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Influence of Added Amounts of Succinic Anhydride
on the Succinylation Level for some Proteins

Moritsugu Hamada® Takeshi Nagai® Norihisa Kai”

and Yasuhiro Tanoue®

The relationship between the added amount of succinic anhydride (8A) and the
succinylation level of five sample proteins was examined to clarify some effective func-
tions to control the succinylation level. The sample proteins used were casein, bovine
serum albumin, egg white albumin, two fish proteins, sarcoplasmic proteins (Sp-P) and
myofibrillar proteins(Mf-P) prepared from ordinary dorsal muscle of fish. No linear re-
lationship was obtained between SA/Protein (w/w) and the succinylation level, whereas
a very smooth S-shaped relationship was obtained between log SA/Protein and the
succinylation level (succinylation curve). Succinylation curves of the proteins, except for
Sp-P, virtually coincided only in the lower regions of log SA/Protein. The reasons for the
inadequate coincidence among succinylation curves were thought to be dependent mainly on
the spatial structure of the microenvironment around the &- amino group of Lys by dif-

46 (2) 95—99 (1997)

ferent proteins.

1 Introduction

Many fundamental and applied investigations of
acylation of proteins, especially succinylation and
acetylation, have been carried out in order to im-
prove their chemical, physical, nutritional and proc-
essing properties, and thermal stabilities. 129 By
succinylation, it has reported that the proteins are
improved in their reactivity in Maillard reaction,
surface active and rheological properties? 8172223
and solubility and dispersing properties against
water. ®

From the nutritional viewpoint, complete sucei-

nylation of proteins, however, is undesirable because

of the shortage of effective Lys content,*'3 and con-
sequently it will be needed to control the
succinylation level in order to balance the merits
and the demerits accompanying succinylation. Up
to date, few papers have been reported on the con-
trol of succinylation level. Here, we describe the in-
fluence of added amount of SA on the succinylation

level for some proteins.

2 Materials and Methods
2.1 Protein samples

The proteins used in the experiments were three
commercially available proteins, casein (Merk),
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The following abbreviations were used for the chemicals and sample proteins in this paper : SA, succinic an-
hydride; BSA, bovine serum albumin ; EWA, egg white albumin ; Mf-P, fish myofibrillar proteins ; Sp-P,

fish sarcoplasmic proteins.
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BSA and EWA (Wako Pure Chemicals), and two
{ish proteins, Mf{-P and Sp-P, were extracted from
the ordinary dorsal muscle of rudder-fish Girella
punctata. The M{-P and Sp-P were prepared in our
laboratory according to the methods shown in
Fig.1, and all the procedures were carried out at 5
C.

2.2 Methods of succinylation

Four sample proteins, casein, BSA, EWA and
Sp-P were individually dissolved in M/15 phosphate
buffer solution (pH 7.0) at concentration of 4 mg
protein/ml, whereas Mf-P was dissolved in 0.6M
KCl/phosphate buffer(pH 7.0). The proteins were
separately succinylated according to the method of
Groningeré)at pH 8.5 with increasing of SA. Thus
the succinylated proteins were allowed to stand
overnight at 5°C, and followed by the measurement
of succinylation level.

2.3 Calculation of succinylation level

The Lys contents of the sample proteins were
measured by the method of Kakade and Liener,m
and succinylation level was calculated. Whereas
protein content was measured by the micro-biuret
method.25>Extin0tion coefficients of the sample pro-
teins were 22.1, 17.4, 19.8 for BSA, casein and EWA,
respectively. Those of Mf-P and Sp-P were 204,
which were obtained in our preliminary experiments

by the Kjeldahl and the micro-biuret methods.

3  Results and Discussions

3.1 Influences of added amounts of SA on
the succinylation level for BSA

Succinylation of protein is mainly caused by the
reaction of € -amino group of Lys residues with
added SA, though SA also react with other func-
tional group on the protein, i.e.tyrosine, histidine,
and aliphatic hydroxy amino acids.w)And accord-
ingly, succinylation level would be influenced by the
added amount of SA. Therefore, the succinylation

Odinary dosal muscle

t~ added 5 vol of M/15 phosphate buffer (pH7.0)
|~ homogenized for 2 min at 0°C

t— centrifuged for 20 min at 800X g

e

Supernatant Precipitate

{Barcoplasmic [ added 3 vol of phosphate buffer (pH7.0)
proteins, Sp-P) 1 homogenized for 2 min at 0°C

t— centrifuged for 20 min at 8,000X g

EPrecipitate

|~ added 6 vol of 0.7M KCl/phosphate buffer (pHT7.0)
i~ stirred gently for short time

|- stood overnight at 5°C

- added 10 vol of water

|- stood overnight at 5C

i— centrifuged for 20 min at 8000X ¢

Precipitate
[~ added 3M KCI to give 0.6M KCl
(— dialized against 0.6M KCI overnight

(— centrifuged for 20 min at 8000X ¢

Supernatant

(Myofibrillar proteins, M{.P)

Fig. 1. Preparation methods for sarcoplasmic pro-
teins (Sp-p) and myofibrillar proteins (Mf-
P) from ordinary dorsal muscle of rudder
fish, Girella punctaia.

level of BSA as a function of increasing the weight
ratio of SA (SA/BSA) in the reaction mixture was
investigated. This relation was termed as succinyl-
ation curve. The succinylation curve of BSA is
shown in Fig.2.

As can be seen in this curve, succinylation level
increased linearly with increasing the weight ratio
of SA up to 0.5, whereas it moderately increased at
higher regions up to 1.0. As apparent in these re-
sults, a linear correlation could not be obtained be-
tween SA/BSA(w/w) and succinylation level, and
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Fig. 2. Relationship between the weight ratio SA/
BSA and the succinylation level.
Succinylation reaction was carried out by
dissolving powdered succinic anhydride to
BSA solution in 4mg/ml at pH 8.5.

accordingly SA/BSA was not an appropriate func-
tion to control succinylation level. On the other
hand, the logarithm of SA/BSA was thought to be
more linear against succinylation level, from the
variation pattern of the succinylation curve, and the
relation of log SA/BSA against succinylation level
was obtained as illustrated in Fig.3.

As shown in Fig.3, a very smooth S-shaped rela-
tion was obtained between log SA/BSA and
succinylation level, and log SA/BSA is thought to
be an appropriate function as to control the
succinylation level. From this relation, we can eas-
ily calculate the prerequisites of SA to obtain a de-

sirable succinylation level.

3.2 Comparison of the succinylation curves
among different sample proteins

The succinylation curve of BSA was compared
with those of four other sample proteins, and the
succinylation-recelving  property was compared

among sample proteins. The succinylation curves
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Fig. 3. Relationship between logarithmic weight

ratio of SA/BSA and succinilation level.
The data of Fig.2 were plotted in loga-
rithmic scale.

of five sample proteins are shown in Fig 4.

As shown in TFig.4, the succinylation curves other
than Sp-P coincided virtually at lower ratio regions
of log SA/protein. One of the reasons why the
succinylation curves did not coincide with each other

" at higher regions of log SA/proteins was thought

depending on the difference in Lys content by sam-
ple proteins. That is, it would be more appropriate
to think of the molar ratio of SA and Lys, because
the succinylation is mainly the reaction of added SA
and €-amino group of Lys at the same molar ratio.
And accordingly, the molar ratio of SA against Lys
content was calculated on the same results shown in
Fig.4, and succinylation level was plotted against
log SA/Lys as shown in Fig.5. The Lys contents
determined by the method of Kakade and Liener®"
were 11.77g Lys/100g protein (%) for BSA, 6.62%
for casein, 5.68% for EWA, 7.52% for MI-P, and
8.95% for Sp-P. These Lys content were somewhat
lower than those of 'I‘ristram.%)

As seen in Fig.5, all the succinylation curves with
the exception of Sp-P, cannot be superposed upon
each other, and therefore the three dimensional
structure around & -amino group of Lys residues,

tyrosine, histidine, and aliphatic hydroxy amino
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Fig. 4. Comparison of the succinylation curves, the
relation between log SA/Protein (w/w)
and succinylation level, among five sample
proteins, —O—, Casein; —®—, EWA; —[]—,
BSA; —@-— M{-P; —A—, Sp-P.
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Fig. 5. Comparison of the succinylation curves, the
relation between log SA/Lys and succin-
ylation level, among five sample proteins.

acidsmmay be somewhat different among sample
proteins. The reasons for the great deviation of Sp-
P, on the other hand, could not be clarified in this

experiment.
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