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A 3,346 bp of the cdd upstream region in Bacillus subtilis was sequenced from the pSO1 (Song BH
and J Neuhard. 1989. Mol Gen. Genet 216: 462-468) and sequence homology was searched to the
known genes in Genbank and European Molecular Biology Laboratory databanks. Five complete and one
truncated putative coding sequences deduced from the nucleotide sequence were found through the
ORF searching by Genetyx and Macvector software, and one of them was identified as the dgk (diacy!glycerol
kinase) gene and another, a truncated one, as the phoH (phosphate starvation-inducible gene) gene. The
B. subtilis dgk gene, having a role for response to several environmental stress signals, revealed an open
reading frame of 134 amino acids with 43.1% of sequence identity to the Streptococcus mutans dgk gene.
The carboxy temminal 59 residues of the truncated phoH gene showed 52.7% and 34.5% of sequence
identity in amino acids with the corresponding genes of Mycobacterium leprae and Escherichia coli. The
four remaining coding sequences consisting of 115, 421, 91, and 91 residues were thought to be unknown
ORFs because they have no significant similarity to known genes.

Bacillus subtilis genome analysis was started by Eu-
ropean (16) and Japanese groups (24) about five years
ago. Compared to the E. coli genome which has already
been arranged by the ordered clones (14) and sequenced
for about half of the whole genome (5), B. subtilis ge-
nome analysis proved much more difficult because some
parts of the Bacillus gene fragments could not be re-
covered by cloning in the E coli host (8). With the
eukaryotic genome analysis of Saccharomyces cerevisiae
(25), Schizosaccharomyces pombe (23), Caenorhabditis
elegans (32), Drosophila (30), mouse (15), rice (22),
Arabidopsis thaliana (26), and human (33), systematic
genome analysis becomes a new frontier for developing
useful and disease inducing/supressing genes and for
understanding gene density, distribution, and organiza-
tion in biological terms.

In order to improve and resolve any confusion over
the Bacillus genome, genome analysis was caried out
to the upstream boundary region of the cdd gene located
at 223° on the genetic map. According to the B. subtilis
genetic map (3), the cccA, grpE, dnal, sigA and dnaG
genes were located in the downstream area of the cdd
gene which was transcribed by clockwise orientation.
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However, the upstream region of the gene was not yet
known. Based on the B. subtilis cdd gene encoding
cytidine deaminase which catalyzes the conversion of
cytidine/deoxycytidine to uridine/deoxyuridine, originally
isolated and sequenced by Song and Neuhard (31), a
further upstream region of the cdd gene was sequenced
and analyzed. As a result, the location of the phoH and
dgk genes was identified through sequence homology
search as being in the upstream 3.3 kb stretch along
with four unknown ORFs.

MATERIALS AND METHODS

Bacterial Strains and Plasmids

The bacterial strains used in this work are Bacillus
subtilis ED40 (pyr-2 lys cdd-1; 31), Escherichia coli )M109
LrecAT supE44 endA1 hsdR17 gyrA% relA1 thiA(lac-
proAB)/F'(traD36 proAB” lacl® lacZ AM15) ; 36], XL-
1-Blue [supE hsdR lac™/F(proAB™ lacl’ lacZ AM15) ; 6],
and JF611 (yrf60 cdd thi-1 argE3 his-4 proA2 thr-1 leu-6
mt-1 xyl-5 ara-14 galK2 lacY1 rpsL. supE44 ; 31). Plasmid
vectors used for subcloning and DNA sequencing are
pSO1 (Ap' Tet ; 7.3 kb cdd/pBR322 ; 31), pUC18/19
(Ap' lacZ lacl ; 20), pBluescript Il (Ap' lacZ lacl ; 1), and
M13 mp18/19 (acZ ; 36).

Media and Cultural Conditions
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E. coli strain was routinely cultured in Luria-Bertani (LB)
medium (21). Plasmid-harboring E. coli cells were cultured
in LB medium supplemented with ampicillin (50 pg/ml).
M9 minimal medium (28) plates were used for main-
tenance of the JM109 episome. X-Gal agar plates (LB
agar, 50 pg/ml ampicillin, 0.1 mM IPTG and 40 pg/ml
X-Gal) were used for subcloning with the pUC series
of vectors in E. coli JIM109. E. coli JM109 harboring M13
phage vectors were grown in 2 x yeast-tryptone (YT)
medium (28). The bottom and top agar were employed
for subcloning with M13 phage vector.

DNA Manipulation

Plasmids were isolated by the method of SDS/alkaline
lysis procedure (4). Restriction and exonuclease Wl di-
gestion, and DNA ligation were performed by accordance
with the manufacturers specification. After precise res-
triction mapping on the 11.5 kb insert of the pSOI1,
fragmentation with restriction enzyme and serial deletion
with exonuclease Ill were employed for subcloning and
deletion for rescue of the cdd upstream region. Nuc-
leotide sequence was determined by using Sanger's
dideoxy chain temination methods (29). The structural
organization and identification of the genes were per-
formed by searching the sequence homology using
Genetyx software and BLAST program (2) on the da-
tabases of the GenBank (Genetic Sequence Data Bank),
EMBL (Furopean Molecular Biology Laboratory), NBRF
{National Biomedical Research Foundation), and PIR
(Protein Identification Resource).

Miscellaneous

Most restriction enzymes, RNase A, and T4 DNA ligase
were obtained from Korea Steel Chemical Co., Promega
Co. or Boerhinger-Mannheim. Exonuclease W and $1
nuclease were obtained from Pharmacia Co. Enzymes
were used according to the recommendations of the
manufacturers,  5-Bromo-4-chloro-3-indolyl-p-D-galacto-
side (X-Gal) and isopropyl-B-D-thiogalactoside (IPTG)
were obtained from Sigma Chemical Co.. The o-[*S]-
dATP and autoradiography film were obtained from
Amersham and the DNA sequencing Kits (Sequenase™
version 2.0 kit) were from United States Biochemical Co.
and Taq DNA sequencing kit from Boerhinger-Mann-
heim. Geneclean kit was used for recovery of DNA
fragment from agarose gel. All other chemicals and en-
zymes were obtained from commerciaf sources in reagent
grade.

RESULT

Distribution of B. subtilis Chromosome in the pSO1
A 7.3 kb of insert in the pSO1 contains the B. subtilis
chromosomal DNA fragment and A -phage DNA because
the pSO1 was originally cloned from A -library of B. subtilis
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Fig. 1. Localization of the B. subtilis chromosomal DNA in
the insert of pSO1 by Southem blotting,

EcoRI/Hindlli fragments of lambda DNA were used as a probe after
labelling with *P-dCTP. DNA electophotogram (A) and autoradiogram
(B) represent as follows lane 1, 1 kb ladder as a size marker; 2,
EcoRl/Hindlll fragment; 3, EcoRI/Nrul fragment; 4, Nrul/Hindlll fragment
; 5, Clal/Nrul fragment of pSO1 insert. Blotted fragments containing
Jambda DNA indicate amows.

chromosome (31). To escape the A -phage DNA segment
in the insert of pSO1, Southem blotting was performed
by using A-phage as a probe.

For identifying the A -phage DNA segment in the insert
of the pSO1, various double digested fragments of the
stretch with EcoRl and Hindlll were blotted with the
cormresponding restriction fragments of A-phage DNA as
a probe after labelling with [?PJ-dCTP. Fig. 1 illustrates
that 5.7 kb fragments of EcoRbL/Hindll, in lane 2,
3.4 kb of Nrul.,/Nrul, in lane 3 and 4, 2.2 kb of Nrul/
Clal, in lane 5, were blotted by the A -DNA. This result
indicated that the EcoRIl/Nrul, segment of the insert
originated from the A-DNA as diagrammed in Fig. 2.
Considering cloning process of the pSO1 by using A-
library of Sau3Al fragments of B. subtilis chromosome
(31), the Sau3Al/BamHI site located just downstream of
the Nrul, thought to be a fusion site between B. subtilis
chromosome and A-DNA. The 4.5 kb stretch of the
Sau3Al/BamHl and EcoRl edged segment was assumed
to originate from the B. subtilis chromosome, and this
segment was subjected to sequencing. Because of rare
restriction sites in the Nrul,/Hindlll, region, the fragmen-
tation was performed with serial deletion by exonuclease
iif combined with primer extension. Combined expla-
nations with restriction analysis, sequencing strategy, and
analyzed genetic organization to the sequenced data
after homology searching is diagrammed in Fig. 2.

Nucleotide Sequencing and Identification of the
Coding Sequences.
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Fig. 2. Genetic organizaton, Sequencing Strategy and Restriction map of upstream stretch of B. subtilis cdd gene.

Main bar with scale and restriction map indicate the exogenote harbored in pSO1. After defining the fambda DNA {open bar) and B. subtilis chromosome
(shadowed bar), about 3.3 kb stretch was sequenced by dideoxy termination method. After restriction mapping to the stretch, Hindlll-edged fragments
and Nrul, boundary region (dark shadowed bar) were subcloned to the M13 series vector and rest of the stretch was applied to the vector after
serial fragmentation with exonuclease il (slant bar). One part of the stretch was rescued by using primer for extension of the stretch (dark slant
bar). Defined four complete and one truncated coding sequences by homology searching expressed with amows and gene marker together. Direction

of the amow indicates transcription orientation.
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Fig. 3. Serial fragmentation with exonuclease Il to the
Nrul,/Hindlll, segment,

The segment digested serially with the exonudlease Il by time interval
and subjected to the agarose gel. Each lane represents various digested
fragments from 2 to 11 with different size. Lane 1 indicates size marker
of 1 kb ladder. A 2.7 kb fragment of vector after deletion of Nrul,/Hindii,
segment arranged at whole lanes with the same pattem in the middle
part of the photogram.

Based on a previously determined 1,170 bp of Clal,/
EcoRl, fragment harboring the cdd gene in pSO1, the
remaining 3.3 kb of the Sau3Al/BamHI-Hindlll, stretch
on the further upstream region of the cdd gene was
sequenced and analyzed.

To escape the lambda DNA fragment from the
sequencing, the 5.8 kb of EcoRl/Hindlll, stretch was
divided into 0.2 kb of EcoRlL/Nrul,, 3.3 kb of Nrul./Nrul,
and 2.3 kb of Nrul,/Hindlll, by Nrul cutting, and then
the latter fragment only subjected to the sequencing,
About 600 bp of Hindill/Hindlll. and 480 bp of Hi-
ndll,/Hindlll; fragments in the upstream of the cdd
gene were subcloned into M13 series vectors. However,
a further upstream region from Hindlll, comprised rare
restriction sites, therefore, this part was subcloned after
serial cutting with the exonucleaselll and the contiguous
connection of each fragments was performed. But on

the fragments cutted by serial digestion, one assumed
junction part between the fragment shown in lane 2 and
that in lane 3 was observed as shown in Fig. 3. To
connecting this junction part of the sequence, the primer
5-CAAGAGGAGGTTCTTGT-3" which complement in the
positions from 245 to 261 in the sequence data of Fig
4 was hybridized and extended.

The sequenced 3,346 bp of Sau3Al/BamHI-Hindill,
stretch as shown in Fig. 4 was analyzed with the Genetyx
and Macvector software. Five complete and one trun-
cated coding sequences were found in the same orien-
tation with the cdd gene which read in the clockwise
direction. No other reading frames were found in the
reverse direction. Translated polypeptides deduced from
these coding sequences were searched to homology with
the known sequences in the protein databanks. As a
result, one complete coding sequences in positions 2769
to 3194 and one truncated one in positions 2 to 179
were identified as the dgk (diacylglycerol kinase) and
phoH (phosphate starvation-inducible gene) genes, re-
spectively. However, other four coding sequences de-
signated as ORF 1, 2, 3, and 4, were unknown.

The B. subtilis dgk gene was thought to be a result
of sequence homology searching which revealed 43.1
% of identity index and 84.3 % of amino acid residues
conservation to the Streptococcus mutans dgk gene.
Another truncated coding sequence encoding carboxy
terminal 59 residues, showed 52.7 % and 34.5 % of the
sequence identity to the phoH genes of Mycobacterium
leprae and E. coli. About 85.5 % of the B. subtilis PhoH
residues was conserved in both M. leprae and E. coli
corresponding enzymes (Fig. 5). The Kyte-Doolittle hy-
dropathy profile (17) for deduced polypeptide of B.
subtilis diacylglycerol kinase revealed almost the same
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The Universal Genetic Code GCAAMTACI‘GACGGAAACACCAGGTACATATCATCACAG'[T;TAATGGTTGCCAATHAT 1800
SaudAl 1L ET-PGTYHH MoV N L
Saud,

GATGATTACAGGTGACGTTAGOCAAATTGATCTGOCGAAACGGGTCAAATCGGGACTTGE 60 CAGAGGCAGCCTGTGAAGCGGTIUGGGCTAA GG’FITGC’ITGCAAGAUFCA(}GCGCATAT 1860
[‘)IKITGDVSQIDLPKRVKSGLA E AACEAVYVYGANTSEGIL A RV R 1
hoH
TATCACGATCI‘CGGAAAAACAAAGCGCC(X;CAATATI’!TA‘[‘]‘GAAAACCAAA’I’GAATA’IT 1920
AGTAGCGAAGGAGATGCTGAAAGGAATAGACGGCATITCTATGATTGAGCTAGACCAGAC 120 RSRKNEKATPAITLI
VAKEMLIKGIDGISMIELD DG QT
GACAATCCGC C GCAAAAATATTATTATCTCGCATACGA 1980
AGAOGTGGTCAGACATCOGCWGITGOGMMTMTTGAASCATACGATAAGCAAAATTA 180 ACAN ATGACAAGCTGCACCTCAGTTGA ™
VVRHPLVAKIIEAYDEK N * CAGACGGTGCGAATATGCTGAGAAGCTATAAATI TCCGAAAGAGCTTGTCGATATTGCTG 2040
- MLRSYKFPEKETLVDIA
ATccmmmocﬁamcccrmcmmmmmmmmmmm 240 [oRF3]
M LNTDEP ARYR I A AGCAGCATCATGGMCCFCGCTHTMAGFITI’I'ITAC(‘ATAAAGCGMGGAMAAGG(X} 2100
[ORF1} , E Q LLKFFYYKAK
GTTTCAAGAGGAGGTTCTTGTGTTGAAAAGAAGGCTAAGACCAAAAGCAGCTCAAAAAAA 300 ACCAGATTACAGAGGAAGAGITCG’I‘TAT(IZGGGACCGAAGCCGCAGFCAAAGGAAGCCGC 2160
VSRGGSCVEIKKAKTKSSSKEK VIRDRSRSOQRK?P
TGGAGCAGTTTTAAAAATGCOOGCTCCATGCATGTACTGCTGTATCTTCTGCTGGCTGCC 360 AATTATATCAGTGGCCGACAGTGTTGAAGCGGCCGTCAGATCCATGCACAATCCAAATCC 2220
¥ SSFKNAERSMHYLLYLLTLAA QL YQWPTVLKRPSDPCTI Q11
ATTATGTTTGCTTTGCTCTTTGTACATGTTAAGCCGGAACACTTCATTTAGACCTGTTT 420
I MFALLFVHEVKPETLDLDLF AGGAmGAmmCAmVGAAmccAmGACAmAAAGA 2280
TCAGTCAGCGACAAGACCATTTACACTCOGGCAACCGTAGAAGATCAAAAAGOCACAGAG 480 LNELKSFRT S
SVSDKTIYTPATYEDGGKATE GCTGGATACAATCGCAAAAACGCTCTGTGCAACATTAAAAGGAATTTTCCACTCCCGGAT 2340
GAMMAGCAAGCCGCI‘CAGGACGCGGI‘I‘GAAGATCAATATACATTAAAAAAAGAATATA 540 EcoR YV
EKSKPLRTRLKTIEINTIH TGMTATCCGGAGMAHAAGAAMGMATAGATGAGrmchA}'rf;:Dgg&imc‘]lTGg 2400
M S L L
CAGACAATCGGATTGACCTTGTGTCATCAATATTCGACAGTATTAGTGAAGTGAAAARAT 600 [ORF4]
CATCGGAAGAAGGCAGTAAATCACCATCGGAARAATCAATGGTCAAATCTGTAAAGGACA 660 TGAAACGGGAAGCGTCTCAGAAGAGATGCTCAAAGAAGTAGAAAATCTGCTTCAATTTGC 2460
(gRsz]KSVKD ETGSVSEEMLIKEVENLTLTE ETFA
COCTGAGCTGAAGGCGTTCAGGATCAGGCTGAAGTITCTGTCACGATIGTTTCCAATGAT 2520
AA‘ITGAgIZ_ATCAGATG’{’GAATGAﬂCTA‘{‘ATgGG%GGAﬂgCA}‘CAﬁGA%AﬂGC{GAﬁAG 720 AELKAFRIRLKFLSRLEFTPMWM
GACATACATCAGATTAACAAAGAATACCGGGGAAAGGATGCTCCGACAGATGTCATCTCA 2580
CAGACAGTGAAGAC[‘[‘]TCI'ITI‘GI‘CAGAGATACGGTCATTA(DGCGGI‘MATAOGGTCA 780 TYIRLTKNTGERMLIERQNMSSH
ADSETDTF R TVYITAVNTYV
TTTGCTCTTGAAGAAGACGGAGAACGCOAGATCOAATCGTOGGCOOCCAAATGCTCCOG 2640
TGAGCAGTGAAATCCCTTCGGATAAACTATCTGATGCAAAGGATAAGGTAGAAAAAGAGC 840 LLLKEKREJKARSKS ST RKAPKTCSG
MSSETLIPSDEKTLSDAKDT KVYVYETKTE
TAAAGAGCAA‘ITCTATI‘CCGTC'I‘AAATACITGGGAGCCGCGACAGAAATCGGGCGKT’ITG 900 m'rmcraATA‘rrATCATmcmc&%»xcmcmmmcccmmcmmm 2700
LKSNSIPSKTYLG A EIGRF FR = :
CTATTATTCCGAATTACGTCTTCGATCCGAAAGCAACAGAGGCAARACGGCAGGAAGCCT 960 ac]
A1 1 PNYVFDPPKATE AKTPROQEA& AﬂmﬂM&Aﬁ{&m; ATTTCTAGCTGTACACGGATTTCTGCACCTTTTAGGAT 2760
CAGATAATGTCI:AGCAGGFTCAMTCAMCAGGGCCAAG[’GCICGTGGAAGAMATGAO?. 1020 ACUAGGUCGG --5' (165 rRNA)
SDPDNVQQValKQee6QeVLVEE 3'- g
ATGACCATATGACE _GMGAGGAGATGI'I’TACTAAGCAAMGGAATTCFGGA 2820
TCATTGATCGGGAAGTGTACAGGAAACTTGAGCTGACCGGGTTATTAAATAACTCAAATC 1080 RBS FTKOQKETFFV¥
LIDREVYRKLELTGLLNNSN [dg[d
TCTTTAAACCGATCAAACCGATCAGCGGGCTATTGATTATGATCGGACTTTICATTGCAA 1140 Clal HindI}
LFKPIKPI]ISGLLIMIGLTFTIA CGCTTATGGACTCAAAAGATCATAGAAATGAGCT GARTEEATTCTTCAARAGERIC 2880
) TLMDSKXDHSRNETLUNRTFTFEKSTFUV
CACTTGTATATTATTTTGAAAAACAGAAACAAAATCTGAAGTTTAAAAACCAATCCATTC 1200
TLYYYFEKQKAQNLEKTFKNG EGSI g‘d
GGCCGGGGCATATGGGMACAGCOCGGA GGAGCGG) TTTOCAAmATGcos
Tmm‘crcmTmrmwmmﬂmmATmrmAmmmm 1260 7 A 'ECE QA Q 0
L s 1 TTL L E VSLF
AGAAGATGGAsrATAATMTATchrATcrmmCCATmGGm:GCGCCAmmA 1320 CAGCCOCCTOONCTOTTCTCATTTOC00CTTCCTIOTAL SR EEAGCATTATTGAGTGGA 3000
MEYNNIGYLVPIAAGATIL AAACAVLICGFLYELSTITIEH/VW
TCAAACTGCTGATGAATGAACGCATTGCCATTTTGGGAAGTATCATTCTTGCGATTTGCG 1380 TGATTATATTCCTTTTGATAGGTGGTATGTTTTCOCTTGAACTTTTAAATACAGCCATTG 3060
] X LLMNERIAILGSTITILATITC M I 1FLLTIGGMTFS SLETLTLTNTA AT
GAAGTATGATGTTTAATCAGGGTGTGACAGGAACATTCAATTATGTCATAGGGATTTATT 1440 AACATACGGTTGATTTAATAACTGACAAACATCACCCTCTTGCTAAAGCGGCCAAGGACG 3120
GSMMFNQGVYTGTFNYVIGILY EHTVDLITDKEHHPTLAIKAEAA AEKTD
ATTTGATCAGCGGCATTTCAGGTGTATTATTTTTAGGAAAACACAATGCAAGATCAAAGA 1500 CTGCCGCCGGGGCTCT TTCCGTTTTTCCCGTGATTTCGTCTATCATTGGTTTACTTATTT 3180
YLISGISGVLFLGKHNARSEEK AAMAGAVCVFAVISSIIGLLI
T[TI‘GCAGACCGGACITIT CGTGGCGTTTATTAATATGGTTGTCGTTCTATCCTTATTAT 1560 mmg@mmmccrmmm ATTTATTTTACATTTTTAGAAATGGG 3240
I LaTG VAFINMYVYVVLSLL F LPEK
TGATCCAGAACACTGCGCTGTCGGGTCTTGAAATOGGCACGTTAATGCTCATGGGGGTTG 1620
LI @NTALSGLEIGTLMLMEGY COTGAAAAAAAGCGCGCGATTATGTAAAATATAAAGTGATAGC 3300
TGTCGGEGTTTGCTTCATCTGTATTGATCATCGGTCTGATGCOGTTTTTTGAGACGGGCT 1680 Hj
VSG6GFASSVLIIGLMPFFETGEG GAGAGGAAT(x'l'ACACA’&GA%CAGACSAG%MTMTAA%AG& : 3348
R L E
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Fig. 4. Nucleotide sequence of upstream region of the B. subtilis cdd gene.

Four complete and one truncated coding sequences were defined from ORF searching by Genetyx software. Genetic organization of the six ORFs
with start and end points of the reading frames were diagrammed. Restriction sites, ORFs with the single lefters of amino acids residues, and SD
sequence of the dgk gene were represented. Accession number is GenBank U29177.

sitions 181 to 525 (13.1 kDa, 115 amino acids), ORF2
in positions 639 to 1901 (46.4 kDa, 421 amino acids),
ORF3 in positions 1995 to 2267 (10.8 kDa, 91 amino

pattem with that of £ cofi (27) and S. mutans (35)
enzymes (Fig. 6).
The remaining four coding sequences ORF1 in po-
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acids), and ORF4 in positions 2375 to 2647 (10.7 kDa,

91 amino acids), revealed no significant similarity to the
known polypeptides after homology searching,

Analysis of the Coding Sequences.

Each coding sequence with the endpoints at the start
and stop positions, including Shine-Dalgamo (SD) se-
quences as a ribosome binding site (RBS) and the putative
translation start codons (ATG), are listed in Table 1. The
5"-gAGGAaG-3' sequence as a SD sequence of the dgk
gene was located in 9 bases upstream from the ATG
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Fig. 5. Sequence homology of the B. subtilis Dgk (A) and
PhoH (B) polypeptides to the comesponding known enzymes.
Muitiple sequence alignments using Clustal V program were caried out.
The polypeptides of one complete (134 residues) and one tuncated
(59 residues) aequences encoded by the B. subtilis dgk and phoH genes
were compared with their comesponding polypeptides encoded by S.
mutans and E. coli dgk genes, and by M. leprae and E. coli phoH genes,
respectively. Homologous amino acids represent in the black boxes.
The symbols asterisk and dot below the sequences denote invariant
and conservative replacement, respectively.
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codon. Unusual distance between SD sequence and ATG
codon was observed in ORF2, but most of the other
OREFs revealed homologous to the consensus sequences.
[dentifying the precise promoter regions and transcription
initiation sites in each coding sequence need more
experiments,
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Fig. 6. Comparison of hydropathy profiles for the poly
peptides encoded by the dgk genes from different bacterial
origin.

Hydropathy was analyzed by sequence algorithm of Kyte and Doolittle
(17) with Genetyx software. The polypeptides encoded by B. subtilis
(A), S. mutans (B), and E. coli (C) were diagrammed. Horizontal scale
represents the number of residues from amino terminal initiation and
vertical scale represents hydrophillicity (+) and hydrophobicity (—).

Table 1. Genetic organization of the stretch with SD sequence and translational initiation codon®.

Gene names Endpoints Molecular size Tanslational start”
aa/kilo-dalton
phoH 2-5179 59 / -
ORF1 81-525 115 / 13.1 AAGcAaaaattaATGCTGAAT
ORF2 639-71901 421 / 464 AGGcaGTaaatcaccatcggaaaatcaATGGTCAAA
ORF3 1995-)2267 91 / 108 cAGacGGTGegaatATGCTGAGA
ORF4 2375-72647 91 /107 AAGaAGGTGaaatagATGAGTTTA
dgk 2769-)3194 134 / 15.1 gAGGAaGaagaggagATGTTTACT
cdd 33152371

*Five complete and one tuncated coding sequences, SD sequence is underined.
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DISCUSSION

Genome analysis for B. subtilis and E. coli was per-
formed systematically. The Gram positive bacterium B.
subtilis which diverged from the Gram negative strain
E. coli about 2 billion years ago (34), was used as a useful
target for spore formation and extracellular enzyme se-
cretion. The B. subtilis chromosome is composed of
4,175 kb and about 20~30% of the whole genome has
been progressed to sequencing. The upstream region
of the cdd gene which appears at about 223 degrees
on the genetic map was analyzed from the harbored
fragment on pSO1 in which the fragment was cloned
by complementation of the cdd gene from the lambda
library of B. subtilis chromosomal DNA. Five complete
and one truncated coding sequences were deduced from
the sequenced 3.3 kb stretch by ORF searching. Two
of them were identified as homologous to the known
sequences such as the dgk and phoH genes, however
the remained four coding sequences did not reveal any
significant identity.

The various dgk genes encoding diacylglycerol kinase
from different sources, such as E. coli (18), Drosophila
(11, 19), human (7, 12), and rat (9, 10), were characterized.
This enzyme catalyzes the phosphorylation of diacylgly-
cerol and has a role in adaptive response against en-
vironmental stress such as low pH, and high osmolarity
or temperature. In the aspect of signal transduction, this
Bacillus dgk gene might illustrate more precisely the
phosphorylation of diacylglycerol combined with the
function of a second messenger with the activation of
protein kinase C. Simultaneous Kyte-Doolittle hydropathy
profile of B. subtilis diacylglycosyl kinase to that of E.
coli one (27) suggested the simifar pattem of transmem-
brane topology of both polypeptides.

When searching sequence homology to the reported
genes stocked in the databanks, the truncated poly-
peptide at the 5’ terminal of the sequenced stretch was
shown to be homologous to the PhoH of E. coli (13)
and Mycobacterium leprae (U00016). Because the full
length of these PhoH polypeptides is 334 and 354 re-
sidues in each of these strains, this comparison on
truncated 59 residues in carboxy terminal could have
some inconsistency. However, considering the reason-
able high percentage of sequence identity, the truncated
peptide might react as a PhoH funtionally. Of course,
it needs more study on its enzymatic function and the
truncated coding sequence supposed to be the B. subtilis
phoH gene. When this gene product has a function of
ATP-binding activity and has a role for transport of the
combined or free phosphates like E. coli PhoH, the gene
might be identified as the phoH gene. Combined data
for structural analysis in protein level and primer extension

1. Microbiol. Biotechnol.

to each coding sequences including four unknown ORFs
will illustrate the precise structure and genetic organi-
zation in this stretch. Anyway this may be the first report
for localizing and mapping the B, subtilis dgk and phoH
locus, and for nucleotide sequencing of the phoH-cdd
stretch located in the 223 degrees of the genetic map.
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