Research Papers

)] £oics s
' ' Progress in Biochemistry and Biophysics
)4 2007, 34(11): 1152~1161

www.pibb.ac.cn

P B 5 O D S 7 BB e BT A5

i/X’FJ%% 1,2,3 i"]%‘é?)’( 3) #x ?%"—17})&5 1) F?’J? '—_J—_» 1)
(O W R R A 2GR ST, MR 1500765 P ZRAEAR MY R4 B B2 1 L S5 sl o, PR /R 8 150030
DRIILE A E TR E NI E - A I E R E A = B A, RREE 150081)

WE O THFRSGE S MR EE 2 ANPUR S TERK I AL, R UR RO R, RS TR RR SRR, A
LA RN Z T 185~203 {72 KB FTAE R (1 19 AT T7 ik (74~98 A FEBR) LAl b et 1) 21 kA e 551, #IL S5as
HARIEEM pTYB2 EALGHALBIRIHAT 1 BL21 (DE3) T ilbAT5 F38E, ML T HERMENTHE D aift, HESRA 19 Ik
F21 0, AU MTT . 4K ihiZe. TUNEL v, a4 B s A A0 B s v ksoi A g i s s, /N B H22 IR L 7%
R SR SR S B8 T 45 A LU B2E DI, SRAIESE 19 KA 21 fk Bl FH mieIbe £ 1 Pt 88 4 6 R P 3 4 2 R 1
PRI LA RS A4 A B o 1R 0. A P9 Ah s B 28 I SRASHA 19 BT Amd 5 LB B 1 P g 4 it =, thA s 2 1t
BRI . SR AL 21 AT R 1 T S 4 AR 4 S 2B i A S . 19 BE. 21 BRI ST X BRI AT .
B A0 A KA R PR T O i, BRI R R ORI . A TR T R 2R, AR E BRI E T, T RE

SN A JE IR ET I — A T 1)

KR BEINER, EOAFCRIE, MRS, AT, MRRIT

ZERSES  Q78, Q25

Ji 98 41 2% (tumstatin) 42 ¢ B 8 1 IV o, 55 1 AR IR
JRIX, AE20TH 2L 80AEARAE Ay fili- ' L i 55 1)
GRS, 20005, Kamphaus &2 2[5 £ & I
AN PR EYEX AT H B A
FEpiMg A E . A2 B R 40 1 2
Koo (et Mo eg 4 B0 T4 F 1) 185 ~203f7 Za Sk IR 41
BITOBK. Iy A HAT IR U ARG, Tl4%
FO AR A KA F I TTRE (74 ~9847 2 L 1R). H
[ R i PSS G e 7L L R (2 S T I DN
AT 3% 3 OC B (H PR PR W o 1R R
(28 ku), 11 HA S 3 25 A i - 15 A 25745 Ak 1) 1 £
Prls, MRS A2 MRIER, FBPFRE
B, LOJTRAE A IR P 22 AR i) — B v i, AN BoR
ILHUh R A O G B R DR, ] REJE LG iR 1 DX Sl b
i, PARG 52 ARG, R ae ) R AES. KL,
N TR T RN R SREOT . A
GAHUMR TG ERR,  FRATD IR 2R (K 45 /AT
SO, R TR SRAG T s F 19FI7E
T7REEA B a&E 218k, 4 7 3E— 2 a2/ ik
XoF PR 4 B AT P B 4l AR K AR T . 28/ ik
UM AE AU, BT 280N R T SR B A

I IR AN S A e v LU, WP, 19
JPRFN2 R ] I B A AN )R RO M 96 400 B R A S 4
PR AU, i LI £ N P 4 g 2 A
M AR B A S 5, P9 R R AT B [ AR
AL TR 198K 2 1B R v PR A LEACHIE T, K
AT IR 30 2R (AR FBLRIAT T8 7/, iR ia
SRt — T RN L R Bl R VAT S TR
HOPSNTE N

1 ®MRFRAZ®

1.1 ##

L1 R AP BORE . K A W IM109 AT BL-21
(DE3) 1 [ Promaga /A ] , pTYB2 %% {4 Ity 1 NEB
AT

1.1.2  4iAREhY. /R H22 B 40 i e R T
BeRER S e ot = e i, AJFERIk v B2 4. A

* [H 5K [ ARFL G DI H (30472035), BAei148 [ AR BFEHE 4 % W)
H (TD2005-21) F1 % R VT 48 B A J7 B R FBF 2 5L 4 vt g Il H
(11511104).

*+ M IHIPER . Tel: 0451-86676570, E-mail: IxIxhs@163.com

A H 1 2007-03-09, #:52 H . 2007-09-07



2007; 34 (11)

EiErsE: WA BUERMEN SRR E R R * 1153 -

BB A A R B R AR A O R . B
BH /N BRI 1 7RV B B 2% [ T =it .
1.1.3 R K g BRI Y DI Nde T -
Smal~ Xho 1. JUT BUEEMZHTH ARG H NEB 2
Fl; TADNAZERENEE. T4Z RGN ok 3 HL
WA BRI 5% F Promaga /s 7] s DNA 43
TrEARE. AR TR EbRE. %S
G250, ¢ N EEBAR Y FUBE 1 (AIPTG) i 75 Bl 1
(DTT) A4 TakaRa /s @] 7= ;s RPMI164041 i £ 7% 3 |
JiERE. DMSO. MTT. &y iEI [ Sigmas ;s fif
A= I3 I B AR A F
1.2 A%
1.2 19 JRAT 21 KRR N g ok A k. AR AR
GenBank #4112 (tumstatin) 185~203 {7 2 FE i
75~ 9507 ZFER P N L 41, R Kk
P 22 B, 3 o v R 4 3 1O RFI 2 LI 1) ik
S, TR S i 0 Nde 1 PRI B D) 7= A2 RS
i; TATG, W& BRI E A% 0. 3 i A 1 i ATl
G B BARPTYB2 T & A 1A & IRk A (1) 57 3 3
e, BARTPHIAR, 198KAR21 BRIt BB T
TR A R

19k 3K . 57 T ATG GCT AGC CCT TTC
CTA GAA TGT CAT GGA AGA GGA ACG TGC
AAC TAC TAC TCA AAC TCC 3'; 3'AC CGA
TCG GGA AAG GAT CTT ACA GTA CCT TCT
CCT TGC ACG TTG ATG ATG AGT TTG AGG
5. 21k%EA: 5" T ATG CCG TTC TTA TTC TGC
AAT GTT AAC GAT GTA TGC AAC TTC GCA
TCT CGT AAT GAT TAC TCC 3'; 3’ AC GGC
AAG AAT AAG ACG TTA CAA TTG CTA CAT
ACG TTG AAG CGT AGA GCA TTA CTA ATG
AGG 5'.
1.2.2 19 JJORN 21 JRHE PR T 1 1 A4 28 DL K AR 11
R, aith. B 1RFE I FN2 1AL IR 26 3ot ol
oy 1B KECH RSG5 I Nde T F1Sma T R
T D) AR p TY B2 AT HL A, A0 3 K W AT 1R
IML09", 28 Xho T B il ik 1l 17) 56 11 FH 56 DR e 46
TEJi PR 193 DRI 2 1B 3 IR 754 ik 40 53 e AL
2 K % ¥ % BL-21 (DE3) #', 0.1 mmol/L IPTG,
28CH T RIE6 hm, WEARITIEHIT R, @A
Ja U T BORA ZAT A T 19OFn2 LIk ik, H
T2 DA IR I SCHR[S, 6].
1.2.3 MTT A SEER:. 73 ml I it RPMI 1640 £5
FRHERE TR AR R AP NIk P B2 4 e A

EIHUE AN, 0.25%BERGE A, BERA&ILE,
FH 48 M v HiOb 7 48 40 i %35 B2 R 5x10*4> /ml, &AL
100 w96 LAR, 47 40 35 7724 hIMEE J5 I AAS
FRBE 1O 21K S IOBE R U BRI FE (1) 2. A
WRE BT AN AL . 19 CRI21 ik iy 2k FE 8 12
15mg/L, 30mg/L, 45mgL, 60mgL. &2y
LR FE IO PR FI2 1 R FE 1) - . 4k 8ER7 9748 h
Ji, TARHLINAS g/L MTT 20 wl, 4 hjG 55980,
HMIAT100 Wl DMSO, #3557 8% % 10~20 min.
A 5 RO BE, s 4 g ol -k B th 2k, o
SRE3FPF 245 7 3O AN 7] 40 ) 0 A4 K 2 e
F£(1C50).
1.24 BRI, 23 BHUE KRS B I N B ik
PR M N SR A R, SR R v T A
M, A A R . T R R E 5
1040 /ml. 7524 LA &AL rh HERRFE R 400 Wl 28 il &
W, AREEREFR24 he W RE IR, S ALERTIA
400 wIBEFEM. 19 FN2 1Bk 52 56 20 4% FL 43 5ol I N &
W 44 mg/LIK 19K A1 Ik, BES MmNk S
21K (R 22 mg/L I 19k 122 mg/LI21
JK). XA & LI R SR PBS, R4 AR
WALV, U R FL P A i MR S, SR P
{H, Fraatfeon, LK.
1.2.5  JAT 40 M s 7 K v AR 1l i 36 (TUNEL). - 435l
AR RUFN B S0 40, A& ik Py Bz 4n
Mo, SRA Bk an i, g kA . vk
K, PRI EE B 5x 1040 /ml. A E T ) 55 3 F
TGOS L. LE6FLAR %L R HERFE A T m14l
OB, k24 h, 190k, 21HKSEI6 4 % fL oy
SN 44 mg/LII190K 210k, 64 W]
) B I N 19 JIk A 21 ik 4 2L 2 9k Ik
44 mg/L, X REZL A5 FLINN [ SRR\ PBS, gk 4k
B4 h. PR RFTFESSTEE, &N
4% % 5% PR VA R A 52 20 ~30 min. P U 1 I 4L
Yy FELIT A0 0385 J5 NS0 ]l TUNEL e NiR A
Whrid, ROCBME N R, REHIMA
50 pl % 1E 7 PDBAI50~100 wl DABJE 4 ¥ Wi
e, B, EEE A R, IR R R A
RGBT N B0 EF ST R Tl M T K, 43 BIATA]
2901 TR IR A0 S P R i T, AT B A
3T
1.2.6 a4 S .

a. FIHR T AT, R TR R . ARk
A R L I NI i Bk N B A s N 0 A i 23 S 4



e 1154 - £ ESEYYIEHE Prog. Biochem. Biophys. 2007; 34 (11)
@Awm 2UBKSEEG AL/ MANTONE S 2105k, AEEE 21 JRAE FL 289k B AR A 2144 mg/L, X AT I [R] 45
LR IE K44 mg/L, BEA N AR I IR A21  ARLIPBS, 4kEEE5%24 h. KX 4L n 25 411
KA 2 FE IR )44 mg/L, XTIRALIMARISEAE 4000.25% M i34 1k, PBSYER:, K 4T
BUWPBS, 37°C 57724 h, FFIERAMMLG4Iman  [H 224 h, S, e . & %80
i 0.25% ) JE B AL, IS4 B KR N 0.5x106~  (50~80 nm)Jm HEA T35 5 L4 W %2
1.0x10°. §% M Annexin V -FITC Apoptosis Detection  1.2.8 sWW3GTERI . 45 28 37 1 /N IR K 6 75 Y
Kit B G T 84, MR M AC3E T 40 i 0 il AR A 18~22 gy 48 MU e E B/ B BE AL
P TR Iy AdL: XL, 198k4l, 210k4l, BXAH 2
b. 4R AR . AP R R TR, A 4l FERINEROY N AR R B R 4 TR A 2.
RS RN RN B2 ie . NS 8man s SFR4l: 100 pwl AR LK 19/k4l: 4.88 ngkgl
440, 19k 2UBKSER 043 A9k 2108k, £ 198k, 210k4l: 1.48 pg/ kg1 8k, BEA M2
HAWE 44 mg/L; BEAN AR A I98KA 4. 4.88 pe/ke M19ikF11.48 pe/kei21fik. & H

21 IR AT L 29K B 45 )44 mg/Ls X IR A i [] 2%
ARIPBS. 37°C Bigf24 him, HIEH 4Ry 4
(40 M I PBSUE2 UK, 25 B UK S840 1 R0 1 4 1 e
Fo 0.25%I) g AL, il 41 B, 1000 g
20010 min, FF LV, PBSUE2WK, HEMA
1~1.5 ml 70% 0K LWE, ALAEASFE i 0 40 Lk iz
F /b h0.5x105~1.0x10%, E4RiRA], 2 S g
B, 4°ClE 5E24 h. [T Cycle TEST™ PLUS DNA
Reagent Kitif 473 2 4H M SO A 1] J& 9 40 i e oy
(%

1.2.7 BHHRBEME. SRR . AR
ARAS RPN B K N B i i NS 3500 40 P 23
44, 190K, 2URKSEEG A 70 I T19Mk . 210k, A
JLAWRPE Jy44 mg/L, A N AL R I 19 JIKF0

VEST UG EEBE TR, SRR SE6 S/
Bl PRHJREIFREAT G M. RN K _Eid Abat
NI D) AL AR, e . WL YIRS
HE R0 )n, M7 RiBoisd, ST,

2 &F R

2.1 19FKFM1AREEREIE. REREHRGK

19K 21 KL R 5 2k pTY B2 B 41 )5 £ 1 1)
B Uk A AR DR P S, g R S o i g A — 5L
(1, 2), 1921 3K 5 41 50k A5 K W A i BL21
(DB RHTIE S, RIEFEILT R ENTFE—
RN, AT R OBk, 28 s R A A
MEEEATIE90% A b, FRZBE T m HEAT M N R3S 1
R . B4 2 LR STk aE .

ATACATATGGCTAGCCCTTTCCTAGAATGTCATGGAAGAGGAACGTGCAACTACTACTCAAACTCCGGGTG

30 40 50

el Wy bt

60

70 80 90

gt e

Fig. 1 The local sequencing result of recombinant plasmid pTYB2-19 peptide

AAGCACCCGGAGTAATCATTACGAGATGCGAAGTTGCATAGATCGTTAACATTGCAGAATAAGAACGGCATATGTAT
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Fig. 2 The local sequencing result of recombinant plasmid pTYB2-21 peptide
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Table 1 MTT assay for 19peptide, 21peptide, 19 +
21peptide/2 effect on 50% inhibitory concentration (1C50)

of human umbilical vein endothelial cell (HUVEC)
and human cervical carcinoma cell (HeLa)

mg/L
19 peptide 21 peptide 19+21peptide/2
HUVEC 43.75 37.50 46.25
HeLa 37.42 57.54 47.63
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Fig. 3 The growth curve of human umbilical vein
endothelial cell (HUVEC) and human cervical carcinoma
cell (HeLa)

(a) Growth curve of human umbilical vein endothelial cel(HUVEC). (b)
Growth curve of human cervical carcinoma cell (HeLa). #—#: Control;

A—A: 19peptide; m —m : 21peptide; O—<C: 19+21peptide/2.
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2.2.3 SO TR A R S bR iC A I (TUNELE). %
NS MR B, 2806 WA N2 U B R 5
5, JHT-anie b, mEr F LG EEREgn
L, 4NBYE TS 2(9.52+2.34)%. 190k M B 25 41
HREMRDIE, BNl WA B KRG
L, T . A AR IR g, 40
B T3 53 3l Ky (34.62 £4.74)% F1(23.34+5.67)%.
Xof N R AN o, 19K 2 LIRS P iz 4l i T 25 e 2
AR, RGBS, BEA ARt

JEHTPTAE, TR L, WA S
W15 (4.

224 JECANBRACH IR TR . 190k, 218K EL JL
WA FH 294 F I N B i 4 2 R IR A B 1, 4
0 T 4 5 A (3.01 £0.88)% 5 (1.78 £0.56)% ,
(37.2742.03)%, 19MKFEES H 2 E R 21 ko, 1B
A HZER S XN A M, 3R 2
AR50 A EEACHR AT — e A i T, HH T
AR ) 0 (1.67+0.39)%, (1.44+0.29)%, (4.09+
0.32)%, o FH 254 A & ok (15).

2.2.5 PRI A AN Mo R ARSI . kT S 4
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BT 7 IR b A9 B SR MG %, TS B 4 e £ i b (<
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S0P 40 M AN [F) R BE A AR R T TORRIIBE S T 2551
A0 PR TR, A R T 4 0y (8.97 +
1.67)%- (19.27+2.18)%. 21 HKX} e #5098 40 Mo ik 7=
MRS, A TSN (3.571.57)% . 19k, 21
JRZELRE N B 4t s i 5/, AR I FH A BH (2 1)
A M GO/G1BHF B 5, 34N S50 20 35 AR R IR 1 4
JH (#2).
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U, BRA A I R T A0 RO B A
L. 20 PR 2 I/ 1 A M ) Al B S TE S R AR A
AN A0 R IR TR SRR 19K 521K
XTI AN S A ZEAN L, A AARRAR /N, 210K
SREAT 1/3 1) 40 B 40 M s 1) 20, LR A e O
FTESEE. BT AMmE L, ARFET/
A1) 58 7% R0 40 2% T2 5 022 (I16).
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Fig. 4 The result of TUNEL assay of HeLa cell and HUVEC cell
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Fig.5 The result of early apoptosis (FAC) of HeLa cell and human umbilical vein endothelial cell (HUVEC)
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Table 2 The effect of 19peptide,21peptide,19+21peptide on cell circle progression (FAC) of human

umbilical vein endothelial cell (HUVEC) and human cervical carcinoma cell (HeLa)

G0-G1 G2-M S

HelLa cell Control 58.25+1.95 * 19.65+1.93 22.11+0.61 *
19peptide 67.22+1.59 * 16.69+1.39 16.73+1.31 *
21peptide 69.46+0.85 * 15.89+1.41 15.15+0.94 *
19+21peptide 78.24+5.28 * 11.94+1.51 9.46+1.71 *

HUVEC Control 57.43+4.20 34.62+2.97 7.95+1.65
19peptide 58.97+3.37 33.23+3.18 7.79+1.41
21peptide 59.72+4.66 33.08+3.11 7.20+1.85
19+21peptide 72.10+4.11 21.07+4.70 * 6.82+1.39

x + §=3.%P<0.05.

19peptide of Hel.a cell

-~ w

n - o il

Control of HUVEC 19peptide of HUVEC 21peptide of HUVEC

© o

s

19+21peptide of HUVEC

Fig. 6 The result of morphology observation (TEM) of HeLa cell and human umbilical vein endothelial cell (HUVEC)

2.3 EHYE AT BF, P<0.05, BG40 A R E T B,
230 PRMEHEISEE. 2GR0 A S SERA p<0.0 1. BEAJHZZIRR 0 T 190k, 21k
N U AR ARG, (RS A R B N TR I I 254 (3R3).

Yl. Z%, 198Kk4l, 20kdl 50 Al i = 5

Table 3 The effect of 19peptide,21peptide,19+21peptide on tumor weight of H22 murine ascitic fluid transfevent

hepatoma
Dose /(mgekg™) Tumor weight WT / g Inhibition rate IR / %
Control 0.2ml 2.51+0.62
19peptide 4.88 1.30+0.51* 48.46
21peptide 1.48 1.44+0.61* 42.86
19+21peptide 4.88(19peptide)+1.48(2 1 peptide) 1.16+0.72%* 53.94

xts, n=12.#P<<0.05, **P<<0.01.
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Fig. 7 The effect of 19peptide, 21peptide, 19+21peptide on tumor vascularization of murine H22 ascitic fluid transfevent

hepatoma

Control

19peptide

19+21peptide

21peptide

Fig. 8 The effect of 19peptide, 21peptide, 19+21peptide on tumor tissue necrosis of murine H22 ascitic fluid transfevent

hepatoma
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Study on Biological Activity of Two Modified Anti-tumor Peptide of
Tumstatin®
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Abstract To study biological activity and mechanism of two modified anti-tumor peptide of tumstatin, the
nucleotide sequences of 19peptide (amino acid185~203) and 21peptide based on modified T7 peptide (amio acid
75 ~95) of tumstatin were designed, artificially synthesized and inserted into the fusion protein vector pTYB2.
After transformed and expressed in E. coli BL-21 (DE3) by means of fusion protein, the soluble 19peptide and
21peptide were obtained from one step chitin affinity chromatograph. By such experiment as MTT assay, cell
growth curve, TUNEL assay, flow cytometry, the effect of the H22 ascitic fluid transfevent hepatoma of mice
and histopathological slice, the biological activity of 19peptide and21peptide were studied. Experiments in vitro
and in vivo identified that 19peptide could inhibit tumor cell proliferation, promote tumor cell apoptosis and stop
tumor cell in GO/G1 cycle. It also could inhibit human umbilical vein endothelial cell proliferation to some extend.
The anti-tumor activity of 19peptide mainly relied on affecting tumor cell directly and partly on inhibiting
vascularization.2 1 peptide inhibited proliferation of human umbilical vein endothelial cell much better than that of
tumor cell. It almost could not promote endothelial cell and tumor cell apoptosis.21peptide mainly exhibited
indirect anti-tumor activity by anti-angiogenesis. The combination of 19peptide and 21peptide obviously inhibited
endothelial cell and tumor cell proliferation and promoted them apoptosis. A combination application could
markedly enhance anti-tumor activity, make up the defect of 19peptide, 21peptide alone and bring about
synergism. It would be an efficient method for tumor therapy in future, which will lay foundation on its mechanism
of action research and clinical tumor therapy.
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