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HE HEZE(PEG) EMBMRANEN (TCS) , I TBIMRTIE TCS AYAMris T | fare ik & 251t
12 E B LR, B TCS 40T L T RE P IR U 8 7 67 i KR173-174 i#F47 8 s R A8, I BT dg i iy 28 48
1A TCS i arace TERMFF TR 323k e slifk. TBIidZ 5 ARRSE 173 AL5 ] AL RS R R L3647 PEG & s &1,
Wi ST, I A PEG B4R TCS Y9 DNA BTG M | BOBHA S I Im I | S it . kst
R F i, W8 R0, AT A 828 B TCS ( mTCS ) 1Y 1% M 15 17 4= B TCS (wTCS) 1% M J L4
M i R O B E RS, PEG BMi B TCS BAT TG TR, (AR E: | 2kt AR 25 ah Sk
3B ER T, RIS TR A2 Wk oE TCS & 1TRY, T a2 48 b PEG &4 # TCS

{HARHE— 5T
KR RIEMEN,; B mE B, RBstk; 25815, ASSuBEhia ke
FESZES  0629.73; Q518.2 XHERFRIRE A MXEHS  0251-0790(2009)08-1586-06

KAEK B H ( Trichosanthin, TCS) &HF IR BIA RS, AHEAWHT LT L, L5 E
T H T T iRS =LA K IGYIAR . SO 4T IR AN IR S IO R 1R YT . ARk, BE AT
Xt TCS Z5A M BERI IR AT 5E, KB E B T 1 B K 215 25 F1 ( Ribosome-inactivating proteins
RIPs) , HA LR AW s vE M2y sie vk, H AR E 204G, HAZ0) DNA BEIEE, AT RLy)E i
ﬁ,@ DNA F2AFFERRIZEPE DNAYY ;. LA RNA N-BEFFBEG T, 1T LAZEAR A2 54 28S rRNA 57 4324 {3 i

WA I S5 M 22 T 1) WL, AT o LA A A AR 2 0% 2 5 I BRI SR R, TCS 38 7T 5 3 41 g
1B O e P e (9 R =) 11 B3 P S P o XTZA’EAJHT*J(J?E&\ JRIZ I 7 LA e PR Ali e 2
R AEHR B W IR A, HASRAPT HIV 3RS AT 12 567, 1989 4F, McGrath 45 35 4
T T TCS TERSMEEBEPE M M4 ] St BRI Y 9k 0 200 A e PR TR i B 2 i P HIV-1 RS2, 8807
I 2T 95 [ FDA LRSS —A AIDS IR FHZY AZT, g R 5ed:. al il TCS ZEIR IR, 45
JETE AIDS 697 7 1 HA W AE R W A (A

SRIMT, TCS eI PRI S FH A7 76— S0 ] 1, JH b i = 8 A h 2 EL i 70 10 e 2 D v 0 e 7 114
Mg, X WiE TCS ZARAEMNIGIT AIDS G R FHZGRIMRA RN, VE 8 AR —Fh R E A,
TCS HA R B T i, FEf AR 2 7= A — Se e s B, PP 2 AV IR 2 1 2 mIVE . i SCik
(6,7 4RI, IRNTES TCS 2577 R MR IERY TeG M IgE HiiA, F 58 v 5 il S 80™ 5 10 3 5 s vy L 48
To. AN, 18 TCS Mshi BRI it B Ea WU | &b . B Btk R 2 dp R s v ). Rk
— P FHANE] 27000 FEE BT, TCS 7EARI A1 WIAEXT R R, FERINTE A TCS I, IR B /hER
8, BRIERBR. N2 Z R TCS FAE UM BESRVE F, LA K LY P9 3 1 8 0 B A D, oA
RN A 8.4 ~12.7 min'™ . BLURBIHAEKRN A RERIT UL, WK 5 i B2 e 3

FrAE L FEAIR TCS WIRES A EERI RN, BEIHAEAR N R ], [ HE PR AN 2 50 32 52
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M), ol R A ELAT SEBRR FAME R AIDS WG R 2. AR F A2 S5 BoR 10 kR 4 s B 1 2 K%
9P it Tl RE. s o AR R e A, I I 2 IR AT RER BT E SR AL, AT
T 2RI AR 1 s HEAT R AE DA e I i, el A P I B, X T3 AR
A R SE R R, TR T 2 R 2 AL HACK S R R L 2 IR Y AR TR, X H IR O IR
(175 PEG Bt R, HETCA ZM AR K PEG 4> T rl Btk #t , A Z M AR PEG &4 J5 %l
A, Horh, PEG & s, Feil RSBk i 1. il PEG B4, TR E 1 2 ke
IV EE, R A, IR P M DL S 2 e e e A

ARSCRF TCS 43 F 1 0 AE AY 40 IR e 5 FE AL A5 KR173-174 HEAT G A 9828, I % 77 A 4 58 728 1A
TCS gy nsce PHAT T B & WEE s A ( Site-directed PEGylation). ¥ %8 oK, £ PEG Bifif5, TCS
M RE IV | SRR L) R B ) A e BT A B ik — P IR 3K 6 TR S B A T Ak s B M 5 12
2 TCS $ftt 7 — AT R AR

1 SEIES

1.1 # #

kK E. coli DH5o 1 E. coli BL21( DE3) NASZARAE, JFki pRSET-A Fl pUCI9 Hy 7k 1+ 2me , A1
/BRSPS R R SR o N S I T N ES BN B N g1 = R /N I g TR 7 S B 3 | g S I =B S
Promega 23 7, Ni-NTA Zfifki7) &0 [ 25 E Invitrogen 23 7 ; Taq DNA B4 . T4 DNA %50 L) K PR
il N YT BamH 1 Al EcoR 1 ¥ | H 7K TaKaRa /A 7 ; PEG-maleimide (mPEG5000) 4 [ 3& [# Fluka 2%
Ay BT TCS ST AR A5 Fa 22 4 i 24/ W 4 H € [F Promega /A Al ; °H-Leucine 14 H [ 4%
FARIF RN T £Fh HRP FRIEHY 1gG A 1gE Y90 A F 15724 7
1.2 A %
1.2.1 TCS Wy A RE  kik 54 HRATIIAFZSHGE L0 (S B LI, 28 TCS 4>
F AT REAHT R R W07 i KR173-174 #4728 smUZEAE (Lys173-Argl 74 58788 Cys173-Glyl74 ) , JF44 i
FEAE I S RAT 84N TCS gy smace- MEIEHFIZ AR R TCS 78 K IAFT BN 8 IF i Ni-NTA SEF1Z A
ik,
1.2.2 TCS REMRE G 8 PEG & S B4 Fraifhds 20 AR E 1 (TCSwprsimace ) 5 mPEGS5000 7
PBS ZZ P 1: 10 FE/R IR A, T 25 CJ i 8 h. FH 20 fiAFH 1) Buffer A (%5 20 mmol/L Tris-HCl/
1 mmol/L EDTA, pH =7.5) %R [ NIR G W, L ik . B RN =9 AT HUSEH Buffer A P-4 1)
CM-Sepharose CL-6B( Pharmacia) #:N, DA% 0 ~0. 2 mol/L NaCl %) Buffer A Z&PEBREEVER , WCAEFE S E
1T 12% SDS-PAGE % 4E.
1.2.3 DNA B & MM F  7E 20 wL AR ZR (4275 50 mmol/L Tris-HCI, 10 mmol/L MgCl,, 10 mmol/L
CaCl,, 100 mmol/L NaCl, pH =8.0) N4 A 2 pg BFAER | 848 RISk PEG &1 TCS, SRJ5MA
1 pg HIRBERUR. pUCL9, TZIRIRN 1 h. SOWESH G SN = AT 1. 2% B REA e e v Uk 434t
NS 2 75 T BB e SOk D) 351 A 34 B 47 DNA.
1.2.4 BEAEEREKEEENE SR ARRIREE B4R RAZAIEL PEG EMHAY TCS 5 11.5 pL 1)
LT AN i LR IR & ( OV AR R 045 1. 48 x 10° Bq/L *H-leucine, 20 mmol/L Tris-HC1, 1.5 mmol/L
MgCl,, 5 mmol/L DTT 150 mmol/L KCI), T30 CJhi 1.5 h. $RJ5H 25% ) = A LBRUTTE R W IR &
Yy, B HOE R ROBAAEE At L. 2AME TR, B TWARINIRTEES AT HECE e .
1.2.5 ®EEMEMN K6 ~8 M BALB/c /NRA 3 4, gl 6 K. 3 8 pg BiAM | 5878
ARISE PEG &AL TCS i &R N g e, [BIFg 14 d J5, FERER &A% R TCS Jinsk fesE, 3t 2
. Bk 7 d 5, REME B ME G Rk /N BURLTE PRE M 1gG 1 IgE K2R A ELISA 2. 4%
50 L RER TCS(10 pg/mL) 9T ELISA A7 I, BF 4 Cidk. ¥ HM PBST Yo/, 7fEAfLHmA
50 wL 2038 SRR FF R LS5 . 209 F KUEHUS InA HRP FRic B92E8T B 1gG 5K IgE Pk, 78 UM
&, MAS0 wl OPD 5, FMIA 50 pl H,S0, (2.5 mol/L) &1L, 55 fEBFRY 490 nm %K F ik
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HU S BEAE.

1.2.6 AMHFMERE I BALB/c /NRIAAEFENLN 6 DRIEL, /5145 TR AR AR PEG
B TCS. 6 2H/NERIKAZ IR F 40 9 M 45. 00, 31.50, 22.05, 15.44, 10. 80 F17.56 mg/ke, %A
W RIZAFL(0. 025 ml/g) —IRMERRIKZS 245, ELEMEL 10 d, 0% shi) H BRE R FBE T 4K

1.2.7 #HRFAFRE A SD KRN LU 0. 8 mg/kg —UMEERIKS T RFEFZE TCS. 4351
f£2,5, 15,30, 45,90, 135 F1 180 min B [A] g KA, 4385 MG J5 B T - 20 CRERE. 1 254k R (] 42
Je.t> ELISA BE5E. #5100 pL (940 His mAb(10 pg/mL) f04% T ELISA #x b, BT 4 Cidw; wHH
PBST Yebm, ZERFLHINA 100 wL BHHH, 37 CIFE 1 h; s, FERFLPIA 100 pl 2858 45
BRI , 37 CIFE 1 h; ¥EHUS, INA 100 pL 3t TCS 4RilLif, T 37 CHEH 1 h; Vb, AL
HRP FRic A AT 1gG, 37 CIEA 1 h; Yets, MIA 100 wL OPD, 37 CHFE 20 min; FLERFLTINA
50 wL H,S0,(2.5 mol/L) 1k K. HeJa EBFFRAL 490 nm K T L HUR R

1.2.8  Seit ot BAREERNEE « brfis (x +5) 73R, HI SPSS 11. 0 A AT 22504,
LSO AT 24 B8] Ltk A T

2 #R5itR

2.1 TCSHWRERRE, K&, #4i{LX% PEG 1&if
DIFEREIE D 2H o MiAR , P4 PCR AR 3RAS TCS s imace FE . B HTERE A pRSET-A #iik | 1k
E. coli BL21(DE3) , 1381548 R) TCS 7E18 E RN KIERG 3Rk, 28 Ni-NTA ERZETAELifbs , 3k
I — R TIE A (1 Lane 3). 28 PEG &5, A% PEG-TCS s 1mace 77 F 2 B34 0 (£
40000) , T PEG5000 5 TCS 43 F 82 HI([E 1 ' Lane 4). #EM R H AT E7E FEOR G PEG 437 fif
JRAESR I BRI, UK S R AL O3 — R AT RETE T PEG /KA EE IR &, (115 PEG fkiE
FH7E SDS-PAGE H UK 84T R SUH .
1 2 3 4

97400 — |

66200 —

43000 — [SESS

31000 — [

20100 — | =

14400 — | ==

Fig.1 Analysis of the constructed TCS and Fig.2 DNase-like activity of TCS and its derivatives
its derivatives by SDS-PAGE Lane 1: pUC19; lane 2: pUCI9 + wTCS; lane 3: pUCI9 +

Lane 1: molecular weight marker; lane 2; wTCS; TCSkpi73.174cc 3 lane 4: pUC19 + PEG-TCSygy73 174cc- Ne: Nicked
lane 3; TCSKR|73,|74(;G; lane 4 ; PEG‘TCSKR]73,]74CG~ circular DNA; L: linear DNA; S: supercniled DNA.

2.2 DNA BgiEMHNE

FEH VISR, TCS REMSYIFEIRIZE DNA i 2 7= T Lt DNA Y. O THRIE PEG &
A TCS JEA A2 DNA BEIEE, K IRE Bk pUCTY 25l 54550 TCS 7E—E 4 TR s, %
JE AT BN B I L TK AT, S5 R LI 2. SRR TCS ARLAY S, B ER) PEG BHfi % TCS IR
H1251L DNA [iff 5 1.
2.3 H#ERKEEENE

TCS HA RNA N-FEHFEGIGPE, T B A WA G 16, DI P 40 PN 2 B At . oA T
EbA PEG B4R TCS (SO S IE 16 P, SREUG X 22T 41 i 240 WA A B F AR . mRNA KB A
JEMER T, 380 H-leucine $8 A RK T AR BTG5 AU SZ IR 2. 25 R WoR (R 1 FIKI3) , BT fY
Z 5 A TCS # BRSO MR TG G PE. (H5 wICS M EL, it st g8 8 TCS Y I ML AR AN AR
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(P>0.05), 1 PEG &Ml TCS 74 W TR, 2958 wICS [ 1/6(P <0.05).

Table 1 Summary of RI activity and acute toxicity of TCS and its derivatives

Protein species RI activity (ICsy, ng/mL) Acute toxicity ( LDy, , mg/kg)
wTCS 5.06 £0.29 13.71
TCSKR173-174C(I 5.34 £0. 32 13. 02
PEG-TCSg173.174c6 31.46 +4.71 20. 80
120 1.4
100 12
S
z 80 1.0
£ i
g 60 ; 0.8
z a
B 0.6
3 40 © ™
(=]
a 0.4
20
02
0 r
001 0.1 1 10 100 1000 0.0
Protein concentration/(ng-mL-") wTCS TCSkrimanca PEG-TCSxrimanco
Fig.3 Ribosome-inactivating( RI) activities of Fig.4 Specific IgG and IgE antibodies against
TCS and its derivatives TCS detected by ELISA

a. wICS; b. TCSgpiz1mace s ¢ PEG-TCSypiz.17acc-

2.4 REEMSH

FH ELISA 1537700 5 45 4 TCS e/ NI AR S0 TG Al IgE HidAoKF-, 45 ILE 4. 5 wTCS
FHEL, Pt g 28 48 B )2 PEG B4 Y TCS f e/ BRUS W I 1gE AKSF- 246 AR F2 B BRI (P <
0.05) , Hrh LA PEG 1&1fi 81 TCS FEARTE K B2, 21 wICS 89 1/5 ~1/4. /NEUMTE N 1gG K FEAE S AR Y
TCS % 5 o EAAL (P >0.05) , WifE PEG BRI TCS %ufi o WA WK% (P <0.05).
2.5 2MEHiK

2B, INRIEREZ RIRFZE | RFEFHER) TCS J5, R — b3k, EERINBRER .
Ko PHZEEE | WERE | 5 S/ D KO FIR AR SRR L. IR, R . 26 1 MR 2 s TR E
PIAFEFPZE | KR TCS J5 12 ERE g 45 R LUK B Excel 2003 THEAS Y LD fH. 25K IR,
FFF LY PEG &M% TCS 1Y LD, H2 9 wICS 1Y 1.5 15, R HFEMEA IR (P <0.05) ; iR
TCS i) LD, f[EFA wTCS —34(P >0.05).

Table 2 Acute toxicity of injection of TCS and its derivatives in mice

. . Injected dose/(mg - kg™!)
Protein species

7.56 10. 80 15. 44 22.05 31.50 45.00
wICS 0/7 2/7 5/7 6/7 5/5
TCSkpi7174c0 0/7 3/7 5/7 6/7 5/5
PEG-TCSurs.1mace 0/7 2/7 4/7 4/5 5/5

2.6 HRI}AFKE

FH ELASA B0 K B o i TCS ¥R, 48 Excel 2003 25 i 254 vik - ] th 2 ( 1/ 5) , Il
DAS2. 0 #AHEAS L RS2 S B8R 3) . BRoR, 4 PEG BHiJG, TCS 7E MK P -3
FAINFE] (MRT) B FHEK (P <0.05) , 06 15225 srAi Bl (¢, ) FAEYE =W (¢ ,8) WA AN
PRI (P <0.05) 5 MM AR (Clp) W 2 2 1/3 ~1/2 K- (P <0.05).

B EALE, A7 T TCS 70 L AT RBMPLIR IR E AL & KR173-174; FIFHEZL PCR HAR |, 3K
8T TCS Z7ER TCS 17 amce 3 AL TREHA, SCHLT H R AR RGN AR Rk, I
FH Ni-NTA SERUZHTHESEAT T84k B H PEG & SUBIMEAR , ZEMEER TCS AR 173 | Af2F
PR IR FE T IR T —A PEG 20, 800 T HArFABL DNA BEMHT R, HHEZM TCS
—Ff, FTAEER PEG B4 TCS th s 25l DNA B IG T ; SO IAR TG 16 o i s, Frfy R
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ARFY TCS WTEPEREA S wTCS WA, 1 PEG & 10000
W TCS 16 M 3 T R, HEIX A] B8 2 i T PEG
PR, 5 HA B S A AT e X
SO o3 b BTEEAA, DATT 3 BC A T it 3%
FRAIG o itE A i, 5 wTCS fHEL, P
A RAS Y RAB M B TCS R gk 7 HE/KF- 39 4 A[R]

1000 ¢

100

a

10

Concentration/(ng-mL-")

FRAEWENE, FCP IS TCS WEAEEE o . '

/NBR IgG PP AR RS R R TCS o #7284k, T ' ” ” = 0
TEMBMITS TCS A RFREAR. Som AW B B iy ¢/min
PUR R E AL KR173-174 TR Al fig & IgE PR R Fig.5 Plasma concentrations of various forms of
B, AIESHUER A E, 51 & U< . 1 PEG TCS detected by ELISA

B4R TCS BIERY 1gG Ak R R, HEM ] fE5 a. wICS; b. TCSyppsance s ¢ PEG-TCSgsamce-
HFABERAY PEG 43T T BHE Y 10G RALAC, MfFilt—2ioR. 2rksitbilmgs R s, 5 m
TCS # LD, [HFEA G wICS ¥, i PEG &% TCS B LD, 8 W Z 34, W] PEG &4 Al il TCS
Bk WIS S 2E R S R R, 2 PEG BMfiJ5 , TCS 1E ML N AY MRT, ¢, e Fl 1, ,,8 146 AN
FREEBGIN, 107 Clp W8/l 3R] PEG 4w 238 TCS M2zl Ty PR, i il % > 5 191 ] 1 4k
K, MG EREAL HFRERFEAE T, (1) TCS & F/NrFEA, EANURE TR b gk ek
YR R AE R T PEG A& 45 AT H o A Bt 25 38, DR Al v Y B B ) A K
(2) TCS TEVR N Gy W8 K B I ik, P e RN - 347308 B8 B R) 3505 17 PEG W7 38 5 L2 () 457 BELAE FH
R FK B LR, TV %A (3) TCS AR NTRMEE M, BA SRR FEYE, HEANA
J& Dy R E R GER M 5 G BR 5 1 PEG A3 A5 BELAE FH AT I TCS 43+ ERYPTIR e %, T s gk e
P2 R G AE R B L.

Table 3 Pharmacokinetic parameters of TCS and its derivatives in mice *

Protein species MRT/min 11,50/ min ty,,3/min V./(mL - kg_l ) Clp/[ mL + (min - kg) -1 ]
wlCS 10.7 £0.6 3.3+0.3 45.4 +4.1 61.3+4.0 7.0+0.5
TCSkr173.17acC 11.4 £1.1 3.7+0.2 45.1+8.5 65.3+2.5 7.2+0.3
PEG-TCSgry73-17400 70.0 6.5 8.9+0.6 70.7 £3.1 77.7+1.5 3.0+0.2

#* MRT means residence time; t,,, @ means distribution half-life; ¢, ,8 means biological half-life; V_ means distribution volume at steady

state; Clp means plasma clearance.

g5 BFTIR, TCS MY MRS | Wik Salifb LUK R EI PEG &4, SR PH TR M Ak 2= A M Uy 12
s TCS &4 7 — SR AT HYIRAR. T i 5878 A0 TCS TEORFF A Wi Pk 0 [RI I, fouyse S b 25 IR
PEG i 84 TCS A=Wy is M AT B R K, (B25 B3] th i ok i 2RI R, e v fag ik B 2%
BEAIG . MR ] RS ARE AT HE— 2D TR
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Primary Studies on the Properties of Trichosanthin After
Site-directed Mutagenesis and PEGylation

AN Qun-Xing"?, LEI Ying-Feng®, YANG Jing’, LI Zhi-Dong”,
MU Shi-Jie'* , XU Zhi-Kai*"
(1. Department of Blood Transfusion, Xijing Hospital, Fourth Military Medical University, Xi'an 710032, China;
2. Department of Microbiology, Fourth Military Medical University, Xi'an 710033, China)

Abstract To construct a PEGylated trichosanthin (TCS) mutein by site-directed PEGylation and analyse its
bioactivities, immunogenicity, acute toxicity and pharmacokinetics. By computer modeling, the site KR173-
174 was identified as potential antigenic determinant of TCS. Then, a TCS mutein namely TCS,, /s 17.cc Was
constructed by site-directed mutagenesis and expressed in E. coli BL21 (DE3). Afier that, the bioactivities,
immunogenicity, acute toxicity and pharmacokinetics of the mutant TCS and PEGylated TCS were examined. Tt
was shown that the bioactivities of the mutant TCS were similar to wild-type TCS(wTCS) , but with much lower
immunogenicity. The PEGylated TCS show a significant decrease in immunogenicity and acute toxicity, and a
marked increase in plasma half-life when compared with unmodified TCS. But there is a problem of activity re-
duction. The site-directed mutagenesis and PEGylation of TCS provide a new approach for reconstructing TCS.
Keywords Trichosanthin; Site-directed PEGylation ; Immunogenicity ; Pharmacokinetics ; Human immunode-
ficiency virus
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