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Exhaustive Analysis of Peptides Derived from Soybean Protein with Bile Acids
Binding Ability and E[cient Modification of VAWWMY Activity by Use of the
Peptide Array
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ABSTRACT

This experiment was designed to identity peptides with bile acid-binding ability
from soybean beta-conglycinin. We used the peptide array to evaluate the bile acid-
binding ability of peptide derived from soybean beta-conglycinin (hydrophobicity
> 0.8). In the peptide array, bile acid-binding ability was evaluated for the binding
ability of taurocholic acid and fixed peptides on cellulose membrane, then binding
peptides with taurocholic acid were detected by the first antibody of bile acid,
and finally the antibody-taurocholic acid complexes were detected by the second
antibody. We found some bile acid binding peptides in this screening. Furthermore,
we evaluated the eldcient modification of VAWWMY (soystatin) activity by using
the peptide array. In this context, we selected PWWWMY, IPWYFY, VIWWFK|,
IYWYMY to evaluate bile acid-binding capacity and micellar solubility of cholesterol
in vitro. VIWWFK had higher bile acid-binding capacity /in vitro than did other
synthesized peptides. PWWWMY or VIWWFK had significantly lower micellar
solubility of cholesterol than other peptides. In rats, the uptake of cholesterol was
significantly decreased by the administration of PWWWMY or VIWWFK. We
found PWWWMY or VIWWFK had significantly decreased micellar solubility and
inhibited cholesterol absorption in ras. Soy Protein Research, Japan 13, 90-95, 2010.

Key words : beta-conglycinin, peptide array, PWWWMY, VIWWFK, soystatin, bile
acid
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Fig. 1. Fluorescent intensity of taurocholic acid
binding to overlapping peptides 8 residues
in length, covering B -conglycinin a subunit,
o' subunit, B subunit (Sequence is selected 8
residues with more than 0.8 hydrophobicity).
The sequence is in numeric order from left to
right. The sequence VAWWMY or GGGGGG
described in the figure is the positive control
or the negative control.
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Fig. 2. Bile acid binding capacity of peptides.
Peptides (P-1, PWWWMY; P-2, IPWYFY; P-3,
VIWWFK; P-4, IYWYMY), parent bile acid
binding peptide (VAWWMY), casein tryptic
hydrolysate (CTH), and cholestyramine were
compared for their anity to “C-taurocholate.
Each value is expressed as means £+ SEM (n=
3). Means with different superscript letters
are significantly diCerent (p<0.05) by Duncan's
multiple range test.
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Table 1. Influence of single residue substitutions on parent peptide (VAWWMY) binding to bile acid.

Substituted
AWWMY VWWMY VAWMY VAWWY VAWWY VAWWM*
Substituted  Binding Binding Binding Binding Binding Binding
amino acids capacity Hpvalue PIN capacity ] p value P/N capecity Hpvalue PIN capecity [} p value P/N capcity [_]pvalue PIN capacity [_]pvalue PN
Averaget SD Averaget SD Averaget SD Averaget SD Averaget SD Averaget SD
A 091+ 031 018 100£005 - - 060£021 <001 051% 026 <0.01 080+ 004 <001 085+ 001 <001
C 082016 003 105+ 026 012 055+ 032 <001 034+ 021 <001 N 079026 006 041+ 016 <001 N
D 0874031 020 100£ 001 005 P 056+ 012 <001 046+ 025 <001 N 078£010 004 0.78£ 009 <001
E 081+ 011 004 086+ 015 017 N 047006 <00! N 070+ 004 001 071+ 006 003 N 075¢ 018 <001
F 083029 015 101+ 013 010 084+ 014 014 104+ 007 030 129£ 024 005 P 100+ 022 032
G 091+ 027 029 129£ 013 <001 P 072+ 021 002 081 025 011 100£ 005 039 082+ 013 002
H 078006 008 1032013 005 P 059+ 009 <001 054+ 013 <0.01 082+ 004 001 065t 008 <0.01
I 1174008 001 P 107006 002 P 082016 006 090£ 013 020 116£ 015 006 P 085+ 013 005
K 084031 018 127£ 017 <001 P 106+ 020 022 142£ 031 006 P 134+ 030 012 122£ 018 001 P
L 081+ 034 012 095+ 008 018 081+ 021 0.05 076 010 001 102+ 007 033 087+ 015 016
M 073031 009 N 104£006 001 P 060+ 010 <001 0.76 008 001 100£013 - - 101010 035
N 081034 016 095+ 003 016 050+ 013 <001 N 059 026 001 076+ 011 005 052+ 008 <001 N
P 138 006 <001 P 138+ 007 <001 P 069 009 022 051+ 011 <001 N 075# 013 <00 N 073+ 017 001
Q 083011 004 068+ 009 038 N 058+ 0251 001 060+ 023 <0.01 072+ 002 <001 N 069 007 <001
R 074+04 012 N 109£011 004 P 069+ 009 001 113£ 037 010 130£009 003 P 101001 035
S 091 019 011 094+ 011 049 N 050¢ 017 <00! N 053+ 015 <001 087+ 006 0.04 097+ 005 046
T  076+009 <001 N 0974003 012 053 003 <001 060+ 014 <0.01 091+ 007 0.04 049+ 011 <001 N
V.o 100£005 - - 095013 021 067+ 022 001 064+ 001 <001 106+ 031 030 085+ 014 004
W 076027 018 1112005 <001 P 100£022 - - 100£022 - - 113034 013 096x 013 030
Y  089£033 021 114£ 008 002 P 074+ 005 <001 1174 008 007 P 102+ 023 011 100+ 022

The binding capacities of peptides with single residue substitution from VAWWMY are listed. With every
substitution, statistical significance was determined by t-test. P in P/N column: Substitution with positive elJect
is the substitution that enhanced the bile acid binding capacity of parent peptide (>1.0) with significance p<0.1.
N in P/N column:; Substitution with negative ellect is the substitution that diminished the bile acid binding
capacity of parent peptide with significance p<0.1.

Table 2. Bile acid binding peptides selected from the designed 6-mer library screen.

an: H H H C
Peptide name Sequence Bile aCId. binding °P value GRAVY
capacity [-] score [-]
P-1 PWWWMY 159+ 0.13 0.01 [10.62
P-2 IPWYFY 152+ 0.09 0.03 00.37
P-3 VIWWFK 147+ 0.06 0.01 00.97
P-4 IYWYMY 1.38+ 0.03 0.01 00.27

Listed bile acid binding peptides were screened from the designed 6-mer library that covers all the
combinations of contributing amino acids found in the parent peptide single residue substitutions (Table 1).
®Bile acid binding capacity is the average relative fluorescent intensity of 15 spots standardized to the parent
peptide (VAWWMY) as 1.0.
*p-values comparing fluorescence intensity of candidate peptides to parent peptide were calculated by t-test.
‘GRAVY is the hydrophobicity score where a higher score indicates greater hydrophobicity. The score is
calculated based on the hydropathy plot
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Table 3. Inhibitory elect of bile acid binding peptides on cholesterol absorption in vivo

CTH PWWWMY VIWWFK
. Accumulating Accumulating a Accumulating a
Excised part ratio [%] ratio [%] P value ratio [%] P value
Serum 0.23+ 0.04 0.04+ 0.01 0.001 0.09+ 0.03 0.005
Liver 0.39+ 0.07 0.06+ 0.02 0.002 0.09+ 0.02 0.001
Small intestine 093+ 0.16 037+ 0.14 0.019 0.37+ 0.07 0.008
Total 155+ 0.08 047+ 0.04 0.002 054+ 0.04 0.002

Each value is expressed as means + SEM (n=9).
Statistical significance compared to CTH by Student's ¢-test.
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3. Disruption rate of pre-formed bile acid micelles by bile acid binding peptides. Bile acid and “C-cholesterol
were incubated for 24 h and sonicated to form bile acid micelles containing cholesterol. Peptides were
incubated with pre-formed micelles for 0 h and radioactivity in the supernatant was counted after
ultra-centrifugation. Relative decrease percentage of radioactivity compared to the prior sample without
peptide addition was expressed as the disruption rate of pre-formed bile acid micelles.

A: Disruptive effect on bile acid micelles. P-0 and P-O showed complete destruction of pre-formed
micelles, comparable to cholestyramine.

B: Dose-response of peptides on bile acid micelle disruption. P-0 had a greater disruptive effect
compared to P-00 peptide. Filled circle, P-1, filled triangle, P-00; open circle, cholestyramine. Means
with dilerent superscript letters are significantly diJerent (,p<0.05) by Duncan's multiple range test.
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