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SUMMARY: Bovine hemoglobin was reacted with succinic anhydriqe at
and a pH of 8.0 to 9.0 to form succinylated hemoglobin. The Chemlcalu
modified hemoglobin was used to the maximum extent (100%) for the 8
on changes in functionality. The absorption spectrum of succinylate
hemoglobin was close to that of cytochrome c both in the oxidized 8
reduced forms. Hemoglobin with succinylation became heat-stable at"ﬂ
neutral pH. No aggregation of the protein occurred by boiling at ps
Hemoglobin did not dissociate into subunits with succinylation. The It
precipitation of succinylated hemoglobin took place at pH 4.7 to
seems that oxygen is no longer held by succinylated hemoglobin.
hemochrome of succinylated hemoglobin was formed in reaction with
in the presence of ascorbic acid. Spray—-dried powder of succinylate oV
hemoglobin was prepared with no change in the properties mentioned &

: - ed
INTRODUCTION: Although blood from animals slaughtered in 1n9PeCF of

slaughterhouses is a major potential protein resource, the utilizat1® g
animal blood appears to be limited in meat products (Wismer—Pedersen’uMi
Slinde and Martens, 1982; Caldironi and Ockerman, 1982; Mielnik 8B¢ "%
1983), animal food and fertilizers (Forrest et al., 1975; HPRD ComEZ ‘g

1982). Blood contains about 18 % protein, and more than half of the P
(11 %) is hemoglobin (Sato, 1981).

Compared with the plasma protein, hemoglobin is troublesome, "
color and usually a characteristic odor. Trials of removing globiD
heme moiety (Tybor et al., 1975; Sato et al., 1981) and of prepaflngmmm
hydrolyzed products (Drepper at al., 1981; Kodama et al., 1984; Nakliﬂ
al., 1986) have been carried out in search of a suitable way to utl
hemoglobin for human foods. _ .tyi?

One approach to the controlled alteration of protein functionallhydfIU
the chemical modification of protein by N—-acylation with succinic 2
or acetic anhydride (Groninger, 1973). Many studies on N~acy18ti°n.os’ f
various proteins (fish, soy, cotton-seed flour, myofibrillar proFelnofw
sunflower and pea) revealed the improved functional characteristic® te
proteins, such as solubility, foaming capacity, emulsification an paﬂ’
absorption (Groninger, 1973; Franzen and Kinsella, 1976; Childs an-llm
1976; Choi et al., 198l1; Eisele and Brekke, 1981; Kabirullah and Wi
1982; Johnsor and Brekke, 1983). Klotz and Keresztes—Nagy (1953? useaﬂM
succinylation to demonstrate complete dissociation of hemerythrils " g
oxygen—carrying pigment, into subunits by the introduction of negat?
charge on the protein. .

The purpose of this study is to chemically modify hemoglobin Vl 1
succinic anhydride and to investigate resultant changes in funCtlono Nw}
A further objective is to prepare a dry product of succinylated hem
which may find itself a material available for further study.
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MATERIALS AND METHODS: Bovine hemoglobin was purchased from Slf 1ﬁ)
Chemical Co. (Type II) and Tokyo Kasei Kogyo Co. (crude one). Su?ih a
was carried out according to the procedure of Groninger (1973) W!
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“i““ Modification. Hemoglobin was reacted with succ1nlctan2y2;1de at

s and pH 8.9 to 9.0 over a period of 1 to 2 hr. Tgede:feiakade g

Dylation of hemoglobin was estimated by the met ? o i T oy

€ner (1969) . The molar absorption coefficient of tr{nl E'ph A i

Ty 10 M- ', was used for calculation. The product 1n‘¥ itudy ) Jas

were succinylated was employed for the subsequen1 Ein 3 B0 gos

C against distilled water at 4°C for 48 hr. Hemoglo

hmmcal 0. was used, if not stated specifigally. i coubar sl

SpectrOphotometric measurements were carried Qut wit ad it o,
TOPhotometer at room temperature (20°C). Thirty seconds

¢ Scan 60 nm.

: A kg

v 301ubility of succinylated hemoglobin was determlngqlag gagé?uerNaOH'
ahms‘ The pH of the protein solution was adjusted with 2 f. by

g 0.1 % protein solution was centrifuged at 1600 x g oih S
DH&Olubility profile was obtained by measuring absorbance ofd‘denOt S
$ : Om, because the magnitude of absorbance at 596.5 nm )1

lu}vaPYi“é PH of succinylated hemoglobin solution (seertgxiiih TER o
Hyy €0 lumn (2.6 x 70 cm) for gel chromatography yas pan? e B
N\s Purchased from Toyo Soda Kogyo Co. An elutlgn buffc? & Crzo gl
0%1 and 25 my phosphate at pH 5.70. 1 ml of protein solugéon5w5 o
QTQ the gel, and eluted at a flow rate of 40 ml/hr at 10286 n& v
Nflu Was collected a tube and measured absorbance at e éhemical
CJ%Eins Used for gel chromatography were'purchased froT ilgz TiI) s
Cyg *Moglobin (Bovine Type II), myoglobin (ngge hgar fyihe‘heme
DFOChrome ¢ (Horse heart Type III). The identlflgatlon o it vl N8
w£EEins in the effluent was determined by measuring absorpti

£ Without adding solid sodium dithjoane. S S

Beq 3 Feaction of succinylated hemoglobin w1§h n1tr1t20w;; :zzT;m Y is o
Otl Containing 0.1 % succinylated hemoglobin, 0 to -
reao~ WM sodium ascorbate and 50 mM phosphate at pHs é “ B dgpiii i
Drctlon Mixture was incubated at room temperaFure for ? ;.me Pt
N:guCt Was extracted with 75 % acetone, in whlch solutlonlle o oot g
Sak fom hative and denatured nitrosomyoglob}ns were equa dyout At i
r°a 2 and Nagata, 1983). The acetone extraction was carrie R fter
p;m i 0°c for 16 min, and the extract was filtrated throuf

Pep No, 8, then followed by spectrophotometric measuremegt.ion T
dry emoglobin from Tokyo Kasei Co. was used for-the prﬁpgride & ¥ 0,
“me- Product, At a ratio of hemoglobin to succinic an K rsuccinvlated
h%f1HYIated hemoglobin was prepared. The pH value Qf the 1owe}ed s
wugglobin Solution (4 liter of 3.5 % protein go}utlon) wazentrifuged o
bﬁu( HCl to form the precipitate. The prec;pltate :éiai pigas o=
Tok “entrifuger (Type SYK-3800-15A, Sanyo legggku— i P
21¥°a Japan) through a cotton flannel. The pre01p1tat?.Y?er B W .
&m Fer of distilled water and filtrated thrgugh Tgyo‘ 1f P et
bVCléyl&ted hemoglobin washed was resolved in 2 liter oonducted AT
ting PH to 7.0 with 2 M NaOH. Sprgy drylgg was japan) ey
%11 . Yer (Model 0C-16, Ohkawara Kakohki Co.,oloky?, § oy
Owlng Condition: air inlet temperature, 120°C; air ou
atomizer, 16000 rpm; flow rate, 1 1/hr.
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inylated
}mngSULTS AND DISCUSSION: The spectrum patterps of 100fdi2231azd i
Blobip Solution are shown in Figure 1 both in the ox
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forms. The spectra did not change by the addition of ferricyanide (Left

panel). It had peaks at 410 and 529 nm and a shoulder at 562 nm. ThiS »
spectrum was almost the same as that of cytochrome ¢ in the oxidized fo
(Izumi et al., 1982). On the other hand, the spectra of succinylated
hemoglobin solution revealed peaks at 532 and 560 nm by the addition OoW
dithionite. It had also a strong resemblance to the spectrum of CytOChr
¢ in the reduced form, although the peaks shifted about 10 nm to a
longer wavelength. The same spectrum changes were obtained with 9?-7 zi
succinylation of hemoglobin from Tokyo Kasei Kogyo Co. Succinylation

not affect the redoxing ability of hemoglobin.
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Figure 1.-Absorption spectra of hemoglobin and succinylated

hemoglobin. The medium contained 50 mM phosphate and 0.1 %
hemoglobin or succinylated hemoglobin. Left panel- scanning ‘0
was conducted after the addition of ferricyanide to hemog19 £0
solution, and before and after the addition of ferricyanide
succinylated hemoglobin solution. Right panel- scanning Was.n
conducted after the addition of dithionite. — — = Hemoglob?
at pH 5.85, :Succinylated hemoglobin at pH 5.85, T
Succinylated hemoglobin at pH 6.95.

h:‘
Ha

With the increasing extent of succinylation of hemoglobin (Table l
spectrum changes followed was that the absorbance at 529 and 562 nO
increased, while the absorbance at 504 nm decreased. The ratio of thSGM
absorbance at 529 to 504 nm at pH 5.85 was 0.818, 0.833, 0.845, 0'92 19"
1.127 with succinylation of 0, 23.5, 34.9, 74.3 and 100 %, respecti’s
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Table l-‘Exten
\

t of modification of succinylated hemoglobin

Reactive & —amino groups

: Anhydride/g Protein

B . 7e mole/ g protein % modified
0.0 629.45 (563.70) 0.0
SA 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
e CEpm e
paresucclnic anhydride
Dtheses: values obtained from hemoglobin from Tokyo Kasei Kogyo Co.
T ;s
feduhe absorbance of succinylated hemoglobin in either the oxidized or

ced forp decreased with decreasing pH of the solution. The magnitude
“ eiorbance at 690 to 700 nm of 0.1 % succinylated hemoglobin solution
Sorp.. ned at pHs 5.20, 5.68, 6.85 and 7.93. It was found that the

The ., PCe (0.182) at 596.5 nm did not change with varying pH values.
Regg rf801ubility profile of succinylated hemoglobin was determined by
Sy Ing the absorbance at 596.5 nm at various pH values (Figure 2).

itg SHYIHFEd hemoglobin precipitated at pH 2.7 to 4.7, and at 4.7 to 5.0
lution became turbid.

Cej

100L s

Figure 2.-Solubility profile of
S0F succinylated hemoglobin in water.
o: hemoglobin from Sigma Chemical
Co. and with 100 % succinylation,
x: hemoglobin from Tokyo Kasei Kogyo
X CO. and 98.7% succinylation.
X 3 ¥
40 5.0 6.0
pH

Asse.s (%)
A

mh:?: Possibility of dissociation of hemoglobin into subunits with ;
“bfi Ylation was examined by gel chromatography (Figure 3). The glutlon
hemogle §howed that the proteins were eluted in the order of succinylated
hy°g10°§1n with peak fractions 34 and 35, hemoglobin (Fraction 36),

hem0g1 0 (Fraction 38) and cytochrome c (Fraction 40). When succinylated
f'& .obln was loaded alone onto the gel, it was eluted with peaks.at
ﬁmci;OHS 34 and 35. Hemoglobin did not dissociate into subunits w;th
‘g, Vlation, rather, an increase in molecular weight of hemoglobin was
sllcCiﬂted by the elution profile. About 4400 dalton can be added with
fng "Wlation 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
\'Xi \ protein solution was

; \j } chromatographed on Toyopearl

004F

ABSORBANCE (280 nm )

002t :

f HW-50S. o: solution containiné
i«J 0.1 % hemoglobin and 0.1 % i o

S o - cytochrome ¢ loaded, e: solutl

1
30 40 50 of 0.1 % succinylated
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As shown in Figure 1, succinylated hemoglobin in the oxidized for® we!
reduced by dithionite. However, the reduced form was not able to fully
maintain its form in air. After the addition of dithionite into 0.1 %ak
succinylated hemoglobin solution at pH 5.85, the absorbance at the Pe,ng
S0 nn dochensed from D.565 to 0835 with time from 0 to 18 wig. S
a plateau at the 40 min measurement. It seemed that the spectrum Stlllhe
having the peak 560 nm at the plateau came from the presence of both §
reduced and oxidized forms of succinylated hemoglobin, but not from aﬂﬂwn
oxygenated one, because of the spectrum similarity of cytochrome € 80 30
containing the reduced and oxidized forms (Izumi et al., 1982). To ex”}&
this point, 10 ml of 0.1 % succinylated hemoglobin solution at pH 5.

6.95 was bubbled with oxygen gas for 15 min after the addition of 7he
dithionite, immediately followed by measuring the absorbance speCtrum'pe”k
spectrum obtained was nothing but that from the oxidized form with the
at 529 nm and the shoulder at 562 nm. The reduced form of succinylate
hemoglobin appears to be easily oxidized, but not oxygenated by oxygeﬂpwﬂ

The experiment of oxygen bubbling was applied to succinylated hemo fof
solution incubated with 50 mM ascorbic acid at pH 5.20, 5.85 and 6.9 tgt
24 hr. No particular change in the spectrum was observed, except for djw
from the oxidized form. In addition, no significant change in the spe
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 ?Png
which each solution was bubbled with nitrogen gas for 1 hr before m}xaﬁd
up the reaction medium (0.1 % succinylated hemoglobin, 50 mM ascorb1c 39
and 50 mM phosphate at pH 5.20, 5.85 and 6.95), mo significant Chﬂ“ge,mw
the spectrum from the oxidized form to the reduced form occurred. scf
acid did not act as a strong reductant to succinylated hemoglobin.



ABSORBANCE

The reaction of succinylated hemoglobin with nitrite in the presence or
eEZEZeOf ascorbic agid was inyestigated gi pHs 5.20, 5.85 and 6.95. In
reaCtiOnnce of ascorbic acid (Figure 4, Left‘panellf ?hg specffépOf th?
hmreasinprOdUCts lost Fhe.peak at 529 nm and the sguuiwus at ﬁb: nm w%th
g amounts of nitrite, and showed a hyperbolic curve with a slight

abg

Shoul >
@Yender at 600 nm. Concomitantly, the color of the reaction mixture became
PeaCt-from brownish red. This change was dependent upon pH value of the

lon mixture, being easier at low concentration of nitrite with

at 10 mM nitrite

ecp %
€asing pH. The spectrum pattern of the products
-ite and pH 5.85,

and o
eVe§$l5-20 was almost the same that formed at 50 mM
. ing a less discernible shoulder at 600 nm. On the

other hand, no

50gm;fl9anF change in the spectrum of succinylated hemoglobin occurred at
500 t Ditrite and pH 6.95. About 2 % of a slight decrease in absorbance at
© 600 nm was observed.

LOf : Figure 4.-Absorption spectrum of the
! '\, product formed from reaction nf =
0gk vl ~ succinylated hemoglobin with nxtr1te.
3\\\,/ \ in the presence or absence of ascorbic
! \;///\‘ acid. Left panel: ion mixture
08t a/~'\Y containing 0.1 % succinylated hemogicciil,
L sodium nitrite (- — —=;5 M —_—:10 mM,
04 -0 —:50 mM) and 50 mM phosphate at pH
%} : 5.85 was incubated for 24 hr. Right
N panel: Reaction mixture containing 0.1%
02k succinylated hemoglobin, 10 mM sodium
nitrite, varying amounts of sodium
ascorbate and 50 mM phosphate at pH 5.85
2 ~ was incubated for 24 hr. Concentration
S00 500 700 500 600 700 ©of ascorbate were - 0. 5"mM, =9,
WAVELENGTH (nm) 2 mM, ——;10 mM, —e0—;50 mM.
revIn the presence of ascorbic acid (Figure 4, Right panel), the spectra

ingpeicd the meximum at 580 to 583 nm end minimum at 524 to 525 nm with
Wag 4 ing amounts of ascorbic acid. This pattern change in the spectrum
hi Ue for the reaction mixtures at pHs 5.20 and 6.95. However,
EzncentratiOn of ascorbic acid was needed to form the reaction
0 S at high pH; The effect of 2 mM ascorbic acid on the formation
50 ., Products at pH 5.85 was equal to or a little stronger than that of
Spec PZSCorbic acid at pH 6.95 in the presence of 10 mM nitrite. The two

igure from.the reaction mixtures containing 10 and 50 mM ascorb}c acid
that 4, Right panel) did not change by the addition of dithionite, so
Wag ,..C reaction products were in the reduced form. This spectrum pattern
196'.1fferent from either that of nitrosyl myoglobin (Fox and Thomson,
Cq p;ui:kata and Nagata, 1983) or that of ferrocytechrome C nitro§yl

n II (Ehrenberg and Szczepkowski, 1960; Izumi et al.. 1982 '

hix uPZrder to evaluate the formation of nitrosyl hemochrome, the reaction
mo”nts containing 0.1 ¥ succinylated hemoglobin, 10 mM nitrlte.and vgrylng
th Bt of ascorbic acid at pH 5.85 was extracted with acetone just like
Na Ocedure applied to nitrosyl myoglobin (Hormsey, 1956; Sakata and
8, 1983)(Figure 5). An equal amount of ritrosyl hemochrome was

pPQdu
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‘ . . L p ic
from the reaction mixtures containing 2, 10 and 50 mM ascorb

cxtraited i
acid, although the spectra of the reaction mixtures were different frwlw
another (Figure 4, Right panel). In the absence of ascorbic acid, some o
roducts were extracted with 75% acetone solution. The extract bore greé
and at low pH more green product was extracted.
Gr
i 1
: Figure 5.—-Absorption spectra ij
acetone extracts from the ret’:\ctlon
mixtures. The reaction mixture
= } o \ containing 0.1 % succinylated
=, 5 \ hemoglobin, 10 mM sodium nitrite’e
@ 008 \ varying amounts of sodium ascorb?
a | ; and 50 mM phosphate at pH 5.85:
< l EQ ,“J*.\ Concentrations of ascorbate Werew
QAQL i ‘\\ - = =:0mM, —e—;0.5 mM, ———:23
9 Pl R and 50 mM. After 24 hr incubatio®
i \‘X“\\ the reaction product was extracte
% '\\\:;: with 75 % acetone.
y 500 500 700
WAVELENGTH (nm-) {
z 0
[l was no significant effect of spray drying on the functionallty
isccinylated hemoglobin mentioned above. In addition, hemoglobin with
ylation became heat-stable at a neutral pH. No heat aggregatiol
protein occurred. o’
[t is an interesting phenomenon that the spectrum pattern of hemogl
with an increasing extent of succinylation became close to that of
chrome ¢ (Figure 1), indicating that globin moiety plays quite an,on
important role in the color representation of heme pigments. Introdu€
of a negative charge on proteins with succinylation can shift an NW

isoelectric point to lower pH and increase protein solubility. succiny
hemoglobin also gained high solubility at pH above 5.0 including the

isoelectric zone of hemoglobin (Figure 2). The pH-solubility profile om

succinylated hemoglobin was the same as that of succinylated globiDb
which heme moiety has been already removed (Miyaguchi et al., 1989) -
Nakamura et al. (1984) acetylated globin isolated from bovine hemog1?
and showed an improved emulsifying activity of acetylated globin at

region where globin was fully solubilized with acetylation. The auth?
also tried acetylation of hemoglobin, and it was found that the spec€ he
acetylated hemoglobin was close to that of cytochrome c as shown iR t

bi

rs

n

eV

{

0

case of succinylated hemoglobin. glww

There is an interesting comparison between succinylations of he@°
and hemerythrin which is devoiding heme groups. Hemerythrin dissocl®""
into subunits and lost its oxygen binding ability, but did not chang®
its spectrum with succinylation (Klotz and Keresztes-Nagy, 1963).

Hemoglobin with succinylation still remained in its tetramer form 10w

(Figure 3). It seems that the loss of oxygen binding ability of hem°
was incurred with succinylation.

The reaction of succinylated hemoglobin with nitrite seemingly Pt
as well as that of hemoglobin in the presence of ascorbic acid. Nitr
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hemoch .,

it i s f d ut the color
me with form of ferrous iron was formed, b
tepresen

: j j by reaction
tation was modified by succinylated globin moiety or by
SUccinylated globin with nitrite which may occur.

i i i i became close
CONCLUSTONS : The spectrum of hemoglobin with sugc1nzlztgzztral g
tothat of cytochrome c. Heat-stability of hemoglpbln ?ate ey, A
red with succinylation. Hemoglobin d}d not‘dlssocheld o ioaE iy b
Succinylation. It seems that oxygen is no longerIObin gy it S
emoglobin. Nitrosyl hemochrome of succ1nylated‘hemogd el o il
‘Saction With nitrite in the presence of gscorblc aci .in N Lo
Suecinylated hemoglobin was prepared with no change

8cquj
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