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Abstract. High titered Clostridium sordellii lethal toxin antiserum, cross-reactive 
with C. difficile cytotoxin B (ToxB), was used to isolate toxB fragments from a C. 
difficile expression library. Recombinant clones containing toxB fragments of the 
5' and 3' end were isolate. A 2.5-kb HinclI fragment of chromosomal DNA overlaps 
both groups of clones. A partial restriction map of the total toxB gene is presented. 
The gene is positioned upstream of utxA and toxA. toxB has a size of 6.9 kb, 
corresponding to a 250-kDa polypeptide. A partial sequence of the 5' end of toxB 
was determined. The sequence contains 398 bp upstream of toxB with a putative 
Shine-Dalgarno box (AGGAGA) and 609 bp of the toxB open reading frame. The 
N-terminal 203 amino acids of ToxB were compared with the N-terminal amino 
acids of the enterotoxin A (ToxA). A homology of 64% of the residues was 
detected, which proves the relatedness of ToxA and ToxB of C. difficile. 

Introduction 

In the late seventies a toxic activity neutralizable with Clostridium sordellii 
antitoxin was detected in stool specimens from patients suffering from Pseudo- 
menbranous Colitis (PMC) (Bartlett et al. 1978). Today it is well known that PMC 
is caused by pathogenic Clostridium difficile strains. Two toxins are produced by 
either C. difficile and C. sordellii. The enterotoxin A (ToxA) of C. difficile is related 
to the hemorrhagic toxin (HT) of C. sordellii, and the cytotoxin B (ToxB) of C. 
difficile is related to the lethal toxin (LT) of C. sordellii. This relatedness was 
discovered by the use of cross-reactive antisera (Chang et al. 1978). Neutralization 
of cytotoxic activity by the cross-reactive C. sordellii LT antiserum is routinely used 
for the detection of C. difficile ToxB in stool specimens of humans. 
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C. difficile T o x A  and  ToxB are re leased into the supe rna tan t  of  the growing  cell 
cultures.  The  toxin  A gene (toxA) has been sequenced and  it is now k n o w n  tha t  
T o x A  is a single chain  p ro te in  of  308 k D a  and  pI  5.3 (Dove  et al. 1990; Saue rbo rn  
and  Eichel -St re iber  1990). Cha rac t e r i za t ion  o f  the 250 to 500-kDa ToxB of  C. 
difficile has p roven  to be very difficult .  ToxB p re pa ra t i ons  are  regular ly  con tami-  
na ted  with a 150-kDa p ro te in  tha t  shows 50-kDa  subuni ts  af ter  r educ t ion  
(Po thou lak i s  et al. 1986). Special  pur i f i ca t ion  condi t ions  have been e l a bo ra t e d  to 
separa te  ToxB f rom this c o n t a m i n a n t  (Eichel -St re iber  et al. 1987; M e a d o r  and  
Tweten 1988). M e a d o r  and  Tweten p r e p a r e d  h o m o g e n e o u s  ToxB and  de t e rmined  
its N- t e rmina l  amino  acid  sequence.  This was the basis for  the i so la t ion  of  ToxB 
f ragments  der ived  f rom its 5' end (Schulze and  Eichel -St re iber  1990). 

The aim of  the present  s tudy  was to isolate  ToxB-pos i t ive  clones f rom a C. 
difficile express ion l ib ra ry  with the a id  of  C. sordellii LT ant i serum.  These 
exper iments  have led to the comple te  cha rac te r i za t ion  of  ToxB. A par t i a l  sequence 
of  its 5' end shows the re la tedness  between ToxA and  ToxB. 

Material and methods 

Characterization of  C. sordel l i i  lethal toxin antiserum: cross-reactivity with ToxB 

The C. sordellii lethal toxin antiserum (Wellcome, Beckenham, UK) was titered for ToxB and 
ToxA reactivity. Purified toxins (0.3 tag/20 gl per well; 2 h; room temperature) were absorbed 
onto enzyme-linked immunosorbent assay (ELISA) 96-well microtiter plates (Becton and 
Dickenson, Heidelberg, FRG). Serial dilutions of C. sordellii antiserum were added to the plates 
for 1 h at 37~ temperature. Immunoassays were developed with peroxidase-labelled rabbit anti- 
horse IgG (Dianova, Hamburg, FRG) and 2.2-azino-di-[3-ethyl-benzthiazolinsulfonate (6)] 
[10-mg/ml ABTS (Boehringer, Mannheim, FRG), 0.0025 % H202] as a substrate. ELI SA plates 
were read at 414 nm (Titertek Multiscan ELISA reader; Flow, Meckenheim, FRG). A polyclonal 
rabbit antiserum against ToxB that was produced in our laboratory was tested in parallel. 
Western blot analysis was carried out as previously described (Eichel-Streiber et al. 1987). 

Recombinant DNA techniques 

The construction of the genetic library has been described (Eichel-Streiber et al. 1989). In short, 
partial AluI, HaelII fragments of chromosomal DNA of C. difficile VPI10463 were cloned into 
the SmaI site of the plasmid vector pUC 12 and transformed into E. coli JM83 (Yanisch-Perron et 
al. 1985). All standard recombinant DNA techniques were performed as described by Maniatis et 
al. (1982). Oligodeoxyribonucleotide Bolil (41mer) synthesized in the laboratory of Dr. Engels 
(Universit~it Frankfurt, FRG), was used to determine the position of the 5' end of ToxB. It was 
radioactively labelled by a kinase reaction (Maniatis et al. 1982). 

Colony blotting and detection of  recombinant protein 

The genomic library was plated at a cell density of 8,000-10,000 colonies on a 24 X 24 cm plate 
and cells were grown overnight. Colonies were transferred to nitrocellulose (NC) and lysis was 
achieved by incubation of the NC filter layered on 3 M Whatman paper soaked with 5% SDS 
solution (15-20 min at 90~ Lysed cells were electrobloned (1 h, 50 V = const) to fix the protein 
on the membrane and reduce the SDS concentration. Filters were washed three times (was buffer: 
PBS 25 mM, pH 7.5, 0.5 % gelatine, 0.1% Triton X-100). Staining was performed with C. sordellii 
LT antiserum (1 : 2,000), peroxidase-labelled rabbit anti-horse IgG (1:2,000), and diaminobenzi- 
dine (0.5 mg/ml; 0.006% H202) as substrate. All dilutions were made in wash buffer. 
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Recombinant protein was produced and analyzed as already described (Eichel-Streiber et al. 
1989). Staining of ToxB fragments was done as described for the primary screening (see above), 
except that the antibody concentrations used were 1:5,000. 

D N A  sequencing and analysis 

T7-DNA polymerase sequencing of plasmid DNA was done as described by Tabor and 
Richardson (1987), using a Pharmacia Sequencing Kit (Pharmacia, Freiburg, FRG). Kinased 
Bolil, standard or reverse primers were used (Biolabs, Schwalbach, FRG). Wedge-shaped 
sequencing gels (60 cm length; 0.2-0.4 mm thick; 6% (polyacrylamide and 7 M urea) were run at 
3,000 V with a restriction of power to 50 W. 

The DNA sequence analysis package of Guido Volkaert (Leuwen, Belgien) and PC/Gene 
version 6.0 Amos Bairoch (Genofit, Heidelberg, FRG) was used to analyze the nucleotide and 
amino acid sequences. 

Results 

Characterization o f  C. sordellii  antiserum 

The C. sordellii LT antiserum and a ToxB antiserum were tested in an ELISA using 
ToxB and ToxA as antigens (Fig. 1). The ToxB antiserum exhibited antibody titers 
of 1 : 8 X 10 5 and 1 : 2 X 10 5 against ToxB and ToxA, respectively. The C. sordellii LT 
antiserum exhibited a titer of 1:5 X 106 against ToxB and a low titer of  1:2 X 104 
against ToxA. To confirm that the LT antiserum detected C. difficile ToxB 
polypeptide, we also used the serum in a Western blot analysis (Fig. 2). The LT 
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Fig. 1. Titration of antisera. C. sordellii lethal toxin (LT) antiserum and C. difficile cytotoxin B 
(ToxB) antiserum were titered against C. difficile enterotoxin A (ToxA) and ToxB of C. difficile in 
an enzyme-linked immunosorbent assay (see Material and methods). The extinction at 414 nm 
was measured and plotted against the respective titers. C. difficile ToxB antiserum against ToxB 
(Tq), ToxA (I).  C. sordellii LT antiserum against ToxB (O), ToxA (0) 
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Fig. 2. Western blot of recombi- 
nant proteins. Samples of ToxB 
(1 gg) and total lysates of the indi- 
vidual recombinant clones (50 gg) 
were separated on a 5%-10% 
SDS-PAGE gel and thereafter 
transfered to nitocellulose. Pro- 
teins were detected using polyclo- 
nal horse serum specific for the 
ToxB cross-reactive C. sordellii LT 
(see results and Fig. 1). Positive 
control: ToxB, LaneB; ToxA, 
lane A. Negative control: E. coli 
JM83 transformed with pUC12, 
lane 6. Recombinant ToxB frag- 
ments of E. coli JM83 containing: 
lane 1: pCd 122; lane 2: pTBs 12; 
lane 3: pTBs92; lane 4: pTBs45; 
lane5: pTBs72. Recombinant pro- 
teins are indicated by arrows 

serum specifically detected the ToxB molecule within culture filtrate of C. difficile. 
A weak staining of ToxA was also detected. 

Characterizat ion of  toxB 

The horse LT antiserum was used for colony blotting of the gene bank of C. difficile 
VP110463. This screening yielded 11 positive clones. Characterization of the clones 
was done by restriction enzyme mapping (Fig. 3) and Western blot analysis of  the 
expressed recombinant protein (Fig. 2). Restriction digests with XbaI  and E c o R V  
indicated a similarity of some clones to the pTB clones isolated by oligonucleotide 
screening (Schulze and Eichel-Streiber 1990; XbaI  similarity); others were similar 
to pCd 122 which encodes for the N terminus of ToxA (Eichel-Streiber et al. 1990; 
E c o R V  similarity). Clones with the XbaI  similarity hybridized with a 41mer (Bolil: 
5 ' -ATG A G T  TTA G T T  AAT AGA AAA CAG TTA G A A  AAA ATG GCA 
AAT GT-3' ,  data not shown) derived f rom the N-terminal sequence reported 
(Meador and Tweten 1988) and, thus, expressed parts of  the N terminus of ToxB. 
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Fig. 3. Partial map of total toxB. Clones pTBs72, pTBs45, pTBs92, pTBsl2 and pTBs29 were 
isolated from the colony blotting with C. sordellii LT antiserum. Clone pTB324 contains a HinclI 
fragment cloned of chromosomal DNA. pCd122 encodes for the N-terminal part of ToxA. 
Restriction enzymes are: A, AccI; Hc, HinclI; H, HindlII; N, NdeI; R, RsaI; S, Sph I; X, XbaI. Three 
open reading frames are indicated, toxB, utxA, and toxA 

Clones with the XbaI similarity were used to partially sequence the 5' end of toxB 
(Fig. 4). Constructs with the EcoRV-restriction pattern hybridized with pCd122 
insert DNA (data not shown). No overlapping clones between these two groups 
were isolated from the genetic library. 

Two clones pTBs92 and pTBs 12 extended furthest into the toxB gene from the 5' 
and 3' end, respectively. Insert DNA from these clones hybridized with a 2.6-kb 
HinclI fragment of C. difficile chromosomal DNA which was cloned in pTB324. 
Figure 3 delineates a partial map of the total toxB gene, whose 5' end is located 
54bp upstream of the RsaI site at 3.8 kb of the map, and the 3' end 405 bp 
downstream of SphI site ofpCdl22 (Dove et al. 1990). The gene has a size of 6.9 kb 
and is positioned upstream oftoxA and utxA (Sauerborn and Eichel-Streiber 1990). 

Expression of ToxB fragments 

Western blot analysis of recombinant protein from clones of the primary screening 
revealed that ToxB fragments of different size were detected (Fig. 2). N-terminal 
ToxB fragments were expressed by clones pTBs72, pTBs45, pTBs92 and C- 
terminal fragments by clones pTBs 12 and pCd122. A 500-bp toxB fragment, part of 
a 2.6-kb HinclI fragment mentioned above, situated in the center of the gene 
(between 6.8 and 7.4 of the physical map, Fig. 3), could not be isolated by colony 
blotting. 

Comparison of the N termini of ToxA and ToxB 

The N-terminal 203 amino acids deduced from our partial toxB sequence were 
compared with the published ToxA sequence (Sauerborn and Eichel-Streiber 
1990). Alignment of the two sequences showed a striking homology between the 
two toxins at their N termini (Fig. 5). Half (46%) of the deduced amino acid 
sequence was identical, another 18% were homologous. Some antigenic determi- 
nants were encoded by the 1,000 bp of the extreme 5' end detected in Western blot 
analysis of clone pTBs72 (see Fig. 2). 
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Fig. 5. Comparison of the ToxA and ToxB N termini. Of the 203 amino acids compared 94 (46 %) 
are identical (*) and 37 (18%) are similar (.) 

Discussion 

Immunological  cross-reactivity between C. difficile ToxB and Clostridium sordellii 
LT antisera had been reported by several groups (Chang et al. 1978; Popoff  1987). 
Compared  to the ToxB serum, the LT serum has a higher ToxB and a lower ToxA 
titer. The high antibody titer against ToxB could have been due to lower toxicity of  
LT compared to ToxB (Gill 1982; Popoff  1987). Additionally the LT toxin may be a 
better immunogen or it may lack immunosuppressive effects ofToxB (Daubener et 
al. 1988). 

Because of their relatively low titers and cross-reactivity with ToxA, ToxB 
antisera could not be used to screen our genetic library. With the use of  the 
antiserum against Clostridium sordellii LT, however, recombinant  clones situated 
at the toxB 5' and 3' end were identified and isolated. A HinclI fragment, detected 
by Southern analysis of  chromosomal  DNA,  joins and overlaps the two parts of  
toxB (Fig. 3, pTB324). The toxB genetic map is similar to the map presented by 
Johnson et al. (1990). toxB and toxA are encoded close to each other. A third open 
reading frame designated utxA whose function is unknown, is positioned between 

< 

Fig. 4. DNA sequence of the 5' end of toxB. The listed partial DNA sequence starts with the XbaI 
site at 3.5 kb of the physical map (see Fig. 3) and contains 398 bp upstream of toxB and 609 bp of 
the coding region. The two asymmetrical restriction sites XbaI and RsaI are indicated. The Boll 1 
sequence is written on top of the DNA sequence determined. Boxed amino acids are identical to 
those reported by Meador and Tweten 0988) for the N terminus of ToxB, except the Ser 
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these genes. The size of the cloned C. difficile insert DNA might have permitted 
isolation of overlapping clones encoding the total toxB gene. Why there was a gap 
positioned in the center of the toxB gene between the two groups of clones from the 
primary screening is not understood yet. 

Johnson et al. (1990) cloned a XbaI-SphI  fragment of chromosomal DNA and 
reported that E. coli clones expressing active ToxB were stable. Thus, production of 
a possible "suicide fragment" derived from the central part of ToxB can be ruled 
out. None of the clones isolated by us exhibited cytotoxic activity (data not shown). 
In contrast to recombinant clones expressing ToxA fragments of the immunodom- 
inant C-terminal third of ToxA (Eichel-Streiber et al. 1989), the isolated ToxB 
fragments resided at the 5' and 3' end of the toxB gene. 

Determination of the 5'-sequence of toxB revealed identity of the deduced 
amino acid sequence with the published N-terminal sequence of ToxB with one 
difference, i.e., the N-terminal Ser which had been reported to be a Trp (Meador 
and Tweten 1988). Comparison of the N termini of ToxA and ToxB revealed a 
marked homology of about 64% of the amino acids analyzed (Fig. 5). This 
homology had already been predicted from the reactivity of some monoclonal 
antibodies, which detect both toxins in ELISA and Western blot analysis (Eichel- 
Streiber et al. 1987; Rothman et al. 1988). DNA sequencing thus confirms earlier 
findings that ToxA and ToxB are related molecules (Eichel-Streiber et al. 1987), 
Although Lyerly et al. (198 9) have reported that certain antibodies directed against 
unrelated proteins may interact unspecifically with both toxins, the presented 
sequence comparison indicates that this general contention can be ruled out for the 
described monoclonal antibodies. 
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