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Oxygen-Binding Reaction of Human Serum Albumin Hybrid
Including Heme with Tetra(cyclohexanoyl)-Groups

gbooboboboboobg

Teruyuki Komatsu, Seiji Ishihara, Eishun Tuchida
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gobbooooocoboo-00ooobooooboooooooooouobObo0ooOoboobooOo0oobOoOoOooOoOoOobOOo0oOoobOboOoOooOon
goboooooo-ooooooobobooooboooooooobooboOoobOboOoooOoboOobOOoOobOobOOoOoOoDbOOoOobOOoOoobooOoooDoonoO
oo0b0o0oOb0O0o000DFRecycPDOOOOO0OOODOOOOOrHSACDOOOODOOOOODOOOOODDOOOOODODOOO
goboooooobOrHSAODO0O00O0OFecycPOOD0OO0OO0O0OOrHSA-FecycPOrHSAODOOOOCDOOOOOOOOOO
ooobooodooooooioobouofioooouofo0ooouo0oooouo0oooe,,*0034Torr0370 M OO0
oooO0O0O000000000OHOO0SOO00000000000-59 kI mo*r0-108JKmol* 000000000000 0OODOOOO
00000000000 000000D0000000D00D0Kk Ok, 0000000000000000O00O0O0O0O0O0OO0OO0O
ooooooooooooOoOoOOOODODOODODODOODOOOOONO3700000000 rHSA-FepivPODOOO0O0O0O00O0O
oooOO0OD0O0O0000000O0O00OD000000000O00rHSA-FecycPO 00O [rHSALO g dL?, FecycP/rHSA=4, 800 mol/mol1]
0000000000000 rHSA-FecycPOOOOO010WwVODOOOOOOOOOOODODOOOOOO0OO0O0OOO0OOOODDOOO

Abstract

Recombinant human serum albumin (rHSA) incorporating tetraphenylporphinatoirn(ll) (heme) derivative with four pivaloyl-groups
(FepivP), albumin-heme, is an artificial oxygen-carrier (red cell substitute), which can reversibly bind and release oxygen under
physiological conditions. This paper describes for the first time the structure, oxygen- and carbon monoxide-binding abilities, and
blood compatibility of an rHSA hybrid including new heme derivative having more hydrophobic cyclohexanoyl-groups around the
central iron (FecycP), rHSA-FecycP. The maximum binding numbers of heme to one albumin molecule were determined to be
eight. Since the isoelectric point and CD spectral pattern of rHSA-FecycP were identical to those of rHSA itself, the two-
dimensional structure of albumin could be unchanged after the incorporation of heme. The oxygen-binding affinity (P ,*) of rHSA-
FecycP was 34 Torr, and its thermodynamic parameters (0 H,0 S) were -59 kJ mol* and -108 J K*mol*, respectively. The oxygen-
and carbon monoxide-association and dissociation rate constants (k , k ) were also measured by laser flash photolysis. The
rebinding kinetics of these gaseous ligands consisted of multiple-exponentials; therefore we supposed that oxygen- and carbon
monoxide-binding reactions to FecycP are affected by the molecular environment around the each heme-sites. The half-lifetime of
the oxygenated rHSA-FecycP (O h, 370) was significantly longer than that of rHSA-FepivP and closed to the myoglobin's. The
obtained red-colored solution was stable and showed a long shelf life at room temperature. The equivalent mixture of rHSA-
FecycP and whole blood showed no coagulation and precipitation, which suggested the high blood compatibility of rHSA-FecycP.

Keywords
oxygen-binding reaction, human serum albumin, heme, albumin-heme, synthetic oxygen-carrier, red cell substitute

0000000000000 0000D169-8555 00O OODOODOO34-1 Advanced Research Institute for Science and Engineering,
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Figure 1. Structures of FecycP and FepivP, and the simulated
structure of oxygenated FecycP. The esff forcefield
simulation was performed using an Insight Il system
O Molecular Simulations Inc.0. The structure was
generated by alternative minimizations and annealing
dynamic calculations from 1,000 K to 100 K. Dielectric
constant was fixed at 2.38 D, corresponding to toluene
solution. The dotted surface represents the van der
Waals radius.
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Table 1. O,-Binding equilibrium parameters and half- Table 2. O,-Association and dissociation rate constant of

lifetime of rHSA-FecycP in phosphate buffer rHSA-FecycP in phosphate buffer solution (pH 7.3)
solution (pH 7.3). at 2500 .
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Detection of Lipopolysaccharide Contaminating
Hemoglobin-Vesicles as Atrtificial Oxygen Carriers

U0 oodobb oobob obob obbooo boooog ogx

Shuji Hisamoto, Hiromi Sakai, Ippei Fukutomi, Keitaro Sou, Shinji Takeoka, and Eishun Tsuchida*
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Abstract

A method to quantitatively measure the bacterial endotoxin content (lipopolysaccharide, LPS) in phospholipid vesicles or
liposomes has been required because the conventional Limulus amebocyte lysate (LAL) test does not provide an accurate
measurement due to the hydrophobic interaction of LPS and vesicles that shields the activity of LPS to clot the LAL coagulant.
Hemoglobin-vesicles (HbV) are artificial oxygen carriers encapsulating a conc. Hb solution in phospholipid vesicles. To
accurately measure the LPS content in the HbV for the quality control, we tested the solubilization of HbV with
deca(oxyethylene) dodecyl ether (C_E. ) to release the LPS entrapped in the vesicles as a pretreatment for the succeeding LAL

1210

assay of the kinetic-turbidimetric gel clotting analysis (detecting wavelength, 660 nm). The C_E  surfactant interferes with the

gel clotting in a concentration dependent manner, and the optimal condition was determined in terms of minimizing the dilution
factor and C_E._concentration. We clarified the condition that allowed the measurement of LPS higher than 0.1 EU/mL in the

12710

HbV suspension.
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Figure 1. Solubilization of LPS-contaminated vesicles with a detergent to
form mixed micelles.
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Figure 2. Procedures to quantitatively measure LPS in the HbV suspension
using C_E  for HbV solubilization and LAL assay, and dilution
factors at every mixing of solutions. The experimental

condition is for Entry 1 in Table 1.
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Figure 3. Calibration curves for the quantitative measurement of LPS in
the presence of C E  at various concentrations (vol%); 2.0 (e ),
08(A),04(0) 01 (m) 0 (o). [LPS]is the final concentration in
the test tube for turbidimetry. Dilution factors should be
multiplied to obtain [LPS] in the HbV suspension at [Hb] = 10
g/dL. For example, [LPS] should be multiplied with 400 at
[C,E,] = 0.1 vol%. The broken line indicates the gelation time
limit for Toxinometer * (200 min).
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Table 1. Solubilization conditions of HbV with C_E and

12710

detection limit of LPS. The calibration curves
are shown in Fig. 3.

Detection
limit of LPS

Condition of HbV solubilization

dilution Final [C E ]

1210

Entry HbvV/200puL CLE /800pL  factor? (vol%) (EU/mL HbV)»
([Hblg7dL)  (IC,E,] vol%)
19 2 2 400 0.1 >0.1
2 2 2 100 0.4 >0.25
3 2 2 50 0.8 >0.25
4 5 5 20 2.0 >0.23

asee Fig. 2. from HbV([Hb]= 10 g/dL) to gel clotting assay.
»at [Hb]=10 g/dL.
9 The optimal condition in this study
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Table 2. Inhibition/enhancement testing to monitor the
recovery of spiked LPS. LPS was spiked in the
C_E,, —solubilized vesicles and HbV, and Hb

solution without C_E .*n = 3. All the data are
converted to the conditions of [Hb]=10 g/dL, or

[lipid]=6 g/dL.

Sample Spiked LPS ~ Recovery
(EU/mL) (%)

Vesicles (6 g/dL) with C_E | 0.4 108.6+4.6*
1.25 92
2.5 116
5 103
10 120

HbV (Hb, 10 g/dL; lipid, 6 g/dL) withC_E 0.1 107
04 111.3+3.6*
1.0 114
10.0 112

Hb solution (10 g/dL) without C E | 0.005 121
0.02 103.9+4.4*
0.05 101
0.5 124
5 97
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Abstract

The Neo Red Cell (NRC) with high oxygen affinity (H-NRC, 3%-Hb, p50=6 mmHg at 25(1) was prepared and compared with
normal NRC (N-NRC, 3%-Hb, p50=25 mmHg at 2500 ) about the oxygen releasability. Oxygen dissociation curve of H-NRC shifted
to the left extremely, therefore, H-NRC released the small amount of oxygen under high oxygen enviroment, and then it could
hold large amount of oxygen even under the low oxygen enviroment. Moreover, oxygen release rate of H-NRC was lower than
that of N-NRC under every oxygen partial pressure condition, but it was relatively stable without the influence of the oxygen
partial pressure. When the liver was perfused with H-NRC, the tissue oxygen partial pressure was kept low (5 mmHg), but not
affected by the perfusion rate. The oxygen level with N-NRC in liver was notably influenced by the perfusion rate and kept
higher than H-NRC. Total amount of oxygen bonded with hemoglobin in both NRC solution was equal, therefore H-NRC which
had high oxygen affinity was more suitable to deliver the oxygen to peripheral tissues with low oxygen partial pressure.

Keywords
oxygen, artificial blood, high oxygen affinity, liver perfusion, high oxygen affinity
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Figure 1. Oxygen-binding and dissociation equilibrium curves of H-NRC
and N-NRC. These curves were calculated by the changes in
absorbency of oxyhemoglobin at 576nm under different oxygen
partial pressure condition at 250 (straight line) and 300
(dotted line).
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Figure 3. Schematic diagram of a perfusion experiment for the evaluation
of oxygen transport efficiency of h-NRC.
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Figure 5. Oxygen supply rate calculated by oxygen releasing kinetics of
H-NRC and N-NRC.
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Figure 6. Changes in the oxygen partial pressure of the peripheral of
isolated liver circulated with H-NRC and N-NRC.
The isolated liver was circulated at 2500 and the oxygen partial
pressure was observed by the fiber-type (tissue) and galvanic-
type (outflow) oxygen electrode.
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Table 1. Oxygen tension and lactate concentration in the
perfusate of isolated liver.

Perfusion time pO, (outflow) Lactate conc. O, consumption
[min] [mmHg] [mg/dL] [mmol/min/g]
N-NRC H-NRC N-NRC H-NRC N-NRC H-NRC

0 29.7 355 14 9 0.70 0.17

5 10.0 2.3 6 8 1.09 1.19

10 12.2 15 5 6 1.06 1.23

15 13.8 14 5 7 0.77 0.92

g.0ooooooobobon

N-NRCOOH-NRCOODOODOODOOOOOOOOODOOO
oooooboobbobooooogAMP, ADP, ATPOOOO
HPLCOODOODO Table 20000000O0O00O0COOO0OO
gboobooboooecdbboooobobobUObDUOUODbDEC
0O O N-NRCO 0.710 H-NRCO 0.620 O U O O p<0.1[1J H-NRCO
OODOOON-NRCOOOOOATPODOO300000OOAMPO
go300b00dbobodbobOo0obUdO0bOOECOUN-NRC
00690 H-NRCOO7OODOOOODOOOOOOOOODOODOO
UOODOH-NRCODODOOON-NRCOODOOOATPOAMPO O
gboooooooooog

Table 2. Energy charge in isolated liver perfused
with N-NRC and H-NRC.

Analytical Perfusate AMP ADP ATP Energy
region [ mol/g-wet] charge
N-NRC 051 0.60 172 071 —
) + 014 + 013 + 0.30 + 0.06 p=0.09
Peripheral
H-NRC 0.66 0.54 124 062 —
+ 0.09 + 010 + 013 + 0.03
N-NRC 053 0.66 155 069 —
+ 0.19 + 0.06 + 0.07 + 0.04 p=0.33
Central 051 0.73 169 070 —
H-NRC ' ' ' '
+ 013 + 016 + 024 + 0.03

Values are the meant S.D. (compared by students t-test)
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Figure 7. Change in the oxygen saturation of H-NRC and N-NRC
circulated in the isolated liver.
The isolated liver was circulated at 2500 and the oxygen partial
pressure was observed by the fiber-type (tissue) and galvanic-
type (outflow) oxygen electrode.
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