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Studies on trichosanthin-like
antitumor proteins
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Trichosanthes kirilowii 893 EERIFH] o b R L o BE4bib B R 85—
ﬁ%é &4 % A Trichosanthin (TCS) » 40 FE A% 26 kDa ' & dF

5K B H i B & (anti-tumor) & & % # % # (anti-human
immunodeficiency virus) &y & o *%%ﬁ%—:}‘é  TCS HE A EBE R
(choriocarcinoma) & £ & % /8 (melanoma) & # 7% = ¥ %] &% 1 -
Irichosanthes kirilowii B7# E#EY > £RER(In Vitro) B wmE
E TCS =T si#tp ] & F reticulocyte cell free system 2% & G £ 4
i B B #H N-glycosidase 5 - Rt A EBRA L h — BN HE Ao
Wy ko N(Trichosanthes anguina) ~ B AN (Sechium edule) % 44 +
il TCS M BRI BEHGYEEY Bt~ S FHEER#E -
BN FANETTHEEBERAMH AL ENAOEE ”’\Z'J
4 % Trichosanthin-S & Sechiumin * & SDS / PAGE 454 —F 4 F & % %)
# 35 kDa & 28 kDa B35 & — 2 3 KFraa R o 34| cell-free system
) I1Co 4% A& 0.20M» 0.8 nM ;- SAE RAT R 2 AZ R A4 R 2 i
N-glycosidase activity F 8 H Z 0.1 ntM¥B ST F 2 - Bo2 H ¥
By R EEREE G 2 E 5000~6000 nM =B & + 4 éi'lfrfl’?‘ﬁ']
T OH R [Coe H7 % tmfn & & 2 DNASRNA 4 & a2 4] B R 88 3
FR LA th 3E 4b & R 8857 0 Trichosanthin-S & Sechiumin 344w B TCS — £ B
e — R (type AR 4% G (ribosome-inactivating proteins :
RIPs) - AR E—MBEBEIHH TS BFEANTE @B PHAUERR
Aim B N E > 1245 cell-free system 8| & 4B 3% 8930 %] & & 4 3L
RobEBIEZE#EEY N-glycosidase ZHBlE P Tz hEE G
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R ENLE AU BETRITULESEHErHE L I EEE
(cross—-link)Z B & 7% #& & (immunotoxin) SA 38 ho 4% & 5% 4m B0t 5 3% 1%

Q

)

BsedE  AREERE S BMERrHES . AR EE

Abstract

Trichosanthin (TCS) was 1isolated from the Chinese
medicinal herb, Tian-hua-fen obtained from root tubers of the
Chinese plant, Trichosanthes krrilowri. 1t possesses anti-tumor
and anti-human immunodeficiency virus properties. In vitro, TCS
1s more active toward choriocarcinomas and melanoma.
Irichosanthes kirilowi1 belongs to the Curcurbitacae family, and
so dose Momordica charantia, 1rom which a component similar to
TCS was purified. The present investigation 1S to screen the
similar anti-tumor activity as TCS from the members of
Curcurbitacae family, for examples, 7richosanthes anguina (¥
N D)~ Sechium edule Swartz (# A\ ) and to character these
biolobical activities. The aims of the study are to obtain these
components or their derivaties for medical use such as the
treatment of cancers. We purified two new toxic proteins, which
we propose to call Trichosanthin-S and Sechiumin, from the seeds
of Irichosanthes anguina and Sechium edule Swartz,
Cureurbitaceas growing 1n Tailwan. These two toxic protelns have
all the properties of ribosome-inactivating proteins (RIPs) like
the A-chains of abrin and the related toxins (ie Trichcsanthin).
These RIPs catalytically 1nactivate 60s ribosomal subunits by
removing adenine from the position 4324 of 28s rRNA and there
by 1nhibite the protein biosynthesis. From SDS/PAGE, it showes
that the molecular weights of Trichosanthin-S and Sechiumin were
35 kDa and 28 kDa respectively. The two toxic proteins inhibite
the protein synthesis of a rabbit reticulocyte lysate with an
1Cso 0of 0.2 nM and 0. 8 nM respectively and have much less effect
on protein synthesis of HelLa cells with 1Cs of 5000-~6000 nM.
After rat liver ribosomes were treated with 0.1 nM
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Trichosanthin-S or Sechiumin, the total rRNAs were 1solated and
treated with aniline, and a new rRNA fragment could be clearly
observed from PAGE. Trichosanthin-S and Sechiumin belong to type
I RIPs, which do not possess a lectin domain, do not bind easily
to cells, and consequently have a relatively low native cytotoxic
activity. With the aim of obtaining selectively toxic molecules,
many RIPs have been conjugated to carrier molecules capable of
delivering them to specific target cells. Antibodies are the
obvious choice for preparing conjugates immunotoxins. Several
type 1 RIPs have been used to prepare immunotoxin {( 1e gelonin,
PAP, saporin ..... ), So we suggeste that Trichosanthin-S and
Sechiumin could cross link with specific antibodies to produce
highly effective immunotoxins.

Keywords ¢ immunotoxin * ribosome-inactivating proteins (RIPs) -
r1bosome

Trichosanthin (TCS) & & ¥ B %& B #i4#h Trichosanthes kirlowii &#&
AR E (tuber Vi K AR E RG220 KDa B r TR TR T A B &
— R E B Rt o LAt X (animal model )& F B TCS T LA 5 H I
Bl L2 HME B T2 S d B4 B4 s 0L R 8% 4 & 40 2 (trophoblasts)
Ve B B oFa T B RS 891 A 2 9 TCS Tﬂ—ﬁﬁ'ﬂ,ﬁ;ﬂﬁp(1mmunom0dulatory)[ ]

B b (anti-cancer)[4]Z & - 1989 & McGrath A% ET(0] £

FPE

FoRMREA KR C ol RSl ESTMM%Aﬁﬁﬁﬁ#
(human immunodeficiency virus)éy# & » gt TCS AL E R B H LR A
HEEFRARZABE « TCS [F] o, & A% i 7% 40 4] & & (Ribosome-1inactivating
proteins; RIPs)#) — @& 8 » T A& s E N-glycosidase iFH4F £ #4EH 4L
H A% s B A% BE 2% 28S rRNA 69 Avef B £ 15 & 6 AL 07 2 & B T (elongation

factor-2; EF-2) A e i B R LS > At EeeR Xz & &

e o

[6,7] - 2R % &G EHY (wHEH ~ BATF - REF - BEH /) X
WREaETFLHGFH RIPs T RER LIRS -FA RN B ERILHE
(monoclonal antibody)#i5 ¢t RIPs sA kst st 4 » AR ES T 2854
(immunotoxin) » #| A L A2 A 5945 B #437 B 2 4w f (target cell) @ # RIPs
NBE@mi MM el B — R S REENFE[8] -

B4 1991 » Wang & A[9]48 TCS #1 A $EAF % B 4k 42 "Hepama-1" 34 N-
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succinimidyl-3-(2-pyridyl )-dithiopropionate 245 i& 3% » =T L4 32 F $ AF 55
mpEtE 00 - UL TS AR EEZCHRAARNEEFTBENNHIFR L
BHFX - BECHERNUIn vitro)m 5 THBE~H 2 H5 mppy TCS
i B8R 591 & #E % (choriocarcinoma) & 2 & % (melanoma) » TCS #%
BT AR AEEER BB (KEHRE > nalignant mole) ¥+
trophoblastic cells Z AEF A &K[10] - E484E A TCS KB v oIk &
M PERXMCEFERHESHER  HEEREMBRRBLEMENFEREY
Ba(1l] -

RE—BHENBEHESEEIRER =M E L — A48 B M4 E 508

*mﬂﬁ B FERANNH TR RES M F =R Z B A% 5 E4889—HF
A& (RARATLSR) BATIES G H[12]  c EF RILBE B ERE
BE¥S EERESMALREBHRAEREILA X5 F(DNA, RNA, protein)
EERZE R EMmipR T Eﬁ%%iﬁ“ﬁﬁkﬁﬁﬁﬂKHQE@@
R AR mieHEt RS EEY % Bk JFR*%’%%#‘J
W emmHaEE REFTERAR[13] - BEP PER BTSSR S5
BRARGER  — L EBRAELAEMERRTHE SRR - i ’\#ﬁ—,ﬁ.@ﬂ%
[14,10] M F 4 PR oM HIrH BT BB AR EaiNt Ak
PEFTARDGNBERLA—BEEZRAETR -
h x> TCS =48 Trichosanthes kirilowri FRi§ 3| » AR X3 & H 40
BT RZH }E?H Al ¥ 4 4o 3¢ N (Trichosanthes anguina) ~ & AN
(Sechium edule Swartz)iidh + 653 b 1 TCS $a/L B A b Ry it m &%
M2k ad BEiE—FEGEERBS > WEHIin vitro¥dl & F
reticulocyte lysate cell free systemEZ& E & 4% [16] » 34 & ¥ 28S rRNA
Agoa 431 T &Y N‘QIYCOSidaSE .«%']'i[l?]*E%ﬁi?ﬁ*ﬁiﬁi#ﬁ%ﬁé g o 5 8F 4t
HEE AR E Xt EESOSAN Ao R IEHBINE
& a# cancer cell line £ F E—%?F Fléhtafa it o B4 o ER R
Rk A ARAY » HEC 4356 RIPs thir » HRZFHFEE
M E  UBRBEERE—FBTREREREGELRME » 8448 2 F 2T
B IE °

[ -

A~ MRk

— ~ R BB E a it :

FEC 400 e ~ BARNHEF » BAKRBAKRFE IR DR B 600
ml 0.00 M B85 P o BAIBH MBIt BTk - Bt A S8 OH L
12,000 rpm 4 C&t.C 20 748 - R EF BN ACTRIE o A B2 E 95
DwitefuE BT SMABBEEEH] o - B30 18,000 rpm 4C 28
W20 AR BRI B EN BN 10 oM pH 5. 0 et s dnig
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REATEN  BEHBZME GBACF#2 Sephadex G-75 column (90
X 2.4 cm) > wEFFWRHL o SEBFEATRL L 10 mM pH 5. 0 BEEL 45
4 Rk a2 CM-52 cellulose column (7 x 3.5 cm) » A4 0-0.4 M
FACeRbr B X BEER AN BB R 5] R - BRA VEME R 0 B E A FPLC Mono-S
column (1.6 x 50 mm) - ¥4 0-0.5 M ffbénih B Z BEBL AR B BB 8 R 51 R
TG RIERBEREES RAIBERRIAELd DE-5HZ
cellulose (7 x 3.5 cm)A& CM-52 cellulose column (7 x 3.5 cm) ¥ 4F
itz mg -

Rtk EEa smin(cell-free) B+ 5 mirtl 2B 18]
#] B Rabbit reticulocyte lysate translation system &5 fo A
(1)17.5 ul Reticulocyte lysate ; (2) 0.5 pul RNasin ribecnuclease
inhibitor (40 U/mt) ; (3) 0.5 pnl Amino acid mixture (Leu) ;s (4) 0.5
ul ["H]-Leucine (1 mci/ml); (5) 2.0 pnl R HBEHEE S © (6) 4.0
ul BMV mRNA (500 mg/ml) » & R BB A 25,0 pl » o AKX HIR 439
4% » £ 30°C R 60 2048 » Ao 225 pnl IN NaOH / 2%H0. > A& 37TCF
YER 10 748 > SR Ao 269%TCA 1 ml E & GBI TR - FR BERET
Whatman GF/C glass fiber filter » A 3 ml H5%TCA hE 4 3 Xk » £ 3
221 ml 95%i@E# ok GF/C glass fiber filter 2 & » ji§ 8 &K1k 3278 B H8
B BRI SR P > o 3 m]l P& (Scintillation liquid) » 2X
B-counter R & H B 4+ & -

=~ Rt EIE & G N-glycosidase activity Z @< [19, 20]

(—I)ARB R WMWistar) A 28 2 /85 SABTSA S 7 S48 IR AT B ©
LA PBS A4 AT B vt Bk B T 77 4% AR T AR SR K 0 2434 '8 #4 (Homogenizer )
R Tt - B Eibz iz 1008 RELER & 18nl LF
AeA 2.7 ml ##EEY 10%D0OC > Re¥yg2thk o £AKETRE 20
b o MERBOETNEMAIN] M EEZ 4nl 0.5M B4 B4 DOC
REBZERROIN mELSRELEAN > 24,500 rpn > 4 CTF 8- 3.5
NBF - BL pellet ;&7 200 ul % rsuspension buffer s 4 3000g ##.u
10 548 » BR LR R Bp A dhib e aEge -

(=) 80S #%#& 8% (82ug)# 20 u]l b X buffer B AR ERE Z RIiL#H
fad i & @ (2L Abrin-A & positive control)i& 4354 » EREBHS
110 2] » % 3TCF R 15 448 - sA 4852 Acid phenol 8% & § %
BRTR BrAmResyyzig  £ZET15 000 rpm & 15 48R
hERE A L/10 BHe MEB MR 2 5 2 40 2% 7% 64 9596 /8 5 1% RNA
JLELF R » LA Speed Vac #§LBdnidd » Bk AR —FT#EE L 40 4l
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aniline K8 PRI 10 448 o /w400 ] DEPC & 388 % A48 448 R
JEAT Ak » I ABRBE SN R VB K SLA H RNA » 45 &8 2L Speed Vac 463 0 &
AT & &4k aniline = RNA 2 A& » & Ao 20 ul &) gel loading
buffer a9 2B U 20MA EAH 3.0 R AMEIRKRB T4 (42 MAE

%) © LA ethidium bromide % &, 10 4-4% » &£ UV TF < R.%] 5. 85~ 5S>
185 ~ 285 B prin i &9 RNA | & -

W R BERE RO R e Ea T Aoz EER[2]1]

BEEAE R mi S 109608 4 ik 2354 K 45 37T, 596C0: + 32
% o BRfmfp 1 X10° cells/well &% 24well-microplate ¥ 18 /8%
Bl E NIt Em K% BREFRIEER > U PBSAHR  Ir AR
Bl &2 Ricw Bk Exa » £ 37TC, D%C0 24 4 /) 0548 » g B
%FE R Ae 0.5 uCi [Hl-Leuzsndhh » #4505 1 /8% o 3 E Ao
A1l ml 0, 1N ﬂﬂﬁtfmﬁiﬂ 0 s tmfr s At - 2R1E A 109%TCA =
AR TR B MEERRE GF/CiE&E - & 5%TCA 7k GF/C &
HMER 0 HFU 0B EBRR > FRADIEEZIE » BIEEANPI B
FEGEA o v A 3Iml PSR o UAPEH MBI EREMASNEE > LI BEa
(FhANsE28)E4100%  BUAEHREaEz4amk P44 8 5
kb o

A~ R BIUEZE G HIE =i £ & & DNA ~ RNA & 4 5% =2 3p )
BB e P A5 109006 4 i 2 38 & B 4 37°C, 59%C0: F 12
% o B4mhi 1 X10° cells/well 3% # 24well-microplate ¥ » Az AR
Bl & RichBILEEE » £ 37C, 5%C0 ik 24 /) 8% 48 B L 1971
& Amstrong| 22| Fras & B 89 ¥4 & $ 8 4 4 & (Semi-micro dye-
binding assay)i& 32 - & /o518 well 22 100 ml PBS ibik 18 » B2 R
b0 ml &y &% (0. 5% methylrosaniline chloride ~ 085%NaCl ~ 59
formamide (V/V)AR 50%ehancl )20 7481 » AR KthdRige
Microplate photometer R HE 540 nm 2B A HE - B 3 BeamiEi (1 x10°
cells/well)# 24 well-microplate 4% 10% a4 jF 2 32 & B 45 37
C, 0%0C0: T ¥38% 24 8§ mARR B ERIEHEREEZS » £ 3T
T, 5%C0: W24 | adih 48 m 4 A "H-Thymidine( & 8] & RNA 4 4% 1%
8l e A4 A H-Uridine) z se R @ % 4 1 oF > dmpth > B A
FWITBRTRABHH BT E R A MHBE -

N R ERE RO MR i % 2[23]
B 6~8 B2z RR > B FTH B x 100)0BE & FTiE8 > 3
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REBEREEEANS 80 mm 288 » R RILHEIEE G
xﬁm%ﬁA%ﬁEi&%m’&%mkiﬁfz I EHE AR
220 RBEBEAIMY  RRAFLEBLEHE -

Tt RfehBNEETORARARAF T2 54

(DaHEfED Fad RO REHEREEE 500 pnole » &34
g ho N 200 21 6N HCL > g4k b A2 E 100 militorr » 36 4 150
CARE 1 /DEF» 48303278 LA sodium citrate &5 8 H i A Bk - 14
Beckman 6300 system 23L&k 8 ¢tk oAk A -

(2) 500 pg it EZ Bibizid > 24 100kl 10 M urea /542 » A
&G n £ (4o lysyl endopeptidase[24] ~ trypsin ~ chymotrypsin
thermolysin[25] 2, pepsin)k = » #E# A HPLC Cl8 column 3%
Sephadex C-25 column A% & B K 8% b B -3 4hfb & & » oA ABI 477A/120A
protein/peptide sequencer 747 EH AR K85 5] -

(DBEAFRAIERBINEE S R EABAF 78 8 37 4o ey ik
FOamBRIG e —E RE—-FHRIFRICHEK G N T/
% (active site) °

C JLAFRAE B G 9% 5 DNA 3, RNA 2 444 #7 (Binding assay)[ 26 ]
HIV-1 long terminal repeat (LTR) supercoiled DNA ~ HIV-1 RNA
100-200 ng £ 101, 20mM £& 4% 8 0% & & 7 30 CEJE 30( =% 60) 448 -

B bul RAEARALL 0. 5%SDS 30 C 28 10 484 E 30 1. 2%agarose

gel &k gel # ethidium bromide % & 7 & UV J?“"F%E,ﬁiﬁ & #1 DNA -
RNA & 515/ -

£-8X

— » RICHHBILEE G 2 44k

AT E XN A E AN (Sechium edule Swartz) sk 0. 00 M B 8% 4 18774
Xi-%ﬁi FIT 4 -ZF}‘E%-HR:&LA 0- 95/@71%”:&}# B JlLﬁﬁﬁff#E/E’éﬂbzﬂﬁT;&
At am A 0.0IM BE BN EET B R T 2B o B ANE A &R B
Sephadex G-75 B A8@/E B4 » LA K 280 nm AR EEELE » |17
Fl—EREZRAE(E—) S8R ETRNBFHEH(n vitro
translation inhibition activity )R & » ¥ & A F M35 F @8 CM-5H2
cellulose #F P4 F#ELBBLEFTHER ETEER AN BE
8 EeNERZEEGUASE 0-0.4 M &Ab4m: 55 B 2 BE RS 404 157
BIFR PR EER AR EZ280m AR EREG YT 52— B E M E
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(B=) &hEHRE  WEAEHNE  BEBSE=MRTH — FPLC
Mono S column: 34 4% 0-0.5M fL1L4NiE S Ak B 2 BE B 4N & 708 R TP I
% 280 nm A F 0 TR A EREEZBITE(E =) L85 R
T 0B ¥ BB WETEB 41065 Sechiumin - BRIAB LT AL K FiE
iy ek aaked SDS/PAGE 44 (Bl w ) » T R B Aréib i R o9
Sechiumin B & & & 4 F » 58 & Sechiumin E,i’J H 1t (Homogenous) »* F] &F
BT BBt S R BN E c &k — 0 & 400 L ANFE
F » 425 Sephadex G-7H B 3288 54 ~ (M- 52 cellulose #F K5 4
B FPLC Mono S #Ax=4% » 4 %14%%] 262 ~12.2 & 3. Img 69% & » F]8F
AEF B2 RS e E—ZM(Specific activity) %51 & 1.2x 10°

2 x 10°& 6.6 x 10°» m4E M (Total activity)8l 2 3.14 x 10°~ 2. 44
x 10°& 2.04 x 10° » fmee/A\i&#7i%# 1@ DEAE cellulose column & CM-52
cellulose (B &)1 » T4 %45 % 560 mg & 45 mg &9’k G, Mtz
Trichosanthin-S & & & T &5 SDS/PAGE 4340 (B %) , & 500 g A F
T4 45 ng 2 Ea(h) -

I R BENEREHERBREGLE S RITIIZIBE -

RIPs 9 M A H Al B R TS £ 59 F X4 R
[27] » Barbieri #v Stirpe £ A4 F — A RIPs & — Z M KA &
AEELBREE(LectinERTHEI @WEBER®D AU E &R
(intact cells) & F MBI - 2R N EwE R AR FH IR RGP H RE N
(28] BubAZMA R A2 LRATERELTGIHEGHT LGRS
4 1 - AEEx{E B rabbit reticulocyte lysate & 3ktafn % 4 ik
BB A% B 7K A8 E 2 %) # (RNase inhibitor ; RNasin) ~ BMV mRNA ~ R4
Gt (Lew) z Atk H]-Leu» K ERE & Sechiumin
Trichosanthin-S —#e4& B » 58514 Abrin-a A 4 4 positive control -
HEULH B BHEALGREON R AL BRECM) > BRAFEBANFE
R AT RAMERELLE  TiHE %8 ’Ei/\ﬁia‘m% tbAs] o B+ -
A& 57 Sechiumin & Trichosanthin-S #t Abrin-a A &34 JE @R & &
a4 4 ReER £ F Sechiumin #p#l B2 X B2 +& G £ 4 & (10x) &7 F
4 0.8 nM trichosanthin-s & 0.2 nM ™ Abrin-a A48 % 0.1 nM -

K i A E & G N-Glycosidase activity Z B & -

HEAMBPHREER  BUEEZORE  BECEFEaHM
B RNABE - dRMEARGERA(Wistar) A ¥ > TH2H 2.0 £
.69 80S 4 EEE8 - H RNA &9 8/ 47 48i% Acid phenol EER A 959 /& # Il
% B AHEBRERE T RERE  FIHE 12 285~ 185~ 5. 85 F» o5 rRNA

i1
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WA ATRAMALEEEE - B0 10+-1~0.1 &0.01 nM Sechiumin &
Triclcosanthin-S & ®EH4 A EH R G2 BEER > BeFL 10101
% 0.01 nM Abrin-a A 4% & ®{E4k A4 A positive control - BB F &
BR® 27 » 2 acid phenol #v 9596 /E 44 rRNA Bk » SR H
FEE/ERiB2 rRNABR— B4 A4 E 1 aniline B 3¥ RE B ATl F &
A rRNA BRI R - RE A R IE Aniline 4 ARG 3. 506 B & 1
BB AR e B A T T FEER  AvAFEEZIHBHAR
WA ER® aniline ¥AF — BB RNABBRER  $EAFEEH
ViBERE A aniline K32 0 T R PIsb RNA B 87 (ko fiskdsm) » H AN
A 420 B4 H 8 - maEFE A 1 nM Sechiumin 2 Trichosanthin-S 4R =T
H R R e RNA B B Z 24 0. 1 nM Sechiumin 48 A B 2 66 [& #9 & #] bk RNA
h# o iGBEREZ A Abrin-a A4 - £ 10~ 15 0.1 nM &R E T3]
Bt RNA B & o

9~ R EE e Bl R g ] ezl E,
W& —R RIPs 82 2 fEL R &£ %Tﬁﬁﬂﬂﬂﬁﬂﬁﬁ*ﬁztiﬁ Fir LA

”}éﬁlﬂﬂﬁé’]ﬁ M IEFAR o A T8 Sechiumin 2% Trichosanthin-S # &
Hmlpdatomti®» 2B Hela cells 442 &5  pp (Target
cells) » 2z sk 24-well 3235 m » oA 50~100~1000~ 3000 & 5000
nM Sechiumin 2% Abrin-a A 4& > B]EFRA B % —A& RIPs & Abrin-a %
$#Emink 4 N0F o BAauaAdd Leu-free sz £ A f0['H]-Leu #4532 %
P /e 42300 0.1 N R A4 Esaf zm » L 10%TCA e & Gt F
R BHEAHEEHELAGRTORANBE - B+ — +=—%TH
#ExEairh Hela cells A6 hei B » £ F Sechiumin -
Trichosanthin-S & Abrin-a A 4&¥p#] lela cells & & % & £ 89 G 5+
7> 5000-6000 nM > M %44 Abrin-a &£ IC 4 0. 05 nM -

5 > i?E%iﬁ#mEﬁ'éﬁE*ﬁﬂﬂiﬁ‘k DNA ~ RNA & & Z 3P ) -

g3 7 Sechiumin & Trichosanthin-S 2 TCS #48 % type | 2 %8858
WHl &S BEESETEBRT - AL IPH T ¥ @i (intact
cells)Zz tafe %t R DNA'RNA - RZ A Rt FROA&E - e R A KKK T
S EMEETG  AEH TR R (A Hela cells)#& ##] /¢
Bt twiR T HFEOH T Xl Helacells A RIAF B ¥
#P%'H’E o

N RICHBIEETOHERBEMRER 2 HpF LK
AEB Invivo AIRHFEHOEFERRABALMEERE R LHEN
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2 oMITFTFARLAAEBEBSFESiITAES K & 34 (intralesional
administration) ° & =40 » F3ir A 10 ug Sechiumin B 58 7H iR

3l.1% &R ERHHEHmE HiE 1000 ugssEZ A HRTO0 % d&R W

T 4a 0 E47 A 10 ug Trichosanthin-S 65EER& HiR 31.1 % & & &
¥ 25 1000 ug 5pEE RHIR T 47.2 %o

+ s Rt B OREAB A R AT 74

ATRIRFA KB AL LLO6N 8RB 150CH A 1/ heF >
4 Sechiumin K2 b fLdk - B3 8 Ninhydrin 5 R > @8k A sk
B otk 2 k7 Xk £ 4 (Cationic ion exchange column) » =
EEEREBNARGHEE RO T BB ERLA LS
1& <7 1% #| Sechiumin & Trichosanthin-S Z e Aok éa i 2 FEFa 418 B -

B R AT IF

. Sechiumin & 264 B RXE AR » @ Trichosanthin-S

d 291 B A JK BE 4 Ay, ©

AT ERETGIANFY > BFRELV LML ERH X
Gt &N

A~ FRIERFEILE T G 8% 3 DNA &% RNA 2 44447
4& HIV-1 long terminal repeat (LTR) supercoiled DNA » HIV-1 RNA
100-200 ng ¥ 20 mM Trichosanthin-s * Sechiumin 4 A 30 & 60 %-4% -

138 1. 296 agarose gel &7k » gel L ethidium bromide &, » &£ £ &

IVERTHE $25DNA-RNALAS 2B E -

B 3t

AR BIE

1 3% P g 45 82 TCS B A 3 E #+ (Cucurbitaceze)#sh — #

AIN(Sechium eduie Swartz) B ¥ WN(Trichosanthes kirilowii) B A4
AL X EIRIE P BN E - RIPs ) M8 244 A Sechiumin $

Trichosanthin-S - &4k B R &4 F 4 %%#P%‘J’E‘éﬁ-%"r&méﬁ%ﬁ
g v9 1 @) 7 2 SDS/PAGE #& & E 2,39 '8 1t (homogenous ) ° & & — » -—T%Eﬂ

SEIL T BRZIFRe R a4 ERIE—EMN(specific activity) »
£ 400 £ B ANFEF P EZRIF 24 3. lng 49 Sechiumin » # 4 Eé_ﬁ]':i':.ifi
T+ EE > ATHFBAREERZS  #EACHINGRARAFT] » Ba A

¥ R BBk 53| B
kififﬁ, 18 %

AR 5FAEYRMELE G AR ERA(clone) /Tt El
400 g e N#&F 7743 %] 45 mg Trichosanthin-S » 3|

SHIAEFE kiﬁ?fﬁé%éfﬁ o F E 8w B4R B g &) SDS/PAGE 447 -
Sechlumm A 28 kba 2% * m Trichosanthin-S 8| A 35 kDa > =] &
Trichosanthin-S & — & G694 3 - 1§ Sechiumin ~» Trichosanthin-S A&
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Amax(xr)aadt e —% RIPs (& Trichosanthin[29] -
Momorcochin-S[30] ~ PAP[31] - Trichokirin[32] + Dianthin{33]
Gelonin[341)tb#x » s p e R+ Glx(Glu > Gln) ~ Asx(Asp » Asn)
16 % 48 % b5 5 Sechiumin F valine ~ alanine ~ leucine #5228 & * M
Trichosanthin-S B] B # # % &5 alanine * leucine » & 81 K © A% 85 88 3
B G EOR AP b 0 TR A % E 318 conserved amino acids
% 4 4~5 18 homologous amino acids (&5

7 Sechiumin #2 Trichosanthin-S # k488 4 %% G £ 6 R H B R
RSB TUBERHELBRENH TG LB AR ETLESRE
Sz H+ey#E (10005 0.8oM 22 0. 2nM > Abrin-a A 4269 [C 0.1 0M >
Aol 4h b 3 2 Sechiumin £ M2 Rk Abrin-a A4835 7 84 » 215
b — ok @, 2538 45 % — A RIPs v MAP-30(ICs : 3. 3nM)[35] ~ TAP-29(1Cso
3.7 HM)[ ]E. Tritin(ICso + 2.3 nM)[Sﬁ-ﬁﬂiﬁ'& 1% B ﬁ'gﬁéﬁr%;ﬁ;}j%*
% Sechiumin A ¥4 G L ARMEN EEFERGI TR +aH

s AEH ] A Bk A ANEER - 1987 4 Endo #v Tsurugi # A[7]4# Ricin »
Abrin & Modeccin & A é‘éﬁi% SR Z AR — AL RE - 35 4% rRNA 24
SDS ~ phenol 3% & » ALl aniline M EEMIEIH T R ¥ + %42 v aniline
64 #e B 7% 45 4 92 o4 (depurine )4 & 4§ 2% &% 4 &5 42 (phosphodiester bond)
U1l A AE TN RESAKEEERSH o THUBERAR M E SR
—RNA P EE (AN Q20 d8) P Eit—F o FrEtsrkartlf
B 28STRNA L ea Ao oarfar~ BB A &Y T 4324 2 B &R R
o (Auze) » F7 84 Endo #o Tsurugi % A# RIPs &9/ A AR 1 — B A -
RIPs B % 452k ¢4 N-glycosidase &M » #E#24e 285 rRNA Aws b AT 154
4 B (modification) @ #§ SRR 2040/ - 454 & G X elongation
factor-2 RAE 8L rRNA &4 i fip#l & & 4 B4k T &7 & Sechiumin
odldElmB A B A LSRG T EHE XL > RIME—F &2 REY
B AREE RS 0 BiuA R EREE S Sechiumin # Trichosanthin-§ —# K
J& - jﬁﬂ.m Abrin A 42445 Positive control #§ rRNA ¥ B R &L aniline
B Bk dAsH TM BREOARBERE AT TR 8 A
Sechlumm Trichosanthin-S 2 Abrin A 42 S A5 %% — A2 R & » 397 {248
Rl Bkt —F RNA BER(BA~+ » #skisFcR) iy B ER
% » Sechiumin # Trichosanthin-S s/e AR E B ZE 0.1 oM R T[R# & Hit
B Abrin A4848 0.0l MR TIS 4 REL B B (B +) » ELERHA
ke A% E A LS RIE T HRATFHG ICota 2R 5 - B by ih B2
2 RNA 894545 B » T # 3% 213 & Sechiumin & Trichosanthin-S £ TCS
& Abrin —#k & —#& RIPs »

i
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4% Stirpe #v Barbileri 89 5% £ — A RIPs & — % 3 K42 (A 48)
sps 2 B A RIPs 3 F hmpa gt o 5 1 X (B ﬁ:%) P UA B Ao i)
—RIRIPS R G BAIEA > R LB FMHARAK - RIPTR—LBE
m b BB v B o) Hela cells % 42 & 4a fo & 8] 38 Sechiumin &
Trichosanthin-S #t % & i ¥ & & DNA & RNA if\ﬁkiﬁf’%d HIER B B
A Abrin-a A 4R %% Abrin RUEHBER - B+ — » + =745 40 >
Sechiumin & Trichosanthin-S #p#] Hela cells & & & 4 &y 10 Bt
5000-6000 M » K& RE MR GirHFaminZarsmn [Cowy 10
% - M Abrin-a A 426y [Ce b E B 2K % » 7 X4 Abrin-a #H
Hela cells a4 amABEF gzl agdpHla R - A4 d Sechiumin A
Trichosanthin-S # Helacells 4 KX E T P(B+ =~ 1+m) » 5T &4
3530, BP4¢ Sechiumin & Trichosanthin-S £ A ¥4l Emb 2 T 8 %
e ICatBETHAL EmiLt k- A 5B EEF% 9 Helacells
¥ RNA~DNA & A it R B BABA RS 14 o i3 8b 3 R 1 LUAT — 2k 3R 2 6, 27, 28]
Frismey - F—RRIPs RGN Ntafa i E R FLE - MELABRDE
O Tre it B A S8 AN BlL > M 8 —A! RIPs (4w Abrin-a)¥
TR AR FMNE - B RNFTERATILZIRG 2] 69 o 4645 55 34 3 4
&8 — Sechiumin & Trichosanthin-S34 % & # % — A RIPs » R ¥ 3k tm
ARG FEELSRERINGIPHER > MY AE @B TR EEN
o R ERFEEGEREHIVYDNA R RNAEL SR LAEAEET
By  EARBEBEFHFEZGLER - B - FL AN E T G UL
REVH B (carrier)EA ¥ » 4 g4 rRNA 44 3548 1 35 204 4]
HAERZIHER

18~ BRERR

I R AL EE R 4 $) & G (ribosome-inactivating proteins:;RIPs)#)
MR BHTEER  BHARTTFAY BRI R ENHSD » 4
FUAHEFERABRBRFEFT YA R BT BT RmERrH RS
Z & fefr & (active site) » #l A 4F % 69 £%2 %% G (immunotoxin) H 4t
FAERER EaE R AR iR HIV &SRR E - B FRBER
R CAEMPZAR BUEHS ReGHELAHFERE

HEARNEZ NPy s ey RFERRLTCS & F — A0 4% 85 58 49 %)
= —Sechiumin&Trichosanthin -S #H¥p# e tm B (cel l-free) 2% &
CRAMEZHAR  EELBARALTHE R (specific)in g8 & & 2
(carriers)if 4% » #%zzéiﬁmﬁwﬂﬁ(ﬁﬁmﬂa)%mﬂﬁﬁ{:;{i TRtk G
ENR AR FRD > Wk AR L F R ER - AT RS
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Fig 1. Gel filtration of sechiumin on a Sephadex G-75 column. The crude extracts were
applied on a Sephadex G-75 column (1.8 x 90 cm) pre-equilibrated with 0.01M
sodium acetate buffer, pH 3.0, and eluted with the same buffer. Fractions (5.0 ml)
were collected and the absorbance at 280 nm was measured. Activities were
measured by their effects on protein biosynthesis by using rabbit reticulocvte

lysate and the active fractions were indicated by the horizontal bar.
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Fig 2. CM-52 cellulose chromatography of sechiumin. CM-52 cellulose column (6 x 3.3
cm) was pre-equilibrated with 0.01M sodium acetate buffer, pH 5.0. The column
was washed with 100 mi of the same buffer and the bound protein was eluted with
a 300 ml tinear gradient from 0 to 0.2 M NaCl in the same sodium acetate buffer.
Fractions (2.5 ml) were collected and the absorbance at 280 nm was measured.
The nhibitory activity was indicated by horizontal bar. Absorbance at 280 nm
(-o——e- ); NaCl gradient ( ).
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Fig 3. FPLC Mono S chromatography of sechiumin. The binding proteins were eluted
with a linear gradient from 0 to 0.5 M NaCl in the sodium acetate buffer, pH 5.0.
Fractions (1 ml) were collected and the absorbance was measured at 280 nin. The

inhibitory activitiy was measured and the active fractions were indicated by

horizontal bar. Absorbance at 280 nm( eo-—e@ ); NaCl gradient ( ).

~192-



wlnanelll

e

e e

P

R

i 5
oy .
SATEiIL LIk :
L e r LR -, -
R H ]
L[4 o
- . -t
.- i
b H
H -
n
]

H
LS

o s .. B =t .
S e S S
iyl ats, arptan s N T T R crlinITERRL ALY
o LB YET Mo Asi
b u_.............M.......?...JnM..r,.H..“...u.... HEE R b i F e e SRENIS
Dl e Rk i Ay PR
s o i s T
- - L L
e PR
L - EE R R -
o - e A
Ll TIRTELND
A WA BT
e oa .. .
SalL LR
et ARt
. e
e s e R
-t Egan s
1 sl pr ]
w.r.M et M “.- - -t
: i : e L
CERTRRENTLILUL Loeun LR et
LRI
TR e ¥il TEALIE
e
P ..H.M." e N
o - i
= 4 i
B o
i : it
H ihL
i o
e e &k R
nne L nr e = W i
e R iyt wie e oo ) Bk
R T eeRanET
LirRrn peennad e 2R AT Ehilsdesrenadul I IIY
= s Tana i

B enr e

v AR REAAR ST

B L b et
oA TR R

B et

FECRR LT

o e
R R ]

R R

. x e el ah
g

Tatlien oedana

gy . . ; T e ey =
- T 'y P . 4 b e L .
L1 i e el 4 [ - .. r .. - A R R R IR S e e
STl L H i el S s 20
sk v e i - fe Tt ek ETR
B . .. H i ; ARE
. - - s - L e i =G
* : i
o - 7 P H L
-
-
3

e
ik

et

. ".._"_._.....m._ : ﬁ | 4 .

fication. Electrophoresis

!

teps of pur

Ins at various s

[ prote
d out on 12.5% SDS/PAGE

1S O

Fig. SDS/PAGE analys

L
r

[Lane |
fraction from

ht markers;

g

molecular wel

M

d to Sephadex G-75

wds CalTic

»active

Lane
from CM-32 cellulose

¥
3

1€

crude extract before appl

Sephadex G

Lane 4: active

¥

131N

fract

1VC

act:

Lane 3:

-75 ¢

fraction from FPLC Mono S

~133-



3.9

]
3.0 | f
l }
2.5 | )
{
ﬁ
., 2.0 r 1 0.4
3
1.5 103 &
/ 3
-
4 0.2 g
4 0 1
3 | | | i
0 o5 50 75 100 125 150

Fraction Number

Fig 5. CM-52 cellulose chromatography of trichosanthin-s. Fractions which were
active in the inhibition of protein synthesis were collected from the DEAE
cellulose column and applied to a CM-52 cellulose column (7 x 3.5 cm) pre-
equilibrated with 0.01 M sodium acetate buffer, pH 5.0. The column was
washed with 200 ml of the same buffer and the bound proteins were eluted
with a 300 ml linear gradient from 0 to 0.4 M NaCl in the same sodium
acetate buffer. Fractions (3.5 ml) were collected and the absorbarnce at 280 nm
was measured. The inhibitory activity was indicated by horizontal bar.
Absorbance at 280 nm ( « .o ) ;NaCl gradient ( ).
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Fig 6. SDS/PAGE analysis of proteins at various steps of purification. Electrophoresis
was carried out on 12.5% SDS/PAGE . M: molecular weight markers; Lane 1:
crude proteins before applied to DEAE cellulose column ; Lane 2: active
fraction from DEAE unbound fraction : Lane 3: active fraction from CM-52

cellulose.
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Fig 7. Effect of sechiumin on protein synthesis by a rabbit reticulocyte lysate. Rabbit
reticulocyte lysate was incubated with various concentrations of sechiumin or
abrin A chain for 15 min at 30°C in an assay mixture containing [2H]-leucine .

and the amounts of [3H]-leucine Incoporated were measured with a Beckman
scintillation counter 5801.
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Fig 8. Effect of trichosanthin-s on protein synthesis by a rabbit reticulocyte lysate.
Rabbit reticulocyte lysate was incubated with various concentrations of

sechiumin or abrin A chain for 15 min at 30°C in an assay mixture containing
[3H]-leucine , and the amounts of [3H]-leucine incoporated were measured with

a Beckman scintillation counter 5801.
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Fig 9. Analysis by gel electrophoresis of aniline-treated rRNA from sechiumin-treated
rat liver. Rat liver nbosomes were treated with serial dilutions of sechiumin.
Extracted RNAs from those ribosomes were treated with aniline and analyzed by
7 M urea/acrylamide gel electrophoresis at 25 mA for 2h. The arrow indicated the
fragment split by aniline from rRNA of toxin-treated ribosomes. B: no toxin-

treated liver nbosomes; A: abrin A chatn-treated liver ribosomes.
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Fig 10. Analysis by gel electrophoresis of aniline-treated rRNA from trichosanthin-s
treated rat liver. Rat liver mbosomes were treated with sertal dilutions of
trichosanthin-s. Extracted RNAs from those ribosomes were treated with
antline and analyzed by 7 M urea/acrylamide gel electrophoresis at 25 mA for
2h. The arrow indicated the fragment split by aniline from rRNA of

trichosanthin-s treated ribosomes. B - no toxin-treated liver ribosomes.
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Fig 11. Cytotoxicity of sechiumin against Hela cells. HelLa cells were cultured in
medium RPMI 1640 containing 10% FBS and various concentrations of

sechiumin or abrin A chain in a 24-well microtest plate in a humidified
atmosphere of 5% CO» in air at 37°C for 4h. After 4h culture, cells were

changed medium with Leu-free RPMI 1640 containing [SH]-Leu and continued
to culture at the same condition for 1h. Then , the amounts of [3H]-Leu

incoporated were measured with a Beckman scintillation counter 5801.
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Figl2. Cytotoxicity of trichosanthin-s against HeLa cells. HeLa cells were cultured in

medium RPMI 1640 containing 10% FBS and

various concentrations of

trichosanthin-s or abrin A chain in a 24-well microtest plate in a humidified

atmosphere of 5% CO» in air at 379C for 4h. A

fter 4h culture, cells were

changed medium with Leu-free RPMI 1640 containing [3H]-Leu and

continued to culture at the same condition for 1h.

Leu incoporated were measured with a Beckman sc
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Fig 13. Effect of sechiumin on growth of HeLa cells. Hela cells were cultured in

MEM containing 10% FBS and various dilutions of sechiumin in a 96-well
microtest plate in a humidified atmosphere of 5% COZ2 in air at 37 oC for 24 h.

The cells were stained with staining reagent (0.5% methylrosaniline chloride;

0.85% NaCl; 5% formamide; 50% ethanol) and absorbance at 540 nm was
measured with a microplate photometer.
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Fig 14. Effect of trichosanthin-s on growth of HeLa cells. Hela cells were cultured in
MEM containing 10% FBS and various dilutions of trichosanthin-s in a 96-
well microtest plate in a humidified atmosphere of 5% CO2 in air at 37 oC for
24 h. The cells were stained with staining reagent (0.5% methylrosaniline
chloride; 0.85% NaCl; 5% formamide; 50% ethanol) and absorbance at 540

nm was measured with a microplate photometer.
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Table 1. Purification of sechiumin from 400g Sechium edule Swartz

Purification of Sechiumin

Bristaii Activity Specific activity
Fraction i £ .
(mg) (units’ x 10°)  (units/mg x 107
I Crude extract 690 = —
2. Sephadex G-75 262 3.14 1.2
3 CM-32 Cellulose 12.2 2.44 20
4 FPLC Mono-S 3.1 2.04 66

R - — e 5 gty ot T I e Sy

?One unit 1s defined as the amount of protein necessary to mhibit protein
synthesis by 50% in 0.025 ml rabbit reticulocyte lysate reaction mixture.

Table 2. Purification of trichosanthin-s from the seeds of Trichosanthes anguina.

Purification of Trichosanthin-S

_ Protein Activity Specific activity
Fraction (mg) (units*x 10")  (units/mg x 10™)
{.Crude extract - 16 -
2.DEAE Cellulose 560 10 17.8
3. CM -52 Cellulose 45 7 156.0

“One unit is defined as the amount of protein necessary to inhibit protein
synthesis by 30% i1n 0.025 ml rabbit reticulocyte lysate reaction mixture.
a 1500 ¢ of seeds was used.
= :Contaminated with color-substance(s)
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Table 3. Inhibition of growth of HeLa cells in nude mice by intralesional treatment with

Sechiumin

Treatment dose Tumor size Inhibition of tumor growth
(ng) (mm°) (%)
0 90.4 .
10 63.8 31.1
50 62.1 31.3
500 51.3 44.3
1006 45.2 50.0

2 X 10° HeLa cells were inoculated subcutaneous into each nude mouse.
Four days after tumor inoculation, they wrer given intralesional treatment every four
days for two weeks in the doses indicated. Twenty days after, tumor size wrer
measured and the tumors wrer expressed as the mean obtained from length (mm) X
width (mm} of the solid tumors. Each value represents the mean of 3 mice.

Table 4. Inhibition of growth of HeLa cells in nude mice by intralesional treatment with |
Trnichosanthin-S

Treatment dose Tumor size Inhibition of tumor growth
(ug) (mm?°) (%6)
0 92.4 5
10 63.7 31.1
50 60.4 3477
500 50.2 45.7
1000 48.8 47.2

2 X 10 HeLa cells were inoculated subcutaneous into each nude mouse.
Four days after tumor inoculation, they wrer given intralesional treatment every four
days for two weeks in the doses indicated. Twenty days after, tumor size wrer
measured and the tumors wrer expressed as the mean obtained from length (mm) X

width (mm) of the solid tumors. Each value represents the mean of 3 mice.
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Table 5. Amino acid composition of sechiumin and trichosanthin-s

Composition (mol. / mol. prot.)

Amino acid Sechiumin Trichosanthin-S
Asx 23.0(23) 29.0 (29)
Thr 17.9 (18) 20.9 (21)
Ser 23.2 (23) 23.2(23)
Glx 21.3(21) 26.2 (26)
Pro 2.8 (10) 11.6 (12)
Gly 19.2 (19) 19.4 (19)

~Ala 24.3 (24) 29.9 (30)
Cys 0.0(0) 0.0(0)
Val 31.2(31) 23.0(23)
Met 3.0(3) 3.0( 3)
Ile 16.9(17) 15.7 (16)
Leu 23.2 (23) 24.8 (25)
Tyr 12.0 (12) 15.2 (15)
Phe 12.1 (12) 17.8 (18)
His 3.2 (3) 4.0 ( 4)
Lys 10.8 (11) 14.6 (15)
Arg 11.2 (11 11.2(1DH)
Trp 2.0(2) 1.0(1)

Total 264 291
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1 10 20

SEC DINFNLLGGTGATIYIKQIFII KNLIRITTLT
TRI-S DVSFRLSGATSSS|Y[GV|F{l SNL|RIKALP
TCS DVSFRLSGATSSSIYI[GV|F[I SNLIRIKALT
RIC | FPKQYPIINFTTAGATVQS|Y|]TN|FII RAVIRIGRL T
RCA l FPKQYPIINFTTADATVES|IY[TNIFII RAVIRISHLT
ABR EDRP-1KFSTEGATSOQS|YI[KQjF|lI EA LIRI[ER LR
LUF-a DVRFSLSGSSSTS|YISK|IFII GDL|RIKALP
LUF-b ANVSFSLSGADSKS|Y|SK|F|[I TAL|IRIKALP
MOM DVSFRLSGADPRS|YIGMF}|I KDL{RINALP
PAP INTITFDAGNATINK|YJAT|FIME S L|RINE AK
MAP APTLETIALSDLNNPTT|Y|IL S|F[1 TNI|RITKVA
SAP VTSITLDLVYVNPTAGQ|Y|S SIFIVDK I|RINN VK
BAR AAKMAKNVDKPLFTATFNV-QASSAD|YATIFIl AG HRINKLR

Table 6. N-terminal sequence comparsion of sechiumin (SEC), trichosanthin-s (TRI-S)
trichosanthin (TCS), ricin A-chain (RIC), Ricinus communis agglutinin (RCA),
abrin-a A chain (ABR), luffin-a (LUFa) luffin-b (LUFb), momordin (MOM),
pokeweed antiviral protein-S (PAP), Mirabilis antiviral protein (MAP), saporin
(SAP) and barley translation inhibitor (BAR).
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