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Streptococcus cricetus antigen I/11 (paaA)
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Abstract : Antigen I/II protein is a cell surface protein antigen of Streptococcus mutans and is
implicated in the adhesion mechanism to tooth surfaces. We have identified the antigen I/II
homologous gene (paaA) from Streptococcus cricetus, a member of mutans streptococci. To clarify
the mechanism of paaA expression, we sequenced the flanking regions of the paaA gene utilizing
the gene-walking method in this study. In the upstream region of paaA, three homologous genes
found in the corresponding region of Streptococcus sobrinus were identified. One of the
corresponding genes in S. sobrinus was par, which has been characterized as a transcription
repressor of the antigen I/II (spaA) gene. Therefore, the homologous gene in S. cricetus could have
a role in transcription of paaA. In the downstream region of paaA, the paaA homologous gene was
found and designated as paaB. The paaB gene was interrupted by a novel insertion sequence
element (ISScrl), a member of the IS982 family. Southern hybridization analysis of S. cricetus par
indicated that no gene homologous to S. cricetus par was found in the oral streptococci used in this
study. Furthermore, the downstream region of antigen I/II (spad) in S. sobrinus was sequenced
using the gene-walking method. No similar gene to antigen I/II gene was found in the region. It was
suggested that the paaA might be regulated by the par in S. cricetus.
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Table 1. Bacterial strains used in Southern hybridization analysis

Mutans streptococci (serotype)

Oral streptococci

Streptococcus cricetus E49 (a)
Streptococcus rattus BHT (b)
Streptococcus mutans MT8148 (¢)
Streptococcus mutans MT703R (e)
Streptococcus mutans MT557 (f)
Streptococcus sobrinus SL1 (d)
Streptococcus sobrinus OMZ65 (g)
Streptococcus downei MFe28 (h)

Streptococcus ferus 8S1 (c)

Streptococcus sanguinis ATCC 10556
Streptococcus oralis ATCC 10557
Streptococcus gordonii ATCC 10558
Streptococcus anginosus NCTC 10713
Streptococcus intermedius GAI-1157

Streptococcus constellatus ATCC 27823
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Fig. 1. Restriction map of S. cricetus paaA flanking region. Arrows indicate open reading frames (ORFs).

Closed box represents ISScrl. The bar represents the probe used in the hybridization experiment.
Symbols : E, EcoRI ; S, Stul ; Q ; putative stem-loop structure.
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Fig. 2. (A} Dot matrix comparisons of the
nucleotide sequences of paaA with those
of paaB inserted by ISScri. Closed box
represents ISScrl. Dots are placed at
locations where more than 18 of 30
nucleotides are identical. (B) Phylogenetic
analysis of antigen I/II proteins based on
the whole molecules. Numbers indicate
percent support for specific nodes after
1000 replications of bootstrap analysis.
Bar represents 5% estimated sequence
difference. Abbreviations : Sm-PAc, PAc
of S. mutans MT8148 ; Sm-SpaP, SpaP of
S. mutans NG5 ; Sm-SR, SR of S. mutans
OMZ175 ; Ss, antigen I/II homolog of S.
sobrinus MUCOB263 ; Ss-PAg, PAg of S.
sobrinus MT3791 ; Ss-SpaA, SpaA of S.
sobrinus 6715 ; Sc-PAaA, PAaA of S
cricetus E49 ; Sc-PAaB, PAaB of S. cricetus
E49 ; Sg-SspA, SspA of S. gordonii DLI ;
Sg-SspB, SspB of S. gordonii DL1.
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Fig. 3. (A) Ethidium bromide-stained 0.7% agarose gel. Chromosomal DNA from oral streptococci was
cleaved with EcoRI and separated on a gel. (B) Hybridization with a 0.5-kb Stul fragment of S.
cricetus par at 37°C. Lanes : 1, S. cricetus E49 ; 2, S. rattus BHT ; 3, S. mutans MT8148 ; 4, S. mutans
MT703R ; 5, S. mutans MT557 ; 6, S. sobrinus SL 1 ; 7, S. sobrinus OMZ65 ; 8, S. downei MFe28 ; 9, S.

ferus 8S1 ; 10, S. sanguinis ATCC 10556 ;

11, S. oralis ATCC 10557 ; 12, S. gordonii ATCC 10558 ;

138, S. anginosus NCTC 10713 ; 14, S. intermedius GAI-1157 ; 15, S. constellatus ATCC 27823 ; M,
digoxigenin-labeled DNA molecular weight marker II. Positions of molecular mass markers are

indicated (kb) on the left.
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$S01 1 MKFTELHLAEDILQAVEKAGFVEPSPIQELTIPLALEGKDVIGQAQTGTGKTAAFGLPTL 60
SMU.611 1 MKFTELHLAEDILSAVAKVGFVEPSPIQEL TIPLALEGKDVIGQAQTGTGKTAAFGLPTL 60
SPy1415 1 MKFTEFNLSQDIQSAVVTAGFEKASPIQEMTIPLALEGKDVIGQAQTGTGKTAAFGLPTL 60

P L I I I e
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§501 61 NKIDIDNNVIQALVIAPTRELAVQSQEELFRFGREKGVKVRSWGGSSIOKQIKALRSGA 120

SMU.611 61 NKIDVINNVVQALVIAPTRELAVQSQEELFRFGREKKVKVRSVYGGSSIEKQIKALKSGA 120
SPy1415 61 NKIRTNENLIQALVIAPTRELAVQSQEELFRFGREKGVKVRSVYGGSSIEKQIKALKSGA 120

ok * RRREE KRR

_— ——
5501 121 HIVVGTPGRLLOLIKRKALKLNHIETLILDEADEMLNMGFLEDIEATISHVPDERQTLLF 180
SMU.611 121 HIVVGTPGRLLDLIKRKALKLNHVETLILDEADEMLNMGFLEDIEAIISRVPETRQTLLF 189
SPy1415 121 HIVVGTPGRLLDLI KRKALILDHVETLI LDEADEMLNMGFLEDIEAIISRVPADRQTLLF 188

KR REERAR

$501 181 SATMPDAIKRIGVKFMKEPEHVKIAAKELTSDNVEQFYIRVKEREKFDTMTRLIDVEQPE 240
SMU.611 181 SATMPDAIKRIGVKFMKEPEHVKIAAKELTTDLVDQYYIRVKENEKFDTMTRLMDVEQPE 240
SPy1415 181 SATMPAPIKQIGVKFMKDPEHVQIKNKELTNVNVDQYYVRVKEQEKFDTMTRLMDVNQPE 240

ARRE Kk RRRREER RREE K RREE X K K KKRK KKKREREAN KK KAk

5501 241 LSIVFGRTKRRVDELTRGLKLRGYRAEGIHGDLDQNKRLRVIRDFKNDNLDILVATDVAA 3¢0
SMU.611 241 LSIVFGRTKRRVDELTRGLKLRGYRAEGIHGDLDQGKRLRVLROFKNDNLDILVATDVAA 300
SPyl1415 241 LSIVFGRTKRRVDEITRGLKLRGFRAEGIHGDLDQNKRLRVIRDFKNDQIDILVATDVAA 300

KRR RN ARRORR RN

5501 301 RGLDISGVTHVYNYDIPQDPESYVHRIGRTGRAGKSGKSVTFVSPNEMGYLSIIENLTKK 360
SMU.611 301 RGLDISGVTHVYNYDIPQDPESYVHRIGRTGRAGKHGQSITFVAPNEMGYLQIIEKLTKK 360
SPy1415 301 RGLDISGVTHVYNYDITQDPESYVHRIGRTGRAGKSGESITFVSPNEMGYLSMIENLTKK 360

LR JEE R

5501 361 RMKGLKPASAQDAFQAKKAVALKKIERDFSDESIRSNFDKFKGDALKLAEEFSPEELALY 420
SMU.611 361 RMKGMKPATAQEAFQASKKVALKKIERDFADEKIRSNFDKFTKDAEKLAAEFSPEELAQY 420
SPy1415 361 QMKPLRPATAEEAFQAKKKVALKKIERDFADETIRSNFDKFKGDAVQLAAEFTPEELALY 420

X% K B ERRE M SRRRERERRR KR AOOORIIRE KK KK ok Okkikr %

S501 4231 TLSLYVQDPETMPEVEISRERPLPFKPSG ANRGD! 464
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SPy1415 421 ILSLTVQDPDSLPEVEIAREKPLPFKY RGDRN 480
Bk RRERAR kKRR KR RRERE N L *

5501 465 RGGROR----' DF RPHRTSS VIR 517

SMU.611 462 RGGRD-----! SRRNHRDG———-GRREFKRTSNKNRKDFBIKSNKRPHRTSSEKKSGFTIR 512
SPy1415 481 RDERDGDRRRQKRDmDGiMSGNRDFKRKSKRNSKDFFNKEKK-—- --SSAKNTGFVIR 535
™

R ] % o KR EE
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SPy1415 536 HKGE* 540
E

Fig. 4. (A) Downstream region of S. sobrinus spaA
gene. Shaded and closed arrows represent
incomplete and complete ORF's,
respectively. Positions of Stul are
indicated. Putative stem-loop structure is
depicted by a symbol (Q). B Deduced
amino acid sequence alignment of
DEAD-box proteins of S. sobrinus SSOI,
S. mutans SMU.611, and S. pyogenes
SPyl415. The diagnostic DEAD box
amino acid motifs are shown above the
sequences by thick bars. Identical and
similar residues in three proteins are
indicated by  asterisks and dots,
respectively.
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S. sobrinus SSOI &zt & S. mutans D
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Fig. 5. Schematic representation of the flanking regions of antigen I/II genes in S. cricetus, S. sobrinus, S.
mutans, and S. gordonii. Sequence data were obtained from S. cricetus E49 (this study), S. mutans
UA159, and S. gordonii DL1. The upstream region and downstream region of S. sobrinus spaA
gene were depicted from sequence data of S. sobrinus strains MT3791 and 6715DP (this study),
respectively. Boxes indicate coding regions for genes. Upper and lower boxes indicate the coding
direction in the same and opposite orientations to antigen I/II genes, respectively. Hatched,
shaded, and closed boxes represent antigen 1/1I genes, paaB, and ISScrl, respectively.
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