K AGRE) Ak M B K B

=R VAR i += (B % )
AR EF B g 7 01 k=2
AR5 EH B Y opk 17 % 11 B 10 A
FAIRE DEMF FAIRANE 4 45 2 HEY
AL CE B WS E (Bacillus subtilis var. natto) B &4 DL-y- R Y 7

NE I VBROBEBE XUEK - SRICET D5

BXEEZE  (F )

'HrR ®#E B E
@B #H#® B KR —
BB OE % OB W



moX N AR B R
B1E FR

MEOREMTHSr -RUTIVS I VB (LITYyPGA £F3) (3. MEICH
BOTIORAFvy—&blodfth, Bkt B, HKE. SR AESE
CEBNEESBRESSFELTOHAMER SN TWS, £ 2 TRES
ICKBTIALCRED T IV FIVLIESIC K S BREDORE/AE(EHET 70
—FICLHMHERUELBAICHARZINA TN S,

SO S BRBRDIHDYPGA (2. $EHE (Bacillus subtilis (natto)) 1=k 35
BEETHESNSD., £EBROARRESPERMEOSZVWI LPSHBELLE>TE
Y, CORKOWEYMENLBERCRERA. HICYPGA DA EIBROLHEAR LT
DOFAERBEBASDICTHZEBRHEN TS,

BEYRHICE MEELNCH S S ABEME Bacillus BD Bacillus subtilis.
Bacillus licheniformis. Bacillus anthracis EEWB DT IVEY = VBB —RTF
REESTESKCOBY > B FEEEOBABANEET S LBAMONT
W%, Bacillus subtilis & Bacillus licheniformis DYE%yPGA (. D-BX U L-F)V
YIVEOEBEERTHY. 7 FRIE2MDa 28 A 5. —A. Bacillus anthracis
DyPGA (& D-FRIRGDINEG X VEOHMOIEY,. HRRBICHEEAICEALT
WBRATHD 2 DERTS. yPCA FHIRROBABANESND LD, BRI
BRIRTEADORMID, RERODMYAL, HEMroDOBECRE. HREEREGE
BEDHRBELBEIH D EEZO5NS,

YPGA SR EBRBET (capBCA: 3D ORF 5540 Y) (&, Makino

"5 [Z& o T Bacillus anthracis DEFEAFELTRAEEZ N, £0%. HEAKEF
Y & U T, Ashiuchi 545 Bacillus subtilis 5o 0—=LTW3%, iBFE
BRUEY / LAEBERANS &, Bacillus licheniformis & capBCA EHBRAMDE
WRBEFZH>TLSDT, ThENDYPGA SREBRRET (3. HEOHELR
EFICHKTHEEZIONS,

yPGA D#EEL U T, Bacillus anthracis (BRVHE) DyPGA BEREEFTHS
SEBMSNTIVS, RER. Bacillus anthracis DyPGA JFEEERHISREMLE
7 0F & LTHEDODNTINS, Bacillus anthracis DyPGA (STBEEAL I FIT
H5 COTEICHELTRRL, BERER (77d94 =) hokh
B7=0DBEATIVE L TOHEEEF>TINS, _

Bacillus subtilis DyPGA [SHREZEICKE L TEEICEEEZ NS, TLRER



B THALEFTIE. EEHOMBAGIN-—ZERLTEY . RENGE
SONGFVAT77=CREDABMPODECRENEFRIELEETH 3.
Bacillus subtilis DyPGA (. €5 U/EEROMBER LARSH S LHEREN
3. TOMESLUVERABROEMITATHS, RRVER LMo
—EE. ¥/ LABKICERESNZE<OMENERLTHWSRERZEH (Bacillus
subtilis 168 #) TIIyPGA SREEFBILTF (capBCA or ywsC-ywtAB) ISR L T
WEWC&THB. ,

WS HE (Bacillus subtilis (natto)) (&, RERZEHEIFEICREEOENS / A
EHoTNBI LD itaya SOMAEATHLOMICE-> TS, MEFEZRAVNIL,
EREHT / AERZEFIB UL Bacillus subtilis DyPGA FRRMSAIEETH 5.

2000 I (3) BERLAMAFARBAEMARZOFEI N -7, BEE
(Bacillus subtilis (natto)) DyPGA £EBIFA—S Lt HIREBEERE)IC
EKETIEEBELE. VA -S Lt JE BREERED 2 RRHE
*® genetic competence D&, NAF T 4 VAR & EE D 4 /2R
x2S O—NIVICES - H@TI34EATHD. 2F—-S L€V TBEF
3. HEHHREEEEMETHIIANEY comX EEDEES NI E
comQ. ComX BEEERXFI U VEBILER comP. €EDV AR AV Fa b
— 4 —comA @D comQXPA IN5133. Bacillus subtilis DyPGA £E(S. #REE
oY —2 BOHERERTEBRBERF IV VBULER—L ARV AL #
a1 b—4 —(ComP-ComA)DHIB T ICH D55, EZHOEREER capBCA RN
ES5THOBRIITRATH .

—%. EEENAPCA FEERE SO - HIELFERICE Y RS IR IS
PP SERTEIIEBMOENTEY . ChB/WPGA RBEEICEITAFRREN
DRADVEDTHS. UL, #BRICBLTEIAKRBUARICLEE>TS
U, SFLARLORBIZFTORTIEL,

COESBERNS., T, RECHESLECER SN TWSMTEE (Bacillus
subtilis (natto)) T=if#k) (BERBFMEELER. WWE™H) £HWT. yPGA DHE
VENBELEH - FRBBOLERALZEE LU TEREELENFECIYH
RETo/. FRRTIE,. HEIB TREFRES ERIT I 7 — D OBEN
YVPGA NREBREEZHSI L. BLXUMEEBERNWPGAESBI S LEF
BhY ELUT. yPGA DERBHEBREE (NN T VAT 7 — DI T SRATHEE)
EREITERME (DBREMI NS I VEBEOREHOMBICLSBFIA) Z8H5



MU, £ TURE - IFVERO 2BRENSRZYPGA DN BBEBERR
LT. PBRERERIELTRKICEDWPGA ORTE - KERBEELZWIILE,
yPGA DERHHBEICOVWTIE. HRBEEEMEIFIEY ComX 15
yPGA ERAE S BREFZERHS ComX—ComP-ComA—DegQ—>DegS-DegU
—CapBCA THY. HIIRBEICLIHFHEHE S ICRERBTRICLIBEER
(T3 EEMALE,

B2 T77—-TICHT BRhEMREE

METIE (FER) ORBEARMENSEINET 7—2 (ONIT1 £HA)
ZWTE (Bacillussubtilis (natto)) IZEE#E % &, MOI (multiplicity of infection)
1/2000 /5 1/6000 TL< L. KX FMlEEBEI G/, BB LFMSH/HD
YPGA SRS S, yPGA OMEZIREICKDE (Fig. 1A, B). &
DI LEBAGKRBLAREOHEZIRHICTETEE, WETHEERIZEN
FETWAEREL. COBREFETH . COFHEBBLALZS. 25kDa
DHEBEY O NRNIEZBDIEMBTEE (Fg 2), COER

(poly-gamma-glutamate hydrolase P=PghP) [3yPGA T > REI(ZHIHL., E
SEIDSSDAUTr- IS VBEERLE,

REMRO N K7 S /BESEHLICT7—-D7/ AhSREETFEID
— U LEO—REBEEHASMICLE (ELFI1ERIE DDBJ accession number
AB091475 NER), BHOEI L DHBRMERRH/SY, MREERTHD L
BZO5N/, VO0—ZV5 LEONITI O pghP BEFENEXBETEEL.
FDEREEHERELE.

PghP #4ET5 77— (ONIT1) (3. yPGA £ER TH ISR ICHE5E
T&/ (Fig. 3A). PghP Z4ELAZNT 7—2 (BSS) ($yPGA £EETIHH
FETERM o /M5 FBLL A PghP IC& > TYPGA 25T 5 LT /= (Fig.
3B). CDIEMBYPGA (X7 7 — DREEADHHERMGEZRIRD, 77— P3H
HEDBERELUTHBBREEBLELEZIONS,

Ackermann 5® Bacillus subtilis ¥ A ¥ 77 =1 08ET7 =947
DRIZSB 49 ¥kD B. subtilis RKERAND L. 1 0BF4BDIAELV ST 7—
O PghP Z4EL. 49 Bk 23 BRDWPGA ZEE L=, BB EDBARNS
S8 U7z B. subtilis 7 7 — P ICIAEIEIC PghP 59T 5 Z &3, yPGA A£E#K



TOWFE(C PghP BSHBE L TIRBRREIFFLL,

. PghPEET 7 =205/ LAEBWT. ONITI D pghP 27— ELTHY
VB ETo/ET A, pghP ICIIBIELDSHERMENH S Z ENTREI N,

LI Eo#ERIIEZER (1) CRRUE,

F3E IBEEOREIRMAGE

HEIN/PGA DIEBRRP TRA ITHXT S &(E, RRBRICHMS N TL
feo SO EIE BEENAPCGADBHBEN, EHHAOMBICKERELLTE
FIAEhB&ETRELE.

Abe S(%, R CHBENB - INIZIIFS U RT7 =R (GGT) I,
in vitro TYPGA 105 L-F V9 = VB HRET BEHERELTWS, LHLA
MBS, D-IINVY I UBREADERIL EBRBEEDFHY®. in vivo TOHEEN.
YPGA FBADHFEICDNWTIIRATH o/, £ T, BELE GGT LEHRE
B (GrS—r—INsIUB) R\ SBRBBORIT S got BIZTFRBIRERD
WEERITE T o /. FOER. GGT (IyPGA ® N K5 D. L DFEFEDOX
MBIV I VBEBERTIIFVESRBRTHS L (Fig. 4). ggtiEfE
FHEHE GOT EMEZRLICKIWPGA DA BEFREE (9FR 0.1 MDa) %315
R AERRT B Z & (Fig. 5)EASMIC/E o, '

ggt BEFRIEHTOBPEESERL A &(E. GGT LEFIICHEGZEE
HETIY REMOSBRDIEET S S LT U7, Bacillus subtilis168 %D
J AT S, MEE (Bacillus subtilis (natto)) 15 ggt LHEHBEEDOE (72 /
EStEEIME=27 %) BEERMBEF ywiDE2H DI EMHEZhE, TIT. #1E
BHS ywD BEFESUY / AlfEZE2/0—-=J L (BRH1E&HIT DDBJ
accession number AB196782 [CZ$3). FEEMEFRIL TEOBEEEMITLE.
ggt & ywrD @ 2 BEHIEHKIIE > /=<\PGA 9B H T, EhPICERERER
CHFBAGERTIPGA £ER| L. T/hbE. HEPHEEDOER (T FH
SR) IC ywrD BEFHHETHDZEERVWELLE. TORIZYPGA HRED
< BWVEDHPCGA DREXRBEEHE LTHHATEL,

YPGA DL SHEHFN., TV RE, T+VED 2 BEOSBRICK > THES
N3ZLlE DS DENF (FVNRIE, BB FrIvRE) KBVLT
HESNTEY., PBROVDBHPHBOLPTEAENS. SENALEAALL



Z2z5hi, EB, GOT IHREBEICHELTRIEL, SBEMICELE 71—
KAy o 58@EBFTOE (Fig. 6). COLIBEBHSBHBAREGDLE
C&V., HEBRERHMOMERICBRTEL<EERI I Y I VEBEHRIETES
LEZ BN, |

EMARIZ 1~10 mg/ml EESNBPGA S, TV UEEICIRET S & 8~
8OmM ICHH L. EFEHMOMRICE > THHEREBRLEALRY 53, GGT REX
BRSSP (CERUWPGAZ I NI I VEEE UTHIIATERWVED. IR
WE-BICFRTHZ EMNTHEEINE, RE. GGT REAZRKT. EEHIC
RBEMRELTHFETER<ZY. FER (1~2%) LYBHE (40%L L)
TRFZERA U (Fig. 7). EXREFESARICHERESINAEIBEES. BEK. GGTRA
HEDICHRFEREL. 1~2%TEMBBM . CNSOER(L. yPGA DHAR
NRBEBYEE LU TOEENBEZBIRICRLAELEZS,

LIEDRERIIRERL (2) [CRRUL.

F4E DIISIVBORBICEDEIINS I VBS v —LOMEE

YPGA DERSBEMI. D-BLU LIS VBEE/ R—THD, EFH
2513 2yPGA DEFADKE. D-U)V 5 X VBORLICI NS I BV —F
BUETHEEELI, NS BTEY—HEIE D & LHDIINS VB
ZHEICERTIERET. BEEIRTFEITUAVICD-INS I U EEEHGT
DHPEICHALTBRLE L TEHL, KBEZLES<OMAES. —DDINIZY
BStv—tBGEFEHDODICHL. Bacillus subtilis 14 2 BEDI IS = VB
SER—-ERETF (racEELY ypCBETF) 2HoTWVD. 2DDINIZY
BStv—EICRENSE. REBHOBWEENHINE S HEBELMICT
5. BEFHIEKRS KU Lacz MEBETFE/ER L. . yPGA AR, D-
IIVE S UBEEICRIZTREICDOWTREITL L.

‘racE, yrpC D 2 EWIE(Z 0.3 mM D D-F NS X U BESUB/IEMTOH
A[RETE o =0 E 7= racE OWIBII BRI TODHAIRETH o 7255, yrpC DRIBALS
EXBRIIEHTORHENTOWR I ENEORERATH - .

WEH (Bacillus subtilis (natto)) (3. D-ZINY X VEEEH—DEFRRELT
*']FE LTMETE3, LML, JIWS I VEESET—EDWIEIL D-FIVFI Y
BORLEEZRL2ICKDE/ (Fig. 8). B. subtilis|x S. haemolyticus ® D-7



S/BRBEBRD-TI/BTI/FSURT7IV-REBRLG (72 /BB
65 %48E) yheM BELFZEIF>TNSM, D-FNF I VEORBMICEESLT
WERWZ EREE N,

YPGA 8 D-§i&hZ2 Z< LT &M 5. Ashiuchi 5(3. RacE yPGA SHEF
OERE (D-FIVF I VE) HIaBRTHY. YipC BRTFLKITYU N AD D-
TIE I UBRBRERATHIELTNS, \PGAEESROEHICA L TIIERLS
# Y. Urushibara 50 in vitro ERE T, L-RIGEDOHDBEHRELZY DS L
WORRMRENTWS, Troy 5D Bacillus licheniformis BREI5Y & |\ /= RER
TH. LIV Y I VBSOS DIHMPGASRDBETLALBESNTINS,

racE. yrpC WEFNDI NS = VEES I —EHEHYPGA DEER., TOH
BIALLICBSBI3/R< . YPGA OEED LIS I VBTHS LTS Urushibata
SDFEREXRFLE, |

LIED#ERIGFEER (3) [CRRLE.

E5E HRBEICKSSHHIEH

LA =S Lt TBIEF comQXPAD. comQ. comX & comP @ ComX
HERAL 2 (comQXP ) 3R B RO TESHRECEALBEEZHH>TNS, R
BREXCHTETIE, BEDY/ ARFIBEZEFLVICHELMDST. COMF
HOBERMEIL. 30%BELME, T T, JOMEEICYPGA RIRFIEOFHH
Y, BREHISWPCAEZRFALCVWEEZERSHDOTRENWDEERL.

WS E (Bacillus subtilis (natto)) ® comQXP’ €814/ LB E RBREHS
A FICEBUT=F A S8 NAFM4A1 (Fig.9) ZEBLAEEZ A, yPGAZEET
EhlEoft, SO EIF. ERINAFERISYPCGA £EEICHERBEFIHD
ZERLE, FOT, MIEEY/ ABRKICK2EAEERELAELCS. BMEE
D degQ BETFHF A THOPGA £EEEET 5 LMHBA L (Fig. 10).

MEEEEBREHRD degQ BEFELERSE. 7 /BEIIIESIC—EKL
TW3, LML, 5 LFEOHEMFEEPICE. EERBANS 10bp EFIC—IEE
DEN (EBRZHTIEC. MIZETRERT) BRI, COEREE. RRE
BICBLWTT/OE—9 —ZR degQhy36 &L T Msadek 5ICk > THREI N,
degQ DHRINBEH S OBICEASHS, COIEMHHBLT. degQ DFHEMR
BHYPGA DEEICEEL EEZ /-, TIT. MEED degQ BEFEMWIELL



LA TFREYPGA DEEEDPRDN ECTREEREERI LR UL (Table 1 Do
6T Z/BMSIEBINEIEH /80 E DegQ ($ ComA IC & o TIEICEREEHH
XN, TDHRA deg (degradation)BRT &BY ., TAF7—¥. 7E5—E.
FOS5F—BREHEBIMEEEND SREFE ORBRICHELIELSMS
RTLBH, RREHICETHMMRATOEGIEIEITATS 5.

DegQ DHEEZBBSMICL. HMRMBELE 25 HHER ComP-ComA 15
YPGA £ (ARBER capBCA DRH) ~DIEROFNEMAT B/, degQ
BBk OYPGA £ EZRE S 2 MHERORATEEH A 7=,

RAELE6 DDEBERIL degS BEFICRDM o 7. DegS I3 DegU & 2 B
FEBREBAEL. DegS FVARIAVF a2V —4—TH3 DegU £V VEE
E-BY VBTS2 EBMoNTIVS, 6 DDERER (N1951,R208Q, D245N,
L248F, D249G, D250N) (3T X T degS DAA R —ARAA V[T > TV,
DegQ & DegS ISRERFRISEEENH S Z EHMOHTHESMICA Y., DegQ DB
HEZS DegS M Y Y E{LEEDHWICRID S J ENSRES NI, 1

degS LT degU DyYPGA £EEADBEZ2HRT S0, TEhENOBETF
IR EERLAL S WThOMIEKRDPCA ZEETELRS B . £,
degU WEIE#RTD cap A RO DRIR% CapB-LacZ MEBREFORIRE THAN
eEl3 BERHMTORRERTLRICK>TWE (Fig. 1),

DegQ 78 DegS 75 DegU ND Y YEU L—%EM{EL. EHEREERF -
DegU-P DBZEHIML TWSEELBE (Fig. 12). DegU-P DEMAHEE
BEEZAICHBTEIEMSMOENTNADT, COHE(L, \PCGAEESLTH
ERESREFOBERICH S & (Table )2 LS ERATE S,

DegU (FEERFTHSDT. DegU NEEHEPGA SBFRBIETF capBCA &
HBLTOBNEINCDVWTHILY T MEICEYBRH L., KIBE4E Degu
&NV BIE. capBCAF RO 5 LifE-497 (BEEMERZ+1 &T5) £¥TO
M EHERTHLBHEEEINE,

DegQ & DegS-DegU 2 B Hl#IR (3. RESBICKHELTRIAL., 9BER
DRAZHRT I EHBMONTINS, yPGA EWAHBOARE (T 3§

(ComP-ComA) &RBRMICLSIAE (DegS-DegU)ERIFTTINDZ &, R
ERICBEVWTHEFHBEENTETSH o7/ DegQ 582 5 Hl#HFR DegS-Degu
DY VEY L—-ROFIHICEEHS Z L E2MHTREENICERALE,



=

B

AETRTTIHROZ EEASHICLE.

1)YPGA X7 7 —CDIEEIRE T HiMEZ D, yPGA EER TIEETE
377 —I3yPGA HEEEE (PghP) 24ET 5. MEE T 7 — PONIT1 B4
ET 5 PghP O 1 RiEEERE L,

2) yPGA ZEEHOMRICE > TERAREBIFE S L TOBELED.
y-glutamyitransferase (GGT) (. yPGA O N K& SHKREDRFNEL TILY

SUBEEML. ERMOMRICEREFEL L THIET 5. YwD [JyPGA DT>
FENRICEAS L. GGT DEETHDYPGA SBPHEGDOERICHETH S,

3) D-Z IV I VBORLICH VY I VBT —EHLETH S,

TNG I UBSEI-EERTFRIUAVICD-INS I U BERIKTET
FRY v O BBRTHSD LA, DYV I VBERBTAEHDASKY
yORBRTHDHD.

4) BN AIVEY ComX DHRREEIFRIL. ComP-ComA 2 KA HIHRZEN
L T DegQ DREINZEFHE L. DegQ (ZRBEHEMED 2 pi 5 Hl#HF DegS-DegU D
U VELikREEHIW T 5,

5) DegU ($ B{&yPGA S RB R BIETF capBCAN 7O E— % — TS L TRI%E
F8YT5, '
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FIG. 1. Poly-y-glutamate degradation activity ina B. subtilis NAFMS culture infected with $NIT1
phage measured by a viscameter (A) and by agarose gl electrophoresis (B). Reaction was performed
ina stander mixture as described in tet and portion ofthemixture was withdrawn at indicated time of
incubation. (A) Viscosity was measured using a falling ball viscometer and expressed as relative
viscosities (%) to the mixtureat 0 time. (B) Ten ul of each sample was resolved ona 1.0% agarose
gel by electrophoresis and degradation products were visualized by staining with methylene blue.
Molecular weights indicated to 1eft corespond to the intact VPGA (5 x 10° daltans) and partial
v-PGA hydrolysates that were factiorated hy passage through a gel filtration HPLC .

FIG. 2. SDS-PAGE of purified PghP.
PghP (2 pg, lane P) from Superose 12
column chromatography was analyzed
along with molecular mass markers (each
1pg, lane M) by SDS-10% PAGE .
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FIG. 3. Effects of y-PGA capsule on growth of phages
with or without PghP. B. subiilis NAFMS was shaken

In GSP medium at 37°C. When the optical density at

600 1 reached 0.3 (noncapsulated [opencircle]) or
after 24 h Sencapsulated stationary phase [closed circle]).
phages ONIT1 (PghP*) (A) and BS5 (PghP-) (B) were
added at the concentration of 10* PFU/m! and incubation
wag continned at 37°C. Purified PghP (1 pg/ml) was
added to stationary phase cultures together with BSS
{closed triangle). After indicated periods, phages in culture
were titrated against strain NAFMS ax the indicater.
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Fig. 4. Direction and specificity of y-peptide hydrolysis by B. subtilis GGT.

A. Synthetic y-tetrapeptides. v-D-Glu-(y-L-Glu), (@) and (y-L-Glu),-y-D-Glu (O), were
incubated with B. subtilis GGT and amounts of generated D~ and L-glutamate were quantified
as in Fig. 1B. B. Tetrapeptides, (y-L-Glu),-o-L-Glu (@) and o.-L-Glu-(y-L-Glu), (O). were
incubated with the GGT and amounts of liberated L-glutamate were determined by HPLC.
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5x106Da 2x106Da : 1x105 Da

2 days 4 days 7 days

Fig. 5. Formation and degradation of YPGA in wild type strain NAFMS (A) and
ggt :spe mutant NAFM90 (B) cultures. Poly-y-glutamic acid extracted from the
NAFMS5 (wild type) and NAFM90 (ggt::spc) cultures after incubation for the
indicated days was analyzed by two-dimensional immunoelectrophoresis.
Molecular masses of the polypeptides were determined by gel permeation
HPLC. Sizes of yPGAs (2 x 108 Da) in 4-day cultures were slightly smaller
than those (5 x 106 Da) in 2-day cultures, perhaps due to spontaneous
fragmentation.
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Fig. 6. Regulation of GGT
synthesis by the quorum-sensing
system and exogenous L-gintamate.
B. subtilis NAFMS3 (wild type) was
cultured in E9 medinm with (@) or
without (O) 2 % L-glutamate and
strain NAFMG6S (comP::spe) Q)
was incubated in E9 medinm
without L-glutamate. Activities of
v-glutamyltransferase in culture
supematants were determined after
indicated incubation periods.
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Fig. 7. Mutations in ggr enhance
sporulation.

B. subtilis NAFMS5 (wild type; O)
and NAFMO90 (ggt::spc. @) cultured
in E9 medium containing 8% (w/v)
glycerol and 10 mM NH, Cl as
carbon and nitrogen sources,
respectively. Aliquots of cultures
taken at indicated times were divided
mto two portions. One was heated at
80° C for 30 min to kill vegetative
cells and numbers of spores and total
viable cells were determined on LB
plates.

| FIG. 8. Utilization of D-glutamate by

Bacillus subtilis NAFMS as nitrogen
source.

Strains NAFMS wag grown in E9
medium contaming 2% (w/v) glucose
and various concentrations of D- or L-
glutamate as the sole nitrogen source: 8

. mM L-glutamate (@); ImM D-

glutamate (A), 5 mM D-glutamate (A);
and 8 mM D-glutamate (O). Strain
NAFM20 (racE::Pspac-racE Emy,
yrpC::Spef) was grown in E9 medium
containing 8 mM D-glutamate as the
sole nitrogen source (M). Cell growth
was meagured at OD 600 nm.
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Fig. 11. CapB-LacZ fusion expression.

CapB-LacZ fusion expression was monitored by B—galactomdase activities(Miller U)
in wild type (closed triangle) or in degl disrupted mutant (closed circle).

Cell growth was followed by ODgqq,m (0pen circle).

degU mutnat grew normally as wild type.
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mXEFEEMREENR

DL~y- Y 75 I VB (fPGA) 1k, Z V¥ I VBB YR F MR TORB > LERFT,
Bacillus BHIE OREZBR L TW5D., MEHE (Bacillus stubtilis var. natto) »E% YPGA 1373 FEH
IMDa %8 %, Bokis, BBl M QB4 REARR L ORREE-SC L b, A, LS
REISAENTWS, £k, HRBBHZI o THVELTE0T, £FEESTHELLTHE
BHERhTW3, —F, YPGA I3V # (Bacillus anthracis) OBRETFTH Y, EBMAEYEHICLE
ERBEEZ Lo TWB LEZ LN TWS, WEED YPGA £ iY, HELKMGICKELIFESH, o,
BERECEERORESEMEVY. MERIC X % YPGA £EOHMAYFHNER, LV bif, YPGA AR
BEROFIRGIM & APFERH H H1T L D YPGA DERITIIRHR KB Z N,

FIFFEE OFTET 5HRE T, MEE D YPGA ERBPMREEIC L SHE (7 A —Frkv )
PRFHZELEHALMCL, BEFNFERID YPGARELAREIZLTE R, ZOXHRERPDL
KHRH L, 1PGA DERB L UAMOMAS & Z OREMBOLBELMAL, ZOMEMENES
LB L.

FEERCBWTHRFREIL, UTOEELZHLPIC L, T2bb, (1) YPGA AHREERERE
F capBCA DRBHIEAR 25, ComX-ComP-ComA-DegQ-DegS-DegU-CapBCA > b 72 5 ERImEFR &
HER L, YPGA ARIHIRIIEE L XA Lo THBIC I Y ke — AV STV L &, (2) degQ i
EFOTaT—F—FRRB, EREH (Bacillus subtilis 168) D yPGA FJEEEMOHEHOV L OTH S
Zk, (3) BEERHTH o7z DegQ 25, DegS OV VBLEEDOHIBIZBEIDLDZ &, (4) YPGA AFEED
REEMEDRED, YwrD, GGT, RacE/YrpC 2°Bi53 3 EEHBRMITE Z 5 yPGA DL - BRIk
DIERTHDZ &, (5) GGT 8 yPGA O N Kifh HEBREDRFN2 < SV I VB % BEET 515
Z#bH, ComP-ComA —RAHIHRIZ L DMEERIC L DRAMEEZT ST &, (6) YwD 25 GGT
- OER L2545 T8 0.1MDa © yPGA HENEEDOERITHERZ E, (1) INVFIVBRTEe—E

mmEﬁiUYmaﬁﬂ}ﬁw&iyﬁmgmmﬁgﬁca,@)ﬂ@AﬁﬂaiU%77—9mﬁ
THRIEE L R RITEYE L L TOBEZESZ &, (9) 1PCA EERICRELEM TN T
YA 77— yPGA EEER (PghP) ZAEETZZ L, BIW (10) X7 F VX 77— Y NITL ©
pghP BT DEEEFIOHRE, ThD,

PLED X 5 e R BFFRIL, MIREEICLD yPGA SRHIHR, EEHRY IR 32K, BLU
YPGA DEMZRELBHA LS OTHY, FEBE X, FHEFCHEL (B%) 0212
B4 3IETHb0LRBELE,
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