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SUMMARY 

Profiles of cellular proteins from 11 type A and 9 type B strains of Clostridium botulinum were examined 
by sodium dodecyl sulfate-polyacrylamide gel electrophoresis. Cellular protein profiles exhibited considerable 
heterogeneity among strains of the same biotype, as well as among strains of different biotypes. This study 
also demonstrated the reliability and usefulness of this rapid and inexpensive procedure to determine the 
variation which may occur among C. botulinum and related species. 

INTRODUCTION 

Polyacrylamide gel electrophoretic patterns of 
proteins in bacterial cell extracts have been exten- 
sively used to study differences among genera, spe- 
cies and strains of various bacteria. This technique 
appears to be useful for screening and identifying 
bacterial genera, such as Streptococcus, Lactobacil~ 
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lus, ActinobacilIus and Campylobacter [4,8, 
10,13,15,16]. A recent publication by Cato et al. [5] 
toxigenic microorganism composed of seven sero- 
types (A, B, C,, D~, E, F and G). Some of these are 
further separated into proteolytic and non-proteo- 
lytic types. A means of identifying these strains and 
differentiating them from the biochemically similar 
Clostridium sporogenes would be of considerable 
benefit. However, the work of Cato et al. [5] was 
limited to two or three strains of each C. botulinum 
serotype. Since types A and B (proteotytic) are most 
commonly associated with human food-borne 
botulism, it was of interest to determine whether 
these serotypes can be differentiated by polyacry- 
lamide gel electrophoresis and if they are different 
from the non-toxigenic C. sporogenes. 
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Table 1 

Principal protein bands of C. botulinum type A strains presented in Fig. 1 

Lane Designation of strain Source of isolation Origin of isolation Principal protein bands on mm 
scale 

1 17409-1 Center for Disease Control Fecal isolate during 9.5, 12", 66, and 80 
(CDC) New York 1974 mushroom 

outbreak 
2 20 PLALC CDC Fermented beaver tail 9.5, 13, 41, 42, 48, 60, 

Alaska, 1975 64.5, 76, 81, and 104 
3 1 Food Safety & Inspection Unknown 9.5, 14, 39, 41, 42, 48, 60, 

Service (FSIS) 64.5, 71, 76, 80, 81, 85", 
and 102 

I1, 13.5, 39, 41, 42, 48, 64.5, 
66", 76, 80, and I01" 

9.5, 13, 39, 41, 42, 48, 60, 
64.5, 71, 76, 81, and 104 

4 33 National Food Processor Unknown 
Association (NFPA) 

5 B1218 Northern Regional California 
Research Center, (NRRC) 
USDA 

6 25763 American Type Culture Virgin soil 9.5, 13, 39, 41, 42, 48, 60, 
Collection (ATCC) 64.5, 71, 76, 81, and 104 

7 62A Hooper Foundation Cow liver 9.0*, 13.5, 39, 41, 42, 48, 
60, 64.5, 71, 76, 81, and 104 

8 69A Food and Drug Administration Unknown, 1975 10, 15, 39, 41, 42, 48, 60, 
(FDA), Received from Dr. H. 64.5, 76, 81, 86.5*, and 104 
Sugiyama 

9 78A FDA Unknown 10, 15, 39, 41, 42, 48, 60, 
64.5, 71, 76, 81, and 104 

10 426A FDA Peppers 5*, 11, 15, 39, 41, 42, 48, 
60, 64.5, 71, 76, 81, and 104 

11 429A FDA Beets 11, 15, 39, 41, 42, 48, 
60, 64.5, 76, 81, and 102 

21 C. sporogenes NRRC Unknown 8.5*, 14", 28*, 43*, and 49* 
B1219 (PA 3679) 

* These bands are specific for each strain. 

MATERIALS AND METHODS 

Microorganisms. C. botulinum types A and  B 

(proteolyt ic)  and  C. sporogenes (nontoxic)  s t rains  

examined  in this s tudy are  listed in Tables  1 and  2. 

Deta i led  descr ip t ion  o f  the strains and sources are 

given elsewhere [9]. 

Culture conditions. All  s t rains  were grown under  

n i t rogen for 24 h at  35~ in 5 ml o f  b ra in  hear t  

infusion (BHI)  (Difco Labora to r i e s ,  Det ro i t ,  MI)  

supp lemented  with 0.05% sod ium thioglycol la te .  

F r o m  each culture,  100/A were t ransfer red  to 200 

ml o f  supp lemented  BHI  and were incuba ted  at  

35~ G r o w t h  was m o n i t o r e d  by  measuremen t  o f  

abso rbance  at  600 nm. W h e n  abso rbance  reached 

0.4 ( approx ima te ly  16-18 h), cells were harves ted  

and  washed twice with phospha te -buf fe red  saline 

[3]. 

Extraction of  protein from bacterial cells. Prote in  

extracts  f rom washed  cells were p repa red  using the 

ace tone-sod ium dodecyl  sulfate (SDS) lysis tech- 

nique o f  Bhadur i  and  Demch ick  [2] and  were s tored  

at  - 2 0  C in 0.5-ml por t ions .  Chil l ing dur ing  har -  

vest ing and  rup tu r ing  o f  the cells with 1% SDS pre- 

vented any pro teo ly t ic  deg rada t ion  o f  pro te ins  in 

the cell-free extract  as de te rmined  by  assay for  p ro -  

teinase and  pept idase  act ivi ty  (unpubl i shed  data) .  

I t  was also found  tha t  s torage o f  the p ro te in  ex- 



Table 2 

Principal protein bands of C. botulinum type B strains presented in Fig. 2 

167 

Lane  Designation of strain Sourse of isolation Origin of isolation Principal protein bands 
on mm scale 

12 4B FSIS Unknown 14", 15.5", 25*, 35*, 39*, 
49*, 55*, 58*, 82*, and 90 

13 B-APHIS 770 FSIS Unknown 15, 19, 70*, 73, 85, 91, 
95, and 104' 

14 53B NFPA Unknown, 1961 15, 19, 33", 69, and 89 
15 7949B ATCC Unknown 15, 19, 69, 80, 89, 93", 

I03", and 109" 
16 169B FDA, Originally received Unknown, 1965 15, 19, 69, 85, 91, 95, 

from Dr. C. Schmidt 100 and 105 
17 383B FDA Can of mushrooms, 1972 12.5", 15, 16", 36*, 66, 

71.5", 75, 88*, 90, 95, 100, 
and 105 

18 642B FDA Can of mushrooms, 1972 12, 62", 66, 73, 75, 80, 
85, and 101" 

19 999B FDA Can of mushrooms, 1972 12, 36.5, 69, and 73 
20 8688R Walter Reed Hospital Can of mushrooms, 1972 12, 36.5, 69, and 73 
21 C. sporogenes NRRC Unknown 10", 28', and 44* 

B1219 (PA 3679) 

* These bands are specific for each strain. 

tracts at - 2 0 ~  did not alter the protein profiles. 
The protein contents of  the extracts were deter- 
mined by the method of Lowry [14] using bovine 
serum albumin as a standard. 

Sodium dodecyl sulfate-polyacrylamide gel elec~ 
trophoresis (SDS~PAGE). Vertical slab gel electro- 

phoresis (gel size, 13.6 • 14 cm • 1.5 mm) of  the 
bacterial protein extracts was carried out using a 
model SE600 Sturdier slab gel electrophoresis unit 
(Hoefer Scientific Instruments, San Francisco, CA). 
Stock solutions and the procedures for the prepa- 
ration of  10% separating polyacrylamide gels and 
3% stacking gels were essentially as described by 
Laemmli [1 I]. Samples (40 #1 containing 50/~g of  
protein) were boiled for 2 min under reducing con- 

ditions (in 0.1 M fl-mercaptoethanol) and then ap- 
plied with a micropipettor to wells through the res- 
ervoir fluid on the top of the stacking gel. Six stan- 
dard protein markers ranging in molecular weight 
from 12 300 to 200 000 (purchased from Bethesda 
Research Laboratory,  Gaithersburg, MD) were run 

in one well to permit accurate comparison between 
different protein patterns. Electrophoresis buffer 
was layered over the sample, and electrophoresis 
was carried out at room temperature. A constant 

voltage of  60 V (35 mA) was maintained until the 
bromophenol  dye front entered the separating gel, 
at which time the voltage was increased to a con- 

stant voltage of 120 V (48 mA). The electrophoresis 
was stopped when the bromophenol  dye marker  
reached 1.5 cm from the bot tom of  the gel (6 h). 
The gel was then stained with Coomassie blue over- 
night at room temperature and destained with a 
methanol/acetic acid/water mixture [1]. Photo- 
graphs of  each gel were made for permanent  
records. 

RESULTS A N D  DISCUSSION 

This work compares the cellular proteins of  C. 
botulinum types A and B by SDS-PAGE. Each of 
the 21 strains listed in Tables 1 and 2 was grown 
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and analyzed by SDS-PAGE at least three times. 
The protein profiles observed in all three experi- 
ments were similar. Electrophoretic patterns of  the 

cellular proteins from each strain are shown in Fig. 
1 (type A) and in Fig. 2 (type B). The gels presented 

contained 40-45 distinct bands having a molecular 
weight range of approximately 200 000 to 12 300. 
Individual bands from extracts of  different strains, 

including bands with identical electrophoretic mo- 
bilities, often had different relative densities or 
other distinctive characteristics, such as sharp or 

tailing edges. 
The protein profiles were distinctive for each 

strain and indicate significant differences between 
strains of  C. botulinum (types A and B) and between 

C. botulinum and C. sporogenes. Definitive differ- 
entiation of these serotypes requires toxin neutral- 
ization tests in mice. All of  the botulinal strains 

were toxic to mice; the toxin of each was neutralized 
by either of  the specific antitoxins, A or B. The dis- 
similarity among the proteins in the Mr range be- 
tween 200 000 to 18 400 is striking. The locations 
of  the principal protein bands resolved by SDS- 
PAGE from strains of  type A (Fig. 1) and type B 
(Fig. 2) are summarized in Tables 1 and 2, respec- 

tively. It is evident from Tables 1 and 2 that some 
of the protein bands are common to a particular 
group of strains, while there are other bands which 

are specific and distinct for a particular strain. Most 
strains of  C. botulinum type A had protein bands 

Fig. 1. SDS-PAGE of 11 strains of C. botulinum type A and one strain of C. sporogenes (lane 21) (see Table 1 for strain identification). 
Electrophoresis was carried out as described in Materials and Methods. Lane M, molecular weight markers: the numbers on the right 
indicate molecular weights ( x 103). The profiles presented here are the results of one of the three experiments; however, all showed 
similar patterns. 
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Fig. 2. SDS-PAGE of nine strains of C. botulinum type B and one strain of C. sporogenes (lane 21) (see Table 2 for strain identification). 
Electrophoresis was carried out as described in Materials and Methods. Lane M, molecular weight markers, the numbers on the right 
indicate molecular weight ( x 103). The profiles presented here are the results of one of the three experiments; however, all showed 
similar patterns. 

at 39, 41, 42, 48, 60, 64.5 and 76 m m  (Fig. 1, Table  
1). Strain 17409-1 had a distinctively different pro-  
file including a specific band  at 12 n m  (Fig. 1, lane 
1). Strain 20 P L A L C  (Fig. 1, lane 2) lacked the pro-  
tein band  at  39 ram, and strain 33 (Fig. 1, lane 4) 
lacked the 60 and 81 m m  bands.  The  prote in  bands 
at 85 m m  in strain 1 (Fig. 1, lane 3), at 66 and 101 
m m  in strain 33 (Fig. 1, lane 4), at 9.0 m m  in strain 
62A (Fig. 1, lane 7), at 86.5 m m  in strain 69A (Fig. 
1, lane 8) and at 5.0 m m  in strain 426A (Fig. 1, lane 
10) were distinctive for  each of  these strains. The  
bands at 8.5, 14, 28, 43 and 49 m m  were present  
specifically in cultures of  C. sporogenes. The prote in  

pat terns  of  C. botulinum type B in strain 4B (Fig. 
2, lane 12), strain 7949B (Fig. 2, lane 15) and strain 

383B (Fig. 2, lane 17) are the mos t  dissimilar (See 
Table  2). The bands  at 70 and 104 m m  in strain 
B -APHIS  770 (Fig. 2, lane 13) at  33 m m  in strain 
53B (Fig. 2, lane 14) and at  62 and 101 m m  in strain 
642B (Fig. 2 lane 18) were specific for  these strains. 
C. sporogenes can be distinguished f rom C. botulin- 

um type B by the bands  present  at  10, 28 and 44 
mm.  Due to the variabil i ty o f  gel electrophoresis,  
the bands  of  C. sporogenes appea r  at different posi- 
tions, but  the actual  migra t ion  o f  the proteins with 
respect to s tandard  protein markers  was the same. 
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This appa ren t  var iabi l i ty  in mig ra t ion  does not  re- 

flect the ac tual  difference in p ro te in  profile.  

The diss imi lar i ty  o f  e lec t rophore t ic  p ro te in  pa t -  

terns between strains f rom C. botulinum types A 

and B is no t  surprising,  since Lee and R iemann  [12] 

repor ted  only 10-14% D N A  h o m o l o g y  a m o n g  the 

s trains  o f  C. botutinum types A and B, and  C. spo- 

rogenes. F a r s h y  and  Moss  [6] r epor ted  tha t  C. spo- 

rogenes and  pro teo ly t ic  s trains o f  C. botuIinum also 

can be different iated by gas c h r o m a t o g r a p h i c  pa t -  

terns o f  t r imethyls i lyl  der ivat ives  o f  whole cell hy- 

drolysates .  Gu t t e r idge  et al. [7] r epor ted  s imilar  ob-  

servat ions using pyrolysis  gas- l iquid c h r o m a t o -  

graphy.  This s tudy shows that ,  in add i t i on  to het- 

erogenei ty  between b io types  (da ta  not  shown),  

there is cons iderable  heterogenei ty  a m o n g  strains 

of  the same biotype.  

The results presented  here do  no t  agree with the 

repor t  o f  Ca to  et al. [5] which indica ted  s imilar i ty  

a m o n g  the e lec t rophore t ic  pa t te rns  o f  p ro teo ly t ic  

s trains o f  C. sporogenes and types A and  B o f  C. 

botulinum. The difference between our  results  and  

theirs may  be due to differences in cul ture  m e d i u m  

as well as differences in the p rocedures  for  p ro te in  

ext rac t ion  and electrophoresis .  

A l t h o u g h  the identi t ies  o f  specific p ro te ins  were 

not  de termined,  the over-al l  p ro te in  profiles a l low 

s imul taneous  examina t ion  o f  a large number  o f  al- 

leles at  one time. The  p ro te in  pa t te rns  presented  

here indicate  m a r k e d  differences a m o n g  strains o f  

C. botulinum. The results suggest  fur ther  tha t  pro-  

tein profi l ing m a y  be a useful technique for the 

charac te r iza t ion  and  ident i f icat ion o f  different  iso- 

lates. 
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