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Effects of Several Kinds of Buffers and Ionic Strength on
the Polymerization of Ovalbumin by Ascorbic Acid
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Examinations were carried out with ovalbumin (OVA) as the protein to clarify the beneficial

effects of ascorbic acid on food.

First, in order to elucidate the difference in turbidity of ovalbumin (OVA) dissolved in several
kinds of 0.2 M buffer at pH 6, resulting from ascorbic acid (AsA) during incubation at 50°C, the
effects of several chelating agents and of two metal ions were investigated. Second, phosphoric
acid buffers with an ionic strength of 0.26 to 1.0 were used to examine the influence of increasing
ionic strength on OVA turbidity to clarify the mechanism for polymerization of OVA by AsA.

The results obtained from an earlier investigation suggested that one of the causes of the differ-
ence in turbidity with various buffers may have been due to metal ion contaminants.

An increase in ionic strength in the phosphoric acid buffer inhibited polymer formation derived
from OVA, indicating that both electrostatic and polar bonding occurred in the formation of the

polymer.
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INTRODUCTION

L-AsA is often used for improving food, in par-
ticular, during baking and “kamaboko” (a heat-
induced gel made from raw fish paste) manufac-
ture. AsA improve the baking process for dough
and the quality of surimi (raw fish paste). The
beneficial effects of AsA on bread dough have been
widely investigated. The popularly accepted
explanation suggests that DHA, which is the
oxidizing form of AsA, oxidizes sulfhydryl com-
pounds to disulfides and also forms intermolecular
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Abbreviations: AsA, ascorbic acid; DHA, dchydro-
ascorbic acid; DKG, 2,3-diketo-gulonic acid; DTPA,
dicthylenetriaminepentaacetic acid; EDTA, ethylenedi-
aminetetraacetic acid; EGTA, ethyleneglycol-bis-(2-
aminoethylether) -N, N, N/, N’-tetraacetic acid; MW,
molecular weight; NBT, nitro blue tetrazolium; NTA,
nitrilotriacetic acid; OVA, ovalbumin; SDS, sodium
dodecyl sulfate; PAGE, polyacrylamide gel electro-
phoresis.

bonds.?’? However, some other hypotheses on
the effect of AsA on food protein have been pro-
posed,®~® so that the definitive answer is still not
known.

In previous papers,®” in order to clarify the
action of AsA and DHA upon protein, we inves-
tigated the effect of AsA and DHA on protein,
using OVA as a food protein source. The dough
or surimi system is so complex that there are a
number of unclarified points regarding the action
of AsA and DHA on protein. We observed that
0.05% of AsA or DHA generated turbidity in a
19, OVA solution of pH 6 at 50°C. During
incubation, both large polymers (high MW prod-
ucts) and low MW products were formed from
OVA. Furthermore, the structural modifications
incurred by oxygen radicals (especially the super-
oxide anion radical) increased the surface hydro-
phobicity of OVA, the oxygen radicals being
generated by the autoxidation of AsA® during
incubation. The polymers were formed by the
resulting hydrophobic interaction, and this was
followed by the formation of disulfide bonds.
Disulfide bonds have been suggested to participate
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in the polymer formation in gluten®? and in
actomyosin.” During the investigation, we noticed
that polymers were produced in a 0.2 M phos-
phoric acid buffer, but did not in a 0.2 M maleic
acid buffer, in spite of the same conditions of
pH 6 and 50°C.

In this paper, we report the effects of several
chelating agents and iron and copper ions on the
turbidity in various buffers, in order to elucidate
the cause of the difference in turbidity of an OVA
solution between the two buffers. Next, we at-
tempt to clarify the mechanism for polymerization
by AsA with a phosphoric acid buffer (described
in previous papers by Nishimura et al.®?). Thus,
we examine the influence of ionic strength in the
phosphoric acid buffer on the turbidity of OVA,
the degradation of AsA and the generation of the
superoxide anion radical.

MATERIALS AND METHOD

Materials. OVA (A 5503) was obtained from
Sigma Chemical Co., and the other chemicals used
were of reagent grade from Nacalai Tesque Inc.
or from Wako Pure Chemical Industries Ltd.
When OVA was applied to SDS-PAGE, sub-
bands above the main one were observed, as
described in a previous paper.® Because these
sub-bands almost disappeared with the addition
of 2-mercaptoethanol, the OVA might have con-
tained a dimer or trimer and may have been
slightly contaminated.

Measurement of the turbidity of OVA.
The 0.2 M phosphoric acid, malonic acid, citric
acid, malic acid, succinic acid, phosphorous acid
and maleic acid buffers were prepared by adding
aqueous NaOH to solutions of these respective
acids. A mixture of 1% OVA and 0.059% AsA
in each 0.2 M buffer at pH 6 was incubated at 50°C
for 44 hr. The absorbance at 600 nm after a
44-hr incubation is defined as 1009, of turbidity
in the phosphoric acid buffer. As a blank test,
each buffer containing only OVA or AsA was
incubated. The effect of ionic strengths of 0.26
to 1.0 in the phosphoric acid buffer were also
investigated.

SDS-PAGE analysis. After incubating at
50°C, 1 ml of an OVA solution was mixed with
an equal volume of 0.125 M Tris-HCI buffer at pH
6.8 containing 49, SDS and 209, glycerol. After
heating at 100°C for 5 min, the mixture was
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applied to SDS-PAGE, electrophoresis being car-
ried out on a slab gel at 20 mA for 3-4 hr according
to Laemmli’s method.!®

Effects of chelating agents and metal ions
on turbidity. In order to examine the participa-
tion of divalent cations in the turbidity of OVA,
four chelating agents EDTA, EGTA, NTA or
DTPA were added to the reaction mixture. Fer-
rous chloride and cuprous chloride were also
added, excepting the phosphoric acid buffer in
which both salts were insoluble. A 1% OVA
solution in each buffer at pH 6 containing 0.05%,
AsA and the chelating agent or metal ion at a
10~% M level was incubated at 50°C for 44 hr.
Its absorbance at 600 nm was measured and
compared with that of a reaction mixture without
the chelating agent or metal ion.

Measurement of AsA and DHA plus DKG,
The AsA and DHA plus DKG concentrations were
determined according to the method of Roe et
al.*v

Measurement of the superoxide anion
radical. The generation rate of the superoxide
anion radical was measured according to the
method described by Beauchamp and Fridovich.!?
Each buffer containing 0.005% AsA and 5Xx
105 m NBT was incubated at 50°C, and the
increase in absorbance at 560 nm was then mea-
sured.

Unless otherwise noted, all experiments were
duplicated, and the average + standard deviation
was calculated for each. Statistical differences
were evaluated by Student’s i-test,

RESULTS AND DISCUSSION

Turbidity of OVA in several kinds of
buffer,

During the previous investigation,” we noticed
that polymers were produced in the 0.2 m phos-
phoric acid buffer, but did not in the 0.2 M
maleic acid buffer, in spite of the same condition
of pH 6 and 50°C. In order to examine the cause
of such difference with each buffer, an investiga-
tion using OVAs dissolved in several kinds of 0.2
M buffer at pH 6 was carried out.

The relative turbidity of OVA in each 0.2 M
buffer depended on the kind of buffer as shown
in Table 1, although the molar concentration of
each buffer was the same. Based on the degree
of turbidity, the buffers could be roughly divided
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Table 1. Comparison of turbidity in various

buffers at pH 6

Buffer (0.2 M) Turbidity (%)

Phosphoric acid 100
Malonic acid 86.7+5.3
Citric acid 24.8+4.7
Malic acid 19.6+3.2
Succinic acid 19.5+0.5
Phosphorous acid 0
Maleic acid 0

Duplicate determinations were independently carried
out to obtain the means and standard deviations
shown.

into three groups. The first group (strong tur-
bidity) involved the phosphoric acid and malonic
acid buffers; the second group (mild turbidity),
the citric acid, malic acid and succinic acid buff-
ers; and the third group (no turbidity), the
phosphorous acid and maleic acid buffers.

Figure 1 shows the change in MW of OVA in
the phosphoric acid, malic acid and succinic acid
buffers during incubation at 50°C and pH 6. As
described in the previous paper,® sub-bands above
the main one, which might have been di- or tri-
mers, were observed in native OVA (line A) and
incubated OVA without AsA (lines B-D). High
MW products (band a), which could not enter
the spacer gel, and low MW products (band b),
which migrated to the top of the run, were pro-
duced by AsA (line E). In spite of adding AsA,
the amounts of both MW products in the malic
acid and succinic acid buffers (lines F and G)
were small, and they were not apparent at all in
the phosphorous acid and maleic acid buffers (data
not shown), in relation to the turbidity in each
buffer as shown in Table 1.

Effects of chelating agents and metal ions
on OVA turbidity in various buffers

AsA oxidation was accelerated by metal ions,
which could have been due to the participation of
metal contaminants in the reagents. Consequently,
the effects of four chelating agents and two metal
ions on the turbidity of OVA were investigated by
incubating at 50°C for 44 hr, the results being
shown in Table 2. In the phosphoric acid buffer,
ferrous chloride and cuprous chloride were insol-
uble; therefore, the influence of these two metal ions

Mo e i M e = — Band b
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Fig. 1. Different SDS-PAGE patterns for OVA incu-

bated in various buffers

One % OVAs dissolved in a 0.2 M phosphoric acid,
malic acid or succinic acid buffer with and without
0.05% AsA were incubated at 50°C and pH 6 for 44 hr,
and applied to SDS-PAGE. A, native OVA; B, OVA
without AsA in the phosphoric acid buffer; C, OVA
without AsA in the malic acid buffer; D, OVA without
AsA in the succinic acid buffer; E, OVA with AsA in
the phosphoric acid buffer; F, OVA with AsA in the

malic acid buffer; G, OVA with AsA in the succinic
acid buffer.

could not be examined. The four chelating agents
acted differently with respect to the occurrence of
OVA turbidity. EDTA depressed the turbidity in
the malic acid and succinic acid buffers to about
62 and 25%,, respectively, although no marked
depression occurred in the citric acid buffer.
However, the turbidity increased in the phosphoric
acid and malonic acid buffers. Although EGTA
mildly suppressed the development of turbidity in
the phosphoric acid and succinic acid buffers, no
significant effects were observed in the malonic
acid, citric acid or malic acid buffers. We ob-
served no inhibiting effect of NTA in the five
buffers, the turbidity accelerating overall. DTPA
inhibited turbidity in the same five buffers, almost
completely in the phosphoric acid buffer.

Copper ions (1 mm) rapidly accelerated the
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Table 2. Effects of chelating agents and divalent cations in various buffers at pH 6.0

Turbidity (%)

Buffer (0.2 M) Chelating agent (1 mm) Cation (1 mm)
None EDTA EGTA NTA DTPA Fe2+ Cu?+

Phosphoric acid 100 13619 6818 111+13 41 - -
Malonic acid 100 12310 98+ 10 116+9 29+2 19310 +
Citric acid 100 90+ 4 1006 13111 27+3 270+31 +
Malic acid 100 62+3 96+4 154116 401 1647 +
Succinic acid 100 25+7 7319 1217 3316 1276 +
Phosphorous acid ND +
Maleic acid ND +

Duplicate determinations were independently carried out to obtain the means and standard deviations shown. —,
not measured since both salts were insoluble in the phosphoric acid buffer; 4, not measured due to high turbidity

outside the range. ND, not detected under the experimental conditions.

progress of OVA turbidity, the optical density
after a 44-hr incubation being too high to measure.
The addition of iron ions promoted the turbidity
of OVA in the malonic, citric, malic and succinic
acid buffers; but it did not affect the phosphorous
or maleic acid buffers, no turbidity of OVA being
produced by AsA in either buffer.

In the phosphoric acid buffer, the chelating
agents, except for DTPA, did not depress the
turbidity of OVA. One chelating agent, EDTA,
actually promoted the turbidity significantly, It
is known that DTPA is used as an iron chelator,!®
and that phosphoric acid buffers may contain
some iron.'*'® Moreover, it has been reported
that EDTA inhibited not iron-!¥ but copper-cata-
lyzed oxidation reactions of AsA,!® and that it
prompted the oxidation of AsA in the presence of
iron ions and oxygen or hydrogen peroxide.!”
These results show that, in the phosphoric acid
buffer, contaminating iron ions catalyzed the oxi-
dation of AsA, so that the promotion of the oxygen
radical was enhanced. In fact, the relative amount
of AsA in the phosphoric acid buffer containing 1
mM DTPA, after an 8-hr incubation, was greater
than that in the buffer without DTPA (data not
shown).

The occurrence of OVA turbidity in the malonic
acid and citric acid buffers was strongly promoted
by metal ions and inhibited by DTPA, indicating
contamination by iron of both buffers. Depression
of the turbidity of OVA in the malic acid and
succinic acid buffers by both EDTA and DTPA,
and its enhancement by iron and copper ions,

indicate the possibility that both buffers contained
not only iron but also copper, and that two metal
ions took part in the oxidation of AsA.

The addition of iron ions to the phosphorous
acid and maleic acid buffers did not influence the
turbidity of OVA ; however, the addition of copper
ions did promote turbidity. Since AsA was easily
oxidized in the presence of copper ions,'® the
large increase in the generation of the oxygen
radical by the more rapid oxidation of AsA must
have caused the turbidity. Although it is known
that iron ions also catalyze the oxidation of AsA,!?
in this case, the increase of the generating oxide
radical by adding iron ions might not have been
enough alone to generate OVA turbidity. We
observed that the degradation of AsA by copper
ions was greater than that by iron ions (data not
shown). Thus, OVA was not damaged, and no
OVA turbidity occurred. In the other buffers,
the difference in turbidity between the iron and
copper ions might have been for the same reason.
Judging from the foregoing results, we can assume
that one of the causes for the difference in
turbidity with various buffers can be ascribed to
metal ion contaminants in each buffer.

To discover other causes for the difference, we
examined the relationships between changes in AsA,
the generation rate of the superoxide anion radi-
cal, ionic strength and the turbidity of OVA in
several kinds of buffer, Although we did not
identify a distinct relationship, the degradation of
AsA and generation of the superoxide anion radical
occurred even in the phosphorous acid buffer,
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being as much as those occurring in the phos-
phoric acid buffer (data not shown). However,
Fig. 1 indicates that OVA was not attacked by
oxygen radicals. These results imply the possibility
that another cause for the difference in turbidity
was due to the nature of each buffer, although
we have not yet learned the actual cause. Accord-
ingly, further investigation on this point is
. necessary.

Relationship between the turbidity of OVA,
changes in AsA, generation rate of the super-
oxide anion radical, and the ionic stremgth
in a phosphoric acid buffer

In order to clarify the polymerization process in
OVA by AsA, the effect of ionic strength was
examined in the phosphoric acid buffer, for which
an investigation on the turbidity of OVA by AsA
has been carried out,®” using an ionic strength
ranging from 0.26 to 1.0. The results are shown
in Figs. 2 and 3, indicating that the turbidity of
OVA decreased with increasing ionic strength (Fig.
2). According to densitometric measurements
taken from the SDS-PAGE patterns in Fig. 3, the
residual amount of OVA with AsA after incubation
was still 349, indicating that OVA cleavage had
not been depressed.

These results suggest that increasing ionic strength
inhibits the polymer formation of OVA in spite of
the increase in surface hydrophobicity promoted by
OVA damage, which was suggested in a previous
paper.” Thus, in addition to hydrophobic inter-
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Fig. 2. Effect on turbidity of increasing ionic strength
of the phosphoric acid buffer
. Phosphoric acid buffers with an ionic strength of 0.26 to
1.0 were prepared, 1%, OVA in cach buffer with 0.05%,
AsA was incubated at 50°C and pH 6 for 44 hr, and the
optical density at 600 nm was measured.
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Fig. 3. Different SDS-PAGE patterns for OVA incu-
bated in phosphoric acid buffers of various
ionic strength

One 9%, OVAs in several phosphoric acid buffers of

ionic strength from 0.26 to 1.0 were incubated at 50°C

and pH 6 for 44 hr in the presence or absence of 0.05

% AsA, and then applied to SDS-PAGE. A, native

OVA; B, ionic strength of 0.26 without AsA; C, ionic

strength of 0.5 without AsA; D, ionic strength of 0.75

without AsA; E, ionic strength of 1.0 without AsA; F,

ionic strength of 0.26 with AsA; G, ionic strength of

0.5 with AsA; H, ionic strength of 0.75 with AsA; I,

ionic strength of 1.0 with AsA.

Table 3. Changes of AsA in phosphoric acid buffers
having various ionic strengths

Amount of AsA (%)

Ionic strength Incubation time (hr)

0 4 8 20
0.26 100 56+5 311 512
0.5 100 60+4 41£2 9+2
0.75 100 58+2 39+2 916
1.0 100 60+ 4 411 103

Duplicate determinations were independently carried
out to obtain the means and standard deviations
shown.
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Fig. 4. Effect of increasing ionic strength of the phos-
phoric acid buffer on the generation rate of the
superoxide anion radical

Phosphoric acid buffers of several ionic strengths from
0.26 to 1.0 containing 0.005%, AsA and 5% 10-5M NBT
were incubated at 50°C and pH 6, and the absorbance
at 560 nm was then measured.

action between OVA molecules, other interactions
such as electrostatic and polar bonding (which
tend to be reduced by ions in solvents), must also
be considered in the role of polymer formation.

The changes of AsA in these buffers during
incubation were followed (Table 3). Although
the amount of AsA decreased with time, no marked
influence from different ionic strength on the de-
gradation of AsA was apparent, except for a
slightly lower value detected at 0.26 after an 8-hr
incubation. The generation rate of the superoxide
anion radical was also measured (Fig. 4), the
rates increasing with increasing ionic strength.

Because the oxidation of AsA was not promoted,
this generation could not have been due to a cata-
lytic effect stimulated by an increase of contami-
nating iron in the phosphoric acid buffer.}015
However, the reason for the generation of the
superoxide anion radical with increasing ionic
strength is not known at present, and further ex-
amination is therefore necessary.

Based on the results from this study, and those
from the previous papers,®” we can form certain
conclusions about the polymer formation of OVA
by AsA in a phosphoric acid buffer at pH 6.
Oxygen radicals produced during the oxidation
process of AsA catalyzed by iron ions, which con-
taminated the phosphoric acid buffer. In partic-
ular, the superoxide anion radical seemed to
specifically cleave peptide bonds, generating low
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MW products. As a result, the OVA conformation
changed, increasing the surface hydrophobicity of
OVA and then freeing sulfhydryl groups on the
surface. High MW polymers were then formed
by hydrophobic interaction and such other inter-
actions as electrostatic and polar bonding, which
appeared to participate from this study, resulting
in the formation of disulfide bridges between ad-
Jacent free sulfhydryl groups.

However, our results obtained for OVA differ
from the findings for dough and surimi.b?®
Therefore, it is necessary to investigate whether
polymerization occurs in accordance with this
process in a dough or surimi system. An exami-
nation of surimi is now in progress,2® -2

This work was supported in part by a Grant-in-Aid
for Encouragement of Young Scientists from the Min-
istry of Education, Science and Culture of Japan.
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TAALELBICLIPATLT I ORAEICHTS
BEEALLUA A REOYHRICONT

BER A, X B
e FRE, *B RakTFLE)
FER3E3A48XHE

7A2AEVE (AsA) ORFABERBHRLYPLHRTHLDIR, 2v_A2BELLTHATAL
73y (OVA) #BHWTUTORM T -1

£% 0.2M i&HiH (PH6) @b Lz OVA BEIZ, ASAIR Y >T50C TAvFa—va
vista® (EAL) THVBEROEEC Y > CrORENELL Rirot. 22T, 7,
FEBHBRCNT 2R V- HIL SR I AV ORBRLRAR. KIZ, 0.26 25 1.0 D4+ vHET
FELLY vERESRLYAVCT AsA RX->T4HLS OVA OBERATA/ A vEEOKELYR
L.

BoRER, BERPCEETILBR A4 v AsA OBLLRT - L CABYEL XS
i, REBEFHRT XS OVA 0FEORVWORERDO—2THBHZ EERLT W,

¥, V) VRRBEHEOAF VERERMINC Y Y AsA 2135 OVA 0BRAGHE L bhi-0i,
BAAURCBENEG I OCEEEENMEELTWA D THS EHELL.

F—D—F:7AanEVE, BATALT v, BEL ZRHE HELEES EBEERES.
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