Available online awww.scholarsresearchlibrary.com

volog;
é\% 906/

2
M
Scholars Research Scholars Research Library %&

9"49953‘6

Annals of Biological Research, 2013, 4 (3):143-148
(http://scholarsresearchlibrary.com/archive.html)

Library
ISSN 0976-1233
CODEN (USA): ABRNBW

Characterization of antibody titer and immunogenicfeature of light chain of
botulinum neurotoxin type A

Alireza Farasat, Firouz Ebrahimi*, Seyed Jafar Mousavy, Mohammad Bagher Salehi and
Mosayeb Rostamian

Biology Group, Basic Science Faculty, IHU, Tehran

ABSTRACT

The botulinum neurotoxins (BoNTSs), the most tokidohical compounds, are known to cause muscle Ipsisa
These toxins are enzymatic properties which intii®trelease of the acetylcholine. The purposedhisfstudy are
the recombinant expression of light chain (LC) ofutinum toxin types A (rBoNT/A-LC) with high pwrithe
evaluation of its antibody titer yield and its imnugenicity, and finally the evaluation of in vitreorganization of
BoNT/A-holotoxin by produced antibody. BoNT/A ligh&in gene sequences were obtained from the N&Birge
database. After codon optimization of target geméétter express in E. coli, the target gene waterrd to be
synthesized in pET-28a (+). E. coli BL21 (DE3) wamsformed by the mentioned vector containinggbee. The
expression process was performed in standard comdit In order to express the recombinant proteirsdluble
form, optimization of host cell culture and expressprocess was performed. The protein was purifigcaffinity
chromatography (Ni-NTA column) and was confirmethwpecific antibodies. In this study, the highegtression
of soluble protein was obtained at 0.5 mM IPTG]| celture optical density of 0.5, and the inductiime of 18 h at
18 °C. Western blot analysis confirmed the targeitgin. The results showed that rBoNT/A-LC was ligh
expressed in soluble form and highly purified usiffinity chromatography. Immunology results showuleat the
immune mice with rBONT/A-LC are able to endurangeau100 LI, of BONT/A. The results also indicated that the
produced antibodies can recognize up to 200 ngodf BA-holotoxin.
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INTRODUCTION

Clostridium botulinuma gram-positive anaerobic bacterium, is founddih [1]. Among the seven known serotypes
of neurotoxins that include A, B, C1, D, E, F, aBd only types A, B, E, and rarely F are involvedhinman
botulism [2]. The most durable form of paralysisceused by botulinum neurotoxins type A (BoNT/A).[Bhe
Lethal dose (L) of BONT/A for a 70 kg-human through inhalationdanjection, is estimated to be 70 ug and 0.9
ug, respectively [4]. Each of the botulinum neukats is produced as a single chain protein withedgit of 150
kDa and then divided to two chains; a 100 kDa-heghwgin (HC) and a 50-kDa light chain (LC), whichmagns
connected to each other by a disulfide bond. Tglet Ichain is responsible for binding to peripherablinergic
neurons and LC is a zinc-dependent endo-peptidabEhwspecifically digests involved proteins in
neurotransmitters release [5, 6, 7]. Studies sugge$our-step mechanism of cell poisoning by boiun
neurotoxins as follows: Toxin binding to the memtwaf motor neurons, toxin penetration into the foeme of
motor neurons, toxin passing from neurons membnaitle disulfide bond reduction between two chainsd a
intracellular catalytic activity by light chain [6Botulinum neurotoxins have three types of substr@ynaptobrvin

or VAMP (Vesicle Associated Membrane) which is thebstrate of serotype F, D, G, and B, SNAP25
(synaptosomal associated protein of 25 kDa) whictiné substrate of serotypes A, C, and E, andlyiisinataxin
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which is affected by serotype C [8]. The reportsvslihat BONT/A affect SNAP - 25 and digest it om&[-Arg'®®
[9]. From structural point of view, BoNTs light dha are globular proteins with 36.5% sequence aiityl [1].
Most metalo-peptidases need zinc (Pnas an essential metal ion for their catalyticvéitgt and contains three
amino acids and a#® molecule in their active site, which are attacke@n+. The first two ligands of BoNT/A
active site are histidines, which are located witthie HEXXH motif and are needed for to stabiliz&OHnolecule.
The glutamic acid of HEXXH motif is responsible ftire BONT/A catalytic activity. Biological activitgnd the
tertiary structure of BoNT were demolished Zmemoval, so Zn#plays an important role in maintenance of the
biologically active structure of BONT/A [10]. Badier botulism treatment are health care and passimeunization
by equine anti-toxins. Early administration of thesti-toxins prevents or reduces severity of nelarmages, but it
is unable to restore the already paralysis [11]r&hily, vaccination against this bacterium is perfed using
formaldehyde-inactivated toxins [12]. For this ppgp BoNT/A and E holotoxines are produced and ivetetd by
formaldehyde, then the resulting toxoid vaccine wssd [13]. However, toxoid vaccination has sevdralvbacks
that vindicate the attempt to develop newer vactifre newer vaccines, genetic-engineering techsigue applied
and certain areas of the toxins that stimulatdrtireune system and evoke a large amount of antibadie targeted.
Here we focused on the light chain of BoONT/A angressed the recombinant form of this chain, anduat@ the
antibody titer and LC immunogenicity in mice. Thiée rate of BONT/A holotoxin reorganization by arBoNT/A-
LC antibodies were evaluated.

MATERIALS AND METHODS

Synthetic gene of rBoNT/A-LC on pET-28a was preddrem shinegene (ChinalRestriction enzymes and IPTG
were obtained from Fermntaz (Ukrain&). coli BL21 (DE3) bacteria and pET-28a were obtained fidavagen
(Iran). The materials which were used in SDS-PAGH &Vestern bloting, as well as Ni-NTA column were
purchased from Qiagelirdn). SwinxMillipore filters (cut off number 50 kDa) were ke

Transformation of E. coli cells by the recombinant plasmid pET28a-LC

First, afterE. coli cells culturing in LB medium, competent cells were pregaby chemical methodshe,
recombinant plasmids were transferred into competelts by cold shock procedurafter overnight culturing on
Mack-Koncky agar medium containing kanamycin, ttensformed cells were screened. Among the coldhias
were able to grow in the medium with kanamycina t®lonies were grown in LB medium randomly. Thagit
plasmid was purified [14]. Considering the restoistenzymeNdd and Xhd, taking place at the beginning and end
of the gene in the vector, to confirm the preseotéhe gene in purified plasmids, dual-enzyme digaeswas
performed. The enzymatic digestion was characterirel% agarose gel.

rBoNT/A-LC expression in E. coli BL21-DES3 cells

First, the protein expression was performed in ddigsh conditions.Since rBoNT/A-LC expression in standard
condition resulted in producing inclusion bodie#fedent conditions were evaluated to optimize thression
process.After applying each condition, the cells were cénged (5 min, 5000 rpm). The collected cells were
suspended in lysis buffer (50 mM Ng*0O;, 300 mM NaCl, 10 mM Imidazole, 1 mM PMSF, pH =)3dhd
followed by sonication (75% power, 4 cycle: 10 séth 15 sec intervals in ice). Cell lysates weeatcifuged at
14000 rpm for 15 min. The supernatant was removetithe pellet was resolved with an equal amourysif
buffer. The concentration of all samples was estihdy Bradford method using BSA as standard prot@oth
supernatant and pellet were electrophoresed onIR%PAGE and visualized with Cumassi bjlig].

Purification of rBONT/A-LC

The recombinant protein purification was perfornusthg Ni-NTA affinity chromatography. 1500 pl ofadasample
was added to the Ni-NTA column. After the columegaration, different concentrations of Imidazol@, (20, 120,
170, 250 mM) were added to the column and collefrattions were studied by 12% SDS-PAGE [16].

Filtration
In order to more purify of rBONT/A-LC, filtration &s used. For this purpose 1500 ul of each sam@eadded to a
falcon containing a Millipore filter with cut offumber 50 kDa and centrifuged at 4 °C, 3 h, and 2p060

Recombinant protein confirmation by ELISA and Westen blotting

In order to verify rBoNT/A-LC, Western blotting wassed. For this purpose 10, 20, and 30 pg of theejpr were
run on SDS-PAGE and then transferred to Nitrocedlalpaper and analyzed using polyclonal equineBaitiT/A
IgGs. The protein confirmation was also analyzedhiSA.
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The recombinant protein preparation and its injection into mice

In order to produce antibodies against rBoNT/A-Ifi@e mice as test and two as controls were usedhe first
injection, 30 pg of the purified protein was solviadsterile PBS up to final volume of 400 pl andmmned with
equal volume of complete Freund adjuvant. 100 restilted solution was subcutaneousjgcted into each mouse
[16]. On days 14 and 21 the same amount of protein wasbioed with incomplete Freund adjuvant and
subcutaneouslinjected into mice. A week after the last injectitve mice were bled. Blood samples were incubated
at 37 ° C for 30 min. Blood serum was obtained déytgfugation for 10 min, 3000 rpm.

Table 1 - Time and conditions of the recombinant potein injections

No. of injection | Day | Amount of injected antigen (ud) Type of Freund adjuvant Type of injection
1 1 30 Complete Subcutaneously
2 14 30 Incomplete Subcutaneously
3 21 30 Incomplete Subcutaneously

Measurement of produced antibody titer using ELISAtechnique

The anti-rBoNT/A-LC IgGs titer was determined bylirect ELISA technique. 20 pg/ul of the recombinarttein
in carbonate buffer (0.05 M pH = 9.6) was prepased divided to plates wells (each 100. Ihe plates were
incubated overnight at 4 °C and then were washedtimes with PBST and dried (washing and drying phates at
the end of each stage was done). 3% gelatin was tosklock wells and plates were incubated for 4t 137 °C.
Serial dilutions of the mice sera started with D:8lllution was added tthe platewells and incubated at 37C, 30
min in room temperature. Then 1:2000 dilution of the moosejugated was added to each well and the plates
incubated for 30 min at 37 ° C in room temperatUiiee substrate solution (containing citrate-phosptmuffer,
OPD, HO,) was then added to each well and finally the reacivas terminated by adding 2.5 N3O, and the
plate was read using ELISA Reader at 495 nm. lerotal detect the BoNT/A toxin by produced antibsdi2 ug of
the protein was added to each well and assayeddinect ELISA according to the above mentioned pdace.

RESULTS

Transformation of E. coli BL21-DE3 cells

After transformation oE. coli cells with pET-28a containing the synthetic ganegrder to confirm the presence of
the gene, the plasmid was purified and digesteld Mitd and Xhd enzyme, and a 1278-bp fragment was obtained
on agarose gel indicating the presence of the gene.

The recombinant protein expression and its optimizéon

After ensuring that the desired gene is presemtdatie plasmid, the expression was performed usingMLIPTG
and induced for 5 hours at 37 °C. The supernatashipallet of centrifuged cells were electrophoresed 2%SDS-
PAGE and stained byoomassie blue.
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Figure 1 - Evaluation of the expression of test andontrol samples at optimum conditions. Column 1: Tie control supernatant without
induction with IPTG. Column 2: The control sediment without induction with IPTG. Column 3: The test supernatant, induced with
IPTG. Column 4: The test sediment, induced with IPT5. Column 5: protein molecular weight marker.

The expression result, which is shown in figurenglicated that rBoNT/A-LC is expressed as inclusbodies.
Therefore, in order to produce a soluble form aft@in, the expression process in different cond#iaccording to
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Table 1) was evaluated. Eventually, the expresstorition of 0.5 mM IPTG, 18 h incubation at 18 [8] with 20
UM ZnCl, led to a soluble form of the protein (Figure 1).

The recombinant protein purification

After expressing of the soluble proteins, purificatwas performed using affinity chromatography4atC. The
results are displayed in Figure 2.
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Figure 2 - Purification of proteins using affinity chromatography and filtration . Column 1: 10 mM Imidazole, which haspassed through
the column. Column 2: 20 mM Imidazole, which has passed throdgthe column. Column M: protein molecular weight maker. Column
3: 40 mM Imidazole, which has passed through the &amn. Column 4: 120 mM Imidazole, which has passettrough the column.
Column 5: 170 mM Imidazole, which has passed throdgthe column. Column 6: 250 mM Imidazole, which hapassed through the
column. Column 7: the solution passed through thelfer.

Confirmation of the expressed protein
The purified protein was confirmed using Westeot.bl he results are displayed in Figure 3.

6 5 4mkon 3 2 1

Figure 3. The confirmation of rBoNT/A-LC by Western blotting. 10, 20, and 30 pug of BSA was loaded as negative tols, in columns 1,
2, and 3, respectively. Column M (kDa): protein madcular weight marker. 10, 20, and 30 pg of the puied protein was loaded in column
4,5, and 6, respectively.

Antibody production assay using ELISA technique

After 10 days of each injection, the mice were tdad the sera were separadetibody produced titer in each phase
was determined using ELISA technique (Figure 4).

Mice challenge with active BONT/A

The minimum lethal dose of toxin (L) was determined before the experiments. In thidysttwo groups of mice
(each with five mice) were used. A group which vigected with 1 and 10 L§ of BoNT/A were all survived.
Three of 5 mice which were injected with 100 LD50BoNT/A, died after 48 h. All mice died after imjiion of
1000 LDy, All control mice which received 1, 10, 100, ar@D@ LDs, of BONT/A died.
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Figure 4 - The mean antibody titer after each injetion to mice
BoNT/A holotoxin identified using the produced antbodiesin vitro
In order to detect the BoNT/A holotoxin with theoduced antibodies, 2 pg of BONT/A was added tdfitise well
andthen, serial dilutions were prepared same as ab@rgiomed method. Indirect ELISA were used to ashay
results (Figure b
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Figure 5 - ELISA experiment for detecting of BoNT/Aholotoxin by the produced antibodies

DISCUSSION

Three types of BoONTs which cause botulism in hunsmesmore important for researchers. The most relses on
Botulism, have focused on the field of endopepgdeaffect of BONT/A, B, and E, which cause humarubisin [17].

In this study we tried to produce a soluble proteith high purity that can be used in our next gadFor this
purpose, the nucleotide sequence of BoNT/A-LGCobotulinumtype A strain (ATCC 3505) were obtained from
Gene Bank. According to the study of Baldwin [1&8tthad used the 425 aa-sequences (due to highbilispand
more stability of it in comparison with 448 aa- segce protein) used, we also chose the nuclectigigesnice of 425
aa- sequence protein. SinCebotulinumgenes are weakly expressedincoli[19-21], the rBoNT/A-LC nucleotide
sequence was optimized based on the common coddascoli. Due to performed optimization in this study, the
GC% in the desired sequence increased from 28 46 & and also the rare codons were deleted. Coirgidinat
the GC% of botulinum genes is about 30 % on avertdggefore the optimization significantly has ie&@sed the
recombinant protein expression in the host cel.[Rinally, the gene was inserted into pET28a expoesgector
with the His6-tag. The presence of this tag asdistgonfirm and easy purify of the expressed pmtd&ihe
recombinant protein was highly expressed. Howavisrtiigh expression caused some problems suchtanoogh
time for proteins to fold correctly which leadsdeation of inclusion bodies that should be alté¢oedoluble form.

It was triedto removeor lower theproduction rate of inclusion bodies. Eventuallyubdé form of the proteimvas
obtained atl8 °C, 0.5 mM IPTG [5andin the presence &0 uM ZnCl. In addition, zinc, which plays an important
role in the permanence of the biologically actitrecture of BONT/A, was added to the culture medifmhost cells
[10Q]. Also at lower temperaturg®elow theoptimumtemperature of growth and expression) the grduriticsand
expression levels were decreased. Therefore ait@hgtion time (18 hours) was necessary to obtajh fevel of
expression. In this condition the host cells haveugh time to correctly fold the recombinant protand prevent
the formation of inclusion bodieBigure 1 shows the production of soluble proteid arclusion bodieshat nearly
65 % of the protein was estimated to be solWdben researchers try to purify botulinum neurotexiimey may be
encountered with different problems such as prowiit from the chromatography column at low Imidezo
concentrations. The researchers believe that itbeadue to the His-tag burying in the recombinaotgn and to
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solve the problem, they suggest using the His4tatipé both side (N- and C- terminal) of the pras€i23]. Singh
et.al, were confronted to this problem in BoNThlighain purification, where an amount of the proteas exited
from the column at 20 mM Imidazole, and also atcemrrations above 100 mM imidazole, in additionligit
chain, other proteins were also observed on SDSHPA®G order to better purification of the output 90 mM
Imidazole, these researchers passed the outputgii@@EAE-A50 ion exchange column and thus they vadide to
remove impuritiesBut in the present purification the problem was verty acute, and the few remaining impurities
were removed by filtration [24]The protein solution at 250 mM Imidazole which umés an additional 38 kDa-
band was passed through a filter with cut off numi@ kDa, thus we could remove the extra 38 kDadbamnd
improve the purity of the target protein. Then finetein was confirmed using Western blotting. Iresearch which
was conducted by Jensenet.al, the catalytic domain of the BoNT/A, bothparately and fused with the
translocation domain, producédvivo and their immunogenicity was evaluated. The immedimice with 5 and 15
pg of the purified proteins were able to tolera® &nd 1000 LE) of the toxin. It is notable that the separate
catalytic domain did not have any significant imraganicity difference with the fused protein. Thessearchers
believed that recombinant catalytic domain is d@bleause an acceptable immunity. However, they esiggsing
albumin as an appropriate adjuvant for immunizaf@B]. The lower immunogenicity of the present matinant
protein compared to the results Jnseret.al. may be due to the type of buffer and adjuwehich is used. Our
results showed that rBoNT/A-LC cause an acceptabiaunogenicityin mice, and also indicated thptoduced
anti-rBoNT/A-LC antibodiesre ableo detect200ng of BoONT/A holotoxinin vitro.

REFERENCES

[1] K. Capkovaget al, Toxicon 2009 54, 575-582.

[2] Y. Humeau et al, (2000).Biochimig 200Q 82, 427-46.

[3] B. M. Paddle,J ApplToxico] 2003 23, 139-170.

[4] Y. Pang.et al PLoS ONE2009 4 (11), e7730.

[5] S. Moe,et al, Bioorganic& Medicinal Chemistry2009 17, 3072—-3079.

[6] H. Hines,et al, Applied and Environmental Microbiolog2008 74 (3), 653—659.
[7] J. Parket al, Bioorganic& Medicinal Chemistn2006 14, 395-408.

[8] D. K. Katich, et al, J Cell Sciencg2002 115, 3341-51.

[9] B. Haliss,et al, J of Clin Microb,1996 34 (8),1934-1938

[10] D. B. Lacy,et al, J. Mol. Biol 1999 291 (5), 1091-1104.

[11] J. Chin, 17th Edition200Q 70-75.

[12] S. Caiset al, Infectious Disorders — Drug Target®007, 7, 47-57.

[13] M. A. Fiock; et al J. Immuno] 1963 90:702.

[14] D. Rusel, J. Sambrook" Edition, New York, Cold Spring Harbor LaboratorseBs.2001
[15] D. Bollag, Wiley-LISS1992 45-160.

[16] J. A. Chaddocket al, Protein ExprPurif, 2002 25 (2), 219-228.

[17] W. Matthew,Appl Environ Microbig 1999 65 (9), 3787-3792.

[18] R. Baldwin,Protein expression purificatiqr2004187-195.

[19] M, Gouy.et al, Nucleic Acids Research982 10 (22), 7055-74.

[20] A. J. Makoff,Nucleuic Acids Research989 17 (24), 10191-202.

[21] A. G. Zdanovsky, M. V. ZdanovskaiAppl Environ Microbig 2000 66 (8), 3166-73.
[22] M. Sebaihiagt al, Genome Re2007, 17, 1082—-1092.

[23] ML Mousavi,et al, J Biotech2004 2 (3), 183-188.

[24] L. Singh, B. SinghProteinExpPurif 1999 17, 339-344.

[25] J. M. Jenseret al, Toxicon 2003 41, 691-701.

148
Scholars Research Library



