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W E: H T AR kallistatin (Kal) 94 HF M, KREBRMET Toatkik Kal 6982 FBHFH . & 4818 PCR 7 kM
PAAV-Kal ¥ ¥ 3% # Kal cDNA, FFA4 K% ﬁ#ﬁ%« BAK pPICY, #35| WV BE B o ik B & ik 4K pPICY9-Kal, /& Bk
£, iﬂﬁﬁ%i—fr?ﬂ'ﬁ £ B GS115 (his4), @i MD P45 5% 2 o8 FRE R A B4k, AR X Bk E BMMY 3254 (pH 7.0)
+29CHF, 2 2% FEEEF KL 96, %&ﬁ&ﬂﬁkg']‘k 14 mg/L. & ik k7 % Phenyl Superose. Heparin Sepharose FF
s B, BERGLE LT 98%, T EH 58kDa. AHFEMREIR I T, HiAFE 6] Kal Za EHLFHRAMAFTH,
TR B E A S| (16324) U/(mg'min), T A K&K Hy0, 3 LX-2 40069 840445 . 5 4h, T4 7 4 49 Kal L fgdp
% HUVEC #mfe.09 38 78 . AARH KA R R B R A R i RIAT A A M 7& MY Kal, A% 8T LA 4
EHEET A,
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Abstract: In order to research the bioactivity of kallistatin (Kal), we obtained the recombinant Kal using Pichia pastoris
expression system. Kal cDNA was amplified from pAAV-Kal and inserted into pPIC9 vector to generate a recombinant vector of
pPIC9-Kal. Then, pPIC9-Kal was linearized and transformed into Pichia pastoris strain GS115 (His4) by electroporation. The
positive transformants were selected by MD plate and confirmed by PCR. High level of Kal was obtained in BMMY medium
(pH 7.0) after 96 hours induction of 29°C and 2% methanol, with the highest yield of 14 mg/L in shake flask culture. Kal protein was

purified from the supernatant with Phenyl Superose and Heparin Sepharose FF chromatograph. The recombinant Kal had a molecular
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weight of 58 kDa with 98% purity, showing by SDS-PAGE. Moreover, it had a high peroxidase activity (163+4) U/(mg-min), which
could protect LX-2 cell against oxidation of H,O,. Recombinant Kal also effectively inhibited HUVEC proliferation. In this report,

we successfully established the expression system using Pichia pastoris and obtained the bioactive recombinant human Kal. It lays a

foundation for its further anti-cancer therapy.
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Kallistatin (Kal) & 401 NEIERRA AL /3 T &
58 kDa IYNIEMEEREE, BAZREYFImH,
G | DE SN (K N (L8 1 1K = 9 TRA A A5 T
PoRWIBL AL BOE R R, Kal AT
TP T, S DU 25 9 AT 2 R
ZA5 S B W 2K, HARRATE & Hbtin s
ARERSE LN EIME (Endostatin) 2K
), FTLL5 VEGF 1 bFGF %54 K R 13 4+ 45 A iR
JFEWEE T (HSPGs) SZ44, PRt n] BH W o4 K A
FHI R A B AR & B, 7F Kal FFERTT,
i 200 M S 2 R B R R KG-67 Y RRAIR,
R Kal A LUECHEA s 40 i 761 . Kal AT LA
AN TR AE A A8 A 8, 2 bR e a0 A A AT Y R
Ui, SORT LA T e 440 A, 0 ke 4
RGBS AR PR AT

1989 4 Chao 5" M AIMIE 53 Kal
BH, IR JON IR RS (Kallikrein) 0] 2
H, FZEORETTOME RS, WFFEinE. &%
WA L AR 1 A B AR PRSI 5% . 1993 4F Chao 45
MR K AT R 18 Kal A HEA, HERE BRI
ZJEHATHY Kal BUDIRebsT, BA LR ALK
JITEHAT . TERGE—iW A % Kal HLRFPLA L
ABFFEIE S0, Chao SRS JT  Kal %5 1A I fiE
FgEl,

FI A 2002 4F Miao 2119 Yk IE Kal HA il
B A, RS R AR S, B
JETE MG R Z e . ARTREALR A R iy
FE, T T KRB Kal YoMEER A, K
Kal 38 5 2454 FLAT ) 1 A 70 Mg 3 8 BOR ) LA o o
o AR A A O, SORT L B S R A e A
T, BAREITF LR . BRI 3
R HENATT FBe, MR TT — s 2R He 1 3
A, AR U 07 T A XU, 2 5 TR LA 91T o A G T 1Y
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), N BB, AREAE A A P S T
LN F Mg A . M EHEALYC T IZH
R TG IR, AH G AR LR, IR FE R 20
YRR B o BT AR S50 3 R ST — B s
A7 Kal AR AW, W HE B g
FIFEFE Ao BT e 25 10 i T & 29 5 Bl

AR B H E. coli 261K N Kal T, HFE
REAL, B2 ZMELLifl, B aRmERE R R
G AR S ORI P B R IA RS, TR
Mk T REMEAEAD, THAAFEERER
GrETE . BRAERT AL, R SRR A% R IR
RGTA S anRExT Sk iy B A E AT IE
TN 78 Bl B AL, Sr iR A D,
oy Tor s o d, R SOk Bz 1] T 4 46 1
R o [ AN SCHR i AR A R SE AR R R 5K Kal
B HGE . AR e TR EERE R IA N Kal 2,
PLSEIRFH E. coli #2635 A Kal % il By F k70N
FEAZMEL AL R, FrRikaifb iy A Kal &
I RE A A5 i i 45 P9 B 40 HUVEC (3858, H
T AR (3 A SR A W e A TR
JE BT IR 25 T T 5E .

1 57

11w

E. coli DH50.,GS115 (His4) .pPCI9 Fll pAAV-Kal
B A S g a Ao LA N B2 4 (HUVEC) T H
ScienCell, T4 DNA 4%/ NBI 22 ®l 7o Xho 1,
EcoR 1. St 13 NUIREI A KiEFAEY A A, BEK
WIGATR &0 F OMGE A rl . BEREAE (SR
/TCEFEMR Yeast Nitrogen Base) I BD /A4 d], D-
Y& . D-ILALEE (D-Sorbitol) W H Sigma 23 A,
JZH714v Jit Heparin Sepharose FF, Phenyl Superose
) H Amersham Pharmacia Biotech (GE) A H] . FR¥L
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N Kkallistatin F70 | 1L 2EP0 B PrIy 8 B Santa Cruz,
ELISA il H R & D 2l
1.2 A&

T EARAE S I A A W BR S5 i
)M, AR & ERVES L Invitrogen /A [ Pichia
Fermentation Process Guidelines #:/E T}, 4lifb /i
M HIZ W GE 23wl iy 5258 T
121 LAE K pPICI-kal HIF)E

% pAAV-Kal N#H , FIES 19 HK-F5: 5'-aac
ctcgagaaaagagatggtgagagtigcagtaacaget-3' (T Xl £k
5K Xho 1BEYIN &) FF WS4 HK-RS:5'-ccag
aattcctatggtitegtggggtegacgace-3' (T K 4 3 43 H
EcoR 1§17 1), H Pyrobest DNA & i, 22 PCR
HEN Kal sAE XA DNAL H AR BER
it U] 4 A 2 pPICO FARHY Xho 1/EcoR T3 112 ]
Feblm & wive PCR. DS AT GE AT & 2R 1Y
FRAPEERE , Ze4E R0 T AW A FIXF pPICY Hifi AHY
Kal J& A 59 g4 700
122 T EEHAIETEE

pPIC9-Kal F iR #ARZE Stu 1 AL, o 3% (L B A
B} GS115 (His4) i £, B4 MD ¥4, 1# 7% PCR
YE o A IME SRR T 5 3 mL BMMY BERER;
FWNIRE T, Hi% 24 h, 2% PELAES 48 h,
ELISA %l E HWERSEH., K LERE
SDS-PAGE /3 &5 M 5% EAMTREFAE R [, 3]
WEL 2 h, I —PUEIRBEE 2 h, VEERMUE 3K,
WM PUEREIET 2 h, VR 3 W, &eEH
BeyoECL Z&GH AR A H A8 H, X B Bt
R .

123 LHEFRIFAIE

Xof i 1 Y BH A B AR AT A W SR . pHLL B
Frmfla] s R A SRR A0 AL, LAAS B RE R A f
HERBET L, DA RO A% A A 77 B 41
1.2.4  Kal ZF1H) 7B 201

KB LE AR AW (BWE 1.5 mol/L)
TiAbPE)E , @it B KER (Phenyl Sepharose) M/
ZE LM (Heparin Sepharose FF) W4 )25 %] Kal
1, SDS-PAGE HiJk A4t

1.2.5 KRG 0

1) Kal 2 X I 48 P B2 40 s HUVEC 3 58 (1 5%
Wi . % ] DMEM R5#%E (% 10% FBS) 1i3% HUVEC
AN, TRANMERE AT 80% , LI 0.25% RN 1L,
il 5 B 1% 10° 41 i /mL F) 40 Ak 0, #7022 96 FLAIR,
100 pL/AL o WGREEJ5 42 15 B 1 BE AR B N A Kal 2
H, W 48 h J5 MTT WA I 40 M A7 35 5

2) Kal 21 ALY sE M r e . A A g
AR 2 F 2 Kal 8 03 S AL B v o 5 D%
£ 470 nm Ak SR R BB IOGIE A 24K 0.01 &
SCH—A i A AR B A (U/(mgemin)), SE5G
A 3, Aliaifl s nE A Kal 5 H i S g
.

3) Kal FHBTEAMEH : R H0, XF LX-2 4
L 4 Ak B B Ol WF5E Kal & BT AL E . LA
DMEM #5537 LX-2 £EJELF] 80%, 0.25% FRREGH
b, 4R 1x10° 4 /mL B0, R E 96
FLAR, FEAL 100 pLo THRE J5 4 HE DR 5 1) ViR 35 A6 85
BN Kal 2 A FI GSH, Bl A H,0, (ZHE N
300 wmol/L) AL, H55F 48 h J5 MTT kAl 4
HAETE %

2 ER50H

2.1 RiZH K pPICY-Kal IHMESLE

PCR M\ pAAV-Kal 14711 A Kal JEH 751,
[ DNA HBKBEZ) 1200 bp, S5HHEMAT.
Xho 1/EcoR 1] PCR =¥ 5 pPICY #k A% H: I+ 7%
% E. coli DHSa JRZA4001; Y5 PCR, FRL
YIRS (B 1) K p 253 W pP1C9-Kal 52 ik
T )
22 ITEEHIEESIFIE

pPIC9-Kal & Sm 1 ZtEfbf5, Mm% {k GS115
(His4) 15 £, A MD V4, £k PCR ¥ 4
1200 bp H BE & A PHME TSRS (8] 2)0 PHIEFERETE
FH e B 2 T 1) o R IR R AT R . 3 Ak e b
() & WEW 26 ELISA I , ¥4 ) Kal 25 (035,
Hrr 1 A wpERIAK RS, HEBKZ Western
blotting 7347, 2 Kal KIiLFAMELR (& 3), ik
ALY GS115/pPICY B 75 A K HY Kal,
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1 EHFIXFRHKL pPICI-Kal & PCR FIEGI K E

Fig. 1 Identification of recombinant expression vector pPIC9-Kal
by PCR and enzyme digestion. 1: DNA ladder; 2: pPIC9-Kal
digested with EcoR 1 and Xho I; 3: pPIC9-Kal digested with
EcoR 1; 4: pPIC9-Kal; 5-7: PCR products of pAAV-Kal, E.coli
DHS5a/pPIC9-Kal, and pPIC9-Kal.

2 E%& PCRIEETE GS115 (His4) FRMEFEULTF

Fig. 2 GS115 (His4) positive transformants identified by PCR.
1: DNA ladder; 2: pAAV-Kal c¢DNA; 3-5: GS115/pPIC9-Kal
cDNA; 6: GS115/pPIC9 cDNA.

3 Western blotting £ E 4B %1 Kal EH

Fig. 3 Western blotting analysis of Kal expression in fermentation
supernatant. 1: sample from GS115 /pPIC9; 2: sample from GS115/
pPIC9-Kal.

23 AEBEHHIMK
2.3.1 LSRR

PEHC BMM 1 BMMY W50 3% 75 Se ik 47 4%
F%, K EEFE RIEHATHIK R, BMMY K 3R
TEROT WLYE TR Kal 457, 1 BMM 53530 il
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W Kal 5 H 2 AEH B . 28 ELISA Wl %E BMM
BMMY #5525 11 Kal iKUK 1, ATREH T
BMM 1 % Bt/ Jge 2 (1 R IR BHREY , R BUK R &
H A 5 R IA 1Y Kal 8 H KA o

2.3.2 pHH

¥EFHAS ] pH (19 BMMY ¥ 32 563647 % 8% , ELISA
A& B LIS Kal SEES R (R 2). T ILIZHE
i ek i et pH K 7.0
233 PEEE

e AN [ 4k B B Y BEA 5 Kal BRI R IR,
ELISA ¥&i75 % B 3% Kal 3 AS#= (£ 3). 1
WS Kal R EBERE N 2% .

2.3.4  LpERTE]

FEANIA) ) e e [RIHRURE . ELISA 300 & %
I Kal B &4t B R FER A IE K, Kal 193R
KBGO B R ROR 3, fE 96 h ik
FEmEmAT (B 4), ZE EEhREARENE,
Kal 1 & m K (B 5).

F1 BEREFMG Kal EAREEFLIE (X5, n=3)

Table 1 Effect of culture medium on the expression of Kal

(xxs,n=3)
. Kal concentration
Medium (mg/L)
BMM 4.6£0.9
BMMY 13.6+1.2

R2 pHX Kal EERIAEFM (xts, n=3)
Table 2 Effect of pH on the expression of Kal (x+ts, n=3)

Kal concentration

pH (mg/L)
5.0 5.4+0.8
6.0 8.0+1.2
7.0 14.0+1.4
8.0 12.2+0.7

Fz3 HEREN KAl EHFRIEFM (Xts, n=3)
Table 3 Effect of methanol concentration on the expression
of Kal (x*s, n=3)

Methanol Kal concentration
concentration (%) (mg/L)
0.25 1.8+0.5
0.5 3.5+0.6
1 9.5+1.1
2 13.8+1.1
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4 AEEREMES Kal ERREMTMW (Xts,n=3)
Fig. 4 Effects of fermentation time on the expression of Kal
(xts,n=3).

5 AEEEMNEL Kal EAFRIEHNFM

Fig. 5 Effects of fermentation time on the expression of Kal,
the arrow indicates the band of Kal. 1: protein marker; 2:
GS115/pPICY incubated for 96 h; 3-7: GS115/pPIC9-Kal
incubated for 24 h, 48 h, 72 h, 96 h and 120 h, respectively.

2.4 Kal EFHHSALEH

Kal 5 14 fb i B8 63 45 J e 105 W1 o i
TAb FR AN ELL P AL E T . U EE B B R4
i Phenyl Superose /" Bsi /K JZHT, V552
20 mmol/L Tris-HC1, 1.5 mol/L #ifk#%, pH 6.0, F
22w (20 mmol/L Tris-HCI, 0.4 mol/L WifR%%,
pH 6.0) UEM; VEMHENT)S £id Heparin Sepharose
FF A BRAUZAT, 220 (20 mmol/L Tris-HCI,
0.5 mol/L NaCl, pH 6.0) YEfii, ULAPEmiikeeids
Mre i B bR R A5 2] Kal 2 1 4ifbAY Kal 2
2t Western blotting %5 AMBHYE, H ELISA J5E Kal
R R 0.404 mg/L., sl it izaifb .25, Tl
AT & B I RS 7 mg 4l KT 989% Y Kal 25
Fo alifbid #erh Kal 8 E P9 ali 52 704 ULIE 6.
25 EMESH
2.5.1  XTUIE G HUVEC 2898 7952 1

¥ HUVEC 400 (1x10° 40fd/mL) #%7h %= 96 FL

Mz, FL 100 pL, AHAEISEES A EL Kal &, 3
F% 48 h J§ MTT Pkl 4G v . 455 & 3K, 3 pmol/L
Kal 25 M EI %K 55%+3% , 1.5 pmol/L Kal & H
M HR K 25%+3% , 0.75 pmol/L Kal 8 [ 40 41
BN 12%+3% , RN BIOCR, FHHEXTIRZG Py 2
MK (3 pmol/L) MHIAN 35%+4% (Kl 7).
252 AHIEY)EIGE

FIFH A G AR By LIS 24k 5 1Y Kal 25 1 41
LB FE 3G R (163+4) U/(mg-min).
253 LA

B LX-2 41 (1x10° 40fd/mL) #EFP=E 96 1L
Br, Bl 100 pL, WEEESINA Kal 1 (KWRE
0.6 umol/L 11 0.2 pumol/L), PFHYEX}HEZH in A GSH
(0.6 umol/L), PFfiJ5 A H,0, (¥ FE 300 umol/L).
12 h JE B B AR AR R LSBT, A Kal 22

El6 SDS-PAGE i #i4ifbi3i2hEH Kal EHRIAE
Fig. 6 SDS-PAGE analysis of different products from Kal
purification process. 1: protein marker; 2: fermentation
supernatant of GSI115/pPIC9-Kal; 3: purified of Phenyl
Superose; 4: purified of Heparin Sepharose FF.

B 7 Kal EHX HUVEC 414 5E /Y

Fig. 7 Effects of Kal protein on HUVEC cell proliferation.
1: normal control; 2: 0.6 umol/L Kal; 3: 1.5 pmol/L Kal;
4: 3 umol/L Kal; 5: 3 umol/L endostatin.
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F1 GSH (Y ZHMLARAS R AT K557 48 h J5 28 MTT 46,
S5 R B X BREH A0 B AT RN 51%+5% , TimA
0.6 umol/L Kal £ A HIAAEHHN 102%+10% ,
A 0.6 pmol/L GSH HANMIAEIE N 85%+7% (Kl 8).

8 Kal EAMMAKIER

Fig. 8 The antioxidation of Kal protein. 1: normal control; 2:
300 pumol/L H,0z; 3: 300 pmol/L H,0, and 0.6 pmol/L GSH; 4:
300 pmol/L H,0; and 0.2 pmol/L Kal; 5: 300 pmol/L H,0, and
0.6 pmol/L Kal.

3 W%

AL IRIE PR R BB RIA RS, RITBE M
1) BMMY 355 B2l 7 Wb 3Rk Kal 21 o T EE AR
(RS E R0 RV - 057 AN /122 (K o | Sy
TR TR KA Rk m/N . Rk F TR EL L
A WSCE AT VAR 75 M A 240 B A R A A5 38 5 B 11 1 sk
MO BEIR T AR, HAaiER AT LA R, #
K FIE G BUK AR FEMZHT RN AT A3 2] 46 B 38 98%
W HMEM,

ARG Kal 50Tk 58 kDa, 5 ML
W aifb g Kal HAFRAYA, S FEERKY
FFE 2351 Kal 1 (40 kDa) Ko X Fh22 ST RE 2
FEARWEREFA Y Kal 88 (AT — S R L

AR P AL B PR R 3 pmol/L FE A
Kal #& [0 I P B2 40 M 1 386 5 4 F 5 09 i 3 3
FpM, BB B BUEAR TR, 5 Kal AT LA
il H,0, 1755 (14 i P9 2o S8 Ak 0% W i) 43 — 302

o9 A AR IR A R, 3 A ) P
Az BUNFR IS b RS AR AT MR An A, O LR 1k b
(RS o IR N B ST T — ZR BRI HAgR 5E I 8E 11
RULHEAT T Y UE, JFAESC I SEml 25 T A g
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B A MU A A REZE S Kal 1] LA i 7 A 14 B0
U™, Kal AALAT LA VEGF 3 bFGF 531
PR AP B 5 1048 PN B M AR 3450 . SRS ORI, 3T
PIA RN B T HEAE Matrigel Plug H48 VEGF E{
bFGF 75 511 & 41 1L 4% 3 LI 21 26 4 7 i, S —Fob
PR TF AV 7 BB B I A Rl B, H 482 3
YR AN PR SE T . AHRSE Bl 4 A 4 Kal &
F1RE A R T 1078 PN R AR B 3G A, R WIS EA
il e i A 1 R R R L i RS 2 B
25 B AR B

i ged 0 AR R RS SR N B AL R G A K, R
PR R o g R AR SR8 4 L R T 4 Ak T Al
IR DNA T R b gg 77 2E oSBTk SE bt 4
AT T Z2 0 b3 0 A A SR L 6T b33 240 e A
T A A R4 U ML — 1 T AR 2 b AL
B E el TR R AN G T I AE S s T
T2 B AT o 4 o AR S e B I T NO R,
PR S 0 o e e 40 e 38 2 1) L AR 9 B R ARG
aifkiy Kal P EA S A YR E, AT LU
H,0, 512 A 4 ILAE T . 1M Kal A9 %% 3 K 2Rk 34 n] LA
P& eNOS BTG, MM NO FRik/K- P4, H
REAM ] NADPH S L 75 PE? X HUR Kal BIPLA
A5 KT R BT D 8es VI oG, 2 A 5T
BBl bR BT A 1A A B ) R IR A, (EAIR
N

REFERENCES

[1] Chao J, Chao L, Robert Q, et al. Novel roles of kallistatin,
a specific tissue kallikrein inhibitor, in vascular
remodeling. Bio Chem, 2001, 382(1): 15-21.

[2] Chao J, Chao L, John N, ef al. Kallistatin is a potent new
vasodilator. J Clin Invest, 1997, 100(1): 11-17.

[3] Miao RQ, Murakami H, Song Q, et al. Kallistatin
stimulates vascular smooth muscle cell proliferation and
migration in vitro and neointima formation in
balloon-injured rat artery. Circ Res, 2000, 86(4): 418—424.

[4] Chao J, Yin H, Chao L, et al. Novel role of kallistatin in
protection against myocardial ischemia—reperfusion injury
by preventing apoptosis and inflammation. Hum Gen Ther,
2006, 17(12): 1201-1213.

[5] Shen B, Chao J, Hagiwara M, et al. Salutary effect of

© PERZERMEVARTATIKSHES http://journals. im. ac. cn



BIGEP- A TEALN kallistatin 55 7R S8 AR BB rP A9 o 308 0 5 A W I 1

255

(6]

(7]

(8]

9]

[10]

[11]

kallistatin in salt-induced renal injury, inflammation, and
fibrosis via antioxidative stress. Hypertension, 2008,
51(5): 1358-1365.

Miao RQ, Agata J, Chao L, et al. Kallistatin is a new
inhibitor of angiogenesis and tumor growth. Blood, 2002,
100(9): 3245-3252.

Wang MY, Day J, Chao L, et al. Human kallistatin, a new
tissue kallikrein-binding protein: purification and
characterization. Adv Exp Med Biol, 1989, 247: 1-8.

Chai KX, Chen LM, Chao J, et al. Kallistatin: a novel
human serine proteinase inhibitor. Molecular cloning,
tissue distribution and expression in Escherichia coli. J
Biol Chem, 1993, 268(32): 24498-24505.

Diao Y, Ma J, Xiao WD, et al. Inhibition of angiogenesis
and HCT-116 xenograft tumor growth in mice by kallistatin.
World J Gastroenterol, 2007, 13(34): 4615-4619.

Tse LY, Xu RA, Sun XY, et al

virus-mediated expression of kallistatin suppresses local

Adeno-associated

and remote hepatocellular carcinomas. J Gene Med, 2008,
10(5): 508-517.

Zhao X, Huo KK, Li YY. Synonymous codon usage in
Pichia pastoris. Chin J Biotech, 2000, 16(3): 308-312.

[12]

[13]

[14]

[15]

[16]

R, BT, ZEH M. B IREERE N %S AT
W) T R4, 2000, 16(3): 308-312.

Diao Y, Xu RA. Protocols of Cellular and Molecular
Biotechnology. Beijing: Chemical Industry Press, 2008:
208-216.

AR, V. WEAEYHEORTIEE. duat: T
Ak H AL, 2008: 208-216.

Ye Q, Qin SK, Yin XIJ, et al. Effect of Endostar on
angiogenesis and inhibition of angiogenesis induced by
liver cancer. China Pres Drug, 2008, 9(78): 81-81.

R, ZaE, BEhedt, 4. Endostar XM BT A AU
WA S E A, T EA T, 2008, 9(78):
81-81.

Gao L, Yin H, Smith S, et al. Role of kallistatin in
prevention of cardiac remodeling after chronic myocardial
infarction. Lab Invest, 2008, 88(11): 1157-1166.

Mates JM, Sanchez-Jimenez FM. Role of reactive oxygen
species in apoptosis: implications for cancer therapy. Int J
Biochem Cell Biol, 2000, 32(2): 157-170.

Locigno R, Castronovo V. Reduced glutathione system:
role in cancer development, prevention and treatment. Int

J Oncol, 2001, 19(2): 221-236.
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P W
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