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Genotoxicological Safety Evaluation of Crude Antifungal Compounds

Produced by Bacillus subtilis SN7
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ABSTRACT

This study was carried out to perform genotoxicological safety evaluation of crude antifungal
compounds produced by Bacillus subtilis SNT (B subtilis SNT) isolated from meju. Bacterial reverse
mutation assay with Salmonella typhimurium TA98, TA100, TA1535, and TA1537 or Escherichia
coli WP2uvrA in the presence and absence of the S9 metabolic activation system was carried
out, and the crude antifungal compounds produced by B subrilis SN7 showed no significant
increase in the number of revertant colonies. In the chromosomal aberration tests using Chinese
hamster lung (CHL) cells, sample treatment groups showed no increase in the frequency of
chromosome aberrations compared to the negative control group. Furthermore, in the micronucleus
formation test, the crude antifungal compounds showed no significance increase in the frequency
of polychromatic erythrocytes with micronuclei. These results suggest that the crude antifungal
compounds produced by B. subtilis SNT isolated from meju showed no harmful genotoxic effects.

Key words: Bacillus subtilis SN, crude antifungal compounds, bacterial reversion assay,
chromosomal aberration test, micronucleus assay
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MRS B9, 159, 3 S0 AEAR Az
TURE 4 A M, Fgo], &8 5 Tt nAE
o] HeHHor dEoAl:= vt dE T E
AlZo|tHLee et al. 2003). X}%‘}; S]] 2JetollA
2459¢) Aafgols] Wil HEC=A QA T
+ POl Fest 53] deiAls S8l Alxgt
R dETg 5 dddeg A
7] wel 9ok e o/t mepel thagak v
ABEE9] 28l o3l MHA AR/ AE 2t

=23 g} e A 53 o] AkEr, B1K]

>J

p

5 EAlo] Wl R ol S AER Agpergillus

favus(A, flavus), A, fumigatus, A. petrakii, Penicillium
spp &0 Tt HEE7] Hrt. o]e} o] WAAF
o] Fag pAPke vkEk) 2 olge) 9%

o AzEo uEsle] 72 S guAZ 2= 9ld]
Ayt 77kl 247 @ 4 th(Bennett & Klich
2003; Melin et al, 2007; Moss 2008). Weh Halte]
=218 AlslaL obd FRE $I5k A SaEAe
e vt dasi

Bacteriocing of] vAEo] AgER e B4
oz = Tl A o] B2 R A, bacteriocing A4k
s vl eet e AgstoR AR o
tfelel A1 2 B2E olela, el
cAMARAEESY ASS Adlske =Holth
Bacteriocin T84S VFERIE W97 Hol A9
W, Fol, Aesd 2 24 34T 5o TS
AAlstar APEA7 = B3 vkl B EQitH(Tagg
et al. 1976; Drider et al. 2006). 7]&2] 3 JA7} 23}
ARl A¥ &g, bacteriocing ZEkAn|=
(plasmid)t} FAA (chromosome) 2HE 2% A5t
deo] ArbElE Aom, frdakzst Foll o3 A&
A L-20] Hol= AHo] 9} Bacteriocin®] E
A= ofuleito = Tgsle] glo] AHIHE ul A
23b7)3e] il Askg Aol o3 Hald 4 9L,
o] wlot QIAle) =t Aok Algeld ¢

y

o

Agt AoMAlzAel FgAol Zu=Ex gt
(Schallmey et al, 2004), wW&}A bacteriocinS AUl
A RS HAAATIA] e JeER, AF T2
M2 AE8HE HEA|(biopreservative) WA= T
22 So] ABE Ao (bioregulator) 2 1 &-go] =
Al 7Te=EaL ot

B subtilisS& LA MY F<F $eluzte] "oy
A e YR Wi (nato)E Y53t S5 oFA|
oht obzeb} Mol -G} S7re] WA AE
Azl Qlop] k- Fash whan g AN gick
Bacillus 48 thoFst d -9} bacteriocin, bacteriocin
like substancess B]E3}+ A EHELS Ak}
= 2o g d#A Jri(Schallmey et al, 2004; Lee
2014), H=3F European Food Safety Authorityol] 2J3}

W B subtilis group & B, subtilis, B, licheniformis,
B, amyloliquefaciens % B, pumilus?} 73S 1Z7+S
Qualified Presuaption of Safe(QPS)Z ¢HAAJo] <14
H TF(Tagg et al. 1976; Jack et al. 1995)°]3, B
subtilise Generally Regarded As Safe(GRAS) WA=

FoiR]a g}, HA oA —:—E]?ﬂ- Bacillus sp. A9184
TFE dF oA @3 Fo] FAEA A729, oA
2ol S| Wshr} glo] ebdahtar B arslan(Lim
et al. 2004), Aol 223t B subtilis JNS2]
probiotics24] 2] -8 7FsAS A5 3h7] lsf ICRA
g vheollA| ©EBTR SEAIR Y A =
AJ8kA ol sl $ItHKim et al. 2015). EE3F AE
W2 HE] —-—E’JEP B suprilis SN70| A2kek 28zl
T S A @3] = 4F
3 T A, 542 et Ay

Hx| ke Aoz HWuERITHChang et al, 2016).
& HlFERE Eefste] FxlT 24
< Hol B subtilis SN70] A8 Z3t E&(Lee

2014)8] A W o FEE 93t 712AEE 7]

Oi

Ja
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Sfste] fAS9SA Qg WE ANshar

1. A2 & 2T SE9| EH|

R RE FEjgh 3T S0 s FFI B
subtilis SN7 1%E TSB(Difco Laboratories, Detroit,
MI, USA) A=)l dg8te] 37C ol 1248 X'
Zgefellx] vikstdet. WY 1%E TSB HAH| Aol
ThA] Z4E3te] 37C, 24ARE B & wids AATERS
ok, & afjekle 4T 9950 xgollAl Yalielste]
AE AL F0.20 #m membrane filter2 F NS
Akt Al # AF7 B2 50% aqueous acetonitrile
o] 834171 T 0.20 #m syringe filterS B3l o7}
3lick. ofa}ell-2 preparative LC 9104 HPLC system
(Japan Analytical Indusry, Tokyo, Japan) 2 ¥2J3}
o, HulH A|E+ Speed vacuum concentrator
(CentraVac VS-802, Vision Co., Speed, Seoul, Korea)
2 8E AT o AlEE ARSI

2. M= 08¢t SHSAHOINH

B AIFS AFookaedA] SAAIR7EMinistry
of Food and Drug Safety, 2014)-S 53fe] A5
W, ARE T Salmonella typhimuriun®] histidine
QT4 TF(TA98, TA100, TA1535, TA1537)%}+
Escherichia coli®] tryptophan Q74 T<F(WP2uvrA)
B T 5TTE ol8sISith AIREES A T Er
SHTE TR 3MEte] 84 Alxste] ARk
o, FUETe HOoERT, UL 2
(2-furyl)-3-(5-nitro-2-furyl)acrylamide (AF-2),
2-aminoanthracene(2-AA), 9-aminocridine(9-AA) 2
sodium azide(NaN3) 0|t} EHEAHAIHL £
AEAdol et W=7} H|al3] &L pre-incubation
vhHo 2 2K Ames et al, 1975; Maron &
Ames 1983), A= gt $& AA& St o]
APe HL FEQl 5000 pg/plates 3H] 22 ST
F(312.5, 625, 1250, 2500, 5000 pg/plate)2 Ztz}

of ol Aeiaksick. A s9 Elg ol8d
gl 2 Saste s, A1 S AR
Aol <lgk o] LhehtA) Qi Wb 2 Aol
HE BUd wRE Assd. el #e
nutrient broth(Sigma-Aldrich Corp. St. Louis, MO
UsA)ell HEste] 37¢C, 12218F 218 wj st ok, Hl
okall(1.0x107 cell/mL) 0.1 mL, Z} = A|HEA
SANEER 32 FEER 42} 0.1 mL, 0.1M
sodium-phophate buffer(pH 7.4) 0.5 mLE %7} &%
3he] 37T, 2087} preincubationd} It tHAEAIA|
1AM, $9-) Al 59 & Al sodium-
phosphate bufferg ¥o] F¢loH, QARIA 24
(89+) Alelk= 59 &8t 0.5 mLE ¥t Preincubation
< AAISE ) top agar 2 mL @o] E38}e] Vogel-
Bonner medium glucose agar plated] 53 v
37C, 48ARE WS Bt wig § HAEARo]
Z2Y HHFE ASsioen, bt dAnges A

Fuael A4, ¥Z, T ASANE BASL

ol

3. IRRHIMZEE 018

r

b EAMRIO[ A
BB AA|8r D27 (Bacillus subtilis SN7) 23t
E4o] FAA o) FAIEL Chinese hamster lung
(CHL) fibroblastE o]83te] 2A)8F$ItH(ishidate et
al, 1981; Dean & Danford 1984). CHL A|¥+= 37°C,
5% CO, BlF7]olA vllekaled o™, 10% heat-activated
fetal bovine serum, 1% penicillin®} streptomycin-<
35t Fagles MEM B AJollA] ©hzafjofet & il
A EE 0.5% trypsin-EDTAS: 0]-83}o] 23 njt} 7|
o sttt AlEEEe] Fe Hal s=<] 5000
#g/mLERE FH] 22 38A|(1250, 2500, 5000 #
g/mD)E AA3kgct 3% T2k 5 mL wjdef 4x10°
CHL Al2& HjFste] AEedy Fddxzzdel
motocycin(0.05 u#g/mL)S FEHZ A ekt
TARE A2 (047D AR A 1] A-8(59-) S
Zg(S9+) F A 2oz s, A4z
HAARD-E ARA] P 285909 -1 AAl

ST AlE=AE AR 2 2423 AR &
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M2 wiFH 0 2 184K ThA] wjateict. AE &

F 2AIZF Aol colcemidE FF FE 0.2 #g/mLo]
Heg Hrisle] BEF/INEE F48 900 EdE
7V EE 0.25% trypsin-EDTAS Qo] HNEZ vle]st
3 A8t 0.075M KCl €0 4 mLol| Y& the 48
7437C, 158004 A7 Aelstdlet. W2kek Ao
(A2 = 318 ¥o Ak drliefsie] 4
MG AAB AL, AE FHHL slide glassellr] A4
| TES AZFsEITt 5%(v/v) Gimesa 20 2 517
b 5, A, AR o AAIEAR1(BECKMAN
COULTER, Indianapolis, IN, USA)E A|E5E =35}
ek, #2 AE o] A= 2 s 10070 o)
(&7 7 2007D)& TIP3 aMstslen, EEs
7] M) e 7IES oIt Ao R v
o ¥Agstolrt. A7 24S AIEER A
T TEOPHAIE ¥ ’“7‘401*&*%144 =4 1EJ} 5%

b 506 oVt 100 mlEkl B, e AR el

T F 170 5% oPel] FROPMAE Be=
MEo] ZERET} 1006 o] o], SaFelEAel Z
7} ko] gHolxl Ao HAE st

2
2
oi

4. ICR OfA0]| CHEE ASHAIR
57 Wedet FASPE) 75
Control Region(ICR) Al vk$-2= 30m}2]E G224l
En}o] 9(Gapyeong, Korea) 2HE] 7-9J313it}. A¢
s B2 17U A7 AR F, Ak 33
g 745 the FetEU|o|E Alo]xof Hoir]
SPET-ol|A] ARgaelt. Apelid o= darlxl A
o} dird APsE8 AlRE A gkl A
AT svlelE AMEsllon, AlFEd Fo S5
AuAEE vfEoR AT Fo 7l HL v
2000 mg/kg B.W, 25E FH] 22 384 F=(500,
1000, 2000 mg/kg B.W.)E AA7gal9ic}. SANZEES
BtE 32 S/, FIEEELS cydophosphamide
monohydrate(70 mg/kg B.W.,)S AL, A&

71 Imprinting

#LZ acridine orange 89 40 pg/mlLS ¥ 3}
F7] Fol AZAZ] slide glassol] Bojreg]al, cover
glass®2 o] MEE 118k rh(Hayashi 1991). #H$-
2 1 2,000709] @A (polychromatic
erythrocyte, PCE)E BF&n]7 slollx] #zste] 1
FoM 224 FFS we A 7R PFEET

(micronucleated polychromatic erythrocyte, MNPCE)

& ZAste] 2944 M= At

5. SAXE
B AFo|A] A A= SPSS 19.0 P/C packageE:
olgste] FAAEE sttt A B #5
HAxF(mean £ standard deviation)® YERJ oM,
p(0.05%1 7ol FABFH R frolido] Q= Zo=
g8k det. HCL AEE o83 AMA| o A3+
A H-L8 Scheffe T34 3 Dunnett’s T3S 214
Shoict.

m A3 9 v3

e

1. MdE 018¢t SHSAHOIAH

mF2 e Eefdh I AR 2708, subtilis
SN7) Z3t =] A Pde W7k flsk
of WA M-S o]8g EAMo] RS ARSIt
(Table 1). AM&-¥ T TA9S, TA100, TA1535,
TA1537 & WP2uvrAo|l o o5 ol et B9
o] g AR

AR AEE Bate] AIEER Al Hi 5%
5000 pg/plate 7HA] thARHAA] P1H8(59-) 22> 2§
(s91)9] BE A 2o A7 Yeh A o

ro

stor], BaEeie] SRUSE gAY ET v
A BV eskom, tiAEHgAle] A el

Agle] plate ¢lel] HHE FelE=] gkoket,



Table 1. Bacterial reverse mutation test of the antifungal compounds

Bacillus subtilis SN70| A4

Tester strain Test substance Dose Colonies/platelFactor]
(ng/plate) Without S9 mix With S9 mix
0 24 £ 3 34 £ 3
312.5 24 + 1[1.0] 32+ 3[09]
TA9S Test solution 625 23 £ 4 [ 1.0] 34 + 3[1.0]
1250 23 + 3 [ 10] 33+ 2[1.0]
2500 24 + 3 [ 1.0] 31 + 3[09]
5000 23 £ 3[1.0] 33+ 3[1.0]
0 111 £ 2 128 £ 5
312.5 111 £ 4 [ 1.0] 127 £ 2 [ 1.0]
TAI00 Test solution 625 106 £ 6 [ 1.0] 123 £ 2 [ 1.0]
1250 113 + 3[10] 127 £ 2 [ 1.0]
2500 107 = 7 [ 1.0] 123 £+ 2 [ 1.0]
5000 116 + 1 [ 1.0] 126 £ 2 [ 1.0]
0 15+ 2 17+ 3
312.5 14+ 1[1.0] 18+ 3[11]
TA1535 Test solution 625 14+ 1[09] 17 = 2 [ 1.0]
1250 15+ 1[10] 18+ 2[L1]
2500 15+ 1[10] 17 = 1 [ 1.0]
5000 16 £ 1[1.0] 18+ 3[11]
0 11 £ 2 16 £ 2
312.5 11+ 2[09] 15+ 2[09]
Test 625 12+ 3[10] 17+ 2[L1]
TALS3T solution 1250 11+ 1[09] 16 £+ 1[10]
2500 11+ 1[10] 16 + 3 [ 1.0]
5000 11+ 2[09] 16 £ 3 [ 1.0]
0 48 £ 4 56 £ 3
312.5 47 £+ 2 [ 1.0] 57 £ 4 [ 1.0]
WP2uvrA Test solution 625 47 £ 1 [ 1.0] 57 £ 2 [ 1.0]
1250 46 + 2 [ 1.0] 56 £ 4 [ 1.0]
2500 45 £+ 2 [0.9] 54 £+ 3 [ 1.0]
5000 46 + 3 [ 1.0] 57 £ 11[1.0]
Positive controls
TA98 AF-2 0.1 474 + 21 [19.8]
TA100 AF-2 0.01 408 £ 14 [ 3.7]
TA1535 NaN3 0.5 352 + 15 [24.0]
TA1537 9-AA 40.0 253 + 7 [22.4]
WP2uvrA AF-2 0.01 368 + 14 [ 7.7]
TA98 2-AA 0.5 234 + 8[6.8]
TA100 2-AA 1.0 482 + 13 [ 3.8]
TA1535 2-AA 2.0 162 £ 5[9.5]
TA1537 2-AA 2.0 178 + 7 [11.1]
WP2uvrA 2-AA 10.0 339 £ 11 [ 6.1]

AF-2: 2-(2-furyl)-3-(5—nitro—2—furylacrylamide, 2-AA: 2—Aminoanthracene, 9-AA: 9*Aminocr1dme,
NaNj3: Sodium azide.

Each value presents the mean

+ S.D. of three plate.
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B AR AREEA T BE v
(312.5, 625, 1250, 2500, 5000 pg/plate) o] thAkE:
Al A8 ek daglel BE A 23elM A%
Asf7F VERFA] @ittt BE 207 FEoAE Al
FEA Aele] gtz Hste] BAEAHo]
2L} 7R sl e Szl B
o] Fekre B AJgel AR8-E T3] TA9S, TAL00,
TA1535, TA1537 2 WP2uvrA9] E-HHo| 9]
He] WellA yepste, AolA e i 24
o] = el L plantarum AF13} L, plantarum

HD1o] Bhlet 2330 EdRE AEE Alds
0]-83F BAEAH | oA B AP Axe} FAls}
Al EQe] frdo] UERtA] e33ttH(Chang et al,
2016), Sgozre] Heke A%l BAS Aol o

3 FAd=E Aol sk ME}(Maron & Ames 1983). &
3 tpAkeAle) 48 fveh igle] AlgEd Al
Folr] AR SlEA) eigkorn, AR} 59 mix
o it Bk Ao} ol S0 B

1975; Maron & Ames 1983), & a7l Itz
o] BAEAH| At AR Sketder =

® Ago] Al FaE AL < & el

E

2. ARRHIAMZE 0|88 FAH| OAIH
B o INH L TR vPAT AR
< 7113]?3‘]- f,’_— ii_‘?— O/\]»E—Oﬂ 3} u;H A‘";’_—_%— -‘E‘@,E‘]-O%

EXNeRE Byl Aow Al ol Al

= O T = %"‘1
© 7 3} Qe m(Song et al, 2009), ATt o83
EASAHA RN AE3] ol BAE $HA

© 2 Yeh 7] whie] EASAHIARe] BSAIE
HH o 2 o] AR83}kal QItHDean & Danford 1984).
wgbr] E Aol A= Chinese hamster 22 lung
cellZ o]gste] (93 w}%**ﬂ*(s%)g;
BB A8 127 (B subtilis SN7) Z&+ &3
A oA AE ST = Aol oA oflH]
AR AR, AR Aelee BE skl
A](1250, 2500, S000 pg/mL) o] 1= kokrt.
S9 mix P]Z-E(S9- mix) Z-& S9 mix Z-8(S9+ mix)
TAIRE A2RG6AIRD), 89 mix 7] 2-8(59- mix) A
e (24217 M) o2 ASEES APHE &%

2l 1250~5,000 mg/kg®] WE 2]2lgt & MIT £4]
< AT 1 A9, BE ARAROIA 50 % o]

AEZF2] AAlso] WaEA| gho} 1G-S 2HE3shA] &
rH(Table 2).

AR REG7IRD e ogh AMA] o AR At
= ARl A8 frioll daglo] BE sxolA
AldEd A2 ¢Igk o] YehbA] ettK(Table
3, 4). ARAAl 1] Z8(59- mix) T-& Z-8(S9+)3k

A3}, - Al 230N ST AREEE A

o,

Table 2. Cell growth inhibition test of antifungal compounds produced by Bacillus subtilis SN7

Cell growth index (%)

Concentration Short—term treatment test .
Continuous treatment test
(ug/mL) (6 hours exposure) (24 hours exposure)
=S9 mix +S9 mix

Negative control 100.0 100.0 100.0

156 97.76 99.75 97.17
313 87.31 102.48 103.74
625 91.11 104.09 97.78
1250 92.75 100.37 100.20
2500 88.95 96.03 103.44
5000 84.03 95.04 95.96

1Cso -
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T2 oPFETIEE ARl ool HIETE 0~1,
polyploid®] W& 0.0 M2 vet A4 F23}

7F edode, ahdulsie ga=R] ekttt e o
AT AN T AFEE Al nlate]
ol FT7Ee] Wt SAH R FelatA S7HE
o BEdE dAE AEE, 89 mix W]A-8(89-
mix)3 }Oi—% 73 DA oM SHRIEE
Aelte] AFAE g2l 1250, 2500 2
5000 p#g/mL =4 242t 0.0, 0.5 2 0.5%Q.0.1,
FHoPFAES] SN == 242} 0.5, 0.0 B 0.0%=
UreRTh 89 mix 2859+ mix)3Hots 9 AlEEA
Aol GAA TRV MRS N

A FEH

T+ 1250,

2500 2 5000 pg/mL =X Z42F 0.0, 0.5 2 0.5%,
FH oMY EFH RIEE 242} 0.0, 0.0 B 0.0%=
YERTE SO mix 7] A-8(S9- mix) $-& S9 mix 4§
(S9+ mix) TAIZE A2HGAIZD N SAETS T
FHoPF Alxe] FENE=E
IRz =
10% o]’ o]3ict.
AR (6AIRY) AlRAT o2 3] &
A7 whioll A (24 X E))S AT
(Table 5). 89 mix 7]Z-8(S9- mix) A&A|E|H e <Jgh
oPIAIR AdE AlFEA Al AlEAE

A
7 1250~5,000 #g/mLe] WLl Fxdo] viet

Zopd AT 9

oJ%iaL,

Table 3. Chromosomal aberration test in the absence of S9 mix(Short-term treatment test)

Number of cells showing structural

Number of cells showing

Treatment chromosome Cell numerical aberrations
S-9 Concentration (Frequencies %) growth (Frequencies %)
recovery mix (zg/mL)  Number index Number
. Total . Total
period(h) of ctb cte csb  cse other (%) of  Polyploids Endo
(%) (%)
observed observed
) 100 0 0 99.7 100 0 0 0
Negative 100 0 0 1003 100 0 0 0
6-18 - control
(SDW) o 0 0 0 0 0 0 0 0
200 00 00 00 0o 0o 0 Y0 he 0o 0o
100 0 0 99.7 100 0 1 1
s - 1250 100 0 1936 100 0 0 0
0 0 0 0 0 0 0 1 1
2 1 R 2
00 0.00 0.0) 0.0 0.0) (0.00 (0.0 96.6 00 0.0 (0.5 (0.5
100 0 0 0 1 1123 100 0 0 0
6-18 — 2500 100 0 1 1 0 1050 100 0 0 0
0 1 1 0 0 0
200 05 00 00 0o 0 1 0h 00 0o
100 0 1 1 0 1085 100 0 0 0
6-18 ~ 5000 100 0 0 0 0 97.1 100 0 0 0
0 1 0 0 0 1 0 0 0
2 00 05 00 00 0o 0 0 0 6he 0o 0o
- 00 1 29 1 2 301 - 100 1 0 1
Positive 00 2 26 1 1 300 1 - 100 0 0 0
6-18 - control .
(MMC 0.1) 3005 2 3 0 63 ) 1 0 1
15 @5 w0 5 00 6L 0 09 00 05

SDW: sterile distilled water, MMC: mitomycin C, ctb: chromatid type break, cte:

chromatid type exchange,

csb: chromosome-type break, cse: chromosome type exchange, other: fragmentation etc., Endo: endoreduplication

“Significantly different from negative control(p<0.05).
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LA 3gtek(Table 5). /9wt A& A
oPdE7 VR A ode] W=7} 0~1, polyploid

o] ZHBITE 10% oo 2 VeERJT o|xte] dx
Fi A D2 (Bacillus subtilis SN7)9] Z3t

=73

ox rlo ) L rlo

Ao =49
A s Ho TS FAMEE
ot} SAltN T T} AlES} &
n|ul A 2Te] FFo)

Lo

== T
=Rles

HIE= 0.0 M2 veob SAARI o2t glle
, Aueists BrER] ekgleh, e g
oI A=
o] Rlwy} SAHo R fro
Z AvR= AIEEE A
2500 B! 5000 pg/mlL 5 LA A 2o
742} 0.0, 0.0 2 0.5%0|3L, &
247} 0,0, 0.0 2 0.0%

A gfol

1_
HeE

5%

H|3ke] o]dZ7]
sl 7=, BER
AEEE 83591 1250,

Fll‘

o,

Ao A

A

#01]/\1 *@*&El

= z]3]

R =

sk A o)ato] YERA] 9kgkt)

548 %i H“}Eﬂ]
(Huang et al, 2014)0|t},
= ol erythroblast7}

3. ICR DOfRAO0]| CHSH ASMAIH
A W A RS vheE
o] AN HY=T|(Hayashi et al, 1989), A
T ol Fd=e &

Table 4. Chromosomal aberration test in the presence of S9 mix(Short-term treatment test)

Number of cells showing structural

Number of cells showing

Treatment chromosome Cell numerical aberrations
S-9 Concentration (Frequencies %) growth (Frequencies %)
recovery mix  (zg/mL)  Number | index  Number |
period(h) of ctb cte csb cse other Tota (%) of  Polyploids Endo Tota
(%) (%)
observed observed
) 100 0 0 0 0 0 0 0 98.9 100 0
Negative 00 0 0 0 0 0 0 1 10.0 100 0
6-18 +  control
SDW) 0 0 0 0 0 0 0 0 0
200 00 00 0o 00 0o 1 P 6h 0o 00
100 0 0 0 0 0 0 0 1021 100 0
6-18 N 1250 100 0 0 0 0 0 0 1 91.1 100 0
0 0 0 0 0 0 0 0 0
2 1 . 2
00 0.00 0.00 ©.0) (0.00 (0.00 0.0) 966 00 0.00 0.0 0.0
100 0 0 0 0 0 0 108.2 100 0
6-18 2500 100 0 1 0 0 0 1 99.6 100 0
0 1 0 0 0 1 0
20 00 ©5 00 0o 00 09 © % 6n 0o 00
100 0 0 0 0 0 0 92.6 100 0
6-18 5000 100 0 1 0 0 0 1 83.7 100 0
0 1 0 0 0 1 0 0 0
200 ©5 00 0o 00 0 O B 0n 0o 00
- 0w 2 2% 2 1 0 290 2 - 10 2 2
Positive 0 1 27 2 1 o0 31 1 - 100 11
6-18 +  control .
(CPAS) 3051 4 2 0 & ) 0 3003
200 (1.5) (25.5) (2.0) (1.0) (0.0) (30.0) 3 200 0.0 15 1.5

SDW: sterile distilled water, CPA :

cyclophosphamide, ctb: chromatid type break, cte: chromatid type exchange,

csb: chromosome-type break, cse: chromosome type exchange, other: fragmentation etc., Endo: endoreduplication.

“Significantly different from negative control(p<0.05).



Bacillus subtilis SN70| 445t A8t 29| M= OPYMHItL 139

AR vAgds el g 8- (Polychromatic
erythrocyte, PCE)7| € T 10ARF A= AubH A&
AE77} "ot o] = vdss DT AduollM vt
AlFEHe] EHolE ftsle 54 7L QL
H A g7} dgeke] O] oY et HET
3P7F HA] S HaL, teld AdT Well 9%
o2 oA Hed olF Aoz} drh(Hong et
al. 2008), weta] B AFoME BE AAIG 1k
(B subiilis SN7)] Z3t B4& 571 ICRAIE »he-
20f| Fofate] AHAFE et
T SAANET(ET FRDE

o]
A=
Ql @3] AT Fofslal, Pdul=T(CPAS B F

lo 12
A

f

e

O

ofatedet. oluEd Aat AdEd At AIEAEE
421 500~2000 mg/kge] HL] A w20l T
o] 3 oF 24| SFAMEE ek A
Bk, eAduzTdl vlske] felx7) §lsd
W, 74 G ArdEEE /il

£ A@d3KTable 6) B Algolr F4 B9t
A APEEES e, Fof Aok B AlSE
vt 23} AlFEE Fotd SAddzrl sl &
AARI freldo] gisict. WAl F 20007H o <] o+
4 AE 235 2t AT NS 4
ZT 0.06 £ 0.04%, 500 mg/kg Foli 0.02 £
0.0%, 1,000 mg/kg Tl 0.02 £ 0.03%, 2,000

ro
=2
o

4

Y

5
06

o

Table 5. Chromosomal aberration test in the absence of S9 mix(Continuous treatment test)

Number of cells showing structural

Number of cells showing

Treatment chromosome Cell numerical aberrations
S9  Concentration (Frequencies %) growth (Frequencies %)
recovery mix (zg/mL)  Number Total index Number Total
period(h) of b cte csb cse other o (%) of  Polyploids Endo ot
(%) (%)
observed observed
100 0 1 1 0 1044 100
Negative
24-0 ~ control 100 0 0 0 0 95.6 100
SDW) 0 1 o0 0 1 0O 0 0
2000 095 00 0o 0o © 0 0 0y 0o 0o
100 0 0 0 0 88.2 100 0 1 1
24-0 — 1250 100 0 1 1 0 1022 100 0 1 1
0 1 0 0 1 0 2 2
2 2 2
Y 0o 09 00 0o 00 09 0 P 0w wo
100 0 1 1 1 93.4 100
o s 100 0 0 0 1 952 100
0 1 1
200 09 00 0o 00 05 2 P 0o 0o 0o
100 0 1 1 0 96.5 100 0 1 1
24-0 — 5000 100 0 0 0 0 92.1 100 0 0 0
0 1 0 0 1 0 1 1
2000 09 0000 0o 0 ° M T 0o 0 03
100 2 28 31" 0 - 100
Positive «
o I 100 1 2 %0 100
(MMCO0.05) 3 54 0 0 59 B 0 0 0
015 @0 00 10 00 @5 ° 20 00 0o 00

SDW: sterile distilled water, MMC: mitomycin C, ctb: chromatid type break, cte: chromatid type exchange,
csb: chromosome-type break, cse: chromosome type exchange, other: fragmentation etc., Endo: endoreduplication

“Significantly different from negative control(p<0.05).
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Table 6. Frequency micronuclei from marrow in ICR mice treated with antifungal compounds

produced by Bacillus subtilis SN7

" Test C d Dose No. of MNPCE"/2000 PCEs" PCE/(PCE+NCE")
- et ompoun (mg/kg)  mice tested (%) OR
Negative control "
+ +
SDW)? 0 5 0.06 + 0.02 60.07 £ 2.54
Test substance 500 5 0.06 £ 0.07 5832 + 3.14
Male Test substance 1000 5 0.10 = 0.06 58.52 = 1.75
Test substance 2000 5 0.08 + 0.04 58.98 = 4.77
Positive control . .
+ +
(CPA)? 70 5 398 + 0.48 41.58 + 1.68

YMNPC: PCE with one or more micronuclei, PCE: Polychromatic erythrocyte, NCE: Normochromatic erythrocyte.

2SDW: Sterile distilled water(negative control).

9CPA: Cyclophosphamide monohydrate(positive control).
+ S.D. of three plate.
“Significantly different from negative control(p<0.05).

“Each value presents the meal

1311 A ﬂgﬁt = i;"—% Zk= Aol Z3W1
[e]

} EA ] oz
Aok, AlE=A] X E 2] PCE/(PCE+NCE) H]%E =7
stgl=t, 2 A SAHERT 56.01 £ 1.61%, 500
mg/kg T 56,78 + 1.02%, 1,000 mg/kg T
55.31 + 1.48%, 2,000 mg/kg F-OIT 58,98+4.77%,
AT 57.35 £ 2.25% B 45,58 £ 0,94%% e}
Yok AlEER FojTEe SAUzTel vjsl] PCE/
(PCE+NCE) H|&o] AN o2 f-o05 Afo)7} el
A gigkont, gz SAdulzatel His) B
o2 FofgHA B Aol et weha] Fi

A& D ZT(Bacillus subtilis SN7)2] Z3t g’“ o
nhZs AR 43S fEEkA] o Ao AR

e},

QJate] At o] 83 BEFEo] AlF, CHL Alx
£ o83 A oA B vk SFAEE o]
231 2303S AAE AlPEde AEdHe &
2] 312.5~5,000 pg/plate FE WA Al

(TA98, TA100, TA1535, TA1537, WP2uvrA)ol| tigh
Eﬂ%l 224 52 B2 23, dAA =9
FAgle] BE ARl tiste] AlHEE A
gl F/dthztell vlel E7lEdde] 224 71

B EHoE T ggeh, F2U £l 4

fl

g dizAle= A4 1 Wl Aglen, oz
T F2Y 7 g =Y 5 Adaglol
RE w7l taiA frefshAl S7keksith 245 vl
SFNEE o] &5 QA o IAFANN ANFEES
1,250~5,000 mg/mLe] AJ§&§ &FollA] tirlet
SHA| et ARl dgle] A TRzl 5
ol AES] FJNIEE 5% nlvtolaid JaA) o]
frso] UeRtA] eighth. ICR vk b7 S

o]

183 &3 A 7 HES ks AEAE
|1 500~2,000 mg/kge] HHelellA AlEH F

2 APEEEC] 1A ottt thaA AT
A wiwe} vE FAE AIREE Folrdt v
T FrofAQl Apolrt glo] Ado] fHkEA| ergko

™, historical background data ¢ el &A45}3c}
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