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Abstract - To study the radiation related gene expression in mutants of Bacillus
lentimorbus WJ5 induced by gamm radiation, the simultaneous gene expression was
analyzed by DNA microarray. We constructed DNA chips including two thousand
randomly digested genome spots of B. lentimorbus WJ5 and compared its quantitative
aspect with seven mutants induced by gamma radiation (5°Co). From the cluster
analysis of gene expression pattern, totally 408 genes were expressed and 27 genes
were significantly upregulated by the gamma radiation in all mutants. Especially,
genes involved in repair (mutL, mutM), energy metabolism (acsA, sdhB, pgk, yhjB, citB),
protease (npr), and reduction response to oxidative stress ( H{MM) were simultaneously
upregulated. It seems that the induction of the direct and/or indirect repair related
genes in mutants induced by gamma radiation could be remarkably different from the
adaptive responses against acute exposure to radiation.
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Bacillus% 55 2% FANdez QAN 49
HA qlem, A Falgt Aoz Ud#A 3l (Seddon
et al. 1996; Lee et al. 2003a). B. lentimorbus®] 73-$-=
Popillia japonicad] 23 4=+ 534 (milky dis-
ease)d] WHAIE 23 AEFgdo= AMEHYoH (Dig-
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e AES) B4 AL DNA 34, Wb 58 Ag
% Qlew), Aol AxS) Aol SeMolE Fuka
4% 9]t} (Friedberg 2003). 3], 7tnlAYde] mtE-60
o] &3} walAl-E A3 DNAe} 2E3tAy = B35
B #Adakay Ageiuzg AJAakrA AlZd DNAe)
teksl QM olE 7| A7 Aer A Qi) (Be-
cker and Sevilla 1993; Lee et al. 2000; Sauer et al.
2001). o]&3} whapAdoe] Edwieldor aeixl ol
DNA 4] o3t S o] 7)#ke] iyl dF5e3e
o, AWl fEol 43 Woez RyHm o
(Lee et al. 2000; Lee et al. 2001; Chang et al. 2003). | £
= genome Ao} 2y EelHA Bes o
sjo] AT DNASAo2RE 42 AYE W] o)
599 gt 37 A2de R e deid 9
o}(Friedberg 2003). 2173 £43-9E EAAI)E= dam-
age reversion, %% J71#4-L A8 mismatch -
7, 0|57 Ak 37, 47] Ablel el %7, SOS ¥
T 5o] Buse] glr} (Friedberg 2003). 2 7itsl
& olesh P 2 A AT
o23E| 49 DNA 27 9 ol & 23 geno-
me $Foj|A] A7} 7|0] ZAHEF wpYo|r} (Schena et al.
1995). DNA microarray: 43 /¢ -3zLe] WS
ZAlo A 4 ¢t} (Schena et al. 1995; Philippe et
al. 2003). Philippe % (2003)& oj&7o] UV =AF &
SOS kg5t B 9t FAAel WAL BT v} Ak
Bernadette 5 (1997)-2 Rhodobacter sphaeroidesl] UV
D Ak ATl Bgaled BHHE DuAE o34
ggoz HAstel nuat vl ook W, olesh WA
czve 4xd 54 sl A% TddAe Az
A 4% DNA 37 9 A3 B 04 dalol) o2
273 0 AT Aol

2 QFeldE goploz fxd Bdue
FEez YAHE AU B SUAT) 2WE 9T
817 $8ted, FAF A F59 B. lentimorbus WI59}
WA 2AlZ $59 ) AT B4 2R Sdwol
& ApojelA] FolubA) WS §-87-8 DNA microar-
ray FAo S shelch

DNA microarray 7|

l

HE % wy
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Nutrient broth (NB, Difco, USA)<l|A] wjeFsl &4
A 7F B. lentimorbus® 0, 5, 10, 15, 20 kGy F7}4l)
A] vkAR 2SI (89Co irradiator, AECL, dose rate:

920 Gy hr'1) Z+8A-& =ARSE &, LDy, (3.2 kGy) A kol
A gdRelAE fesich AFES 5mm A9 @
ghd =A]")E (Bruker Instruments, Rjeomstettem, Ger-
many)E o83t ZA st o, Afelel S Bruker
EMS 104 EPR 47| 5 o] g3t ZAstget. AA A%
I B A Abeld] MR 2%t =AM AR
nutrient agar (NA, Difco, USA)el| =atsled s3] F=1]
& 99en, o|& A NBel| wfokstadet. 2 Ald Wi
o} 50 pL-S Phytophthora capsici (KACC 40475)7} %
%l PDAw)R]¢l| paper discE AZ3}ed 39 ujof & 3=

T G AP FFEL 13 Ao AR AUl
12} Axl #F3F%= Alternaria alternata (KACC 40020),
Alternaria solani (KACC 40570), Colletotrichum gloeo-
sporioides (KACC 40804), Colletotrichum higginsianum
(KACC 40193), Fusarium oxysporum (KACC 40239),
Pythium ultimum (KACC 40705), Rhizoctonia solani
(KACC 40124)7} AF¥ PDAwA| A 27 &4 2
& Al

2. DNA Microarray?] Az 9 ¥4

2,0007¢] DNA <88 microarrayst?] $38hed 3}3
o 8A #F B. lentimorbus WJ52] genomic DNA
EcoRI#} Sau3Al Adts iz Axtsigo. o5
agarose gelol] A7]9d%3}e] 500~ 1,000 base pair __7]
2] genomic DNA ©H-& 3|43l9] o, o|u] EcoRIF}
BamHI A& 42 Al 22 pSK(+) vectore] =
Y &l9lt}l. Genomic DNA ©# o] cloning¥ pSK(+)
vector DNAS E. coli XI.1-Blue host celldl] electropo-
rationdte] FE|A|F wiA]e|A] FE42] colonyS ¥A
e e Aot T7 9@ T3 primerE o] 434
colony PCR3}¢d product”’} 500~ 1,000 base pairyl-& &
Q3= wb o2 2000702 genomic DNA & ol
A A3t} (Eisen and Brown 1999).

(1995)9] & $-43}ed
Telechem Stealth SMP3 (Telechem International Inc.)&
o]-8-3}d AA|F 2,000712] PCR productE pin vl o
2 AR (3)A] =7 =2)). Total RNAY NBwj Ao
Al 8A|7FE<} 37°CollA] wl<k3t & harvestingdle]
RNeasy spin columns (QIAGEN, Germany)< o]-£3}e]
2)8l5et RNAS]) A2 5009 3| 4sted UVAvis %
I AUV S-2100, Scinco)E 260 nmol A FH=E =
Aste] AL, ODygpge W22 HE x5 I3}
.05 probe A%} A7kA] ~T0°CeIAN BBsHA B
EX|¥ cDNA probe= GAHA} HI-L2-S E3le] Fu)3}y
t}. 100 ug®] total RNA, 5 ug random 6-mer primer
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(Amersham Phamasia)Z ©]-8-38}¢] 65°CollA] 1087} <]
SollA 18 A= ¥kx3sE & 1ul dNTPs (25 mM; dA, C,
GTP), 3uL 0.1 M DTT, 6 uL. 5X first-stand buffer, 3
uLA ] Cy3-dUTP(NEN, 1 mM)2} Cy5-dUTP (NEN, 1
mM)E& 7tz Cy3 Hbg- FH (R8s 459 Cyb Hb-
FH (F9¥e] @) ¥, 2ul. Superseript II (Gib
co-BRL, 200 U pL™!) enzyme &2 42°Cel|A] 2A]7FE¢}
uhE-AlA AL #AF Cy3-dUTPS} Cy5-dUTP7} 4
sl FA|FE=E g} 15l 0.1 NNaOHE g2
65~70°CollA] 30E-Z<¢t ¥r-2-A|#H RNAZ A|Astx 15
puL 0.1N HC12 F3lrzoed, oekg A F 20uLY
3z} HF 254l %eJA] hybridization ¥H-S-ol] Ap8-5}
g} Array 9ol Fv)El prehybridization buffer 15 uL
E ¥ cover glass® Yo 50mL tubeo] 2X saline
sodium citrate buffer (2X SSC) 500 uLZ @o] AR/
2A1ZF wpA|sld e 18] a1, 2X SSCellA] 285t Ao
1, 0.2X SSCeo|A] 287F A& s1el ). ProbeE 95°Cef 2

2 F vtz Aol 3, 15,000 x gol| A 885
oF Al Eeldle] Fnjg 15uL probed ¥3! cover

glass® Qg o] 2XSSC 1mL AXE 253 & 50
mL HHol o] 62°C hybridization incubatorolA] 12

A)7} =9t hybridization A]Zt}. 2X SSC/0.2% sodium
dodecyl sulfate (SDS)Z. 58°Col|A] 302-%Fqt 281 Ho]F
7, 0.05X SSCZ 587t AF-2-o| A M A3}t
Microarray scannerZ o¢]£3} GenePix Pro 3.0
(Axon, USA)o 2 slide® redg} green WAbollA| 2705}
o Z}zte] om|AE AR fAHAES] WA A&
B899} (Colantuoni et al. 2002a; Chen et al. 2003).
Microarray2] ZA3= RT-PCR3 A} &<lslgd o).
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ofAd F-F B. lentimorbus WJ5 (Lee at al. 2003b)&
0,5,10, 15, 20 kGyol | A7 ZAbske] AF4E 243

om, 27) AT 2NY AT 7 24} Mol A HE
g AE £ NS 2I3E kst Fig. 10 Yepiad
o}. Fig. 12 2€] D), 2 LDo7} 27t 2.6 kGy$} 3.2 kGy
P& st WA B A E F-x317] Sl3le B
lentimorbus WI5& LDy Al A F3olA (¥°Co)S 24}
stk P. capsiciol] W3 3xlg Ao HEE Helx
90dF2 13} AAsla, o] & F C. gloeosporioides 5 7
Aol At 7 B0l DAE TH#FE FF AHs}
St} (Table 1). o] 5-& 10 At o}t Asled BAdo] &
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Fig. 1. Gamma radiation sensitivity of Bacillus lentimor-
bus WJ5.

Table 1. Antifungal spectra of mutants induced by gam-
ma radiation (5°Co)

Antifungal activities

Fungi WJ5 WJ5 WJ5 WJ5 WJ5 WJ5 WJ5 WJ5
(wild) m4 ml2 ml6 m35 md2 m63 m86

Alternaria
alternata + - ~— NT NT

Aliernaria 4, _ _ NT NT - NT NT
Colletotrichum
gloeosporioides
Colletotrichum
higginsianum
Fusarium

oxysporum — — NT NT - NT NT
Phytophthora
capsici
Pythium
ultimum
Rhizoctonia
solani

- NT NT

+ — — — —_ — _ —

+ — — —_ — — — —

- — NT NT - NT NT

o4+ o+ o+
{
|
|
|
!
|
!

NT: not tested

FHA ok AL Falsige) dxF BAo] 1AM B
o] FF= Z}2t B. lentimorbus WJI5-m4, -m12, -
m16, -m35, -m42, -m63, -m86.C.2 Wtk

2. APHAFE EAeATAH TEOR walo]
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DNA microarray £e}o] =2 532 nm (Cy3)2} 635 nm
(Cy5)oll M Zhzh 208 AF) b8 75 3 S oA
ABol)A 408759] LHE FHAEE FAY 5 ik
F 333 HE gl doid AR A3 (signahe] F
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Table 2. Up-regulated gene cluster of the mutants induced by gamma radiation (*°Co)

Mutants*

. Gene

Function

K1673 npr

Neutral proteases

K227 sdhB Iron-sulphur subunit of succinate dehydrogenase
K1199 acsA Acetyl-CoA synthetase
K465 - Unknown
K1006 - Unknown
K1315 HMM Oxidoreductase, aldo/keto reductase family
K146 - Unknown
K585 - Unknown
K966 - Unknown
K964 - Unknown
K1602 tlvD Dihydroxy-acid dehydratase
K1654 - Unknown
K595 mutM DNA repair
K541 punA Purine nucleoside phosphorylase
K797 - Unknown
K194 fisZ Cell-division initiation protein
K656 — Unknown
K572 mutL DNA mismatch repair
K1408 - Unknown
K275 psk Khosphoglycerate kinase
K223 - Knknown
K207 tpiA Kriose phosphate isomerase
K1755 pgk Khosphoglycerate kinase
K1757 - Knknown
K567 citB Kconitase
K1734 - Unknown
K250 yhjB Similar to metabolite permease
K451 - Unknown
*Color of gene clusters represents the ratio of median (mutant/wild type, .6_53:.31)'

Zk2) & (sum of median)o] 300 ©])3}Q] spot2 &= 9
el 1E& A3 H& signal®] AT F3E
2ol BA A4S AlE3S)l:= global normalization®]&
o] &3}ed 7} signal?] spot Z}=E ¥ A3} (Colantuo-
ni et al. 2002a,b; Chen et al. 2003).

DNA microarrays Z& A3t A3} Table 28} 7+
£ iR EHAI BN FEAH R W] =
L A 2e2E BAAG. o] FH4EE T4
s 28709 $AA @7|AAE A (ABI PRISM
3700 DNA Analyzer, Applied Biosystems) NCBI blastn
(http://www.ncbinlm.nih.gov/BLASTH 2. 2. AAEAS =
AVSHEE 1 A 28 $A% B 14 9 (R4 1
A Z23He 715l W#3A Aelglen, v 14 §4A
1 71%e] xaud vzl g 7lwel WAl 13
A}l = npr, sdhB, acsA, HMM, ilvD, mutM, punA,
ftsZ, mutL, pgk, tpiA, citB, yhjB7} X3 = o]Qlt} (Table 2).

o] = 97le) §-AR} =, npr, acsA, citB, sdhB, HMM,

mutL, mutM, pgk, yhjB= Aoz o] 3} vFAM]
ol 2J3 &A4del el A8t i Bl T F-31A4
==z odu#lx ¢ vH(Karlin and Mrazek 2001). Bacillus
subtilis®] mutT, mutM, mutY= £Ar%] DNA -39} 4
Iy Aow dwA gloew, muMI mutY: G:C— T:
A transversion® olFE 7lor W yEI 9o} (Sa-
saki and Kurusu 2004). SAFollA] mutLe mutSe
mutH$} ©]&eo] mismatch repairel] Foddl= Aoz o
A glew, APAM £ M mutl o] MLH123, PMS1.2
2 AE3Ee e Aoz d=lx glok(Fabio et al.
2004). Karlin 5(2001)2 o]&3} Whabio] AsAd-g v}
el7] $18F 71ate s 353} (detoxification), chaper-
one, 78 HAWHY, ol x] o)A}, protease, 7 A F
AAEo] A LWL Zozg ofAsta o & ATl
Al 919 99} FAA7L E9H o] AEol|A] upregulation
¥ Zleo = wo} B lentimorbus WI52] DNA £4)o] T
B AE} m= B $89E BRE 29 D) 857 (mutl,
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mutM), 2) AR YA} (acsA, sdhB, pgk, yhjB, citB), 3)
protease (npr), 4) AFS}A=<] 3t 39 (HMM)ez 1
gechy A7,

71%0] A AR 3 A 47) GluD, tpiA, pund,
ftsZ)= valinefisoleucine A &4 (ilvD), s =F2+A(zpiA),
purine A (pund), A EHH (ftsZ)ol] HoIss s dE
29k Aem YeiA A olEel obx oles} Wl
Aol AR AY e 27 B Aol 2ud whe 9
v}t %, iuD, tpiAs AT =x 373 ouix] dake)

2ol A Aes A2Ech =7 UV 24 9 4
Azl e dFe| A purine YA (purd)z M EZT-EA
(KO Beishe AAFES] Bl FAske Aos
R 35o] ¢lo] (Philippe et al. 2003), & Q7 Az} HpA}
Al EdwolAlA WH o] F7HH punAst fisZ A F
QR PR AY e 37UD Aol 2T

of Mzt fr=d FHAY ez Ao
Philippe 5(2003)& UV 2A} & d#bgo] Mo|i=

stress responseS FAdlgon, 71 Az} walo] Zr13k
268 A2+ F 97+ SOS AAY-& Brslgdc). Philippe
% (2003)8] A9} B AFe o], F UV = o3}
WA 24} A% Aol bl e 2Alel] o)
gapo] nasY BRI bt AHE wmit
o2x UV EE olest Wadal A4 =29 A%
e 4 A AZS) e w2 T P A A B
Qo] AZ HelH QYHE g dsdos wa
2 4 9% ez A7l Philippe % (2003)] A3
o] 2138}4, RecA2} RecN-2 SOS response®] activator.
Fgohe 2842 ARA Yem, Uvel 2% A% 2
o) 2718 Ao washz glok w2 A7 o L5
ML 24 F A Bl A Fol A reeN]
el Zhax Aoz FHAEQI T} ratio of median = 0.5).
or MM 2Abz fEE EAMAEAA HAH
= wale] Z7h DNA &4l sl A3} = 27 3
9 FAAES 24 A% AZol dehle WETE
e oz 47

=3, 24 A% Age F2 deEhls 37 932
SOSSell Whsked & ARATNN wrl wpAIAe] Jape
Wy Ho gl Eg@uolAloA = F2 base excision 87
(mutM)2} mismatch B (mutL)7} Ao} Aoz A
Z+E o). a2l YgiAge] B PhrAB, Ogt, Ada (direct
repair), AlkA, MutM, MutY, MutT (base excision
repair), Uvr, Mfd (nucleotide excision), MutS, MutL,
MutH, Dam, Rep (mismatch 5-), Rec, Rad, Rud
(recombination ¥--), Din, Umu, DnaA (SOS response)
59 ge el %YW HHoz Bk oz

A

oe]A] glor (Fabio et al. 2004), ©]-2-3} Al oz =
39012 AF ATAN olHT 27 AT o)
UL Aes wudn ek AR, ARATel %
239 Aol DNA &4¢) mRSHH I Fehd el Aol
Ax Shept 37 Axdlel AgaAE dAT, base
excision E-F-(mutM)9} mismatch B (mutl)A]E]-2
A44e) e WAL Mot Hoz WYL ol
UV olesh WA w2d AFdE ATE A%
SOSTE AU AT A2H) LA B A9

E3aaA] A3 WHolrt foibg S W o)A BollA]
SOS response’} A|&H oz S| Fx] ¢z HFAMAI

28} (npr, acsA, citB, sdhB, HMM, pgk, yhjB 12.12
ratio of median< 1.6) W dx B3 ] SH2(mutM,
mutL, ratio of median > 2.1)%to] A& =& $F2] Wy
& fA e Aoz AZER.

g e]Ejw) o]~ A A} AEAol ¢lddd 14708 #-A
A 2 AFelM AFA 2l A GE EddelA
AN AAH ez A HHFHE FAAR WA A
A 2 B A 7] A fA) & Hew
A7ZE o] RFAdF7t P stcta AR

2 o3 ZAA2RE 4] dd el elA DNA
EA e g Ag 9 EFAHHE {AAL oY FFR
o A EEET Lol BT £, o] TauielA
SoA ¥ waEgm 9= qux}s«g WA A} A)
% Ueh = stress response ¥ AR LI G
F3& JeEhiz 92 3l -’r\— Uit

r—L ol f“l°

A 2
E d3oME ooz =% SHHo A Sl
FE5oE EE A A §AAES] e AT
8}7] 45}, B. lentimorbus WJ52} HIAA $-x B
ojAle A L3 HE §AA-S DNA microarray 2 % ]01]

el 519}, DNA microarray™ B. lentimorbus

genomes A2 Axhsie] 2,000 How FA ?‘i}‘,{i
on, Zmpd (¥Co)ez f=d 7 EdHoAe L L
A en AsQPH. FaE BMAI D 408
437 F 2007 AU S= SMelA mRAN
SehA W el Z9lch 55, 87 (mutl, mutd)e
A A} (acsA, sdhB, pgk, yhjB, citB), protease (npr), At
ATl g FL HMM) FA FRAE] FAl] &
AR ol Ao = FARATAN AH
A B B AR B Zohe P e
Z] & B o]: stress responsed}s THE IAAYS el
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