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[. INTRODUCTION

Dental caries, also generally known as cavities, is a
resultant of demineralization in tooth enamel by acids
produced by bacteria. Among several hundreds bacteria
in oral flora, only a small number of bacteria play key
roles in tooth decay. So far, Streptococcus mutans is
most well studied regarding its functions in the caries
development™. In this study, I cloned antigen genes
from S. mutans to prepare vaccine candidates for dental
caries whose effective remedy is not yet available except
tooth extraction.
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Streptococci are Gram-—positive, facultative anaerobes
and have no catalase activities. Based on surface anti-
gens, Streptococci are classified into groups but
Streptococcus pneumoniae, a major cause of human
pneumonia, and viridans streptococci are two groups
which have no group antigens. In the viridans strepto-
coccl, also called as the mutans streptococci, Strep-
tococcus sobrinus and S. mutans are the major
species™ . The mutans streptococci have a-type hemolyt-
ic activities which partially hemolysis red blood cells
with a green coloration. The mutans streptococci can
grow at high temperature around 45TC. These are two
critical indicators for identifying the mutans streptococci.
The first strain in mutans streptococci, S. mutans
Clarke, was isolated in 1924 and recently the whole ge-
nomic sequence was revealed for S. mutans UA159, a
Bratthall serotype ¢ strain of S. mutans™'.

S. mutans is a causative agent for dental caries. As
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well as acid production yielding the demineralization of
tooth enamel, adherence and colonization of S. mutans
to the teeth are also important for its virulence®'”.
Initial adherence occurs in a sucrose-independent way,
while bacterial accumulation depends on sucrose. A sur-
face fibrillar protein named as Antigen 1/1 or Agl/1'?,
also known as protein B, P1', Pac®®, and SpaP',
plays a key role in the initial adherence, while a group of
glucosyltransferases (GTF) are involved in the bacterial

79 Once S. mutans forms a bacterial

accumulation
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™. A well-established biofilm can be better resis-
tant to antibiotic agents or phagocytosis. That is why
the prevention of bacterial colonization is of very impor—-
tance for the prevention of dental caries. In this respect,
Agl/1 and GTF will be good candidates for vaccine de-
velopments.

Agl/1 and GTF are involved in many key steps of
caries development(Table 1) and many previous reports
suggest that induction of antibodies against mutans
streptococci in oral cavity effectively prevent dental
caries®™ . Therefore, the determination of efficient epi-
topes in Ag /I and GTF will be helpful for the vaccine
development.

Ag1/1 adhesion weighs around 185 kDa and is ex-
pressed as a transmembrane protein with the help of
signal peptide at its amino terminus and transmem-
brane segment at its C-terminus as shown in Fig. 1%,
Two domains in the central part of Ag /1 are involved
in binding to salivary pellicle and these domains are rich

Table 1. Roles of S. mutans proteins, Ag /1 and GTF,
in dental caries development. The plus sign indi-
cates the participation of AgI/I or GTF in the
step of pathogenesis.

Colonization by early colonizers

Adhesion to early colonizer or + +
salivary pellicle

Colonization +

Evasion from phagocytosis +

Invasion of dental tubules +
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in alanine and proline, respectively®®?. An epitope
which can crossreact with human IgG exists adjacent to
the proline-rich domain®.

GTF proteins have three homologues encoded by gtfB,
gtfC and gtfD. gtfB is in charge of insoluble glucan pro-
duction, gtfC for soluble and insoluble glucan production,
and gtfD encoding GTFd for soluble glucan production.
QTF is expressed as extracellular or cell-associated pro-
tein. In addition to signal peptide, catalytic domain and
glucan-binding domain exist in GTF (Fig. 1). Cell associ-
ation and accumulation through glucan binding is critical
for the cariogenic plaque formation and prevention of
this process by salivary immunoglobulin will be one of
ideal approaches to interfere caries development™*”.

In oral cavity, secretory IgA(slgA) antibodies act as
safeguards against enormous challenges from oral bacte-
ria and the principle role of slgA is to reduce the chance
of colonization of pathogens at mucosal surfaces®.
Human salvia normally has about 0.25mg/ml of sIgA
which is somewhat resistant to proteolytic degradation,
allowing sIgA more effective at hostile mucosal environ-
ments®™.

Mucosal immunity can be induced at induction sites
such as gut-associated lymphoid tissue (GALT) and
nasal-associated lymphoid tissue (NALT) and specific
IgA can be produced at effector sites such as lamina pro-
pria of gastrointestinal and respiratory tracts and vari-
ous exocrine glands including salivary gland. Owing to
the common mucosal immune system, mucosal immuni-
ty 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,
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Saliva-binding domain igG
GTF
domain il

Fig. 1. Graphical presentation of two candidates for
vaccine development against S. mutans. SP indicates
signal peptides and the black box in the Agl/Il represents
anchoring domain in bacterial membrane.



mucosal immunity 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 Ag[/1] and GTF, to induce antigen-
specific B cell population at GALT and to generate sIgA
against bacterial pathogens in oral cavity.

In this study, T cloned the genes of ag[/I and gtfD
from S. mutans GS-5. The sequence from cloned ag [ /I
gene was compared with that of the sequence published
from S. mutans GS-5, while the sequence of gtfD with
that of the corresponding sequence from S. mutans
UA159 in which the genomic DNA was completely se-
quenced recently.

I. MATERIALS AND METHODS

1. Materials

All chemicals and plastic wares were purchased from
Sigma (St. Louis, MO, U.S.A.) and Falcon Labware
(Frankline Lakes, NJ, U.S.A.), respectively.
Oligonucleotides were ordered from Genetech (Yusung,
Korea) and T vector was supplied from Takara (Shiga,

Japan). Restriction enzymes were obtained from
KOSCHEM (Seongnam, Korea).

2. Bacterial culture

S. mutans GS-5 was grown in BHI medium for 16 h at
37T in a shaker and 200 4 of overnight culture was
transferred into bml of a fresh medium, leaving for fur-
ther 24 hour incubation. S. mutans GS-5 had a longer
lag phase than other bacteria such as E. coli.
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3. Isolation of genomic PNA from S. mutans GS-5

The genomic DNA from S. mutans GS-b was prepared
as described previously®. Briefly, 5ml of S. mutans GS-
5 was collected and resuspended in 4ml of TE buffer
containing 1ml of 25% glucose. After 30min incubation
at 37C, 1mg of lysozyme was added into the bacterial
suspension and further incubated at 37C for 1h. RNAs
in the lysates were removed by adding 0.5 mg 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 4C and then genomic DNA was
precipitated by ethanol. Finally, the genomic DNA was
resuspended in 1 ml of TE buffer.

4. Agarose gel electrophoresis

S. mutans chromosomal DNA, PCR products, and
plasmids were separated in 1% agarose gel in Tris-ac-
etate-EDTA buffer and visualized by staining with
ethidium bromide. One kb DNA size marker was includ-
ed in each gel

5. PCR amplification of bacterial genes

The genomic DNA was fragmented into smaller pieces
by digestion with Xhol and Sall enzymes. The digested
DNA was then used as templates for amplifying ag [ /I
and gtfD genes in 504 of PCR reaction containing Tag
polymerase, dNTP, and oligonucleotides. In addition to
full-length genes, a portion of each gene was also ampli-
fied using primer as described in Table 2. The genomic
DNA was denatured by 5min incubation at 95C and
then target genes were amplified for 30 cycles of PCR re—-

Table 2. List of oligonucleotides used to amplify ag I /I and gtfD genes. The upper case indicates the sequence from ag
I/1 and gtfD, while the small case shows the extra nuclectides to help gene cloning. The underlined
sequences are the locations of restriction enzyme sites.

Sequence: . S
Agl/1 5 acatGCATGCGGACAAAAGGTTTTGCCGATG
Agl/1 3 tggGGTACCTCAAGCATTGTTTGTTACTCCCGT
Agl/l M5 GTATACCAGAGCTAGCGAACCGGGATC
Agl/T1 M3 GATCCCGGTTCGCTAGCTCTGGTATAC
gtiD 5 gatcGGATCCGAAACAGAACAGCAGACCTCAG
gtfD 3 tccCCCGGGTTAATAATATCTAGCGATACCCCAACG
gtfD M5 GATAAAAGTCATATGGATTGGGAT
gtfD M3 ATCCCAATCCATATGACTTTTATC
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action(Imin 95C, 1min 55C, 1min 72%T). The PCR
product was then treated for Smin at 72C.

6. Overlap PCR reaction

In order to obtain the full-length gene from two frag-
ments amplified by PCR, PCR products from each reac-
tions of 5 fragment and 3 fragment were mixed in a
new PCR reaction tube and PCR was performed again.

7. Cloning of ag I /I and gtfD genes

About 2 4 of PCR products were ligated into T vector
following manufacture s protocol and the ligation mix-
tures were transformed into competent Top 10cells. The
resulting antibiotics resistant bacteria were selected from
agar plates and screened by checking the plasmid from
each bacterial colony. First, plasmids were compared in
- size with that of control vector in agarose gels to reveal
the presence of any insert DNA. Second, digestions of
plasmids with restriction enzymes were performed to
further prove the presence of target genes. The plasmids
containing expected insert size were then sequenced to
confirm the presence of target gene. The DNA sequenc-
ing was performed by BMRC (Daejeon, Korea).

8. Sequence analysis of agl/I and gtfD genes
from S. mutans GS-5

The DNA sequence of cloned genes was analyzed by
comparing with the previously known sequences. For Ag
I/1I sequence analysis, the known sequence from &S.
mutans GS-5 (GenBank # D78181) was used as stan-
dard, while the genomic sequence of S. mutans UA159
(GenBank # NC_004350) was compared to that of the
cloned gftD gene. The program, Multalin® and ESPript®,
were used to generate sequence alignments for each
gene.

9. Expression of Ag /I and gtfD in bacterial ex-
pression system

In order to express cloned genes in E. coil system,
gene fragments of ag!/l and gtfD were subcloned to
pQE expression vector. BamHI and Sal[ were used to
transfer 5 fragment of ag !/l gene, Sph1 and Sal |
for 3 fragments of ag !/ gene and 5 fragment of gtfD,

Sph1 and Kpnl for 3 fragment of gtfD. Expression of
each gene is in process.

I. RESULTS
1. Isolation of genomic DNA from S. mutans GS-b

In order to clone S. mutans GS-5 antigen genes, the
bacterial genomic DNA was isolated and the integrity of
the purified DNA was confirmed in agarose gel(Fig. 2).
The purified genomic DNA was trapped in the well due
to its huge size about 2 Mbp long. A portion of the puri-
fied genome formed a fast-migrating band.

2. PCR amplification of ag I /I and gtfD genes

Because the genomic DNA of S. mutans is a circular
form about 2 million base pairs long, the isolated genom-
ic DNA was fragmented into smaller pieces by Xho [ and
Sall to enhance the PCR reaction(Fig. 3). Xho[ and
Sall were selected due the absence of those sites in the
corresponding genes in S. mutans UA 159 revealed by
the sequence analysis. The products of restriction en-
zyme digestion clearly showed that these enzyme sites
were not abundant in the genomic DNA. Once chromo-
somal DNA was digested by each restriction enzyme, the
resulting reaction mixtures were mixed to reduce the

" chance of unidentified enzyme sites in the antigen gene.
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PCR was performed in three ways for each gene, yield-
ing full-length, 5 fragment, and 3 fragment(Fig. 4). In
both genes, smaller fragments were always amplified in
a better quantity. This was may be caused by the PCR
condition fitting better for about 2Kbp DNA amplifica-
tion. The full-length gene of Ag1/1 was also amplified
as a single band, although the yvield was not as good as
that of smaller fragments. In addition to the expected
band, at least two more bands were shown from the full-
length amplification for gtfD gene. It was not clear why
two smaller bands were generated in this reaction but
there might be several possibilities. There could be some
nonspecific sites which can allow primer binding or the
full-length product was cleaved for. unknown reasons.

Several other ways to generate the full-length gtfD
gene in large quantity were applied but some of those
were not successful (data not shown). One strategy was
to perform several rounds of amplification in separated
tubes containing one primer per tube and later assemble
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Fig. 2. Isclation of genomic DNA from S. mutans GS-5. Purified
genomic DNA of S. mutans GS-5 was separated in agarose gel. M
indicates size marker.

Agl/ml
AglIL5
Agl/3
GTFd
GTFd5
GTFd3

Fig. 4. PCR amplification of S. mutans GS-5 genes encoding Agl/l
and GTFd. The genes for Agl/ll and GTFd were amplified by PCR
using the genomic DNA linearized by restriction enzyme digestion.
In addition to fulHength genes (aglll and gtfD), truncated genes
encoding 5 or 3 segments were also amplified.
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Fig. 3. Restriction enzyme digestion of genomic DNA isclated from
S. mutans GS-5. The purified genomic DNA (U) was treated with
Xnhol (RE1) or Sall (RE2) and separated in an agarose gel. M
indicates size marker.

the reaction mixtures to allow PCR amplification for the
full-length product. This will be helpful to avoid any
competition between primers to generate uneven
amounts of early products which then interferes the fol-
lowing PCR amplification. The other measure is to per-
form overlap PCR reaction. Because smaller fragments
were easily generated and one terminus of the PCR
product from one reaction complements for that of the
other reaction, these two PCR products can be combined
to generate the full-length PCR product.

3. Cloning of ag [ /I and gtfD genes

PCR products were ligated into T vector, yielding T
vector cloned with ag!/I or gtfD gene. The cloned T
vectors were transformed info an E. coli strain, Top 10.
Plasmids were prepared from antibiotics-resistant
colonies and separated in agarose gel(Fig. 5, 6). Two or
more colonies contained T vector with expected inserts
from partial fragment PCR products but none of colonies
had full-length genes, meaning that antibiotic-resistant
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M12 3456 7 89 10111213141516 1718 1920 21222324

Agl/ll

Agl/Is

Agl/l1I3

Fig. 5. Screening of plasmids cloned with PCR-amplified agi/ll genes. The genes
encoding fulHength (Agl/Il or partial segments (Agi/it 5 or 3) were cloned into T
vector and bacterial transformants were screened for the presence of insert DNA.
Arrows indicated the positions of plasmids with insert DNA.

M12 3456 7 8910 111213141516 1718 1920 21222324

Sk,

GTFd

GTFds5

GTFd3

Fig. 6. Screening of plasmids cloned with PCR-amplified gifD genes. The genes
encoding ful-length (GTFd) or partial segments (GTFd 6 or 3) were cloned into T
vecior and bacterial fransformants were screened for the presence of insert DNA.
Arrows indicated the positions of plasmids with insert DNA.

colonies from these samples resulted from self-ligated T
vector without insert cloning. A couple of plasmids con-
taining each of cloned genes were further confirmed by
digestion with restriction enzymes which existed in the
cloned genes, BamHI for ag /[ and Sphl for gtfD, re-
spectively(Fig. 7). The linearized DNA revealed single or
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double bands depending on the direction of cloning.
Finally, the sequences of cloned genes were confirmed by
nucleotide sequencing.

Because there was no colonies positive for full-length
gene cloning, the PCR products were investigated for
their amounts and very little amount of full-length PCR
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Agl/II3-1
Agl/II 3-2
GTFd 5-1
GTFd 5-2
GTFd 3-1
GTFd 3-2
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BamHI Sphl Fig. 8. Confirmation of the presence of insert DNA after extracting
Fig. 7. Confirmation of the presence of insert DNA in the plasmids PCR-amplified DNA from agarose gel.

purified from transformed bacteria. Single or double fragments were

generated accordng to the direction of an insert in each cloning vector

after restriction enzyme digestion of plasmids. The locations of cloning

vector (V), Insert (1), and vector containing insert (V+1) were marked.

products were shown from the samples which were pre-

viously extracted from agarose gel(Fig. 8). The full-
length genes were amplified in several ways as described
above. Those amplified genes were in the process of
cloning(Fig. 9).

4. Sequence analysis of cloned genes

To prove the identity of the cloned genes, sequence
analyses were accomplished using several programs such
as Multalin®® and ESPript™. For ag/I analysis, the
corresponding sequence from S. mutans GS-5(GenBank
# D78181) was compared with that of the cloned gene.
The representative sequence alignment was shown in
Fig. 10. In this 280bp sequence, there was no miss

match at all. In a similar approach, there were seven
miss matches out of 315 nucleotides, resulting four

Fig. 9. PCR amplification of fulHength agi/ and gtfD genes. PCR changes in amino acid sequences for gtfD sequence
parameters were modified to obtain the ful-length genes and the

. ey , alignment when this sequence was compared with the
above is a representative picture from many trials.

corresponding sequence (GenBank # NC_004350) of S.
mutans UA159 of which the nucleotide sequence was re-
cently determined(Fig. 11, 12).
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AgI/TI_2.5
GS5_AgI/IT

AgI/IX 2.5
GS5_AQI/IL

AgI/II 2.5
GSS_AgE/IT

AgI/II_2_5
GSS_AgI/II

AgI/ITZ_2_5
GS5_AgI/IT

Fig. 10. Sequence alignment between cloned agi/l segment and the corresponding
region in reported agl/il gene. The sequence of the cloned agl/ll gene was compared to
that of known agl/ll gene (GenBank # D78181).

GSS_gtfp
UAL59_gt £D

GSS5_gt£D
UA1E9_gtfD

GS5_gt£D
UA1S9_gtf£D

GSS_gtfD
UALSS gtfD

GCAARCAGAA

B

GS5_gt£D
UAL53_gtfD

GS5_gt£D s 2R R
UALS9 gtID [ GRINTTAACINRAG

Fig. 11. Sequence alignment between cloned gifD segment and the corresponding
region in reported gifD gene. The sequence-of the cloned gifD gene was compared to
that of known gtfD gene (GenBank # NC_004350).

5. Expression of Ag1/1 and GTFd in E. coli system

Once the genes for Ag /1 and GTFd were cloned and
sequenced, these genes were transferred into an expres-
sion vector, pQE for their protein productions.
Currently, the conditions to maximize the yield of target
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proteins were being tested. The purified protein will be
used to make antibodies for the future experiment of
vaccine development. Hopefully, segmented fragments
will be also useful to determine an efficient epitope for
the induction of protective immunity against dental
caries.
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Fig. 12. Comparison of peptide sequence deduced from cloned genes encoding
GTFd. Amino acid sequence deduced from cloned gifD of S. mutans GS-5 was
compared with that of S. mutans UA158.

V. DISCUSSION

In early competition between bacterial pathogens and
host defense system, one of key steps for bacterial infec-
tion is the formation of a biofilm®. Once a bacterial
biofilm was established, the bacterial growth in sessile
mode has several advantages over the planktonic
growth. In this mode of growth, bacteria will be better
protected from the host defense system such as shear
force generated by fluid flow, antibiotics, antibodies,
phagocytosis, and changes in pH. Another benefit for the
growth in a biofilm is that it offers a favorable environ-
ment for bacterial growths in the sense of nutrientrich,
relatively stable conditions.

Two genes have been well studied about adhesion and
colonization of S. mutans in the development of dental
plaque*’’. The bacterial fibrillar protein, Agl/1l, and
glucosyltransferase, GTF, play key roles in the formation
of a biofilm. Once the favorable niche was achieved, bac-
teria grow faster and generate lots of acids leading to
demineralization of tooth enamel called as dental caries.
In this view, prevention of biofilm process will be a rea-
sonable target for vaccine development against dental
caries. As an effort of this approach, genes for Ag/1
and GTFd were cloned in order to set the basis for anti-
gen preparation in the future.

The genes for Ag /1 and GTFd were cloned as frag-
mented form rather than full-length. Fragmentation
could be useful for vaccine development against dental
caries, because saliva- and glucan-binding domains are

365

in charge of bacterial adhesion and colonization and
these domains are located at N-terminal or C-terminal
half of each gene. By using smaller fragments, the spe-
cific antibodies against target epitope can be better in-
duced by avoiding unnecessary competition through epi-
tope dominance. Another advantage of using small frag-
ment of Ag1/1 is that the epitope adjacent to praline-
rich region, mimicking human IgG can be discarded.

Because the overall sequence of agl/I gene was
cloned in two fragments, it will offer a good opportunity
to compare the controversial mismatch among research
groups about the truncation of ag//I gene through
nonsense mutation in the coding region®*. For some
reason, it is possible that the early report about this
mutation may be caused by bacterial adaptation for so-
lution culture which may enforce some laboratorial
strain of S. mutans GS-5 to truncate its agl/I gene.
This unintentionally-mutated strain will obtain the ad-
vantage of rapid growth in shaker culture but the strain
in this study showed slow growth, implying that this
strain might have the original activity of Agl1/I which
is important for vaccine development.

To my knowledge, this study is the first report about
the cloning of S. mutans GS-5 gtfD. This will set the ba~
sis for the basic study about the role of this protein in
the pathogenesis of S. mutans GS-5. Comparing with
the sequence of gtfD from S. mutans UA159, the corre-
sponding nucleotide sequence of this strain showed some
mismatches and the mismatches introduced changes in
four residues out of 105 amino acids. One caused
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changes from aspartic acid to glutamic acid allowing the
same net charge of side chain. The other three included
serine to alanine, threonine to alanine, and glycine to
alanine. At this moment it is not clear what this differ-
ence can cause in terms of the protein function.

In conclusion, ag[/I and gtfD genes from S. mutans
GS-5 were cloned and sequenced. Sequence analyses
showed the nucleotides sequence of cloned genes had
high homology to the sequences previously reported.
Currently, the expression of cloned genes is being tested.
In consideration of the importance of these proteins in
the pathogenesis of S. mutans GS-5, vaccine develop-
ment against these proteins will be promising and also
vaccination through oral administration will be reason-
able approach to stimulate mucosal immunity of the
host.

REFERENCES

1. Carlsson J @ A numerical taxonomic study of human
oral streptococci. Odontol Revy, 19:137-160, 1968.

2. Edwardson S @ Characteristics of caries-inducing
human streptococci resembling Streptococcus
mutans. Arch Oral Biol ,13:637-646, 1968.

3. Fitzgerald RJ, Keyes PH : Demonstration of the eti-

ologic role of streptococci in experimental caries in

hamsters. J Am Dent Assoc, 61:9-19, 1961.

Krasse B : Human streptococci and experimental

caries in hamsters. Arch Oral Biol, 11:429-436,

1966.

5. Loesche WJ, Rowan J, Straffon LH, et al. :
Association of Streptococcus mutans with human
dental decay. Infect Immun, 11:1252~1260, 1975.

6. Zinner DD, Aran PP, Jablon JM, et al.
Experimental caries induced by human streptococci.
J Dent, Res, 43:859-860, 1964.

7. Batoni G, Marchetti F, Ota F, et al. : First charac-
terization in Italy of clinical isolates of mutans strep-
tococei by using specific monoclonal antibodies. Eur
J Epidemiol, 9:483-488, 1993.

8. Loesche WJ : Role of Streptococcus mutans in
human dental decay. Microbiol Rev, 50:353-380,
1986.

9. Clarke JK : On the bacterial factor in the aetiology

of dental caries. Br J Exp Pathol, 5:141- 147, 1924.

Ajidic D, mcshan WM, McLaughlin RE, et al. :

Genome sequence of Streptococcus mutans UA159, a

10.

366

11.

12,

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

cariogenic dental pathogen. Proc Natl Acad Sci U S
A, 99:14434-14439, 2002.

Kuramitsu HK : Virulence factors of mutans strep-
tococci: role of molecular genetics. Crit Rev Oral Biol
Med, 4:159-176, 1993.

Russell MW , Lehner T : Characterization of anti-
gens extracted from cells and culture fluids of
Streptococcus mutans serotype ¢. Arch Oral Biol,
23:7-15, 1978.
Russell RRB :
Streptococcus mutans. J Gen Microbiol, 114:109-
115, 1979,

Forester H, Hunter N, Knox KW, et al.
Characteristics of a high molecular weight extracel-
lular protein of Streptococcus mutans. J Gen
Microbiol, 129:2779-2788, 1983.

Okahashi N, Sasakawa C, Yoshikawa M, et al. :
Cloning of a surface ‘protein antigen gene from

Wall-associated antigens of

serotype ¢ Streptococcus mutans. Mol Microbiol, 3:
221-228, 1989. : .o

Kelly C, Evans P, Bergmeier L, et al. : Sequence
analysis of the cloned streptococcal cell surface anti-

.gen [/ . FEBS Lett , 258:127-132, 1989.

Honda O, Kato C, Kuramitsu HK, et al. :
Nucleotide sequence of the Streptococcus mutans
gtfD gene encoding the glucosyltransferase-S
enzyme. J Gen Microbiol, 136:2099-2105, 1990.
Shiroza T, Ueda S, Kuramitsu HK, et al. : Sequence
analysis of the gtfB gene from Streptococcus mutans.
J Bacteriol, 169:4263-4270, 1987.

Ueda S, Shiroza T, Kuramitsu HK, et al. @ Sequence
analysis of the gtfC gene from Streptococcus mutans
GS-5. Gene, 69:101-109, 1988.

Jefferson KK @ What drives bacteria to produce a
biofilm? FEMS Microbiol Lett, 236:163-173, 2004.
Bowen WH : A vaccine against dental caries. A pilot
experiment in monkeys (Macaca irus). Br Dent J,
126:159-160, 1969.

Lehner T, Challacombe SJ, Caldwell J, et al. :
Immunological and bacteriological basis for vaccina-
tion against dental caries in rhesus monkeys.
Nature, 254:517-520, 1975.

McGhee JR, Michalek SM, Webb J, et al. : Effective
immunity to dental caries: protection of gnotobiotic
rats by local immunization with Streptococcus
mutans. J Immunol, 114:300-305, 1975.

Michalek SM, McGhee JR, Mestecky J, et al. :



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Ingestion of Streptococcus mutans induces secretory
immunoglobulin A and caries immunity. Science,
192:1238-240, 1976.

Taubman MA , Smith DJ : Effects of local immu-
nization with Streptococcus mutans on induction of
salivary immunoglobulin A antibody and experimen-
tal dental caries in rats. Infect Immun, 9:1079-
1091, 1974.

Kelly C, Evans P, Ma JK-C, et al. : Sequencing and
characterization of the 185 KDa cell surface antigen
of Streptococcus mutans. Arch Oral Biol, 35:33S8-
38S, 1990.

Okahashi N, Sasakawa C, Yoshikawa M, et al. :
Molecular characterization of a surface protein anti-
gen gene from serotype ¢ Streptococcus mutans,
implicated in dental caries. Mol Microbiol, 3:673-
678, 1989.

Crowley PJ, Brady LJ, Piacentini DA, et al. :
Identification of a salivary agglutinin-binding
domain within cell surface adhesin P1 of Strep-
tococcus mutans. Infect Immun, 61:1547-1552,
1993.

Hajishengallis G, Koga T, Russell MW, et al. :
Affinity and specificity of the interactions between
Streptococcus mutans antigen [/ and salivary
components. J Dent Res, 73:1493-1502, 1994.
Moisset A, Schatz N, Lepoivre Y, et al.
Conservation of salivary glycoprotein-interacting and
human immunoglobulin G-cross-reactive domains of
antigen [/ in oral streptococci. Infect Immun, 62:
184-193, 1994.

Munro GH, Evans P, Todryk S, et al. : A protein
fragment of streptococcal cell surface antigen [/1
which prevents adhesion of Streptococcus mutans.
Infect Immun, 61:4590-4598, 1993.

Peros WJ & Gibbons RJ @ Evidence suggesting mul-
tiple binding sites in experimental pellicles for
Streptococcus mutans JBP. J Dent Res, 65:1332-
1334, 1986.

Russell RRB Glucan-binding proteins of
Streptococcus mutans serotype c¢. J Gen Microbiol ,
112:197-201, 1979.

Schilling KM |, Bowen WH : Glucans synthesized in
situ in experimental salivary pellicle function as spe-
cific binding sites for Streptococcus mutans. Infect
Immun, 60:284-295, 1992.

Ogra PL, Mestecky J, Lamm ME, et al. : Handbook

367

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47,

Chistofx|mHats] x| 32(2) 2005

of mucosal immunology. CA: Academic Press, San
Diego, 127-137, 1994.

Brandtzaeg P, Fjellanger I, Gjeruldsen S, et al. :
Human secretory immunoglobulins. 1. Salivary
secretions from individuals with normal or low levels
of serum immunoglobulins. Scand J Haematol
(Suppl), 12:3-83, 1970.

Kerr MA : The structure and function of human IgA.
Biochem J, 271:285-296, 1990.

Lindh E : Increased resistance of immunoglobulin A
dimers to proteolytic degradation after binding of
secretory component. J Immunol, 114:284-286,
1975.

Bergmann KC, Waldman RH, Tischner H, et al. :
Antibody in tears, saliva, and nasal secretions fol-
lowing oral immunization of humans with inactivat-
ed influenza virus vaccine. Int Arch Allergy Appl
Immunol, 80:107-109, 1986.

Czerkinsky C, Prince SJ, Michalek SM, et al. : IgA
antibody-producing cells in peripheral blood after
antigen ingestion: evidence for a common mucosal
immune system in humans. Proc Natl Acad Sci U S
A, 84:2449-2453, 19817.

Czerkinsky C, Svennerholm A-M, Quiding M, et al.
. Antibody-producing cells in peripheral blood and
salivary glands after oral cholera vaccination of
humans, Infect Immun, 59:996-1001, 1991.
Mestecky J, McGhee JR, Arnold RR, et al. :
Selective induction of an immune response in human
external secretions by ingestion of bacterial antigen.
J Clin Invest, 61:731-737, 1978.

Ogra PL, Losonsky GA, Fishaut M, et al. :
Colostrum-derived immunity and maternal-neonatal
interactions. Ann N Y Acad Sci, 409:82-93, 1983.

. Quiding M, Nordstrém I, Kilander A, et al. :

Intestinal immune responses in humans. Oral
cholera vaccination induces strong intestinal anti-
body responses, gamma-interferon production and
evokes local immunological memory. J Clin Invest,
88:143-148, 1991.

Suzuki K, Tagami J, Hanada, et al. : N. Role of
F1F0-ATPase in the growth of Streptococcus
mutans GS5. J Appl Microbiol, 88:555-562, 2000,
Corpet F : Multiple sequence alignment with hierar-
chical clustering. Nucl Acids Res, 16:10881-10890,
1988.

Gouet P, Robert X, Courcelle E, et al. : ESP-



J Korean Acad Pediatr Dent 32(2) 2005

48.

ript/ENDscript: extracting and rendering sequence
and 3D information from atomic structures of pro-
teins. Nucl Acids Res, 31:3320-3323, 2003.

Murakami Y, Nakano Y, Yamashita Y, et al. :

Identification of a frameshift mutation resulting in _

premature termination and loss of cell wall anchor-

368

49.

ing of the Pac antigen of Streptococcus mutans GS-
5. Infect Immun, 65:794-797, 1997.

Sato Y, Okamto K, Kizaki H, et al. : gbpC and pac
gene mutations detected in Streptococcus mutans
strain GS-5. Oral Microbiol Immunol, 17:263-266,
2002.



cisk4-okx| nbets| Xy 32(2) 2005

Abstract

IDENTIFICATION OF THE AG [ /1 AND GTFD GENES FROM
STREPTOCOCCUS MUTANS GS-5

Jin-Woo Jeong, Jae-Gon Kim, Byeong-Ju Baik, Yeon-Mi Yang, Jeong-Ah Seo

Department of Pediatric Dentistry and Institute of Oral Bioscience,
School of Dentistry, Chonbuk National University

Streptococci are Gram-positive, facultative anaerobes and have no catalase activities. Among mutans strepto-
cocci containing a-type hemolytic activity, S. mutans is a causative agent for dental caries. As well as acid pro-
duction yielding the demineralization of tooth enamel, adherence and colonization of S. mutans to the teeth are
also important for its virulence. These early colonization are accomplished by the bacterial fibrillar protein,
Antigen 1/1(Agl/1). and glucosyltransferase (GTF). Therefore, Ag1/1 and GTF are reasonable targets for
the development of vaccine against S. mutans GS-5. The ag[ /I and gtfD genes from S. mutans GS-5 were
cloned and sequenced. Sequence analyses showed the nucleotides sequence of cloned genes had high homology to
the sequences previously reported. The sequence alignment of 280 nucleotides between the cloned Ag /1 and
the available sequence of the corresponding S. mutans GS-5 showed the perfect match. Comparing with the se-
quence of gtfD from S. mutans UA159, the corresponding nucleotide sequence of S. mutans GS-5 showed some

mismatches and the mismatches introduced changes in four residues out of 105 amino acids, yielding four mis-
sense mutations.

Key words : Streptococcus mutans, Antigen /1, Glucosyltransferase
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