KOREAN J. FOOD SCI. TECHNOL.
Vol. 29, No. 3, pp. 417~426 (1997)

0)Y B JlEs

I20IM EEL ZE &R B2 ¥ §47Y

Isolation and Partial Physicochemical Characterization of Bile
Acid-Binding Fraction from Rice Bran Protein Hydrolysates

Wan II Cho and Tae Wha Moon
Department of Food Science and Technology, Seoul National University

Abstract

Rice bran protein hydrolysates were prepared and some of their physicochemical properties were investigated
to utilize rice bran as starting material for functional food ingredient. Rice bran proteins (RBP) were prepared
from defatted rice bran by alkaline extraction and isoelectric precipitation. The enzyme for hydrolysis of RBP
was selected through measuring relative activity by pH-drop method and comparing the degree of hydrolysis
(DH) of hydrolysates. The enzymatic hydrolysates prepared by Esperase® treatment were partitioned into two
fractions by ultrafiltration(UF) with a 10 kDa molecular weight cut-off membrane. Each fraction was applied
to a cholic acid-conjugated @-aminohexyl Sepharose 4B column and the bile acid-binding components were
obtained by eluting with deoxycholate. Gel permeation chromatography on a Sephadex G-50 column revealed
that molecular weight of the bile acid-binding fraction of UF permeate was distributed in ranges of 2 kDa~10
kDa and 0.2 kDa~0.6 kDa. Three peaks (R-1, R-2 and R-3) were obtained by prep-HPLC of bile acid-bind-
ing fraction of UF retentate and analyzed for total and free amino acid composition. The results showed that
proline content of the bile-acid binding polypeptides and peptides was four times as much as that of rice bran
protein and that the peak corresponding to higher average hydrophobicity had a higher free amino acid con-
tent. Average hydrophobicity slightly increased with enzymatic hydrolysis.
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©2] )7} n]7}ol| 4] 30~40°C2) hexane & & 1A]7¢
308 "IFRE FE2T F AAE 120CollA 303 A
ZAA AZ2Z Ao Z A dolRE) AR AT
Ao g RE| Ao} AM4El on, H47]|2 gt
% 35 mesh (0417 mm) FFAZ 2] -20°Cel] B3}
st AbgElgich. el 2 6} il
Gnanasambandam™} Hettiarachchy¥2] ¥}=H-& w33}
o] pH 11el4 17} S35 vpi o2 Azt
(Fig. 1). bzl 7128 & & A2+ Bacillus subtilis
oll4] WAL=l Neutrase®, Bacillus licheniformisoll X A}
AF=l Alcalase® Food Grade, Bacillus lentusol)A] YA
=] Esperase® Food Grade, Bacillus protease &34l
Protamex™ (Novo Nordisk A/S, Bagsvaerd, Denmark)

£ Agsiginh.

pH-drop method

A geo] il §ere micro-Kjeldahl™] 0. & A eks}
Ao, A gl it 7} Bae] A A e vl
7}l Hsu 999 in vitro WA 4318 23 v}

Defatted rice bran sample
(sifted through a 35 mesh sieve)
+distilled deionized water (1:7)

(pH adjusted tp 11 with 2 N NaOH,
stired for 1 hr at 25°C)

l
Centrifuged (10,000x g, 30 min, 25°C)

Decant,
pH of the supernatant adjusted to 4.5 with 2 N HCl,
centrifuged (10,000x g, 30 min, 25°C)
l

Precipitate washed with distilled deionized water (pH 4.5),
suspended in distilled deionized water (pH 7.0)
l

Frozen overnight

l

Freeze dried and stored at -20°C

Fig. 1. Preparation procedure for alkali-extracted rice
bran protein.
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Fig. 2. Schematic diagram of enzymatic hydrolysis sys-
tem,
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M NaCl, 0.1 mM dithiothreitol, 0.02% sodium azide S-
343} 10 mM Tris-HCl (pH 8.0)2 &) ¥Ho] ma-
trixell Z3tsle] 9ld A =E LA gt AT
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F2}8F 10 kDa o[AF]] #5-2] 9= 55psi obH o
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of thA] 14%3)7h F wl7hA) of ek wpi o g
A% 7 WEAEAZ $212 10 kDa olsh 1



420 A FHIA] A 299 A 3E (1997)

o] A% ulz YERzsEos 24 AxAge 34
ZFH5oll =97 eppendorf tubeol] o} W5 HAs}d
o} R ¥A 8 HPLC 4 2 23, AA =719 2|3
BA e A B8 ARl

SEA A E2(010 kDa &&2)2] 24 HPLC &4
12} ¥4 A] Delta-Pak Cyx (7.8%300 mm LD., 5 um,
300 A) A& o] 43}¢] 0.1% trifluoroacetic acidE
3t 10%2} 90%2] acetonitrile 2. 58 F-9tol 10%%-
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Fig. 3. Comparison of proteolytic activity of various
enzymes for rice bran protein using the pH-drop method.
O—0O: Neutrase 0.5 L, (3—{J: Alcalase 0.6 L, v—W¥: Pro-
tamex, &—aA: Esperase 7.5 L. Substrate was 1% (w/v) rice
bran protein in aqueous solution. pH 8.0, Temp.=50°C, S/E=
234 (wiw).
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A1% 713} Esperase, Protamex, Alcalase 18] 32 Neu-
trase 2.2 7ol tjg Ade] =4 Jepdrh(Fig.
3). (pHB-ApH)2] #ZF k-2 Esperase’} 7.31, Protamex
£ 7.41, Alcalase= 7.45 712]3. Neutrase:= 7.84%1.2
o, ¥4 A7} F 10804 9] pHel w3}t Duncan?] v}
Zo) % A, 1% ) 5FdA 2+ Aotk alo}r} 9]
et § Aaasy o] & 0)7) A v
3] £ Z Esperase} Protamex2 A=l a}gic}.
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Fig. 4. Rice bran protein hydrolysis in aqueous solu-
tion. @—®: Esperase 7.5 L, [—{1: Protamex. Initial sub-
strate concentration=5% (w/v), S/E=183/1 (Esperase), 125/1
(Protamex). Reaction was carried out at 50°C and pH 9.0
(Esperase) or pH 7.5 (Protamex).
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g g HAe|co] Fxi= Bx1EF 10 kDa o]AHq] <
A B3 Eo|A 10kDa o]3le] ZejRel= 3 seje
3 Bolqnr}t A velhdr} Fig. SellA 1, 2, 49
sh8-dol nlal 38 shEg-olol g A3HE sz
|7ko] At A o2 Z A viehgder] o] matrixol] 2
T ligand®] F= St g ] A7), Az,
v] Bold] Agtel] 3L 72 = AR FAV A A
22 A}
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ot I=20tETelulol offt EEA 2Y BHE010
kDa &&)2| 22| ¥ HH|
st azvteadszs Lol S54 23 88
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Fig. 5. Affinity chromatography of >10 kDa fraction
(A) and <10 kDa fraction (B) of rice bran protein hy-
drolysate prepared by Esperase treatment. Twenty mL
of each fraction of RBPH (c. 400 mg protein) in 10 mM
Tris-HCI, 5 mM dithiothreitol and 0.02% NaN3 at pH 8.0
were applied to a cholic acid-conjugated Sepharose 4B
column (1.6X 15 cm), and washed with 10 mM Tris-HCl,
0.1 mM dithiothreitol and 0.02% NaN; at pH 8.0. After
the column was further washed with the same buffer con-
taining 1 M NaCl(1) and 0.15 M NaCl(2), the adsorbed
proteins were eluted with the same buffer containing 0.5%
sodium deoxycholate and 0.15 M NaCl(3). The remaining
materials bound with higher affinity were subsequently re-
moved by 8 M urea(4).
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peak”} #AI i cHFig. 6(B)). T2 peak & HHY &
A © 2 65% acetonitrile-2-(Fig. 7(B)) LA 3}A] 8w
A gE z7lelAe] daddl gt ¥4 ZH}(Fig.
(A2} vl 3rsted 37) peakE F-# 31t

A3t ZgctE i o3t F2f3 S5at 2

BB (<10 kDa H#-#)2 C;s column-2 o]-4-3}o] acetoni-
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Fig. 6. Analytical reverse phase HPLC chromatogram
of the salt in the affinity fraction (A) and the bile acid-
binding fraction of RBPH (>10 kDa fraction) prepared
by Esperase treatment. Running conditions: Column,
Delta-Pak C,4 (7.8X300 mm); Flow rate, 3 mL/min; Ab-
sorbance at 214 nm; Eluent gradient, 10~85% B in 5 min,
A=0.1% TFA in 10% acetonitrile, B=0.1% TFA in 90% a-
cetonitrile.
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Fig. 7. Preparative reverse phase HPLC chromatogram
of the salt in affinity fraction (A) and bile acid-binding
fraction of RBPH (>10 kDa fraction) prepared by Es-
perase treatment. Running conditions: Column, Delta-Pak
Cy (7.8X300 mm); Flow rate, 3 mL/min; Absorbance at
214 nm; Eluent, 0.1% TFA in 70% acetonitrile.
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ot s g AR A, 20 S e 2 9
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shodvh. @54 23 HE (<10 kDa )l Wizl
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273 nm¥-Zell 4 peak7} AEE o] EFeHEs 9 4
g o] 2AE Fad 5 i@ E A=) 2
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Fig. 8. Elution profile of the bile acid-binding fraction
of RBPH (<10 kDa fraction) prepared by Esperase
treatment on Sephadex G-50 superfine column. Eluent:
50 mM NaCl, 20 mM Tris-HCl, and 4 M urea at pH 8.0,
Flow rate: 18 mL/hr, Fraction volume: 3 mL.
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Fig. 9. Mole % vs amino acid composition of peptide
and polypeptide part in peaks 1, 2 and 3 on prep-
HPLC chromatogram of the bile acid-binding fraction
of RBPH (>10 kDa fraction) prepared by Esperase
treatment.
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Table 1. Amino acid composition of the peaks R1-R3
on prep-HPLC chromatogram of the bile acid-binding
fraction of RBPH (>10 kDa fraction) prepared by
Esperase treatment

Am‘mo AR R-1 R-2 R-3
acid AFtxn'  AFtxn'  AFtxn’
Asp 540 3,741 3,513 2,474
Glu 550 9,031 6,302 5,636
Ser 40 279 73 273
Gly 0 0 0 0
His 500 2,572 1,811 630
Arg 730 5,555 5,800 3,251
Thr 440 1,722 3,080 1,403
Ala 730 4,537 4,874 6,601
Pro 2,600 51,759 54,873 55,947
Tyr 2,870 1,274 5,938 21,071
Val 1,690 4,304 7,644 5,843
Met 1,300 917 3,085 1,241
Ile 2,970 2,557 9,293 4,342
Leu 2,420 7,807 8,844 22,254
Phe 2,650 6,918 11,010 2,644
Lys 1,500 5,352 8,325 4,082

Sum 108,325 134,465 137,692
Average
hydrophobicity 1083 1345 1377

(cal - mole™)
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Table 2. Average hydrophobicity of the peptide and polypeptide part in the peaks R1-R3 obtained by prep-HPLC

Concentration, mole %

. R-1 R-2 R-3

Amino

acid Total Free Peptide Total Free Peptide - . Total Free Peptide

amino amino and amino amino and amino amino and
acid acid polypeptide acid acid polypeptide acid acid polypeptide

Asp 6.00 "ND 6.00 5.33 ND 5.33 3.20 ND 320
Glu 14.23 ND 14.23 9.39 ND 9.39 7.16 ND 7.16
Ser 9.99 3.94 6.05 8.12 6.62 1.50 10.51 5.74 4.77
Gly 13.88 2.68 11.20 11.42 4.54 6.88 14.39 5.48 891
His 5.73 1.27 4.44 6.32 335 297 3.00 2.12 0.88
Arg 6.59 ND 6.59 6.51 ND 6.51 311 ND 311
Thr 3.93 0.54 3.39 5.73 ND 5.73 4.48 225 2.23
Ala 6.99 1.61 5.38 7.04 1.57 5.47 10.41 4.09 6.32
*Pro 17.25 ND 17.25 17.29 ND 17.29 15.04 ND 15.04
*Tyr 0.38 ND 0.38 1.71 ND 1.71 5.59 0.46 5.13
*Val 291 0.70 221 371 ND 371 3.59 1.17 2.42
Met 0.61 ND 0.61 1.94 ND 1.94 0.67 ND 0.67
Cys ND ND ND ND ND ND ND ND ND
*le 1.79 1.04 0.75 2.56 ND 2.56 2.48 1.46 1.02
*Leu 3.29 0.50 2.79 352 0.53 2.99 7.88 1.46 6.42
*Phe 291 0.64 2.27 4.65 1.25 3.40 3.82 3.13 0.69
Lys 352 0.43 3.09 4.76 0.21 4.55 4.67 277 1.90
Total 100.0 13.35 86.65 100.0 18.07 81.93 100.0 30.13 69.87

ND : Not detected.
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