
九州大学学術情報リポジトリ
Kyushu University Institutional Repository

Complete Nucleotide Sequence of Bacillus sub
tilis (na tto) Plasmid Responsible for γ-
Polyglutamate Synthesis

Hara, Toshio
Microbial Genetics Division, Institute of Genetic Resources, Faculuty of Agriculture, Kyushu
University

Yasuda, Shuhey
The Riken Institute

Ogata, Seiya
Microbial Genetics Division, Institute of Genetic Resources, Faculuty of Agriculture, Kyushu
University

Soeda, Eiichi
The Riken Institute

他

https://doi.org/10.5109/23986

出版情報：九州大学大学院農学研究院紀要. 36 (3/4), pp.209-218, 1992-02. Kyushu University
バージョン：
権利関係：



J. Fat. Agr., Kyushu Univ., 36 (3*4),  209-218 (1992)

Complete Nucleotide Sequence of Bacillus sub tilis  (na tto) Plasmid
Responsible for y-Polyglutamate  Synthesis

Toshio Hara*,  Shuhey Yasudal,  Seiya Ogata, Eiichi Soeda’,  and Seinosuke Ueda2

Microbial Genetics Division, Institute of Genetic Resources, Faculuty  of Agriculture,
Kyushu University, Hakozaki, Higashi-ku, Fukuoka 812,
‘The Riken Institute, Koyadai, Tsukuba, Ibarak 305, and

2Department of Applied Microbial Technology,
Kumamoto Institute of Technology, Ikeda, Kumamoto 860, Japan.

(Received October 25, 1991)

The complete 5,812 base pairs nucleotide sequence has been determined for Bacillus
subtilis (natto)  plasmid  pUH1,  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 ShinemDalgarno  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
pUH1  predicted ymglutamyltranspeptidase protein could be found with E. coli  and mam-
malian ymglutamyltranspeptidases.

INTRODUCTION

“Natto”  is one of the traditional nonsalty  fermented foods which is often served
at breakfast in Japan. It is manufactured by growing Bacillus subtilis (natto)  on
steamed soybeans. It is an adhesive, and consists of polysaccharide (levan-form
fructan) and y-polyglutamate. The adhesive materials are mainly composed of y-
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.
Zichenifownis  ATCC 9945A). However, since it is known that various strains differ a
great deal 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 pUH1,  which encodes y-
glutamyltranspeptidase (EC 2.3.2.2) gene responsible for y-polyglutamate synthesis, is
distributed widely in Bacillus subtilis (natto) isolated from a commercial 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 EII 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  pUH1. In the present work, we report
the complete nucleotide sequence of the plasmid pUH1, including data pertinent to the
mapping of biological functions and determinants of their expression and regulation.

MATERIALS AND METHODS

Bacterial strain and plasmids
Escherichia  coli  JM 101 was used for a cloning host. Plasmids pUH1  (Hara et al.,

1982) and pATE1 (Hara et 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  pUH1  from Bacillus subtilis  (natto)  was prepared and purified as
described previously (Hara et al., 1983). Plasmid pUH1  was sonicated to generate
suitable sizes, processed with nuclease  Pl and T4 DNA polymerase, and separated by
electrophoresis on agarose gels. After elution from gels, the fragments were inserted
at SmaI cloning site of Ml3 mp8 DNA. After transformation into E. coli  JMlOl,  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 Ml3 sequencing kit. Nucleotide and deduced amino
acid sequences were analyzed by the Hitachi DNASIS system.
Chemicals

Restriction endonucleases, T4 DNA polymerase, and Ml3 cloning and sequencing
kits were obtained from Takara Shuzo Co., Ltd., and used according to the suppliers
specifications. Nuclease Pl was from Yamasa Shoyu Co., Ltd. ((r-32P)dCTP  was
purchased from RCC Amersham.

RESULTS AND DISCUSSION

Location of biological functions on PUHl
As reported previously (Hara et al., 1982),  y-glutamyltranspeptidase gene, which

is responsible for polyglutamate synthesis, might be encoded on an endogeneous
plasmid,  pUH1. To define the bounds of a biological functional unit of pUH1,  we
constructed a set of plasmid derivatives using pUBll0  and pATE1 (Hara et al., 1991).
Recombinant plasmids  were selected in B. subtilis  host by using resistance to
kanamycin (Km) for pUBll0  and trimethoprim (Tmp) for pATE1.  The generated
BstEII and Hind111 fragments of pUH1  were filled in with Klenow fragment, and
cloned into PvuII site of pUBll0  and AatI site of pATE1,  respectively. The results are
summarized in Fig. 1. The composite plasmid  pBB2  contains a 2.0-kb BstEII fragment
(column BsS in Fig. 1) of pUH1  which confers autonomous replication on the plasmid



Complete DNA sequence of natto plasmid PUHl 211

“i 7, 7 B,a  , , Ba$i  ,y “-u”’

0 1 2 3 4 5kb

pUH1

BsS -

BsL

Replication V-GTP

+ +

+ -

+

BaL

8aS

HL

1

2

3

-1

-2

-3

Fig. 1. Structure and location of biological functions of 5.7-kb plasmid pUH1.
+ and -indicate, respectively, ability and inability to replicate and to synthesis y-

glutamyltranspeptidase in the B. subtilis  host. Modifications were made by deletion
with restriction enzymes.

I I’-GTP

m rep n  VII_

Fig. 2. Strategy for sequencing the plasmid pUH1, and the coding frames.
(Upper) The physical map of pUH1 and strategy for nucleotide sequence. The 5’

end of HincII site of pUH1 is taken as the start point for numbering 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:U,  open coding frame; n , noncoding region.
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in the B. subtilis host. The 2.0-kb BstEII  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
3.7pkb  B.stEII fragment (column BsL in Fig. 1) of pUH1, can produce y-glutamyltran-
speptidase. The enzyme activity of Km’ transformants harbaring pUU1,  which contain
the 3.6kb Hind111  fragment (column HL in Fig. l), could not detected in B. subtilis
host.
DNA sequence analysis of PUHl

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 translation reading frames, whose directions are same. Of
the two, the longer open reading frame which corresponds to y-glutamyltranspe-
ptidase, starting with ATG at 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
a Mr 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 16s rRNA (3’-OH-UCUUUCCUC-
CAGUAG-5’) of B. subtilis (McLaughlin et al., 1981),  at nucleotides 3,616 to 3,621, a 643
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 translation initiation, the sequence (TTGACA) at nucleotides 709 to 714 for a a43
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 sequences
essential for replication, a homology search was performed to determine whether there
are sequences within this region conserved among other Bacillus spp. and S. aweus
plasmids known to replicate in B. subtilis. Results showed that a 26-bp  sequence
(TTTCTTATCTTGATACTATATAGAAA) at nucleotides 626 to 651 was conserved
in pUH1, pBAA1 (Devine et al., 1989),  pFTB14  (Murai et al., 1987),  pUBll0  (Muller et
al., 1986),  and pC194 (Dagert et al., 1984; Horinouchi and Weisblum, 1982b). Especially,
the consensus sequence (CTTGATA) is found in the hairpin region of 4X174 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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50 90
GTCAACGGTAACCGGACCGTAGGGAGGATT~GTTGACTCGCTCAGCGCCACCCGAACCCTTTCAGCACTCAG

100 150
TTTGACGCCAACCGGGCAGGCCcCCCGAAGAAGcGGGGGTT GGGGGGATTGAATGCTGGCATCCAACGGcCGTCCGl'TGGTGGGTTT

300 350
AAGATGACCITTTATAGGGGGAA GCTCTTAAAATTGAATGTA GGGGCATTTAAACACGTTTAAJUAT~GCAGACTcmAGAGT

400 450
CCGCCTTGTTATTTTI'AACCCAGTKTCcA~TCGGCTGTTTGGAAATcTTTTGAGATGCCGAACCATCCATTTTmTmGrTccxEA

550 600
!I'TGATCTTTGGGTTlTAGGTTTT AAARAAACCGGGCTGPTTTCAGCCGGCTTT~TTCGATT

650 700 C-35)
TATCTKATACTATATAGAAACATCTCAAGGCGAA?W+ATAGCCCCCATCCCTTATTTG~GGGTTTGAC BTGTAC

. (-10) . 750 . (SD) . 800
AACTCCTTCCGC~TAAAGTGCCCACTAAAAT~TAGAATGCTAGATTACTAGCTCA~ TTTTTTTGITCATGTATTCATC

850
TGAAAATGATTATATCATCC~~~~~CCGCAACA

900
GGGGAAAAAGAGACGGACGAATCTTATCGC

MetIleIleSerSerLeuArgThrArgProGlnGlnValLysSe~lyIleGly~gGlyLysArgAs~lyArgIle~uT~L

TGAGCACTATGU~TTA~~GTAAAACTGGTATACCTTACTAT
950
GGWUWGCTGkAAATTGTG&GTTGTGCGGUTGTCTTTC

euSerThrMetLysLeuTyrArgVa1LysLeuValTyrLeuThrMetAlaLysLysLeuArgAsnCysAlaValValArgAsnValPheA
1000 1050

~TTAAACGAGACCCGGAGACGCAAATTAAAGTTGTATCA
rgLeuAsnGluThrArgArgArgLysLeuLysLeuTyrGlnAlaGlnPheCysLysValArgLeuCysProMetCysAlaTrpArgArgS

1100 1150
CTTTAAAAA;TGCTTATCATAATAAATTAATCGTTGAGGA
erLeuLysIleAlaTyrHisAsnLysLeuI1eValGluGluAlaAsnArgG1n~rGlyCysGl~rpIlePheLeuThrLeuThrVa~

1200 1250
GGAATGTCGAGGGTGACGGATTAAAACCCATGATTGCTGA
rgAsnVa1GluGlyAspGlyLeuLysProMetI1eAlaAspMetMetLysGlyTIpAsnArgLeuPheGl~rLys~gValLysVa~

1300
CGACTTTAGGlTATTPCAGkCTTTAGA~TTACcAA?WTCACG?WNATAcATAT~TCCGCA  *

1350
TTTTCATGTGTTGTTGCCTG

laThrfRuGlyTyrPheArgAlaLeuGluIleThrLysAsnHisGluGluAspThrTyrHisProHisPheHisValLeuLeuProValL
1400

A~GCTATTTTACTCA~AATTACATTAAGCAGTCTGAGTGGACGAGCTTATGGAWA'GGGCGATGA&TGGAcTA&GCCGATT~
ysLysSe~rPheThrHisAsnTyrI1eLysGlnSerGluTrpThrSerLeuTrpLysArgAlaMetLysLeuAspTyrThrProIleV

1450 1500
TTGATATCCGAAGAGTCAA;;GGAT~C~CAGATGG
alAspIleArgArgVa1LysGlyArgAlaLysIleAspAlaGluGlnIleGluSerAspValArgGluAlaMetMetGluGlnLysAlaV

1550 1600
TTC~GARATCTCTAAATATCCGGTTAAAGATACGGATG
alLauGluIleSerLysTyrProValLysAspThrAspValValArgGlyAsnLysValThrGluAspAsnLauAsnThrValPheTyrL

1650 1700
TGGATGATGCGCTTTCTCGCCGCCGGCTTATTGGTTA~T~TCTTGAAGGAAATT~TAAAGAAcTAAACCTCGGTGAT~GGAGG
euAspAspAlaLeuSerArgArgArgLeuIleGlyTyrGlyGlyIleLeuLysGluIleHisLysGluLeuAsnLeuGlyAs~laGluA

1750 1800
ACGGCGATCTCGTCAAGATTGAGGAAGAAGATGACGAGGT
spGlyAspLeuValLysIleGluGluG1uAspAspGluValAlaAsnGluAlaPheGluValMetAlaTyrSTrpHisProGlyIleLysA

1850
ATTACATAATCAGATAAllAAGCAGGCGTTGTTCCTGCTT
snTyrIleIleArg***' 4

Fig. 3. Complete nucleotide sequence of pUH1.
Nucleotides are numbered from the 5’ end of HincII site of the DNA strand of the

pUH1 DNA with the same polarity as mRNA.  Amino acid sequences are also shown
on the coding frames. Regulatory signal sequences are underlined. Putative termina-
tion signals are indicated by arrows.
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1900 1950
GAATPAGAGTGGCTGACCTT~CT~TTCTTGGGCT

2000 -2050
TPA~TGATATTAT~T~T~TAGGA GTTTTTATGGTTACCACGATTGGTAAAAGTAAGATGTGGGTAG

. 2100 2150
GPATTATTGITGTATTATCTTTATTATTGGTATCTTTTCA

CCCAATCTTiAA  ’
2200 2250

CAAAAAGlTATCGTAAAGCTAATACTACTAGTCTATGT

TTTCXTTTTKCTGATGCkA
2300

CAAAGGGAAAGGAAAGCCACATTGGGTAAATGTTTCTGGTAGcGATGGCGCTAcTCTGGGAAAATACG

2350 2400
TGACTGCAGGGCATACATATCATCTTACAAACTATGCTGTT

CTd
2450 2500

GTT~TTTTATTGGAGTCCCGATTGTAGA'CAGTCCAAAT

2550 2600
TTTTGTTTTGGTAAAATGTGATAAGCGGGTTTT~TATAGAGGAGGAAATTTTCTTTTGACAAAAGcA~GTTl'TCAAAAAAGAAAA

. 2650
GCTCPATTTTAGAGTGGGCTATTGTGATAGCTGTTATACTT~CTTCGG

2150
AGGGAAGTCTATGGATCCCA~TT~T~T~T~~TTATTTGT~T~~CTG~GTATA~~T~~TT~C~~

2800 2850
TATAATAATTTTAAACGGAAA GGAAAWAGCACACATTATGTGAAGCGATTAATEGTTTACCTGGRGAcACTGTAGAAATGAAGAATGA

ccA&
2900 2950

ATTAATGGAAATGAAGTTAAGGAACcATATCTTTCTTATAATAAAGAAAATGCTAAGAAAGTGGGTATAAA~TTAcAGG

3000 3050
AGA~TGGA~CAATTAAAGTTC~~T~TATTTTGTTAT~AT~CC~~G~TC~T~TAGTCGT~~T~

. 3100 3150
A~CfiTACTAAAGATGATATTCAGGGAACCGAAGAGTTCGTATTTTTTC~T~AGT~TAT~~~T~T~TT~TA~~G

3200
AAAC!AGGCTATAAGGTCTGTTTTTT CATTTTGTTATGAACATlTAGCACX.AGATCAA?iGTTTTCATAGTTTGAATGCTTTGATAGcAGC

3250 3300
AAACGGTAmCTGATTTTCTGCCGATCTCTCATC GGCGGAAAAGTCGGGTCGGCGGACAGCCGACAAGTGGCACGAACTTTCGATGCGA

3450 3500
ACTlTGTGTTACCAT~CCCCl'ATAcAGTGGTCTGAATC~TTTTTCTCAT GGCAAATTATGCAGTCATCAGGATGGAAAAATACAA

AAAAGATAGATTGAATG
3550 (-35) (-10) . 3600

GCAAAXXCACAATCAGCGGGAGT TTCAAAAAA&AAAAi TGAAAA~CGGGAGCGGACG?vZITA

(SD)
AATTATGATCTAGT Gm_GmAA'

3650
CCGATTAGCTATTCAUAGCGATTCATGAAAAAA TTGAGGGGCGAGTCAAACGGAAGGTCCGAGCG

MetLysLysLeuArgGlyGluSerAsnGlyArgSerGluAr
3700 3750

GATGCATGTTTTGGTCAGCGTTT?TGATCACGGCAAGTCCT~CTATATG~T~TGA~~TGA~~~~~ATTTT~
gMetHisValLeuValSerGluPheLeuI1eThrAlaSerProAspTyrMetAsnGlyLeuSerAspC1uG1uGlnArgArgTyrPheGl
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3800 3850
MCAGCGGPn;ATCATTTGTA~~~T~~T~T~AT~A~G~~TAT~T~~~CTCC~TAT~
uThrAlaValA8pHis~uLysGluLys~yrSarAlaGluAsnMetLeuTyrAlaThrValHisMetAs~luAlaThrProHisMetHi

3900 3950
TGTIY;GPATK;TCCGATCACAGAGGACGGCCGACTCTC
8ValGlyIleValProIleT~luAspGlyArgLuSerAlaLysAspPhePheAsnGlyLysLeuLysMetLysAlaIl~l~s~s

4000 4050
mTCATCGGCACAn;GTTGAAAACGGTTTTGACCTGGTGCGT
pPheIli8ArgHIsMetValGluA8nGlyPheAspLeuValArgGlyGluProSerGluLysLysHisGluAsnValHisGlnTyrLysIl

4100
AAA~~C~~~~TTAATGCTGAGGAAAAGCAAAACAAAGC
~8nGlnArgGluPmGluLeuGluArgLeuAsnAlaGluIleAlaLeuLysGluLysGl~rgGluGluLeuGluLysGl~snLys~

4150 4200
TGITCAAGCAGTTATAGAA~ GAATCGCTGACAGCTAAGGCTGAAGAGTTGAAAATGCCGAG
aValGlnALaValIleGluValLy8Ly8GluSerLeuThrAlaLysAlaGluGluLeuLysMetProThrIleGluHisGluLy8AlaTr

. 4250 4300
GCTCAAAAA~TAAAGTCAT%TCXCAGAGcGGGAA CTCCATGCTTTGTATGCCTATGCGGAKXAAAACTiUAACGGCXCC~~T
p~uLyaLyaA8pLy8ValIleValProGluArgGluLeuHi8AlaLauTyrAlaTyrAlaGluGlnLysThrLysThrAl~aGluLe

. . 4350 4400
GGCa;GGCAATTGAAGTCCGAAACGCAGGAAAAGGAGCGCGAAAAAGACCAA
uAlaGlyGlnLeuLysSerGluThrGlnGluLysGluRrgTrpGlnSerIleAlaArgGlnLysGlnIleGlyArgMetLysLysThrAs

4450 4500
CGGCTTCAGGAACTGCAGAGTAGGATCCATTCAGAAGTEAAGcGTC CAAAAAGGAAATGCGGCGCAAGCTTGcAAAGGAA~TACG
nGlyPheAtgAsnCy8ArgValGlySerIleGlnLysLeuLysArgProLysArgLysCysGly~aSerLauGlnArgAsnLeuArgLy

4550
GAACAAGCGTCAGGATCTTCGGCAGGAAGTGAAAGAGGAA
8AsnLysArgGlnAspLeuArgGlnGluVa1LysGluGluLeuThrThrLeuArgThrGluAsnGluGluLeuSerAlaGluAsnLysVa

4600 4650
TTTGATCATTCANb GAAATAGCGAAGCTGCGGAG~~~CTAAAACAGGT
1~uIleIleGlnArgA8nSerGluALaAlaGluSerLeuLysLeuLysGlnGluLeuAspLysArgAsnGlyGlnTyrAlaGluVa1Le

4700 4750
GAGll'TCGCCAAGAAGCAGCAAACGcTT GAAAAAGTGGCTGGAGAAUCAAGGCGTTAAAAAAA GAAAATAAGACACTAAAAGAGAG
u~rPh~aLy8LysGlnAsnGlnThrLeuGluLy8Va1AlaGlyGluAsnLysAlaLeuLysLysGluAsnLysThrLeuLysGluAr

. 4800 4850
AGfiGCCGTACPGGAACAATGGAAAGACAAAATGGTTCAGT~T~~ TTACCAAAGATGCGGAAATTAGCGGCATCGTTTTT
gValAlaVal~uGluGlnTrpLysAspLysMetValGlnTrpAlaLysGluLysLeuProLysMetArgLysLeuAlaAlaSerPhePh

. 4900 4950
CGTACGGCTGGAATGCCTAGAGAAGCCAATAAATACAAGGA~AATGAATTAGAGCGGTGN@AC CZGCAATCAATTGCCCTTCCAAAATT

eValArgLeuGluCysLeuGluLysProIleAsnThrArgThrMetAsn*** - -

5000
TCCACCAC~~~TI"K;TTTGOPGGCTGCGATCATTTT~GTG~T~~ACT~CGT~T~~~T~GTGTCTCGT~CTTT~T

5050 5100
CCTGP~cGAATcGTTCCATCCGTTCn;CCATGTGG

5150 5200
GTAGCGATGTAGCGGTATCCC~TAT~T~G~TAGAAC

5250 5300
TCI"~AGTCATIGTACATAGATACTCTAAAGTCTTTACG

5350 5400
~GPTCTTCAAGCATACTGTACTTGCGGACAGTTACT~TCTATACCGA~TGT~T~~CGTC~TT~T~T~TTT~~C

5450
CCATATCCATAACGTATCACCTCGTAAAAAGGGTTCGCTAC

5500 5550
CGTTCTTTTATCAGGTTGGGACTGTATTTAGTTTAT GGGCGAGTGCCAATGAGTGATTTTGAAACAGGAATGAGATGT~~~CC

5600 5650
~GGC~~TGAGGGTTTAGTGCGTACGG~AGAAG~GGAAAATACATA
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5700 5750
CAAAAAGCGTTTGAGCTTTC?TTGATGTGATGTACCTGCA

5800
TTTTGGCGGTGA~TTCTTTTTTTTTAGGCAGTGATGCG

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 pUH1 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-

P E R C E N T  M A T C H  = 51.2% ( 44/86  )

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 pUH1 rep and 37.4% with y-glutamyltranspeptidase,
respectively. The cDNAs  of rat renal (Laperche et al., 1986) and human hepatic
(Sakamuro et al., 1988),  hepatoma (Goodspeed et al., 1989),  and placental (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 pUH1 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 pUH1 and E. coli y-glutamyltranspeptidases, for
which complete sequence data is available.
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