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ABSTRACT : Antibody-toxin conjugates, termed immunotoxins, are currently being evaluated as po-
tential new anticancer agents and one of the most extensively studied toxins for construction of im-
munotoxin is ricin which exists in the seeds of castor bean, Ricinus communis. Another toxic lectin from
castor bean is RCA (Ricinus communis agglutinin). Both toxins are very homologous. We reported the pu-
rification procedure and biological properties of ricin from the Korean castor bean in another place and
here we report those of RCA. The purified RCA shows three bands on denatured SDS PAGE while ricin
shows two bands. On cultured Ks cells ricin and RCA both inhibit the multiplication of cells extensively.
30 pg/ml of ricin shows 73% of inhibition rate at day 4 compared to 68% In same condition of RCA. The
inhibition of multiplication of cells are directly proportional to the concentration of toxins and the in-
cubation period. In every case ricin was more toxic than RCA. The LD;, dose of ricin on ICR mice was 60

ng at day 3 but that of RCA was 10 pg.
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FduAQl lectind A X7 o] ©53E AR
Solxal AfE FozH AEEE SHAIIE ag-
glutination activity2}, & 72 2§ &2 A7)+ mi-
togenic activity, T2 3A L oA Al 7]+ cytotoxicity
T oeFg AelA Ao Fol AEH Q] At o)
Jeb ofaba AP E obF 88 AnA ALes
32 glch(Sharon and Lis, 1989; Rudiger, 1981). &3]
lecting ©]8-3F AL F el FAFo] 9 rlEAlo]
orelal o]F w2 od3v) A =92 monoclonal
antibody®] AJAF2- immunotoxin®] W7eAE 3=
Fo] 2024 lectin Aol &X1A|7} = glch(Pai and
Pastan, 1993; Pastan et al., 1986; Pirker, 1988; Uckun
and Frankel, 1993; Vitetta et al., 1983). Immunotoxin2]
TAEAZA 7P 3] AFE T 3)E lectind I
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wlx}H(Ricinus communis)2] FA}ol] EFHE e} ¢l+= ricin
o]t}(Kim, 1987). Ricin®] immunotoxin®] FAE4 2
A 2 A3}t o]-f-+= concanavalin A9} 7+-& vk Q) lec-
tinoll W]l A EFAJo] 10006 o)A} 73d Wul ol
g} FAJo] 73712 4eiAl cobra®] FXRTIE 10u)] o]
A 74g Zle g 43l dfito|c}(Sharon and Lis,
1989).

supzle] Fzloll= ricing} §-ARF = Y lectin
© 24 RCA (Ricinus communis agglutinin}?} ¢lt}.
RCA ricine] ]slo] AL HHL oFsht =L o
74&t Z1o 2 od2x ¢lckCawley et al, 1978; Lin and
Li, 1980). RCA} ricinel] thgt A3}etA el Exe of
Az 2 g QA o) BE WE-ES 2)FelA
WEE Zold FellA Al FeizlE o] &3 AT
= ] o] Foix|A] ¢t ok E A A= 7
=Ab FviRpE o] 831 ricing Heldle] B wgl ul
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91.8.m (Jang and Kim, 1993) ¢§7]ol| A= =4S of5}
v 7 Al E-SAHE Hol= RCAS] #2374 o429
ricin®}2] x}o)A 5} leukemia cell®} ICR miceol] g}
2o $49) Aol & wud.

IL X % 2y
1. M=

A BAAe] FgAbel| A )&t I ulkxb(Ricinus
communisys A8 52 ARE-3}¢it}. DEAE-cellulose,
Sepharose 4B, Sephadex G-100 5 <4 A chromato-
graphyel] E Q3% 71-8 Pharmacia Fine Chemicals #]3&
& AHE3lg.e™, Acrylamide, N,N'-methylene-bis
acrylamide, Sodium dodecyl sulfate(SDS), Coomassie
brillant blue R-250 & 7] %] HA3F 712 Bio-
rad A4 AH-3}¢dt}. Sodium azide, Ethylenedia-
minetetraacetic acid(EDTA), galactoseS V]|E3F o
52 Sigma AlFE ARESIHATE 2 vfel] Aot
LolEE 54 R dF58 A8t ARl o
A Eujofel]l D27 BE wijefdL Gibco A EFS AR
skt

2. RicinZ} RCAQ| £2|

Ricin#} RCA(Ricinus communis agglutininy= ©o]9]
B35 vhH(Jang and Kim, 1993)e] w}gt o of 7]
A= CM-celluloset4lo)] DEAE-celluloseS 13} ©]-&
AR 2 ARE-3)e] Ricind} RCAE A &] gt -2
il Al g Felo] 27l A AsFch AR A 2}
= AFelA oA Adrsiilch

3. M ZH S SHAE

Abeke] bl i ol E Kyo(Klein ef al., 1976)=
10% fetal calf serum¥} A= (streptomycin, 100 pg/
ml; penicillin G, 100 IU/ml)o] Z3§Hsl Dulbecco's mod-
ified Eagle's medium (DMEM)el| 4] o 2=l ofa}loic). vl
FAL- dFde 23] Hx wssl o FAAYHE
g dlo|& Wi A] s A woke o g w3kahe]
th. Al 2542 Creppy 5-(1980)°] HPHHE AbA 2]
FAE Foly] HETF vk & 4323 AlE)
A8 2t BHol| 3-4x10%ml A2 Al En]oFed 1
mlE ¥y 27 o} & F%9] ricine]v} RCAZ} £33
1 m/9] wljefH S A7}sldc). 5% CO,, 37°Col|A] UA

A1ZE wiFF 7} %] A EE tryphan blue A1*H %34
Ho 2 JAaste] AN 2o} F-2A|EE o)

4. HEEE ¥ FYUE

ICR®}-9-~3+= polycarbonate AFA}*3(40x 26X 16 crr
100k2] Y ARS8t AHEE-4 LHAEE AHRAS
AR}, EAAAYHE 54 HE AS 25g30g e
o) A7 ok Guiel g ARSI 77t oh e
=2 ricine]v} RCAE X &% 0.2 mie] Ae|A A
S8 BT F oIV E AFUL Y B2

shsit.
m. & ni}
1. 25Ea

s ubaby] 200 g9} 73AE WA A=) 5% 24
gojof] g0} 4°CAA SHEUE AT 343 A=Y

2 71482 mixero]] €3 0.14 M Nacl, 10 mM so
dium phosphate(pH 7.2) ¢5-8-00-8- A d3] Yol 102
Z¥A o 7 30x4 537t ulgt o3 tissue grinder®
thA] FA 7 F HEH & o]-8ate] AEct Azl 8
H-E 9,800x g2 2087 HAlE2lste] =] o
2 AAZE AA s EE4A AL AR 2 A
AR} AEsr] 30%-60% E3} FEE-EYox
12,100x g o2 2047 4 %-2jste] doixl ¥-8A%
L 4uke] ZF 59 0.01 M gl4kekoi(pH 7.2
oA FASt dRES AAYT FAE FEEL
FUg ko 2 335 DEAE-cellulose column(3 X
30 cm)yE ST ol ricin} RCAS A|ofgk o
FEo] A o] 2wgpA|e| FAEI ricin
RCAZ edvizke] A} iatepel ohe shal st gl -2
H&roll 2o} gldrh Hopal F-59 THAAE
22 F5% F 0.14 N2 NaCl& E33F 4k
© 7 33 % Sepharose 4B affinity columnel] %] =¢]
ot FUE 3 gdo R FEH LHL 280 nmel|A
8 FEEE vebl= A2 peake} o} Ko} &
Al vhehpe] obz ke Fgwe] Shehd T peak s
ol slel. A1 A=A AL column “1vd §3
sk A peake] A= ] x)o}e] oFrhe]
At o R HA3] kg FAE o] fr-EEE 7
WA peakitell ricine] EgE ] glalew of7]el=
dvizke] RCA® 3| f== et #3lo F35 o
wzle. 10 mMe] galactose S E315F b4 olo 7 3



Z25]9] 2 native PAGEA A 3112 band 24} <=5
%l RCAZ Jepgr}). Ricing Z33l3 Q)= peak &
2 ] -‘x:—;,—-?c]—m] Sephadex G-100 gel filteration
column o]} 3-& 23} Sepharose columng % F-o
Sephadex G-100 columnE E3 AFozH 3 E£F
5]o] 9lxl RCAE $H4138] A7) 8}a native PAGEA el X
o3 4] 3h}e] band24] vehle 58t ricing 23Ut
o]% ¥2]% ricind} RCAE SDS9} [-mercaptoe-
thanol-& x2]s}e] 39 A]7) t}& denaturing PAGEA
o4 gralsld-S o 28 104 B AAF ricin 7
2] bandE Ho]dl H|dle] RCAE A7He] band&
77} size markers} B]i28tg]S w =S 3]
Uehd o 24 Lin S(1980)0]u} Cawley 5(1978)9] &
ghe} dxjstsdct. HeiAtz e EelEe] Eoud lec
tine] S Aeg o] L LRt Wr)dE 242 3}
oo} T7I2e) A wel uhet chokdt FolE we)
o} 77pe] mige] thExl AW Azl SHo2
vls £ o Cawley 5(1978)2 3579 ricin?} 2%
29] RCAZ 783l 8]3ke] Lin $(1986) 52 3%
'rr-’] ricin®} 1552 RCAZ 43}l 1 Lin 5-(1980)
& 2%%9| ricind} 2579 RCAR FHIglor
Mise £-(1977), Araki 5-(1987), Wei 5-(1978)3%} Olsnes
£(1973,1974)& 2E5-2] ricin?} 1557-2] RCAZ 74
stc). zehd ol2@ chofdl Aolx ZEAA A%
3t Balal A EEA T A TAT o MESA
o] 743t ricind} HA-& FBA| W L A S e
U= RCAZA =4 E2% 783 5 sler o]&2
SDS9} B-mercaptoethanol-2 2|3k 7|3 FolA ri-
cin2- 2712} bandZ RCAE 371¢] band & 5] v}

Fig. 1. Denaturmg SDS polyacrylamnde gel elccytrophore31s of the
purifed ricin and RCA. The very left lane shows standard size
markers: carbonic anhydrase (19,000) and albumin (45,000).
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ehdc(Lin et al, 1980; Cawley et al, 1978).

2. SMH|mAIE

Ricin3} RCA9] EAL K, A EFE 0|47 in vi-
tro A1g 7} ICR v}$-2F o] 43t in vivo A& 531
v] 23kt

1) Ky, MOl CHEISA

Kse» A ZNM Y FA4 vlae 545 H7sHA] 932
AN EFH A3 Frlske FE 545 AU
APAETA AEL2 HANAE HLU-‘EL.EAH
=20 gk galdlgnh F 433 AxaiFHAl
7t B3lo) 3-4x10%ml A=) A EufFd 1 miA-&
Q7 7t B¥ e} o 2% %(0, 0.3, 3, 30 pug)e] ricine]
1} RCAE #risigich. Adwinbcl Al X viokatA o
A 9l 4 e PIAR uloF 2719 Aol & Hﬂﬂl%}ﬂ
Ag 7o) 242 Hasshr] Slske 54 A
7VelR| ot AHAAE HETE o Ao 4
7} A7 E AY AEFH A ALoR el F
gk ujoFg Aol A FA] wleFsisdch AV 49
Fege Ao NEFE 71EoR3H A2 TS
AR oz #A8kEeH ricine]v} RCAS] F 7%
2% Tog 279 AFulFHAE Y Ful3hd
Zalof wioFS AJagE F A do] A3l aet vl
s wjoke Fx]et 1 35l AEFE FA
o}, BUg AL 43 Aysled 1 FFAE 733
o} 28 29} % 12o1]x1 BE7 A9 ricin?} RCAE
2% A9 FAE AA3] Az S0t Aot
HA %S BHJnZ-«l A9 e AEFE 10022
e Ado] A3 gl whet 117, 152, 156, 1762
2 Zrbstg ot 30 pgol ricine] Hrbd 7§ 2
71, 60, 51, 482 2 7Z}Aagro 24 A FA &L 61,

;! Contrel  A: 0. 3ug/ml
7, Ricin B:
= RCA C: 30 ug/lll
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Fig. 2. Effect of toxins on the multiplication of Kss; cells. 100% is
the initial viable cell number at day 0.



196

Table 1. Toxic activity of ricin to the multiplication of Ks, cells

Day 1 Day 2 Day 3 Day 4
Viable* - 1- Viable Viable Viable
cell (%) B/A B/A*** cell (%) B/A 1-B/A cell (%) B/A 1-B/A cell (%) B/A 1-B/A
A)
Control 117 100 0 152 100 0 156 100 0 176 100 0
Ricin (ug/ml) (B)
0.3 75 64 36 76 59 50 65 42 58 54 31 69
3.0 72 62 38 65 43 57 56 36 64 48 27 73
30 71 61 39 60 39 61 51 33 67 48 27 73
*The number of viable cells are expressed as percentage based on the initial viable cell number.
**Multiplication rate (%) compared with no toxin addition control.
***Inhibition rate (%).
Table 2. Toxic activity of RCA to the multiplication of Ks;, cells
Day 1 Day 2 Day 3 Day 4
Viable* . 1- Viable Viable Viable
cell (%) B/A BIA*** cell (%) B/A 1-B/A cell (%) B/A 1-B/A cell (%) B/A 1-B/A
(A
Control 117 100 0 152 100 0 156 100 0 176 100 0
Ricin (ug/ml) (B)
0.3 83 71 29 81 53 47 80 51 49 62 35 65
3.0 77 66 34 75 49 51 65 42 58 60 34 66
30 76 65 35 67 44 56 58 37 63 57 32 68

*The number of viable cells are expressed as percentage based on the initial viable cell number.

**Multiplication rate (%) compared with no toxin addition control.
***Inhibition rate (%).

39, 33, 272 Jephdo 2 Aas-2 7H7 39, 61, 67,
73%% Btk 3 RCAS] 79+ 30 pgel A M=
748 76, 67, 58, 57TE 7} 24 65, 44, 37, 329
A A A& VRS o1& 35, 56, 63, 68%
o] A&l sF=c}. olef 2] ricin, RCA F 73-¢-
25 A B L B1d o] WE4E, T
2 A Zbe] FAETE S ASHA Ve 24
HE2FHY A FESFRS Aol Hap dA ). &
A ricin?} RCA Afo]o] A\ Eol| gt %4 vlws] &
o 28 2914 e A BE H-FellA ricing] 5
xgo] RCAXCE 734 bk, mE oS8 44
o] 4} RCA®] ZA]2 ricin5A 9] oF 90%E el
t}. o] 7-& Cawley(1978)2] 7% cell free system<- o]
23k A A AP AA 50%2] M E Kol
ricin®] FX=7} RCA FX9] 1/25 Hhol] HA] o= 7o
v g B2 zpolr} gl o) ofnt o] AL WA E
£ A A o] &3h= 7o) olr]e} cell free systemS AR§-
st FAubge] el wjtelztm AAEch Cell
free systemo]| A]3= lectino] A| 32| A wtol} M E
A B A gle] A A A7 Fe =
@3 4= 9lrh

Table 3. Lethality of ricin to mice

Mortality at day (%)

Dose
ose (g) 1 2 3 4 5 6

15 0 0 0 0 0 0
30 0 0 0 0 0 0
60 0 25 38 50 50 63
120 0 20 20 50 75

300 0 75 100

600 25 100

Table 4. Lethality of RCA to mice

Mortality at day (%)

Dose (ng) 2 ? 2 s p
03 0 0 0 0 0 0
1 0 0 0 0 0 0
5 0 0 0 25 25 25
10 0 0 50 50 100
50 0 75 100

2) ICRO}A0f CHS SAH{W

Ricin2 ICR "h¢-2F o] -43 in vivo SAAHell4]
LD:zk& wlasleled £ 35 494 He AAEH
RCAq] nlgle] dA3] 2 H4S 23 AArh Ri-



cin®] 7% 60 ng& BIFFAL 315 & o 3 Fof| vk
7t F92m 120 ngd] A+E FARE AHE ng oy
60 ngell ]3] EAjo] vfehl= A|7le] ©EE= 73
L Bt 03 pg oA FUke A= A¥ A
obtx] Ealodct. o)7L Weigt Koh(1978y} B w3k
ricin D] 73-¢ LDy o] 344 03 ugo = epd 7%
ol Olsnes et al(1973)2] £8 D2] 7% 0.2 ygeo & 1}
ehd 9ol vlmsle 2F v A3 5A4E Hole 7
o glxuk dld] vk FERE YAZ TUg
2z0] EAS zpirly 2 4 9191 Lin and Liu
(1986)] 27} LDye] 0.1 pg o & v} ricin A2} 7%
o} f-Alsiet.

g8 RCA9] 79+ 1 pgd F4 uk2 A$o A3
W g Vel 2] odgto ™ o] oL ricino]zbd 244 7F
ool 9] Bk BE JNAZ} F+= ofolct. 5 ugs F
o] uke A2 38 %o 25%%F F¢lom 10 pgd F9
HbE= 7 $-of] B]22: 39U Fol] M2} Fdct. o)7L 2
< #59 545 Jetr] 913k ricin® o} oF 170s)
v @2 ko] RCAZl H 83 AJe|c}. ¢]Z1& Lin and
Liu(1986)2} 749 ricin AR rh= 280ul, ricin CHt}l=
8ovl o Yo 79 Frgre 2 FAY Ane}
I B 49l 50 pgd FHUEE A ol EFe B

% Zlch.
e
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