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ABSTRACT
TIj75' portions and flanking sequences of genes encoding types 1, 12, 24,

and 6 M proteins were compared. Although the DNA sequences encoding the
amino-termini of the mature M proteins had no obvious similarity, upstream
sequences, and those encoding the signal peptides (leader sequences) of the
four M protein genes had considerable similarity. In general, the 5' ends of
all the leader sequences were more conserved than the 3' ends, although the M6
and M24 leader sequences had identical 3' ends. Sequence similarity among the
deduced amino acid sequences of the four signal peptides was more extensive
tnan tne corresponding DNA sequences. We found that strict DNA similarity
among all four sequences extended only to the ends of the hydrophilic
amino-terminal regions of the signal peptides, but that amino acid sequence
conservation continued to the ends of the respective hydrophobic cores. With
the exception of the M6 and M24 sequences, the regions adjacent to the signal
peptidase cleavage sites were highly variable.

INTRODUCTION
A major virulence factor of Streptococcus pyoQgenes is the M protein. Tnis

antiphagocytic surface structure s opsonizatlon of the streptococcal cells
by the alternate complement pathway (1,2). Antibodies against M protein
develop in infected individuals, ana confer type specific immunity (3). This
streptococcal species, lhowever, includes 80 or more antigenically distinct,
but functionally similar M protein serotypes, thus permitting repeated infec-
tions to occur (4).

M protein molecules are attacned to the streptococcal cell surface by their
carboxyl ends, with exposed amino-termini (5). Monoclonal antibody studies
suggest that different M protein types share coimion epitopes near their
carboxy-termini and exhibit antigenic variability in the more exposed amino-
terminal regions (6). In addition, studies utilizing DNA probes from a cloned M6
gene suggest that the 4' ends of M protein genes are more conserved than the 5'
ends (7,8).

At present, the origins of streptococcal M protein antigenic diversity are
poorly understood. Intragenic recombination between repeated regions in
various M6 genes, resulting in Mb proteins of various sizes has been suggested
as one possible generator of antigenic diversity (9). Many M protein
type-specific and opsonic determinants, however, are located in the
non-repetitive amino-terminal regions (6,9), and hence they were probably not
generated by the proposed intragenic recombination mechanism. We suggest,
then, that additional, yet undefined mechanisms may also contribute to the
large degree of M protein antigenic diversity.
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In our attempts to define alternative mechanisms for the generation of M
protein antigenic diversity, we are focusing on the possible involvement of
regions outside of the M protein structural genes. Recent reports of the
nucleotide sequences of the M6 (10), M12 (11), and M24 (12) genes, in addition
to the partial Mi sequence presented here, provide an opportunity to compare
the nucleotide sequences immediately flanking and within the 5' ends of these
genes, including sequences encoding the putative signal peptides of each gene.
Although the 5' sequences of the four mature M protein structural genes
exhibited considerable variability, we found extensive similarities in the
upstream flanking regions and in the sequences encoding the signal peptides of
the four genes.

MATERIALS AND METHODS

Bacterial Strains and Growth Media.

Streptococcus pyogenes strain CS130 (original designation: T1/195/2) was
used as the source of DNA for cloning of the MI gene. Streptococci were routi-
nely stored frozen at -tS0C in Todd-Hewitt Broth (THB) supplemented with 2%
neopeptone (Difco Laboratories, Detroit, MI). For DNA isolations, streptococci
were grown in THB supplemented with 1% yeast extract (Difco Laboratories,
Detroit, MI). Escherichia coli strains NM538 and NM539 (13) were used for the
propagation of VIctor and recombinant bacteriophage lambda, respectively. In
vitro packaging extracts were prepared from E. coli strains BHB2688 and BHBS90
by standard methods (14). E. coli strain JMF3 TTST was used as the host for
plasmid vectors, and strainJMiUFI(16) was used to propagate M13 recombinants.
E. coli strains were grown either in LB medium (17), or in 2xYT inedium (16).
Preparation of Bacteriophage andCdromosoIal DNAs.

Streptococcal chromosomal DNA was prepared as previously described (18).
Bacteriophage Lambda DNAs were prepared from plate lysates using the rapid
Lambda DNA preparation method described by Maniatis (17), except that plate
lysates were prepared on 150 - petri dishes using LB medium plus 1.5% agarose.
For nucleotide sequencing, M13 single stranded templates were prepared in JM109
using a scaled up version of the method described by R. Dale (19).
Molecular Cloning Procedures.

Partial MboI or Sau3Al restriction fragments of 12-2u kilobases (kb) in
lengtn from the groupX streptococcal strain CS130 were cloned into the bac-
teriophage Lambda replacement vector EMBL3 (Promega Biotec, Madison, WI)
according to the methods of Frishauf, et al, (13). Bacteriophage plaques were
screened by hybridization (20). The probe was pPC124, a plasmid containing a
portion of the cloned M12 gene and upstream flanking regions (11,21). Plasmid
DNA was labelled witn [32P]dCTP (New England Nuclear, Boston, MA) using a nick
translation kit (Bethesda Research Laboratories, Gaithersburg, MD).

Recombinant phage from the Ml library hybridizing to the M12 probe were sub-
jected to restriction analysis, and appropriate DNA fragments were subcloned
into plasmids pUC9 (±5), and pUC18 (16) for further mapping, and into the M13
vectors mp18 and mp19 for nucleotide sequencing (16). Enzymes were purchased
from Bethesda Research Laboratories, and Boehringer Mannheim Biochemicals
(Indianapolis, IN) and were used according to the manufacturers' specifications.
DNA Sequencing.

DNA sequencing was 4gne by the dideoxy-nucleotide chain termination method
of Sanger (22), using [3S]dATP (New England Nuclear). Overlapping templates
for sequencing were derived by the T4 polymerase deletion method of R. Dale
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(19), using the "Cyclone" kit (IBI, New Haven, CT). Enzymes and reagents for
the sequencing reactions were from the "Sequel" kit (IBI).
Computer Sequence Analyses.

Nucleotide and amino acid sequences were compared and aligned using the
algorithms of Wilbur and Lipman (23), Lawrence and Goldman (submitted), and
Altschul and Erickson (24), provided in the IntelliGenetics and MBIR software
packages. Sequence editing and translation deductions were carried out on the
software of David Mount.
Peptide Synthesis and Conjugation.

Based on the predicted amino acid sequence of the Mi protein determined in
the present study, and by protein sequence analyses of isolated polypeptide
fragments reported elsewhere (25), we synthesized a peptide containing residues
1-23 of the amino-terminus of the mature MI protein. The peptide, with an
additional carboxy-terminal cysteine residue, was synthesized by the solid
phase method. The purity and composition of the peptides was assured by HPLC
on Ultrasphere ODS2 (Whatman), quantitative amino acid analysis and automated
Edman degradation to the pentultimate amino acid residue. The synthetic pep-
tide designated S-M1(1-23)C was conjugated to Keyhole Limpet Hemocyanin (KLH).
Rabbit Inmunization and Assays of Anti-M Protein Antibodies.

Three New Zealand White rabbits (2 kg) were immunized with a 50 nmol dose
of S-M1(i-23)C-KLH conjugate eiviulsified in Complete Freund's Adjuvant, and immune
rabbit sera were assayed for antibodies against M protein by enzyme linked
imunosorbent assay (ELISA) and opsonophagocytosis assays, as described (25).

RESULTS
Cloning of the Ml Gene.

In preliminary Southern hybridization studies, we learned that plasmid
pPC±24, a 1.9 kb HaeIII fragment containing the proximal 5' end and upstream
flanking region oFThe Mi2 gene (21,11), hybridized strongly to a single HaeIII
fragment in genomic DNA of the Ml strain, CS130 (26). Assuming that the strong
hiybridization represented either the upstream portion of a common M protein
locus shared by the two M types, or common sequences within the two M protein
genes, we used plasmid pPCi24 DNA as a hybridization probe to isolate the Ml
gene from two separate CSi30 chromosomal libraries constructed in lambda EMBL3.
Nineteen independent recombinants that hybridized to the probe were isolated.
Each positive clone was plaque purified three times and was rechecked at each
purification for continued hybridization to the probe.
Mapping and Subcloning of the Mi Recombinants.

The DNA from each recombinant was mapped with a variety of enzymes, and the
restriction digests were subjected to Southern hybridization with plasmid
pPCI24 probe DNA to identify the locations of the homologous regions. Inserts
of the recombinants were of various lengths and were arranged in both orien-
tations with respect to the Lambda arms, but all the inserts contained the same
contiguous restriction fragments. The bacteriophage recombinant x bfX-2 (Fig.
IA) was chosen for further study. The two Sal I fragments of the x bfX-2 insert
were subcloned into the plasmid vector pUC9. Tne plasmid subclone selected by
hybridization to pPC124 DNA was named pbf17. A SalI/EcoRI restriction fragment
of plasmid pbfl7 that hybridized to pPCl24 DNA wa-ssubcloned into pUC18 to pro-
duce pbf82. Restriction maps of these two subclones are shown in Fig. lB. In
preliminary studies, we showed that lysates and sonicated extracts of strain
JM83 containing plasmids pbfl7 and pbf82 reacted with MI antiserum by immuno-
diffusion analyses, suggesting that the region cloned indeed included a portion
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Fig. lA
Restriction map of X bfX-2. The thick line represents the streptococcal DNA
inserted into the EMBL3 vector. The hatched portion of the insert shows the
restriction fragment that hybridized to the pPC124 probe (see text). The
portion that was subcloned into plasmid pbfl7 (B) is indicated.

Fig. lB
Restriction maps of the inserts from subclones JM83 (pbfl7) and JM83
(pbf82). The Ml4 gene is represented on both maps by thick lines, with arrows

showing the predicted direction of transcription. The strategy for
nucleotide sequencing of pbf82 is shown by tne arrows below the restriction map.

of the Ml gene (data not shown). A comparison of the restriction map of the
pbfl7 insert with that of the region upstream of the M12 gene revealed that
many common fragments existed. The identity of these fragments was
verified by DNA hybridization (26).
Nucleotide Sequencing of the Ml Gene Fragment.

The insert from plasmid pbf82 was cloned into phage M13 and sequenced
according to the strategy diagranmned in Fig. lB. The resulting DNA sequence is
shown in Fig. 2. A 624 base pair (bp) open reading frame starting at
nucleotide 1028 was postulated to be the 5' end of the MI gene. The absence of
a translation termination codon in frame, however, indicated the original
cloned insert of X bfX-2 did not contain the complete Ml gene. Promoter regions
resembling those previously published (10,11) precede the Ml gene (see Fig. 3),
but our study did not include transcriptional analysis to determine which -35
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10 20 30 40 60 70
GTTOTTTCAC CTCAAATTTB GACTATACCT AGATGAGACT ACCATA6CT6AAT ATTTCTC TAATCAC6TT

80 90 100 110 120 130 140
AA ATACCMAT TA6AMATCB6 TTATOCBTTT6 ATACCATCA AACAABACTC ACCAAC666 C T6TC6AAAA6

160 170 190 200 210
TTACCAACT666TTCATCTC CTT6ATGA6T TAAAATCAG

6
CTCAATCTCA66CTCACCA ACAAATACGA

220 230 250 260 270
A6TA6CT6TC ATCCTTCATA ACACTACC6T ATTGAMAAA

C AA6ATATCA CAGCTAATTA CCTATTTTTC

290 300 310 320 330 340 350
GATTACAAAAAA6CTTACCT CAACTTTTAC AAOCAABAAC ACCCTATCTT ATAA6CATTT GTA6CA66T6

370 380 390 400 410 420
TA6AAAAACT 6ATOCCTTCA BABAAAOAAC CTATCA6CAC A6A6TT6ACT MCCAATT6A TCTACCCCTT

430 640 450 460 470 480 490
TTTCATCACTT666AAAATA6 TTTCCTAAAA6TAAATCAA ABATATGA AAATTCBTCT TCT66TGATT

500 510 520 530 540 550 560
6 AAA6AA6TT TTAACA6T6TT6CT AATTTC CTAAAAAA6T AC6TCGGA6A6TTTTTTAC C ATCACAAACT

570 580 590 600 610 620 630
TCAATGACTACAT6CTCT6 ACCATCCATCTA6 B6AAAAT TGAAAAACAG TAT6AT6TGA TC6T6ACAGA

640 650 660 670 680 690 700
TOTTATOOTA 6GAAAAA6CG AA6OCTAOA MTTTTCTTT TTCCACAAAA T6ATTCCA6A A6CGATTATT

710 720 730 740 750 760 770
6 ACAA*CTCA ATOC6TTTTT AAACATCA6C TTT6CACACA GCTTGCCACTACACAAACCC ATCAACCCCT

780 790 800 810 820 830 840
T66ACTTTCA TC6CAAA6A6 6TTATCTTAC CCACTCCCCC CAACAA6TT6 CAT6CCCCCC TCCACAACTT

850 860 870 880 890 900 910
A6ACABCCTA ACT6TACAA CTCAAAAACA6 ATTCATCAT TAATA6CATT TA6TCAAAA A66T66CAAA

920 930 940 950 960 970 980
ABCTAAAAAA6CT66TCTTT ACCTTTT66C TTCTATTATT TACAATA6AA TTATTAB6AT TAAACCCTGA

990 1000 1010 1020 Leoder 1042
AAAT6A666T TTCTTCCTAA AATMT6ATA6CATAA6BA6 CATAAAA ATB 6CTAAAAATAAC

N A K N N

1057 1072 1067
ACO AAT AGA CAC TAT TCB CTT ABA AAA TTAAAA ACA6BA ACG OCT TCA GTAOCC
T R N Y s L R K L K T 6 T A S V A

1102 1117 1132 1147
6TA OCT TTB ACT6TT TTA6BO 6CA66T TT6C6MT CM ACA 0A6 OTTM6 6CT
V A L T V L 6 A 6 F A N Q T E V

K A
Ml Protein

1I 1162 1177 1192
AAC6CT GAT BATMT CCT ABA 6AA TTATA GMACAT CTT6CACCAACMTCCC

6 N P I V I I L
A A N N

P

1207 1222 1237 1252
6CA ATA CM MT ATA COT TTA C6T CAC6M MCMB GAC TTAMMA CC A6A TTA
A I N I R L R E N K

D L IK A R L

1267 1282 1297 1312
060 MT GCA AT6 BAA 6TT 6CA 66A A6A BAT TTT MB ABA OCT BAA BAA CTT BAA

A E A 6 R D F K R A E E L E

1327 1342 1357
MA 6CA MAA CM OCC TTA BAA BAC CA6 COT AMA AT TTA 6M ACT MA TTA MA
K A K Q A L E D 0 R K

D L E T L K

1372 1387 1402 1417
BAA CTA CM CAA BAC TAT BAC TTACCA MB 6AA TCA ACA ABT T6B BAT A6A CAA
E L Q Q D L A K E S T S W

R

1432 1447 1462
ABA CTT GM MA 0A6 TTA AA MA AAM 6PA CT CTT PA TTA GC6 ATA BAC
R L E K E L E E K K E A L E L A 0

1477 1492 1507 1522
CAB CCA ABT CBA BAC TAC CAT A6A 6CT ACC 6CT TTA4 BAA MA 060 TTA GAM 060

Q A S R 0 N R A T A
L IE K

E L E E

1537 1552 1567 1582
MA M6 MA OCT CTT 6A TTA OC6 ATA 6AC CM OC6 A6T CAB 6AC TAT AAT ABA
K K K A L E L A I D Q A S Q D N

R
_ _ _ _

- - - - 1

1597 1612
OCT AAC GTC TTA 6A MA 606 TTA 6 ACO ATT ACT ABA PA
A N V L E K E L E, T I T R E

Fig. 2
Nucleotide sequence of pbf82 insert and deduced amino acid sequence of the
amino-terminal portion of the Ml protein. The putative Shine Dalgarno sequence
(S.D.) is indicated. A repeated region within the Ml gene is also shown.
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A.

Upstream

-113 -57 -56 -1
M1 AAAAAAGCTSSTCTTTACCTTTTSSCTTCTATTATTTACAATASAATTATTAGAGTT AAACCCTGAAAATGAGGSTTTCTTCCTAAAATAATGATASCATAA.GGAGCATAAAA
M6 _-----------------------T--------------C------------- ---------------------T-C-TA----A. -----A-----.-----------

Fp:33- -pFZ-3 p-10ID -pI:
A3T A--_-C

M24 -------A--------------------T---------------------------- --C---------------6--T---------A-------A-----a-----------

Basic Regions

MI ATG GCT AAA MT MC ACG MAfAGA CAC TAT TCG CTT A6A MA TTA AM ACA GGA ACG
M12 --- --- --- --- -C- --- --- --- --- --- --- --- --- --- --- --- --- --- ---

M6 --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- --- -A- --T --T
M24 --- A-- --- --C --- --- --- --- --- --- --- --- --- --- --- ------S --- ---

Hydrophobic Regions Cleavage Regions

MI GCT TC GTA GCG GTA GCT TTG ACT BT4TTA BBS SCA GGT TTT GCG MT CAA ACA SAG GTT MG6 GC
M12 --- --- --- --- --T --- --A --A --C G-- --A --- --G --A -TA GCA GGG CAG ACA --A -GA --A
M6 --A --- --- --A --G --- --- -6- --A A-- --- --- --A --A -TT TC A-T --T A-T -M GtT AG- GCAM24--- --- --- --- --- --- --- --A --- --- --- --- -- --A-TT GTC A-T --T A-T -M GTT AG- GCA

Structural Genes
Ml A2 14?Ml MusTSGAT GGT MT CCT ASS BAA GTT ATA MA GAT

M12 BAT CAT AGT GAT TTA STC GCA BAA AM CM CGT TTA
M6 A4A STI TTT CCT ABS GGG AC6 GTA BAA MC CCS GAC
M24 GTC GCG ACT AGB TCT CAB ACA BAT ACT CT GSM AMA

B.

B H C S

Ml : MAKNNTNRHYSLRKLKTGTA SYAVALTVLSAGFA NQTEVKA NSDGNPREVIEOM12: ----rT------- --------V---LVA GQT-RA DHSDLVA-KQRL
M6: ----------------K--- ------S-l---LVV N-NEVSA RVFPRGT-ENPD
M24: -T------------------------------.LV N-NEVSA VATRSQTDTLEK

Fig. 3A
Comparison of the upstream and 5' nucleotide sequences of the Ml, M12 (11),
M6 (10), and M24 (12) genes. The published -35 and -10 promoter regions of the
M12 and M6 genes are indicated. Nucleotides in the M12, M6 and M24 genes that
are identical to those in the M1 gene are indicated by dashes, and gaps are
indicated by dots. The leader sequences are subdivided according to the
structural domains of the resulting leader peptides.
Fig. 3B
Comparison of the NH2-terminal deduced amino acid sequences of M types 1, 12
(I1), 6 (10) and 24 (12) precurser 14 proteins. Dashes in the latter three
sequences indicate residues identical to those in the M1 amino acid sequence.
The sequences are subdivided similarly to those in Fig. 3A. B: Basic regions,
H: Hydrophobic regions, C: Cleavage regions, S: Mature proteins.

and -±1) regions were actually utilized. A putative Shine-Dalgarno sequence,
shown in Fig. 2 is identical to those described for the M12 and M6 genes. A
99bp tandemly repeated region was observed toward the 3' end of the open
reading frame (Fig. 2). Tne repeats were flanked on each side by direct,
identical, 15bp repeats which overlapped between the repeated regions. The
open reading frame had no other significant repetitive regions, such as are
present in the M6 gene (10). The deduced amino-terminal amino acid sequence of
the Ml protein is also shown in Fig. 3. The sequence contained a putative 41
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Type 1 M Protein Leader Sequence
10 20 30 40 50 60 70 80

ATGGCTAAAA ATAACACGAA TAGACACTAT TCGCTTAGAA AATTAAAAAC AGGAACGGCT TCAGTAGCGG TAGCTTTGAC

90 100 110 120
TGTTTTAGGG GCAGGTTTTG CGAATCAAAC AGAGGTTAAG GCT

Streptococcal Exotoxin Type A Leader Sequence (32)
10 20 30 40 50 60 70 80

ATGGAAAACA ATAAAAAAGT ATTGAAGAAA ATGGTATTTT TTGTTTTAGT GACATTTCTT GGACTAACAA TCTCGCAAGA

90
GGTATTTGCT

Streptolysin 0 Leader Sequence (33)
10 20 30 40 50 60 70 80

ATGTCTAATA AAAAAACATT TAAAAAATAC AGTCGCGTCG CTGGGCTACT GACGGCAGCT CTTATCATTG GTAACCTTGT

90
TACTGCTAAT GCTGAATCG

Streptokinase Leader Seqnce (34)
10 20 30 40 50 60 70

ATGAAAAATT ACTTATCTTT TGGGATGTTT GCACTGCTGT TTGCACTAAC ATTTGGAACA GTCAATTCTG TCCAAGCT

Protein G Leader Sequence (35)
10 20 30 40 50 60 70 80

ATGGAAAAAG AAAAAAAGGT AAAATACTTT TTACGTAAAT CAGCTTTTGG GTTAGCATCC GTATCAGCTG CATTTTTAGT

90
GGGATCAACG GTATTCGCT

Fig. 4
Comparison of the Mi leader sequence to other published streptococcal leader
sequences. The references are given in parentheses.

amino acid leader peptide preceding the mature M protein sequence. A 33
residue tandem repeat that overlapped by 5 residues was identified toward the
carboxyl end of the sequence. The deduced amino acid sequence corresponded to
thiose determined by amino acid sequencing of three Type 1 M protein peptides
extracted from whole streptococci with pepsin (pepMl) (25) and to the sequence
reported by Moravek, et al. (27). To further confirm that the Ml protein
predicted from the DNA sequence was correct, a peptide containing the 23
amino-terminal residues of the predicted Ml protein was synthesized. When
covalently linked to KLH, the peptide evoked high titers of antibodies both
against the synthetic peptide and against pepMi, and the immune sera type
specifically enhanced the phagocytosis of type 1 streptococci rotated with
fresh human blood (25).
Identification of the Leader Sequences in the Ml Gene and Three Other M
Protein Genes.

The DNA sequences and deduced amino acid sequences of the extreme 5'
portions of the Ml, M6, M12 and M24 genes, and flanking upstream sequences, are
compared in Figs. 3A and 3B. Each sequence had at its beginning a region
encoding a putative signal peptide. The deduced signal peptides adhered
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strongly to the characteristics ascribed to bacterial signal peptides (28,29).
Each had a positively charged hydrophilic amino-terminus, a hydrophobic core,
and a more polar cleavage region. The boundaries of these regions, as shown in
Fig. 3, were assigned by previously described conventions (30). The putative
signal peptidase cleavage points of the Ml, M12, and M24 peptides, as shown in
Fig. 3B, were assigned by the "-1,-3 rule" (31), and the cleavage point of the
M6 peptide was previously published (10). The cleavage point in the Ml protein
is further substantiated by the amino terminal sequence analysis-of the mature
M protein fragments extracted from streptococcal cells with pepsin. The
sequence of the largest extracted peptide begins immediately following the
predicted cleavage site (25).
Sequence similarities upstream of the 4 M protein genes.

All available sequences flanking the 5' ends of the M6, M12, and M24 genes
were compared to the sequence upstream of the Ml gene, by the Lawrence and
Goldman algorithm. All the compared sequences had large domains of homology,
with standard deviation (S.D.) scores of >30 (data not shown). An S.D. score
of >6 indicates a high probability that the sequence similarity did not occur
by chance. Indeed, the entire 1027bp of sequence preceding the Ml gene is
almost identical to the corresponding sequence preceding the M12 gene. The
four upstream sequences were also aligned using the SS2 algorithm with a gap
penalty of 2.5 and an increinental penalty for bases in gaps of 0.5 (24). The
results of the SS2 alignment in the region immediately preceding the M protein
genes is shown in Fig. 3.A.
Similarity of the Leader Sequences of the Four M Protein Genes

Except for a single base substitution at position 14 in the M12 sequence,
and two substitutions at positions 4 and 12 in the M24 sequence, the four M
protein leader sequences were entirely identical up to base 49. A larger
number of base substitutions were evident in the four leader sequences from
base 50 to base 102. From base 103 to the ends of tthe respective leader
sequences, the Ml, M12, and M6 sequences were highly dissimilar and remained so
well into the respective structural genes (Fig. 3A and data not shown).
Interestingly, even though the M6 and M24 signal sequences differed from each
other both in the 5' portions of the leader sequences and in the mature protein
coding regions, they were identical from base 86 to the respective 3' ends of
the leader sequences.

In order to ensure that the sequence similarity of the four M protein leader
sequences was not just a common feature of leader sequences froin streptococci,
we compared the Mi leader sequence with the available DNA sequences encoding
other streptococcal signal peptides (32-35) which are shown in Fig. 4. When
compared with the Ml leader sequence by the Lawrence & Goldman algorithm, the
four other streptococcal leader sequences had S.D. scores <2.5, indicating that
no statistically significant homology domains existed. In addition, all the
bacterial and bacteriophage DNA sequences in the Genbank database were searched
for possible similarity to the Ml leader sequence using a gap penalty of 4, a
word length of 4 and a window size of 20 (23). With the exception of the M6
leader sequence present in this database, none of the sequences had similarity
scores indicating non-random similarity.
Similarities Between the Four Deduced M Protein Signal Peptides.

The deduced amino acid sequences of the four signal peptides were similar
to a greater extent than the DNA sequences. Only 5 of the first 32 amino acid
positions contained substitutions, even though 15 of the first 32 codons
contained base substitutions. Among the 5 positions with amino acid substitu-
tions, the Thr/Ser substitution at position 27 and the Leu/Val/Ile substitu-
tions at position 29 were relatively conservative. In light of the importance
of basic residues in the function of signal peptides (28,29), it is interesting
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to note the additional lysine residue at position 17 in the M6 peptide. From
amino acid 35 of the signal peptides to within the amino-termini of the
respective mature M proteins, the Ml, M12, and M6 sequences were highly
variable. The M6 and M24 signal peptide sequences were identical from residue
28 to the respective cleavage points, but their mature amino-terminal regions
were also highly variable. Even though the cleavage regions of the four signal
peptides were non-homologous, the four peptides had identical cleavage
consensus sequences, with the -1 residue being alanine and the -3 residue being
valine in each case. The amino acids in the -2 position, however, were not
conserved.

DISCUSSION
In this study we compared the upstream and leader sequences of type MI

protein to those of three other M proteins. Although we found that the 5' end
of the mature Mi coding region had no similarity with the 5' ends of the mature
Mi2, M24 or M6 coding regions, the four genes were preceded by highly similar
upstream and leader sequences. As shown in Fig. 3, the basic regions of the
leader sequences were highly conserved at the DNA level, and the hydrophobic
regions, although more variant at the DNA level, were highly conserved at the
amino acid level.

The observed correlation between levels of sequence homology and the
structural domains of the signal peptides may be important. The respective
functions of the basic amino-terminus and the hydrophobic core regions might
have provided selective pressure for particular nucleotide or amino acid
sequences. For example, it is known that the amino-terminal region of signal
peptides is important in the coupling of translation and transport of exported
proteins, and mRNA structure is suggested to have a role in this coupling (36,37).
Hence, conservation of nucleotide sequence might be important in the N-terminal
region. In this respect, detailed analyses of the various M protein signal
peptides might provide valuable information on how the fine structure of signal
peptides affects their function in protein transport.

Moreover, the upstream and leader sequence nucleotide similarities observed
between the four M protein genes may have a role in the generation of M protein
antigenic diversity. These 5' regions of similarity, together with the
conserved 3' ends of M protein genes (7), flank the highly variable and
non-repetitive 5' ends of the M protein structural genes. These conserved
flanking regions might be involved in rare occurrences of homologous
recombination with regions outside of the M protein genes, resulting in the
insertion of new variable regions. A recombination system of this sort is
involved in pilin antigenic variation in Neisseria gonorrhoeae (38,39). The
gonococcal chromosome contains silent pilin loci, contalnln-multiple variable
regions flanked by short stretches of conserved DNA. These variable regions
are recombined into the pilin expression loci, resulting in variant antigens.

Silent M protein gene loci have not yet been defined in the streptococcal
chromosome. Kehoe, et al, however, do find multiple regions within the genome
of an M5 strain that 1i1bFTidize to M5 gene probes (40). Scott, et al, on the
other hand, claim that besides the resident M protein genes, no adUTtional
regions similar to M6 gene probes were found in the various streptococcal
genomes they tested by DNA hybridization (7). Regions of DNA similarity
required for a possible exchange of DNA might not be extensive enough in some
strains to be detected by conventional nick translated DNA hybridization
probes. The use of specific oligonucleotide probes of the sequences
immediately flanking the variable regions of M protein genes might be useful in
detecting possible conserved sequences elsewhere in the group A streptococcal
chromosome. In addition, new variable regions could be acquired from exogenous
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sources through transduction or transposition. Clearly, tnen, even if
extragenic regions of similarity are not found in the chromosomes of group A
streptococci, acquisition of new variable regions from outside of the actual M
protein genes by homologous recoieibination cannot be ruled out as a possible
mechanism for the generation of antigenic diversity in tthe non-repetitive
N-terminal regions of streptococcal M proteins.
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