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ABSTRACT

Trichosanthin (TCS) whose molecular weight is 2600(hereafter called injectable TCS) is a type |
ribosome-inactivating protein possessing variouarptacological properties including anticancer effeeducing
mid-term abortion, immunomodulation and anti-HI\tigities. Especially, its anticancer effect is margortant. In
clinic, injectable TCS has been used to treat adfastoma as an effective anticancer agent higplgciic to
choriocarcinoma cells. But injectable TCS also sedwmmunogenicity and was prone to cause allergaction,
the application in clinic is restricted thereby. this study, we initially purified new componenfstrichosanthin
from fresh root tubers of Trichosanthes kirilowiaddm of wild type and artificial planting type resgively. Then
we determined their molecular weights and N-termamaino acid sequences. Finally, we compared thergt
reaction of guinea pigs to new component of triemtisin and injectable TCS. In conclusion, the nemponent of
trichosanthin can be used as a new drug with wpegum anticancer effect and without allergic réai.
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INTRODUCTION

Trichosanthin (TCS) is a type | ribosome-inactimgtprotein (RIP) possessing N-glycosidase actiaitst is isolated
from the root tuber of Trichosanthes kirilowii Maxi From 1960s, a lot of research in basic theony elimic

application have been performed on TCS whose miaeegeight is 26000.0 (hereafter called injectabeS) [1].

Presently its molecular structure, nucleotide segeecoding protein, physical and chemical charachers been
known. Its gene can be expressed in E.coli anggemc tobacco successfully [2]. In recent yeanjgctable TCS
has also been found to possess various pharmacalgmgbperties including anticancer effect, indgcimid-term

abortion, immunomodulation and anti-HIV activitigs6]. Especially, its anticancer effect is morgontant. Many
studies have shown that trichosanthin can induceptagis of human choriocarcinoma cells [7-9], ceali
carcinoma Hela cella [10,11], mouse melanoma ddl, gastric cancer cells[13-15], hepatoma cell§]][

Leukemia cells [17-19] and also can kill lung canoells, colon carcinoma cells, myeloma cells.lInic, injectable

TCS has been used to treat chorioblastoma as ectie# anticancer agent highly specific to choriotema cells
[20]. But injectable TCS also showed immunogenictyd was prone to cause allergic reaction [21-%8,

application in clinic is restricted thereby. Thenef, in our research, we initially purified new qoonents of
trichosanthin from fresh root tubers of Trichosasthirilowii Maxim of wild type and artificial plaimg type

respectively. Then we determined their moleculaights and N-terminal amino acid sequences. Finallg,

compared the allergic reaction of guinea pigs t& semponent of trichosanthin and injectable trigrikin. The
purpose of this study is to find a new drug witll@/spectrum anticancer effect and without allergéction.

EXPERIMENTAL SECTION

Materials
Fresh root tubers of Trichosanthes kirilowii Maxwh wild type and artificial planting type were gathd from
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Henan Province of China. White guinea pigs werelpased from the animal laboratory of Jilin Univigsi

Main reagents and apparatus

Injectable TCS (1.2mg/mL) was purchased from Jindhaarmacy Ltd, Shanghai. CM-52 cellulose was @aged
from Waterman Company. G-75 gel was purchased fbarmacia Company. Protein marker, TEMED, 2-ME, and
SDS were purchased from Dingguo Biological Produdt$, Beijing. Acrylamide was purchased from Fluka
Company. Other reagents all were analytical reagerdde in China. PVDF membrane and Transblot S Cel
apparatus were the products of Bio-Rad Companyctieighoresis apparatus was made by Liuyi Apparatus
Corporation, Beijing. Extra-violet detecting appas was made by Beijing New Technology Ltd. LDI-070
MALDI-TOF MS was the product of linear Scientifind, U.S.A. ABI PROCISE" 492 cLC protein sequencer
apparatus was the product of Applied Biosystems fizom

Purification of new components of trichosanthin

All purification procedures were performed &€ 4750 g fresh root tubers of Trichosanthes kiriidWwaxim of wild
type were washed, decorticated, pulverized, amtichtéld. Then, solid (NpLSO, was added to the supernatant to
40% saturation, the liquid was agitated for 30 reésuand sedimentated for 4 hours. After centrifiogaof the
suspension at 3000r/min for 30 minutes, solid {NEO, was added to the supernatant to 75% saturatioier Af
being left for 12 hours, the precipitate was cdéledcby centrifugation, dissolved in distilled watand dialyzed
against distilled water for 12 hours, then dialyzeginst 0.05 mol-t. pH 7.0 Tris-HCI buffer solution (Buffer A)
for 48 hours. After dialysis, the clear supernatéorude extract) was applied to a CM-52 celluloggumn
(6.0cmx20.0cm) pre-equilibrated with Buffer A. Thelumn was eluted with 0.1, 0.2, 0.3 mat-NaCl-Buffer A
respectively. The flow rate was 30ml/h, and thevftbrough fractions were collected accordingly.

Electrophoresis
The flow-through fractions and crude extract wemalgsed by SDS-PAGE [15% (w/v) gel], as describgd b
Laemmli [24]. The protein bands were revealed bpdpstained with Coomassie Brilliant Blue R-250.

G-75 gel filtration

The flow-through fraction that had been eluted viith mol-L* NaCl-Buffer A through CM-52 cellulose column
was concentrated with PEG (20000) and applied@7b gel filtration column (1.0cmx100.0cm) pre-difpuated
with Buffer A. The column was eluted with Buffervfith a flow rate of 12ml/h. The first flow-throudhaction was
collected.

The purifying procedure of new component of tricmthin from fresh root tubers of Trichosantheddvii Maxim
of artificial planting type waas the same as that from wild type, except thaethes no G-75 gel filtration.

Then all fractions were dialyzed extensively agadfistilled water and freeze-dried.

Determination of molecular weight
The molecular weights of new components of trichtisa were determined by MALDI-TOF MS analysis with
LDI-1700 MALDI-TOF MS. The wave length was 337 nmdathe pulse width was 3 ns.

N-terminal amino acid sequence analysis
The N-terminal amino acid sequences of new compsn&itrichosanthin were determined by using thiemated
Edman degradation method with ABI PROCI8E92 cLC protein sequencer apparatus.

Study on the allergic reaction of guinea pigs

Eighteen white guinea pigs were divided into 6 getandomly; each group consisted of 3 guinea filgs.guinea
pigs of the first and second group were sensitaadl attacked with egg albumin (0.05mg/ml); The gaipigs of
the third and fourth group were sensitized andckéd with injectable TCS (0.05mg/ml); The guinegspof the
fifth and sixth group were sensitized and attackétl new component of trichosanthin (0.05mg/ml).

The guinea pigs of the first, third and fifth greupere attacked on the “Ldlay after the first administration TCS.
The guinea pigs of the second, fourth and sixthugsowere attacked on the *2Hay after the first TCS
administration. The grades of allergic reactioguinea pigs [25]were observed and recorded.

RESULTS

Isolation and purification of new components of trchosanthin
The new component of trichosanthin was purifiedrfrthe fresh root tubers of Trichosanthes kiriloiaxim of
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wild type by two simple steps. One major peak watsioed in the first step of CM-52 cellulose chreoggaphy. In
this fraction, a major protein and a minor protegre present, as revealed by SDS-PAGE analysis fiieeminor
protein was removed in the second step by G-75fijedtion (molecular sieve chromatography). Thewne
component of trichosanthin was purified from thesfr root tubers of Trichosanthes kirilowii Maxim arfificial
planting type by only one step. A major protein whgined in the second step of CM-52 cellulosewctatography.

Protein electrophoresis

The flow-through fractions and crude extract wemalgsed by SDS-PAGE [15% (w/v) gel].the protein d&mvere
revealed by staining with Coomassie Brilliant BReé250. Results of SDS-PAGE showed, the flow-throfrghtion
from the fresh root tubers of Trichosanthes kiriiodaxim of wild type that had been eluted with Orol- L*
NaCl-Buffer A through CM-52 cellulose column, anvadus major strap and a minor strap. Other flovetigh
fractions only had one strap. Furthermore, allstiaps had no change with or without 2-ME in ttec&bphoresis
sample loading buffer (Fig. 1).

Determination of molecular weight

The molecular weights of new components of trichtisa were determined by MALDI-TOF MS analysis wgsin
LDI-1700 MALDI-TOF MS. The result showed that theolecular weights of new components of trichosanthin
from the fresh root tubers of Trichosanthes kiriioMaxim of wild type were 33388.9 and 28648.9 (FR). The
molecular weights of new components of trichosamffom artificial planting type were 32116.0 and88.9 (Fig.

3).

N-terminal amino acid sequence analysis

The N-terminal amino acid sequences of new compsrafitrichosanthin were determined by using th®mated
Edman degradation method with ABI PROCI¥E92 cLC protein sequencer apparatus. The resoltesth that the
N-terminal amino acid sequence of new componerticfiosanthin from the fresh root tubers of Trichoihes
kirilowii Maxim of wild type was D-C-P-S-F-D-L-S-B’-T-Q-D-

S-Y-A-S-F-I-T-P-L-A, whose molecular weight was &839. The N-terminal amino acid sequence of new
component of trichosanthin from the fresh root tabef Trichosanthes kirilowii Maxim of artificiallgnting type
was D-C-P-S-F-D-L-S-T-A-T-Q-D-S-Y-A-S-F-I-T, whoseolecular weight was 32116.0.

Comparison of the yield

750g fresh root tubers of Trichosanthes kirilowiaxim of wild type was used in the present study amdgot
0.898g new component of trichosanthin, resultingaigield of 1.2 mg g*. We got 0.227g new component of
trichosanthin from 7509 fresh root tubers of Trisaothes kirilowii Maxim of artificial planting typeesulting in a
yield of 0.3 mg. g™

Comparison of the molecular weight and N-terminal anino acid sequence
The molecular weights and N-terminal amino aciduseges of these two new components of trichosantkire
compared with those of TCS injection, TAP29, andchioanguin (Table 1).

Study on the allergic reaction in guinea pigs

The grade | allergic reaction was found by usirg iew component of trichosanthin to sensitize atatla guinea
pigs, the grade Il allergic reaction was observé@mwinjectable trichosanthin was used, and theegtedallergic
reaction was found by using egg albumin (Table 2).

DISCUSSION

Trichosanthin (TCS) is an active component that isakated from the root tuber of Trichosanthesldwii Maxim.

At present, the methods to purify TCS include acetgrecipitation, ion exchange chromatography, HPLC
Blue-Sepharose CL-6B chromatography, lot crystatiion, etc [26-28]. But these methods were timescaming
and the purification procedure produced poor yieldshis research, new components of trichosantlgre purified
from fresh root tubers of Trichosanthes kirilowiiabdm by ammonium sulfate precipitation, CM-52 iorcleange
chromatography and G-75 gel filtration (moleculaieve chromatography). Thus, a convenient, quick,
high-performance purification method has been dstad. Furthermore, the fresh root tubers of Togdnthes
kirilowii Maxim being used in this research werdlgaed from Henan Province of China. According tin@se
pharmacopeia [29], the output is large and theityualgood in this place.

The molecular weights and N-terminal amino aciduseges were also determined. Moreover, the molecula
weights and N-terminal amino acid sequences ofthes new components of trichosanthin from fresft tabers
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of Trichosanthes kirilowii Maxim of wild type andtdicial planting type were compared with thoseinjectable
TCS and other high-homology proteins.

Collins et al. elucidated the primary structureaeftrichosanthin in 1990 [30]. Trichosanthin is camepd of 247
amino acid residues. Wangyou et al. confirmed itljattable trichosanthin was composed of 247(246ha acid
residues including 19 types of amino acids. It srgle subunit protein and the primary structusesinot contain
cysteine [1].

The result of this research showed that the madeaukights of these two new components of trichttarfrom
fresh root tubers of Trichosanthes kirilowii Maxiwh wild type and artificial planting type were difent (33388.9
and 32116.0 Da respectively), but their N-termimaino acid sequences were same. The 2-residuegearihiihal
ends of both were cysteine. According to SDS-PAEdtits, the protein bands had no change with 2-kMEithout
2-ME in sample loading buffer. The result reveatkdt these two new components of trichosanthin viserh
single-subunit protein. NCBI database search didsshow same sequence with the new component. lmasinwe
discovered that these two new components of treohibén were highly homologous with Trochoanguin and
MAP30. Trochoanguin is a type | ribosome-inactingtiprotein and MAP30 is a type of anti-HIV protein.
Trochoanguin is purified from the seeds of Trichiikas anguina, and it contains two cysteine residue
Trochoanguin possesses various pharmacologicalepiep including induction of abortion, anticancand
anti-HIV activities [31].

The result also showed that the molecular weiginid B- terminal amino acid sequences of these two ne
components of trichosanthin from fresh root tuberSTrichosanthes kirilowii Maxim of wild type andtdicial
planting type were different from trichosanthin (8®) that had been used to inject in clinic. It wiéso different
from TAP29, another anti-HIV protein that was piadf from Trichosanthes kirilowii Maxim that grew A&merica.

It has been shown that the toxicity of TAP29 wasdpthan TCS [32]. Furthermore, we found that theddg were
different between the wild and artifitial plantibgpe.

Recent research has shown that injectable TCS gsexbenot only various pharmacological propertiet ahso

immunogenicity [23]. It is prone to cause allerggactions. In order to know the immunogenicity bé thew

component of trichosanthin, we performed the aitetgst with white guinea pigs. In the allergictteguinea pigs,
we only found a first grade allergic reaction byngsthe new component of trichosanthin to sensitind attack
guinea pigs. In contrast we found a second grdeéegal reaction when the injectable trichosanthimswsed. The
result showed that the immunogenicity in guinea p@mthe new component of trichosanthin was negativ

Fig. 1 Analysis of crude extract, injectable TCS ath the flow-through fractions through CM-52 celluloe column by SDS-PAGE

a: Wild type; b: Artificial planting type;
a b
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Lane 1: Standard protein; Lane 2: Injectable tosfanthin; Lane 3: 0.2 mol-!i(no 2-ME); Lane 4: 0.2 mol-1(2-ME); Lane 5: 0.1 mol- £
(no 2-ME); Lane 6: 0.1 mol-L (2-ME) ; Lane 7: Crude extract

In conclusion, this research has established aeroent, quick, high-performance method for puriiica of new
components of trichosanthin. We confirmed thas¢haew components of trichosanthin have a high laggo
with Trochoanguin , a type | ribosome-inactivatipgtein and MAP30, a type of anti-HIV protein. Thbergic
reaction in guinea pigs to the new component ohtrsanthin was negative. It is possible that the ce@mponent of
trichosanthin can be used as a new drug with wibetsum anticancer effect and without allergic tiesc (The
research on anticancer effect of this new compoogtmichosanthin are performing, and it is goingoe reported in
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other articles.)

Fig. 2 MALDI-TOF MS analysis of the flow-through fractions from the fresh root tubers of Trichosanthegirilowii Maxim of wild type
through CM-52 cellulose column
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Fig. 3 MALDI-TOF MS analysis of the flow-through fractions from the fresh root tubers of Trichosanthesirilowii Maxim of artifici
al planting type through CM-52 cellulose column
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Table 1 Comparison of the molecular weight and N-teninal amino acid sequence

Mblzcular weight N-emminal amine acd saquence Besidve location
Injecehle TCS 26000.0 DNVERERL-ZFGA-TEEE VG- VELEN-L-BE 1-1
TiEE 200000 DS FRL-5 5 A-T R RS- F I-5-N-LE £ 1-3
wikdgpe 33388.2 DC-PEFDL-FTFAT QDS TA-SF-TRL-A 1-3
atficisl planting tpe 321160 DL-BSEDL-SFATGDS--A-SFL-T 1-20
Troche muin 35000.0 SFDLETATIE-EEY-55FH-T-L 3-1
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Table 2 The allergic reaction of guinea pigs to diérent components

Groups {N=3 Grades of allergic reaction Positive rate {%%)
1 ({egzallbumin) IV 100
2 {eggdlbamnit) v 100
3 {injectbleTCS) II 100
4 (igecble TCS) II 190
5  {newcomponent of richosanthin) I 0
§  (newcomponent of richosanthin I 0

Acknowledgement
Supported bythe National Natural Science Fund of China (No.3®48) andthe fund of Jilin Provincial Science
and Technology Department (N0.20060925).

REFERENCES

[1] Wang Y Q000 Trichosanthin, 2nd edn. Beijing: Sci Pub, pp %7-3

[2] Krishnan R, McDonald KA, Dandekar AM et &Q02 J Biotechnol 97(1):69-88

[3] Shaw PC, Lee KM, Wong KB2005 Toxicon45(6):683-689

[4] Zhou H, Jiao Z, Pan J et &Q07) Clin Immunol122(3): 312-322

[5] Zhou X, Yang N, Lu L et alZ007) Immunol Lett110(1): 74-81

[6] Wang YY, Ouyang DY, Huang H et &@05 Biochem Biophys Res Comm®il (4): 1075-1080
[7]Wang Y, Mi SL, Lou MY et al2005 Front Bioscil0: 2279-2284

[8] Zzhang C, Gong Y, Ma H et a2Q01) Biochem J355(3): 653-661

[9] Zhang CY, Gong YX, Ma H et aRQ00Q Analyst125(9): 1539-1542

[10]Wang P, Yan H, Li JC2007 Biochem Biophys Res Comn63(1): 101-105

[11]Wang P, Li JCZ007) Life Sci81(14): 1130-1140

[12]Bi LQ, Li HJ, Zhang YH 1999 Effect of trichosanthin of cell cycle and apopgosf murine melanoma cells.
Zhongguo Zhong Xi Yi Jie He Za Zt8(1): 35-37

[13]Tu SP, Jiang SH, Qiao MM et &{00 Cancer19(12): 1105-1108

[14]1Sun J, Tu SP, Wu YX et @2Q01) Shanghai Med 24(5): 292-294

[15]Zhang S, Hu MJ, Wu YX et aR000 Chin J Dig20(6): 380-382

[16]Zhou XY, Zhang TY, Shi HY et aPP03 Acta Academ iae Medicinae Nantopg(4): 371-374
[17]Li J, Xia X, Ke Y et al 2007 Biochim Biophys Acta770(8): 1169-1180

[18]Luo WD, Ren CM, Zhu M et aPP05 Journal of Experimental Hematolody(2): 278-281
[19]Li J, Xia X, Nie H et al 2007 Biochim Biophys Acta770(1): 63-70

[20]Chan WY, Huang H, Tam SQ@03 Toxicology186: 191-203

[21]ANn Q, Lei Y, Jia N et al2007) Biomol Eng24(6): 643-649

[22]Zzhang XY, Wu Y, Yan JY et aR006 Biochem Biophys Res Comm43(4): 1251-1256
[23]An Q, Wei S, Mu S et aRQ06 J Biomed Sci3(5): 637-643

[24]Laemmli UK (1970 Nature pp 680-685

[25]Wang QM, Li L, Wang J et all@99 Journal of Anhui Tcm Collegt8(3): 47-49

[26] Yeung HW, Poon SP, Ng TB et 4987 Immunopharmac Immunotoxic®! 25-46
[27]Maraganore JM, Joseph M, Bailey MT387) J Biol Chen262 (24):11628-11633

[28]Song JF, Liu T, Shen X et @498 Electrophoresis9(7) :1097-1103

[29] Yuan Z, Tu Y, Peng ZB et al999 Collection of Chinese Medicine. Beijing: Chinddedicine Sci Pub, pp 432
[30]Collins E J, Robertus J D, Lopresti M et 8990 J Biol Chem265: 8665-8669

[31]Chow LP, Chou MH, Ho CY et allf99 Biochem 338 (1): 211-219

[32]Lee-Huang S, Huang PL, Kung HF et 2991) Proc Natl Acad Sci U S 88 (15): 6570-6574

525



