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Abstract

The structural gene for type 3 M protein of Streptococcus pyogenes, which consists of an N-terminal
variable portion and C-terminal conserved repeat regions, has been cloned by the polymerase chain reaction
(PCR) with two primers (K-1 and K-2). They were selected from the best conserved region of the leader
sequences and of the C-terminal portion near the Hexapeptide (LPSTGE) sequence found in different M
proteins. From the nucleotide sequence of the product, 1645 base pairs were determined, including 32
amino acids of the leader sequences, the complete N-terminal variable region and the conserved C repeat
regions. Analysis of the deduced amino acids of the sequence revealed the existence of two major repeat
regions, the B and C repeat regions. Comparison of the C-repeat regions among M3 and other M proteins
showed them to be more than 90% identical. The two B repeat blocks in M3 protein are also similar to those
in M12 protein. Predictive secondary structure analysis of M3 protein reveals a strong alpha-helical
potential. The algorithm also shows that the beta-sheet and turn potential for region 23-42 in M3 protein
are similar to those for region 28-50 in M12 protein. The results indicate that M3 protein is closely related
to M12 protein.

Introduction

Streptococcus pyogenes is responsible for a wide variety of human diseases, the most common of which
are nasopharyngitis and impetigo!. Moreover, streptococcal pharyngeal infection in humans may develop
into rheumatic fever or glomerulonephritis?. The principal virulence factor of S. pyogenes is a cell wall
constituent known as M protein that gives the organism the ability to resist phagocytosis?. This virulence
factor displays antigenic diversity within its amino terminal region®. The highly variable portions of M
proteins form the basis of a serological typing scheme, and only antibodies directed to type-specific epitopes
are capable of circumventing the antiphagocytic effect?. M protein is thought to inhibit alternative C3
convertase formation to restrict deposition of C3 on the streptococci and also to inhibit the classical C5
convertase formation in order to interfere with efficient complement receptor-mediated phagocytosis?.
However, the relationship between M protein antigenic diversity and its antiphagocytic activity is not
understood, and neither is the genetic basis for M protein antigenic diversity or the structural basis for
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functions common to all M protein serotypes. In order to characterize them in more detail, the nucleotide
sequences of genes encoding a number of different M protein serotypes need to be cloned, sequenced and
compared. In this report, we describe the cloning and sequencing of emm3 from the S. pyogenes type 3 M
protein gene which has not been known to date and compare this gene with others reported previously.

Materials and Methods

Bacterial strains, plasmid and media: S. pyogenes, the M* (type 3) strain C203 (ATCC 12384) was used
in this study. Escherichia coli SJ2, harboring plasmid pJRS42.50, consists of an Xba I-Pvu II fragment
including the emm6 gene from S. pyogenes DA71 cloned into pUC19; it was a gift from Dr, June R. Scott?). E.
coli JM109 was used as the recipient for plasmid transformation and for phage M13 propagation. The
plasmid vector was pUC118 obtained from Takara Shuzo Co., Ltd, Kyoto, Japan. S. pyogenes was grown in
Todd-Hewitt broth (Difco Laboratories, Detroit, MI, U.S.A.); E. coli strains were grown in LB broth.

Isolation of DNA: Chromosomal DNA from S. pyogenes strain C203 was prepared according to a
procedure reported previously®. Briefly, the cultured strain C203 (500 ml) was centrifuged at 8,000 rpm for
30 min and the resulting pellet was lysed in 25 ml of 10 mM Tris-HCI, 1 mM EDTA, pH 8.0 (TE), 1.25 ml of
10% SDS and 0.125 ml of a 20 mg/ml solution of proteinase K. The resulting mixture was incubated at 37°C
for 45 min. To the lysate, 4.74 ml of 5 M NaCl was added with thorough mixing, and then 4 ml of
CTAB/NaCl solution (10% hexadecyl trimethyl ammonium bromide in 0.7 M NaCl) was added to the mixed
lysate and this mixture was incubated at 65°C for 20 min. The CTAB-treated lysate was extracted with an
equal volume of phenol/chloroform/isoamyl alcohol to remove CTAB-protein/polysaccharide complexes.
The aqueous phase was transferred to a fresh tube and then 0.6 volume of isopropanol was added. The
resulting precipitate was washed once with 70% ethanol. The washed DNA was suspended at 100 ng of
genomic DNA per ml in TE.

E. coli S)2 cultured in LB broth containing 50 ug of ampicillin per ml was collected by centrifugation at
8,000 rpm for 30 min, and the plasmid in the bacteria was isolated with a Qiagen column (QIAGEN-tip 100)
(Diagen Inc. Chatsworth, CA, U.S.A.), according to the protocol of the manufacturer. The isolated plasmid
was digested with Msp I and Pvu Il restriction enzymes. After electrophoresis of the restricted plasmid in a
0.8% gel, the fragment, which contained only the region encoding the M6 protein and lacked 32 bases at the
5"end and 38 bases at the 3’ end of the gene, was purfied with a Gene Clean Kit (Bio 101, Inc., La Jolla, CA,
U.S.A).

Oligonucleotides: Two oligonucleotides were synthesized with a 380 B automatic DNA synthesizer
(Applied Biosystems Inc., Foster City, CA, U.S.A.) and used as specific primers for the required extension
and amplification reactions. They were 31-mer (specific primer K-1; 5-CCGGGATCCTATTCGCTTA-
GAAAATTAAAAA-3) and 30-mer (specific primer K-2; 5-CCGGTCGACAAGTTCTTCAGCTTGTT-
TCGC-3'). The K-1 and K-2 primers contained Bam HI and Sal I recognition sequences at the 5 end
respectively. This made it easy to insert the amplified fragment into the vector.

Cloning of emm3 gene by the polymerase chain reaction: PCR was performed in a Hybaid Thermal
Reactor (Hybaid Ltd., U.K.). The reaction mixture contained 10 ul of 100 ng/ul genomic DNA, 25 pmol of
each phosphorylated primer, 0.2 mM deoxynucleotide triphosphate mix, 0.01% (w/v) gelatin, 10 mM Tris-
HCl, pH 8.3, 50 mM KCl, 1.5 mM MgCl, and 2 U of Taq polymerase (Takara) in a total volume of 100 zl, and
the reaction mixture was overlaid with 2 drops of mineral oil (Sigma Chemical Co., St. Louis, MO, U.S.A.).
PCRs (30 cycles) were performed with each cycle consisting of denaturation (94°C, 1 min), annealing (55°C,
2 min) and extension (72°C, 2 min). The PCR product was precipitated with ethanol and digested with Bam
HI and Sal I restriction enzymes. After electrophoresis, it was extracted from the preparative agarose gel
and cloned into the cloning vector pUC118 which had been digested with Bam HI and Sal I.
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DNA sequence: Plasmid pUC118 harboring the emm3 gene transformed in E. coli JM109 was grown in
L-broth containing 50 ug of ampicillin per ml and purified with Econopack Q (Pharmacia LKB
Biotechnology Inc., Piscataway, N.J., U.S.A.). The purified emm3 gene inserted into the vector was digested
with Bam HI, Sal I and Bgl II (fragments of about 440 and 1030 base pairs), with Bam HI, Sal I and Sca I
(fragments of about 880 and 590 base pairs) and with Bam HI, Sal I and Stu I (fragments of about 1200 and
270 base pairs). Each fragment was purified with a Sephaglas® Band Prep Kit (Pharmacia) and inserted
into M13 phage. Single-strand DNA was purified from the supernatant of the cultured phage with a
Sephaglas® Phage Prep Kit (Pharmacia). The purified single-strand DNA was sequenced with an Auto
Read® Sequencing Kit (Pharmacia) by A.L.F. DNA Sequencer (Pharmacia).

Hybridization: DNA samples were denatured by heating for 10 min at 95°C and then chilled rapidly on
ice for dot blot hybridization. DNA samples also were denatured in NaOH for Southern hybridization before
application to membrane filters (Schleicher and Schuell, Dassel, Germany) which had been soaked in
distilled water and then in 20 X SSC buffer (1 X SSC is 0.15 M sodium chloride, 0.15 M sodium citrate, pH
7.0). Hybridization of the restriction fragments was conducted by the method of Southern. The DNA
samples were bound to a nitrocellulose membrane by baking for 2 hr in a vacuum at 80°C. The DNA bound
to the filter was incubated for 2 hr at 68°C in prehybridization solution (0.25% powdered skim milk in 2 X
SSC). Hybridization was carried out by overnight incubation at 65°C with labeled probe DNA diluted toa 5
ml final volume of prehybridization solution. The hybridized filters were washed twice in 2 X SSC, 0.1%
SDS for 15 min at room temperature and twice at 68°C in 0.1 X SSC, 0.1% SDS for 15 min 68°C. Probes
were labeled with digoxigenin-11-UTP (Boehringer Corp. Ltd., Sussex, U.K.) by random hexanucleotide
primers according to the protocol supplied by the manufacturer. Digoxigenin-labeled probes were detected
by using an anti-digoxigenin antibody alkaline phosphatase conjugate (Boehringer) and the substrates of
BCIP (5-bromo-4-chloro-3-indolyl phosphate) and NBT (nitroblue tetrazolium).

Nucleotide sequence accession number. The 1465 base pair nucleotide sequence of emm3 gene is
available from DDBJ, EMBL and GenBank Nucleotide Sequence Databases under accession number

Fig. 1 Analysis of the amplification product. (A) Ethidium bromide picture of the agarose gel
(0.8%) of the amplified product. Lane 1, PCR product with K-1 and K-2 primers; lane 2,
marker. (B) Dot blot hybridization analysis with the Msp I-Pvu II fragment of the emm6 gene
probe. Serial five-fold dilutions of 6 ng of the Msp I-Pvu II fragment of the emm6 gene (lane a)
and 5 ng of DNA amplified with K-1 and K-2 primers (lane b) were spotted onto nitrocellulose
and probed with the digoxigenin-labeled Msp I-Pvu II fragment. (C) Southern blot analysis
with the Msp I-Pvu II fragment of the emm6 probe. Lane 1, DNA amplified with K-1 and K-2
primers; lane 2, Msp I-Pvu II fragment of emm 6 gene. DNA hybridized with the probe is
shown by the arrows.
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D14415.
Results

Cloning and nucleotide sequence of the emm3 gene from S. pyogenes type 3 strain C203 with PCR:
Much information is available on nucleotide sequences from various strains”~12, We tried to obtain the

Fig. 2 Nucleotide and deduced amino acid sequences of the emm3 gene. The DNA strand is
located at 5" to 3’ and its nucleotides are numbered above each line. Amino acid residues are
presented as single letters below each line. B repeat blocks and C repeat blocks are indicated
by underlining.

Signal peptide —

10 20 30 40 50 60 70 80 90
TATTCGCTTAGAAAATTAAAAACAGGAACGGC TTCAGTAGCGGTTGCTTTGACAGTTTTAGGGACAGGACTGGTAGCAGGGCAGACAGTA
Y S LRKLJEKTGTASVAVALTVLGTGTLVAG® QTUV

Mature protein —

100 110 120 130 140 150 160 170 180
AAGGCAGATGCTAGGAGTGTT: TTCCTAGAC, TAAATTAAAAAATGAAATTGAGAACTTGTTAGATCAGGTTACACAA
K ADARSVNGETFTPRUHVYVKLZE KT NETTENTLTLTDTGQVTDQ

190 200 210 220 230 240 250 260 270
TTATATAATAARCATAATAGTAATTACCAACAATATAGTGCACAAGCTGGCAGAC TTGACCTGAGACAAAAGGCTGAATATCTAAAAGGC
L YNXHN S N Y Q Q Y S A QAGRULUDTILZ RGO QI KA AEYULIKG

280 290 300 310 320 330 340 350 360
CTTAA’ TGGGC! TGTTACA. A 'GTAAAAAAAGTTTTAGGTAAAGTGGCTTTTGAAAAAGATGAT
L NDWAEU RILTLUGOQETLNDNSGTEUDV VI KT KV VL GI KV ATFTETKDTD

370 380 390 400 410 420 430 440 450
TTAGAAAAGGAGGTTAAAGAACTTAAGAAAAAAATAGACAAAAAGGAAAAGGAATATCAGGACTT, A TTTGACTTGGCCAAA
L EKEVKETLZEKTIKTZE KTIDTEKTI KTEZ KTETYOQDTLUDZEKTDTFDTLAZK

460 470 480 490 500 510 520 530 540
CAGGGGTATGTTTTATCAGATAAAAGACATCAACAAGAACTAGAAGAAAAAGAAAAGAAAGTTACAGAAGCAACTGC TAAAGTTGGCCAG
Q G Y VLS DI KR RIHOQOQETLTETETZKTET KT KVUVTEA ATA ATZ KUVGQ

550 560 570 580 590 600 610 620 630
ATTAGCGAAGAGCTAGAGACAGTTAAACAAAAAGTTGAAAGTACTATGCAAGATTTAACTGAAAAACAAAATCGTGTTTCTCAGTTAGAG
I s EELETUVKOQXKUVESTWMOQDTILTETZ KU QNI RV S QL E

640 650 660 670 680 690 700 710 720
CAAGAATTAGCTACTACTAAACAAAATGCTAAAGAAGATTTTGAACTAGCAGCATTAGC TAATGCCGCTGATARACAARAGTTAGAAGCT
Q EL ATTUZXOQNAMZKETDTFETLA AALA ANA AR ADIKT QI KTLE A

730 740 750 760 770 780 790 800 810
AAGATTGCCGATTTAGAAACAAAACTAAAAGAGGCAAAGGAAGATTTTGAACTAGCAGCATTAGGTCACCAACATGCTCATAATGAGTAT
K I ADULETI KTLTI KEA ATEKETDTFTETLA AALGTHTGOQUHAUHENEY

Bi-repaet

820 830 840 850 860 870 880 890 900
CAAGCAAAACTAGCAGAAARAGATGATCAAATTAAACAACTAGARGAGCAAAAACAAATCC TAGATGCTAGCCGTAAAGGTACAGCAAGA
Q A KL AEZKUDUDT G QTIZ KT OQLTETET QI KT QTITLTDA AST RIEKTGT AR

B2-repeat

910 920 930 940 950 960 970 980 990
GACCTTGAAGC TG TTCGCCAAGC TAAAAAAGC TACGGAAGC TGAATTAAACAACCTCAAAGCAGAGC TTGCAAAAGTTACAGAACARAAR
DL EAVROQAKTI KA ATEH ATETLUNNTLTEKAETLA AT KTUVTE Q K

1000 1010 1020 1030 1040 1050 1060 1070 1080
CAAATCTTAGATGCTAGTCGTAAAGGTACAGCAAGAGATC TTGAAGCAGTTCGCCAAGCAAAAGCACAAGTTGAAGC TGCTCTCAAACAA
©Q I L DASRIEKGTARTDIELEA AVRUOQAZKA AROQYVEH AR MATLKQ

C1-repeat

1090 1100 1110 1120 1130 1140 1150 1160 1170
CTTGAAGAACAAAACAGGATTTCAGAAGCAAGCCGTAAGGGTC TTCGCCGTGAC TTGGACGCATCACGTGAAGC TAAGAAGCAAGTTGAA
LEEQNTRTISEA ASR RTIEKGTLRIRDTELUDAS.REAZKTZKTOQVE

C2-repeat

1180 1190 1200 1210 1220 1230 1240 1250 1260
AAAGATTTAGCAAACTTGACTGCTGAACTTGATAAGGTTAAAGAAGAAAAACARATC TCAGACGCAAGCCGTCAAGGTCTTCGCCGTGAC
K DL ANTLTA AETLTDTIKT VI KTETETZ KT QTISDA AST RGQGTLT RTR RTD

1270 1280 1290 1300 1310 1320 1330 1340 1350
TTGGACGCATCACGTGAAGCTAAGAAACAAGTTGAAAAAGC TTTAGAAGAAGCAAACAGCAAATTAGCTGCTCTTGAAAAACTTAACAAA
L DASREAIKIE KO QVETZKALTETEANSTI KT LA AALTETIKTLNK

1360 1370 1380 1390 1400 1410 1420 1430 1440
GAGCTTGAAGAAAGCAAGAAATTAACAGAAAAAGAAAAAGCTGAGC TACAAGCAAAACTTGAAGCAGAAGCAAAAGCACTCAAAGAACAA
E L EE S K KL TEIKEI KA AEULU QA AIZKTLTEA AEA BATI KA ATLIKEQ

1450 1460 1465

TTAGCGAAACAAGCTGAAGAACTTG
L A K QAZETETL
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Fig. 3 Comparison of the leader sequences or of

the deduced signal peptide of M types 3 and
various M genes. (A) Leader sequences are sub-
divided according to structural domains of the

Chihiro KATSUKAWA

Fig. 4 Comparison of C-repeat regions found

among M3, M6, M5, M24 and M2 proteins.
Identified amino acid residues with deduced M3
protein are indicated by colons.

resulting leader peptide. (B) Signal peptides are

divided into basic (B), hydrophobic (H) and clea- C1-repeat regions

vage (C) regions. Unknown sequences and amino M3 NRI SEASRKGLRROLDASREAKKQVEKDLANL TAELDKVKE
acids are indicated by asterisks. W6 NKVSEASRKGLRRDLDASREAKKQVEKDLANLTAELDKVKE
(A) 5 NKiéw'\ér.n'(éf.faﬁﬁibﬂéﬁéAkRGLEAEHoKLsﬁo
B:as e T':;;é:i"c?:AGAAAATTAAAAACAGGAACG M24 "K:ff?f??s';?f?‘;fo‘:‘Ef‘foLE
A AT e o
£ NGO AT 2 repeat reglons

m24 ATGACTAAAAACAACACGAATAGACACTATTCGCTTAGAAAATTAAAAACGGGAACE

M49 ATGGCTAGAAAAGATACGAATAAACAGTATTCGCTTAGAAAATTAAAAACAGGTACA
M2 ATGGCTAGAAAAGATACGAATAAACAGTATTCGCTTAGAAAATTAAAAACAGGTACA

M3 EKQl SDASROGLRRDLDASREAKKQVEK

M6
Hydrophobic region
M3 GCTTCAGTAGCGGTTGCTTTGACAGTTTTAGGGACAGGACTGGTAGCA M5
M12 GCTTCAGTAGCGGTTGCTTTAACAGTCGTAGGAGCAGGGTTAGTAGCA
M1 GCTTCAGTAGCGGTAGCTTTGACTGTTTTAGGGGCAGGTTTTGCGAAT M24
M6 GCATCAGTAGCAGTGGCTTTGAGTGTAATAGGGGCAGGATTAGTTGTC
M5 GCATCAGTAGCAGTAGCTTTGAGTGTCTTAGGAGCAGEATTAGTTGTC M2 QI SEASRKSLRRDLEASRAAKKD

m24 GCTTCAGTAGCGGTAGCTTTGACAGTTTTAGGGGCAGGATTAGTTGTC
M43 GCATCCGTAGCGGTCGCTGTGGCTGTTTTAGGAGCAGGCTTTGCAAAC

M2 GCATCCGTAGCAGTCGCTGTGGCTGTTTTAGGAGCAGGCTTTGCAAAC
Cleavage region

M3 GGGCAGACAGTAAAGGCA

M12 GGGCAGACAGTAAGAGCA

M1 CAAACAGAGGTTAAGGCT

M6 AATACTAATGAAGTTAGTGCA

M5 AATACTAATGAAGTTAGTGCA

M24 AATACTAATGAAGTTAGTGCA
M49 CAAACAGAAGTTAAGGCT

M2 CAAACAACAGTTAAGGCG
B
(B) B H Cc

M3 @ sokilololiokY SLRKLKTGT ASVAVALTVLGTGLVA GQTVKA

M12 :  MAKNTTNRHYSLRKLKTGT ASVAVALTVVGAGLVA GQTVRA

M1 @ MAKNNTNRHYSLRKLKTGT ASVAVALTVLGAGFAN QTEVKA

M6 @ MAKNNTNRHYSLRKLKKGT ASVAVALSV | GAGLVV NTNEVSA
M5 @ MARENTNKHYWLRKLKKGT ASVAVALSVLGAGLVV NTNEVSA
M24 @  MTKNNTNRHYSLRKLKTGT ASVAVALTVLGAGLVV NTNEVSA
M49 @ MARKDTNKQYSLRKLKTGT ASVAVAVAVLGAGFAN QTEVKA

M2t MARKDTNKQYSLRKLKTGT ASVAVAVAVLGAGFAN QTTVKA

emma3 gene from the C203 strain by PCR. We selected a pair of forward and reverse primers, one (K-1; 31
mer) from the best conserved portion in leader sequences of seven different strains, and the other (K-2; 30
mer) from the C-terminal conserved portion®”~14, PCR was performed with these two primers. The
amplified product showed a single band approximately 1.4-1.5 kilobases (Kb) in length in agarose gel
electrophoresis (Fig. 1-A) and was hybridized with the digoxigenin-labeled Msp I-Pvu II fragment of the
emmb6 gene (Fig. 1-B and C).

The DNA sequence of 1465 Kb of the amplified product was determined with a DNA sequencer and is
shown in Fig. 2. The sequence indicated that the oligonucleotide sequences of the two primers existed in
the 5'and 3’ end (forward primer, 5 (CCGGGATCC) TATTCGCTTAGAAAATTAAAAA 3’; reverse primer,
5 (CCGGTCGA) CAAGTTCTTCAGCTTGTTTCGC 3", and also encoded 488 amino acids which
contained a leader sequence (1-32; defect first 9 amino acids), B repeat region (B1, 286-309; B2, 328-351)
and C repeat region (C1, 374-391; C2, 416-433).

Comparison of the amplified product with other M protein genes: When the amplified product was
compared with previously reported M protein genes”~13, the leader sequence or C repeat regions showed
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B1 repeat (100%)
261 2n 281 291 1
M3 AKEDFELAAL GHQHAHNEYQ AKLAEKDDQI KQLEEQKQIL DASRKGTARD

265 275 285 295 305
M12  AKKDFELAAL GHQHAHNEYQ AKLAEKDGQ! KQLEEQKQ!L DASRKGTARD

B2 repeat (91.7%)
31 321 331 341 351
K] LEAVRQAKKA TEAELNNLKA ELAKVTEQKQ ILDASRKGTA RDLEAVRQAK

315 325 335 345 355 : i i i
M2 LEAVRQAKKA TEAELNNLKA ELAKVTEQKQ ILDASRKGTA RDLEAVRKSK Flg S COmparls.On Of homOIOg_OUS I:eglOnS n M3
c and M12 proteins, and relationship between B

1 repeat (94.5% . . . .
361 371 1) ( )391 401 and C repeats in the predicted amino acid se-
N3 AQVEAALKQL EEQNRISEAS RKGLRRDLDA SREAKKQVEK DLANLTAELD quences of M3 and M12 proteins. The residues
366 376 386 396 406 from each protein being compared are indicated
M2 QQVEAALKQL EEQNKISEAS RKGLRRDLDT SREAKKQVEK DLANLTAELD by the numbering system of Robbins et al.”? for
m c2 4';’19“‘ (1001/3)1 " 51 M12 protein. B repeat blocks and C repeat blocks
M3 KVKEEKQISD ASRQGLRRDL DASREAKKQV EKALEEANSK LAALEKLNKE are indicated by underlining, and identified
"""" a6 aze T T ae T Tae T Tase amino acid residues are indicated by colons. The
W12 KVKEEKQISD ASRQGLRRDL DASREAKKQV EKALEEANSK LAALEKLNKD numbers enclosed in parentheses indicate %

homology.

461 471
M3 LEESKKLTEK EKAELQAKLE AEAKALKEQL AKQAEEL

466 476 486
M12  LEESKKLTEK EKAELQAKLE AEAKALKEQL AKQAEEL

high homology with the other emm genes (Fig. 3 and 4). While the N-terminal amino acid portion of the
amplified product was variable, it was found to be identical to 96 of 98 nucleotides downstream of the
leader peptide sequence of another emma3 gene'®. Therefore, the amplified product was characterized as the
emma3 gene.

Comparison of homologous regions in M3 and M12 proteins: When the region of 252-488 deduced
amino acids in M3 protein was compared with the region of 256-355 and 357-493 deduced amino acids in
M12 protein, 96.6% homology was found between them (Fig. 5). Interestingly, the B repeat region showed
high homology with only that of M12 protein (91.7 and 100%, respectively). However, the A repeat region in
M12 protein was not present in the M3 protein. Predictive secondary structure analysis of M3 protein:
From analysis of the predictive secondary structure of the amplified product by the algorithm of Robson'®,
most of the product was found to exhibit strong alpha-helical potential. In addition, the beta-sheet and turn
potential seen for region 23 to 42 in the M protein was similar to that seen for region 28 to 50 in M12
protein. The results suggest that M3 protein may be closely related to M12 protein.

Discussion

DNA sequence analysis has made it clear that all M proteins studied to date”-1? are structurally
related and are therefore encoded by a family of genes. The regions of amino acid sequence homology in the
protein include the signal sequences, the C repeat region in the central part of the protein chain and the
carboxyl-terminal part. On the basis of available genetic information, we cloned the emm3 gene by using
PCR and sequenced its DNA. The primers prepared originated from the best conserved leader sequence or
the C-terminal portion of the emm genes”~12. The amplified product was hybridized with an emm6 gene
probe (Fig. 1). Sequence analysis of the amplified product identified sequences complementary to both
oligonucleotide primers (Fig. 2). In addition, the product had both B and C repeat regions. By comparing the
amplified product with known emm genes, we found not only that the N-terminal portion is very variable,
but also that the C-terminal region is conserved”~12.14),

Several streptococcal immunoglobulin-binding proteins have also been characterized as members of
the M protein family and as having C repeats!”®. Our selected primers have similar regions which can be
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screened. However, our product amplified by PCR from the type 3 strain C203 of S. pyogenes was a single
DNA and had no homology with amino terminal regions of the streptococcal immunoglobulin-binding
proteins. Furthermore, 96 of 98 nucleotides downstream of the leader peptide sequence of the amplified
product were found to be identical to the corresponding sequence of another emm3 gene of type 3 M strain
3-3/317*%. The evidence shows that the amplified product is the emm3 gene.

B and C repeat blocks that exist in M3 protein are similar to those in M12 protein (Fig. 5).
Furthermore, predictive secondary structure analysis of M3 protein revealed that the majority of the
products exhibit strong alpha-helical potential as found with other M protein structures'?. The algorithm
also showed that region 23-42 exhibits beta-sheet and turn potential with a pattern similar to that for
region 28-50 found by predictive secondary analysis of M12 protein.

S. pyogenes can be divided into two major classes on the basis of their immune reactivity with
monoclonal antibodies (mAbs) directed against epitopes which lie within the conserved half of M
proteins?”. Class I serotype are defined as those which bind their mAbs, whereas class II isolates do not.
Mainly the class I-specific mAb binding sites map to a region of C repeats within M proteins. Inasmuch as
the C repeat region of our emm 3 gene represents more than 90% homology with the known emm genes, it
belongs to the class I serotype. This agrees with the report of Bessen et al. who decided that M type 3 S.
pyogenes had a class I protein®. Furthermore, we found similarity between emm 3 and emm 12 genes in
their B repeat regions and predictive secondary structure. Thus, there may exist a subclass of class I M
proteins. Bessen et al.?% discriminated between serotypes sharing both B and C repeat region epitopes and
those sharing only C repeat region epitopes by using only antibody probes directed to antigenic sites within
the B and C repeat regions of the M protein molecules in class I serotype. We suggest that M3 and M12
proteins belong to a subclass of class I M proteins.
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