RESEARCH PA PER |

Human Vaccines & Immunotherapeutics 10:2, 344-351; February 2014; © 2014 Landes Bioscience

Comparative in vitro and in vivo assessment
of toxin neutralization by anti-tetanus toxin
monoclonal antibodies

Mehdi Yousefi'?3, Roya Khosravi-Eghbal*, Ahmad Reza Mahmoudi*, Mahmood Jeddi-Tehrani, Hodjatallah Rabbani*,
and Fazel Shokri'#*

'Department of Immunology; School of Public Health; Tehran University of Medical Sciences; Tehran, Iran; 2lmmunology Research Center; Tabriz University of Medical

Sciences; Tabriz, Iran; *Department of Inmunology; School of Medicine; Tabriz University of Medical Sciences; Tabriz, Iran; “Monoclonal Antibody Research Center;

Avicenna Research Institute; ACECR; Tehran, Iran

Keywords: tetanus neurotoxin, GT1b binding assay, in vivo neutralization assay, neutralizing mAbs

Tetanus is caused by the tetanus neurotoxin (TeNT), a 150 kDa single polypeptide molecule which is cleaved into an
active two-chain molecule composed of a 50 kDa N-terminal light (L) and a 100 kDa C-terminal heavy (H) chains. Recently,
extensive effort has focused on characterization of TeNT binding receptors and toxin neutralization by monoclonal anti-
bodies (mAbs). Toxin binding inhibition and neutralization is routinely assessed either in vitro by the ganglioside GT1b
binding inhibition assay or in vivo using an animal model. These two assay systems have never been compared. In the
present study, we report characterization of eleven mAbs against different parts of TeNT. The toxin inhibitory and neu-
tralization activity of the mAbs was assessed in vitro and in vivo respectively. Our data demonstrated that seven mAbs
bind to fragment C of the heavy chain, two mAbs react with the light chain, one mAb recognizes both chains and one
mAb reacts with neither light chain nor fragment C. Six fragment C specific mAbs were able to inhibit TeNT binding to
GT1b ganglioside in vitro but three failed to neutralize the toxin in vivo. One in vitro inhibitory mAb (1F3E3) was found
to synergize with the in vivo neutralizing mAbs to reduce toxin lethal activity in vivo. Sequencing of the immunoglobu-
lin heavy and light chain variable region genes revealed that the three in vivo neutralizing mAbs were derived from a
common origin. Altogether, our data suggests that fragment C specific mAbs contribute to toxin neutralization in both

systems, though some of the GT1b binding inhibitory mAbs may not be able to neutralize TeNT in vivo.

Introduction

Tetanus is a potentially fatal disease associated with high
mortality caused by the Clostridium tetani neurotoxin. Tetanus
neurotoxin (TeNT) is released from bacteria as a single-chain
polypeptide of 150 kDa and is subsequently cleaved to gener-
ate an active di-chain toxin, in which the light (LC) and heavy
chains (HC) are linked by a single disulphide bond. The 50 kDa
LC contains the HExxH zinc protease consensus motif and acts
as a zinc-dependent endopeptidase.! The 100 kDa HC is com-
posed of two distinct functional domains, the N-terminal half
(HN: 50 kDa) which is important for LC translocation and the
carboxy terminal half (HC or fragment C: 50 kDa) which has
a key role in binding to the neuron gangliosides."* Fragment C
is further subdivided into two subdomains: the proximal H_
subdomain and the extreme carboxy subdomain, H ... This latter
subdomain (H_.) holds the key amino acid residues responsible
for the binding activity of the CNTs.**

Although TeNT mechanism of action is well characterized,
the sites through which TeNT and its receptor bind are not fully

*Correspondence to: FazelShokri; Email: fshokri@tums.ac.ir

explored. Several studies indicated that TeNT binds to its receptor
via selected regions (lipid rafts) that are enriched in gangliosides
(notably gangliosides of the 1b series), cholesterol, and GPI-
anchored glycoproteins.’” This gave direct support for the dual
receptor model in which gangliosides and glycosylated proteins
such as synaptic vesicle protein SV2A and SV2B are involved in
TeNT binding.® Considering the gangliosides as the main part of
tetanus toxin binding receptor, GT1b binding assay was exploited
to evaluate in vitro inhibition of TeNT binding activity.”!

We have recently assessed the inhibitory potential of
four TeNT specific mAbs (1F3E3, 1F2C2, 1F3B3, and 1F4E11)
using the in vitro GT1b binding assay.’? However, there is no
detailed information about the validity and relevance of this
method to the results obtained from in vivo experiments. Here,
we report characterization of four previously reported'? and seven
new anti-TeNT-specific murine mAbs recognizing different epi-
topes of the tetanus toxin. The TeNT inhibitory activity of these
mAbs was determined in vitro by the GT1b binding assay and
neutralization activity of these mAbs was assessed in vivo using
toxin neutralization assay in mice.
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Table 1. Determination of isotype and specificity of tetanus toxin specific monoclonal antibodies

mAbs Isotype Toxoid Toxin Fragment C Light chain Affinity Constant
1F3E3 19G2a + + + - 1.78 x 10°
1F2C2 lgG2a + + + - 7.1 %108
1F1E12 19G2a + + + - 8.1 x 108
1F2C8 lgG2a + + + - 1.9%10°
1F3C3 19G2a + + - + 6.6 x 107
1F3B3 lgG2a + + - + 7.0x 107
1F4E11 1gG2b + + + + 2.1 %108
2C9B6 gG2a + + + - 1.98 x 108
3B3D9 1gG2b + + + - 9.06 x 10®
5E6B10 lgG2a + + - - 1.8x10°
1E4D5 1gG2b + + + - 3.79 x 10°
Results

Production and specificity assessment of anti-TeNT mAbs

The fusion of splenocytes from hyperimmunized mice
with SP2/0 myeloma cells resulted in establishment of hybrid-
oma cells. All actively proliferating hybridomas were initially
screened based on reactivity to tetanus toxoid and toxin by an
indirect ELISA. Eleven stable antibody producing hybridomas
reacting with both tetanus toxoid and toxin were selected. All
selected hybridomas were subcloned and stable clones produc-
ing TeNT-specific mAbs were finally selected. The isotype of
the mAbs was found to be either IgG2a (8 clones) or IgG2b
(3 clone) (Table 1). For further characterization of anti-TeNT-
mAbs, ELISA was performed using tetanus toxin subfragments.
Seven mAbs (1F3E3, 1F2C2, 1F1E12, 1F2C8, 2C9B6, 3B3D9,
and 1E4D5) showed positive reactivity to fragment C, two
mAbs (1F3C3 and 1F3B3) reacted only with light chain, one
mAb (1F4E11) bound to both fragment C and the light chain
and one mAb (5E6B10) reacted neither with fragment C nor
light chain (Table 1). The affinity constant (Kaff) of mAbs
varied between 6.6 x 107 to 3.79 x 10° as determined by ELISA
(Table 1).

Cross-inhibition of binding of monoclonal antibodies to
tetanus toxin

Epitope specificity of mAbs was determined by antibody bind-
ing competition ELISA assay. 1F4El1, 1F1E12, 1F2C2, and
1F3E3 were used as detectors (enzyme conjugated) and other
mAbs as competitors (unconjugated) in a multistage ELISA assay.
Increasing concentrations of the competitor mAb (from 0.612 to
40 pg/ml) were used to inhibit binding of the detector mAb to
tetanus toxin. Our results demonstrated that four anti fragment
C antibodies (1IF2C2, 1F1E12, 1F2C8, and 3B3D9) completely
inhibited binding of each other to tetanus toxin even at the low
concentration (1.25 pgr/ml) (Fig. 1A and B). Moreover 1F2C2,
1F1E12, and 1F2C8, but not 3B3D9 partially inhibited binding
of IF3E3 to tetanus toxin at the highest concentration (40 pgr/ml)
(Fig. 1C). No cross-inhibition was observed for the other mAbs
(Fig. 1D).
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Inhibition of TeNT binding to Ganglioside GT1b

The ability of each mAb to block TeNT binding to immobi-
lized ganglioside GT1b was assessed by an indirect ELISA. As
shown in Figure 2, 1F3E3, 1F2C2, 1F1E12, and 1F2C8 mAbs
completely inhibited binding of TeNT to GT1b even at a very
low concentration (0.312 pg/ml), whereas 2C9B6 and 3B3D9
induced a similar binding inhibitory activity only at higher con-
centrations (5-10 pg/ml). Three of the mAbs (1F3C3, 1F3B3,
and 1F4E11) did not block TeNT binding to its receptor even
at the highest concentration (10 pg/ml) employed in this study.

In vivo TeNT neutralization assay in mice

A combination of 10 MLD (mean lethal dose) of TeNT and
different concentrations of mAbs was injected intraperitoneally
in BALB/c mice. Mice injected with toxin alone or in combina-
tion with commercial polyclonal anti-tetanus immunoglobulin
(TIG) were included as controls. Three out of seven fragment C
specific mAbs, including 1F2C2, 1F1E12, and 1F2C8 neutral-
ized the toxin in mice (Fig. 3A-C), whereas 2C9B6 and 3B3D9
mAbs that showed partial neutralization activity of TeNT in vitro
were not substantially effective in vivo and caused only a delay in
the death of mice up to 6 d (Fig. 3D and E). Surprisingly, 1F3E3
mAb that had shown the highest in vitro inhibitory activity did
not neutralize the toxin in vivo even at the highest concentra-
tion (10 pgr/ml) employed in this study (Fig. 3F). As expected,
none of the five GT1b negative mAbs, neutralized TeNT in vivo
(Fig. 3F). Next, we investigated the synergistic effects of the
mAbs. As shown in Figure 4A, the results revealed that 1F2C2
and 1F3E3, which were able to neutralize the toxin in vitro, have
synergistic effect in vivo. A minimum of 1.25 pg of 1F2C2 mAb
in combination with 1F3E3 neutralized the toxin completely and
displayed neutralization efficiency similar to that obtained with
10 pg of 1F2C2 mAD alone (Fig. 4A). No synergistic effects were
observed using a combination of other mAbs (Fig. 4B).

Different concentrations of the commercial human polyclonal
anti-TeNT immunoglobulin with known U were tested (5, 10,
50, 125, and 1000 pgr) (Fig. 5). The minimum concentration
required to completely neutralize TeNT and protect mice was
found to be 125 pg,.
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percent inhibition of the binding of detector mAb to tetanus toxin.

Figure 1. Representative cross-inhibition profile of TeNT-specific monoclonal antibody binding to tetanus toxin. Increasing concentrations of the com-
petitor mAbs were used to inhibit binding of the enzyme conjugated detector mAbs (1F1E2, 1F2C2, 1F3E3, and 1F4E11) to tetanus toxin. The results show

Immunoglobulin heavy and light chain variable region
genes expressed by the hybridoma clones

To determine whether these clones are distinct or have
been derived from the same origin, the IGHV and IGLV genes
expressed in nine clones were amplified and sequenced using
VH and VL specific primers. Analysis of the rearrangement pat-
terns and sequences of the V (D) ] genes indicates establishment
of 3 hybridomas (1F2C2, 1F1E12, and 1F2C8) from a single
clone. These clones displayed similar characteristics and utilized
the same VH gene from the IGHV3-6*02 heavy chain family
recombined with IGH]J3*01 and IGHD5-5*01. All hybridomas
in this group expressed the same IGKV6-17*01 and IGK]J1*01 of
the kappa light chain gene family (Table 2).

Discussion

In the present study, we report characterization of seven new
and four previously described anti-TeNT specific mAbs'? all of
which react with the tetanus toxin and toxoid. Further char-
acterization of the mAbs with subfragments of the light and
heavy chain of TeNT revealed that seven mAbs (1F3E3, 1F2C2,
1F1E12, 1F2C8, 2C9B6, 3B3D9, and 1E4D5) bind to fragment
C, while the other four mAbs recognized either LC alone (1F3B3
and 1F3C3), both LC and fragment C (1F4E11), or none of them
(5E6B10). 1F4E1l mAb may recognize a conformational epit-
ope requiring both chains for expression or a homologous epitope

expressed in both chains of TeN'T.
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Tetanus toxin fragment C contains “universal epitopes” for
human CD4* T cells which are easily processed and bind to dif-
ferent human class II molecules. This property enables “universal
epitopes” to sensitize CD4* T cells of most or all individuals.'*'
Taken together, fragment C could be considered an immuno-
dominant part of the toxin to which the humoral immune
response is predominantly elicited. This proposition is consistent
with our findings showing that the majority of mAbs react with
this part of the toxin.

The results of cross-inhibition studies showed that four out
of seven anti fragment C mAbs (1F2C2, 1F1E12, 1F2C8, and
3B3D9) entirely inhibit binding of each other to tetanus toxin
(Fig. 1A and B). Surprisingly 1F2C2, 1F1E12, and 1F2C8 but
not 3B3D9 were able to partially inhibit binding of 1F3E3 to
tetanus toxin and this inhibitory effect only was achieved at
the highest concentration of the inhibitor mAbs (40 pg/ml)
(Fig. 1C). Our VH and VL sequencing data showed that these
three mAbs were derived from a single hybridoma clone. These
results suggest that this group of mAbs (1F2C2, 1F1E12, and
1F2C8) and 3B3D9 and 1F3E3 recognize three distinct, but spa-
tially or linearly very close or overlapping epitopes located within
fragment C of TeN'T.

In the next step we assessed the ability of mAbs to inhibit
binding activity or neutralize the toxin using both the in vitro
GT1b binding assay and the in vivo using toxin neutralization
assay in mouse. As previously mentioned, gangliosides of the 1b
series are considered to be the main part of clostridial neurotoxin
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Figure 2. Inhibition of binding of tetanus toxin to ganglioside GT1b by the monoclonal antibodies. An appropriate concentration (20 ug /ml) of tetanus
toxin in the presence or absence of increasing concentrations of mAbs was allowed to bind to ganglioside GT1b. Percent inhibition of TeNT binding was
calculated by dividing of average OD of each concentration of neutralizing mAbs by the average OD of toxin alone.

receptor. Therefore, the GT'1b binding assay has been widely uti-
lized®!"" as a suitable method to study the inhibitory activity of
anti- TeNT antibodies. As shown in Figure 1, six out of seven
anti-fragment C antibodies (1F3E3, 1F2C2, 1F1E12, 1F2CS8,
2C9B6, and 3B3D9) inhibited TeNT binding to its receptor
dose dependently, whereas the anti-LC antibody (1F3B3 and
1F3C3) or anti-light and anti-fragment C antibody (1F4E11)
failed to block the binding of the TeNT to GT1b ganglioside.
Given that the receptor binding domain and critical residues
for TeNT binding are located in fragment C, antibodies against
this region are expected to be neutralizing, a phenomenon also
observed elsewhere.!’ In addition, monoclonal antibody neutral-
izing activity was investigated using the mouse passive protection
assay. Intriguingly, 1F3E3, which displayed the highest inhibi-
tory activity in the GT'1b binding assay, was not able to neutralize
the toxin in mice. However, the other three fragment C specific
mAbs were able to neutralize the toxin to the same extent in both
assay systems (Fig. 3A— C), whereas 2C9B6 and 3B3D9 mAbs
were not so much effective and induced only a delay in death of
mice up to 6 d (Fig. 3D and E).

As previously described, fragment C is composed of two almost
identical sub-domains: H_ and H_.. H_ has the carbohydrate-
binding moiety structure conserved between BoNTs and TeNT.
In contrast, H . holds the highest sequence divergence through-
out the CNT family which probably contributes to the distinct
binding properties found between TeNT and BoNTs.!***Shiavo
and coworkers showed that a 15-kDa putative glycoprotein has
been involved in membrane activity of fragment C and H__
subdomain binding activity. The same group also suggested
that GPI anchored protein Thy-1 can interact with TeNT and
mimic ganglioside binding properties.>" Moreover, the results
of atomic-force microscopy/total internal-reflection fluorescence
microscopy (TMAFM/TIRFM) suggest that fragment C bind-
ing to neuronal cells is dependent on both the ganglioside concen-
tration and the pH of the medium.? Taken together, it has been
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suggested that different factors including ganglioside concentra-
tion, GPI-anchored proteins and pH of the microenvironment
play major roles in TeNT binding, retrograde transportation and
TeNT intoxication of neurons. These different binding proper-
ties of fragment C may explain the differences observed between
the in vitro and in vivo TeNT neutralizing results of the mAbs
in our study. Moreover several studies showed that antibodies
against not only fragment C but also fragment B (light chain
+ HN) and light chain are able to neutralize TeNT** showing
that GT1b assay lonely cannot forecast TeNT neutralization in
vivo.

Another interesting finding of this study was the synergistic
neutralizing effect of the GT1b binding inhibitory mAb 1F3E3
(inhibitory in vitro but non-inhibitory in vivo) with the in vivo
neutralizing 1F2C2 mAb (Fig. 4A). Low concentration of these
two mAbs provided complete protection in mice. These two anti-
bodies displayed an in vivo potency several times higher than
the commercial TIG antibody preparation (Fig. 5). Cooperative
binding effects of antibodies directed against different epitopes
have been previously reported.?®?” Cooperative binding is caused
by conformational changes of a protein in which binding of one
antibody thermodynamically or entropically facilitate binding
of the next one. Such cooperative or synergistic effect has been
reported for antibodies or scFvs binding to non-overlapping
or independent epitopes of the tetanus toxin.”In this study,
1F3E3/1F2C2 exhibits marked synergistic effects in neutraliza-
tion of TeNT. Furthermore as shown in Figure 1C, 1F2C2 and
1F3E3 recognize two distinct but very close or overlapping epit-
opes within fragment C suggesting the importance of these epit-
opes in TeNT neutralization.

Finally, comparable in vitro and in vivo characteristics of
1F2C2, 1F1E12, and 1F2C8 mAbs led us to determine whether
these mAbs are distinct or have been derived from the same
clone. VH and VL genes sequencing analysis of nine hybrid-
oma clones revealed expression of seven different VH-VL
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with different concentrations of six mAbs (A-F).

Figure 3. Tetanus toxin inhibitory effect of monoclonal antibodies in vivo. BALB/c mice were injected with a constant amount of toxin (10 MLD) mixed

combinations. 1F2C2, 1F1E12, and 1F2C8 mAbs which had the
same characteristics expressed the same VH and VL genes and
thus are derived from a single clone (Table 2). These mAbs were
selected from separate plates seeded with fused splenocytes from
an immunized mouse which suggests extensive stimulation and
expansion of the original B cell clone in response to the corre-
sponding immunodominant epitope of TeNT.

Materials and Methods

Mouse immunization and anti-TeNTmAbs production

Female BALB/c mice (68 weeks age) were given an intraper-
itoneal injection of tetanus toxoid (40 pgr) and three additional
booster injections (10 pgr) at three week intervals. Splenocytes
of hyperimmunized mice were harvested and fused with the
mouse myeloma cell line SP2/0 (National Cell Bank of Iran).
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Polyethylene glycol (PEG) 1500 (Sigma) was used for fusion of
splenocytes from hyperimmunized mice with SP2/0 cells at a
4:1 ratio. Fused cells were grown in hypoxanthine/ aminopterin/
thymidine (HAT) selective medium (Sigma) and cloned by the
limiting dilution assay. Supernatants of growing cells were tested
for presence of antibody with tetanus toxoid and toxin specificity
by indirect ELISA. Immunized mouse serum was used as posi-
tive control. All positive hybridomas were further subcloned to
generate stable clones.

mADb isotype determination and purification

The isotype of the heavy and light chains of selected clones
was determined using IsoStrip mouse mADb isotyping kit (Roche
Diagnostics) according to the manufacturer’s recommendations.
Isotype of positive clones was also confirmed by ELISA using
goat anti-mouse IgGl and IgG2a isotypes (Sigma). All clones
were injected intraperitoneally in BALB/c mice one week after
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Figure 4. Neutralizing activity of two combinations of monoclonal anti-
bodies (A and B). Equal concentrations of two mAbs were mixed and

incubated with 10 MLD of tetanus toxin before injection into mice.
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Figure 5. Protective capacity of standard human polyclonal anti tetanus
immunoglobulin (TIG) in BALB/c mice. Different concentrations of TIG
were mixed with 10 MLD of TeNT and injected intraperitoneally.

injection of 0.5 ml pristane (Sigma) to obtain ascitic fluid. Ascitic
fluids were harvested and mAbs purified using HiTrap™ SPG
column (GE Healthcare).

mAb specificity determination by ELISA

To investigate mAbs specificity, ELISA was performed using
tetanus toxin, toxoid, and tetanus toxin subfragments. Briefly,
appropriate concentration of fragment C (1 pg/ml) (Sigma), light
chain (I pg/ml) (List Biological Labs), tetanus toxin (10 pgr/
ml), and tetanus toxoid (10 pg/ml) (Razi Vaccine and Serum
Research Institute) in phosphate buffer saline (PBS, 0.15 M,
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pH = 7.2) were coated onto the wells of a microtiter ELISA
plate (Maxisorp) overnight at 4 °C. After washing, the plate was
blocked using blocking buffer (PBS-Tween 20 containing 3%
non-fat skim milk) at 37 °C for 1.5 h. After blocking and wash-
ing, 100 pl of 1 pg/ml purified antibody was added and incu-
bated 1.5 h at 37 °C. Appropriate dilution of HRP-conjugated
rabbit anti-mouse (prepared in our lab) was subsequently added
and the reaction revealed with 3,3',5,5"-Tetramethylbenzidine
(TMB) substrate. Finally, the reaction was stopped with 20%
H2S04 and the optical density (OD) measured by a multiscan
ELISA reader (OrganonTeknika) at 450 nm.

Affinity constant determination

The affinity constant (Kaff) of our mAbs was determined by
ELISA method."? Briefly, 2000, 1000, 500, 250, 125, and 60 ng/
ml tetanus toxoid was coated on wells of a micotiter ELISA and
serial concentrations of mAbs (from 30 to 2000 ng/ml) in block-
ing buffer were added into each coated well and incubated at
37 °C for 1.5 h. After washing step, all wells were incubated
with HRP-conjugated sheep anti-mouse Ig for 1.5 h at 37 °C.
Washing was repeated and ODs were measured following addi-
tion of TMB substrate solution. Sigmoidal curves of ODs vs. the
logarithm of antibody concentrations were drawn. The antibody
concentration resulting in 50% of the maximum absorbance
value ([Ab]t) at a particular antigen coating concentration was
selected for the affinity calculation using the formula Kaff =
1/2(2 [AbX]t - [Ab]t). [AbX]t and [Ab]t represent the antibody
concentrations resulting in 50% of the maximum absorbance
value at two consecutive concentrations of coated antigen where
[Ag] = 2 [Agx]. Final Kaff value was the mean of such calcula-
tions for at least three antigen concentrations.

Assessment of epitope specificity of monoclonal antibodies
by competition ELISA

Epitope specificity of mAbs was determined by competition
ELISA as described previously.'? Briefly 10 pg/ml of TeNT was
coated on wells of a micotiter ELISA plate and blocked with 3%
skin milk-PBS/T 0.05%. Unconjugated mAbs in final concen-
trations of 40, 20, 10, 5, 2.5, 1.25, and 0.612 pg/ml were added
together with 1 pg/ml of HRP-conjugated mAbs (prepared in our
lab) and incubated at 37 °C for 1.5 h. Washing steps were repeated
and ODs were measured after addition of TMB substrate solution
and then stopping solution. Percent of inhibition for each mAb
was calculated based on the following formula: Percent of inhibi-
tion = ((ODNI - ODWI]/ODNI) x 100, where ODNI represents
OD obtained in absence of a competitor mAb and ODWT repre-
sents OD obtained in presence of a competitor mAb.

Assessment of inhibitory activity of mAbs on tetanus toxin
binding to ganglioside GT1b

The ability of mAbs to inhibit binding of TeNT to GT1b gan-
glioside was assessed by a modification of a previously described
procedure.”® Briefly, a concentration of TeNT that resulted in
saturation of ganglioside GT'1b binding was chosen for use in the
assay (20 pg /ml) and incubated with an equal volume of serial
concentrations of anti-TeNTmADb (starting from 10 pg /ml) for 2
h at room temperature. Microtiter ELISA plates were coated with
GT1b (Sigma) (10 pg /ml in methanol, 100 pl/well) and plates

were left at room temperature overnight to allow evaporation of
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Table 2. Immunoglobulin heavy and light chain variable region genes usage by the TeNT-specific hybridoma clones

VH DH JH VK Jk VH CDR3 VL CDR3
1F3E3 IGHV1-9*01 IGHD3-2*01 IGHJ3*01 IGKV19-93*01 IGKJ2*01 CARKTVRATYPDW CLQYDNLLAF
1F2C2 IGHV3-6*02 IGHD5-5%*01 IGHJ3*01 IGKV6-17*01 IGKJ1*01 CAREGVLPESW CLQHSSTPRTF
1F1E12 IGHV3-6*02 IGHD5-5*01 IGHJ3*01 IGKV6-17*01 IGKJ1*01 CAREGVLPESW CLQHSSTPRTF
1F2C8 IGHV3-6*02 IGHD5-5%*01 IGHJ3*01 IGKV6-17*01 IGKJ1*01 CAREGVLPESW CLQHSSTPRTF
1F3C3 IGHV1-35*01 IGHD2-10%*01 IGHJ1-01 IGKV5-48*01 IGKJ4*01 CARRAYYGNSFSWPFDVW CQQSNSWPFTF
1F3B3 IGHV1-39*01 IGHD2-10*01 IGHJ1*01 IGKV4-59*01 IGKJ2*01 CARRAYYGNSYWYFDVW CQQWSSNPPTF
1F4E11 IGHV1-4*01 IGHD5-7*01 IGHJ3*01 IGKV12-41*01 IGKJ1*01 CARSASPLTWFAYW CQHFWTTPWTF
2C9B6 | IGHV5-2*01F | IGHD2-1*01F IGHJ3*01 F IGKV3-12*01 F IGKJ2*01 F CARGGYGNPFAYW CQHIRELDRF
3B3D9 | IGHV3-6*02F | IGHD1-1*02F IGHJ3*02 P IGKV3-12*01F IGKJ2*01 F CAREGVIFGYW CQHIRELTTF

5E6B10 Not determined
1E4D5 Not determined

methanol. The plates were then blocked with 1% BSA/PBS for
2 h at room temperature. After washing four times with PBS-
Tween 20, 100 pl of each TeNT/antibody mixture (preincubated
for 2-3 h) was added to wells and incubated for 2 h. Plates were
washed 4 times and then incubated 2 h with HRP-conjugated
human anti TeNTpolyclonalantibodies (produced in our lab).
Following addition of TMB substrate solution and then adding
the stop solution, the ODs were measured at 450 nm by a multi-
scan ELISA reader.

Toxin-neutralizing assay in mice

The biological activity of all mAbs, either individually or in
combination, was determined using a tetanus toxin neutraliza-
tion assay in mice. The mean lethal dose (MLD) of the stan-
dard toxin was determined from a dose—response curve. Various
concentrations of purified mAbs (from 1.0 pg to 10 pg) were
diluted in PBS and incubated with 10 MLD of the toxin for 2 h at
37 °C. In parallel, human polyclonal anti- tetanus immunoglob-
ulin (TIG) (Baxter AG) was also mixed with the toxin under the
same condition. Then 0.2 ml of the mixture (TeNT/ mAbs and
TeNT alone) was injected intraperitoneally into BALB/c mice
(68 weeks age). After injection, mice were followed for the next
14 d to check for any signs of paralysis or death. Mice surviving
2 weeks after challenge were considered protected.

VH/VL cloning and sequencing

Total RNA from TeNT specific clones was extracted and
c¢DNA was synthesized from 1 pgr of total RNA. Two microliters
of each cDNA was used to amplify the mouse VH and VL gene
family using specific degenerated primers:

5-CAGGTSMARCTGCAGSAGTCWGG-3"  as
primer for VH and

5-AGGGGCCAGTGGATAGACAG ATGG-3’ as antisense
primer for VH and

5-GAHRTTSWGN TSACYCAGWC TCCA-3' as sense
primer for Vk and

5" TGGTGGGAAG ATGGATACAG-3' as antisense primer
for Vk.

PCR was performed in 40 cycles, initially 3 min at 94 °C fol-
lowed by 90 °C for 20's, 60 °C for 30's, 72 °C for 30 s, and 10 min
at 72 °C for the final extension. PCR products were finally visu-
alized by electrophoresis on 1% agarose gel containing ethidium
bromide. PCR products were extracted using the GF-1 Nucleic
Acid Extraction Kit (Vivantis). Gel purified PCR products were
cloned into pGEM-T easy vector system I (Promega) according
to the manufacturer's instructions. Sequencing of selected clones
was performed for both directions using the BigDye Terminator
Cycle Sequencing Reaction Kit (Applied Biosystems), T7, and
SPG6 primers.
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