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Synergistic Effects of Antioxidative Peptides from a Soybean Protein Digest
on the Antioxidative Activity of Nonpeptidic Antioxidants

Koji MURAMOTO, Hua-Ming CHEN, Koichiro SAITO and Tomohisa OGAWA

Graduate School of Agriculture, Tohoku University, Sendai 981

ABSTRACT

The antioxidative properties of synthetic peptides, which were designed based on the anti-
oxidative peptide from a soybean protein digest, were examined with regard to their anti-
oxidative activity against the peroxidation of linoleic acid, and the scavenging effects on active
oxygen and free-radical species. The antioxidative activities of these peptides in an emulsion
oxidation system using 2,2’ -azobis (2-amidinopropane) dihydrochloride as a radical initiator
correlated well with in an aqueous system. Although the peptides had a quenching activity on
singlet oxygen, they did not show antioxidative activity in an 2,2'-azobis (2,4-dimethylvaler-
onitrile) -induced oxidation system nor scavenging effects on 1,1-diphenyl-2-picrylhydrazyl
radical and superoxide. The metal-ion chelating activities and the hydrophobicities of these
peptides showed no direct correlation with their antioxidative activities. Nonpeptidic anti-
oxidants, such as tocopherol, BHA and BHT, potentiated the antioxidative activities of the
peptides. The magnitude of the synergism had no relationship with the antioxidative activities
of the peptides. The random tripeptide library consisting of two histidine or two tyrosine
residues was, then, constructed in order to further explore the relationship between the anti-
oxidative activities and the synergistic effects. Tyr-His-Tyr was found to be the most active
with or without nonpeptidic antioxidants. Rep. Soy Protein Res. Com., Jpn. 18, 55-61, 1997.
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Fig. 1. Synergistic effects of synthetic peptides on the
antioxidative activity of nonpeptidic antiox-
idants. Antioxidative activity was evaluated by
the ferric thiocyanate method. The assay was
performed with 40 M peptides, 100 x M BHA
and BHT, and 10 ©uM tocopherol.
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Table 1. Antioxidative properties of His-containing peptides

Relative antioxidative activity

Radical scavenging effect

Peptide Aqueous AAPH-induced Singlet DPPH S dee
system? oxidation system® oxygen® radical® uperoxide
HPLP 0.6 0.98 ND 1.05 1.06
HHLP 0.9 0.97 1.29 1.03 1.03
HL 0.9 0.98 ND 1.00 1.06
HLPH 1.2 ND 1.29 1.05 1.00
LLPH 1.2 0.94 1.00 1.00 1.03
PLHH 1.6 1.03 1.18 1.05 0.95
HPHL 1.6 0.97 1.10 1.03 1.03
HH 2.3 1.10 1.25 1.05 1.03
HPH 2.4 1.02 1.15 1.03 0.97
LLHH 2.4 1.03 1.10 1.05 1.00
HHPLL 2.6 1.15 1.22 1.03 1.06
HLHP 2.7 1.14 1.25 1.03 1.00
LPHH 2.7 1.10 1.05 1.00 1.00
HHPL 2.9 1.07 1.22 1.03 1.03
LHPH 2.9 1.12 1.15 1.03 0.97
HHP 2.9 1.06 1.05 1.00 1.09
LH 3.0 1.08 1.02 1.02 1.03
LLPHH 3.0 1.10 1.13 1.00 1.06
HLH 3.2 1.21 1.36 1.05 0.97
LLPHHH 3.3 1.13 1.10 1.08 1.03
LHH 3.8 1.08 1.32 1.05 1.00
PHH 5.8 1.30 1.32 1.03 0.97

a . The data were from Chen et al. (1996). The peptide concentrations were 33 ¢ M for b, 50 xM for ¢, 33 uM for
d, and 40 M for e. The results are shown as relative activities by adjusting the control to be 1.00, and are the
averages of three independent experiments. ND : not determined.
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Table 2. Metal-ion chelating activities and hydrophobicities of His~
containing peptides expressed by retention times (min)

Metal-ion chelating activity

Peptide Cot T Hydrophobicity
HPLH 28.6 7.0 28.9
HHLP 27.2 13.0 29.2
HL 13.1 3.2 15.2
HLPH 26.9 11.2 29.4
LLPH 4.5 2.5 42.9
PLHH 24.6 15.0 28.9
HPHL 27.8 19.0 32.4
HH 27.6 17.0 8.0
HPH 28.0 12.0 15.8
LLHH 24.9 14.2 40.3
HHPLL 29.0 15.2 42.5
HLHP 30.2 10.8 ND
LPHH 25.2 16.9 27.9
HHPL 29.3 16.2 26.6
LHPH 23.6 8.2 26.3
HHP 28.0 13.6 14.6
LH 4.9 3.1 ND
LLPHH 24.2 14.4 46.1
HLH 28.2 13.0 21.1
LLPHHH 29.3 41.5 ND
LHH 26.1 11.0 20.7
PHH 26.2 6.9 14.4

The metal-ion chelating activities were measured on the metal-ion

loaded columns. The hydrophobicities were measured on the ODS col-
umn. Experimental conditions are described in the text.
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Fig. 2. Reversed-phase HPLC of LLPHH before (a) and after in-
cubating in an aqueous ethanol solution containing linoleic
acid (b). Inset indicates mass spectrum of P1 (a and b) and P2
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Fig. 3. Antioxidative activities of random tripeptide library. The peptide library was
constructed by inserting each group of amino acids to the position X. The

assay was performed with 40 uM peptides.
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Fig. 4. Synergistic effects of Tyr-containing tripeptides on the antioxidative activity
of nonpeptidic antioxidants.
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