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was compared to the 
botulinum type E toxin released by the cells to the medium 
mme type tadn retained within the cell& The released 

toxin, ptu-tiellypurified onaDE4E-oellulose columu, had anS2~ wilue of ll- 
72. Both Ed and S~eabunite were identified in this large mole& weight 
toxin by the immune-aga+gel-diffusion test. This toxin had high toxicity, 
futher activatable by t-in. Toxin r&abed in the ccl& upon extraction, 
was found to be complexed with EEA aud with an S-value of 15-19. Baeed on 
these findings, a poeaible release mechaniaa of the toxin ie disunvaed. 

Tuo forma of 2. botulinum type E toxin have been identified and char- 

acterized, a %ekained toxin** which can be extracted directly fmm the celle 

(I,21 and a “released toxin” excreted by the cells and collected from the 

extracellular medium (3,4). The retained form can be obtained a~ a large 

molecular weight prototoxin (I,51 of N.W. 350,000 (6) and 11.6 S (5,7), vhiuh 

consists of an activatable toxic proto-%;l and nontoxic proto+ (2,s) each of 

which haa a H.W. 1.50,OOO (6) and 7.3 S (2). The toxin is retained in the cells 

when the celle are cultured at @i 6.3 (5,8). Oells cultured at pE 7.0 or above 

release toxin into the medium almost completely (3,g). It has been reported 

that thie released toxin has a M.W. less than 19,000 (3,4). The large differ- 

ence in the reported molecular weights for the retained and released forms 

indicated a drastic change in the toxin molecule during release from the cell. 

In the present study, a careful comparison of the tvo forma of toxin obtained 

from the 6eme &rain was undertaken, in order to gain an insight into the 

mechanism of release of toxin by the cells. 
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Fig. 1 DEAS-ce&tlore chrematograplty of released toxin. 
The culture medium demrihed byBb@di et al. (9) vu % tryptbam (B.B.L.), 
0.z peptotle mfco), I94 yea& e!Jrtraat7m~o), 0.2% auaro6e and 0.02% a@dirr 
thioglycrollate at pK 7.0 in dirtilled water. !fwo bunked 8l of malture were 
autoclaved at 121% for 20 da. After imnabation at 30% for 36 hre, the 
cell.8 vere wparated from the aulture Uia by eeatrifbgation at !WOO x g for 
20 Din. A pE of 6.4 wae o?biaed for the mqernatwt vbich contabed Bag of 
potentiel toxidty of the whole euZture. The mqernatant wa6 preeipStated 
over&@ at 4oC with ~r@allim (HI@+)@ at 6# 8atuzation. The precipitate 
vu then collected by centriibptioa at 1 080 x g at 4OC, diewAved in 0.05 H 
sodha phmphate kffer, #I 6.0 ( 
buffer for overnight at 40C. The $tZEia$ei& to 
chromtopu@y oa DMt-a8llaloae wa6 
sodium phosphate buffer $I 6.0 oolum of 1 x 20 cm. 

efglilfhted with 
Two ml of mq@e (A) was 

eluted with 0.05 H aodism pbsghate buffer, #f 6.0 at 4'C. 

RESklLTSANDDISCUSSIOIi 

Clo~trMi~botmUamtypeSWwaegrow3 for released toxinpo?dhro- 

tion in the mdiru deaaribed by &edi et al. (9). !Coxfa froa the medim ww -- 

concentrated and dhlysmd witIt 0-W B! odium phosphte buffer fl 6A Ths 

dialysedtoxic aa@e (A.) vu mabjeotedto &maato~ra~ona~eeU.uloee 

aolumn. The eolumnrru equilibratedand the eaq%lewcu elutedwith the O&!Sn 

aodium phoqhate hffer of fl 6.0. The mjor peak was eluted fa8t (Fig. I) 

andpipbeatremmined oathe eola8n. The fir8tpmkhadhightasieitf. Poten- 

t&al toxiafty per mg protein of tti fmtion was 9.8 x IO4 LDp This elutioa 

remxlt was the sue u that of lb&l. et al. (4). The DSUbcellul~~e rjor frac- m- 

tion wa8 eonaentrate& vita Fieoll @hernaoia) at 4' C. This conaeatrated toxic. 
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Fig. 2 Sucrose-density-gradient centrifugation of DEAE-cellulose toxic 
fraction (A) and RNaee treated DEAE-cellulose toxic fraction (B) at pE 6.0, 
and of DFW-cellulose toxic fraction at pli 8.0 (C>. A 0.2 ml eample wae placed 
on top of the sucrose-dezmity-gradient of 5-2op6 (w/w) in 0.05 M sodium @maphate 
buffer, pH 6.0 or 0.05 H phoephate buffer, g&I 8.0. Centrifugation wae perfomed 
at 39,000 rev/min for 7 hrs at !j°C in SW 39 rotor in a Beckmen centrifbage model 
L24m. 

Tuo tenths ml portion of DUE-cellulose toxic fraction ws treated u&t& 
0.05 ml of RNaee (EC 2.7.7.16) (6 ag/lll; N.B.C. eol.ution)at 37% for 20 win at 
pH 6.0. Toxin potencies were determinea by the intravenous injection m&hod 
(5). The toxin eamplee were activated with trypain (EC 3.4.4.4.) (I mg/lpil; 
N.B.C.) at 37% for 20 min before injection. 

eemple (B) uan run to estimate molecular siut by eucrose-density-gradient cen- 

trifugation at pH 6.0 along with a purified eample of 11.6 S pmtotoxin ae a 

comparison indicator. All toxicity sedimented ae a single boudary very eloae 

to the position of the pzdotoxin e.g. with a value of II-125 (Fig. 2-A). The 

6ample (A) yielded the came reanrlts (LCI that of eample (B). The result obtained 
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is definitely larger than the reported size of the released toxin (3,4). 

It is possible that this toxic fraction having II-12 sedimentation con- 

stant included pmtotoxin, activated form of the 12s toxin or RNA-pmto-Eel 

having 12-13 s (lo). To check for the presence of RNA-pmt0-W , the D&UC-eel- 

luloee fraction (sample B) was treated with RNaee, then was centrifuged on a 

sucrose-density gradient at pB 6.0. The sedimentation pattern of toxicity uaa 

the same ae that of the nontreated twnple (Fig. 2-B); indicating that no RNA 

was present. The sample (B) wan centrifuged to detect the possibility of dis- 

sociation at pB 8.0 by sucrose-density-gradient centrifugation with purified 

pmto-Eat ae marlcer. The single band of toxicity sedimented at the position of 

pmto-EQ(Fig. 2-C), at 3.3, shoving dieeociation. In an immuno-agarcgel-dif- 

fusion test of samples (A) and (B), at least 4 bands were formed; the two bends 

in these bands fueed with pmto-E& and pmto-Ep of pure pmtotoxin (Fig. 3). 

Fig. 3 Agar-gel-dif9kubn test6 ~wformd with prototoxin, DEAE-cellulose 
toxic fraction and ooneentrated udia. 
pmtotoxin of type E 35396, 

A; concentrated media (at@le A), B; 
C; DESoelluloee toxic fraction (aa#le B) , and 

D; anti-prototoxin with an antitoxin titer of 450 III/ml. Agar gel, 1% agar 
in 0.05 M phoeqhate buffer, pE 8.0; incubation, at 4OC for 3 day6. 

!bo band6 can be observed betueen B and D, and the top band repmae& 
proto-Eoc and the lower one repxwents proto+? . 

The results indicate that released toxin has a large molecular siw of appmx- 

imtely 11-12s and oon6iat8 of Ed uxl E# . Thi6 toxic fraction ruj al8o be a 

mixture of pmtotoxin and activated 125 toxin because the toxicity ratio after 

activation to that before a&iv&ion of sample (A) was approximately 1%fold 
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by the intraperitoneal injection method (5). The activation ratio of proto- 

toxin or RNA-prototoxin (5,111 ie 200-500 (5,ll) and that of proto-Eo(is 230 

(6). The low activation ratio of the present preparation may indicate an 

already activated materiel, possibly by an enzyme system. 

Retained toxin wats extracted from the cells of the VR strain uultured 

in 4% proteoae peptone (Difco), 0.5% yeast extract (Difco), 1% glucose and 0.0% 

sodium thioglycolate media at pE 6.4 in which the 35396 strain of 2. botuliznun 

type E had been grown with good yield. After incubation at JO0 C for 4 day@, 

toxin wae extracted from the cene in 0.2 H phosphate buffer pi 6.0 at 370 c 

for 1 hr. The extract concentrated with Ficoll was centrifuged to estimate 

molecular size by eucroee-den&q-gradient centrifugation at #f 6.0. The 

broad peak of potential toxicity wae demon&rated at the position of about 'l5- 

19s (Fig. 4). After treatment of the extracted toxin with RN-e, the position 

of the highest potential toxicity changed from 15-19s to 11-12s (Fig. 4). The 

sharp peek obtained after RN&se treatment indicated that the prototoxin wan 

homogeneous, and therefore that the RNA moiety in the RNA-prototoxin ooMti&ed 

of non-uniform RNA fragnbmts. 

Nare treated 30 

0 10 20 36 

Fraction No 

Fig. 4 Sucrose-density-gradient (5-2C%) centrifugation at pli 6.0 of cell 
extraction and Rt?aae treated cell extraction. 
Centrifugation procedure and toxin potencies were ww ae described ~JI Fig. 2. 
TW tenths ml of cell extraction wan treated by RR~M (6 tint11 at PC for 
20 min. 
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The results presented here shw that both the released and retained 

forms of the toxin are of relatively large molecular weight, and identifiable 

with previously reported toxins of type E (2,5,7). The released toxin was ob- 

tained under essentially the same conditions utilized by Emodi et al. ($9) -- 

who reported obtaining two toxic oolpponents of W.W. 9,000 and 5,000 after pass- 

ing the DUB--cellulose eluted toxic fraction through Sephadex G-200 in a small 

columa ( 1 x 28 cm) (4). No wch kmall molecular weight components were found 

in the present investigation. It 8ey be mentioned that small molecular weight 

toxins could not be confirmed in types A and B by Boroff et al. (121, Beers -- 

et d. (13) and Knox et al. (14). -- -- It is also suggested here that the sucrose- 

density-gradient centrifugation gives a nore reliable estimate of moleaular 

weight than the methods used by Baodi et al. (4). -- 

The results presented indicate that, vithin the 2. botulinum type E 

cell, the cell synthesiserr proto-Eoc of little or no toxicity coaplexed with BNA 

and with proto-E/? . The toxin released to the medium is free of RNA and of high 

toxicity. These results point to the following plausible m&anism. The syn- 

thesized RNA-prototoxin, before or during release from the cells, is dissociated 

from the BNA and activated hy soae enzyme sJstem (a). The activation or syn- 

thesis of this emzyme system is abpnaent on certain conditions of culturing 

the cells (pE or media oompositioa) . The RNA msy bind proto- to so= oell 

stru&ure, or again may act as a carrier for proto-Eoc . 

The author viahem te thamk Dr. T. Rap&i of thin Departsant for hel.p- 
ing to prepmre the natwaript. A part of thin work tram perfomed at Rational 
Institute of Health. 
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