WM AdpA O A CETABIMRONST

231 WERBLIUES

AT 72 P2 EOBREEEE ApA AL, adpA ToT—F—FURIZIEG LT ApA
EMMEED LICEoT adpA OETEERLERD, Z0 AdpA i, A- 77773l &
BrTB2tRHECEEIRELR M) L 22EFTHIZ LQNEECEA~TEIRES
ERE+ARMTESEAS, LrL, RYEAERHLRFERLEDEERIE. BIUV
“HRAMCHT S ERORETOEFLIERLT S AdpA ORBMIL, MM AT 7 75—
rAPA REBLOEGROTHEI N2 2 LRK, BRAOREFHEERLIEING
212 AdpA OMBENREZKECHBIN TS Z EHTRERD, adpd OETMBMERET
L0 A-Z7 22—k ApA KLEZBERTHS T L2 R0, EEBMEIC LIIOR
BME B LD TREGES I A KR, adpA &2 FTSHMORINERD &, adpA 126
Bk A 5 BRIRBIAE A X T 263 bp LV I BVENR SSURENL, EL0 LRI 764 bp
LB, ORF & RNA & — FLTVAY DNA BUSiE - TH0, ZOXIRBRLN
BEHE LI MMM OEESRR XN, NRRBERE, £, AdA 12 C KFAA XIS
ARC 77 V=235 2 2OAY 92 AR F =l 9 2 AEF =765 DNA KA F
A4 v letlo—N. N ZWZI2 ThRIPHIUDE 77 3 U —LHEMOBL ¥/ v —HBR KA ¥
ELoTED, ¥4v—&BRLTVS (Ohnishi e al, 2005) (B23-1), ZO220DFALY
7 AdpA ORBELMETHDN, N FU8F AL 2 BRT S5 ThilPplDI-1 77 e Rl ¥ £ 4
OB T AR r— L2 L BEEATEY, FAERRE LTHRECBELTE~&
Y L2A LSS (Bandyopadhyay and Cookson, 2004; Du er af., 2000}, AdpA I=BW\THMIZY
A = —BROFT2 6 THIZLMEL HOWEELE B D,

BEORENE AdpA OO RBRMMZER L, BRNECERENBLLLAABRE
nAEK, =2 CHESMBICEAL, adpd ORAMGMMER LM< EELD AGA 12
FOBORGEFOETELERETIOLHLT, AFEH LTREFDMET-TVWDIT LY
BoANC LTV 2k,

ThilPIUDI-1-like dimenzation domain AraC/iXyiS-type ONA-binging domain

HN COOH

AdpA 405 aa.
231 AdpA W%
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S 12— A 3

AT 7o Y 2l F ERIZET 2 ApA 20T, MR TRETHRNKS L
U MK2 BENRL., FhoOKIZETS adpd OEFREMADZLIZLST adpd OEFC
RIETESENLAZLE, T, 2OTRICERT S AdpA, D42 AdpA OORETH
2w FTEEARE YO LY LESEEOON 2 adpA DEF~OBGEM~B0, Tb—F
g L9 & adpA M T-REMER (AadpA ¥K) OIS E RNA THIHL, 81 = > E 7k
XD adpd OEFRAEBLE (B 232), FOMR, AadpA BTRIFERIZKAT adpA O
EERIHMBL TV AR LMok, RERATHIER 24 WM ThadpA BIZHIT D
adpA DEFERZHIZWNLTED, FEEERALUAPHANRLARETHDIER 48 ¥
MTHL adpdA OEFROMMIZAGHE, LOLAEKE, EHEALBTHRC-LRETSH
A 72 BISRCIEF ARV T bAadpA HIZBVTE adpd OEFRERLTHE, ZON
SBICE T SETEAORMRIC LIRSS, 24 MBI 48 HRERAETRLN
» adpA DESHMZHATSZLITLE, Zhildadpa KRTRONEI E06. AdpA aaw,
F7-02 AdpA DEFERT 2HORETOEDN adpa 70 T—F —CHABNHEBMNTD
ZimTaEhL,

wt

24 48 72 24 48 72 (h)

hrdB s ¢ e e
mmﬂﬁ!.p-
2 o - SM
= &

{232 S1<y¥r VB EA0EKL adpA EERIZHIT D adpA DETRILE
YMPD BN L TR ZnommER LBk S RNA 2L, SI v VX 7L E
Y adpA OETRREHGE LT, hdB REROHERALTWDL7<ETTHY . RNA RO
v ho—=ATHS, SM: EENK, AM: KBk, SP: BT, 7T,

103



adpA O L 3 BFTIZ AdpA IXHEET D

AdpA NEHEAZO T uE—F —|2#< 2 & TEREAMH L T 2D THILE, AdpA 1T adpA
BEFFRICEAT T THE, FIT, FALY T T vEAIZLD AdpA DFER LR
(®2.3-3), probe A (-155~-10, EEEBtEA %+ &£ 5). probe B (+6~+150). probe C (=77

~447), probe D (—465~-136). probe E (+103~+495) . probe F (-155~+76) ® 6 2ZHE L.
AdpA L OFER LWL A, T probe A LBBVEANR LN, ZOREDHEIIL AdpA
EHSEE T ER~O AdpA #E TROND LD LIZIERIZE TH D, probe B IZ OV THND &
HOIRONTZHLOD, probe A IZHARTIHEFIZHTHFER TH -7, probe C, probe D. probe E
IZOWTIHREA N E LN A o743, probe C IZBL Tix AdpA # B EIZANTZHBAEIT AdpA &
DFEBFTTMBIZOTNMIL 7 bV RRR LR, BBRENZ &IT, probe F ICBL TiEY
TRV RBR 20BN, FOY 7 h/82 K% probe F & AdpA # A v — 1 >OBEEE TR
FHD. EDO 7 h3y KiL probe F & AdpA 54 ~— 2 0DHEAKRETRTLOTHDH Z L
FRENTE, £7-. AdpA F A1 = —iL 1 HFROMAWALIC 1 SHET D Z & H 5., probe F DA
O 2 B ENEN AdpA XA = —N1OTOEA L, 0. 2ROV T MY FRRLR
T Inh & DEESIALICKT D AdpA FA = —DT 7 4 =T ANV DOERH D LE
FASY (Wt

PLEMD . adpA 1ZEEOEEMEICEE L, 5> AdpA HBEHOBIEF ERICEEGT D2 &
MHGNER ST, S HICHMICTEZIT) 2 &I > TIhbDREREZR~T,
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1
o2 I r— +264 adpA
- Dl ——
probe

"Moo n>

probe B probeC probeD probeE probe F

:

-

123 1283 123 123 123 128

233 #AL7 b7 oEAlL LD AdpA OREGRT
Mt S a—712, pobeA (<155~-10), probe B (+6~+150), probe C (-77~+47), probe D
(-465~-136) . probe E (+103~+495). probe F (~155~+76) TH Y, LiZ adpA LMD
EWRREETo—TOHR (BEARLRETo-7RFRA) £RLE, OTRLAESSON
BRI AdpA MEAIBAL (8) @ sie ). she2, site3 2R+, RAITL 7 v FRRLA,

YALZ PT oA e RSl AdpA REAMAOMRE EMIZREY 5720, DNase 1 7
2 7YY biERfT o, pobe A 12815 AdpA NS B EN<D L X 2ARICHVTIR-128
~85 OEEICHASVELAE, TOMMEPIZIE AdpA Bzt XRPIR 2 VM, -126
~=117 (5-TGACCGGATA-3") 3 X U5-88~-97 (5" TGGCTTAAAA-3'), #RENE (B 234
HBLUE 23-10)., ZOMSWALE site | EPREZ LIZTSH, £, 112, <110, -100. 9% &
KB AA R v F L THA b ERsTHEIORRENE, AR VT4 THA b
2 AdpA LOMASELER L EIERE -2 DNA OWBAG TREICEHL, DNase | 2L
B etttz DNase | CESUHEN B RoTHRTILOTHS., ZOLILRR
I DNA ®SEAE M DNase | 72 F7 Y 2 PEEBVWTRICRLOAZLOTHY, Th
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T AdpA BORET LKA 7o —F L LET v A THLRLRELOTH S, sie | OF F
22BN THASE, 87 ~ -128 OUBEYXREABRETHLIZ VD), g 5=
VLU TF 4 THA PIR-126, -114, -113, 112, -102 ZREAE, AN ToFE 2R
EHiz, TRETO AdpA BHORETIZHIT S AdpA RORE TR, 1 FORO A st ol
FATVA PR ERDIORIE 728, adpA LD site | BEROFESRLN,. N Z
TERALRIEEGHRAL BT ILOTh-T,

-205~-10" 15672
234 DNasel 7 b7V & biEiZ & D adpA £ AdpA R GIBIIRIE (site 1)
M AdpA ORkiE, L—2 1 :0pg, F—2:004pg, L—3:01pg. L= 4:02p.
bl §:048 ug. L= 6:0 pg. FIZAWETYa—YO@EEERLE, YR °P 720 LE
MERT, RAIZ AdpA BB =2 Y ARMOUME @, Vil DNase | NA 21—y
FATHAL bEFRT Q23028 ToFE A ZA8E LIRTRE LR,
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Kiz. probe B (2817 HREAMA £ (B 23-5 BLUE 23-10), FORR, 2 AED
+66~+94. BIUT »F¥ o ABD499~466 12 AdpA BRALTWIZ LAbhak, O
EOMMES site3 LIRS LIcT S, A2 B Y ARART A FEAMUT L AP, 485 ~
+76 (5-TGGCGTGAAG-Y) (ZRWEENE, EFh, Ty FE L AMDTI, +72 D2HELS
WAL Rt T 4 THAL P ERATVDONRONE,

site 3

p

+6~+150"

sense:

+6*~+150
235 DNasel 7 b7V > FEIC £ 5 adpA LD AdpA ¥ & IBALIRTE (site 3)
MRS AdpA DRIZ, L= 1:0pg. L= 3:01pug, L= 4:02pg L5104 pg.
b= 6:0pg. FiofiV\EFo—7OBRERLE, *3P FAALEMERT, RANT AdpA
Ba 2t AROME - 718, WiXDNasel A =T 4 THA FETRT,

107



site | & site 3 (213 AdpA 2AMNLICKES T 5, L LR b LA T2k~ 5 site 2 {3 site 1 (2 AdpA
DPFERTHEEIZOR AdpA BREBT D, S ETIZR LN AdpA #BERLI, bilko &
B, HFNLT RT A (K2.3-3) OFER, probe A 121X AdpA & A ~—H3 1 DR < FE A . probe
CITIZIFADIT NI AdpA A = =N 1 DFEE L TV DDOBRHE bz, LA L probe A & probe
C OFEE % W S5 & ¢ probe FIZIZBVWT 7 4 =7 4 T2 2 AdpA FA 7 —DFALTWDHI LN
A ENT, EEODO DNase | 7w b7V ¥ MEICLBBHTIZL Y site 1 13-128~-85 THDH Z
Lo oA, site | ~0 AdpA FEA LY, probe C DAL D AdpA F5G & &7 #5 R, probe F
TIE 29O AdpA # A = — NS FHEA L TV DEORRONTZOTIXE BT, FHAEY | probe C
ZF\ - DNase | 7v R 7 U > METIRE LRV AdpA AT, site | 2L n—T7 %
AWBZLICk o THRIETAZENRTEB L HICRoT (K 23-6), site | HIFHIIC AdpA H3F&
BT 5 ZOEERE site 2 LIRS, 0L 5% [BRANFES] 130 AdpA EHI~D AdpA FEE
OB TR N -72, adpA LRA~DERMEDOLDTH D,

site 2 & L72 ZOfEBIE, -59~+37 £V ) BEICRWVEBE TH 72 (2720, MAEREER
HTXDRT U FEAEDOATH D, site | EELREVWTn—T7&A0RiThidebiani
. FAKE ETE L ABOBEEBIIENNICRBARFTRE TH -7z, T2, LUT O
TiIxE L AL T o F o A E R UEB T AdpA AL THDH ELTEDTND), D
B site 2 A MK RA L, BABERITE HI2-59~-37, -36~-16, -9~+37 (ENTHIH
(2. site 2A. site 2B, site2C &1 3) IZHF B ENTE =, Zhbid, FnEi1 27D AdpA
ooy ARSI L HEIRESEEATEY, site 2A: -56~—47 (5-TGGCCGGACA-3"),
site 2B: —32~-23 (5’-AGGCAGGAAC-3"). site 2C: +17~+8 (5’-TGGCCCGTCC-3’) Th 7= (X
23-10), £/, 7y b F UV MEETT272K 23-6 O NAHE DT, AdpA DT 7 4 =7 (1%
site 2C > site 2A > site 2B Tdh o7, site 2C I$ AdpA BN L— 22, 3 THREEMRIE SN,
L—2 4,5 TEVBONEADRONDDIIX L, site 2A TIXL—r 3~5 TRARICHA IR
ENb, site2B TiEL—r 4,5 TOREENBRHENINOTHD, ZOT 74 =T 4 DEIF

site 2A. 2B. 2C A& Te AdpA A ESID, 2+ AEH|I L O L —ET 5, site 2C T
T SHBRFEENTWVB DI L, site 2A, site 2B TIX 7THERFIN TV D, S HIT, site2B
TIREBEFEENTVWARW2EED Y b 1 XTI 2o RESITH LOVREENEVELETH
o7 (B23-7),
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236 DNasel 7 b7V hiEIC L 5 adpd LD AdpA BEGIRALRTE (site 2)
MAT AdpA DRI, L= 1:0pg, L=2:00dpg. L= 3:01pug. b—4:02pug,
L= 5:04 pg, L'—6:0 pg. FEBOWETo—70RBERLE, "2 "P 70 LE
WMERT, MOWMIIERTRLES, 28R, LLLRBL 2TV IWRILART
ALTHD, swe2A, sie2B. sie2C £FhFhOTHo~A, B. CTRELE,
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consensus

site 1 (+)
site 1 (-)
site 2A (+)
site 2B (+)
site 2C (-)
site 3 (+)

4237 adpA LUEBEND AdpA R & 2 ot Y ARRFIO B
WG Y AR S-TGGCSNGWWY-3' (S:G A2 C. W A $RR T, Y:T ¥
i CO N WTFhoBETHL IV, AdpA G VA THIERBVREELSIHE
R, WICRTFENEVHE LKA T (Yamazaki e al, 2004) RL TV,

AdpA DREEERNAIL. AdpA YA v—DR Y, ¥li@d@lifod7a=y bRERENARE I
Y RARPIZREET D, EVvH 60 (H 23-11 B8) THY, sie 2 X32icbIHohbbL0
D, Fal T2 Y RARPER/S> TV, site 1 12 AdpA A ~+—1 2BES LE,
EFNEZIIT site 212 AdpA ¥ A v—1 2DARBEETIHRACOVTRINETOEFATIR
FHRTERNDSR, £ Tsite 2 IT8115 AdpA ORESBRREW <510, site 2A, 2B, 2C &
NERO L RARFIOEELERL T AdpA VRS LR2VWERENEZENL, £hi7
O—FEFTHIEICEY DNase | 7o b7 ) v/ bR ITTo R, RARLERANZSWVWTIIE 238
WL, £ORR (B 239), site 2A, 2B, 2C YhIZEREANRTH, EREANLEAA~
DHEBBRRDBOHLTHOBU~DERICERKZRON R o, TOIZ L5, sie 2 ~D
AdpA BB Tsite 1 1S 1| 2RA L7 AdpA FA=—iZBit 6T, HID AdpA ¥4 =— 1M
2A, 2B, 2C DWTHhr 1 AMEBATHETS) EVWIZENBRD, EOPRTH, HIZT
74 =T 4 DBV site 2C |2 AdpA XA THHM SR LB END,

[mec]

ajgarcr agatct

TC‘:.J‘QU'] ”’" LCTags W“
CCABECMIGMACIGACTGOICOGTACGUTTICACCCEACGD OGTTOTOGAAGGITACTTUC &37

O PO OO TOGOCOCCATECGAANG TAGGCTGY SCAACAGCTTOCCGTGAAGS

site 28 site 2C

BY238 site2 ~OEREA
site 2A, site 2B, site 2C OFhFNLOEALBEEa Y ARY (KEBLIUTRAITRL
), EREAETERAERLE, EREARIZYNG Bell Y4 MRS,
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| <site 2 mutations> |

3123156

.. g
antisense 2 !

MR «155~247*
~155~a 47" ~155~+4T"

239 site2 HOENTFND APA G =P ARN~OERRAOES
ME - AdpA D ikiZ, =71 :0pg, L=—2:004pug, L3 :00pug, L=—4:02pg,
L= 5:04 pg, L= 6:0 pg. FEBWETo—T7ORRERLE, 2 PP <AL
MR, FECHERNO S oI CHiokM (236 LML) 2EBOEBHIIREE,
BERPRENER, M site 24 DRI FARAMCEREZHALE LD m2A &
L, ERENALE2 4 2ARAREAOKR - TRERTRAORIIXERTZET

AL, BEEREERTRLEN, BEX2, LB 2o TV SWATIZAR TR
LT&®S,



site 1, 2, 3281} % AdpA fEE = L 4 REFIOAE & T

YL EDREATIZ XL VIRE LT adpA LIRFEBO AdpA FEATALIZ OV T, £ OESI% X 2.3-10
(RF, ZHE CREIE SN 72 AdpA DEREE T EFRIZIE Type 1 721X Type I OWF A THE
&7 5% (B 23-11, Yamazaki et al., 2004), [X 2.3-12 (Zi% adpA B LU AdpA FEHIEE IOV
T, AdpA BEABEOMELEEI BV AOME - FAxRLi, Zab 3 DOX %tk
T 5 & adpA LD site 312137 A 7 1 THEA . site2 12 A, BL COWVWTRNEEA T AdpA
W1 OEETHDTEA TN THETDHEEZLND, LaL, site | ~D AdpA OFEEHRIT
AT LI OWFTRICHEYTIEZE SR, 2 2OEa vy P RABEFITAEVICREE > TR
D, Type | £z »>TW5B, FAV T hT vEATRINZEIIZ, V7 b3v Rid AdpA

FAw—MN1OFREL-MBIZY 7 F LT, L7di> T, AdpA ¥4 < —iLsite 1 12 2 DIIFHEE
LTWly, Thbb, site | @2 oDarrREFNZH A 7 1 ORRT 2 20 AdpA ¥ 1

—HBEES L TWAD TR, EHIZ, site | DFFO a4 AR ERESICEBRT
57513 Tsite | ~D AdpA DFEAMBIHIIZH L= (data not shown) Z &b, | 2D AdpA ¥
A=—DFEETHDIT site | DFFDaL oY ARIINLETHD ZENHBA L, —Hh.
DNase 1 7 v F U > METsite | O AdpA FEAFRERE LB, N RN—k T4 THA
FREEL BB, N RN—B YT 474 MIERE S DNA MBS LIZBRORFRR
HEZ RTIRIETH O, site | ~D AdpA FBERFINETOFLIZRR->TWDH I LZRL T
7o LEDZ EMB, site | ~0 AdpA FAIXZINE TO AdpA EHBIEF Efi~OEE LI13R
RBEAT VbiE TMTypelll] OFEHRATHAELTWDHLEEALND,

IO R UTOZENBLFELARY, AdpA 2 Type | DR THETDHLE, 2 2D=
VY ADEDANR—ZOESITIENR Y HEMNH D (Yamazaki er al., 2004), T2 AdpA
DEAv—HRICED S N KMfEE L DNA FAIZED D C KIMERES ) I —307R Y F#K
REEEESoTEY, FA=—@0RY HHRICHEEEZE X T DNA BEETEDHLDEEZXD
N5, £7- AdpA 1T AraC 77 SV —IZBT 58, ArnC BEHEGLRRRICERAR Y v I —%2F-
TV % (Matthews, 1992; Schleif, 1987; Schleif, 2003), AraC BfEETHF A L7 kU &' — MECS
DORINZ 10 bp £7213 21 bp PEHIEZFALTH, #AM L7 P E—FEHFIZLTA =T 2 F
JE—MILTH, AraC 345 RALES 2 %72\ (Carra and Schleif, 1993). ZhbH DI &
AdpA FA4 =—D | SO¥ T a=y bH | DOFERETNIZHIE L THET DHE. Type 1 DR
L, FOEYMED Type Nl DEERBEV I B, EVI T LERTERERE -HTLHHLO
Thbd, £LT, BEEEHILICEDEBAD Type 1 L1380, #D Type I LD site | T
DEBRIFE AL, site | IZHEA LT AdpA DM SO AVERIZ & - T site 2 ~ AdpA &V
IN—=hFTBHENIFHERETALEZRATIONEETIHILOTH D, IR site 1 & site 2 T
AdpA ELAREMEA LSV, DNA L—7 DX ) B lE+2 Lo REBTRER L, BF
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PULEIT>THWHLELHND, site 3 ZFLE L DI site 2 DL ICH Y RAE, ZOX 5 itk
REIZ Ry - TRV (i),

a0 TreTeeecc T T T s 1
AACACGC000CCECACTOCCTA OO OO TOOTTACCRAM TR AMAGTAOOCCCACORC
site 1

) | . —30
ﬁ #
70 AACCCTTOGCOGGOATGGCOSGACACCOCACCGOCCACCAGACAGAAACGGAT GOGGTACCCTTTCAC -1
TTGOAAGCOGCOCTA T

site 2A site 28

Adsndan

+1 COGACGOGGACGGAOCAGT TG TOGAAGGGCACT TCOC TG TGOGC T TG CGAGTGAAACGCTTOGTORTE + 70
QECTGOGCCTACCCaE T AL (A T L OO AP ACGEACACOOGARGCUC T CACT T TOCCAAGCACTAG

site 2C

+71 GARACGCTTCACGCCACGTTTCCTTATCGACATTGAGCTGETGEEEGAAGGTGTCACGGOGGGACCACGOG +140
WMCTMWMMCH&AC&GWKWCWM{
2310 adpA O 0E—5— RO L AdpA 6 FAx
CEHFMb A Eel 2 LTRLTVD, TOB—F—035 BL0-10 SEEA L, AdpA AW

BERLE, SERNFTORS Y ARPIRATF L REATRLE,

B 2311 ZhETHLAMNIEINRTVS AdpA ORESERL
AdpA 25 A +v—THOHREF LD AdpA BESHMIZEST S, Type 1: EHRICo ¥
YHARFINS 2 O, AVITHEMACHLIEE, | 2O YRR | 20 AdpA V7
az=y bR CRBIZHLDNARE FAA A ERBOTRERT S, Typel' : Typel & [BIERIIN,
2 Y ARAMOERESEGCRE, Type 1 ik 29 MO 13-14 bp R4, Type
I'OWAIE 2 bp LEMYHELV, ZHiX N RSN E C HMBUREREY - M ARIZER
RLDTHLIEOEEZEND, Typell: AP 2 4 4 ARA | >MiTH 588,
AdpA R EBLEMPR OV Ta=y PERONT2 A ARNICEST D,
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35 10
DDA s ieieiiiaiiiisiiss it ”—p--- - e
ste 1 site 2 site 3
& T P .?_. .............................. B . e o P
a
MY sestsursssEsEIsEBSESENSRNSRE SRS L e e GEECEEEEEEET PR .—$ ...............................
(0]
BOMA  sessssasssssssississsans . e . A e T T
] a

SO/T SPAU  =ecesrscmsinciintasnsiasiasatsastansasnssa s s adshs s st annann 4—.‘.4 .............................
w B e R e L T ? ---------------------------
BOREE sy Mo i g e e e R A R R e e Pl e o Ao A A R A A AR A RS

BI2312 adpA LR ET AdpA i X S EROEFIEVEESIER Sh - RRE 7O LK
IS Y 5 AdpA A EUR
FRERETMEAZ+1 L LT AdpA BOSINL R LE, #EBNO FiREAFhOBE
BOOUS (BEBMLEEL LB, sgmd O Asite THIVTA LT, 2ELTHD,
HOBBAOEARMS a2 P AR OR « & £ 8T,

AdpA BECHHT -~ DR

adpA LHE~® AdpA S VEBRMAFOETAN 2 OMEWM<S0, LLED AdpA BE
RACERLBAL, EF~OEBEM<D2iTLE, site | © 2 202 L4 ARNCE
REALELD (mel), site3D 12023 ¥ P ARFERBEALEZLO (m3), mtl £ md
FEAGDEELO (m3) @ 3 MEHGNLE (B 2313 B LU0 23-14), 235, siee 2 137
BE—F—HAICHI EREATOLON T O E— S —FHIIEREGASEENMNZ L,
BEU site 112 AdpA DREG LIt X D2 site 2 12 AdpA 2SREAT 20T mul 25 site 2 (2 AdpA
PEELLVWERIZL 2D L, FRLEDR,

B SR ARSI L L site 1 ~3 2312 probe | (~155~+148)  site 1,2 £ &1r probe 2 (-155~+76) ,
site 2, 3 &L probe 3 (-77~+148) ZfEMNL, YA T T oA ETI LIV EROM
BET-E (M 2315, pobe | ZHRWEFAL T T oA TR, ¥ 7 b3 FM 3 » 1,
EFTRENADA ¥ A +—D 1 B F 2D F. 3 RTRALELOICRET SR RN, Lb—
Y2 TRENDLT R Fhisite | 12 AdpA A4 v—1 X FUBELELOTHD, b—1 13
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TROENDYZ P/ F2 KN site 2 Fitidsite 30K, BLUMHIZELIZ AdpA ¥ A +—
BREELELOTHD, ZhEOY? FAY NI mi3 ZRTETRLAR 25T, probe 2
EMAET AL T BT o4 ik, L—2 2 Tsite 1, L—2 3 Tsite 1 & site 2 iIT# ¥ AdpA
FA=—BRELEC7RACFARGA, mil BRTRONWELS R, Zhid site 1 ~O
AdpA FEGIKAFHNC site 2 ~O AdpA WAVEZDZ EEFRTRRETLS S, probe 3 W
YW 7 b7 oA Tlkl—1r 3 Tsite 3 12 AdpA ¥ A <=—M | FFMELE LT bV ER
Ao, mB3 ERTRL7 AV FHRRLGRE Rofk, ZThiXsite 3 ~D AdpA DT 7 4 =7
405 site | (CEE~E T L site 3~ AdpA BEGTS she 2 O AdpA B ERER VI L, ®
FTRRTLDD, 2B, ZIT AdpA RESLERPLTLY 7 M Fol, RE LI
BOLRVWIEREEL TS,
‘site 1

| el

128 COTGACCGAATACAGCACACGCARCCAATGGTTTTAAGCCAACT -85
GCACTGGCCTATOTCGTOTGCGTTGGTTACCAAAATTCGGTTGA

i '

COTCACCGGggtaccCACACGCAACCARTGGTaggcc LCCARCT

GCACTGGCCocatgagGTETGOCTTGGTTACCAL coggaGGTTGA
Kpnl Stud

site 3,

TOATCGAACGOggat ccCCACGTTTCCTTATCGA
ACTAGCTTGOGCcLagaGGTOCAAAGGAATAGET
BamHi

H 2313 site ] B2 Usite3 ~OERNYN
site 1. site 3 THENOBEHRORERALRL, &=t YARMERTLRAIT
FLE, ERAANEHNZOCTHEA, EREOEVE DT (BIRERY A MRD) T
FLE,

s



-100 +1 +100
1

1 O
AdpA-bindi -35 -10
wt [ B ]
site 1 site 2 site 3
no-binding .
mt1 {J O @
shed site 2 site 3
site 1 site 2 She3
mt13 U U
shte] site 2 site3

2314 mtl, m3, mul3 o>% 58 BRE
adpA D70 E— 5~ L ERBAOUMBERERLE, EREBALLEY A PRIXTEL,
AdpA OEEBIRIRA., EBARARLTRLE. site | ~OERNAT site 2 O AdpA BE LK
bhd,

+264 | adpA
TR — il

probe 1

2
3
probe 1 probe 2 probe 3

wt mt13 wt mti wi mt3
1883 183 1283123128 123

dd

2315 ZEREATo—FEMNEYALT RT vAI2L 5 AdpA AN
Buwhk7a—7i, probe | (~155~+148), probe 2 (-155~+76). probe 3 (-77~+148), £
NENWBEROBE L ERBAOBREOTu—T 2RV, MAT AdpA OEIE, V—1:
Opg, L—2:004pg, L—2-3:02pg ¥ 7 b3/ FONBERXKATHRLE,

%
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BlEOESITHERLE ml BL0 mo TREDOEKIZHAZAANERELERL, adpa O
FREMASZ L, ERBOMFERIE _ET MK2 BEFRLAELZEFELTETH -
=, BE, w3 EREBALEEOERLRAL N, BELLERRIERIZLDEDIIRS
THIENTERDAE, BRBLE m K, md BREAPAWERLFARCERL, BEY
fE2fT> T,

Tl— MERLLESR, ml B, mo WL 24 50, 48 05, 72 HRITHMKLERL,
WL RNA 2T SI v 2 EX 7 ETTV adpA DS RER<~ (0 23.16), 5% 48 550
TETRICKELRESRON, mi ¥, m3 &L LIZHERE D 2 O adpA DETRERLE,
IS, mil B o3 BMEDVLETFRVE ATV, TRLE, AdpA KBS L2
ILTREFMMOEZ SEMRTHD LA 5, 24 RN R Tt mil #&.mo HRIZH0 5 adpa
OEFRIEFEREPERIP LSVERTH- AN, THIZEEAO Adpa RELXDMHE
ERNMTOIECTHRLTORWEDLERZOND, EldadpA HETiL 24 BRIZEIT S adpA ©
ETREWIZEon (1 232) 25, ZhitdadpA BTI2 AdpA P2 ROREOLDIZAEK
AORBRELAR>TBY, TNVFLHIOBTERERIILEZLEASIOND, BK
T2EFIICBV T el B, mB O TRATLERNBE LTV,

BEXY, AdpA REBENREN—FLU LI LAXORETF LRIZBES L, AFOER
EOMTILEZ>TEMERRENMA D, LW ZEMRENRE, ¥, BRERALY
OORBTELHo Ml WTILERED AdpA VRELEADICANCEESERIZL, &
RiizorobortB2rond,

wit mt3 mt1
2448?2 244372 244.372 [h)

2316 SI<o e ZFRIZLD0ERE AdpA RS TLE RMARIZEIT S adpA OBES &
DR
(232 LERIZLTEREROBREINR - B, RNA IRHEL, S| v o ¥ ¥ &fiok,
hrdB IO REL TWLLIvHFTHY, RNA BO= > bu—ATHS, SM: R
Wik, AM : P lik, SP: BT, 27T,

17



EGIZ, in vio BHFREMANDIZ LIZE>TERLE in vivo ORERERB TS LIZLE,
adpA D-274~+185 OM%E, BEY (adpA-wt), mil ERY (adpA-mil), m3 ERY (adpa-
m3) ERERETo—FLLTHW, %k, arbe—Al LT AdgA LV ETFOERE
Z1F720 hrdB O-238~+150 & T —T L LTHWTC inviro 57 » €A 2172 (K 2.3-17),
FOMR, 3 =D hdB T AdpA DIEMIZ L ZEEMENTZ T R85, adpA-wt 12
AdpA OIFEMIZ X v EEAMB I, — K, adpA-mtl TIRESDWN adpa-wt EXRLNL
<Ry, EREACLYREENRMNEZ > T, LML, adpA-m3 TiE adpa-wt & DD
BRenfedot, Zhutsite 3 ~® AdpA BT 7 4 =T 4 WO L, in viro & in vivo D
DNA BEOBN R VIZEHLOTHL L EDNS,

100 ¢

—AdpAH wl
0 110 440 (nM)

e BEE -
v a® ol
adpA-mt3 “ . ﬁt 20
adpA-mt1 w4 I A

3 SF OFF  °FF wmaman
hroB adpA adpA adpA
w M3 mt1

B 23-17 invitro BT ¥ A £V 72 AdpA H CEFIIH O
(Adin vitro BEHT 22 AL XD AdpA BCEREANW. wdB T E—F—RXHT 1472 b
-k L, BEM adpA 70— ¥~ (adpA-wt) . EREAY adpA 7' 0 €~ ¥ — (adpA-m3
BLOC adpA-mtl) EANT in vivo BB LT, TREN AdpA (AdpA-H) & BUSFRIZN
AREROERELLE LY, BADORRO RORE % Image Analyzer |2 L - CTEIl{L -
ZI272TDHILICEVERLE,

BEIZ, in vivo 12811 D adpA DBREERHIZL2ESRENE, BFREW <D Lizko
TOHRIBLE, AdpA RA LT b4 Y ABROBRBBROESERTTHD SUR 22— FT
LZREFOEBBELIT), adpA 27T —F —2E2 TR —~<0 7 —ZiPALH
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ARICRATLE, SC—BEFMLTAM T bed L AERIRNTZONRMENT
V% (Ohnishi er al, 1999), FERZ. adpA OETRPEML TS ml 8P md HTLA P L
Thed A EERDRNBERENDERATTHS,

PR, mil B, O MEENFASAMAL—MERL, WREE L THEREREL T
AbL T heL o EBERMLE, ZO/RE,. ml 8. md RELEHERIVE{ DA
L7 bR v R LTHEILADMD . WIS ol MRERORX ML b L RER
LTwE (B 2318). BE&LAVERERCIVEERENETS EHERIIan=—HLY
10 pg ERML T2zt L, o3 BTi 20 pg. ol I TI2 100 pg LOARL T bvwA L%k
LT, ZOMRIE nvive, invio TRENE, site ] (BEXsite2) & site3 ~0 AdpA
BERRVICASOEFICAMSIZREL k., site | (BEUsite 2) ~O AdpA BGALY
BNETAMAREFOZ L, L—ETILOTHLN,

mt3

K 2318 AdpA BCEFOWMERBO A LT hv oA ¥ A ERRED Y
B (w) & adpA BB AdpA BEESEAEREAK (mt] BLUV m3) #£0 TN A2
AN Bennett SIBIZOE L ) CTHAMBE L . 28°CizH TS AMBR L1, £ 08 Bacillus
subtitis DR THREZEML, 37C T-RERLTTALHENEA LT el L ERRE
LTREHLE, MRICLTESOR LT hvA Y EMWTT o2 A 2170, PRELA
BEHOREEZPLRERLIFRLTEEREYRH L,
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2.3-11  Aaw

HOEEMHEORA D =X L

AdpA X ZNF THRESL - ZRARBICHETIBEFHO EEEHEL BFL L ToRE
AWREINTW, Lo, AFFRICE D F-ICBHIZH L TX TEEMHE) 0%F 2> T
LT EBHONERS, TiE, AL TFOBRERLEDLIICL TN EDLoTNLIDESD
7 ?adpA O EFIZIE AdpA FEETIALAS 3 AETRDH o7, site 1 1X AdpA DT 7 4 =T 4 B
<, 3 2hAEAMIMOFT TITHMAN AdpA BRENE £ > TE THYIZ AdpA BHEETHH
fLLtEZ2OND, L TIHICHIEAN AdpA IRED B E D L site 2 1213 site 1 {KFFANIC AdpA 7%
AT D, site 1 (ZFEA L72 AdpA 2372210 0T site 2 (21% AdpA IFFEA TERVWI & BT
site 1 (\ZFEA L7= AdpA M3 site 2 12 AdpA & U Z)L— b T 572 TR, 26O AdpA &-F R
HIFHEERAL TREESLEEARELTELLL TWAE EEXLND, Z D site 1 & site 2 D AdpA
A =—OREERICL Y EBEO DNA ZHivth2i 0. DNA V=7 BBRENTHDHES D,
DNA V=7 ORMIZ 7T o — 7 —OEELE{L S, RNA K A TF—ERESTFRNE I L
Bl en, ERELTERELZMET S, site | X7 2E—F—1b2keh) ERIZHY, BT
EEMENICEE LenEBIZHND8, Z0 site 2 L OHAERPEEMHIZHRIEE LT

HDTHAH, site 2 137 rE—F—EHEIZMBELTEY. RNA K A F—BIZ L HEEH
b BRET DL O RMETLH D,

site 1 & site 2 ~DOHFAA2 AdpA FEEB L OENITHESEEMHIOFNIL U 7Ly —0f]
({2l TV % (Griffith et al, 1986; Hochschild and Ptashne, 1986), A U 7L v % —{ZBHNIERN\T
T4 =T 4 OFEEMAISEES L. ROTHBRAIZL D 1 BFTO, BITIEERICHNT 74 =
T A ERTRERBMCHDOL Y Ly = FREATH, IHIZ, DNA A& LEING 2
DDAV Ty —3FIE C RO KA A CELETHAEEMAL, DNA 2479 #if. DNA L
— 7 &R L CES G & ERT D,

DNA L—7FERUZB L Tk, DNA BEEHEDHET 25 DNA OEiZFE CRANCALE Le< T
12726 720 (Hochschild and Ptashne, 1986; Lee and Schleif, 1989; Miiller er al, 1996), WHFRGEE
2752V 7y —_ AraC, Lacl T\ 'h i DNA ORI LEICHEE L, BRAES TOMTH
HERAMNEZ B, site]l & site2 IR L= AdpA IZDNA ORI LHEHIZH D LB LD, 7o,
DNA (ZfE LI-EAENEWVICHEERT 272008 BE I N D HEEALH O BEREZ SV TR,
BT &2 LHEMNE RVBEEREZITOICCL, Evvé DNA OBHBEMEK 729 DNA L—
THRICEENTHEEX LD, LxL, AraC i 500 bp £ Y W EEEET H SRS AL D
MOEM*E< LT DNA V—7%BKT 52 &N TE (Lee and Schleif, 1989), 7= AraR
Xd2bp EVIHIEWEBTH- TH 2 2OEEALTDNA V—T4 KT 5D (Mota et al, 2001),
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AdpA DIHE. site 1 & site 2A DR 58.5 bp TH Y, site 1 & site 2C DI 129.5 bp THL D
T, TRLOHICE X IEHAWMALOM O DNA A — 7RI IXMER V. U EOEE D
5%, site | (2FEE L7 AdpA I site 2 (2B AdpA T % Y 72— b LOAEER LREL
LTWBEEZLNDN, OB, FA—HRICANTWSLEEZLND, N KinflO
Thil/Pfpl/DI-1 77 Y —IZJ&TH K AL Y E2FHL T2 EEX R D, Thil/Pipl/DI-1 77
Y —0 KA A > % b Pyrococcus horikoshii @ PH704 1% 3 DOF A =—BRBFLTAFH~w—
#WT% (Duetal,2000) Z MO LEURETAVEFZD,

T4 =F 4 DB site 3 (ZONTTHHA, HETEERERLY bR THRICALET
%, LI=A->T. AdpA OMEIPNEEMN L) B E o7z & 1T site 3125 AdpA 25KEE L. RNA
KU AS—POBEEMELIFS 2 L TEEMHEZToTWEEAS, LKL, ERTRIN
7= & ST site 1 BLV2 L 0 IFETEME ~DOF TR,

TOLXHIC LT, AdpA ITEMREFOBEEELICRD Y . BEIIIETMEIER &2 /2,
AdpA TBENEE > CEPEEICIEERE LA site | IIREEL, SHITREREE 2L
X7 site 2 X site 3 (CHEA L CEENE £ ERT 5. Thbb, EBHBETOBESEHELICHS
REETL, BEAZNILEAVE X ACHEIBI RV, ZhbDHEMAAIE, AdpA R
EREENOBRFLZELTIEECEELRNE IS T 5, AdpA BEDOEVH—L LTHLEL
TWb &Nz d,

A-Z7 75 —HlH A — FRICET 5 adpd ORETREGIET L

adpA DEEBIL ApA. A-7 7 7 ¥ —. AdpA |C X - THEI SN2 BMARHIEIC £ > TRY L
STV I ERELMI AR oT=, adpA O EHSERICIZE 2.3-19 DX HIZ ArpA & AdpA HE7R
> THEELTW5,

ArpA-binding site

-100 (‘i) +264
' 0o —adoA_>
-35 -10
R L]
site 1 site 2 site 3

AdpA-binding sites

[¥2.3-19 adpA EFESERD ArpA 3 L T AdpA 123t T 5 A~ L — & — GO BRE X
adpA DEERELE A+ L LT/ nE—F—f, BRMHEA (4264) 2RL, ApA BLTV
AdpA NEATHHERE R LT,

& 5 adpA DEEFEUZ SV CHREICF > TET VA2 E L DTDORK23-20 TH Dostage 1

121




EENH. A7 7 78 —EETEEICELTE LT, ApA Y adpA DT BE— S —IZREE LE
BEAMEI LTV, stage 2 EENELR A-T 7 7 ¥ —REVPBECET DL AT 77—
ArpA EHEA L. adpA 7 o E—4 —n D ArpA IZRREET % . adpA DERE DB - TEHE(LT D, stage
3: AdpA IZFEESME - TWIRBHC BT DRk BB T OBREEMELETT 9. £72 AdpA 3
HIEEOEEICETS L HEOBG T RO site | ([ZHAT DM, adpA DEEEIEMITE < HEF
SN T3, stage 4: 85 - IR SN AdpA HELMBARENB 2D LB ORET
FHD site2 BEWsite 3 IZBFEA L, adpA DEERIHIEND,
TOX HIC LT AdpA HBRE A2 RREFE £ TTHIC L CGRRIBHR L2V L O RE S TV,

stage 1 ArpA
% adpA

stage 2
A
AA s A . >
A 4 é«;%A
A-factor
adpA
+1
stage 3
AdpA )
: adpA
site 1 +1
stage 4

site 1

site 2

+1 site3
X1 2.3-20 BRI E 72 adpA 7 12 E— ¥ — O FEIHEE

L LAdis, U EOEFATIE adpAd DEBEREIZOVTRABICEFHATERVRLD D,
K 232 O 52, AadpA BETiE AdpA RE<K RVCHED L THEE 48 BT adpA OEFN
ME SN TS, TOADZALIONTIEHVWEERBATHY . SHIHIO adpA 5 FHEIH
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BOGEELTFTHLOTHD, mtl £, m3 HRTHENT 72 BT adpA QIG5 MF =
THY (K23-16), HEMHE & IEBO, R UBERENTWDEBE X LD, AadpA BRiT AdpA
MEBRLARVOTEBNOREIZELLRAZY, ZORETIoOROMBEEAR BT
HOEAD, . BAKTLIEERDY (72 B B 2&FMHEIE, 8 C&EFMH 28
TZOMOMEEEIZL>TWHEBEXOLND, DF Y, AdpA DHCEEMHIT. ArpA 24X
DI DRR XN T AdpA OREBMEML L TV ARIETOMIIAN AdpA REFRE THY | &
YRR OME] - WHIZE-HIOBBZ L2 DL EEILND,

X 2.3-21 ICAEE TTHLNIR -T2 A-T 7 7 ¥ —H A — F EROEFE Ok
DWTE EDT,

morphological secondary
differentiation metabolism

2321 A-77 7% —#lHiH Ry — KEEDO AdpA (2 X DHEET NV
adpA X A-7 7 7 X —Z 5K ArpA ICL > TEFEE2MH STV D, AfsA OBIFIZEY A-7
77 E—DEBRMBITONG, A-T7 77— 7 F ML DMEIBRRIZE bleo T, BAT
— RO L 72 EBEIEMLER T AdpA 132 7% ZIRARHE - BREMME L Vo KRR
ETH, FRERERIC AdpA 12 A-7 7 7 ¥ —AERZACHEL (BE_EBR), £8H0D
BEEAIET A2 L0 L > THREICREARE£1T>oT\5, PradpA 70 E—HF —,
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A-T77 72— 3BEIZET DL, ArpA XS5 THEDENTWDEHRT—RKODAAL v F & A
L, BRI ENL c ZRREA~OY ST NMBRENRA Y — T B, ZZT ArpA DR
I FAMGERTFIL AdpA ThHH, ZETHRA X HIC AdpA 23078 < &b AmpA EHE LT
EULEERKRFTHD, LoT. VI FADOERLHRGEDT-OITHMEIN AdpA HERHNZ L
F1 5. —FH. AdpA IZ XV BREERAEM L E 8 5 N & ZRREVPFE s, MEN
TIEBR 22 ABREOENE Z 5, ECCHIINEEN ER L7 AdpA BZ O F ZilFE A
RBEEFGTDE. 208 RREBLOBERFEATEPTICARNCERELRIEY., h
IEomtl BR. m3 BRIERB TEICL Do T HAHIARERITIE TN T AdpA B KIBRIZFHE
BTI5L&EBZOND mt13 BEEBUB TERDP oI ML LHRIEIND, DX DI, AdpA D
HOmEE, £RNOEESRLHER LoV EESME - ZIRAREE W B R E{LEF T2 0
(CRLBSREE Ae HIEAE L 2 B,

— 77T, AdpA I Streptomyces B CIRTFSNTEBBRFTHH EEZ LNTEY . S. coerlicolor
A3QDANY a7 Thb AdpAc/BIdH 1E AdpA & AARICTEREMLIZNEDEEEMLR +Th
HZENBLMIENTVS (Takano et al,, 2003), £Z T, ILIZRYT ) LEFBKET LI S.
avermitilis 7>5 B2l o 7= AdpA Ay o JEEH, 3 BED AdpA BT O LK &bz L
THi=, T5HE, AdpA FEETEMOEIEES T site 2A, site 2B ZFRVW TR EFEIN TV,
AWFIEDFERD D site 1 & site 2C, site 3 RHITZ OB IMHIELREB T+ THLLEE
25, & L THEE, S. griseus D AdpA #RWTF VLT v T v¥A #2179 Z LI2 L Y AdpAc/BIdH
Za— N 58 EF ERBERO T o —T LOBEERITHDI LESVHERB I (daa not
shown), S. griseus ¥ AdpA & AdpAc/BIdH @ DNA f&5& A A 13 100%7 3 / BRECS 23— L
TWH I &6, AdpAc/BIdH THRBL CTHEETHEINIRILC THDH LEX NS, TR2D
L. AdpAc/BIdH L EH B DOBEEF LRICHEA L THREEMR 217> TV D Z LRI,
AdpA FZODOT I/ BESIZT TR, BCEREMH#REL Y PTRESATVWEEEZDL
nd,
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2.3V BB IUCHE

UT. ool oixihE CRALEREFEOME - FiETHB, UUTORKR T
BRI LT T A ~—OMNE, IOV TIEER23-1ICE LD,

Sl % v ¥ FIEIC L DEREAET

RNA fhiHiE, BLOSI = v BV JERAMBEE TLRLUFETH D, hrdB OEEIL hrdB-F &
hrdB-R*D#AL A bE DT T4 ~—% ¥P 5~V LT2), adpA DEEEIL SI-F & SI-R*OfAA
Bt rACTER L —T 2BV TRIE LT,

TNy 7 b T oA

AdpA OFB KL, o —TOEMFE, RISEHEREEHEETLAKTHD, Tu—7
ERUZ W= 75 A = — DA EDEIC DN TR T 5,
probe A : gs-Fl+gs-R1, probe B : gs-F2+gs-R2, probe C : gs-F3+gs-R3, probe D : gs-F4+gs-R4. probe

E : gs-F5+gs-R5, probe F : gs-F6+gs-R6, probe 1 : gs-Fl+gs-R7, probe 2 : gs-Fl+gs-R6, probe 3 :
gs-F3+gs-R7

DNasel 7> b7V v bk

AdpA OFBFHE, Fr— 7 OENGE, RSEER EIHMEETLRKTHD, FTr—7
ERUZ W7 T4 v — DA DRICHOVWTERRT 5, BB, UTOT T4 <—0 5 H*L *P
FANLET TAw—ThB L ERT.

site 1-sense : fp-Fl1*+gs-R1

site 1-antisense 1 : gs-F1+fp-RI*
site 1-antisense 1 : gs-Fl1+fp-R2*
site 2-antisense 1 : gs-F1+{p-R3*
site 2-antisense 2 : gs-F1+fp-R3*

site 3-antisense : gs-F2+gs-R2*

AdpA FEGEM (site | 3B L Ulsite 3) ~DEREA

site 3 (28172 AdpA #EE =t H REFHIF D TTCACG %. GGATCC (BamHI YliTALSY)
IZ PCR #BVWTUTFTOEREICLVEHRLE, 7. EREARFEZMAMLET 74 v—2H
T LR O F OS] % K08 L 7=, up-F & 5°-CGCGGATCCGCGTTCGATCACGAAGCGTT-3’ (+76

~+57, F#iE BamH1 YIKELF) . 5'-CGCGGATCCCCACGTTTCCTTATCGACAT-3" (+83~+102,
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F#IT BamHI YIEES) & gs-RS DT T A =—IZL Y ENFHLHEIE L. Sphl (=593 fiL) & BamHI,
BamHl & Sacl (+371 fir) THIW#% . Wikt 5 % BamHl %5t L THEE L72 b D% pUCI9 D Sphl-Sacl
HA Mcra—=1F Lf, PCR TF—AnZ LIERERFIMIC L VR L, ZOXR
WARFHZ mt3 LIE, 7T AI K& pMT3 &FESZ LIZT D,

BIEEIZ L Csite 1 1235175 2 5D AdpA FEA 2 & 4 RELFIH D TTTAAG ¥ £ U ATACAG
. TNFN AGGCCT (Sl YINFEH]) 3 L1 GGTACC (Kpnl YIWTECFY) (ZBHL 7=, &A)
\Z Stul CIWTERHI~DESIBMRAIT o2 tk, ORI &R L LT Kpnl GIKiESI~DESIEH#
EFHI2ET 2 DOERBALRIT-T2, BT T4 v—DMAEDEIL, Sul YIETALSI~D
BoHIEH#IE up-F & 5°-AAGGCCTACCATTGGTTGCGTGTGCTG-3' (-97~-116, TFH#id Sl Y]
WiELH) . 5°-AAGGCCTCCAACTTCACCCGGGTGCCG-3" (-90~-71, TF#RiE Snl YIWTEISI) &
gsR5 T & % ., Kpnl Y) Wy & % ~ o & % & # & uwF & 5-
CGGGGTACCCCGGTCACGCCGGGCGCACA-3" (-120~-139, T # L Kpnl LIKTEIS) | 5-
CGGGGTACCCACACGCAACCAATGGTAGG-3" (-113~-94, F#ix Kpnl GIETELSI) & gs-RS
Thd, TOLEREARFEZ mtl P, 7T R K& pMT1 LFESZ &I2T D,

F7-. mtl & m3 BWHIEASNERES] (mt13) 25277 A K (pMT13) OFERI,
mtl & m3 % Nrul (+4710) ¥4 FE2FIAL THEASDED Z LICLVITo 7,

mtl. m3. mtl3 OYeAE~DEAFHIEL sgmA (28T 5 AdpA FEAHAL~DE FEAR,
arpAzWII9A ZREADHAELALTHSD, TITHEREART 7 A I PBREICO>VNTERL
TEL, BRHEAZITVT B — b &N Sphl-Sacl Wil (-593~+371) % Sphl-Sacl TYHIY H
L. Fi#%2.6kb® Pstl-Sphl Wi F ¥ & OVF it 2.7 kb O Sacl-Xbal Wi & #4& L pUCI9 @ Sacl-Xbal
YA MIHBAAT, “OwAFra—=v %A MZHD Hindlll A NI, TS XY AT+~
Ay RA AL TR T T D aphll (Beck et al, 1982) % 1.4 kb @ HindllI rh & LT
GOHLbDOEBEBALTEREAR TS RI RELE, ZOTFAIRE E coli IMINO0 £RIZ
TRERH L, WEEREZITOREAEICHZAALLE, 5122 BIEOHEABRZEZEZSET
EREEZRIR - RS LT

AdpA FEAEML (site2) ~DEREA

site | 8L W site 3 DHPALEBETHBHOT, ANT T4 v —DRABDEIIONTDHRE
7

site 2A 12315 AdpA & =t H 2EFI, GGCCGG (-55~-50) % AGATCT (Bgill Yl
WERS) 12T O T 54 v —DAEhEE AV PCR (CE YV EREARFZFER LT, up-F
¢ 5-GAAGATCTATCCCGCGAAGGGTTCGGCA-3' (-56~-75, T#it Bglll YIKrEIS) . 5-

GAAGATCTACACCCCACCGCCCACCAGG-3* (—49~-30. TF#ti3 Bglll GITALS) & gsRS,
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ZOEEEAEFE mRA LY, T A I KE pMT2A EFESZ LT3,

site 2B (23175 AdpA #EE =B RAEEH]. GGCAGG (-31~-26) % AGATCT (Bg/l t)
WrECF) ICUTOT T4 ~—DAEDLEE W PCR IZE W EREARS AZER L7, upF
& 5-GAAGATCTTGGTGGGCGGTGGGGTGTCC-3* (-32~-51, T#Ri Bg/ll YIWTES) . 5°-
GAAGATCTAACGGACCGCGCGGTACGCT-3' (-25~-6, T#Ri% Bglll YIWTEL%) & gs-RS, Z
DEFEAKS| % mRB E0EN, 77X I K& pMT2B EESZ LIZT 5,

site 2C (28175 AdpA #EH a2t REF, CGGGCC (+11~+16) % AGATCT (Bglll 4
WrECS) 1T DT T4 = —DAEHEZ V- PCR ICL Y EREARINAZER L7, up-F
& 5-GAAGATCITCCGCGTCGGGTGAAAGCGT-3' (+10~-10. TF#Z Bgll YIWik%) . 5-
GAAGATCTACGTTGTCGAAGGGCACTTC-3* (+17~+36, T#HiX Bglll YIW&lS]) & gs-R5, =
DIEFE AR Z mRC EFRY, 77 A3 K& pMT2C RS Z LT 5,
in vitro 85 %

RNA RYU A5 —PRufE#Hid S. griseus IFO13350 OEHEEHEANOHABLZLOEH W

(Yamzaki et al, 2003). |a-**P]JCTP (30 TBg/mmol) i Amersham Pharmacia Biotech.7» LA L 72
D& AV, Hopwood HiZkB<v==a7 /L (Kieser et al, 2000) {Z#> THFo72, adpA DOEFH
Tu—7L L TIEf-F& f-R 774 ~—%FATPCRIEEL-T 2 —7 (-274~+185, 459 bp)
AW, arbuo— b L hdB O8I 70 —7 L LTt hdB-F2 & hedB-R2 754 v —%
FAVWT PCR HIE L 7= 7 —7 (-238~+150, 388 bp) #H\ 7= (hrdB DEEERRLAIZOWVTIZ
Shinkawa et al, 1995 # &),

RNA R U 27— (63 nM) % 0.5 pMol D #5%! DNA,0-440 nM AdpA & & & (T transcription buffer

(40 mM Tris-HCI (pH7.9), 10 mM MgCl,, 0.6 mM EDTA, 0.4 mM potassium phosphate, 1.5 mM DTT,
0.75 mg/ml BSA, 20% (v/v) glycerol) {ZTHE 37 pl & L, 30°C TS 7MiM »Fa2~"—}F, 2 ul
@ RTP mix (ATP, GTP, UTP Zh#H1 33 mM) & | ul ®[a-"P|CTP (0.37 MBg)2 Mz 5 Z & T
BERGEZBEESE, 30°C T2HMBA vFaX—hLli, 20O% 1 pl O~RY Yy (KRE 0.1
mg/ml) ZMZ 30°C TS5 DA Fa~—hL, 2pul ®cold CTP (FBRE | mM) ZMAT30°C
T 10 A v Fax—bT5Z L TREEOBERG2ZERIZKDLYE, KEIIBTILTR
JEE IR Tz, RUGHEIE 10 ul O precipitation mix (0.1 mg/ml tRNA, 0.4 M sodium acetate (pH6.0)) &
60l DA VTR )= TA Y Tas ) — kB L 80%T % /—N U A%, run-off loading
buffer (80% (v/v) formamide, | mM EDTA, 0.1% (w/v) xylene cyanol, 0.1% (w/v) bromophenol blue)iZ
TR LT, Ho 73 90°C T 2 HREBVLER#, 6% polyacrylamide gel (SI v B 7 LELH
AR) TEXPKE) L Image Analyzer TR L 7=,
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#23-1

Gene

hrdB

adpA

FERLEZT A4 ~=—

Primer

hrdB-F
hrdB-R
hrdB-F2
hrdB-R2

S1-F

S1-R

gs-Fl

gs-R1
gs-F2
gs-R2
gs-F3
gs-R3
gs-F4
gs-R4
gs-F5
gs-RS
gs-F6
gs-R6
gs-F7
gs-R7
gs-F8
gs-R8
fp-Fl

fp-R1
fp-R2
fp-R3

up-F

Positions

+193 1o +170
—-121 to -98
-23810-214

+150 to +127

+54 to +31
—223 to 200
-155t0-136
-10to -29
+6 to +25
+150 to +131
=77 to -58
+47 to +28
—465 to —446
-136t0 117
+103 to +122
+495 10 +476
-155t0-136
+76 to +57
—274 to -255
+281 to +262
—77 to =58
+43 to +24
—205to -186
=72 to -91
+85 to +66
+47 to +28
—704 to —685

Sequence(5’ to 37)

TCGATGAGCGCCATCACAGACTCG
TCGGCCCATTTCGTCACGTATGAG
TACCCGCGCCGCGCGAGCACTGACC
GGAGCGTACGGGATGTGCTGGCCG

ACTCGCGAAGCGCACAGGGAAGTG
AGCCCCCGCATCCCTCCGCGGCGA
GCCTTCAGGCGACGGTTGTG
TACCGCGCGGTCCGTTCCTG
GCGGACGGGCCACGTTGTCG
TCTACTGCGTCGCGTGGTCC
GGTGCCGAACCCTITCGCGGG
AAGCGCACAGGGAAGTGCCC
CCCTCACCCGGTCCCTGTTG
GCGCCCGGCGTGACCGGATA
TGAGCTGGTGGGGGAAGGTG
CGGTGAGTTCGAGCCCACCG
GCCTTCAGGCGACGGTTGTG
GCGTTCGATCACGAAGCGTT
CGGTCGGTAATCCGGCCCTG
GGCGGAGTCCTGGCTCATGA
GGTGCCGAACCCTTCGCGGG
GCACAGGGAAGTGCCCTTCG
GCGATCCGAACACGCCATCG
GGCACCCGGGTGAAGTTGGC
TGGCGTGAAGCGTTCGATCA
AAGCGCACAGGGAAGTGCCC
GGCGGTGAAGCTCTGTCCGG
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f-F -274 to 255 CGGTCGGTAATCCGGCCCTG
f-R +185t0 +166 GCACGTGTCCCCAGTCTCCG
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B=ER RIS

W T, S. griseus DFBBHIIIME L M) 7L U AGMT aT 7 — SprT, SprU
BIUOBWAZY o FaTF 7 —+ SgmA 1 A-7 77 Z—HliEiH 27— FRO AdpA L F 2O
BRABTHOILEWALMCILE, cxE Y FO U BSWMT a7 T—Eh AdpA IZL Y E
BHRESNTND Z ENHGHIAR TS (Tomono et al., 2005), & HIZAMFETILSSIZ 7
IY—FHEEHE SgA b AdpA I[ZL W RBHIEEZT TSI LERHLNIT LI, AdpA ITX
DRBMES ST a T 7 —PIcxt L, AU AdpA IC& W RBMEESh7=TrTT7—¥
FEEAERZOERALIE L THY . IhbDES LUV, BIfRH% L~V TOBMRRENI
FoTHMBEADTaF 7 —PEENFRH SN TOHORAKEN, 777 —BIZ20 T
AdpA DA DEBHIE L REINT, LALARAL, #iaAT e T T —E0EmFHEREH
ST AICHE LR o T, REMRIRIIBOLATHARNSOD, FITRITY £ OREE
LTR7 R F— AEOE A E N LIESME~DOBREEE X TV D, ZORITDW T,
HANHOBRII-ONWT I 7 o AWEBENTEX S L) IchhI T e 7 7 —EOolEC LN
Do, FrAMFHREREEBVEESNE LAk, BEOKREOBEBRFIEIRNR
TOFBBR L) =7 ah FENKES ThD, Li LIEEIL GFP RRkke, LFkdn
RAH L BMEEEAKREORTLRELTETHY ., 0L RHWHRBRELEALT
B OBRTREEA TVWARSZHMCBRTES L) ICAhNE., IRETRV ISR
a=— s REE RWIEELhE L,

$7-. AdpA OFEENBETRE LD BRTHARRE TIEN A7 — NOHEL Ak S ¥
P LLARE, k< b AdpA KFEMZERAARAEICHEET 2ENBEFNELL
FESNTVWARVI ELEH, AdpA OEMBETIIMICLERFEETHZLNEAOND,
LGB REE T S, griseus DES ) MEHNZETLEL I L LTS, S%ITY / LIER
BB KIBIZHA LRIC LY, AdpA 2N LTERDH XY — Rk OMWRE T ORI EE
BHEINDTHS D, £LTEHILR RS - BEMEOMOKERE A-7 77 57—l
HAr—REOBEERIZLHAADZ L, AFEOT T 7 —¥ LEERBROMORE O
ibkA@Aﬁ%ﬁ?wWEW%Bﬁ0#oT<ét%i6néokﬂ&&ﬂ%miofﬁt
2%y b= BRZTL DITENR,

B, ETETE AmpA OFEMBEEERNT & L bICh R — RRIZERT D AdpA DEEME
BRL. S512 AdpA OF - AREEHEEEE RV L, AT 72—V ST AERET S
AmAﬁa@A@#%%@L\:&ﬁ%&%%ﬁk%ﬁﬁféoy—f%m57b77¢+ww
ST L AdpA I L BHIERN—{k L o7 S. griseus DHIBERIT, v —7FuF7 b 77
NERIEOHEEL S, WO Streptomyces L I1XRL-TVDH T & NAERETOHRIZEIVHAL
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nElrotn, THIRTERRBEFEMMLOEERFHEREZELLLVIRIANEEETDIETY
BOKTENO TIHERWEA I, FLTHAZ—FKOE LS AdpA IXEHOEEFEMHI 21T S Z
LTU T FAMEEORAES £ 1To TODH I L EHLMI Lz, THFH A7 — FEREF ORE
ARRERGEELAOMICLEZHDTHY, - AdpA OEER T L LTOHFBLBELZRL
EbOTHD, LNL—FHTEARENTLRENZEY . AN IR TV RV REIR
BAA R — FRNTIRREEZLWTWS, FAY— Ro#hx - FfivFEMCRATE L0k
DI, SR HMRECEBBPLEATH D, H3-1 IIAHRE £ LD,

EERMR  Avyss-mEs  [H@T077—¥p—

. GEMNHET
* [‘E@f&@jﬂ:‘;?—ﬁ]
A-T7 54— ——IJ_ (sgma)i
(o }
%}\/\)\ ESEMILRT o AdpAFRH
o o E AdpA ‘?-Hﬁﬁ
aamul \ lakalatel

FDDREEDE -
ZRHERE TR

B 3-1 ABFEOE LD

AR L TIHANTVAROA, AT A-7 7 7 4 —DEARBEIZ SV T HIBIEFH - BEEHN
RTTa—FNOAMELEITLTRYVBATETEY, RELETZED TS, A-T777
¥ —HIEH R — ROBIE S AT AN EDL I b &, AE SN TEEN LS “RKE%
B L TWAD, IZOWTIIERE2ED - NETORRICLIVALNIL-TE TN D,
—~ 5T, BEREERRBAN, TOMB REERFEEHL T RNRH - BESEOSIEE
BEIKIBARL LD, AT 77 Z—DAESHBEIVELTATSHS, IOBHLII2NT A-
T7 7 B—HEH A — ROBBICT T TRER—BIIRD L IIFEV R, 2, A-77
7 B—HIEH Ay — RIEEFREREICERZBODTHENEESINRTWDN, A- 7774
—OEGED “KARBL TEE] MLETHY . BEFERFHEICEL 2V, MAERNOLEN
BRBOBE N D Ay — FORSICHE LT 53T THD, # A — FEAOBEBIIMZ
IOEIRESTRENO I A — R LEBET 5 ETHLAGHRMTRIIEETH D,

131



BE IR

Ando, N., Ueda, K. and Horinouchi, S. A Streptomyces griseus gene (sgaA) suppresses the growth
disturbance caused by high osmolality and a high concentration of A-factor during early growth.

Microbiology 143 ( Pt 8), 2715-2723 (1997a).

Ando, N., Matsumori, N., Sakuda, S., Beppu, T. and Horinouchi, S. Involvement of afsA in A-factor

biosynthesis as a key enzyme. J. Antibiot. 50, 847-852 (1997b).

Ausubel, F. M., Brent, R., Kingstone, R. E., Moore, D. O., Seidman, J. S., Smith, J. A. and Struhl, K.

Current protocols in molecular biology. (JohnWiley&Sons,Inc., New York,N.Y., 1987).

Bandyopadhyay, S. and Cookson, M. R. Evolutionary and functional relationships within the DJI
superfamily. BMC Evol. Biol. 4, 6 (2004).

Beck, E., Ludwig, G., Auerswald, E. A., Reiss, B. and Schaller, H. Nucleotide sequence and exact

localization of the neomycin phosphotransferase gene from transposon TnS5. Gene 19, 327-336 (1982).

Bentley, S. D., Chater, K. F., Cerdeiio-Tarraga, A. M., Challis, G. L., Thomson, N. R., James, K. D.,
Harris, D. E., Quail, M. A., Kieser, H., Harper, D., Bateman, A., Brown, S., Chandra, G., Chen, C.
W., Collins, M., Cronin, A., Fraser, A., Goble, A., Hidalgo, J., Hornsby, T., Howarth, S., Huang, C.
H., Kieser, T., Larke, L., Murphy, L., Oliver, K., O'Neil, S., Rabbinowitsch, E., Rajandream, M. A.,
Rutherford, K., Rutter, S., Seeger, K., Saunders, D., Sharp, S., Squares, R., Squares, S., Taylor, K.,
Warren, T., Wietzorrek, A., Woodward, J., Barrell, B. G., Parkhill, J., and Hopwood, D. A.
Complete genome sequence of the model actinomycete Streptomyces coelicolor A3(2). Nature 417, 141-

147 (2002).

Bentley, S. D., Brown, S., Murphy, L. D., Harris, D. E., Quail, M. A., Parkhill, J., Barrell, B. G.,
McCormick, J. R., Santamaria, R. 1., Losick, R., Yamasaki, M., Kinashi, H., Chen, C. W., Chandra,
G., Jakimowicz, D., Kieser, H. M., Kieser, T. and Chater, K. F. SCPI, a 356,023 bp linear plasmid
adapted to the ecology and developmental biology of its host, Streptomyces coelicolor A3(2). Mol.

Microbiol. 51, 1615-1628 (2004).

132




Brown, K. L., Wood, S. and Buttner, M. J. Isolation and characterization of the major vegetative RNA
polymerase of Streptomvces coelicolor A3(2); renaturation of a sigma subunit using GroEL. Mol.

Microbiol. 6, 1133-1139 (1992).

Carra, J. H. and Schleif, R. F. Variation of half-site organization and DNA looping by AraC protein.
EMBO J. 12, 35-44(1993).

Du, X., Choi, L-G., Kim, R., Wang, W,, Jancarik, J., Yokota, H. and Kim, S.-H. Crystal structure of
an intracellular protease from Pyrococcus horikoshii at 2 A resolution. Proc. Natl. Acad. Sci. USA 97,

14079-14084 (2000).

Fernandez, M. and Sanchez, J. Nuclease activities and cell death processes associated with the
development of surface cultures of Streptomyces antibioticus ETH 7451. Microbiology 148(Pt 2), 405-
412 (2002).

Folcher, M., Gaillard, H., Nguyen, L. T., Nguyen, K. T., Lacroix, P., Bamas-Jacques, N., Rinkel, M.
and Thompson, C. J. Pleiotropic functions of a Streptomyces pristinaespiralis autoregulator receptor in
development, antibiotic biosynthesis, and expression of a superoxide dismutase. J. Biol. Chem. 276,

44297-44306 (2001).

Griffith, J., Hochschild, A. and Ptashne, M. DNA loops induced by cooperative binding of A repressor.

Nature 322, 750-752 (1986).

Hara, O. and Beppu, T. Mutants blocked in streptomycin production in Streptomyces griseus - the role

of A-factor. J. Antibiot. 35, 349-358 (1982).
Hashimoto, K., Nihira, T., Sakuda, S. and Yamada, Y. IM-2, a butyrolactone autoregulator, induces
production of several nucleoside antibiotics in Streptomyces sp. FRI-S. J. Ferment. Bioeng. 73, 449-455

(1992).

Hochschild, A. and Ptashne, M. Cooperative binding of A repressors to sites separated by integral turns

of the DNA helix. Cell 44, 681-687 (1986).

133



Horinouchi, S., Kumada, Y. and Beppu, T. Unstable genetic determinant of A-factor biosynthesis in

streptomycin-producing organisms: cloning and characterization. J. Bacteriol. 158, 481-487 (1984).

Horinouchi, S. and Beppu, T. A-factor as a microbial hormone that controls cellular differentiation and

secondary metabolism in Streptomyces griseus. Mol. Microbiol. 12, 859-864 (1994).

Horinouchi, S., Onaka, H., Yamazaki, H., Kameyama, S. and Ohnishi, Y. Isolation of DNA fragments
bound by transcriptional factors, AdpA and ArpA, in the A-factor regulatory cascade. Actinomycetologica

14, 11-16 (2000).

Horinouchi, S. AfsR as an integrator of signals that are sensed by multiple serine/threonine kinases in

Streptomyces coelicolor A3(2). J. Ind. Microbiol. Biotechnol. 30, 462-467(2003).

Ikeda, H., Ishikawa, J., Hanamoto, A., Shinose, M., Kikuchi, H., Shiba, T., Sakaki, Y., Hattori, M.
and Omura, S. Complete genome sequence and comparative analysis of the industrial microorganism

Streptomyces avermitilis. Nat. Biotechnol. 21, 526-531 (2003).

Ishikawa, J. and Hotta, K. FramePlot: a new implementation of the frame analysis for predicting
protein-coding regions in bacterial DNA with a high G + C content. FEMS Microbiol. Lett. 174, 251-253
(1999).

Jones, L. J., Carballido-Lopez, R. and Errington, J. Control of cell shape in bacteria: helical, actin-like

filaments in Bacillus subtilis. Cell 104, 913-922 (2001).

Kieser, H., Bibb, M. J., Buttner, M. J., Chater, K. F. and Hopwood, D. A, Practical Streptomyces

Genetics (The John Innes Foundation, Norwich,United Kingdom, 2000).

Kim, D. W., Chater, K., Lee, K. J. and Hesketh, A. Changes in the extracellular proteome caused by the
absence of the bldA gene product, a developmentally significant tRNA, reveal a new target for the

pleiotropic regulator AdpA in Streptomyces coelicolor. J Bacteriol. 187, 2957-2966 (2005).

Kim, J.-M. and Hong, S.-K. Streptomyces griseus HH1, an A-factor deficient mutant, produces

diminished level of trypsin and increased level of metalloproteases. J. Microbiol. 38, 160-168 (2000).

134




Kim, L-S., and Lee, K.-J. Physiological roles of leupeptin and extracellular proteases in mycelium

development of Streptomyces exfoliatus SMF13. Microbiology 141, 1017-1025 (1995a).

Kim, L-S., Kang, S.-G. and Lee K.-J. Physiological importance of trypsin-like protease during

morphological differentiation of streptomycetes. J. Microbiol. 33, 315-321 (1995b).

Kim, L.-S., and Lee, K.-J. Trypsin-like protease of Streptomyces exfoliatus SMF13, a potential agent in

mycelial differentiation. Microbiology 142, 1797-1806 (1996).

Kim, L-S., Kim, Y.-B. and Lee, K.-J. Characterization of the leupeptin-inactivating enzyme from

Streptomyces exfoliatus SMF13 which produces leupeptin. Biochem. J. 331, 539-545 (1998).

Kim, J.-C., Cha, S.-H., Jeong, S.-T., Oh, S.-K. and Byun, S.-M. Molecular cloning and nucleotide

sequence of Streptomyces griseus trypsin gene. Biochem. Biophys. Res. Commun. 181, 707-713 (1991).

Kinoshita, H., Ipposhi, H., Okamoto, S., Nakano, H., Nihira, T. and Yamada, Y. Butyrolactone
autoregulator receptor protein (BarA) as a transcriptional regulator in Streptomyces virginiae. J. Bacteriol.

179, 6986-6993 (1997).

Kitani, S., Yamada, Y. and Nihira, T. Gene replacement analysis of the butyrolactone autoregulator
receptor (FarA) reveals that FarA acts as a novel regulator in secondary metabolism of Streptomyces

lavendulae FR1-5. J. Bacteriol. 183, 4357-4363 (2001).

Khokhlov, A. S., Tovarova, I. 1., Borisova, L. N., Pliner, S. A., Schevchenko, L. A., Kornitskaya, E.
Y., Ivkina, N. S. and Rapoport, I. A. The A-factor, responsible for streptomycin biosynthesis by mutant
strains of Actinomyces streptomycini. Dokl Akad Nauk SSSR 177, 232-235 (1967).

Kojima, S., Kumazaki, T., Ishii, S. and Miura, K. Primary structure of Streptomyces griseus

metalloendopeptidase H. Biosci. Biotechnol. Biochem. 62, 1392-1398 (1998).

Kuramoto, A., Lezhava, A., Taguchi, S., Momose, H. and Kinashi, H. The location and deletion of the
genes which code for SSI-like protease inhibitors in Streptomyces species. FEMS Microbiol. Lett. 139,
37-42 (1996).

135



Lee, D. H. and Schleif, R. F. /n vivo DNA loops in araCBAD: size limits and helical repeat. Proc. Natl

Acad. Sci. USA 86, 476-430 (1989)..

Lezhava, A., Kameoka, D., Sugino, H., Goshi, K., Shinkawa, H., Nimi, O., Horinouchi, S., Beppu, T.
and Kinashi, H. Chromosomal deletions in Streptomyces griseus that remove the afsA locus. Mol. Gen.

Genet. 253, 478-483 (1997).

Lin, Y. S., Kieser, H. M., Hopwood, D. A. and Chen, C. W. The chromosomal DNA of Streptomyces
lividans 66 is linear. Mol. Microbiol. 10, 923-933 (1993).

Matthews, K. S. DNA looping. Microbiol. Rev. 56, 123-136 (1992).

Mendez, C., Brana, A. F., Manzanal, M. B. and Hardisson, C. Role of substrate mycelium in colony

development in Streptomyces. Can. J. Microbiol. 31, 446-450 (1985).

Miguélez, E. M., Hardisson, C. and Manzanal, M. B. Hyphal death during colony development in
Streptomyces antibioticus: morphological evidence for the existence of a process of cell deletion in a

multicellular prokaryote. J. Cell Biol. 145, 515-525 (1999).

Miguélez, E. M., Hardisson, C. and Manzanal, M. B. Streptomycetes: a new model to study cell death.

Int. Microbiol. 3, 153-158 (2000).

Miyake, K., Horinouchi, S., Yoshida, M., Chiba, N., Mori, K., Nogawa, N., Morikawa, N. and Beppu,
T. Detection and properties of A-factor-binding protein from Streptomyces griseus. J. Bacteriol. 171,

4298-4302 (1989).

Miyake, K., Kuzuyama, T., Horinouchi, S. and Beppu, T. The A-factor-binding protein of
Streptomyces griseus negatively controls streptomycin production and sporulation. J. Bacteriol. 172,

3003-3008 (1990).

Mota, L. J., Sarmento, L. M. and de S4-Nogueira, I. Control of the arabinose regulon in Bacillus
subtilis by AraR in vivo: crucial roles of operators, cooperativity, and DNA looping. J. Bacteriol. 183,

4190-4201 (2001).

136



Miiller, J., Oehler, S. and Miiller-Hill, B. Repression of lac promoter as a function of distance, phase

and quality of an auxiliary lac operator. J. Mol. Biol. 257, 21-29 (1996).

Murao, S., Sato, S., and Muto, N. Isolation of alkaline protease inhibitor producing microorganisms.

Agric. Biol. Chem. 36, 1737-1744 (1972).

Nakai, R., Horinouchi, S. and Beppu, T. Cloning and nucleotide sequence of a cellulase gene, casA,

from an alkalophilic Streptomyces strain. Gene 30, 229-238 (1983).

Nakano, H., Takehara, E., Nihira, T. and Yamada, Y. Gene replacement analysis of the Streptomyces
virginiae barA gene encoding the butyrolactone autoregulator receptor reveals that BarA acts as a

repressor in virginiamycin biosynthesis. J. Bacteriol. 180, 3317-3322 (1998).

Natsume, R., Ohnishi, Y., Senda, T., and Horinouchi, S. Crystal structure of a y-butyrolactone

autoregulator receptor protein in Streptomyces coelicolor A3(2). J. Mol. Biol. 336, 409-419 (2004).

Nguyen, K. T., Tenor, J., Stettler, H., Nguyen, L. T., Nguyen, L. D. and Thompson, C. J. Colonial
differentiation in Streptomyces coelicolor depends on translation of a specific codon within the adpA gene.

J. Bacteriol. 185, 7291-7296 (2003).

Nicieza, R. G., Huergo, J., Connolly, B. A. and Sanchez, J. Purification, characterization, and role of
nucleases and serine proteases in Streptomyces differentiation. Analogies with the biochemical processes

described in late steps of eukaryotic apoptosis. J. Biol. Chem. 274, 20366-20375 (1999).

Nihira, T. Regulation of secondary metabolism in Streptomyces. Signal transduction mechanism through

y-butyrolactone autoregulators and their receptors. Kagaku to Seibutsu 40, 275-281 (2002).

Nishiyama, M., Matsubara, N., Yamamoto, K., Iijima, S., Uozumi, T. and Beppu, T. Nucleotide
sequence of the malate dehydrogenase gene of Thermus flavus and its mutation directing an increase in

enzyme activity. J. Biol. Chem. 261, 14178-14183 (1986).

137




Obata, S., Taguchi, S., Kumagai, I., and Miura, K. Molecular cloning and nucleotide sequence

determination of gene encoding Streptomyces subtilisin inhibitor (SSI). J. Biochem. 105, 367-371 (1989).

Okamoto, S., Nakamura, K., Nihira, T. and Yamada, Y. Virginiae butanolide binding protein from
Streptomyces virginiae. Evidence that VbrA is not the virginiae butanolide binding protein and

reidentification of the true binding protein. J. Biol. Chem. 270, 12319-12326 (1995).

Ohnishi, Y., Kameyama, S., Onaka, H. and Horinouchi, S. The A-factor regulatory cascade leading to
streptomycin biosynthesis in Streptomyces griseus : identification of a target gene of the A-factor receptor.

Mol. Microbiol. 34, 102-111 (1999).

Ohnishi, Y., Yamazaki, H., Kato, J., Tomono, A. and Horinouchi, S. AdpA, a central transcriptional
regulator in the A-factor regulatory cascade that leads to morphological development and secondary

metabolism in Streptomyces griseus. Biosci. Biotechnol. Biochem. 69, 431-439 (2005).

Onaka, H., Ando, N., Nihira, T., Yamada, Y., Beppu, T. and Horinouchi, S. Cloning and
characterization of the A-factor receptor gene from Streptomyces griseus. J. Bacteriol. 177, 6083-6092

(1995).

Onaka, H. and Horinouchi, S. DNA-binding activity of the A-factor receptor protein and its recognition

DNA sequences. Mol. Microbiol. 24, 991-1000 (1997).

Retzlaff, L. and Distler, J. The regulator of streptomycin gene expression, StrR, of Streptomyces griseus

is a DNA binding activator protein with multiple recognition sites. Mol. Microbiol. 18, 151-162 (1995).
Robbins, P. W., Trimble, R. B., Wirth, D. F., Hering, C., Maley, F., Maley, G. F.,, Das, R., Gibson, B.
W., Royal, N. and Biemann, K. Primary structure of the Streptomyces enzyme endo-beta-N-

acetylglucosaminidase H. J. Biol. Chem. 259, 7577-7583 (1984).

Sarath, G., De La Motte, R. S. and Wagner, F. W. Protease assay methods, p. 25-55. In Beynone, R. J.

and Bond, J. S. (ed.), Proteolytic enzymes: a practical approach. IRL Press, Oxford, England (1989).

138




Schneider, D., Bruton, C. J. and Chater, K. F. Duplicated gene clusters suggest an interplay of
glycogen and trehalose metabolism during sequential stages of aerial mycelium development in

Streptomyces coelicolor A3(2). Mol. Gen. Genet. 263, 543-553 (2000).

Schileif, R. Gene regulation: why should DNA loop? Nature 327, 369-370 (1987).

Schleif, R. AraC protein: a love-hate relationship. Bioessays 25, 274-282 (2003)..

Shinkawa, H., Hatada, Y., Okada, M., Kinashi, H. and Nimi, O. Nucleotide sequence of a principal

sigma factor gene (hrdB) of Streptomyces griseus. J. Biochem. 118, 494-499 (1995)..

Strohl, W. R. Compilation and analysis of DNA sequences associated with apparent streptomycete

promoters. Nucleic Acids Res. 20, 961-974 (1992).

Stratigopoulos, G., Gandecha, A. R. and Cundliffe, E. Regulation of tylosin production and
morphological differentiation in Streptomyces fradiae by TylP, a deduced y-butyrolactone receptor. Mol.

Microbiol. 45, 735-744 (2002).

Sugiyama, M., Onaka H., Nakagawa, T. and Horinouchi, S. Site-directed mutagenesis of the A-factor
receptor protein: Val-41 important for DNA-binding and Trp-119 important for ligand-binding. Gene 222,

133-144 (1998).

Taguchi, S., Kikuchi, H., Kojima, S., Kumagai, 1., Nakase, T., Miura, K. and Momose, H. High
frequency of SSI-like protease inhibitors among Streptomyces. Biosci. Biotechnol. Biochem. 57, 522-524

(1993).

Taguchi, S., Kojima, S., Terabe, M., Miura, K. and Momose, H. Comparative studies on the primary
structures and inhibitory properties of subtilisin-trypsin inhibitors from Streptomyces. Eur. J. Biochem.

220,911-918 (1994).

139



Taguchi, S., Odaka, A., Watanabe, Y. and Momose, H. Molecular characterization of a gene encoding
extracellular serine protease isolated from a subtilisin inhibitor-deficient mutant of Streptomyces

albogriseolus S-3253. Appl. Environ. Microbiol. 61, 180-186 (1995a).

Taguchi, S. Communication between protease and protease inhibitor in the Streptomyces world.

Actinomycetologica 9, 216-227 (1995b).

Taguchi, S., Kojima, S., Terabe, M., Kumazawa, Y., Kohriyama, H., Suzuki, M., Miura, K. and
Momose, H. Molecular phylogenetic characterization of Streptomyces protease inhibitor family. J. Mol.

Evol. 44, 542-551 (1997).

Takano, E., Nihira, T., Hara, Y., Jones, J. J., Gershater, C. J., Yamada, Y. and Bibb, M. Purification
and structural determination of SCB1, a y-butyrolactone that elicits antibiotic production in Streptomyces

coelicolor A3(2). J. Biol. Chem. 275, 11010-11016 (2000).

Takano, E., Chakraburtty, R., Nihira, T., Yamada, Y. and Bibb, M. J. A complex role for the y-
butyrolactone SCBI in regulating antibiotic production in Streptomyces coelicolor A3(2). Mol. Microbiol.

41,1015-1028 (2001).

Takano, E., Tao, M., Long, F., Bibb, M. J., Wang, L., Li, W., Buttner, M. J., Bibb, M. J., Deng, Z. X.
and Chater, K. F. A rare leucine codon in adpA is implicated in the morphological defect of bldA mutants

of Streptomyces coelicolor. Mol. Microbiol. 50, 475-486 (2003).

Tomono, A., Tsai, Y., Yamazaki, H., Ohnishi, Y. and Horinouchi, S. Transcriptional control by A-
factor of sirR, the pathway-specific transcriptional activator for streptomycin biosynthesis in

Streptomyces griseus. J. Bacteriol. 187, 5595-5604 (2005a).

Tomono, A., Tsai, Y., Ohnishi, Y. and Horinouchi, S. Three chymotrypsin genes are members of the

AdpA regulon in the A-factor regulatory cascade in Streptomyces griseus. J. Bacteriol. 187, 6341-6353

(2005b).

140



Tsuyuki, H., Kajiwara, K., Fujita, A., Kumazaki, T. and Ishii, S. Purification and characterization of

Streptomyces griseus metalloendopeptidases [ and I1. J. Biochem. 110, 339-344 (1991).

Ueda, K., Umeyama, T., Beppu, T. and Horinouchi, S. The aerial mycelium-defective phenotype of
Streptomyces griseus resulting from A-factor deficiency is suppressed by a Ser/Thr kinase of S. coelicolor

A3(2). Gene 169, 91-95 (1996).

van den Ent, F., Amos, L. A. and Lowe, J. Prokaryotic origin of the actin cytoskeleton. Nature 413, 39-

44 (2001).

Vujaklija, D., Ueda, K., Hong, S. K., Beppu, T. and Horinouchi, S. Identification of an A-factor-
dependent promoter in the streptomycin biosynthetic gene cluster of Streptomyces griseus. Mol. Gen.

Genet. 229, 119-128 (1991).

Vujaklija, D., Horinouchi, S. and Beppu, T. Detection of an A-factor-responsive protein that binds to
the upstream activation sequence of sirR, a regulatory gene for streptomycin biosynthesis in Streptomyces

griseus. J. Bacteriol. 175, 2652-2661 (1993).

Waki, M., Nihira, T., Yamada, Y. Cloning and characterization of the gene (farA) encoding the receptor
for an extracellular regulatory factor (IM-2) from Streptomyces sp. strain FRI-5. J. Bacteriol. 179, 5131-

5137 (1997).

Wildermuth, H. Development and organization of the aerial mycelium in Streptomyces coelicolor. J.

Gen. Microbiol. 60, 43-50 (1970).

Yamada, Y., Sugamura, K., Kondo, K., Yanagimoto, M. and Okada, H. The structure of inducing

factors for virginiamycin production in Streptomyces virginiae. J. Antibiot. 40, 496-504 (1987).
Yamazaki, H., Ohnishi, Y. and Horinouchi, S. An A-factor-dependent extracytoplasmic function sigma

factor (o A**) that is essential for morphological development in Streptomyces griseus. J. Bacteriol. 182,

4596-4605 (2000).

141



Yamazaki, H., Ohnishi, Y. and Horinouchi, S. Transcriptional switch on of ssgA by A-factor, which is

essential for spore septum formation in Streptomyces griseus. J. Bacteriol. 185, 1273-1283 (2003a).

Yamazaki, H., Takano, Y., Ohnishi, Y. and Horinouchi, S. am/R, an essential gene for aerial mycelium
formation, is a member of the AdpA regulon in the A-factor regulatory cascade in Streptomyces griseus.

Mol. Microbiol. 50, 1173-1187 (2003D).
Yamazaki, H., Tomono, A., Ohnishi, Y. and Horinouchi, S. DNA-binding specificity of AdpA, a
transcriptional activator in the A-factor regulatory cascade in Streptomyces griseus. Mol. Microbiol. 53,

555-572 (2004).

Yang, K., Han, L., Vining, L. C. Regulation of jadomycin B production in Streptomyces venezuelae

ISP5230: involvement of a repressor gene, jadR2. J. Bacteriol. 177, 6111-6117 (1995).

142



W

FEFGRAEL L OB AFRRICEB SN, BLEE, BEEE LS 6 ERIBFAIR=ET
MREEITo-TEE L, FORELEHREELEFOTTHRZ LN, ANELEITTDHILENT
TFELEDN, BENERELMET —~IZ8YV £ -0 EFICER L LETLE, BEEH
REHIR, MZANRBEACESHLBRL LT ET, BZAXRAICEEENRELT —~<%
HEW=Z3 T, EEOMEOHRSG TIX, MAEMICET 2R mMSE b & ITke REE,
ERT — Y EHM L, BERT PSR E2TEEXE L, HEOHED HIZHAL THIEFITHL
KEE#LTHWEZENT TRESERTLAZENTERLLEVWET, £/, BBEOFLEL
THFRIZT Tl {thx REBBEND BFEATHW BT T, BAOEMARRTL L L HIZM
BT A DA S AL, FARZELEELS bV EL, NMEOFTHLINETTRS M) T
DWTHLBZ XELNHMTLE,

BERE PP B BR . KA REA LI, T 1 25 T6EM,. MUMBTHREIET
WeEEELE, FmAEL LTO 1 RFRFEHEZHEEVW-OZHD, H2OMELETH-
TREARLHBEIZOVWTRIZR T Z L L <@E, MRICITHETHEE L, Z0E LI
M ERAER. T IS RFLHEEELL, T OBRE, BFOPTITEHEE->TW
T ENEELDBRTHERIC IV TII R ZEREEL < HVELE, HREUSZLHE
WHEROH R, e Rl L TRMHEICARY E Lz, BLHEHLBL ETET,

BB LR ER T, MHMEFEAEICIANEREOENLELREBE TRHBEEOEEL LT,
L bV o THE E L, RICHTHIHEBLES, MOEAS, BOENLIT, BET
LHRBELTATHESLORBETRVTWETY, £, AXBLRECEFL, BFIIRO6N
THLURERLEOICHELTHEWTEY, KEELL, FVECE-TEY ET,

BALERRR, SHREEICIRMMEREEHHR L LTRoN, BMAKRE, EL14
A0 2FMICFCBHEEIZR Y F L2, EITOHFVERM, BRIZEFIZBRINETE L,
BILZHEFCBONTHLLEI TREZVEVRI BT A 08 TE, ERAEDOREHD
MERZO sk RETHES 2L THERRESER o7 LBVET, HONREITETEL
7=

BRBEFIF AR DO SAOE#ES, FH, HE BT, KEBHFEICIRD L L bITKL R
FlE LDV, TOBNTTESRIZETINLEOELBRoTHET, HEE O HHAER
H, ETTHEHFIRDE L, —HICBBEEHKATHNANWARELLT, J7LyvalT
EEMRICBRVMBEL I ENTED, ZOLIBRTHEL LY A 7 L O TIEFIZELVIFEE
HEiEEEDZENTEELE, K EADHAIZBHEREIZRY . —A—ABLATEZET TITL
ERODH D FHA, A-7 7 7 ¥ —BEB O T —~ THFIE 2 X8 TIEO 7 B EEE X AT,
s A-7 7 7 2 —AEOHFLEO T EKREOH NG, BETHIIHZ TIESEBESNBE L

143



< HYVELE, TOBNPTTHOMENERMTELLEB TN, RERHL TEY £,
I TBANEAFFIETHEESET, FA0b, HBEL L TRIZOWTHRLHITIT T2, A -
VXS, BEARKE, FHHSA, F UV SATEDICKSLET, RiTax LE
LRVELHY FLENS, BEFECFEAL T, ALICERICBMLEIZIIEL bALE
BoEZESh, FfERRFL THECERYVMAL I ENTEE L, HINLITEVELE,
B#%IZ, BHBOEFXENTHNOHERMEDEE LS, RVTZVLEIITR>THDHED
TEERBILEBDLI LR EREIANE DAY I T v TR LTHNWTND, MBLFE
BRIZRBE L £,

Fi18%#E1H6H

m R

144



	K-121259-5
	K-121259-6

