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Cloning and expression of Streptococcus mutans
GS-b glucosyltransferase

Su-Kyeong Kim, Jae-Gon Kim, Byeong-Ju Baik, Yeon-Mi Yang,
Kyung-Yeol Lee, Jeong-Yeol Park

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

Dental caries is an infectious disease caused by mutans streptococci, and is a primary etiologic agent
of dental caries in humans. The molecular pathogenesis of mutans streptococcal-associated dental caries
occurs in three phases. Firstly, S. mutans attaches to tooth surface via a cell surface adhesion termed
antigen I/II. In the second phase, the glucosyltransferase(GTFs) synthesize polymers like glucans in the
presence of sucrose. In the third phase, the multivalent glucans interacts with glucan binding proteins
(GBPs) and they make dental plaque and accumulation of microorganisms.

Many studies and clinical trials have indicated that a mucosal immune response to these antigens(Ag
I/1I, GTFs, GBPs) of S. mutans can influence the pathogenesis of dental caries. So these antigens can be
important vaccine candidates for immunologic intervention against dental caries.

In this study, we cloned the genes for GTFb, GTFc¢, GTFd from S. mutans GS-5 and did the nucleotide
sequence analysis. And the recombinant proteins of GTFd and N-terminus of GTFd were expressed.
Intact GTF which we get from this experiment can be used for antibody production specific for any GTF

activity domain through animal experiment.
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[. INTRODUCTION

Among oral bacteria, mutans streptococci have
been known as causative agents of dental caries.
Based on DNA homology, mutans streptococci are di-
vided into several species-S. mutans, S. rattus, S.
sobrinus etc. And these species can be subdivided in-
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to eight serotypes by their surface glycoproteins. S.
sobrinus and S. mutans are most often isolated from
humans and associated with the dental caries"™.

The molecular pathogenesis of mutans streptococci
appears to involve several phases, each of which may
offer targets for immunological intervention™”. The
first phase involves the initial attachment of the mu-
tans streptococci to the glycoprotein or the dental
pellicle. This is mediated by an adhesion from mu-
tans streptococci that is known as antigen I/II (also
known as P1 and Pac)®. The second phase, which is
also called as accumulation phase, depends on the
presence of sucrose, as well as glucosyltransferas-
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es(GTFs) and glucan-binding proteins(GBPs) from
mutans streptococci. After cleaving sucrose into its
component saccaharides(glucose and fructose), mu-
tans streptococci GTFs synthesize glucans. In the
third phase, the multivalent glucans that have been
produced interact with GBPs and with the glucan-
binding domain of GTFs. The aggregation and the
multiplication of the bacteria result in the accumula-
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tion of biofilms**™¥. Like this, cell association and
accumulation through glucan binding is critical for
the cariogenic plaque formation and therefore
prevention of this process by sIgA antibody will be
one of ideal approaches to interfere dental caries
prOCGSSl4‘18‘22).

Antibody could block the receptors necessary for
colonization(e.g. adhesins) or accumulation(e.g., glu-
can-binding domains of GBPs and GTF), or inacti-
vate GTF enzymes responsible for glucan formation™”
' The activity of GTF is mediated through both cat-
alytic and glucan-binding functions. The catalytic ac-
tivity of GTF appears to be associated with several
residues in the N-terminal one-third of the molecule.
The C-terminal region of GTF molecule contains a
pattern of repeating sequences which have been

identified in all GTFs from mutans streptococci (Fig.
17,
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Fig. 1. Schematic representation of glucosyltra-
nsferase as a major candidate caries immunogen. The
catalytic or sucrose-binding and splitting region is
located at the N-terminal one-third of glucosyltra-
nsferase, while the glucan-binding region at the C-
terminal one-third of the molecule.
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Previously, induction of sIgA antibody in humans
by oral or topical GTF administration resulted in the
reduction of indigenous mutans streptococci”. Passive
administration of antibody to GTF in the diet also
can protect rats from experimental dental caries”.
Thus, the presence of antibody to glucosyltransferase
in the oral cavity prior to infection can significantly
influence the disease outcome, presumably by inter-
ference with one or more of the functional activities
of the enzyme.

The ultimate aim of this experiments is to develop
anticaries vaccine by recombinant GTF protein pro-
duction. And in this point of view, it is different from
other studies, which used GTF protein directly puri-
fied from bacteria. For the first step, I cloned 3 main
GTFs from S. mutans GS-5 and subcloned the full
length GTFd and amino-terminal half fragment of
GTFd protein. And until now, the expression of
GTFd is in progress. Continuously, GTFb and GTFc
will be expressed for antibody production or inactiva-
tion of their catalytic or glucan-binding functions.

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 16h

at 37
overnight culture was transferred into 5

in an anaerobic chamber and 200 ¢l of
of a fresh
medium, leaving for further incubation.

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

The genomic DNA from S. mutans GS-5 was pre-
pared as described previously™”. Briefly, 5 ml of S.
mutans GS-5 was collected and resuspended in 4 ml
of TE buffer containing 1 ml of 25% glucose. After 30



min incubation at 37%C, 1 mg 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 0.5 mg of proteinase K. The
cleared lysates were treated with SDS for 12 h at 4C
and then genomic DNA was precipitated by ethanol.
Finally, the genomic DNA was resuspended in 1 ml
of TE buffer.

4. PCR amplification of GTFb, GTFc or GTFd
genes

The genomic DNA was used as templates for am-
plifying GTFb, GTFc or GTFd genes in 50 4 of PCR
reaction containing Taq polymerase, dNTP, and
oligonucleotides. The primers specific for GTFbD,
GTFc or GTFd genes were designed and synthesized
as described in Table 1. GTFd genomic DNA was
fragmented into smaller pieces by digestion with
BamHI and Smal enzymes. And GTFb or GTFc ge-
nomic DNA were digested with Bglll and Kpnl re-
striction enzymes. The genomic DNA was denatured
by 5 min incubation at 95C and then target genes
were amplified for 30 cycles of PCR reaction (1 min
95¢C, 1 min 55C, 1 min 72C).The PCR product was
then treated for 5 min at 727C.

5. Cloning of GTFb, GTFc or GTFd genes

About 2 4 of PCR products were ligated into T vec-
tor following manufacture’ s protocol 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.
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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 se-
quencing was performed by BMRC (Daejeon, Korea).

6. Sequence analysis of GTF genes from S.mu-
tans GS-5

The DNA sequence of cloned genes was analyzed
by comparing with the previously known sequences.
For GTF sequence analysis, the known sequence
from S. mutans GS-5 (GenBank # D78181) was used
as standard. The programs, Multalin'¥ and ESP-
ript"”, were used to generate sequence alignment be-
tween two genes.

7. Expression of recombinant GTFd protein in
bacterial expression system

In order to express cloned genes in E. coli system,
gene fragments of GTFd and GTFd N-terminal were
subcloned to pQE expression vector. BamHI and Sall
were used to transfer N terminus of GTFd
gene(GTFdmr), BamHI and Smal for full length
GTFd. The ligation mixtures were transformed in
Topl0 and M15 bacterial strains. Transformed M15
bacterial colonies were inoculated and grown
overnight at 37C in Luria Broth containing 100
#/ml of ampicillin and 25 #g/M of kanamycin. The
cells will be further grown in the presence of IPTG to
induce expression of the fusion protein.

Table 1. List of oligonucleotides used to amplify gtfB and gtfC or gtfD genes. The small case shows the extra
nucleotides to help gene cloning. The underlined sequences are the locations of restriction enzyme sites

Sequence

gtfB5
gtfB3
gtfChH
gtfC3
gtfD5
gtfD 3
gtfD M5
gtfD M3

ggaAGATCTAATGAATCGAAATCCCAA
cggGGTACCTTAGTTAATCCGAACTCG
ggaAGATCTACTGACGACCGTCAACAG
cggGGTACCTCACATAACGATTACCAG
gatcGGATCCGAAACAGAACAGCAGACCTCAG
tccCCCGGGTTAATAATATCTAGCGATACCCCAACG
GATAAAAGTCATATGGATTGGGAT
ATCCCAATCCATATGACTTTTATC




J Korean Acad Pediatr Dent 35(1) 2008

. RESULTS
1. PCR product of GTFb, GTFc or GTFd gene

The genomic DNA from S. mutans GS-5 was isolat—
ed and used as templates for GTF gene amplification.
The primers specific for GTFb, -c, -d genes were sep-
arately designed based on the published sequences.
PCR was performed yielding 4.3 kb GTFDb, and 4 kb
GTFc (Fig. 2). In a similar way, 4.6 kb full length
GTFd and N-terminal or C-terminal half size of
GTFd genes were also amplified (Fig. 3).
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Fig. 2. PCR amplification of S. mutans GS-5 genes
encoding GTFb and GTFc genes. The genes for
GTFb and GTFc were amplified by PCR using the
genomic DNA linearized by restriction enzyme
digestion. M indicates size marker.
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Fig. 4. Screening of plasmids cloned with PCR-
amplified GTFb genes. The genes encoding GTFb
were cloned into T vector and bacterial
transformants were screened to figure out the
presence of insert DNA. Arrows indicates the
positions of plasmids with insert DNA.

76

2. Cloning of into T-vector of GTFb, GTFc or
GTFd gene

PCR products were ligated into T vector, yielding T
vector cloned with GTF genes. 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. In the agarose
gel, the fourth lane band is higher than the others
because it includes insert gtfB DNA (Fig. 4). There
are several bands including expected size of gtfC in-
serts(Fig. 5). Similarly, the second lane band of the
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Fig. 3. PCR amplification of S. mutans GS-5 genes
encoding GTFd genes. In addition to full-length
genes (GTFd), truncated genes encoding 5 or 3
segments were also amplified.
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Fig. 5. Screening of plasmids cloned with PCR-
amplified GTFc genes. The genes encoding GTFc
were cloned into T vector and bacterial
transformants were screened to figure out the
presence of insert DNA. Arrows indicates the
positions of plasmids with insert DNA.



gtfD agarose gel shows 7.6 kb band size correspond-
ing total size of T-vector and GTFd gene(Fig. 6).
GTFd N-terminus as well as GTFd full length was
ligated into T-vector because sometimes cloning and
expression of smaller fragment are helpful for easy
protein expression or development of specific antigen
epitope (Fig. 7).
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Fig. 6. Screening of plasmids cloned with PCR-
amplified GTFd genes. The genes encoding GTFd
were cloned into T vector and bacterial
transformants were screened to figure out the
presence of insert DNA. Arrows indicates the
positions of plasmids with insert DNA.
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3. Sequence analysis of cloned genes

After checking the presence of any inserts in the
ligated plasmids, we confirmed the integrity of cloned
GTFb, GTFc, GTFd or GTFd N-terminal sequences
by nucleotide sequencing. For GTFd analysis, the
corresponding sequence from S. mutans GS-5 was
compared with that of the previously-cloned gene.
The representative sequence alignment was shown in
Fig. 8. There was no miss match at all.

Fig. 7. Screening of plasmids cloned with PCR-
amplified GTFd-N terminus genes. The genes
encoding GTFd-N terminus were cloned into T
vector and bacterial transformants were screened to
figure out the presence of insert DNA. Arrows
indicates the positions of plasmids with insert DNA.
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Fig. 8. Sequence alignment between cloned GTFd and the corresponding
region in reported GTFd genes. The sequence of the cloned GTFd genes
was compared to that of known GTFd genes.
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Fig. 9. Screening of plasmids of GTFd cloned in
pQE-30 vector. The pQE- GTFd plasmids were
transformed in M15 bacterial strains, and their
transformants were screened for the presence of
recombinant expression vector.
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Fig. 11. Protein expression pattern with crude cell
lysates of GTFd and GTFd-N terminus. The first and
second lanes are the crude cell lysates of GTFd.
The third and fourth lanes are the crude cell lysates
of GTFd-N terminus. M indicates marker and there
are some changes of band patterns between before
and after of induction.

4. Subcloning GTFd or GTFd N fragment into
expression vector

GTFd full length and N terminus were subcloned
into pQE-30 expression vector according to the pro-
cedure suggested by the manufacturer(Qiagen). And
the pQE-GTFd and pQE-GTFd/N transformed into
competent M15 host cells. GTFd and GTFd/N plas-
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Fig. 10. Screening of plasmids of GTFd-N terminus
cloned in pQE-30 vector. The pQE-GTFd-N
terminus plasmids were transformed in M15
bacterial strains, and their transformants were
screened for the presence of recombinant
expression vector.

mids were isolated and purified for the induction of
recombinant protein. Plasmids with expected GTFd
and GTFd/N genes were prepared from antibiotics—
resistant colonies and separated in agarose gel (Fig.
9, 10). One colony containing pQE-GTFd plasmid
and two colonies containing pQE-GTFd-N terminus
were obtained.

5. GTFd, GTFd-N terminus expression

Before the purification using Ni-NTA resin, we
compared that there are some changes of protein ex-
pression between before the induction and after the
induction. For induction, 1ml of M 15 host cell in-
cluding pQE-GTFd or pQE-GTFd-N terminus were
harvested. And 30 4 of 1X SDS sample buffer was
added to each sample. After that, all samples were
heated at 100 with 30 4 of 1X SDS sample buffer
and microcentrifuged. 5 #1 of each sample were gel
loaded.

GTFd/N shows the increased band at above 50
kDa and below 37 kDa. GTFd shows the increased
band at above and below 50 kDa, and below 37 kDa.
It may imply the expression of GTFd and GTFd/N
proteins because these expression patterns can not
be detected from other protein expressions (Fig. 11).

Currently, the conditions to maximize the yield of
target proteins are being tested. The purified protein



will be used to make antibodies for the future experi-
ment of vaccine development. Hopefully, segmented
fragments will be also useful to determine an effi-
cient epitope for the induction of protective immunity
against dental caries.

V. DISCUSSION

The extracellular polysaccharides synthesized from
sucrose via the glucosyltransferases(GTFs) of S. mu-
tans have been recognized to be important virulence
factors for the induction of human dental caries
(Loesche,1986)".
and a-(1-6)-linked glucan polymers through the

S. mutans synthesizes a-(1-3)

concerted action of three secreted GTFs that are en-
coded by the genes GTFb, GTFc¢ and GTFd"™".

The tandemly arranged GTFb and GTFc genes en-
code the enzymes(GTF-I and GTF-SI, respectively)
responsible for the synthesis of water-insoluble, a-(1
- 3)-rich glucan. GTFd encodes GTF-S, which is re-
sponsible for the synthesis of @-(1-6)-linked, water-
soluble glucan®®. The principal roles of the extracel-
lular glucans of S. mutans are to facilitate the adhe-
sion of the organism and its accumulation on teeth,
and to establish an extracellular polysaccharide ma-
trix for the organism that may provide it with in-
creased protection against mechanical host-clearance
forces and which may afford it some protection
against host immune defences®?’. Like this, GTF
takes a key role in the formation of a biofilm and
bacterial colonization so it can be a target for the
caries vaccine development®?®®.

There are many routes for caries vaccine delivery
such as gut-associated lymphoid tissue(GALT),
nasal-associated lymphoid tissue(NALT), tonsils, mi-
nor salivary gland, rectal etc. All routes have some
advantages or disadvantages. For example, oral
route includes the detrimental effects of stomach
acidity on antigen, or relatively distant inductive
sites. Therefore, the recent mucosal administration of
antigen delivery often includes adjuvants which can
potentiate the immune response® ™.

In 2003, Vincent et al.* made S. mutans mutants,
which absent of a 155-kda glucosyltransferase S(Gtf-
S) by knocking-out special regulator. And they con-
firmed these mutants are defective in sucrose-depen-
dent adherence and significantly less cariogenic. So
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they concluded that regulator can also control S. mu-
tans-induced cariogenesis.

Several lines of studies indicate that the presence
of specific antibody might modify the course of infec-
tion and disease with cariogenic mutans streptococci.
For example, antibody specific GTF, when incubated
in vitro with sucrose and growing cultures of mutans
streptococci, markedly reduced the amount of plaque
formed on hard surface”.

Like this, antibody specific for any GTF activity
domain can inactivate GTFs and interfere with syn-
thesis of glucans, inhibiting accumulation of mutans
streptococci. So we focused on production of recombi-
nant GTF protein and the following antibody produc-
tion in order to develop anticaries vaccine in the fu-
ture. As a first step, we cloned three types of GTF's
from S. mutans GS-5, and then subcloned GTFd and
its N-terminal into pQE expression vector. At the
current moment, the expression of GTFd and GTFd
N-terminal is confirmed. In the crude cell lysate ex-
tracts of GTFd and GTFd N-terminal(Fig. 11), there
were many fragmentations although its significance
is not clear at this moment. But some efforts will be
put to improve the expression conditions. And it is
also needed that some changes such as host strains,
vectors, growth conditions etc to increase the protein
expression level.

Also, there may exist some difference and close in-
teraction among all three types of GTFs. For exam-
ple, glucan binding protein C plays an important role
in sucrose-dependent adhesion by binding to the sol-
uble glucan synthesized by GTFd especially'”. So it
is necessary to continue the study about the purifica-
tion each active domain of GTFb, GTFc¢, GTFd and
their interactions. Furthermore, the effective anti-
body delivery system to human is another problem
have to be solved in the future.
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| o}$-21 & 72 mutans streptococciol 28 ok71E e A A F el streptococcus mutans
7F Y}k, S. mutans7b Aob-AE fEele B4 AESA V)Hde 2 7 dAE 23T WA S, mutanse
Agl/I9F 2o A T AfA il d S vi7f 2 X o] gl vlobe] dxp o7 Rt THA ‘;}74] A A A
o] 2735t glucosyltransferase(GTF)E glucan® 22 = =3
< glucan binding proteins} & z-&ate] XHA TS A Al +33HE 7Hsst .

22 Ay AN S, mutanse] F£ G (Ag I/11, GTFs, GBPs)E°] X|o}5-2 Wel7|do] Ja-& Fria
dHAA G, WA ofF FghEo] WA d 2-8-ste] X oh--2E Hhe Wil oz o] &7 s

B 238 streptococcus mutans GS-5EF-E, GTFb, GTFc, GTFd #+AAE B4
B, o]F GTFA7F WA Az3 dild AAkS 913 2d wElo] F2YEen, o225 1 ‘?l““
o} ol Ao A& &4 GTF F¢e 5248 S 58 5% GTF 439 dg
olth.

F0{ : AY T, Glucosyltransferase, Glucan
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