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Variation of the SH Content of BSA by Electrolysis

Moritsugu Hamada, ™! Shoichiro Ishizaki, ™' *? and Takeshi Nagai™

1

The reduction of the disulfide bond of protein by electrolysis was investigated using bovine

serum albumin, Fraction V (BSA). A BSA aqueous solution was electrolyzed using platinum

plate as electrode up to 5 hr at a current density of 5.5 mA/cm?,

and the total SH (T-SH) and

the SH on the surface of the BSA molecule (R-SH) were measured during electrolysis. The R-SH
increased with the time duration of the electrolysis, but it did not when the BSA solution was

maintained at a constant pH during electrolysis. As R-SH of the BSA increased only when the

BSA solution was in a high pH solution, the increase in R-SH during electrolysis was found to

be caused by an increase in pH value, not by the reduction of the SS bond.

1 Introduction

The disulfide bond (SS bond) of protein can be
reduced to a sulfhydryl group (SH group) either
by reagents such as thiols,’™ NaBH44) and

5.6) or by electrolysis.7‘8) As a result of

sulfite,
the reduction of the SS bond, biological activities
such as enzyme activity decrease or become inac-
tive in many cases.® In a few cases, however, the
food processing properties are reported to be
improved.g) To improve the processing prop-
erties of food proteins, using a chemical process
rather than an electrolytic process creates the
concerns for a wholesomeness of foods due to the
residual chemicals left in the foods. On the other
hand, the electrolysis process is considered to
have greater safety.

In order to investigate the reduction by elec-
trolysis of the SS bond of protein, we measured
variation of SH content during electrolysis by
use of bovine serum albumin (BSA) at neutral
pH.

2 Materials and Methods

2.1 Sample BSA and Preparation of a Sample
Selution

In order to study the reduction of the SS bond
using electrolysis, proteins of less SH and more
SS contents in the molecule were considered to
be the most suitable. Thus we chose BSA of 0.7
mol SH and 17 mol SS in a molecule” and BSA,
Fraction V (Wako Pure Chemicals Co.) as the
most suitable samples and employed for the ex-
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periment. BSA was dissolved in a concentration
of 4.5 mg BSA/ml of a NagHPO4-KH2PO4 buffer
solution (Ion strength, 0.1; pH, 7.0). In the case
of experiments performed at a high pH value, an
NaOH-KH2;PO, buffer solution was employed. All
the experiments were conducted at 15°C.

2.2 Electrolysis

A BSA solution (4.5 mg BSA/ml) of 175 ml
was prepared in a 200 ml beaker to perform
electrolysis as shown in Fig.1. The solution and
the 0.4 M NaCl were used as a cathode and an
anode, respectively, and a direct current was ap-
plied after they were connected with a salt
bridge (2% agar/0.4 m NaCl). Electrolysis was
carried out up to 5 hr at 5.5 mA/cm? Platinum

plates were used for the electrolysis.

Anode Cathode
b0ut Salt bridge ’0‘()‘0
B i Sample soln.
0.4 v NaCl ' ”
Electrode
T
Magnetic
stirrer

Fig. 1. Apparatus for the electrolysis of BSA.

2.3 Measurement of Reactive SH Content

Reactive SH content (R-SH), defined here as the
SH group being exposed on the surface of BSA,
was determined according to the Ellman's
Method.'” A solution of 10 my DTNB (0.03 ml)
was added to 4.5 ml of the solution and the mix-
ture was allowed to stand for 1 hr at 5°C. The
absorbance was measured at 412 nm and R-SH
was calculated as the molar absorption coeffi-
cient of the TNB anion as being 1.36X 104"

2.4 Measurement of Total SH Content

The total SH content of the protein (T-SH) was
measured according to the Buttkus’ Method.*? A

solution of 10 mm DTNB (0.03 ml) was added to
4.5 ml of the sample solution containing 6M urea
and the mixture was heated for 15 min at 40°C.
The absorbance was measured at 412 nm and T-
SH was calculated as the same manner as R-SH.

2.5 Determination of Protein

The proteins of the sample solution were mea-

sured according to the Biuret Method.'?

3 Results and Discussion

3.1 Variation of pH and SH Content during
Electrolysis

The results of pH and SH content during elec-
trolysis are shown in Fig.2.

The pH value increased slowly during the ini-
tial 3 hr of electrolysis, and rose swiftly subse-
quently. The increase of pH value of the BSA
solution (cathode) is explained by the concentra-
tion of OH in the solution as shown in the fol-

lowing equations:

2H,0 — 2H*+ 20H" 1)
2H*+ 2¢” — Hp? 2)

The H20 of the BSA solution was slightly io-
nized into H* and OH (1), and H™ turned to hyd-
rogen gas at the cathode (2). As hydrogen gas
escaped into the atmosphere, OH  increased in
the solution. Accordingly OH  was concentrated
in the BSA solution, and the pH value increased
during electrolysis at the cathode.

R-SH, 4.3 mo]/lOég BSA before electrolysis,
increased as electrolysis progressed, and became
8.9 mol/’lOGg after 5 hr. The T-SH, on the con-
trary, was almost constant (9.1 mol/lOGg) for the
initial 4 hr, and increased to 10.4 m01/106g at 5
hr. Both R-SH and T-SH of the control BSA solu-
tion indicated almost constant value of 4.1 mol
and 9.4 mol/lOGg, respectively, during standing
for 5 hr. The temperature of the BSA solution
did not change during electrolysis.

According to the fact that R-SH increased, but
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Fig. 2. Variation of pH and SH contents with electrolytic
time.
Conc. of BSA, 4.5mg BSA/ml; electric current den-
sity, 5.5 mA/cm?.

T-SH was nearly constant during electrolysis, the
SH group in the BSA molecule became gradually
exposed onto the surface of the molecule, and
almost all the SH group (95%) was found to be
exposed on the surface of BSA after 4 hr of elec-
trolysis. It was believed that the three-dimension-
al structure of the BSA molecule changed to a
completely spread-out state. The reason why T-
SH increased after 5 hr
assumed to be due to the reduction of SS to SH,
but a detailed reason could not be clearly estab-

of electrolysis is

lished from the results of this experiment alone.
The T-SH value during 4 hr electrolysis,
which is shown in Fig.2 (9.1 mol/10% BSA),
was calculated to be 0.63 mol/molecule. This
value was slightly less than those values (0.6613>

and 0.65-0.69)'*' obtained using PCMB'®
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Fig. 3. Variation of SH contents of BSA with electrolytic
time under a constant pH value.
Conc. of BSA, 4.5mg BSA/ml

2PDS, 4PDS and 6TNA,'*'® respectively. The
reason might be due to the impurity of the BSA
sample used.

3.2 Electrolysis of a BSA Solution under a Con-
stant pH Value

In the previous section, almost all the SH
group of the molecule was assumed to be exposed
onto the surface of the molecule by electrolysis
within the initial 4 hr. In this section we will
discuss the reason why R-SH increased. )

The reasons for the increase in R-SH by elec-
trolysis are assumed to be dependent on two fac-
tors; one factor is the rise in pH of the BSA solu-
tion as described, and the other factor is the re-
duction of the SS bond to the SH group as shown
in the following equations:

RSSR + ¢ + H™ — RS- + RSH
RS + e + H® — RSH
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Fig. 4. Variations of SH contents of BSA with elapsed
time at different pH values.

The variation of the SH content of BSA by
electrolysis was measured while the pH value
was kept constant. Namely, R-SH and T-SH were
measured, adjusting the pH to the initial value
using 1 N HCI at every hr during electrolysis,
and the results are summarized in Fig.3.

As shown in the results, the R-SH and T-SH
were nearly constant during electrolysis under a
constant pH value (pH 6.8—7.1). From these re-
sults, the increase in R-SH shown in Fig.2 was
found to be caused by the increase in pH of the
BSA solution rather than the reduction of the SS
bond.

3.3 Variation of both R-SH and T-SH under a
high pH Value

We described the reason for the increase in R-
SH during electrolysis was due to the rise in pH.
In order to prove this assumption, the variations
of the SH contents were measured under higher
pH values. BSA was dissolved in three different
pH values (7, 9 and 11), and T-SH together with
R-SH were measured up to 27 hr. The results
are shown in Fig.4.

Both R-SH and T-SH were nearly the same,
even after 27 hr at pH 7, but they changed
greatly in accordance with the standing time at
both pH 9 and 11. At pH 9, T-SH was nearly
constant, whereas R-SH increased to 75% of T-
SH after 27 hr. At pH 11, R-SH increased with

the standing time and was 80% of T-SH after 27
hr. The fact that R-SH increased as the time
progressed when BSA was in a high pH solution
(Fig.3) suggests the increase in R-SH shown in
Fig.2 was found to be caused by the increase in
pH value, not by the reduction of the SS bond.
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