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Summary 

Neurotoxin of Clostridium botulinum is one of the most potent known 

toxins in nature, which can cause an often fatal food poisoning. However, 

recently the use ofbinding do main of the toxin has also been proposed as a 

candidate vaccine. In this study coding region for this do main was amplified 

from genomic DNA of Clostridium botulinum type A using a pair of 

primers containing BamHI and HindII!. The amplified l.3kb fragment 

corresponding to the gene ofinterest was cloned in pUCI8 after verification 

with different restriction enzymes. The construct was then transformed into 

competent Escherichia coli DH5a and the recombinant clone was selected 

on plates containing ampicillin. The plasmid purified from these clones was 

used for sequencing by dideoxy chain termination method. The sequence 

thus obtained was verified by comparison with published sequence, which 

showed the authencity of the PCR product. This fragment was subcloned in 

an IPTG inducible expression vector pQE30 using E. coli M 15 as a host and 

expression was analyzed by RT-PCR. 
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Introduction 

Clostridium botu/inum an anaerobie spore-fonning gram positive baeillus, produees 

several highly toxie types ofbotulism neurotoxins classified A through G (Sugiyama 

1980). The most eommon meehanism of botulinum poisoning is through oral 

ingestion of food eontaminated with a 900kDa eomplex eonstituting of a toxie 

(neurotoxin) and a non-toxie eomponent (hemagglutinin) (Chen 1997, Dasgupta 

1968). Although ingested spores of the baeterium may also eolonize and produee 
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toxin ln the intestinal tract of infants, resulting in infant botulism (Tacket & 

Rogawski 1989). The toxin is synthesized as a 150kDa precursor which (with the 

exception of type E) is proteolytically c1eaved into two subunits designated A- and 

BC-fragments corresponding to the light (50kDa) and heavy (l OOkDa) chains, which 

remain covalently associated by a disulfide bond (Binz 1990). Toxification by 

botilinum type A (BoNT/A) is initiated by binding of the toxin molecules to specific 

ganglioside receptors of the presypnatic membrane, followed by receptor mediated 

endocytosis and finally inhibition of acetylcholin release at neuromuscular 

presynaptic nerve endings causing paralysis and death (Coffield 1997, Montecucco 

1996). 

The current prevalent toxoid vaccine for botulinum is composed of formaline 

inactivated holotoxin derived from serotypes A-E. Although effective, this vaccine is 

difficult to manufacture, since large quantities oftoxin from each serotype must be 

produced and isolated and also extensive treatment with forrnalin is required to 

inactivate the toxin (Dertzbaugh & West 1996, LaPenotiere 1995). This method of 

vaccine production suffers from several major problems, leading to a search for better 

and cheaper vaccines, most notably through the use ofDNA recombinant technology. 

The gene for BoNT/ A has been c10ned and it has been shown that H-chain can be 

further c1eaved to yield a non-toxic 50kDa C-terminal fragment (Hc) that is involved 

in binding to extracellular ecto-receptors (Montecucco 1996). This fragment is 

thought to contain the principal protective antigenic deterrninants, because 

immunization with it or with sorne of its sub-fragments can induce protective 

immunity in mice «Dertzbaugh & West 1996, Clay ton 1995). Furtherrnore, 

laboratory detection and identification of BoNT-producing c10stridia on the basis of 

bacteriological characteristics are difficult and currently the most sensitive method of 

BoNT is the mouse bioassay. However, this technique is time consuming and 

requires handling of laboratory animais (Fach 1995) which might be overcome if 

sensitive and reliable immunological assays are developed. Therefore, in the present 

study, in view of above, the c10ning and expression of the binding domain was 

undertaken, and in order to overcome the problem of low expression pQE30 was 

chosen in which a 6x-His tag is fused to the N-terrninus of the protein. This strategy 

had not been used in previous studies. 
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Materials and Methods 

Bacterial strains and plasmids. Cl. botu/inum type A isolated from patient in Pasteur 

institute of Iran (subtype A strain p 12) was used for isolation of binding domain of 

SoNT. 

pUCI8 vector (Phannacia) together with E.co/i strain DH5a [supE44 [\Iac ul69 

(080 lacZL\ M15) hsdRI7 recAI endAI gyrA96 thi IrelAl] were used for c10ning 

and maintenance of DNA fragment. For prote in expression pQE -30 (QI AGEN) 

carrying strong bacteriophage T5 promoter and two lac operator and synthetic 

ribosomal binding site with 6xHis tag for detection and purification step was used. 

E.co/i strain M 15 [pREP4 (Nal,Str,Rif,Lac-ara-gal mtl-f-recA +uvr+)] was used as 

ho st strain . 

DNA extraction. Genomic DNA was extracted using the method described by 

Robert et al (1987) and assayed on 0.8% agarose gel and evaluated using 

spectrophotometry. Alkaline Iysis method (Bimboim & Doly 1979) was used for 

plasmid isolation. 

Gene amplification. Oligonucleotid primers containing BamHI and HindIII were 

designed according to the published data (Sinz 1990) for Hc fragment with the 

following sequences: 

Forward primer 5'-TAT GGA TCC ATT ATT AAT ACT TCT ATA TTG AA-3' 

BamHI 

Reverse primer 5'-TAG TTT GAA AGC TTT TAC AGT GGC CTT T-3' 

HindI II 

Amplification was perfonned as follow: 
95°C 5min hot start 

94"C 
55"C 

Imin 
lmin 

n"C Imin 

94"C Imin 
64"C Imin 
n"C Imin 

n"C 10min 

10 cycle 

25 cycle 

Final extension 
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Primary amplification was performed using Taq DNA polymerase (Sinagen), but 

after optimization of PCR condition, in order to minimize mismatch incorporation 

VENT™ DNA polymerase (New England Biolab) was used for final amplification. 

Elution of DNA fragment from agarose gel. For elution of PCR fragments from 

agarose gel, the DEAE membrane (Schleicher & Schuell Co.) method was used 

(Sambrooke et al 1989). 

Plasmid construction. The amplified product was digested with BamHI and HindIII 

(Boheringer Mannheim), c10ned in pUC 18 (Pharmacia Biotech) and the construct 

was transformed into competent E.coli DH5a in LB Media (Difco) using standard 

methods (Sambrooke 1989). The presence of binding domain of BoNT/A coding 

region was confirmed by restriction enzyme analysis and the construct was used for 

sequencing by the method of Sanger (1977) on an automated sequencer (ALF 

system, Pharmacia). After sequence verification the gene encoding BoNT/A binding 

domain was subcloned in pQE-30 (QI AGEN) and transformed into competent E.coli 

M15. The clone containing the construct was selected on Luria Bertani (LB) media 

containing IOOIlg/ml ampicillin and 251lg/ml kanamycin, which were then used to 

express the recombinant prote in. 

Expression of the recombinant protein. Preliminary data on the expression of the 

Binding domain of BoNT/A at transcription level was obtained using RT-PCR. For 

this purpose E.coli MI5 containing pQE30-binding do main were grown on LB broth 

supplemented with antibiotics (ampicillin 1001lg/ml and kanamycin 251lg/ml) and 

incubated at 37"C with Il0rpmlmin to early exponential phase (OD6oo=0.6). IPTG 

was added to a final concentration of 1 mM and induction was continued for 4h. Cells 

from 5ml of the culture were harvested at 3000rpm and the pellet was used for total 

RNA extraction. 

RT-PCR. Total RNA was extracted using TRIZOL (GibcoBRL) and cDNA was 

synthesized using random hexamers as primers and reverse transcriptase. The cDNA 

mixture was incubated at 65"C for 5min followed by incubation at 37"C for lh. DNA 

was ethanol precipitated and then used for PCR using gene specific primers. 

Results and Discussion 

Diversity of neurotoxin types, low expression, special handling required for culture 

and purification of the toxin and the need for its extensive detoxification has made 
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the production of its vaccine and antibody difficult and expensive. Furthermore, the 

only reliable detection and typing method of the contaminating toxin is the mouse 

bioassay which is time consuming, making the need for research in this field an 

important health issue. It has recently been shown that the Hc fragment of the 

neurotoxin produced by Cl.botu/inum type A is immunogenic and can produce 

immunity against this toxin in animais. Therefore, genomic DNA was extracted from 

this microorganism and the 1.3kb fragment corresponding to the coding region of the 

binding domain was amplified using PCR (Figure 1). 

Figure 1. Genomic DNA extractedfrom Cl. Botulinum type A 

However, it was found that 2mM MgCb and a two step amplification cycle, using 

two different annealing temperatures were required for efficient and specific 

amplification (Figure 2). 

1 2 3 

Lane 1 :Amplification with Vent™ DNA polymerase 
Lane 2: Molecular weight marker. 
Lane 3:Amplification with taq DNA polymerase 

Figure 2. peR amplification of Hcfragmentfrom genomic DNA ofC/.botulinum 

The detailed strategy used for c10ning of the PCR fragment in both pUC 18 and 

pQE-30 which was used for expressing the protein is shown in figure 3. Originally, it 

had beenshown that attempts to express the native gene from Cl.botulinum type A in 

pTrc 99A in order to obtain the non-toxic binding domain ofBoNT is unsuccessful 

and to achieve this aim either the gene should be assembled synthetically with codons 

preference of E.co/i (Clay ton 1995) or ir has to be expressed in this host as fusion 
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protein (Michael el al 1995). Thererore the native gene was suhcloned in pQE-30 

which adds a 6xHis tag to the N-terminus of the expressed protein. Despite this 

strategy the expressed recombinant prote in could not be detected in SDS-P AGE. 

Consequently, the integrity of the expression system at the construct level was 

examined by PCR and restriction enzyme analysis (Figure 4) and at transcription 

level by RT-PCR The results obtained showed that the native gene is lully transcribed 

and the mRNA transcript is still intact after the 4h period of induction (Figure 5). 

However, since optimisation of conditions for culture, induction, extraction and 

purification of the recombinant protein are deemed essential (Hanning & Makrides 

1998), therefore attempts for optimisation of these parameters were made as 

sumerised in table 1. 

Table 1. Condiliolls lIseJ tur optimisation o{l'xprc.I''iion o{Bo_\TA Ife Iragl/lclIf 
--_.- ------

Culture media Ampicillin Time of IPTG Duration of 

concentration induction (00.00 ) concentration induction 

LB 100Jlg/mi 0.5-1.1 O.5-I.OfLg/llll I-O/N 
--_.- --

LB 200Jlg/ml 0.5-0.7 1.0fLg/llll 4h 
----_.----- ------ - -- ----_ .. ------ ---

LB+ 0.2% Glucose 100Jlg/llll 

LB+ 0.2% Glucose 200Jlg/llli 

2 3 4 5 6 

- - ----. ~ -_ ... 

0.5-0.7 I.OfLg/llll 

0.5-0.7 1.0pg/llli 

Lane 1: digest wl Bgl Il 
Lane 2: digest wl EcoRI 
Lane 3: digest wl Taq 1 

--

Lane 4: pUC-Taq marker 

Lane 5: digest w/Hae III 
Lane 6: undigest pcr product 

Figure 4. Restrie/ion analysis of PCR produe/ 

2 3 456 

Lane 1 : concentrate cDNA 
Lane 1 : concenLraLe cDN A 

Lane 2 : 115 dilute cDNA 
Lane 3 : 1125 dilute cDNA 
Lane 4 : positive control 
Lane 5 : negative control 
Lane 6 : M. W. Illarker 

Figure 5. Gel eleclrophoresis of RT-PCR produci 

4h 
----- --------------

4h 
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Figure 3. Strategy used in this study for isolation and cloning ofbinding domain of 

Cl. botu/inum type A 
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The result of optimization experiment showed that addition of glucose to the 

medium has no profound effect on expression level. On the other hand our kinetic 

study oftime of induction showed that the optimum OD for expression was early to 

mid-log phase (0.5-0.7). The optimum concentration of IPTG was shown to be in the 

range of 0.5-lllg ,however the higher concentration indicated better result and as far 

as duration of induction was concerned the 4 period was found to be optimum time 

for expression. Furthermore, the use of two other expression vectors (pMAL and 

pGEX) are underway. Both vectors are part of an integrated system for the 

expression, affinity-purification of fusion proteins and conta in the strong IPTG

inducable tac promoter. In pMAL system (New England BioLabs) the cloned gene is 

inserted into the vector downstream of MAL E gene which encodes the signal 

sequence of maltose-binding prote in (MBP). This system has been successfully used 

for high level expression of different domains of BoNT/A neurotoxin. 

Acknowledgement 

We would like to thank our colleagues in Molecular Biology Unit of Pasteur Institute 

ofIran for their help du ring this study. 

References 

Binz, T. (1990). The complete sequences of BoNT/A and comparison with other 

Closteridial neurotoxins. The Journal of Biological Chemistry 265 (16):9153-58. 

Birnboim, H.C., Doly, J. (1979). A rapid alkaline extraction procedure for 

screening recombinant plasmid DNA. Nucleic Acids Research 7: 1513. 

Borden Lacy, D., Raymond, C. (1997). Recombinant expression and purification 

of the botulinum neurotoxin type A translocation domain. Protein Expression and 

Purification 11: 195-200. 

Chen, F. (1997). Antibody mapping to domains ofbotulinum neurotoxin serotype 

A in the complexed and uncomplexed forms. Infection & Immunity 65: 1626-1630. 

Clayton, M.A. (1995). Protective vaccination with a recombinant fragment of 

Cl.Botulinum neurotoxins stereotype A expressed from a synthetic Gene in E.co/i. 

Infection & Immunity 63:2738-42. 



Arch. Raz; Ins. (2000) 51 121 

Coffield ,J .A. (1997). In vitro characterization of botulinum toxin types A,C and D 

action on human tissue: combined electrophysiologic, phannacologic and molecular 

biologic approaches. Journal of pharm. Exp. Therapy 280: 1489-1498. 

Dasgupta, B. R. (1968). Separation of toxin and hemagglutinin from crystalline 

toxin of Clostridium botulinum type A by anion exchange chromatography and 

detennination of their dimensions by gel filtration. Journal of Biological Chemistry 

243: 1065-1072. 

Dertzbaugh, M.T., West, M. W. (1996). Mapping of protective and cross-reactive 

domains of type A neurotoxin of c/ostridium botulinum. Vaccine 14: 1538-1544. 

Fach, P. (1995). PCR and Gene probe Identification of Botulinum neurotoxin, B-, 

E-, F-, and G-producing Clostridium spp. And evaluation in food samples. Applied & 

Environmental Microbiology (Jan.):389-392. 

Hanning, G., Makrides S.C. (1998). Strategies for optimizing heterologus protein 

expression in Escherichia coli. Trends in Biotechnology 16:54-60. 

Lapenotiere, H. (1993). Development of a molecularly engineered vaccine for 

C. botulinum neurotoxins.ln: proceedings of the international conference of 

Clostridial neurotoxins (DasGupta, B., Ed.). New York: Plenum Press. 

Montecucco, C. (1996). Botulinum neurotoxins: mechanism of action and 

therapeutic applications. Molecular Medicine Today 2:418-424. 

Sambrook, J., Fritsch, E.F. and Maniatis, T. (1989). Molecular Cloning:A 

Laboratory manual (2nd edn.). Cold Spring Harbor Press, Cold Spring Harbor, NY. 

Sanger, F. (1977). DNA sequencing with chain-tenninating inhibitors. Proc. Natl. 

Academic Science 74:5463-5467. 

Sugiyama, ,H. (1980). Clostridium botulinum neurotoxin. Microbiology Review 

44:419-448. 

Tacket, C.O., Rogawski, M.A. (1989).In:L.L.Simpson (Ed.). Botulinum Neurotoxin 

and Tetanus Toxin. Pp: 351-372, Academic Press, Orlando, FL., USA. 


