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% DIBEEANER, LIS LEF (xanthine oxidase, XOD) 1 2K RIS A48 b5 07 1% e 2R 1 Bl A
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F320 73 (I XODIMEE M s CRIMHIIRE N8.76 mg/mL) , 7> TR E<1 500 Da, %415 MK MR IR A IE R
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Preparation of Xanthine Oxidase Inhibitory Peptide from Black Bean Protein by Enzymatic Hydrolysis and
Its Uric Acid-Lowering Activity in Vitro

SUN Jingru', SUN Mingshuang®, LU Wengqing', CAO Rong’an', DIAO Jingjing3'4‘*, WANG Changyuanl‘”‘<
(1. College of Food Science, Heilongjiang Bayi Agricultural University, Daging 163319, China; 2. Heilongjiang Ounengda Dairy
Co. Ltd., Harbin 150025, China; 3. National Coarse Cereals Engineering Research Center, Daqing 163319, China;
4. Heilongjiang Coarse Grain Processing and Quality Safety Engineering Technology Research Center, Daqing 163319, China)

Abstract: In this study, black soybean protein was enzymatically hydrolyzed to prepare xanthine oxidase (XOD) inhibitory
peptide. Based on XOD inhibitory activity and degree of hydrolysis (DH), various proteases were screened, and the
hydrolysis parameters were optimized. Furthermore, the protein hydrolysate was fractionated by membrane separation into
several fractions. The molecular mass ranges of the resulting fractions were determined based on XOD inhibitory activity,
and their amino acid composition, molecular mass distribution, peptide sequences, activity and stability were analyzed.
The results showed that the optimum enzymatic hydrolysis conditions were as follows: alkaline protease dosage of 1.5%,
hydrolysis time of 4 h, temperature of 50 ‘C, pH 9.0, and substrate concentration of 3%. Under the optimized conditions, the
XOD inhibition rate and DH of the protein hydrolysate were 73.61% and 21.29%, respectively. The XOD inhibitory activity
of F3, obtained from ultrafiltration of the hydrolysate, was the highest (with a half-maximal inhibitory concentration (ICs)
of 8.76 mg/mL), with the molecular mass < 1 500 Da. In F3, hydrophobic and basic amino acids accounted for 56.66% and
20.16% of the total amino acids, respectively. This fraction had good stability under high-temperature treatment, simulated

gastric and trypsin digestion. Liquid chromatography-tandem mass spectrometry (LC-MS/MS) identified 18 peptides in F3,
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with an average molecular mass of approximately 500—1 400 Da. In these peptides, hydrophobic amino acids at the N-terminus
and C-terminus accounted for 44.86% and 33.14%, respectively, and basic amino acids accounted for 33.57% and 39.29% of
the total amino acid residues, respectively. The results of this study provide a theoretical basis for the high value utilization
of black bean protein.

Keywords: black soybean protein; enzymatic hydrolysis process; xanthine oxidase inhibitory peptides; amino acid
composition; peptide sequence
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R BRIMAE (hyperuricemia, HUA) & —Ff DL i
PRI PS5 R Ik v e FE A PR (A B p AR I 1375 PR R 7K ~F- >
6.8 mg/dL) AHFAE M PE AR, mE R, o
B L R R BRSNS AR T AU A AT RE T BOM LA R R
ASFETEE, 12 PEHUA 2 5 50UR R 8 f A 78 9G35 A3 At
WA RTE, TG s ) KUK . Aok, HUAS
98 R B W A Ak, D HUASS FE RORE [ A2 2 51 i
Aottt S E P EAY . SRS A LR (xanthine oxidase,
XOD) s MEMAR U b ) SC B g, TR TR B NG I B I e
FEANIRER, RIBITHUAMN BB AW, E o E ATk
XTHUA I TR AR T 22 LU e i A1 4E A7 R 3 2855 X 0D
A, AR R 5 5l ™ A U ON . B
Wy BRI ESEA R RN FI, R
R AREIE FH FIXOD R SRl 77 /2 H #i 6 y7 HUA BB FT
o AR C KRR YH 28, FEH &2
KW i BA B I XODIIHI R, T2 m' . HE
BRI, TR L HEE, REREH RS, £
TETERKRE U XOD W 23 (] 454, BHE SRS 5 H 454,
XTHUAA &3 1WA ROR, U2 s A lg i -4,
iEEE S K" PR A K% . Murota®E R B/
53 F IR XODH G BT . s S5 1R IR B 1)
LR ZH 18 P R B B 2 5 H XODAM G, /K 2 5
B2 N-31i FIC-3ii Ny 95 75 IR B FE R 1) 22 KAk 6 77 S 5
RO NWARIES &, ARE KR EHS KT
WE, MEESY. 5HAKRT ML, BEMNEAS
R ERE, B “MWEAZE” MEREN, BEEA
518 MEIERR, HARSIMEIER 75K, &
BEE HACESH, 0 AR 5 J7 1 B A E AR
FM KT O S 2 58 B AR 5 0 AR i
P, Pt M R IR R MRS BUp
B U IBE AR BOHTTRARBURE AL, TRk

A MHIXODIE M AL A1, AR KT s & B,
B 2 23 BRI ARG 51 R RN EESR . H b,
Mao ZhenjieZ:" W5t kI, £ EERE (Trp) &
] fe 5 XODH I K G HEE VI G, R S i (s
REEBA", NEBETSKERE, HORRTEHEM
MG, JFHBE R PORIA S . M. AR
Y, G AR R, — e R R
WIRER Ko R, ABFFEAR G EANEER, PIXOD
M F . KMEE (hydrolysis degree, DH) Nig#x, i
e B FE M A 2k A e 2 8 (R IR AL b 2R G A A
HEAT B UE /> B3R A3 B XOD Il i M4 4y, R it
THFRESAA. HIEERA R E S, 8w
AH - R B (liquid chromatography-tandem mass
spectrometry, LC-MS/MS) fi##fr 45 € 1% 4 7 BB & XODH
IR B 25 R R, DA R BB B IR B BRI S D e
TR S
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ROEAR (80%) 2 NIRRT AE RN A R
AFl HEEARE (5X10° U/ JbRTREFREA R
AT OKJREAR (2X10° U/g) Mokl 0 N
WHERAR,: BEARK (2.5X10°U/lg) . BEAM
(3x10" Ulg) « BRIEER AR (2X10° Ulg) « KBRE A
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LI EABH L AR AT FD-100S 5254 % T 1AL
O EIR AR IR A s 23002 ThiEkREbsiy  EE
PerkinElmer/A #]; GPC-20A#%t %535 i1 . LC-20AD
RO AL, C B ilikE (4.6 mm X250 mm, 5 pm)
HAR B EACSR A IR A A s GMPW XL KA #E i 3 #
HARE KA S4L; Easy nLC 120043 R4, Q-Exactive
HEJF A . C il k: (100 umX 20 mm, 5 um) + Cq
g AR (75 um X 150 mm, 3 pm) 2 [H Themo
Fisher Scientific/A &) o
1.3 Hik
1.3.1  EGXODIMH kil %

FRE — & = 1 28 52 B R0 TG 1 BT 2 20 B3 %o IR VY
W, MRHE TS INEE I 1 mol/L NaOHEY 1 mol/L HCI¥E T
WHRAEWREMMN I pHE, {EMRERE T KB
Bt A S N, K A — 2 B T J %o B AR kAT KBl B VA
#H, L8 000 r/minf0>20 min i Y AEEHE_EIE W, AT
RAEAFE —20 CUKAH B T IR 4525
132 EHEABGHHIE

HEHLG PhEE EI, TERGEOE A KM T o lx BTG
FIBEATEEME, & Fh i R BOE AT R R . R
RS HB3% INEFE1.5% (LEAMFET) &4 T
fif4 b, KEEGE G RS0, X b I B AR E XODHI il 2 A1
DH, EFEHAM & .

E B W iR R n i e

Table1 Optimal enzymatic hydrolysis conditions for various proteases
HRIE A

S WE/C pH

Ji R I 37 8.0

AR 55 6.5
EESE]E 37 1.5

itk R 50 7.0
B 5 50 9.0

IR £ 50 7.0

133 HRAFRRE

PR AN, 5N A 26 XODH i 2 F1DH
s, RAKIE N KRR ESE (1% 2% 3%,
4% . 5%) . BEMERFE (1. 2. 3. 4. 5h) . JNfE&E
(1%~ 1.5% 2%+ 2.5% 3%) . HELEREI, Wik
FAAREE . SRV R S $3% INEERE1.5%. pH 9.0,
IR ES0 'C I A4 he
1.3.4  XODH I &

2 AR O VAR I XOD MBIl R, I e E &
Mo #4250 pLAFIARE 5 7225 pLik B 50.02 U/mL I\ XODV
WIMAN96 FLARH, $R¥%30s, 25 CAR£IRS min, FEIMA
150 pL 0.48 mmol/LI B MEM I, #:¥%30 /5, 25 CIR

125 min, E290 nmAb IR IEE . XODIMIH] 2 A
/(T
AI_AZ
A,—A,
s A RORFE SR BOINMEE R IERE s 4,38 R FE i
WA INEE RO RE . A RN AR FE I (o
4D INMBEIWOLE ;s AR 2 A INEE R
1.3.5 DHEME
g A0 o v R I BEDHL I i R F pH-statiz ™, 1418
T

XODH 2 /%= (1— ) X100 (1)

BXN, xix 1 X 100
W a @)

K. BATHFERINaOHIE W 1A /mL; N, JNaOH
WK, (mol/L) 3 My NRPVE AR S Elgs ol
o- M R R R (JEEAMR1/aN1.30, AKRJNEHE
(1/0294.25, FhPEEE R AT AR 25 TR 1 /002,27, Bk
PR BRI 1/0091.01) 5 kS5 5 8 A BT IRER R4 5T
{5 (7.80 mmol/g)

i P B 1 B DH I 5 SR FH B = LG k. BRI
0.20 g TS R H &R, A IFe 244100 mL, FM
2 mLEZRZE 100 mL, K H &R 53 5l B il 5ok FE o
0. 4. 8. 12. 16. 24. 32, 40 mol/LIIFRHEWE W : T
A1 mLE KBNS min, AHJEIMAS mLZEE,
FE 15 min, T570 nmAbIR G . BUKEE S 7K A
1 mL, %pH 6.0, EZAE100 mL. B2 mLFRER TR
B, B REMRMEMZN e, KES. HEAHEF
WREARIKIRE AW mL, % LRk es g, bl
TG E 2 FE MR HERT 2 A B B A iU E IR, DH
%

DH/% =

Xle130x100 (3)
2

DH/%=———"
% 1 000X W

Ao AvE b e £ P U B A B T
Himg; WARRRR/g; VIKIBRISAER/mL; VN
SO B BT FHARORER R A4 A /mL
1.3.6  #BIESE

K FH B 3 5 25 1 0 BB S X OD I AL K i AT A [F) 4 7
e, Kool IS R 21 BT E 93 000, 1500 Dalf)
B UM AT IR &, Al ER3 N4> (>3 000 Da.
3 000~1 500 Da. <1 500 Da) , Jf#r4% NF1. F2.
F3. WURTHRIS, 40 0l sE A [B 2 53 B i 7= ) ) X O D
o e, DA W A W AR A BH M E, ad I SPS S ER A 43
FIHEFL. F2. F34L 5 I A [R) B B B2 5 B % B X OD
U ESAE T TN R I E | oA CAE N E R g i Y Se i R
FH B A 5 A HK . (half maximal inhibitory

concentration, ICs,) 1Ho
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1.3.7 Rt
1.3.7.1 R EEXRT HE R = 0 X OD il v 1 AR 5 i

W3 10 mg/mLIFEWR, P72 pH 7.0, 437l
B T70. 80+ 90. 100 CHI/KBH I h, AHEZER
Ja, FEM.3. 475 R TR e XODA I R, LA A HE 1
10 mg/mLIKVE R AEXT HEZH
1.3.7.2  ARAMERL S 18 T 400 B AR = X oD i)
PR

FF3ELH 10 mg/mLIIER, A1 mol/LE R
WAEpH 2.0, IIANJEYIRE2.5%K E & Al 137 C
IKIBIRG H AL B2 by THALSE RS 2 B2 AN BB, — ik
3K IR0 minZ b B, N B TEAEE A B
AR, A1 mol/LAEALEN AR pH 7.5, I
RV R 1% W R AR, BT 37 CKRIBIRG HE RN
3h, SON5ERJE KB IR0 minZ 1k N, N B
RRE S e Bk B B AR S I X oD i
K, LR 10 mg/mL KA WA X R .

1.3.8 o FllREs Al

K FH % i 35 38 € 1% 5 0 B A X O Dl i 26 1 21 4y
TR A AT M. FEMIL0.45 pm Bl FLJE R,
1% PEGMPW X LK AH %t i (5% F: (300 mm X 7.8 mm,
13 pm) #FATIE, WIFHAK (£0.1 mol/L NaNO,+
0.05% NaN;) , FESAR100 uL, FEESFHT7E3S C, ik
J#0.6 mL/min, 7220 nmiE KA H . DL A0 5
LB bR R A AR i 2, I LIRS TR 4H
53 PR DR B IR ] T S50 ot B 4 o B A A o
1.3.9  SHFRA R BT

HERAFREL1.00 g F3FE 5L, #2H(3.0 mL 6 mol/LEL
W CF01%K) BRI, HFEEME, BIERE
Bz it, EEs k, mAE, BE, HAE110 TK
24 hjg, FEEBI AR S1.0 mL, NWRFEHER,
1.0 mL/KEH, 04T,

OREAE: AR C i (4.6 mm X250 mm,
5um) ; AEE: 40 C; WE: 1.0 mL/min; WK
254 nm; FEFEE: 10 pLs JEENAHANO.1 mol/LESTREN AR
(pH 6.5) :ZJiE=93:7, B AK: ZE=20:80.
1.3.10 LC-MS/MS% & IkJF%1

IGE EF3AE & F 9 FH AL Easy nLC 120084 R 5t
HAT T 59 . KB B 5 FHQ-Exactive HFJi A 3EAT
R A R B I 0 43T o
1.3.10.1  LC%Aft

il &t C fBihd: (100 pmX 20 mm, 5 pm) .
C B M A (75 um X 150 mm, 3 pm) ; JMiK:
300 nL/min; K 254 nm; #EFEE: 10 ul; FHEIAH:
ANO1%FIRER, BNSORLIE (£0.1%F ) ¥
W VEMLERIE: 0~2min, 98%~95% A. 2%~5% B;

2~44 min, 95%~72% A. 5%~28% B; 44~51 min,
72%~60% A+ 28%~40% B; 51~53 min, 60%~0% A.
40%~100% B; 53~60 min, 0% A. 100% B.
1.3.102  MS%AfF

SrHTEF K 60 ming — B HEE: 120 000
(mlz 200) , AGC target: 3X10° —Ztfx KitFEm
[f]: 50 ms; RTEEHEE fEm/zH2000F (15 HE 5
415 000, AGC target: 1X10°, 2% K HERE ] -
50 ms; MSYEIHIAL: HCD; FESE H: m/iz 1.6; V11—
bR 28,
1.4 HlEabr 5o

LI E RS R, SR Hx+sER. KA Origin2021
HEAT /M AE L, SPSS 208K A4 5L [R 35 5 28 % Hidfs kAT 2 3%
YT, P<0.05FREBLIIH#ER.

2 ZR5s

2.1 AN[RER (A R B AR R X OD I R [

HHR 2T 50, 76 [F — B 05 (], W6 M 2R A i
P X OD A 3E E MDH & 2 & T A s g i r= 4
(P<0.05) , 73591 N73.61%M21.29%. X+ T & Al
MIRPR S SBOUERM SN E SN, MRESR
FIAF 43 7 0 & IR T 51 2 RO B B R
P B U A AR LT, AR T K M BT R A
TR AR B, AR /NIRRT E LR T A SE % T 5 XOD
WO PR s R A VB, AT 386 5 6 XOD 1) 35 2R
R R A RS AT R B BRI B R
T EARRBRHMKB L GEBENRIRBREN. R
I, HOR A B N B .

*#2  EOIERP IO ERRA X OD MR FIDHI W

Table2  Effects of protease type on the XOD inhibitory activity and
DH of hydrolysates
H AR XODHIH|%/% DH/%
B B A 73.61£0.22° 21.2940.45"
A EE 1 15.3340.29° 12.934+0.61°
R 28.4240.08° 11.03+0.31°
JBREE 1 g 29.61£0.26° 8.67+0.06"
BHAM 40.49+0.27° 6.13£0.15°
KRN 24.64+0.24° 2.77+0.58"

e FIVNEFREAFR R Z R E#E (P<0.05) .

2.2 ANIFIBER 2 00 BB 5 FBE AR P M) X OD A i 2 1
Al

H1 & affrar, B8 S E A A7) RO DHFE 5 I A I [R)
FISEAC T R BRI o 4 BRI [0 >4 h, DHAZ{b i % [
&, XULHIFEL~4 h, BEA BRI (R O ZE K, B R
B, o T KEEARME, MR >4 h,
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fif i & Hh B T IR A AR S 4, R TR IR AL A
TR, DHIEINRSE. BN, BBSE A A X0D
0] 2 i A A A BT ] A A 5200 BT R BRI EA, 4 h
B PR B, X 3R B B LR 1 AR A7) B X O D 1] % 1] R
HRGERAMBIN S FIRERKNER, &E24KE ¥
KB 5 XODI 45 & RE I AT RE 5k, kKIS, 4
TR —DREE, TR FEIL S5 XODMS G R /1
55, T BEAR LS £

80~ a —e— XODiIHI% a - 30

70 A —=—DH
& 60 A [ 2
ﬁ 50 A L20 o
= 40 1 > z
_D"’ 30 A 15 R
O 7 4
= 20 L 10

10

0 T T T 5

1 2 3 4 5
ity g T ]/
804 b —e— XODiIf| % - 30
a —s=—DH

S
B 70 b a a ;25 o
B
E : S
8 60 # c d €& 20
3

50 , , , 15

1.0 15 2.0 25 3.0
I /%

80+ ¢ 30
. 70
IS L 25
& 60 .
£ 50 20
-b\-» xR
o4 —e— XOD#I| % 15
> 30 —=DH d

e
20 10

i 2 3 4 5
AR R0 %
F—ftr N NEFRARF R ERES, P<0.05, TH.
Pl 1 BT Ca) . IR (b) REPIRIEPIE B (¢) X
DHAIXODHM IV 1 520
Fig.1  Effects of enzymatic hydrolysis time (a), enzyme dosage (b) and
protein substrate concentration (c) on the XOD inhibitory activity and
DH of hydrolysates

B 1 b2 i 0t 2 B 1 XOD il 3 P AIDH ) 5¢
W, BfE INEEERZHE M, DH—H2 FFE%, XODH)
20k RS T RERER, BRNE<2%i, HXOD
HE A S T 2.5% 3% b F4H . E MG & )91.5%
i, XODHf 3P 25w T HA A4 (P<0.05) , X
HE— i B B G R S XODMENE M 5 H A TR E R
WAHIG . TE A — B AT )R, A [ B 0 2 75 21 g A 1
VIR E A, DHANE, Hr=yeArE, Fikdld
A XODWRE B R EAH. MRmEdm, BEEAE
IFi) — T o 1) 2 0 A AR R 20 o o B /N R R B e 3, {if

HXODHIHI§E JT AR, BRI EARE, BEfER(E, IS
RPN, ANEF % E, ST BREEAR
FIIFH AR

B Tchl %1, XODH i) 2 il 45 IS4 1 & 53 H0 34 m
B LFHE FRERES, MR R O3 %, XOD
PO S Mo, DHARK A S IAHR, 3 REREY 2
6] 1) &5 & 5 B 5 IR A o &2 0 B0 0%, 24 IR o B 4y H i
KB, ERMBEARE S K78/ Hefl, 7= A4 10 s MK
BHED, YRR ES SRS SEH S T 82,
i BN AR A A T R PR AR, A R EXODHI I F T
B gg b, RAERMSECN: BEMNE4 b Nl
1.5% JA) & 53 H3%.
23 HGECBEYEIEA 5 XODIHIE 4T

B 4 ey B8 BIF1. F2. F3 3 N5 iR
P AT DA JE R N- Ui B C- Uiy (1) B SR A XOD & PEH Gy, BH
LR 5XODEE A, BV 254 BV R WA S, H
1554 5 B S XODHHIE AN, AR FH B HAR I .
2R &, F34H/METE (ICy,: 8.76 mg/mL) FHH: T 5
R (ICsy: 1592 mg/mL) , JEPERFHRTF. F24l/midtt
(IC5: 258 mg/mL) HETFI4S (ICs: 42.7 mg/mL) ,
AR 55 T M. X R, Bm s TR B G XODH
WK EZALE TN TR, 5 & 558 1 se 45 1
Wit . B ERPEZ YRS E (ICs: 0.08 mg/mL) L
F34H 7 H A B3 I XODHI i v 14, vl fig & /N F
5 (14 5] W R4 J ] DAAR A7 b R N XOD TG PE D 48 rp e 4R
1M, BRAE 9 L 259 BV nA B B8 22 = I T, BE I & K 10

T ik, PR GE AR B
FIXODHMH R -
45 a
% 30
= B b
E
\95 15 _ | H
‘Lm
0 e I m I I I

1
TVENSEE  F3 JREEARR F2 F1
Haoy
K2 DI XODIMH & P I IC,, it
Fig.2  IC;, values for XOD inhibitory activity of different
ultrafiltration fractions

24 FaEtEar

M E3anT 0, <90 CHF, F3417 XODHH| % 2%
FAEZE (P>0.05) , IR =90 CH, XODHHENE
AT B, 100 CHITEMEMAL R T 292%, HEN
X5 SR IR B AT 2 K A 45 4 R A R AR =,
(BN KA B B R A VG 1 1995.24% LA | 4563345
B, P3RS THEAZ /T 1 500 Da, Bui%el R Ik
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17 A Fe e Y = b, a7 R R K
SRENEE, SHIEENSErEEN RS, MMrT
FEKTE SR P REE R T R 4R, X RE R34 A
R FE R A .

KI3b2fd B BEr BRSP4 B i
WA FIH 2 I XODI SIS E P52 . R SMERLTEAL 5
Tl A7R 7= ) () A A i P A LA N AR N AR R P 1) R B4R
RO AR, S B SER, HXODMHE 15 X
TRHAH L3R T T729.8%, Ht—DIEgHEAE, G R
HRFEAL, B E X R 16%. X 0] R A2 KA BE 3%
PR A 2= e T B R AR, H B — 350 233 1 JOA o7 AFE T
i KA, R A A BE KR S Pro iKY . B B AR
BAEH T4 T IRE LB B R M A B AL R Ik B, 3T
BELEC-Im A WA (M) - BENAR (F) B i
(L) , PLRIEN-MF=AER (Y) - KNER (F)
BT EER (L) o JBEER 1 DS 5 1k 2t U)o RS 2 R
(R) B (KD Appks™ ., Zhas. BEA
Bt — D EEAR, MR KA, MR B R A
WERG G e ], X — I FE AT R &7 AR A T N
BT s XODMENEE MY . 22 LiTid, F3dn%
W B AR A B i e Re e, BRI TAE N
AEE AT R

651 a
@ a
S b c
5 601
E
£
8 55t
=
50 1 1 1 1 ]
X 70 80 90 100
REEIC
100-b
a
s b
B c
E 60
R 40
o
< 20}
O 1 1 ]
X ERELL B st
AR B

a i BEXTF3 XODAMHI I 540 b 4h
R B A X RS XODAM i 6 [F1 5
K3 F34L5 iR ERE PEDFEAS S
Fig. 3  Results of research on the activity stability of F3
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AT, F34> T iR <1 500 DaffiZH 4y 588.34%, M
1 500~500 Da (31.88%) #1500~180 Da (39.32%) A
F b B ALy, U B X OD I E M Ik BE o TR 2 4R
HT1500~180 Da. 1fi % iifE>1 500 DafJ4H 5 5 L

BAK, WTREZ NI 7 K RS, Ik
T R D R B BT ) B ) PTAR T R EK, TR EE FR ) F iK
BIE S B8GH Koy TR R NE W, R e
JESEBR A B 2 TR K TESEE > TREY . %
b, F3# 537y 7l & <1 500 Da.

#3 P31 W A

Table 3  Molecular mass distribution of F3
7 U E/Da >1500 1500~500 500~180 <180
W AR 7 43 L/ % 11.66 31.88 39.32 17.14

2.6 FIEFU ST

HE4TH, FIAD T U TFRAER S SRZERD
58.26%, MIEGHERAMELEINT16.33%, HWHE=T
A DA H RS BA B KA H LB S % R A
B Z140% I 06 75 2 R, b thiks, BEEA
(78 F7 BB R 0T B34 40 Fb O I /K R 3 TR A 6 5
(56.66%) FIHEPEZIEBRARRXT & & (20.16%) HHET
MG EHA, BuYingZP R PIXODIE M H L I Mo-pthf i
A—ABK LS, GBI BSOE G AL A I BE 1R, BiKR
FEIR B %2 1A IO B B 2% 5 b N L P v O R FE S AR F
Hou Mengfan:"WF 70 KB, {EUREERE2 ik, XODA
IS T 1 4 B S B K T S R 1 R R IR AR O, R 2
SRR (Lew) MEEHEARM. X—RKINSF3RAER
PR e R—3, Hhmad R & 51 725.17%.
Li YujuanZ& Y S0 R R BT, 75X R £ K SEIEAT 2 S
aifhz 5, AT, SStERRIE T E AR E
FIXODHHI R fE . XA fERF3H iR (7.61%)
AFERIR (10.59%) dithmmE K. i sk R, F3
Aoy R BLH BRI XODM KGN, &=+ MHKER
SRR AP S SRR T RE R AE T OCBEE A .

4 BUEREASFAU LRI

Table4  Amino acid composition of black bean protein and F3
s A 55 4/ %
REmAR EOEA F3414)
BEER (Glw) 25.11 7.24
225 R (Ser) 7.33 4.13
H&E®R (Gly) 478 1.91
HAEME (His) 1.06 1.96
R (Arg) 9.96 10.59
2B (Thr) 426 4.82
HER (Ala) 4.72 7.74
B (Pro) 6.43 1.05
BEEER (Tyr) 3.73 5.07
iR (Val) 4.62 9.89
FEER (le) 452 8.08
FER (Lew) 11.45 25.17
KN (Phe) 4.45 473
AR (Lys) 7.58 7.61
DT EIER 41.93 58.26
B K PSR 36.19 56.66
I SR 18.60 20.16

VE: UFEEIERRMISEThr. Val. Met. Ile. Leu. Phe. Lys. His; Hi/K{%
IR L Tle. Ala. Pro. Phe. Val. Leu. Trp. Met; ThPEEUIEM G
His. Lys. Arg.
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FSHK P B A N- ity F1C- i P 5 7K 1 S R (5 B ik 44.86%
F133.14%, BPEE B 5 b 5is33.57%M39.29%, H.
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Fig.4  Base peak chromatogram of F3
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Table 5  Sequence analysis of eight major peptides in F3
751 KE 5T &E/Da Eil 3
KEGGVLPGIK 10 996.596 78 921 560 000
KKGGNGGLGGTQ 12 1072.5625 439210 000
AGSERQKSSGAE 12 1205.563 6 252 540 000
NTGSPITVPVGR 12 1 196.651 3 149 120 000
YYASF 5 649.274 78 135 480 000
QEVLGVGEQLDQ 12 1313.646 3 104 640 000
WGNVNPIGVR 10 1110.593 4 92 135 000
KNATIKDGTVI 11 1158.660 8 58 473 000
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