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Sequencing Analysis Reveals a Unique Gene Organization
in the gyrB Region of Mycoplasma hominis
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The homolog of the gyrB gene, which has been reported to be present in the vicinity of the initiation site of
replication in bacteria, was mapped on the Mycoplasma hominis genome, and the region was subsequently
sequenced. Five open reading frames were identified flanking the gyrB gene, one of which showed similarity to
that which encodes the LicA protein of Haemophilus influenzae. The organization of the genes in the region
showed no resemblance to that in the corresponding regions of other bacteria sequenced so far. The gyrA gene
was mapped 35 kb downstream from the gyrB gene.

DNA gyrase is a type II topoisomerase that catalyze the
conversion of relaxed duplex DNA to a superhelical form. It is
thought to have an essential role in DNA replication, to
enhance transcription, and to be involved in DNA recombina-
tion and repair (6). DNA gyrase is a tetrameric molecule
composed of two A and two B subunits, which are encoded by
the gyrA and gyrB genes, respectively. DNA gyrase was first
isolated from Escherichia coli and has since been detected in a
number of bacterial species (24). Because of the apparently
ubiquitous existence of DNA gyrases in microbial species and
the high degree of sequence conservation among genes encod-
ing them, much current research is focused on DNA gyrases as
a target for antimicrobial agents (24). In Bacillus subtilis (17),
Salmonella typhimurium (16), and probably Pseudomonas
putida (5), the chromosomal replication origin is found in the
dnaA region. In all of the prokaryotes analyzed so far, the
genes of the dnaA region are linked to the gyrB gene (5, 7, 13,
14, 16, 17, 20, 26). All of the microorganisms that have been
analyzed share a remarkable similarity both in the structure of
the individual genes and in their relative organization. To test
if this highly important region was conserved in Mycoplasma
hominis, we cloned and sequenced the region surrounding the
gyrB gene.
A BamHI linking clone (pBMhHB-3) used in mapping

studies of the M. hominis genome (12) was shown by sequence
analysis to contain part of the M. hominis PG21 gyrB gene. This
plasmid was used to identify clones containing the entire gene,
including the flanking regions, from a BglII and EcoRI library
of M. hominis PG21 DNA made in pBluescript SK+ (Strat-
agene, La Jolla, Calif.). Two clones, pBMhB507C and pE8,
covering a span of 14 kb were picked for subcloning and
sequenced as described by Hattori and Sakaki (9). A span of
7,246 bp in the gyrB region was sequenced and numbered as
shown in Fig. 1. The sequence data were analyzed with the
Genetics Computer Group Sequence Analysis Software Pack-
age, Version 7.1-UNIX (4). Possible open reading frames
(ORFs) of more than 40 amino acids are shdwn in Fig. 2A. The
small ORFs located within larger ORFs were excluded, and
the remaining six ORFs were considered for further analysis.
ORF219, ORF648, ORF249, ORF499, and ORF268 had the
same direction of transcription, while the transcription direc-
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tion of partially sequenced ORF445 was the opposite. Only the
3' end of ORF445 was sequenced, since the 5' end, including
the initiation codon, was beyond the cloned fragments.
Amino acid sequences were deduced from the nucleotide

sequences of all six ORFs, as shown in Fig. 1. Searches of the
National Biomedical Research Foundation and European
Molecular Biology Laboratory databases were performed. On
the basis of similarity, ORF648 was found to correspond to the
E. coli gyrB gene. The gyrB coding sequence is 1,944 bp long
and encodes a protein of 648 amino acids, corresponding to a
molecular mass of 72.7 kDa. The predicted protein shares 55%
identity with B. subtilis gyrase B, 52% identity with the
Mycoplasma pneumoniae protein, and 48.9% identity with E.
coli gyrase B. The homology search also revealed considerable
similarity betweenM hominis GyrB and the ParE polypeptide
of E. coli (39.9%). ParE is a subunit of the type IV topoisomer-
ase, which is supposed to anchor chromosomes on membranes
(10). The similarity to E. coli ParE was significantly less than
that to E. coli GyrB, and some of the amino acid variations
were at positions conserved in all known GyrB polypeptides.
DNA hybridization analysis using probes specific forM homi-
nis gyrB on chromosomal DNA did not show hybridization to
any additional fragments. This indicates that aparE gene inM
hominis, if present, has a low level of identity to M hominis
gyrB.
ORF249 exhibited 42% identity to a putative protein in

Mycoplasma capricolum called LicA, which has an unknown
function (15), and 28% identity to the LicA protein of Hae-
mophilus influenzae. The latter is supposed to be necessary for
expression of the outer membrane lipopolysaccharide of H.
influenzae (30). The specific enzymatic function of the gene is
unresolved, but it is involved in phase variation in the lipopoly-
saccharide. Mycoplasmas are closely related to gram-positive
bacteria and have no cell wall, and ORF249 inM hominis and
licA in M capnicolum are, accordingly, not involved in lipo-
polysaccharide synthesis. The similarity may reflect a different
but related enzymatic function in mycoplasmas.
The remaining ORFs (ORF219, ORF499, ORF268, and

ORF445) were compared with the sequence databases by using
the FASTA and TFASTA programs. No significant similarity
to any of the sequences was found. In an 8-kb region upstream
from ORF219, a total of 3 kb of noncontinuous DNA frag-
ments were sequenced (data not shown). ORFs were likewise
identified and compared to the sequence databases, and no
similarities were found.

In all of the bacteria so far analyzed, the genetic organiza-
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E. coli consensus TTGACA TATAAT TAGTGGA -
-35 -10 SD

1 AAGCTTAATAATTTTATAAAATTAATTAATCTCTATTTTTGTAATTAAAATAAAAATAGATTACATTATAATTTAATTATTAATAATAAGTAATAAGGA 100

GGAA M. hominis 16S rRNA 3'OH end
START ORF219

101 OCAMTATGTTATTTGATTCAAGAACCCCACAATCTAGTGAAGGATTTAAACCAAACGTAGATAATAGCATTAAAAAGCCAATTCCAACAGGTGTTGAAAA 200
M L F D S R T P Q S S E G F K P N V D N S I K K P I P T G V E K -

201 ATTCTTTTTTATCTTATTTTTTATACTTACAATAGGAATTTTCTATTTTGTATATGTAGGAAGAAAATGAATTAATGCGTGATCAAAACGAAATTCAA 300
F F F I L F F I L T I G I F Y F V Y V G R K N E L M R D Q N E I Q -

301 AATGCAAGTTCTCTAATACAAGCAGCAG AGGAGACGTGCAGTTCTAATTAMATGATGGATAGTTTAATTGGCTATAAAAATTTTGAAAATGAAA 400
N A S S L I Q A A E K R R R A V L I K M M D S L I G Y K N F E N E T -

401 CATTAAGTAAAATAACTCAATATAGATCAAAATTATCAAATATCGATGTAGACAMACTTCTCCCGTTGAATTGAAATCACAAATTGACAGCATCAGAGG 500
L S K I T Q Y R S K L S N I D V D K T S P V E L K S Q I D S I R G -

501 TGCTTTAAACTTTCAATTTGAACAATACCCAGATCTTAAAGCAAGCAAATTGTATTTACAATTTTCAACTGAAATTTCTATGCAAGAAGATGAAATTTAT 600
A L N F Q F E Q Y P D L K A S K L Y L Q F S T E I S M Q E D E I Y -

601 GCAACAATAAGAAACTATAATATGATTGCAACATCATTTAATTCAAAAATATATACATTTTGaACAAATTGTGTTGCTCAAAAATTAGATTTGTACAATG 700
A T I R N Y N M I A T S F N S K I Y T F W T N C V A Q K L D L Y N V-

E. coli consensus TTGACA
-35

701 TGGCTATTTTTCAAGCATCCGAAATAGAAAGAGTAGATGTAGATACAAGCGAACTTAGAAACT8ATGAGCCGAAAGGCTTATTTTTLTGCTTTATTTTG800
A I F Q A S E I E R V D V D T S E L R N ---- ---- -

stop stem loop stem poly(T)
AG= -11.4 kcal/mol

TATAAT AGTGGAGGAAA M. hominis 16S rRNA 3OH end
-10 SD start arrB

801 CTATAATATAATATATTAATTAATTAATATATTACAACTGCGAGGAAACATGGACAMATAGAAGAAATACATAAATATAATGCCGATAATATTCAAAT 900
M D K I E E I H K Y N A D N I Q I -

901 ATTAGAAGGTTTAGAAGCCGTAAGAAAAAGACCCGGCATGTACATAGGCTCAATAGGGTTCAAGGGTTTGCACCACTTGCTATEAAATAGTGGATAAC 1000
L E G L E A V R K R P G M Y I G S I G F K G L H H L L W E I V D N -

1001 TCAGTCGATGAAGCAATGGCGGGTTTTGCTACTGAAATTAMATTAAATTGTATCCAAATAATGTAATAGAAGTTGAAGACAATGGTCGTGGAATGCCCA 1100
S V D E A M A G F A T E I X I K L Y P N N V I E V E D N G R G M P T -

1101 CCGGAATTCACTCCGGAACTAAGAAGTCAGCTGTCGAAACAATTTTAACCGTGCTACATGCTGGTGGTAAATTTGATGGATCAAATTATAAAGTTTCCGG 1200
G I H S G T K K S A V E T I L T V L H A G G K F D G S N Y K V S G -

1201 AGGATTACATGGTGTTGGTGCATCAGTTGTTAATGCATTAAGTAGTGAATTTGAAGTATGaGTTAAAAGAGATGGCAAGTTACACTACCAACAATTTAGA 1300
G L H G V G A S V V N A L S S E F E V W V K R D G K L H Y Q Q F R -

1301 AATGGTGGAATTCCTGTTAAACCTTTGGAAGTAATTGGAAATTTTTCTGAAGTTGAAACAGGAACAACAATTAAATTTCACCCTGACTATACCATAATGG 1400
N G G I P V K P L E V I G N F S E V E T G T T I K F H P D Y T I M E -

1401 AAAAAGAAAATTTTTTCTTTGATACAATTATTGACCACTCCAAACAAATTGCTTATTTAAACAAAGGTTTGAAAATAACCGTTGAAAATGTTG 1500
K E N F F F D T I I D H S K Q I A Y L N K G L K I T V E N V E K N -

1501 TATCATCAAAGTTTTTTGTTTTGAAGGTGGACTAATAGACTATGTCAAAGAACTAAACAAAGGTAAATTAATAGTTCCCGAAGTTATTTATGCAGAA 1600
I I K V F C F E G G L I D Y V K E L N K G K K L I V P E V I Y A E -

1601 GGAGTTTTTAACGATAAAAACTTTACAAATGGACAAGATGTAATAGTAGAAGTTGCAATGCAATATAATGAAGCCTACACAAATAGTATTGTTTCTTATG 1700
G V F N D K N F T N G Q D V I V E V A M Q Y N E A Y T N S I V S Y A -

1701 CAAACAATATTCAAACAATTGATGGTGGAACACATGAACAAGGTTTCTATGATGCATTAGTAAGAATTTACAATAATTACGCCGAAACAAATAAACTATT 1800
N N I Q T I D G G T H E Q G F Y D A L V R I Y N N Y A E T N K L F -

1801 TAAACTAGCTCAGAAAATAACAAGAGAAGATGTTAAGGAAGGTTTAGTAGCAATCATTTCTATTAAACACACAGATCCAATTTTTGAAGGTCAAACT 1900
K T S S E K I T R E D V K E G L V A I I S I K H T D P I F E G Q T -

1901 AAAGGAMATTAGAAAATAAAGATGCAAGAATTGCCACAAATAAAATTCTTTCAGACTCGCTAGAACGTTATTTGAATGAAAACCCAGAAATTGCAAGAG 2000
K G K L E N K D A R I A T N K I L S D S L E R Y L N E N P E I A R A -

2001 CAATAATCGAAAAGTGTCTTCTTTCGCAACACACAAGGCTTCTTGAAATAAAGGCTCGCGAAGCTTCTAGAAAAGGTAATGGTTTAGATTTAGGTAATCT 2100
I I E K C L L S Q H T R L L E I K A R E A S R K G N G L D L G N L -

2101 TCCTGGAAAATTAGCAGACT2TTCATCGTGCAGAAATTAGAGAATTATTTATTGTCGAAGGTAATTCGGCCGGAGGTTCTGCTAAAATGGGAAGA 2200
P G K L A D C S S K N A E I R E L F I V E G N S A G G S A K M GR -

2201 GATCGTTCTATTCAAGCTATTTTGCCTCTACGTGGTAAGGTTATAAATGCAGAAAA20TTCGTTTGCTTCTGTCTTGTCAAATAAGAATTGCAACAA2300
D R S I Q A I L P L R G K V I N A E K N S F A S V L S N K E I A T M -

2301 TGATTCACGCCTTAGGCACAGGAATAAATACAGAATTTGATATTAACAAATTAAAATATCACAMATTATCATTATGACAGATGCCGACGTTGATGGAGC 2400
I H A L G T G I N T E F D I- N K L K Y H K I I I M T D A D V D G A -

2401 ACACATTACTACTTTATTATTGACATTCTTTTACCGTTATATGAAACCTTTAATTGAATATGGATTTGTTTATTTGGCGCAACCTCCACTATATAAAATA 2500
H I T T L L L T F F Y R Y M K P L I E Y G F V Y L A Q P P L Y K I -

FIG. 1. Nucleotide sequence of the gyrB region. The deduced amino acid sequence is shown below the DNA sequence. Possible promoter and
Shine-Dalgarno (SD) sequences are underlined and compared with the corresponding sequences in E. coli and the 16S rRNA of M. hominis (8),
respectively. Tentative stem-and-loop structures are shown by arrows, and the free energy calculated as described by Tinoco et al. (28) is indicated.
UGAT~p codons are in boldface. Over the deduced amino acid sequence for ORF445, the noncoding strand is shown.
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2501 ACACGAAAGTATTCTCAGTTCAAGAAACTGAATAAGTAAAAGTCATACTAA2600
T S G K N V E Y A YN D L Q K EQ0 I M A K L ED K R N V A I Q R Y K -

2601 AAGGTCTTGGTGAAATGGACCCAGAACAACTATGAGAAACAACAATGGATCCAGAAACTAGAAAAATGCTCCAAGTTCAAATAGATGATGCAGCAATTTG 2700
G L G EM D F EQ9 L W E T T M D P ET R K M L Q V Q I D D A A I C-

M. hominis 16S rRNA 30OH end TAGTGGAGGAA
SD start ORF249

2701 TGTCGATGTCTATGAAGATGACCTAGTTATAGAAGAATCCATAAAAACATT2800
D T V F A T L M G E E I E P R H D F I Q E N A K Y A N N I D I stop M -

2801 GCTAAAGCCTCTAACTAATCAAGGTTTCACAAACAAAGTATTTTATGATGATGAAACTAATAGATTTATAAAAATAAAATCATATGATGGATTTAACCAT 2900
L K F L T N Q G F T N K V F Y D DE T N R F I1K I1K S Y D G F N H -

2901 AAAAGCGATGCATTCTTATTAAATAATTTAGATTTTTGTCCAAAGATATTTGTTGATAATAAAAAAGAACTTCAAACCGAATGMATTAATGGAATTACAT 3000
K S D A F L L N N L D F C F K I F V D N K K E L Q T E WI NG I T L -

3001 TAAACGAAAGTCTTTTGACAGATGATATTTTAAAAACTATTGGAAAAAATTTAATCACTTTGCATAATTCAAAATTGAAATTTTATAAAGAAAATCAAT 3100
N E S L L TD D I L K T I G K N L IT L H N S K L K F Y K EN Q I -

3101 TGTGAATATTTTGAAAATCATTATGAATCATCAAAAATTAAATATTTTTAA3200
A R R F N I Y R K K I SS L N R K IFP I L D K YY K K IN L F L R -

3201 AATATTGACAATTCCGCCCCTGTCCATAATGACCTTTGACTATTCAATATGATAAAAGTAAATGATAAAATTTATTTTACAGATT~aGAATATGCTACGA 3300
N I D N S AP V H N D L W L F N M I K V N D K I Y F T D W E Y A TM -

3301 TGGGTTCTTGCTGTATTTGACACACAAGAACAAAATTTTGTCTTGGTATTA3400
G D V H F D L A Y F I E S S N L N E K Q E K V F L D AY G D D F E -

3401 ACCCAAATATTTATTTATTCACAAAATTTTAGTGAATGCCTTAATTGTGCTAT~aATAAATGCCCATGAAGTACTTCCGTTTGATGATAGTCTATATCTA 3500
F K Y L F I H K I L V N A L IV L W I N A H E V L F F D D S LY L-

TAGTGGAGGAA M. hominis 16S rRNA 3'OH end
SD start ORF 499

3501 AATAGAGTTGAAAAATACATGGAGCAATTAGAAAAAGAAAAAGAGTAATATGTTAAAAAGAGATTGTTGTTGTGGTTGCAAGTCAGCTGAGTTCTGCACA 3600
N R V E K Y M E Q L E KE K E M L K R D C CC G C K S A E F C T -

3601 TGAAAAAATAGATCATATAAGAAATGATTTTGTTAGTTGAACTAATTAACT3700
C K N K K S C I P N N L YE K I R N V F G Y E V F E K L N N L R F Y -

3701 ATTTTGACGATTTGCATAGTAGTACATATATTGGAAAACTAGATGATGTTTGRTTCAAATAAGAATTCCTTCTGACAGTAAAATAAATTATGATAACGA 3800
F D D L H S S T Y I G K L D D V W VQ I R I PS D S KI N Y D N E -

3801 AAAACATGAATTAGTATTATCAGTGTTTAAAAAGTCCGATGCTTTAGTAAT3900
T K L V E K F K D Y F Y Y K D G Y IlIK K W F F G V D L F K V K I -

3901 GATAGTGGAATTAAAAAAGCAATATTTAATTGTGTCAAAAATTTTCAAAACCTTAATGTAGATAAGATAGAAAAATTCGATTGRTTCAAATATCCTATTC 4000
D S G I1K K A I F N C V K N F Q N L N V D K I E K F D W F K Y FI Q -

4001 AAAGTATTAGATGTAAAATAAGACTATCAGCTAACTAAGCAAATTGTAAAA4100
D A E Y K A L V K K Y S K E F L V L S H N N L K R Q N IL V N K Y -

4101 CGCTATACATGTTGAAGTCTAAATATTTGTCGAGCTATATTAGATCAAAGT4200
G F I1K L V D F E Y VA L N N K YV D F V S LY L F L G IFP K E D -

4201 ATATATCTAATGCCTTTTTAGTTGTTTATAATTCAGGCAGATAAGTATAAA4300
lIID F F K L D P S V F D D F V F L M R V Y N E A MY L N D Y S K N -

4301 ATATCATGTACCTTATAAATTTTGACAGTTTAACAAAATATTCAAATAATA4400
N S K S L SFPF D S K S LY S N K D F L E L N R F I V Q K N H N N -

4401 CTTTGACAATAAATTAAATATTTCTAAAATTGAAAAATTTTATTTTGTTCCACTTTGTGTTTACGAAGATGAAGATAGAACCATATCMAAATGRATCAAT 4500
F D N K L N I SK I E K F Y F V P LC V Y E D E D R T I W K W IN -

4501 TCTAAACAATTAAGTTCATTCAACAACCATCAAATTAAAGTTCTTGCAAAAGCAATGAGAACGCTTCATGATTCTGATGTAGAATTTCCTGAATACATTT 4600
S K Q L S SF N N H Q I1KV L A K AM R T L H D S D V E F F EY IL -

4601 TATCAAAGAAAATTAATTUOTATTTAGATCATATGGAAATAAAAACCTTATTAGAAGATTTAAAAGGCAATAAAAGAATCAATGAAATTATTAAAT~aAT 4700
S K K IN W Y L D H M E I1K T L L ED L K G N K R I N ElI 1KW I -

4701 CAAACAATTAAACCGGATGCAAATTGTCATAATAATTTAAATTTCAATAACATATTCTTTAATAGTAGCGACAATTTATATATTATTGATTGRTCAGTT 4800
K Q I1K F DA N C H N N L N F N N I1FF N S S D N L Y lIID W S V -

4801 GCATATAGAAACAATCGTTATTTAGACATAGCTTTCTTATTTGAAAATACTCAAATGACACCTGAATTAGAATCTTTATTTT~aAAATCTTATGGTATGA 4900
A Y R N N R Y L D I A F L F E N T Q M T FE L E S L F W K S Y G M I -

4901 TATGTCCAAAAGACTTTTATAAATATAGAATTATTGTTCACTTTACAGCATATTTATATAACAAATTATTAAACACTGATTTTAACGCTGCTAAGGTTAA 5000
CFP K D F Y K Y R I I V HF T A Y L YN K L L N T D F N A A K V N-

M. hominis 16S rRNA 3'OH end TAGTGGAGGAA
SD start ORF 268

5001 CATAAATATAAATGAATAACTAAATAGCTATAA AGAACAAAAAAATTGCT5100
T K R I N E I F E K L N I K D stop H K K G K A K E K K T I D V -

5101 CGACAAGCAAGAAAAAAAATCAGTTAGAATTCGTAGAGTAAAAACCGGATTTCTATTTTCAGGAATTTTAATTCCTTTAGTTTGCGTTGTCGCAATACCA 5200
DN K Q EDKTKS V RI R F K -PTl- T1G FL F TGI IF LVT C1 V VirAlP -

FIG. 1--Continued.
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5201 CTTTCATTAAACAAGAATTATTCATTAAAGCGAACCAAATATTTTACTGACGATAGAACTTTATATTCAATTGACAAAAACACTATAAAAGAAAATAATA 5300
L S L N K N Y S L K R T K Y F T D D R T L Y S I D K N T I K E N N K-

5301 AAACTTATAAAGTAATTACCCTAACATCTAAAAGTCTTAATGTTTCTGATATTATGAGCGAAAGCGCAAGATACATGAATATTCCACAAAAATCATTTAA 5400
T Y K V I T L T S K S L N V S D I M S E S A R Y M N I P Q K S F N -

5401 TAATTCCGTTACATATTCAAATAAAATCAATATTAGAACAAACACCAACTTGTTAAAAAATACAAAAATTAATGAGACAAAGGTTACAAAAATAACTAAT 5500
N S V T Y S N K I N I R T N T N L L K N T K I N E T K V T K I T N -

5501 AGTAACCAAACTATTTTTAAATTAGATTTAATTCAACTATGAAATGAAATAAACTCAAAATCTAATAATAAAATATCTGAGTTTGATTTTTTAAGCAATA 5600
S N Q T I F K L D L I Q L W N E I N S K S N N K I S E F D F L S N I -

5601 TCGAATCAATAAATAATGCTATGACTTACTCTTATATAAAAAATAACAAACTCTTTTACTTTGACAATAAGCAAGGATATTCTGGATATATTATTCAAAA 5700
E S I N N A M T Y S Y I K N N K L F Y F D N K Q G Y S G Y I I Q K -

5701 ATTCTTTGAAAATTTTGATGTTGAGATTCGTAAAGAAAATCTTAAAAATAAAAATGTTAATGTTTTAGAAGCTTTTATTTCTAGCACTATTGAATTAAAC 5800
F F E N F D V E I R K E N L K N K N V N V L E A F I S S T I E L N -

5801 GAATCATTAACCGAAATTAAAAAAATCACTTTTGATACTAAAATTACATTAMATATGAAATATAAAAACAGGCAAACGCCTGTTTTTATATTTATATAT 5900
E S L T E I K K I T F D T K I T L K Y E I----------- -------------

stop stem loop stem
AG= -26 kcal/mol

5901 TCTTTGAATTATTTTATACCGTAGTGAATCTTTGTAACTTTTTCTAAAGTATCTAGAGGTAAGGCACTATTCTTTAATAGAACGTCAAAGAATTCTTTTA 6000
stop K I G Y H I K T V K E L T D L P L A S N K L L V D F F E K -

6001 TGTATTTGTGGTTTTCTTTTTCAACAAAGTCTCTTCTTGATAGTCCTAAGTGTTTACGTACTTGGTCGTATAGAGATAGCATCTTTTCTTTACCAGCATT 6100
I Y K H N E K E V F D R R S L G L H K R V Q D Y L S L M K E K G A N -

6101 GTATGAAATTGCTTGTCCAGCTAGATTTAGGTAACGTTTTGATTCAGACATAATGTCACCAATACCTAATGCTGAGTTTGCTGACATAAATCTTCTTACA 6200
Y S I A Q G A L N L Y R K S E S M I D G I G L A S N A S M F R R V -

6201 TCATTAATTGATGCATTTGCAGGTAAATCAGATTTTGCATCAATTCCTTGTCCATGGTATGCAGGGTCAACTGCTCTACGCATATTACGTAATTGTGCTT 6300
D N I S A N A P L D S K A D I G Q G H Y A P D V A R R M N R L Q A -

6301 CGTTTAATGCTCCAAAGTATTGTAACATGTTTGTTAATTTAACTGCTCTTTGTGCATGTTCTTTTTCGTCAGTTTCACCACTTTTAGCAGTTAATGTTCA 6400
E N L A G F Y Q L M N T L K V A R Q A H E K E D T E G S K A T L T W -

6401 ATATACTCCACCATGTAATTCTTTGATTTGTTTTATCATGTCTTCTGTAATATCTGCTTTTGTTTTTGCTGTAAAGAAGCTTGTTATTCCTTTAGCATGG 6500
Y V G G H L E K I Q K I M D E T I D A K T K A T F F S T I G K A H -

6501 CTAAAGTCAGTTGGTTTTGCATAGTAATCGTTATCTTTGTTATCGTAGTCAGGAGTTCCGTAGTATCCTGCTTCAATTCCAAATCaTTCCATAAATAATG 6600
S F D T P K A Y Y D N D K N D Y D P T G Y Y G A E I G F W E M F L -

6601 CTCMACCTTCAACGTATGAAGTAAAGTCAAATGCATTTGCACCTAGATTTTCATTGTTTTGACTTACTAGGTGTTTACGTGCGTAGTAAATTTGGTTGTG 6700
A W G E V Y S T F D F A N A G L N E N N Q S V L H K R A Y Y I Q N H -

6701 GTGTCCCATAATTCCTTCGTGGTTAGCGAATGAAGTAACTGATCATTTTGGCAATGAGTAGTATGGGTCACAGTTGAAGTTAAATGCACCTTGAATAGAA 6800
H G M I G E H N A F S T V S W K P L S Y Y P D C N F N F A G Q I S -

6801 GTTACATTTCCATTTTCATCCAAGATACGTGTATCTGAGTTATATGCTCCAACACCTTCTTGATCACGTCTTTCATATAGATATGTTACTGCTTTGTAGT 6900
T V N G N E D L I R T D S N Y A G V G E Q D R R E Y L Y T V A K Y -

6901 CAGGAACATCTTTACCGAAGAATGATTTTCCATTCTTGATGGTTGACTTCATGAATTGATCATAAGCCTTAAATGCTTCTAAAGCTCCATAGTAGAATTG 7000
D P V D K G F F S K G N K I T S K M F Q D Y A K F A E L A G Y Y F Q -

7001 TTCGTTTGTGATTGAACCGTATTCTTTAGCCTTGTTTTCATCTCTTGTTAAGATGCCATAACCATAAGCACTTAAATTGGTCTTGTATTCTTTAAGAGTT 7100
E N T I S G Y E K A K N E D R T L I G Y G Y A S L N T K Y E K L T -

7101 GGATCATCAAATAATGACTTCTTGTAGGCTTCTGTGTAGAAACTCTTATCTTCACGACCAAAGAAGAATTGTTCTTGGTTTAAT4MTTTTGCAAAGGCTT 7200
P D D F L S K K Y A E T Y F S K D E R G F F F Q E Q N L W K A F A -

ORF 445
7201 GTAAATCGATATTGCCTTTTGCATCACGAATTGTTAATTCAAGATC 7246

Q L D I N G K A D R I T L E L D -

FIG. 1-Continued.

tion upstream of the gyrB gene is highly conserved and the relative to gyrB on the chromosomal map of M. hominis, clones
genes are organized in the following order, in E. coli (7), B. from E. coli (29) and Mycoplasma genitalium (22) containing
subtilis (17), P. putida (5), Pseudomonas mirabilis (26), S. the dnaA gene were used in Southern hybridizations under
typhimurium (16), Staphylococcus aureus (14), and Buchnera low-stringency conditions but it was not possible to obtain any
aphidicola (13): mpA-rpmH-dnaA-dnaN-recF-gyrB. An excep- signal. An M. genitalium gyrA probe (see below) was applied as
tion is present in Borrelia burgdorferi, where dnaA and dnaN a positive control.
are reversed. In M. capicolum, the arrangement mpA-rpmH- The gyrB and gyrA genes in E. coli (16) and P. putida (21) are
dnaA-dnaN is identical to that of other bacteria but the gyrB localized several kilobases apart on the chromosome, but in
gene has not been identified (15). To localize the dnaA gene most bacteria, including S. aureus, B. subtilis, Haloferax sp.
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FIG. 2. (A) ORRs in the gyrB region. All possible coding frames which code for more than 40 amino acids are shown. The frames with typical

Shine-Dalgarno sequences are indicated by black blocks. The numbers of amino acids in the OREs are shown with the numbers of amino acids
giving the names of the ORFs. Transcript lengths are shown by hatched bars. (B) Physical and genetic map of M. hominis PG21. SMaI, BamHI,
XhoI, and Sail restriction sites are indicated. Map units are in kilobases. The positions of the functional loci are indicated as precisely as allowed
by the resolution of the map.

strain AA 2.2, B. burgdorferi, M. pneumoniae (24), and M.
genitalium (22), gyrA and gyrB are coupled. DNA sequence
analysis of the region downstream of the gyrB gene in M.
hominis indicated that it was not coupled with gyrA. gyrB has
been mapped on the M. hominis PG21 genome by pulsed-field
gel electrophoresis (12). By using a DNA fragment containing
most of the M. genitalium gyrA gene (23) as a probe in
hybridization analysis, the gyrA gene in M. hominis PG21 was

mapped and shown to be located at least 35 kb upstream of the
gyrB gene (Fig. 2B).

Comparison of amino acid sequences deduced from the

DNA sequence indicates that the chromosomal organization
of the dnaA region is highly conserved in prokaryotes (5, 14,
16, 26). This apparent conservation is remarkable and indica-
tive of biological significance. One element of the conservation
in the dnaA region could be the need for coordinated expres-
sion of the genes, most of which are essential for DNA
metabolism. From the presented sequencing data and mapping
studies of the gyrB region of M. hominis, it seems possible that
the dnaA region in some mycoplasmas is not as strictly
conserved as in other organisms analyzed so far. Conservation
of gene order has been recognized in the spc operon of E. coli,
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B. subtilis, M. capricolum, and Micrococcus luteus (16, 18, 19).
Unlike in these bacteria, in M. hominis the tuf gene is not part
of the spc operon (11). Gene rearrangement may thus be a
more pronounced phenomenon in M. hominis than in the
organisms analyzed so far.

Northern (RNA) blot hybridization of M. hominis RNA was
performed by standard methods (2, 25) to identify the corre-
sponding transcripts of the identified ORFs. A DNA probe
specific for ORF219 hybridized to a 0.64-kb RNA fragment.
Probes specific for ORF648 (gyrB), ORF249, ORF499, and
ORF268 all hybridized to a 5.2-kb fragment. ORF445 hybrid-
ized to a 3.2-kb fragment. On the basis of these results, the six
genes in the gyrB region are divided into three transcriptional
units. Putative promoters and termination signals were found
for each transcript, as shown in Fig. 1.
A characteristic feature of several mycoplasma species is the

use of UGA to encode tryptophan (Trp) rather than transla-
tional termination (32). We found one UGA codon within
ORF219, three in ORF648 (gyrB), four in 0RF249 (licA), nine
in ORF499, one in ORF268, and five in ORF445. None of the
tryptophans was encoded by the universal Trp codon (UGG).
As shown in Fig. 3, which compares gyrase B sequences, UGA
codons occur at Trp sites in the corresponding proteins of
other bacteria. One occurs where all of the other organisms
have Trp (Trp-595), one occurs where B. subtilis and M.
pneumoniae have Trp (Trp-45), and one occurs where M.
pneumoniae has Trp (Trp-137). All of these organisms use the
universal Trp codon UGG at the indicated locations. This
indicates that UGA is a codon for Trp in M. hominis. Whether
M. hominis has a tRNATrP (CCA) in accordance with the
universal genetic code cannot be interpreted from these data.
TheE. coli gyrB sequence was published in 1987 (1), and now

several genes have been sequenced, which makes a compre-
hensive comparison of gyrB sequences possible. In Fig. 3, the
amino acid sequences deduced from the nucleotide sequences
of eight gyrB genes are compared. Identical amino acid resi-
dues are printed in reverse. Like M. pneumoniae, B. subtilis, S.
aureus, and Haloferax sp. gyrases B, the M. hominis protein
lacks an internal 180-amino-acid stretch found toward the
C-terminal end of the gram-negative bacterial GyrB protein
(Fig. 3). The function of this region is unknown. Recent
crystallographic analysis of the 393 N-terminal amino acids of
E. coli gyrB has shown that this region hydrolyzes ATP, and
furthermore, a number of critical residues that interact with
the nucleotides have been identified (31). These sites are all
conserved in the sequenced gyrase genes, including that of M.
hominis (Fig. 3), indicating the importance of these residues.
DNA gyrase is the target for a number of antibacterial agents,
including coumarins. Mutations in the E. coli gyrB gene at
positions 136 (Arg-4Cys/His/Ser) and 164 (Gly->Val) confer
resistance to high concentrations of coumarins (3). The amino
acids in the corresponding positons of M. hominis are identical
to those in the E. coli wild-type sequence (Fig. 3).

Nucleotide sequence accession number. The sequence data
presented here will appear in the EMBL data library under
accession number X77529.
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