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Synthesis and in vivo characterization of polymer-multilinked hemoglobin
assembly as artificial oxygen carrier
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Various chemical modifications of hemoglobin (Hb) have been investigated to
produce artificial oxygen carriers for use as red blood cells (RBC) substitutes. An Hb molecule has
a stable a 2 2 tetrameric structure which dissociates reversibly into two o B dimers. In this
work, we developed an efficient procedure to produce polymer-multilinked Hb assembly (PML-Hbs). We
first synthesized a cyclic Hb monomer whose two 3 subunits were connected through a polyethylene
glycol (PEG) chain. During the inter-molecular exchange of a B subunits, the cyclic Hb monomer
proceeded supramolecular ring-opening polymerization to produce a linear PML-Hbs. Hb units in the
PML-Hbs were subsequently fixed covalently by site-specific cross-linking between two 3 subunits.
The fixed PML-Hbs is a promising material for use as a RBC substitute, because it has a quite large
molecular size (molecular weight of ca. 1,000,000) to prevent the extravasation, with showing
reversible oxygen binding.
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Matsuhira et al., Analysis of dimeric off subunit exchange between
PEGylated and native hemoglobins (a2p. tetramer) in an equilibrated state by intramolecular Bp-
crosslinking. Biomacromolecules 19(8), 3412-3420 (2018)

(2) cm-Hb PML-Hbs
PEG Hb 11 Hb (cm-Hb, Fig.3)
cm-Hb (DLYS) Fig.4
cm-Hb
PML-Hbs
PML-Hbs Hb (DBBF) Hb (fPML-Hbs)
fPML-Hbs SEC cm-Hb Fig. 5
cm-Hb 75,000 fPML-Hbs
1,000,000 13 fPML-Hbs Hb
PEG
B pEc F71=vh0 YIT1ZvkD ]
B ﬁ‘%ﬁ@%&i& EE R T | e |
57 HFM) [ W i ‘{\?—W\}\
B n n
BKHbE/ 7 — PML-Hbs fPML-Hbs
B cm-Hb s & h (f: fixed)
Fig. 3 Hb (cyclic monomer; cm-Hb)
Hb (PML-Hbs)
(DBBF) PML-Hbs Hb Hb (fPML-Hbs)
300
mE TFHHTFE
(mM) +SD (nm)
10.6 £ 3.6
200 | 12.7 +5.3
15.0 £ 6.1
iid 20.6 +11.8 l
B 20.4 +13.7 .
100 [
fPML-Hbs
THHFE1007
°1 10 100 1900 é Ie I7 tls ; 1|0 1I1 1I2 1I3
HFE (nm) Retention time (min)
Fig.4 (DLS) cm-Hb Fig.5 cm-Hb fPML-Hbs SEC

>13 Hb



©)

(oxygen equilibrium curve; 100
OEC) 50% " emeHb
(Pso) cm-Hb (5.5Torr) fPML- 8oy fPML-Hbs
Hbs (5.2 Torr) Hb (8.2 Torr) 2 hative Hb
B 6ot
% 50 ................ P
Hill Hb(2.2) cm-Hb % 40 oy R
(15) fPML'Hb(ll) native Hb 8.2 2.2
Hb 20t cm-Hb 5.5 1.5
| fPML-Hbs 5.2 1.1
0 1 I
0 10 20 30
R HE (Torr)
DLS Fig. 6 Hb cm-Hb fPML-Hb
fPML-Hb 9745 nm Hb Hb

Hb

Matsuhiraet a ., Ring-
opening polymerization of hemoglobin. Biomacromolecules 20(4), 1592-1602 (2019).

4)
Hb (PML-Hbs)
Hb fPML-Hbs

fPML-Hbs Hb
Hb fPML-Hbs

Hb



Takashi Matsuhira, Keizo Yamamoto, Hiromi Sakai 20(4)

Ring-opening polymerization of hemoglobin 2019

Biomacromolecules 1592-1602
DOI

10.1021/acs.biomac.8b01789

T. Matsuhira, T. Kure, K. Yamamoto, H. Sakai 19(8)

Analysis of dimeric a 3 subunit exchange between PEGylated and native hemoglobins (a 2f3 2 2018
tetramer) in an equilibrated state by intramolecular B B -crosslinking.

Biomacromolecules 3412-3420

Dol
10.1021/acs.biomac.8b00728

11 0 5

Takashi MATSUHIRA, Keizo YAMAMOTO, Hiromi SAKAI

Supramolecular Ring-Opening Polymerization of Hemoglobin and Subsequent Fixation Using Site-Specific Cross-Linking within o
2B 2 Tetramers

The 17th International Symposium of Blood Substitutes & Oxygen Therapeutics (XVII-1SBS-2019)

2019

Takashi MATSUHIRA, Keizo YAMAMOTO, Hiromi SAKAI

Quantification of Hybrid a 23 2 Tetramer Formed by Spontaneous Exchange of Dimeric a 3 Subunits between PEGylated and
Native Hemoglobins Using Intra-Molecular Cross-Linking

The 17th International Symposium of Blood Substitutes & Oxygen Therapeutics (XVII-1SBS-2019)

2019




Takashi MATSUHIRA, Keizo YAMAMOTO, Hiromi SAKAI

Covalent Fixing of Supramolecular Hemoglobin Polymer Using Site-Selective Intra-Molecular Subunit Cross-Linking

15th International Symposium on Applied Bioinorganic Chemistry (1SABC15)

2019
68
2019
PEG
98 (2018)
2018

Takashi Matsuhira, Keizo Yamamoto, and Hiromi Sakai

Ring-opening polymerization of loop-PEGylated hemoglobin

67

2018




Takashi Matsuhira, Keizo Yamamoto, and Hiromi Sakai

Physicochemical characterization of poly-(PEG-hemoglobin) produced by ring-opening polymerization

67
2018
afp
25
2018

Takashi Matsuhira, Keizo Yamamoto, and Hiromi Sakai

Ring-opening Polymerization of Hemoglobin Using its Reversible Association-Dissociation Equilibrium of a 2 2 Subunits

The International Symposium for Materials Scientists "Inspiration for Innovation by Interaction” (ISMS-111)

2018

12

2017




Takashi Matsuhira, Keizo Yamamoto, Hiromi Sakai

Reactivity of Cys beta93 of native and beta-crosslinked Hbs

60th Anniversary of Artificial Cell in conjunction with XVl ISBS International Symposium Blood Substitutes & Oxygen
Therapeutics V ISNS Nanomedicine Conference

2017

1
Takashi Matsuhira, Keizo Yamamoto, Hiromi Sakai 2020
World Scientific Publishing Co. Pte. Ltd., Singapore in press

Nanobiotherapeutics Based Blood Substitutes, Eds. T.M.S. Chang, J. Jahr, H, Sakai

ap

http://www.naramed-u.ac.jp/~chem/invest_modify_Hb.html

http://www.naramed-u.ac.jp/~chem/

(Sakai Hiromi)

(70318830)

(24601)




