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Abstract

We previously identifiedthe glucan-binding protein Cgene,
gbpC, solely involved in dextran-dependent aggregation (ddag) of
Streptococcus nmutans. Recently, we identified two gbpC gene
honol ogues, gbpC and dbl, in Streptococcus sobrinus and suggest ed
that the dbl gene was very likely responsible for ddag of this
speci es. However, honol ogy searches with the gbpC or dbl genes
agai nst t hei nconpl ete TI GRS. sobri nus ATCC6715 dat abase suggest ed
that this strain may have ot her gbpC honol ogues. PCR-based
chronmosomal wal ki ng fromthe gbpC and dbl genes reveal ed two
addi ti onal honol ogous genes desi gnat ed as gbpC2 and dbl B. Proteins
encoded by these genes exhibited al pha-1, 6 gl ucan-bi ndi ng
activities. Therefore, gbpC2 and dbl B are al so | ogi cal candi dat es

responsi bl e for the ddag phenotype.
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| nt roducti on
Strept ococcus nutans and Streptococcus sobrinus are
regarded as t he t wo maj or principal etiol ogi c agents of human dent al

caries V.

Several putative virulence factors involved in dental
caries, e.g. surface protein antigens or glucosyltransfereses
(GTFs), are commonly found in both organi sns. However, one clear
di fference i n phenotype between these two organi sns has been
wel | - known since the 1980's and is that S. sobrinus exhibits nore
active dextran (a-1,6 glucan)-dependent aggregation (ddag) than

2)

S. mutans Therefore, we have used this phenotype as a sinple

convenient nmethod to distinguish S. sobrinus fromS. mutans as
suggested previously ®. We initially identified the gbpC gene ¥
invol ved in ddag of S. nutans. In addition, we recently identified
two gbpC gene honol ogues inclinically isolated S. sobrinus strain
100- 4 and suggested that the second honol ogue gene is very |ikely
i nvol ved i n ddag of this organism®. Ma et al. proposed to define
gl ucan- bi ndi ng prot ei ns as gl ucan-bi ndingl ecti ns (Gbl s) si ncethey
woul d confer the property of the aggregation on bacteria in the
presence of exogenously added dextran®. Sinilar tothis suggestion,
and i norder toavoi d confusi on bet ween t he t wo gbpC gene honol ogues
wi thin a species, we have proposed the designation Dbls
(Dextran-binding lectins) as referring to a wall-anchored protein
famly characterized by dextran-binding activity and have
designated this second honol ogue as the dbl gene as descri bed

previously ®. Both gl ucan-bi ndi ng protein C honol ogues (GpC and

Dbl) are classified as cell wall-anchored surface proteins in



Gram positive bacteria ” possessing LPXTGnotifs by which sortase
medi atestotether theproteinstocell wall peptidogl ycans. However,
we coul d detect neither GopC nor Dbl proteins in a wall-fraction
prepared fromS. sobrinus type strain ATCC6715 with Western bl ot
anal yses using anti-CGopC or anti-Dbl sera. However, both proteins
were detected in concentrated culture supernatants with the sane
anal yses. Wien honol ogy searches with t he gbpCor dbl genes agai nst
theincomplete TIGR(Thelnstitutefor Genom c Research) S. sobri nus
6715 dat abase were carried out, nmultiple contigs containing parts
of honol ogous sequence regi ons wi t h 70- 80%i dentiti es were det ect ed
in each search.

These results suggested that strain 6715 may have ot her
cel | -associ at ed gbpC honol ogues i nvol ved i n ddag of this strain,
al t hough the search results at TIGR provided no information
concerning chronosomal | ocations of other gbpC honol ogues.
Therefore, we provisionally carried out PCR-based chronosonal
wal ki ng of both upstreamand downstreamregi ons fromthe gbpC and
dbl genes.

Mat eri al s and Met hods

S. sobrinus strain 6715 was maintained and cultured in
Todd-Hewitt (TH) broth. Isolation of chronbsonal DNA was carried
out as previously described ¥. A genonme wal king library was
construct ed based on nucl eoti de sequence i nfornmati on obt ai ned from
t he gbpC and dbl gene regions with the Universal GenomeWal ker Kit
(BD Bi osci ences Clontech, Palo Alto, CA) as described previously

8. Purificationof anplifiedfragnents and sequenci ng anal yses were



carried out as described previously 9.

We used BLAST prograns to search the S. sobrinus 6715 genone
dat abase at TIGR (http://ww.tigr.org) for identical nucleotide
sequences, and prelimnary sequence data obtained fromthe TIGR
website at
http://tigrblast.tigr.org/ufng/index.cgi ?dat abase=s_sobri nus%
Cseq were used to conpare with our determ ned sequences.

CGene fragnents expressing the extracel | ul ar dormai ns of the
S. sobrinus GopC honol ogues wi t hout t he signal sequences predicted
by t he Si gnal Pprogram3. 09 were anplifi ed by PCRand t hen subcl oned
into pBAD/ Hi s vectors (lnvitrogen) as described previously.

Hi s-tagged GopC honol ogue protei ns were overexpressed in E. col
ToplO, purifiedw th N - Sepharose 6 Fast Fl owresin (GE Heal t hcare
Bi osci ences) and used for glucan-bindig assays as descri bed
previously 9.

The nucl eoti de sequence data reported inthis conmunication
wi ||l appear in the DDBJ, EMBL and GenBank nucl eoti de sequence
dat abases under accessi on nunbers AB281278, AB281280, AB294108,

and AB2941009.

Resul ts and Di scussion
The S. sobrinus 6715 gbpC gene encoded an intact 621 am no
aci d protein, which was the same size as that in strain 100-4 .
D fferences between the two honol ogous sequences of strain 6715
and 100-4 were detected only at 6 nucleotide positions (99 7%

identity) and 2 of these are non-synonynous substitutions, which



resulted in amno acid substitutions at L94 to S and L427 to Hin
the strain 6715 sequence.

687 bp downstreamfromthe gbpC term nati on codon, anot her
open reading frame (ORF) quite simlar to the gbpC gene was found
on the sane strand. The entire sequence of this ORF was determ ned
as descri bed above and was designated as the gbpC2 gene encodi ng
a 632 amno acid protein, which was slightly |larger than the GopC
protein. Honol ogy, allowi ng for gaps between the gbpC and gbpC2
gene sequences, was 54. 9% whi chwas slightlylessthanthat between
the gbpC2 and S. nutans gbpC genes (57.2%. In order to avoid
confusi on between the S. nutans and S. sobri nus gbpCgenes, we woul d
like to renanme S. sobrinus gbpC gene to gbpCl.

The dbl gene sequence in strain 6715 was al so determ ned and
encoded an intact 1188-am no acid protein that was 82aa-snall er
than the strain 100-4 honol ogous protein. The dbl gene contains
two direct repeats (DR) conprised of the 168nt and 78nt DR-units
near the 5 and 3 ends, respectively. The nunbers of repeating
units in both repeats (DR-5 and DR-3") in strain 6715 were one
unit-smaller than those in strain 100-4. The DR regi ons and
di fference of the DR nunbers were schenmatically indicated by the
Harr plot analysis (Fig. 1). Both DR-5 and DR-3 regi ons were
separately anplified fromchronosonmal DNA of 8 strains of S
sobrinus isolated in our institutions and the anplicons, together
wi th those fromstrains 6715 and 100-4 as controls, were subj ected
to agarose gel el ectrophoretic analysis to estinmate their sizes.

Only one strain fromthe 8 isolates exhibited the sane sizes of



the DR-5 and DR-3' anplicons as those anplified fromstrain 6715
and the other 7 strains appear to contain the sane repeating
structures as strain 100-4 in both DR'5 and DR 3" regions (data
not shown). The strain 6715-type dbl gene may not bel ong to maj or
gene population in S. sobrinus species.

Simlar to gbpCl and gbpC2 gene arrangenents, another open
reading frame (ORF) simlar to the dbl gene was found to start at
505bp downstreamfromthe dbl gene term nati on codon on the sane
strand. Therefore, we propose that the previ ously reported dbl gene
is renaned dbl A and that the downstream ORF i s designated as the
dbl B gene. The dbl B gene encoded an 1425 am no aci d protein, which
was 337aa | arger than the Dbl A protein. Honol ogy, allow ng gaps
bet ween the dbl A and dbl B gene sequences, was 55.8%

BLAST searches wit h t hese 4 gbpC honol ogue sequences agai nst
the S. sobrinus 6715 genone dat abase at TIGR on the date of June
20, 2007 did not hit any conpletely identical sequences. Detected
honol ogous sequence regi ons on t he dat abase reveal ed still 70-80%
identities in each search.

Pai rwi se conparisons and phyl ogenetic tree construction
using the four S. sobrinus GopC honol ogue proteins with S. mutans
GopC protein are shown in Table 1 and Fig. 2, respectively. These
results indicated that the S. sobrinus GopC2 protein was
evolutionally nore related to S. nutans GopC protein than the S.
sobrinus GopCl protein.

Conpari sons of ot her features of wall-anchored proteins are

summari zed i n Tabl e 2. These features are wel | conserved anong t hese



proteins. Purified reconbinant proteins corresponding to the
extracel | ul ar domai ns of these S. sobrinus GopC honol ogue prot ei ns
wer e subj ected to al pha-1, 6 gl ucan- bi ndi ng assays as descri bed in
Mat eri al s and Met hods. Al'l of the GopC2, Dbl A, and Dbl B r econbi nant
proteins derived fromstrain 6715 exhi bited al pha-1, 6

gl ucan-bi nding activities (Fig. 3), incontrast tothe S. sobrinus
GopC(GopCl) proteindefectiveinsuchactivityasrecentlyreported

5)

We have identified the GopCprotein solely involved in ddag
of S. mutans ¥, although three other proteins designated as GbpA,
GopB, and GbpD 9 exhi biting gl ucan-binding activity are encoded
by the genone of this organism In addition, the genone project
of this organi smreveal ed t he absence of ot her gbpC gene honol ogues
W TheS. sobrinus genome contained at |east four gbpC gene
honol ogues presuned to be duplicated fromtheir antecedent genes
in contrast to S. nutans genone. Epidem ol ogi cal studies have
indicated that S. sobrinusis nore frequently isolated fromhighly

2)

cari es-suscepti bl e pati ents conparedto S. nutans *?. The cari ogeni c

potential in rats of S. sobrinus is also greater than that of S.

mut ans 9.

These results may be related to the genonme structure
of this organism which is highly adapted to sucrose-rich
environnments where multiple glycosidic |inkage types of glucans
are abundantly synthesized by nutans streptococci or other
streptococci. Proteins encoded by duplicated genes have often

expanded a repertoire of functions. S. nutans GfB/ C/ D and S.

gordonii SspA/B '® proteins may be such exanples. The relative



affinities of the three glucan-binding proteins for alpha-1,6
glucan were slightly different. The GohpC2 protein appeared to
exhi bit higher affinity in the | ower glucan concentration range
t han t he ot her two proteins and t he GopC (GopCl) protein exhibited
no al pha-1, 6 glucan-binding activity but bound Sephadex resin as
reported recently ®. Each protein may bind a preferable type of
gl ucans. W could detect nore Dbl (Dbl A) protein fromthe strain
100-4 cell wall but detected neither GopC (GopCl) nor Dbl (Dbl A)
proteinsinawall-fraction prepared fromstrain 6715 with Western
bl ot anal yses using anti-CGpC (GopCl) or anti-Dbl (DblA) sera.
Expression or the repertoire of each protein may be different from
strain to strain. However, nore precise kinetic analyses will be
necessary toclarify this hypot hesis and such works are i n progress
in our |aboratory.

We suggested that the dbl (dblA) gene in S. sobrinus, but
not the gbpC (gbpCl), is a |l ogical candi date responsible for the
ddag phenotype in a recent report ¥. However, GopC2 and Dbl B al so
exhi bited al pha-1,6 glucan-binding activities. Therefore, the
gbpc2 and dbl B genes are al so | ogi cal candi dates contributing to
t he ddag phenotype in strain 6715. To resolve this question, it
woul d be ideal to introduce gene-derected nutagenesis in strains

of S. sobrinus.
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Fig. 1. The Harr plot analysis with the strains 100-4 and 6715 dbl A

genes.

Unit size to conpare was 10 nt and dot plot matching nunber was

8 nt.
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Fi g. 2. Phyl ogeneticrelationshi panongtheS. sobrinus GopCprotein
honol ogue sequences and S. nutans GbpC sequence.

D stances were cal cul ated by the nei ghbor-joining (NJ)
nmet hod usi ng the DDBJ Cl ust al Wprogramand the tree was drawn with

the TreeView program® using the calculated result.

12



2.0 —
a

-O—2ZD67(GbpC2) )
{5 -0 -ZD54(DbiB) O <
‘ -0 -ZD7F(DblA) g - ~
o —% - ZBM1(GbpC1) . o
3 - { 0.2%BSA F*"’
1.0 - pd
Zz
4 /7
¢ 7
r 7/
r /
v 7
a‘j(
0.5 O/ i
7
ﬁe““a
0.0 Fommm— % '

0.01 0.1 1 10
Bio-Dex (ug/ml}

Fig. 3. Biotin-dextran binding by histidine-tagged derivatives of
the S. sobrinus GopCl, GopC2, Dbl A and Dbl B proteins.

GopCl, GopC2, Dbl A, and Dbl B proteins were purified as
describedinthe text. BSAwas used as a control. H gher A490 val ues
represent higher binding activities. Wells of the H sSorb pl ates
wer e coated wi t h approxi mately 9 ug of protein. Eachwel | was react ed
with the indicated concentrations of biotin-dextran, washed, and
det ect ed as descri bed previ ously. Data presented are averages from

t hree i ndependent determ nations for each sanple.
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Tabl e 1. Pairw se conpari sons anong the four S. sobrinus GopC honol ogue
proteins with the S. nmutans GopC protein

(6715) GbpCl (6715) GopC2 (6715) Dbl A (6715) Dbl B SmuGbpC

(6715) GbpCl 100 39.7 35.4 27.1 42. 8
(6715) GhpC2 100 27. 4 26. 4 45.5
(6715) Dbl A 100 47. 3 43. 8
(6715) Dbl B 100 29.9
SmuCGbpC 100

14



Tabl e 2. Conmparison of features for wall-anchored proteins anmong the
four S. sobrinus GopChonol ogue proteinswiththeS. nutans GopCprotein

GopC Anmino acid Putative LPXTG noti f + Char ged
honol ogue residue si gnal C-term nal Tai |
pr ot ei ns nunbers pepti de resi due nunbers

cl eavage

site*
(6715) GbpCl 621 VLA- DE( 28- 29 LPQTG+31laa - KRKED
(6715) GhpC2 632 AFA- DI 28- 29 LPQIG+33aa - RKIVDENND
(6715) Dbl A 1188 VLA- DE( 36- 37) LPQIG+3laa - KKRQED
(6715) Dbl B 1425 VLA- DE( 36- 37) LPQTG+32aa - KKRKED
SmuGopC 583 VFA- DE( 26- 27 LPHTG+30aa - RKKEN

*Predicted by the hidden Markov Mddel at Signal P website
(http://ww. cbs. dtu. dk/ services/ Si gnal P/).
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