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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 ¢”® 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
Q3).

DNA sequence determination. Sequencing reactions were
done with Sequenase 2.0, dGTP or dITP labeling mixes,
[a-3S]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 Tagl
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 (®) 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 ORF1 for sites with potential for
binding to the 3’ end of gram-positive 16S rRNA (3'-
UCUUUCCUCCACUA-5') (43, 50) showed that within
ORF1, 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 ORF1 by
15 bp. ORF2 was also preceded by a potential ribosome-
binding site 5 bp from the ATG codon. Potential o”-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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TCGTAGTCCAGTTTGGCGATGATTTCCTTGTGTGTATCCTTATTGATGATGTCTAAAATC

-35 -10
. 17 —_— . .
TGGATATTAGGGTCTTTAATGTCTAGTAATTTTGTGATAAAATGTAATTGTTCCATATGA

'ATCTTTCTAATGAGTTGTTTGATCGCTTTTCATTATAGATCTTATGGACTTTTTTTCTAC
ACAAAAATA(.EGCTCCATAATATCCATAGGGATTTACCCACTACAAATATTATAGAACCAT

TTTTTTATCE:AAAAAGTGCAGTTGGGAGGGAGATAGGCTCATTTGGGAAGG?AGTCCAGT
. . . . . |Asull .
TTTTGTTTAGTGATTGGGGTAAGATAGTTGTTATCAGATGAGTTTATACTCTTCGAAAAT

CAAATTCAA;CCACGTCAACGTCGCCTTGCCGTATATATGTGACTGACTTCGTCAGTCCT

ATCTACAACCTCAAAACAGTGTTTGAGCAGCCTGCGCTAGTTTCCTAGTTTGCTCTTTGA
. , kkkkkkk | . . .
TTTTCATTGAGTATTAGGGAAAAGGAGATGAATATGAAATTTGGGAAACGTCACTATCGT
ComA MetLysPheGlylLysArgHisTyrArg

CCGCAAGTGGATCAGATGGACTGCGGTGTAGCTTCATTAGCCATGGTTTTTGGCTACTAT
ProGinValAspGlinMetAspCysGlyValAlaSerLeuAlaMetValPheGlyTyrTyr

GGTAGTTATTATTTTTTGGCTCACTTGCGAGAATTGGCTAAGACGACCATGGATGGGACG
GlySerTyrTyrPheLeuAlaHislLeuArgGluLeuAlaLysThrThrMetAspGlyThr

ACGGCTTTGGGCTTGGTTAAGGTGGCAGAGGAGATTGGTTTTGAGACGCGAGCCATTAAG
ThrAlalLeuGlylLeuVal LysVal?laGluGlul 1eGlyPheGluThrArgAlallelLys

. . Hpal | . . .
GCGGATATGACGCTTTTTGACTTGCCGGATTTGACTTTTCCTTTTGTTGCCCATGTGCTT
AlaAspMetThrLeuPheAsplLeuProAspLeuThrPheProPheValAlaHisVallLeu

AAGGAAGGGAAATTGCTCCACTACTATGTGGTGACTGGGCAGGATAAGGATAGCATTCAT
LysGluGlyLysLeuLeuHisTyrTyrValValThrGlyGIinAspLysAspSer|leHis

. Smal . .. . .
ATTGCCGATCCAGATCCCGGGGTGAAGTTGACTAAACTGCCACGTGAGCGTTTTGAGGAA
| 1eAlaAspProAspProGlyVallysLeuThrLysLeuProArgGluArgPheGluGlu

GAATGGACAGGAGTGACTCTTTTTATGGCACCTAGTCCAGACTATAAGCCTCATAAGGAA
GluTrpThrGlyValThrLeuPheMetAlaProSerProAspTyrLysProHisLysGlu

CAAAAAAATGGTCTGCTCTCTTTTATCCCTATATTAGTGAAGCAGCGTGGCTTGATTGCC
GinLysAsnGlyLeuleuSerPhelleProlleLeuVallysGinArgGlyLeulleAla
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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
ComaA sequence, revealed strong similarities between ComA
and several other proteins (see, for example, Table 1). The
strongest similarities involved the C-terminal portion of
ComA surrounding the active transport motifs described
above. The most highly similar proteins were members of a
family of proteins consisting principally of several groups of
ATP-binding membrane proteins, including a group of bac-
terial ATP-dependent transport proteins (21), a group of
eucaryotic proteins conferring multidrug resistance (7, 17,

38), and the related transport proteins PMP-70 (27), CFTR
(49), STE6 (32), the Drosophila brown and white proteins
(9), and the CQR protein (12).

The highest scores in such searches were for comparisons
with HlyB, an E. coli membrane protein required for export
of the protein hemolysin A, and closely related toxin secre-
tion proteins. The next highest scores were for matches to a
set of eucaryotic membrane proteins closely related to the
multidrug resistance genes. The remaining high scores were
for matches to other bacterial transport system proteins in
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CAGTCTATCATTGATACCTATGTGCCAGATCAGATGCGTTCGACACTAGGGATTATTTCT
GinSerllelleAspThrTyrValProAspGlinMetArgSerThrieuGlyllelleSer

ATTGGGCTAGTCATCGTCTACATCCTCCAGCAAATCTTGTCTTACGCTCAGGAGTATCTC
lleGlyLeuValilevValTyrlleLeuGinGinllelLeuSerTyrAlaGinGluTyrlLeu

TTGCTTGTTTTIGGGGCAACCGTTGTCGATTGACGTGATTTTGTCCTATATCAAGCATGTT
LeuLeuValleuGlyGinProlLeuSer|leAspVallleLeuSerTyr!llelLysHisVal

TTTCACCTCCCTATGTCCTTCTTTGCGACACGCAGGACAGGGGAGATCGTGTCTCGTTTT
PheHisLeuProMetSerPhePheAlaThrArgArgThrGlyGlulleValSerArgPhe

ACAGATGCTAACAGTATCATCGATGCGCTGGCTTCGACCATCCTTTCGATTTTCCTAGAT
ThrAspAlaAsnSerilelleAspAlaLeuAlaSerThrilelLeuSer|1ePheleuAsp

GTGTCAACGGTTGTCATTATTTCCCTTGTTCTATTTTCACAAAATACCAATCTCTTTTTC
ValSerThrValValllelleSerLeuVallLeuPheSerGInAsnThrAsnLeuPhePhe

ATGACTTTATTGGCGCTTCCTATCTACACAGTGATTATCTTTGCCTTTATGAAGCCGTTT
MetThrLeuLeuAlaleuProlleTyrThrvalllellePheAlaPheMetLysProPhe

GAAAAGATGAATCGGGATACCATGGAAGCCAATGCGGTTCTGTCTTCTTCTATCATTGAG
GluLysMetAsnArgAspThrMetGluAlaAsnAlaValleuSerSerSerilelleGlu

GACATCAACGGTATTGAGACTATCAAGTCCTTGACCAGTGAAAGTCAGCGTTACCAAAAA
AsplleAsnGlylleGluThrileLysSerLeuThrSerGluSerGinArgTyrGinLys

ATTGACAAGGAATTTGTGGATTATCTGAAGAAATCCTTTACCTATAGTCGAGCAGAGAGT
| leAsplLysGluPheValAspTyrLeulLysLysSerPheThrTyrSerArgAlaGluSer

CAGCAAAAGGCTCTGAAAAAGGTTGCCCATCTCTTGCTTAATGTCGGCATTCTCTGGATG
GInGinLysAlaLeulyslLysValAlaHisLeulLeuLeuAsnValGlyl leLeuTrpMet

GGGGCTGTTCTGGTCATGGATGGCAAGATGAGTTTGGGGCAGTTGATTACCTATAATACC
GlyAlaValleuValMetAspGlyLysMetSerLeuGlyGinLeulleThrTyrAsnThr

TTGCTGGTTTACTTTACCAATCCTTTGGAAAATATCATCAATCTGCAAACCAAGCTTCAG
LeuLeuValTyrPheThrAsnProLeuGluAsnilel leAsnLeuGinThrLysLeuGlin

ACAGCGCAGGTTGCCAATAACCGTCTAAATGAAGTGTATCTAGTAGCTTCTGAGTTTGAG
ThrAlaGlnValAlaAsnAsnArglLeuAsnGluValTyrlLeuValAlaSerGluPheGlu

GAGAAGAAAACAGTTGAGGATTTGAGCTTGATGAAGGGAGATATGACCTTCAAGCAGGTT
GluLysLysThrvValGluAsplLeuSerLeuMetlLysGlyAspMetThrPhelysGinVal

CATTACAAGTATGGCTATGGTCGAGACGTCTTGTCGGATATCAATTTAACCGTTCCCCAA
HisTyrLysTyrGlyTyrGlyArgAspValleuSerAsplleAsnLeuThrValProGin

FIG. 2—Continued.
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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
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GGGTCTAAG(.;TGGCTTTTGTGGGGATTTCAGGGTCAGGTAAGACGACTTTGGCCAAGATG
GlySerLysValAlaPheValGlylleSerGlySerGlyLysThrThrieuAlalysMet

ATGGTTAAT‘;’TTTACGACCCAAGTCAAGGGGAGATTAGTCTGGGTGGTGTCAATCTCAAT
MetValAsnPheTyrAspProSerGInGlyGlul leSerLeuGlyGlyValAsnLeuAsn

CAGATTGATAAAAAAGCCCTGCGCCAGTACATCAACTATCTGCCTCAACAGCCCTATGTC
GinlleAsplLysLysAlalLeuArgGinTyrileAsnTyrLeuProGIinGinProTyrVal

TTTAACGGA;CGATTTTGGAGAATCTTCTTTTGGGAGCCAAGGAGGGGACGACACAGGAA
PheAsnGlyThrileLeuGluAsnLeuLeuleuGlyAlalysGluGlyThrThrGinGlu

GATATCTTM.:GGGCGGTCGAATTGGCAGAGATTCGAGAGGATATCGAGCGCATGCCACTG
AspllelLeuArgAlavValGlulLeuAlaGlulleArgGluAsplleGluArgMetProlLeu

AATTATCAGRCAGAATTGACTTCGGATGGGGCAGGGATTTCAGGTGGTCAACGTCAGAGA
AsnTyrGInThrGluLeuThrSerAspGlyAl a(lslyl leSerGlyGlyGinArgGlinArg

. . . Hpal l. . .
ATCGCTTTGGCGCGTGCTCTCTTGACAGATGCGCCGGTCTTGATTTTGGATGAGGCGACT
|leAlaLeuAlaArgAlaleuLeuThrAspAlaProValleul leLeuAspGluAlaThr

AGCAGTTTG(.;ATATTTTGACAGAGAAGCGGATTGTCGATAATCTCATTGCTTTGGACMG
SerSerlLeuAsplleLeuThrGluLysArglleValAspAsnLeul leAlaleuAsplys

ACCTTGATT';’TCATTGCTCACCGCTTGACTATTGCTGAGCGGACAGAGAAGGTGGTTGTC
Thrieul lePhelleAlaHisArgleuThrileAlaGluArgThrGlulLysValValVval

TTGGATCAG(.EGCAAGATTGTCGAAGAAGGAAAGCATGCTGATTTGCTTGCACAGGGAGGC

LeuAspGinGlylLyslleValGluGluGlyLysHisAlaAspLeulLeuAlaGinGlyGly
kKK .

TTTTACGCCCATTTGGTCAATAGCTAGAAAGAGGAGAGGATGAAACCAGAATTTTTAGAA
PheTyrAlaHislLeuValAsnSer*** ORF2 ---> MetlLysProGluPhelLeuGlu

AGTGCGGAGTTTTATAATCGTCGTTACCATAATTTTTCCAGTAGTGTGATTGTACCCATG
SerAlaGluPheTyrAsnArgArgTyrHisAsnPheSerSerServValileValProMet

GCCCTTCTGCTCGTGTTTTTACTTGGCTTTGCAACTGTTGCAGAGAAGGAGATGAGTTTG
AlaleulLeuleuValPhelLeulLeuGlyPheAlaThrValAlaGluLysGluMetSerlLeu

TCCACTAGAGCTACTGTCGAACCCAGTCGTATCCTTGCAAATATCCAGTCAACTAGCAAC
SerThrArgAlaThrValGluProSerArglleLeuAlaAsnlleGInSerThrSerAsn

AATCGTATTCTTGTCAATCATTTGGAAGAAAATAAGCTGGTTAAGAAGGGGGATCTTTTG

AsnArglleleuValAsnHislLeuGluGluAsnlLyslLeuVallysLysGlyAsplLeuleu

GTTCAATACCAAGAAGGGGCAGAGGGTGTCCAAGCGGAGTCCTATGCCAGTCAGTTGGAC
ValGInTyrGInGluGlyAlaGluGlyValGlinAlaGluSerTyrAlaSerGlnlLeuAsp

FIG. 2—Continued.
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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
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TABLE 1. Protein sequences similar to deduced ComA protein of S. pneumoniae

Database sequence matched” IoBo_wW%

Gene Identifier Protein score
hlyB HLYB$PROVU Hemolysin secretion protein (30) 918
hlyB HLYBS$SECOLI Hemolysin secretion protein, plasmid (10) 912
hlyB HLY2$ECOLI Hemolysin secretion protein, chromosomal (11) 858
mdr MDR$MOUSE Multidrug resistance protein (17) 611
mdrl MDR$SHUMAN Multidrug resistance protein (7) 590
STEG6 MDRS$YEAST Pheromone transport protein (38) 458
mdr MDRS$PLAFA Chloroquine resistance protein (12) 322
proV PROVS$ECOLI Proline transport protein (15) 274
CF CFTR$HUMAN Transmembrane conductance regulator (49) 268
ginG GLNQS$ECOLI Glutamine transport protein GLNQ (45) 266
fecE FECES$SECOLI Iron(III) dicitrate transport protein (51) 262
malK MALKS$ECOLI Maltose transport protein (13) 240
hisP HISP$SALTY Histidine permease (22) 234
hisP HISPSECOLI Histidine permease (31) 226
cysA CYSASANANI Sulfate permease (16) 221
nodl NODISRHILE Nodulation protein I (10) 215
pstB PSTBSECOLI Phosphate transport protein (1) 210
chiD CHLDS$SECOLI Molybdenum transport protein (26) 205
fhuC FHUCS$ECOLI Ferrichrome transport protein (4) 204
oppF OPPF$SALTY Oligopeptide permease protein OPPF (25) 204

4 Gene names, identifiers, and descriptions are as in the SWISS-PROT database. Proteins with the 20 highest optimized scores (47) are listed, with original literature citations.
b Optimized homology score, calculated after an initial search with a ktup value of 1 (47).
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HLYB -  MDS------- ~CHKIDYGLYALE | LAQYHN---VSNPEE [KHRFOTD -37

com - HKFGKRHYRPQVDQHDCGVASLAHVFGYYGSYYFLAHLRELAKTTHDG -48

HLYB - GTGLGLTSWLLAAKSLELKVKQVK---KTIDRLNF IF-LPALVWREDGRH -83

comn - TTALGL---VKVAEEIGFETRAIKADMTLFDLPDLTFPFVAHVLKEGKLL -95

HLYB - FILTKISKEVNRYLIFDLEQR-NPRVLEQSEFEALYQGHI ILITSRSSV- -13)
COMA - HYYVVTGQDKDSIHIADPOPGVKLTKLPRERFEEEWTG-VTLFMAPSPDY -1kb
HLYB - -TGKLAKFDFTVFIPAIlKYRRIFIETLVVSVFLQLFALlTPLFFQVVHD -180
COMA - KPHKEQKNGLLSFIPILVKQRGLIANIVLATLLVTVINIVGSYYLQS!ID -194
HLYB - KVLVHRGFSTLNVITVALSVVVVFEIILSGLRTYIFAHSTSRIDVELGAK -230
COMA - TYVPDQHRSTLGIISIGLVIVYILQQILSYAQEYLLLVLGQPLSIDVILS -2b4
HLYB - LFRHLLALPISYFESRRVGDTVARVRELDQIRNFLTGQALTSVLDLLFSL -280
coMn - YIKHVFHLPHSF FATRRTGE | VSRFTDANS | IDALAST ILS | FLOV-STV -293
HLYB - IFFAVMWYY-SPKLTLVILFSLPCYAAWSVF I SP|LRRRLDDKFSRNADN -329
coma - VIIELGL;SQNTNLFFHTLLALPIYTVIIFAFHKPFEKMNRDTHEANAVL -343
HLYB - QSFLVESVTAINTIKAMAVSPQMTNIWDKQLAGYVAAGFKVTVLATIGQQ -379
coMA - S;S;iEDlNGIETIKSLTSESQRYQKIDKEFVDYLKKSFTYSRAES -QQK -392
HLYB - GIQLIQKTVMI IN-LWLGAHLVISGDLS|IGQLIAFNMLAGQIVAPVIRLA -428
COMA - ALKKVAHLLLNVGILWMGAVLVMDGKMSLGQLITYNTLLVYFTNPLENlI -Lk2

J. BACTERIOL.

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 S 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 (*). - ————

comprising genes for toxin synthesis, modification, and
export, the com locus would, under this model, be expected
to contain relevant genes in addition to comA, including the
structural gene for CF.

A feature shared by at least three bacterial toxin secretion
proteins (14, 24, 30, 52) but not by other members of the
ATP-binding transport protein family is a kinase motif (G-x-
G-x-x-G-17-K), occurring within the strongly conserved ATP-
binding motif (denoted NB-2 in Fig. 3). In ComA, the final

, Potential membrane-spanning segments (28).

lysine of this motif is replaced by a proline (position 641). If
the suggestion that this kinase motif is required for protein
secretion (30) is verified, and if a substitution of proline for
lysine disrupts kinase activity, this difference would suggest
that ComA played a less direct role in CF elaboration.
Direct evidence for the above model is still absent. In-
deed, even circumstantial evidence, such as induction of
ComA at competence, a membrane location for ComA, or an
orientation of ComA protein in the membrane appropriate
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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 ¢rr 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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