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Fig. 1. Isoelectric-focusing pattern of partially
autoxidized myoglobin (Mb)
(a) Protein band pattern of partially autoxidized
Mb (ii) compared with that of authentic oxyMb
(i) and metMb (iii).
(b) Gel-scanning pattern of partially autoxidized
Mb performed at 630 nm with a gel scanner.
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Fig.2. Semilogarithmic plot of fractions of

oxymyoglobin (oxyMb) during autoxidation
The autoxidation of Mb was studied at pH 7.0,

at 37°C in the presence or absence of catalase
(1300 units) and superoxide dismutase (SOD) (29
units), &, control; A, SOD (+); @, catalase
(+); 0, catalase+SOD (+)
The percentage fractions of oxyMb during the
autoxidation of Mb were determined by analysis
by isoelectric-focusing electrophoresis.
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Fig. 3. Isoelectric-focusing pattern of partially
autoxidized hemoglobin A (Hb A) and hemo-
globin kempsey (Hb Kempsey)

The samples Hb A and Hb Kempsey at 30-hour

obtained from the partially autoxidized Hb
solutions [Hb A, 451 4M heme; Hb Kempsey,
369 uM heme, in the presence or absence of both
catalase (1300 units) and superoxide dismutase
(SOD) (29 units), with or wishout inositol hexa-
phosphate (IHP) (5004M)] were applied on
Ampholine polyacrylamide gel plate (pH 3.5-9.5).
The isoelectric-focusing was performed at 4°C
for 1.5 hours, and the gel was fixed with a fixing
solution.
A: Hb A, enzymes (—), IHP (—); A’: Hb A,
enzymes (—), IHP (+); B: Hb Kempsey,
enzymes (—), IHP (—); B’: Hb Kempsey,
enzymes (—), IHP (+); C: Hb A, enzymes (+),
IHP (—); C': Hb A, enzymes (+), IHP (+); D:
Hb Kempsey, enzymes (+), IHP (—); D’: Hb
Kempsey, enzymes (+), IHP (+)
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Fig. 4. Gel-scanning pattern of partially autoxi-
dized hemoglobin
The samples in the presence of catalase and
superoxide dismutase (SOD) in Fig. 3 (C and C)
were gel-scanned at 630 nm.
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Fig. 5. Semilogarithmic plot of fractions of oXy-

hemoglobin A (oxyHb A) during autoxidation
The autoxidation of Hb A was studied at pH 7.

0, 37°C in the presence or absence of both catalase
and superoxide dismutase (SOD), with or without
inositol hexaphosphate (IHP). The percentage
fractions of oxyHb A during the autoxidation of
Hb were determined by analysis with isoelectric-
focusing electrophoresis.
O :enzymes (=), IHP (—); A: enzymes (—),
IHP (+); @ : enzymes (+), IHP (—); A
enzymes (+), [HP (+)
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Fig. 6. Fractional changes in oxyhemoglobin
(oxyHb), intermediate hemoglobins and
methemoglobin (metHb) during the autoxidation
of Hb A under various conditions at pH 7.0

After isoelectric-focusing of the samples [in
the presence or absence of catalase and super-
oxide dismutase (SOD), with or without inositol
hexaphosphate (IHP)] , which were obtained at
constant intervals (0-52 hours), the gel plates
were scanned at 630 nm. Then the fractions of
oxyHb, (a**B%*);, (a**f**). and metHb were
estimated.

0 : oxyHb, A: (a* %),
metHb

(a): enzymes (—), IHP (—); (b): enzymes (-,
IHP (+); (c): enzymes (+), IHP (—); (d):
enzymes (+), IHP (+)

o (a3+ﬂ2+)2, ® .
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Fig.7. Semilogarithmic plot of fractions of oxy-
hemoglobin Kempsey (oxyHb Kempsey) during
autoxidation

The conditions are the same to those stated in
the legend to Fig. 5, except that oxyHb Kempsey
was used in the place of oxyHb A.

O : enzymes (—), IHP (—); A: enzymes (—),
IHP (+): ® : enzymes (+), IHP
enzymes (+), IHP (+)
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Table 1. Rate constants estimated by non-linear least-square analysis for the autoxidation of hemo-

globin A under various conditions at pH 7.0

The values represent the apparent first-order constant [10><rate constant (hr~1)]£S.D.. The rate
constants k-1, k+2, k+3, k+4 best fitting to all experimental pomts were obtained by the use of NO-

NLIN computer program (Metzler, 1969) and eqns. (1)—

(4) in the experimental section.

(—) Enzymes (+) Enzymes
Rate constant
(=) IHP (+) IHP (—) IHP (+) IHP
K1 3.53%+0.20 6.70%£0.60 1.82%0.10 3.51%0.29
k+2 2.85+0.14 6.31£0.52 1.92£0.08 4.44%0.34
ks 3.53£0.18 7.32%0.33 2.16%£0.10 6.51%0.33
Keg 2.401+0.16 1.76£0.21 1.98£0.09 2.86£0.24

Enzymes: catalase and superoxide dismutase

IHP : inositol hexaphosphate

Table 2. Rate constants estimated by non-linear least-square analysis for the autoxidation of hemoglo-
bin Kempsey under various conditions at pH 7.0

The values represent the apparent first-order rate constant [10 x rate contant (hr~1)]+S.D..

(=) Enzymes (+) Enzymes
Rate constant
(—)IHP (+) IHP (—) IHP (+) IHP
k+1 2.37£0.14 2.17%£0.25 1.05%=0.14 1.49%0.13
K+2 2.06%£0.12 1.80£0.23 1.22£0.14 1.66£0.18
k+a 3.02%+0.13 3.12%0.26 2.08%0.17 2.52+0.12
K+4 1.7510.14 1.73£0.28 1.56%+0.18 1.03%0.14

Enzymes : cataldse and superoxide dismutase
IHP : inositol hexaphosphate
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Fig.8. Fractional changes in oxyhemoglobin
(oxyHb), intermediate hemoglobins and
methemoglobin (metHb) during the autoxidation
of Hb Kempsey under various conditions at pH
70.

The conditions are the same to those stated in
Fig. 7, except that oxyHb Kempsey was used in
the place of oxyHb A.

O : oxyHb, A: (&% B%),,
metHb

(a) : enzymes (—), IHP (—); (b): enzymes (—),
IHP (+); (c): enzymes (+), IHP (=); d):
enzymes (+), IHP (+)

o (a3+ﬂ2+)2’ ® :
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Abstract

Hemoglobin (Hb) is autoxidized to methemoglobin (metHb) spontaniously in the air. How-
ever, the mechanism of this autoxidation remains to be clarified. In this paper, the autoxidation
of normal human Hb (Hb A), mutant Hb Kempsey (Hb Kempsey) where aspartate at B is
replaced by an asparagine residue, and horse myoglobin (Mb) was analyzed by isoelectric-focus-
ing electrophoresis on Ampholine polyacrylamide gel plate. It was fornd that two intermediate
Hbs [(a**6%"),, (@®*6%"),] were produced by the partial autoxidation of Hb A and Hb Kempsey.
The amounts of (a**8*"), were always higher than those of (o**@*), during the autoxidation of
these Hbs. OxyHb A, oxyHb Kempsey and oxyMb autoxidized in first order kinetics under
various conditions, and the rates of the reactions were suppressed in the presence of catalase and
superoxide dismutase (SOD). The autoxidation rates of oxyHb A were considerably accelerated
by the addition of inositol hexaphosphate (IHP), a strong allosteric effector of Hb. However, the
autoxidation rates of oxyHb Kempsey was slower than that of Hb A and was hardly altered with
IHP. These results suggest that the T state hemoglobin is more susceptible to autoxidation than
the R state, where the R and T state correspond to oxy- and deoxyform in quaternary structure
of the protein, respectively. The process of Mb autoxidation seems to be similar to that of Hb in

terms of involvement of H,0, and 0,7, and is available to a good model of Hb autoxidation.



