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[ 555 T30 5 (HMWK) F1 PK /K- 2 2% 7+
FKHENMSO0NAEEA C KLK X FIX /EA, 53
U L (0 2 B i3 KUK AT 0 B DR 38 e A
LR R DR BTG AL R AR DT IAR TE VR R, H RTBR
WF5¢ KLK DhRefE4h, mir AW aF 58 k6l KLK 7K
- LU RE A T 5 Vegvari SFPHE£E KLK2 15
Z K NSQVWLGR #1 HNLFEPEDTGQR % 57 P U5
KLK ZKSFAG J5 4 . Bisyris 25293 i1 KLK7 45 5%
P R k15 MR (ABP) | IR % B KLK7,,

HORT, i = 3 R DL A — R I f R bR
A Holm R 253 BIE K, KRR Y4 dl ACE
R ATy 1l 2 A B 2 B 52 Jnid b ACE 4104
A (ACED), w0 14 %ok & 1 F 7+, IF 2> BK (1)
3 ff AT A IR, SR, X ek KLK R
MRS, VEFRPEE LA SR (A b K
BROCEHEE RS Sk v B3R U AL &
BRak R BN 12y AR PHLIA R AR
LS T i ), W8 HoAR i KLK 3% M I 0 H
3o B AR AN Y TE 1 TE I TR S B R A il
JE AL

1 MBERE
1.1 HRFK

[N NN - S S S e N |
TG0 B R BRI Zh A% PEa
i R T DA SR A 1 W AT B AR R
i, R RGP A 1 2550 A R N- R
Bi-L-A5 @B 21 (BAEE) N-75 H BE—L— K5 & R
(BA) KLK, 22 FE IR 28 7 5 o AR F i 0 o 590 o
P T3 H > A ;Sephadex G-15, i A= W14
BN H]
1.2 E&ESE

BSZ-100 410 e 2%, i Ms A FRA A
BW100 fH i %2 , B8 A 7 51.6 emx50 em JZ T
B, LIS A F] YTLG-10A ¥ % T AL,
IR A R W R-210 e s % kAL, Fit
BUCHI A w] ;SPD-20A = RORAH AL, HA S
HA ] UV-2600 5400 0O EE T, H A B A
Al ;Waters 2535 il #& % & 2L W AH Nano
ACQMLTY UPLC WAl (1% R %, 5 E Waters 2
A) ;Q-Exactive Plus Nano HL 1§25 B 7 Y i 3% {3

2 [E Thermo Fisher 23 #]
1.3 #IxRERAEIT KLK /£ A

JEORHE e S BT, D/ BRI 20~30 g,
K 3 4%, 2% 3 min, B 30 mL,-80 C¥% % , 5 H %5
VR T

R T# 50 mg 3 £, 1) 7K $2EC . Jim 7K B 1
25 mg/mL % ¥ ,80 CHEHL 10 min, FEiRE 1,15
°C,,8 000 r/min, &0 20 min, B E W . 2) Z R
I K 2 BEEE il 25 mg/mL &, 80 CCHEHL 10
min, Z A1, 15 °C, 8 000 r/min, &> 20 min, H
FVEW L RAERBR OB, N 10% LB, 3) B &
P it il A% B2 B0 K TE 1 25 mg/mL %W, B 100
pwL 1 mol/l. HCL # pH 2~3,/1 0.5 mg 50 mg/mL
B F W, 37 CT AR BEf% S 2 h, 2R 5 100
°C 15 min K, 100 pL. 1 mol/L. NaOH,, %= ¥ %
#1,15 °C,8 000 r/min, &> 20 min, B
1.4 ZTXxRIERSEFI KLK /ER

FRECS o J50RE, I 25 mL 2li7K |, 2% 3 min,4
°C'F,10 000 r/min #.0> 20 min, B L3E W, %
AR 90% 1,4 CHi-E i, 4 °C, 10 000 r/min
B0 20 min, BUUTHE, FH 5 mL B 4K % . B HE H
Tt A Ach BB, 0 BRUAS A L R
15 HKkEMEARSENE

KR R T B R L R
JoT B D A < R 25 307 2 0 0 T P
1.6 5MNE BFIE R HLE I b FE

B SR UTEE , 50 mL 8 4l K % i, I %
W pH E 1~2, fil 40 mg/mL & & H 8,37 “CHi
fift 2 h, WKV K 10 min;NaOH #5715 pH { 2
8, S 9mL 2 mg/mL B8 AR (100 mmol/L [
NaHCO, ¥ fi# ),37 CHEfi# 3 h, Wb /K% K 10
min, & HELO R,
1.7 BREMEEE (HPLC)ME KLK & iE™

I 2.5 mL BAEE W, Jn 0.2 mL B 25 1 i 417
50 IR 4,25 CHHA 10 min, T A T 30 min
KLK i # 0.1 mL, JZ W 5 min, Jil 150 wL 1 mol/L
HCL, Z5HBEE SN, N 28 0.45 pm U8 JE 3t
U KR | S BEHRIBON B A3 500 O A5 R 4liK (10%
LT Tl frt B2 BBOST R R b K AL BRAY 0.25 mg/mL
8 B

e R S S5 I ) v . % T  Hypersil
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ODS2 C18 H ; i B .30 °C; 4 I #% I K :253 nm;
TBAH ARFLEE R 15.85 WU H BB 4lik (& A
0.1%) =9 LR TFA) ; #EFFE & .20 pl; Ji i . 1.0
ml/min,

FrvfE il 28 . FH 0.05 mol/L,pH 8.0 /1Y Tris—HCL
ZZ v fic i 0.01,0.02,0.05,0.1,0.2,0.4 pg/pL
BA FRUERWL , 23t HPLC M5 | 22w v il 26

fit} 1% . BAEE 7E 25 C& 4~ B 53 B i Ak A= i
1 wmol BA Jir = (U),

1.8 3 KLK 12 ik Bk B 2 4k Fn 6 e

Sephadex G-15 Zlifk . #2480 Ak 3 4
HE o ERES VR IRERAE R Bl AR g AR S AL T
fif B U T R TE D A 20 me/mL B BE VTR, £ 0.45
pm (9308 A5 3t i A B BE IR T E A, I iR
Vel . BRI 2514 . Sephadex G-15 JH AL, 12
16X EH A 50 cm ZEHrHE 2 mL EAEE ) Ak
A ,0.6 mL/min 72 , &AM 25 % K A 280 nm, 3
min/B WL IR G ez 4, I HXE KLK 5%
M, WO SE S LA o, U TR AE

il F B AH A4k . B B3R TR TR I 10
mg/mL % ,0.22 wm BEB IR T, HERE £ WO
#4., HE &M, @5 YMC-Pack ODS-
AQ, KRR 30 °C, ¥R 5 mL, i % 3 mL/min, 284k
R 5 1 280 nm, WA A 0.1% =9 LR
(TFA) R B 4K i 3h A B 100% 1) 2 o Pk A
J# 0~30 min, 100%% i 81 4 A 30~50 min, 70% 1)
WA A,30% 8 31 A B 50~70 min, 100% K i
A AL WCEE A2 4)  IEZE vk 4R, D HoXT KLK 52
M), 6 Y e AR A, R T ORAE

HPLC %8 7 K11 005 28 1 28 WA £ 3% 4l Ak
(IEE &, BCH A 10 mg/mL ¥ ,0.22 wm JE % i
U8, A A HPLC Wl . HPLC & 48 SPD-20A, 4
A Hypersil ODS2 C18 #£, #:i 30 °C, #EfEmE
20 wl, ¥ 0.8 mL/min, 224N 2% 9% K 280
nm, WEIHH A 100%0) G i sh A B & 0.1% =
TR (TFA) R REZEK &N T 2K AR R I
4 30:70,

KLK i 2 JJk 0 8B 36 FH 23 Hr BG4 i 22
C18 BRERFEFEFTBR L . Nano—HPLC-MS/MS 43 #7
HEHE i 28 Y TC A TE 2 R 2 - R 1 LC-MS/MS 43
Br. BE RS N HE I EASY -nanol.C 1200 ) Q-

Exactive Plus Fi3GAX . 008 44 HWIZE HE 2
kV, 43HrHE Acclaim PepMap C18,75 umx25 cm;
K B 300 nl/min, B 40 °C, EFER 3 pL, #ish
FH A AH:0.19% H FRK W ,B M. & 0.1%H R 1Y
ACN ¥, 56 545 LA 60 min FBS B3 B RE A,
B EE N 2% B AHAEZ AR, 7F 47 min DRt A
FtE 5] 35%,1 min N FHE 2] 100%, 4E4F 12 min,
JoT VA B AR R 2B R a2 AT, A BIFE MS
FMS/MS SRAE R YJ 46, B3 S 80 & AF . 1)MS:
FHEIE F (m/z) :200~2 000; 43 #E % 70 000; AGC
target 3e6; f K{FEABFHE 50 ms;2)HCD-MS/MS .
S HEE 17 500; AGC target le5; fiw Ky A BT[] 45
ms ; il 18 GE 5 28% ; sh A HEBR AT ] 30 s,
1.9 HFITEERHS

¥ 2 K0 &= TP 315 KLK #1745 F X 2
REAEL, A3 AT ST A4 PRI 2 S T [ ok ) e 2 iKY 31
5 KLK W45 8801, FIWr 2 BRI — i % KLK &
FEALHAER
1.10 #HBEAE

FE S KLK i M EE 3 %, R Mi-
crosoft Excel 2010 AbPRECHE , R FEE 5 5 X% B 1Y)
BA { , #E47 B - 2Z 18] | 35 M 3 B (P<0.05) . B
A E R R AR HE A R R AR A

T

2 ZBR55WH
21 BRFEBGEX KLK B0

7 18 Fhibk 32 M K S O, R A 25 i 3
ik KLK 7% 1 2% 0 30.59%, & BEdE LA
7 Fhigh S A KLK A9, 43l &/ K
¥ ks Kar EHE DS HFM, AR
18 LR BUR A UF KLK A9I5 T, (2 dE %0 26.9%
FE 18 gk 3% 1t 8 8 1 i A A B OB (R R
K HE U A S K BRI 5 ) A T
Pl 52 0 PR E KLK 36 1, 23 B 08 5% pg I
A2 KR VU LA WK R S Y
fif O KLK P42 353k 130.39%, W3 1,
2.2 HXEMARHERN KLK B3

YR ik A 41 SO IS ) 2 & 0T 1Y) 28 1
(AL S KSEROR ), JF H Ik B HA HI BF Y
10%, W1 RESE T4 B HAK, 7 Fhgk 32 15 2R 1 i e i
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F1 BRFRERIEX KLK & EREE D E (%)
Table 1 Percentage of vegetable extract promoting

KLK activity (%)

#E K AEIL )% 38 Bl iR 3 B
R -6.5 13.13 12.43
X 3 -3.96 —43.44% 52.1%
EH -1.27 -35.17% 4.64
ek E 333 -1.78 9.43
T ES 3.65 1.94 130.39%
R 9.03 -56.08* 12.28
E¥ 10.62 0.97 8.23
27 12.52 26.74% -19.61
o4t 3k 6.973 —48.95% -1.65
I 10.46 9.40 51.5%
N 12.36 13.45 8.53
W 24 -6.022 -6.0 10.48
¥ 3 30.59% 2.76 52.54%
79 4L A -7.13 0.49 52.4%
)N 2.54 —56.72% 92.66*
F 12.84 -20.1% -6.29
L% -5.23 —26.9% 50.9%
3k 13.31 -30.63* -0.6

e R EA B2 R (P<0.05),

PRI T KLK 42 3 E 3 3 55 T 40 0 B 9 30
o H TR OB FE B Ao B — (IR ), IR
B 00 A R 22 B S/ B KR L SRR
S R E KLK 36 1 R 8 5 330000 10.52%
10.45% ,4.02% , 478 A 7 i i 2 2F KLK 19 ik
PE43 514 0.30,0.21,0.08 U/mg,, 1 & F 14 Jit i

i, 9% S 2 iF KLK 09 b3 7% (0.82 Ulg) 1 T r R
(0.50 U/g) Fil K77 (0.44 Ulg) , W3 2, Ui
KZ, TP id BTy & A s, o
RETTEILE, WM KLK B4 i
HETHEARE &, BN KM KL 3 KLK 1)
B4

7 PB4 R R AR RS &
PRSMEATE AbJ5 B 2 A0 Ik 28 4 1 KILK 37 M Bk 3
P2 IR B 54.75% , Ui B 20 B SR e 40t B R A
Mty , P20 0 AR 1 e I 1) RS EL A AR A A 2 i
KLK W/ER iR SEAE #F KLK 381 I R a0
FRZE (4 5 2R Il e ) , 9l 2 I gk — 2L 0
AMER AL i KLK WIAE R, B TN K2 308 5 A5 Ry
I KLK A6, 2 g A i I B 8
RS | 28 2ok JBR 2 11 e T A O, 0 DA DR A O J AR
A A oF KLK WM (2 R 13.48%
M 7.8%, W3k 3 s, HAET, O A 7 #& il i 3 =%
R AR SC T REAF ST . Yang PO R4 B H H
ity — Jigs it 9 fk W) vh 4 B B 4 Fh 2 Ik MRWRD,
MRW ,LRIPVA Il IAYKPAG , ¥ 2] ACE, H
2% P v I K B IR MRW F1 MRWRD J5 B4 it
AR, BESRER B B TSNS IR R
P 1 R BLO IUBEAE A 40 AR T, 33
14 7K B2 B 6 1Ak R BRUVER DS 9 BE %) BT 3 R B,
R 5% 2 A KLK AR R AT #3828 T3
SRR i KLK 2R W35 F I e, it —
X SR A RS AT PR A S

R2 B¥AD EAFRLERBEELBEREX KLK Bt m

Table 2 Water content, protein content of vegetables and effects of its enzymatic hydrolysate by pepsin on KLK activity

. Eabz/ KLK 1% 3t & 4 AU/ E/ AU/ITZ/ N E:S=
H oh 2K Z/%
(pglg FW) (Ulg) (Ulg) (U/mg)
X3 69.78 0.72 10.45% 0.15% 0.44% 0.21%
EN 93.38 0.36 0.00 0.01 0.01
WK 92.90 0.70 0.06%* 0.82% 0.08%*
&N 76.43 0.51 10.52%* 0.15% 0.50%* 0.30%*
% 96.00 0.18 0.00 0.08 0.02
7 41 A 97.96 0.21 0.01 0.05 0.01
RUpLS 2 72.00 0.57 0.03 0.02 0.01

o UK EA BEEE R (P<0.05),
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it KLK & B9 52 i 05+
Table 3 Effect of vegetable enzymatic hydrolysate 2 o4l
by pepsin on KLK activity after simulated digestion a3
L 25 03f
in vitro =E \%
& KLK %t /%  AUMSEE/(Ulg) g 02f
X # -1.42 -0.02 01y
FIN 13.48% 0.19% 0.0 :
0 20 40 60 80 100 120 140 160 180 200
T 54.75% 1.32% i i
o o B RN
1 %% 8| .
4% 433 0.07 . * . I %
. Sephadex G-15 it Bt i £k
o 41 A -0.71 -0.01
n Fig.1 In vitro simulation of Sephadex G-15 elution
L% 7.80% 0.11*

o R EA BE 2R (P<0.05),

2.3 Sephadex G-15 B 7B

S 28 1A ATV AL 1 i 5 1S B i Ik R &
Sephadex G-15 B/ &5, 76 # £ 280 nm T A9k
JI R 2 LT 1 RS AN 20 min FF AR 8% VR R R i

curve of polypeptides after digestion enzymatic hydrolysis

of spinach

b2/ S 7 o N | I N b= o Y 3
B SRR, E 90 min PR REA L, &
2150 KLK 42 35 2% A i 9 o 53 IV, HAR gk %
KFN T 46.85%, WL 4,

R4 HEFESEH Sephadex G-15 it A4 3t KLK B2 0
Table 4 Effect of sephadex G-15 eluting components of spinach polypeptide on KLK

W AR I BB AL B AR 4 40 5 1

I | \Y

KLK 423 %/% 5.12

23.24 15.67 46.85

2.4 HEBRKRESE KLK (2R
K 273 IV A il 5 B0 0AR 1k 47 o g 2l Al 7

PR 280 nm A R AVEME A LI 2, A 4
P 3, 75 60 min 7647 FE 958 BT R
II

0.055
0.050
0.045
0.040
0.035

III

)
_IV

\ﬂ

0.030
0.025
0.020
0.015
0.010
0.005

W
Absorbance/Au

\

0.000

0.00 10.00 20.00 30.00

40.00 50.00 60.00 70.00

28 35 i) A& T SO AR B IS I 4 S 4 4y R
KLK 52, 243 AR iRk 100% , Bifi J5 26 43 %)

R 1A]
Time/min

B2 SEREAEG &SR LN ik
Fig.2 Elution curve of spinach polypeptide by preparative HPLC

KLK B9 {2 #EAAS Gl R B, WLk 5, e dil o T T
2RI E M RE
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x5 EXSHEHFEIRHMAERA DX KLK B %00
Table 5 Effect of components of spinach polypeptide eluted by preparative HPLC on KLK

HE A I I I v
KLK 42 3 % /% 55.68 100 97.38 95.62
2.5 HPLC £%& KLK Rt Rkt 5 Br, WL 3, 4145 I 76 5 min 224 H B0 A — g | 4l

Ze il o BROARVE LIS 09 4 4 I X KLK 4 A5G Bk e H 40 .
PERIRF] 100% , WK Z A0 . 4800 BARCRAH 73

=
!
_ 300
£
4z T 200 F
@ 2
-
2 100
(=W
0 . i
|I|--.I-.nnl--..l.n.-l..-.lu.--l.-.nl
0.0 5.5 5.0 75 10.0 125 15.0 17.5
I 8]
Time/min

3 EXRZHEHERHMERRAN | WEEEE
Fig.3 Purity identification of spinach polypeptide by preparative HPLC elution component II

2.6 KLK {2 B il BBk A 53 #f y7 fX % Arg —Gly —Asp =Tyr =Tyr —Gly =Pro, H
Ho DWAFAERFE T A b,y £51,705% 8 b2, RGDYYGP, El+h m/z 4 829.65;y8 1t % Arg—Gly-

b3 .b8 .y2.y7 .y8, HH b2 103 His—Asn, B HN,E  Asp-Tyr-Tyr-Gly-Pro-Ser, B} RGDYYGPS, &

Hom/z 25217303 {3 His—Asn-Ser, Rl HNS, mlz H 916.36, i 240 %€ [T 4 4 His—Asn—Ser—Pro—

Kl m/z 2 338.12;b8 48 3 His—Asn—Ser —Pro— Gly-Tyr-Tyr—Asp-Gly-Arg., # 3% KLK {2 2 ik Fy—

Gly-Tyr-Tyr-Asp, Bl HNSPGYYD, Kl m/z H 2 10 MEEERA R Kk, IR 4,

935.25;y2 103 Arg=Gly, Il RG, & m/z N 232.56;

*LI_J_IJ_J_IJ_J_JT*
s —1—0—1—Y + ¥ +—D——G————R—fbMax
1004 R !;si{n }% H—6——P—H—S——N-+———H—H{yMax
3 y ! ' I H H A | [pre[1+]
I
=~
B 2 50
-
L
= - :1 I :
T L IR D
R IR ) A R -
100 200 300 400 500 600 700 800 900 1000 1100 1200
Error {(da)
A it b L L o L et A Rt L s 0.02
0.0 -t et T S b =
-0.02 -0.02
I [
Time/min
B4 HISBREAEHRAS | ZRRILE

Fig4 Coupled with tandem mass spectrometry of preparative HPLC elution component II
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2.7 HFFEEBE
Sy X, EAGE SR B4y IR o 5 2
A EAE R AR BK ) JufEAe Ty S o SR
AR VR, b, U AR AT B fRe o
i,
HNSPGYYDGR k5 KLK A3 A~ X 2 44,
WL S, A N 5 KLK 22 8] S0k 1 45 & i 15

V-
NS W
Nl et Vi
NP 7
ool
A9 g
(‘ ¥

(a)

i -2 G P rkE e N, 2 502 #F KLK 75,
UL 5a, i KP C o5 KLK X2, UL 5h, M
ZIK C o5 KLK 456 W 5L B EcE =R & L 1
BRAY C i KLK {6 M 0T Re e E2A/EH . R N
i 5 KLK g X #2201 &, s iZ Ik EE2AEH S
KLK 1 57 {i His 97 fi Cys.98 {i Glu .99 {3 Gly
215 {5 Trp 5 NRAHERIE gty WIE 6,

2

ia‘

<5 / =
X T |

(b)

5 HNSPGYYDGR 5 KLK 43 F Xt ## = 4 &
Fig.5 3D diagram of HNSPGYDGR and KLK molecular docking

om

Trp215(A)
' ' \
B Glu98(A)
CIRA o

Aspl02(A)

o

B 6 HNSPGYYDGR 5 KLK % F %t % 5 H E
Fig.6 Plan view of HNSPGYDGR and KLK

molecular docking

3 &Hig
18 Fhgii e A7 7 Fhigii 3 (B (MR R

5

Koan PHLLAG 5N 4 5 ) 24 B R A G R )
i KLK M3E P B R 3% sk ik L K5 |
HHW . D E BN B B
KLK 367, A= 22 0 7K 3 B0k b 2 iF KILK 1
I R R S Y B B I A 2 I ) A
KLK #6PE, Hix 3 gk e dr 2z 28 i R S A
J&, F AR 55 1 22 Ik 2o (2 #F KLK A3 M i
RN ZIRE SRR ARG, 38R e o
KLK 3R ER .

R B A AN, R A RE R 2 kst
gifb)a , Mt Z R TG RIS AR — 5k
Tk, &I AN His—Asn—Ser—Pro—Gly-Tyr—
Tyr-Asp—Gly—Arg, i it HNSPGYYDGR KA N i
5 C U5 KLK B 5y F XA, Rz iks
KLK A A% 4205 0 N i fie #F KLK il i e
£, C I AR F KLK 3P EEAEH .

2 % x
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Purification and Identification of Kallikrein—promoting Peptides from Spinach

GU Shuang, XIE Lin, LING Qiaocjia, WANG Xiangyang"
(School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou 310018 )

Abstract Objective: Kallikrein (KLK) is an important part of kallikrein kinin system (KKS), which plays an important
role in lowering blood pressure. Previous studies on the influence of food ingredients on KLK are limited. Methods: Eigh-
teen vegetables (carrot, garlic, purple cabbage, baby cabbage, spinach, celery, leek, broccoli, enoki mushroom, bitter
gourd, cucumber, yam, ginger, tomato, pumpkin, green pepper, potato, and shiitake mushroom) were extracted by wa-
ter, ethanol and pepsin enzymolysis respectively, and their effects on KLK activity were determined. Seven vegetables
(spinach, pumpkin, ginger, garlic, tomato, bitter gourd, and potato) were selected for protein extraction, followed by
pepsin hydrolysis and in wvitro simulated gastrointestinal digestion. Spinach—derived peptide with the strongest KLK-en-
hancing activity were isolated and purified via dextran gel chromatography and preparative high—performance liquid chro-
matography (HPLC). The amino acid sequence of the peptide was identified using secondary mass spectrometry, and
molecular docking was performed to analyze its interaction mechanism with KLK. Result: Among the 18 vegetables, sev-
en exhibited peptides significantly promoted the activity of KLK, while seven ethanol extracts significantly inhibited it
from 18 vegetables. The polypeptide of spinach treated with pepsin and trypsin significantly enhanced KLK activity,
which was a decapeptide with the amino acid sequence of His—Asn—-Ser—Pro—Gly-Tyr-Tyr—Asp—-Gly—Arg. The polypeptide
has two docking points with KLK. N-terminal promotes the stability of KLK, and C-terminal plays a major role in pro-
moting the activity of KLK. Conclusion: Enzymatic hydrolysates of garlic, pumpkin and potato enhanced KLK activity,
whereas their ethanol extracts inhibited it. The spinach—derived peptide HNSPGYYDGR significantly promoted KLK activi-
ty.

Keywords kallikrein; spinach; polypeptide; enzyme activity



