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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 gyr4 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 Bg/II and EcoRI library
of M. hominis PG21 DNA made in pBluescript SK+ (Strat-
agene, La Jolla, Calif.). Two clones, pBMhB507C and pES,
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 shown 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 between M. 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 for M. homi-
nis gyrB on chromosomal DNA did not show hybridization to
any additional fragments. This indicates that a parE gene in M.
hominis, if present, has a low level of identity to M. hominis
grB.

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 in M. hominis and
licA in M. capricolum 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-



._coli consensus TTGACA TATAAT TAGTGGA -
-35 =10 sSD
AAGCTTAATAATTTTATARAATTARTTARTCTCTATTTIIGTAATTAARATARAAATAGATTACATIATAATTTAATTATTAATAATAAGTAATARAGGA 100

[

GGAR M. hominis 16S rRNA 3'OH end
START ORF219
101 GCAATATGTTATTTGATTCAAGAACCCCACARTCTAGTGAAGGATTTAAACCAAACGTAGATAATAGCATTAARAAGCCAATTCCAACAGGTGTTGAAAA 200
M L F D S R TP Q S S E G F KPNUVDNISTIIKI KT PTIUZPTG GV E K -

201 ATTCTTTTTTATCTTATTTTTTATACTTACAATAGGAATTTTCTATTTTGTATATGTAGGAAGAAAAAATGAATTAATGCGTGATCAAAACGAAATTCAA 300
F F F I L F F I L T 1 6 I F Y F VY V GRIKNJETILMRBRDU GQNETII QO -~

301 AATGCAAGTTCTCTAATACAAGCAGCAGARRARAGGAGACGTGCAGTTCTAATTARAATGATGGATAGTTTAATTGGCTATAAAAATTTTGAAAATGAAR 400
N A S s L I Q A A EIKU RURRAYVLIIKMMDSULI GY KNTFENTET-

401 CATTAAGTAAAATAACTCAATATAGATCAAAATTATCARATATCGATGTAGACAAAACTTCTCCCGTTGAATTGAAATCACAAATTGACAGCATCAGAGG 500
L S K I T Q YR S KL S NI D VDIKTSU?PUVETILIKSZGQTIDSTIURG -

501 TGCTTTAAACTTTCAATTTGAACAATACCCAGATCTTAAAGCAAGCAAATTGTATTTACAATTTTCAACTGAAATTTCTATGCAAGAAGATGAAATTTAT 600
A L NF QF E QY P DL KAS KULYLQVF S TZETI SMOQEUDETIY -

601 GCAACAATAAGAAACTATAATATGATTGCAACATCATTTAATTCARAAATATATACATTTYGAACAAATTGTGTTGCTCAARAATTAGATTTGTACAATG 700
A T I RN Y NMIATSF NS K I YTV FWTNTUGCVAOQI KTLTDITLYNUV-

E. colj consensus TTGACA
-35
701 TGGCTATTTTTCAAGCATCCGAAATAGAAAGAGTAGATGTAGATACAAGCGAACTTAGARACTAAATGAGCCGAAAGGCTTATTTTTITGCTTTATTTTG 800
A I F Q A 8 E I E R V D V D T S E L R N eccc aaa S
stop stem loop stem poly(T)
AG= -11.4 kcal/mol

TATAAT AGTGGAGGAAA M. hominis 16S rRNA 3'OH end
-10 sSD start gyrB
801 CTIATAATATAATATATTAATTAATTAATATATTACAACATGCGAGGAAACATGGACAAAATAGAAGAAATACATARATATAATGCCGATAATATTCAAAT 900
M D K I E E I H K YN ADN I Q I -

901 ATTAGAAGGTTTAGAAGCCGTAAGAAAAAGACCCGGCATGTACATAGGCTCAATAGGGTTCAAGGGTTTGCACCACTTGCTATGAGAAATAGTGGATAAC 1000
L E GL EAVRIKU RUZPGMYTI GG S I 6GF K GLHHLULWETIVDN -

1001 TCAGTCGATGAAGCAATGGCGGGTTTTGCTACTGARATTAAAATTARATTGTATCCARAATAATGTAATAGAAGTTGAAGACAATGGTCGTGGAATGCCCA 1100
S vV D EAMAGT FA ATETIIKTIIKTILYUPNNUVIEUVETDNGRUGMUPT-

1101 CCGGAATTCACTCCGGAACTAAGAAGTCAGCTGTCGAAACAATTTTAACCGTGCTACATGCTGGTGGTARATTTGATGGATCAAATTATARAAGTTTCCGG 1200
G I HS G T K K S AV ETTIULTVULHA AGTGI KT FDGSNYK VS G -

1201 AGGATTACATGGTGTTGGTGCATCAGTTGTTAATGCATTAAGTAGTGAATTTGAAGTATGAGT TARAAGAGATGGCAAGTTACACTACCAACAATTTAGA 1300
G L HGV GA SV V NA AL S S ETFEVWV KRUDGKULHYQQF R -

1301 AATGGTGGAATTCCTGTTAAACCTTTGGAAGTAATTGGARATTTTTCTGAAGTTGAARCAGGAACAACRATTARATTTCACCCTGACTATACCATAATGG 1400
N G G I PV K P L EV I GNTVF S EVETGTTTIXT FHUPUDTYTTIME-

1401 AAAAAGAAAATTTTTTCTTTGATACAATTATTGACCACTCCAAACAAATTGCTTATTTAARACARAAGGTTTGAAAATAACCGTTGAAAATGTTGAAAAARAA 1500
K E N F F F DT 11 I DH S K OQIAYULNJIZKTGTLI KTITUVENUVEIKN -

1501 TATCATCAAAGTTTTTTGTTTTGAAGGTGGACTAATAGACTATGTCAAAGAACTAAACAAAGGTAAAARATTAATAGTTCCCGAAGTTATTTATGCAGAA 1600
I I KV F CVF E G GL I DYV KETLNIKTGI KU KT LTIVZPEVTIYAE -

1601 GGAGTTTTTAACGATARAAACTTTACARATGGACAAGATGTAATAGTAGAAGTTGCAATGCAATATAATGAAGCCTACACARATAGTATTGTTTCTTATG 1700
G V F ND KNTFTNGUGQDV IV EVAMZ QY YNTEA RARYTNS STI VS Y A-

1701 CAAACAATATTCARACAATTGATGGTGGAACACATGAACAAGGTTTCTATGATGCATTAGTAAGAATTTACAATAATTACGCCGAAACAAATAAACTATT 1800
N NI Q9 T I DG G THEOQGV F YDA ALUVU RTIYNNYA AETNIKITLTF -

1801 TAAAACTAGCTCAGAAAAARATAACAAGAGAAGATGTTAAGGAAGGTTTAGTAGCAATCATTTCTATTARAACACACAGATCCAATTTTTGAAGGTCAAACT 1900
K T S S E K I T RE DV KEGULVATITI S 1 KHTDUPTIUFEGU QT -

1901 AAAGGAAAATTAGARAATAAAGATGCAAGAATTGCCACARATARAATTCTTTCAGACTCGCTAGAACGTTATTTGAATGAAAACCCAGARATTGCAAGAG 2000
K 6 K L E N KD AR I A ATNIKTIIULSDSLERYIULNENUPUETIA ATRA-

2001 CAATAATCGARAAGTGTCTTCTTTCGCAACACACAAGGCTTCTTGAAATAAAGGCTCGCGAAGCTTCTAGAAAAGGTAATGGTTTAGATTTAGGTAATCT 2100
I 1 E K C L L S Q HTIRULULUETI KA ARTEA A ST RIKGNGTLDTULGNIL -

2101 TCCTGGAARATTAGCAGACTGTTCATCGARAAATGCAGAAATTAGAGAATTATTTATTGTCGAAGGTAATTCGGCCGGAGGTTCTGCTAAAATGGGAAGA 2200
P G K L A DC S S KNAETIURETLVFTIVEGNSZSA AGG G S AT KMMGT R -

2201 GATCGTTCTATTCAAGCTATTTTGCCTCTACGTGGTAAGGTTATARATGCAGAARARARTTCGTTTGCTTCTGTCTTGTCAARTAAAGARATTGCAACAA 2300
D RS I QA I L PLRGIKUVINA AEIKNINST FA ASUVILSNIKETIM AT M-

2301 TGATTCACGCCTTAGGCACAGGAATAAATACAGAATTTGATATTAACAAATTAAAATATCACAAAATTATCATTATGACAGATGCCGACGTTGATGGAGC 2400
I HAL GT G I NTETFDINIKILIKT YHI KTITITIMTDA ATDUVDGA -

2401 ACACATTACTACTTTATTATTGACATTCTTTTACCGTTATATGAAACCTTTAATTGAATATGGATTTGTTTATTTGGCGCAACCTCCACTATATAAAATA 2500
H I T TJULULULTVFF Y RYMIKUPULTIEYGTF VYL AQZPUPILYIKTI -

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.
UGAr,, codons are in boldface. Over the deduced amino acid sequence for ORF445, the noncoding strand is shown.
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ACTAGCGGARAAAATGTTGAATATGCATACAATGATTTGCAARARGAACARATCATGGCAAAATTAGAAGATAARAGARATGTTGCTATTCAACGTTACA
T S 6 K NV E Y AYNUDTILUGOTZ KETZGQTIMATZKTILTET DI KT RNVATIIOQTRYK

AAGGTCTTGGTGAAATGGACCCAGAACAACTATGAGARACAACAATGGATCCAGARACTAGARARATGCTCCAAGTTCARATAGATGATGCAGCAATTTG
G L G EMUDUPESG QULUWETTMDU®PETURIKMLAOQVQTIDUDA AR BATIHC
M. hominis 16S rRNA 3'OH end TAGTGGAGGAA

2600

2700

SD start ORF249

TGATACAGTATTTGCTACATTARTGGGAGAAGARATAGARCCTCGTCATGATTTTATTCAAGAAAACGCARAATACGCARATAATATAGATATCTAATAT
D TV FATTULMMGETETITET PR RUHDT FTIQENA AIKTYA ARNNTITDISstpHM

GCTARAGCCTCTAACTAATCAAGGTTTCACAAACARAGTATTTTATGATGATGAAACTAATAGATTTATARAAATARRATCATATGATGGATTTAACCAT
L K PLTNAOTGTFTNIZKUVTFYDUDETNR RTFTIIKTIIKSTYUDGTFNH

ARARGCGATGCATTCTTATTAAATAATTTAGATTTTTGTCCARAGATATTTGTTGATAATARAARAGARCTTCAAACCGAATGARTTAATGGAATTACAT
K S DA FLLNUNTIULUDTFTCUPIKTITFVDNIEKIKTETLU GQTEU WTINSGTITL

TAAACGAAAGTCTTTTGACAGATGATATTTTAAARACTATTGGAARAAATTTAATCACTTTGCATAATTCARRATTGARATTTTATAAAGARARTCAAAT
N E S L L T DD I L KT I G KNILTITULHNSI KILIEKTFYIKTENOQTI

TGCTAGAAGATTTAATATTTATAGAARAARAATTTCTAGT TTARATAGARARATTCCAATCCTAGATAARATACTATARAARAATTARTTTGTTTTTAAGA
A R RF N I YRKI K11 sS S L NUZ RIKTIUPTIULDI KT Y]YZKI KTINTLTFLR

AATATTGACAATTCCGCCCCTGTCCATAATGACCTTYGACTATTCAATATGATARAAAGTARATGATARAATTTATTTTACAGAT YTGAGRATATGCTACGA
N I D NS A PV HNUDIULUWULTFNMIIKUVNDIKTIYTFTUDWETYATM

TGGGCGATGTGCATTTTGACCTTGCTTATTTTATTGAATCAAGCAATCTARATGAARARCAAGARARAGTTTTTTTAGATGCTTATGGTGATGATTTTGA
G D VHVFDULA AYTFI ES S NULNEIKU QET KUV FLDA AYGDDF E

ACCCARATATTTATTTATTCACAAARATTTTAGTGAATGCCTTAATTGTGCTATGAATAAATGCCCATGAAGTACTTCCGTTTGATGATAGTCTATATCTA
P K YL F I HK I L VN ALTIUVILUWINAHEU VTLU®PTFDUDSTIL YL

TAGTGGAGGAAR M. hominis 16S rRNA 3'OH end
sp start ORF 499
AATAGAGTTGARAAATACATGGAGCAATTAGAAARAGAARAAGAGTAATATGT TARAAAGAGATTGTTGTTGTGGTTGCAAGTCAGCTGAGTTCTGCACA
N R V E K Y M E Q L E K E K E M L K R D CCCGC K S A ETFC T

TGCAARAAATAAARAATCATGTATTCCTAATAATTTATATGAAARAATTAGGAATGTTTTTGGTTATGAAGTTTTTGAARAAACTTARATAATTTARGACCTT
C K N K K s ¢ I PNNULYTETZ KTIR RNV VTFGYEUVTFEI KTILNNTILTR RIPY

ATTTTGACGATTTGCATAGTAGTACATATATTGGARAACTAGATGATGTTTGAGTTCAAATAAGAATTCCTTCTGACAGTARRATARATTATGATAACGA
F D DL H S S TYI G KULDUDUV WV Q1 RIP S DS K I NYDNE

AACAAAACTAGTTGAAAAATTTARAGATTATTTTTATTACARAGATGGATATATTATAAAAARATGATTCCCCGGAGTAGACTTGTTTARAAGTTARAATT
T K L V E K F KD Y F Y Y KD G Y I I K KWV F P GV DULTFKVKII

GATAGTGGAATTAAAAAAGCAATATTTAATTGTGTCAAAAATTTTCAAAACCTTAATGTAGATAAGATAGAAAAATTCGATTGATTCARATATCCTATTC
D S G I K KA I F NCUV KNTFOQNLNUVDIKTIET KTFDUWTFIKTYUPTIQ

AARGATGCTGAATATAAAGCATTAGTTAAAAAATATTCAARAGAACCTTTAGTACTAAGCCATAATAACCTAARAACGTCARAATATTCTAGTTAATARATA
D A E Y KA UL V K K Y S K E P LV L S HNNUILIKU RO QN NTITULVNIKY

CGGCTTCATTARACTAGTAGATTTCGAATATGTTGCTTTAAACAATAAATATGTAGATCCAGTARGTCTTTATTTATTTTTAGGTATTCCARARGAAGAT
G F I K L VD VF E Y V ALNNIKYVDUPUV s LYULT FULGTIUPIKED

ATAATTGATTTCTTTARATTAGACCCTTCTGTATTTGATGATTTTGTTTTTTTAATGAGAGTTTACAATGAGGCAATGTATTTARATGATTATTCAARAA
1 1 p F F XKL D P SV F DDV F VFLMU®BRUVYNEA AMYTLNDY S KN

ATAATTCCAAATCGTTAAGCCCTTTTGATTCARAGAGTTTATATAGCAACAAGGATTTCTTAGAACTAAATAGATTCATTGTTCARAARAATCATAATAA
N S K S L s P F DS K S L Y S N KD F L ELNUZRT FI VQ KNUHNN

CTTTGACAATAAATTAAATATTTCTARAATTGAARRATTTTATTTTGTTCCACTTTGTGTTTACGAAGATGAAGATAGAACCATATGAAAATGAATCAAT
F D N K L N I s K I E K F Y F V P L C VY EDET DU RTTI WKW IN

TCTARACAATTAAGTTCATTCAACAACCATCAAATTAAAGTTCTTGCAARAGCAARTGAGAACGCTTCATGATTCTGATGTAGAATTTCCTGAATACATTT
S K Q L s S F NNUHOQI K VLAI KA AMTZERTIULHUDSUDVETFUPETY I L

TATCAAAGAAAATTAATYTGATATTTAGATCATATGGARATAARAACCTTATTAGAAGATTTAAAAGGCAATARAAGAATCAATGARATTATTAAATGAAT
S K K I N W Y L DHMETIKTIULULEUTDTULIKTGNI KT RINETITIIKUWI

CAAACAAATTARACCGGATGCARATTGTCATAATAATTTARATTTCARTAACATATTCTTTAATAGTAGCGACAATTTATATATTATTGATTGATCAGTT
K Q I K P DA NCHNNULNTFNNIFUFNSSDNILYTIIDWS V

GCATATAGARACAATCGTTATTTAGACATAGCTTTCTTATTTGARAATACTCARAATGACACCTGAATTAGAATCTTTATTT TGAAAATCTTATGGTATGA
A YR NN RY LD I AV FLVFENTOQMTUPEITLESTLVFWK S Y G MI

TATGTCCARAAGACTTTTATARATATAGAATTATTGTTCACTTTACAGCATATTTATATAACARATTATTARACACTGATTTTAACGCTGCTAAGGTTAA
C P K D F Y K Y R I 1 VHFTAYULVYNJIZIKILTLNTDFNA AA BAIKVN

M. hominis 16S rRNA 3'OH end TAGTGGAGGRA
SD start ORF 268
CACTARAAGAATAAATGAAATATTTGARAAGTTARACATTAAAGACTAAGGACTAATARATGAAARARAGGCARAGCARAAGARAARRRRACTATTGACGT
T K R I N E I F E KL N I K D stop M K K G K A K E K K T I D V

CGACAAGCARGAARARARATCAGTTAGAATTCGTAGAGTARAAACCGGATTTCTATTTTCAGGAATTTTAATTCCTTTAGTTTGCGTTGTCGCAATACCA
D K Q E K K s vV R I R RV KT G F L F s 66 1L I PL V CV VA I P

FIG. 1—Continued.
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CTTTCATTARACAAGAATTATTCATTARAGCGAACCAAATATTTTACTGACGATAGAACTTTATATTCAATTGACARAAACACTATAAAAGARAATAATA
L S L N K NY S L KRTIKY YV FTUDUD RTIULYS I DI KNTTI KTENNK

AAACTTATAAAGTAATTACCCTAACATCTAAAAGTCTTAATGTTTCTGATATTATGAGCGARAGCGCAAGATACATGAATATTCCACARAAATCATTTAA
T Y K VvV I T L T S K S L NV s D I M S ESA ARTYMNTIUPUGQIKSTFN

TAATTCCGTTACATATTCAAATARAATCAATATTAGAACAAACACCAACTTGTTARAARATACAAAAATTAATGAGACAAAGGTTACAAAAATAACTAAT
N S Vv T ¥ S N K I N I R TNTNULIULIKNTKTINETI KUV TK I TN

AGTAACCARACTATTTTTARATTAGATTTAATTCAACTATGAARATGARAATAAARCTCAAAATCTARATARTARRATATCTGAGTTTGATTTTTTAAGCAATA
S N Q T I F K L DL I QL WNJETINSIZKSNNIKITISET FDTFTIL S NI

TCGAATCAATAAATAATGCTATGACTTACTCTTATATAARARATAACAAACTCTTTTACTTTGACAATAAGCAAGGATATTCTGGATATATTATTCAAAA
E s I N NA MT Y S Y I K NNIKIULVFYVFDNIKUOQQGY S G Y I I Q K

ATTCTTTGAARATTTTGATGTTGAGATTCGTAAAGAAAATCTTAAAAATARAAATGTTAATGTTTTAGAAGCTTTTATTTCTAGCACTATTGAATTARAC
F F E N F DV E I R KENILIKNIKNUVNUVILIEA ATFTI S S T I ETLN

GAATCATTAACCGAAATTAAAAAAATCACTTTTGATACTAARATTACATTAAAATATGAAATATAAARACAGGCAAACGCCTGTTTTTATATTTATATAT
E 8 L T E I K K I T F D T K I T L K Y E I-cccccceccc--a eccccccc——e

stop stem loop stem
AG= -26 kcal/mol

TCTTTGAATTATTTTATACCGTAGTGAATCTTTGTAACTTTTTCTARAGTATCTAGAGGTAAGGCACTATTCTTTARTAGAACGTCARAGAATTCTTTTA
stop K I G Y H I K T V K E L T D L P L A S N KL L V D F F E K

TGTATTTGTGGTTTTCTTTTTCAACAAAGTCTCTTCTTGATAGTCCTAAGTGTTTACGTACTTGGTCGTATAGAGATAGCATCTTTTCTTTACCAGCATT
I Y K HNEIKEUV F DRI RSLGLHI KR RVYVY QD YL S LMIKEIKTGHA AN

GTATGARATTGCTTGTCCAGCTAGATTTAGGTAACGTTTTGATTCAGACATAATGTCACCAATACCTAATGCTGAGTTTGCTGACATAAATCTTCTTACA
Y S I A Q GA L NL Y RIKSE S MIDOGIGLA ASNA ASMTFRR RV

TCATTAATTGATGCATTTGCAGGTARATCAGATTTTGCATCAATTCCTTGTCCATGGTATGCAGGGTCAACTGCTCTACGCATATTACGTAATTGTGCTT
D NI s A NAPULD S KA ADTIGOQGH YA AUPUDVA ARIZ RMNUPBRILDQGQA

CGTTTAATGCTCCAAAGTATTGTAACATGTTTGTTAATTTAACTGCTCTTTGTGCATGTTCTTTTTCGTCAGTTTCACCACTTTTAGCAGTTAATGTYCA
E NL A G F Y Q L M NTULI KV VAR QA AHEIKETDTETGSI KA ATTULTW

ATATACTCCACCATGTAATTCTTTGATTTGTTTTATCATGTCTTCTGTAATATCTGCTTTTGTTTTTGCTGTARAGAAGCTTGTTATTCCTTTAGCATGG
Y V 6 G H L E K I Q K I M DETT1I1IDAIKTI KA AT FU FSTI G KA AH

CTARAGTCAGTTGGTTTTGCATAGTAATCGTTATCTTTGTTATCGTAGTCAGGAGTTCCGTAGTATCCTGCTTCAATTCCARAATCATTCCATARATAATG
S F DT P KA Y Y DNUDIKNDYDUPTGY Y GAUETI GV F WEMT FL

CTCAACCTTCAACGTATGAAGTAAAGTCARATGCATTTGCACCTAGATTTTCATTGTTTTGACTTACTAGGTGTTTACGTGCGTAGTARATTTGGTTGTG
A W G E VY S TF DV F AN AGTULNENNU QS SV L HI KU RAYY 11 QNH

GTGTCCCATAATTCCTTCGTGGTTAGCGAATGAAGTAACTGATCAT TTTGGCAATGAGTAGTATGGGTCACAGTTGAAGTTARAATGCACCTTGAATAGAA
H G M I G E HNATF 8 TV S W KUPULSYYU?PDCNTFNTFA AGU GQTI S

GTTACATTTCCATTTTCATCCAAGATACGTGTATCTGAGTTATATGCTCCAACACCTTCTTGATCACGTCTTTCATATAGATATGTTACTGCTTTGTAGT
T V NG N E DL I R TD S NYAGV G E QDRI REYLYTVAIKY

CAGGAACATCTTTACCGAAGAATGATTTTCCATTCTTGATGGTTGACTTCATGAATTGATCATAAGCCTTAAATGCTTCTARAAGCTCCATAGTAGAATTG
D PV D K GVF F S K GNIKITSKMTFOQDYA AI KT FA AETLWA ASGYYTF Q

TTCGTTTGTGATTGAACCGTATTCTTTAGCCTTGTTTTCATCTCTTGTTAAGATGCCATAACCATAAGCACTTAAATTGGTCTTGTATTCTTTAAGAGTT
E N T I 8 G Y E KA KNEDURTIULIGY G YA S L NTIKYEIKTLT

GGATCATCAAATAATGACTTCTTGTAGGCTTCTGTGTAGAAACTCTTATCTTCACGACCARAGAAGAATTGTTCTTGGTTTAATCATTTTGCARAGGCTT
P DD FL S K K YAETY YTV FS KDEUZRGT FVFFOQEU QNILWI KA ATFNRA
ORF 445
GTAAATCGATATTGCCTTTTGCATCACGAATTGTTAATTCAAGATC 7246
Q L DI NG KA DURITULETL D-

FIG. 1—Continued.

J. BACTERIOL.

5300

5400

5500

5600

5700

5800

5900

6000

6100

6200

6300

6400

6500

6600

6700

6800

6900

7000

7100

7200

tion upstream of the gyrB gene is highly conserved and the
genes are organized in the following order, in E. coli (7), B.
subtilis (17), P. putida (5), Pseudomonas mirabilis (26), S.
typhimurium (16), Staphylococcus aureus (14), and Buchnera
aphidicola (13): mpA-rpmH-dnaA-dnaN-recF-gyrB. An excep-
tion is present in Borrelia burgdorferi, where dnaA and dnaN
are reversed. In M. capricolum, the arrangement rapA-rpmH-
dnaA-dnaN is identical to that of other bacteria but the gyrB
gene has not been identified (15). To localize the dna4 gene

relative to gyrB on the chromosomal map of M. hominis, clones
from E. coli (29) and Mycoplasma genitalium (22) containing
the dnaA gene were used in Southern hybridizations under
low-stringency conditions but it was not possible to obtain any
signal. An M. genitalium gyrA probe (see below) was applied as
a positive control.

The gyrB and gyr4 genes in E. coli (16) and P. putida (21) are
localized several kilobases apart on the chromosome, but in
most bacteria, including S. aureus, B. subtilis, Haloferax sp.
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FIG. 2. (A) ORFs 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 ORFs 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. Smal, BamHI,
Xhol, and Sall 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 gyr4. 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 gyr4A gene (23) as a probe in
hybridization analysis, the gyr4 gene in M. hominis PG21 was
mapped and shown to be located at least 35 kb upstream of the
grB gene (Fig. 2B).

Comparison of amino acid sequences deduced from the

ES

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 dnad 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,



J. BACTERIOL.

NOTES

5840

“1j02 7 U1 5URISISAI ULIBWINOD UI PIAJOAUI 9q O} UMOYS SINPISAI om) 3y} saredrput djduersy oy, (1€ ‘L7) 402 "F Wl sisKjo1pAy pue Suipuiq LV ul jueiiodwi sanpisal
21eOIPUI SMOLIE JY | “Stunuoy Jy ut sanpisal (A\) ueydoidAn jo suoneso] aiy) 2j0uap sajoxrd uado oy ], “swstuesio 1yS1a 3y} JO SAY Uey} SI0W Ul [EONUIPI SANPISII AJeAPUL S13113] pajunid-os1oasy
(47 “p1) apaoyuouos N pue ‘vpnd ‘1402 g ‘snanp °§ “ds xvaafoppy ‘syuqns ‘g ‘svmownsud p ‘(110dax sIy)) Smunwoy py woyy saduanbas g ase1ks jo ywowudie dumW ¢ "OId

ISNONOVASN11Q 1 310ucB N
8| LHUMLLINNWG 1eptind-d

1S 1oUUSINAWA ¢+ 110973

N 1 3 ! B isneine"'g

a } Lt . 4 1 ’ ‘ . |eJ0}0|®H

AY 1 s 4 5 B - e Litiqns’g
1EDIANY JShin ) S ) J e PN Te rowneud "
TENVA A DIDNA Liuiwoy -

B R V134SAYAAINIONA TIVOIOA DN TVYV.LOL TLOAVISN1INd3 | ASAWANDHINUL | X | JOHDIHD3 IHI TVVINIAT1IDSTIVAVIGYNISSLIa] JSVHINVEIATI0AIHS IO 1 ALY 140MY.LAVIIVDS L1iouoB"
935 43A | VIHUIOUOAAVDIO 1SS INYD | NAALHAGNSD I JQUNSL | ASY IDHSL | SA3d WANH AU ISYNAYTOSHOSSN IO NV IMYONAYHED TO3 TLASd TAAIHIL 133dA THS THN TLINASHIINA TSI TOADSAY 1ep !l nd-

IVOIISVALOUHIOHT | 3VA3371 10U INIO1LO IHHAIOOL | 33HAT1dAGLGADHLEAHA 1 433 INOIVNLHAQ 2 HWDSOHOINAN 13SA TVNAMELALDIAS1AYIL TLJOA | 13N TINVIJALHINGN INIOLYNAISAINITVIOVIY | 11037
- .. P ceeeeen . . ceeeaee ceeeaen- isnesne "

Lesej0}®
Litigns’
jowneud "
Llujwoy -

| LHOASA I VX3 TVIOTWOAN3T3aN AR ) y VO OAC T, r e BE] 11i0u0B-
dVS3ATHISYAI TYSOLNAIINY 81O | AT HEWG tER : \ i C b reprind:
dVSVNLHILVYOQ TV I S | DADONY! b1 14 A HE RO > . ) : RE! | 1109
OLJINONO333 | | HAHUIVIONVAALI g 3A A5 . ’ isneine "
SWIdLANTISNINGTI! A A 4 3 170 A A o) ) i e B | Lei0)0|®
LEMETL RIS RREERE) A RROOAREENEEIS ) SAL " B A : : LS , 0z ; 3 : Liriqns -

A

aZ ZFIoxrxowaz

ov._zg jowneud

ANEDS L | ERSETTL] T S 1L Y0 B VR | ARRRPRIRS | S BMSEE &t uiwoy

L IVON | A3 SDSAR IS SNE ) 4O Ls10uoB -
SIANNNIO BS ¢ > repiind:
3V TINNOD: RS S ' L1102
DTODHLAS! 4 3 .03 Lsnesne -

: . 5 . ¢ Lesej0|®
[SERLLLY
towneud "
Lr1uwoy -

- NANINJHOOXWM33
VANHIAI INVNI DO

Z IZaIouw

y110u0B -
teprind-
+ 1109°
jsneJne
) 3 ) : : L1040 ®

..... > " ] : : IRAN [ANRLLLE

DIl LASIQUSASHALQLINTO. : 8 + towneud "
IAGOONLA - - NMONIA IA3dA LT 3 j : Ltulwoy

LA IRVIENAE ERE ; SHMOILN- - - -+ LiioucB:

Ak : S ONISW------- Leplind

1LA| : Ve v NSW- - - - - IS
VA : Vit ©3

31AA! 3 oMo QLNNAGSIVLAN 19100 1®H

310 | NJIALD LI | £ : NODO3IN:- ----- L11iqne @

: LINNG3IN- - - - owneud W

HI3IINON- - - LIUIWou'N

swoz II@IowazZ IIoTowa




VoL. 176, 1994

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 ORF249 (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 tRNA™P (CCA) in accordance with the
universal genetic code cannot be interpreted from these data.

The E. 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—Cys/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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