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(:jt~*~{t..~. :jt* 100871) (Iftm:fi1.~~$.,*,*~P.fr, :jt~ 100101) (~}t:IftX*..{t..~)

,... @m.M$:M:ti:*if~~~~.8:e*."~",:f\"f61~~ KSCN *_t«~9tJ..*l:ta. KSCN
l/IJ1JDA.~"i*j~~~M_"~~.~~, KSCN ~~j;:=f O.5mol.L-1 act, ~~~m":i!:~, .
~. _t«~~~~1I.(.1-;t-T~..{;$:~'f"¥~~#:e. ..{;$:~~;l:mf!:J 120 1'"~~~;t-Tm~, ~

.~~{;$:;jJ~"~ Rh iI!tJ::J;J 49 nm, :e.t«~~.1IJ.fIj;-, ~1t! 8 -~j~l/IJJi:;~~m. i
I

~.1M: .UM:M. ~~~.8. .hft

~ 1t ~£ S (ttI * T C5) ,{-. -;# }}.. ~,. #,fit iJ}!J...4 fi;J *,fR rf11- ~ 1f.JI1 ~.. ,~.. * '

a, e.. J1<.:hI-';frf ~ ~~# fi;J-tt-'--';fIJ rf M ~I ~ 1tj!J,1J [lJ.*M p).* ~ * 1it:~~, :f:-i5t~Jtl 't

fi;J ~£ ~f!f '11:!!;i'J1 (2J, W A11-!IIJ x'l" G"Z ~ 1'Sj."lf;,'Ej P212121 ~ J'IiI."If;~ ~ 1;$:1f! fiJ, 7t::r- ~ ifiJ11:
~ 7 i-¥:~ Bi;Jti:Ii. [3,4]. e..!f;rJ 't Bi;J~ t/~ (PI) :hi 9.4; .fJ\J!i:lf~ 111 .2.7xlO4g.mol-l, m 247

1'""~£..1J.£~~; 11-T,R... -t JJ 4.9x3.8 x 3.7nm3. ,.

ff7:i-';frf,tif.:i.., TC5 ~-*~*7:i~*1*:~$4;S (RIP) ~Bi;J-JJi, y.t~~% "'.. ;
~ ~ J1t!.'&'x.!SJ ~ -* it Bi;J -:i- 6!1i: -t- ~* ~ ~ Bi;J"!Jq1 *'111: JfJ, t~ {t;tf<"1;$: ~ $ (5,6]. ~;W;: tlJ JI.:.t

~..., Ti[ p).*:i&~fl;JffJf1-f~~!I1~, !JIJfIi!l1~; X Eb -f 't;lt.t,I~~~ Bi;J* ~-HJ:!s~:iiX,
tf. ,t!.$~ ~ e:~~~ ~ t~*~'tk¥rttlJ A~:t;i§."k.fM:!Em. (;)f*.f.jjm)(7], 'ft~~~4; S
t-!i:.Jl17 ~ ~ Jf1~, ~ JIr.*-;f.t.~-i- s:t ~"Jtj~ ~A-* +11-::t ~ fi;J JJ1Jfj -rut:. ~ ~'IJ:(f-;tf: Ii/;] liOJ ~

~'t.:t.JfII.*;fIJ~~*Ii:r.~I~~p).~#~F-t-tl:J.'~. s-tg-, i.1lJ;JJR.r-:l:f:.:9Jf:9'r. TC5 li/;]i§
fq .!:j 1JJ ft .t.1'Sj Ii/;] ~ * .

ltt:7't.J't'f:M:it* (LL5) r-~~}fjT:9Jf~;I;71-T~:;(*'~' 'f1::JJ~~~tl~7i*, 'iif
.ill ~"ii;. 4*' Ii/;] --'P-;l;J. ~ Jfi::I M , ;I;J"if -¥-~ Rg ~~...::. !t5ftl* ~ A2. ~+.Jt.:if- ~tI:~* '\
r/;J i11 ~"if * .jJj I1f J't § ~ a.J" 1'IiI frg * tiJ Jj:, Ti[~ ';t; ~ ~ ~~;I;J :Jt 'I: -* ~ 15' l:j .Jfl- ~ i1 'f* fJ ~

-¥-~ ]lh1S.9]. it~*A-*;r:-i!jJf;~~'Jr;tIi/;]I:f:~~~, t~'~1i.}i~..:;tit~~4'tt,\!!:) ff~
'fJfJ 'E::ef~;tiF.t/;J~$it-fi, ~~;t~ tl:Jl!§~ (10]. *;:t~Jf1 LLS :it*;Jf~:*:.;f.t.~~ S
.t£jf~ ~ 1i/;].1t;~ 'ti.
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fifrJf1~;ttff)-7JJ.:~*w1t.:I:.r:tF~#.i,. KSCN 7J A.R. ~~~j, J1<.~.=.*~{I.
me..w.*lt7J 0.05, 0.10, 0.20, 0.50, 1.0mol.L-1 KSCN *,-Jj~!Iz. 25mL. /}j-y,~~

10mL J.::I!Jj~, fj!;1A 0.004g :*.1t.fJt, ~.fp:1i.-lt 0;22j.1.m ~1t~-lt~~:iitAt:f:~ ~ (:Iff.

~~!It;~:tt~~~~). j~ii 10min, jr.~!l~1if.!fr#1~~-t.M:iibl;t.
1.2 ;t¥c~~JJ:a';J:QI~

Jf9f~ 0.0203g ~~'¥1'~.;J{E 25 mL 1.0 mol.L-},KSyN,,~~~, m 0.22j.1.m tJ;j~~:tt.

~.~.:i;;::f~!k!JJ, ffr~)f~#JfJ.
~l::1t'it~~T, ~*~.I\..'T.:Ii~~#,~*;f.h 8.12xlO-4g .~-1. tttilt~*>+

-: ;ft ~,*,:*.1t.~*JJ:./}j-y,~7J 2. 77x 10-5 \ 7.20Zx10-5 \ 1.108x 10-4g.mL -1 ~ 1.0 mol.L-1

KSCN ~*, }¥jT..~~IJJ~.
1. 3 ;,(;.M~J ~

-~11t:ffr}¥j~.I.-J!jr;li; AV PLS/SLS-5000. (Lang~nin Hessen, Germany). ;7'(:;::lf:~~ I

ifiTiJ,t)'t;.{~OO:taT)t'}jJ, INNOVA 90). !J:;JJk'rf:itjij~* 488n:m, 1))* 400mW. AM
~;Ii; ¥...~~)'t;, iif~. ~.M~;t~ ~ 15-155°. -ii<:&#-iif!i1 e.tj,OJ~~'tilf;~5!;fP~ 5! ~
:ta*tiI~, -*}¥j 240 !i:rt~ ALV-5000:ta*~. ~)}k7l;f.15.0::I:0.l°C.

2 !5~l::ji.:f~
2.1 ~:r-Ef5t:e*~-;iI:J:2a<J.~~

-*JfJ f;IJ ~~.M:i*:*~~~1t.!!ftt§;s ..'f*~*/} Ftg,j-fSJ ~~1t, 1)) ~Jf:.fi1!~;J{E~

~ ~ ~.~ '1.4:. !}J:;JJk ~jJ1)j-t ~ )'t;!I:ta * Ii~ G(2)(n.ilr, 0)J;:j -~ t!i!J~* iii1*: g(l)(n.ilr, 8)
.,. .t..fiJ ~ *~ 'liT -t:I-k7J [9J

: G(2}(n~r, 8) = A[1 + .8lg(l!(nAr, 0)j2J .(1)
.

c- ~~"A;Ii; jJj :I: £ t&. , .8;-': J;:j ~.,t!!: t~ * * ~ ., $:., n;li; 1t:It ~,. .il r ~ -* # e.tfiJ. x-f

:!fJjJ-"~~, g(1)(n.ilr,8) J;:j:t&...t/}j-:iffililfcG(r) **: .c.

g(l) (n~r, 8) = i= G(r)e-rn.11"dr (2)

~~ r ;Ii;~.r., -*JfJ Laplace inversion ~ Contin[ll] ~*. iif:?Jt~G(r), :t&..:t. r
-,;fP z '6J""i}J:ft'!:~ ~ D. # ~ ;'c .

"':.:..,c~.~. r = iOO ~(r)rdr (3)

P). ~ 15 :;:: r /q2 :. .(4)
~ (4) tf1 ~~ q = ~sin~, 1if.rrif -*m Stokes-Einstein /~~:

:Rh= ~ (5)
61r17D

iif:>jt~",,'6J:Ik.'f*JJ~#-~ Rh. ~ (5) If' kB:)] Boltzmann "#f~, T ;Ii;~~iiJJ.., 17 ~1t-

/fj: *5 .It. .*- ::t-*m J1<..:t 15°0 !l!J"iIg'*5l! -!i-:;. c;; ;:::; ,.'
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*;ft.'fJ-:G:.,j<.)t:~tp ~.!'f-:l6J7k.1*jJ ~.J¥.~ ~ ~s.rril ~~'1t;fl1Jf1 Contin:jj*~JlJ:fr;J:
s.r rill:/;} -+?}-=f J::j .;t-{,t I:/;} Rh -fi.. Pfr 15 ~ ~j AI AT ?~ -f ~ 1.

~ 1 ~~~:e:!Ii*CP..1IJR,
Table 1 The aggregation process of trichosanthin in deionized water

-

Time t/min 23 55 100 110 130 155 163

Average radius R;/nm 3.4 5.2 12.9 14.8 17.2 26.7 28.2

,

Individual R;/nm 2.5 2.5 2.6 2.5 2.7 2.6 2.6 !

molecules A/AT 0.74 0.47 0.18 0.14 0.13 0.09 0.07

Aggregates R;'/nm 69.7 69.8 80.3 84.3 86.4 96.6 101.3

A/AT 0.26 0.53 0.82 0.86 0.87 0.91 0.93

-A/AT the peak area ;a;ti~

.AT the total area unde~ the two peaks

..tpfl:.£~. ~:!li: 3h *-::tt~ "~-=f" ~.!'f-:l6J-/i.1*JJ ~.J¥.~~ eB 3.4 nm **jtl

28.2 DIn. Jf1 Cantin -jj*~Jlj~1*JJ~.J¥.~ ~ ~7};;{fi (~1) .I.~. ej7:1f.~~tJE~~*;1f.
1fjjo~~tp~#;tJ::~;:f+:f~fZ.-t~ "~-=f". /} "~-=f"Rh !<JJJ 2.5 DIn, 15~,.~ 0.74(~ 1),
~~$i.-f~+-*::tt'fJ--i-s ~7}--=f; * ".t{-=f"Rh'fi:JiJ 69.7 nm, 15,t?,.~ 0.26, ~$i.T-*~
;¥)j--;I- S ~ ..-{,t. Fit:;f s.r riJ ~:!t*. ~;t1*:f ff**. ~'fJ 3h, Rh 'ftJiJ 101 DIn, 15 It?," ~
0.93, ~a.t/J' ";;fir.':!f" ~~-t£*:f~. A.g.iX.15,~.~ 0.07. 1tlit:-ffiiES}!/} ";;fir.':!f" J:tS
T ~::tt~-'"-t-7}-.':!f. 'fTii * ";;fir -=f" ;( n 1-*:ft.'fJ-7}-r ~ ~ ~~.-{,t. J:~!:§ ** UJj .*-:ft.~
7) -r :e:: .,j<. ~ ~ tp ..:f ~ ~ .FJt;f s.r I'j] ~ ~ iJp ...1*:it *. ~ fj: T £ :i. 7Jf. j;it .

5.00 i

, ,

a ~a_a- 6 1

--0-

2.C 0

4.00 0 5 .

p' .;.a--;-.:-,..o- -r-- 2.00 1

..I 3.00

::;:;;;t ~: ..- 3..' 0- ~ 1. I~ " ,-- ~ ~ -~p- 4 ~ ., 2.00 a..,p--p 0

Q1. ,..0 .

...o'

O. 1.00 /o~/_-~... /2

-~o-~

0.

..0.000.00 0..\0 1.00 2.00

.aD 1O'1,,~

m 1 ~~~:tr.-*,*cp Rh QgJ;}o:f5'm II 2 ~~5:tr. KSCN *iB~cp99 Rh -t m
Fig.l Hydrodynamic ra9ius distribu- Fig.2 Plot of R; -t (TCS in KSCN

tion G(Rb) -Rh (~.cS in water) solution)

0 t=23min, 6. t=1.6'3~n 1) water 2) O.O5mol.L-1

t ' ,I

3) O.lOmol.L-"l, 4) O.20mol.t-1,
5) O.O5mol..L-1; 6) 1.0mol.L-1

2.2 KSCN Q'g.~

?}Jtl:e:: 0.05, 0.10.. 0.20.. 0.50.. 1.0mol.L -1 *.li'.9EJ KSCN "j(~1t tp. 7JpA~1t

~. ~~~ilS7}-ffr~:jj *~J*~~J ~~ 1fh -tt~s.rriJ ~~1tJ I!§ *-~m 2. tt1 m"iif~. ~
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0.05, 0.lOmol.L-1 KSCN ~~Jttfr. .*.;tt.;f!t "-tiT" fi;] Rh-fi!'1te-triJ;W~~1t, 1*~1!J1'

~~; ~ O.20m~1.L-l KSCN ~~tfr, Rh-fi~1t:f.*-. 1*~~-f~~; J.t-'f O.50mol.L-1
KSCN ~;t;fJ{, }ili 16.*., 1.0mol.L-l KSCN ~;t;fJ{,}i~ 1 21*.. Rh ~JL.1J1~&;W~
'it. ~ a)3 KSCN fi;] .:JJpA;W iJJ1f~ iii .*.;tt.;f!t.:tJt<.~~rf' ~~~ 'It.

1.1» -0- -~
~ 7Y"t=- ":: 2.1» ~ \. ,:

..0. > / ""l.m .o.~.

..".0 ~~ -0.40 ! .
.1- 0 ~ "" 7" ~ -..
0 .0'» I '

0.10 ~r -~~

1-0_0_"- 3"0 : 0.1» '8_- 0.1»

10' -0.»0.1» C.BJ 1.1» 1.50 2.1» J.IO
R.t- ' lO'I,/- ,

m 3 ~:w.fJI':e. O.2mol,L -1 KSCN *~ii: m 4 ~:jC5:tE.*:Sj KSCN i8ii:.p AIA~~'~

..p Rh ~~~m t !J
Fig.3 Hydrodynamic radius distribu- Fig.4 Plot of peak area redia AI AT ~ t

tion G(Rh) R (TCS in (TCS in KSCN solution && W8-

O.20mol.L-1) ter)
0 t=15min, L\ t=400min 1) water; 2) '- 6) O..20mol.1-1j 3) ,

7) O.50mol.L -lj 4) .8) 1;Omol. 1-1;
1) .2) .3) .4) individual molecules;

5). 6). 7). $)aggre;gates
!'1t;f KSCN *JJ.fi;]:i!.:JJp" .*.-1t;f!t "-ti

-Ct,l»,. T" fi;]-!fl.15J'/,t1*JJ,~~~"'71t1. .:t 0.05 ,
)Q. c-o ..:.:..,.j#~ ~. .' 0.10 , 0.20 , 0.50, 1.0mol.L:-l K~N ;iJ

-~o.. .,..,.~.,,'.' o~-' ,,~ Jt tfr. J.t-f ~tlE~ ~ -*-1t;fJ)-~1't; Rh 11';}-
~o.~~-.' /"" '... !J~J;; 4.6, 12.0, 19.5, 36.8, 45,1 nmj
~o. .9~O' ./ Jf1 Cantin :1I ~~Jtl J!~1*~~1*jJ '-'J¥.

o.ag:1» ~ 1.1» ~ 1.1» 2.. ~ .f1.;ftf ~ ,~ J.t Jij .:t jt Jt<. rf' fi;].f1.;ftf $1~ (~
10'"(tf.~C)

3). ~~*!t...*--r 0.20m0I.L-l ~. f!.;(f;.~
m 5 ~~fJI':e 1.0mol.L-l KSCN i8ii:.p ~-iCP,R.. -tfi;]!J./~; A.~*Lt:!ffJp. .*-JJi:

..Z~m II .-1 ,~JiJr.s ~,g..j1ffJl7. .:t KSCN *!t..J;; 0.50 ,
Flg.5 ZlInm Plot (TCS m 1.0mol.L , -1 .oJ- "" ~ j;- ~ I- LI. Jr.1 -z; *

KSCN solution) 1.0mol L i"J. /\./~"/~It\'.I7I~ KlC1~'J'X'

~-f~1t. (!1 4).
.;t iJkffr JfI KSCN 7l<.$~ fi;] pH 'it ~ I!' ~ 1.2 £;f;J. .*.;te:!f!t§; tI.:t Jlt1l'- ~ rf""".if I!..

ST. t;ffl~~Jf1, SCN- -fftr-t:{if. -!{-<t~1t!ft.f1.T~~""'t*; ~BI1'. SCN- ~Jt<.
1t_-=f.*-. Jt<.1t/1;;~~~x.~tl~1.I!.~Ij:J. J!~#~}fJfi;]i:k-*. -1t1*~:it.Jlj:!fZ-.. -art~

~*-1t;f!t?}-T.:G:*!t..*'-'f 0.5mol.L-l KSCN Jt<.jf~ tfr1f;~-~*/}.J:1*~]f.~. ,c,
2.3 ...~i"JJ2E .
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Jfj.~7't.Mjj~-);J.-*lt~;t.f£~ 20-1500 ~\IlrJ.J~~:Jt::.M7'tg.l. *lfl '*
ff:;fij;:-t. fifr ~.7't 51 iif~..&. jJJf;: ~ ~ ~ Rayleigh J;(. [Rvv( 8)J, !J1:!'@. ~.M 7't m. :Jt::J:j jf/:Jt
7J-T ~ M.. -J5J 'jj ~~ < R~ > 1/2 ;ftr..=. it5flJ ~ t: A2 ~ * ~:)] [12)

HC '" 1 1 2 2 !'"R:(ij) = M(l + 3" < Rg > q ) + 2A2C (6)

~tp H = 41f'2n2(H!fJ)2/NA>'~' q = ~sin!. :Jt::tp NA 7i1 Avogadro "#:1:. n 7i1~1iIj ~tfr~

~I:. >'0 7i1AJ:1:~~~~ ~ ~~*. *::t--*:Jfj ~::: 0.18 :r!ffitJ:.
~ KSCN ~71:*lt*T 0.5 mol.L-l !fI1". ~~'fft.:t:J:.~..'f*~1rtJ~:ff.:G:. 0 97%

~J:.7i1llt, ~1I1m.~7't..MJ}!'~r KSCN *.t7i11.0mol.L-1 :f=fiJ*~ftj'/£lt;t.f£.
m 5 i.~fifr~ ~ Zimm!j. :Itxt~*6..1:j ~ 6..*:ft~.':f:, Pf:14 M.. Rg ~ A2, f6~rtl T
* 2. !J1llt.11j:-r*::tf:;~."'f*~"'$Iffi:t7i1 3.23x106, e.,'ifSI*::tf:;'fft"1'-7J-T"'~Jf;:.~

.7i1 2.7x104, !fr!)).llt..'f*~ ES 120 1'-*::tf:;'fftT~~. .

~1t.tT*tf;.~'IM~ Zimm 00, ;:P;r1t~*~~ (13];

15 = 15;(1 + kdC)(l + / < R~ > q2) (7)

~~ kd 7i1f"'I"-=-~;:f~*~. f 7i1:f.:I~~f(. fSj;t.f. -);JJ:1t~£Jfj'i;/J~~'l:M:r!ff~
,

~, :iixt"J;.J-*6.~~6...;~:fi£:.':f:. iif~~!;f:;z (Rh)o, i§~!J!.~ 2. ESlltPf'ifSI. ~:kSCN 7i1
1.0 mol.L -1 fJ;j-. "J;.J- hti. T!~ ES 120 1'-7J-T~.&. ~ .*:;ft'fft f:.$:.. ~Jf- -J!;jYk, 'f*:JJ ~#-!{§:JiJ 49

nm, Rg 11 Rh ~£:I:.1t.7:J 1.43, ,*S}J*;ft~~.'f*~-#i");;'I~i§¥tJ. ~1~T;if: B ~1iIj ~
~:f.~~ if (141.

:ft 2 .i§~:ijJjf;;'t;ItM!i. 1
Table 2 Static anddynarnic 118 results (TCS in 1.0mol.1 -1 K8CN solution, 15°C)

-

10-a M 104 A2 R, lOaD;;" {R;)o 10-3.cd I Rc/ R~
1 --, -., _-1g.mol- mol.mt.g- nm cm1'S-1 nm mL.g-l

3.23 -6.7 70 3.8 49 -2.5 -0 1.43

3 !fi'it
*:tt'fft4: S.:G::Jt<.~71: ~:f=~~. !".W7Ji:~. KSCN ~iJ'I7A ~~rf; *::tf:;~~:Jt<.~ .

71: ~ ~..;t't!. ~ KSCN fi;J*Lt.*.T 0.5mol.L...1 a.1". .*:~*jf71:~S}J.. ~~. jf71: rf *
::tf:;~ PJ.-'-1'-7}-T.!j ..-1* Jj # 1rtJ ~:ff;if:. ..'f*:t4 ~ ~ i~ 120 1'-~::tf:;'fft7J-T~~. "Rh
1I!JJ] 49 nm, ~~71:~~~rtlitt);;. ~1~~ 8 ~1iIj ~ ~:f.~~ m.
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Laser light Scattering Investigation of the Aggregation Process of Trichosanthin in

Aqueous Solution
Wu Peiqianga Ma Xingqib Wu C~ic .,

(a Department of Chemistry, Peking University, BeUing ..10qS71; b Institute of Biophysics,
Academia Sinica, Beuing 100101; c Department of Chemist.:y, The Chinese University of Hong

Kong)

Abstract Trichosanthin (TCS) is a single-chain protein containing 247 ammo acid

residues, it belongs to the plant ribosome-inactivating protein (RIP). The isoelectric point

is about 9.4 and the mole mass is about 2.7><104 g,mol-l. It is an effective plant pro-

tein of a popular chinese herb ~edicine and a kind of cytotoxin. Recently, it has been

reported that it can be used to inhibit trophoblastic tumors and may also be useful in the

treatment of AlDS disease, and therefore has attracted more attention to the RIP and

its applications. However, the problem encoutered is its low stability in blood and tissue

fluids. It has become essential to understand the behaviour of TCS in solution.

Laser light-scattering has been used to investigate the aggregation process of TCS in

both deionized water and KSCN aqueous solution.TCS is more stable in KSCN a.qu~ous
,

solution than in water. When the KSCN concentration is higher than 0.5 mol.L-l, it is

found that the size distribution is always a bimodal one. One peak corresponds to single

TCS molecule; the other, th~ aggregate whiCh is composed of about 120 TCS molecules

and has an average ,hydrogdynamic radius of about 49 nm. The aggregates are made of

loosely packed TCS molecules and behave as flexible polymer chain in 19 solvent.
; c ,

Keywords: Laser light scattering, Trichosanthin,. Aggregation process ",(~.

::J'"(,- ;;, "
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