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The complete nucleotide sequence of comA, a gene required for induction of competence for genetic
transformation in Streptococcus pneumoniae, was determined by using plasmid DNA templates and synthetic
oligonucleotide primers. The sequence contained a single large open reading frame, ORF1, of 2,151 bp. ORF1
was included within the comAB locus previously mapped genetically and accounted for 50% of its extent. The
predicted molecular weight of the largest polypeptide encoded within ORF1, 80,290, coincided with that
measured previously (77,000) for the product of in vitro transcription-translation of the cloned comA locus. A
Shine-Dalgarno sequence (AAAGGAG, AG = -14 kcal) lay immediately upstream of ORF1. A sequence
(TTtAat-17 bp-TAaAAT) similar to the Escherichia coli c70 promoter consensus was located 410 bp upstream
of ORF1. The deduced protein sequence of ComA showed a very strong similarity to the E. coli hemolysin
secretion protein, HlyB, and strong similarities to other members of the family of ATP-dependent transport
proteins, including the mammalian multidrug resistance P-glycoprotein. These similarities suggest that ComA
functions in the transport of some molecule, possibly pneumococcal competence factor itself.

Genetic transformation in Streptococcus pneumoniae
(pneumococcus) depends on an elaborate DNA-processing
pathway characteristic of a specialized cell state termed
competence. Entry into this state is accompanied by a
switch of protein synthetic activity to production of a small
number of competence-specific proteins (39, 40), as well as a
gross metabolic shift (37). In laboratory batch cultures,
competence typically appears suddenly in most or all cells of
the culture at some point during exponential-phase growth,
persists for 10 to 20 min, and then decays rapidly (55-58).
The coordination of competence induction among the cells
of a culture depends on an extracellular protein, termed
competence factor (CF), which serves as a monitor of
population density (55, 57, 58).
We previously reported the cloning of a locus, including

genes comA and comB, involved in this regulatory circuit
(5). Com- mutants were defective in competence induction
and CF production but could be complemented by compe-
tent culture supernatants, implying a deficiency in elabora-
tion of CF (41). We report here the nucleotide sequence of
comA and the deduced sequence of the ComA protein.
Homology analysis showed that ComA belonged to a family
of ATP-binding proteins (21, 23) including membrane com-
ponents of several bacterial transport systems (2) and eu-
caryotic transport proteins related to the mammalian multi-
drug resistance determinants (7).

MATERIALS AND METHODS

Bacterial strains, plasmids, and culture media. Strains and
plasmids used in this work were described previously (6).
The plasmids used for sequencing contained portions of the
comAB locus, as shown on the map in Fig. 1, and were
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generously provided by Mark S. Chandler. Escherichia coli
cells were grown in L broth (35) or an enriched broth (53).
Preparative-scale plasmid isolation followed an alkaline-lysis
protocol including two cycles of CsCl gradient purification
(3).
DNA sequence determination. Sequencing reactions were

done with Sequenase 2.0, dGTP or dITP labeling mixes,
[a-35S]dATP, and circular plasmid templates. The conditions
were described previously (48), except that labeling reac-
tions were incubated for 10 min at 0°C and termination
reactions were done at 37°C for 5 min. The synthetic primers
used were purchased from Operon Technologies (San Pablo,
Calif.) or made at the Laboratory for Molecular Biology in
Chicago.
Computer analysis of sequence data. The deduced amino

acid sequence of ComA was compared by the algorithm
of Pearson and Lipman (47) (FASTA implementation at
GenBank) with proteins in the SWISS-PROT database (re-
lease 14.0). Full-length alignment with HlyB was done by the
method of Myers and Miller (44). Potential transmembrane
segments were evaluated by the method of Klein et al. (28).

Nucleotide sequence accession number. The DNA sequence
reported here is held in GenBank under accession number
M31680.

RESULTS
DNA sequence of comA. The nucleotide sequence of 3,000

bp within the comAB locus (Fig. 1) was determined (Fig. 2).
The sequencing strategy outlined in Fig. 1 focused on a
region predicted previously, on the basis of mutational and
expression data, to contain a gene for a 77-kDa protein
oriented as shown. The observed sequence verified the
presence of restriction sites previously mapped physically
(6) and revealed the presence of several additional TaqI
sites.
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FIG. 1. Map of the S. pneumoniae comA locus and sequencing strategy. Stippled boxes show genes comA and comB as deduced from gene

truncation studies (6). Solid boxes show genes deduced from DNA sequence. The thick bar indicates the portion of the locus sequenced in
both strands for identification of ComA. Below the map, portions of the locus subcloned in the vector pKK232-8 which served as templates
for sequencing reactions are indicated by thick lines. The extent of sequence determined for each primer (0) is indicated by rectangles.
Triangles indicate the positions of insertion mutations, and circles indicate the outer ends of insertion-duplication mutations. Mutant
phenotypes Com- and Com+ are indicated by closed and open symbols, respectively.

Prediction of ComA protein sequence. Examination of the
sequenced region for open reading frames (ORFs) found
only two larger than 200 bp. ORF1 (717 amino acids) and
ORF2 (110 amino acids, extending beyond the end of the
sequence shown) were separated by 15 bp. Examination of
the region near the start of ORFi for sites with potential for
binding to the 3' end of gram-positive 16S rRNA (3'-
UCUUUCCUCCACUA-5') (43, 50) showed that within
ORFI, only two of the first 15 potential initiation codons
(ATG, TTG, or GTG) were associated with a potential
ribosome-binding site. This site (AAAGGAG) (AG = -14
kcal [54]) at bp 501 was followed by ATG codons at bp 508
and 514, respectively. Translation starting at the second
methionine (6 bp from the putative ribosome-binding site)
would yield a protein of 717 amino acids and 80,290 molec-
ular weight, which we designate as the putative ComA
protein (Fig. 2). The putative gene was flanked upstream by
a region of 500 bp, with no ORF larger than 138 bp, and
downstream by the start of ORF2, separated from ORFi by
15 bp. ORF2 was also preceded by a potential ribosome-
binding site 5 bp from the ATG codon. Potential o-70-type

promoters (42) were discernible upstream at bp 13 to 40 and
75 to 113. The latter was identified by a matrix scan program
similar to that of Harr et al. (19) as the site within the
sequence reported here that was most similar to the canon-
ical bacterial promoter consensus, with a 17-bp hexamer
spacing and 8 of 12 bases identical to the consensus
TTgAca-17 bp-TAtAAT.

Structural analysis of ComA. The predicted ComA protein
consisted of two dissimilar portions (Fig. 3). The N-terminal
half was largely hydrophobic in character, while the remain-
der was mainly hydrophilic. The algorithm of Klein et al. (28)
identified six potential membrane-spanning segments, clus-
tered in the N-terminal half of the sequence. The hydrophilic
C-terminal region displayed two readily recognized motifs.
One was the ATP-binding site motif A [(G, A)-x4-G-K-(S,
T)] (59) represented by GISGSGKT at positions 517 to 524.
The second, represented by ISGGQRQRI at positions 622 to
630, was a motif unique to proteins of the active transport
family [(L, F)-S-G-G-x2-(Q, R, K)-(Q, R, K)-(I, L, V, M, A)]
(8, 21, 23).

Similarity of ComA to transport protein family. Searches of
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1 TCGTAGTCCAGTTTGGCGATGATTTCCTTGTGTGTATCCTTATTGATGATGTCTAAAATC 60

-35 -10
___ _ 17 .

61 TGGATATTAGGGTCTTTAATGTCTAGTAATTTTGTGATAAAATGTAATTGTTCCATATGA 120

121 ATCTTTCTAATGAGTTGTTTGATCGCTTTTCATTATAGATCTTATGGACTTTTTTTCTAC 180

181 ACAAAAATAGGCTCCATAATATCCATAGGGATTTACCCACTACAAATATTATAGAACCAT 240

241 TTTTTTATCCAAAAAGTGCAGTTGGGAGGGAGATAGGCTCATTTGGGAAGGAAGTCCAGT 300
* . .*.. IAsull

301 TTTTGTTTAGTGATTGGGGTAAGATAGTTGTTATCAGATGAGTTTATACTCTTCGAAAAT 360

361 CAAATTCAAACCACGTCAACGTCGCCTTGCCGTATATATGTGACTGACTTCGTCAGTCCT 420

421 ATCTACAACCTCAAAACAGTGTTTGAGCAGCCTGCGCTAGTTTCCTAGTTTGCTCTTTGA 480

481 TTTTCATTGAGTATTAGGGAAAAGGAGATGAATATGAAATTTGGGAAACGTCACTATCGT 540
ComA ------> MetLysPheGlyLysArgHisTyrArg 9

541 CCGCAAGTGGATCAGATGGACTGCGGTGTAGCTTCATTAGCCATGGTTTTTGGCTACTAT 600
ProGlnValAspGlnMetAspCysGlyValAlaSerLeuAlaMetValPheGlyTyrTyr 29

601 GGTAGTTATTATTTTTTGGCTCACTTGCGAGAATTGGCTAAGACGACCATGGATGGGACG 660
GlySerTyrTyrPheLeuAlaHisLeuArgGluLeuAlaLysThrThrMetAspGlyThr 49

661 ACGGCTTTGGGCTTGGTTAAGGTGGCAGAGGAGATTGGTiTiGAGACGCGAGCCATTAAG 720
ThrAlaLeuGlyLeuValLysValAlaGluGlulleGlyPheGluThrArgAlalleLys 69

* . IHpal I . ..*
721 GCGGATATGACGCTTTTTGACTTGCCGGATTTGACTTTTCCiiTTGTTGCCCATGTGCTT 780

AlaAspMetThrLeuPheAspLeuProAspLeuThrPheProPheValAlaHisValLeu 89

781 AAGGAAGGGAAATTGCTCCACTACTATGTGGTGACTGGGCAGGATAAGGATAGCATTCAT 840
LysGluGlyLysLeuLeuHisTyrTyrValValThrGlyGlnAspLysAspSerileHis 109

* ISmal . * * 0

841 ATTGCCGATCCAGATCCCGGGGTGAAGTTGACTAAACTGCCACGTGAGCGTTTTGAGGAA 900
IleAlaAspProAspProGlyValLysLeuThrLysLeuProArgGluArgPheGluGlu 129

901 GAATGGACAGGAGTGACTCTTTTTATGGCACCTAGTCCAGACTATAAGCCTCATAAGGAA 960
GluTrpThrGlyValThrLeuPheMetAlaProSerProAspTyrLysProHisLysGlu 149

961 CAAAAAAATGGTCTGCTCTCTTTTATCCCTATATTAGTGAAGCAGCGTGGCTTGATTGCC 1020
GlnLysAsnGlyLeuLeuSerPhelleProlleLeuValLysGlnArgGlyLeuIleAla 169

. . . ..0 IPstl
1021 AATATCGTTTTGGCAACACTCTTGGTAACCGTGATTAACATTGTGGGTTCTTATTATCTG 1080

AsnIleValLeuAlaThrLeuLeuValThrValIleAsnileValGlySerTyrTyrLeu 189
FIG. 2. Sequence of the sense strand and predicted amino acid sequence of the S. pneumoniae comA gene and protein. Putative promoter

(-35, -10) and ribosome-binding (****) sites are indicated in the 500 bp preceding the start of the ComA ORF. A possible ribosome-binding
site and second ORF following comA are also indicated. Landmark restriction sites are shown.

the protein sequence databases, using the entire predicted 38), and the related transport proteins PMP-70 (27), CFTR
ComA sequence, revealed strong similarities between ComA (49), STE6 (32), the Drosophila brown and white proteins
and several other proteins (see, for example, Table 1). The (9), and the CQR protein (12).
strongest similarities involved the C-terminal portion of The highest scores in such searches were for comparisons
ComA surrounding the active transport motifs described with HlyB, an E. coli membrane protein required for export
above. The most highly similar proteins were members of a of the protein hemolysin A, and closely related toxin secre-
family of proteins consisting principally of several groups of tion proteins. The next highest scores were for matches to a
ATP-binding membrane proteins, including a group of bac- set of eucaryotic membrane proteins closely related to the
terial ATP-dependent transport proteins (21), a group of multidrug resistance genes. The remaining high scores were
eucaryotic proteins conferring multidrug resistance (7, 17, for matches to other bacterial transport system proteins in
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1081 CAGTCTATCATTGATACCTATGTGCCAGATCAGATGCGTTCGACACTAGGGATTATTTCT 1140
GinSernlelleAspThrTyrValProAspGlnMetArgSerThrLeuGlyllelleSer 209

1141 ATTGGGCTAGTCATCGTCTACATCCTCCAGCAAATCTTGTCTTACGCTCAGGAGTATCTC 1200
lleGlyLeuVallleValTyrIleLeuGlnGlnIleLeuSerTyrAlaGlnGluTyrLeu 229

1201 TTGCTTGTTTTGGGGCAACCGTTGTCGATTGACGTGATTTTGTCCTATATCAAGCATGTT 1260
LeuLeuValLeuGlyGlnProLeuSerileAspValIleLeuSerTyrIleLysHisVal 249

1261 TTTCACCTCCCTATGTCCTTCTTTGCGACACGCAGGACAGGGGAGATCGTGTCTCGTTTT
PheH i sLeuProMetSerPhePheA 1 aThrArgArgThrG 1 yGlulleValSerArgPhe

1321 ACAGATGCTAACAGTATCATCGATGCGCTGGCTTCGACCATCCTTTCGATTTTCCTAGAT
ThrAspAlaAsnSerlelelAspAlaLeuAlaSerThrIleLeuSerIlePheLeuAsp

1320
269

1380
289

1381 GTGTCAACGGTTGTCATTATTTCCCTTGTTCTATTiTCACAAAATACCAATCTCTTTTTC 1440
ValSerThrValValIlelleSerLeuValLeuPheSerGlnAsnThrAsnLeuPhePhe 309

1441 ATGACTTTATTGGCGCTTCCTATCTACACAGTGATTATCTTTGCCmATGAAGCCGTTT
MetThrLeuLeuAlaLeuProlleTyrThrValIlellePheAlaPheMetLysProPhe

1501 GAAAAGATGAATCGGGATACCATGGAAGCCAATGCGGTTCTGTCTTCTTCTATCATTGAG
GluLysMetAsnArgAspThrMetGluAlaAsnAlaValLeuSerSerSerIlelleGlu

1561 GACATCAACGGTATTGAGACTATCAAGTCCTTGACCAGTGAAAGTCAGCGTTACCAAAAA
AspileAsnGlylleGluThrileLysSerLeuThrSerGluSerGlnArgTyrGlnLys

1621 ATTGACAAGGAATTTGTGGATTATCTGAAGAAATCCTTTACCTATAGTCGAGCAGAGAGT
IleAspLysGluPheValAspTyrLeuLysLysSerPheThrTyrSerArgAlaGluSer

1681 CAGCAAAAGGCTCTGAAAAAGGTTGCCCATCTCTTGCTTAATGTCGGCATTCTCTGGATG
GlnGlnLysAlaLeuLysLysValAlaHisLeuLeuLeuAsnValGlylleLeuTrpMet

1500
329

1560
349

1620
369

1680
389

1740
409

1741 GGGGCTGTTCTGGTCATGGATGGCAAGATGAGTTTGGGGCAGTTGATTACCTATAATACC 1800
GlyAlaValLeuValMetAspGlyLysMetSerLeuGlyGlnLeulIeThrTyrAsnThr 429

1801 TTGCTGGTTTACTTTACCAATCCTTTGGAAAATATCATCAATCTGCAAACCAAGCTTCAG
LeuLeuValTyrPheThrAsnProLeuGluAsnllelleAsnLeuGlnThrLysLeuGln

1861 ACAGCGCAGGTTGCCAATAACCGTCTAAATGAAGTGTATCTAGTAGCTTCTGAGTTTGAG
ThrAlaGlnValAlaAsnAsnArgLeuAsnGluValTyrLeuValAlaSerGluPheGlu

1921 GAGAAGAAAACAGTTGAGGATTTGAGCTTGATGAAGGGAGATATGACCTTCAAGCAGGTT
GluLysLysThrVa1GluAspLeuSerLeuMetLysG1yAspMetThrPheLysG1nVal

1860
449

1920
469

1980
489

1981 CATTACAAGTATGGCTATGGTCGAGACGTCTTGTCGGATATCAAmAACCGTTCCCCAA 2040
HisTyrLysTyrGlyTyrGlyAr.gAspValLeuSerAspileAsnLeuThrValProGln 509

FIG. 2-Continued.

the ATP-dependent transport protein family. An alignment
of ComA and HlyB, shown in Fig. 3, revealed a strong
similarity extending beyond the region of highest similarity
recognized by the searching programs to include about 310
amino acids, virtually the entire C-terminal half of the
proteins. The similarity was especially strong in those por-
tions of this region generally conserved among members of
the family. Of the 99 residues in HlyB identified as con-
served in this family by Higgins et al. (21), 82% were
conserved in ComA. The N-terminal half of ComA was also
much more similar to the corresponding portion of HlyB
than to any other proteins in the database (data not shown).

Over the whole full-length alignment, 27% of the amino acids
were identical and a total of 48% were identical or conserv-
ative replacements. In the 310-amino-acid region of high
similarity, there was 37% identity and 23% more conserva-
tive replacements.

DISCUSSION

The specific role of ComA in competence regulation is
unknown. The similarity of ComA to other members of the
ATP-binding transport protein family (18) reported here
strongly suggests, however, that its function includes a

VOL. 173, 1991
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2041 GGGTCTAAGGTGGCTTTTGTGGGGATTTCAGGGTCAGGTAAGACGACTTTGGCCAAGATG 2100
GlySerLysValAlaPheValGlylleSerGlySerGlyLysThrThrLeuAlaLysMet 529

2101 ATGGTTAATTTTTACGACCCAAGTCAAGGGGAGATTAGTCTGGGTGGTGTCAATCTCAAT 2160
MetValAsnPheTyrAspProSerGlnG1yG1ulleSerLeuGlyGlyValAsnLeuAsn 549

2161 CAGATTGATAAAAAAGCCCTGCGCCAGTACATCAACTATCTGCCTCAACAGCCCTATGTC 2220
GlnileAspLysLysAlaLeuArgGlnTyrileAsnTyrLeuProGlnGlnProTyrVal 569

2221 TTTAACGGAACGATTTTGGAGAATCTTCTTTTGGGAGCCAAGGAGGGGACGACACAGGAA 2280
PheAsnGlyThrl1eLeuGluAsnLeuLeuLeuGlyAlaLysGluGlyThrThrGlnGlu 589

2281 GATATCTTACGGGCGGTCGAATTGGCAGAGATTCGAGAGGATATCGAGCGCATGCCACTG 2340
Aspi1eLeuArgAlaVa1G1uLeuAlaGluIleArgGluAspIleGluArgMetProLeu 609

2341 AATTATCAGACAGAATTGACTTCGGATGGGGCAGGGATTTCAGGTGGTCAACGTCAGAGA 2400
AsnTyrGlnThrGluLeuThrSerAspGlyAlaGlylleSerGlyGlyGlnArgGlnArg 629

* IHpall. . 0

2401 ATCGCTTTGGCGCGTGCTCTCTTGACAGATGCGCCGGTCTTGATTTTGGATGAGGCGACT 2460
IleAlaLeuAlaArgAlaLeuLeuThrAspAlaProValLeulleLeuAspGluAlaThr 649

2461 AGCAGTTTGGATATTTTGACAGAGAAGCGGATTGTCGATAATCTCATTGCTTTGGACAAG 2520
SerSerLeuAsplleLeuThrGluLysArgl)eValAspAsnLeulleAlaLeuAspLys 669

2521 ACCTTGATTTTCATTGCTCACCGCTTGACTATTGCTGAGCGGACAGAGAAGGTGGTTGTC 2580
ThrLeullePhelleAlaHisArgLeuThrileAlaG1uArgThrG1uLysVa1ValVaI 689

2581 TTGGATCAGGGCAAGATTGTCGAAGAAGGAAAGCATGCTGATTTGCTTGCACAGGGAGGC 2640
LeuAspGlnGlyLysIleValGluG1uGlyLysHisAlaAspLeuLeuA)aGlnG1yGly 709

2641 TTTTACGCCCATTTGGTCAATAGCTAGAAAGAGGAGAGGATGAAACCAGAATTTTTAGAA 2700
PheTyrAlaHisLeuValAsnSer*** ORF2 ---> MetLysProGluPheLeuGlu 7

2701 AGTGCGGAGTTTTATAATCGTCGTTACCATAATTTTTCCAGTAGTGTGATTGTACCCATG
SerA1aGluPheTyrAsnArgArgTyrHisAsnPheSerSerSerVall1eVa1ProMet

2760
27

2761 GCCCTTCTGCTCGTGTTTTTACTTGGCTTTGCAACTGTTGCAGAGAAGGAGATGAGTTTG 2820
AlaLeuLeuLeuValPheLeuLeuGlyPheAlaThrValAlaGluLysGluMetSerLeu 47

2821 TCCACTAGAGCTACTGTCGAACCCAGTCGTATCCTTGCAAATATCCAGTCAACTAGCAAC 2880
SerThrArgAlaThrValGluProSerArglleLeuAlaAsnIleGlnSerThrSerAsn 67

2881 AATCGTATTCTTGTCAATCATTTGGAAGAAAATAAGCTGGTTAAGAAGGGGGATCTTTTG 2940
AsnArgl eLeuValAsnHisLeuGluGluAsnLysLeuValLysLysGlyAspLeuLeu 87

2941 GTTCAATACCAAGAAGGGGCAGAGGGTGTCCAAGCGGAGTCCTATGCCAGTCAGTTGGAC 3000
ValGlnTyrGlnGluGlyAlaGluGlyValGlnAlaGluSerTyrAlaSerGlnLeuAsp 107

FIG. 2-Continued.

specific transport activity. While there is no direct evidence
bearing on the nature of this possible transport activity, the
observation that the strongest and most extensive similarity
of ComA is with HlyB and related toxin secretion proteins
may indicate that the transported molecule is a protein.
CF has been characterized as a small basic extracellular

protein (55, 58), but little else is known about its biochem-
istry, regulation, or mode of release from the cell. The strong
and extensive similarity between ComA and HlyB described
here, when coupled with the deficiency in CF elaboration
observed for comA mutants, immediately suggests a model

for CF synthesis and export. In this model, CF is a specifi-
cally exported protein, analogous to HlyA, while ComA is
an ATP-binding membrane component of the CF-specific
transport system, analogous to HlyB. A family of bacterial
protein export systems, each involving a transport protein
homologous to HlyB, is represented by the hemolysins of
Proteus species (29, 30), Actinobacillus actinomycetemcom-
itans (34), and Actinobacillus pleuropneumoniae (18), by the
Pasteurella haemolytica leukotoxin (24, 52), and by the
bifunctional toxin of Bordetella pertussis (14). As each of
these other bacterial toxin genes is found in a complex locus

J. BACTERIOL.
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HLYB - MDS--------CHKIDYGLYALEILAQYHN---VSVNPEEIKHRFDTD -37

COMA - MKFGKRHYRPQVDQMDCGVASLAMVFGYYGSYYFLAHLRELAKTTMDG -48

HLYB - GTGLGLTSWLLAAKSLELKVKQVK---KTIDRLNFIF-LPALVWREDGRH -83

COMA - TTALGL---VKVAEEIGFETRAIKADMTLFDLPDLTFPFVAHVLKEGKLL -95

HLYB - FILTKISKEVNRYLIFDLEQR-NPRVLEQSEFEALYQGHIILITSRSSV- -131

COMA - HYYVVTGQDKDSIHIADPDPGVKLTKLPRERFEEEWTG-VTLFMAPSPDY -144

HLYB - -TGKLAKFDFTWFIPAIIKYRRIFIETLVVSVFLQLFALITPLFFQVVMD -180
:: ::: ^: : * *0 00 - e * *: ..:

COMA - KPHKEQKNGLLSFIPILVKQRGLIANIVLATLLVTVINIVGSYYLQSIID -194

HLYB - KVLVHRGFSTLNVITVALSVVVVFEIILSGLRTYIFAHSTSRIDVELGAK -230

COMA - TYVPDQMRSTLGIISIGLVIVYILQQILSYAQEYLLLVLGQPLSIDVILS -244

HLYB - LFRHLLALPISYFESRRVGDTVARVRELDQIRNFLTGQALTSVLDLLFSL -280
*:- ::.:-: *:: :. :* : : :0 ::- *0

COMA - YIKHVFHLPMSFFATRRTGEIVSRFTDANSIIDALASTILSIFLDV-STV -293

HLYB - IFFAVMWYY-SPKLTLVILFSLPCYAAWSVFISPILRRRLDDKFSRNADN -329
0 ... : .: .:: :. : :

COMA - VI ISLVLFSQNTNLFFMTLLALPIYTVI IFAFMKPFEKMNRDTMEANAVL -343

HLYB - QSFLVESVTAINTIKAMAVSPQMTNIWDKQLAGYVAAGFKVTVLATIGQQ -379

COMA - SSSIIEDINGIETIKSLTSESQRYQKIDKEFVDYLKKSFTYSRAES-QQK -392

HLYB - GIQLIQKTVMIIN-LWLGAHLVISGDLSIGQLIAFNMLAGQIVAPVIRLA -428

COMA - ALKKVAHLLLNVGI LWMGAVLVMDGKMSLGQLITYNTLLVYFTNPLENI I 11-442

FIG. 3. Alignment of S. pneumoniae ComA and E. coli HlyB deduced protein sequences. The ComA sequence deduced from the DNA
sequence as in Fig. 1 was aligned with the sequence of the E. coli hemolysin A secretion protein, HlyB, by the method of Myers and Miller
(44), with an open gap cost of 5 and a unit gap cost of 2. NB-1 and NB-2 indicate nucleotide-binding sites (21). A colon (:) indicates identical
amino acid residues. A dot (-) indicates similar residues (AST, DE, NQ, RK, ILMV, FYW). A short sequence shared only by all members
of the ATP-dependent transport family is indicated by Transport. Positions in HlyB that are conserved in most members of the transport
family (21) are starred (*).-----, Potential membrane-spanning segments (28).

comprising genes for toxin synthesis, modification, and lysine of this motif is replaced by a proline (position 641). If
export, the com locus would, under this model, be expected the suggestion that this kinase motif is required for protein
to contain relevant genes in addition to comA, including the secretion (30) is verified, and if a substitution of proline for
structural gene for CF. lysine disrupts kinase activity, this difference would suggest
A feature shared by at least three bacterial toxin secretion that ComA played a less direct role in CF elaboration.

proteins (14, 24, 30, 52) but not by other members of the Direct evidence for the above model is still absent. In-
ATP-binding transport protein family is a kinase motif (G-x- deed, even circumstantial evidence, such as induction of
G-x-x-G-17-K), occurring within the strongly conserved ATP- ComA at competence, a membrane location for ComA, or an
binding motif (denoted NB-2 in Fig. 3). In ComA, the final orientation of ComA protein in the membrane appropriate

J. BACTERIOL.
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HLYS

COMA

HLYB

COMA

HLYB

COMA

- QIWQDFQQVGISVTRLGDVLNSPTESYHGKLTLPEIN---GDITFRNIRF -475
so ::0 : * :* : :0::S::50

- NLQTKLQTAQVANNRLNEVYLVASE-FEEKKTVEDLSLMKGDMTFKQVHY -491

*** ** ** ***** ******** * * * *
- RYKPDSPVILDNINLSIKQGEVIGIVGRSGSGKSTLTKLIQRFYIPENGQ

*: *: * VV * V: * V: *:V - ** * *

- KY-GYGRDVLSDINLTVPQGSKVAFVGISGSGKTTLAKMMVNFYDPSQGE
I I

NB-1

-525

-540

* * ** * ** **** ** * ** ***
- VLIDGHDLALADPNWLRRQVGVWLQDNVLLNRSIIDNISL-ANPGMSVEK -574

* *:LVNLNQD:KAL::: NLPQQPY:Na*: L:NL:LAK:T: D* 5:
- ISLG:GVN:LNQIDKKALRQYINYLPQQPYVFNGTILENLLLGAKEGTTQED -590

* * * * *************** *
HLYB - VIYAAKLAGAHDFISELREGYNTIVGEQGAGLSGGQRQRIAIARALVNNP -624

COMA - ILRAVELAEIREDIERMPLNYQTELTSDGAGISGGQRQRIALARALLTDA -640

Transport

******* ***** * * *** * * * * * ****
HLYB - KILIFDEATSALDYESEHVIMRNMHKICKGRTVIIIAHRLSTVKNADRII -674

.:: :::::.:: . : :. :.. : .:.: :::::. .....

COMA - PVLILDEATSSLDILTEKRIVDNL--IALDKTLIFIAHRLTIAERTEKVW -690
__, I
NB-2

** **** * ** *
HLYB - VMEKGKIVEQGKHKELLSEPESLYSYLYQLQSD -707

COMA - VLDQGKIVEEGKHADLLAQ-GGFYAHLV---NS -717

FIG. 3-Continued.

for export activity, is not yet available. Most known muta-
tions affecting transformability affect specific steps of DNA
uptake or intracellular processing, rather than the regulatory
circuits discussed here. However, two other candidates for
regulatory circuit genes do exist. In Streptococcus sanguis,
the Wicky strain depends for competence on exogenous CF,
which can be supplied from competent cultures of the spon-
taneously competent Challis strain; thus, Wicky appears to be
a naturally occurring com strain (36, 46). In S. pneumoniae,
the trt mutation (33), which causes cells to be constitutively
competent and to retain that competence even during growth
in trypsin, may represent an alteration in the CF-response
circuitry which bypasses the CF activation step entirely.
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