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ABSTRACT

The production of Clostridium sordelli veterinary vaccineis prepared by
culturing the microorganism in large industrial bioreactors and purifying
the toxin from culture supernatants. Currently, the harvesting time is es-
tablished as function of bacterial growth, but not always this moment is
associated to the maximum concentration of toxin present in the superna-
tant. Thus, it is easy to find different total amounts of toxin produced
batch to batch. Besides, at present the toxin concentration is measured by
in vivo LD50 methods, and results can be obtained only after 72h, when
the bioreactor was already stopped. Moreover, the method islabour inten-
sive and requires the use of asignificant number of experimental animals
We describe the development of a latex agglutination reagent for semi-
quantification of Clostridium sordelli lethal toxin (TcsL) and its use in
industrial bioreactors. The reagent was developed and characterized in
our laboratory achieving a considerable low detection limit (8ng of toxin
per ml of culture supernatant) and then it was validated in actual industrial
conditions. The use of such arapid (i.e, in minutes) and easy to use re-
agent will allow to follow the culturein real time and thus standardizing the
optimal end-point for harvesting in terms of toxin quantity. Asan immedi-
ate consequence, the efficiency of TesL industrial production may be op-
timized. © 2015 Trade Sciencelnc. - INDIA
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INTRODUCTION

C. sorddllii isan anaerobic gram-positive bacillus
that causesinfectionsin humansand animalg*2. Itisan
important veterinary pathogen, causing gasgangrene-,
liver diseasehaemorrhage, ulcers, abomasd bloat, myo-
sitis, and sudden death in sheept*®l. Although human
infectionscaused by thispathogen arere atively uncom-

mon, C. sordellii hasbeen associated with human ma-
terna deeths, presenting with symptomsthat aresimilar
to those of toxic shock-like syndrome” 8,

The C. sorddllii toxinsinclude phospholipase Ct¥,
DNAsd 9 neuraminidasd !, haemolysint*?, and 2 ex-
tracd lular toxins, that is, haemorrhagictoxin (TesH) and
lethal toxin (TcsL)*223, The pathogenic C. sordellii
strains produce either TcsL aone or both TesL and
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TesH4 I, TesL (MW, 240-250 kDa; pl, 4.55™%lisa
member of thelargeclostridia toxin (LCT) group that
catalyses glucosylation on various small G pro-
teingd?61718 |t is described asamajor virulence fac-
tori*®and, likeother LCTs, iscomposed of 3domains
that act sequentidly during cdll infectiont™®!, The C-ter-
minal domainisinvolved inthespecific recognition of
cell surfacereceptors. Following endocytosis, thecen-
tral hydrophobic domain penetrates the endosomal
membrane, triggering mechanismslinked to thetrans-
location of the N-terminal domain into the cytosol
21, The N-terminal domain, whichisresponsiblefor
theglucosyltransferaseactivity, isthenliberatedinto the
cytosol by proteolytic cleavage and glucosylatesintra
cdlular targetd®.

Immunisation with thetoxoids of TcsL and TesH
offersprotection against C. sorddllii infectiong®!, and
thesetoxoidsare useful for preparing vaccinesfor vet-
erinary use. Both toxinsare obtained industrialy from
C. sorddllii culture supernatants. Because the concen-
trationsof these productsvary during culture process-
ing, acontrol method isrequired for optimizing their
yields. Themethod currently usedtoassay LcsT incul-
turemediuminvolvesdetermination of thelethal dose
at 50% (LD50). Thismethod islabour intensive, uses
experimental animals, and data can be obtained only
after 72 h. Inthiswork, we report the devel opment of
arapid semi-quantitativeimmunoassay for monitoring
thereal-timelevelsof TcsL in C. sorddllii cultures. For
that purpose, TcsL waspurified from culture superna-
tantsof C. Sordellii and used asimmunogento obtain
gpecificanti-TesL antibodies. Then latex particleswere
coated with the antibodies. Thisallowed the prepara-
tion of animmunoreagent, to useasan aternative strat-
egy of toxin detection, directly on culture supernatant
samples at the bottom of reactor. The useof direct ag-
glutination of latex particles, offerssevera advantages,
including easeof use, rapid semiquantitativeanayssto
determine peak yields, and beinganinvitro assay, the
elimination of theuseof experimentd animals.

MATERIALSAND METHODS

C. sorddllii culture supernatant sampleswere sup-
plied by Prondil SA (Uruguay).

BioTechnology — o

Experimental animalsuse

The protocolsfor the use of experimental animals
were approved by the Comision Honoraria de
Experimentacion Animal, Universidad de la Republica.

Purification of LcsT from C. sorddllii cultur e su-
per natant

Purification of LcsT was achieved by salting-out
precipitation on supernatantsof C. Sordellii cultures.
Firstly, aclostridial culturewas centrifuged at 10.000
rpmfor 20min at 4° (Beckman Avanti, USA), to sepa-
rate cell debris; then and aliquots (200 ml) were used
to andyzethe best precipitation conditionsin order to
optimizeyield and purity of the precipitated toxin. Sdt-
Ing-out preci pitation wasassayed at final concentration
of 30%, 40%, and 50% (w/v) of total saturation of
ammonium sulphate (Sigma, USA) 9, The precipitates
obtained for each condition were centrifuged, then dis-
solved in phosphate-buffered saline (PBS) and exten-
sively didyzed aganst PBS.

The protein concentration of didyzed sampleswas
estimated by BCA Protein Assay reagent (Pierce, Hol-
land) and al fractionswere evaluated by SDS-PAGE
8% (w/v) under reducing conditiong®!. Briefly, a10
ug sample of each fraction was loaded in a gel lane, and
electrophoresiswasperformedfor 1 hat 25 mA, then
thegd wasstained with CoomasseBlueR-250 (Sigma,
USA). To confirm the presence of thetoxin, the band
corresponding to greater than 220K Dawasdiced from
the gel, and submitted to mass spectrometry analysis
(MS; MALDI-TOF/TOF 4800 Analyzer; Applied
Biosystems, Framingham, USA).

Subsequently, 500 ug of thegrater than 220K Da
band -enriched fraction, was €l ectrophoresed onapre-
parative SDS-PA GE 8% under reducing conditionsand
theged wasstained with zinc-imidazol€?7; thentheband
corresponding to greater than 220K Dawasdliced and
electroeluted® for 2hat 25 mA, and extensively dia-
lyzed against PBS.

Determinationof LD,

Briefly, 7 serid 10-fold dilutions of asamplewere
prepared, and 3 Balb/c mice (age, 4-6 weeks) were
I.p. inoculated with 0.5 mL of eech dilution. Resultswere
observed within 3 daysafter inoculation, and theLD
valueswere cal cul ated according to the methods de-
scribed by Reed and M uencht?4,
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Preparation of L csT-specificrabbit polyclonal an-
tiserum

Purified LcsT wasinactivated by mixing 1 uL of
37% (w/v) forma dehydewith 0.3 mg of LcsT diluted
in0.3mL of PBSandtirringthemixture (Thermomixer;
Eppendorf, Germany) for 30 minat 37°C*1. Themix-
turewasthen extensively dialyzed against 10mM Tris
buffer, pH 7.5. The efficacy of inactivation waseval u-
ated by LD, [** (as described above).

A rabbit wasimmunized by administering three 200
ug doses (first intra-dermal and other 2 intra-muscular)
of inactivated LcsT in Freund’s incomplete adjuvant on
days0, 20, and 50. After bleeding on day 60, controls
of antiserum reactivity were performed by western
blot™. Briefly, asampleof purified toxin wassubjected
to SDS-PAGE by using an 8% (w/v) under reducing
conditions, and transferred into anitrocel lulose mem-
brane, (poresize, 0.45 um) (Amersham, USA), forlh
to 12vol. Blotted membrane stripswerethenincubated
with 0.05% (w/v) Tween 20in PBS (PBS-T) contain-
ing 1% (w/v) bovine serum albumin (BSA) (Sigma,
USA), for 1 h at room temperature (RT). The strips
werethen incubated with rabbit antiserum diluted 1/
200in PBS-T containing 0.1% (w/v) BSA, 1hat RT.
Thestripswerewashed 3timeswith PBS-T, and incu-
bated for 1 h at RT with alkaline phosphatase-conju-
gated anti-rabbit IgG (Sigma, USA), and appropriately
diluted in PBS containing 0.1% (w/v) BSA. Following
incubation, thestripswerewashed 3timeswithPBS- T
and trested with asubstrate sol ution containing 5-bromo-
4-chloro-3-indolyl phosphateand nitrobluetetrazolium
(Sigam, USA).

Theimmunoglobulin (1g) fractionwasobtained from
the antiserum by sdlting out with 37% (w/v) ammonium
sul phate saturation?!,

Prepar ation and evaluation on cardsof latex ag-
glutination reagents

AJ10 latex particles(diameter, 0.1 pm; 10% (w/v)
solid content) (Ikerlat, Spain) and K030 latex particles
(diameter, 0.3 um) (Merck, France) were coated with
LcsT-specificrabbit 1g9. Coatingtrid swere performed
using 2 different mg protein:mg latex ratiosfor eech type
of latex assayed (0.050 and 0.060 mg Ilg/mgAJ10|a
tex; 0.020 and 0.030 mg Ig/mg K030 latex). Coating
was performed by incubating mixturesof latex particles
with appropriatesolutionsof LcsT -specific g fraction

in0.1M glycineand 150 mM NaCl, pH 8.2over 2h
at 37°C to achieve mg protein/mg latex ratios. Subse-
quently, BSA (0.050 mg BSA/mgAJ10latex and 0.025
mg BSA/mg K 030 latex) was added, and themixtures
were incubated overnight at 4°C and centrifuged at
20,000 rpmfor 20 min at 4°C. The pellets were resus-
pended in 100 mM glycine, 150 mM NaCl buffer (pH
8.2) to achieveafina particle concentration of 6 mg/
mL. Particle sizemeasurementswere performed using
aZetaszer Nano partideandyser (Mavern Ingruments,
UK). Samples were subjected to ultrasound pulses
(cycleduration, 0.5 min; amplitude, 50%; Hielscher UP
200S, Germany) to diminate particle aggregates.

Agglutination testswere performed on cardsby stir-
ring mixtures of 30 uL of each of the latex reagents,
whose preparation has been described in the previous
paragraph, and 30 uL of sample dilutions in PBS. Ag-
glutinationwasvisudly observed after sirringfor 5min.
Serid 2-fold dilutionsof each samplewerepreparedin
PBS. Defined concentrationsof purified LcsT diluted
in PBSwere assayed to estimatereagent sengtivity (de-
tection limit). The detection limitsof each reagent were
established asthelowest toxin concentration at which
agglutinationwas observed.

Corréation of cultureprogresswith agglutination
test results

Theprogressof increasein C. sordellii cell num-
ber inindustria cultureswasevaluatedinreal timeby
optical density measurements at awavelength of 600
nm(OD,,). Latex aggl utination testsfor the determi-
nation of TcsL concentration were performed with
samplesof filtered supernatants (0.45-pum mesh filter).
For this purpose, the latex reagent that had shownthe
lower detection limit wasused. Agglutinationtestswere
performed on cardsby stirring mixturesof 30 uL of the
selected latex reagent and 30 uL of serial 2-fold dilu-
tionsof the supernatant in PBS, and aggl utination was
visualy observed after sirringfor 5min.

RESULTSAND DISCUSSION

Purification of LcsT from C. sordéllii culturesu-
pernatant

Thefirst stepintheTcsL purification from culture
supernatant was performed by salting out with ammo-
nium sulphateto obtain aTcsl-enriched fraction. Opti-
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mum precipitation conditionswereidentified by per-
forming precipitationtestson diquotsof C. sorddli cul-
turesupernatantsby usi ng different ammonium sul phate
concentrations. Themaximumtoxin purificationyield
was achieved at 50% ammonium sul phate saturation
(Figurel).

1 2 o V- 4 5
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Figurel: JPEG- SDS-PAGE patternsof samplesobtained
after salting-out precipitation of culturesuper natantswith
different concentrationsof ammonium sulphate. L anel: mo-
lecular weight markers (kDa); lanes 2-5, precipitates ob-
tained at 0, 30, 40, and 50% of ammonium sulphate satur a-
tion concentrations, respectively. Theline5isdistorted by
theamount of protein. Arrowsnoted bandsaresent for analy-
ssby MALDI-TOFF. SDS-PAGE 8% under reducing condi-
tionsstained with Coomassie Blue R-250.

Then theband greater than 220K Dawas excised
from the gel and analyzed by mass spectrometry
(MALDI-TOF/TOF). Datafrom mass spectrometry
(MS) and MS/M S identified the protein band as C.
sordelli TesL (datanot show). Oncetheidentity of the
toxin was confirmed, and in order to achieve aprepa-
ration of higher purity, Tcsl wasd ectrod uted from pre-
parative SDS-PAGE 8% of TcsL-enriched fraction. The
purity of theelectrod uted toxin wasevauated by SDS-
PAGE 8% (Figure2), hereasingle band was observed,
showingthat thetoxinispure.

Furthermore, asaquality control test, dissociation
to acid pH of TcsL was performed, based on the stud-
iesof Danidl E. Voth et a.[3, The purified TcsL was
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Figure 2 : JPEG-Characterization by SDS-PAGE of
eectroeluted Tesl. Lanel: SDS-PAGE patter n of molecular
weight marker (kDa), lane2: eectroeluted Tesl (30 png). SDS-
PAGE 8% under reducing conditionsstained with Coomassie
Blue R-250.

incubated for 30 minwith 200 mM ammonium acetate
buffer, pH 3.8, and then subjected to SDS-PAGE 10%.
InFigure3, it can be seen that thereisadisassociation
of TcsL insevera proteinsof lower molecular weights
in agreement with the description of Voth el al.

A larger sampleof purified TcsL was prepared us-
ing 2 L of C. sordellii. culture supernatant and was
used for immunization and theremai ning experiments.

Preparation of L csT-specificrabbit polyclonal an-
tiserum

Inactivation of thetoxin used asimmunogen was
confirmed by LD_, experiments.

The specificity of rabbit anti-TcsL antiserumwas
assesed by western blot. For this purpose the antise-
rumwasevauated againgt purified Tesl (Figure4) and
against C. Sordellii culture supernatant concentrated
by sating-out at 50% ammonium sulphate (Figure5),
blotted into nitrocellulose strips. In Figure 4, aband
observed at> 220K Da, confirm the serum reactivity to
purified TesL. InFigure 5, aunique band of reactivity is
observed at> 220K Da, thisdemonstrates that therab-
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Figure3: JPEG-Char acterization by SDS-PAGE of dissocia-
tiontoacid pH of Tcsl. Lane 1: SDS-PAGE patter n of molecu-
lar weight marker (kDa), Lane 2: SDS-PAGE pattern of mo-
lecular weight marker (kDa), lane 3: dissociated TcsL (30
ng). SDS-PAGE 10% under reducing conditions stained with
Coomassie Blue R-250.

bit anti serum recogni zed specifically the TesL among
other proteinspresent in the complex mixtureof culture
Supernatant.

Preparation and evaluation on cardsof latex ag-
glutination reagents

Thedetection limits of the latex agglutination re-
agentswere determined by assaying the agglutination
of 2-fold dilutions of 0.8 mg/mL purified TcsL. The
lower detection limit wasfound for each particul ar re-
agent was 8 and 62 ng/mL for 0.060 mg Ig/mgAJ10
latex, and 0.020 mg Ig/mg K030 latex, respectively.
Thetestsbelow were performed with thereactive. 060
mg Ig/mgAJ10 latex becauseit isthelower [imit of
detection provided.

Latex aggl utination reagent was eval uated against
three 0.45 um-filtered culture supernatants. Arbitrary
units of agglutination (+) were plotted against log (1/
dilution) for each sample. Agglutinationresultsfor 0.060

<3 > a 220KDa

I

Figure4: JPEG-Western blot analysisof rabbit antiserum
reactivity of purified TcsL. Lane 1: conjugatecontrol; lane2:
pre-immune serum (dilution 1/100); lane 3: hyper-immune
serum (dilution 1/200).

it ks
| S ' 1
Figure5: JPEG-Western blot analysisof rabbit antiserum
reactivity of culturesupernatant C. sorddllii. Lanel: Blotted
membranestripsstained with Amido Black; Lane?2: conjugate
control; lane 3: pre-immune serum (dilution 1/100); lane4:
hyper-immune serum (dilution 1/200). Thearrow indicates
theTcsL.
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mg lg/mgAJ10 |atex are presented in Figure 6. A pro-
zone-like effect was observed for culture supernatant
3. Nevertheless this effect did not affect the perfor-
mance of thetest, sincethe sampleswere always as-
sayed at |east with 10 serial 2-fold dilutions. Asposi-
tive control purified TcsL was used, and as negative
control the reagent wastested against culture medium
to verify absence of agglutination.

Specificity wasandysed by testing cross-reectivity
with culturesof C. novyi B, C. septicum, C. tetani, C.
botulinum types C and D, C. perfringens C, and C.
perfringens D. No agglutination was observed in any of
these cases (datanot shown).

Correlation of cultureprogresswith agglutination
test results

Experimentswereperformedinred timetoevau-
ate the progress of cell growth in culturesby OD
measurementsaswell asitscorrelationwiththe TesL
concentrationsin supernatants by latex agglutination
tests. Thereagent prepared withAJ10 latex (0.060 mg
|g/mg latex) exhibited thelowest detectionlimit and was
thereforesdected for tridsinindustria bioreactor con-
ditions. Samplesof culture supernatantsweretakenfrom
anindustrial bioreactor at different times, then OD |
measurementsand latex agglutination testswere per-
formed to monitor culture growth and toxin produc-
tion. Theresultsfor 3different batchesare presentedin
Figure7.Ascanbeseenin Figure 7, the behaviour of

1 10 100 1000 10000 100000
log(1/ dil)

Figure6: JPEG- Evaluation on car dsof latex agglutination

reagents. L atex agglutination results, Arbitrary Unitsof ag-

glutination [(A.U.)(+)] vs. dil'* Reagent AJ10-0.06 with cul-

turesupernatants1(A), 2 (m)and 3(9).

thecultureintermsof TcsL productioniserratic, de-
spitethe attempted similar culture conditions; probably
dueto non-controlled parametersin theculture.

The absence of direct correlation between TcsL
concentration andtimeor cdl growth demonstratesthat
these parametersare not useful for determiningthetime
at which culturing should be stopped. Furthermore, in
2 cases, it was observed that toxin concentrations de-
tected by latex aggl utination continued to increaseeven
after the plateau for OD,,, was reached. Thesefind-
ings emphasi zed the requirement of having atest ca-
pabl e of measure the status of the toxin concentration
in each reactor on areal timebasis. We demonstrated
that thelatex reagent devel oped was an efficient tool
for red -timedetermination of the optimal culture har-
vestingtime.

About quality control issues, severa lotsof reagent
were prepared and assayed with successive 2- fold di-
lutionsof purified activetoxin. For each ot of reagent,
theminimal concentration of purified toxinwhich caused
aggl utination was determined asthe detection limit of
thereagent. The purified toxin solution and thediluents
condtitutethequality control sthat must beused for each
set of assaysto periodicaly verify theagglutination of
the purified toxin and the absence of agglutination for
thediluentsintheindustria environment, dongwiththe
reagent batch control against matrix (culture medium).
Theresultsof thisassay will not be extrapolablea ong
with all the culture process. The reagent does not ag-
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Figure7: JPEG- Corrdation of cultureprogresswith agglu-
tination test results. Correlation of OD (Ieft, open symbols)
and [TcsL ] (ug ml?) (right, closed symboals) vs. time (min) for
3different cultures.
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glutinate neither with samplesof the matrix (culture
medium at t= 0) in the absence of the toxin or with
samplesof other clogtridid toxins.

We suggest that, to establish the moment of har-
vesting of each industria cultureof C. sordellii con-
taining theoptimal TcsL production, the cultureshould
be monitored with the reagent herein described, at in-
tervasof 1-2 hoursuntil the concentration of toxinis
no longer increasing. Continuing theculturebeyondthis
point is not recommended, because thetoxin can be
partialy otota ly proteolitically destroyed.

Theindustrid production of clostridid toxinsisan
important issue because these toxinsare used to pre-
pareveterinary vaccines. Thecontrol methodsnow used
for optimization of toxinyield have several disadvan-
tages, specificdly, they arelabour intensive, expensive,
dow, andrequirethe use of experimentd animals. Few
detection methods have been described for LcsT or
other clostridial toxins, either for diagnostic or indus-
trial uses®*!. However, the method described hereis
rapid; inexpensive; may be used next to the reactor;
providesimmediate results; does not require sophisti-
cated equi pment or skilled personnel; andiscons stent
withthetrendto reduce, refine, and replaceanimal use.
In thisrespect, thelarge volume of experimental ani-
malsrequiredfor the development of clostridial veteri-
nary vaccines hasincreased the priority givento the
development of in vitro potency- and safety-testing
methodd®!. The latex reagent described here repre-
sentsan important step towards achieving that objec-
tiveasimproving production yieldsisanecessary step
towardsimproving the potency and safety of animal
vaccines. This paper describes a semiquantitative
method, which is not intended to replace thein vivo
semiquantitative method now in use, but, instead, it
servesasacomplement thereto and offersasthe most
important advantagethe possibility of decison making,
based on semi- quantificationinred timeof the content
of toxinintheculture.
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