58 we2Fe9 A7)

Bacillusg 32| X&) S22

ot s
KIST 473874 n422A§13 A7 Ui

Bacillus 72 $5-2 de1&HA o2rix] 84F o8
sled o) Feld 4 i}, BAwle AR 2 Fhaise] gle
FARE FHRAAY FRE AT R TE S5
2] Al E H3AA vk ZEAQD ARD A A4S o)
5o kit H2ubAle] A48 4 gL, FX3le AbEo]
sielzlof alelr], & A F L2 Fu)Ee 4UX], AEe]
A== DA QlA], obe x4l ulelul 5o} 13} diabE<l
» FAEAD 212 23} dabEelA], e o dhalelx]
ol wheba] FFoRuke] key point7} 2EbA 4 9l F5-8
el glel A UVEAL 3= NTGS} 722 mutagenS 3
¥ A3 542 Ad mutantE Awbsle wdd £
3 o go] ExPREEe] W o olale AT A
F8 FAURE i BYta ol & AR 2AgeEs
Mol AAAQ) JFUhde] ZbsslAl =Hgich BaelAe
Bacillus #5704 8471 8 4 9= 2/ 43 A5
vl oll tsiaf Al 2w} gl

{r

X o

g
3

d0 o= T ofN oft

Bacillis32| B4 % MiE R84

Bacillus%8] 4552 3714, 1 doln] A ZAE ¥
Aehz ZHEo.2 olefal diAlkg-& 3o iz} wisedAdal
o2 ogelx gl B3] B subiilise] 735 v]=- FDAR 3]
GRAS(generally regareded as safe) v] -5 2 glxjuior=vl] o
7)ol dB15o] cfF M EALE nattoE £} B. subtilis var.
natto®-& LYPEE AL APdo] xS sl £
257} =t

Type speciesql B. subtilisv= hAF b0 2 §48kd o
Ae)ebd 7lzad ) Weol olFoiAl Artelnh digtelM =
2 3 g FAPA, competence A7 & FRIgE AE
A Gaksh A wljoke] Solska wdae] glo] 2el Y]
aFepgde] REA QY AFRYRA] o]fFe] g ¥ op]
gk AlduiA B2 E £33 XS A sgict. B. subtilisE
o2 dlo] o]FeA rix B S4dF FAAEL o o
2] Bacillus species®] Q-77Wite] gF5o] ghom] Ygogw
29} 32 QS ALY Holvt. A Bacillus% T5E52 ¥
Foll sl ojzirix] olde] AT & A=E (1)l <lspd

12

ul ©

65%2] Bacillus speciesZ ¥-F71 7}g3ict. o|gA B
Bacillus% 5% ole 5549 e AdF2s $2
T ARAE AASAL e AE] gor dRA<) AER ()
enzymes, (i) antibiotics, (iii) A8 Y A FHY71E 5-& ¥3F

< o Uk =g

A

3} fine biochemicals ¥ (iv) insecticidesE-
B. subtilis, B. brevis 2| F552 o] v ale] AL
A gibs] 0|45 w gl

feu

Bacillus®2| 7% 24 3 HOIE &
Mz o oy

Mutagenesis

Mutagenesisy= 702 7]5-8 w8t A A4
mapping O 24 = FFN S 3 oz o
Zob o]-4xe] gt} Mutagenesis WS  transformation,
transduction & protoplast fusion 52} X2} Ay s} 37
2 B. subtilis®] 5% A7 A A= &3} B.
licheniformis, B. megaterium, B. thuringiensis -2| tlof3} o
Fof] 225 o] git}. Mutagenic procedure= IA) Fr7HRE
o] B 4 9lr}. sh}e generalized mutagenesis® cromo-
somal DNA-E- random mutation A]7]&= Hldo]n] HEH o 2
FrAkeE #8AE A SdWe|FEE Axlsle] o] &-5oigk
o} o}E3hte  site-specific methods®  recombinant DNA
techniquesS ©]-83le) G4kl H&3k x|l base pair
change & .27 7o} of 7| M Axloll disiriul 7hts)
Asigct. oleldt Al W ES fAAE Y R
AR A R 0 7 o] 45w glo)

(1) Mutagenesis by UV irradiation

UVl ©J3} mutagenesiss $3i5}o] tha=3le] deietions,
transversions, G.C— AT transitions =2} t}jekgl Sollo]| S L
292 deghd NTGH ks | st dj53A)7]o4] 3|
<% Bacillus A EE5-& iAo 2 UVE FAR=H] 0.1~1.0%
o) AZAZEo) T 2AL 2AsHE o] kA st

(2) NTG mutagenesis

N-methyl-N -nitro-N-nitrosoguanidine (NTG)= 7}AF 733}
bacterial mutagensZ 312 G.C— AT transitionso]] 2|3} =]




BacillusT 50 2A4%3 $4 13

RI 0.00
_HindIll 0.03

Pstl 4.65.
.

pJHI01
540 Kb

Fig. 1. Plasmid pJH1019] A)ZIE A A&,
p/H101DMS pBR322E- RBAZ pC194§—‘?~E‘] Cm' A& 9]
gho A2k 3= Ql integration vectory]. tiAHTol] theiAlE
arapicillin, tetracycline 2 chloramphenicol “HA3-& B. subtilisol]
t} 8 4]+ chloramphenicol WAl-& #)-Z3F.

% mutation S3= error-prone repair3 £3%F 7Y mutationo)
<. 3)] frameshifts, deletions, transitions & < 271t} NTG= 2}
2t gl AMlE2 replication forkell4] =}H8-& &l single-
sanded DNAZ} targeto] ). 50% A £ AFENEES &
2% 4 9l NTGE%7) v}z slc}. Balassa(Qys ZA}-E 4
o[ AlFIHA NTGE A3k v skl el Za15 3
Ashe BE vAlEe ALY 9o £2 AdE dS 5
sle AL oA gl

(3) Mutagenesis in vitro

Plasmid vectori} bacteriophage vectore] cloning® 4] 4]
CNAE A1F 8 WellA mutationA|Z1F- o] 5 G4 Aol =9
& 4= 9lr}. 50 ug2] DNAS) nitrous acidi} o-methylhydroxyl-
amine2 7}3}o] mutation-g -§%31™ mutationo] Yot QA
| DNAE ofloll 42702 integration vectorell subcloning®}:
F FAANE =1 4= Qi)

(4) In vitro mutation®] G AN 2] £9]

Al oA -5-%% mutation®] Bacillus AW 22 ©
412 integration vector7ibell ol&l FhEesia] o e o
7} B. subtilisg <2 o]F-o]Zch. Integrational vector
pIH101(3)(Fig. 1) pHV60(4) F<] tlEA 2l o2 pBR3229)
replication origin2tg 7}&1 51 9led B. subtilisol| 4]+ B 7}t &
Z efow Bacillusol| A AH8-3h= A WA #AAE T
&} 22 glr}. Integtational vector 7L A} 4| 2+ integrationo| | =]
ot ofylel]l &Fo] FYzet AHEAdo] gl DNAZRZHA],
in vitro mutagenesisol] 2}3] EdHo]r} Lot G4 A DNA
#.7+)e] Ale]=™ o] plasmid+ Campbell-type 7| 2}el| 2] sf o
AAWZ integration®] 7 7723} Wo| B2l Fig. 20 vehd

Y ™

Fig. 2. In vitrool|A] A==5 mutation(X)& G- AU 2 Eq)sle
Ao =8, dYANES] integrationF 2}t HoE
FAE 59, = vectord} o]F o8 ExJsh= WA DNARLS]
¥ looping-oute]] 2]z A= < 9jr}.

ulel o] QA Alell =lHA Fled| olFo2 EAsh=
A H¢) U vectori= looping-outel] &j3] A" 4= ¢jc}.
A integrational vectory= insertional mutagenesise] $xto g2

& olgd 4= gl

Bacillus2| §aAXE

Bacillus®] 3AAHLE A F7HR] 252 W] o3 o]
Folal 4= it 2 s AAAA 2jdA o g ot
U FAAFYA S 0] 83k Aol b shis A9A W
Hell A& Aolrt. Axlel F3he Zo2E AAA com-
petenceS- ©]-83} transformation, bacteriophageE o©]4-3}
transduction, 18]35 5 A|Fr} E8]X o2 A S AbeolA
conjugative transposon X+ conjugative plasmide} ©]E-o]
DNA@GFAEe] A4 d¥ w= plasmidy} A=
conjugatione] ¢l.o.m, Q1¢]=lql ubhH © ¥ = protoplastel] 2]t
transformation®} 3% A7) =] ]2 2 9}

(1) Transformation

AtedA competenceol] €]&l transformation= T8 B. sub-
tiliss dAre g Sy Qlvd. B, subtilis?] A=
competencex= AR E Fokd e mdo] s Ar)A HH
AZIM LB AT AAZIR dolrke A7l o
oJutr}. B. subtilis®] competent A £-E- whe= w2 19614
Spizizen(5,6)° 218 A& B o B subtilisS =33
249 MR (L] HauR)ell FAAA A LB d5F
g w2z AR 7o) Eo1Zw) competent 7} Hx = 3}
= Zlolrt. o] vkl & zixkstw A& o] glew competent A
X5 d9iA BE 7 o] e b AR plasmid
DNA=Zkoll t|3} transformation E-8¢) dx) DNAS] 7%
vl 2 o] leh(7).
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Competent A 2] transformation #3-& Hr}x] oA,
binding, fragmentation, uptake 2 TE5= 43 DNA2] 7
§- 3719 integration¥} resolution®] HAE A4 3 Fo)
o] Fojzict, ofe] el sl CCCHel®]  monomeric
plasmid 2= transformationo] %A} A 1 Fgo) vi$
£49bH trimere)AY2] multimeric plasmidel] &jsjs & &
4% tansformationdrh= 3 23 Al o] YFsl A }S,9).

(2) Transduction

vl AE WAAR slod o] Fo]A| = transductiond $1eiA
+ DNAS®| donor®} recipient 5 phagee] 24 2H4-3 ¢
glojo g}, PhageE pi7) A2 & transduction2 ZA) F7HA 2
FElc), shit genenlized transduction .2 transducing phage
patticle-2- ©H2| donor 4| ¥.2] DNARES 710 ¢l& el <=
FAE 494 DNAE 7ol &4 4 it o & shie
specialized transduction®.2 <=32] JAMANEZ integrationF} =
temperate phageel] 2|3)4] doidrt. oJ7)4= prophageol| 1%
g 58] fAAbEe] O E A2 4% 4 ik

B. subtilis2. €] W73% 22 phages transductionS .o
2 4 9l phager Y¥-o]n] 25 generalized transductiong
sl Ak go] o] &= o2 A& PBS1(10,11)e]c}. PBS1-2- vl
4 & phage 2 3h}e] virionHol] SFF A4 Q444 DNAZ
6~8%(HZF 250 kby7bA] ot & = Al (12). o[ T 4
& B. subtilis 32 mappingel] Aoz ZFQEHd)
marker7te}l Azlr} of$ wWo] o}E wileg2x= cotrans-
formation o] E7}538 AL ©]5-& ]88 transductionel]
M 7Festel(13,14). A transformationS- $ sl
®1059} SPP phage 5-°] o] o]-&-5 1 qict.

(3) Conjugation

ute)eobell 41 2]  conjugatione oJE{7}X]¢]  conjugative
transposon(15)3%} conjugative plasmidel] 2]3f WUohr}=d] of-$-
FU%lE AL o] Eel 23 FW 2 F3be) fRiA RS
2 a3t a3 Az ARt asE dejdols
APdeleh(16,17,18,19). olw]l conjugative transposon =
conjugative plasmid®] ¢)%3} ¥ &£FAxe] G5 DNA
AN 2 8 plasmide FAA = A5} olo] e A7
of o] 45z glc}.

Bacilluso}4]  o}-8=+ conjugative transposon®EE E.
faecalisd) 4] B-2]E Tn916(20), Streptococcus pyogenesol| A
#2]5l Tn3701(202), S. preumoniaelx] ¥-21% Tnl545(21)
o} gJr}. &+ conjugative plasmid 2= B. subtilis var, natto
ol 4] B-el=lo] pLS202.% sl plasmid7} 9J=H] pBC1633
pUB110 #)d 2] plasmid-E donation mechanismel] 2}3) 37
1 EAIA 9l A oE A 19).

@) A7 8241514 (electrotransformation)

714 PAHSYL weke] Ar|a=mE Agse] AEz

e

=
=1

AEA

=1 =

[

3

sle]g DNAE wholEolA sl o 7
competencet} protoplastZ o] 23k &zl gho]
Bacillusd 55 AN EHo g F£2

(5) Protoplast 324 g4

Bacillus®] protoplast 30482 1979+ Chang3} Coheno]]
A 2 A% =HlE plasmidel] 2|3 competencer} 2
¥ B. subnlis ¥ & 58402 YAARA T uA 8= 7]
o] EAelqlrh(22). M AFURAB A lysozyme g o]
43t AEHL AAF2ZHA  protoplastd:  WHEW,
polyethylene glycol2] Zxlj3}e]| plasmid DNA transformation
+ A =3F A 2719 regeneration W 2] ol 4] A A X
2 AT = Aol F8 3pAlolct. of ubwlel o3t s
B2 AFF3] weolct Protoplast A 3ke] F a8t B4
% sh}& plasmid DNAZ} double-strand AFell 2 uptake X}
= Holvh(23). wfebA] o] ubile] o)1 competenceol] 23k
FA g3 @] CCC monomert} open circular mono-
meric plasmidell 2]3JA] % multimere} Z2+e -2 A3}
o] o olAlEH24).

ghg protoplast FA MUY -2 B. subtilis ¥ wlope} B.
amyloliquefaciens(25), B. licheniformis(26), B.
mophilus(27,28), B. anthracis(29), 2 ©}& 2|2 Bacillus
(30) A87Fssteh. 2elvh A4 protoplastz} ol eFste]
A7) 490, AubR o2 pEae] go] Ex AldAJo] |
AR o] glr}. 2¥}ell regenerationE-§°] 1~10%E
>4, regeneration?] SHHWiX]E  83le]  prototrophic
markero]] &% FAA(T A Ayo] Faghd,
regeneration 7]7to] o gHy ol WA o® 2AE3 gl
g8 competent 4| £2] 3 AA 3= W E plasmid Z7)7}
242 protoplast A3 F-go] GolR|= Ao et
H(31,32) o} #Hr}gk DNA 27+& m2slnxl g )
gk AjekzAe] 53 9)c}. Protoplast 3 3 Ay
F 7% 2% A markerol] ot #-2 Aol
gl on] plasmidi} phage AlE7o] replicon g ZH&
DNAC) dhajimul 348 08 B35y gl

stearother-

1
z

A7
SRR
bl

T

*

Bacillusg =32 & 7aXIR 3= Y W

Cloning vectors

(1) Plasmids

Bacilluse) 4] AH8-7H5% plasmid2] /W2 S, aureus 2 H-E
elE oheddt FAARA plasmid 248 A=A 5 o] EF
742 o EA-e Z1Ee] pUB110(Km), pCl94(Cm") % pE
194EmNel s 22 24 e vhE plasmide} A =3k 3l
2 pr=Eo] 8855 ik Corynebacterium xerosiso| A £

2]%  pTZ12(33), Lactococcus lactiselA] E2|%  cryptic



Bacillusvt 3¢

plasmid pWVO01(34) 0] BacillusolA} o] 87153 7ie g B
SEgl 3 pWVO19] f-= 4 pGK12 plasmid(35): B. subtilis,
E cereus, B. thuringiensis 52} Bacillus® £33 o473}
wo g oz Arh. BacillusZ %E| ¥2]% plasmidE Foll&=
cryptic plasmidZ} 322 2 pTA1060(36)0] g djo]u o2
¥E] $=H pHPI3G31)0] Ho] ol5lo] Rt} o] plasmidi=
pC194, pE194, pUCOS ZHE] F Q3 F 1§ 3l A2
g- 7ald), 49kbe) 2H& 37)2 B. subtilis| A& 5 copy, Wl
gAdE 200 copyE -3-A|3k= shuttle vectoro]w] B
subtilis® SF23le] IRkt gloiA w9 S A
H e Aoz geixla vk B cereusollr] #e]" pBC
16(37)2 tetracycline A& vlelhllwd B subilis, B.
thuringiensis 5% 558 o]4% < glth

ZF7HA] AR plasmid 52 10 kb Pxke] 2k AEZA
4:#] “rolling-circle replicating(RCR) plasmid” o]c}. o] &2
partitioning-& FH 3= B3 7l5o] g Zloeg Reld
random partitioningol] W& B S B-& copy ¥ &
ald= 7o g oAt w3} single-strand2} F7rAAE A=A
v PAZ FEA 2AAE =zt 9lov 53] Ao
DNA 27+& 2298 Z ¢ S A7} gt ojehs 24

%370l plasmid, 4~$] “theta replicating plasmid” 7} 73 = o
o125 1 9 rh(38). o] 58 22~34 kb2 u}-$ E plasmidEE
Al E. faecalisellA] £21¥ pAMBL(39)] HHEAH <o)t
PAMBLE o] 83)6] HAH8) $-=4) pHV1431(38)= B. subtilis
o 2] 2000l D3 w9 F-& copytE FAlsh FEA A
A& epye] weof o185 irt

(2) Phage vectors

o}2] temperate phageS At 2 FAA 324 = Uy
HEE EEr] 43 B ATt o] Fe Fed 2% dR
Q] o] ®L05(40)e} SPR(A1)e]c}. Phage @105 =7)7}
39.2 kbolvd olZ¥e] ‘prophage transformation (42)o]r}
‘direct transfection -2 $&F -2 #elr} At =g}, SPRE
120 kb2 vlj-9- & phage(43)= B. subtilis strain 168 ¥ o] 24
v fE¥ B8 75 prophageitel ® S lr}. o] phage
258 /L= vector?] AHF Shs 10kb o]ake] Aok
DNA 271¢ §72 & glehe Zolch(d4). o] We 5-& o] 43}
= g copyd] HHARE YAl A SA AT & 7
¢l 4] complementation BA{o]} f-3xle] Wdl o ¥ of
2 A2 AR HBE Fo S S 440 AL
2 W3R 1 e}, =% B. subtilisE AR £F2 ste] a24
% & % glvhkz 7o) Aol

elFHA}L WS SF2MQ| Bacillus7 T
WEF-2k2] cloning W expression-2 $J& 1Rl &

A&E% && 15

ZF2 B. subtilis7} 71 wo] o] 45¢] $tr}. o7l A7IA
2 o}-f7F gJ=dl 33, GRAS Pl E-2A] o] 2RE] AALE=
AHE9) qkAjo] A gng & girkeA, B4, DAl EH]
Azgle] A wigdsE]ey glof ojghiiale] mAAte] JlEslrh
=4, AH, ATrd 2 25}t AL Ao A EhA
Y Ak AFAI) gol FA o] L velrh Eu
olv} AbEe| Erle Sol A NH e A= Helrt Bet #
25k o Rul ke SEAEE 8 ole] dFEED
protease deficient mutantE- 7W3le] gh=d] Wong -2 77}
R 8] extracellular protease”} inactivationE o] wild type2]
0.15%%. extracellular protease <7}7} olzl WB600FE- 7l
1k} 2 m (45) Koide %3} Sloma 52 intracellular protease
7} inactivation® FF2 A)2}3}elch(46-48).

Udaka 5-& B. subtilis®] 4-& 2.8 <= ¢J+= host-vector
A2EE eAEl a2 A B brevis AJ25]E /pd3}
gyt (49,50) B. subtilisol] B]3) w9 & F2(~0.02%)]
extracellular proteased uji= zlo] #do]lv] middle cell-wall
proteinMWP)2] promoter % signal sequence® ©]8-§F se-
cretion vector S 7sle] olE wiMERH] Eae] AS 241
7}2] eukaryotic protein2] 73-$- 250 mg/L7}x|2] B0 A4k&

< GAEte] F-840] 7o Hrhdet

BacillusOf M2} gene expression system

Bacillusel|A12] AzHAA1e] B A g 34 5714
2 po] & 4 glch shube plasmidE o] 83 Alwlo]n
o shite AR =dste] BT Ala"eln
PlasmidE o¢]&& A2~ Alzte] Loldlm high copy
numberE FA1E = gl v Axdlo] Bkt whAe] gl
o}, o] & FE3P] AF AlERAN GAAA Y SRS
%3184 = 4l=dl integration vectorE ©]8 homologous
recombination-& 3 Tl 4 Qi) FAHA ] ==
AARe Qo2 A4S FES Fel @2} copy7t F
Z Fl=v] pUB1102] kanamycin resistance gene ARE-Al
50 copy, pC1942] chloramphenicol resistance gene A-8-A]
T 36 copy7HR] FFoldl Ry} 9lek(51,52). zelvh A
Abol] ©ql®l Abeo A% recombinatione]] ]38t BelxjAe] of
7149 & glem GN AT o= AR o) Z)=l Aol w2t
recombination R1X7} 3A deiAl £ QlE Ao geA]z
oot =3 copysl SEEhA EAdhs AR AAle]
g4k wlastel F7hElE AL opER ASel el A

FEE Aol & Alort.

230t #FEF

OB

Bacillus?| 23}
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Bacillus 72 °joksle] 7 £ 3173 olshol] wla} dj4=a)7)
oAl AA72 &AEA HEe HeuHs), S AEeE 2

she A FFE ST slold ws Fasieh

Signal transduaction

Bacilluso] 873z712] wislel] 2 §-317] $8] vhg-5 viel
W A A o] Waks A st o] & AlZE A=t
£ 5 Z s 49 signal transduction
o] oloiAEdl 2 71E Wals] Sl BE QA7) o]l
Ak ASAD1H 2 AN Wl A Sfolsh 2% ol
T FFEE 9 vt 2 S olemE g s
A7 A g iﬁ{i 4l Al$AdE7]15H two-com-
ponent system, 5 F7bx] ZARAo] 4 ol Fo] 8 Tl
Ho] ThE W] BUE Aot Ao olFelA o
t}. $71A sbAS sl histidine protein kinase(“E-A] ol
phosphatase 241 2] 7% 22 A] A E2)ZHE]Y AZTE
AR w= o grelE]) ¥ (2 3} autophosphorylation
=) o] AFE FHA gl response regulators] T
(phosphorylation)tc}. o] ¥ Alsle] &AI3HE regulators= A4k
Z| © 2 transcriptional activator24] 2H-8-3}9] targeto] =&
ZAre] g Ex180)

B. subitilisT& YA} 2 93 Al two-component regulatory
E-2 Table 1] vyehligith @8 regulatory proteing)
73-% pleiotropic phenotype-2- VFebdith. & 3U1A] targeto] o}
J of¥] target FHx}be] Wl odgk-g w3} ypAb A o
A A% 3137} DegS-DegU Alwlolr}. o] A|Asle F3
sacB -+7%1712] AFE-]l levan sucrase®] FAYAF WHolFE-S 4
T AA o] ghsid=] DegS+ ‘receiver 24] #]¥-25-
E]2] A5 E ¥holEo] autophosphorylation® th-& ‘regulator
¢l DegUE phosphorylation A| 7]+ kinase 2 243l 7102
s A}, £ DegS+ 71| uwj2} phosphatase 24 2] 7)F

Table 1. Two-component regulatory pairs of B. subtilis

Histidine Response regulator  Adaptive-response

protein kinase

CheA CheY and CheB  Chemotaxis

ComP ComA Competence

DegS DegU Degradative enzyme
production, competence

PhoR PhoP Phosphate assimilation

SpollJ and KinB SpoOF and Spo0A Sporulanon
Urf-1 Urf-2 ?
OrfX-18 OrfX-17 ?

BEAY

g

= 3zt o2 deilch Fig 3el4 B upst 3lo]
Phosphorylation® DegU(DegU ~P)= o2|7}=] #sis &
ALY transcriptions ZAAFAIZ S 24 o] & FAS AR
Z7 A 71k 22y 0l FA| % DegU~P+ competence ] W
o)l wsAl= negative regulator24] A-8sh]  dephos-
phorylation® DegU”} competence?] ¥Hol 8§ 71o g
szl o 2 Shie] regulatory protein®] Bacillus®] signal
transductionel] ¢JeiA] g71R] olabe] 71558 sl AY o E
regulatory protein#} Q3A|5 o] 2hg-3t 4= 98-8 Aabs] ghe}.
Levan sucrase?] TXAHS o7& Ao 2 ozl degS
100(Hy), degS200(Hy), degU24(Hy), degU31(Hy), degU
32(Hy) 2] E9¥0](53-58)= DegS £ DegUthula]A}o)
A} ofmliAl Wol7} eejut 1A DegU~Pr} 2 v §E
A= AL Ut A= DegU~P7F b4 3HE dephosphoryla-
tiono] X|<Ayd o 24 DegU~ P activatorE4{9] 7|5o] &
2g]o] ehd 7B ok

DegS-DegUA| 2813} FA18F 712t e 2 2hEs s ohE ol
7}212] two-component regulatory systemol] 213} chemotaxis,
competence, phosphate assimilation, sporulation o] &%
HEAY 2 407 PR o) Yokl ofzie 7)xt
olal EAGE A ol €13 FFE| upeo] Hek

Transition state regulators

Bacillus A Er7} dleFalz]old ARz SA7PAA]
signal transduction networko] 7} E5 31 o] So] ojl Ao 2 B
AT FgEe] o R 497 ZUA A9
‘decision-making ©] ©]F-o] & 7l¢|t}. & amylase, protease =
o] ElaaE At g AL, FAAS W4T

Genes encoding
degradative enzymes
(sacB. aprE, nprk.

amyE. bgl, isp....) [‘ ’

L.ate competence
genes{ comG. comQ)

Accessory regulatory genes
(degQ. degR).

Competence regulatory genes
{srfA), and

Sigl)-dependent functions
(degR. motility)

Fig. 3. Pleiotropic regulation by the DegS-DegU signal trans-
duction pathway controlling degradative enzyme synthesis and
competence gene expression in B. subtilis (Symbols: —, po-
sitive regulation: , negative regulation).
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Table 2. Regulatory proteins that control late-growth development
chula?ory S.lze n Characteristics
protein amino acids
AbrB 96 ~ DNA binding protein represses spoOH, spoVG, spoOE, aprE, nprE, mot regulon
- essential for competence
— activates comK, hpr
ComA 214 - response regulator essential for late com genes
~ represses sporulation when over produced
DegQ 46 — activates aprE, nprE, amyE, when overproduced : competence and motility are inhibited
DegR 60 — activates aprE, nprE, sacB, when overproduced
DegT 372 — activates aprE, sacB, when overproduced : causes glucose resistant sporulation and lowers com-
petence, autolysin production and flagellar formation
Hpr 119 - DNA binding protein represses nprE, aprE, sinR
Pai ORF1 172 — inhibits sporulation, aprE, nprE, sacB, phoA when overproduced
— disruption of ORP1 gives glucose and glutamine insenitive sporulation
SinR 111 ~ DNA binding protein represses aprE, nprE, sopllA, spollE, sopllG : essential for motility and com-
petence and autolysin production
Sinl 57 — antagonizes SinR function at level of protein
SpoOA 267 —~DNA binding protein of response regulator class:is phosphorylated by phosphorelay, then

represses abrB and activates sppllA, spollE, spollG
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