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Aも鍵識c重

 The complete genome sequence of a  Lactobacillus temperate phage  ogle was established. The double-stranded DNA is composed 
of 42 259 bp, and encodes for sixty-two possible open reading frames (ORF) as well as several potential regulatory sequences. 
Based on comparative analysis with other related proteins of the Lactobacillus and Lactococcus phages as well as the  Esche•ichia 

 coli phages (such as lambda), functions were putatively assigned to several  (I)g  le ORFs: cng and cpg (encoding for repressors), hel 
(helicase),  ntp (NTPase), and several ORFs (e.g., minor capsid proteins). An about  1000-bp DNA region of  ogle containing cpg 
and cng was inferred to function as a promoter/repressor system for the  Ogle lysogenic and lytic pathway.

κのwo」 ・協∵13acteriOphageφgle;Genon窪e;DNAsequence;1)NA-bindingprotein

且」 醜 置o戯c蓬貫脇

 Prevalence of lysogeny in various lactic acid bacteria 
has been reported (Davidson et al., 1990), and several 
temperate phages have been investigated in detail: e.g. 
the Lactobacillus gasseri phage  4adh (Fremaux et  al., 
1993), the  Lactobacillus  bulgaricus phage  mvl and mv4 

(Dupont et  al.,  1995), and the Lactococcus lactis phage 
 (PLC3 (Lillehaug and Birkeland, 1993), Tuc2009 (Van 

de Guchte et  al., 1994), BK5-T (Boyce et  al., 1995), 
and  rlt (Van Sinderen et  al., 1996). Unlike the 
Escherichia  coli temperate phages such as lambda 

(Campbell, 1994), informations on the phages of lactic 
acid bacteria are still insufficient at molecular level;

Abbreviations: aa, amino acids;  attP, phage attachment site;  hp, base 

pair(s); cog, ORF encoding cro-like repressor (Cng); cpg, ORF encod-
ing  CI-like repressor (Cpg);  hel, ORF encoding helicase-like protein 

 (Hel);  hol,  ORF encoding holin  (Hol);  int, ORF encoding integrase 
(Int);  kb, kilobase(s) or 1000 bp; kDa, kilodalton; LB, Luria-Bertani 

(medium);  MMC, mitomycin C; lys, ORF encoding lysin (Lys);  ntp, 
ORF encoding NTPase-like protein (Ntp); ORF, putative open read-

ing frame; PAGE, polyacrylamide gel electrophoresis; SDS, sodium 
dodecyl  sulfate; Ti, possible secondary structure; xis, gene encoding 

excisionase (Xis); YT, Yeast-Triptone (medium); UV, ultraviolet.

structures,functions,-andexpressionsoftheirgenepro-

ductsmostlyremaintobeelucidated.

Recently,weisolatedanewLαc彦obac〃ZtStem・peratc

phageogle,whichhasasmallisometricheatswitha

diameterof63nmandanon-contractiletailof260nm,

andhavesequenceditsseveralgenes,specifyingfour

majorcapsidproteins(Kakikawaeta1.,1996),lysis

proteins(holin,andlysin;akietal.,1996a},andrecom-

binationproteins(excisionaseandintegrase;Kakikawa

etal.,1997}.

Inthisstudy,weestablishedthewholegenome

se(1uence(42259bp)ofφ91e.IntheφgIedouble-

strandedI3NA,sixty-twopossibleOR.Fsweredetected..

Basedoncomparativeanalysiswithotherrelatedpro-

teinsoftheL,actobeccillusandLecctococcusphagesas

wellastheE∫o加 πご毎 αcoliphages,possiblefunct量ons

wereassig鍛edtosevera1φgleORFscncodingfbrrepres-

sors(CpgandCng),ahelicase,anNTPase,andminor

eapsidproteins.Anabout1000-bpDNAregionofogle,

containingthetworepressorORFs,wasinferredtobe

involvedinageneticswitchfortheogleIysogenicand

lyticpathway.



2。 騰璽:f.i蓑a璽 §箆顯磁nth◎ 雌s pendedintofreshmedium.Lysisofthecellswere

measuredasinUV-induction。

2.1.β`κ オe滋 遊 α9ε,αη4卿 調 泌

TheLactobccc〃usstrai鷺Gleandiよs毛emperatephage

φ91eweref沁mouriab◎rat◎rystock.Theywerepropa-

gaffedin醐7medi慧m,andtheφgleDNAwasextracted

倉◎mvirionparticlesasdescribedpreviously(Kakikawa

eta1.,韮996,1997).ThcE,ω!∫veαorpiasmids(pUC玉8,

pUα9,pUα18,謎 葺dpUα19)andphages(Ml3mp18

andM13mp19),a簸dtheirhos重XL1-81uewerefr◎mour

lab◎ra℃ ◎rystock,andwerepropaga童ed鷺sing欝or2YT

mediu董 簸asdescribedbyOkie愈a董.(1996a,b).

2.2.Analysis{ゾDム し4

Rando搬 蕪brariesofφgleDNAfragrnentsderived

w油Seve細reSもriCtiO難e簸ZymeS(e.9。EcoR亙)WereCo獄 一

s£ruc毛edusingF.ω!∫vect◎rplasmids(e.9.pUC18) ,as

describedpreviously{Kakikawaetai.,1996,1997,0ki

e£aい996ゆ).Rec◎mbi盤antplasmids伽sc◎ 且structed

werei櫨roduced隻 嬢oE.ω!ガXU-Blueby

Ca2+-dependenttra1}sfbr搬a£ionorelectropOradon

(Taketo,196}.Usingtheserandomlibraries,various

deletionclonesweregeneratedbyexOnucleasedigestion,

andwereseq鴛enced&sdescribedμeviously(Kodaira

etal.,1×96).Allotherprocedureswereperformedas

descr疑)edbyK.◎dairae宅a至.(1996).

3。 賦es翻 鷺§an《 量認量SC醸§S蓋0顯

3.1.Clo漉9α 雇3eg脚o∫ η9の 舵 φ91898η 佛8

φglehasadouble-strandedDNAgenomeofab◎ 厩

42.2kb,andwhetherornotoglehasacohesiveor

redundantendispresentlyunderinvestigation.Irethe

φg茎egenome,severalregions(15127bp,seeabove)

havebeenalreadysequenced.(ICakikawaetal.,1996,

1997;●kietal.,1996b;seeFig.1}.Inthisstudy,the

oglegenomewascompletelycoveredbyrandomlibrar-

ieswithvariousrestrictionenzymes(e.g.EcoRI)cloned

intoseveralE.calivectorplasmidssuchaspUG118

(section2).Afterconstructingvariousdeletionclones

fromtherandom.libraries(datanotshown),theogle

whalegenamesequencewasestablishedasdescribedin

Section2.Thesequenceanalyses(thisandprevious

studies)haverevealedthattheoglegenomeconsistsof

422Sgby(ElvlBLaccessionNo.X98106),anditstotal

G十Ccontentis43.1%,whichishigherthanthat

(35.5%)oftheLactacoccuslacticphagerlt(Van

Siriderenetal.,1996).

32.OR、 融6ηco6た61わ)・ogle

2.3.五'nzア 解 ε3`〃 傷4わ'06ん ε燐 ガαzム1

Restric宅i◎ne麗ymes,phageT4DNAligase,andalka-

1i貧ephospha宅ase(caifi滋estine)werepurchasedfr◎m

Tak凝aSh購z◎(Kyαo)a薮dNipPo稔Ge装e(Toyama).

[a-3'P]dCTPwasfromNEB{USA).Allothermaterials

wereas(iescribedpreviouslybyKodairae毛al.(1996).

2.4.ノ}7{漉 κ 〃θκ ρブφ91ε

InductionbyUVlightwasperfOrmedasdescribedby

okayetaL{1973).CellsofGleweregrowninIV117

br◎癒aβ ◎℃ 薮)r10h."1'hebacteriawerecollectedby

centrifugationat5000xgfor10minandresuspended

inIJ20volumeofO.85tosaline.Thecellsuspensionwas

量rradia£ed負)raperi◎d(倉 鱗10毛050s)usi簸gl5W

germicidalUVlampheld37.5cm(220ｵW)abovethe

cdls"spe簸si◎ 簸.TheUV-irradiatedcellswereinocula電ed

i搬oM17br◎ 撫a捻d醜 鷺batedi簸dark捻essat30℃.

LySiSOf癒eCeliSWeremO薮iωredbymeaSUringthe

chang¢Inabs◎rba簸ceat660鍛m(。4660).F◎rMMC

ind照i◎n,cellsofGleweregr◎ 職a£3◎ ℃ 沁 照7

bro毛h.Whe疽he護660◎f宅hecu1綴rehadreachedO.25,

磁 ◎myci鍛C(MMC)wasaddedt◎a蝕alc◎ 雛ce搬ratio簸

of5,0μg/m1.afteri蕪c"ba重i◎ 難for2◎mi獄a毛30℃,the

cellswereharvested.bycentrifugationandthensus一

AssummarlzedinTablel(seealsoFig.1),φglehas

sixty-twopossibleORFs.EightORFsofthemare

encodedononestrand(designatedasL-strand),and

otherfifty-fourC)RFsarelocatedonthecomplementary

strand(R-strand).ThesepredictedCIRFs(exceptthree

ORFs,Lorf100,Roりf/25,andRoヴ232)arepfeceded

byapotentialShineandDalgarno{SD)sequence

(Table1),which.isingoodagreementwithSDcon-

sensusfoundin五 ααo勿 ご∫11麗3(5'-AGGAGG-3')

and肋cω ωcα65(5'-AGAAAGGAGGT-31)species

(PauwelsandLeer,1.993;Schauleretal.,1994;Matern

e毛al.,1994).夏nthetwoORFs,Roヴ767andRoヅ281,

UUCPmaybeusedasastartcodon,aspredictedinthe

LczctococeusvirulentphageblL67(Schouleretal.,1994}.

Basedoncomparativeanalysiswithotherputativepro-

teinsoftheLactobacillusandLactococcusphagesas

wellasthe疎c鱈'6伽 ω1ゆhagelambda,fUnctions

wereassignedtoseveralogleputativeC?RFs{TableI

andFig。D:(Pgandcng(encodingfbrrepressors),hel

(heHcase),ntp(NTPase),andseveralotherORFs(e.g.

minorcapsidproteins).Propertiesoftheseogleproteins

thusdeducedwillbediscussedbelow,

3.3.cpgcrudcng

TheputativeORF,cpg,specifiesa132aminoacids

product(termedCpg}(Fig.2},andisprecededby
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Fig.1.Genomeorganizationofogle.Thedouble-strandedDNAoftheoglegenome(doublethicklines)wasshownlinearizingatonesiteofEcolZI

togetherwithogletJRFs(inthedetails,Tablelandtext}predictedfromsequenceanalysis(EMBLaccessionNo.X98106}.Theputativeogle

ORFswerereprese凱edbyarr◎wsorarrowheadsaboveorbelowtheφgieDNAdependingontheir◎r三entation.Aputativepromoterregion

requiredfarthelysogenicandlyticpathwaywasshownbyabrokenbox(seetextandFig.2).AverticalarrowshownbyattPpointsoutaogle

a甑chmentsite(Kakikawaetal.,茎997)、DNAregi◎ 難shom◎log◎ustothoseofthe、 乙`rctococcusphageBK5-T(Boyceet翫L,1995)andthe

撫60わ 乙κ〃USphaseLしH(M轍k◎ 類en顯dA!at◎ssava,豆994)wereindlca£edby`BK5-T-1ike'anポLL-H-hke',respectively.FiveDNAregions

reportedpreviously(seetext)wereshownbydottedboxeswiththeirEMBLaccessionnumbers(X90510,X90511,X90512,X90513andX90514).



Table1

0RFs◎fthe五 βc言o加ご識43phageφgl♂

ORFZ Rlbos◎ 灘a至b魚di簸gs{te Predicted

product(aa}

Mass

(kDa}

Predictedfeatures

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

is

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

19

40

41

42

43

44

45

46

4フ

48

49

50

51

52

53

54

55

56

57

58

59

hO

61

62

乙oヴ5ク

加 ガoθ

乙o'プ/66

くρ9

加 檀433

勧 プ3043

爾5β

∫アが

cng

Rorf49

RorfS$

Rorf/84

Rorf//7

Rorflb7

加1

Roヴ224

Roヴ242

Roヴ262

'ゆ

Rorプ166

Roゲ125

Roゲ76

Roヴ43

Rorf161

Rorf5/

ROrfSZ

Rorf/ノ5

Rorf73

Roゲ72

Rorf95

Rorf/47

Rθヴ281

Roヴ92

Roif/72

Rorf447

Rorf'St?8

Rorプ347

RorfS4

Roヴ204

G4

Rorf742

Rorf117a

Royプ7f7b

Rα ガ35

Rorf/43

Rorf'/98

Rorf/608

xO1プ269

Rα プ372

Rorf/00

Royf282

0`

Roヴ505

Roが1185

加15

躰5

Rorf/755

Roif748

Rorf142

Rorf232

gtttcGGRGta..caataaaaRTC

の6騨 騒.騨 罫盈剛臨診.駒 魯昭伽騨馴"翻 夢ATG

cA宅gAGGAGGT百 犀gaataataTTG

A6AAAGGA6cg.....gtactAT6

AaAAAG之AGGT。 。。.gtt業acATG

Aattt6GAGGa.,.gtaaataATG

cGAAAGGA童GT甥".。g毛 重tg宅ATG

AGtttG6A6Gg..ataaaaacATG

gaA宅tGGAGGT論 。。鯵gcaaaaATG

AcAAAGGAGGc奮 。豊.agcaaaA丁G

gacgA66AaGc.tttatatcaAT6

tGAAAGGtGGT8嚇 看。gatggaAマG

AGgAAGGAGtg暫 溺騒廊atataaA7G

cctActGRGGaesagagctgaTT6

caAAAGGATga....taaaccATG

gcAAA6GA6ca...aaataaaAT6

gcAcA66A6tg.....attagATG

gtAAAGGAGGT,..,gtagatTTG

tcAAgGGAGG..cacaaacgtATG

亀tAgcG(≡gGGT町 。9C亀gtctcATG

騒掌滞回""苞 諄騒.瞥 鞠塵督跡窒口幽5の 鱒ATG

9重 重AcGGAG(ヨ9鴛 惨響鳳tgt宅aaATG

gacAAGGgGGa....ttagatATG

tcgAtGGAG(≡ ≡g願 貫。畢。"膨cgaAT6

ttcggGGAGGaり 。.膨t電aaatATG

ttcggG6AGGa隣 闘"爾t重gaaaATG

蛮GA電tG6AGaT。 。塒ggcgacgATG

ctActGGA6Gc耳 駆費.ggacaaATG

AtAcAGGAGGc茸 。諮騨gttgaaA丁G

cミ:AtAGGAGGc爾 側銘諾aacaacAτG

A6cgAGGAGtg費 騨gcggggtaATG

Aagccc6gGGTcggaaccgggcttTT6

tAcAAGGAcaa暉 冨gaagcgtc6丁6

AaAAcGGAG6TgtGGtGGTatgtaATG

AtgtgGGAGGc,..atggaegAT6

AGA亀gGtA6GT。 。。。ga窒taaA丁G

taAAc6GtGGT..gatggtgaATG

AatAtGGgGGT蒔 。ゆ.奮9cacgATG

cgttAGGA6cg脊.軍 腐attgacATG

AaAAA6GAGGc曹 。轡catatcaATG

gaAt宅GGAaGT。 郁縄衡gat重agATG

AGtAgGGcGGT.gagctaccgATG

gaActGGAGGT....gctgtgATG

ActAAGGgGaτ 脚着。嘱gaagtgATG

AGgAAGGAaGTagttacaaaaATG

童aA宅AGGAGGa睾 。。at窒 重a㌻ 之ATG

AcgAA6aAGaa.gtgatgtgaATG

gcAAAGGAGGg耳 。章a愛agtccATG

AGAAgGGAGGT..ttgcattaGTG

セactAGGAGGc駆.菖ttttgacAτG

c窯ggAcaAGGT。5酪"。8醤 すagGTG

AcgAA6GAa6g..ggatagegATG

AaAAAGGAGag,..tgattgaATG

tactA6GAG6T顧gatt宅aaa電ATG

cAAAGGAG6ca駆 刷。gt亀aa之aメ ～T(ヨ

AtAA宝GGAGat。 。gatggaa宅GTG

ttAAAG6AGtg....gaagtaATG

cGgAAG6A6Gc...agtacga6TG

tGAAAGGAGac....gtcacaATG

AGAAAGGAaGT...cttaaaaATG

AaAAgGGAGaT.馨 。奮窒ataaaATG

.簿 司暦。露費冨聖"印".置 蹴ロ騒海。畳職煮τG

Cpg

Xis

Int

Cng

Hel

Ntp

gpG

gpP

gpB

gp●

Hal

Lys

(59)

(ioa>

(166}

(132)

{143)

(304)

(66)

(391}

(88}

(49)

(58)

(184}

(117)

(167)

(220)

(224)

(242)

(262}

(280)

(166}

(125)

(76)

(43)

(161)

(51)

(52)

(115}

(73}

(72)

(95)

(147)

(28り

(92)

(172)

(447)

(508)

(347}

(84)

(20の

(351)

(142)

(117}

(117)

(135}

(178)

(143}

(198)

{1608)

(2G4}

(372)

(100)

(282)

(602)

(26り

(50)

{118)

(142)

(442)

(175)

(148}

(192)

(232}

[350]

【1771

[260

6.7

11.2

19.2

1s.1

16.3

33.5

7.6

45.5

10.1

5.3

7.1

2Q.i

13.7

19.6

24.9

23.6

28.3

29.7

31.2

19.1

14.3

4.0

4.8

18.9

S.4

5.7

13.0

8.4

8.玉

10.9

19.2

32.f

星0.4

豆9.2

52.5

56.9

39.2

4.2

22.4

37.7

15.7

13.2

13.5

14.9

18.8

16.4

22.5

172.8

30.2

4隻.1

豆0.6

3Q.5

67。0

28.6

5.4

13.1

14.2

.・.

20.1

隻7.0

21.6

25.8

【4LOl

[41.2]

[43.0]

【26.0]

[64.Ol
[29-01

【48.0]

He正ix喝turn-helix

Exicisionase

Integrase

Helix-turn-helix

NTP-binding

Zn-finger,NTP-binding

(Minorvirionalprotein)

(Minorvirionalprotein)

(Minorvirionalprotein)
Majorvirionalprotein

(Minorvisionalprotein)

{Minorvirionaiprotein)

(Minorvirionalprotein)

(Minorvirionalprotein)

Majorvirionalprotein

(Minorvirianalprotein)

(Minorvirionalprotein)

(Minorvirionnlprotein)

Majorvirionalprotein

Majorvirionalprotein

IIol短

Muramidase

(Membrane-binding)

Arginine-rich

且6srRNA 3'一 UCUUUCCUCCA 一5'

1Seethetextforthedetails;20RFswerenumbered嚢om墨 毛◎62(seeF至g
.1);3Kak1k批waetal.(1997);4Kakikaw撹eta亙.(1996);50kieta夏.

(1996a).葱Kakikawaetal.(1996),ORFsRaref2t14,Roφ142,Roゲ135,Roげ743,Roヴ282,Roヴ50havebeennamedRoヴ'UI,Roヴ η2,1{ar_fU3,

Roヴ ひ ≠,Roヴ 互5,Roヴ 砺,respectlve王y.aa,amin◎acids,Mass,狙01ecularwelght丘omDNAsequence.H,deducedfromproteinsequenceorSDS

PAGE(Kakikawaetal.,1996,1997;Okietal.,1996a}.



2撰 星TG〔 ヌC為為TCTC践 禽Cア為CTAG{}77幽67A燕C7〔 ヌ鳶7τ〔葺C〔3義蜜みC雪T6C{三TA{茎CT〔aAATATGTTTCATGCT£7TCムCTCAT「 蓼T↑趨CT〔∋CCTCCTTT〔 ≡TCAATTTG

ACCGTTA〔 ≡A67額τ(藁A雪〔}A7CCA為TC燕 丁τ6為C7ム 幽C嬢CTATGAAC(葺Cム εTCAC1覧 蛍A蜜ACAAAGTAC〔 玉幽{葺AA〔}TGAGTAAAACGAC88δ8「8盈88CA{ヨTTAAAC

QI∬ ダ ダ 五 んF7v595萎/27孟
霧 κ 縷 躍 」巨マ κT、 乙K1げ

5r78」yE刃5厚

βorf49

〉<

B◎xl

・ ・5-一 ・一 ・一 〉 <_.一.

341 TTTGCTTTTGCCGATAT

幽AAC〔 葺ムAAACG〔 藁c↑轟TA

l一 鐙

慮 馨A5'1

GATACGTTTGGTATC

>{

CTATGC義 ム幽CCム 丁幽登

茎
置 爾7診

〉<

CTTATCTGGCAAAAAAATATCAGGAAACAAAATTTGAGGTTTAACCTCAAAAAGATATGAAAATTTCG

GAATAGACCGTTTTTTTATAGTCCTTTGTTTTAAAGTCCAAATTGGAGTTTTTCTATACTTTTAAAGC

麺 一瓢1
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腿1 CAATTAATTTGCTACTAGGGTTGCGTGATCCATTTTCTATGCTTCTAACAGTTATTTCCGCAATATCAAGTAATTTTGCAACACTATTTTGAGACCAACG
GAATTAAACGATGATGCCAACGCACTAGGTAAAAGATACGAAGATTGTCAATAAAGGCGTTATAGTTGATTAAAACGTTGTGATAAAACTCTGGTTGG
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TATACT
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GTACTATGGCATCTTCAGGAATTGGGAATCGTTTAAAAGAATTACGAAATATGCAAGGCAAGAGACAAGATGAGGTTGCAAAATCAATTGGTATCAGTAG

CATGATACCGTA〔 ヨ為蓋〔垂TCC7TAACC£ 響τA6CA為 幽望TTTC?丁 湾燕蜜{ヨCTTTAT点C{垂TTCC67TCTGTgTTCTACTCCAAC6TTTTAGTTAACCATAGTCATC
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AGCTCGATATTCCCATTTGGAAAACGAACGTAACGAACCCGACAATGAACTACTAAAACTTCTTGCTAGCTACTATGAAGTATCCACTGACTATCTTCTT

TCGAGCTATAAGGGTAAACCTTTTGCTTGCATTGCTTGGGCTGTTACTTGATGATTTTGAAGAACGATCGATGATAGTTCATAGGTGACTGATAGAAGAA

941

s舟S蒼 κ5NR5P欝 鰹A7蒼 護 〃 母 ∬ 〃L〃 κ 孟 孟 鐸5ル7P擢6ア ε

GGAAATAGCGAAAAGAGTCATAAATCACCAGACTGGGCTAGTGAAGCTGATCGTATTGATTTGGACAAGTTGCTTCAATCAAATACGCCTATGGGATATG

CTTTATCGCTTTTCTGAGTATTTAGTGGTCTGACCCGATGACTTCGACTAGCATAACTAAACCTGTTCAACGAAGTTAGTTTATGCGGATACCCTATAC

1041
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TACTCATACCGTGGGCTCCTATTTCTTTTTCAGGCATTACAATAACTTCGGTAAATAACCCTAGCAAACTTTTTTAATGCACTTCTTCCTTTTTT

五7薗～

7駕

∂

騒
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1鎚1 8P7盈8'8F鋸 孚τTACATGc

CA7CC燕C践 幽為7{垂!茎為C窮

GATACGACACGTATC

>f
CTATGCTGTGCSTAG

TTAAGGTAGAACAACTTGCGCAATCCTTTGGAACGTATAATCCATTTACGATTGCAGATAGATTAGGAT-3'

AATTCCATCTTGTTGAACGCGTTAGGAAACCTTGCATATTAGGTAAATGCTAACGTCTATCTAATCCTA-5'

hig.2,DNAsequencesurroundingtheoglecngandcpgORFs.ADNAregionoflf100bycontainingcragandcpg(seeFig.1)wasshownwith

theirdeducedaminoacidsequences(EMBLaccessionNo.X9106).Asterisks,stopcolons;bolditalictowerletters,putativeribosomebinding

si毛es(R.3.);arr◎ws,量nvertedrepeats.Theseve盃GATAC-b◎xes(fc)r£hedetalls,seethetext)wereenclosedrectangularly.-35and-10,potentia璽

mRiVApromotersequences.



pr幟oteψpera縦 一1ikeseque貧ces(i鐘 £hedeta重1s,see

bel◎w).Cpgbearsasi幽 倉c繊rese紬 玉躍etoo出cr

presumedS(》S-re王a重cdrepressors◎ftheI,uctococcus

phagesTuc2◎ ◎9(Va鍍(icGuc厩eetal.,1994),8K5-T

(]BoyceeもaL,1995),andr王 も(Va獄Sin(至ereneta至.,1996),

the茎ambdddphages裏 鋤bda,P2,P22,a銭d434我swell

astheE.soliproteinsL,exA(Ljungquistetal.,194;

Sahaet&1.,1987)aRdLacR(Paboa登dSauer,1984),

althoughthesizeofog!eMpgisshorterthanthoseof

●thenrepressars.

TheN一 重er鵬i嚢ald◎mainofφgicCpgresemblesthat

ofthelambdarepressor°family,andcontainsapotential

heli演um-helix螢 磁fimp簸 ¢atedinDNAbi1隈di獄9

(F量93).lnthewellcharacterizedrepressoroflambda

αorEcoliLexA,1意sC宅errほinahegio1玉hasTWOkey

amin◎acids,Sera磁Lys,whichhavebee益proP◎sedto

fu蕪c重io薮i登Recんmedia亀edc1㈱vage(Saueretal.,199◎;

Ki瓢andUt童1e,1993).φ91eCpgcontainstwoc◎rre-

sponc[ingresidues,der-101andLys-131(seedig.2).The

C-terminalhalves◎fLexAa1}dC亙co賦ainonemore

commonamineacidstretch,Ala-Csly,constitutingthe

siteofRecA一 艶edi滋edcleavage(Sauere宅a1.,1990;Kim

andLittle,1993).U鍛 薮ke◎therrepressors,φ9至eCpgis

devoid◎fsuchA蓋a-Glyresid羅esi捻i重sCtermlnalhalf

(Fig.2)。Assh◎wnir}Fi94,φ91ewasinducedbyUV

aswe蕪asMMC。1_,ikelambda,出eφglei貧ductio簸by

UV◎rMMCseems宅 ◎bedepende磁onahos毛SOS-

relatedpathway(s),butitsmolecularmechanismmay

bedifferentfromthatoflambda,aspredictedin186

(L,amontetal.,199).

Thede(重ucedcngpr()tei獄(Cng)iscomposedof88

aminoacids(Fig.2}.ltslTT-terminalhalfshowssim一

ilarity(38%identity}tothatofCpg(seeabove),and

containsapotentialhelix-turn-helixmotif(seeFig.3).

Inaddition,Ongresembles(330100verallidentity)the

lambdaCr◎repressor(AndersonetaL,1981),aswell.

3。4.he疑 〃z4ntp

FourputativeproteinsencodedbyRo1プ784-

Rorf117-Rorf167-hel,localizedabout1000bydown-

s鵬am◎fcng(Fig.1),showsimilarity(28,37,30,and

34%overallidentities,respectively}tothoseoffour

putativeORFs(ORF266-ORFll1-ORF169-ORF234)

ofthe肋cごoωcα43phage8K5-T(Boyceetal.,1995).

五nφgle,癒ededucedproteinsof'Hel(220amino

acids)andNtp(280aminoacids)contains◎called

NTP-binding-likesequences.TheI`dTP-bindingproteins

reportedsofarhavetwohighlyconserved.regions

(knownasdomainsAand.B}accompaniedbyan

additionalmotifs)suchasC,la,II,and/orIV,and

havebeenclassifiedputativelyintoseveralsuperfamilies

(llyianaetal.,1992):e.g.,UvrA-relatedATPases{con-

tamingA一 亙L8-IVmotifs);DNAandRNAhelicases

suchasTantigenofSV40(A-B-C};DnaB-associated

heiicasessuchasbacterialDnaBprotein(A-la-B).ogle

Het(aswellasBKS-TgpORF234)carriesA-Ia-B-like

regionsintheN-terminalhalf(dig.SA).Ontheother

hand,ogleIVtphasA-B-C-likesequenceinthe

C'-terminalhalf,inadditiontoaZn-finger-likemotif,

locatedinitsN-terminus(Fig.SB}.Hel(aswellas

gp●RF'234}mayberelatedtoaDnaB-helicaseforDNA

replication,andIVtpmaybeinvolvedinmorphogenesis,

asasubunitofaterminase.
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Fig.3.Comparisonoftheputativehelix-turn-helixstructuresoftheoglecpgandcngproductswiththoseofotherDNA-bindingproteins .The

N-terminalaminoacidsequencesofogleCpgandCng(thisstudy)werecomparedwiththoseofotherDNA-bindingproteinsofthelambdoid

phages,lambda,P2,P22,and234aswellastheE.co!iLacRrepressorprotein(seeforapaper,PaboandSauer,19&4):CI,CIIandCra,from

lambda;CandCox,fromP2;C2andCro,fromP22;Cro,from434.Thehelix-turn-helixmotifwasindicated.bya2-turn-a3(PatioandSauer,

194).Theaminoac呈(is()ヂtheputativeφgiepr◎tei捻sh◎mol◎gous之othoseofotherDNA-bindingproteinswereboxed .
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Theφ91evirio登par£icleSC◎nsist◎ff◎ur憩ajorand

m◎re£ha簸sixもee登minaprotei登S(Kakikawae宅a1.,

1996).AsshowninFig.1(seealsoTable1},anabout

22-kbregionofoglegenomecontainstwenty-three

cansecuYzveOR.FsfromRoヴ28/t◎0,inclu伽gthe

fburm勾 ◎rprotei簸s(Kakikawaeta1.,1996).

亙mmediatelyupstreamciflZOrプ281,出ereisano貧c◎ 曲9

regionofabout600byrichinsecondarystructure,

repeatedsequence,andpromoter-likesequence{data

notshown),whereasOisfb11◎wedbyapoten毛ia璽rho一

短depende厩mRNA宅er無nator(K&短kawaeta1.,1996;

skietal.,199ba).

豆償welveco盒secutiveORFsfromRoヴ508toRorf/98

(F'ig.1;Table1},theirputativeproteinsshowsimilarity

(from29to49%overallidentity)tootherpredicted

capsidproteinsoftheLactobaci!!usvirulentphageLL-H

aswellastheLactobaci!!ustemperatephagemv4

(Mikkonena慧dAtat◎ss&va,1994).Forexa簸 Ψ1e,the

iden£itybetweengpR・ ゲ117`謬(φ91e)撒dgPORF118

(LL-H)is49%.Thesec◎ 搬para藪veresul重ssugges宅that

theφ91epro重ei難sspeci員e(ibythe22-kbregionユare

capsidcampanents.

3.6.Putativepromoter/repressorsystem

Assh(>w難inFig.2,aφglege貧omeregionofab◎ut

1000bp,whichcon毛ai簸s魏g膿dぐ ρg(seeab◎ve),carr童es

sevenhomologousinvertedsequenceswitha1.5-hp

coasensus(termedGATAC-box)of5'-GATAC(a/愈)

t(a/t)(a/t)(a/t)GTATC-3'。Theboxlissi穏atedwithina

3'-regionofcngrichincomplicatedsecondarystructure,

anditsIZ-strandisaccompanied.byanmRNA-pro-

muter-1Tkesequence.αherfivec◎nsecutiveboxes,

bax2-(19bases)-box3-{14)-box4-(13)-boxy-(6)-bOx6,

arep◎sitioned{照 慮 薮terge簸icregi◎nbetweencngand

cpg.Thetwoboxes3andsareaccompaniedbya

P◎ssi厨emRNApr◎mo重er,oRtheR-strandandthe

L,-strand,respectively.Cantheotherhand,thebox?is

localizedjustdownstreamof《 ニァ9.Likethelambda

CI/Crosys重e搬(Campbe重 至,至994),theseGATACboxes

ofoglemayfunctionasanoperator,andmaybe

recognizedbyMpgand/orOngseeabove}.

Furtherstudiesonstructure,expressionandfunction

◎f癒eφ91ege簸esarec撚re凱1yi難progreSS.
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