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The complete 5,812 base pairs nucleotide sequence has been determined for Bacillus
subtilis (natto) plasmid pUHL, which encodes a ymglutamyltranspeptidase (EC 2.3.2.2) for
synthesis of y-polyglutamate. Nucleotide sequence analysis reveals two long open reading
frames coding for the gene for replication (rep) protein and y-glutamyltranspeptidase gene.
Several putative regulatory sequences conserved were found upstream from these frames
including the Shine-Dalgarno sequence, Pribnow box and the ”-35 region” at preferred
distances for efficient transcription. The amino acid sequences predicted from the rep and
ymglutamyltranspeptidase coding frames showed a significant homology, in each small
segment, with those of E229 coded from the plasmid pC194 and of C403 from the plasmid
pE194 of Staphylococcus aureus, respectively. However, no convincing homology of the
pUHI predicted ymglutamyltranspeptidase protein could be found with E. co/i and mam-
malian y-glutamyltranspeptidases.

INTRODUCTION

"Natto” is one of the traditional non-salty fermented foods which is often served
at breakfast in Japan. It is manufactured by growing Bacillus subtilis (nafto) on
steamed soybeans. It is an adhesive, and consists of polysaccharide (levan-form
fructan) and y-polyglutamate. The adhesive materials are mainly composed of -
polyglutamate containing D- and L-glutamate in various proportions (Fujii, 1963). A
plausible mechanism of the biosynthetic pathway of y-polyglutamate has been
proposed by Thorne et al. (1955) for one of the strains producing y-polyglutamate (B.
licheniformis ATCC 9945A). However, since it is known that various strains differ a
great dea in the basic requirements for synthesis of the capsule, it is to be assumed
that there is more than one biosynthetic pathway.

We showed that a 5.7-kb plasmid designated pUHI, which encodes y-
glutamyltranspeptidase (EC 2.3.2.2) gene responsible for y-polyglutamate synthesis, is
distributed widely in Bacillus subtilis (ratto) isolated from a commercia product, natto
(Hara et al., 1983). In a previous paper (Hara et al., 1991), we reported that the 2.0-kb
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Bst Ell DNA fragment of pUH1 contains a gene for replication protein (rep) of 999-
bp in size. To investigate the participation of a plasmid in y-polyglutamate synthesis,
we performed DNA sequencing of natto plasmid pUHI. In the present work, we report
the complete nucleotide sequence of the plasmid pUH]I, including data pertinent to the
mapping of biologica functions and determinants of their expression and regulation.

MATERIALS AND METHODS

Bacterial strain and plasmids

Escherichia coli IM 101 was used for a cloning host. Plasmids pUH1 (Hara et al.,
1982) and pATEL (Haraet al., 1991) have been previously described, respectively.
Enzyme assay

Gamma-glutamyltranspeptidase activity was assayed as previously described
(Aumayr et al., 1981).
DNA manipulation

The plasmid pUH! from Bacillus subtilis (natto) was prepared and purified as
described previously (Hara et al., 1983). Plasmid pUH! was sonicated to generate
suitable sizes, processed with nuclease P1 and T4 DNA polymerase, and separated by
electrophoresis on agarose gels. After elution from gels, the fragments were inserted
at Smal cloning site of MI3 mp8 DNA. After transformation into E. coli JM101, a
shotgun library was constructed by the modified method (Yasuda et al., 1984) of
Deininger (Deininger, 1983). The recombinant phages selected from library were
sequenced.
DNA sequencing

DNA sequencing was carried out by means of the dideoxy chain termination
method (Sanger et al., 1977) with MI3 sequencing kit. Nucleotide and deduced amino
acid sequences were analyzed by the Hitachi DNASIS system.
Chemicals

Restriction endonucleases, T4 DNA polymerase, and MI3 cloning and sequencing
kits were obtained from Takara Shuzo Co., Ltd., and used according to the suppliers
specifications. Nuclease P1 was from Yamasa Shoyu Co., Ltd. («-32P)dCTP was
purchased from RCC Amersham.

RESULTS AND DISCUSSION

Location of biological functions on pUH!I

As reported previously (Hara et al., 1982), y-glutamyltranspeptidase gene, which
is responsible for polyglutamate synthesis, might be encoded on an endogeneous
plasmid, pUHI1. To define the bounds of a biological functional unit of pUHI, we
congtructed a set of plasmid derivatives using pUB110 and pATE1 (Hara et al., 1991).
Recombinant plasmids were selected in B. subtilis host by using resistance to
kanamycin (Km) for pUBI110 and trimethoprim (Tmp) for pATEl. The generated
BstEll and Hind111l fragments of pUH1 were filled in with Klenow fragment, and
cloned into Poull site of pUB110 and Aatl site of pATE]L, respectively. The results are
summarized in Fig. 1. The composite plasmid pBB2 contains a 2.0-kb BstEll fragment
(column BsS in Fig. 1) of pUH1 which confers autonomous replication on the plasmid
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Fig. 1. Structure and location of biological functions of 5.7-kb plasmid pUHI.
+ and -indicate, respectively, ability and inability to replicate and to synthesis -
glutamyltranspeptidase in the B.subtilis host. Modifications were made by deletion
with restriction enzymes.
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Fig. 2. Strategy for sequencing the plasmid pUH1, and the coding frames.

(Upper) The physical map of pUHI and strategy for nucleotide sequence. The 5
end of Hincll site of pUHL1 is taken as the start point for humbering the nucleotide
sequence. The extent of sequencing is specified by arrows. The open and closed circles
represent the 5 termini of the cloned fragments generated by restriction enzyme
digestion and sonication, respectively. (Lower) The coding frame of the presented
sequences:[ ], open coding frame; @ | noncoding region.



212 T. Hara et al.

in the B. subtilis host. The 2.0-kb BstEIl fragment is necessary and sufficient for the
plasmid replication, whose molecular structure has been previously characterized
(Hara et al., 1991). The Km’ transformants harboring plasmid pPB1, which contain a
3.7-kb BstEIl fragment (column BsL in Fig. 1) of pUHI, can produce y-glutamyltran-
speptidase. The enzyme activity of Km' transformants harbaring pUU1, which contain
the 3.6kb HindIIl fragment (column HL in Fig. 1), could not detected in B. subtilis
host.

DNA sequence analysis of pUHI

The strategy for sequencing is outlined in Fig. 2. Restriction sites determined
preliminarily by enzyme digestions were confirmed by sequence analysis. The com-
plete nucleotide sequence of pUH1 DNA comprises 5,812 bp (Fig. 3). The DNA
sequence contains two open trandation reading frames, whose directions are same. Of
the two, the longer open reading frame which corresponds to y-glutamyltranspe-
ptidese, starting with ATG a nucleotide 3,650 and terminating at the stop codon at
nucleotide 4,911, is capable of coding for polypeptide of 420 amino acid residues with
aMr of 49,356 daltons. Upstream from the y-glutamyltranspeptidase, putative
regulatory sequences can be identified, including a Shine-Dalgarno sequence (AAC-
GAG), which is complementary to the 3' end of 16SrRNA (3-OH-UCUUUCCUC-
CAGUAG-5') of B. subtilis (McLaughlin et al., 1981), at nucleotides 3,616 to 3,621, a ¢**
RNA polymerase recognition site (TTCAAA) at nucleotides 3,555 to 3,560, and a
Pribnow box (TATTAT) at nucleotides 3,578 to 3,682. The distance (17 bp) between the
recognition site and a Pribnow box is shorter than the preferred one in B. subtilis
(Moran et al., 1982). It is well known that y-polyglutamate productivity of B. subtilis
(natto) is decreased during stock on a nutrient agar slant over long period. The
instability of y-polyglutamate synthesis might be due to inefficient regulation on
transcriptional level of y-glutamyltranspeptidase.

The shorter frame designated rep, starting with ATG at nucleotide 816 and
terminating at the stop codon at nucleotide 1,815, is capable of coding for a polypeptide
of 333 amino acid residues with a Mr of 39,074 daltons. The nucleotide sequence
upstream from the rep gene is characterized by the presence of typical regulatory
signals. They include a Shine-Dalgarno sequence (AAGGAG) at nucleotides 783 to 788
for trandation initiation, the sequence (TTGACA) a nuclectides 709 to 714 for a o*
RNA polymerase recognition site and a Pribnow box (TATTAT) at nucleotides 733 to
738, at preferred distances (17-18 bp) from each other. To discover the segquences
essential for replication, a homology search was performed to determine whether there
are seguences within this region conserved among other Bacillus spp. and S. aureus
plasmids known to replicate in B. subtilis. Results showed that a 26-bp sequence
(TTTCTTATCTTGATACTATATAGAAA) a nuclectides 626 to 651 was conserved
in pUH1, pBAA1 (Devine et al., 1989), pFTB14 (Murai et al., 1987), pUB110 (Muller et
al., 1986), and pC194 (Dagert et al., 1984; Horinouchi and Weisblum, 1982b). Especialy,
the consensus sequence (CTTGATA) is found in the hairpin region of ¢X174 shown by
Shlomai and Kornberg (1980) to have origin activity. However, no significant
homology was found with pE194 (Horinouchi and Weisblum, 1982a; Villafane et al.,
1987), and pT181 (Khan et al., 1982).

Amino acid sequence comparison
The amino acid sequence of the predicted proteins encoded on pUH1 was compar-
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90
GTCAACGGTAACCGGACCGTAGGGAGGATTAAGGAAGTTGACTCGCTCAGCGCCACCCGAACCCTTTCAGCACTCAAACAAACCCGTTTG

100 150
TTTGACGCCAACCGGGCAGGGAGCCCCCCGAAGAAGCGGGGGTTGGGGGGATTGAATGCTGGCATCCAACGGCCGTCCGTTGETGGGTTT

200 250
GGGCAMGCCAAGAACTGTTGCAAGGCTCGTTGAGAATAAAGMTGCT’I'I‘TCAGGATGC‘I'I‘AGAATCGTTTCTGAGAGCTTCAAATAMA

300 350
AAGATGACCTTTTATAGGGGGAAGCTCTTAAAATTGAATGTAGGGGCATTTARACACGTTTAAAAATAAAAAAAGCAGACTCTTTAGAGT

400 450
CCGCCTTGTTATTTTTAACCCAGTGCTCCATTT TCGGCTGT TTGGAAATCTTT TGAGATGCCGAACCATCCATTTTCTTITTGTTCCATGA

. 500
AAAAAGTGC'I'I‘TTGGATGCTTAAAAAGGC‘I"I"ITTCGTATAAAAAAAGCCGATTTITGAAAAAAAAATCTCOCTGCGGGGGAAGAATGGPT

550 600
TTGATCTTTGGGTTTTAGGTTTTAAAAAAACCGGGCTGTTTTCAGCCGGCTT T TTTTCGATT T TGGCGGAGCCGAAATCGGGTCTTTTCT

650 700 (-35) .
TATCTTGATACTATATAGAAACATCTCAAGGCGAAAAAATAGCCCCCATCCCT TAT TTGTCAAGGGTTTGACGGCTTTTTGACATGTAGA

- (-1 . 750 . (SD} . 800
AACTCCTTCCGCIATTIATTAAAGTGCCCACTAAAATAATAGAATGCTAGAT TACTAGCTCAGAAGGAGT TTTTTTGTTCATGTATTCATC

850 900
TGAAAATGA’I‘I‘ATATCATCC’I'I‘GAGGACAAGACCGCAACAGGTAAAAAGCGGGATTGGAAGGGGAAAAAGAGACGGAOGMTCTTATGGC
MetIleIleSerSerLeuArgThrArgProGlnGlnVallysSerGlyIleGlyArgGlyLysArgAspGlyArglleLleuTrpL
95Q
TGAGCACTATGAAGCTTTACAGAGTAAAACTGGTATACCT’I‘ACI‘ATGGCAAAAAAGC TGAGAAATT GTGCAG’I’TGTGCGGAATGTCT’I‘I‘C
euSerThrMet LyslLeuTyrArgVallysLeuValTyrLeuThrMetAlaLysLlysLeuArgAsnCysAlaValValArgAsnValPheA
1000 . 1050
GTTTAAACGAGACCCGGAGACGCAAATTAAAG‘I‘TG’I‘ATCAAGC’I‘CAGT 'I‘T‘I'GTAAAGTGAGGTTATGCCCGATGTGTGCGTGGCGTAGGT
rgleuAsnGluThrArgArgArgLysLeulysLeuTyrGlnAlaGlnPheCysLy sValA.rgLeuCy sProMetCysAlaTrpArgArgS
1100 1150
CT’I‘TAAAAA’I'I‘GCTTATCATAATAAATTAATCGTTGAGGAAGCGAATCGGCAGTACGGTTGTGGATGGATTTTTCTCACACMOGGTIC
erLeulysIleAlaTyrHisAsnLysLeulleValGluGluAlaAsnArgGlnTyrGlyCysGlyTrpllePheLeuThrLeuThrValA
. 1200 1250

GGAA’I‘GTCGAGGGTGACGGA’I'I‘MAACCCAT GATTGCTGACATGATGAAAGGATGGAACCGCCF'I‘I‘T CGGATATAMCGAG‘I'I‘AAGGTAG
rgAsnValGluGlyAspGlyleuLysProMetIleAlaAspMetMet LysGlyTrpAsnArgLeuPheGlyTyrLysArgValLysValA

CGACI"I"I‘AGGN‘AT'I'I‘CAGAGCTTTAGAGATTACCAAAAATCACGAAGAAGATACATATCATCCGCATTI'I‘CATG’I\GTPGTTGCC'I'G'IGA
laThrLeuGlyTyrPheArgAlaLeuGlulleThrLysAsnHisGluGluAspThrTyrHisProHisPheHisValLleuleuProvall
1400
AGAAAAGCTATTTTACTCACAA’I‘TAGA’I‘TAAGCAGTCTGAGTGGACGAGCTTATGGAAAAGGGCGATGMACTGGACTACAOGCCGATTG
ysLysSerTerhe'I’hrHi sAsnTyrIlelysGlnSerGluTrpThrSerLeuTrpLysArgAlaMetLysLeuAspTyrThrProlleV
1500
TTGATATCCG}\AGAGICAAGGGAAGAGCTAAAAT TGATGCCGAACAGATTGAGAGCGATGIGCGGGAAGCG\TGATGGAGCAAAMGCFG
alAspIleArgArgValLysGlyArgAlalysIleAspAlaGluGlnlleGluSerAspValArgGluAlaMetMetGluGlnLyshAlaV
1550 1600
TTCTTGAAATCTCTAAATATCCGGTTAAAGATACGGATGT TGTGCGCGGCAATAAGGTGACAGAAGACAATCTGAACACGGTGTTTTATT
alleuGlulleSerlysTyrProValLysAspThrAspValValArgGlyAsnLysValThrGluAspAsnLeuAsnThrValPheTyrL
1650 1700

TGGATGATGCGCTTTCTCGCCGCCGGCTTAT TGGT TACGGTGGCATCTTGAAGGAAATTCATAAAGAACTAAACCTCGGTGATGCGGAGG
euAspAspAlaleuSerArgArgArgLeulleGlyTyrGlyGlyIleLeuLysGlulleHisLysGluLeuAsnLeuGlyAspAlaGluA

1750 . 1800
ACGGCGATC‘ICGTCAAGATTGAGGMGAAGATGACGAGGTGGCGAACGAAGCATTTGAAGTTATGGCTTACTGGCATCCAGGCATTAMA
spGlyAspLeuVallysIleGluGluGluAspAspGluValAlaAsnGluAlaPheGluValMetAlaTyrTrpHisProGlyIleLysA

ATTACATAATCAGATAAAAAGCAGGCGTTGTTCCTGCTTTTTTTATACTCTAATAGTCAAATCAAGAGTTAATTTTAGATGTAATTGTGA
snTyrIlelleArg***

Fig. 3. Complete nucleotide sequence of pUH1.

Nucleotides are numbered from the 5 end of Hincll site of the DNA strand of the
pUH1 DNA with the same polarity as mRNA. Amino acid sequences are aso shown
on the coding frames. Regulatory signal sequences are underlined. Putative termina-
tion signas are indicated by arrows.
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1900 1950
GRATTAGAGTGGCTGACCAGTATTTGARACTTCTTGGGCTACTT TCTTAACTTTATATTAAAACTATGTATATATGTGTTGTITTTTCTA

2000 +2050
TTATTTTGATATTATTTACAAGTATTGAAAT TTTGCTAGGAGGGAARAGTTTTTATGGTTACCACGATTGGTAAAAGTAAGATGTGGGTAG

. 2100 2150
GTATTATTGTTGTATTATCTTTATTATTGGTATCTTTTTCGCCTGCTGTAAAGGCTGATACTAAGGATAAATATTATTCTACAACTTCTA

2200 2250
CCCAATCTTC’AACAAAMGI‘TAT CGTAAAGCTAATACTAGTGGGGTCTATGTGAAAGTACTTAAAGCTGGACGTTCTCGTGATGTTGCTA

2300
TTTCAGTTTTI‘GCTGATGCGAACAAAGGGAAAGGAAAGCCACATTGGGTAAATGI TTCTGGTAGCGATGGCGCTACTCTGGGAAAATACG

2350 2400
TGACTGCAGGGCATACATATCATCTTACAAACTATGCTGTAGAACGT TATGGAAAGAATGTTCCTATACAATTATTTGTTTCTAATGGTT

2450 2500
CTGGCAAAAAAGTTGAATTTTATTGGAGTCCCGATTGTAGATAGT CCAAATAGCAGATGATGAAAAAGCAGGATTAATCCTCTTTTTTAT

2550 2600
TTTTGTTTTGGTAAAATGTGATAAGCGGGTTTTGAAATATAGAGGAGGAAAT TTTCTTTTGACAAAAGCAGAAGTTTTCAAAAAAGAAAA

2650
GCTCTATTTTAGAGTGGGGCMGGCTATTGTGATAL:L TGTTATACTTGCTCTTCTTATTCGGATTTTTTGTTTGAGCCATATGTGGTAGA

2150
AGGGAAGTCTATGGATCCCACTTTGGTTGATTCTGAAAGATTATT TGTAAATAAGACTGTGAAGTATACAGGTAATTTTAAACGAGGGGA

2800 2850
TATAATAATTTTAAACGGAAAGGAARAAAGCACACATTATGTGAAGCGATTAATTGGT TTACCTGGAGACACTGTAGAAATGAAGAATGA

2900 2950
CCACC‘I'ITTTATTAATGGAMTGAAGI’TAAGGAACCATATCTTFCTTATAATAAAGAAAATGCTAAGAAAGTGGGTATAAAOCTTACAGG

3000 3050
AGATTTTGGACCAATTARAGTTCCAAAAGATAAATATTTTGTTATGGGCGATAACCGACAAGAATCAATGGATAGTCGTAATGGGCTTGG

3100 3150
ACTCTTTAC’I‘AMGATGATA'I'I'CAGGGAACCGAAGAGTTCGTATTTTTTCCAT’ITAGTAATATGCGAAAAGCTAAATAATT‘I‘TTAGACCG

3200
ARACAGGCTATAAGGTCTGTTTTTTCATTTTGTTATGAACATTTAGCACACAGATCAAAGT TTTCATAGT TTGAATGCTTTGATAGCAGC

3250 3300
AAAGGGTATTTCTGATTTTCTGCCGATCTCTCATCGGCGGAARAGTCGGGTCGGCGGACAGCCGACAAGTGGCACGAACT TTCGATGCGA

3350 3400
CAGCGAGAATGAGAGACGCACCAGCACCGCAGGTCGCACGTCCAAATTTGCCATGGCATAATTTGGTGTAGTGCG‘I'I‘ACACCAAAGATAA

3450 3500
ACTTTGTGTTACCATAACCCCTATACAGTGGTCTGAATCGGGGGTTTTTCTCATGGCAAATTATGCAGTCATCAGGATGGAAAAATACAA

3550 (-35) (-10) ) 3600
AMAGATAGATTGAATGGAACGCAMAACACAATCAGCGGGAGTII_CAAAAAACCAAAAATGAAAAGIAIIAICGGGAGCGGACGAC’I‘TA

(sp) 3650
AATTATGATCTAGT GAAC_GAGAAACCGATTAGCTATTCAAAAGCGATTCATGAAAAAATTGAGGGGCGAGTCAAACGGAAGGI‘CCGAGCG
MetLysLysLeuArgGlyGluSerAsnGlyArgSerGluAr
3700 3750
GATGCATGTTTTGGTCAGCGAATTTTTGATCACGGCAAGT CCTGACTATATGAATGGGCTGAGCGAT GAGGAGCAGCGGCGCTATTTTGA
gMetHisValleuValSerGluPheleulleThrAlaSerProAspTyrMetAsnGlyLeuSerAspGluGluGlnArgArgTyrPheGl
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3800 3850
AACAGCGGTTGATCATTTGAAAGAGAAATACAGCGCTGAAAACATGCTTTATGCTACAGTCCATATGGATGAAGCGACTCCTCATATGCA
uThrAlaValhspHisLeulysGluLysTyrSerAlaGluAsnMetLeuTyrAlaThrValHi sMetAspGluAlaThrProHisMetHi

3900 3950
TGTTGGTATTGTACCGATCACAGAGGACGGCCGACTCTCTGCGAAAGATT TTTTTARTGGCAARATTGRAAGATGARAGCCATTCAAGATGA
sValGlyIleValProlleThrGluRspGlyArgLeuSerAlaLysAspPhePheAsnGlyLy sLeuliysMetLysAlalleGlnAspAs

4000 4050
TTTTCATCGGCACATGGTTGAAAACGGTTTTGACCTGGTGCGCGGCGAACCAAGCGAARAGAAGCATGAGAATGTTCACCAGTATAAAAT
pPheHisArgHi sMetValGluAsnGlyPheAspLeuValArgGlyGluProSerGlulysLys HisGluAsnValHisGlnTyrLysIl

4100
AAATCAGCGGGAACCGGAGCTTGAGCGGCTTAATGCTGAAAT TGCTTTAAAGGARAAGCAGAGAGAGGAACT GGAAAAGCAAAACAAAGC
eASNGlnArgGluProGluLeuGluArgLeuAsnAlaGlul leAlaLeulysGluLysGlnArgGluGluLeuGluLysGlnAsnLysAl
4150 4200
TGTTCAAGCAGTTATAGAAGTGAARAAAGAATCGCTGACAGCTAAGGCTGAAGAGT TGAAAATGCCGACTATTGAACATGARAARGCGTG
aValGlnAlaVallleGluVallyslysGluSerLeuThrAlaLysAlaGluGluLeuLysMetProThrIleGluHisGlulysAlaTr
. 4250 4300
GCTCAAAAAGGATAAAGTCATTGTGOCAGAGCGGGAACT CCATGCTTTGTATGCCTATGCGGAGCAGAARACTAAAACGGCAGCCGAGTT
pleulyslysAspLysVallleValProGluArgGluLeuHisAlaLeuTyrAlaTyrAlaGluGlnlysThrLysThrAlaAlaGlule
. . 4350 4400

GGCGGGGCAATTGAAGTCGGARACGCAGGAAAAGGAGCGC TGGCAGTCTATCGCCCGGCAGAAGCAGAT CGGGCGGAT GAAAAAGACCAA
uAlaGlyGlnleuLysSerGluThrGlnGluLysGluArgTrpGlnSerIleAlaArgGlnLysGlnIleGlyArgMet LysLy sThraAs

4450 4500
CGGCTTCAGGAACTGCAGAGTAGGATCCATTCAGAAGTTGAAGCGTCCAARAAGGAAATGCGGCGCAAGCTTGCAAAGGAATTTACGGAA
nGlyPheArgAsnCysArgValGlySerIleGlnLysLleuLysArgProLly sArgLysCysGlyAlaSerLeuGlnArgAsnLeuArgLy

4550
GAACAAGCGTCAGGATCTTCGGCAGGAAGTGAAAGAGGAACTGACGACTTTACGAACGGAAAACGAGGAACTGTCAGCTGAAAATAAAGT
sAsnLysArgGlnAspleuArgGlnGluVallysGluGluLeuThrThrLeuArgThrGluAsnGluGluleuSerAlaGluAsnLysVa
4600 4650

TTTGATCATTCAAAGAAATAGCGAAGCTGCGGAGAGCCTARAACTAAAACAGGAACT TGATAAGAGAAACGGGCAGTATGCTGAGGTTIT
llLeullelleGlnArgAsnSerGluAlaAlaGluSerleuLysLeuLysGlnGluLeuAspLysArgAsnGlyGlnTyrAlaGluValle

4700 4750
GAGTTTCGCCAAGAAGCAGAATCAAACGCTTGAAAAAGT GGCTGGAGAAAACAAGGCGTTAAAAAAAGAAAATAAGACACTAAAAGAGAG
uSerPheAlaLysLysGlnAsnGlnThrLeuGluLysValAlaGlyGluAsnLysAlaLeuLysLysGluAsnLysThrLeuLysGluAr

. 4800 4850
AGTTGCCGTACTGGAACAATGGAAAGACAAAATGGT TCAGTGGGCTAAAGAAAAATTACCAAAGATGCGGAAATTAGCGGCATCGTTTTT
gValhAlaValLeuGluGlnTrplysAspLysMetValGlnTrpAlaLysGluLysLeuProLysMetArglysleuAlaAlaSerPhePh

4900 4950
CGTACGGCTGGRATGCCTAGAGAAGCCAATAAATACAAGGACAATGAATTAGAGCGGTGAAAACGGGCAATCAATTGCCCTTCCAAAATT
eValArgLeuGluCysleuGluLlysProlleAsnThrArgThrMetAsn*** h -
5000
TCCACCACTTTTTTTGT T TGGTGGCTGCGATCAT TTTTTGTGTCTCAAGGGACTCACGTAATGCAGCGGTGAGTGTCTCGTGCCTTTCTT

5050
GCTGTCTTTTTTCGAATCGTTCCATCCGT TCTGCCATGTGGCGGTTGAATTCTTCCTGTCGTTTCATGAATTCGACTAAAGGATTGTCCT

5150 5200
GTAGCGATGTAGCGGTATCCGATATGGTCAGTTTAGARCGATATAAGCTTGCTATGTGCTTTACCGTTTCGTCGAGTGAGTGTCCATTGA

5250
TCTTAGTCATTGTACATAGATACTCTARAGTCTTTACGTCATCCTCGGTATAGAGTCGCCATCCTTTCGAATCTTTATTGAACGAGTAGC

5350 5400
CTTGTTCTITCAAGCATACTGGCATACTTGCGGACAGT TACTGGCTCTATACCGAGGTGTTTTGCGACGTCCTTTGATGATAATTTGATTC

5450
CCATATCCATAACGTATCACCTCGTAAAAAGGGTTCGCTATAGTGAGGGCAAACCCGTTTATTTAGAGCCATT TAAAAAGARAGCTGTTC

5500 5550
CGTTCTTTTATCAGGT TGGGACTGTATTTAGTTTATGGGGGAGTGCCAATGAGTGATTTTGAAACAGGAATGAGATATGTAAGAGCAACC

5600 5650
CTTGGCTTTGAGGGTTTAGTGCGTACGGAAGAAGAGGAARAGCT TTTAGAAAGACGGTTTCATGGAGAAATCACAGAGGAAGAATACATA

215
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5700 575Q
CAAAAAGCGTT’I’GAGCTT'I‘C’ITTGATGTGATGTACCTGCAGGGGCTTATAATA’I'I‘ CATAGCTGTTG’I‘I'AGAACCTAAACCC‘ITTTACCGT

5800
TTTTGGCGGTGAGGGTTCTTTTTTTTTAGGCAGTGATGCGATTTTGCCGTGA

ed with a number of protein sequences registered in GenBank with use of the homology
search system of GENAS (Kuhara et al., 1984). Two cassettes could be identified with
staphylococcal plasmids. As shown in Fig. 4, sequences homologous to the pUHI rep
protein was found in protein A (229 amino acid residues) with 27,800 daltons encoded
in pC194 (Horinouchi and Weisblum, 1982a), and that of y-glutamyltranspeptidase was
in putative protein C403 (403 residues) with 48,400 daltons encoded in pE194 (Horinou-
chi and Weisblum, 1982a). Approximately, 45.7% amino acid homologies were obser-

60 70 80 O 110 120 130 140 150 160 170 180
KLYKANSCKNRFC P VCAHRKARKDALGLSLMMQV 1 KQQE KKEFIFLTL TTPNVMSDEL EN[I KRYNNSFRKLI KRKKVGSVI KGYVRKLE I TYNKKRDDYNPHFHVL lAVNKSYFTDKRYY I SQQEHLDLH

130 140 150 160 170 180
PERCENT MATCH = 45.7% { 59/129 )

120 130

\ PERCENT MATCH = 51.2% (44/86) /

LSGEE] ERFFKDSLEFLENE YGKENMVLATVHLDERV PHMHFGFYPL TEDGRLSAKEQLGNKKDFTQLQDRFNEYVNEKGYELERG
|00 110 140 150 170 180 I

E194
728bp

Fig. 4. Schematic comparison of the amino acid sequence deduced from nucleotide
sequences of pUH1 and staphylococcal plasmids pC194 and pE194.

Homologous amino acid and deleted sequences are shown by dots and dashes,
respectively.
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ved in a segment of 129 residues of E229 with pUH1 rep, and 51.2% in 86 residures of
C403 with y-glutamyltranspeptidase, but homology scores, in its entirety, were quite
low value such as 11.9% with pUHI rep and 37.4% with y-glutamyltranspeptidase,
respectively. The cDNAs of rat rena (Laperche et al., 1986) and human hepatic
(Sakamuro et al., 1988), hepatoma (Goodspeed et a., 1989), and placenta (Meytset al.,
1988) y-glutamyltranspeptidase were cloned, and their nucleotide sequences were
determined. The mammalian y-glutamyltranspeptidase, whose amino acid sequences
were essentially the same, do not show any similarity at all with pUHI y-
glutamyltranspeptidase (data not shown). More recently, Suzuki et al. (1989) perfor-
med DNA sequencing of E.coli y-glutamyltranspeptidase, but no convincing
homology could be found between pUHI1 and E.coli y-glutamyltranspeptidases, for
which complete sequence data is available.
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