—— Abstract

cistaobx|2Hets]X| 33(3) 2006

Generation of antibodies against N-terminus fragment of Agl/Il
protein from Streptococcus mutans GS-5

Ji-Hye Han, Jae-Gon Kim, Byeong-Ju Baik, Yeon-Mi Yang, Jeong-Yeol Park
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Dental caries results from localized demineralization of tooth enamel by acids of bacterial origin pro-
duced from the fermentation of dietary sugars. A group of related oral bacteria, collectively known as mu-
tans streptococci, are implicated as the primary etiological agents of human caries. Within this group,
Streptococcus mutans has been known as a causative agent for dental caries. As well as acid production
yielding the demineralization of tooth enamel, adherence and colonization of S. mutans to the teeth are
also important for their virulence. Cell-surface fibrillar proteins, which mediate adherence to the salivary
pellicle are virulence components of mutans streptococci, and primary candidates for a human caries vac-
cine. Here we report that the Agl/II gene from S. mutans GS-5 were cloned by PCR amplification of the
bacterial chromosomal DNA and the integrity of cloned genes were confirmed by nucleotide sequencing.
Sequence analyses showed the sequence alignment of 280 nucleotides between the cloned Agl/Il and the
reported sequence of S. mutans GS-5 showed the perfect match. The cloned genes which signal nu-
cleotide was truncated, were transferred into bacterial expression vector and the recombinant proteins
were purified as His-tag fusion proteins. In order to generate polyclonal antibodies against the recombi-
nant proteins, Agl/II mr, some 100ug of the proteins was injected into mice three times. It can be used

for an effective vaccine production to prevent dental caries caused by pathogenic S. mutans.
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[. INTRODUCTION

Dental caries is considered to be one of the most
prevalent and costly infectious diseases in the
world”, and despite the reports that this disease is
on the decline in some developed countries®®, it con-
tinues to be a worldwide problem. A group of related
oral bacteria known as Streptococcus mutans have
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been implicated as the primary etiological agents of
caries in humans and experimental animals*?.

The first strain in mutans streptococci, S. mutans
Clarke, was isolated in 1924 and recently the whole
genomic sequence was revealed for S. mutans
UA159, a Bratthall serotype ¢ strain of S. mutans®”.
S. mutans is frequently isolated from human dental
plaque. which can produce a cell surface protein anti-
gen*®'. As well as acid production yielding the dem-
ineralization of tooth enamel, adherence and colo-
nization of S. mutans to the teeth are also important
for its virulence*'?. It has been reported that Agl/II?,
also known as protein B, P1”, Pac™, and SpaP'"”, is
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an important virulence factor that contributes to the
pathogenesis of S. mutans-induced dental caries be-
cause of its involvement in the initial adherence of
the organism to tooth surface and in bacterial aggre-
gation’. Once S. mutans forms a bacterial biofilm,
the bacteria can be better protected from the host
defense system, sequestered into a nutrient-rich
niche, and beneficial from the community mode of
growth'”. In addition, a well-established biofilm can
be better resistant to antibiotic agents or phagocyto-
sis. That is why the prevention of bacterial coloniza-
tion is of very importance for the prevention of dental
caries. In this respect, Agl/Il will be good candidates
for vaccine developments.

Agl/I1 adhesion protein weighs around 185 kDa
and is expressed as a transmembrane protein with
the help of signal peptide at its N-terminus and
transmembrane segment at its C-terminus as shown
in Fig. 1***®. The gene encoding Agl/II had been se-
quenced and cloned successfully by Russell MW and
Lehner T¥. Recent studies suggested that the ala-
nine-rich repeating region{A-region, amino acid
residues 219-464) and the proline-rich repeating re-
gion(P-region, amino acid residues 867-967) of agl/II
gene were important to the function and immuno-
genicity of Agl/II protein’®®. Agl/Il is involved in
many key steps of caries development and many pre-
vious reports suggest that induction of antibodies
against mutans streptococci in oral cavity effectively

prevent dental caries™®

. In oral cavity, secretory
IgA(sIgA) antibodies act as safeguards against enor-
mous challenges from oral bacteria and the principle
role of Agl/II specific sIgA is to reduce the chance of
colonization of pathogens at mucosal surfaces™ .
Therefore, studies aimed at the development of a
caries vaccine have focused on the use of immuniza-

tion Tegimens which stimulate the induction of IgA
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responses in saliva. Therefore, the determination of
efficient epitopes in Agl/II will be helpful for the vac-
cine development.

Mucosal immunity can be induced at induction
sites such as gut-associated lymphoid tissue (GALT)
and nasal-associated lymphoid tissue (NALT) and
then specific IgA can be produced at effector sites
such as lamina propria of gastrointestinal and respi-
ratory tracts and various exocrine glands including
salivary gland. Owing to the common mucosal im-
mune system, mucosal immunity can be induced at
the remote area other than local pathogen-abundant
region®® . Because of homing of specific B cell and
antigenic activation at the local area, mucosal immu-
nity from the remote inductive sites can hold efficacy
against the local infection. This property of mucosal
immunity will be practical to develop vaccines
against S. mutans by oral administration of bacterial
antigens, such as Agl/II, to induce antigen-specific B
cell population at GALT and to generate sIgA against
bacterial pathogens in oral cavity.

The ultimate goal of this study is to develop an ed-
ible vaccine against S. mutans GS-5, a causative
agent for dental caries. As an initial step, I cloned
antigen genes of Agl/II protein from S. mutans GS-5
and generated polyclonal antibodies against recombi-
nant amino-terminal half fragment of Agl/II protein.

I. MATERIALS AND METHODS
1. Materials

All chemicals and plastic wares were purchased
from Sigma (St. Louis, MO) and Falcon Labware
(Frankline Lakes, NJ), respectively. Oligonucleotides
were ordered from Genetech (Yusung, Korea) and T
vector was supplied from Takara (Shiga, Japan).
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Fig. 1. Graphical presentation of a candidate for vaccine development against S. mutans. SP
indicates signal peptides and the black box represents anchoring domain in bacterial membrane.
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Restriction enzymes were obtained from KOSCHEM
(Seongnam, Korea).

2. Strains and media

The genomic DNA of Agl/II was derived from S.
mutans GS-5, Escherichia coli ToplQ and M15 were
used for transformation with the plasmids used in
this study. Bacteria were grown in LB medium.

3. Preparation of S. mutans GS-5 genomic DNA

The genomic DNA from S. mutans GS-5 was pre-
pared as described previously®. Briefly, 5ml of S.
mutans GS-5 was collected and resuspended in 4ml of
TE buffer containing 1m of 25% glucose. After 30min
incubation at 37C, 1me of lysozyme was added into
the bacterial suspension and further incubated at 37
C for th. RNAs in the lysates were removed by
adding 0.5mg of RNase A and then proteins in the
lysates were digested by 0.5mg of proteinase K. The
cleared lysates was treated with SDS for 12h at 4T
and then genomic DNA was precipitated by ethanol.
Finally, the genomic DNA was resuspended in 1wl of
TE buffer.

4. PCR amplification of agl/ll gene

The genomic DNA was used as templates for am-
plifying agl/II genes in 504 of PCR reaction contain-
ing Taq polymerase, dNTP, and oligonucleotides. The
primer specific for agl/II gene was designed and syn-
thesized as described in Table 1. The genomic DNA
was denatured by 5 min incubation at 95T and then
target genes were amplified for 30 cycles of PCR re-
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action (1 min 95C, 1 min 55T, 1 min 72C). The
PCR product was then treated for 5 min at 72°C.

5. Cloning of agl/ll gene

About 2 # of PCR products were ligated into T
vector and the ligation mixtures were transformed
into competent Top 10 cells. The resulting antibiotics
resistant bacteria were selected from agar plates and
screened by checking the plasmid from each bacterial
colony. The plasmids containing expected insert size
were then sequenced to confirm the presence of tar-
get gene. The DNA sequencing was performed by
BMRC (Daejeon, Korea).

6. Sequence analysis of agl/ll gene from S. mu-
tans GS-5

The DNA sequence of cloned genes was analyzed
by comparing with the previously known sequences.
For agl/Il sequence analysis, the known sequence
from S. mutans GS-5 (GenBank # D78181) was used
as standard. The programs, Multalin and ESPript,
were used to generate sequence alignment between
two genes.

7. Expression of recombinant Agl/ll protein in
bacterial expression system

In order to express cloned genes in E. coil system,
gene fragments of agl/II were subcloned to pQE ex-
pression vector. Sphl and Sall were used to transfer
N terminus of agl/II gene(agl/II mr), Sall and Kpnl
for C terminus of agl/II gene(agl/II mf). The ligation
mixtures were transformed in ToplO and M15 bacte-

Table 1. List of oligonucleotides used to amplify agl/ll gene. The upper case indicates the sequence from agl/ll,
while the small case shows the extra nucleotides to help gene cloning. The underline sequences are the location

of restriction enzyme sites.

. sequence i
agl/IT acatGCATGCGGACAAAAGGTTTTGCCGAT
agl/Il v tgsGGTACCTCAAGCATTGTTTGT TACTCCCG
agl/Il mr GTATACCAGAGCTAGCGAACCGGGAT

agl/II mf GATCCCGGTTCGCTAGCTCTGGTATA
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rial strains. Transformed M15 bacterial colonies were
inoculated and grown overnight at 37C in Luria Broth
containing 100ug/ml of ampicillin and 25ug/4 of
kanamycin. The cells were further grown in the pres-
ence of IPTG to induce expression of the fusion pro-
tein. The cells were harvested by a centrifugation at
4.,000g for 20-min and stored at ~807T, if necessary.

8. Purification procedures and SDS-PAGE analy-
sis of Agl/ll mr

The cell pellets were resuspended in lysis buffer.
The suspension was sonicated with 30 second burst.
The lysate was clarified by centrifugation at 15,000g
for 30 min. The supernatant was loaded onto column
preequilibrated with lysis buffer, which 50% Ni-NTA
Superflow slurry(QIlAexpressionist, Qiagen, Germany)
was resuspended by. The column was washed succes-
sively with wash buffer, containing 20mM imidazole,
and then was eluted with elution buffer, containing
250mM imidazole. The active fractions containing re-
combinant protein were dialyzed and identified by
SDS-PAGE and pooled.

9. Production of anti-Agl/ll mr antibodies in
mouse

Female Balb/c mice about 6 weeks old were immu-
nized with the recombinant agl/II mr protein. Four
mice each were injected with the antigen. Mice were
injected with a mixture of 1004 antigen solution (100
wg antigen) and 1004 Freund s complete adjuvant.
At 10-day intervals the mice were boosted twice with
and without incomplete Freund s adjuvant. Three
days after each boost, several eye bleeds were col-
lected and tested for polyclonal antibodies against re-
combinant agl/II mr protein. To confirm the presence
of the anti-Agl/II mr antibody, Western blot method
was used to screen the reactivity of recombinant
Agl/Il mr. The serum was diluted 1:1000 as primary
antibody, and goat-anti-mouse IgG, conjugated to
HRP, was used as secondary antibodies. In these as-
says, the negative control was the purified recombi-
nant protein, GST. By day 20, the mice were sacri-
ficed with anesthetic and spleen cells were used for
fusion with myeloma cells. Generation of monoclonal
antibodies against to Agl/II mr antigen is in process.
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II. RESULTS
1. PCR amplification of agl/Il gene

PCR was performed in three ways, yielding full-
length, N-terminus, and C-terminus fragments of
agl/II gene (Fig. 4). Smaller fragments were fre-
quently amplified in a better quantity than the full-
length counterpart. To my guess, this was caused by
the PCR condition fitting better for about 2 Kbp DNA
amplification.

2. Cloning of agl/ll gene

PCR products were ligated into T vector, yielding T
vector cloned with agl/II gene. The cloned T vectors
were transformed into an E. coli strain, Top 10.
Plasmids were prepared from antibiotics-resistant
colonies and separated in agarose gel (Fig. 5). One
or more colonies contained T vector with expected
size of inserts from PCR products of partial frag-
ments but none of colonies had full-length genes,

meaning that antibiotic-resistant colonies from these
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Fig. 2. PCR amplification of S. mutans GS-5 genes encoding
Agl/li. The gene for Agl/l was amplified by PCR using the
genomic DNA. In addition to full-length genes, truncated genes
encoding agl/ll mr or agl/ll mf were also ampilified.



samples resulted from self-ligated T vector without
any insert. Finally, the sequences of cloned genes
were confirmed by nucleotide sequencing.

3. Sequence analysis of cloned genes

To prove the integrity of the cloned genes, se-
quence analyses were accomplished using several
programs such as Multalin® and ESPript®. For
agl/IT analysis, the corresponding sequence from
S. mutans GS-5 was compared with that of the pre-
viously-cloned gene. The representative sequence
alignment was shown in Fig. 4. In this 280 bp se-
quence, there was no miss match at all.

M 1t 2 3 4 5 6 7 8 9 10 1t 12 13 14 15

'] Agiit Agt/ll mr Agi/t mf

Fig. 3. Screening of plasmids cloned with PCR-amplified agl/ll
genes. The genes encoding full-length (agl/l) or partial
segments (agi/ll mr or agl/ll mf) were cloned into T vector and
bacterial transformants were screened for the presence of
insert DNA. Arrow indicated the positions of plasmids with
insert DNA.

Fig. 5. Screening of plasmids of agl/ll mr cloned in pQF-30
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4. Expression and purification of agl/ll in E. coli
system

Agl/II gene cloned in pQE-30 vector was expressed
and purified according to the procedures suggestéd
by the manufacturer(Qiagen). M15 bacterial strains
transformed with pQE-agl/II mr plasmid were isolat-
ed and purified for the induction of recombinant pro-
tein. Plasmids with expected agl/II mr gene were
prepared from antibiotics-resistant colonies and sep-
arated in agarose gel (Fig. 5). Five colonies contain-
ing pQE-agl/II mr plasmid were obtained.

AI/II 2 5 RO S E R e
IR TIER G - GG A A AGATRL IO T

agi/21 2.5 GEEE
585 Agl/rr (Y

[T -
GES AGL/TT  ERARE

Agr/iz.2 5 L5
535 agi/ir 83

agi/1r 2.5 ERN
585 Agi/rz AN

Fig. 4. Sequence alignment between cloned agl/ll segment
and the corresponding region in reported agl/ll gene. The
sequence of the cloned agl/ll gene was compared to that of
known agl/ll gene (GenBank #D78181).
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Fig. 6. Purification of recombinant Agl/Il using Ni-NTA

vector. The pQE-agl/ll mr plasmid was transformed in M15
bacterial strains, and their transformants were screened for the
presence of recombinant expression vector.

comlumn. Isolated Agl/ll fragment was separated in SDS-PAGE
and stained with Coomassie Birilliant Blue.
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Fig. 7. Generation of polyclonal antibodies against Agl/ll mr of
S. mutans GS-5. Specific antibodies against amino-terminal
Agl/ll were produced using recombinant Agl/ll fragment.

After purification using Ni-NTA resin, the purified
protein was analysed by SDS-PAGE (Fig. 6).

5. Production of anti-Agl/ll mr antibodies in
mouse

In order to know if the polyclonal antibodies
against recombinant protein Agl/II mr have the reac-
tivity, the serum obtained from immunized mice were
used as primary antibody in Western blot analysis.
Figure 7 showed that the recombinant protein Agl/11
mr was able to react with the specific antibody while
no reactivity was seen in negative control of GST
protein.

V. DISCUSSION

As a candidate for vaccine against dental caries,
Agl/1I protein was always used in vivo study to pre-
vent caries via mucosal or non mucosal routes in ex-
perimental animals such as rats, rabbits and mon-
keys with or without adjuvants, and the caries le-
sions were reduced®. S-IgA antibodies act as the
first line of defense against dental caries by blocking
of adhesin-receptor interaction™. So, in this study,
we established the basis for a vaccination with de-
fined epitope against Agl/Il protein.

S. mutans Agl/1l contains an alanine-rich tandem
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repeating region in the N-terminal third, and a pro-
line-rich repeat region in the center of the molecule.
These regions have been associated with the adhesin
activity of Agl/II. Crowley and colleagues®™ and
Nakai and co-workers®® have each described a region
within or near the alanine-rich region that can bind
salivary components in experimental tooth pellicles.
Lehner and co-workers”’ and Kelly and co-workers®
suggested that the proline-rich central portion con-
tains an adhesion epitope, basing their conclusions
on adhesion inhibition assays involving recombinant
fragments of Agl/Il. Synthetic peptide approaches
have also shown the alanine rich repeat region of
Agl/II to be immunogenic and to induce protective
immunity. For example, subcutaneous immunization
with a synthetic peptide derived from the alanine-
rich region of Agl/Il from S. mutans (residues 301~
319: PAcA) induced higher levels of serum IgG anti-
body reactive with recombinant Agl/Il than a syn-
thetic peptide derived from the proline-rich region
(residues 601-629). Intranasal immunization with
PAcA, coupled to cholera toxin B subunit, suppressed
colonization of mouse teeth by S. mutans*. Fusion
proteins containing PAcA also inhibited sucrose-inde-
pendent adhesion of S. mutans to saliva-coated hy-
droxyapatite beads*. Thus, this S. mutans adhesin
contains multiple functionally based epitopes that
are sufficiently immunogenic to be considered for
dental caries vaccines.

Designing vaccines permits one to eliminate regions
which may induce unwanted antibody specificities.
The Agl/II family of proteins shares extensive se-
quence homology with surface proteins of non-cario-
genic S. gordonii*”, S. intermedius, and 5. oralis™.
These homologous sequences may induce cross-reac-
tive responses that could influence colonization. at-
tachment, or accumulation of commensal microbiota.
Also, research showed that the C-terminal part of
Agl/II contains an epitope which is cross-reactive
with human IgG** as shown in Fig. 1. and, al-
though the clinical significance of this observation is
unknown it appears that this potentially harmful
epitope should be excluded from a caries vaccine.
Given this knowledge, vaccines can be designed to
include the salivary-binding domain(s), but exclude
sequence bearing the potential for induction of un-
wanted antibody responses. In the present study, the



genes for Agl/II mr were cloned, and expressed as
fragmented form rather than full-length. In the pre-
vious mouse model, immunization with Agl/Il mr
conjugated to adjuvant generates polyclonal antibod-
ies against S. mutans GS-5. By using smaller frag-
ments, the specific polyclonal antibodies against tar-
get epitope could be better induced by avoiding un-
necessary competition through epitope dominance.
Another advantage of using small fragment of Agl/II
is that the epitope adjacent to proline-rich region,
mimicking human IgG can be discarded.

Currently, as well as generation of monoclonal an-
tibodies against Agl/Il mr, the expression of agl/II
mf and gtfD genes are being tested.

In conclusion, agl/Il genes from S. mutans GS-5
were cloned and sequenced. Sequence analyses of the
cloned agl/II gene showed that the nucleotides se-
quence of cloned genes had perfect homology to the
sequences previously reported from S. mutans GS-5.
Recombinant protein of N-terminus of Agl/II protein
was expressed and purified and polyclonal antibodies
against protein was generated in mice. In considera-
tion of the importance of these proteins in the patho-
genesis of S. mutans GS-5, vaccine development
against these proteins will be promising and also
vaccination through oral administration will be rea-

sonable approach to stimulate mucosal immunity of
the host.
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