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Bacillus lentimorbus WJ52| £H| & Srb Homologue
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Bacillus sp= ohsge] 49} 7154 HAe}o]

A EZ Bu)d= Aoz deA ¢l Signal recognition

particle (SRP)3} SRP receptori: A E9) 31| shjal 2] o) Fof gloiA] S48 g8 FF8. B. lentimorbus
WJ52) DNA microarray A 3}, 4o 2AL2 §-53% 8313 84 253 S99 o] A) 9l WIsm12¢) 4] B. subtilis srb
homologue (srbL)2] ¥ o] ZAH = A S FIE 9 31} SRP receptors} 3131 F ¥4 Ale] o] AAAF S 13
317 9138t B. lentimorbus WJI52) srbL-& PCRE ZFE3}e] pQE30 vectorol] 238 2, B. lentimorbus
WIsm12¢] 3243 Ao} A RS B. lentimorbus WISm12::5rbL-2 A7 A o] BA =) o) xpd A
719%F A3, £ Fof Mxe £ b AFAEe] dAF B4 2H EQH o] TFA SAHYL B
lentimorbus WISm12::srbLoll A= obA ¥ #F9] A £E712] Z4aHE 84S 338 £ 90395 o= B
lentimorbus WJ52] AT 84 AF EAY o] Fell oA srbLe] F838 TE o= AL GA g
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translation § proteolytic
isomerization ~1¥]31 halogenation & -2 post-translational
modificationg AX= RAo&E FeHAH Uk, 10). K3, post-
translational modification ]9 Bacillus subtilis®] Sec pathway
oE vl EH B 74 Q4EY d7s Jgsa gl
TH10).

Chaperone Tl 9] wanslocation factorZ2A] ez
(preprotein)°l] 238} A3 (folding)¥} A7 (aggregationyS WA
e 98 It ol & d¥= DI EEH A8 chaperoneS
2A @ Fo] translocaseE targetingH = AE =9 £t} B,
subtilis®] 735, w4l A& chaperoneq! Fth ¥ A (fifty-four
FHAE  signal

homologue)<- recognition particle 54 kDa

*To whom cotrespondence should be addressed.
Tel: 042-868-8056, Fax: 042-862-6980
E-mail: yklee@Xkaeri.re kr

135

subunit (Srp54)7 /354l Qe Aoz dA k(1) Fhet
Zro] ¥-8) Z8 chaperone® 2 U7 signal recognition particle
(docking protein) Srbe EAF9 SRo, E  coli®] Fisy,
archaebacteria®] DPos} FARRE 7152 3= Aoz Aduas
translocase®. targetingdh= ©] A F23 JEE k= Ao
2 48A A12). 28, B subhlisAE EA 0= @
o3l ZAo= d#A lck13).

UH} chaperone® 2 U7l 10kDa] GroEST P&} o
& &0l MloA] SE= EE4 heat shock protein®] IFo
2 dutA o g Wil folding® assemblyE 213k F-Ho]
ZAA =z G A 9}‘:}(10). Mycobacterium avium} Mycobacterium
paratuberculosis A ko 2 1% GroESE immunodominant
antigen® 2 B TE 8} Urk14). T3 Lee S(15)2 Sneptomyces
sp. SARO1F 418 U4 FZolEte] 2341 2H GroES7H
PTG Bolehs AoE Hud vt o AR, AE7t
Z| Bacillus sp.2] 4] M- chaperone?| 2T &4 #ojol o
3 e HauE vt glok

ol-&gt At
lentimorbus WI5%F 740} (¥Co) F= T &4
oJAE Atole] FHA} I ATFE B3t £H] chaperone
srb homologue (srbL)7} AT A4 2y ZdAWHo| FFollA=
Ae) WEEA] gro} gAT Y FFolxe wdHo) Sk
Aoz VERITH16). B AFANME sbls F2d3in B
o] T B. lentimorbus WJ5m129] 3 AASLAIA wao] db
e 2 AR BAES AEFe 2N opLe] AT A #
Hhol) thdte] 2t c).

DNA microarray &

o
!



136 Yu-Sin Jang er al.
WE 2wy

X &Y oF ¥ YA | gz #d dY SN
go| 2F

gRF B dFe 3 Y] EYoRYEH £ B
lentimorbus WI55 ARSI opY R Tol] WAMLE 2K
F(Co irradiator, AECL, dose rate: 920 Gy/hr, LD, 13.5kGy)
218 B Jgel didt I G0l LAE FFE AL
A FE 0T 24 2AF 98] dFE BEEla, ©lg F
B. lentimorbus WISm12 55 FAAE 2 h A Fo
o) 88} th(17, 18). B. lentimorbus WISE FHAHTZATH
e8| AERSAE(KACO)ZHE 715 whe A8 2l
I Alternaria alternata KACC 40020, Alternaria solani KACC
40570, Colletotrichum gloeosporioides KACC 40804, Colletotrichum
higginsianum KACC 40193, Fusarium oxysporum KACC 40239,
Phytophthora capsici KACC 40475, Phytophthora melonis KACC
40807, Pythium ultimum KACC 40705, 18]3 Rhizoctonia solani
KACC 40124 E5o] tiete] gxld #4& vepisl, B
lentimorbus WISm12:= P, melonis KACC 40807917+ &430] 3l
I, A 5 disias @20 2490 288 M e
Edyo] TFolthie).

srhL 22YY H AN
LWL

@7] A8 4 ABI PRISM 3700 DNA Analyzer (Applied
Biosystems)Z S}, NCBI (The National Center for

Biotechnology Information)2] BLAST (Basic Local Alignment
Search ToohZ 84S ZAFEIGL) ERiE d7] AMES v
© 2 primer (K868-(5): 5-CGG GAT CCA TGA GCT TCT
TCA AGA AGT TAA A-3', K868-(3): 5-GGG GTA CCT CTT
AAT CGT CGG CTT TTT C-3)8 &4ttt 2249< &0l
Al 8L primerell AZras AA F7]1X E(BamHI,
Kpnly& 5-2¢) B255371H19). PCR ¥ BamHI 2 Kpnl A
a4 8 HE3t9 pQE30 vector (Qiagen, Hilden, Germany)o
F2Js83t

E coli XL1-Blue®} 17 4 ZRE £dwo] ©F B
lentimorbus WISm12E Z}Z} Luria-Bertani media (LB, Difco)9t
nutdent broth (NB, Difco)oll X wWl¥$ & 10% glycerol}
potassium electroporation buffer (PEB; 272 mM sucrose, 1 mM
MgCl,, 7 mM KH,PO)Z 33) MA3}3L, 10% glycerol¥ PEBC|
BZ3te] electro-competent cell® A3 1pge] E294
vectors ZHZF 90 pl electro-competent cell® 43¢ electroporation
(E. coli: 25UF, 200 &, 25 kVicm; B. lentimorbus: 25 nF, 200
Q, 10kV/em)drHth20). Z+2t 900 ule] LB} NBE 3 7}8}ed
30°Coll A 1A1ZE B9t v dsked 50 pg/ml®] ampicillin®] H7HE
wi Aol Ztsle] HAPDAE Al
chefx 22| I ojXI M7|Ys

Az Gz gz B auads Reshy] fat @
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TFE 500ml NBl 8A17 JAMF F, HF TE 3mM
phenylmethylsulfonylfluoride (PMSF)YE 715}l 9,000 x g2 20
27 948 2)(Centrifuge MF-80, Hanil Science Industrial)3}eq
247 g4 B 4TAE AT AEue] 9eE FE2- 4
3k Y acetone F& YO Z Fa3ATH2I).

F&3 oilE 200ugS sample lysis buffer (9.5M urea,
2.4% NP-40, 3% ampholyte, 0.1 M DTT)l| = 13} HA7|9%
o2 [FF (isoelectric focusing)ys A8 th21). IEF gel& 9.5
M urea, 2% NP-40, 4.5% acrylamide, 2.5% ampholyte® Z=’d3}
F2™, ampholyte™ pH 3-10:pH 4-6:pH 5-7:pH 6-8:pH 7-92]
HIE 1:252:1:058 ZA3YTE Cathode buffers 20 mM
NaOH, anode buffer= 10 mM H,PO, 2 3} 250, 300, 400 Vol
A 22} 3087 A719E 3k, ol BHA] 6007 800 VellX 2zt
167173} 3A12F 9t A3} IEF gel€ Sml equilibration
buffer (2.5% SDS, 10% glycerol, 5% 2-mercaptoethanol, 0.1 M
Tris-HCI (pH 6.8))0) go] 3027 ket F 232 SDS-PAGE
(sodium dodecyl sulfate-polyacrylamide gel electrophoresis)S A
AlBFATH22). Separation gel> 13%, stacking gel 4%9]
acrylamideS ©]-8-8F33L, 7 $5-84L 25mM Tris-HCl (pH
8.3), 195mM glycine & 0.1% SDS (Bio-Rad, USA)YS ©|&3}
o] 70 vell A 18A17F B ST oA rIEE F, A
(50% methanol, 10% acetic acid)® 2 1A} silver stainingS-

SFATH2D).
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DNA microarrayS ©|-83 i &4 FF  Bacillus
lentimorbus WI5®} 740 (0Coy w5 T2 B4 A8 AU
oA E Alelel {7zl B¥ <+ ZF, DNA chip ID K8680]
FAF G dF9t SAH0| 75 AlelolM Mz tE2A dd

E ARG DAY THEFg 1)16). Fig. 1914 BE 1uke} 7o)
Chip ID K868 &7 &4 oFdA wd =He ¥4 719
PRF A A B0l FFolME o FFRET W)
At o, 28 HAdA @l ¢ gloeosporioidesSt A
kst ORI TEWISWCHO M E wde]l ZrbE 9k B
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Fig. 1. B. subtilis srb homologue (DNA chip ID K868, srbL)
expression profiles between antifungal bacterium of B. lentimorbus
WIS and antifungal activity deficient mutants induced by gamma
radiation (*°Co) (WI5-md, -m12, -m16, -m27, -m33, -m42, -m63, and
-m86), and between B. lentimorbus WIS and B. lentimorbus WI5
cultured with plant pathogen, Colletotrichum gloeosporioides (WISWCI),
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K868 512

Fig. 2. Homology of B. lentimorbus WJ5 srbL (K868) to B. subtilis srb (gi:1237017). Identical bases are shown as black against a white

background.

Table 1. Components of Sec-dependent protein export machineries of

Bacillus subtilis (10)
Components B. subtilis
Secretion-dedicated chaperones Ffh, FtsY (Srb), scRNA
CsaA

General chaperonins GroEL, GroES
DnaK, Dnal, GrpE
Trigger factor
Translocation motor SecA
Translocation channel SecY
SecG
SecE
SecDF, YrbF
SipS/T/U/V/P
SipW
LspA
SPPases SppA
TepA
Foldases (trans-actiong) PrsA
BdbA/B/C

SPases

#AHo] 9IS Ao FAFA

K8689] A E29& flstq Arixgs #4811
A3, B subtilis®] srbSF 80% (415/515) AEAS BY0H (Fig.
2), AL 96% (165/171) 354 BT} Table 191 VeRA

1 2 3
A ——
Fig. 3. PCR amplification of B-lactamse (bla) (lane 1: pSRBL, lane 2:

genomic DNA of B. lentimorbus WJ5m12, and lane 3: genomic DNA
of B. lentimorbus WJ5m12::srbL).

a4

Hle} 2ol srbe Eu] AR chaperone 2 LEH A glow,
ribosomeo 4] A whillA HTFH) 9} SRP7F AFste HAE
E3Ao] sl F 0|52 translocaseE targetingdh= Bl 310
A Fad 98s e Aoz gdA o). &=,
Streptomyces sp. SAR012] 739~ U4t chaperone$] GroES7} &
A B Bz Ao @EA dojas), EH HE
chaperone! srb= B. lentimorbus WJI5o\|A] &xH o] 22
BN A Aoz BAAT. B subiilis srh E7IMEEHRE
A3 K868-(5)S} K868-(3) primerS AFE-Eled B. lentimorbus
WI59} srb AFEFAAL srbL& Z3}e] pQE30 vectord] E8
J3tATHpSRBL). ©l& #FXT &4 2y EAwo] #5 B
lentimorbus WISm129] &A1 835}, genomic DNA®Y integration
H B. lentimorbus WI5sm12:srbL-& L CHFig. 3).

PSRBLE- B. lentimorbus WIsm120] A Agsle] wh& A7)
w@ildg oaRl Y E EAS A B plrt 42 36.0
kDa#} 5.3 F-ZoA Siblg& &1 4= JATh(Fig. 4). Fig. 491
A BHe ule} 2], SrhLe AT A TF B lentimorbus
WiIset BAASA B fentimorbus WISmI2:srbLoll ] ST &
A A Edwol T B. lenfimorbus WISm129| A BT} w&o)
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Fig. 4. Expression of SrbL in B. lentimorbus WIS (A), WI5m12 (B),
and WJI5m12::srbL (C).
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Fig. 5. Extraceltular proteins of B. lentimorbus WJ5 (lane 1) and
WI5m12 (lane 2) profiled on a SDS-PAGE.

Z71Ech ol& Siblo] AT B3 | Ho s FHEE
2182 ARk Zet.

M ELH/2| CHYE o] &3 3l FH|
protease, lipase, carbohydrase, DNase, RNase
2AE A7) 9 5, A3 2
=2 ZREa 24s7] 918 PhrA-K, 1283 Hete|= T
FAHER 5 oA} UrKIES BHIEtY 28 WAl F8°lE
Aojshe Aoz BuEn rh4-6). ©)2ig elol= g T
A= AE oA s R R wjEH ot Tjalsma 5
(1009} B0l w=wd, glge] §H|o} #AE %= Table
1o} Vehd wlel 2ol csaA, fh, secA T FAATL o #AS
= Aoz A vk s sk @ 4] chaperone
o] 7150l s AEul/ele] Tid siee] vist e AS=
HaEo, @l ad ee BT

B. lentimorbus WI59} ol2] & &4 24 = 2
B. lentimorbus WIsm12E tjAteg MEe] Hu| whilg
(extracellular proteiny® F&38l SDS-PAGEE 35l &=
HHlEl = gzo] ZR79) ko] WEE AT Fig. 5% B.
lentimorbus WI5S} WIsmI129] M9 Hu] thizo] 2+ we
& SDS-PAGEZ #&3 Awolt}. Lane 13 2= 242t FAT
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Fig. 6. 2D profiles of intracellular proteins from B. lentimorbus W5
(A), WI5m12 (B), and WJI5m12::srbL (C). Intracellular proteins were
separated and stained with silver nitrate ( " : increased expression in
B. lentimorbus WJ5 and WJ5m12::srbL, ¥ : increased expression in
B. lentimorbus WJS5m12::srbL, \V : accumulated in B. lentimorbus
W1J5m12 and decreased to be wild type levels in WISm12::srbL).

84 TF B. lentimorbus WI59} E3d &4 49 Edde]l @
Z B. lentimorbus WISm127} TR 28 E] vjduiz| 2 283k &
WAS ot} AF B 7o) 0] T vRE N=E
Blwa) 2 u), E4Ro] FFelA] Bot §2ld 4 A5 o
wo i zlo] FAE| Q) o] B. lentimorbus WIsm12 2]
srbLo) BAMA-E o185 EAwo] R Aol atEo] 3
o #E Thld s X339 ol oA Ee] ot AE3A] X
go g R o] Add Aoz AlgHrh

AERANME gealo] Bale} AR Aolr} le A a3}
7] 915t A EE sl AT Sl S 2o, T
A 3y S BA3ETh Fig 62 B lentimorbus WI5,
WIsml2, 28|32 WIsmi2usrpl w59 AlFEW dlae] g
1S ol Ar|gEor B3 Fiolrh A, B, C= 22
B. lentimorbus WI5, WI5m12, 18] WI5Smi12:srbL2} A Z
dend Bd g HS B F0) B lentimorbus WI5, WISm12,
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Bacillus lentimorbus WJ5 SbLe] W83} A4 &4 139

Fig. 7. Antifungal activity of transformant B. lentimorbus WI5m12::srbL against three plant pathogenic fungi. P1: Alternaria solani KACC 40570,
P2: Colletotrichum gloeosporioides KACC 40804, P3: Colletotrichum higginsianum KACC 40193, A: B. lentimorbus WI5, B: WI5m12::srbL,

and C: WJ5m12.

283 WISm12:srbLoAll A 2boubA] BHEE SrbL (maw.: 36.0
kDa, pI 5.3y B&Y + 3o, AHHog MR E AT
B 49 g0 A B. lentimorbus WISml129)4 4% ot
o] AEE FuiEA] &5 Axuel FAHEs ddo] #F
Huo

B. lentimorbus WIS W= WISm12:srbLoA| AT T&E S 7y}
o] STt @A @K 9 A2 AHE)E vVt 2EE
O OlE F B. lentimorbus WIsm12:srbLAA T W30 Z7}
He Sl @S AAEe DN B. lentimorbus WISm129]
A g xolE EREA HE o] 785= Aoz ot

= S @E A 10 7 BEESNoH o2 4 A
& F(Fig. 6C), Al JF2 - ErlHo] AE YoM 5=
7} wolRl= Aoz AAEAT Fig 69 A% B JHS Blwm
3 & o, AlZollA FEg FA G BolAe LA Alx
ol F45s GlAER dF EAshs 222 Aztdn) ole
B. subilis®] A|E] £H] Tz o]/ 9E B
Hirose 5(23)8] B8} #A13F Axlolt}, o158 B. subrilis ¥-H)
78 chaperone?! Ffhe] conditional mutantZ ©])-&-3F Aol A
IPTGE Fhe] B8E FE3lHe A% AX o5z Enlge o
BP0 20707t BFHL e}, Fhe] LAL FEsix] ke 2
Are o] EfEEC] oA EH7| TN BT AR Blem
B3 SRP/Sec Tl £u] 7)ol &3t FHlse A
o2 4R B subtilis T AL spore-coat associated protein,
murcin hydrolase, penicillinase, endo-1,4-8-xylanase, anion binding
protein 5-0] L&A S1CH10,23). SRP/Sec THlA EH) 7)7=
ribosomecl X} F/3E D E WA Q] signal QDo SRP7} 2
A=, Stbe= ©] ribosome-SRP E-gA ol Zgsle] At
AL SecE FE3HA HEZ sib Z2E SQHcAE @Ay
AES Bvls A 4 Qo

B. lentimorbus WJ5m12::srbL2] BRI 7 &M 3|8

Fig. 72 B. lentimorbus WISml2:srbL®] A. solani (P1), C.
gloeosporioides (P2), C. higginsianum (P3)] 3k I17 EA
7 Axolth, B. lentimorbus WI5 (AYe A= HAT RF|
g 24 Hole W B lentimorbus WISm12 (O A
2498 el e 2o 2 IAFH T AT o] gloin

B. lentimorbus WI5m12%] pSRBLE &2 Z3AZ] B. lentimorbus
WIsml2:srbL (Bye M| E7-9] 2F Wl uigh dxa 84
o] BEHACE B lentimorbus WISml2:srbl. (BYE A. solani
PV} C. higginsianum (P3)°] i3l op8¥ T30} ¥)5=3 32
o S BF oW, C gloeosporioides (P2)9 = oplE
TFEDG GAo] ZAadt Aoz BAHIIT oj= Wil Eu]
Z-8 chaperone®] srbLo] B. lentimorbus WI52] AT 2430
DA Bdo] AeS AR WA, Swepromyces sp.
SARO1#H AE WA FFol|EY] HAIPAF dx It
chaperone®! GroES7} &d# &4o #ITtuE S+ Hf
(15), 8] A-g 2 Ak chaperone ©HAE 0] 2T B4 B
A A4z ARl g Ayt Hasich

HAlel &

B A7 Belere] GARGTABAYY QBoR Sy
I
D28
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ABSTRACT : Expression of Secretion-dedicated Srb Homologue and Antifungal Activity of Bacillus len-

timorbus WJ5

Yu-Sin Jang, Young-Keun Lee*, Jae-Sung Kim, Kyu Seong Cho, and Byung 11 Jang (Radi-
ation Application Research Division, Korea Atomic Energy Research Institute, Yusong, Taejon

305-353, Korea)

Bacillus sp. secretes high levels of extracellular enzymes into the culture medium. The signal recognition par-
ticle (SRP) and the SRP receptor play a central role in targeting presecretory proteins to the translocase. By the
analysis of the DNA microarray of B. lentimorbus WJ5, it was detected that WI5m12, antifungal activity defi-
cient mutant induced by gamma radiation, had a down-regulated expression of the SRP receptor gene (B. sub-
tilis srb homologue, srbL). To determine the relationship of SRP receptor to antifungal activity, srbL of B.
lentimorbus WI5 was amplified by PCR and ligated into pQE30 vector, and then transferred into WJ5m12. The
transformant, WISm12::srbL, recovered the antifungal activity. From the 2-DE analysis, the several presecretory
proteins accumulated in the mutant cell and decreased to a level of the wild type in WJ5m12::srbL. It seems that
the srbL could play an important role in the secretion of the antifungal activity related proteins of B. lentimorbus

WIs.



