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20°c ®oĉ ification. Hemoglobin was reacted with succinic anhydride at 
succian? ph 8.0 to 9.0 over a period of 1 to 2 hr. The extent of 
Uene*1̂ /8^^011 hemoglobin was estimated by the method of Kakade and 1.46 r |^69). The molar absorption coefficient of trinitrophenyl-lysine, 
lySĵ X 10 M ! , was uged for calculation. The product in which all the 
diâ yes Were succinylated was employed for the subsequent study after 
Chemicaga*nst distilled water at 4 °C for 48 hr. Hemoglobin from Sigma 

Spea Co< was used, if not stated specifically. 
sp6cj. C r°Photometric measurements were carried out with a Hitachi 220 
t° scant>60t°meter r00m tamPerature (20°C). Thirty seconds were required
valuegÛ ^l-y °f succinylated hemoglobin was determined at various pH 
5() „,1 ‘ The PH of the protein solution was adjusted with 2 M HCl or NaOH.
PH ° °:l * Pr°tein solution was centrifuged at 1600 x g for 15 min.
at 596Uc ^ * y profile was obtained by measuring absorbance of the solution 
With v 0111 * because the magnitude of absorbance at 596.5 nm did not change

A c ŷ*ng PH °f succinylated hemoglobin solution (see text).
%~50s° 1111111 (2.6 x 70 cm) for gel chromatography was packed with Toyopearl 
Haci a Purchased from Toyo Soda Kogyo Co. An elution buffer contained 0.2 M 
°nt° i-L ^  phosphate at pH 5.70. 1 ml of protein solution was loaded 
e*fluen? and eluted at a flow rate of 40 ml/hr at 10°C. 5.5 ml of the
Pf°tei Was collected a tube and measured absorbance at 280 nm. The 
Co.;  ̂8 used for gel chromatography were purchased from Sigma Chemical 
Cytoĉ aino®^0bin (Bovine Type II), myoglobin (Horse heart Type III) and 
Pfotei °me c (Horse heart Type III). The identification of the heme 
with 0̂ S ln the effluent was determined by measuring absorption spectrum 

The Wlthout adding solid sodium dithionite.
H u *  ^ a?tion of succinylated hemoglobin with nitrite was examined in a 
® to 5QC°ntaining 0.1 X succinylated hemoglobin, 0 to 50 iM sodium nitrite, 
reocti ^  sodium ascorbate and 50 mM phosphate at pHs 5.20 to 6.95. The

mixture was incubated at room temperature for 24 hr. The reaction. °4uc*.
D°th fr Was extracted with 75 X acetone, in which solution heme pigments 
^ ata °m native and denatured nitrosomyoglobins were equally extracted 
r°oni at8!)« ^a£ata» 1983). The acetone extraction was carried out in a dark

^He N°*'ied ag °̂bin from Tokyo Kasei Co. was used for the preparation of a spray- 
OC*Uct* At a ratio of hemoglobin to succinic anhydride (2 to 1),

(
rl

C for 10 min, and the extract was filtrated through Toyo filter 
,.aB) then followed by spectrophotometric measurement.

r’tj Zlobin from Tokyo Kasei Co. was used for the preparation of a
, V“1 ft Xr 1 - 11 ̂ a i at ui ncuiug i uu in tv o u w  auxv, ---v— ' "
> g l ated hemoglobin was prepared. The pH value of the succinylated

s°lution (4 liter of 3.5 * protein solution) was lowered to 4.5 
to fonn the precipitate. The precipitate was centrifuged in a 

f°l<y0) C'entrifuger (Type SYK-3800-15A, Sanyo Rikagaku-Kikai Seisakusho,
~ Utar apar0 through a cotton flannel. The precipitate was suspended in 
>cinvl0f distilled water and filtrated through Toyo filter paper No. 2.
 ̂adju hemoglobin washed was resolved in 2 liter of distilled water

n!ting PH to 7.0 with 2 M NaOH. Spray drying was conducted with a
¿U°Wi yer (Model OC-16, Ohkawara Kakohki Co. , Tokyo, Japan) in the
 ̂C* g COndl Hnn* air inlot- tamnoraf lira 1 ! flir Outlet tempersatomcondition: air inlet temperature, 120°C; air outlet temperature, izer, 16000 rpm; flow rate, 1 1/hr.
eill08lohTS AND HTSCUSSION: The spectrum patterns of 100* succinylated

ln solution are shown in Figure 1 both in the oxidized and re uce
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forms. The spectra did not change by the addition of ferricyanide 
panel). It had peaks at 410 and 529 nm and a shoulder at 562 nm. 
spectrum was almost the same as that of cytochrome c in the oxidiz 
(Izumi et al., 1982). On the other hand, the spectra of succinyiat ^  
hemoglobin solution revealed peaks at 532 and 560 nm by the ad i . qĈ ô  
dithionite. It had also a strong resemblance to the spectrum ot cy 
c in the reduced form, although the peaks shifted about 10 nm to a ? % 
longer wavelength. The same spectrum changes were obtained with did
succinylation of hemoglobin from Tokyo Kasei Kogyo Co. Succinylati 
not affect the redoxing ability of hemoglobin.

UJu2<CQcno
Li)
CQ<

Figure 1.-Absorption spectra of hemoglobin and succinyiat® 
hemoglobin. The medium contained 50 mM phosphate and 0.1 
hemoglobin or succinylated hemoglobin. Left panel- scannio ^ 
was conducted after the addition of ferricyanide to hemog t0 
solution, and before and after the addition of ferricyam  ̂
succinylated hemoglobin solution. Right panel- scanning ^
conducted after the addition of dithionite.---- : Hemogi^,
at pH 5.85, ---- ¡Succinylated hemoglobin at pH 5.85,
Succinylated hemoglobin at pH 6.95. ^

With the increasing extent of succinylation of hemoglobin (T®bl® 
spectrum changes followed was that the absorbance at 529 and 56 n 
increased, while the absorbance at 504 nm decreased. The ratio ol g
absorbance at 529 to 504 nm at pH 5.85 was 0.818, 0.833, 0.845, * .yglf'
1.127 with succinylation of 0, 23.5, 34.9, 74.3 and 100 %, respec
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0.0 629.45 (563.70) 0.0
0.3 481.51 ( 22.23) 23.5 (96.1)
0.5 409.59 ( 5.14) 34.9 (99.1)
1.0 161.64 ( 7.36) 74.3 (98.7)
1.4 0.0 100.0

# ■ — -------------------------------------------------------------- — —

Par SUcc*nic anhydride
entheses: values obtained from hemoglobin from Tokyo Kasei Kogyo Co.

Thfejy e ahsorbance of succinylated hemoglobin in either the oxidized or 
of aPec* f°rm decreased with decreasing pH of the solution. The magnitude 
Was Sorbance at 690 to 700 nm of 0.1 % succinylated hemoglobin solution 
abs0!}*a®ined at PHs 5.20, 5.68, 6.85 and 7.93. It was found that the 
The ^ ance (0-182) at 596.5 nm did not change with varying pH values.
^sur 'solubility profile of succinylated hemoglobin was determined by SaCc.ring the absorbance at 596.5 nm at various pH values (Figure 2). 
its sn -̂*ated hemoglobin precipitated at pH 2.7 to 4.7, and at 4.7 to 5.0 

°lution became turbid.

Figure 2.-Solubility profile of 
succinylated hemoglobin in water, 
o: hemoglobin from Sigma Chemical 
Co. and with 100 % succinylation, 
x: hemoglobin from Tokyo Kasei Kogyo 
CO. and 98.7% succinylation.

ThsUcc ê Possibility of dissociation of hemoglobin into subunits with 
fh'of^Tstion was examined by gel chromatography (Figure 3). The elution 

?*1°We(l that the proteins were eluted in the order of succinylated 
hyojQ n with peak fractions 34 and 35, hemoglobin (Fraction 36),

? *n (Fraction 38) and cytochrome c (Fraction 40). When succinylated
> ci;oaa 34 and 35. Hemoglobin did not dissociate into subunits with 
*ndic ^ ation, rather, an increase in molecular weight of hemoglobin was 

cih e(* ^y the elution profile. About 4400 dalton can be added with

S lo b in was loaded alone onto the gel, it was eluted with peaks at

sUcci _ _________ ,_______ ____  _________
o ^ alion to one mole of hemoglobin having 44 moles of lysines (Price 
chweigert, 1971).
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Figure 3.-Elution profile of 
hemoglobin, myoglobin and 
cytochrome c. 1 ml of the 
protein solution was 
chromatographed on Toyopear 
HW-50S. o: solution contain!«* 
0.1 X hemoglobin and 0.1 * 0
cytochrome c loaded, •: sol 
of 0.1 % succinylated ci
hemoglobin and 0.1 % cytochro 
x: solution of 0.1 % myogl° 1

for® v,8iAs shown in Figure 1, succinylated hemoglobin in the oxidized 
reduced by dithionite. However, the reduced form was not able to 1«  ̂
maintain its form in air. After the addition of dithionite into 0. ^
succinylated hemoglobin solution at pH 5.85, the absorbance at t e 
560 nm decreased from 0.565 to 0.435 with time from 0 to 18 min, ^  
a plateau at the 40 min measurement. It seemed that the spectrum J tjje 
having the peak 560 nm at the plateau came from the presence of ° an  ̂
reduced and oxidized forms of succinylated hemoglobin, but not r° 
oxygenated one, because of the spectrum similarity of cytochrome c 
containing the reduced and oxidized forms (Izumi et al., 1982). 1° gg gfl 
this point, 10 ml of 0.1 % succinylated hemoglobin solution at pH 
6.95 was bubbled with oxygen gas for 15 min after the addition of 
dithionite, immediately followed by measuring the absorbance spec fe
spectrum obtained was nothing but that from the oxidized form w:*-t 
at 529 nm and the shoulder at 562 nm. The reduced form of succiny ® p,  ̂
hemoglobin appears to be easily oxidized, but not oxygenated by °*

The experiment of oxygen bubbling was applied to succinylated fot
solution incubated with 50 mM ascorbic acid at pH 5.20, 5.85 and •
24 hr. No particular change in the spectrum was observed, except a ptf11 
from the oxidized form. In addition, no significant change in the 
took place in the presence of 50 mM ascorbic acid; the spectrum was^ 
basically that from the oxidized form. In the case of the solution ^
which each solution was bubbled with nitrogen gas for 1 hr before ® c 
up the reaction medium (0.1 % succinylated hemoglobin, 50 mM ascor ^ 
and 50 mM phosphate at pH 5.20, 5.85 and 6.95), ito significant cha"gCOr^ 
the spectrum from the oxidized form to the reduced form occurred. 
acid did not act as a strong reductant to succinylated hemoglobin-
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, reaction of succinylated hemoglobin with nitrite in the presence or
sence of ascorbic acid was investigated at pHs 5.20, 5.85 and 6.95. In 
e absence of ascorbic acid (Figure 4, Left panel), the spectra of the 
Action products lost the peak at 529 nm and the shoulder at 562 nm with 
greasing amounts of nitrite, and showed a hyperbolic curve with a slight 
°ulder at 600 nm. Concomitantly, the color of the reaction mixture became 

rreen from brownish red. This change was dependent upon pH value of the 
faction mixture, being easier at low concentration of nitrite with 
ê reasing pH. The spectrum pattern of the products formed at 10 mM nitrite 
j,1* ^  5.20 was almost the same that formed at 50 mM nitrite and pH 5.85, 
avealing a less discernible shoulder at 600 nm. On the other hand, no 
g/̂ n^ficant change in the spectrum of succinylated hemoglobin occurred at 
SOO***1 nitrite and PH 6.95. About 2 % of a slight decrease in absorbance at

Figure 4.-Absorption spectrum of the 
product formed from reaction of 
succinylated hemoglobin with nitrite 
in the presence or absence of ascorbic 
acid. Left panel: Reaction mixture  ̂
containing 0.1 % succinylated hemoglobin,
sodium nitrite (---- ;3 mM, ;10 mM,
— • —; 50 mM) and 50 mM phosphate at pH 
5.85 was incubated for 24 hr. Right 
panel: Reaction mixture containing 0.1* 
succinylated hemoglobin, 10 mM sodium 
nitrite, varying amounts of sodium 
ascorbate and 50 mM phosphate at pH 5.85 
was incubated for 24 hr. Concentration
of ascorbate were---- ;0.5 mM, ,
2 mM, ---; 10 mM, — ;50 mM.

^  the presence of ascorbic acid (Figure 4, Right panel), the spectra 
in ealed the maximum at 580 to 583 nm and minimum at 524 to 525 nm with 
w9ŝ asing amounts of ascorbic acid. This pattern change in the spectrum 
hf„, rue f°r the reaction mixtures at pHs 5.20 and 6.95. However,
Pf.0. c°ncentration of ascorbic acid was needed to form the reaction 
of .¡*t. at high pH; The effect of 2 mM ascorbic acid on the formation 
5o a Products at pH 5.85 was equal to or a little stronger than that o 
sPt± t a3corbic acid at pH 6.95 in the presence of 10 mM nitrite. The two 
(p;C ra from the reaction mixtures containing 10 and 50 mM ascorbic aci 
ĥafUre Right panel) did not change by the addition of dithionite, so 
was ,^e reaction products were in the reduced form. This spectrum pa ern 

xfferent from either that of nitrosyl myoglobin (Fox and Thomson, 
c08J  SaI<ata and Nagata, 1983) or that of ferrocytochrome c nitrosyl 

°Und ii (Ehrenberg and Szczepkowski, 1960; Izumi et al., 1982). 
n °rder to evaluate the formation of nitrosyl hemochrome, the reac ian 

^  r* containing 0.1 % succinylated hemoglobin, 10 mM nitrite an 
the nU of ascorbic acid at pH 5.85 was extracted with acetone just like 
HaRefr°Cedure applied to nitrosyl myoglobin (Hornsey, 1956; Sakata an 

ta- 1983)(Figure 5). An equal amount of nitrosyl hemochrome was

nm was observed.

WAVELENGTH (nm)
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extracted from the reaction mixtures containing 2, 10 and 50 mM ascor 1 ̂  
acid, although the spectra of the reaction mixtures were different fr°® 
another (Figure 4, Right panel). In the absence of ascorbic acid, some 
products were extracted with 75% acetone solution. The extract bore £r 
and at low pH more green product was extracted.

* jô ^Figure 5.-Absorption spectra oi 
acetone extracts from the reacti 
mixtures. The reaction mixture 
containing 0.1 % succinylated 
hemoglobin, 10 mM sodium nitrite’tg 
varying amounts of sodium ascor 
and 50 mM phosphate at pH 5.85- 
Concentrations of ascorbate were
---- ;0 mM, — • - ; 0.5 mM,---! 2 >
and 50 mM. After 24 hr incubati0̂  
the reaction product was extrac 
with 75 % acetone.

l ityThere was no significant effect of spray drying on the functional 
succinylated hemoglobin mentioned above. In addition, hemoglobin with ̂  
succinylation became heat-stable at a neutral pH. No heat aggregation 
the protein occurred. . jjji

It is an interesting phenomenon that the spectrum pattern of hemog 
with an increasing extent of succinylation became close to that of 
cytochrome c (Figure 1), indicating that globin moiety plays quite an .0ji 
important role in the color representation of heme pigments. Introduc 
of a negative charge on proteins with succinylation can shift an ^
isoelectric point to lower pH and increase protein solubility. Sued 
hemoglobin also gained high solubility at pH above 5.0 including the ^  
isoelectric zone of hemoglobin (Figure 2). The pH-solubi1ity profHe 
succinylated hemoglobin was the same as that of succinylated globin 
which heme moiety has been already removed (Miy&guchi et al., 1989)- ^
Nakamura et al. (1984) acetylated globin isolated from bovine hemogl0 pH 
and showed an improved emulsifying activity of acetylated globin at ^ 
region where globin was fully solubilized with acetylation. The aut 0- ... .. -* ------ ---- -- ........ - t-fUalso tried acetylation of hemoglobin, and it was found that the spec 
acetylated hemoglobin was close to that of cytochrome c as shown in
case of succinylated hemoglobin. $There is an interesting comparison between succinylations of hem0“  ̂
and hemerythrin which is devoiding heme groups. Hemerythrin dissoci8 
into subunits and lost its oxygen binding ability, but did not chan£e 
its spectrum with succinylation (Klotz and Keresztes-Nagy, 1963). 
Hemoglobin with succinylation still remained in its tetramer form 
(Figure 3). It seems that the loss of oxygen binding ability of hem8» 
was incurred with succinylation.

The reaction of succinylated hemoglobin with nitrite seemingly Pr
as well as that of hemoglobin in the presence of ascorbic acid. Nitr°
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rep°C rome with form of ferrous iron was formed, but the color 
0f eser>tation was modified by succinylated globin moiety or by reaction 

SUccinylated globin with nitrite which may occur.
t0 f, FUSIONS: The spectrum of hemoglobin with succinylation became close 
aCquiat cytochrome c. Heat-stability of hemoglobin at a neutral pH was 

red with succinylation. Hemoglobin did not dissociate into subunits
H  seems that oxygen is no longer held by succinylated 

react • *n’ Nitrosyl hemochrome of succinylated hemoglobin was formed in
of 8 l0n with nitrite in the presence of ascorbic acid. Spray-dried powder 

ccinylated hemoglobin was prepared with no change in its functionality.
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