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FE R
BREOBEFRIEICEIBBE - RV

BETREENORRIZL - T, ERAEYFHR. EEMAE. BHKEESPREBLIECBITS
FEM RSBV TREBNRESPB OIS X ) 2R oTc, BREFREIEDOBREFZIY H
L. ABBIZHRE Licob, BUBRBRNIZET LW HERTHY ., ftoTH 4 DEYBORET
BECIZ, BRIS CEBEOBEE - R ¥ —ROMEBRARTH D, BE, SEERRLEY
CEETRELREIEAT 5 DIc, BAEE - <7 5 —ROMBPEA DI T2,

HRERIY, PIAEMEEED LT 5SBERR _RRMUEDOEEE L LT, LEMITELF
ma i’L'Cb\Zaf, BREFIIEEEY THY 28 0. BT -HF-~EEFAFER K PEREE
FFFERR. &V o MRS L EFT O Tosd, EBAEMFHRFIEME L LT HLRERPNE
i7Ti2< (Chater, 1993) . ZOREAEHS ZRRBIEY DA L BHEIEboTWS Z & 2%
b T2 (Beppu, 1995) , BBREDOHESLXHADEOESRBEROFRIZBNTD, & |
F. RETRIEBINOIEAIZ X 20 FREFNFESBACAVDORTE Y BhicEE - ~7
F—ROBRIL, HREBOMEIZSPRIERVLODOLRoTVS,

AR O E AR BETFHRERIT 1980 £, D. A. Hopwood bZEPLe LT, FEIZ
‘Streptomyces coelicolor¥ Y. U* Streptomyces lividans% fg ¥ & L THeL & 7z (Hopwood et al,
1985; Hopwood et al, 1987; Baltz, 1995) . BEFRIEICAVE RS ¥ —ik, BEATHEEL.,
RECRESND 2 L BUARMTHS, TORDOFEE LT,

(1) RAEITHARTES,

(2) BERBKOEMBBR oriC2 7 u—=" Lz oriC77 X REAWVWS,

(3) BEHRATERNITHIMT S 7’5 ZI RBHBVITANR - RIFVFT7 7—VEFA
15,

ERFETOND, BENTRI X —2LBEIRFIEI DX, RAKICHAADEESIZED



AIAZ OB, 77 A FRREDBRENRBMEFIAT BT OEMNOBB L RITT 54
BB, HIZIE Bscherichia coli T, BRHIZ X575 2 F ColE1 DM ONMRH
#EZERL LT (Tomizawa et al, 1977, Eguchi et 41., 1991) . Z® ColE1 %E(C L7-pUC18

(Yanisch-Perron et al, 1985) ZDEEDTFRAI RRIF—BRARENBIZTESTHBHD
H4THD,

BEREIZIWT, (2) OFEIROWTIIHRE S, coelicolor 8 LW S. lividans @ oriC 35 Bi
INTWB L DD (Calcutt and Schmidt, 1992; Zakrzewska-Czerwinska and Schrempf, 1992) |
ZTORBBBOMARIIZIL A LTI TRLT . 40 AR F—L LTERIBERL TV
V. (D) IOWTIHHE T 77— §C31 (Lomovekaya et al, 1980) 75 % 3 K pSAM2

(Pernodet et al, 1984) G DAL FF RO R AR~ DIEFZAHE A L2 b D (Kuhstoss et al,
1991; Smokvina et al, 1990) . kT > XK > Tn4556 (Chung, 1987) X Tn5096 (Solenberg
and Baltz, 1991) ¥ OHALIFHRANZRAKA~OMHRAHEZIEM LD (Chung, 1988;
Solenberg and Baltz, 1994) . —#&&4 (single-stranded; ss) DNAIZ X BB EFZ—FT 1~
TEISALZbD (HEDL. 1996) ST oh b, ¢C31 X pSAM21L, BEFIZ=—F&Ehd
IntBEFIC X Y Beeadk B attP L MFFITH 2 IR EELS | & FEOSBALICAE AR £ 1D (Boccard et al,
1989; Kuhstoss et al, 1989; Kuhstoss and Rao, 1991) . +F ¥ XEY I EALIERFRAICTA
K DNA EIAIZAE BT, T2 F ARAK L HMETHES, —B h T3 240 v 24
HRAH, FHIZH T 5 ﬁ%%ﬂ#@i%ﬂm L CEEFEFRAKIGHAADGSICHAShD

(Baltz, 1995) . ssDNA # AW Rid, RGBS B2 ZFB LLBEFEE (VO—v5—7
vT 4V ) FILELHASND (LEDH. 1996) . BE LW AK EOBIETFORE LI
—EES F—ICBAL, ZONTIZE HICHADERMERETREOBIR>— I —%FAL
THL, HELE~AY F—k Y ssDNA %Efﬁﬁg L. BECHEAT B L. HRREE T HAL
BRMZHZRIERIT, o7, WADKCRRENS = LICk D, REK EOBERET
Vﬁ%&t:i@ﬁv—-ﬁ -—?sﬁ}#zﬁ?%)@ & ntﬁ&?ﬂﬁﬁkﬁ% bivd, , TOFHEIIIEEIT Lo T

BBk =48 (double-stranded; ds) DNA.. 5tk dsDNA % b V> b 545, MMECRELD



FOHMBRMERIZLD <77 —DNA OSHZE#ET S0, ssDNA ZAV5EZ LBEEN
(Hillemann et al, 1991; +/& 5. 1996) .

(3) BHBREICBNT ORI AVLNEFHETHY, HRET T X ‘:. RE%RDEL DY
R—= IRy H— (Thomi)son et al, 1982; Katz et al,, 1983; Lydiate et al, 1985; Hopwood et
al, 1985; Hopwood et al, 1987) . BIZFFEHE~2 ¥ — (Takano etal, 1995) . FoE—F—
B2 ¥ — (Horinouchi and Beppu, 1985; Ward et al, 1986) &3snbh T35, HEBRED
77 A3 FiZidd kbp 2>5-+# kbp O/NURIKR S F 2 I P&, ¥kbp 0208 E kbp IR SKE
EOEFR T 7 XI FBFET S, NIRRT IR I FRAKRORY ¥ —L LTI, S lividans
D7F XX Fpld101 (Kieser et al., 1982) % iz BB% S iz pld702 (Katz et al, 1983) . p1J486

(Ward et al, 1986) FO®/a b —HFF X FRY F—, 8. coelicolor D7 X X F SCP2*
(Lydiate et al, 1985) #ZIZBA% I iz pld922 (Lydiate et al, 1985) S a v’ —RI7F 5 X
T RRIZZ-PIELKFASH TS, BEFEIRT I XI FlzonTik, BE—RERX7F—L L
THRAENTW2RW, ZHIIESRT 7RI FOREEN BB kbp LELEXRTHD D,
AREATORMECES 2N &, HRBESMIZLA LTS T2 & (Shiffman and
Cohen, 1992) %, FIAEORBERYEHDDIZx L. DAERKT T R I FidY A XPh&EnZ &
PHRRENTOBRELITVE L HEUSEIZ SN T L BN XSRS TV S (Kieser et al,
1982; Déng et aI.,_ 1988; Kendall and Cohen, 1989; Servin-Gonzalez 1993; Zaman et al,

1993b; Brasch and Cohen, 1995). ZEitkrlEZLND,

HHRE e D/ NIRRT 5 X “: RRBEIZEAERa—Y 7Y —2 )V (rolling circle; RC)
BOGEMEITH> L& TBY (Deng et al, 1988; Hagége et al, 1993; Kataoka et al, 1994b;
Muth et al, 1995; Servin-Gonzalez ét al, 1995; Yokoyama et al, 1996) . ME— Vrijbloed 523
D> HsE Amicolatopsis metﬁano]ica HED 75 23 K pMEAS00 iz-0W\ T, RC BB
OBV H B L R<T WS (van J. W. Vrijbloed and L. Dijkhuizen. ) , &7k
DE> b @d@fﬁ#ﬁ '? 2 3 ROBEBMHET, EROEARR A 7 = X AWML TR

REICONTH, HERZT X I FEY bEIKHASN TS, LALRES, =7 #—4 LT



AP Z22ETHE BN TVWELD, BRERLEOBMITEE+2THE LTV AT,
ENHOREROFET D, TZTUTIK RCEBROMELBA L., BHRE/ NIRRT Z 2 I

FoO RC RIERBBHAOTIR L, X7 F—L LTOFIRIIZIET 3 BRI VW TR S,

O—) oo —o L REH

Escherichia coli D7 7 —¥ M13 % ¢X174 IZfA & & 3 RCHEER (K 0-1) 1%, FiZ7 T4
MtEEE Staphylococcus J& (Gruss and Ehrlich, 1989; Novick et al,, 1989; Janniére et al, 1993) .
Streptococcus J& (del Solar et al, 1987) . BacillusJ& (Gruss and Ehrlich, 1989; Janniére et
al., 1993) . Lactococcus J& (Leenhouts et al,, 1991) , Streptomyces J& (Deng et al., 1988; Hagége
et al, 1993; Kataoka et al, 1994h; Muth et al, 1995; Servin-Gonzalez et al, 1995; Yokoyama
etal,K 1996) X°. T/ NRI7TYT%DT T ARME (Seery et al, 1993; Yang and Mcfadden,
1994; Galli and LeBlanc, 1994; Zhang et al,, 1994) HRED 75 A I RIZFE Rbihvd,

RCEEHMOBEIIE T, 7RI FEIZa— FENTW3 Rep # V37 HHXBEMFEKRTH
% double strand origin (DSO) %W L. FED—FH D DNA SHIZEIFENIZUINE (=
7)) EAND, = 7L 3-OH Kb, BEDODNAFRIYAS—EBIZLY, =y 7 DA
biadroTo b 5 —HOFICHMARF A DNASEBEREND (V—T 1 v THOBE) , =
7 DAT=7ED DNA SUARANT, BEROBBERA ssDNA 2T 5. = OBMHRIE
ssDNA LEiZid, BEOFOEFIZ L o TRBEN., HYUOT T A < —EMBThh 2 E RS
/A (single strand origin; SSO) BFEET B, SSO L TARENILT T A v — X VFRFHEHDO B
MBA S, BIPRIK ssDNA 11 dsDNA ~EREWT (F¥L ZHOBM) 7523 FoH
BNETT 5. (RCEBMICBITZIXV FHEMI, vy FEERE bFFEIND, AXF
TIEIL, (7% V@HBIT7 T X I FORMOBR L LT, [eh > REAR 37 ssDNA

LCoOMMEEREEE LT KR LTHERT 2, )



Single strand
origin {SS0)
v

"L eading-strand”
"Lagging-strand"

Rolling circle replication

0-1. 6RO~ T H— L BIEH (Kornberg and Baker, 1992 & Y &%) . 0 #i#E
HTl, 7723 FLiZiza— F&5 Rep # 8 EAFEBBALAR (origin) 2RMLTTA
HERRLE, R+ BEHFAZBRAL TS X I FoEMS TS, u—Y J¥
— I NVREBITIX, 79 A FRIZa— FEN 5 Rep # 732 H ) double strand origin (DSO)
LIEINDEBBIARERBLT “V—FT AV IFH M= 2 F AND Z LI L T, ¥FY
=T A THOBMP BB END . =y 21XV ARLEZI-OHZ S <w—¢ LTH LY —
T AV TEPERENDIFRFIZ, FWVI—F 1 o TEBEILTHL,, i nY —F v
J8U%. Rep & /87 HIZ X o THRROEH DA ssDNA IS /2%, single strand origin

(8SO) LT HZEMBLR LY “FXL 78 oBHURITbIh A,

77 LBHEBRK RCE T ZXI FIZZD Rep ¥ VX0 HDT 2 7 BECHIR X U DSO D3k
BRINZE SN THEENTEY (Gruss and Ehrlich, 1989; Novick et al, 1989; Jannidre et al,,
1993; del Solar et al, 1993) . B7E pT181 /' )v—7, pC194 ' )—F pE194 ' N—F, pSN2
TN—7, ﬁTKX-14 TN—FD5 oMb Tn3, —F, ThETIZHMbATVS SSO X%
2 .DNA HERFB LOFH S ﬁé RT A e THEE LY ssoA B! | ssoUZY, ssoTH! . pVWO1
BD45A f!lﬁﬁbhé (Gr-:uss and Ehrlich, 1989; Novick et al, 1989; Janniére et al,, 1993;

Seegérs_et al, 1995) o DSOBXUV' Rep # U NIV HDOBEEILLHTFTRAI oL SSO 0¥
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A FCEDFTAI FONEI—RLARVWI 653 (%0-1) , DSOERALFF 23 Fhiza
— F&Ri Rep # >0 B Lo TRIMS LB, e RETHMIATHE LB, SSO
OFEFIBEMORFITEFELTE Y, BFEIZL o TIIHEERE L2V (del Solar et al, 1987; van
der Lelie et al, 1989) , 5T, DSO-rep A2 BHRCELFY 20k | ThTHOBER

RN SSO BPMAALENT, RECKE4RRCETIFIXI FRERNHENLEZZLND,

£0-1. O—YUTY—ONBTISRIFELUNRNITFIFTTI7—LDDSO 8L URep 2 /%
28 &, SSO M43 (Gruss and Ehrlich, 1989; Janniére et al., 1993; Seery et al., 1993 & Y F&i) °
DSO BX U Rep # /"7 EDAEIYE  £7F5 XI RDFED SSO DEGI—FHLARNI L HHBW,
SSO DEHPEH SN TV ARV B DI, K#E. pld101 & pSN22 @ SSO iIRDEH,

Plasmid Size (kbp) Original host Type of Type of
. DSO&Rep SSO

pT181 44 Staphylococcus aureus pTi8l ssoA
pHD2 2.1 Bacillus thuringiensis pT181
pC194 29 Staphylococcus aureus pC194 ssoA
pUB110 4.5 Staphylococcus aureus pC194 ssoU
PBAAL 6.8 Bacillus subtilis pC194 ssoT
pCB101 6.0 Clostridium butyricum pC1%4
plJiol 88 Streptomyces lividans pC194 (sti)
pSN22 11.0 Streptomyces nigrifaciens pC194 (ssol)
$X174 | 53 " Escherichia coli pC19%4
pE194. 3.7 Staphylococcus aureus pE19%4 ssoA
pMV158 (pLS1) 55 Streptococcus agalactiae PE19%4 ssoA
pWVOI1 33 Lactococcus lactis pE15%4 pWVOI1
pADB201 1.7 Mycoplasma mycoides pE19%4
pSN2 ) 13 Staphylococcus aureus pSN2 ssoA
pNE131 21 - Staphylococcus epidermidis pSN2

- pIM13 - 21 ‘ Bacillus subtilis pSN2 ssoA
pTKX-M o 715 ,. A Baciilu_s thuringiensis pTKX-14 © ssoT




BRANMRBRTSR s FORRBBOTE

BAREHER DO RCH S 7 X I FOBEME LURBOBEOBIRIT, BED ): Z AWM AITSY
Bz LBTES, |
1. HEYATROMNTE LUE 2128 £ 5 DSO-rep SRR O EELF| DA,

2. BEAFAFRLIMILT, 72 FOBEGRREICEEL 52D kil-kor VAT ADfE
#o

3. IR ‘:‘ RORFaEMHIZBEE$ 5 IO,

4. SSO BKLDOHEAT,

1LIZOWTHZZ XX Fpld101, pSAM2. pSN22, pSG5. pJV1 IZEBVYT DSO-rep ER53 D
DNA HEFRFIPRESHTEY., ThbLTHEpCIM IN—TIZBT D rep B LU DSO 25
2 TW3 (Kieser et al, 1982; Kendall and Cohen, 1988; Hagége et al, 1993a; 1994; Kataoka
et al, 1994; Muth et al, 1995; Servin - Gonzalez et al, 1995) , DSO RAD = ¥ > JEMLIX,
Servin-Gonzalez |Z X - T pld101 I8 X pdV1 [ZB W TRIE E 721 (Servin-Gonzilez, 1993)
MOFFZZIFbINbD=yR o JEHALOUEIZL > T, FHESIHMUERIRERLTND

(Muth et al, 1995) ., —J . Brasch & Cohen iX plJ101 @ rep BT EFHOLABHRDRE
1TV, Servin-Gopzélez BRE L=y % VIEMEESERVWTSTZAI RRE, BWEHL S
lividans \Z %} ?‘Z)ﬁ?ﬁﬁ}ﬁﬁ%%ﬁ‘%\ B+ B2 L %R L7 (Brasch and Cohen., 1995) , %€
2T, =y x> JEMLID DNA ﬁ%ﬁﬂﬁ'ﬂ:ov YCIREZEBROKMPHD LWV 2D,

2%, 77 AI FREZFEL, BEIHLTERSEZTT kB FL, ALK FFZRXIFE
WZHFEEL, 20 kil iﬁﬁ?ﬂ)?ﬁ‘ﬁ%#ﬂ%ﬂ”é kil-override (kor) WEFDZ & %47, kil-kor
TR T A OFTER plJ101 (Kendall and Cohe.n, 1987) . pSN22 (Kataoka et al, 1991a) . pSAM2

(Hagége et a].,‘ 1993b) . pdV1 (Servin-Gonzilez et al, 1995) TH LMo TWD, <7
B & L'C?’F'Jfﬁ‘i‘éﬁl: kori‘éﬁ%%’:’ﬁ(l/\.'c LED &, 7RI FBEEICHTIBFEEZRL,

HREERSITDNE RoTLE D, ZOHE, kil BETFEREL. BRETBLERDD, =



DL 5 RPFHRET & T EEET 2 REFOMBELHII BRI, B='—FF 2 I FH

BHZRECHESEILDOBBLE LTI HONTD (Jansen and Gerdeé, 1995;

Jansen et a].,' 1995) . ﬁ?ﬂﬁiﬁﬁi?ilkly\’%V)Bﬂfﬁiﬁﬁ%ﬂﬁﬁﬁib‘t », FTRI F‘Z‘)S}Zé

S e MR BOEM R AR T & W BT B, L & ABBERRO LTI X KL, T
RTHAE—HTH D, BWRET 7 X I FO kil-kor */zv’*),\;'i\ L& 7T XX ROBEREIC

5T 2 RETRICRHERELOTHY, 7T 23 FORERARICIT 5 HBIL. 40L =

BSHFREN TR,

3 ORMAMITOVTIL, pld101 L HEET B RAMEHICE S+ % 5% (strong
incompatibility; Sti; Deng et al, 1988; Zaman et al, 19933) B3R Bﬂ’bfvb\éo Deng bid, S
Lividans {238\ T plJ101 @ DSO-rep %5 2 D75 2 I FiEHTE 585, —HIT sti @i
FHEBERTED &, s 2FLBRWTTRAI FREFTERLARBZE%2ZRLE (Deng et a]
1988) ., Sti ZF2F X I F& LT Mz pdV1 B35 5TV 5 (Servin-Gonzalez et al, 1995) .
Z D stild plJ101 B LV pJV1 TIX SSO L EHTHZ LBMmbILTWAA, —HpdVl &7F
A FOWEPFHFFIT L LTS pSN22 TIL St EHEZ R RV Z EB3H LN L RoTVD

(Kataoka et al, 1994b) , Sti{EtE & SSO DR, stiBEFIZ X B FMEMHEOEIEIZOWT
2. 2<HLRITR TR,

41TOVTIE, RETHELIBRRS,
Single strand origin D #%AE

SSO kAT D X 5 1z, RCEBEHOFHHETH S ssDNA 75 X I FOMFHHER (7X 7
GHEE - U FEAR) KBV, BEAORFIZLVBRENT T ~—BRIBTTONEHE
BB A TH D, HRTHA ssDNA 13 pSN22 D5 A, rep BIZTF D& 2D DNA S (Y
—TF A4 TH T — A MH) TLoTHRENSD (Kataoka et al, 1994b) , €-TSSO b

Y =5 4 v VB OBIEMDFELE L. SSO FilkE K5k, 3B\ i dso-rep FUICH Ligt i



A LB BIL. PR EVED  REARITbN 2L 25, 2 ORR L LTHEE PR ssDNA
BEERICE#E S5 (Deng et al, 1988; Pigac et al., 1988; Zaman et al, 1993a; Kataoka et
al, 1994b) . |

SSO D/R#Bix, Staphylococcus aureus {23} 5 RCE ST X I F‘U)*ﬁgltﬁﬁ'@% REREL
=57, FlZiXpT181 Tid. ssoAEZ R EFFAI K= é**%ﬂiﬂ?é’i—{ﬂ) 22 536 10 LLF~
LHA L. MRAEMIC TS 23 FOARBHEIATDIEL 2570, BRAICEECRIET
%72< 723 (Gruss et al, 1987) . —}. Bacillus subtilis W T{X, pT181 @ =2 "—#} ssod
RIAC LT HIREBL LAV Z L85 TS (Gruss ef al, 1987) , SSO BELE LAV
bbb I 7RI FRRECRRESNDFERE LT, BERFICL-T, 77XIFO
BRFRIAE ssDNA L CENIRKREN LT TA v —ERBMTOITWE Z BB b5,

S, lividans 2B} % RCEFZ XX Fod SSO XL, B. subtilis LFRRIZ. 77X Fo
RERRRCIIRELY 5 22, FIXX pld101 ZEIERE WLy u—=2 RS F—plJT702

(Katz et al,, 1983) X SSO %o T\ A5, BFARID plJ101 @ = ' —%A S. lividans AT
1 RAELS VK400 3 TFHE0I L, 1 RAKYEL D100 0FLELE = ©—%03 14 I8
DFBHOD, MBRAHRIRT 5772 FOSRITIMKR L LTEENROVLD, RECHE
Rz iREEND (Deng et al, 1988; Zaman et al, 1993a) ., #&-T. pld702 %o SSO K1
Ry 7 —Tb S lividans NTCIXZa ' —TCRERXRFEENI DI n—=v TR F—-L L
TI+2EATHY., SSO DHEIXS X TEHL OMEFICIIFEL Shizdoi, LML, &
e RHFMMRMNICEZE RS D22, HRPHEE ssDNA OEFPBEL 2-TL< B,
ZDX 5% ssDNA A2 ZRZ LB L. BE LR 2 %2 Z LT high molecular
weight (HMW) ¢PFRINZ <A Fv—DFTFRXI Fizkkok V), BEERAK DNA & FEHFR
MHBA RS LTRAEEPIEZATNEYTE (M0-2) . 20X RMARIOBR, B
Btk EORETFHIESOTERLH T 5720, HENIKARETHS SSO XRABDIEKROMK
BRERCETFRAI R F—i%, BREOERIZITE S TRV,

FIT. BENRERTERERZRCEOSSXI FEEENICERE SRR DIZ, "IF—IZ

10



SSO E4y ZAHAL Z ENEBEZBID, BEMBREZZ7 XX Fo SSO IZ25W T, pld101 B
X U8 Streptomyces phaeochromogenes B3 D 7 Z X X K pdV1 123 T 600 bp Aiitk D fEIEL AR
EEN TS (Deng et al, 1988; Zaman et al, 1993a; Servin-Gonzélez et al, 1995;) . ¥72

HMAEIIE SN TR LT, 72 SSO 2B 2 EEMOETFICANT b2 AL TR

VY,
+SSO -SSO
Integration into
chromosomal DNA
HMW
dsDNA p plasmid

ssDNA accumulation

[ 0-2. Single strand origin (SSO) &iBIZ & % RCE FS X = KOBEMFELEIL, S. lividans
WA L VAR L 722 DNA 27 Hu— XS )VERIKEE, PP ong TV 4/ E—va
¥ (Southern, 1975) IZX-»TFF X3 K&K Lz, SSO ORBIZLY 7T I FidfElH
Mk ssDNA ZHIRMNICERET 2 (L—rENrb2%HR) . Z0 ssDNA [JHABIZR I L
BV, 5 RI REFLMABZ ZR Z L THA X3 K& < 72 572 high molecular weight

(HMW) 7523 K&, % DNA LICZAER T LE 7k b ot LIE LIZHES S,

11



BEBE TSR = F pSN22 D6 & ik

77 A I FpSN22i3. ¥ A LRIV HBES NI RS Streptomyces nzgrfaeiens SN22 # &
DHEESNE T T AT RTHB (Kataoka etal, 1991a) . 49 11.0kbp 5B 7T 2 I K EiZ
. BAEECES T8 ETFHE. ANICEET 2RETFSFET S (K 0-3; Kataocka et al,
1994c) . %ﬁﬁ%k: 59 3BT [EAMNEER L OB ERAKOBITICEET 5 trab,
HANEERICEET 5 trad, BANGES LOREICH S EEEEY > “pock” OFAICHE
545 spdA. spdB & . traA-traB-spdB 21 (tra #ur) OBRE#AICRE T5E8-
F traR. traRB LV tra Ao v Ol FRA~O T Et— 5 —EW LD, traR 8o TEHD
ALY trad o  OEEZMET 5 transfer gene regulating element (TRE) SHIRATF
£34 % (¥ 0-3; Kataoka et al, 1991a; 1991b; 1994b; 1994c; Kosono et al, 1996) , 7 A I K
DEAGEEFIA LT, 77 X I FIRFEED IR~ O ERDO RWEHEEREZITO Z BT
&5, TOFEEZAVE. 7n TR FOBERRESEL S TORVERERTH, &
PHIZTFRI FCREBRSNZKRERB T 5,

pSN22 DEBUZE LT\ 5 DX rep. DSO (oril; Kataoka et al, 1994b, ¢) . SSO (ori2
Kataoka et al, 1994b, ¢) T. DSO-rep $88i & SSO #3013, Mo/ ABMHE RCAIZ T X I
R @&%Rb\blﬁﬁﬂfdﬁﬁﬂﬁﬁ LTW3 (K0-3) , repBiL. S lividans D75 AI K
pld101 @ rep f8ik & DNA iﬁ%ﬁﬂﬂt’(’ 92%. FHIZN BT I /BRSS! LT 95% DFE R 2R
LTHY (Kataoka et al, 1994;:) VIDTFRI KL pClod IA—FIZBT A EBHLNE
2o TWD, —H. SSO BFEET 2 EARERETHEMIL. plJ101 O SBE EERETH
IR L I EE T oS, HERSIE HICE<ERY, B LRSI ZoFT X I FpSN22 b
FUEAEMMICIES BET 5 RCHL A Y 20 & | EEICERM072 SSO SEHA b ST HIKE
bOTHB LHEENS, pSN22 D SSO 1. traRTRE #42& T 548 bp ® Belll-Smalb 7

WA ET B LS STV S (2 0-3; Kataoka et al, 1994D) .
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11.0 kbp

ptra -operon

spdB2 spdB1

Apatd [ - Sacl

Eco47lI€ Ecoariiib
Ecoa7iil@

Bcel 1b

0-3. 735X = I pSN22 D& (Kataoka et al., 1994c & Y &%) . tra (transfer) 3 LUV spd
(spread) EEFIX. IR I FO#EASEEIZES T3, Transfer gene regulating element
(TRE) iX. traR B X traA-traB-spdB Fu >l OlFR~D S E—F —EH (ptraR &

ptra-operon) B XL UY 7L v —DiER %2 &Te, ptraR B XU ptra-operon DRENI, ¥

BEDHMERT, repii7 7 A3 ROBBEYMICLARBET ; oril i3V —T 4 v V8 OERFAE

15/ T%H 5 double strand origin (AFRILTHDAFIL dso) ; ori2VX T X FHOHEMBERT

% 5 single strand origin, BIZR L7 E2HRERTHIMLO O b, BEFET 5 b OIIEH

EDTNT7 7y NCRA LK, orf52 DHREIXAEH, (B—EEK 1-1A 2B\ T, SSO iz

TOBRFOBEREMAZHETRT, )

13



WX OME

ARCCIL, BREAINIC B CHSH- ARMICEEICRIFS NS RC BT X I FlK
DRy F—E BRI DI, 77 ZI FOBRRBBIZOWT @T%ﬂi%%?ﬁ‘ﬂ*é TEEBERIEL
T, WIREF T X 3 K pSN22 ORBHE, BTN E ¥ IEH &Rzbol SSO DS, DSO
OEIER L UBM PRI ssDNA OFERDD ds 7T 2 I ROF~OEHEE TORMBIT OV TR
WEATo T,

#—ECiX pSN22 @ SSO TH 5 ssol @%ﬁﬁ&:ou\rﬁé\iéo pSN22 iz T SSO &%
oL BEINTWEZDNAMA, ori2 (Kataoka et al, 1994b) =DV \fﬂﬁﬁ)fﬁ@ﬁ%ﬁot
R, ZOWHIX dso-rep iZxt LAED pSN22 FTomE L IXMficAA T hizv & SSO iEH:
BRIV ERA LD E R o T AT TIIHIC pSN22 ECIE LV & TigEd 5 SSO &
LT, ssol ZFE L7z, ssol LIMOBBRE 7S 2 I K, plJ101 B LT pdV1 @ SSO #lk & D
DNA HEEFIO LB 21TV, @D DNA HERFIZ OV TR,

BT CIX ori2 Wth LIZHFEET 5 SSO FEBOBREIZS>WTiR~3, Z dOlrh Eizik pSN22
FERFREITHEAEIND LTEHZRFOSSO B2 SHFELE, ZD 2 5D SSO. sso2 & ssod
@ DNASHEES LY FRISHD “KRBELEZATL, ho 7 J ABHEBHERCESFZI K
@ SSO & gk LIcfERIZ OV TRz,

=2 T3 pSN22 OHBBIEATH D dso ITBIT D=y x> TEMLICOVWTIRRS, dso$8
> DNA HEEF D plJ101 B X pJV1 @ DSO ik & DL Z 1T, REFES K TW A HEEE
FJ, plJ101 & OFERMBERFIIE =y 3 TEMLIC ML RRRERZEAL, 77
A FOBMA~ORBERRLEZ A, pldI0] BT 3HELIRRY., =X TEHLAED
DNA S EFFNIIBBICRESINTVD Z EBFRR I,

HUETIT S lividansIZRIT 5. 75 2 I FpSN22 d SSO kKDL REARK., T
Bh Y REBROT T A< —8~D RNA K 2 5—-%05@50:0»\1\ in vivo BX W in

vitro COREMTZ1T o 72, pSN22 IZB W Tix SSO m&k#ix S. lividans N CDFTF R I Kp =

14



—HITRBE 5 X, ENPRE ssDNA ECEERTIZ X »T SSO HKBEDS T4 v —8 Rk
PPN TVD EEX b, TITCTTAv—BREITS LBEXbNSE RNARY A F—E0
BEA, V7BV itk 377 X FEARA~OEBER T, RIC S lividans DEMBER
HIHE % Ve in vitro TOY A v FEARAEMRLE L. 8575 ssDNA Lo SSO DHEI £ 5%
B, VT VLT BHBEMT L, &bIT, E coli DEMERMHKICES Y 77 vt
vUmtE. SSO FEEFED AV REA R TH B general priming & DLEIZ OV TR,

HETIIRIE LT SSO OEAFIc W THEIZR R, BEE21To7.

15



B

BB 75 2 I F pSN22 D5 X2 7 @RI BI s X

ssol DEE
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% |
BBE TSRS K pSN22 05 %> 7 BB A ssoT DFE

pSN22 Du—Y ¥ 7 — I VRERIZR T3 T X VT EEMNOBREA L 2D éingle strand
origin (SSO) 1. #5550 bp @ Bgll-Smal iR IZEFEND o2 CHFETH L WMEIL TV

(Kataoka et al, Mol. Gen. Genet. 242, 130-136, 1994) , Z DB @ SSO FEHEZFHEE LT
R, SSO B & D pSN22 ETomE LiIdMfliZAAENTZ L & (D%ﬁ%é:}’b; Z® SSO
BERDSFZAI FOTXE THEHEBIZIZIBVWOLRR2WI EBALNE 2o, pSN22 DT ¥
v TEEMIZAVBENRD SSO & LTHIZFE LY ssol id, 77 A I FOESBECEET S
spdA B XV traR BEFOMOIEa— FERIZHELE Lz, ssol SO DNA HEEFNZIX,
170 bp (b7 > THODHBERE 7T 2 I K, plJ101 & pdV1 @ SSO & IEFIZFHFRHED R, SSO

EHICEERBREE RO L EX DN HESIBFE LT

#

ot

752X FOBRBIBOMEL, Rk DNABMOEF VL LTET TR TENCHA
ENBWAEMODFEREBEDZHRROTDIZ, S FBETFEBEFHRNICEAT RS
F—DHRBIZE>THEERERZRHELTWVWS, 77 ABWUERICIX Bacllus BX
Lactococcus J&. Streptomyces B iX U, RELEIBWTHIA S EHIELZ I
TW3B, B—Y 7% —27 b (rolling circle; RC) BERIX, 75 ABMEBEDB &% 10 kbp
UTFO/NIRIRTZ 2 FOZLIZR b 28U T 5 (Gruss and Ehrlich, 1989; Novick,

1989; Janniére et al, 1993; del Solar et al, 1993) . FDHHE LT, HBgPIcPiEE L
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THEDORDOHEIBTIRDO—AH (single-stranded; ss) DNA 75 XX ROF2EMRT B L ii%
Fohsd (FE XO0-12H8) ., Z 0B8R GHE ssDNA 75 —A#4 (double-stranded; ds) DNA
TIZARAI RF~OEW (Bhy FEHER. 2V TX 0 7#HER) 13, single strand origin

(SSO) & MR 5 HMMMAAEHED RNA R A F—PERBBLT, T4 v—2BRT
B LIk VBRI B, SSO Z2XRB. HEVIRHRAEXIHIATE L ss 7T X I FDds ~DE
BRI T2y, BRPHE sDNA BHBRNICERHT 5, BEICL>Tix SSO
WKFLRWEMIIERROR TS 74 v —EREBEN D, 7RI FOoa v —EBE>T D

(Gruss etal, 1987) ., ¥, MEMCEHE U EHNPEE ssDNA X7 T X I FE SR AK
DNA L DMABZERILEV., 20X IR27TXI FOHEN., HENRRZERES ST
b, RCEFFZRI R F— 21X SSO A AL LERH D,

BREFL. RO X5 CHAMECERSOLEERF L LT, TENICEERMAENTSH D,
TR, BREICBW T HEAEEDOLESRBROMEN ., BRICEETFLENFEZAVDI LD,
a7 Z—-BRABINLTWS, &bERLTWA DX Hopwood b D I N—1 K- TH%
iz pld702 % D Streptomyces lividans & Y 538X i RCEZZ 2 X K plJ101 B3RO~
Z—8THD (Kieser et al, 1982; Katz et al, 1983; Hopwood et al, 1985) , plJ101 & SSO
X, 77 XX FORMEHIZES T 55K (strong incompatibility;‘ st) WEHBELTHFETSZ
& A B.i)ﬂ: 73’:0'(_‘/‘6 (Deng et al, 1988; Zaman et al, 1993a) 23, FHHAEERBREIIER
Thh T2, 5o T plJ702 %L’Ji SSO I3 A TN TR LT, EENICHER PR ssDNA
EEMTADOTC, Ju—=r iR F—L LTRAATH LOO, TFERZEOENTHEEM
RRNCEHMBELZECRFIEICRBE 2V, thoBBRETZ X I Fo SSO & LT
Streptomyces phaeochromogenes B3k D7 Z Z I F pJV1 @ SSO fEEMFmbhTWD

(Servin-Gonzélez et al, 1995) . |

752 3 F pSN22 I3 H#E Streptomyces nigrifaciens SN22 Bk K OfRiEM: RC AT 2 3
_F'G‘}bé (Kataoka et al, 199ia; 1994b) o PSN22 i3 plJ101 L IEBIZFHREDOEV rep BT

P ATENIRERE o8, EAGERIEET 5 RETRENTII plJ101 L2 B HEE
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% ¥ (Kataoka et al, 1994b, ¢) . A & 1% pSN22 DEEAEEFAIRIID 548 bp © Bglll-Smalb
Wih 2% SSO B2 FF-oZ L &R Lz, £ Z CAE T pSN22 @ SSO ﬁﬁiﬁiﬂﬂfi‘ L. fhof#R
BHRERCE ST ZI Fo> SSO-L LB L T, BBE 7T X I Ko SSO i236i# 72 DNA K5
LOMAORBERA T B2 Z L IZHTRD Bell-Smalb Wi 13, BRSAFIRIZH L pSN22
EToOmE LITHFIBAINLZEEDOAR SSO EHER L, #6- T pSN22 © RCEEMITEIT S
SSO & LTIEHBLLFAINTWARWI EBALPIZRoT, £ZTpSN22 L& FLRE TH

MAEEo SSO /- IZHEE L. plJ101. pdV1 @ SSO FHIRk & DB ZITo 7=,

20



HEELURE
EREHE, TSRS FEEUS

Escherichia coli DH5a. ¥k (supFE44 AlacU169 (¢80 lacZAM15) hsdR17 recAl endAl gyrA96
thi-1 relA1l; Hanahan, 1983) . JM109 #k (recAl supF44 endAl hsdR17 gyrA96 relAl thi
A(lac-proAB) F' [traD36 proAB' lacH lacZAM15); Yanisch-Perron et al, 1985) . GM33 ¥k

(dam; Maniatis, 1973) %7 X I F~XZ7 #—pUC18., pUC19 (Yanisch-Perron et al, 1985) .
pBluescriptll SK+ (Stratagene, La Jolla, CA) OfEE L LTHWE, BBRE I X I FOBEE
& LTIX S lividans TK21 # (SLP2-, SLP3-; Kieser et al, 1982) # B\\T=, E. coli D5
12 2x YT #5# (Sambrook et al, 1989) %AV, S. lividans D53 IZIX R2YE BREHSH 5\

X YEME #f&554 (Hopwood et al, 1985) # v iz,
A X DNA it

E. coli D75 XX RO, RBRENOMEA B X DNA BIE. E coli OFEEBII.
Sambrook b DHEIZHE-T- (Sambrook et al, 1989) , T RTDOAH X DNA i1 E. coli Df
E-RIF-REANTHEEL., E coli-S. lividans /% bV_7 F—DBIZ LT, S. lividans
DFa b FFR MIGEERIEZLVEA LR, S lividans D71 75 X MERIBE JOWHEER
¥aiX, Hopwood b DFEIZ X o7 (Hopwood et al, 1985) . #AA4#1% DNA #4EIC V- BEE
IIEBEE (BE) 513 New England Biolabs (Beverly, MA) XYV EBEA L, ft5x0 7 b

- THWE,
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TSR FOHME

FS52 = K pRT1. pSN22 @ dso-rep %% tr 2.1 kbp & Ballf-EcoRVA Bif (1 1-1A)
% Smal TEIMF L7z pUC19 (T AIAATZ, pld6 (Thompson et al, 1982) -0)7‘71“/1 N2 V%
BIMERIET (fs) %&1r 1.6 kbp 0 BstBIL-BamHI BiH 819 i LC. DNA BiH oz T
DNA K Y * 5—ECERL Lictk, Hincll TIELE EROTS R I KICBBRAAE, fERS
NI 75 A Fid, dso-rep BXU tsr DIEAS i FM%E DNA HERFIREE (Bd) 2k

WEEFB L. E. coli-S. lividans % FNV~_7 Z—pRT1 (K 1-1B) & 447,

FS5R 5 K pSSO L Y—X, PSSO LU —X7F 23 FiZ. SSO DEEMBEICAS
PSN22 it i % . pBluescriptll SK+D<NVF I a—= ¥4 MR LIZLVEELE,
7 2 X F pSS0030 1. pSN22 7 550 bp ® Bglll-SmalP ¥} % . pBluescriptll SK+® Spel
(T4 DNA KV 2 5—¥ CTEHL) -BamHI SALZHIAATER L, —F. pSS0031 i1
U Bglll-Smalb §i}i % . pBluescriptll SK+® BamHI-Smal ST ZSAA TR Lz, #o
T. pSS0030 & pSSO031 TiX Bglil-Small i} 13 87 % H7T pBluescriptll SK+IZIBEA &
hTws (B 1-1B) . 77X F pSS0010 %, pSN22 ® 3.1 kbp @ Psti-BamHI Wi H %
pBluescriptl] SK+? BamHI-Pstl ¥ AAAA THER L7z, 75 2 I F pSS0020 iZ. pSN22
@ 1.6 kbp @ Psd-Bglll ¥t/ % pBluescriptll SK+® Pstl-BamHI 7 iZAAAA THER L7,
—J5 pSS0021 iX, Psfl (T4 DNA R YU A5 —E CEiE{) -Bell ¥ A % pBluescriptll SK+?
Spel (T4 DNA RY A 5 —¥ CERE{L) -BamHI EALIZHBA L THER L, #£- T, pSS0020
& pSS0021 Tix Psd-Bgll B ix 272 5 511 C pBluescriptll SK+HIZAAA TR TW 3,
77 XX FpSS0040 #>H pSSO111 F TIZMAIAATE pSN22 WA id, & 1-1 IR LA RA
YAy LAF REFTA<w—& LTHVE PCR# (Saiki et al, 1988) 12 & o THEB LT,
PCREIZIZ Ex TagDNA R Y A 5—¥ (E£iBEE) &, 8L LT pSS0020 % 35\ ix pSS0021

ZHWIic, % PCR EWIIETA ORBCAMENTZEL RHREBERICL o TLE LA,
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" pBluescriptl] SK+HIZHZIAATE, #AIAE N7 pSN22 Ef i @ pBluescriptll SK+_ETCD 5 HiX.
pSS0040. 050, 060. 070, 080. 090, 100.\ 110 Tix. K 1-1A {2 L7z pSN22 ToREHE Y
D EMHs. pBluescriptll SK+D<NVF 7 a—=2 7Y A b®D Psd BALH> D Xbal EHL~D M E
KA X3 IABAEN TS (B 1-1B 0 pSSO030 & FIRY) . —7#, pSSO041, 061, 081,
091,101,111 TiIFZ . Xbal FALA> D Pstl FALOH FIHEAA E TV S (R1-1B D pSS0031

& FER)

i1-1. AYTRILAFFFSAT—DHEERT),

Name  Nucleotide sequence? Position®P  Clone

M4 5-GTTT CCCAG TCACG AC-3 c

RV 5-CAGGA AACAG CTATG AC-3 d

0201 5-CCCGG ATCCG GAGCC GTGAC CGTGC TCGCC-3’ 201-221 pSS0080/081
0401 5-CCCGG ATCCC CACTC GCCAC GCCAC GAGAC-3 401-421 * pSSO090/091
0601 5-GGGGG ATCCT GCTCG GCGCG TACAT GAAGG-3 601-621 pSSO100/101
0801 5-CCCGG ATCCC GCCCG CTGCT GCCCC CCGCG-8 801-821 pSSO110/111
0800R 5-GGGTIC TAGAC CGGCC TTTCG ACCGG GGCGC-3 780-800 pSS0O070
1000R 5-GGGTC TAGAT CGCGG GGCTG GGCTG CGTG-3 981-1000 pSSO060/061
1210R 5-CCCTC TAGAC CCCAT TGAGC CCCCG TCCG-3 1191-1210 pSSO050

1400R  5-CCCTC TAGAC GCACG GCAGG CGTCC CAGG-3' 1381-1400 pSSO040/041

ATREN LZESNX, 7 o—= 7 O T I0 Z 7= Hl BREE SR T RER AL,

bpSN22 D Pt EMizh>5H DX 7 L FF KOfE (Kataoka et al, 1994c) .

CM13 Primer M4 (£iB3%) 13 pSS0040, 050, 060, 070, 081, 091, 101, 111 DAV
7o A

dM13 Primer RV (SEi%) 13 pSSO041. 061, 080, 090, 100. 110 DAV Iz,
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EcoRl (EcoRV2/Smal)

pSS0010
A pSS0020/021
pSS0030/031

a; 3pd52 Sde1 :‘::::-;:::::..
S o

pBluescript!
SK+

1-1. (A) 7S X3 FpSN22 D& (Kataoka ef al., 1994c & YHKZE) . tra (transfer) B
XU spd (spread) ®EFiX. 7 XX FOBAEEIZEE T 5, Transfer gene regulating
element (TRE) 13, MHM~DOTFae—FZ—FEHB LUV Ly —OEREIE ST, rep
H75 A3 Ko EENIC LERRIET ; dso (double strand origin, H=ESBE) 1Y —F ¢
¥ THOBMBAIE R ; ss01-3 (single strand origin, AEBLVHE_HSMR) 317 ¥ > FHOHE
BBAMA, & SSO 25 M- KENL. % SSO 260 DNA OAMAFMERDT, pSS0010,
pSS0020/021 £ U pSS0030/031 & FEDh 7z KENE. THERDT T 2 I FITMAMRA L NIKF
R ONMER XU RMETRT, SEEFET 2HIRBERZRESNIZONTIEE, TALT7 7y M T
U7z, orfs2 DEEREIIARM,

(B) 7SR K pRT1, pSSO030 # & Uf pSSO031 DHE. G/ L7 HIFREEHAMENL, BN
eI — DA ARIERIET B L0 pSN22 0 rep ¥ER L, KEIOBSIILERIL, 7
m—=l 7 &Nl pSN22 ORI E LU EOHA (R 1-1A BB) 2ET. HBRNICRShh
BRI, 70—y JRCRE R bOE T,
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C i
=% 3 3 g =

L 0i 3
pRTSO031N - L
rep dso tsr =2 =

=8 3 % g %5

£ ¥ 3 B B
pRTS0300 ram——rr— bovone

pRTS010N

pRTS0100

pRTS020N 2
i
g 2 3 - % =
58 8 5 . ] 5 883
. - —
pRTS0200 V*p — —
T -
K] 4
gE £ % 2 25
8 & g i i z23
& '
=3 % 2 E = T
‘ &8¢F & 3 & 2 £83
pRTS0210 W N
- tsr dso rep
: | . : | N
. dso-rep reglon S$SO fragment

(C)E. coli-S. lividans 2% b 7S5 X = K pRTS031N. pRTS0300, pRTS010N/O. pRTS020N/O,
B LU pRTS021N/O D&, pBluescriptll SK+D#4y (Kpnl-Sacd) iIrmEhTWaw, 75
I RO “N” BLU “O” 1k, #5323 KETpSN22 O dso-rep sy & SSO BiA 23 &
F (EFX. natural) IZHMAAERhTWB A, et (. opposite) ICHMAAEH
TWBHEE LTS, ORF ORE FANKEIT, BA5AE N7 SSO KA Of X AV RHIT
R Uiz, BIPNIDR S NCHIRRESRBRIILIL, 7 0 —=0 VRICRENE bORRT, 7 n—
=¥ ZIZHWTHIRERBRBILIT., KFTRLUEZ, ThENOTFRAI KD S lividans il
PICEI B ssDNA NP RGOBROAEE ., HMTR L, + :ssDNA 2%, — :ssDNA
BEBMLAR, »

25



7SR T KpRTS VU—X, E. coli-S. lividans &% F V75 X I FpRTS ~V —XjX,
75 23 FpRT1 @ dso-rep ¥ L. tsr PELMKAETSIRIE pSSO ¥ Y —XIZHAAIRATe Z &
WL VHEE LTz, dso-rep FEIREKAZATERIZ, D pSSO vV -—ﬂ:%ﬂifﬁinfu\k pSN22
Wrh (SSOWrh) & dsa-rép DOMENRPSN22 LLRILTHB LD%E, pRTSxxxN (xxx X7 7
23 FOFS. ¥ ; pRTSOI0ON, “N” iX “natural” Z#EWT 3 ) 4437, —F. dso-rep
& SSO WA D& A% pSN22 | & i3k at D b D% . pRTSxxxO (#; pRTS0100, “O” X “opposite”
ZERT D) LANT.

pRTSxxxN ¥/ U — X DBEFEIIU T D X HIZLTITo%, 77X FpRT1 D tsr-dso-rep &8
tr 8.7 kbp @ HindlII-EcoRI Bi 2810 Hi L. pSSO ¥ Y —X D 5 % SSO B35 Psd ERLAH
Xbal EALDOF ANZAEZIAENR TV B O (H ; pSS0020) % Hindlll 3 X W EcoRI THIEF L7
L ZAITHBBRAATY, - T, HBEEINTZTSS X I RO dso-rep & SSO B DR iX, pSN22
EERICIZZR22TWS (# ; K 1-1C @ pSSO020N) . 5 WiX, pRT1 @ 3.7 kbp @ tsr-dso-
rep fi3%#% EcoRl & Psd THIVH LT, pSSO ¥V —XD 55 SSO Wrh s Psd E802d>5H Xbal
BALA~DF R &SI ISAEN TS D (] ; pSS0021) % EcoRI 38 XU Psd THIEr L7
& ZAIHMBIALTIL, - T. BMESNETTZAI FO dso-rep & SSO BrhdmEix. b
pSN22 LRI/ >TwWa () ; & 1-1C @ pSSO021N) .

pRTS);xxO vy 5;6@*%%1341‘0) X LTiTo%k. pSSO v U—XD5H SSO Wrhds
Pst] #HLH> 5 Xbal ’&Mﬁ@ﬁrﬁl:#ﬂ&i&i nTwadbHbo (B ; pSSO020) % EcoRl 8 LT Psil
TEIET L. pRT1 @ tsr-dso-rep % &p 3.7 kbp @ EcoRI-Psl Wi 2 HAATE, 1E- T, HE
EN7S 7 A RO dso-rep & SSOE‘?H‘@{'ﬁJ%li\pSNM ELixRRz22o T35 (5;K 1-1C
@ pRTS0200) . HB WX, Pst EHLHS Xbal FALOF M & LI SSO BrA 32 A T T
V3 pSSO S Y—2 (% ; pSSOO21) % HindlIII 3 X Of EcoRI TEIET L. pRT1 D tsr-dso-rep
%’SU 3.7 kbp 0) Iﬁ'ndHI-EcaRI Wi R 2 BAATE, - T, BESNTTTF R I FD dso-rep

b SSO Wit DR i%, pSN22 kX IR 2o TS (4 ; B 1-1C © pRTS0210)
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ssDNA D&

S. lividans OTEENA % XM ER £ TH3% L. Hopwood &A1\ T4 DNA
#Hiili L7 (Hopwood etal, 1985) . 1.6 pg % DNA % 1%7 Ho—X Z LV BAKE T4 L
4. te Riole bFEICHNT A% ) ERETHTIC DNA £F4 2B (Hybond-N,
Amersham, Bucks, UK) 72 w7 47 Lic (te Riele et al, 1986a) , ZOHWIEIZLY . #
MPIZHEFET B ssDNA OB N T A u VEIZEE SN 5, ssDNA OBRHIX, ¥ ot T Y F A
¥—3 a3 ¥ (Southern, 1975) KX ViTo7%, Fu—7 & LTik, DIG DNA labeling kit

(Boehringer Mannheim, Mannheim, Germany) {2 XV VI% 7 :‘—‘/_ (digoxigenin; DIG)
-dUTP F-v L7z pBluescriptll SK+% AV, DIG luminescent detection kit (Boehringer

Mannheim) Tk > T2 FZRH L,

DNA IEERIIDREH

DNA HEFRFIDOREIL, Fx—rF—I R — 3 ¥k (Sanger et al., 1977) 2 X o7z, &FH
ELTTNAIIETHE LSS5 XX FD dsDNA 2 v, FITC <V L7z M4 B XU RV-M
PS54 <— (i) & Thermo Sequenase fluorescent labeled primer cycle sequencing kit (Amersham)
FEALE, YA 2NV~ v ADO KL, Amersham #o 7 haicfioTc, RISBKT
L7=¥ > FNix. ALF DNA sequencer II (Pharmacia,, Uppsala, Sweden)iZ & - C DNA £ E51 %
RIE LT,

SSO %D DNA HERF| DM OBHE 7T 2 I Ko SSO ik & Dbk, 36 LU SSO Fiko
BRZEBEOFRIZIL, PCIS01 = t'a—F— (NEC, H50) # LU GENETYX BiniFH

MEYZ7 by=T (Y7 U =TRE. ER) RV
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% x
pSN22 [F Y —F « T #. SXL MDA single strand origin Eﬁlbéﬁo

SSO #XR%. HBVIIBMEIIEALLS SR Fid, S lividans QRPN CHEBIH M
ssDNA Z#&%9 5 (Deng et al, 1988; Pigac et al.,, 1988; Zainan et al, 1993a; Kataoka et al,
1994b) . SR8 1% pSN22 @ 550 bp @ BellI-Smal® ¥i)i (K 1-1A) 3, Fadek &5 SSO ¥
F(ori2 TH B & %5 L (Kataoka et al, 1994b) , Z = C, & @ Bglll-SmalP M‘H‘ % pSN22
? dso-rep & FHIZHIIAATE E. coli-S. lividans /% b5 XX F, pRTS031N & pRTS0300
gL, ko pSN22 B oF-o SSO & omEBEZRA 7, 77X FpRTS03IN ( “N”
X “patural” %f,’é“'ﬁi"é‘é) iX. Bgll-Smal® Wik & dso-rep DIF% 33 pSN22 LRI L (FEMXx)
2725 TIH. —H4, pRTS0300 ( “O” i “opposite” & HBkT 5) ©® Bgll-Smalb Wifr D
EiX. dso-rep EHITzo TS (K 1-1C) o BFTFTAIRETTAI FIERFEKRTHD S
11'V1:dansTK21 Ko7 a b 77X MCEA L, BEEREL 50 pgml OF F X b T R EET
R2YE ¥AR#E# ECRIR L7 B oW EESRE L 5 pg/ml 0F AR b7 b2 &1 YEME
Witk T 80°C TR E 5 ¥ L, MR OB EEDT, £ DNA 2T L7c#, 16
O DNA % 1% 7 o — X7 VEKKBITHBEL, TV VEREZTDRVW T u BT a
YTFAVITTBILIZEY ., BRAD ssDNA DB %F AV BEECEE L, 28, £#2 DNA
BIRP O DNA BB LU ds D77 XX FFORIZOVWTIX, BRKEIEOT Hu—2X
TFNDRILZF VY L RAILL T, BIEELWI L E2ERLE (F—FFEH) . THhEhOD
A D ssDNA OEREE Y F NS TY LA B - a VB Lo THEB L E 25, dso-
rep & Bglll-Smalb Wi fr 1) % 33 pSN22 & 7 L ¢ 5 pRTS031N % oW E iRz T,

BRI BPEA ssDNA OFERB RO (K 1-2, L—22) , 258, pRTS0300 O EGlx#k

Tt ssDNA OERIIR bR dhole (M 12 L—> 1) » ZOREEIX Bell-Smald Bif o
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SSO &S, Ak pSN22 @ RC BB TIIH bRV I X 78 (K0-1 3R) OfICHE
THZELERLTEY, o THELDHME (Kataoka et al, 1994b) & Ii3—E L2V Z & A5
bk irolk, ZITINEHEMRBT SIS, Bell-Smald WA XY K& REHTH D
3.1 kbp @ Pstl-BamHI2 Wiy % pSN22 LW 7/ n—=2 2 L, dso-rep Z EMZ, #imZIZ4A
AATZ E. coli-S. lividans > % F V77 2 X K pRTSO010N, pRTS0100 ###FK L7 (K 1-10) .
L EEEHA L Y 2 DNA AR L. ssDNA 0EFfE# R L7 L Z 5, pRTS010N. pRTS0100
ELboDFF7RI Fmﬁéﬁﬁz‘:&ﬁth*ﬁi’éﬂf]ﬁﬂ@ ssDNA OEfEZ RS 2h o7 (K 1-2, L—r 3,
4) ., BB, pSN22 @ Pst-BamHIA i LiZid, V—F 4 » 78l L Z X 7SRO 5 D

IZ SSO AFFHET D Z L m s iz,

12 345678

E1-2. % SSO MK EST TSRS KO S lividans HHIMIZ £ 4 5 ssDNA BRI OET,
ESUKH B VITRIRD ssDNA 75 23 K3 F%, P g T Y €= a VI Lo TR
i L7z, L—> 1, pRTS0300 ; 2, pRTSO3IN ; 3, pRTSO10N ; 4, pRTS0100 ; 5, pRTSO20N ;
6. pRTS0200 ; 7. pRTS0210 ; 8, PRTS02IN, '
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SX O THERRBR ssol OUE

 pSN22 ® 1.6 kbp ® Pst-Bglll Wi/i % 2 u—=>7 L, E. coli-S. lividans ¥ AAVSTRI
F pRTSO20N, pRTSOZOO" pRTSO021N, pRTS0210 ##EE Lz (K 1-1C) . FHEEREKE L
D4 DNA M L%, EBPEtk ssDNA OER% T/, Pstl-Belll Wi % dso-rep \Zxt
LIEF A TREo TV 5 pRTS020N 1 L U pRTS021IN DO H ik CixE M P & ssDNA 0F
xR Ohdh o7 (K12, V—1 5, 8) 3, Pst-Belll Wil % dso-rep \Zxt L5 W) TR -
TV % pRTS0200 ¥ £ U pRTS0210 DOFEHEBIATIL ssDNA OEF R ohie (K12, v
—Y 6.7 . ®oT, Pstll-Bglll B jr DV —F 4 > FHMIZIE, &3FD pSN22 @ RC BUERIZ
BiT5 77X JHEMIIAWOND SSO BHFHET D Z LWL Lizolz, ZD SSO % ssol
AT T,

ssol DALEZ E LIZFHEMIZIRET 37202, B 1-3A R LIZ—HE®D E. coli-S. lividans ¥ %
MTFZAI FERIVIORLET A <—% AWz PCRIEIZ L 9 ER L72, pRTSxxxN (xxx
52X FES) ¢4 RXIRTCR, Za—=r7 L% SSO Wrhizxt L dso-rep
DBIEFMICHAAENTEY, —FH, pRTSxxxO0 ¢ 44T 77T XI FTiIX, Juv—=27L
72 SSO Wi L 13 H MmN dso-rep BSRAAAENTVW B (K 1-1CI1Z/R L7 pRTS ¥ ¥ —X L [AlfR),
:ﬂ’bi‘oﬂ)ﬁﬂrﬁ@iﬁfﬁx By F"E%]\ L7 S lividans FWHE=H#A L V42 DNA AL, &
pSN22 Eri > SSO ﬁﬁ%%ﬁf\“t; B 1-8 W R LR L V| ssol 1IX 7 VAT K (nt) 801-1210

(pSN22 > Pstl %%%%Mﬁmt‘oﬁ#ﬁﬂﬁl VOFHTORXY LAF ROFES) O 0.4 kbp IALET
DT LR E T,

Z OFEGY pSN22 DS EEICEE T 28 ETF. spdd & traR DD = — FEBIZER -
T3, spdd X753 FOBAIEEIC TR B ATRIEY —2 “pock” O &M M
F (Kataoka et al, 1991a; 1994¢) T. traRIZF U< A GRICEET 5 traA-traB-spdB 2"\"
o v (trat <)) @@E%@:%Eﬁf 54 VU B a— FLTW5 (Kataoka et al, 1994a,

~C)o'
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ssDNA accumulation

N O NO
pRTS020 - + PpRTS021 - +
pRTS040 - + pRTS041 - +
pRTS050 - +
pRTS060 + + pRTS061 + +
pRTS070 + +
pRTS080 - + pRTS081 - +
pRTS080 - + pRTS091 - +
pRTS100 - + pRTS101 - +
pRTS110 - + pRTS111 - +

1-3. (A) sso1 DHEEDBE, &b IR L7z 23—i%, pSN22 @ Pstl-Beglll fEifi%~d, %
BRI 1-1 IR LYV X7 LA F K27 T74~—& LT, PCR BBIZ Ko TERIL,
pBluescriptll SK+Z 2 FE$A D F MIZAAAIAATZ, pRT1 @ tsr-dso-rep % &1 3.7 kbp @
HindlI1-EcoRI ¥721% EcoRI-Pstl Wil%, TN EIVBE LT T X I RIZHMARAAR, RITRL
R/ TIRI FEER L, ThEhOSZ 2 RO S, lividans #IFANIZI51T 5 ssDNA E#h
MEDER-OBEL, HANZR LTz, + :ssDNA 2EFE, — :ssDNAZERE L2V, MNP DR
WR—IIEEmME (N) I[THAIAATE & 12 SSO IEMEFOWh 2. Bik& D/3—13 SSO &M%
Bl nWlth 2% 3, Rokb TR Le kAN, BRE & N7z ssol DFEBREERT,

(B) %& SSO MK Z&G TSRS KD S. ividans MHMI=H (15 ssDNA HEPRKOER,
ssDNA 77 XX FF%, Yo7V F(ME—vaviEickoTRIELE, b—2 1,
pRTS050N ; 2. pRTS0500 ; 3. pRTS60N ; 4, pRTS0600 ; 5. pRTS110N ; 6. pRTS1100,
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sso1 L WD R E RC B 75 X = F O single strand origin & D HLEL

ss01 13 pSN22 DEA RIS HRMET RIS 5. HEBbIL, pSN22  DNA
WERSB LURBIETFOMEL S lividans BROGEET T A X K pld101 Lk L, pSN22
0%%E%@ﬁﬁﬁ¥ﬁﬁﬁﬂﬁgﬁﬂ‘%ﬁ&%ﬁpmwiéwmﬁﬁﬂﬁBh&W:k%ﬁ
& L7z (Kataoka et al, 1994c) . —JF. Servin-Gonzilez b DHFFIZ L V. Streptomyces
phaeochromogenes i DIENE 7 X I F pdV1 25 pSN22 & IEFIZIHEVy DNA HEES], &
CEFEEZESZEBHLI Lo TWS (Servin-Gonzilez et al, 1995) ., “hb 2 oD7 5
23X R SSO BRI E DALEN IZIT D> TE Y, pld101 0) SSO X177 A X RORFEHIC
B4+ 585 (strong incompatibility; st Deng et é]., 1988; Zamén etal,1993a) ¢ &
72% 0.563 kbp @ Spel-Sacll ¥rAiZ. pdV1 @ SSO iX pSN22 D ssol LR LL spdA & traR ®
M DFE=— FEERIZE2 D 0.66 kbp @ Scal-Nedl WrHIZfEfET % (Servin-Gonzalez et al,
1995) ., ssol Lithd 2 DDOHHRE RC AT 2 I R SSO @ DNA ¥ EEF % LLk Lo iR
170 bp DIEFE RO B VRS RVWZE i (K 1-4, pSN22 @ nt 908-1080) . Z® 170
bp OFEIEkIZIIT 5 DNA lEEEFIOMHEFMIX. ssol lzxf LT pld101 T 75.7%. pJV1 T 77.2%
ThHot,

RCEIZF XX K SSO iIERP ML ssDNA ETRF A - N—TigEE LY, TOWEETE
FROEF.RNARY A7 —EEPBBLTCTFAv—%ERT D LB X HI TV (del Solar
et al, 1987; Dempsey et al,, 1995) ., & Z T pSN22 @ ssol, pld101 @ SSO, pdV1 ® SSO I
DOWNWT, ZENEFNZD 170 bp ORFINZER I Y TSN D ZREEZ R T2, LU, ssol
& pdV1 D SSO IZOW TR ZDRFENTHEN L FRISH D “REED LU THo
A3, pld101 @ SSO (2B 5 RFENFE L » PR S iz “RIEEIIMD 2 DD ZREE L X

RipoTRY, HFWORT A - —TREERIR LN o7 (K3-4) ,
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pSN22 801  CGCCCGCTGCTGCCCCCCGCGCCGGGCGTGACGCGGGAGACGCTCCCGCTGTT~CGGCGAC
pIJ101 7751  GCCCGC*G--GATAG**GTC*CGGTCGAG*T*CGCC*GTT-CCGCCG*CATC*TGCCCACH
pJ¥ 7156  AAGGTG*CGGCGCCT**GAA*GAACAGCC*C*GCGT*GGCAGGGGAT*GGGT*GTGGTGA*
pSN22 861  GACGACACGCAGCCCG--GCCCCCTCGATGGCCGCGCCGACACGGAGTGACCACGACGGCC
pIJ101 7695  ACGATCGG**A*CCG*ATGA**GGCCACGACGGAGC*GCACGGCTGACC* GHT *** *G** *
pJVl 7217  GGCGGATC**CGGAC*CGTG**CCGGGACGGCC-CG*AGCGCTGGGATCH GHT *** *T % x
pSN22 920  GTCACCCCATCGCGGCAGCAGCCCGCTCCCCATCGACCGGAGACGGGCGGTGCGGTCGCCT

1J10 7 *AThdkkkdk kO kk k(TR Rk kXK ACHAN*R KA QCH * ke ok * Kok gk k ok kk
P 1 7636  GECA**T kO GT*} AG*RR***AC GCTCAG

7 77 Tk DA khkkkdkhkk kT kk ok ka %k k ok k ok k * * % % LEE R L & % %k %k vk Kok

PVl 72 TTAG**A T CT** k44 KT *AGH *AGA* ¥4+ ¥CGGTGC
PSN22 981  CACGCAGCCCAGCCCCG-CGACGGCGGGGETACGGGGGGTCCGGCGACTCCTEGECCGCCA
pIJlOl 7578 *****S**T*AG*ACS* *****************C*CTC*GGGAGG**GACA*G*GCT**
pJVl 7337 * e kok ko **C*GT*TGG*T*****************C*CCC*GCCCCA**CCCG*G* GC**
PSN22 1041  GACGECCGCACAGAGCCGCCGACCCCCCACCCCTCCCCGCCAGCCG-—==--= -TCGGCG-A
pIJlOl 7520 ********CGT**G***GCGAGTC*************C**-TG*C _____ CTG*CG_._-_G
PIVL 7397 AkRAERAKTTTHRCH**CGTGA- -k ko kkkakkx b4 % 4 *CGT*AGCCGCCTT*GCCCGCT
pSN22 ~ 1094  CGCGCACAACGACGATGCCCGGCGGCCGGGTGACGGCCCGCCATGTAAACCGCTCAGGGAT
pIJ101 7466  **A**ACAA**GC*AT**CCGCA*T*G*C*GAG*A*-GCGCC*C*T*AACC*CC*ACCGA*
pJV1 7455  **A**GGCC**CA*CC**GCACC*G*C*T*CCA*G*AGGATT*C*G*CCTT*GG*-GCCC*
pSN22 1155  GCCGCTC-GT-GGGCAG---CAGAAAGCCCCCGCCGGGTCTCGGACGGGGGCTCAATGGGG .-
pIJ101 7413  G***CC*CCGTC*TGTGCGCGGGCCGGT*GG* *G*CG*GC—** *AGCH * * * *GAAGACA*G
pJvl 7514

C***TA*GGTCG*AGAGCGTGAAGAAGC*CC* *C*AC*GCC* * ¥ —CG* * * **GGCGTAT *T

1-4. pSN22 M ssof & U plJ101. pJV1 O SSO {511 3 EFET. GENETYX &=
%‘%#ﬁ&&ﬁy7 FO =7 E2AWT, DNA HERFZ LR L, X7 V3F FONBEZFRTES

ix. pSN22 i¥ Kataoka b (Kataoka et al, 1994c) . plJ101 (k4% 1% Kendall & Cohen
@ (Kendall and Cohen., 1988) . pJV1 iI Servin-Gonzalez & @ (Servin-Gonzélez et al, 1995)
HEIZ L B, 350 DNA HERFIRF ~T—FK LER 27 LAF K& *EITR L, pSN22 D nt
908-1080 F TD#7 170 bp iX. o> —->D SSO DEHEEFITH L RFESNTWVWS, ZD 170 bp
oﬁﬁﬁﬂﬁﬂlﬁkklﬂf?w END ZREBED AT L4y & RETTTR L, REINOSRERSIE.
, *Eﬁ?éﬁ%ﬁ&ﬁﬂ@ﬁ&b%m&i% pSN22 & pJV1 DR T AEEDMBIZEL TS 23, plJ101
CRIhb LR BBERTHE L,

33



R

PSN22 @ RC BB BIZ B W TH B P RME ssDNA OFMHSEER. T2bL I ¥ J#HEMNDM
MR L 725 SSO X, 75 x’i FOBESEEIIB ST 2 8ET spdd BL W traR Offj03E=— K
BRI EI2 > THFAE LTz, D SSO, ssol FIRAD 170 bp 1XF CH#RED RCETFF 2 I K,
plJ101 B XU pdV1 @ SSO L3EFIZARWHERMEZ R L,

pSN22 @ SSO 1ZLIAT, Bell-Smalb Wi IZHET 5 L 845 Sz (ori2 Kataoka et al,
1994b) . L#*L, ABFRICBWTZ D SSO FEHIRTSFX I FOF X J#MICHEEL., fEo

CTHEBIPRME ssDNA O T 2 J@EERIZITAVWORARNWZ EBALMZR o1z, R UHRE T
S 5iz. Psfl-Bglll Wil #8175 X3 F pMT314 25 SSO B2 20 2 L AR~ BA TV
% (Kataoka et al, 1994b) ., Z DEEIZIHT SSO FEHERRBEDICAVBRZ S S X3
KiX. pSN22 @ dso-rep # &2/ 5 2 X F pESS507 & LI TVS, 1K b OFEE & A5
RORIBRDFEEIT, YOS5 X I FELTRDRLTWBDIEoX Y LI3H1 LRV,
pESS507 @ dso-rep IS < @5 L IR ICHASh TV EEXLNE, FTIXIE

pMT311 (Psl-BamHI®) . pMT314, pMTE321 (Bgll-Smalb % Eix ol MTET) |

PMTE322 (Bglll-SmalP % EM AR AVFRTEL) bizThh, pESS507 HB\V\idth
BEIZ L7 X3 FpMTES iz pSN22 DA £ A AL CHELNTH Y | BFARID pSN22
225 DNA Bt A # E#EREE®LH O T2 (Kataoka et al, 1994b) ., = DRFLZ HEERIC
it BRERET BEEE LT, AR THAN RTINS FF 2 K pRTL 0 dso-rep DI
EMEATHEBL TV LW ZERBFET O, DWEIEE T pRT1 @ dso-rep ] 1-1B I
RULEFBLITHMECHBASRL TS LEXLNTEY ., RaizThEAWT Belll-Smalb
ﬁﬁ}#qﬂb SSO fE#E%. T U/“pS‘N22 M SSO & LCTHEAT LT\ =, Z D Bglll-Smalb Wi o
SSO FEHIZ OV T, HFETHRRS,

~ Servin-Gonzélez Hit pSN22 & pJV1.755 DNA HERS, BEFOBENKEFITEN L &8
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WL TEY (Servin-Gonzilez et al, 1995) . A#FF L TH 57))6;&07‘: ssol DALE D pdV1 D.
SSO DALE LRI L, spdA & traR DfjDIE=a— Fﬁiﬁkcié_ofcwéo =D 170 bp mémﬁb
%‘b\ﬁiﬁ‘z@%ﬁu, spdA 18 250 bp 35 L O traR 4l 250 bp n:ov\'c#élﬂﬁ%%‘fﬁ/\*fc Lz 5, traR
A 67% 72 o 7= DIT XS L. spdA IR 52% L {EVMEZ R L2, pdV1 D sp&A 12X pSN22 D spdA
& OFFEHIMELS . BELEFREBIZL5BEEEHD VT poci( DRES~DOEERR LN
., BEELTWARWORF £ZE2 61 TvW3 (Servin-Gonzalez et al, 1995) , & D spdA FEi%
ZBEEET 5 SSO @ 170 bp OFIRA 2 2D T2 I FIRBWTRFEENTWVWB EVWH Z LT T
@ 170 bp @ DNA HEAFIAS SSO DIEMIC BEERREI L oMM EZ TR LTV 3,

—77. pSN22 & plJ101 DEAEEBERETHISFET HHMICIE. DNA HEES. B
FEEICRBREIXIZE A ER bRV (Kataoka et al, 1994c) , plJ101 @ SSO BHFEET BAL
BiX, ToESEZECBET 58LFD—> kilB (Kendall and Cohen, 1987) DOEE % RIZH
9 B58EF. korB (kil-override; Kendall and Cohen, 1987; Zaman et al, 1992; Tai and
Cohen, 1994) @ kI E=a— FEKRTH S (Deng et al, 1988; Zaman et é]., 1993a) . #-T
ssol & pld101 @ SSO i, traR L korBL\WH EBELBY Lyt —F o RIFEa— RT3
BEFOEHBIED LIXVAD bOD, —HIXEOTHR. A To L@ L. Thethi
RBEFEROSSO THD LEXDND, H-T, TD 250 SSO FHIZEBWTRFEE LT
% 170 bp OFIIL, RILY SSO OFEMICEELRREZHOLEZOND,

SSO 12, HHPRED ssDNA DREIZBVTAT A - V—THEEZHR L, TO_KBEE
VZFNE LT, RNA RY A T—BEOBEUORFSRFHEIhERBE LTSI ~v—ERE
T1oEwWH, RCEEHROTF U FHEMBKRL LTHETSLZE2 00 TWS (Gruss and
Erlich, 1989) . E. coli ® RC &! ssDNA 7 77—, M13 X $X174 @ SSO (M13 Cid minus ori.
$X174 TiX primosome assembly site; pas & MR 5) Tid. ERPHEE ssDNA IZ single
stranded DNA binding protein (SSB) 34 L. ss o % = FTBZEIZEST, ds TH
% SSO o k#EERBEN., IS4 >— %GR TIERFIZRHBEN S (Kornberg and Baker,

1992) , $io T ssol MD 2 5D SSO TRFES N 170 bp DFRIZLONTH, LEORT A -
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N—FHREERD Z LAHF SN, Zaman 5;1 plJ101 a) SSO B|HEAIZ, VWL 29D
Staphylococcus = Streptococcus kD RC E 75 2 3 Pcorsso ISRIZR NG 6 sz 7 w}
F Pﬂ)efﬁéﬁﬁﬁaﬁ%ﬁo‘ RF B N PHEENTAET B2 L 245 L7 (Zaman et a].;
1993a) , LLZDRF A - —FHEEREDSIHIT 170 bp o)f%ﬁé}ufcﬁﬁiﬁm:ﬁﬁb

(pIJ101 @ nt 7310-7385) . Z DEAFITHL T D pdV1 Blv’bsmz @ DNA HEEFIZ i3
DEIBAT B - o—FHEB L 6 X2 LAF FORFESIIR LT, ssol OB LE
RERILZ OE53E RO TVWS (pRTS050N) . 3 2D SSO CIREFXI T3 170 bp DEEIED
ZHREEDOTRIEIT o TR ssol & pdV1 @ SSO D 170 bp OFEMIIELL Lz ZkEENR S
nicb OO, pld101 @ SSO OFFEED b FRIE NI “RIEIEIL, #fhd 2 DL ILEDRT A - )V
—TRENR LN o, L, arPa—F—i L3 T REETHITRIR Lz DNA
BESIDEKIZ L o TRELKEDLD Z B HBH DT, SSO DIR/MFEIRIZ OV T O R X

RO _RBEPFHERTE DAERENED B,
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o — &

pSN22 D5 X FEIZHFEET S

single strand origin E2% ss02 35 & ! sso3 D6 E
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pPSN22 O 5 X > J#ICHFE T 5 single strand origin 2% sso2 & sso3 DRIE

H—EITR L & 5z, pSN22 D#) 550 bp @ Bgll-Smal Wifrid. pSN22 k& i3 & 218
AZRhkL EZDH, u—Yr7¥—s 1 (RC) HERIZKIT 2B PHEE—AE DNA ©F
Xy FEEM OIS (single strand origin; SSO) & LToOEHEZRT, Zolh Eizid2o
D SSO BFLE L, sso2 DILEIX, 772X FOESEEORET S traBizFOTuE—4
— o FRL—F —EETH B transfer gene regulating element (TRE) ¢ EHEHL TV, b5
—J5® SSO. ss03¥%. traA~ivr OEBERBRTROF 22— FEIRIZAME L TWe, ZKEE
DFHEY, ZnbD SSOXFEDRT A - M—F EIZ, StaphylococcusED RCEFF X I K
D SSO 2B % 6 HMEDRFEINTEL LEFIZRFOZ LA LN R o7, ss02 i IBEFD
77 AGHERK RCE T 2 I RO SSO IZHE~RTIRIT/IEW. 52 bp DETAIZEREEN D Z

&L

o
Tuj

DY Y- ARERE B W CEN G LTER SR BRI—AH (single-
stranded; ss) DNA 75 2 3 K4F T, single strand origin (SSO) & PFITN 5 HMBAKA LS
SRR RS 2 LI k0TI BT S HFCRBER. €A FHOAR (5%
ﬁﬁﬁ%ﬁ%&l) ARtEEh 5, RC ﬁi‘?z 2 _F‘L:ISEM‘\ 75 RI RoOBEIZZ D X 57 SSO #%
FET BTN 2 bR C\B, Escherichia coli DN % 3 ¥ RSFI010 T,

'ﬁgﬁﬁﬁézﬁﬂ)ﬁ@ﬁb: §ingle-§tranded DNA initiation signal (ss)) &PFEIEN % SSO BFET S
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(Honda et al, 1988) . BMBMATAS! (double-stranded; ds) DNA 2BAZ L7ctk, BAs
PR ORBUCTEET B ssi BT TH RIEEZTHR L'\ EMRBBENG, foTZ o
RSF1010 mﬁ%&%ﬁm RCETHR 0 (FE 0138 r*z%)a, 3 Stapbyzacoccu;
f3kd RCHFF X X K pLS1 124k 5 {87 SSO DIRERFINEET D 7 E05h 2 81t RC
BB O Pk ssDNA LI OHFIZIFET D (del Solar ez al, 1987) . {EL. pLS1 TIIZ D
W kD SSO RAFEFIDMEERIIEA & ATl > TV,

B—E TR L 51T, pSN22 D Belll-Smalb B/ (Kataoka et al, 1994b) 13, #BZE
SEIRICH L pSN22 F & 15 & ICA S 78w & SSO Bt B #7720y, Reo Ty OB ED
SSO 1% pSN22 @ RC BHEBUTIIR L < FIA Sz, LU, Belll-Smal® Wil & &t 27>
FENCHBA L2548, MERANOEM TR ssDNA OEBRL AbhAy (F—% F1-238
B) Z &b, FRTAIZIX ssol & R%D SSO BHSHESL TS L EX DD, HiE RC
BFF 2 FD SSO IZ oW T, pSN22 @ ssol B X U plJ101 (Deng et al, 1988; Zaman et al,
1993a) . pdV1 (Servin-Gonzélez et al, 1995) D&F 3 0D SSO OERPBBE SN TWBE
T ThB, I TAETIIBREMEPN THERET S RC 75 X I Fo SSO 2o\ T D%
S HIZBBHDI, ;@ ssol & AZEDIEM 2> Belll-Smalb B F @ SSO 122\ T b 4R
EEITV, BRER X Uo7 5 ABEifko RC B 75 2 I Ko SSO @ DNA H#EFIR

FUTFRESh D G & DB EZRAR I,
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HHEELUVAE

ERE%. TSR FELUlkth
%—ﬁo@ﬁﬁ&ﬁ%o%ﬁ‘fﬁxiFémwto
A% DNA 24
B—EORIEE L FRIC LTITo 7,
TSR = FOBE

7S5 X3 KpSSO ¥ )—X, pSSO VY —XFF7 X I FRIE—FE L REEIZ. SSO DHENk
FBREWZRAVS pSN22 B/ (SSO Wr/) % pBluescriptll SK+D<vAF 7 a—= 7% 4 MK
FATZ LIZ X VEELE,

75 X3 K pSS0210 (Belll-Belld) . pSS0220 (Bcla-Smalb) | pSS0250 (Bclla-NspVa) |

pSS0260 (NspVa-SmalP) I3HA i SSO Wi 1L, Zh ZHuili 2 72| FRBER T pSN22 X
VE0Y H L. pBluescriptll SK+iz 7 u—=7 L7, 75 X3 FpSS0230, 240. 270, 280.
290. 300, 310, 410, 420, 430, 440 {ZAHAIAA T2 SSO B 1. pSSO030 #&M4 L L, #* 2-1
R LUEBYRMAEDEDERA YV IX 7 VEF FF I 4 ~<w—%& Ex Tag DNA polymerase
(i) AW PCR ¥ (Saiki etal, 1988) 12XV 1ERI L7, % PCR EMIIBTH ORIRIZ
AIENTZEY 2 HIFREERIZ X o TAE L72#, pBluescriptll SKHIZHARAAT, HHAAEN
7= pSN22 ¥t /i @ pBluescriptll SK+ ETCHHRIIL, &£ T pBluespriptII SK+D<NF I a—=r
7Y A bD Psll BLH D Xbal SHLA~DMXICE D LD ICHARENLTVS B—E K 1-1B

D77 XX FpSS0030 & Flkk)
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®21. #

VIARILAFFTS 42— DIEERT.

Name  Nucleotide sequence? Position®  Clone

M4 5-GTTT CCCAG TCACG AC-3 pSS0230/240

RV 5-CAGGA AACAG CTATG AC-3' pSS0260/430/440

1995 5-GGGCT GCAGC GCGGT ACTTA ACG-3 1995-2009 pSSO280

2008 5-GGGGG ATCCC GAAGG TACAT CAATG ACC-3' 2008-2026 pSSO300

2023 5-AAAGG ATCCG ACCCC CCCAA GGTAC ATCCT-3' 2023-2043 pSSO290

2050 5-CCCGG ATCCG AATCG GTGCT TGATG TACCT-3 2050-2070 pSSO270/410/420

2081 5-GGGGG ATCCG GCAAG GTACG TTAAG TACCT-3' 2081-2101 pSSO430

2111 5-GGGGG ATCCT GATGC GTACC TTCGG CAAGA-3' 2111-2131 pSS0440

2059R  5-GGGTCTAGAG CACCG ATTCG AAGCA AGGAT-3' 2039-2059 pSSO300

2074R  5-CCCIC TAGAA CGAAG GTACA TCAAG-3' 2059-2074 pSSO290/310

2089R  5-CCCTC TAGAT ACCTT GCCGA CGCCA CG-3 2072-2089 pSS0240/270

2095R  §-CTCGA GTTAA CGTAC CTTGC CGACG CCAC-3 20732095 pSSO280

2105R  5-CTCGA GCGGG AGGTA CTTAA CG-3 20902105 pSSO230

2110R  5-CGCTCTAGAG TCAGC GGGAG GTACT TAACG-3 2090-2110 pSS0420

2140R  5-CGCTCTAGAC AGACC CTCTC TTGCC GAAGG-3 2120-2140 pSSO410

TRE1-3 5-CCCGG ATCCC GAAGG TACAT CAATG ACCCC- 2008-2071¢ PSSO310
CCCGC TTCGA ATCGG TGCTT GATGT ACCTT-3

TREI-3R 5-CCCIC TAGAA CGAAG GTACA TCAAG CACCG-3' 2054-2074 pSSO310

A TREMLUZESNIL, 7 o—= 7 Ok A2 7 I RREEFR B MAAL

bpSN22 & Psl #ALH> b DX 7 LA F RN (Kataoka et al, 1994c) .

€Y X7 L2 FTRE1-8iX TRE box 2 (nt 2032-2043) DEFIBREZNTND,

75X FpRTS ¥ Y—X,

E. coli-S. lividans > h2V7F5 X3 FpRTS vV — XD

B BT LI, 5 ZXI FpRT1 D dsorep B XV tsr ¥ F0el 277 X 3

K pSSO & U —Xiz#AIATe Z LT L V1T o7z, dso-rep SR AAALBRIC, FED pSSO vV

— XTHAZAE N TV pSN22 Bi A (SSO Wih) & dso-rep DRE A pSN22 ELFUTHD

L%, pRTSxxxN (xxx R75 23 FORS. # : pRTS210N, “N” X “natural” ZEH

T3 ) L&, —F. dso-rep & SSO Wi/ DIA1& A3 pSN22 k& iXA Db D% pRTSxxx0

(1 ; PRTS2100. ““O” it “opposite” £ KT B) &AM,
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PRTSxxxN ¥V — X DOBFIIE—F L FRI. 77 XX FpRT1(HE —E%2 2 R) D tsr-dso-rep
%81 3.7 kbp ® HindIII-EcoRI i f %419 H L. pSSO Y —X% HindlIl 3 L 08 EcoRI T
EOMF L7 & & BICALZGAA TR LT, o T, BEShETFFXI KO ds;.rep & SSO MK
DiEiE. pSN22 ELATIR TS,

PRTSxxx0 & U — X ORLUIE — 5 & FMIC. 75 X I FpSSO v U — X% EcoRIH LU Pedl
THEIBr L. pRTi ® tsr-dso-rep #&1s 3.7 kbp @ EcoRI-Psfl Wi M AAA THEE L, #-o

T, BESNTZT T X I FOD dso-rep & SSO Wi IR E %, pSN22 kL iIRFZ2-o TIN5,

75X 3 K pRT19-290N 35 & U pRT19-2900, 75 23 K pSS0290 M sso2% &1 52 bp
@ BamHI-Xbal Wi Ji %, pUC19 iz R72 % HENCALZ A AT, pSN22 O dso-rep & 1r 2.9 kbp
@ Ballf-BamHIb Wi % . BE L= ZhTNDOT 5 X I FD Smal B X0t BamHI £47 ORI HH
A uéo 75 23 KpRT1 O tsr % &1e 1.6 kbp ® BamHI-Psf Wi} %, TADNA KU % 5—+¢
FRAVWTERME L% EcoRl U > —%272 ¥, HBELEEAENDT T X I KD EeoRl ¥
IZMLHSR AT, E. coli-S. lividans <% F 75 2 3 K pRT19-290N 36 X U pRT19-2900 % 187=

(g 2-44)
sSDNA D
H—-EORIER & I LT o7k,
DNA IS £ &R H DO fEH
%5—% L FIRRIC, SSO %> DNA ERFIOMOHIRE 7T 2 I KD SSO Flk & Dk,

BLU SSO AROBEM KMIEDO FRICIE, PCISOL v ¥ a—F— (NEC, HUR) BLU

CENETYX #EHSAEY 7 by=7 (V7 My=THs. 1) 2AVE,
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5 2
pSN22 OS5 X 58 EIZ(F 2 DD single strand origin BFIMEET S

B—ECR LI LY IC, pSN22 0 Bglll-Smal® Wi}y oF-> SSO #EHIL. dso-rep 1zxt LT
pSN22 | & i3 #im & IZIHA LGB EN 2 /o, Z oWtk Eo SSO IEEDNE % & bITFEA
WRET B, ZOBR D% 0045 % pBluescriptll SK+iZ/ g—=v271L, 75X F
PRT1 O tsr-dso-rep Wi i % TN T RIR D H M THMAIAA T, E. coli-S. lividans % MNVT 5
ZI FpRTS vV —X%HE L, £7FXI KX S, lividans D71 v X2 MZEAL,
Bisik% 50 pgiml OF F R P L7 b o2&t R2YE R ECRIR Lz, Boh R EER
Btk % b ugiml OF F R L7 k&gt YEME A #T 30°C TR & 9 553 L A EUEMERK
HOEEEZEDE, 2 DNA 2T L%, 1.6 pg © DNA % 1% 7 o —R S VERKENTH
BL, 7AAVENEITDRNTTIA e BT ay T 7352 LI2X D BiENO ssDNA
DHEFA U EECEE Lz, 725, %52 DNA BEFORAE DNA BB LI Wds 077 X3
RRFORIZOVWTIX, BRIKBHROT T a—2R S NVORILTF VU LRI - T, BEHFL
WZ EERRER L (F—FARER) . ThThOBEERIED ssDNA OFEEEFFL 1T Y
FAE—va I THERB L, BREH2-1AITR LT

Bel2 #1225 X 7 VAF K (ot ; pSN22 @ Pstl FBEELA L RFEEI D OFHTOX 7 LA

F KDFES) 2089 ¥ T% dso-rep 25t LEAFMIZETe 7T A I K pRTS2400 O H AL

BB P R ssDNA OEREE TR E R ofz, LML, Bella-NspVa Fih gt 77 XA F

pRTS2500 # & te@itkd4 DNA PIiTE R PRI ssDNA OERNEE X, SSO EHERE
Fedsotz, —7. NspVa.Smalb WiH %47 pRTS2600 X SSO fEME R LIz Z &bvb, T X

I FpRTS2400 & pRTS2600 IZEHIT 5 NspVa-nt 2089 FEIEAIZ SSO TEMNTFET B LB X

bhviz,
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A traR mRNA - tra-operon mRNA

. .
Bgni B e MY Smalb  accumulation

; pRTS030 + -
— —7/— - B pRTS210 + +
N " pRTS220 + -
pRTS230 N.T.-
pRTS240
pRTS250 N
pRTS260
pRTS270
pRTS280
; 'pRTS290
}—555—4 e pRTS300
gy pRTS310
’ pRTS410
B ‘ pRTS420
pesesssmess  pRTS430

PRTS440
1234567 829

T
Fl++++01 040+

sso2 sso3

B 2-1. (A) ss02 LU sso3 DEHDRE. &b LR L7c/—ik, pSN22 @ 550 bp

Bgll1-Smalb Sl L OZ OWERICE £ 5 4 oD TRE box (B BY O RLED) #& T
FNENRDOTZAI KD S, lividans IBAPIZI 1) % ssDNA SR OEFEOF EL AR
T~ L7, + :ssDNA ZEfE, — :ssDNA Z2ZH L2V, N. T. : FAEET, KPRV =X
Wi (0) ITHASAALT L X112 SSO FEHZ2HFOW R 2. Bik& o/3—1X SSO iEMZ Frlc iz
BTH 2%, oKL TR LIZRENL, BRE SN ss028 LV sso3 DREMEERT

(B) & SSOMIHE%2B8L TSR3 KD S. lividans $BRIMAIZ# (75 ssDNA R B EDER.
ssDNA 7RI Ffp¥&, P A T FA =Y a VIR Lo TRIEELTC, b—> 1,
pRTS280N ; 2. pRTS2800 ; 3. pRTS290N ; 4, pRTS2900 ; 5. pRTS3000 ; 6. pRTS3100 ;
7. pRTS4100 ; 8, pRTS4300 ; 9. pRTS4400,
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TRE box 1

IAAGGTACATCAATGACCCCCC
CATGTAGTleelclteele)

tra-operon mRNA

TREbox 4 .

1961 CTTGTATGGCATGGCTTCTCCCTGTTTGTCGGAGCGCGGTACACCCCCY
1961 GAACATACCGTACCGAAGAGGGACAAACAGCCTCGCGCCAT?

traR mRNA

TREbox2 Nspv@ TRE box 3

2031 CRAGGTACATCC!
2031

sso2

2101 2172
2101 AGGGCGACTGAC TACGCATGEAAGCCCTTCTC TCCCAGACAGC ACCGETGCTCCTTGCAAGGLGEEGGELLC 2172

sso3 -
Second strand synthesis

2-2. Transfer gene regulating element (TRE) D##i (Kataoka etal., 1994a & Y &%) . 12
WEXH S 725 TRE box DIRFEF| (5-AAGGTACATCAA-3) #HA TR LK., traRB LT
tra a0, EERARILOEEDHRZKEITHR L, pSN22 0 F ¥ JHAICFEY
5D 5028 LU sso3 DFEEE. AKE OEERFITR Lz, TOTORENL, I FEERK
DHWERT

L# L. I NepVa.nt 2089 Bif #8575 x I K pRTS2700 DR EEEMREIL. B8k
ssDNADEfRE R Lz, L EDFER N B Z @ transfer gene regulating element (TRE; Kataoka
et al, 1994a) LMINDESEEPBERETFO BT % — I —F R L HET
43VZ. Belld-nt 2089 {1l & NspVa-Smald Mo 2 > SSO REET 5 = L NRE Shiz, T742b
H. pSN22 ® RC @*ﬁ@'ﬂi@@ﬂjﬁﬁﬁk ssDNA ¢ 2B Y —F 4 V78R IIRHNO T X T
k2, SSOFEMERTHEEN 2 rIBFEELTNB I LIZR25,

= ORRICAFAET 58— D SSO. ss02 ik, 7523 K pRTS2900 K& %5 52 bp @ nt
2023-2074 WA ICRES N (K2-1AB XUV 2-1B, L —r4) , ZOWAX. TRE box & FEE
115 AAGGTACATCAA 0 12 b5 < ¥ 18 LEF! (Kataoka et al, 1994a) DM, TRE box
2‘ & TRE béx D22 EFATWS (X 2-2) ., TRE i traA-traB-spdBF~_u Y (traZ~<n
Vﬁ BEL trak @ﬁﬁrﬂ«@?a%»—%—i@&%ﬁ%‘ TRE box i3Z @ TRE SEBANZHFEL
T.TraR # > /80 B LA Lt tra 0 B L traR DS R AT o MEL oL %

z va@ 5 (Katéoka et al, 1994a)
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—F. ZOFRIHFET HHE -0 SSO. sso3ix. 77 A2 KpRTS4300 Iz xh 5 90bp @
nt 2081-2170 BrRIZEBBREX iz (K 2-1A13J:0’2-1B‘ L—r8) , ThbbZolAIX. tra

Fur DEERMA (Kataoka et al, 1994a) XY b THRIME L TWe (H2-2) .
sS02 BEIU sso3IFRATL - —~TEELIC6ERDBEERINEZRHD

Ihb 2007 X VTHEICHET S SSO &, BECHIDL AN /2 o7 ssol 38 X UH#RE RC &Y
75 23 Fpld101, pdV1 @ SSO Ik & @ DNA HEESIDLB 21T o723, HA2MHERMERX
o RohBhote, (7. B—ETHR- XL 5T pSN22 & pJV1 @ DNA HEEF B
L USRIET OREIIIER IS, Servin-Gonzalez Hit pSN22 @ Bglll-Smal® (2% 3 3
pIV1 LDBAIZIX, dso-rep it LT EBLLDHFMIZIHA LTS SSO HEHIIR b oTc L

BT3B (Servin-Gonzilez et al, 1995) ,

L]
a
e
o
)
-]
3

A2 ;—T'
G-C G -B
G-c*® AT &e-c
A-T® A A 6-c
2-?; - &-C A-T

[
GA‘ Ce G-
G G-C
c
T G T-A , cAGE-S
Tp.. S morer dher A
6C-6 c 111 w1kl c
c-G G CA
P CRAGA ¢ X Ace
c c G-C
G A G-c
A-T T-A
A-T &-c
c-6 c-6
T-A T-A
A-T a
[ c-G
A-T -6
A T T
c-c T-A
G-C G-C
A-T G A
A-T A
G-C c-G
c-G G—CA
a
c-G G-C
c-G 6-C

2-3. 5502 B KU ss03 D DNABERILYFMEhBIXTL - L—THE, “RIBEEDOTHI
iX. GENETYX @EEBHENY 7 by =7 2BWTHok. BBOXT A - L—FREORE
HERT. Tinoco b D/NT A—H — (Tinocd et al, 1973) ZAWVWIER/PBHZANVT— (AGQ)
I3 sso2 (nt 2004-2079) ©.49 keal mol-1l, sso3 (nt 2051-2170) C-57 kcal mol'l TH -7,
N TFHE ORI, | Staphylococcus B X O Streptococcus DV 2D SSO TRIEFEZI LT
% 1377825 TAGCGT 25 U EFl & =T, ‘
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s502 3 LUt sso3 D DNA HIEF L v 73| éi’yé THRIBEERAAILE 5, BBRIRVNZ LI,
CRBDRAT B - A LI 6 I bR B RATEFINIAET B 2 & Bt (R28) . O
D6 iﬁgﬂ)ﬁt’fﬂ (2 2EFNIT TAGCGT) X Stapby]jococcusv%’ Streptococcus Eﬂﬂéb
RCEIZFF X I R OHD SSO TS RFENTEY (del Solar et al, A1987) . ZDERIT
EREZEAT R L SSO OIFEH®NRELbND Z &35 Bi’VC‘J‘iZ) (Kramer et al, 1995) , sso2T
X, ZOEFNE TRE box 2 ORNENICHFTET 5, Z@ TRE box 2 (nt 2032-2043) & XKT 5
TER L7z DNAWR 284 Y X 7 vAF REHWTER L., E. coli-S-lividans ¥ % "V
Z %3 K pRT310N B LT pRTS3100 %#EH Lz, ZOF T A I R OBEGRRAKILILELH
bEMPRHE ssDNA 2 EM L (K 2-1A, B XV 2-1B, L~ 6) . TRE box 2 (& 45 DNA
BHHEFSID SSO BEHICLBETHD Z &R LI, £z, sso3 TIXZ D 6 HMEDRFEINL nt
2089-2094 ICFFEE L, ZOFE R 772 1 K pRTS4400 1F SSO &R E o (K
-IABIW2-1B, v—r9) , B, Z0 6 HEORFEINL, B —E TR ssol BLIW

pIJ101,pJV1 D SSO IZHB W TRFS TV S 170 bp @ DNABEFSINIZIIR bheh o7,

sso2 SEAEZBERID VS LB EBEN—Y V94— LB FS5 R 2 KO single strand origin &

YIERITEL

5502 Dix/MEERTX 52 bp @ DNA BFRIZIRE X723, ZhidBEsno 777 A5 Bk RC &Y
I 2 FD SSO O34 X, 130 bp #*5 220 bp (Gruss and Ehrlich, 1989) IZEE~_TIEFEIC
INEW, T=7E L., Zd SSO &M pRTS2900 O Fe oM 7217 ¢/ < . pBluescriptll SK+®D <
NFIa—=v %A+ (MCS) QAN A EFEO DNAEERFIOREBIC L - THLRTWD
FREM: LB/ E TE RV, T2 T.pRTS290 @ 52 bp @ sso2 7 F % . pBluescriptll SK+ & X MCS
® DNA EEESID R D pUCI9 12, R725HMITHMAAATL, pSN22 O dso-rep & tsr Bin
FEEE LTI A I RIZENENMAIAI, E. coli-S. 11'V1'Qa;13 vx hVZ 23 K pRT19-

290N 3 L O pRT19-2900 #4872 (X 2-4A) , 577 %2 I FOBEEREIZBIT 5 ER PR
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ssDNA DZHEZ T2 L Z 5. 52bp DMIFIZZ DF 5 2 I FETY dso-rep &1L H I

AENTBEIT SSO iEME R Lz (pRT19-2900 ; X 2-4B. y—r 2) .

A B 1:2

= e}
o -
-] o
o o
Smal o @2
(Baff /Smal) i i
EcoRl e =
—T— BamHlI Xbal
— Nspv3
tsr ]
NspV@ |/
31— Xbal (BamHI/Hincll)
BamHl|
EcoRl

2-4. (A) E. coli-S. lividans % FIL 7S5 X = K pRT19-290N & & U pRT19-2910 DIEE.
pRTS2900 Iz& (15 52bp D sso2 DE/NMEK% | pBluescriptll SK+ & vV F 7 a—= 7%
A k® DNA ¥ EEFIAS 2725 pUCL9 IZHAAIAA T, SSO &M% FRESS L7z, ORF XKV VRE]
T, MBIAAT sso2Wt i @ pSN22 ETom & IMWEHITR LT,

(B) TSR KD S. lividans {FAAIZ# 175 ssDNA HEPRADERR, ssDNA 77X K
B5F%, WAL TIEAE—Va il oTRIBLIZ, L—2 1, pRT19-290N ; 2.
pRT19-2900,

48



& K

B#RE 77 2 X FpSN22 LITH 3 D0 SSO AFE LT, BB TR ssolid, FFAIF
@ RC BHERUZBIT 51@%&#’5{2& ssDNA O F X F#EMIAWbhE, V—F 1 7#HEIZ
FIET B SSO Thot, —H. ss02B LU ss03 X T ¥ V# FIZFFFE L. pSN22 D dso-rep
LIXFZ7AI FEZFETOIME LIRIFIBASHRVRY , 7723 FoO RCEMTIIERZ
Rz,

DX TR THICHFET D SSO OBBEIXIMTHA I d, TRV THEHFNL TS RC
BEMNIBIT DY —FT 4 THOBRIEX. Rep ¥ I HIZ Lo T dso D= %2 FEALIZAEL
5 3-OH Kk 7oA v—¢ LTRBEND D, V—F 1 v J@EEMDDHIZIX SSO 134E
TRV, bHbAATTRAI FOU—F 4V JTHEMOBRP CIHABEEDO I X2y F R EM LD
HROT-DITEMBMELE LS. SSO b BUNFRHEIND . LW OBENEXDOND, E. coli
Yufafk DNA EiZiX $X174 O pas 8347 & A U DNA HERFINSEHFE L. oriC b OHERHS
PRI ENIBEIT. ZOBBEEFIRALTNnEE X6 TS (Kornberg and Baker, 1992) . L
AL ZOBEIIRAK DNA O L5 2R K2, Lb—EOMRAHMIC —EoB CHESIhz
BHRETHVFY arTRELEBL LTHEATHD M, 10 kbp BIEORE XD, — oDk
W&:ﬁ#@ a—HEBFEETDHTIXI FOBRBUIIKLETH D LIIEZEZITL W, A XP/PAEIT
ik, HEPELETSZ LS Zﬁ%ﬁf&wﬁfﬁ‘éﬁ HIKLS 20, ., —MENICERBEFEETHIT, —
[FOEWCELNRE THMOS TR FORPZ L >THD Z LB T& 5, TP 3FETR
~R3 X512, EiX S Lividans 13 SSO FHKTEHIC ssDNA OHBHEAREITDI Z LB TEX B,
BRD X 5 REHOBETH SSORGFET CHMEET T Z L BFAETHS,

BoOTE L LTI, 7723 KOBAREMCZ 0 SSO BEAFIA SN TNS T £ 155
iéhéo VE. cé]z"0)7’92 N F‘@&%ﬁ%@ Agrobacterium tumefaciens D Ty 77 X I KD
T-DNA @ﬁﬁ%’ﬁlﬂﬂ@f\@f}ﬁli\ ssDNA b#ﬁlﬁ'@ﬁbi’bé ZedmbhTwWs (Wilkins and

‘Lanka, 1993; Yusibov et al, 1994) . #oT. HRE7 T2 I KOBABRECENTHT T2 I
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F® ssDNA 3817 L TV D ATREMN B X b, ssDNA 384T Lk, BEMRATERNT S
BHC 2 @ SSO #SigT it B dsDNA ~EBREND Z LS TE B, &%ﬁ%z::‘o‘wf
ssDNA ZEE T HOD= vy X FEHAL (oriD) 1. —MANZ dso & Piﬁéég‘ﬂﬁ['@bé LE
BT3B, Servin-Goﬁzélez DIXHIT pSN22 & L U727 F R X F pdV1 IZ2W T, oniT
DBREEZRF DL BXONDENLA traB & spdB DR DI o— FERICFETHZ L2WELT
W3 (Servin-Gonzilez, 1996) , oriT LA U35 ssDNA B EBHHDENNISDE ZAHALN
IR o TWRWA, dsohHD RCHL iii%l:?%‘/ﬁ'ﬁﬁﬂﬁﬂfﬁ EhBZLbHVED,
72 L Servin-Gonzalez 51X, pSN22 Tl ss02 1 LU sso8 B3 fFFET 5 TRE $HEAITiX, pdV1
X ELLOHEITH SSO EHZF- ARV RT3 (Servin-Gonzélez et al,, 1995) , pejV 10
BEREEI T XV 78D SSO BLETRWAR HIE, pSN22 D 55021 LU sso3 iTEAIRZEIC
IR ENL WS bEXLRD,

SSO #3 RC REMOF ¥ VI FET 2HAOFK LM OBVMERLE LT, SSO FHtx
FODNAMABMMOT T A RLABBBRZEZEZ LT pSN22 4L M LI e &I, £0 880
PIEMERTLRVITRTHARENRT LI o7, WS ZEBEX LS. A5 Servin-
Gonzalez L3R T3 KL 512, pSN22 iIXERMEARIR & HERERKO _SOERDOR2 S
FIRPOMV Mo TWB EEZE xS (Kataoka et al, 1994c; Servin-Gonzilez et al,, 1995) .
PSN22 O rep BEF13 pld101 L AAFAMESES —F AR pIV 1 LRI AV, B
=T, pld101 @@?’Eﬁ%%ﬁﬁﬁﬁﬁé pdV1 ROBESEEFRESHEE L L EIT, ThETEREZ
FFo T\ 5502 B XU 5503 13 M THARAENRTLEWN, D% pSN22 TIITEMHNE - T
W52, pdV1 T E LITHEBRPEA TEREI KD T LE272 L W) Z BRSNS,
LixL., TOBEL 2 pSN22 D ss02 B LU ssod DIFEUNR T T 2 I ROEBIZAEIC R o7
BELR-TVE DM, & 1/"? %%Fn'ilifiéq 5502 B LU ss03 DHEREIZ DWW T X bIZFHMIARfiE
FRLETHS,
 Bglll-Smalb B 1i2iE 2 0 SSO BHFHET 5 Z L BB AL i 072, T 22D SSO i T3

ENBAT A A—THECRLND 6 ﬁ%@ﬁﬁﬁﬂﬁﬂlﬁ%'ﬂi‘ DNA HEEEFIT£< £72 5,
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2. 6 FEDRABIUE Staphylococcus % Streptococcus KD RC 77 2 I KO S0 I R.b
L (del Solar et al, 1987; Kramer et al, 1995) . 55023 J:-_U‘_ Ss03THLZD.6 ﬁ%%’é’ Uﬁﬁiﬁ
ERKTDHE .SSO EMERER BB LN, ZD6 iﬁ%zﬁﬁmcgifxﬁ&ﬁ%%ﬁ?o LEx
BB, LA LI 0 6 EEDREFEFIZIT A SSO EHIC LEAR D TR | b < SSO ko
T 5 Bt b BE AL Fr o L 5 X DB, 6 MEDRAFRFIEL S A TS pRTS3000
£ pRTS4100. pRTS4200 i SSO FEMZR &2V (M21) . ThbOTHEh 3 k&R
iX SSO IE % 7> pRTS2900 % pRTS4300 O KL L IIRARB (F—FFEBH) . =D 6
BEORFEI E —REEOHEFN SSO EHIZSLETHR LWIHIRBICL-T, FTRXIF
pIV1 @ sso2 B LW sso3 \ZHEY§ HFEEIZ SSO ﬁﬁﬂ%wﬂmﬁﬁ%t% %, pdV1 D sso2
WY 5 fE D TRE box 2 (Servin-Gonzilez et al, 1995) 121X pSN22 @ sso2 LRI U 6 5
DRFEFIVFET 585, T OfFELD DNA HEESID O FRIE 72 ZkA#EEIX pSN22 O sso2
LIREARY, T 6 HEIN—T EITIIHNRY (F—FAEBRK) . —F sso3 ITHYT 5 HEHK
it 6 HEORFEFIB R LA (F—FFEH) .

B L diE, ZOTXVTHEZHFET S 2 20 SSO OFENZ SV TIIREERERIIS
BTV, Zhbd SSO IFERIZY A XK EVWDT, NI/ F—IZHMBIALT L 2B X
EHATIIAFITH D, FEBIZ. EEIZ X > THERES Iz pSN22 Bk OHAREIR E MRS
R Z—pSNT107 12, Z D sso2 BB AA TN (BH, 1996) . THIZOWTITHKETHR

~3B,
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B

pSN22 Du—Y v 74— LBRIGEMIZBIT S

=y x T AL
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=%
pSN22 D a—Y T — I N BERICE T 5= v I8

pSN22 Du—Y 74— 0 (RC) BERMICK T =y 78 %, #hoksiE RCE T
S X X Fo> DNA HEEFI & OLEc X Y #EE L, BEBBEHBATHS double strand origin
DNA HZEEF %, H8E RCEIZF 2 I FplJ101 B LW pdV1 & LB LER. pSN22 137
HENT= o TEMLTH L Y (pld101 LFEEIZ X L= DNABEES 27§ Z &L BHL
Yo, FRSNES Y%L T AENEREEALLE 25, 7523 FOWRIERIE
BEH L. =y X T OEEEFIN Rep ¥ U R BIZ X o THBIIEBENTWH I L

RRE T,

B
il

Streptomyces BOBLBTFBRERICBIIDPERRIZAI R/ F—RAELBEHNE LT, £<
® Streptomyces BHEXD/NAUBR 7T X I FIZ oW THEMBE O BITbh T3, BlED
EZAINLDTRTONIBERSS R I Kidu—Y ¥ —2 L (rolling circle; RC) ZEHRY
2179 ::k BEbhTW5b (Deng et al, 1988; Pigac et al, 1988; Hagége et al, 1993; Servin-
Gonzalez, 1993; Kataoka et al, 1994b; Muth et al, 1995; Yokoyama et al, 1996) ., RC Fi#g&
i double strand origin (DSO; del Solar et al, 1993) & eI B E BT OB E DBHIZ.
77 AI FLiz=— K&Nh3 Rep ¥ /0 BN=v 7 2 ANB I LICLoTRMBESNSE, 20

=y &b —FOEHIE LT T ?E%%“Pﬁﬂﬁk'@ﬁ)é—ﬁiﬁﬁ (single-stranded; ss) DNA 75 X I

| FBERE NS,
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Streptomyces BN D RC B 77 2 I FIZBITH DSO D= ¥ > JEfL OLEIL, Servin-
Gonzélez & X o T Streptomyces lividans © 7 7 A I F pld 101 & Strepiomycés
pbaeacbromoéenes DF5AI K pIVl OMABRIEEHWTREShE (Servin-Gonzélez;
1993),pId101 ® DSO B XV rep BIEF & pJV1 D DSO B LW rep BI=F %ﬁ/ﬁ? L.S. lividans
Wﬂﬁﬂfhﬁ‘732iFL@2@WK:V&ﬁA6°%ﬁ%ﬂﬁﬁﬁkéhék\iy%y
TEMD LK E TR THEORREXATSTIAI FRBLAS, T C. BT AIFR
@ DSO @ DNA HBEE S Z 74T L. plJ101 BRDESNH S pdV1 HRDEFI~ERD D R % [H
FE LT, —J. Hagége HbiX. Staphylococcus aureus B MD RCE!IFF X3 K, pC194 F—
7 (Gruss and Ehrlich, 1989; Janniére et al, 1993; Seery et al, 1993; del Solar et al, 1993)
RBWTREENNTWD =y X FENL D DNA HEEFINS. Streptomyces ambofaciens B3
DT ZXI FpSAM2 ZBWTHBREFESNTWAZ E%ERL, ZOHONR=v XV TEMTH D
ETFHILTWA (Hagége etal, 1993) . pSMA2, pld101, pdV1 72 ¥ Zh b Streptomyces J&
HD RCE ST AI FIXED Rep ¥ /X7 HB XV DSO DEFINL, D& Z AT T LR
D pClY IN—TICRTDHZLEBALNLERoTWS, FHIEND =y F 2 FEHMOESNIX
Muth 5DOHEICE LD LNTWSD (Muth et al, 1995; Fig. 3) 2. Z DOER4A3Mtod pC194 7
N—FDRCETFRAI FTIHFEIT L FEHFEENL TV D DIZK L, Streptomyces JBH KD RC
BMFFRAI FIZBWTHRHE Y LK RFESLTHRY (K3-128) , Z0RREMN, 5ZXIF
MDD Rep # v 3V BIL X D= v % JEN OESIDOBHER 270D Th e b4 Rep
BRI BIIBBECLENENO= vy X VML OERFIZBEL TV B OIIH LTI R - T
VRN,

PSN22 BRI~ L S IZFF A F pdV1 L BIEFHEE, DNA EERSIPHERIZENTS T
A FTHBH, BHIENT LI rep FERZTIX pIJ101 L IEF MRS EV (DNA HIEAE
T 92%., TRIEShDT I 7 BEESIT 95% ; Kataoka et al, 19940) o &I TAETIL, pSN22

@ DSO fHEZ X HIZFMIZ pld101 B LU pdV1 @ DSO fEIR & b L7z, LT, TPHIZh D

L

ZFVTENIZNL OO ERBRRERLPEAL, TR FOBER~DEEEFHAI,
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pSN22
plJ101
pJVv1
pSAM2
pSGS

Consensus
OX174
pC194
pUB110
pBAA1
pCB101
pLP1

Putative nicking site

Streptomyces nigrifaciens .

Streptom yces lividans
Streptomyces phaeochromogenes

Streptomyces ambofaciens

| Streptomyces ghanaensis

Escherichia coli
Staphylococcus aureus
Staphylo.coccus aureus
Bacillus subtilis
Clostrodium butyricum

Lactobacillus plantarum

1. MBERETSRIFBLURCE ISR KpC194 FIL—FI2H1H3 =y X T8
DEF, Seery et al, 1993 LU Muth et al, 1995 X V&, MREHEFZORCESFZAIF
TiX, o pCl94 T N—FDF T X I RCRERBRFEEINTWS 5-CTTGATA-3 (KF) 23,

HEVREEINATHRY, ROARIZ, H#FFZXI FBIUITF U ET7 7 — U HBESRIZTE

FERL
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HEBIUFE
DNA IS B B DAEHT

DSO 4> DNA HEEBRFIOMOBBRE I 2 I FE OHBEOITB LT SA AV b

1. GENETYX #=1HF#HABY 7 b7 (V7o =THE, ER) KXoTiTol,
FEEEK. 75X I FELUEH

f8xE & L THIV 7= Escherichia coh 3 XU Streptomyces lividans, E. coli D7 a—=2 7~

7 F—, i, BE—EOFREHLFACLOE2MEMALE,
#HAHZ DNA B

B—EOREE EFRFRICLTITo T,
BUBRHNBAREROBA

FHIEhD =y ¥ TE~DREBREROHEAIX, PCR HIEZ AWM HRAIZEREA
¥ (Picard etal, 1994) #WE L TiTo72, R 3-VIRLEEA Y AX I vFAF K M13M4 7
T4~ — (£BE. ¥R THTHh 10pmol ZAV, BT b=y X Tz vV FIa—=
VIYA M7 a—=12 L7 pBluescriptll SK+% &% LT, PCR ¥ (Saiki et al, 1988)
Z 1%L 7 VfFo7-, PCR ‘Hfﬁl.li Ex Tag DNA XY A 5—¥ (@S AW, 0%,
%f:—ﬂ: 50 pmol ® M13 RV 75 A =— (Eifii) #Mx, 62156 %+ 7V PCR %17

Sy BABICATF 2717 50 pmol D M13 M4 75 A < —%Mx. 15 %A 2 L PCR 24T\,
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ERDSOMAZEE L7,
DSOZERISR=: FOHEE

DSO MATRRBEREFOTSFAI FORFEIX, UTDX L TiToT, T, TRIE
Nd=w X TENEETe 226 bp D Smal-Apal Wrh (4 3-2, nt 7781-8006) % . pBluescriptl]
SK+izra—=2 7 Lz, ZOBR 5L LT, fiROFETTRHERS = v X THM~A
BREREFEA L, BONERE A %F 0 pBluescriptll SK+? Apal-Smal ERALIZAEI A
7 %iEY 5 DNA BERFIREEIC &> THAS W RREREF I HRB LI, RIZ E. coli-
S. lividans > hA7Z A F pRT1 (E—EBMR) LY pSN22 ® rep #&te 1.4 kbp O
Apal-Kpnl BrhZ810 L, BE LK ER DSO Wi 28177 2 X FD Apal-Kpnl EMTIZ
BALIL, ZOFTFTAI RXVEIYH LT 1.6kbp @ Smal-Kpnl Bi i %. 75 %I FpBRV1

(pPRT1 & FERIZ pUC19 0 Smal #ALIZ pSN22 O dso-rep % &1r Ballf- EcoRVA B BB &
2’VCb\52)i pRT1 & &2V FF X v b U TEBIET tsr 13R7272Y) D Smal-Kpnl SIKrER
WA AT B R dso-rep ER5y & 58 LTz BARIC tsr BB T %8175 2 I KpRT1 @ 1.6 kbp
® BamH1-Pstl Wi i 2% 75 2 I KO BamHI-Pstl #1248 iA % dso 2R E. coli-S. lividans

VY MVFTZRI FpRT VU —X¢ L,

DNA IS E BRI DRE
DNA B EERF(DORFEIIF —E & FHEIZ, Termo Sequenase fluorescent cycle sequencing Kit
(Amersham, Bucks, UK) %H?\/‘\f:?‘::wyﬁ — I X— 3 ik (Sanger etal, 1977) 12Xk o

THA IN—F v ARE%E1T, ALF 11 DNA Sequencer (Pharmacia, Uppsala, Sweden)

% AV DNA RS2 R E L, -
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75X = FDNARODOREER

MIEADFF 23 F DNA BEYufalk DNA & & HBd 572 DiC, | “H‘."}‘*‘//\/( T FAL By
a i (Southern, 1975) &AWz, RAKDNA Dv—H—L LT, S lividans D% 3 u—X
4V A5 —¥IEFO—#E POR ¥ (Saiki ot al, 1988) 12 L ->THIEL. pUCIS ICHARAA
K7J 2 FpXISL1 (Y. Talawanich, #5A. B, RFERT—¥) &MV, PCRIKCA W
YR 7 vFF Fid, Streptomyces rubiginosus (Wong et al, 1991) ¥ XU Streptomyces
violaceoniger (Drocourt et al, 1988) DOF L u—ZA Y 2 5—ER/EFIBWTEREShZE
FILVEEE LIz, Y IXY LAF FoBEERFNIL 5’-CTGTGGACCGTCGGCTGG-3’ & b-
GGCTTGGGCTCGATGGCG -3"C. #NEh S rubiginosus D¥ v u—2RA VA5 —¥EEBETF
? 1741-1758 HH I L U1 2232-2249 I (Wong et al, 1991 2) [ZF¥ 35, Ex Tag DNA
RYAF—EEZRAWTHEIELZ 510bp OBTA % pUCI9IZ/ 2 —= 7 L, #F XX FpXISL1
M5 L, pRT oY —X13 pUCI9 % &iricih, pXISL1 MREKEDF L u—2A Y 2 F—
BREFLRARIIIRAI FERBRETEF o -7 LTRAVWS B TE D,

FFAI FDNABLUF VO —R A VA S—PREFORBIZ, UTFTOX3IZLTiTo7,
8. lividans D E¥x#idk X W Hopwood b DFHEIZESW T2 DNA 2H#iH L 7= (Hopwood et al,
1985), 1.6 pg P2 DNA % 1% 7 H o — RS )VEKIKEIToHE Lz, 7 A0 UV EEZTTV DNA
)4 o (Hybond-N, Amersham) 272y 47 Lz, Fu—7¢ LTiX. DIGDNA
labeling kit (Boehringer Mannheim, Mannheim, Germany) IZ XV VI X% v 7=

(digoxigenin; DIG) -dUTP Z~,L 7‘: pXISL1 # RV, DIG luminescent detection kit
(Boehringer Mannheim) (2L > T XI FDNAB LRIV un—XA VA F5—E@#ETZ
B L7, ¥, 79 2 3 Foa e —HKoORIER. [0-32P]dCTP # X Uf Random primer labeling
kit (FEiEE) 2AWTE#R L pXISL1 727’::»—7?:}?]1:\’(_@%&:")"93‘//\47‘9 FAE—
a vV, = FVFT T T4 —CHRE LR, XV FEBSEZEVR-oT, £ 0—rHIZ

AV TN v FL— gy Z—CRIE L,

59



rd

® R
PSN22 O= v LT & Y FROEEEFIL. p101 OEERI LB MERRERT

pSN22 @ dsoffilfi% pIJ101 8 XU pdV1 D= % > 7 #BL (Servin-Gonzélez, 1993) .pSAM2
DOFHEND=v X JEML (Hagége et al, 1993) & 8 L% R, Staphylococcus D75 A
T FpCl194 SN —FTCIRFENTZEF L L PBEFIBFELE (K 3-2, XKFTRENTE
5-CTTGGGA-3) . %2 T, pSN22 & A F OREREE BTV B 75 2 3 K pdV1 B LU
PSN22 & rep BARFOMFMERIHEFICHEVTF X I F plJ101 @, DSO ko DNA HEFRS|
L DM E T o7z, GENETYX BEEBRLEY 7 P =T 2BWVWT, pSN22 O dso &8
e, FRISIND =3 JEHADORTE 250 bp DOFFElkD DNA HEE S %, pld101 B LU pdV1
DENEIAEY T S5O DNA HERS & Lk L& R, 3 » BT DNA HEREFI O RS
BV ERRLE (M3-2) . 2095 pSN22 DX 7 LAF K (nt ; pSN22 0 Psd FBakisiL
P HEFHEY OHFHMTOR Y LAF FOES, Kataoka et al, 1994c) 7823-7869 ITAFHET 5 2
#FH oRFHEEGY, pld101 L OHEMSELEHWERTH DI, ZoFEERIXTFHEE =y X
¥ TEALOBFINHIEE o Tz, Z ORI 47 E bz o T, plJ101 2847 B AR &
FEEI—BLTWE, ZOFEEO TR, nt 7949-8033 i2iX 3 HFH ORFEBRBEE L, =0
FIRIIE TS ZAI KO Rep ¥V A2 BOTFHEhBHME= KU 28 ATV (Kendall and
Cohen, 1988; Kataoka et al, 1994c; Servin-Gonzélez et al, 1995) , = DRSO FHiO%K
EBEFiX. pld101 LiXFEEIZRVWAERM 2R TH (Kataoka et al, 1994c) . pdV1 i3 B
RoTWhk (F—FFREH) . 1 BEORFHREEIL., FREND =y ¥ FEHAAO LK, nt
7660-7763 \ZFEFE Lz, = OFEIRIZ pSN22 THHEM O LEEIRICE T TR Y .0t 7778 ® Smal
HMLL Y EHfiERKT S E T TR I FIBHEMREEZKD (Katacka etal, 1994b) . TD 30
DIRFFFIRD pSN22 DR EEF| O FEMIX. plI101 & 13N Fh 73%.100% 3 X ¥ 96%.pJV1

LIXENEN 67%. 68%B LV 66% Th o7z, pdV1 & DHFEMER EOREFHR HLIZER L TH
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S7h3, pld101 & DFEFRMEL, 2B BB XU 3 BB ORFEINCLERT, 1 F B ORERSITE
LLEVWEZRL, =X SO TidbAIZ pSN22 & plJ101 O EERFIOBFEHEI S

BBEAFHL D E RoT,

PSN22 7556: GGCCCCTGACCGCT~-TCTGACGTCCGCCCGGATACCAACCAAGGGACTCGTCTGT TGAACAGGGTAAGGGA-CGCTGAGG
PIJ101 1587:CCGA**CH*T**** *CCHA* * ¥ TCG* ** + * CTTAG* * GGG*G*~—** *AG* AAC* * * *CT* GT*CCC* *A* ~~TA*G* *—*
pdvl 3121:C*G*TACC*A*CAAGGGACT** *+T*+*TGTCC*GCGT**GGG*C*CTT*G*CG*CCGC* **CCCC*CTTT* *-TCGGCGC*
onserved reqgi

pSN22 7634:CGTCCGCAARGAGCACTCCCGGCTCG
pIJl0l 1512:**ATGC*G**—** *T*Ge*A*p**
pJdvl 3200: *CGA*T**GTC**C*G* ¥ * *CG** -

Smal
CTTGCCAAGATCGCCCGGGAAGCCGCCGA

_______ kkkdkk kG *Pk_ThA Kk _kd*

*GGAAGGCCGC**A** *R* CCr*++*AG*+C

pSN22 7714
pIJl0l 1433
pJvi 3278:%eh

Conserved regi

pSN22 7794 :CGCGCGT
pIJ101 1364:GAT**CG
pJvl 3358: ***C* * *GAGACCG* C*CTGG* ** ¥ * A*G* — Ak +]

pSN22 7865
pIJi01 1296
pdvi 3426

pSN22
plJiol
pdvl

TCGCCCAGACGGCGGCCGG

dhkhkkkkdhkhk bkt kb ktkhk

A***GA**T**A**C*TG*

pSN22
pIlJlol
pavi 3575:%

B 3-2. HMEE TSR I R pSN22, pld101 S & U pVi @ DSO $EisiD DNA 5 E 5 0D L8k,
X7 VAF FOMEBEEZTTESIX. pSN22 iX Katacka 5 (Kataoka et al, 1994c) . plJ101
X Kendall & Cohen @ (Kendall and Cohen., 1988) . pJV1 iX Servin-Gonzélez & @
(Servin-Gonzalez et al, 1995) 51z L -7, pld101 B LU pdV1 & DNA HEEFID 5 5
pSN22 LR—72bDIEX*ETRENTVD, =y ¥ VBECRFERFIIATTRL, THIS
3=y 7 DABHFERATR Lk, DSO FORE S AROEERINT, BE o0 xR
éﬂfhéojﬁxiFpRP?U~f®¢§K%%kSmﬂﬁlﬁAwﬂ%ﬁﬂﬁﬁ\Eﬁf@
AT LT, rep BEFOFRESNEBI= FATTATH, FREHELEATFORLE,
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TR ITHUDERERI~ORBREROBA

:@%Mént:y%yﬁﬁﬁﬁfixiF@ﬁﬁmﬁmrﬁﬁbrwS:&%mﬁiét
b, =%y SEMORFRINCEMIERMICRAERZ AL, 7723 FOBEERIE~D
BEEPRARZ BELLTSTIXIFE S lividansTR21 71 75 2 MIBEEREEZ AW
THEAL, 50 pg/ml OFF R b7 b %&Eie R2YE 7L— b L CHEERRELRIR L, &
-1 IR LI LD IZ, RIFESIONE (nt 7824-7829) IZHA LLERIIT T, T XI FD
T HERBEER KbV B h, L S8, = v x v TEMOBRFESI O/, nt 7828 D CEE%E
T 2% % 7z pRT7823 DA, HAERMDSZ X I F pRT1 (FE—ESR) LIJTF UBHEHRE
%7 L7z, pRT7827 (nt 7827 ® G BE% A IZE®E) B X pRT7829 (nt 7829 © G HHE% T
IEHE) CREBEOBEGERENRELNEZN, ZhboREGBEAOHEEEEIMELS ., BERDL
—B¥CALNIRE EDan=—ItATTHETICHN=A 2E LI, pRT194 (RFFES 5~
CTTGGGA-3% pC194 B> 5-CTTGATA-3IZEFE) . pRT194M (pRT194 LU A Y TR~
VAF REEM. ALEHIZ nt 7818 @ T3S C ~ER), pRT7826 (nt 7826 0 T &E% G
IZZE®E) . pRT7826M (pRT7826 LM UA YV X7 LAF F&#M, (ELEHIInt 7832 D A
BENBKEK) . BELCpRT7829M (pRT7829 ¢ M UAV X7 LAF F&{#M, BLEHIZnt

7818 O T IREMN G ~ER. nt7819 0 CBERKE) TIIe WEERKIIE DMk,
FRISXI FOaPF—HOER

BONEBEERES T T X I FEARMICEB L TWEHE 5 hEHRT Hd, F5v
NATYHFAE—a .‘/?ﬁ’ﬁ:ﬁﬁh“'(fﬁx I FoBRH#%#1T-7, pRT1. pRT7823, pRT7827 &
;Upwwwsm;of%n%nﬁgﬁ@éntsumums%\5%mﬂ@%¢xbv7by%
. &¥r YEME ks P CRECETEMR N E THE% L, 2 DNA it L7z, 1.6 g D2 DNA %

A%T H =R VESKBTHEL, TAHVEREToBI A v BT ayT 7
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Lo 772 FOBZRAEK DNA BELBT DD, Fue—T7 & LTk pUCIY i S

lividans D% L 0—2 A4 Y A 5 —CRETF O— W% Y 0—=2 /LS FX T FpXISLL 2 v

7"
-0

%31 AEREROBAIZLB TSR FOBEERNE~DOHE, pSN22 D=y > /i
L DARAFEFNE, KF TR L, X7 LAF FOMBETTE S, Katacka bOHEIC ko7
(Kataoka et al,, 1994c) ., 77 A RO DNABEES DI L, EEERZLODHERL,
EEENARDP- bOI*EITHR L, PCR HE2FI LB RAEROBEA VLY
XY LA F KOEBEEFIZ, TH TR L, 8L, pRT194M, pRT7826M 3 X Uf pRT7829M
X2 2H pRT194, pRT7826 38 L U pRT7829 L B4 LAY IX 7 LAF REAWVWTHERS L
e, EREAOBBCE DREPERESNEERBEI o b0 THB, ND., RHEhT,

Clone

Nucleotide sequence

Relative efficiency
of transformation

pRT1 7811 AAACGTGTCG CGCCTTGGGA AAGAAACAAC 7840

pRT194
pRT194M
pRT7823
PRT7826
PRT7826M
pRT7827
pRT7829
PRT7829M

dhkdkhkhkkhkkkk

Khkkkkk\NT*

khkkhkhkhkkkkk

*******C**

khkhkhkhkkkkkk

*******AT*

**T*******

khkkhkkkkkkk

kkkkkkkkkk

*kkhkkkhkkhkk

*****G****

*hkkhkkhkkkk

khkhkkhkkkkhk

*hkhkkkhkhkkkh

*****G****

*khkkkkhkpkkk

ok hkkhhkhkkx

kdkhkhkkhkhkhkkk

kkkkkhkhkkhkd

********T*

kkkkkhkhhkkk

*******G_*

********T*

khkkhkkhkkk ki

1.002

Growth Copy
number
Normal 43%3
Normal 5045
Slow N.D
Slow ND

a pRT1 O EiEHEIEIT 2.5 x 104 transformant/mg DNA,
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pRT7823 1L pRT1 L IZIER LA, BEF BV —EK&ER L (£3-1, BLIUK 33, L—r
1R X0 2) . LA L. pRT7827 35 L Uf pRT7829 DY REMRIA TIIYL Atk DNA OfLED Y 7
FNULPHERTET (K33, L—r3BLU4) . ZhbDF TR I RFRaEICEAER

TWsEEzbhiz,

<« X

< Plasmid

B 3-3. S.lividans BXEE#RAESROD TS X = K DNA DEH, 1.6 pg DL DNA % EcoRl (7
Z I REIZIE—RBHBIMAL, Fvu—2A YA T—ERETF LEOF o —T RO BRI
EMLIZEEL) CTRE LTI F2EHFHIE LD, 1%7 A o—X 7 )VEKRKENCoHE L,
772 RFRB LUV EEDNA FOoxFT o —24 YV AS—FEEFORHIL, AXHPTHRR
T HEIZ L VITol, L—2 1, B4R pRT1; L—2 2, pRT7823 ; L —> 3, pRT7827 ; L
—> 4, pRT7829, XI 3R DNA BOSRL DX u—XA VAT —EHEEF,
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x5 =

RRERDHEADRER. 5'-CTTGGGA-3’73‘ LD pSN22 DIRFEFNIT 7 2 I FOBBICE
HiaEE, B5< RC @%ﬁ@&:i’o‘h‘é:‘y UL LToOBEER2LE2bhT,
Streptomyces 3D RC S Z X I Ro= vy X FEMOEEERFIZ. B 3-1I1ZRLZX I
> pC194 I N—FDFFXI FIZHRTHED LK RFEIRLTHRY, LA LERELDE
ADER, —HEDEREA LT AI FOBRMBELZBAOESEDZ LWL LR, ?Lﬁo‘“C\
FTTAI FD Rep # VNV HIL, D=y F 2 FEMLOE RS %2 BEIZFER L T
2rEZLND,

pRT7823 11, BFARID pRT1 KW bEWa ' —HEKOZ LR E N7, pRT7823 i3 HEx
BOMBELEFARE LRl T30, BRE RCE T X I Fo = B — 5l O E 7%
TN TVARWEYD, Toa B —HAEMN LZRE & 2288 XA R TH 5, pRTT827 &
KU pRT7829 i3 A OW HHE RN b DD, T2 I R FIIHR CE b ok, Th
bDFZRXI NI S, lividans RTIIH &b EBBTE VD, TETHLIERICRLRERZD,
LAk DNA LiCHARA IR boMIkbZ B bhD, T b ORERBRETIT, F
FZX VT P EETRH T OMEEEIMED o 223, TN O ter BT D 2 E— 548
B LiciebeZEx bbb, 77 X3 FpRT7829 BHEEBREPIZRILTE R 272D, B
NipZ L ThoT, .732%7’2 Hix pRT7829 D HEES] 5-CTTGGTA-3'1X. Servin-Gonzalez D
HEIZBITZpld101 L pdVIDHF A TZFF52I REFEUESITHY . ZDF TR KX S. lividans
NTEHBMTEZ1HHTHD (Servin-Gonzilez, 1993) . - T, Z® 5-CTTGGTA-3 DEFIIX,
pdV1 B Rep TIIFA MM TE 523, pSN22 H D Rep THABMTE W EWIRBAE XD
nsa, EREWT &2, Brasch k Cohen i plJ101 IZBWT, = v ¥ TENLOEEZ KWWz
TI7AI P TEBR L %7_]:\' L7= (Brasch and Cohen, 1995) , plJ101 & pNS22 @ Rep
BUROBDOT I BRASUII AR R T ET & 5 IHFRITEV S, D ORR &S BIORER LI

FEECRESTVS, ORERELATIAVE, plJ101 BCES 0=y %y S L 2
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SRR BoT VI AREELEZXONS,

PSN22 D= % > ZHALA D FHiAS, AIC plJ101 L A OBVESIC R~ TWD Z Ehb.,
ZDFFZRI FPRpIJI0L BDFFTRXI KL pdVIEID TR I FOMABIIZL o THRA LKL
LS EBAE X BB, plJI0l HOFT X3 KE pdVI MOFF 23 FARA L, TORT
NENDRep F o NI B Lo T=w XU TEMD B pSN22 DL & #2575 2 I FAEIY HE
Nd., ZORR. =X TEL LY TROEEESX plJ101 & EVWHEEMEEZ RIS, pdV1
& OFRMEIIMOBIRIZLE S TEN ST 2 I FRERT 2 (K 8-4) . T DIRERIZ LT, pSN22
& plJ101 D= % JEHAL TR OBERSIORBRRIILITHVERAMLZHATE S, BLZ
DIFOMBERIL, 2 BAOREFEKE 3 BB OBRFEROMIZ, plJ101 Li3£< B2 5ES

BEFEET B ETHD, ZORIOEFIILL 55> TV,

plJ101 . /pdvt
type ~§§-§~‘I——————’— type
rep rep o
DSO o
DSO(\ rep o,

DsO

Fusion
plasmid

%;so
A

@ val
Qpe
rep rep e

H

DSO DSO
' v v v
plJ101 ? pSN22  pJ1

B34 TSR FpSN22DEYITE (RE) . pldJ101 BL U pdV1 OFER LR E ST ZXIF
FHLAMZIC L VS LIcte, TH BN Rep & v S/ EAR DSO D= %o 794 b LD T
FRIR12=y FEEIVH L, pSN22 OERILR2 75 R RAHEE L LB EN3,
TORBIZINITE, 2EHIDF A FOTFTRI R Y IMHEET ML Lk,
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o U £

a—Y 7Y —2 VBT S5 R I RO Streptomyces

Iividans \Z BT 5L IERFF RO R FEESHRD.

in vivo 8 X O in vitro T DEHT
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B
0—Y > Y—H LBT SRS F0) Streptomyces lividans |= #5 B BEIFHR

Biith> FEEMD. invivo & U in vitro THREH

B#RE Streptomyces lividans \IZBWT, a—Y 79— 7 NV RIEMEITH S5 X I Fid, &
BUhk—A8 (ss) DNA 7°5 D& DNA ~OERREE (L FHEAR) OBBATH
% single strand origin (SSO) ZXE L THLLEEITRFEND, T X I FpSN22 BT
SSO FEHDOFEIX. S Lividans P TOT T A Foa b —HicEB8E 527, SSO FHFEI
BWTHHM PR ssDNA L THRALFRFRENRERO T F M ~—FERBPITbh TS LEXDL
Nic, 774 =—8RICEETDEE2bN05 RNARY A TF—FORERTHD Y Zrrey
YERMLILL 25, F7AI FORBICIRERR LN o7, S. lividans DENINFR
WERB LT in vitro TN > FHARIL, 865 ssDNA, 4 D dANTP &7z o7 1 D rNTP,
BEUOMg2* 2 ER L. Y 77 v v iz L BMEEZIT 0D 572, SSO R/ 72\ 5% ssDNA
RWTH, SSO 2R8I L AR FRABPBES ., S. lividans 3 ssDNA IZ# L
IR R T A~ —EMBEL RO LR S, BREWZ LI, EFH oMM L
AW L7 BT 0 > RARRSIZ TATP 3 5V iAo rNTP & Bk L7 oIt L s
FAH DA b OFHIRIT TNTP FETRBVTLEY Y FEDOARBARETHo 2, S
lividans 0) invitro TOE I REAR%E. E. coli ® in vitro TOEMMIIERFRN, V77 vy
VIEDED v FEERTH S “general priming” & LB U R. S lLividans O MR R

HHIL yYNTP OESREDMEN 2 & 2R Eh T,
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ﬁ .

]

n—Y ‘/ﬁ‘ﬁ‘*‘?ﬂ/ (rolling circle; RC) REMEITRD F5AI FBLUAZ T V4T 7"-‘.
Ve FEERIZ, RAKDNA OF ¥ ﬁﬁﬁﬁ&%ﬁom%oﬁw%?zw 2%, 775
BHEIZIIZ< DRCEFFZZXI FABHMBIATVWS (Gruss and Ehrlich, 1989; Novick 1989;
Jannidre et al, 1993; del Solar et al, 1993) . RCEBMIZFF 2 I FoBMAS Iz —He

(single-stranded; ss) OBRROBBPHEEZENTEZ LNEZDORHKTHSD (te Riele et al,
1986b) o EX > RBAR. TN PR ssDNA 725 =484 (double-stranded; ds) ®
77 A FAF~DOEHIL, single strand origin (SSO) LPFHINZEMAI L VBAMESND. Th
H®D SSO IIFEMNRBEFIZBWTORMEL LD HY (del Solar et al, 1987; van der Lelie
et al, 1989) . RCEFF R I FOIyELH), HEHRREEMIZE D SSO 3MEXNTEMZ R
BEIDITLD, SSO DXRBR SSO ML F M X ITHAT D Z L2 L5 REiX. BN
Kgﬁa)@ﬁécﬁﬁﬂﬁi ssDNA ZEFH & ¥ 5 (te Riele et al, 1986a,b) . LA L. f5FHMkass SSO
HEFEOTMMERRAO RS FTA~-—BRETIZLIZLY, ds DFTFT X3 F‘%#UJ o B
HRFEINBZ 2035 B, Gruss blX, Staphylococcus BED T Z 2 I K pUB110 @ SSO % RiH
&3 & . Staphylococcus aureus A Tiids D75 2 I KO+ 0 a ™ —E¥ LS $ % M, Bacillus
subtilis N TIXEBPRME ssDNA BEHT 2 bOD, ds 7F X I FHFOa v —KIE LI E
WZ & %R L7% (Gruss et al, 1987) . Staphylococcus ® RC 75 X X K pUB110, pC194

(Boe et al, 1989) . pT181 (Birch and Khan, 1992) . pE194 3 X U pSN2 (Dempsey et al,
1995) BN Y FHEERDT 4 <—i%. BED RNA RY A 7—FBILX-THEREND, S
aureus ¥ XU B. subtilis \ZB\W T, BHBEPHEME ssDNA 225 ds 77 2 I F~DOEH#HIX, RNA
HY AT —CORERTHD Y 77V ELVEME D Z L TRESNS (Boe et al, 1989) . ¥
. 8. aureus DEAMRRIBLHE MV in vitro DRBTH, V77 BV icd eIV F
HEROHEENBD b TWVWS (Birch and Khan, 1992; Dempsey et al, 1995) . —F.

Lactococcus lactis D77 X X FpWVO1 O h > REEERRIL. in vivo B X O in vitro 2B\ T
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Hﬁ%&u77VEVVW&%%T:&ﬁﬂBnTw6Cmm@medJmmSwéﬁemL
1995) .

Streptomyces lividans 3. HRHICHI 5 METRIFOHEE L LT AV B, BIRE
hTwd (Kieser et al, 1982; Hopwood et al, 1985) , ﬁﬁ%ﬁ%@d\’ﬂﬁﬁj‘?x I ROH
BEEEIZOWTIX S lividans 28 £ & LT, plJ101 (Kieser Aet af., 1982; Zaman et al,, 1993a, b;
Brasch and Cohen, 1995) . pSN22 (Kataoka et al, 1994b) . pSAM2 (Hagége et al, 1993; 1994) .
pJdV1 (Servin-Gonzilez, 1993; Servin-Gonzalez et al, 1995) . pSG5 (Muth et al, 1995) .
pSA1.1 (Yokoyama et al, 1996) ZZHD7F X I KiZoV ‘,’Cﬁﬁﬁﬁﬁbnflﬂég hbod
7F7 A Fid. 2TRCEDHEMETTS>, Z2AXAIFD SSQ W2V, pld101 (Deng et al,
1988; Zaman et al, 1993a) . pJV1 (Servin-Gonzilez et al,, 1995) B XUOHE —., “ETRL
PSN22 {12V TE ORI RE EH TV 5, SSO DXL 8. lividans PUZIBV T Z DE
B2 B VWERARHE ssDNA OERMEBLHR. HENIIALEICRD (Lee et al, 1986;
Pigac et al, 1988; Deng et al, 1988) . —J}. ds D7 F A I FHFO =’ —Hid, SSO 3K
LTDTB#&U%WO75XiFpHm1$%®7D~:V7&75*TUW2ﬂﬁmetd,
1983) 1X SSO 2 & 723, AEIC — 44 DNA 5729 100 =2 Ll EBHFET S (Zaman
et al, 1993a) ., X B. subtilis £ R U X 5 72 SSO FHKFORMALIHRRNRT 5 A = —B
25, S. lividans TOEH Y FHABRIZBWTHITbATWa7edLEZ OIS, AETIX S
Iividans ZIBW T, RCEFF XX RO AV FEHEBA~D SSO B XTY 7 7 R rNTP
D%, pSN22 % HVyT in vivo 3 XU in vitro CHEMT L7z, In vitro COERBROHIZ, 7
FAI FIHREETH B S lividans TK21 X Y BHRRHMEEZFAY L. SSO FEEKFOELIHF

R¥EAOREI L FEHEROKFE OB Z1T o7,
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HHRELUFE
EREKR. TSR3 FEIUEH

Escherichia coli IM105 ¥k (endA1 supE sbcB15 thi rpsL A(lac-proAB) F' [traD36 1’71'0AB"
lacl JacZAM15); Yanisch-Perron et al,, 1985) 3 X 18 JM109 £ (recAl supF44 endAl hsdR17

gyrA96 relAl thi A(ac-proAB) F' [traD36 proAB* lacl lacZAM15]); Yanisch-Perron et al,

1985) % E. coli~XZ7 % —pUC19, M13mp18, M13mp19 (Yanisch-Perron et al, 1985) I L ¢
pBluescriptll SK+ (Stratagene, La Jolla, CA) ofsF & LTHW=, £, E. coliBL21 ¥k (E.
coli B F- dem ompT hsdStrg- mp-) gal Studier and Moffatt, 1986) % . MM RHhHHE
(fraction IT) DOFBUZAV e, S. lividans TK21 £k (SLP2", SLP3"; Kieser et al, 1982) i3,
Streptomyces D75 2 I FOEER L UEMRZMBEEORBUCA W, E. coli DIFEIX 2 x
YT #%5H#1 (Sambrook et al, 1989) TiTF o7z, S. lividans DF5#IITHE X YEME #iks5ih 1 (3 g/L
BERTXR ;5glL-XF b ;3gL~w/LbTHX;10g/L 72— ; 5 mM MgCly ; 340 g/L
227 m—2R ; Hopwood et al, 1985) % %\ iX R2YE ¥4RiEH# (Hopwood et al, 1985 TF\y,
FARAMEEORBMIZIIR 7 0 —2DRDLYIZ0.5% W)DRY =F L 7Y a—i (PEG)
6000 %% YEME ettt T (Thompson et al, 1984) % F\ ic, /3 LIARB I T S %

I Fidk 3-110R L,
Az DNA B1E

E. colid b D30 F VA7 7 — V0., E. coli DB HEAIX. Sambrook & DHEIZHE ST
(Sambrook et al, 1989) . DDA % DNA BiEIZOWTIX, F—EORIEE & R

Lfﬁo T:.o
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®31. RRICEALETSREFR,

TSRz FE | #KE _ e

PRTS020N DSN22 0 ssol E&1r Pod-Belll Bif 28> E. coliS. | B—BB R
lividans % "AFSZAI K,  (ssoI* , tsr)

pRTS0200 pRTSO20N & [A U pSN22 Wi 2 F02%, ssol 1 3iEH%ZFF | AL
e RWFHEIZHBAZINTWS, (ssol, tsr)

pSS0020 pSN22 @ ssol % & 1¢ Pstl- Bgll ¥/ % pBluescriptIl SK+ | [/ L
@ Pstl-BamHI SALIZHBA LI 7T 2 I F,ssDNA 2R L
BB ss0l DFXV THEABEEND (ssol) .

pSS0021 PSN22 @ ssol #&te Pstl (T4 DNAXY AS—ETHF | AL
1t) -Bgll WA % pBluescriptll SK+¢® BamHI-Spel (T4
DNA K'Y A 5 —ECHEHRIL) SLIHALLTSZZIF,
ssDNA 2B L72B BT ssol OV —F 14 > VHSEMBEE
n3 (ssor*) ,

ssDNA DOt

S. lividans D G#x#itk L Y Hopwood b DHEEIZE-SW T4 DNA #Hitd U7z (Hopwood et
al, 1985) , ds B L U'ssDNA 7T X I RHFHRIT B5E1E. 1.6 yg DL DNA % 1% 7 A

B—2 P VERKBTHELLE, 740 Y EfEFY DNA 271 0B (Hybond-N,

Amersham, Bucks, UK) 270y F 47 Lk, 75 X3 RoBRIEIX, $FongA TV FAE

—%¥ 3 ¥k (Southern, 1975) XL Y 1To7, Fr—7 & L Tik. DIG DNA labeling kit

(Boehringer Mannheim, Mannheim, Germany) 12X 9 ¥ =F% %= (digoxigenin; DIG)

" -dUTP 7V LT pBluescrii)tII SKf%Fﬁb\ DIG luminescent detection kit (Boehringer

‘Mantheim) 12k oT75 X3 KE#E L, ssDNA 752 3 KOFOBERIET BHE.
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%3 L AT, te Riele bOFEIRVT AN Y EREITHTIZ DNA 2 F A 0o Blic T oy
T4 v 7L, BERNICHEET 3 ssDNA 0L ZBIZEE LT (te Riele et al, 1986a) . 75 R 2

Fojﬁﬂj %ﬁ‘o 7":0
AR R B DR

S. lividans DEMRFAHBEIL, 75 X I FIERFEK S, lividans TK21 X % L7z, &
% 6 L ® YEME Hefkt5H 11 i\, 10 L OV ¢—7 7— A ¥ — 200 rpm. 1 vvm. 30°C
THE Lic, JEOEMPH (128) H2VIiEER (36 BFR) @%ﬁk%‘ BRTTANT—
HIBCH® (Thompson and Cundliffe, 1981) . -80°C TIRFEL 7=, H#&iX1g (wet weight)
%7- v 2.5 ml ® S30 & #E#K (50 mM Hepes-KOH pH 7.5. 60 mM NH4Oac, 10 mM Mg(OAc)sg.
5mM2-ANVHTF hxF ) —)v, 10% (viv)Z VY > ; Thompson et al, 1984 L W ¥E) ITFH
BBL., 7L F LR T 70-80 MPa TR LTz, MIEFH % 1, 800 rpm, 4°C T 30 =
DDBELEER, EHIZESEN5 DNA 2B N7 A Vo bk (Conrad and Campbell,
1979) IZX-oTERELZ, 1.0 ml ® EFEIZH L 0.1 ml @ 33% (WWFBER b heAf %
Mz, 4°C T30 M@ L, £RULETLRIISy 7 <2 SW28 u—4F —% H\v, 25, 000 rpm,
4°C T 30 IR LOBEL TERE Lz, B o/ Mimba 1.0 ml IZ5h L 0.436 g OFiET €=
UAhEMZ, 4°C T30 7B L7z, 1, 800 rpm, 4°C T 30 /7L 7B L%, B bz
Ly M S30BERICHEM L. S30BERICK LT 4°C. 3 BMIBIT &1T oz, BT OEMAR
FRIMHIKIZ, WEEZBRNOEEBRBOBELE LI R I OIHRL., L RIZHITT-80°C T
BRTE LTz, BRRRHMBEPOF 7 BRI, Protein Assay KitI (Bio-Rad, Hercules, CA)

» TlgG 2 BHY 7B LTAWTHIE L., 6.4mgml iZ28b8 7, E. coli DEHKRih K
(fraction II) X, 75 X I FIRE#EK E. coli BL21 LV Ful}er bOFBIZE-THRBM L

(Fuller et al, 1981)
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ssDNA O S

%H 72 ¥ % #& pBluescriptl] SK+® ssDNA (%, ~W/3—7 77— VCSM13 (Stratagene) % 3
WTHERDT R b2 AR THM L, M13mpl8 /<27 Y +7 70 sDNA I
Sambrook b DHFEIZIEV PEG #AWVWTHEREY, 7=/ .*—.IV#HHjBJ:U:7:n J—N-ruun
FALHHEFT - CHRL L (Sambrook et al, 1989) , ~NV/3—7 7— R ssDNA FPIZ 5
T5FY IX7 VAF RERETBLDIZ. TAHLY T Ha—X X VERIKE) (Sambrook et al,
1989) 12Xk Y ssDNA ZRBL, =v 7 bax Y 2—¥ 3 (Sambrook etal, 1989) IZ&k~-T
ssDNA % [EIX L7z, DNA BRSO T F A4 =— &2V 1%5.5’5%76 ) ‘—'15( 7 VAT ROFEE
1%, Klenow BiAZ AT 3H 50 L7z dCTP O VAL EZRET 5 LI L VREB LI, B
VARG 12,5 pl DRUSHFIZ 20 mM Tris-HC1 pH8.0, 10 mM MgCly. % 50 uM dATP,

dGTP. dTTP. 1 ul (4 uM. 25 Ci/mmol) [5-SH]dCTP. 0.5 pg ssDNA 36 X 1%0.16 units/ml

o Klenow B A # & TR T, 37°C T 830 2817 o7, FISDELLR L U[5-3H]dCTP DE Y iA

BEOREX. UTFIRLYE TInvitro TOY Iy FEEROAE] L RAKEIZITo, THHY

FHu— R NBSIKENC LD EMED. 0.5 pg D M13mp18 ssDNA @ [5-3H]dCTP DR Y id

781X 0.06 pmol T, HMATOIm Y AHLED 1/565 ThHoTz,
In vitro TOtHh > FESHEONE

BRI (125 ul) O#pkE LTit. 50 mM Hepes-KOH pH 7.5, 60 mM NH4OAc. 7.5
mM Mg(OAc)g. 5 mM 2- AV A b & J—N, 10% (vv)Z V&YV, bpgml Y7 7By
¥, 2mMrATP, % 50 uM dATP, dGTP. dTTP. 1.0pul (4 uM, ‘25 Ci/mmol) [5-3H]dCTP )
BVNZ 0.5 1l (0.132 M, 3000 Cifmmol) [a-32P]dCTP. 0.5 ug $6% ssDNA 35 L 11 2.0 pl (12.8

ng) EMBRMLEE ST, IS 30°C Cfio7z, [5-3HJACTP % AW RIS T, RS0
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1k1X Tnuzuka & Helinski OFHEIZREV, 500 pl DkA 10% (wiv) bV 7 o oEEE, 0.1 M U
VBT R U U AEHE (TCA-NaPPiB#g) #MMZ T4T-7 (Inuzuka and Helinski, 1978) . &
EEEBIE LD L 41 pl 2 RY BAEHESZ 026 mm DN T 27 4 w%—ta:%ﬁxzml
D # TCA-NaPPi i# T 2 IEI 2ml ¥ 001 NHCIT1[E, 2mloHir=d /—AT1 @ﬁ&‘:ﬁf
Lico HIRTANF — 5B &%, WhY Y FL—alh v ¥ —TREREEZHIE L,
[0-32P]dCTP % AV 2 R Tt RSO LEE 1.25 pl @ 500 mM EDTA pH 8.0 /0 2 TH,
D% 0.71% 7 Ha—R P VERKEN 21T CRIGERY Z Sl Ui, BUSERMIT, #ks¥
TN DF—NFGVFT T T 4 —%fToTHELE,

E, coli DEMRZR A AV in vitro TD® I > FEARRSX, ERRE R UEISEH (12.5
pl) OMRRIZ, 12.8 ug DF > B xEte E. coli XTI E N X TIT o 7=, RISIX 37°C

TV, 30 BTV A E N [6-3H]ACTP &% L3 L ki LTHIE L,
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i
H

S. lividans AT single strand origin D& #(Z. pSN22 BETSA = FOaE—HICEEE 52

Ly

S. lividans #1853 L L TRV, pSN22 M3k 75 2 X FizkiF 3 SSO {EMDHEN, ds 7
FAI RGFOab—HIIEZDREERT, TICAWZFZ XX FOM, pRTS020N X
pSN22 @ SSO TH B ssol ZIEMEFOH M THRFFL TR Y., —H pRTS0200 iT ssol &M
EREZBROVIRTEATVS (B—E3R) . 225075 X3 K& EFNTN S. lividans TK21 £k
NFa bFTRMIEEERIECLVEAL, WEEHRKEEL b pg OFFA LT hrzat
YEME #efRsE i 1 CxIEEiiikii s o Lz, £ DNA 2L, 20N 1.6 pg #7723
R Bz — 8T D A EIWFEAL 2 FE D HIfREESR EcoRI THAE L%, 7o —R S NVEKKEITH
B L7z, ssol DIEWEFET D, ALRVWIZEDLLT, ELo0H A bIZERCED ds 77
Z X FDNA B LU DNA BBEESh7 (K4-1) . o T ssol DIEHDFEIT, BH<
S. lividans 75882 SSO FHKIFD . HALIEFFRM 2N v REEHREEDTZ®IZ, pSN22 kT Z

A FOds BFDav—HIZEbkz 5Ex 20 EEZx bl

1 2 3 4

B 4-1. SSOEEDEREND TSRS KD
IE—H~DEE, TAXAIFEELS.
lividans W B #sfik D4 DNA ZHhiH L.
1.6 ug#% EcoRI CTALE L TFF7RXI F%&
Chromosomal ‘
< DNA B LTz, 1% 7 Ho— X FIVERIK
4 ds plasmid BTHE L, KB TROIAE, R
b F VU LATRALTHELL, L—
v 1% X0 2, pRTSO20N (ssort) ;v

— 3B X1V 4, pRTS0200 (ssol’) ,
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Yo7 UEL UL, S lividans RTH pSN22 IR TSR S KOt H Y FEAREMBELALL

Staphylococcus D RCEIF5 2 I K OB TIL, géja v B‘ﬁiéﬁimﬁéc: a— REShi RNA
RYAFG—BIZLDTTA<v—BRTHBINS, RNA XY A5 —EDOlERTHD Y 77V
B OEME, S aureus ¥ LU B, subtilis W TH TS5 X":v 'F‘U)%Eiéqﬂf'aﬁﬁi ssDNAV)%fﬁ%:
glx#E =3 (Boe etal, 1989; Leenhouts et al, 1991) . S, lividanslZBIT B RCEIFFXI K
DI FEER~DV 77 BV ORBERARD D, 7 X I F pRTS020N H 25X
pRTS0200 D H s S. lividans % RHEETEME TR L. S, lividans DAEF#RET %
BE100ugml DY 77U ERMULEZ, & 612 80-120 43 30°C TR & 5 L=k, BEk%:
I LT4 DNA &4 Lie, 7#a—2 ¥ LESKBTT 523 Ko dsDNA HF & ssDNA
SFZ4E Liz%. DIG SV LT pBluescriptll SK+% 7 —7 & LT, ¥ g TUFA
T a B E Y IR Ry FERH Lz, & 258, S lividans IV TIL, ssol &M
DEEIZBEDLLY, V77 Uil ssDNA BRPEEOBIZENEEZ 2272 (H4-2)
ZORRNPD, 77— X MEEHK., BI Y FHERIEIZY 77 vy itk oTHES LTS
THEM S, ST RI FEMSY 77 L EV ORI Lo Th L EFITTHR T\ 5 AREM®
ZoBBEXLN, £FZ T, BLFIRRBRRS invitro COEITIZ L T, V77 L ORE%:

Rt LTz,
S. lividans QEMBRRBHEEERA V-t h > FESROMRH

S. lividans \ZBIT5 RCE ST X Rowhy REERKR%E in vitro TRENTT 5729, 7 X3
FIEREFER S. lividans TK21 & 0 ik RMHKZ R U7z, &AL LTV ssDNA i3,
pBluescriptll SK+IZ ssol Wi & #7AA 72 pSS0021 (ssot) 3 LU pSS0020 (ssol) &Y

~VS—T7 7=V VOSMI8 Z BVTHM L, TAH Y 7o —2 S AV BRKE TR LT,

By FEARKIGE 30°C T, [5-SH]ACTP D855 ssDNA F~DB VAL %, kT v
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FlL—varh gy —TCHE LI, Invitro TOED Y FEREKTIL, ssol DEEDOHEICHE
b&f\mnﬁaﬁmoﬁgﬁxwﬁﬁm&mbﬁ#émuﬁahgémﬁﬁen&mat(ﬁ
4-3) , T in vivo lIZBWT ssolI D77 A K pRTSO2OO 7):3‘ ssoIt D75 23 K pRTSO20ﬁ
LRALds 7723 FYF0a—HeR LR (M41) L ~ET 5, L LZOENRDT

X, ssoI" DT T R I R AEE BN THERIPEE ssDNA % E7ET 5 0%, ¥ Br)%:tit;: b7

ol PRTS020N pRTS0200

Incubation -Rifampicin  +Rifampicin  -Rifampicin +Rifampicin
time (min) 03060120 03060120 03060120 03060120

A -

< ds
ss

4SS

[ 4-2. S. lividans ATDTSRE KDALY FEBHAD 27 VESVDEE, 77AIF
pRTS020N (ssoIt) 721X pRTS0200 (ssoI') #&tr S. lividans F B irifid oo st B hE 3
DEFERIRIT, I 100 pgml DY 7 7 U BV Z2EMUL, KSR LRI CEEZ £ D,
2 DNA ZH#ii L7z, 2> ha—L e LTETOERRIZT X /B~OFREEETH Y X
A U RRIBE 100 pgml ImML, RNARY A7 —EOEMHOBEFICLZ2ZE L XA LT,
1.6 ug D2 DNA # 1% 7 Ha—2= FPABRKBTHBE L, $HFrng 7Y F A P—sa VB
roTss BRELITRRE) BLVds (EcoRI LEEIZ LY Eﬁﬁﬂﬁ) DFZAI RyFamHL
7o (A) FAETANVEME, A RUBIEDNA 270y 7 427 Lz b, (B) ssDNA
P ERHET B0, TVAVERZITOTIZDNA 2/ VBT ey T 47 Licb D,
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5.0

. 4.0¢

S

E

2

?_- 30}

% —C— pSS0021(ssot1t)
3 —8— pSS0020(sso?”)
® 20¢ —3— No ssDNA

8

8

£ 10¢

0 20 40 60 80 100 120
Incubation time (min)

0.0

B 4-3. S. lividans TK21 (O FMREARMERZH Wz in vitro £ H > FESROEH T, XK
ST DOAMBRD> & DHUHHEE A L, RUSHE (300 p) id. [5-3HIACTP 26/ LI DIE
HRIE DR EZ AV, 30°C TRIG%21To72, 125l T 22 BBV H LT, 601 LD
L7 500 pl k% TCA-NaPPi IS TRIGEELE L, BRBEHESPIZRY A Ehiz
SH 5L L= dCTP O &% #IFE Ui, 855 & LT pSS0021 (ssolt; O) & L U pSS0020(ssol ;

®) D ssDNA % 12 pg ToEM Lz, XENIEFE ssDNA 28 F VG,

Z?D 8. lividans MR HIIHIRIZ X 5 SSO FHERFD D v REERIZOWT, TAH Y TH
T—2 Z A TH L7 M13mp18 0 ssDNA #8581 & LTHAVY, S bIZHfF L7z, [0-32P]dCTP
D M13mp18 ssDNA ~DE Y iAA%E, THa—XFNVERKIEA— T VFTFT7 4 —I2 &
DBE L, M4-4I1TRLZE 512, 8% ssDNA L Tokd ¥ FEERIZ LY dsDNA DfLE
V7 FLEARAY RRRLNT, Ny ROMBIRILV—UIZ Lo TSV RRZN, BEDLZAR
KiZTHATH D, 5pugml DY 77 VORI, By FEARIZE BEBE 5 X o
7z (H4-4A, V—22) , EHIZENZZ LIT, rATP DA D 3TEE®D rNTP 2R\ 2338 Th.
AV FEEBITEREZITICITb: (KM4-4A, L—2 3, 4, BXUE4-4B, L—21) ,
4 FEE D rNTP éf%ﬁﬁb\f:i}%é\ ST O X AR L 2 BREREE TR, B
FEERMIZ L Zp/%‘? F233RD 5%7’: (‘IZI 4-4A, V—r'5) , LA L., EFHOMRI VAR L
xﬁ%{ﬂﬂa%%m?&ﬂﬁp\f:%é\ £To rNT? R LIy FEARIC X 5/\“/. FiZR bhied:
o7 (B 4-4B, L —3) , rATP Oftb DIz YNTP 2 V8. £ FEARITRE
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Ehiz (H4-4B, L—r 2, BLUFE 4-2) , A oMb Tid, rATP %5\ it
@ rNTP DI X 24> REERIEMOHEMNIZ 20-40% Th o725, EHH o MakhHg T
. Eh v FEARRSICE rATP 52 W idfho rNTP B%EATH-7% (% 4-2) » £Z Tla-
32P|rATP D% ssDNA }_A@mz VABEFHRTHIZA, 4 EELTO rNTP 3 7F{EL T RNA
T3 —BRENDEHET T, 8% ssDNA E~ORYVAHIBEEIN o7 (F—F

D) .

tNTPs + + rATPrATP - rATP rATP rGTP -
Rif - o+ -+ o+ o+ + o+ o+
Mg2+ + + + + + - + o+ o+

dsp
ssp

dsp»
ssp

M 4-4. REDZEFREOHEE,DOHERIZHS TS, INTP, UIT 7V ELUE LU MgZtDF
B S lividans DEMRFRIHEZ . (A) HEUEGERRS L0 (B) EEHOMIE L VAR LI,
[0-32P]ACTP 36 L U & LT M13mp18 @ ssDNA % & e RIGH % AV, 30°C T 30 IS
BT otn. RIS THR, Yo 7% 0.7% 7 T u—R X )VEKIKETHE L, YV EGEREIET,
F— R TUHIT T T 4 LY REERD 2B L, KPR LR EOREIIROEY ;
rNTP. 2 mM rATP, % 500 uM rCTP, rGTP, rUTP ; rATP, 2 mM rATP ®% ; xGTP, 2 mM
rGTP @ # ; Rif, 5 pg/ml Y Ty l:““/‘/. : Mg2*t, 7.5 mM Mg(OAc)g, R D ss, ds 1EEH

L LTIV M13mp18 @ ss 38 L0 dsDNA 2 F DA E xR,
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® 4-2. S. lividans AR FIEBIZ & B invitro TOEH 2 FHERDMER. &1 FHERK
J5iZ. 0.5 pg ® M13mp18 ssDNA % §§% & LicARBEOMR OIS (125 ) &b iz, 30°C
T 30 T o 72, | | | o

Exponential  Stationary

Reaction mixture _ ' phase phase
(%) (%)
Complete2 ' 100 100
- M13mp18 ssDNA 1 14
- Cell-free extract 0 0
- dATP, dGTP, dTTP 1 17
rATP dependency -rATP 70 - 82 28
+2mM rCTP 100 100
+ 2mM rGTP 100 93
+2mM rUTP 100 100
+2mM ADP 100 93
Mg2+* dependency - Mg(OAc)g 3 9

a EEORSKROMBR TOB-SHJACTP DY AL, AN OMEEHEE AV =58
1.84 pmol, EHE DMK ZE AV 25412 0.286 pmol,

EHRRBHE PR L UEE ssDNA B2 RNA BSREL T, ZhdafESh T rNTP 24t
LTWB FIREMEASE X bz 0T, EHII R LU ssDNA % 90 units/ml @ RNase
A 3%V X RNase T1 T L, NAP-10 % 5 A (Pharmacia, Uppsala, Sweden) HWTH
fRENEZ Y IX Y LAF FERELE, 20 RNase LT L 3[5-3H]ACTP DY ARIZIX

FEBRONT (F—FFER) . WETDIRNAZFIAL TS A4 =—8RZ2fToTVWHDT
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BRWZ EBRALNRLE 20T,

S. lividans @ in vitro CODE& 5 v FEEREISIX, 'Mg2+>é§3k Lic (R 4-4A. ‘1/~2 6. io
XU 49) . HRAOEE Mg2HRE. 7.5mM Tholk (lZZ-sA) o #7 ssDNA f\@‘dCTPi
O} YAHOERE pH i3, 7.5 Thor (K 4-5B) . H4-5C io, FURITHT 5% ssDNA &
OEBET LT, BROBY AHIL 0.5 pg ® M13mp18 ssDNA TR L. = DRFORSHEK 12.5
ul PO EOEBRIL, ¥/ 0 BRIC LT 128 g (24l ; B 4-5D) Thot, &
v RSB BRSS! ssDNA B L U 4 FED ANTP 2R L, ¥ —IFAFFX VYRR

LA FUN FFYRT = F—Fiz k5 1 O ANTP CHAKERICE - 5 DNA BRI T

BnwzZ eRREn,
A_30 B_so
[ °
E
s 25 f-,- 4.0
-y
= 20 o
(5 G 3.0
°
o 1.5
8 B 20
210 ) o
8 g 10
g 05 s
Q (1]
£ £ o0
0 10 20 30 40 65 70 75 8.0 85
Mg?* concentration (mM) pH
E §. 4.0
~ 15 =
e 5
0 5 3.0
: 2 20
[
E_ 0.5 ]
£ g. 1.0
E o . E o0
0 0.2 04 0.6 0.8 0 10 20 30
M13mp18 ssDNA (ug) Protein (ug)

4-5. S. lividans FEBRERMEEIZ & B invitro £ H > FEESRIZE T 5. KIGHEDD (A) Mg2+,
(B) pH. (C) #ZssDNADR. (D) ANV BOEDEE, RHITHIIEEOMRRZ D L1z,
RiZm & hicthEh o Mg(OAc)g #EE. Hepes-KOH 4%k D pH., M13mp18 ® ssDNA &,

AP AR O BICTE LT, 30°C T 30 SRS R T ok,
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S. lividans &K U E. coli AR MHAREZR Wz invito £ h > FESROHLE

In vitro TOMYT DFERD>D ., 8. lividans DEMAFHBEIC L 5 >~ Fﬁéé‘ﬁiﬁmli\ E. coli
@ “general priming” & RT3 RS X< BTV B & £ 2 iz, General priming 12 L3
invitro DY I > F#EARRIL. E. coli ® ssDNA 7 7 — ¥ $X174 % THR S LTV 5 (Kornberg
and Baker, 1992) , 53Xk DNA Liza— K&~ DnaB # v R0 BH L 75 A ~w—ED,
in vitro TE#%Y ssDNA EIZ SSO FHRFORMIERROLR T 54 < —EREIT . TOTT7A~
—BRERIZY 77 VUM T, rATP & 4 D dNTP 2 4E & §% (McMacken and
Kornberg, 1978) , 75 X I FIERE#K E. coli BL21 LV MR RIMHAK (fraction II, Fuller
et al, 1981) Z#ABL. TNH VT Hu—RFVEKIKENZ X > THE L7 M13mp18 ssDNA
28R L LT, S lividans & E. coli ® SSO JEKFDE N v FEEMEZ LB L7, M13mpl8 ®
SSO (minus-strand origin) X, §F E.coli ® RNA R Y A T —BlZ X o> THRBMEN D (Kaguni
and Kornberg, 1982) 7%, RIGIZY 77 oM RET SSO BIEDTS A ~—BHR
EAETE S, [5-3HJACTP OBV AHERE LR (R 4-3) . E. coli DEMIFIH M E
AVWERIETIE. Y 7 7 Y BV ORMTERD 3T%ICE THEEN, E 52 rNTP © 5 HrATP
DHEMZ TR (general priming) Tik., b & OIEFHED 1/6 DIV AL B LIVRI 20T,
-5 8. 1.1'V1'dans Dﬁﬂiﬁmﬁﬂﬁﬁﬂjm%ﬁﬁb‘tﬁﬁﬁf‘ﬁ\ Y77 VORI L - THIEMEIT
20%1EE LEEE N 2D 0T, é HIZeNTP @ 5 5 rATP OAM A T2 RS Ti 4 B D rNTP

EEHEA LMYV AHLRIZIZED LY. E. coli ® general priming & L L T 4 {EOEMER LT,
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¥ 4-3. S. lividans B & U E. coli ABRARMEREIZK S, SSO kEHFMLT D FHE
BONTP ELUYI7 U ED UL BER. USIX, S lividans DHIMEEZ AV D
DTX 30°C, E. coli DI & AV 2 b D THX 837°C T, 30 & T o7,

rNTPs Rifampicin® S. lividans E. coli

cell-free extractd fraction II
(%) (%)
+a - 1008 100f
+2 + 79 37
rATPb + 79 21
- + 58 8

arNTPs : 2 mM rATP, % 500 uM rCTP, rGTP. rUTP.
brATP : 2 mM rATP 0%,

CRifampicin : S ug/ml ¥V 7 7 '

d segs s O MIRR R % 5 A,

€3.72 pmol D [5-3H]ACTP REW VAT hiz,

f1.84 pmol D[5-3H]ACTP WY A E h iz,
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R

S. lividans IZ3\ T pSN22 @ ssol DHFEIL, ds 7T R FFoa—HIREE 5272
Moz, S. lividans ':P'C*Gi RCE 23X FiL, SSO #XBALTWT LRV E—HEEZHERFT
% % (Deng et al, 1988; Zaman et al., 1993a) A3, ZhiX SSO FEARFFOIMIERFRAR T T4
T BRBRI o TVBERLEBX bR TV, FlAIX, 77 X3 Fpld101 BRDT u—=
TRy Z—pld702 TiX. BFAET O plJ101 3%tk DNA H72 Y £ 400 =2 £°— 35 5 DIZxf L. SSO
28 E20 plIT02 THEGIHAT 5 b ODEKRE UTHRER DNA H72 Y # 100 =2 E—BFFE
7% (Zaman etal, 1993a) . —7 pSN22 Tii, SSO OHEIBD LTI T X I Foa ™~
HIEER L Thotz. ZOREIIA LTIV, HARID pSN22 D =2 & —5)3 pld702 X
Vb (50 2 —LLUF, FZE %R 3-188) LOTHL LW REFEALND, HID,
AED in vitro TORATTHDLNNT AR o7 SSO KO > FEERIZL T, 8. lividans
12100 o —RBEFICRLENDPHE ss 75 XAI FE ds TR I FIRERTE 553, pSN22
D= i3 50 LTFICHE S TV a 7o, #RIIZ SSO BHFEL TV TS SSO B|VWEE
LRICa—HITR3,

In vitro TOE I > FEARIX. ssol DIEHIT X o T LD o7, 2t in vivo T ssol
il ssDNA DEMEHSCRVEEZFE-TWS (K4-28R) 0LHdBMTHS, Zhid, #H
L7 SRRz, SSO TEAEMIZ S 74 v—8REThE 3o ORFHEENT
WP HEEXD LN TE S, HlziT E coli TIX. &H v FEEROBMBRDOES %
FTA 2 —BRET I RTFICRE IR /BN, ssDNAFE ¥ 737 & (single-stranded DNA
binding protein; SSB) 23845 L TV'% (Arai and Kornberg, 1979) , S. lividans ® SSB 1%
Ti%ﬁé:}’bf‘/‘&b‘ﬁ\ ?ﬂ%ﬁﬂﬂﬂ;—"ﬁfﬁitﬂ?&qﬂ:&&i EAERBERRNZ LBHSTWS (B,
%ji ; ﬂ\%) o E coli © SSB .(Stratagene) 2. S, lividans @ in vitro D 71 FEERIZE
b‘ % ssol DBBUTRIULODE 5 iRt Lfiz)i\ HAHREERRON ol (T—FEH) .

#oT. S lividans 2317 5 RCETT 2 I Ko SSO DRMEFT 5 BTILOVTIL, EbR5
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HRBLETHD,

8. lividans DEFKIRHILIIC £ 520 > FEARIL. S aureus DEMBFAHIIEIC L 5
& v F8ERE (Birch and Khan, 1992; Dempsey et al,1995) & 229, Y 7 TUrEYIZLED
BELZYRDok, U7 7 L ELUREDED Y REARE LT, 75 ABHE T L
lactis®D 77 A I FpVWO1 355N TTWB DA TH 5 (Leenhouts ef al,, 1991; Seegers et al,
1995) . ZDEH Y REARBBELT S rNTP i3 1 FEOH T, [a-32PrATP OBV A% b
BRENRhroZ b, Oy FEHAERD T T4 <—iX RNA 54 <—Ti1’2<. DNA
TIA<—THHRENELXOND, L. Dempsey H1X S, aureus ® in vitro Dk XH ¥ F
FARITBVT, RNA 75 1 = —i25 ssDNA _EIRHITE R o7c LRARTHY (Dempsey
etal,1995) . 8. lividans Cla-32PJdCTP DM Y AZ B R bR 2 L b, RNA 7T A<
— BT TG EILBREERN TV ERD E LB LN,

rATP i3, EEHOEEI LY L BERRMBKIC L5y FEEME. RICTEHEEL
7o EHEH &R BOHMM OB D b IRE Ui K T rATP 12 X 2B BISBVW S R b3,
T EMRRANE ORI BT B RELRE o e B TIIR, HEHEMM DM O,
EEHOTN L LB UTEY rATP ZRME, & bk % TSK-gel HW-56 S V5187 o<
ST 74— GRY—., BR) THIMHEY LR LELIEI - (F—FFHEH .

E. coli D EMIRBIIKIZ £ 5 general priming OEMEE, MK EEHORF &I v FHERK
BHED 1B RBEThoT, —K. S lividans DEMBRRMHKIZ L2 Y 77 ¥ MmitE. SSO
3!5{?‘21?0);!217 v F@EARDOEMIL, E. coli ® general priming L ¥ 4BV Z LB LN LR 0T,
ZOEV SSO FEFEDE I FHAREEN. SSO OXIFX SSO 2 HMEIHATHZ LI L
DATEMALDS, S. lividans @%ﬂiﬂ@m:m\rpsmz HEDFFRI Foab—HIZEE LW
RREEZ Ehég FREV 2 L1, B oMK b TS U SRR HIRIX. E. coli
@ﬁmm & Le# L TH rNTP éﬂwzﬁ{&v ‘DI Ly EHEBOMID b ORMHEECIE, TNTP i
A F‘ﬁé’%ﬁi@?ﬁﬁ‘lﬂ\@’ébot; _Streptomyces [ZB T 5 R P EARFERL _KRARBEH D

B, R EDY VR LB Y7 FAREI L > THEIENS bOBEET B
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(Beppu, 1995) . &> T EREORER LY. Strep;omyceé O'.DNA BHRUEES 74 -‘/1\“? BoY
RRALIC & BB E B TV B TS TR SRS, Eh Fﬁ%ﬁi@:éﬂ#@% AT Sdasu%
iﬁﬁ;‘iqﬂmﬁmténfwézﬁ ERPIIFFELESN TS, #-5T, | rNTP %5 = & L:i
0. in vitro CHIER SO b OHIEDC 7 v FEARA LTS 5 L HBShE, =
@ SSO FkFD, V77 VUt Fﬁ%ﬁﬁkm; RC B7Z5 2 I FOERMR T
T#2<. S lividans DR DNA OF XL VEHMOEFAE LTHAVD Z LB TED L%

Zbhd,
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RE B8

AT, BB —Y 79— (rolling circie; RC) B3 2 3 KLU BIEFRIER
BWATOOBENZRI ZF— BT B0, BEE RC B 7 F X I F pSN22 DEMUEMRIC

OWNWTHNTZITY., LVEL DT I FERBEBICETIHER2EDI L2 AL L,

F/—E T, pSN22 @ RC BRIV T, AR PHEE—FS (single-stranded; ss) DNA
DF X THFEMOBIER L 725 single strand origin (SSO) | ssol ZFE L, ZD ssolld,
FIZR L3 8E Uz ori2 (Kataoka et al, 1994b) & Pi%fx BHALE, spdA & traR DEjDIE=
— REEIRIZIEE LTz, ssol Lot RCE S5 2 I K pld101, pdV1 @ SSO Ek A bk L
TRERHIBA L 7% 170 bp ORFEINT, G0L ZAMOS F ABHEBHRO RCEFFZIF
@ SSO & OHFEMIIAHEIN T, BERE RCE S X I FMB O SSO BHFETHZ LA LA
Ligot,

SROBEL LT, ss0l 377X FORMEHIZEAET 5 strong incompatibility (Sti) &
HEREONE D PICEESE NS, pld101 B LUV pJV1 © SSO #EEkiX. Sti iFELRFOZ &
BE BN TWS (Deng et al, 1988; Zaman et al, 1993a; Servin-Gonzélez et al, 1995) , —H.
F i b o#WE T, pSN22 (2 Sti BRI R bhizvy (Kataoka et al, 1994b) , LA>L. 4[H
@iéﬂt1w1k%@5&)@ﬁ@ﬁ%%ﬁbf\EESWIDSﬁﬁﬁéﬁﬁLWSMNﬁﬁk
Sti FEUB DT E D208 ) PERDLEVH D, BEOL ZATIX, SSO OFEHOFERT
FAI FORMBHIIERBEEZRDLEZLNTVDH, b L ssollZ Sti iEEREITHIE, Sti
DOFEMRMOBEIC L D b D LB 2R TRAZLRV, T2V TI, BEMADERTT

5,

BETR. ZABALICX>THREESN (Kataoka et al, 1994b) . FEiXpSN22 E X

HREIBASINTE L XIZSSOEHA2EHT S ori2li i LD 2 5D SSO. ss02F LU sso3 DIF]
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ExIToT. s5021B XUV ss031X. ssol LIiXHBAIZ, o#BRE RCA 7S5 X3 Ko SSO &
HAREE RS T, FUSNB AT A « M—F kiZ Staphylococcus FIRD RC BF5 X I Ko
SSO R EIZROND 6 HEDRFEFNCEL L-EFIZFOZ Lhb, T Lré Staphylococcus
B SSO T s EEX BB, AL, s5023 LU ss03 DY A XL, #0075 MBS RCH S
FZI K> SSO (130-220 bp. Gruss and Ehrlich, 1989) IZHRTIEFIT/NE VT L BEHH
ThB,

SEROBEL LT, ZOpSN2 OF XV G EIIFET D ss02B LW ss03 D, TTAIF
BT AHBREDRTRET b5, 55028 X U 550312 pSN22 @ RC BIEBUCFIA S B L 13%
Z bRV, ssol LEED SSO EHEHERFL TV B2, L0 REZRFOFREENRSL S,
BT, il ss0l EDTTRHZ S, 77X FOESEZEIZBWT I LD SSO 23T 5 A>
DREERIF DY 5 PIER SNB, E. coli®hk AECHREOEAEEICHT b ssDNA
PBITT BRI, BITBROTSIXI Fokhy FEERIZEETE 5 SSO oF &N, #41x

BICEBEEXDMRESBELOND, ZHIZOWTHHRE, HROEFEZT-TWVD,

B=ETIIF7AI FO RCEEMOEHN DORLR & 725, double strand origin (DSO) Z
EBL, FHIEN = FTEMLICARRERZZEA L THM~OREEBERR-, Bohik
REY, =yX SHEORFEIIT BHL) 7F2I KEica— K& Rep 527K
WZEoT, EBIZHEBZEh TS : LR E iz, ZhiX Brasch & Cohen @ plJ101 @ DSO
ZEBT2HREELRERY BELEDORLESy X TEMNOEREZRELTHL ST X I FHRERT
BT ENRHKD, LV ER (Brasch and Cohen, 1995) & id—E LAd o7z, 6 DERKIX
SEIOERELIIHEY Glﬁﬁfiéﬁb‘ TR OWTOFERIIELL . 5% plJ101 IZBWT
b PO RBNERE FIV AN T OIS = & MY 5,

FREVAE LT, =XV VEO TR L Y A pSN22 0 EE 5 plJ101 & &\ i8R
ﬁ%ﬁﬂ‘: & zﬁ&;b‘.’anéof Wiz éﬁ:ﬁﬁnc pSN22 ¢ BH\WiARI % 7R3 Streptomyces

pbaeocbroz%wgenes‘ﬂﬂ;’l@@?’"ix IFK pJVl (X 5-1 2RR) X, rep RO EHEIZITHREIC
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{8V (Servin-Gonzalez et al, 1995) , #->T. FRIEhEFINBERIC=v X JHiLE LT
BELTWSEORLIE, B=8K 3-4 2R L X 5% pSN22 £ROEHSE LB B,

A% D dsod LU rep EHOWEDOBEL LT, EF 7T 23T Fo= t°¥;scf'ﬁljiﬂoﬂ.ﬁﬁz)§é
Fons, SEMAVEERSS X I K pRTST823 1t BARDFS X3 F pRT1 & 9 ETHL
abr—¥KERLE B=E, £31) , BBREST X I Foav—HH#EoMECx. ¥722<
FROF bR TWARWED, BEZORRIIFATH S, KIZ, Rep ¥ /37 BOR B I OB
EREXOND, SELBEITo% 320 DSO 21} 5 1 & OREES (FE=%, X 3-2)
3%, Rep # >0 BOREBEITH B ATREMEITE. DSO B XU rep iz Tid, SSO & &%

Y ZNPEMNOLAFEE TH DI bbb, EERREU EOBENIT L A LT TV

OBRBRTH S,

sti (sso) ori (dso)

5-1. BB TSR = K plJ101 (Kendall and Cohen, 1988 & Y &%) && U pJV1 (Servin-
Gonzélez et al., 1995 & UHE) D&, pIV1 ALHAIC pSN22 & X < BlIHE & # -,
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BHECBVTRAEITOSIAI FEORTRBT WAL IIRAD, HE
Streptomyces lividans\Z¥} % SSO JEEKFH 2l v Fﬁ’éﬁiﬁ%llo_‘)“f DIRHT %ﬁo 7:_0-
plJ101 TiX SSO KHIE £ 5T = B BA Wb+ 5 = & DI nfwa (Deng et al, 1988;
Zaman et al, 1993a) %, T HMBIMICHE 1 Ttk DNA H7= b 100 = — Bl EAHERF S
TRY, 7RI FRIRERHE., REEh5, C@Jﬁﬁll‘i‘?ﬁi S. lividans 33, SSO Z R L
%75 %I FOBMHRIE ssDNA Eic IS RGICHBO TS 1 v —% AR T DL
D EEBELILN, TOEDIZSETHBEE RCEFI7 X I R SSO 13 DOXR E 2 LA
ST b HEINhD,

S. lividans DIERRRIHEK & AV IC in vitro TOY D ¥ FEER O ORER. 8. lividans
XSSO FFETTHRWEN Y FHEAMBELRO I LR LE, BRRNZ L2, ZofEH
V770 LTiEEZR L, 774 v—8RB RNARY A5 —EBIZ LB bO T
ZERHBMNE 0T, ZORRIZ. S lividans Dl REEERMDOEAEL. Staphylococcus
aureus \IZBW T HHTVS RNA RY # F—BIZ L 55 > FEE M (Birch and Khan.,
1992; Dempsey et al, 1995) &I ERB T LEZRLTVS,

X 7o, R EOEREH OMNE b DM E WG T INTP 2 46A L LBRWZ L b, Zo7
FGA=—AREAFIIVRL E S InvitroTIX T T A4 = —DARIZANTP ZF RS 2 & 3R
SNz, Escherichia coli D75 A <—EHb U 77 BV UiltE# R L, DnaB # V7 BHEE
T T ssDNA FIZENIERRBMIZ ST A ~—%2 AR TE 5 (Araiand Kornberg, 1979) ., Z
DFT4w—Eb ANTP 2751 v —BRCHATE B 2 & BMBN TS, S lividans &
E. coli DRI AV e LB DRER. S, lividans DF A€ 7 2 FEARICE T % Ht
WHefke LTOrNTP EREBENZ E2RLE (FMNE, £4.3) , S lividans DHRATIX
DNA 754 =—BERENTVBE D), (D7 T4 —EREFIX E. coli D751 <—+F
EREDL IR D DN, SROFEDOHEL LTREND,

EEHD S lividans O L 0 TR LHHEIL. B FEEARIC rATP H3W o

rNTP Z2ER Uiz, 96>, S lividans DX FHESREEIX. rATP b L i3ftho fNTP Iz &
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S THEHE RIS TS TR TSNS HREICRVTIRIEEY v 7 'O Y Bt/
B RS ERE A DR SR E BB LT = & BB AT R TH Y (Beppu,
1995) . :n'iakm%%zbi S. lividans ® DNA B8z b 7 >R 7 Eb U Bz X 5%%@#&1%@.‘
FEOTREMZ R LTV 3 RAREBEEN,

51 R b BERBIENL in vitro D > FEARICIVT SSO IR BRHRILERITES
LLThB, ARIOECHITBHEL. SSO 2RI ZEEMOR T HERT 5 HME -
TR, AN b BRI RIS AV S TIE, SSO 1T RIS RSN
Motc, RCEFSZI FTIL, SSO BBEIC Lo TRBMINB MY 55383, FFRI RORFEE
I EBE 5% 5 L\VWbh TS, S lividans BT SSO 1K T BRI BT 5K T &

RETIIE, BREICRBIT 5772 FOBEROMABICEERFRIB[OND B 5N D,

AEFEE LR SSO 2R E RC BRI X I RRZ F—IZBALZ LTk, "I F—%k
HE, BENCREICHRNRFETZ LAHKRD EEXDND, SSO ZFLR2NVWTSTRI
R Z—i2, EEMIEPICEBPRA ssDNA 2EE L. s B PRk DNA L4 H#
ZEBILEVI LMD, MENIKFARETHEZ LBHMLNATVS (FE, K0-2) , 2T
D& DRy F—ik, BRYMMEMNERT 2 IGE L TV, B Z ofimix, FE50R
BT Ecoi DYV MRIF—IZLETTRAI FRBWTHR Abh 3, 7 Pigac b b.
V¥ PARY F—TREREHRATREBEZ W BV ERRTNS (Pigac et al, 1988) . &
RRBL.ZORK LTSI AI Fe&le S lividans W EEHADSL DNA % AW THU E. coli
DEEREITO L, EERVY MAVTTZXAIFBRBLNEZ LD (F—FFEH) . KX
ELLENLWERITE coi DFTAI FRHEOHDITRI VBV EHBEI NI, TS BRE
TIAI FOBWGCEELEELTVWRONY 5 h, #FMIIFATSL S,

FERBO X ST, SSO BEEATHEMZ RO E S 2705, .ﬁ&ﬁ’éﬁ&:k‘b\f%7"‘7‘x T FD
BEBREPRETHTHEEEDH D LE, S ETEMORY & —BEATE Rh > I BRERIC

L, SSO ZARFAATER Y #—% FIVTH 5 Db FKIR, SSO AR Z &IT LY | FkA

94



IRRRRER CRMTREREE IR F B TE 200 LAy, SSO &R E FE

BIZRBE G5 2508 ) HOFTIT, pSN22 2 AV THEEMEZIT- TV 5,

BRI FE L7z SSO & KBRS & — AR A TEBIZ T T, ss01 121 TI< L 5025 ss03
b, pSN22 L TCORENIFRATH D DD, 75 R I FIZHMARADHIT SSO & LT OREERHIFF
T&5, M5-2A IR LTI AT Fid, $MARBICBWTERLIZ XL o THERE ., pSN22
HSRDIBERAGEEEF R X7 A (Kataoka et al,, 1996) & FV =R IR ERE AR T
FPARY H— pSNTI07 TH B, TOTTFAIFRX E coi kD% MNRITF—TizoTEY,
BIGFOMBIART E. coli #TEEEL LTITH ZEBHKS L H1ITi>TW3, pSNT107 i3&1m
FRBEOSaE—F—& LT, pSN22 @ transfer gene regulating element (TRE) Z AW T
52, TRE EEMICIIE “ECRIE LK sso2 B EENTW5, pSNT107 L Til sso2 13iEHE%E
FFO X 1T dso-rep 12 L THFFICHMAREN TS, K 5-2B IR Lk 5 ICEE PR
# ssDNA HEHE S 2V, #€- T, pSNT107 1% SSO 2RI R2VMLOMHRE RCE TSI X I F

Ny F—ThR EEMRANTHENICRECRFESLD L Z2005.

BRECRBITBEE - X7 ¥ —ROBRBIZBIT 2 RKROMRBERIL. AEMEEOMHEAEZIT
5ﬁmbammﬁ%ﬁuﬁb‘%n%&%ﬁ&ﬁﬁ%&ﬁ%%#&&<fﬁ&&&w:ef&éo
HEERIETLH, Bl 7o b7 IR MERE, B2 L7 baRb—a Uik SRS R
23] S tet R Ay g S 67‘421/\; RYF—ZOWThH, 2TOKBERIZBWTHMETES,
RS TR R F—BBIEO L Z B8\, B« ORERERICH LTHRERD~2 ¥ — &L,
FAREDLRINVEZORBEABSPE ST X F2E L, ER ROoroH/ITIB TR
7 —EHEET D LIS DE ZAFERRV, #oT, BRE 7T X I FOERBEB ORI,
f%iwﬁi\fiziFméwT%<JiD%‘f§<®ﬁi\§<®7ﬁxiFKow1\
LB ) TP TV B OBTRTH Y . ThaEx OHRET T 2 I K OGRIBHE ORI 5373

PRPEERVEE L bRoTWVD,
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LTI, SETORBRETZ 2 I ROEYOFRR, LAFKDRESLZ D DNA AR
FIODREZ. WMV HZTRIF—L LTHEZD Z EICHEHARBINEZ LOIZEE - TWEDIZK
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TCTAGHAAGGAGGTGRACGATGCATGCEGGATCCCCCEGECTGCAGGAATICGATATCARGCTY

Ribosome
binding site
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1 J

E52. (A) BRRABERGEEGFREREAY 2 —pSNT107 (EH. 1996) ., TRE HRDOKRE
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