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Table 1. Composition of auxotrophs media
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A AZHYUA JAEF 1223 1 T FERYY Mol dig
FAF BAES} T SHEHS E438)7) 981 agar plug ¥
Hz ¥d9Yd AdT5E 247 phA wix ] Zode| HES £, A
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e 2 A 71X9] dolg st JUHd dT &
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®712 2olls & =X e
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& RFFSIaL 25°Colx] 397t vk F, A Tl EFEE
ZBAA}F vep e A B8] e Aoz AR
- M2 E5l 5 (amylase activity)
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agar 1.5%)A] 25°C2 397t wilokgt & FAo] Gram’s iodine
|92 H@rlsle] oA T FHvie] ¥4 5g FEAsel)
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= AE #Essh
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g, femic cimaie 12 g ZnSO,* 7H,0 0.7 g MnSO, + 5H,0,
CoCl, - 6H,0 0.1 g, thiamine * HCl 10 mg/l) 10 ml, agar 1.5%,
pH 4.5190 A 25°CR 5U7E Wk &, A F9jof] FHEe] &
A JRE HAIATHI0).

5011 Sol 2 Sol3 Sol 4 Sol 5
Sol 6 adenosine guanine cysteine methionine thiamine
Sol 7 histidine lencine 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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Fig. 2. Radiation sensitivity of Bacillus subtilis Y51 isolated from hot
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; B: Phytophthora capsici; F, Colletotrichium
gloeosprioides; G, Mycosphaerella melonis; H, Fusarium oxysporum; 1, Botrytis cinerea;, J, Phythivm ultimum; K, Botryoshaeria dothidea; L, Scle-
rotinia sclerotiorum.
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Table 2. Antifungal spectra of radiation-induced B. subtilis YS1
mutants against several plant pathogenic fungi

Antifungal activities of

Plant pathogenic fungi B. subtilis YS1 mutants
YS51-1006 YS1-1009
Rhizoctonia solani ++ (= W) + (=wt)
Rhizoctonia solani (BP) + (= wt) + (= wi)
Fusarium oxysporum + (< wi) + (< wt)
Mycospharella melonis +(=wt) +(<w)
Alternaria solani + (= wt) + (= wt)
Phythium ultimum + (< wt) + (< wt)
Botryoshaeria dothidea + (= wi) + (> wt)
Phyricularia oryzae + (= wt) + (< wt)

Degree of inhibition; +( =< 10 mm), ++(>10 mm), wt means YS1 wild
type strain
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9T BHo] FATAL HT T SQol e B
Tt oA g dHEFE WAKd ZALE ¢188 AR &
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WAL ZAL 3 BESE B subrlis YS1E EEAYE 300
colonyZE A¥ate] HLH|=)Q GM63 HiA| oA ABEI}A] Eale=
2702] colony (YS25, YS67)8 ABY 4= Itk B subnlis
Y513} o] T E9¥o)AZ GM63 FAHA], NA vjx] & 11 &
7o) ooka7F A wiX|(Table 1)el Z5k] wjoks A3, B,

Table 3. Auxotrophs B. subtilis YS1 induced by gamma radiation
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subtilis YS1-2 G475 A H|A] F Sol 28} Sol 10 Hj=]o]
A &SR] &l Table 3). WERA, B subtilis YS12 Sol
2} Sol 10¢] FFAHA AL serinedl] thgt WY AodS
& == QIATE. B. subrilis YS25%) B. subtilis YS67-2 22X
A &SR] gka SRR NA viR| o)A BESEe). G
L7 AEAAAA B subrilis YS25= Sol 39} Sol 8 X))
Ak A&} Sol 32 Sol 82] TE FUdL typtophane
= B. subtilis YS25= tryptophan £ 7-FUE & 4 A%t B
subtilis YS672 Sol 3, Sol 5, Sol 8% Sol 9ol &=t
B. subrilis Y5672 arginin®} uracil £ proline”} tryplophan®]
FA 7R gl Aot BEE 4= AATE B subrilis
YS259F Y8679 FE8TAHE AR FHE FdsAY
(Table 4).

ole] AAE El AL o838t B subtilis YS1 TF
oA BT SUCIAE FeioesMA WA A 1
AES] 9o T gabsde] o) £33 Myt el 5 o
5 et o129 FawiojAle] WAl ZrAde] tIRFTE
of W3] YF xpe)7} vk WA A B 1A g
g% &% Aotk 53], 4
AES= v AR pyA 22 2AH)Fe] AR A 9l
©.(7), Eschericia coli= pyrimidine A Ede] Foisl= FHA
o] YA EoA ot B subtilis®] 7359 pyr operon
= TS gl A A F dhte] Wl gFAx
operon T4 FAA} diRite] B 4= A Fot vsie] B¢
oAl pyr FFAE©] operons FAEHE Ao B ArE glont
0)9] “kL Tl B subnlis YS67914 DNAQ] AHTEA¢)
pyrimidine®] $Ade] el FARb EE) vk R v
AHe] tigk Aol QloiA WEl) 2 E RS Aol B
Ao g AARHTE BE, pyra 17 2@ UTPY %t G
ol d¢le|2E B subtlis Y$679) A%l uracis L 7F5}A| 9
uracil FHEE7} THO. R B subtilis YS679] A 223511 &
SR (Table 4) & TRE f-AA=ev 7180 d8iAlA] ke 4
A 7)o 24 DNA 47 88 Foste ek E&)el 25
A% F QA Bs 2= AL 7R U ZAolth

Strain LA GM63  Soll Sol 2 Sol 3 Sol 4 Sal 5 Sol 6 Sot 7 Sol 8 Sol9  Soll0  Solll
YS1 + + + - + + + + + + + - +
YS25 + ~ - - + - - - - + - - -
Y567 + ~ - - + - + - - + + - -
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

Strains
B -glucosidase ~ SA? LA CA  ligninase
YS1 +b - ++ - +
YS1-1006 + - + - +
YS1-1009 4+ - ++ - ++

“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 YS1 YS1-1006  YS1-1009
Benomyl +4++ ++ Faws
Flusilazole ++ ++ -
Tebuconazole - - ++
Oxadixyl +++ ++ ++
Edifenphos +++ +++ -t
Mancozeb ++ + ++
Pencycuron ++ S =+
Azoxystrobin ++ +++ -+
Copper hydroxide - -+ _
Isoprothiorane ++

Iprobenphos ++

Chlorfenaphy .

Imidacloprid +++ ++ ++
Carbofiran +++ ++ +++
Fenpyroximate ++ ++ ++
Chlorpyrifos A+ A+ +
Fenobucarb - - —
Diazinon +++ +++ ++
Butachlor ++ ++ ++
Glyphosate +++ ++ ++

—: no resistance; +: mild, ++: good, +++: excellant-resistance
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ABSTRACT : Characteristics of Antifungal Bacterivm, 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 Y'S1 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 Borryoshaeria 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.



