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oeFet A EEUA IS A 8l 2ASERE 139 FEHYA AT 12359 A BHYA A ¥
AT TS 7= T2 AIFE 2281529 Bacillus subtilis YS12.2 SAH ). 3e] T2 73upd (Co™)el] )
g 7HpA A1 A3, D, value: 2.08 kGyE 20 kGy o] AR AE 7153 WA Ay 2599 3
AMd ZARE o] 83le] 5% B AE f7I8lg e, o] F B. subtilis YS1-1009 SQ ¥ o| X = Botryoshaeria
dothidea®l] Y3} BRF A F7} Q4 F2) AEH YA 2o sl FAF A o) sl F50H AT
A4 W3S Yepld =3 48592 tebuconazoles] di3le] A 3AE el o] 1782 o okl o &
ME AA L2 oY Tl Wl A A o) F7F8FAT}. B. subtilis YS1-1006 S8 o] A= copper hydroxideoi]
AAS JeSl e, B. subtilis YS67 S o]A| = A7 A e] AR tryptophan ¥ proline == uracil ¥
arginine ¥ 74 S A . o] g A2 HE] I3 A Eelg £ HadF: g4 AF
ofl 23t A EH & WAlE 4 9lom HAA S o431 EQiolAl f71: 7154 T59) Mot 4713 e ¢
g Edwol A 5 vj§ Hazel whfelz} AlaE
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FHT 5o S B0 AAske PBES olgstEE A7t A MRS AR TIgksle] WAk Fo] vk 370N
Aok, B @YA T ofe] Follld Tis] Waw ok, = AR B9 75l AT e F e Aeg deiAn
Y MAESS A2 AEETe 83 AL T Uohey). ool whel S3 $Fo Ry EE vgEe dut
Aol AE 2dE0] S 2N AR = YE VIS A AdSEoeRE Red v)yE] vlske] wxpel] tiEk Aa
Tehet 553 o] d 4 glvk(1,18). 3 wAE-S A7) ol w& 7hergol ok = AR A3 nAES RelEt
3123} A (thermophile?} psychrophile), pH (acidophile? o] WALNS ZARGEO 24 WAbY A4 B AT B0 |
alkaliphile), 7227 (halophile)el] AM2j8h= Al 2502 7+ 318 EAWUCIAE F7)3chad A4 87de] H848 2714
Tl glom S3 &7 YL fFASHE 71l disld A 5 ok
Z AHAA] BT o5 ATE APHE LT QRS Z15pPgell A Edmoli= DNA A9 5] oA gl B¢
PIAE AR BT S AT Zlold). o]’ 3k nAE 49l 9 4= Q= AFE(24), Radman (23) THFAJo] A&
& WHLE Mawadza 52(19) FulEde T 23X Zolal Ao TS oyl s, &
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o
e

Chireszi (43°C)2 Chimanimani (55°C)| A AF2pA] 28] w4y Hol= Z1stagelr FAE e g delEcky Bt A%
=5 23 vk 3o, Phobe F(21)0] FLA AT O EHE =& AT 22 ol 2spiabdel &5 A =W AZ DNA
PR BHS 2 e 54€ Bughuk gloh ey 2 ol tlgd Eidolv o1 EIThE,11,12). 19279 o] 2.8} whakal

[¢]
Eddolgoz A ol (20) TR B9-9] DNA 4]

o

Aol FLAHL JE I &4 ATE o183 BB Al

ofell o5 =gk FelA el My 880 tiF BuE o o3k Eddo] 71&e] gl on, N1ey wFe) AP L Edw
og Aotk AR Haud AT B4 FFE gRE oA F71el &g B A whH oz BuHTHIS).
Pseudomonas, Bacillus, Streptomyces, Agrobacterium, Burkhol- 2 dFe S% 3730 WS ERE 3T 848 2=
deria 59 M Trichoderma, Gilocladium, Fusarium™ 72 A& st T A AHEHES ALY, o5 T
a2y g 2oz Bl 4EHo] wHE 2 EHE A ZAE o] 83ty dw o) wistE S
EZRE B2 UATHS,16). Pseudomonas 55 FE33F Be 7% oJAIE F713tA} A Th EdMolA F BAo] FUtE £
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o7 EAXC S it AL 2 FH AR o%
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=& *}%o}c’iﬁ}

2 2ot Agtol] thsle] UAH 22 Gram staing A3
MIDI system= ©]-8-3F FAME (fatty acid methyl ester)
el e

MEAMM 24 24 Q! S 0180l X| 5|

AuokE Rt At | miE microfuge tubeol] ¥l 0 kGy
oA 25 kGy2] WAM-S FALSE &, NAsjA] o] =ate] 37°C
oAl 48417 wieFskATh. 4 o AR A BARIAL
95%2] AAREE Kole WAk E*VJECMW HES gAE
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A B 9 ek Aol | §},._ ol EARF O H5E
HolAZ f718 FH fFE Ak ol %, o4 HH =iy
5 At wjkdS 7 50 w *4 paper discoll HE38}d 37°Col A
105k wlodgh &, opBE 7 thste] BT F4do] wistel
TS AR A 98l f7lE Edaolx 2 A7gskart.
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Table 1. Composition of auxotrophs media
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Fao 4EE % A

¥ paper disk (Advantec, Toyo) 5
= O 2 in vivo LTS WA diske] 7P AhE]ollA]
BE B9 oA 7129 dolg Fste] Al g &

AbstaaTt

=]

=
HES

P

7718 Bolls & sAXMEY
- X| 4238l = (lipolytic activity)

Sierra (26)2} W2 WS tween80S -3k ILAHRA]
(peptone 10 g, CaCl, 0.1 g, agar 15 g, tween80 1 mi/hell ¥
2 Fskar 25°CelA 397wk &, A Folol BEFHES
AAA 7L e A Balise] e sles B
- ME 2ol s (amylase activity)

Soluble starch?} - w4 (starch 5 g, peptone 10 g, CaCl,
0.5 g MgCl, 5 g, MgSO, 2 g. KCI 1 g FeSO, 0.001 g/,
agar 1.5%)°14 25°C2 3Y7F vkt &, Aol Gram’s iodine
Folg Hrlste] @A =9iel Tl ¥4 52 AU
- d74 Bl s (cellulolytic activity)

Carboxymethylcellulose (CMC) ¥ X[(CMC 5 g, MgSO, 2 g,
CaCl, 05 g. KCl | g, FeSO, 0.001 g/I. agar 1.5%)1 A 25°Ce]|
A 597 wjokst & 0.5% congo red £H-& A #g]sle
o] 34 o585 dEekivh
-B-glucosidase &4

Esculin (6,7-dihydroxycoumarin 6-glucoside)”} $H-r#  Hi A]
[Esculin 3 g, Czapek soln. (NaNO, 40 g. KCl 10 g, MgSO, -
TH.0 02 g/l 50 ml. 2% K,HPO, 50 ml, 1% ZnSO, - TH,0 1
ml, 0.5% CuSO, - 5H,0 1 ml. ferric citrate 0.2 g/, agar 1.5%]°1]
A 25ecE 5U7E ek & A F9ol] black zone©] BA3E
© AE wEsan
- Lignin 235

Poly R-478 dye (Sigma)’} 7} ®jzx] [KH,PO, 06 g,
MgSO, - TH,0 0.5 g, K,HPO, 0.4 g. ammonium tartrate 0.22 g,
sorbose 4 g. poly R-478 0.2 g, mineral soln. (CaCl, - 2H,0 7.4
“7H,0 07 g MnSO, * SH,0,
HCI 10 mg/l) 10 mli, agar 1.5%,
ko] &

g, ferric citrate 12 g, ZnSO,
CoCl, - 6H,0 0.1 g. thiamine *
pH 4.519l1A] 25°C= 547F widsh . A F9fol F
A oRg WEEaATh10).

Sol 1 Sol 2 Sol 3 Sol 4 Sol 5
Sol 6 adenosine guanine cysteine methionine thiamine
Sol 7 histidine leucine isoleucine lysine valine
Sol 8 phenylalanine tyrosine tryptophan threonine proline
Sol 9 glutamine asparagine uracil aspartic acid arginine
Sol 10 thymine serine glutamic acid dipicolinic acid glycine
Sol 11 pyridoxine nicotinic acid biotin pantothenate alanine
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FAANAM 71 & NEE AMEE TS Al At 324 AldoE 3 870 83t WAk A3l SUte
A 11F, AFA 7%, A2A 2% 5 20 T S A8 Ao 2 g A ke A A9E 7122 89 10 kGy9
EFAER 75%01H S FRFEE)CZRE Aol 8 AR ZAfelA AES adFFoANAM oM E dF B. subtilis
of wat FEste] ARSI Tkl sk A3 B2 AR YS19 HIS| C albicans®l HE AT B A=) HIlE &
oA AMEEE FEO] Fofo] H7ME NA viR|olA Aldul Aol B subslis YS1-10069} B. subtlis YS1-1009 5%
N 50 ws paper discoll FFS F, 30°CellA] 3U7E v Fs}ed F7183tk. B. subtilis YS1-1006 2 B. subrilis YS1-10092] 2]
A% AR5 A3} B4 A3t 8ol tid X B4 HSE Table 20 e}

23 % 0

ErlT Y Mo B2l % 83 :
Fde3e dolM Eelgt AITE 5, dAFoR 5EHY 7
A QTN C albicansdl FHAT FA-L YeERNE 124 YSI = 6
175 AE3th YS1 #9] dxid 4 ~HER S AL > s
A, 12%9] AEHYA 2ol tisle H2 I G4 B % 4
AthFig. 1). YSI TF5 THEA THFO R fatty acid profile 2 3
B2 AT}, Bacillus subtilisZ SFE AT B. subtilis= 7150 2
AT BAAE 2E ATo=E Ba4)Eo] 9ot FueAd Al tr
Fo2RE FAF AL M =) S40] BuE Q) 9 % 5 10 15 20
e I 3o gy 3T B Aol EE Rue A Radiation Dose (kGy)
el B e g5 55009 23YgelM BEE Ao 0 2 4 6 8 10 12 14 16
30-55°Co] thdel 2% E7ol|A Ago] rhsdte] $-8490] vl _? ' ' ' ' ' ' '
+ 2 Ae® 7dEch - y =-0.479x - 0.3097
SAME Zied B 3 SUMOIH 77| 24 Dio = 2.08 kGy
50 GyollA 25 kGyoll 23 ofg] Agke] WAL AR 2 g7
3}, B, subilis YS1 OF8® FFE 20 kGyS] WAM ZARA M .
ME BEFA ST D), valuew 2.08 kGySATHFig. 2). Bender 8
T@o o3t 42834 U9 mycoplasma B Aol BEEAEE Radiation Dose (kGy)

FI7E Co™ Ao PAPAF ZANNM B subnlisol T Ftd Fig. 2. Radiation sensitivity of Bacillus subtilis YS1 isolated from hot
2L 18 kGyolH, 15 kGy9] ZAMAZES Adzel Bsidst A spring. D, value is ~1/slope.

Fig. 1. Antufungal spectrum of Bacillus subtilis YS1.
A, Rhizoctonia solani; B, Rhizoctonia solani (BP); C, Alternaria solani; D, Alternaria alternata; E: Phytophthora capsici; F, Colletotrichium
gloeosprioides; G, Mycosphaerella melonis, H, Fusarium oxysporum; 1, Botrytis cinerea; I, Phythium ultimum; K, Botryoshaeria dothidea; L, Scle-
rotinia sclerotiorum.
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Table 2. Antifungal spectra of radiation-induced B. subtilis YSI
mutants against several plant pathogenic fungi

Antifungal activities of

Plant pathogenic fungi B. subtilis YS1 mutants

YS1-1006 YS1-1009
Rhizoctonia solani ++ (= wt) ++ (= wt)
Rhizoctonia solani (BP) + (= wt) + (< wt)
Fusarium oxvsporum + (< wt) + (< wt)
Mycospharella melonis +(=wt) + (< wi)
Alternaria solani +(=wt) +(=wt)
Phythium ultimum + (< wt) +(<wt)
Botrvoshaeria dothidea +(=wt) + (> wt)
Phyricularia oryzae +(=wt) + (< wt)

Degree of inhibition; +( < 10 mm), ++(>10 mm), wt means YS1 wild
type strain

WAk B subrilis YS1-1009 EAWHOA = Borrvoshaeria
dothidea®ll T3l oRAi & ol wlste] hxiqt &/gdo] Frhsial ot
Rhizoctonia solani®t Alternaria solani®} ¥ 35 A28k 552]
A A Zto] thste] el Bado] 7hAast Tt Tesk ofoF
Q9 ZAHolA B subtilis YS-672- C. albicans®l] 3k 3+
At L st Avkd 2=AKE o183 B subrilis®] &
xm *J;“ 7 EAHOA frle ol Ko wl 9ok,
B AT ok Eelal £l A
BTN W 4 olg Eel
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WAl =AY B MES B subilis YSIS FAFHIE 300
colonyZ Aated ZA4Lnix]Q) GM63 B 2|ol| A HESIR] ok
2709} colony (YS25, YS6NE AEE 4 Uk B subilis
YS1Z o] F S90S GM63 HAuA], NA viAl & 11 F
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subtilis YS12 93
ek Yz}
29} Sol 109] &

o 2=

e TE AW vl & Sol 29 Sol 10 HiA|G]
E3lGTtHTable 3). WEkA, B subrilis YS12 Sol
X;io Oﬂol:_éo] sermeoﬂ I;HB-]. 1:!171»/\% /(ﬂﬂ-o]_q_
ARATE. B. subtilis YS259F B. subtilis YS67L 28 x]o)
A TSR] Sk hxdul A9l NA Wi Rl A AESHTE I
Q7F AR B, subtilis YS25+ Sol 39} Sol 8 HiA]o)
ARE AES T Sol 37 Sol 89) FF UYL uyptophanl
2 B subrilis YS25% tryptophan &75FYS & 4 Ak B
subtilis YS67-2 Sol 3, Sol 5, Sol 8% Sol 9ol Aqt &3} Th
B. subtilis YS67-& arginin®} uracil H+= proline®} tryptophan®]
TAloll F7kd JFuf Aol Mgt AWES = AU B. subrilis
YS259F YS679] FUa TS AERALG AR FUSAT
(Table 4).

ool A¥E F
NN FLFeTA =
el Aeolm WAt ofsf FHHR] WHEE i 5
5 RIS ojEe] EARolA ] WAL TepAdo] ozt
off vla] Y&k Afol7t AThA AR Agd T Ixle] &y

Oft

| WAL o] 83l B subtilis YSI TF
o)A E Srdlo 2 HAMA A8k ]

-

OL, %ﬁé} Aeltt. 53], @gs7F A ARl Sol 99lA
AFSRE vIAE pyrA A SRl AIQ] Aew A A Q)

,_111 (7). Eschericia coliv= pyrimidine *§3Hgol #oJ&l= F-214}
So] QA Aol EolA 91?.1/} B. subtilis®] 73-5-ol pyr operon
o pAS Qo] B4 4EA 3 shuel Wale oslHE
operon 74 A} diFte] A 4 glA "ok YS19] A
ol pyr FAAE0] operong Ak Ao W3 JHRe §lont
olo] PUTF2l B subtilis YS67°14] DNA2] H7EZ<]
pyrimidine®] dell Bodsh= FEAll] MErt Joks AL W
Abdoll ek AgH ol oM st A HAS Thsdel #E
AoR AIREHL B2 pyA FHA w3 UTPY] w5=7F Y3
ARl YRIe|BR B subtilis YS672] 7450 uracil® S-78FARF
uracil SEH7} O RE B subtilis YS672] AS FX18hA] B
SIEZ(Table 4) & T FAAFE Y 7o deiA|A] 2 A
7120 2 DNA 3, 32l el A 554

79 opaTE A2 WA (Table o] B s ATk B DK B ARl sl 2 RIS TFEAE 20 Holtt,
Table 3. Auxotrophs B. subtilis YS1 induced by gamma radiation
Strain LA GM63  Sol | Sol 2 Sol 3 Sol 4 Sol 5 Sol 6 Sol 7 Sol 8 Sol9  Sol10  Solll
YS1 + + + - + + + + + + + - +
YS25 + - - - + - - - - + - - -
YS67 + - - - + - + - - + + - -
Table 4. Growth of the auxotrophs on required nutrient-added media
Strain Tryptophan  Uracil  Arginine  Proline  Arginin Tryptophan  Proline Uracil Uracil Arginine  Proline Tryptophan
YS1 + + + + + + + +
YS25 + - - - + - - +
YS67 - - - - - - + +
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Table 5. Extracellular enzyme activities of B. subtilis YS1 and its
mutants upon soild media

Enzyme activities

SUANS g wcosidase  SA” LA CA ligninase
Ysl + - T N
YS1-1006 + - * - ’
YS1-1009 + - ++ _ i

“SA.: amylase activity; LA: lipolytic activity (fatty acid esterase); CA:
cellulolytic activity (cellulase), “Enzyme activity; +: good, ++: very
good, -: negative.

Table 6. Resistant patterns of B. subtilis YS1 and its mutants against
pesticides

%

Pesticides YSt YS1-1006  YS1-1009
Benomyl +++ ++ +++
Flusilazole ++ ++ +++
Tebuconazole - - ++
Oxadixyl +++ +++ ++
Edifenphos +++ +++ +++
Mancozeb ++ ++ ++
Pencycuron +++ +++ ++
Azoxystrobin +++ +++ o+
Copper hydroxide - ++ —
Isoprothiorane ++

Iprobenphos ++

Chlorfenaphy ++

Imidacloprid +++ ++ ++
Carbofuran +++ ++ +++
Fenpyroximate ++ ++ ++
Chlorpyrifos +4++ ++ +
Fenobucarb - - —
Diazinon +++ +++ ++
Butachlor ++ ++ ++
Glyphosate +++ ++ ++

— : no resistance; +: mild, ++: good, +++: excellant-resistance

/712 2dlis

B. subtilis YS1 3 21 EQHA FFEL HAha Edhsdt
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ABSTRACT : Characteristics of Antifungal Bacterium, Bacillus subtilis YS1 and It’s Mutant Induced by
Gamma Radiation
Young-Keun Lee*, Jae-Sung Kim, In-Geun Song, Hye Young Chung and Hwa-Hyoung
Chang! (Radioisotope - Radiation Application Team, Korea Atomic Energy Research Institute,
Taejon 305-353, Korea, "Research Center of Biomedicinal Resources, Paichai University, Tagjon
302-735, Korea)

Antifungal bacterium, Bacillus subtilis YS1 was isolated from Yusong hot spring. YS1 strain showed broad anti-
fungal spectrum against 12 kinds of plant pathogenic fungi and Candida albicans, animal pathogen. From the
gamma (Co®) radiation sensitivity test, D,, value was 2.08 kGy and it survived above 20 kGy of radiation dose.
Several mutants were induced by gamma radiation. Among them, YS1-1009 mutant showed resistance against
tebuconazole of herbicide, increased activity against Botryoshaeria dothidea and ligninase activity. YS67 mutant
was antifungal deficient auxotrophic mutants(trp pro~ or arg ura ). From this result, it suggested that gamma
irradiation could be a useful method for mutant induction.





