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Rice Albumin N-Terminal (Asp-His-His-GIn) Prevents against
Copper lon-Catalyzed Oxidations
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Chromatographic separation of soluble proteins from rice (Oryza sativa L.) yielded a major albumin
protein (16 kDa), with the DHHQVYSPGEQ sequence in the N terminus, showing antioxidant action.
The rice albumin was more potent than other rice proteins in preventing Cu?*-induced low-density
lipoprotein (LDL) oxidation. Additionally, it also exhibited a remarkable suppression of HOCI oxidation.
In a further study, albumin inhibited Cu?*-induced oxidation of LDL in a stoichiometric manner with
an ECsg value of 4.3 uM, close to that of serum albumins. Moreover, after digestion with trypsin or
chymotrypsin, it maintained its antioxidant action. In an experiment to see the involvement of the N
terminus in antioxidant action, a synthetic tetrapeptide, equivalent to the N terminus DHHQ, was
found to inhibit Cu?™-induced LDL oxidation or degradation of apolipoprotein B, similar to that of rice
albumin. In mechanistic analyses, the action of rice albumin or tetrapeptide is primarily due to the
removal of Cu?*, as suggested from its inhibitory effect on Cu?*/diphenylcarbohydrazide (DPCH)
complex formation. However, despite its similar inhibitory effect on Cu2*-induced oxidation of LDL,
rice albumin was less effective than serum albumin in inhibiting Cu2*/DPCH complex formation,
suggesting that the number of Cu2*-binding sites in rice albumin may be less than that in serum
albumins. Taken together, rice albumin exerts a potent preventive action against Cu?*-induced
oxidations, which is due to the Cu?* binding by DHHQ in the N-terminal sequence. Such a role as a
Cu?* chelator would add up to the application of rice albumin protein.
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INTRODUCTION (DAHK). HSA is a unique protein; it maintains colloidal osmotic

Reactive oxygen or nitrogen species are known to be triggers Pressure in the vasculature and has a number of important
of various degenerative or pathological processes such as agingfunctional properties (15). It strongly binds fatty acids, some
inflammation, carcinogenesis, and degenerative heart or braindrugs, and drug metabolites and has a number of cation and
diseasesl(—3). There have been many reports concerning plant anion binding sitesl(5—17). Previous studies have demonstrated
polyphenols with regard to their antioxidant actions against such that the four amino acids occupying the N terminus of HSA
reactive oxygen/nitrogen species in vitrb, 8—5). Especially  aspartate, alanine, histidine, and lysine (DAHpnstitute a
some edible plants, vegetables, or fruits contain polyphenol yg|atively high-affinity binding site for a number of cations,
components possessing remarkable antioxidant actibrg)( specifically nickel, cobalt, and copper (1¥8). Furthermore,

In addition, antioxidant actions are also expressed by storage; . . dition to DAHK, the peptides containing His residue at

FJg;erl?ilf)rom sweet potato root (9), potato tuber (10), or yam the second or third position from the N-terminal were observed

Rice is known to contain major proteins such as glutelin, t© €xhibita strong affinity for copper ions and prevent copper-
prolamin, globulin, or albumin, among which albumin (116 induced oxidation of low-density lipoproteins (LDL<)g, 20).
kDa) anda-globulin are known to be major rice allergeri( It is then conceivable that the rice albumin bearing a His residue
13). Rice albumin, a water-soluble protein, constitutes about at the second or third position from the N-terminal could also
2—5% (dry weight) of total rice protein (14). Interestingly, the express an antioxidant action against copper ion-catalyzed
N-terminal amino acid sequence of rice albumin is homologous oxidation or other oxidant radicals.
to that of human serum albumin (HSA)Z): 14 kDa rice

albumin (DHHK) or 16 kDa rice albumin (DHHQ) vs HSA We report here that the purified rice albumin (16 kDa) and
the tetrapeptide (DHHQ), corresponding to the amino acids

* To whom correspondence should be addressed. T8R-42-821-5940. present in the N terminus of 16 kDa albumin, have a potent

F%bgﬁgég%?ﬁ'aefn?géyE'mai'1 daesok@cnu.ac.kr. antioxidant action, similar to that of DAHK in preventing against
+ Department of Food and Nutrition. copper-induced oxidation.
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MATERIALS AND METHODS

Chemicals.Reagents including diphenylcarbohydrazide (DPCH) and
HOCI (Na-hypochlorite) were purchased from Sigma Chemical Co.
(St. Louis, MO) unless otherwise stated. Thiobarbituric acid (TBA)
and DEAE cellulose (DE52) were obtained from Lancaster Chemical
Co. (Eastgato, White Land, Morecamble, England) and Whatman Co.
(Brentford Middlesex, United Kingdom), respectively. Hydrogen
peroxide (33%) was from Wako Pure Chemicals Industry (Osaka,
Japan). Asp-Ala-His-Lys (DAHK) was obtained from Bachem Co.
(Bubendorf, Switzerland), and Asp-His-His-GIn (DHHQ) and Asp-His-
His-Lys (DHHK) were from AnyGen Co., Ltd. (Gwangju, Korea).
Protein markers were procured from Technical Frontier Co. (Tokyo,
Japan). Metal ions and other reagents were of analytical grade.

Albumin Extraction and Purification. Rice (Oryza satival.)
grains, produced in Cheolwon province, Korea, were ground and
defatted with five-fold cold acetone. Then, the power of defatted rice
was incubated with 4 volumes of distilled water under stirring (1 h),
and then, the supernatant, obtained from centrifugation (18005
min) of the above mixture, was subjected to 70% ammonium sulfate
precipitation as described beforg2). The precipitate, after extensive
dialysis against 20 mM Tris-HCI buffer (pH 8.6), was loaded onto a
DEAE cellulose column (3 cmx 40 cm), which was eluted with a
linear gradient of NaCl (60.1 M in 20 mM Tris buffer) as described
previously (12,13). The fractions (5 mL), containing 16 kDa protein,
were pooled, dialyzed (D), concentrated, and loaded onto a Sephacryl
S-100 HR (1.4 cmx 100 cm) column, which was eluted with 50 mM
phosphate buffer (pH 7.0) containing 0.1 M NaCl. The fractions,
containing 16 kDa albumin, were collected, dialyzed, @ and
lyophilized for further study. The amount of protein was determined
by Lowry method (21) and bicinchoninic acid method (22).

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE) Analysis of Rice Albumin.The albumin sample was
dissolved in 60 mM Tris-HCI buffer (pH 6.8) containing 2% SDS, 25%
glycerol, and 0.1% bromophenol blue with 5% 2-mercaptoethanol,
heated in boiling water for 5 min, and then subjected to 15% acrlyamide
SDS-PAGE analysis according to the method of Laemmli (23).
Coomassie brilliant blue R-250 was used for protein staining in PAGE
analysis.

Determination of Amino Acid Sequence in N Terminus.The

Wei et al.

Prevention by Albumin against F€*/Ascorbate-Induced Forma-
tion of Hydroxyl Radicals. The protective action of albumin against
Fet*-induced formation of hydroxyl radicals was assessed using
2-deoxyribose decomposition meth@9j. Purified rice albumin (5 or
10 uM) was included in the final volume of 1.0 mL of 10 mM
phosphate buffer (pH 7.4) containing 201 FeCk, 0.1 uM EDTA,

1.42 mM HO,, and 2.8uM 2-deoxyribose, and the oxidation was
started by adding 100M ascorbic acid. After 60 min of incubation at
37°C, the formation of TBARS was measured at 532 nm as previously
described (27). The protective action of albumin was determined as
described in LDL oxidation.

Prevention by Rice Albumin or Peptides against HOCI-Induced
Inactivation of Acetylcholinesterase.Eel acetylcholinesterase (0.25
U/mL) was incubated with 1@M HOCI in 0.1 mL of PBS buffer (pH
7.4) at 37°C in the presence of albumin (5 or 1), and 15 min
later, an aliquot of 2L was used to determine the remaining activity
of acetylcholinesterase, which was monitored at 412 80).(The
protection (%) was calculated according to the equation: protection
(%) = (Ap — Av)/(Ac — Ap) x 100, whereA; is activity in the presence
of HOCI and protector (albumin or peptidé) is the activity in the
presence of protector only, am is the activity in the presence of
HOCI only.

For the inclusion of HOCI at designated concentrations, the NaOCI
solution (Sigma Chemical Co.) was first diluted with PBS buffer to
produce 10Q«M solution, which was finally diluted to 1@M in the
final reaction mixture.

Protective Effect of Albumin or Peptide on the Degradation of
Apolipoprotein B-100. LDL (0.1 mg of protein/mL) was incubated
with CU?* (5 uM) in the presence of protein or peptide (0.6220
uM) in 10 mM PBS buffer (pH 7.4) at 37C for 3 h, and the aliquot
(10 uL) was subjected to 7.5% acrylamide SDS-PAGE analy313.

Inhibitory Effect of Albumin or Peptide on Formation of Cu 2%/
DPCH Complex. The interaction of C# with rice albumin or
tetrapeptide was assessed using DPCH as a metal colorimetric detector
(32). Rice albumin or peptide (08B «M) was incubated with M
Cw?*in 0.5 mL of 10 mM PBS buffer (pH 7.4) at 3&, and 30 min
later, DPCH (0.5 mM) was included in the mixture. After another 10
min of incubation, the absorbance at 495 nm, indicating the DPCH
complex formation, was determined against a test inhibitor and DPCH-
containing blank. The inhibitory effect was calculated according to the

N-terminal amino acid sequence of pure protein was determined by equation: inhibition (%)= [1 — (A — Ay)/(Ac — Ap)] x 100, whereA;

standard Edmann degradation on a model 476A Automatic Protein
Sequencer (Applied Biosystems Inc., Foster City, CA) at the Korea
Basic Science Institute (Daejon, Korea).

Preparation of Trypsin- or Chymotrypsin-Treated Albumin.
Trypsin- or chymotrypsin-treated albumin was prepared by exposing
rice albumin (0.16 mg/mL) to trypsin (16 units/mL) or chymotrypsin
(20 units/mL) in 10 mM phosphate-buffered saline (PBS) (pH 7.4) for
1 h and inactivating the enzyme by heating the mixture in boiling water
for 30 min.

Prevention by Protein or Peptide against Cd*-Induced LDL
Oxidation. LDL (0.1 mg of protein/mL), prepared by sequential
ultracentrifugation of human plasma4), was incubated with GM
Cw?* in the presence of rice albumin (5 or 1) in 10 mM PBS
buffer (pH 7.4) at 37°C for 3 h, and the formation of thiobarbituric

is the absorbance at 495 nm in the presence ¢f"CDPCH, and
inhibitor (protein or peptide)A is the absorbance in the presence of
Cw?* and DPCH; andy;, is the absorbance in the presence of DPCH
and inhibitor. Data are expressed as a meaisD (bar) value of
triplicate experiments.

Statistical Analyses.All data are presented as mea#isstandard
deviations (SDs) of three independent experiments. Statistical analysis
was done using Studentidest. A value ofP < 0.05 was considered
statistically significant.

RESULTS AND DISCUSSION

Purification of Albumin from Rice Protein. To examine
the possible antioxidant action of rice protein, each protein

acid-reactive substances (TBARS) was measured as previously de-fraction containing prolamin, glutelin, globulin, or albumB8}

scribed (25—27). LDL was incubated withy®1 Cu?* in the presence
of albumin or peptide at various concentrations (0.125x#R0). The
protective activity (%) of protein or peptides agains€Ginduced LDL
oxidation was calculated according to the following equation: protection
(%) =[1 — (A — AY/(Ac — Ap)] x 100, whereA, is the absorbance
at 532 nm in the presence of €uand protein or peptidéel. is the
absorbance in the presence of?Conly, andA;, is the absorbance in
the absence of Ct. EGso was expressed as the concentration of protein
or peptide to achieve 50% protection.

Protection by Albumin against AAPH-Induced LDL Oxidation.
LDL (0.1 mg of protein/mL) was incubated with 5 mM AAPH in the
presence of albumin (5 or 10M) in 10 mM PBS buffer (pH 7.4) at
37°C for 3 h, and the formation of TBARS was measured as described
above (28).

was examined for antioxidant action in copper-induced oxidation
of LDL. Because the albumin fraction showed a remarkable
protection, albumin was purified from a water-soluble fraction
of rice protein by ammonium sulfate fractionation and chro-
matographies. As shown Figure 1, several protein peaks with

a range of molecular masses, corresponding to albumin proteins
(12, 13), appeared in the profile of DEAE chromatography. The
protein from peak a, containing 16 kDa albumin, was concen-
trated by freeze drying and then subjected to further purification
by Sephacryl S-100 HR gel chromatography, which gave rise
to peak b as a major ond-igure 1, inset). In SDS-PAGE
analysis, the protein from peak b was observed to contain a
single protein molecule with a molecular mass of 16 kDa
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Figure 1. Purification of rice albumin by chromatography. The albumin
sample, obtained from 70% ammonium sulfate precipitation, was loaded
onto a DEAE cellulose column, which was eluted with a linear gradient
of NaCl (0-0.1 M) in 20 mM Tris buffer. Inset: The fraction (peak a)
from DEAE cellulose chromatography, after concentration, was loaded
onto a Sephacryl S100-HR column, which was eluted with 50 mM
phosphate buffer (pH 7.0) containing 0.1 M NaCl. An aliquot from peak
a or b was subjected to SDS-PAGE analysis: MW, non-prestained protein
markers; lane 1, protein from peak a; and lane 2, protein from peak b.
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Table 1. Antioxidative Activities of Rice Albumin in Various Oxidation
Systems?

protection (%)

Cu?*/ AAPH/ Fe3+/ HOCI
albumin LDL LDL ascorbate oxidation
5uM 82.30 £ 252 <5 9.68 £ 0.45 79.90 £5.17
10 uM 97.70 £ 2.02 <5 23.9+3.76 46.21 £ 0.37

@ Each oxidation was carried out in the presence of 16 kDa rice albumin (5 or
10 uM), and the antioxidant activities were expressed as a relative protection or
inhibition value (%) as described in the Materials and Methods. Values are mean
+ SD (bar) values of triplicate assays.

(Figure 1, inset, lane 1). In a related study,

acid sequence of purified rice protein (16 kDa) was identified
to be DHHQVYSPGEQ and was the same as that reported for

16 kDa albumin (1234, 35).

In the subsequent experiment, the protective action of 16 kDa
albumin was assessed using various oxidation systems, whic
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However, the increase of albumin concentration teDrather
decreased its protective action (46%), implying that the HOCI-
modified albumin may show a negative effect on acetylcho-
linesterase activity at high concentrations. Taken together, rice
albumin was the most effective in preventing againsZ'cu
induced oxidation. Therefore, the protective action of albumin
against C&™-metal-catalyzed oxidation was further studied.

Protective Activity of Albumin or Peptide against Cu?*-
Induced LDL Oxidation. Because LDL has been routinely
employed as the target for the oxidation by copper i&& (
28), which may be implicated in atherosclerosis progrég$, (
the protective action of 16 kDa albumin in €uinduced
oxidation of LDL was assessed extensively. When LDL was
incubated with 5«M Cu?* in the presence of 16 kDa albumin
at various concentrations, it was found that rice albumin
inhibited LDL oxidation in a concentration-dependent manner
(Figure 2A); rice albumin at 2.5, 5, 10, and 20M expressed
14.2, 82.3, 97.7, and 97.9% protection, respectively. Thg EC
value of 16 kDa albumin in preventing against?Ginduced
LDL oxidation was estimated to be 48V, close to that of
HSA (EGso, 3.5uM) or bovine serum albumin (BSA) (BEg
3.8 uM). Thus, it is interesting to observe that the protective
action of rice albumin in inhibiting Cif-catalyzed oxidation
is similar to that of HSA or BSA. Because a previous study
(19) showed that four amino acids occupying the N terminus
of HSA—aspartate, alanine, histidine, and lysine (DAHKyjere
responsible for the prevention against?Ginduced oxidation
of LDL, it was supposed that the N-terminal amino acid
sequence (DHHQ) of rice albumin might be implicated in the
inhibition of Cl#*-induced oxidation of LDL. In this relation,
the tetrapeptides, DHHQ, corresponding to the four amino acid
residues present in N-terminal of rice albumin, and its analogue
(DHHK) were synthesized and tested for the protective action
against LDL oxidation. As shown iRigure 2B, it was found
that DHHQ at 5uM exhibited an almost complete protection
against Ceét-induced LDL oxidation, analogous to the finding
with DAHK derived from HSA (9). The EGy of DHHQ,
DHHK, and DAHK was estimated to be 4.46, 4.29, and 4.41
uM, respectively. Thus, the protective potency of the tetrapep-
tides in preventing against €ttinduced LDL oxidation was

the N-terminal amino duite similar among them. These are in a good agreement with

the idea that His residue at the second or third position shows
a high affinity for C#* (19, 20). Noteworthy, the potency of
tetrapeptides as antioxidants was close to that of rice or serum
albumins. To see the possible protective role of rice albumin in

HCU*-induced oxidation in a gastrointestinal model system, the

had been used in the screening of antioxidants. For this purposerice albumin, exposed to intestinal digesting enzymes such as

Cu*-induced oxidation of LDL 26), Fé'/ascorbic-induced
generation of hydroxyl radical29), AAPH-induced oxidation
of LDL (28), or HOCI-induced oxidative inactivation of
acetylcholinesterase86) was carried out in the presence of
16 kDa albumin at 5 or 1@M. As shown inTable 1, Ci#*-
induced oxidation of LDL was reduced by 82 and 98% in the
presence of 16 kDa albumin at 5 and AW, respectively.
Meanwhile, the protective action of albumin against'ffe

trypsin or chymotrypsin, was tested for the protective action
against Cé&™-induced oxidation of LDL. As shown ifigure

2C, albumin digested with trypsin or chmotrypsin also inhibited
Cw?*-induced oxidation of LDL in a dose-dependent manner
with a remarkable protection (>80%) ap®/, quite similar to
the finding with intact rice albumin or DHHQ. Moreover, the
trypsin-treated albumin showed a remarkable protecti®b0%)

at a 1:2 molar ratio of protein and €u These results indicate

ascorbic acid-induced generation of hydroxyl radicals was not that 16 kDa rice albumin treated with trypsin or chmotrypsin

remarkable: <10% at 5uM and <25% at 10uM. Thus, rice
albumin seemed to express a specificity toward‘@aduced
oxidation rather than Fe-promoted oxidation. Additionally,
albumin failed to show a significant protection against AAPH-
induced oxidation of LDL. In a separate experiment, rice
albumin at .uM showed a remarkable protection (79%) against

can exert a remarkable protective action againgt-@uduced
oxidation under the intestinal environment.

Protective Action of 16 kDa Albumin or Tetrapeptide
against Cl2*-Induced Degradation of Apolipoprotein B in
LDL. In an additional experiment to further elucidate the
protective action of rice albumin against€tinduced oxidation

prevented HOCI-induced inactivation of acetylcholinesterase, of LDL, we examined the effect of aloumin on €uinduced

which is known to be sensitive to HOCI oxidatior36].

degradation of apolipoprotein B with a &ubinding site.
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Figure 2. Prevention by protein or peptide against Cu?*-induced oxidation
of LDL. LDL (0.1 mg protein/mL) was incubated with 5 M Cu?* in the
presence of albumin (A), peptide (B), or enzyme-hydrolyzed rice albumin
(C) in 200 L of 10 mM PBS buffer (pH 7.4) at 37 °C for 3 h, and then,
a 0.2 mL aliquot was taken for determination of the TBARS value as
described in the Materials and Methods. Data are expressed as a
mean = SD (bar) values of triplicate experiments.

Previous studies (3839) indicated that the degradation of

apolipoprotein B would be an earlier sign of €tinduced

Wei et al.
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Figure 3. Protective effect of albumin or peptide on the degradation of
apolipoprotein B-100. LDL (0.1 mg of protein/mL) was incubated with Cu?*
(5 #M) in the presence of rice albumin (A), DAHK (B), DHHK (C), or
DHHQ (D) in 10 mM PBS buffer (pH 7.4) at 37 °C for 3 h. Then, the
aliquot (10 uL) was taken and subjected to SDS-PAGE analysis (7.5%
acrylamide): lane 1, control without Cu?*; lane 2, with Cu?* only; lanes

3,4,5,6,7o0r8, 0625, 1.25, 2.5, 5, 10, or 20 uM albumin or peptide
in combination with CuZ*.

degradation of apolipoprotein B was analyzed by SDS-PAGE.
Figure 3A indicated that 16 kDa albumin successfully prevented
the degradation of apolipoprotein B during Ltinduced
oxidation of LDL. An almost full protection was observed with
16 kDa albumin at &M, reaffirming the equivalent interaction
between albumin and €t. In further studiesRigure 3B—D),

the synthetic peptides (DAHK, DHHK, and DHHQ) at/®/

fully prevented oxidative degradation of apolipoprotein B in
LDL. From this, it is suggested that a stoichiometric interaction
between copper ion and rice albumin seems to be commonly
responsible for the prevention against degradation of apolipo-
protein B as well as oxidation of LDL lipid.

Cu?™-Binding Capability of Rice Albumin and Synthetic
Tetrapeptides. To explain the type of the interaction between
CU?" and albumin protein, the ability of alboumin to associate
with CU?* (2 uM) was examined in the presence of DPCH (0.5
mM), which was known to form a complex with free €uln
this study, the formation of the GuDPCH complex was
examined in the presence of albumin or tetrapeptides at various
concentrations. As demonstrated kigure 4A, rice albumin
(16 kDa) interfered with the formation of the €UDPCH
complex in a dose-dependent manner, showing a maximal
inhibition (85.6% inhibition) at a 1:2 molar ratio of €trice
albumin. In comparison, the €t+binding capacity of rice
albumin was less than that of HSA or BSA, which exhibited
somewhat greater inhibition of the EUDPCH complex forma-
tion. The difference of Cif-binding capacity between rice
albumin and serum albumin may be caused by the size of protein

oxidation of LDL. Therefore, it was supposed that the inhibition molecule; the MW of BSA or HSA is approximately four times
of apolipoprotein B degradation might lead to the prevention greater than that of rice albumiiZ, 15). Our recent studies

against Cé&™-induced oxidation of LDL. In this respect, €u

(19, 20) indicated that the Cd-binding affinity of peptides was

induced oxidation of LDL was examined in the presence of 16 dependent on the number of €tbinding sites in the structure
kDa albumin, and the protective effect of albumin on the of peptides. Therefore, it is likely that greater Zbinding
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the formation of the Cti/DPCH complex effectively at a 1:2
S molar ratio of Cd™:albumin. Likewise, it was suggested that
two tetrapeptides, with one €ubinding site, would inhibit the
formation of the C&"/DPCH complex at a 1:2 molar ratio of
Cw?:peptide. In support of this, all of the synthetic tetrapeptides
A BSA commonly exhibited an almost full inhibition of the EUDPCH

o HSA complex formation at a 1:2 molar ratio of Eupeptide Figure

o Rice albumin 4B). These results may corroborate the idea that at least two
Cw?*-binding sites are required for the formation of the?Cu
ligand complex, irrespective of the provider of Cthinding
sites, either peptide or protein. Furthermore, the digestion of
albumin with trypsin, leading to the generation of smaller
peptides, did not affect the inhibitory effect of aloumin orfQu

. T . DCPH complex formation (Figure 4C), suggesting that the
N-terminal sequence responsible for2Cibinding was main-
tained during the trypsin digestion without losingCtbinding
capacity. Meanwhile, the chymotrypsin treatment tended to
decrease the inhibitory activity of rice albumin. The difference
of CW#*-binding capacity between chymotrypsin digest and
trypsin digest might be due to the different cleavage site. This
might be supported by the previous repof8) that the
antioxidant action of the peptides containing N-terminal se-
guence of serum albumin seemed to differ according to the size
of peptides. Furthermore, the treatment of crude albumin with
trypsin or chymotrypsin enhanced the ibinding capacity
(unpublished data), alluding that rice albumin in the protein
mixture could exert a Cti-removing action in intestinal system.

Taken all together, present data indicate that rice albumin
¢ may exert a protective action against?Cicatalyzed oxidations
. G i s : 2 in intestinal environment. Such an action of rice albumin is
Peptids Conc. (M) possibly explained by the s_electlve removal of copper ions, due
to the presence of N-terminal DHHQ sequence. Additionally,

100 A

Inhibition (%)

Inhibition (%)

]l c it can exert a HOCI-scavenging effect, probably ascribed to the
I o Trypsin T direct interaction between rice albumin and HOCI. In compari-
= Chymotrypsin son, rice albumin was less effective than serum albumin in
50 9] inhibiting Cl?"/DCPH complex formation, which might be due
to the fewer number of Cd-binding sites in rice albumin, as
& 601 compared to serum albumin. Nonetheless, rice albumin was as
E effective as serum albumin in preventing against Gaduced
= 0 oxidation of LDL, suggesting that one €ubinding site of
= albumin might be sufficient in preventing against?&induced
20 oxidation of LDL, where apolipoprotein B already provides an
additional Cd@*-binding site 89, 40). From these data, it is
- . RE | . I'r‘i ; . i proposed that rice albumin as a Cwhelator may contribute
E-h b 2 . » to the reduction of available free copper ions or exert a
oy Protein Cone. (M) preventive action against €trinduced oxidation in intestinal

system, probably adding up to the usefulness of rice albumin.
Additionally, the C@* binding by rice aloumin may alter the
allergenicity or metabolism of albumin, which needs further

Figure 4. Inhibitory effect of albumin or peptide on formation of Cu?*/
DPCH complex. Cu®* (2 uM) was incubated in 0.5 mL of 10 mM PBS
buffer (pH 7.4) at 37 °C in the presence of rice albumin (A), peptide (B),

or enzyme-hydrolyzed rice albumin (C) for 30 min, and then, DPCH (0.5 studies.

mM) was included in the mixture. After another 10 min of incubation, the
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