHEMRL
BhRGEELEE, A AR v~ 79 7 4 —, Native-PAGE, MZfEA RS MV HWCTHFERRILFI#ZICBIT S 2 AT OE V
~TNT IV TAY—OfEZFM L7z, F72, TALKEREGRROZLLFHI L7z, S 512, BRMmIbkEhFHE~ T A2 W, 3
WA PAEZFQE U -TIVT I VI A —OFHERZ ML 7.

BREER

PBS & A FAIE K TR L2 A PAEZ OV V-T VT I V7 5 A7 —OMRIIHREZERN & —% L. —F, 5% 7 La—
AT L2 A AR OV -T VT I V7 5 A5 —13, R & B L TRFOMADIER ) BR 6N, 2, &
BHCTHEMB LA MANEZQE V-T VT I V7T A5 —F, BT & MEORMIKERE G EZHERL T 518, BIEEL
KEFHEEFN Y ACKBIETHME LA NANEZ O V-TLVT IV I TRAY — %P5 LR, BER0 LA MR N,

i

AIMNETOEY-TNT IV T A5 —FHEEIREATRETDH V), BRHRILIC X 2 R #E 2P CE 5.

Xk
1) Suzuki Y, Taguchi K, Okamoto W, Enoki Y, Komatsu T, Matsumoto K. J. Control. Release. 349, 304-314.(2022)
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ORI L2
S2-4 FOBRKRILT 4 U2 IX S HemoAct™ RFIDEHK & RAENFEEANDICH
OWIEARE, BRIR, AR

HL R AR T2
komatsu@kc.chuo-u.ac.jp

#E

e e (PDT) UL, JEERLRR I 365E L 72 WA 2 JEhie U, 2B L7z — IR ('0,) 2 H W TAAMIIL 2 B S ¥ 2 HlETH
5. LaL, —MIEMERSE (0, < 2.5Tom) 125 2 SAMRKIC BV TIE, "0, DFEENRIMLWY, —J5, JEE~D 0, #ik & N #
%’%1B7J<??<H 20,) DAL (2H,0, = 0, + 2H,0) IZ PDT i D M LICHMTH Y. L lIANEZBE Y (Hb) Ik MET VT I~
(HSA) Z #5 4 L7z AL O, SEHEAK HemoAct™ # & L, ZNAVRIMERA W & L CHET A2 L 262 L TE2YY. BALR
HemoAct (metHemoAct) I& O, Bk fE % 72 WA, 55\ H,0, R¥{LREZ S6HE 5 5. ARWFZETId, HemoAct @ HSA ZRfZIC 71 + RV 7 4
) U IX(PP) A L7 O, M Ee 2 AT 5 & 78 7 BB KA (HemoAct-PP, metHemoAct-PP), & 512Ida 7% b Hb 2 H 55—+
(Cat, H,0, RNIILEEH) IZiE X902 72 CatAct-PP 2 5K L, #N 5D PDT AR ZW S IC LD THET 547,

xE&
HemoAct & PP #{R&4& L, HemoAct-PP Z &R L72. PP OfEAI, HOBANRZ Mv, MERINARY MVICX iR L7z WIS, b
EEEHIHA G (1), BRI X 20, AEFEZW ST L. 512, v P FEHAA (HeLa) fliL 2 T PDT i1 2 5FMfi L 7. HelLa
M 2 fEHE L, 24 BERIRE 2842, HemoAct-PP ([PP] = 0~3uM) RN L 7. 4 BFfIES %%, LED 5 >~ 7 (1 >620nm, 25mW/cm® at 630nm)
% 54 MIEST L, 20 KRR S A fr 3o 2 S L7z, MO FEER% metHemoAct-PP, CatAct-PP, HSA |2 PP %44 L7z HSA-PP %
HAWTIT o 7.

EREEE

HemoAct-PP DHEIE AR bV L BIERILA R 7 b IViL, HSA-PP D AR b8y — v LITIE—3 L, HSA ZBILIZ PP ASKE& L Tw
LI EEMAE L. ATEDF X7 BEHEH O 1, B X OO, B BB % <, O, ERREEDE VA PDT iKEZ XH T 5 £ 2 5
Na. Dy X7 BEHCTEA S ERFE TIIMBAEEROR TR N o7z —7, R 5 & PP i ERENICEE
RAMET L7z, PHBHEIEE (1ICy,) 1X HSA-PP 2524 uM, HemoAct-PP i3 1.8 uM & 721, O, #iztlZ X 1) PDT il EAs ) b L7z & HEs X
h5. 512, H,0, RH1LHE%E DD metHemoACt-PP D IC, X 1.2 uM TH 1), LA H,0, DALH 0, 8% L V) & PDT ICHRTH
LT Db ol TRHFRED, H,0, ALEED R D BV CatAct-PP D IC, 12 0.7 uM T THET L, PDT{iM:IZ HSA-PP @ 3.4 #4512
L7z

o2 HEARBED R B 7 V3 7 e K] HSA-PP, HemoAct-PP, metHemoAct-PP, CatAct-PP Z &)L, #® PDT it 2 552 L7z,
PP #%4 HemoAct A%, O, BtFEHE % #7272\ HSA-PP 12k k 3.4 15\ PDT iGMEZ2 /R L 7-.

ik

1) J.Song et al., ACS Nano 2019, 13, 10887.

2) W. Okamoto, T. Komatsu et al., J. Biomed. Mater. Res. 2022, 110, 1827.
3) T. Komatsu et al., Artif. Cells Nanomed. Biotechnol. 2018, 46, S621.

4) T.Yamada, T. Komatsu, ChemBioChem 2021, 22, 2526.

5) T.Yamada, T. Komatsu et al., Mater. Adv. 2022, 3, 6451.
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YR T) L2
§2-5 KRUAXHYVU BT OE > “Hemoxa™ OF R (S0%HME> 3 v 75 v b OFEHER)
OWA AL, FURSIEY A B° /NEFUUEE’, ARIEZ SRR S MR’

PR RE R T, 2RO R S, M EENREREER Y Y ¥ —
komatsu@kc.chuo-u.ac.jp

®E

RUFFHVY) Y (POX)IERY ZFL 7)) a—)V(PEG) & ) bEN/-EEEN A TV A
ZRL, KNICER L 2WAEKESTEOBVREEES T TH LY. T2 TRAIGANTLESEE
k& LTAEZ T Y (Hb) O4FEIIZ POx % f4 L 72 POx 1541 Hb (3] 4 “Hemoxa™”,
Fig. D25 L, ZoEVIGEEY & iR EEs W\l o2 LT& 7 A% TE, v b
I 2 v 7 7V~ Hemoxa™ B 2 8595 2 L I2 & DERAEZITV, AN THRFEERA L
L COEREE GG L 720 THRET 5.

™

Fig. 1 Structure of Hemoxa

EER

(B4 I ] M F Ty POBIRY 7 —FT NV X ) EMERED 50% 2 B3 5 2 & CHIMPEY a v Z7IREE L7z 15 5% ICEHIR S
7 — 7V & Y FERFE D Hemoxa™ AW ([Hb]=5¢/dL) # ¥ 5- LERA 24T o 72, kMRS 2 Rl 3 ¢, IASREDAERISE, mBREGNE, MK
HAGH & GHROBEIEFER L. 2 FMAICEIRM SmL 2L, MEAILFREZ T o 72, IEes GO, 06, PPl B0, W)
EARLV=) VEEL, ST 74 YR HE Rt L. BB, BHCMm(SAB) B, FME) 7V (RLBEE L7z,

(B I] Hemoxa™ iAW 512 X 28RBS/ Clckitk, EBL, 7 HBMBL L. 7 HRICEIRM 5mL Z /100 L, mEREN &,
M AR 24T - 72, e idRIv~) YEEL, /897 14 VY% HE Jfa L 7.

BREEE
(BxhEFEE I ] RLEETIZS BT 3BT v + AT 2 BEHLANIZAELE L2012k L, Hemoxa™ B X ONSAB BETIXTRTD T v M AT 2 K
Wit F THAF L 72, 50% BEIC & 1 30mmHg F25E & CTICT L 72 FHEhIRME (MAP) 1 Hemoxa™ A O3 5-12 X 0 #IHIfiE & MR £ ©
HEL RLEBLDDAZICEVHZER L. £/, 7Y F—Y X EABMO LA D Hemoxa™ il 512 L Yk S /-, IigdAt
ZREIZ BT D IS L OB IC R E IR O N h o 7. WHERA CIZBLN & FRERICHE D 212 H S N 7-28, RIEE & [FAREE
ThoT-.
(A I] Hemoxa™ S CRAE L2 v M, 7 HE T TEBIPELFL, —BRIRBICEFIZRDON o7 50% BIMIZE D
WIMED LA LR MEkEL, ~~ 27V vy MEGOHEE AREE CRIE L. WEREICBWY T MTEERE IOEKNT 2%
AbH 5 DO RIEHFED STz,

VLEO#EED S, Hemoxa™ HSHIMYES 3 v 7RIS T2 8ERE LTHITH A EBWHLNE R o7

ik
1) T. X. Viegas et al., Bioconjugate Chem., 2011, 22, 976.
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PRI LS
S3-1 IM/MREEREEHNERE LT v b OBIAREMICX S % H12-(ADP) UK — AlEm%HR
Offc 4 BAE L, RIS L KT 22 R ¢

'R R R R AL B RS & v 5 —AMEBIERE, ? B AR A A B, Bl R AR AR SR A
¢ RLAR R S S e B T2 e R
sasa33@ndmc.ac.jp

BE

H12-(ADP) V) RV — JMIAME T AAAE T B IEMAL I/ MO EZ2 A L CB 0, WIMBANCER L CTIi/MR IR O T % 3
Y. NI TOMRICE T, SMETEEERE R E % RE L2/ MGR A IREEIC 31T % H12-(ADP) V) R Y — A O 5 BARET S hTh
D, MMGRATED S IBILREETH IR ZE SN D EATRENTE LYY, L Lads, M/ HERE IES 2 IRETo 1kl
FEIZOWVTIEFNCIRFT I N TB ST, 40, FAFIIEE T v MIBTSERBILICHE 5 H12-(ADP) ) R Y — 2 1L MhHRICD
WTHRES L7z,

ES i

HEPE SD 5 > 1 (500-7009) DR E GEAL 1/4 ) 240l L B M 872, 54412 H12-(ADP) V) RV — 4 (20mglkg), PUiiashE %4
35 b7 AFT L8 Q0mgkg), AFAEK(Amlkg), F 7213 H12-(ADP) 1) RV — 4 (20mglkg) + b 5 & 4 48 (20mg/kg) D3 )
ZRERBIIRPICRRE L2 v — b S BRI S- L7z, YUl 2 A B AT K ICIR LT 60401, BRI O A M DWW THET L7z, YU
B L OYIWT 60 R ICERIMZ ATV, IMAB L BRI A A 2% L, Sonoclot ¥ A 7 A2 & 2 I 4R B RE 3F & 17 > 72.

BmR
H12-(ADP) 1) R Y — 2 Bl 581 10 Bl 4 1 (40%) THERIEIM L, H12-(ADP) ) RY — A + b I A FH A EKS5H D 10 B 4 #1
AHARIEIM L7, T 4259 ARS8, B X OEBAEEKE S TIIEmFIsTRO Sk h o 72 (%4 9B 0 1, 6 Bl 0#l).

H
s

by

M/ RECR B RE AT IE F IR DB IR ML E 7 VI BT, H12-(ADP) ) K Y — AZ—ED LMK Z AT 5 2 LATRB I N7

ik

1) Y. Okamura, et al., J. Thromb. Haemost. 2009, 7, 470-477.

2) K. Nishikawa, et al., J. Thromb. Haemost. 2012, 10, 2137-2148.

3) K. Hagisawa, et al., Res. Pract. Thromb. Haemost. 2022, 6, €12659.
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DUORIYLS
S3-2 ERBEHMNEMETIVRREICE TS H12-(ADP)-URY — LOFHE

Ofy1afs*, IS °, KFHAE®, EABAES AT %° BUkwA’, RMEA°

'R EBERR A A v 5 — BERHRRIRL, 2 Bhf R R A B, B R R i AR,
PRI AEI S > 7 — HMERFZEERM, ° Bh TR R R AR SR A A e, © LR FE K B LA AR B S A B T

anesth.k@gmail.com

BE

FERHERRA M ILIEARIBO I ERE RN OHE ML TH V), FENZE TR, K) A7 EE bRV FUIXHEETH L. AR
OHIRO P I —RIERIE TIThN TR ERID Y, EAERIE MO CUETRERMMBOL b 0L LT, iio
BAFBTFONTWS, 4N, ERERIOHMOEKNE LTHRL, FKREREIC L 2 ERERHIMBIY € 7 VIZBWT, H/MR
B TDH % H12-(ADP)- ) RV — A ORI R E MG L 72,

ES

FEERIE, HIR28 HO =2 — V=5 v FHY B (CFRE 3.6kg) 2 L7z, BIREE: TS TWEH 217V, FKREHRNL 7. £
KA U CIERE D 2 B LT, &F3ml Z28IRNIEES Lz, 2k%B52005 16 5 %ICAM O T = 8hEIRk 2t L BB S 72, i
I & R ELT @ 37 THEH 5 217> 72, OH12-(ADP)- Y R Y — A (Imllkg) & B4 5512 Z fi/MRMEE (PPP) % 5 434512 i i &
SRS LA OUT HI2 #), @%ZIM/MIILYE (PRP) & 5 4RI IR & 8% 5 L2 (LUTF PRP &), QZIM/MIILYE (PPP) D& 5
Sz i & SRS LB (LUF PPP ) 1220 W, IRIMER SR & Fa e (B AA 2> © 60 43 BAPIIC 1 I L 7\ 3540 1 A 4 1 8
ARl L72) 2 SO0, SEERRE, /MBS RER MATEIRESE (D W T LBk L /2.

BREER

OHI2#EBIE, @PRPH# SIL, B PPP#E 8L THEEREIT o 7. FRIEGICE Y IM/IMIEIE 17142 X105 u L 205 59+17x10% u L
WAL, EHEALEEE IR (ACT) 1% 130+ 15 B 6 171+ 24 BHITIER L, Ii/MEEESE BE (Multiplate collagen test) 1% 38 £ 20 AUC 725 25+
17AUC IZIE T L, BE~hEEoRFEREZ 2 L2 1hii#id@ H12 # 50%(4/8), 2 PRP #: 50%(4/8), 3 PPP #: 0%(0/8) TH 1), #&
&0 FIZO H12 # 58.9mL, @ PRP # 73.1mL, G PPP BE 124.2mL & 72 572, H12-(ADP)- YRV — A1, M/MERIL &[RRI
QST 2= O« 3 111 R A =/l

H5 5

H12-(ADP)- V) RV — 21, FKIEERIEIC & 2 EFHEREM MM LT At 7RIZ S /.
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SURIGLS
S3-3 EEEREBRICE (/- H12-(ADP)- U RY — LD in vitro LM 5T
OFM YL HIEANZL KT %° ®RWeH

PRhR RSV, 2 WA, GRS A, AR RS B T AR SR
oishida2000@gmail.com

#E

ALK H12-(ADP) - R Y — 213, A E THEAGGEME M/ MURD € 7V LIRS 5 v 7 7 VEICBWTEOH
ARINTE 7, FROEHRISH ZBEFIZAN, X0 %E LSRN AL T 5N 2 IR IS SRR T £ 00 N OVl #5558 I Pt 3512 76 H
L, 7% FATOME 7V 2 AR R IR B\ T HI2-(ADP)-) R Y — A 50 F fEZ /R L7z, 4, H12-ADP-Y) KV — A
BHOREWIIO &, BEMBPAARZ H T invitro TR L 72,

ES Y

N0 % A L 72 Ol A A R A S 10 SR 2 0f 312, QA TLOIRTQ A OB OMUMKEFILAE, o 3 MCammgk % R L
7z. H12-ADP-V RV — A& (H12 #) £7213 PBS(2 ¥ bu— V) 20z o ST, MUEEEREAE, M/ERe, /MastEie, B &
UM/ - 3 L EREE AR (PLA) T2 A2 D v TRl L 72,

EREER
H12 BEOBHZ ML, EOREIZBWTDH, IMEEREGE(TEG; CK-R, CRT-MA), Ifil/MEEEEE (TEG; AA-MA), Ifil/IMIIEHAL DO FEEE
(FACS; CD62P/CD61), PLA )% (FACS; CD45/CD41a) I L CTa > ha— VB L N L h o 7.

H12-ADP-Y) RV — ZFFEEERE, M/MGENEAL, PLARKZFI SR S ad o7z b, ATLUNAEH BRI SR T 3512
REHHTE, ERLEMEHZII SR 32 &2 MMM OIRMICHIKTE 5 2 LAVRBRE N,
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S3-4 HERRML,SEET 5 M/IMROEREL A
BRI T

BEME RN AT R e > ¥ —
yumikoma@keio.jp

FMG ML NS R AR CIRAIS I S, 2O FHAMIEC MO TW 5, IiiE MR EE, ARIEE I A RO
WAV STV B, #ilfilid K F —BRIL 1009% K47 T 4 HBRAED S REE MR mYge) 2 7 B HEMA S, HOl v 2 8k
BRI REICR Y 5B W HHESR O NS, 22T, FF—IKF LWV E 8583 2 0778 %2 BL8ErsE, BRRIIZE & & 12kl Tw
5. BEDZ Y — ML E U CRE MR ES ML, iPS I & v o 22 S BRI & B W TR SRR S ST wW A DS, B b D
WEZE 7 v — 71, K TFHal72 & B3R A R BRI T 2 BB 2 162 L, € ORERLE I RSEMILTH 5 ASCL 2 5 I/ &
L CTWD, ISR, MBI & SRV E 2 2B TH 5. LA L, BEREHILIEREK - /MR 5 bk
EDWEE I pd5NF-E2 # INTE L, BN RATH L VS A7) Y2EINT 5 EBHICMIMUZET . TOAH =X L%
AR L, RHA AR S JE 0 72 P BRI H SR /MR O VR 8 : % B 37 L 72 (2016 JTH, 2019 Blood). 4¥#ud, (1) B2 FHEWG 25
HONDHMILY — ADPLKREERFED 720, Kk - RERMEE, Q@METEANPARETY » 7V #EE (3) b MEEWREELYEO A
TERTELZETHAD. ThOEMEZATAHMIC X VIER SN/ MIDERISH 258 L, R 22I5mE, BERmEE
BITHTH 5.
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G-1 BRAHERE ANTRFERFHAEEDNS v MEINFEREEETT IVICHT 5 HEREDR DR
OffiBEss ", SOmRME’, BN B2 MR’

URIER AR R B, 2 ACHEE R IR AR, O g SR B T AR RIS T AL R
Yasuhiro.ito1028@gmail.com

®E

TN T CRITGHEER & N TR ERAR S 0K 4 ORBEESEIMFEREE IO LARREDR 2O L 2R LTE L
(Kurisu et al. 2016, Gekka et al. 2018). S MIZZ @ 2 DDOFEFEEOFHAA L ) M HREEN R 2 R TLENERFITHILZHME L
7z.

ES T

BERIEE T 10 BRI AN L 72 A TR 28 AR HemoAct % v b —3@PE e KIXEHIR B 28 € 7V O T Bl ISR BRI G5 L, —20
B (10 A AR RS, 37 ¥ HemoAct #%5-), RiGHE T > ba— )b & MG Lz, 2 BRI /24 By R HE R COME T,
MRMEERA I T3 OOEBEHEL D Iy Pu— VERICH L CTARICWE L7225, 3IRHHRCENEN -7z, —J7, CBFIKT, Mz
B X OREARE, MAERA QMR HBEE TR IE SN Tz, FRICHEARIIIHHRET 2% M/ L TB Y, WMirEs R
BREVZ LIRS NIz, BRI O MR R ORRNEE 100 410 /7 HFEEREFVE A, fRbEEE 2 a7 (BH), N
RIS THET L72A%, 7 HRICOD AP RIEIFR L Tz, SSIIBIMMEM A2 MR L7- 4, 5, 6 KEREIL /24 W FEH#E € 7V OME T,
4, 5HRERRILIC BV TIT AR SR, GEmo B mtE2 ot 2D 7.

BF AR BRI R A% 5 BERC B A C D BRI T X, therapeutic time window DIEE DX SN 7z, BH HemoAct D REENIk T
GAZIR MR R GEH OB R 68BN % D 9 SRk 2R L7z

ik
1) Kurisu K, Abumiya T, Nakamura H, Shimbo D, Shichinohe H, Nakayama N, Kazumata K, Shimizu H, Houkin K. Neurosurgery. 2016, 79(1), 125-
34.

2) Gekka M, Abumiya T, Komatsu T, Funaki R, Kurisu K, Shimbo D, Kawabori M, Osanai T, Nakayama N, Kazumata K, Houkin K. STROKEAHA.
2018, 118, 021467.
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— i ERE 1
G2 KFXVILEY UEE—BLERRABATIOE L -TIT 295 X4 —DAIS & HIEE RO i
Ot T= ", HIAW Y IHHKHE?, BEABK MRz BRir—!
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HE

BTN A Tdh B —BAILRE (CO) IR B2 AT H 2 25, CO EHMMBAHKDHIHIIZL Y, HiATAHI O IEF MK+ 5
AT AEHPESETEX 2. AWETIE, COE FFULEY Y v (DOX) DF o 7 VllEfHkE LCAEZ O v -7V T I VI T
A —FHCTAE L 725 EM DOX AT ZF O v - TV T I V7 T A Y — COKRDOREED X OWUIEER R4 ME L7

EER

ANEZ B Y Y COMKDEM % N-succinimidyl 3-maleimidopropionate # /- L C7 V7 I Y THE L/IANEZQLE Y - TV T IV 7 T A
57— COMKICTF A —NEZEAL, BISEEDOX 70 KT v 7 THLTIVEFYNE Y U 2AE8E5 2 L TDOX HENEFOE ~
“TNVTIVTFAY— COREBIE L7z, BIRELELE:, UVVIS A2 M b, ®BARZ M VB XU CD AXZ ML W TR L
R G L 72, DOX ithiE, A4 X u~ 797 4 =X DEH L7z, F 72, FLATAMNE (MCF-7) 1253 2 PUlE s %
in vitro TFHli L 7.

BRLEE

DOX ATV Y - TN T IV I TR —COMKIE, NEZFTVY Y COKRLGTIZTNT I VY 34T, DOX FH 2.6 534
WELZHLR2im 2 527 —=ThH ), BUAKEEEE EPRIRZMFHETEAMELZA LTV F2, BA2 pHEBTICBITS
DOX Wit 2 Mea) L7245, pHARFEIYIC DOX 2 &7z, X512, 2RITB L OV 3 RIcH#E L 72 MCF-7 X3 2 PLisE B »h 5 % #i
W EfrsR, A7 x4 FIERE, BRUARRA 77 7 —CiGEX DEHiL 72 2 A, DOXHFAEI OV Y - 7L T I V75 A ¥ — COKIZ
TEEE OB RRIEIIC MCF-7 OEFEZHIHI L, A7 204 FEEIOMIBIZN LT MR Z2 R L7

DOXHFAETTE Y -T VT I V7 T A5 — COMIZ, MEEEMIEDBLL A & BN 2 i K OSEWRINAE 2 47 L, in vitro ZER)RF
filil2 38\ TEEN M RGP R 2R L7z,
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BE

M ANE, FISHRILER (RBC) RN AEAET 5 MK HTR (ABO ML & Rh ML) ORI OB L > T F 5. BHFICEMWHHA %
BE35 EMWREBREZERTL IS, MO B A<y FIEVETHS. BT RhIMEE O D HUEIZ BRI E {, H#
R DO#) 94% 13 RhD Btk DML 2 Fio TV 5720, A7 RhD BB MEIE K ELR COBRAKIIARTAEEZZONS. #2T,
MR % F5 72 e v = N — Uk ER (URBC) & LC, RADFLEZRY = FL ¥ 2 a2 —)V(PEG) Tk L 72 PEG 154i RBC A3#Hiis X
=Y. L LIE4E, PEG IZMAMICER L, HIPEG HiIKZ AT LI b hoTETWS. —7F, PEG IZHD B AMKEATED B
BHESTELTRY T XS VY Y (POX)HEH SN TWw5b. KIFFEIL, RBC DK% POx THE L7- POx 156i RBC # A L, #1
DHLWURBC £ %25 2 L2 ALNICT A LR AN E L.

S

RBC(O #, Rh+) {12 N-[ (4-maleimidomethyl) cyclohexylcarbonyloxy] sulfosuccinimide, sodium salt % i1z, RBC FEHiZ~v L 1 I K3k
RS L7z, KWICANVA T bEEHT S POX(POX-SH) & B &85 2 L2k D, POx 56 RBC # A L7z, $LA, B, Dhifk%
AW TILERARA 2 1TV, R 2 50l L 72, F 72 dmtl s & O et 2 57l L 72,

BRLER

BNz POX 156 RBC ZH DIUALIBA L TOBREZ A U d o722 05, DHIFEIZ POX DWEIC L ) BAIEHRIhTWE S
EERHLPICL. OBIORBC ZA L TWA 70, &TOMBEMKEAEIEEEZRL?. 2% 0, POx 154i RBC X URBC L \W\2 5.
HREBAMEDIRIECTH B Py, & 24Torr (pH7.4, 37C)TH Y, b MH (25Torr) DL HZEETH o 72, POx IZ X 5 KIAEHiH RBC DOEE
FAREARIBE LW A b o 72, SDS-PAGE OS5, POX ASRMERIKE @ 7 > /%27 B (Band 45) ICHEA L TWA Z &2 B
L7:. POx15fifi RBC @ 8 HEZRIZBIF AEMEBEDEEIMIIHTH 1% TH Y, MERELLENL EEZZON5.

b=
RBC DS I POX % Ki4 L7z POx 156fi RBC Z & L72. $LA, B, DHkE AW MEEIMAIZEMZ /R L, PO 154 RBC A3l
WM 287272 WURBC & 252 2O L. F72, BERAAMIIe M E HSETH o7 FEICTHHRGHEZLR URBC & LT,

POXx 15fifi RBC DL A EE N 5.

3k
1) A.Acharya et al, Transfusion 2005, 45, 374-383.
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G-4 Development of Erythrocyte-mimetic PDMS Thermoplastic Elastomer/PFOB Core-shell
Microparticles as Artificial Oxygen Carriers

OZzhang Qiming', #M%3% % Arvind Chandel’, FRIEZSHERT-2 MK "2

PHOECR SRR LSRR, ° MR R B R 2 R R
gzhang0622@m.u-tokyo.ac.jp

#E

In tissue engineering, perfluorocarbon-based oxygen carriers (PFOC) are potential for cells or tissue with high oxygen demands. Micro-sized core-
shell PFOC have advantages in sustainable oxygen release, biocompatibility, and stability due to its protective shell. New PDMS-based thermoplastic
elastomer, Super-PDMS“, was recently developed and studied for optic fibers etc. Based on our previous research about concave deformable PFOCs
(cDFCs) ?, we have fabricated advanced erythrocyte-mimic cDFCs based on this PDMS-thermoplastic elastomer (PDMS-TPE). PDMS-TPE shell
would contribute to high oxygen permeability of the shell.

Y7

Shirasu porous glass membrane emulsification (SPG ME)was applied to prepare PDMS-thermoplastic elastomer (TPE)/ perflubron (PFOB)
microcapsules. The generated microcapsules were analyzed and characterized by FT-IR, NMR, SEM, confocal microscopy and micro-compression
test. The oxygen carrying capacity was evaluated by HeLa cells expressing EGFP under hypoxia conditions.

BREER

PDMS-TPE/PFOB particles formed core-shell structure showing spontaneous concave morphology. They showed similar size and morphology to
hRBCs when dispersed in saline. Cell culture experiment revealed that PDMS-TPE/PFOB delivered oxygen to GFP-HeLa cells.

We have for the first-time developed mono-dispersed PDMS-TPE/PFOB core-shell microparticles as oxygen carriers. The morphology and size
were precisely controlled to mimic hRBCs by SPG ME technique. Improved oxygen concentration to cell environment were achieved by those
microparticles.

Xk

1) Nakakubo, K., Inoue, H., Yoshioka, H., Morita, K., Kotani, T., et al. PROCEEDINGS OF SPIE 2022, 116820J.
2) X.Fu,S. Ohta, T. Kawakatsu, M. Kamihira, Y. Sakai, T. Ito Adv. Mater. Technol. 2021, 7, 2100573.
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BE

FARIANEZTVE Y (HD) O TFREIFEE3IMOL MILET VT I YV (HSA) G LI(NEZQE Y - TV T I V)75 A% — (L
#4 © HemoAct™) Z BIFE L, 2N AR ERA L LCHoMEE2 BT 2 2W 502N Hb 2w ATEEERAD
REW R EE, (D) HEELICE ) BERWRROKT, (2) MM ERRICAR T 250 EE GRERLKE H,0,), A—/3—FF ¥
F7=F IV ANO,NICEBESRIBILORETH L. —F, FRILEKA S A b o< (FRINERE) KFORERELZA br~<7
J—=~EZOY (SFHD) X, {HHMEZ AT I2BE (DY F—F(Cat), A—/3—FF T FF1 AL —¥(SOD)) 2 EH LTV,
b L, SFHb # Fisr& L-REE 30nm MR F 2 BT A 2 5 TE T, P L2 ET 58 L A TR EEmRKE 20 14
5. AWEFEiE, SFHb K FOEREICE MIE7 VT I ¥ (HSA) ZEE LA PO 7Y —AEZ 0¥V F KT (SFHDNP) Z &1 L,
Z O, BREREARE, Btz HO 2Lz THRET 5.

ES

SFHb ¥ 12 N-Succinimidyl 3-maleimidopropionate Z 1z, % ¥ /3Z7 B4 TREIT LA I FIEZHE L 7-1%, 24457 Dithiothreitol &
KIn&8E5Z L2k SFHh # A L, SFHb O T %1572, S SR TORMIFZ 72~ L 4 I FIkL HSA @ Cys-34 #5475
LTIy - VIO SFHONP 28K L7z, #3517z SFHDNP OSSN, MEMAIENEZ1T) & & b1, Bk (Cat, SOD) iHME%
S L7z, F 72, H,0, KIBHHIZ BT 5 oxySFHDNP @ UV-Vis. 227 kM VZEALA S, metHb DEIE&#EH L, oxy Rk 2t % 57 L
7z.

BREEE

BB ELEL A & BRI E A S, SFHONP ORAZEDRI30nm ICHHEBETE TV A Z L 2 Ml L2, MEHMMEOIBIETH % Py ld 8Torr
(pH7.4, 37C), WRAOIIETH 5 Hill f25(n)ix 1.4 TH Y, & M (25Torr, 2.5) IZHREWEZHMEZ R L2, Btk a v
Z7IRBIZB T 2B HEMENOBEHE R LA THLEEZONS. SFHh 2 EET 5L, TDOSODHEHIFETLZZd DD, Cat
EHEIIREESNE Z Db h oz, B2 L1Z, oxySFHONP @ H,0, K& H (20uM, 25T ) 12311 % Hb B L= IZH 30 3% (2hr £2)
THY, BALZIRET AL TICBOTHBREEREIMIF SR PSR o7 D EORRI D, SFHONP TR T HERIC &
INs Cat DERICE Y, MOPIRILREZ Fio 7o A TR AL 25 2 LAVRE N,

bl
SFHDONP Z &0 L, o, MEFARE, PBRILiEZ W S22 L. SFHONP IZEWHiEELEEZ BT 2 LW A TREERAKTH
5.

ik
1) W. Okamoto, T. Komatsu, et al., J. Biomed. Mater. Res. 2022, 110, 1827.
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BE

)RV = AOAREAENEBGET 2T, BAERBTOANEZ OV NURICEHT )R Y — 2% 5 v MIEHE L 2B O R
ERE LT, O MY = YISk 5008 » 3 BRoM s s #ifl Eh s 2 &, @QZoBEH, VR -2 &L MK~ 7 o
7 7 — VHVE B R S B (MDSC: myeloid-derived suppressor cel) BRICZEZR L Z 5 Z &, @I ® MDSC #H3E (X, U ARV — 2 fli
BIZAR T B NF-«B iEMEAL, induced NO synthetase (INOS) B4, #EF = v 7 R4 ¥ M1 BT-H3 BBOWKFIC I DRI 52 L, %
ZHSMILTERY, Ll EY -2t sn~r 077 —ITED X MBNEILZF] X2 L MDSC FHEIZE2 D2,
FRIEH S 22 o Tz, ZZTinvitro T O RERT L 72,

ES

<Y A7 a7 7 — VRME RAW264.7 OR5E FIFICURY — 2B RMLSZ Rz, 2> ba— ) Viil#E LT LPS1 ug/ml & HL#g
LUTFaRME L7z OFR EETOT A A4 2 (IL-6, TNF, IL-18) EEAEZWE L 72@V R Y — A$: 512 & B NF-«B G AL O F 3¢l (2
®B)E, TOLRY 7 FIVOREEIT- 7. NF-kB i E 2 iFliid NF-«xB BUGHEIC Secreted Alkaline phosphatase (SEAP) 2 3™ 2 il
HJEHW. NF-kB IGHALICE S iy 77 VO E % BAY-11-0782(1kBa V) Y BE{LEHE), IMD0354 (IKKcomplex FH5), pepin-MYD
(MyD88 [H), B X U/MufhkA ML A RUSIZB# 3 % STF02810 (IREL o FL5E) OFFAE FICHIE % 17\, KHER TOWHIF — > %
LPS & MR L 7-.

R

O A A A FHBEZEO A IL-6, TNF OBFRE LA% 7225, BRHICENT 2@ IER0 2h o7z, @V Ry — A NF-«
BIXiGM b L7, LA L LPSHIBE IR L VA RETH - 72, @OFMHEEHNIC L A2 HH/Y 7 — > Tid, LPS TIZEEMD Z & < MyD88,
IKK complex, 1kBa 7 f#A 5 NF-kB IZE A%, URY — A TiZ MyD88 DL 25 { & L A/NEAZ - L ZIZBHE T 5 IRELa O
ANF-kB #H 5 TWVB Z & ZRTHER 272,

%

HEARPIZBWTYH, URY —2BGI2E ) —BICIEEY A P A A Ol HLESNLTRIEIRBENT. )RV — 2D
12X D NF-kBIZIEHAL S A 75, LPSIZH L CTEDOWEEIZT <, REDOKEWEY A b A ViEAZEET LI EMEVEEbLNS.
NF-xB iGTEALICE AR ICBI L Td, MyD88, IKK complex, |xBa 73f#7> & NF-kB ICE ARSI TARTIZ R L, /MK ML AL
FLRBEEARTH L I EARBENT. ZOREZMNT 5550V NF-«B iEHEAL Y 77 F VA3 MDSC OFEIZES- LT A W HEEA S
5.

BECHERISH SN TWAE Y RV —28AF D 5 VI TOANEZ o ¥V /NaRTIRFEENH OB IZHME ShTB 57, ERoE
RCREELEE RS R OWTREEAE VY, BONERIZYRY —20FMENE LTEELZMATH VI EHRERT2ET 5.

Xk

1) Yoshida Y, et al. Contribution of long-chain fatty acid to induction of myeloid-derived suppressor cell (MDSC)-like cells - induction of MDSC by
lipid vesicles (liposome) Immunopharm Immunot. 42:614-624, 2020
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®E

YRV — LI AL R EREE nm OIRE/MIKTHY, T2 FH A b= 22X MBI AT N5, fEkiE, S6IRYE b
L2 Ry =2 X Dl oBEY, SR e CBlgEsnhcnz, Ly LEEWEIRBUKETH 5720, VRV — 2048
BhliAs) BY — A LML E OMBEARNTHT 2880 d o720 UHIRETIE, ~270 77— VD IL-18 R Z2FE TS5 2 EO Y R
v —24(K3C14 & K3C16)2%, T¥ ¥ A h—T R EFE@MAEL Vo2, RALBECHIIGEASINS Z & 2 HMSEHEIC X hHF L
722 L1 HICS T A Y T FICAN Y T AL T 2 (C)DH DI s, URY =AML MEAERT B ca™ ¥ 7 F s
LT B EEZ, HOLBHETIC) RY - 2A0EARKOHEENTHETIIRV N EEZ 2.

ES

PMA (100 nM, 18 W) Hll# L~ 7 1 7 7 — YRR /ML S 472 THP-1 M2 IC Ca® /7R 3E Fura2-AM Z 38 A L, 2 J KT 3 B & ICHhmi %
R L7-(Lh). WERLE 10 5kaRE, SOLEHIEEY R Y — 24 (K3C14 (196 =3 nm) F 7213 K3C16(204 =10 nm), #3100 uM) % i
ML, Ca ZRIEMICHIE L7z, 2 RO EHUST L, W) S+ oMo Ca® InEHEA I L7z, Python ICXk ) ¥— 2 2Rl L
VR — AR S ORI B X OBREZ IS L7z, F72, HOBBHI L7z R Y — 4 (Alexa fluor® 488, 5 mol%) %, ¥ 27 07 7 — Vkk
THP-1 AR 2. 72 (&I EE 100 puM, FIBORER © 5, 10, 30 min). @RINfE~/ Y TP, [FE L, DAPI Fefafi i L miBAMEEIc X O Ml
NP D HEEIRE O BIRE & B L7z,

EREEE

K3C16 VRV — A TRIRMERIC—BHEOKRE % Ca BB Y — 7 2Nz L, K3C14 VRV —ATIRLIES S FORBI/ME
B INEDERNIZED bz, Zhik, U RY — 2 OMIBEE A THHAD S D Ca™ WA, BB WI/NakD 5o ca ez -
2bDEEZLNS. T2, HOBBHIYERY — 2 OELICHB VT, K3C16 VEY — 4 23 L 72 2w ineg 5 0 Tl At X h
JERl G 2R L7z, )7, K3C14 U AR Y — A %30 L7 IZ @ Es ik aot g fidiZo 5y, 10 53z Y FH 4 b= X TR
R FENTARDTRD BT

i

Ca IS & 1) K — A DRI DI Y ABKEBAKIE LTS Z LD S E otz AFEEHCS S LT, #haesI
Yy — & L MIROHITLARI & W AT C & 5 2 £ AMIF S L5

Xk
1) R. Koladinac, C. Kleusch, T. Braun, R. Merkel, and A. Csiszar, Int. J. Mol. Sci., 2018, 19(2), 346.
2) J.He, T. Li, T. Préchnicki, G. Horvath, E. Latz, and S. Takeoka, Biochem. Biophys. Rep., 2019, 18, 100623.
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®E

SR P 55 B E T (ARDS) 138k & 22 5 IS HEFE L, BRI O RIERITRA 22 B3 A PR TH 5. REBITH T 5 IR
BE U THMBH 22 MRS BRI O 2SR LoD 5 5 DD, ZFOIETRIZH 0% L K7 ITEVKETH 5728, EH%IHEE
LEORENEEING. KA FIH-ER Y — X LTER ARG ER 2 BT AN AGF Th S —BIbkFE(CO)IZHEH L7z, KB
22T, COMtE ke LT COMATIANTEZ T Y v/ MR (CO-HbV) ZFIH LT, ARDS IZxHd % CO DA A% ME L7-.
Ik

ARDS E 5 V1%, C57BL/6(C57BL/6"™ ™ )<= w 2 23 ~NLF F 34 F — € -1(HO-1) EHIEF (Hmoxl) D~FaHl ) v 7 7 b
(C57BL/6"™ ) <= 22 ARV v /154 F(LPS)3.5mglkg & 4GB G S5 2 LI X DIER L 72, LPS 5 -0 30 4wl EF A
K, HbV, CO-HbV ZBHR & D #&5- L7z, LPS AL A & 24 ReI BRI IRIHE & 508 32 - il diisil (BALF) 2 B L, Jilifiig o 15
BEERIEMET A b A VAT L7z 72, WHRICBT 20 EkiEE, I ot ¥4 —€(MPO)IEM:, NADPH + ¥ % —
£ -2(Nox2) 1if ¥k b 5#:4il L 72.

EREEE

C57BL/6"™*"* ARDS EF <7 ZI2B\WT, BALF 1Mtk - 7 > /8 7 Bk owin e 2 oMk E, REEY A ba 1 >
(TNF-a, IL-18, IL-6) D LA RER Sz BEZE WS L 12, C57BL/6™"* ARDS E7 )V~ ™ A & ik L T C57BL/6"™"*" ARDS £
ThRI AT INS OIERVEIEIL L TB Y, HO-1 2% ARDS DOFIE & ERICEE L AR T TH L 2 LB MEIN. £2T,
HO-1 12 X 2 A ARB A O AR E AT CO TH B LRKE L, CO D ARDS (233 % A MM % 5l 3 % 72012 CO-HbV % 5. L TRk O
BiT o7, TORER, CO-HbV BHEETIE C57BL/6"™ ARDS B F < W A 2B T LMk ER KESEFICRE SN, —H,
HoV G Tl SN b o7z, S 512, CO MM IIH 3 A 4Fh ki 2 #f L, BALF oMl X v il S 7z MPO % Nox2
OIFEHEALZIH L7z, D EoRBRL D, COIRIERHRLIC X % MRk S % JIHl L7242 & LC ARDS DL % JIfl L7z L g S iz,

#5 5

CO X ARDS DR 2 #3422 L 2SI N B & & 112, CO-HbV ZHIH L7z CO BhfHeik 38727 ARDS ik LTHHTH
HUHEMEZ D TV 5.
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BE

MALRFRI b2y FYTH Y b7 ab et F o7 —PERKHAEL, B EEPEEMETL I E TR LA DHEET SR T,
BI4E, BRALKFEIC L Z2PHFEERIBELTVDE 00, KBEELAD MR RCEBEIIFIEL V. 2T, A MEZOE VR
MALKZ ERFIREET LI EICERL, BLKRETHERFANE L TA MANEZOE V2TV T IV THELLZA MEFOLE V-7
NTIVIIAY—RAIB LY., ARHTIE, A MANEZOQEY-TLT I VT T AT — OREEFER OHAL K 30568 0 27 2
1To7-.

ES

BRYBRGELEE, A4 AFER 7 a~ b 7T 7 4 —, Native-PAGE, BB ENEFHCL D, A MAEZOQEV-TLVTI VI FTAY —
DOREERENE L ALK ZER SR 2 3 E L 722, T 72, RAbKZERTE L 72 H9c2 Ml B BB LKk ZEFHE~Y Y A2 HWT, X hAES 1
EV-TNVT I V7 53R —ORAbKEDHFIH T 2 fFaEiE 2 5700 L 72,

BREER

AMNEZOQEV-TVTIVI TR —RBANETVE Y IGTIZFYIFTOTIVT I U DHER LK 150m 0¥ — 4k T Th -
7z i BALKBERIMIE D A MNEZOE VRO Y — 7 PR ERFELA PAESOE VHROE—=Z7123 7 M L2 2 &5
BENI DS, TALKEREMEZATHIEITRENT. S5, A MEZFTUEV-TIVT I VT TAY =R L ) FfbkER
T L7z Hoc2 s ol EfF R0 LA L I ba vy ) THREOHERPIHER S N2 22T, HifbkERS 15 5PN S 5 B30
ILRFEHHBETIVI T A MNETUE V-TVT I V7 TR =25 LR, HAbKERS 24 % F capistfdss e
HIZ, BEshy b7 uLs c A F Y —ViEEHE L mIES .

#5

AMNEZQEV-TIVT I V7 TR —=DhAbKEFRREAE LTl TEsEE 2z 5N
Xk

1) Suzuki, Y., Taguchi, K., Okamoto, W., Enoki, Y., Komatsu, T., Matsumoto, K., 2022. Methemoglobin-albumin clusters for the treatment of
hydrogen sulfide intoxication. J. Control. Release 349, 304-314.
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®E

RYFFHVY ¥ (POX) T ERBEETE & REFIA TNV AICEN-ERESTTHY, KHNCERLZVWIERLR)ZFL VT
) a2 — )V (PEG) DAE & L CORETEHZEHTWEY., KA IZAEZTE » (Hb) D4 FEEIC POX & iia L7z A LM FEMAK, A1)
F X4V VBT B E Y (BAG Hemoxa™) 2 AL, ZOAERMERBHS 2 Lz BE, TR O POx (3415 5000, Aldrich
) EMEH L CTWBA5, 4571% Hemoxa™ O ERE, LHBEEME, BKiEMS, 2 A MIREEZ L L, ST ROHE Sz POx DEHE:%
LT 5 Z ENATRE R D, KGR TIE, 2-ethyl-2-oxazoline D 7 F % ¥ FIEREAIZ L D poly (2-ethyl-2-oxazoline) (POx, F¥5¥ =
5000) % G L, #5172 POx & VT Hemoxa™ Z #8342 & & b2, ZOMEMAIE ML 2O THET 5.

ES 1]

2-Ethyl-2-oxazoline & methylp-toluenesulfonate % acetonitrile ¥ £ H1 T 24 W ML 5 (100C) L 714, tetramethylammonium hydroxide
EMAAHZETEAEEEL, Kiiice FuXx k243 % POx(POx-OH) %1372, POX-OH D& H-NMR Ml 12 & Y #EEL, 5T
HWIEV A AP u~ b5 7 4 —(SEC) ZFHWTEM L2, 512, POx-OH Ok Fu ¥ 2312 3,3 -dithiodipropionic acid % Fv»
TAVH T P T+ F— FEZEAL, KA VAT MEEZHT S POX(POX-SH) ~FHE L 7-.

7% ~\FEZ 1 E Y (Hb)IZ N-succinimidyl 3-maleimidopropionate % & S, Hb 0 FRMIZ~ L A I FIEAMEE L /2%, LiE POx-SH
AT H I EICX D Hemoxa™ Z &K L7z, 155172 Hemoxa™ @ POx #& &5t & AR A2 g L 72,

HEREER

POX-OH @ 'H-NMR A7 MV ({b&EY 7 Mk 7u b v of5HiE) 1k, 1o POx (41 5000, Aldrich #1) & —3 L, SECICX Y&
H L 7243113 5053 g/mol T&H - 72 (UK 79%). 2-Ethyl-2-oxazoline % 5k & LT, WK & MSE0fBE, S TEE2HF3 % POx 24K
THIENTET.

AWFZE T B L 72 Hemoxa™ @ SEC 1, Til® POx % IV TAM L 720EH D Hemoxa™ &% L {, Hb IZPOXASEAZINTWEL I &
Moz FIREED SRD I POX DR EEIT 6 R /Ho TH o7z, BEBRNEOIBETH S Py i3 9Torr(37C, pH7.4), Tl
DIRETH 5 Hill {28 (n) X 1.4 TH Y, RBC(25Torr, 25) IZHRTEWEREBAME Z /R Lz, I 3 v 7 IREICB T 2 IKERFHHRR
NOFEFERE R EIEN AR T A LR Es N 5.

=kl
Poly (2-ethyl-2-oxazoline) (FF-34 4575 5000) DA V. L, TOMEEZER L. B 57z POx & H v THK L 72 Hemoxa™ (3,
Ml POX % IV THBL L 72 Hemoxa™ & [AFk O, MFEMEHREA T LI LWL E R o7z,

3k
1) T. X. Viegas et al., Bioconjugate Chem., 2011, 22, 976.
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G-11 EMAATIMETEER “Aloxa™” DRLMH H K CFRIEFFE
OF@IE ", WA fit', A F° AEFJUEE® AREZ ® WEHEE S, | Y MRz

PRROREIL TR, RO RS, G ERENRFREER Y v ¥ —, IR SRR
komatsu@kc.chuo-u.ac.jp

BE

BYEEOBG TIRMPEHERIE LT FEX Y T F VA Y —F (HES) KBE ML TS, L L, HES I B R 2348 <,
BIVEH (BRI E, S a v o2 )0dh b0, H-YWH A TIEMERH OBBICKE ZEFERFELRTWS. IR, &4
77 ME7 VT I 2 (PSA) D FERMICK 6 KROEMKBEMUEFFRY A FH V) ¥ (POX) & #A L 728 A A il 4 3 = 5
“Aloxa™” #BIZE L, ZOBHVIEE AT BN MR EEEZ O M L7z, RIFSETlX, 5y PEHWRERERBEIZLD
Aloxa™ DEEMZ 5 & & b2, 50% Ity 3 v 7 5 v oA R S WH A2 5 L 720 THET 5.

ES

[REMEEM] Wister 27 v b (8 2309) DREHFIIRA & Aloxa™ ¥ ([PSA]=5¢g/dL, 200mg/kg-rat) #¥45-L, #5-Hi(0 H), 57, 14,
21, 28 HRRICEERA A SERIML L 72, #%5-28 HEICH 0@ 2 FHORS- L, 207, 14, 21, 28 HRIZE#HRSTRIML 72, %5
Nz = 0oL, EE%E -80CTHRAE L. &5 v MILIEICH LT ELISA JIE 4T\, PSA KT 5 IgG itk AR EERE L
7o, BB PSA R GREE L7

(B3 MEETE] Wister %5 v  (§92309) 12 K7 VT VIR AKKEE FCH 57 —F b & ASHBIHIRICEA L7z, BRAY 7 — 7V & ) &k
B 50% ZHd 52 L CHlEy gy 7IREE L, 15 5BICEIRSY 7 —7 v X D 30% & Aloxa™ & ([PSA]=5¢g/dL) 257 5%
Z L CHRE Lz ARG 2 MR F T, RBREVEBISE, MIREGNE, MY A5 % &L 21T -7z, S SIZERIM 5mL % 3R
MU, MEELFEREEITo72. SHRET HES 5.8 & L7-.

BEREEE

[REMFHE] 5 v MC Aloxa™ B ZEHRS L THILPSAPURD LR T DTN TH Y, POX DEWRIEZEH A TV A& Aloxa™ @
BWRIEZN RS S e o Tz,

[(ERMESEM] 5 v F OFEHBEARIME (MAP), L3150 50% Bl X DR TF L7275, Aloxa™ JAHEdE 512 & 0 i & R ¥ chlE
L, HES¥5HEE HIR L CAHBICS WERIER L. Wit 5 v 2 128k, BRIMEE ST LA L, SR ZEBILRESTE T
L7275 Aloxa™ B 51CX ) FNZNOWE T TRE L. 72, 7Y F—Y AL EWILBED Aloxa™ Bik5- 2L hkESh
7o MLAEALSAAR T, IFRERE, BORRESICRFIIR SN h o7z, Aloxa™ ALY 2 v 7 IREBICBIF 2 8ERE LTHNTH
AT ENbhroTz

2
s

T v M ERCZZEWERD S Aloxa™ OENTEZEMEEFNEEH O L. Aloxa™ (2P, BEICEEZ 2T RvEiH AL
MAEWEA L U CEMATRELREACTH L. 5HBA X e Aniaet: - GahEibric s,
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—fig R 3

G-12 ZfADAETOE AR PEG ICHEEULAZIRAXE/ Y- DEREBAFFHIRESICK B FIH
A% HSH#ME

O &2 WIFEK

EVAVAV S DN SV S e S
mattu@naramed-u.ac.jp

®E

ANEZTE Y (Hb) 2T HEIGHITT v & AICHEASELEA Hb 2 N TEEERA & LTHMT 200Kk 2 iz fibn T
WA, EERREICBW OISO EELBEHSRE LY. CoREHOBERO—o L LT, EESEOKRSIC L 5 MR NO
OWRAHE Z 5N THBY, Hb OELEZ I L 2235 HARICEAST 2 FESERHT L, AEHOKBANfFcE 5. fzbldch
T2, Hb @ B8+ % M8 PEG THA LT, BT/~ —(Hb-PEG, M D2 AW L72YY. 512, E/x—MD a7y
N BB IZ & ) Hb—PEG 2SBABREA L, Hb & PEG A HACHAZZSIROBSF R v — 2K T2 2 2 2 RnwE L7227, SEo
Fzecld, T PEG % PU4iE PEG (tetra-branched PEG; tPEG) IZZ W L C, 2 ffl® Hb A3 tPEG
THE SN2 HRmAWEZHEOE /) v — (Hb~PEG, K1) 4L, HEREAIZL DHEESR
NG R < —oOfE & WHEALEN Y %2 3172

ES

AdilZ~ L4 I RS 5 PEG & & MHIROD A VR =)L Hb & JUE E 8T Cys-93(p) &
BRI BA L, BT /7 — (HbPEG) # A L7z, AMOMRIRA s Lrnxbyy B GE Iiﬁiﬁfjv_(Hb_pEG) e,
74—, BAKENE, WHBRERNEICE VT T2, BALSMEEZ VT Hb,tPEG % ;;i)ﬁ_.iazt%/ < — (Hb2-tPEG) ®
BefE L, WO TFRY) v — %

BREER

A L7z Ho~tPEG %, [Hb] = 1.3mM 7°5 3.3mM 235 &, BRES IS IVLD ST L2, — 0, Bon7r IV EERL
T13mM ETHRT S L, REAIZE D F O Hb~PEG 234 L7z, 2 OFEHRIE Hb,~tPEG ASil FE IR L Tl iy, 8 B AR S 2 3
OB THERBHGTFTr V) NEHCHBILENTWLZE2RIBLTEY, Hb ZEFY] - BT 5 HEE LTSBOICHPIES R
5.

Eilsd
AWFFE IR (58 C, HUETE T 21 K12688) DAfiBh = 2\ THED b7z,

Xk

1) Matsuhira, T. and Sakai, H., Particuology 2022, 64, 43-55.

2) Matsuhira, T. and Sakai, H., Biomacromolecules 2021, 22 (5), 1944-1954.

3) Matsuhira, T., Yamamoto, K., and Sakai, H., Biomacromolecules 2019, 20(4), 1592-1602.
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G-13 CO & HCN FEIBEH ZhFJ;ICxI T B3 AIAETOE > EFIVEEEOBESE M O T
OF 7bi, dbpgss

[F]REA R H T
hkitagis@mail.doshisha.ac.jp

BE

HBYKRFETIT 2HHTADOHT, FICHEEOBEVEIE CO & HCN THADH. CO B I UHCN W d ARNALIZHEE L THEl
EREETAHNATHY, FERCRAT S EHMIICER L TERECOB@NHEEZRT. NS 2o N ARHFITHT 5 @HEEIEZ
NZENRABEINTVS25, CO & HCN ORFEHHICH T 2MHENR LR THIIAEL L. RLEZP707F A M) Y ZEEAL RV
T4 UHSEEEH VT, ALAEZOE Y EFVEEMRTH S hemoCDY 2R LT E 72, 4al, 2 Fi%E® hemoCD %24 LT, CO/
HCN o [f] s Fh 3 0 fi# 3551 (hemoCD-Twins) % B%& L 72. hemoCD-Twins ® CO R ¥ 7 2% ¢ A MRHA)F 2 B EERIC X A HEE L 7-D T,
W59 5.

ES T

By~ 53 % hemoCD-Twins {133 JCH (Na,S,0, T#E (1) ® hemoCD-Twins A & 8k (1) N L &@ICT 5 2 & THefiF L7z, kI,
YT vALF P U A (NaCN) B X O° CO HF A% VT, CO/HCN FiFh#HEF IV~ 2%/ L, CO/HCN RIEHF#IZR > 72< ™ 212
hemoCD-Twins ¥ & Bk 5- L, ZOMHEIELZFML72. S5, T2V O ADOMREEN A %<7 AW bE T, HHAHHEIC
% o 72 7 A2 hemoCD-Twins {8 & BEES 5- L, Md#l & L CORFRMEEFR-IO L /2.

EREER
CO/HCN [l 3z~ 7 212 hemoCD-Twins # e G- L7- & 25, FERGHETIIETH LERUNIIEE L-DIICR L, H#5HTI
%1 85% DAL R SN, EHIZT 7 IV O ADREEN A% HW/z< 7 AHFEETFIVTH, hemoCD-Twins DIR5IZL Y, =7 AD

HEERBIVOHERLZZE LLWUE LI ENbh o 7.
bl

FERDFEED S hemoCD-Twins 1 CO R Y 7 v Z R NI L TRAPICHEB SN B Z 25, CO B XU HCN [FEh#EIz§ 57
ERENDH B E AL

Xtk
1) Kitagishi, H.; Kano, K. Chem. Commun., 2021, 57, 148-173.
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G-14 BR7 74 > NTIVOBRRERE E L TOYHET
OHEMNEER", MNFEE° Ml =3, sHF— REEE "

PR OR S B AAA e, ? AR OR S LA, M DR LA, LB AR
k.kakiuchi@aoni.waseda.jp

BE

774 Y87 (FB) 1 100um LT OBUNRITH V), 1-100pum D= 4 7 BN TV (MB) & 1um BLF DV b 57 7 4 ¥ 37 L (UFB)
WCHEEING. FBI/NS R FRICHE T 2 (B imdt:, RHAEN, F)2AT2ILro@BFOWEIRLEZMEE LCEH
SNTW3S. F72, FB OHUKIIRMGARIERLBA-BRIEREBRABRE 28 L TWwab I Ehn, B¥E - KEE - BRSTFICBW
T, BFEWAL LTORHABHRFEINTVEY LA, FB AHUKhOMFEE % LM M EICIE S 2 HFESHEE LR W20, FB
SHOKPBEMEOBREEZA L TV AEBIIAH I L TW iR,

ES

(A) B% FBARHKDOBREESEREFEDREE  FHLBIROBERG 2 H T, % FB 5k x HEER K CTHMNT 5 2 L TFB ik
K OBFERZNET L HEEER L. ABREF2HVL LT, BEREBAD FBOMNEDB L GERZED) KRTOMEDIRA % B
STEDTE, EMRNEIWEEE kol BRLAFEONMEREIMEFRHEL (74 V7 I —F)I Lo THRLNEE L OIS
&0 EHil L 7=

(B) E5% FB OEEFEMAE L COYMETEE : B FB I SN MEEABMAMIEE TH U4, M FB IR & AR 2% (2 H B
MRS 5 LIRS % T, WRTOMBBERZ ML 72, 72, SHRGER e % M LR 702 b2 B0 2 HBE S 53 L 72,

BREEE

(A) B LM EEY 4 v 79— VB oNBR LA ELREE R L, IEMHICFB kb OMERZIETE L2 LD
Mol 72, L HOWERIZ 8 SUNTHY, 7 q ¥ 7 F—130 70 E) &g U O, @ik, @ » 7k (50-500puL)
BOTEMEYD 5.

(B) A FB 4 HUKICBIT % FB HEEE &l I 3w (CAHBI M 1 7 22 5 72 (R*=0.157). £ 72, FB UK D EIIRE SRR B W
T, FBIEIZ 1 HE DB - 7205 LT, MRS ITBRFISHA L, 1 HIRIIEHAIZHEA LT 72 (p<0.01, day 0 vs. dayl)
Z e BN T ORBFEMIC S AR SN a2 572, —, FBAOBUKOBEROBKTHEEL, FB % & F 2V lfafiAFBEAK
DETHEEFEML T2 RS, FBOEUKTOBRMEEEIE, FBICNEINBETIILBHFBEL LTHEELTWAIERET
HHZEDPRBINT

(A)FB 73 BOK i O F & 2 IERE O M ICHE T 2 K2 s L7z, (B) 3K FB /r#okh o #fafiiiRakid FB HARICHK T 5 H D
Tid%<, PBZHRTL2BBICBVTERINZEFRETH Y, FB HARIIHRRERA L LTHRIEL TV anZ & dbho.

Xk

1) K. Ebina, K. Shi, et al., PLos ONE, 2013, 8(6), €65339
2) DP. Ntentakis, AM. Ntentaki, et al., Wound Repair and Regen., 2021, 29(6), 1062.
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Z R TR

BRIREIMN TS 7 = L DS & HEEE
Structure and Function of Molluscan Hemocyanins

BgE RO SRR, ORIE 20 mep B

Sanae Kato! ?*, Takashi Matsui®, Yoshikazu Tanaka*

FITHER

BHEB Y O MBI A DS, RAEBWOMBIEH . S, REBIWOBREER S » 7 EhBNEZ70E Y (Hb) TIEARLIANE
V7= (He) THAHILIGERET A, Heid, MRS E LTTIE AL, MY Y SHICEEERLZRETHEET S5 4 734
R U ZET, BURIIEAENTH LY, BELHETHIEHEBZET S, BABWO He 4 TFRREXL YY) Y F—EOA
HEWRGTT, ZOH5TEIZ 330 525 1,000 TELEIZH KD, BRATERROY V75 TO—2IC8Fbh5. HEHICHE
KDY ThH DI EDWAKBY He 557 OREFEAT 2 Wl IS LT & 7225, SE4E, XBRRMIE 7 54 FBTHMEE (7 914+ EM)
ZHAE DI REERN TR LD, BEREANV AL He ORSHES FREEFEER S NIz, ARILTIE, KA He 058,
G PRERE, T, AEBRRRRICE T AT ST 5.

Abstract

Instead of the red blood of vertebrates, most molluscs have blue hemolymph containing hemocyanin, a type-3 copper-containing
protein. The hemoglobin of vertebrate blood is replaced in most molluscs with hemocyanin, which plays the role of oxygen
transporter. Oxygen-binding in hemocyanin changes its hue from colorless deoxygenated hemocyanin into blue oxygenated
hemocyanin. Molecules of molluscan hemocyanin are huge, cylindrical multimeric proteins—one of the largest protein molecules
in the natural world. Their huge molecular weight (from 3.3 MDa to more than 10 MDa) are the defining characteristic of
molluscan hemocyanin, a property that has complicated structural analysis of the molecules for a long time. Recently, a
structural analysis of cephalopod squid hemocyanin has succeeded using a hybrid method employing both X-ray crystallography
and cryo-EM. In a biochemical breakthrough for molluscan hemocyanin, the first quaternary structure with atomic resolution is
on the verge of solving the mystery of molluscan hemocyanin. Here we describe the latest information about the molecular
structure, classification. and evolution of the molecule, and the physiology of molluscan hemocyanin.

Keywords
Molluscan hemocyanins, Oxygen transporter, Molecular structure, X-ray crystallography, Cryo-Electron microscopy, Subunit
assembly
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iEL®IS

T HEBY Y OB & ) %, B X OB AN -
N ERPTER VD, MM Y25 ERHREIns, 1F
LA LOEBMEBMOMY) ¥ 7SBICIERMER T % <, BEFEER
37 IS Z o2 e LT VoSS TEIRER L
TRECHAET 5. EHHEY OMFERE 5 787 121, Hc,
Hb, NEXLYRY Y, 7unazVi ) reENRHH, TDYH
L, HEZ L OMBHEEIWIC R S B BEEER ¥ > /%7 B He
ThH. EHEHEHYO b IHEHEW O 4 BIARGT-L13RED,
BT oY T2y M 2oL B2E6W5T T, BESHHO<
YarFAYOEKRHb (24 fk, 5738 40 J7) Ok MRS
FRRTREZED L (s Twa Y,

MBI O F BB AWMy v 87 Th S He DM
4TS, 1HHERERLZX 91, mMERKSTid e < Hiiask
FUNRIETHAHEETHD. 2 B IIBERETMICET 5
SROMBT, He I TII R IMPEM LTS, 3 HHIX
He 38350 ThHS. BERGMBIICIX, 220081 L 6D
DERF T VERBEVFAEL, BESTVEINLOHET /G
LTCw0, 75 A%—% K L2t He i3HF®RZEL, BT
iz EZHCTH5. 4MHEIERRS TR TH S, HEHED)
W He 3K EV D D5 F L BBV D5 FI250T 5 2 N TE,
FNENOGTHB LS TEIESEL S, HEEHY He 0¥
B, BERGHMLZ TCRMEREM I 722y FTH Y,
ZOREZIZHT0kDa T, 1209 T2=y bHzh) 1O
FHANZEATYS, ¥ 72y MI6RBAZBIRL, X
B 6 BRHBMEEAS LTI T2MBKT 5. —F, Whikd)
WHe 06, BMEMEGHMNZELRDRMIIERELZ=Y b
(Functional unit, FU) T, FU®D K %X X &% 50kDa TH 5.
FUM T d %\ id 8 ik & T 330kDa~550kDa ® ¥ 7' L
=y FEHERT A, E5IC, TOERZYTI=y PAEWIC
KELTYY ¥ —Ho 10 &k, 20 ®E, »2id 30 &Eo
STEEKTSY. 2%, KB He i34 %< L3 70 DI
PRI % & dx, 7 FE 134 3.3MDa 5 135MDa Th 5720,
HARTROKE LY UAZED 1 DIZRITFONE. Y, %k
KREE Z OBE KRR & V87 A EERZ BEFEERRAK L LR
ATZDESH D2 He B TH) OBEEETINEI LV L
BRI CARICEB 2B 0 ? IhoDFEML 12
DI, WAEEY He O 5 THEEOIFVULETH 5.

SRAKENY He O TREEMRNTIE, ZOBERGZSTERBEML
SFREE» SRV 2O TE 2. —EB0WAEY He T
& in vitro CBWTEHARGTH OV T 2=y bAOFEEHFE
Do, TOWEDARES DHEEMHEZHEL LT &
512, 1,000 5 &z 2 ERG T, 400kDa %7 2= b
WO TR AMENFEREIELTES T, a6KksT T
LIRER L 72T =y FoGEEHEECH -7, 2D, He
ST L v E DI EICIED & &, REIBNT o8 —8k
otz

HARENY He OREERATIIFEIZ SRS T- D2 514 4+ EM f#
BtV B XU FU O RAE X MG S AT 221 X o Tl

46

Sz, TRSOITIZTRTO FU B@oEzo L w
I HIRT, —#D FU o R fEER G %E 7 74 4+ EM O
FEES Y TICEREDLEL I EICL > TiTbN 28, KRG
EORELIEOLNT, FhEno FU OEOEWIZER S
nTwidoi.

AR, WRARENY He OREEMNTICER 2SS - 72, Zhang 51
BREO NI TYDHe DY 54 F EM BN THON-EBTH
JEDRIZHEDWT CETFNVEMET LI LICXY, ZIFE T
fREED D HEE R WA L7229, & 512 Gai SR E % 5k
K8 He 710 X BFEMEE L LT, ANV AL A Todarodes
pacificus DR THEERRE LY, CoflRlECLy, ¥
)y F—RGFD D B Dy MR Z R T AVEERIRO T 3 R
TS & BES 2 & E TR T 7 V2330 A o2 ae T S 22
sz, L2aL, i ETREEL 72 He 0143 50% D El
ATRAEL, TRICHKT 25800 D, 02 o 2B T HE
MBS N 72720, NERHIO M g Z W THh - 72
ZZC, Tanaka 5137 4 4 EM T X % HoRL T-HESE AT IC &
D NEREIRASIE R TH 2 FHEW ST, IS
KO YR T IRNT O 720 OREEL 70 b2V 2T, IR
OREREIEEID L7, SOV AL 5 He DEFHOMERE,
AR He & L CIBRAOETHMIED S THETH 5.

CHSDEEDT L —2 AN—I25 Y, He D5 THEREICIT
2% OERHPHONTE L ARF T, WAEEY He D%
THEICHENZH T, WEICE 200, oS o1,
A PR R 2 ERE IR S 5.

BiEICL D058

WRARENY He 5 TI3BER T 7= v PR 102, 5 Wik
ZFRUENMCE > TRIITE 5. BERE He 0 FI3HiE, B
¥ He 7 FR3BETHS. ¥ 722y PRI 7THULED FU»S
B EShTwa, &5, FURT I/ BENOMFEEIZE Y,
BAL %S FU (FU-q, -b, -c, -d, -e, -f, -g, -h) & additional FU
(FU-d*, -f1, -2, £3, -f4, -f5, and -f6) \ZHFTE 5. HAL L3S
FU®M9H %, FU-a, b, -c, -d, -e, £ 1 TV ¥ ¥ —H 45T OHVEEGE IR
WZALE L, FU-g & FU-h IZNFEBHU8UCALIE S 5. Additional FU
EERHEIBICALB T 5. $XRTOY T 2=y MMZiZ FU-a, b,
d, e, -gOTHOFUMNBLBLTEENTEDY, £ DV T
2= MZIEMATFU-h % additional FU» &G EhTwa, 3
KL bHFUDHH, FUh I CEMIZ cupredoxin Bk F £ £ ~
OO, O FU L b5 FRAKELY, BEEK He
7=y b, Thbb, 20 BB IV30 BESTFOY T
vy MCOAETINS., 512, MR FUOHEIZE-T, HE
BHEHWREO He 3FREFN 20D TV —FI2H5HHTH S
LSTES. Thbb, WEAHY He 5 Fi, +y72=v I+
BB IOZOME»S, 1) 471, 2) #2472, 3) %4
73, (4) AT 4D AMEICHETHZEMNTE S (Fig 1).

FAT1IIBERE HecTHY, 77 F VRLHMERROF v
V78R EE LTI ENEF—F—1Y) Xy I He
(KLH) 3204 7Thb. #4711 ¥ 72122y bd 20 &
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Fig. 1 Structure of molluscan hemocyanin and its subunit. a-d Representative area of negatively stained
transmission electron microscopy (TEM) image (left), scheme of hemocyanin subunit (bottom), and three-

dimensional (3D) model of four molluscan hemocyanin types (right) are shown. a Type 1 hemocyanin

(Keyhole limpet-type). (TEM image: Nordotis discus hannai hemocyanin; 3D structure: cryo-electron
microscopy (cryo-EM) structure of keyhole limpet hemocyanin.) b Type 2 hemocyanin (Mega-hemocyanin,
Melanoides tuberculata). ¢ Type 3 hemocyanin (Nautilus-type). (TEM image: Enterooctopus dofleini
hemocyanin; 3D structure: Nautilus hemocyanin). d Type 4 hemocyanin (Squid-type). (Todarodes pacificus
hemocyanin; 3D structure: cryo-EM structure, side-view and top view). C C-terminus, N N-terminus.
Scheme of hemocyanin subunits: a, b, ¢, d, e, f, g, h basal functional units (FUs) of molluscan hemocyanins,
d*, f1, £2, £3, f4, 15, {6 relative FUs. Created based upon figure from Kato et al. 30,

KT, hREIC R E2 oY) Yy —RO 10 BAES T3 2 1
TIRAELRY, 2 T2EELTWS (Fig. la). 20k, &
DHF o B R EFHEME (TEM) TBZTAE, iE» SR
IBEIEF IS, Eh SR MGPIIEREZ D OMBICAZ
5. 12o0%72=y MIEFUMP & TN, NE®AH»S
FU-a, -b, -c, -d, -e, f, -g, -h DMAICEH LT 5 (Fig.1a). 2D
95, NEmMA»S 6MHE X TD FU-a, -b, -c, -4, -e, -f i355FD
AVRESEIRICRCE L, C R @ FU-g & -h 1357 O NEBHHISIC
FefE 3 21720 AL 743 F & LT polyplacophora He 3%
D, ¥7 2=y bR TS FUMKBRLTHAICHEDLS
¥, 20 BAKTIZ R 10 RIS F2 T3 522,

472 bEREF He TH DA, ORGSR T, 72
=v b® 30 BHET, 4TEIF 1,350 (135MDa) E4:IZE K
THY, CZOLDATNEYT=VEWNENG., TOFLTD
S0 BEPLETIC3IMEAER-2HEEZLTBY, o
THHOBE T 4 7105 T L) 15 %R (Fig. 1b). 47T
OPREIIIZEEITHTE > TBY, LS 7RI Zix a2
LoV, HFTEHRT A T2y FI2HEDHD, 10
35471 LMD FURME (FU$8) o#EDH 7= b
(400kDa) T, 9 1235 & 550kDa D X A% 7 L= b
Thab HEOHT2=y F20fHE AT T2=y b 10 @23
HEH5LTHFZRELTVS. XA FY T2y NI 120 FU
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(FU-a, -b, -c, -d, -, -f, -f1, £2, -f3, -4, -5, £6) *5% Y, ZDIHI b
N K2 S 6 HH T TOFUREFOY7T2=y b EdEL,
IN 5D FU IIABEFIICELE 5. C KumflliZiX FU-g & -h
DD DI FUL & OHFEHEAE W 6 18l additional FU (FU-A1
~£6) AEHIL, NSO FUIXGT-OWNERHEIRICH Y 7272 %
N5 EHICHEL, 2B 2D TWS? (Fig. 1b).

Y47 3RBEREDFILAFABEI YD Hec THDB. =
DIATOHTIZ10RAETHY, 5T RIIH 35MDa TH 5.
10HOY T2y FBRELTYY V¥ =D 10 BRk5T%
KL, WEBIRICIZEED X S = F X4 V& 50K § 5 5%
(Fig. 1c). CO7:®, HTOREIZIIAT10RPoLi-T
W5, ¥ 72=y M3 72DFU (FU-a, -b, -c, -d, -e, -f, -g) 2*
LEE RN, FUhZKIBLTWS (Fig. lc). 471 BX
¥ 472 L[FAERIZ, FMBEFEISIZIZ FU-a, -b, -c, -d, -e, -f ASEE L,
WEREIICEIE T 5 FU R FUg DA TH L7720, ¥4 71k
RN T TR

54 741%, HREOA ADOHcTHD. ZD¥L TOHT
310 BIKT, 2T ®21Z38MDaTh5b (Fig. 1d). 7 zx=v
MZ8M®DFU Z&&7%, FUDKIKIZY A 1L E3R~%ED,
FU-a, -b, -c, -d, -d*% -e, -f -g 5% 5 (Fig. 1d). T4&bbH, =
DOF T2y VEFATIDOY T2y b LK FU-h 2K
HL, SHIENE®RWA2S5FHOFU & LTFU-d* 258 S
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nTw5. FUA* IZFUd DBIZTEHEICLZ2IDEEZ SN
TV M1 A RESIRIZ 13D & 4 7 L AR FU-a, -b, -¢, -d,
-e, £ ASMEHE L, PERFEIRICIZ 5 % HISHE§ % FU-d* & C ki
D FU-g BEET 5. 0FEFZIZAL T3 LI PLTY vF7—
B LTwa2%, WNERSIICIE FU-g I 2 C FU-d* 2EAE S
Bz, ¥4 73 X0 BEWFHSIHNZ EAbH 5 (Fig 1d).

NFIEE
FU #:&

ANV A4 A He T Ok EMEE2? S, FUL DO FU IR, 4+
RESEIR D B WIZNERHIR O B D S, P L 7RG %2 -
TWBIENWSNC 72" 2% ), He B FI3FMLE
Ty 2 BEAELTHEINTWEEE RS, HEEL 72 FUe,
FU-g, FU-h O @SN X Y, FU O & i s e e
ERTWwa Y, 2hick s e, FUIREI a-helix 2585 N
Kimloa7 Fx 4~ (NTD) & C KMl g-sandwich K x
4 (CTD) 220D F A4 1ok’ (Fig. 2a). FU-h ©¥;
41%, NTD & CTD iZimz <, C#EuslZ cupredoxin &k F X £
YAmERTWS (Fig 2b).

FU O NTD IZI3EEERKEA D00 2 HOMET (Cul BL O
Cu2) »H Y, BESTRINSHMET-OMICHEL T Cu,0,
75 A7 =% BT 5 (Fig. 2¢). SETORPAICIE 6 D His
BREMFEEBEL, $%bb, Cul ®JFPHIZIE His4l, His60, His69
A%, Cu2 ®JEBIZIE His179, His183, His210 25HLE L TH Y
Zh 5D His BIEIZTRTHO FU THRESRTWS., SHICHE

DX, His60 ® C T & Cysi8 D S HFORIZF + = —5F
WVHENERENTWSEZ & THhS (Fig. 2¢). TNHEFE
GO OMEERXTRTHOFU T RFEENRTWSE, &
FUICIK 1 DOBERGIMELD S720, He 0 TH720)DFU
BIMERAEBMBICE LY. 2F D, 160D FU 2545
¥4 71 550F13 160 HOBER GV ZRHD, 80D FU »5H
BB AT 45T 13 80 MOBEER AR % FFD.

S BESEIE D18 E

ST DIVREFIR ORERE L HESIZOWTHBIT 5. $TXRTOHK%
KW He 5113 ¥ ) v =0 10 Bk E 2 AR E L L,
ZOHBEFIROME R ILBE L CWAE. BRE Hc DY A4 71 B
X% 47 205 T OHNBEEIBIIF — O/ BEREE~ Zh 2 2
MBLO3MEATERONDS & TRE I TG 7165853
MBEFIROREE DI 27 Y He DR HEEY 54 4 EM
LY, 2L X 4 He @ 30A 53R TOREMEE"ICX T
RSz,

HIBESEISIE 10 DY 7T 2= v A D, WFRICHEA L TR S
hTws, 7, 2oy T2y FESLT2HENHD T
L—1tR$72=y F2EEZEKL, KOTS5HEOTL— T
Ry 72= v 284055 BIFRICES LCD; HHEO Y
Tt % (Fig. 3). HMVREEZ MK T % FUIXFU-a,
b, -c,-d, e, T, L= RIFT2=v b 2REHEIZBVTIX
TOFU IR 28K (FUFA~—) 2BEL TS, Thbb,
FU-a & -b(FU-(a-b)), FU-c & -f(FU-(cf)), FU-d & -e(FU-(d-

Fig. 2 Structures of the functional units. a Ribbon diagrams of FU-g. b Ribbon diagram of FU-h. ¢ Active

sites of FU. His coordinating with coppers and Cys58 forming a thioether linkage to His60 are shown

as green sticks. Highly conserved sulfur-containing residues surrounding the Cu,0,-binding site (pink

sticks). d Structure of FU-g dimer. e Structure of FU-h dimer. Cu and O atoms are shown as red and

orange spheres, respectively. C C-terminus, N N-terminus. The N-terminal core domain (NTD),

C-terminal B-sandwich domain (CTD), and cupredoxin domain are shown in cyan, magenta, and

orange, respectively. Created based upon figures from Kato et al* and Gai et al. ',
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Fig. 3 Architecture of the wall region. Two subunits assemble into one plate-like subunit dimer with a two-
fold symmetry, shown as a green arrow. Five subunit dimers assemble to form a decamer with a
five-fold symmetry, shown as an orange arrow, which generates D, symmetry. Each subunit is
represented by a separate color. Reprinted from Kato et al. 3, with permission.

Fig. 4 Architecture of the plate-like dimer. a FUs in one plate-like dimer are highlighted in separate colors.
Outline of one the subunit is highlighted. b Architecture of plate-like dimer. c-e Three types of FU
dimers comprising the plate-like dimer. f-h Relative orientation of the four FUs in the top (f), middle
(g), and bottom regions (h) are shown. Each subunits in one plate-like dimer are represented by light
and shade colors, respectively. Reprinted from Kato et al. 3, with permission.

e)) ZFEFNZENHHMBEERFOFUFA ~—%2BHL, Zhbd
FU %A ~—0fikizEEL Tw5b (Fig 4ae). 2F0, 7
L—FMREFT2=y P 2EBEIZ6 MO FU ¥4 ~—THESh
Tw3 (Fig. 4b). 7V—1tR$72=v + 2BHKIZEBIT S FU
¥4 < —DOBBAIHVEFIRORRICHHTH Y, SRz b L

ARTIFICIAL BLOOD Vol. 30, No.1, 2022

FU ¥ 4 = — 3 EFUIROME AL TH 5. BRBEVW &2, &
NLEFUFA~—DI L FUet f2&0bD, §4bb FU-
(cf) & FU-(de) i3, BiEdT 27T 2=y FETREAL Y ATy
7L, 7V— MR T2y F2REBAEEZHEL TV (Fig 3).
2%FY), FL— bR T2=v P 2RECH S 6O FU 574
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X—DH) LAY T =y FHOMEEMAICE > TR Sh
TWHILIlhb.

TU—= MR T 2=y b2 BEROREEIZES 51T 3 D DHIR
Thbb B, s, FTECoT5hs (Fig 4a). Like
TEBIE, FEORLS 2O FU ¥4 ~—, $4%b% FU-(a-b)
& FU-(c-D A5 7% 5 (Fig. 4f h). X, ML FU ¥4 <—
B2, $4bH2MHD FU-(de) bR S T2 (Fig.
4g). HYEHICIE FU 294 ALE LTV 2 bIF 722, £ b FU
ORI B BRI, LB L T IS E S 5 FU ©
MERERE LSBTV E, ChbnZ eh s, 2o FU 74
R—=VBHWIZEE LA FU 4 v —2®mkdiz=y b&&D, 3
ODI=y MPRARERLZETTLV— MRy T 2=y P2 &
REREL TS,

NEEHI O EICOWTE DD E, FUFA~—EY Y v
57— OIVBERE 3 ORI R BEE WAL CTH S, FU F L v —
BELICEBELFUFA~—2@khy 1=y bEAD, 3D
2=y FAEETFICHEAELRLIETTL— MR T2=v | 2
BERZEETS. BT, FL— M MRYET2=y b 2E8BMEDS
&E&LTH5 EXHOSNBEFIREREL, D;Hov Y v ¥7—
BHTEEERT S, T0X9 RS FRERE Baos
RTCO He @B L T 5,

24T (F—FK—IL) >Ny k=217

KLH #f%F L3554 711, BAMNLBEEE Hc TH 5.
AT 1ICHT 20%E813% {, KLH R H. diversicolor Hc
(PDB ID: 3]J32) ®% 54 + EM HiiiAs#iis S hTw 59 (Fig.
5. ¥4 711320 RIEGTTHY, HAL%S FUDTRT,
F bbb FUa, b, -c -d - £ -g-hZHATNS. 20 BAEST
EFE T 10 B2 MMM EICRARE LS T LIZX > THES T
5. NEREH D 62D FU, FU-a, -b, -c, -d, -e, -f iZ/VBEHEIR 2 I
B LTWwWab, FMREEIRCIX, 20 10 BROFREFEIR DY D, 0
MTHAER->TWA. Bk L7z & 912, FEEEBOMEIZT
RTCO He lZHl LT 575, WO EIEX Y 4 712k -
THREB. SZTEIAT 1 TONTEBOREICENE D

Fig.5 Type 1 hemocyanin. Conformation of type 1 hemocyanin illus-
trated from lateral (a) and top views (b). Wall region, FU-g, and
FU-h are shown as gray, green, and orange surfaces, respectively.
Reprinted from Kato et al. ®, with permission.
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ThHZL LT 5,

WNEBFIRICELE 35 FU X C KO FU-g & -h THS. &
NoixENFNFUg 9L, FU-hE)LTFUSFA=—%F
B LTw5 (Fig. 2d,e). FU-g ¥4 ~—I%, /I EEEBOBEH T
57V =1 RE$yT72=y P 2ERIMNET S 2000 T =y
METEKIN TS, 2F 0, BETETL— Ry T2=y
b 2B TFU-g ¥4 v —2ERINTEY), THOZLIZ10
RG2S T 2 LCHEETH S, FU-g ¥4 7 — I3/
2 Dy i & R0 10 RS T ONEORMICER S, 5200
TV—1tRE7T2=y P 2EEHZBENTWS. $4bH, 20
BRSO LB I OTECE, FhZEh5MO FU-g 54 ~—
2EE L TWw5 (Fig 5a).

FUhFA <=3 F727 L= Ry 7T2=y b 2BHEMZES
IR INTWE, 20 BAEST O LHEB IO THIZERZE
NS5MDOFU-h ¥4 ~—DFU-g ¥4 ~—%HEH L9, 50
MICEEBE LT3 (Fig. 5). FU-h & C KMIZ cuppredoxin
FAL UAMEnTHBY, O FU LY K&Wwizw, FUh ¥
42— OREEIMO FU V4 v —DYH L RE->Tw5 (Fig
2e). €07z, FU-g & FU-h 3Mfhd FU OMee~nT a5 £ < —
TR, TPNENFEFA S —2 KT SH. FUgF[f~v—¢&
FUhFAS—%BET YT 1=y POMAEDLEIIFRLCTH
D, 2207V — b RYT2=y P2BAEKIEFUg ¥ [ ~v—¢L
FU-h ¥4 =DM TEP->TWS, L7z2-T, 2D XHIZ
MATHNZ 10 &KL, CtBEzRo. it T, H—o
Cs WFMEE D 10 BARA 2HA G LT 20 EEZ IR T 528, &
DEEFUgFA—BLUOFU-h V4 v —2BRELTHWRW
MEI LTEAL, 20D 20 BASTFAERENE. 20
W, vy METEKRENSE FUg ¥4 ~—& FU-h ¥
A — TR I N NBFBHEL, ) vy —BSTFOLET
WAICET RS, 2F D, CHEED 10 #4kD 20
W EEOMPEL LT, 20 B0 113 D; N2 .

2L T2 (AHANEITZ-247)

% 4 7" 2 1% cerithioid snail L WIHBHEMSFER I N2 X HA
EYTVEMENS L= He T THDH. ZOHTIE
30 KT, 2OV T 1=y b0 h5. 1D3ERELS
FU (FU-a, -b, -c, -d, -e, f, -g, -h) &5 5 400kDa ®iliH D
72=v MT, 9 121FFU-a, -b, -c, -d, -e, -, 1, 2, -3, -f4,
15, 16 225 % 550kDa DEKZH 7T 2=y b (A HHST 2=
N TH5H. HEEHBOMEIZ 4 71 LB LTBY, W
FHIRICI1E FU-g, -h, -f1, -£2, £3, -f4, -5, f6 BB LT, ¥ ¥ ¥ —
D 30 mEGT-ONFHELBER L TWS, BFEOY Ty
MEF A 71T ERUL GO AR 10 RikZ KT %
(Fig. 6d). o 10 ARDHREFEIIL Dy Wb T, PRI
BH5EEHOTL— R T2y P2 BRI TEE SRS
FU-g#4~—BLXUOFUh ¥4 v—THRENRTVE. —J
AFH Ty MIFEN R 10 B X AFHh<—) ZERT
5. ATFH < —OHREFIRIZER O 10 BARFEBRIC FU-a, -b,
-c, -d, -e, T AL L 72 D; Mk T H 5 4%, WERHIICIX
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Fig. 6 Type 2 hemocyanin, mega-hemocyanin. a-¢ Architecture of
mega-hemocyanin viewed from lateral (a) and top (b) and as a
sectional view (¢). d Composition of each decamer of mega-
hemocyanin. Decamer of type 1 and rhombus-shaped cylindrical
core are shown. For clarity, the sectional representation of a
decamer of type 1 is also shown. e Top view of rhombus-shaped
cylindrical core. Reprinted from Kato et al. 3, with permission.

additional FU T& % FUAl, 2, -3, -f4, -5, -f6 2SEi&E L,
ATFH— DM 2w EID B E LB, AFFA~—
OLETFH»SIBIZZEHLTWA, (Fig. 6d,e). 10D X447
2=y ORI U TH 52, additional FU DA 72 BLiE
BRI LTIE AL, ShoD FU BBMCIT Y &Th, BPoe
TR o 2 M FE 2 Fo O LI X 9 % PIER IS & % 2
LTW5. ZORE, AFFH<—IZ T 0Bk o NEBFR
% D; OHVEEFIRAVLA ZE, 2 Bk & % 5%, 30 Ak
T AFF A —OWMAN WA 2 10 B 1 HTOEEL,
AT H = — O PSR IAE A D 10 =k > 2253 55 % HLd
BRI LTS N5 Y (Fig. 6b, ¢). S OPERFROBIHEZL 2
Y7 % A= a3 vix “protein ORIGAMI (9 #&)” & FEh
TWb, AFFHh<—IE5 MNHEEEZ R 2woT, 30 ®AES
T 2 ML TH 5.

24T 3 (AT LHA-2147)

Z AT 3RBHEREOFTILFTABLYNYIDHT, ZD%
£ 7O¥ T2y MIT7THD FU, 37%bH FU-a, -b, -, -d, -e,
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Fig. 7 Type 3 hemocyanin. Conformation of type 3 hemocyanin illus-
trated from lateral (a, ¢) and top views (b, d). a, b Wall region and
FU-g are shown as gray and green surfaces, respectively. ¢, d
Subunits A and D, which cooperatively form an inner collar
domain, are shown in red and blue, respectively. Reprinted from
Kato et al. *, with permission.

£ -g Z&LH, FU-h ZRILTWA. 724454 HcDr 54
F EM HiEDS G S hTh Y (EMDBID: 1434)%, Zhz ki b
LTI 10 AT, AMVEFUIRE, PBHIBICED L S R F XA
v & 52%D (Fig. 7).

547 3 DOIVREFIRIZ & 4 71 D 20 BARSG T DHVREFIR D -
SRCHIN L, BiROEBY Dy FROREEZ RO, PRI
METHIEHO N XL VIZEFUg ¥4 ~—BEL, 747
1 LD B THEES 5. FU-g ¥4 < —3HVREFIRIC AL 3
LHFUFA~—DREL LCHEPLTwEZ ERS, 473
DI FU FA =D EHN L o THEIN TS I E
s, FAaHOI0REGSFETUT 7T —E¥UETEI LI
o THEBELZ: FU-g DFEMIZBWTY, FU-g ¥4 <~ — 255
ENBZERD, FUglRFAEFA v —2ER LT WIHE %2
FoTwas tllbha, FUg¥ A4 ~—idB#id 5 7L — MRY
Taxz=y b 2BRIMET S 2000 T2y FETER SR
Bz 72y PARY T2y P BE, ¥ 7229 b D
3 72=vy bC&, TRNENTL—FRYT=v | 28K
KL, ¥y 71=y PA LY T2=y DD FU-g Y72
= METFU-g ¥4 ~—%FET 5 (Fig. 7c,d). Lo
T, PIREROBM N AL VIEB#ET 2 7L — MRy T 2=y
b2 BRKMOMEMEHZM LTWABEEZONSL. Fdi:
D10MD FU-g 235207 L — MR 7T 2=v | 2BKDOHT
FUg ¥4 ~—%5MEEL, ¥V Y¥F—RGTONEDRHIZ
WY, CaFtEzHoTRELTWwSY (Fig. 7a). BLhoZ
o, ¥4 7 35T D; N EoONEEREE, ) Y-
— DU Cs IHETHH L2 5 DD R A 4 ¥ 25D,
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24 T4 (£ H-2147)

4T 4AZEREDA HADOHe THAH. ¥4 7451713108
KT, ZO¥ 72y MI 7D FU (FU-a, -b, ¢, -d, -, -f, -g)
&, additional FU T3 % FU-d* # & A TWwW5A. FU-d* IZ N K
WA S 5 FHICMELTBY, ¥ 7212=y PN FU By
FU-a, -b, -c, -d, -d*, ¢, -f, -g TH % (Fig. 1d). T4%bb, ¥7
2=y bO 9 BAVEFIBIALE S 5 FU-a, -b, -c, -d, -e, -f DI
FU-d* 2SBIMENTEY, ¥4 71~3 DX HIZNKHD FU-a
~f FTOMpE L7z FU 2HMREFIRIC, CKmICfiiE$ % FU 2°
BRI BT 2 D L IZ B R B HH L o TV 5.

O XS BBIANE L FU RS & FU-d* O81A% 10 RS T
OB ED L HITHEBEL TV L0 EH LT H201213,
¥4 T 4 5F OREEMNFE MO CEELR SR EHFD. 74
TADAN AL S He DREFEZ 3.0 A 5 RAED X RS SRk &
Wrick o CTisE L7 (PDBID: 4YD9) 7. ZdiiEEICE D,
FU-a, -b, -c, -d, -e, £ 957 5 Dy SRR OHVBEGHIR O FE1 72 W 3k %
MOPICTHIENTELR., —J, ZOMMEEICBWTFU-d*
g H 5% B NEHEBICIEEY D, o R oz b o0
SIRREDMK L, BIC D EIIRY THE I LR DV £

CC, WEREIRMESE Z e T 572012, 754 F EM B 24T
v, 7125 . SPHIRE™ (i 2Ak 8 T SAMEEH 2 78— 7 2)
DL—F—7 7 v 7 ¥ a vx eI B A R o Bk 1
WMO-OOMBL7Ta FaVIZXoT, ANVALH Hed 10 &
5T AR O FERITRE RS 1R Zh L7221

COMEIC X B L, BRI ¥ 4 7L F U Dy iR
DT, WEHHEBIINFEN 2T L% & > Twb (Fig
8). WIHIOMEICEAT %L, 100 FU-g i FU-g ¥4
=R T D, WL &2, 5O FU-g ¥4 ~—I3W
D TV ZICRE L TWA72D, 1 HHESFHDFU-g
FAR = EFORUMCHELTRET 2L LR, MHE
L LTSI IE B2 & 5 (Fig. 8b,¢c). D4
W25 7 additional FU T3 4 FU-d* 3 PIEREIRICECE L C
WwWbA, FU-d* 13 FU ¥4 ~—2B%ET, FU-g ¥4 ~—Dfr
BEEOHINCTE 222 D5 L5 ICRELTWS (Fig
8D, ¢).

w2, 0B HY T2y roMEEZET S, Thbid
=TV Edbhrok. ¥ 722y F® FU-g & FU-d*
BFENFR2HEEOa Yy 73 A—a vzl bz, ML

Fig.8 Type 4 hemocyanin. a Cryo-EM structure of squid hemocyanin in lateral, top, and bottom views. The ten

subunits are highlighted in color. b Five subunit dimers viewed from inside the cylinder. Colors correspond
to those of (a). FUs of the inner collar (g and d*) are indicated. FU-gs forming FU-g dimers are indicated. ¢
Schematic of the decameric assembly shown with the cylinder unrolled and shown from the inside. FU-g
dimers are highlighted by the surrounding white background. Colors of each subunit correspond to those
of (a) and (b). The arrow indicates the region of the symmetry break. Reprinted from Tanaka et al. 1, with

permission.
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TH 72y MCR4AFEOI Y 7+ ——PFEETS. 45
DAY T A —<—D—RKENIFELTHSdDOD, FUL* &
FU-g D EA R %5 (Fig. 8b,¢c). 2 ¥ 7+ —~<—DO5nH%
Fig. 8c \Z/RTA, ¥ 72=v +1, 2, 5, 6Ty 7+—~<—
1, ¥72=v 13, 4, 7, 8ida3 v 7+ —~=21InH3EIN5.
72y PO 10BNy 7+ A—va 2 LTH
D, FhFhary7+—3-3,ar7r—<—4IIH5HEEN
L. 10 BRI, av74—<—12%4M, av7+r—<—=2

4, av7r—=<-3L4BFhZFhl1fToeaTIhTw
b, AV T74A——1BI20%72=y MVIFLI Y7 +—
=) LTHREFA—2ERT LD, 3V T+—3—-3%
ARHEVIZEELATUY L ~—%2KT 5 (Fig. 8b). T4b
L, TR [2v 74— —-1DKEFf~—] - [V T5—
R—2DFREFA<—] - [AV 74— —1DKEF L <—] -
(27 +—<—2DFEFLf~—] -[av7+—~<—3¢L4D
AFaFA4<—] OEFTEELT, 10 BEZHELTVS.
DD, ¥4 T A5TFRIENHTEM NI SR E S, £
NEIY PAEe D; AMEFIRA SR D IFEM AT Y F— 10 &
hehs.

EENEE
WRAREIY He (I GHHIEHET S, W20 DFUD1
WEHNCIE N RS S a v e V3 26 - 34 b b Asn-

X-Ser $7213 Thr (X i3 P Tld%w) 2R H5hp M20B0 5
AT4DANVAAL S He D1 KEHZ RS L, FU-a, -b, -d, -d*
WX 7T2O0a v Y ARPIBHFEL, 2O B FUAdBLY
FU-a* 1233 v & v ABHIZS 2 T FEAES 5. SO5T O
RSB CHMBAMEZFAELZE A, 1RES LI
Aonza vyt sy 250955 FU-a, b, d, elZHb 5200
FEFNCIIBEEARE A L CwbB T L, 51H7 ) oA
50 THLIEVHLNE o7 BEHKEG LA FUETXTH
BESHIRICAZE LCB Y, MEHEICBVTH I XToRHIT
BEQRMICHFAEL TV 5. WK A L7 FU X CTD D —fi

CEESASRE A LTHB Y, FUdIZMATNTD L2 A%,
#LTw3 (Fig.9a). —J, FU-d* b %72 FU-d & [AED A
222003 vt AN ZFOH, KfEE TR ERHEIC

P IBIR S h e d o720, FUA IR AG LTV
WEEZ LN 10 RIS T ORI GHME RS &,
PEEFIRICBWT 3200 722y b OBERRHITTXTOR
BIIMIEL, B2 527 —%2 KL Tz (Fig. 9b). 20
CEMD, WAHHINEFEE AL TCT L - MRy T 2=y
b2 RAMOMEEMZBIL L TWB I EAVRBRENS. HR
B HclZBWT, LA LD ARMIRAFEINTEY, ¥
47305 aHcid s 474 LU 52O A MR
Eh, WU ¥4 73DF 72454 He i 4D OBESHE A
MR SN TS, K He 13 2 o DB O 2 355, ¥
4 71OKLHDZ 544 EM ki Tid, FVBEFIRORM720F
THL, ¥V U7 —HEORHBIC S MEEHI RIS hTw
57 ¥ AT 1HTITBCT, AR 10 Bk 2 1800 ER
AREL LRV ODVARREEE LTEHLO2d Lk,

HEALREBIIBWT, 722y 2SR ERET
L 10 BERSTOEZEVPHEINSLIEIRENT VS, AL R
AHHe OHBE LY 72y M Ca® R ED 21Mlih F4 ¥
FATTI0REBICHAAET A2, ZVavy—EuszjEL -
Brvasndra=y MVEHAAGTE L7227, Zolj
7)Y WMRIZ K 5 10 AR L, e TFREC
EERRHZRITLEERBRL TS, 72, ANVAA A He
NI —ZZEMNT B & 10 ARG OMREEARD .
ZhUE, WIML7z27 0V a— 2 09VEEISC B AR AR & 9
LOME/EN 2 BAHET 272000 Lhikw, FAEEOHLIE,
BEBWOEXKHb THHHE SN TBY, GalNAc DFEAETFT
EXHbiIZL/hShz=y MIFEEL, EXXHb OBV
YMEIZ X o THAGZIMF S h 72, MKy #ER 7 > o3
28 CTH LRI He £ EXHb \23@3 % [carbohydrate
gluing] 2% % Z L IZ KRB BLBRZEV.

PSR A7 2=y MM EEROALR ST, BEORE
REEICBIE2THATY) v 7RIS FLGTHEEZ LR TY
4. Zhang b, ¥4 7157 TdhH5s a7 ¥ He OHVEEGHEI
LiZHb 300 T2y FORERICMET S 4 DD FU I
HHL, ChASFURTOATY v 7RIS TS (232
Sh—vavsIAY—] EBELTWAI L ZHELRY.
AN A4 H He DFHHEETIX, ThS 420 FUDMIZBW

Fig. 9 Glycosylation of type 4 hemocyanin. a Representative ribbon diagram of FU-d with two carbohydrate

chains. Reprinted from Gai et al. '”. b Carbohydrate clusters. Carbohydrate chains are represented as

yellow spheres. Each protomer is illustrated as an individual color.
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THHZ IAZ—PREEEINTBEY, 5122 0DRGHHD
II2=2—Ya vy IR —HICRELTWSZ EXY S

o727 Zh oD, He DRSS THEE DR E
B EHIT, ToATFY v 73RICBWTHHERRH2H-

TWAILZRRL TS,

L
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WT, 47368474 (UHh547) I TFUA* %
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Iy Ty boZRIEIREE TV RV, 7=y b
D7 I BRIV 40D Y A4 TOWAKEY He 751D
S % Fig. 1012253 (Fig. 10). Bz 3 30124k L,
BIMEY 471, E2HEZ 4 72, % 3BTRS He 25A
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1, BRI He 25 FU-h KL TH#AEL, FU-h 3% w720
TR XY Yy —DNEIINE 5 2 Lt ko7
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o aN HHIER L FU* 37 2=y F® C KT
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Fig. 10 Phylogenic tree of molluscan hemocyanins. The phylogram was constructed

with ClustalW2.1 using the neighbor-joining method based on the amino
acid sequences. KLH (Keyhole limpet hemocyanin [DDBJ: AJ698341]) and
HtH (Haliotis tuberculate hemocyanin [DDB]: AJ252741]) are type 1, MtH
(Melanoides tuberculate hemocyanin [DDBJ: KC405576]) is type 2, NpH
(Nautilus pompilius hemocyanin [DDB]J: AJ619741]) and OdH (Enteroctopus
dofleini hemocyanin [DDBJ: AY751301] are type 3, and TpH (Todarodes
pacificus hemocyanin [DDBJ: ABR97790] and SoH (Sepia officinalis
hemocyanin [DDBJ: DQ388569]) are type 4. Bootstrap values are given at the
nodes. Scale bar, 0.1 expected changes per site. Reprinted from supporting

figure of Tanaka et al. ¥, with permission.
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4 TF~DOH#ALET NV EHRSET S (Fig. 11). X7y 7 (1) I ONVAEFFIZEY, 722y b 2RERGERENROS T 2=y
BWC, ¥4 735 THRIETEBICL > CTFU-A* 235 5. MRS 5. 27 v 7 (i) BWT, L8 T 1=y
R LZFUd* 33y 74— —1 B L2 DBIJFTEE FAHRWICHESETAIET, v 7+ —<—1¢,a V7 +—
BRI AEFNS. A5y 7 (i) \ZBWT, FUA* E9H L =2 PENEFNFESA—2BHL, VIRKEEZ TS

Fig. 11 Model for the evolution from type 3 to type 4 hemocyanin. Step (i) type 3 hemocyanin acquired FU-d* by gene
duplication during evolution. FU-d* are entrapped on the sites that are thermodynamically stable, which correspond
to FU-d* sites of conformers 1 and 2. Step (ii) Due to steric repulsion between FU-d*s, subunit dimers favor dissociation
to monomers. Step (iii) Each dissociated monomer re-associates to form a homodimer, wherein domain swapping
occurs to avoid steric repulsion. Step (iv): Homodimers assemble circularly. Step (v) The dissociated monomers bind
between the terminal subunits to close the circular association. Step (vi) FU-d*s rearrange to avoid steric repulsions
and a hetero-subunit dimer is formed, which closes the circle. Reprinted from Tanaka et al. ', with permission.
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Fig. 12 In vivo dissociation and reduction of hemolymph hemocyanin of squid 7. pacificus. a, b TEM
image of hemocyanin in hemolymph from (a) healthy animal and (b) weakened animal after

captive test. b hemolymph collected from pre-captive animal (54 animals) and captive animal

for three days (42 animals).
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TIVTILDOR) ZIVT 4 RIC & 277G EERIEE MRS
A Novel Homeostatic Mechanism via Albumin Polysulfides

WE BN, NmY B am el
Yu Ishima, Masaki Otagiri, Tatsuhiro Ishida

iR

JE4E, R-SSS-H % R-SSSR & \Wio 2t h 74— 3 v (HESPIRITHERE L) MEZ2 A 320 TCThs [BEHES T A5E
HEhTwa., ZoORBEESTIEe MEARPIZOEEL, AT 4 V tRNA ABREBERICL D & Y7 ERITECHE S 72—V 3
VHERE (KUY ANT 4 F)PEASNL, BHKREWE LIZZOBKES T, KRB L RETEZ20EEHS, PUBLEEC Y 7
IEETGE R E DSR2 ABEM 273, MRHNOBRITEREF T, FICRSSSHD XS % [EIGH ] KUY A V7 4 FE& LTHIE
LTHEY, TVFVRILEREIZL)ZORMA TR TE. —FT, RSSSR DL 9% [MLE] R 2V 7 1+ FizZokil
EORMABTIZED R > Tz, ZO L) B, FT’AE BB R AVT7 4 FERBEZHEL, TV I YR EDILE S
ORZEHT TRRALEL] RV ANV T 4 FREFATVSEZ L2 FUTEBITTHL2II L, TV TI VDY ATA VR E
DNE X, 2L OB TEEICREIRTBED, 17840 Cys-Cys BB IETY ANV 7 4 FHAZBRL TV EEEREL
SNTW2S, ADHMERZZDITHDIANT 4 FEFBHEOHIZRY AN T 4 FEBHEIFEET AL ZHERLTWS. A
Fcld, CORYZANVT 4 FEMGICK 5 2= — 7 LR LER B R R LA b L A B B & O BRI O W TR 3 5.

Abstract

Recently, supersulfide, which contains a catenated sulfur structure, such as R-SSS-H and R-SSS-R’, have received a lot of
attention. The supersulfide exists in the human body and is synthesized during protein translation by cysteine tRNA synthetase.
Interestingly, supersulfide has both nucleophilicity and electrophilicity, and exhibits various physiological effects such as
antioxidant and signal transduction activities. At the GSH-rich intracellular environment, it exists mainly as a “reduced”
supersulfide such as R-SSS-H, and its detection has been performed by methods such as protein persulfide detection protocol.
On the other hand, detection methods for “oxidized” supersulfide such as R-SSS-R’ were not well established. Thus, we have
developed a method for quantifying “oxidized” supersulfide and have clarified that Cys-Cys bridges in albumin molecule contain
“oxidized” supersulfide, forming a polysulfide bridge. Previously, some Cys-Cys bridges structures of albumin have been reported
to have redox action, and if this crosslinked structure is a polysulfide bridge, it can be fully understood. In this review, we will
review the unique mechanism of antioxidant action by this polysulfide bridge and its relationship with pathology like oxidative
stress-related disease. (179 words)
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KFZEHARABENDIRRE
Expectations for Hydrogen Gas Inhalation Therapy

A HE—HB

Koichiro Homma
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Abstract

Hydrogen gas inhalation therapy has been the focus of much attention in recent years. In the past, hydrogen gas was thought
to have no physiologically active effects, but since 2007, when it was revealed that hydrogen gas has the effect of removing
reactive oxygen species, research has been progressing at an accelerated pace. This paper describes the physiological effects
and therapeutic effects of hydrogen gas inhalation therapy that have been scientifically clarified, as well as the future prospects
for this therapy.

Keywords

hydrogen gas, reactive oxygen, myocardial infarction, post cardiac arrest syndrome, hemorrhagec shock, contra media-induced
acute kidney injury, COVID-19
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Call for Papers

Artificial Blood, the official bilingual journal of The Society
of Blood Substitutes, Japan, welcomes papers and other
articles contributing to the research and development of

blood substitutes.

If you wish to submit an article for publication, please email
it to the following address after first confirming the

instructions for authors.

ATIA 2

BARMBRLEMFEE S5F
http://www.blood-sub.jp/

Artificial Blood

The Society of Blood Substitutes, Japan

Instructions for Authors (last revised Nov. 20, 2013)

The Journal's purpose is to publish research and related articles
contributing to the development of blood substitutes, information
on Society proceedings, regulations, and other matters of
interest to the Society members, and it welcomes original
articles from a range of contributors regardless of format.
Although contributors should ideally be members of the Society,
this is not a requirement. Decisions on acceptance of
manuscripts are made by the Editorial Board based on the
results of peer review. Original articles will not be accepted if
they have been previously published or are being considered for
publication in another journal.

If an article is coauthored, the consent of all coauthors is
required before submission. As copyright to articles must be
transferred to the Society, the representative of the author (s)
must sign and seal a copy of the Copyright Transfer Agreement
found in the Journal or downloadable from the Society's website
(http://www.blood-sub.jp), and submit it to the Editorial Board
by post, fax, or by email as a PDF file attachment.

Manuscripts should, as a rule, be prepared by word-processor.
However, handwritten manuscripts may be accepted.

1) Articles should be categorized into one of the followings:
original articles, review articles, conference reports, topical
pieces, and opinion pieces. The category into which a
manuscript falls should be clearly indicated at the top right-hand
corner of the first page. Manuscripts that do not fall into any of
these categories may also be accepted, and manuscripts may
also be re-categorized depending on the opinion of the
reviewers. Submit your manuscripts to the Editor-in-Chief by

either of the following methods with a covering letter (of any
format):

i) Submission by email of electronic files of the text and figures
(indicate the software used). Text and tables should be in DOC
or TXT formats, and figures should be in PPT, JPG, or TIFF
formats.

ii) Submission by post of four sets of hardcopies.

2) Manuscripts are reviewed by researchers in the field of
artificial blood selected by the Editor-in-Chief, and revisions may
be required depending on the opinion of the reviewers. Revised
manuscripts should be submitted with a "Response to
Reviewers" to the covering letter that responds to each of the
points made by the reviewers, indicating any revisions made to
the manuscript.

3) Once informed of the decision to accept for publication, the
author should send by post files containing the text and figures
of the accepted paper saved in electronic media to the address
specified (indicate the software used). Text and tables should be
in DOC or TXT format, and figures should be in PPT, JPG, or
TIFF format.

4) Manuscripts should be typed on A4 or letter size paper. The
title page should include the title, names of authors, institutions
to which all the authors belong, and the address of the
corresponding author. Handwritten manuscript should be
written consisting of 20 lines to 1 page.
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5) Original articles, review articles, topical pieces, and opinion
pieces should include an abstract and about 6 keywords on the
second or subsequent pages.

6) Research conducted with the aid of an official grant must be
acknowledged, and any conflict of interests (for example, if the
author has an interest in a company distributing the drug
described in the manuscript: being an employee or consultant to
that company, receiving research funding, owning shares or
patents, and so on) must be described in a footnote on the first
page or in acknowledgment section.

7) If a manuscript describes the results of research on humans
or animals, it should be indicated that such research was
performed in accordance with the guidelines of the institute
concerned in the methods or other appropriate sections of the
manuscript.

8) Abbreviations should be spelled out on their first appearance.
The names of drugs, medical drugs, laboratory equipment, and
so on should be given. The type, distributor (manufacturer) and
the address should also be indicated.

Example: Rhodamine B (Sigma-Aldrich, St. Louis, USA)
Polygraph system (LEG-1000; Nihon Kohden Corporation,
Tokyo).

9) The English fonts should be Times, Helvetica, Courier, or
Symbol. Text should be typed in lower-case one byte characters.
However, sentences and proper nouns should begin with an
upper-case letter.

10) Figures should be expressed in Arabic numerals. Weights
and measurements should be expressed in units such as the
followings: m, cm, mm, um, L, mL, 4L, mol, g, mg, ug ng, pg,
fg, N/10.

11) Figures and tables should be numbered in order of citation,
and it should be clearly indicated where they are to appear in
the main text. The title, legends and description in tables and
figures should be written in English. Figures will be printed by
direct offset printing. Tables will be inputted by the Editorials
as originals.

12) References should be cited numerically in order of appearance

2) 35 1, 46)
, , etc.

in the text using superscript letters as follows:
References should be listed using the Vancouver style as follows:
Names of all authors. Title of paper. Title of journal. Year of
publication; volume number: inclusive page numbers.
Abbreviations of journal names should be in accordance with
Index Medicus. References to books should be given as follows:
Names of all authors. Title of paper. Name of editor (s). Book
title. Place of publication: Publisher, year; inclusive page
numbers.

References to electronic sources should be given as follows:

Name of website.
Address on new line (month and year of last access).

Examples:

1. Wong NS, Chang TM. Polyhemoglobin-fibrinogen: a novel
oxygen carrier with platelet-like properties in a hemodiluted
setting. Artif Cells Blood Substit Immobil Biotechnol 2007; 35:
481-489.

2. Natanson C, Kern SJ, Lurie P, Banks SM, Wolfe SM. Cell-free
hemoglobin-based blood substitutes and risk of myocardial
infarction and death: a meta-analysis. ] Am Med Assoc 2008;
299: 2304-2312.

3.Sakai H, Sou K, Takeoka S, Kobayashi K, Tsuchida E.
Hemoglobin vesicles as a Molecular Assembly. Characteristics
of Preparation Process and Performances or Artificial
Oxygen Carriers. In: Winslow RM, ed. Blood Substitutes.
London: Academic Press (Elsevier), 2006; 514-522.

4 . Department of Chemistry, Nara Medical University, Japan.
http://www.naramed-u.ac.jp/~chem/ENGLISH_PAGE/e_
invest_blood. html (last accessed Nov. 2013)

13) In the case of citation or reproduction of previously
published figures or tables and other content, the permission of
the copyright holder (s) must first be obtained. Copyright in the
published papers shall belong to the Society.

14) Regarding secondary use and copyright in works published
in the Journal, secondary use may be made of the Journal, in
whole or in part, via media such as CD-ROM or the Internet.
Reproduction rights, translation rights, film rights, dominion, and
public transmission rights (including the right to make the
works transmittable) are transferred to the Society by the
author's submission of the aforementioned Copyright Transfer
Agreement. This clause shall not restrict reuse by the author
himself/herself, but the Editor-in-Chief must be informed in the
event of reuse.

15) No publication fee is charged for publication in the Journal,
and the author(s) shall receive as a gift 30 offprints of their
contributions. Authors will be charged for copies in excess of
this number (approximately 100 yen per copy). Authors wanting
prints of color photos or on art paper, etc. must pay the actual
cost of such prints.

16) Address for manuscripts to be sent:

Prof Hiromi Sakai

Editor of Artificial Blood

Department of Chemistry

Nara Medical University

840 Shijo-cho, Kashihara, Nara 634-8521, Japan
E-mail : artificial-blood@naramed-u.ac.jp
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