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WEEO sigh A2a v Ok & HB
L S

REEY/<EHFO EF 77 3 Y —D—2>TH5b sigh Au OB & RRITO>NT
WEEIT o=, sigl v X, 6 2 (sigl, yxIC, D. E, F, 6) ODBEGEFHOERS
n, ERRBEAFICLIVBEINTL. TOGEEEMIL, sigl BEFD 31 bp EifiH b
yxIHETD 4.2kp Thoto, sigf v ORRBRIL, oIk Y EQHIEAEZIT T,
T4 v —BRIEICLDETRIAADEE L sigl 7ut—F —fFEORKEEHIZED
sigl 7aE—F—0 “-10", “-35" §EEIZ. FhEh “CGIC", “TGAACG” Th-o7-.
BEOEFNX, oV, oX, o MAFRIT H-35 FILETI L IIRBIE NS, sigl A D
BRI, YxID WXV AREIESNE, 0 &iE, YxID 28, 7o F o' THDHI L ER
7. sigl M. ERWOBMEGF T CORFRRCEELRIELE, LhL, E%
WRAERIZ L D sigV FEIZ, BFERIZEE Lghofe. sigh 4w O & #HEIT,
BHELWRETEET T2 00 0OMAEM T, ARICREFEINATHE,

F¥—U— N @ MRASMERE, AOHIE, ERFHR Eot— MEE, v /~REF, BPER &F,

Bacillus subtilis

TEME O EEBacillus subtilisid, HRAxRRELORNLITH L THEDS ) LRBEONF— % L
HELIoTHELAEFL TV, Y/EAFIX, REOELIUS L TRETFORREE(LIELFERO—
SOTH5B. THET, MEOEATHWB L Z<EFDON, of oF of, 6 BIWo ix, BFER T E X,
oMM R P LR, oMEE BEAMECESLTVA I LB THAY, 19944712, Lonettob
B, BN 7B FDsigna-107 7 T Y—D% 777 1Y —& LT, extracytoplasmic function (ECF)
77 IY—FBRELEY. B subtilisDY ) LAOEFIERELELEZ A, FHOECFY F~EF (of, of,
% oh o) oIBEIUGT BEESHEY, BEOAITYT DN ) ARIBRES RIS LIEY,
ZDECF7 7Y —D A N—HITABMITHEML 7. ECFo RFOMBMMZBEREIX, S, KUYV v hTA K
DEM. A AVBEED LD RAROE ETOBEELHET 2%, HEBEFoc BFOF CHRIEE THRASH
TNBDIE, ¢t® D VW0 SN H Y ZOBEEIR, EMEOTRE. SiH, MEREICET
HPEEFEAFE L CHBRMESICEET 5. —F. o 28D MO4DDECF o BFITOWTIEL, 1F& A EEH
BT TW 2R, K, #&Eﬁmcmiﬁ%w%%iﬁﬁ%ﬁ%ﬁﬁ DNA~ A 7 a7 LU A f@hr Tt 7',

T729-0202@B LT EEITIE = BIUKRFEMLEREHTER.
*Tel: +81-84-936-2111, Fax: +81-84-936-2459, E-mail: stojo@bt. fubt. fukuyama—u. ac. jp
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pDG148-sigY
pDG148-(sigY-xyIC}
POG148-(sig¥-yxiC-D)
pOG148-(sig¥-yxiC-D-E) |

- gel

»szgY region wai cited from the hterature (9. The sig¥ operon, con-
peves GeigY, wiC, B, E, F, and G, was transeribed
bass upstream of the translation start base of sig¥ as
mRNA - extending into a chuvergent gene, wxlH, as
cnbod below, Berivatives of plsasm:d pDG148 carried 3 series of
sig¥ vegions from nuclevtide +8 (+1 is the sig¥ transcription initia-
tion hase) to the stop codon of each gene of the sigY aperon. These
regions were placed downatraiun of Pypac in plagmid pDRG 148 using
the Sall and Sphl sites. The spac promoter is negatively regulated
by Lacl so that IPTG addition induces the genes cloned. The loca-
tions. of the probes (sig. S-yx1H, and A-yxIH) used for Northern

analysis are alse shown,
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~Gal
Stintn ayﬁmesis
pusse

| & sevies of lecd
. moeer r(,gmm indi-
cated by hold lines were transerip! :
tive level of f-Gal synthesm induced
celly of each straix is shown. The lomm);
for pnmer extenaion analysis to identify the &-end
acript is also indicnied. Tu the lower part of the §i
otide sequence of the.sig¥ promoter is shown, wher

seription initiation bage (+13, and the “~10” and “~35” regwn the

prowoter are indicated.

ECF o H-FiZ, Hon0HBL-BHEEHSD. %<
DA, ECF o AFiT, MAas P — KA1 L
FANRESEIE R AL 2B OBEERMOT VF o ®AF
EHIEEIND. ECF o T2 a—FT o4 Xm
D7uE—F—%5BEDc AFPEHEST DI LHBEU.
BEDvA I aT VA BITORERNG sigZ #BRHE
B ECF o T2, BEOTnE—F —%BHT 5 &
ERALMICLE V. AFRTIE. ThETHENTDL
NTZRrbpolc ECF s AFD—D2THD sigl AXu
SZONWT, TR L BBRICESEZ G (Fig. 1),

Z DRI TR, sigl A8 3, 6 DOBETF (sig,
yxIC, D, E. F, O»b72Y, ERFNRERHFICLVEE
BINBZ L, sigh Aur0&EET, o' BH Lo
THtEEN, THIZHS YxID 2k - TAICHBENS
¢, TIAv—REL T nE—F —EHE O RKM
BIZEY o BRJBT HEFIZRELIZZ & DVTHRE
T 5.

RBH &

TSR FRUMK Table | ERBKE ST R
3 F#s% L7, FU3S5, FU356, FU409, FU410, FU411,
FU412 BRTIZ, WA WARR & D sigl 1% (-181/+568,
-181/+49, -4/ +568, -39/+568,
+1 1% sigl A\ OEBERIERTH D) % lacZ Bix
FEEREL, A LT (Fig. ). sigl D&
L. Table 212/ L7277 A =—~_7F U/ SD2, SU/SD1,
FO9U/SD2, F10U/SD2, F11U/SD2, F12U/SD2 T 168 kKM
DNA 2887 & L THIEL 7. POR EMCIE. ZHENE
Yt Xbal & Banlll ¥4 b3V, T b 2 DOEEET
WL F=, 75 A K pCRE-TEST2' &, FARIZ Xbal &
BarHl THEL, A L. BELETI7AIFEK
f55 DHSaARICIEEEHR L, S0ug/ml 7BV U U %2E

-12/+568, -55/+568 ;

amyE &
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Tuble 1. Bacterial strains and plasmids nsed in this work.

Strain ar plasmid " Genotype or description ) Source
Strain ' ‘
E. coli
DH5a suskidd AlacU 169 (§800acZAMI5) hedR17 recAl endAl gyrA96 thi-1 relAl 15
JM 109 recAl supE4d endAl hedR17 gryA96 relAl thi Mlac—pmAB} 15
F* ltraD36 proAB* lact laeZ A5}

€600 supBEdd hsdR thi-1 thr-1 leuB6 lacY 1 tonAZe : 15
B subtilis
168 trpC2 ' . 16
ASK431 trpC2 yxlC:pMUTINAlacZ (Pspac-yxiC-D-E-F-6G) This wark
ASR432 trpC2 yel pMUTINAacZ (PspacyxlD-E-F:G) Thig work
ASKA483 P02 yxlEpMUTINAacZ (Papac-y2lB-F-6). : This drork
YF315i=SIGYp) trpC2 sig¥upMUTIN (Pspac-sig¥- nyC‘ -D-E- F @ ‘This work
YF816 (=81GY4d) trpC2 sigY: . pMUTIN 16
YXLHd trpC2 yxlH:pMUTIN 6
Fir3s5 trpC2 amyE:{cat Peig-sig (-181/+668-ucZ) This werk
Fusss trpC2 amyE::leat PeigY-sigV(-181/+49-aeZ) This work
ASK201 " trpC2 spolilierm 17
ASK202 #pOZ spolIAC:kan 7
ASK203 trpC2 spollGAB:kan . 7
ASK204 trpC2 spolltGikan 17
ASK205 trpC2 gpol VOB erm S A7
FuUssT trpC2 amyE:lont Peig¥-sigy (—181/+568)-1ch} spolH:erm Thiis wark
FUI358 trpC2 amyBxlcal Pig¥-sigy {-1814+568-lncZ] spollAC:kan This work
FU359 trpC2 amyEfeat PeigY-sigY (-181/4868)-lacZ} spollGAB: kan Thiz work '
FU360 troC2 amyE:leat Pig¥-sigY (~181/+568Muc2] spolllty:kan This wark
FU3e1 trpC2 amyBzicos PeigV-sig¥ (1814568 lacZ} spol VOB erm: ‘Fhis work.
FU40Y trpC2 amyE:iicot APsigY sigV (414568 1lneZ) | Thia work

© FU410 irp02 amyE:jcat Prig¥-sigY (-12/+568):lucZ) Thiswork
P41y trpC2 amy:fens PeigY-sig (~30/+568)-IncZ) This woerk
FU412 " tpll2 amyBileos PeigY-sigV Ch5+5680acZ] Phis work
ASK450 ¢rpC2 APgigY- nyC‘ D-E-F-Guerm amyEzicat PeigVsig¥ (~181/440MneZ] Thiswork .
Plasmid
PMUTIN Epot lacl Pspac lacZ

PMUTINAlacZ Bro* lacl Pspac

_ pCRE-test2 . C lacZ 'amyE amyE'

’ L " Ra lael Pspac .
pDG pDGi148 earryiog Papac sig (+8/4568) ’l’tm w&‘k
I’!)(zlaiﬁ—&ﬁ\g&-mlm pDGA4R carrying Pspac sigYexlC (+8/+8801

pDG148-GigVxIC-T)  pDG148 careying Popac szgY-yxZ(' D (480 696}_ )
PDGL484sigYeyxiC-D-E)  pDGI4S carrying Papae szngx!C‘J)—E GREIZIN
PMUTIN:yxIH PMUTIN carrying part of yaiH used for coristruckion of strain YXLHd

tp Luria—Bertani (LB) EX#EH W T@R L. 77 A3 bmﬁ)\@aﬁu&v-—#/zﬂﬁwﬁé T7AIR%
Pst] Tk L&YY L THEHE 168 BICHEER L, Sug/nl 7 85 A7 ==a—/A%&&1r tryptose blood
agar base (Difco){Z 10 mM 53— R % 0 % 1= AR H Hh (TBAGB) TR L 7=,

ASK450 BRiZ. sig¥ A~u v [(PsigV-sig¥-yx1C-D- E-F-6) ::erm] 23K% L, [PsigY (sigl promoter)-sigV
(-181/+49)~lacZ] A% amyE FEIZBA SN TH Y, RO LI ITHBE L. £, sigl ki yxI6 Tz
£ 1 BIBSE 5T T4 <—~7 (Yul/YuD, GdU/GdD; Table 2) & 168 ¥R DNA Z&FRUZA\VTHIE L7, K
i, AR pMUTIN® [ta—FEhTWB T Y RuvA ¥ UHERET (erm) 2B T 2774 v —~7
EmU/EmD (Table 2) C. YF316 ¥k DNA Z 8542 FAV T PCR THMBE L 7. Zh b 3 -5 PCR EY % IBH T PCR™
L sigl ki, =V Ru<A L oTittEBETF,. yxI6 Ti%E 1 OO PCR EMICL LD & L7ah, 2 E< 0
"2 >FSEAET POR 24T\ VERE L7, HiSk7- PCR BEM % MV T FU356 Bk[Psigl (sigVpromoter)-sigl (-181/
+49)-lacZ) T EEH L, 0.3 pg/ml =Y 2n<A % ETr TBABG EXRIFH TiRIR L 7=, FU356 BEL>H D



Tab]e 2, Ohgotmcleotides used in tlus wm'k.

~ Name o Sequence®
s 5-AGTCGCTAGTCTAGATGCATCGTCOTCCATATT-
FooU 5- AGTCGCTAGTCTAGAAAGGCAGAAAAACAAAAA-3
FioU 5-AGTCGCTAGTCTAGACGTCTCATAAGGCAGAAA-S
F11U 5-AGTCGCTAGTICTAGAAAAGATGAACGCTTTITGA-3'
FIgU ¥-AGTCGOTAGTCTAGATGAAAAGAATTGTAAAAA-S
SD1 F-CATGGTOGCGGATCCTTATTICTTGTOTATCCAA-S
SD2 §'-TTAGATCGOGGATCCTTATTCATCATCCCACTC-3
Eml 5-CTTAAGAGTGTGITGATAGTGC
EmD 5-CTAGGGACCTCTTTAGCTCC
Yull 5-GCCACTAGGAAAATTGGCAG
YuD 5" mTAAGATAQTGCAmAT('AACACACTCTrAA(;(}CQAW(;ACAGATCAGG(: g
GdU ~CAGC*ITCCAA,GGAGCTAAAGAGGTCCCTAGGCTA‘ITAA’I‘I‘GATCATG’I’I‘AC(},.
Gan 5-CATTTAGGGAGGCAGGTTCC
PEU ATGCATATTAGCCCCGAACC-8
PED 5-~ACTGATAGTGGAAAAGGGCTG-3
NI 5-AAACGACGAGGCGTTTACAG-3".
ND 5CCCACTCOTTTCTGATTTGC-3
SPS.F 5 ~A’1’1‘PAGGTGAQALTATAGAA‘I‘AO&T(‘TL:GAA’ITG’I‘GAGGGG-S
T7-R '-TAATACGACTCACTATAGGGCGAAGTGTATCAACAAGCTGG-S
uy 5-ATTCTACATCGCGTCGACACAAAAAAGGGGGGATCAC3
DY 5« GTTTGACCCEGTAGCATGCTTATTCATCATCCCACTC-3
UYY 5'- GTCOTCGACACAAAAAAGGGGGGATCAC-3
e - GCAGCATGCTGTTTGTGTCATCCGOG-3
373! S'GCAQCAI_(KICCAAGAAATA'ITCA'[TGC-S’
- DE 5> GCAGCATGCTTACCTTIGCTTTCTGO3:
- Al 5'-GAAQAA1:D.GCAG<*AAATCAGAAAG<:A(, 3
A1D 5-GGAGGATCOTTGAAGAAGTITTTTICTGTATTC -3
AZU 5’~AAGAA.G£ZETGCGAA’FGGGAGGTGAAAC~3’
A2D 5-GGAGGATCUGACAATCCCCCARAC-S
ASU 5-AAGAAGCTTAGGCCGGATCGGAAGA-3
A3D 5’-GGAGGA'KQQAG’ITPGGOCCGTYC-3'

sigV A~=u DR%&% PCR & ‘/——'7/ //7'(6@ L=,

Fig. 1R L7, pDG148-sigY, pDG148-(sig¥-yx1C), pDG148-(sig¥-yx1C-D), pDG148-(sigV-yx1C-D-E) I
K asighAo  DEBEFEEHR, THLODRER, Pspacll L> TXEINLTND. A0 27— A
U 7-8E8kiX. Table. 21Z7R L7-UY/DY, UY1/DC, UY1/DD, UY1/DE®D 7 7 A <= —-X7 & 1688k DDNA% #5512 A
WCPCRCHEIE L 7=, Z DOPCREM % Sall & SphI THLEE L | AARICAIRL7=7"F A I RpDG148™" L@ S H 7.
T DERESHIDNATRIBECO0ZHEEGRL, 7oEVY UMMETRIRLE. 7 u— (bl ksighd o
VRS, Vv vy S CRERET o, BONEE L2 DT T A I FEAEERASKISORICTHERR L,
10pg/ml HF~A L FETFTGRIRLE.  pMUTINAlacZZ& VERLT 5 12 DIZpMUTIN2 % Clal & Sacl TH{L L,
4% K9 & T4 DNA Polymerase THIEFKIH(L L B O#EA L7, ASK431, ASK432, ASK433BRDIEELIT, Yoshida'®
DHEC -T2, TP b, pMTINAlacZIZ TN EhyxIC D, B 7 u— bl WEERTDHI I LITLY,
yx1C-D-E-F-G, yxID-E-F-G, yxlE-F-G% % % Pspacfﬁuiﬁﬂﬂ:i;u\tﬁf&;& pMUTINAlacZ~ D AW 1T,
Z N FHAIU/AID, A2U/A2D, A3U/A3DD 7 5 A <= —~37 (Table 2) TPCRAZ AV THME L, EcoRIH L < i
HindIIT & BanHI T L TEME L1-. HEET TR I FEISKICHEER L, ENELRT L —BERXX TH
Bxl, BRIZIZ, 1 MA Y TR EA-B-FAFT 7 FEF /¥ FIPTG) £0.3ug/ml =Y 2u<qf 0,85



FEE O sigY A ~u v OBR & %5

TrTBABGEE R EE I & AV /.

FU357, FU358, FU359, FU360, FU3G1EKIE, ASK201, ASK202, ASK203, ASK204, ASK205#kh>0DNAZ M L.
FUSSHRk A T EE M2 T 5 Z L TER L2, Th o DRI, Psigl-sigl (-181/+568)-lacZ% & #. ATk
WRER o BFB, TAENBEEIN TS, ZRHOKROBIRICIE, bug/ml 78T L7 c=a—/L 0.3
pg/ml =Y 2Au=A b LLIT10pg/nl b F <4 2 2 S TrTBAGBERISH 2-{# A L 7=

EEEB-HFV PO F—HEB-Ga) T vtA4 MHEEZAEEL L CIBABCEREMICNELTAME T
MU, —BR30°CTHERE L7, ABZsE L L CNSMP™ “MMEEHE'O 50mLIC E Fizs0ug/ml M Y 77 R 7 7 v & 5M
L, 37TCTHE® L, ERHFANMES I SBIT0IC, MEEHIFO L 2 0 %0.02%I2H 5 L=, p-Gal
7 v A X, Yoshidad FEIZhE - 7=

K sighh~m AfEEE 7 o — L L 7cpDG148 2 R DR B Z LRI TR 2T o 72, £ L T, SHEUEEH
Iz A7 [optical density at 600 nm (ODgy) = 0.2] & = AT, BEHIA 2T T —FHITIL. BIEEEEHL mM
W25 X O WIPTGREM L CIRFRIER 21T o 72, B-Gal7 v A I1X, RIRDOBYITo7=,

DNA T4 5 a7 LA HEFEH»OD RNA OBRBEZ OV TI Yoshida OFE PITHo7z, cDNA ~D%
FABH O F I Ogura DFE I olz, "I TV FA¥—T s w707 LA B, fEROFHE D
o T, ,

JYUBHIBLUVT S v—EE RNAOHHLBERIT, IRO@YVITo7. /BT 7Y x4
zw}‘n/ TOERKE]. Hybond-NFE (Amersham) ~D 7 25 ¢ v 71X, Sambrook® HFiEW It - 7-. sigVdnBERE
MEARRT BT, NU/NDD T T A =—27 —(Table 2) & 1688RDDNAZ G5 IEIE L, BcaBEST labeling
kit (TaKaRa) & [_~**P]1dC_P (Amersham) CAZ# L7z, "A T U XA ¥ — 3 »id, Sambrook® HiE®IZHE -7z,
sigVRBEEMN, yxIHE TRATWED T, ZOEE SR %Z IR T 5 7= ®IiTsense & anti-sense RNAT 11—
7 (S—yxIH & A-yx1H) 2{ERR L=, T O FIEIL, Table 2IR L2 7 7 A = —~X7 (SP6-F/T7-R) T. YXLDd£R'®
DREFEDBRITVER L 72pMUTIN-yx1HO 7 5 X I FDNAZEERUCAERA L, #I8 L7, T OB, @imicZ£h£nspe
5 L N7 RNA polymerase 70 E— ¥ —&5A, AT 5, % LT, PCREEMZEEHIC LT, SP6 L UNTT RNA
polymerase® AV T in vitroDERE # 4T\ digoxigenin (DIG) THEF SN 7ZRNA 7 11 — 7 (S—yx1H & A-yx1H) %
B NATYFA - a3 D, 'DIG luminescence detection kit (Poche Diagnostics) # AV Tsigl
GBEEMERE L.

754 = —BEEIL, Yoshida®™® DFEIHE- T, +96~+11600 7 T A < —PED (Fig. 2 & Table 2) D5 K%
[y-**P]ATP & Megalabel kit (Takara Shuzou) ZFWVTEB L&, FEFIIAVEL, YT 275 —0fF
FRICIE, Table. 2027 L7 5 4 = —~S7PEU/PED & 168Kk (ODNA % 85U |- I L 7= Wi A L B L 7= 7 5 1 =
—PEDZ F\ iz,

HR

sigf MIBIZLDRBEHE LU sigl REAOHW HHRERIL, XL I—oy ROEKRTa Y =7 FThe

__5_
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functional analysis of project in Japan and Europe’lZZME L. sigl BEF A& &Lr gntZ-ywad 8L 125
BEFITOWVT pMUTIN 7T X 3 R 1 9% B2 BERRO1ERL (sigl EEERR, YF315 2810) £1T-o7%. &5
W, ERCL 7Bk AV CORRIRAH,. BFER. EBHEIC oW THAWEITo 7. FKEROBEKRD . BAK
168 BRE KB L T ONDORBEDE Z R LIZA, YF315 BRiZ, 3o %2V & LERBFROBLERI 2
o7, T A b ®f BT, Japan Functional Analysis Network for B. subtilis [JAFAN
(http://bacillus. genome. ad. jp/) JIZBWTRARBRL T3,

BERE SN LI sighd X un L b EFOENTHD o I Lo THIEISN TS, EBIT FEL < sigl
DEBELHRFT 57 HIT, FUB5 LU FULERRZEA L7z, Th b DERICIZ, T EhanyERE I Psigh-
sigl-lacZ B X W Psigl-lacZB A I TV 5 (Fig. 2). ZO2FOBRZNSMPIZHI™ TREE L, BFEART
A N, B-Gal7 v A %fT-o7=(Fig. 3). FUILSEKZ AWV VI=FER., MEBEBOMBEN CEFE~VED S
L IATEOFEMEOEMMB b o, £, ToH CHEEMEH O EFH~BIT L RBETOL 32) » L BIH
WML 7. ZORHIT, MBMETFOBRINBD R L —B L7, £, FU3LERTIX, p-GalDiFHIT
DTN THELIBHONITTSHN LML Tz, ZThbDFERIE. o IWCEAEDA— MBI T TRL |
B TR HIKTE L TV 5 ATHEME AR08 L 7o, FUSSBHRIC AR % sigV@EFiE. TSHH0OEL B-GaliEiE
BENZENS, HDEUVERLTOWRWERDR, 2O X5, sigFrDRFERIT, (50RO FHEHEF
DFEEETFER L.

FU355 (Psig¥-sig¥-lacZ) ¥R CDsigVFEHIT. ToH] (WA FOBRNLAD ) »HLBIMICEM L (Fig. 3),
% Z T, BPAEBRLYF316 BR (sigl: :pMUTIN) T, NSMPZRWTHIFERT X F&fTo. TORKR, T88ITE
NENIAY%, 4% IBERZEL5%, 18% & W I FERITR -7,

R A e W WG “Fig. -3 Expresslon of: sigY’ during -zmwth Qand_
%0 b o
" - B
3 : 2.
5 | 605 e
g © -3 & wasals._ xammed
g w8
$ w %
- s
L g
20 o
~ 0




WERE O sigY 7o R %8

A 0 ) B g W 1189 Pig 4, Induction of sig) upon
e am b nitrogen starvation. Cells of
50 2 380 strains FUSSE (Psig¥sig¥-laci)
= 28 {A, By and FUS56 (Peig¥-lacZ) (€,
;*g".,f w0 | 2 g &1 D) (squares) were grown in MM
B8 g et g mediwm (J6), the nitrogen spurce
3L . LR §  inwhich was 0.2% (A. C) ar 0.02%
i3 wf 6 mM) (B, I} glutamme« The
E 10 . o1 vells suffered from nitrogen star:
0o 10 ff vation after the prowth on .02%
wl glatamine had renached approxi-
i ) mately Oy, = L. Colls of strain
P et e 20 168 {circles) wore also grown in
- ’ i MM medium containing 0.02%
. glutamine (B, D) -Gl was
¢ s D mee  2osayed as deseribed in the text,
COpen and cosed symbols denote
OBy and BrGal actmt,y, r'e’&i:ec»
at 8 tively:
£ gs .
% &af £k 3
at 3& g
i g * = § oo
; :
‘g0t

3 a x K - )< .
4 -2 0 7 .8 6 8. W W M
* 2 Time G} :

o4
Tighe the -

o1&k B5igYRBEOEDA — FHIMB L UYXIDICKX 28088 sight<u s ), sighB&EFOEMT
HD oW TEIHBEN, THROBRFEDICI->TAZHBE SRS, ZORKEBRNTSEDIT,
Psigl-sigV% {8 2 siglBEF THROBLRFEEZ amyEREIZIRA L 7R 2B L=, Ll b\(oﬁnm%“i#l:
LPPOLOTRMDEHDIDIZZN O EBET HZ LKMo, 5T, yxIC, DENFHDOPMITIN
RWEABEROBE b Kk 2o .

I T, sig FRICADHBIERFRHD Z L #RND DD, 77 R I Fpde-148ITsigl, sigh-yxIC,
sigV-yx1C-D, sigV-yx1C-D-E% 7 vi— AL L, PspacDHIE TIZE W, T b7 7 A I KEASKA50RRIZTH

| EERR L 7o, (ASK450FKIL., sigVd B yxIGE TOE
: m‘f&iﬁ’ 5:’”3‘2??53"5?3%‘?2%5’33?3QZ‘:&? B KELTEY .. anyEEIPsigl- lacZd ).

ASK450 bearing each plasmid. were incvhated for 1 b with and

without IPTG, aud then P-Gal assaying was performed, as described ; +3 S 3
i the tent. ZL T, MEREZNECHEPE THERL, IPTCEZER

Plasmide PTG addition MORIHIY ML LOLEML Do bO L2 L, — R
pRGUS Y i by SEH L, p-Gal DVEMEARE L7 (Table 3), TR
PDG148-(aig¥-yiC) * Yen R, sigl0Hk 7 u— AL Lt b DT, RV E
BDG148-ig¥y2iC-D) * o CVEMSBB SN OT o BsigtOED A M
PRGUSgYIC-D-E) y o HEF->TODILBHmot, SbIT, yxICET
pDG148 ¥ o DLDOTIE, sighDBHD b D & HATTI. 4% & #L

*The eopy number of each plasmid in the T waz roughly deter- ' =T OT. Yx1C DEI SITEG LB
mined by means of agarase gel electrophoresis, which indicated that EHEZRT DT, RADHEERF T4 LB

v th tal di - o~ .
:d:g(ziefil.m significantly vary under the gxperimental conditions b, LaL7ase ., pdGlds-(sigi-yxlC-D) &
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Fig. 5. Charecterization of sigl induction upon nitrogen
starvation. (A) Suppression of 3ig¥ induction on the addition of a
niteogen source, Cells of strain FUI355 thgY sig¥lacZ) were
grown and subjected to nitrogen starvation in MM medium (4. 02‘)‘&
glotamine). The culture was divided into three portions at T2,
which nothing {squares), and 8 mM gintamme (triangles)yor a\mmo-
nium chloride {circles} was :added, respectively (B). No effect of
spaOH:erm and spollGAB:kan on sigl induction upon nitrogen
starvation. Cells of strains FU3SE (spo¥) tsquares), FUBST (spoGH:
erm) {triangles), and FUSS9 (spolIGAB:kan) (diamonds} were
grown and subjected to nitvogen starvation in MM medium (0.025%
ghetamine), f-Gal was assayed as described in the text, Open and
dlased symbols denote ODgy, and $-(al activity, respectively.

IPTGAIRMUE b D EHTEML 2o l- b DT LAE
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pDG148-(sigV-yx1C-D-E) ~Tix, IPTGEIN TiE M A3
WA BH T DYDY, sigYDRDHBEATF TH
B EBNphoTo, YxIER, YxIDETTHARAD
HEARONDDOT, ADHBEEF TR,
DBEET 2BOLYIDRAOHEEF L L TE &
VW FTREME A HERR L 720> o 72 FU356 (Psigl-lacZ)
BR1Z. FU355 (PsigV-sigV-lacZ) £k (Fig. 3) d X >
BT HERACOBVEEE RS 2ok,
LiE, FUSSEERTIX, sigh&BEFMNY / LFIT—
LW AOHIER BV L Bbh, 4%
TORRE L.
"DEDHBERFTHHT U F s AFIT. oM
X o THRRTHYhdLE YhdM THER SN D LIS
BBV, WEL, FEEHTORMILATHDY .
YXIDIZ2WTiL, o'"OROHBEEFTHLHERY
Do To, ABFFETIL, yxICE yx1D% 75 2 I RpMUTIN
ERAVWTHEET DS Z EBRHRRDoToR, sight
yXIEZDOWTIE, BRET 5 T &Mk, €I T,
yx1CE yxIDBRAEBIMBLBLRFTHD Z L&D
BB T2 ITASK431, ASK432, ASKA33BRAHEZE L 7=,
Th b DRIE. & & yxIC-D-E-F-G, yxID-E-F-G,
yx1E-F-G%3, PspacHlfl TICEHhTW\5H., BEHEL
7= Bk ZYF3168k (sigV::pMUTIN) & fIZLBEEHIIZ 1 mM
ERF LI, IPTCRREDHRICEIER < T =T Ok
L2s L7228 5, ASK431 & ASK4328KIZ,

Yx1C

- -~

IPTG

‘Expression ratio




FEEO sigY A ~2u o Ok & KB

DFE L ROLBFAREEHUC B TIZ E A EAF Lieh o 72208, YF316 & ASK433BkiT L @ICAEFT L=, L L,
LBEAREEHIC] mM IPTGR M LB, £ COMRBEFEICEE Lz (FBREW) . ASK431 L ASK4328kIE, LB
REFEHTIZ, TBOEFTELTH0. LBERIEHTIIAET CER L, ThDDKRIT, sigVBEETHEL
ToBE, yxICL yxI1D, LBEARIEHI CAEBT T HDICHARBETF THI I L2 8L, &b, ZOZ LT,
yxICEyxIDR 77 A FERWTHE TS RVWERA L 2o T,

ZEFRMNMICK D5igYOFR BFERICETELICBRRERFT A0, B-6al 7 v A TsigFD RN,
B < BT & BFUISS (Psigh-sigh-lac) MREER LT, WEKEHA DAL RERRLEL L,
DFER., EFRFEARO LIk, siglSFHE SN DR (FBREE) . Fig. 4ALB 5 | MBEHI T, FU355
%mmmﬁﬁiﬁéﬁféﬁ\ﬁ»&iyéaw%ﬂfékwﬂi?LmE%L&<&b,%ﬁ%ﬁﬁ&éo
MMEZHE CEE28 L 7o Be, TI2HAE TIBBF L 7223, B-GaliEMEDEIMI R b/ nso 7= (Fig. 4A). MMESHED S
NE I DWEER0.2%D50.02%K L 7-BR T, T3HI b A IZp-CaliEM A ik - (Fig. 4B), — D= &
X, sigNERHNMIL > THFEINDIZ AT L, REICERFLLTIAEIVRT VE=T 2K

~36

+
Py
o
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doduc'ed from the. iacatmn of the 5’~end of the &g Y transe 3
mined on this anabnsm (1) and the resulis of Aeletion analy&ts f
the =igY promoter region {Fig. 9. -
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eovering from sigY to éom*ergem v;nZH s



Rk

MTse, EFFXEEL, p-GaliFHITRBITET L= (Fig. 54). ZDI &hbb, siglNERNMKICLY
FEIND I L ERE L, FUS6(Psigl-lacZ) BRIZHOWT b ERRICERFERISH & UEHE T, p-Gald
FEHEEEHT AL, ERRIMEFTOARTBEPLORRDOERABRE LN DA, BHEE B KIZFUSHKRIZ L
NTI00fHEVME AR L 7= (Fig. 4CED). ZORBEOEIL, NSMPEHOBFEABICBEEIN L LD LI
EAERUE o7 (Fig. 3). L7zdd- T, NSMPESHE CTSHAN O OEH D ERIT, HHF OERFEOMEBIC K

STHEEINE-OE L,

sigYOFHIZ, BFEEAE IIFHFREL KB~ X DI, sigFBEREFOMEEIL, NSMPHEHE A o g F AL
KETERL 5 LI, 168k 2 ERFEHMIC L7crs, BFAREIL, NSMPEHIDTSH & R T10f5EA o 7.
I OBMFEEREIL, sigVBHRTHHYFI6HREE D Z L2k D 30ERERL 2o, LxL7A22 5, YF316

BRE20BHERIM TR LIBE, T D&,

A , Rohia 2o (ERAK) . EFRNEICKT

:z 5sigV B FORERL, BBFER L DOBEGRER
g%m_ 29 5 7= T, FU3S7, FU358, FU359, FU360,
giﬁm 8§ FUBGIERZHEEE L7, Th L OBRIX. FU3SERD
i%zm ] BFRRCLEcEF " of of of of

Tuoo | B, TRERBESN TS, Fig. 5Bh D,
0 FU359 [spo I GAB (sigE)::kan PsigV-sigl-
Time () _ lacZ) Bk 1X. FU355 (PsigV-sigV-lacZ) ¥k IR 4%
WERIB TSN LOFEHO EEBRR LN,

® w0 o FU357 (spoOH: :erm Psigl-sigV-lacZ) BRIZ D\>

so b THEZRIZ, TSP LDEED EARR O
:3%40 2. FOREEIT, FUBEHORUSHE L 0 77
géw ~7-(Fig. 5B). & T, FU358, FU360, FU361
wEnt BRIZ DWW TIiE, FUSSSERE RN REEZ R L

i T ERE), T OOJEIL, ERNMICEH

T B sigDRB EHITIE, BFEAKEE LR
NWZ EERRELE.

Time {n}

Fig. 9. Delotion analysis of the sigY promoter region. The

structures of the strains used are given in Fig. 2. 0Dy, tapen sym-

bals) and B-Gal activity in the cells (elosed symbuols) were monitored

during growth and nitrogen starvation, The $-Gal assay was per- =ABIZ BT BAsiglA_u B Fig.
formed as deseribed in the text. (A} Cells of strains FU4$12 [PsigV- SRS £

si@Y {-556/+568), cirdles], FUBS [PsigY-sigV {~181/4+568), trian- ; ~o ot 60D EETF (sigl, yxIC,
gles], and FUSLI [PrigY-sig (-30/4568), squares] were grown on Lo 0 51877 1.6ODR/ET (sieh, y
0.02% glutamine and subjected to nitragen starvation. A large scale > == ]
is adopted for the vertical axis. (B) Cells of steuin FU411 (squares), b E FOMbWRSNLLEOLND. =
FUA08 (APaigY-0igV (~4/+568), diamonds], and FUAL) [PeigY-sig) N N - =%}

(—12/+568}, triangles] were grown and subjected to nitrogen starva- ODBEFR, BERFINHCIVFEINDF
tion. A fine scale is adopted for vertical axis.
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EHERT B, 18RO ERIRAERICRDIEROY VT A EHANWT, DNM~A 787 LA T &1To 7.
MEOHTERR . EROMEGOTO, T6, TRHOEZEBE L., TAThORAEZAWT, ~4 707 LA f#fHi%
1Tofz. BRATSRIFIZ, TO/XBOETER, T6/RHPIEFA, TI2/ X EBMMDI@Y TiTo7, TODNAYA 7 1
T LA BT DOFERIX. KEGG Expression Database website (http://www. genome. ad. jp/kegg/expression)
TRAMLTWS, Fig. 6iTsighd <o 2L TWD LIRE Lizsigl, yxIG D, E, F, G 5T, yxIG
FHICAB L, #H&ICETESNDyxIHD (10, T6, T12/XHEHAER) ORBLEL T LIz, MFEY | sigl,
yxIC, D, E, F, Gix, BRHMEMGTT6, TI2HICHFEIN, ZDZ i, sighd~m > (sigl, yxIC, D,

E, F, O, ERFIBMICLVFEIND ZLEFRBELE. ZORRIL, Fig. 4B, DOB-Gal7 vk A DF
BL—FLTWe, BIZ, Fig. ADOFUSS6EETORR L —F L TV, yxIHDFRL TR0 - - EF K
TORBIZOWTIE, KIZHBAT D,

sigAROVOEERIT ZXNBCHESN BsiglEEFIZONT ) F U £1T-7 (Fig. 7) . RNA
I, 1688k 2 ZRIRHEROTL, T6TEB L, RMAZFE L, r—T 1T, sig/ENT o —T 2R Lk,
Fig. 7TA?5, T6 (lane2) T4.2 kb& 4.8 kbOEREEWE*BRH L. RILCRMZAWTT 54 ~—BEER
TV, siglEEEYOSKMERE L Fig. 8). TN LY. sigD&E X, BRMBAD3bp i L v B
BEANDZENFRBINTE., ZOsigVEBERERNOAE L S yxIHE TOEEEMIT4133bp L RSN, /
WA TR S 4724, 2 kb OBEEEY (Fig. TA) X, +47iCsigl, yxIC, D, E, F, 6 BRI VyxIHE &L
ENH¥D (Fig. 1). 4.8 kKbOEMITOWTIX, yxIHDEBEIZH B Z — I R —F — B 7o = BIZEN
=eBbhi.

SIgVREEMIC R EICEE SNy RS ENTWH I L2 ERTHDIC. 7 Fr7ay MEIZ,
QBOyxIHEERMRNA 7 0 — T (B A7 —7 DS—yxlH, 7o Fv o A7 a—7DA-yxIH) B -, TeHiD
RNAZFAWE ) F U CH, yxIHE EUEEEME BB TERD 272 (Fig. TA). Thid, BZ 5 < nRNAD
BRENE,PoT=ABERBDbN. LMo T, UANZBRRZL I IPIGRMTT 7 A FED o "2 HBR &
¥, sighh~_u v & yxIHE FHBRE/ B T-DIT, pD6-148-sigY % 168ERIZHAA AR IPTCHRN, FEFI THEE LRNA
BRI L, Fig. 7BE Y. IPTGRIML, SyxlHE 7R —7 & Ledr 74 (lanel) TOH4L. 2kbDEE
EMPREREINT., ZOZ LT, sigh7XuOEEEYD, yxIHEbEATHWSZ LR, o~
DRI 72 7 — I F—F — % sigVEREBRIE R D> 54066/ H4099 A TR L, sighA_uyn¥—Ix—%
— L Bbhi (Fig. 1). 2O &k, DNA~A 7 27 LA FEAFTICHAWEDNAF » 71, 2R DPCREY % A 7K
v b LEDT, {THERE DyxIHS, DNAYA 7 07 VA ETIC L Y RH SN 5 02 BRI T & /- (Fig.
6)%.

SigVA~u v DEER, yxIGE yxIHOB T £ & FICyxIHE TEET 52 L i3, H&B T2V, BLASTRR
T L Y VXIHE oS BOBEMERRE L & 25, Bix REEMOEROSHBEHICEET 57080
BLEUMEEE I ENghoT. £, yxIHEM Tsigh4~Xu v L @ —#EE H A Dopen reading frame%
RHHTZ LSRR o7 ERER) . yxIHEEKR THAYXLHIKREZ AW T, ERBRMETE-Cal DIEM A
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ATz, Lol R2ns, ERFRIEBEMETO., B-GalDEMEDEMIL, BEI N1 o1 (REREE).

sigV 7OE— 4 —EBORERBT 774 v—MRIEIZLY ., sigVEEEMDS Kink €D (Fig. 5).
IOEDTHAD, GBEREEATHDE I EETEDDHHIT, FUDLER[Psigh-sigl (-181/+568)-1acZ] H>H D
—EDREEREOBHE L LT, Fig. 22905, FU355, FU411, FUAI2ERTIX, B-GalDIEMEMNBEShT-.
LA L2235 FU409 L FU410BETix, BB SN/t -7, FU412, FU4L1BRDIEMEIL. FUSLKSERIZHE R TiEHE
2, 2UERB I UN/SEIT o7, T LI, 18122556 £-550H-40 DT, FNEHIEMEE NG -TE
MALT AEFIN., ThENHD EBbh-. LA L7t b, FU4Ll L FU4I2ER DR DOFEE /¥ — o JSFU355
BRERLENLGINDLDOEFIX, BERNLEHFTORRICEAEL TWaWnWE TR, &bdh, FU41l
BRCEMABEINAZ LD, 390 b+10MisigV 7 ue—4 — BT 52 L &7~ L7- (Fig. 2£8).

BEXD o "B XV o "OENBET> P07 0 —F —FE L sigV LT D-390 b +1 2 LB L7z & T Hsigl
ToE—F—0"10"F L U"-35"E %, FHFNCCTCE L UTGAACCTH D = L AR &7 (Fig. 248).,

Ex

HHEEOsighA~u i, 608 Fsigl, yxIC, D, E, F, 6Dy . ERFRHMMIZ LIV BE SN 5 (Fig
45 68)., ZDANT L, sigHEEFIVEE ERNASEENHRB S, BT 2 yxIHE CTEE X, 4.2kb
DOmRNA% £ U % (Fig. 1£67258), Fig.3& 4 & Table 375 sighZ N u U NEXRFHKIC IV FESh oI
EBEDA— MHEESZIT TV AIENTRENT., IO WL HEENRETIX, YxIDF 7 HEITXY
BOHEEZIT TS5 (Fig. 3& 4 LTable 3). sigVk yxIHE COmRNADEBE D, sighh~v > DyxIHE T
DEER, yxIHOFREZHET 5000 LNAZWAREERTBEINT, LALARR L, BERIMTOyxIHOF
RITBETE b o,

TIA—BRIEIZLY | sigViEFEEY O RIGZRE L (Fig. 8), sigl7' v & — & —RIBO K ELHEHT (Fig.
29 Lok " BIUo" P OENBLREFOTuE—F —FIH L sigVBETFEORBIZL Y, sigl7uE
— & —D"-10"8 L V-35"EFiE, TN ETNCETCK L UTGAACGE HEE L 7. BBRIBVNZ &I, of, o" B LW
oM. COTCEFRIMT 5 Z LA HK RS #1230 Ls L, 35888k D320 o F0 = % 3 AEFIT,
oYiﬁﬁ%ﬁﬂﬁuatiﬁfﬁéwaMC’G%b LR B F0 W0 e sigV 7 uE— 4 —fRIHIE, TGECCORIC
2{EADAAD H TACCH T F— 7 IIRIF SN TV .

sigl A1 (sigl, yxIC, D, E, F, G DBIEDOHTE LMOEMTE DL HIREENTNDE0ET
JBRECF| % TTIT L C, BLAST2.2.3 7u /T4 PERVTHEFIZ21To72. o " 1X, fiOWAWA AN D
IwRFERAERDHY  —FENR T (100) 2 FRENT T Y 7 TS 7 LEMERE O Thermoanaerobacter
tengcongensis @ RpoB5 BFNF LT ., YxIF 1X, WAWAREMO ABC BkfED ATP FEE&F VNV H
LEWHERMERDH Y, TOEM 4 SORaTIITRTN, 241, 238, 237, 198 THYVHFTAHYMHNI T
Y 7 Bacillus halodurans @ BH0290 ¥&f=F *", #F7 7 Y M Tt /N7 7 Y 7 Oceanobacillus iheyensis



FEEO sigY Ao O L %5

D AP004596_43 BIZF », BMENHBEIL Listeria monocytogenes @ LM02227 {5F. T. tengcongensis
@ CemAl2 BIRFITHTHLDE o7, YxIC & D {ZOWTIHE, 2R 7R 50 22 3BEFNEN-T. =
. ¥xID IZ2WT, AaT7 B —F&HBVLOIE, 43.5 T T. tengcongensis ® TTE2180 B/{EF 7> 7. YxIE
» EALIZ. T. tengeongensis O TEE2181 (X 27 52), L. monocytogenes 0> LM02228 (A =17 49), 0. iheyensis
7 AP004596_44 (R 1 7 45) 725 7=, Yx1G 1%, £ R = 7 (145, 121, 117, 65) T, L. monocytogenes 0> LM02226,
0. iheyensis 0D AP004596_42, B. halodurans (> BH0291, T. tengcongensis ¢ TTE2183 Th-7=. Zh b
DFERIL, sigl A0 13 RpoE5 A ~<m > (rpoE5, TTE2179, TTE2180, TTE2181, ccmAl2, TTE2183) &t
E<BTWA I E&RLE ., &5IT, yxlE F. GlZOWTIL, L. monocytogenes & 0. iheyensis DZH
LERUIEFCTHor=., EHIZ, yxIF & yxIG iX B. halodurans TREY BbB Thote. FEFIIBE/BRE
TTAETS 3 BOAPRBINNT, sigl A0 U PREINTVIEXIT, TOBBLBRET CEETT
DlbDREEL sigl A0 OMEER, BRLTHDIONb LhRy, FEBE, sigl #3143, EXH
R (EMITL > TRELERBREO—D)IZL>THFE SIS (Fig. 4 125 8). Ihb, 4 DOEMREIRES
NTWD sigl ANv i3, TOEKT HEEFHEMBOICERICEESIToNSG . Thidb, T b
ELOBROP CAEREINT-NE LNLARNI E2FRE L,

YxIFiZ, ABCEIES X7 LQuentin et al. P DATPFERZ L /37 L OBVWHERMEEZ R LS., £, YxIFEG
IHHDOBEFIZ. RBCEGETE SN (Fig. 6&7), ABCEMREAZEBHR LRAMEOHHIZBET 5 2 L &R
L7, &5iT, AT I—HFIL, L. monocytogenes 0. iheyensisiZ¥xIF, GDAH TR VxIEb > T
BZEERAOHMCLE, B, JEBFLMERELRL THoDT, 32OEAE (VxIE, F, 6) AABCEDR
(RERERT D FIREMZ R L 7.

LacZBA A FEATICR W TERFEHMIC L T bIREM B ICsigRBMSFE SN D (Fig. 4£5). siglxZELIT
EePsigl-sig¥-lacZ TiX LacZA R 139FFH B £ THEMN L \Psigl-lacZIZ b T100{% & W EM %R L 7= (Fig.
4). TOEIITEVsigYDREBRIT, MR OsigVBIZFH2EITRD I LT THREINL, ~(47uT L
A FRITR ) BRI L Y sigh A N u C ORBITAMBICBET D5 Z EBNHEKEN, AR Lk 5 E WGk
3. EROMEHFTIIRBERR o7, ZTOZ LIE, MRADsiglF a5, BRROEH®EZTRL TV
WZ L ETHLE Fig. 657). ZOBOEBRIE., BEL siglht{orRRICIVEEN BN BA
DEIEIDOTEEDZTEA S (Table 3) .. sighA~im i3, SHEOMBREREM AW (T. tengcongensis, B. halodurans,
0. iheyensis) IZBRTFEINTWAZ Enb, ERVME VBELRMOBRBEIIR W Tsight o v ORBEMR
BRICEDhH LR, siglERICRW T, ERNBRETRFERICEERH D Z L08R 4AETE
FETOMEFOAFICEELTWALL LARY. X5IT, sigFBERFREELRF CHEET I8, yxIck
yxIDid, BRORETH 5 TBAVKETH DLBEGEH TOEFTICLATHD. DT Lid, oA
o, BHEHTORRICRADEBEHREILH > TVBNL LRV L ERBT 5,

B, 168BKITpDG148-sigV AR, o "ZBRIBR T SHREZHEE L. LB CTIPTGA AN, i
THEREITV., RMZHHL, 147087 LABFTEZTV, 1TEO o ENERFEmMEHEELEY, MUK
RWWT, Difcolfl FRAMIEH™ 2 LIPTGA M, MINMTERL, v~ 707 LAFETIZL Y 10D
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o EMBERFEBEME L. EDIT, 1685k (BFARR) L sigTBKRERAW~A 707 LA @ITIT L Y62
B o BB FEFHLHE L. ok~ 707 LA RITOFERIL, KEGG Expression Database website
(http://www. genome. ad. ip/kegg/expression) TARML T 3. L LML, sighd~Xuv L {BOEDH
FOyxIHUNOBETFIX. ZO3BOBRBRETHCTERY bR oT. FiiesigEBE T2 RHH
mholodd SEOVA 7 uT LA ETORERNL, BHBEFEINRYIVETHEIEBRTRTEE.

I BRA, CaobiC XL VR EHEsighd " n A ZET2mAPBRBRINET, TOHRT, sighF oD
DOFHIFE T, ¥xID, ETHH I LBRHBIN TS, £L T, sigMZBHB&METF & L TybgBRR 203> TV
5. LoL, ZOMETEAL TWBINAF v 7iid, ybgBB ARy b ERTWeh ot Caob DsigDA
OFIER FA3YxID, ETH D E VI FERIT. AFROVXIEXsigh4A vy OAOHENIZIZEE L 2WERE
FRELTWS, EbIZ, AFETIRICHHFET DROHRXIDE, sighh~n » OADHERF TH 5 HE
ARSI L TRV, sigFRBROADHBIBEIIOWTIL, SBROFEELZETD.
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Organization and expression of the Bacillus subtilis sigY operon
Shigeo Tojo

Department vof Biotechnology, Faculty of Life Science and Biotechnology, Fukuyama University, Fukuyama,
Hiroshima 729-0292, Japan

We investigated the organization and expression of the Bacillus subtilis sig} operon, the first gene of which codes for
oY, one of the extracytoplasmic function (ECF) family of sigma factors. The sig} operon, comprising six genes (sigl,
yxIC, D, E, F and G), was induced upon nitrogen starvation; it was continuously transcribed from the 31st base

upstream of sigl to a neighboring convergent gene, yx/H, resulting in a 4.2-kb mRNA. The expression of the sigh

operon was also positively autoregulated through oY, suggesting that its transcription is likely to be directed by oV
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Deletion analysis of the sigl’ promoter having been localized by primer extension revealed the promoter region of sigl

with the "-10" and "-35" sequences of CGTC and TGAACG, respectively. The latter sequernice was distinct from those
recognized by oW, oX or oM The oY-directed transcription of sigl” was negatively regulated by YxIC and D,

implying that they might function together as anti-o Y. sigl” disruption affected sporulation induced by nitrogen
starvation, but sig} induction upon nitrogen starvation was not associated with the sporulation process. The organization

and function of the sigl’ operon were significantly conserved in several microorganisms living in adverse living

environments.

Key words: Bacillus subtilis, extracytoplasmic function, negative regulétion, nitrogen starvation, positive

autoregulation, sigma factor, sigY operon, sporulation, transcription



