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) = Llﬂ?li—f/}_‘gﬂjﬁf‘%ﬁj‘l’ﬁf{[—}gi =
lﬁf:gﬂlr ¥ fﬂﬁ‘ﬂﬁ FLE%IE‘”"QK&?I &
FNELIR I o, e E X
BBl B S Py
| PR (S T S
AR A B Y o 1A 2 pVRDE
(Metarhizium anisopliae) A E A
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H PRI RS (23 WA (OECD) %
USEPA W%%EJUF'F AL BL P [l TR 2k e
(Salmonella/microsomal reverse mutation »

4l Ames test) 1+*% TF“E'I RE A E (Ree
assay) > '~ (YRR IORE (CHO) V4
RGBT L (sister chromatid exchanges,
SCE) > 39 « I'| % /| EL#FS I (mouse
micronucleus test) >3V SprE L I

SRER TR P AL 0

(genetic toxicity)

FRBBIIF] > 20 L) ¢ IS SR (HLGO)
SRR RHIF B R AL BHEERO

<

(apoptosis) ~ 13 (proliferation) =73 [~
(differentiation) EZEEL[NE @ (epigenetic)
A LR 1 I  BIA A AL
EIU?J@F,@E]J

MRERTTA
LR RHE -

9-Aminoacridine (9AA)
2-aminoanthracene (2AAT)~2-aminofluorene
(2AF) -~ biotin ~ 5-bromo-2'-deoxyuridine
(BrdU) (CRP)
cyclophosphamide (CP) ethylmethane
sulfonate (EMS) - mitomycin C (MMC) ~
4-nitroquinoline-N-oxide (4NQO) * sodium
azide (SA) P& F! Sigma (St. Louis, MO,
USA) ° Nutrient broth (NB) * Bacto agar
f& F1 Difco (Becton Dickinson, Sparks, MD,
USA) o

3-amino-1,4-dimethyl-5H-pyrido

chloramphenical

Tryptophan pyrolysate 1 (Trp-P-1,
(4,3-b)
indole acetate) {51 Wako (Osaka, Japan) °
Colcimid~ McCoy’s 5A == Iscove’s Modified
Dulbecco (IMD) *‘ﬁ%ﬁi qu I s
FI Gibco BRL (Gaithersburg, MD or Grand
Island, NY) - V8 iﬁ%ﬁl [ [l Campbell
(Camde, NJ, USA)- % B ARR S I I'%F/Ll E;
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o (B - B9) - FIFE CD14-PE -
CD66b-FITC = CD71-FITC ?f B
Beckman Coulter Immunotech (Marseille
Cedex, France) - BrdU Flow Kit %* Mouse
MicroFlow™ "% Kit *ﬁﬁé FI BD Biosciences
Pharmingen (San Diego, CA, USA) » {i| =
ol [‘Jf»{ FITC-BrdU-Ab > i # | FA' FUITHE ~ e
BRSO o WL & 57 Bk - RNase (1
mg/ml)~FITC-ATR-Ab~2.5 pug/ml propidium
iodide (PI) ~ i =0 AFVjw At -7 il
ﬁl#l o FERFVHI Y FVBEE F1E. Merck
(Darmstadt, Germany) °

HiEE A1 ZIBEHEBT (spore) FMEME
(spore lysate) ZUg%EE :

FIFETA (B. bassiana) Al (F Frd 357"
FL) I 20% V8 agar 7 Eliﬁﬁ%ﬁlﬁ? 26~28
CHER 7~10 = AR EE o TR R
T R YRR Y R
(PBS) HR1F75~" » B %] 10° spores/ml « =
Ppi— ARt P Jﬁz?%iﬁfﬁéﬁl S ;%”fj’iiﬁ‘
10 cfu HEF R {%ﬁﬁ“&ﬁ (lag phase of
growth) > FT’S‘J‘} 10® spores/ml PR ALY
i‘@%‘%i@r&ffﬁ‘r%iﬁﬁg (in vivo) L&V &
e P B I e [ B R (in
Vitro) Ee*] » FIBE S HIGE TR S A e SRR AT R
AP I AT PP RN ] (endocytosis)
RN S R A I S | [ A vl Fb' £l
)

RCERRTE © B 4IRE B
BFF kRN Z 10 spores/ml % - FFEH]J"?ﬁ
J & ¥ (Vibra Cell™, Sonicis &
Materials Inc.) B > #E= (10,000 xg) 1
R R Pt
Teirf 15 BA% S 0.8~1.2 mg/ml > & =&
Il BT A AR S 1 T
;ff;;*\g;pﬁg. £ 1 mg/ml - ZEERE ik
7‘]‘%7\&11@E'*§F95’*E'%’%§§13/ 10%%E%_F
Lo [ IR A AL VA B S s A
BT RLYE L 1x107 pg protein/spore

ot
4[ ’

HIEE Al AR P FIEERRIEREZE
B -

f* OECD “" = USEPA ©*” St
& o PIVP AR (S, typhimurium) TA98
TA100~TA1535-TA1537 » TA102 Atk (&
FI ATCC, USA) faifllEs e riraas
[RELN (his) V3@ y % - fﬁf%[%_‘fﬁ,[‘)
1237+ 11.1~33.3 % 100 pg/plate [ 15
A AL FRECE S E ?E?%%ﬁ%’ﬁ%ﬁ‘%%
(1.5%  bacto-agar, 2%  glucose #*
Volgel-Bonner i’ﬁ'?ﬁz) 2 ik FHYTRNE AR
(his") RITE o ERknidi N {7~ Maron = Ames
A U TRl BT B (least
significant difference, LSD) 7 A7} 158 fri %
TSP L AR B Y BT st BIEEE 4 >
PRSI 55 Ao B S TR ) F) 2 (R
Pl =V B R I 2 = - prrEpy T s
[l 1R 2 A 2 ['SFt}J‘Jf ’ :'WJEE”JT?\?‘% 8-
FH o LS R Il f P &
"] Aroclor® 1254 557 ~EL (SD Narl
]f”h—F o FE SRR AR qI%f%’Tﬁ?E[m
SRR A YIS 89 3 Al O oy
e W&l'fg%@%ﬁ%ﬁﬁ VP IERA AL S8
$310.25 ml/plate S9 if-lﬁ, B R
R 5 PP T BT 1 B 1 R -
B AE T S9 &“E%'Eﬁ » e %%lﬁﬁ
'} 0.1 ml/plate = A #&" A<V 4 (1 (blank)
e |ﬁt@&§[§§fﬂfi (negative controls) ;
[ 14 S5f ﬁﬁ (positive controls) [ I'] 0.5
ug/plate 4ANQO Hi*E! TA98 == TA100 [Ri7E >
0.5 pg/plate SA BizEl TA1535 PH7E > 250
ng/plate 9AA EiFl TA1537 f7E > I') 0.5
ng/plate MMC 5B TA102 PRi7ET o [T ZeEei
H49[10.25 ml/plate S9 &“E_EE[EJJE » BN R
FEITH3910.1 mi/plate 5 i< ﬂ[@’?@?ﬂﬂﬁ ;
ISR B3 S ne/plate 2AF 53 i
I TA98 ~ TA100 ~ = TA1535 f%l%Ej » MBS
4110 pg/plate 2AAT 53 f|lE TA1537 22
TA102 A7 -
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BAiEE Al MRHMEERZ DNA SERXE
B -

%4 USEPA JL <4, 57 @, p MFL'
EITAl (B. subtilis) M45 (rec 45 arg try) =
H17 (rec’ arg try) LR (B! Institute
for Fermentation, Japan) - EI@J‘ | NB £k &
ﬁ%%a ’ rrﬁ;&gﬁzﬁwuéw 13921120 pl

P AL @k (Fe@BHE = s f A pip 10
pl S9) 53 B H175”* M45 T (ffi i 9
om) 1y S PARHE L o S S 8
Bl 4T ITCHE 2 R BB
A% (i % 6 mm) ﬁﬁﬁfﬁélﬁ;@[’grﬁﬁ?}ﬁﬁ

S - FEERAE ( Kada 5717
i“)Fﬁwwﬂﬁ%ﬁﬁw%%Vﬁw
FIIZ B> ¥ M4S-HI7 B A0 S mm
LT T 5 R 2 mm L
fORS T H L R e e ﬁ?:ﬁ
B S9 &“E%‘E'EF ) ?’ | 20 ul/dlsc SN B
BET A EL A la:j‘EF‘f’}'ﬁ;E ] 6 png/disc CRP
RURE T G - 110 ul/dlsc S9 FE Rl
F\' F{UW’[@%#%EJUJ’} HIEL 100 pg/disc Trp-1
=2 8 ng/disc MMC -

Elﬁ:i A1 SRR Sh IR L BB T IR A

CHO {Vjatk (CERRE IRk 2 B
?’Fﬂﬁﬂ ) J‘}FA'[ 10% qu*r%“ McCoy's
5A iﬁ%ﬁliﬁéif” 37°C FA[ 5% CO; iﬁ%
;F'TO 7E.E<IA1 k] 1.2+3.7~11.1 - 33.3
1 100 pg/ml S E > (& Latt 5 1O 143k
Y130 uM BrdU % CHO (1 S9 I %
¥ Stetka & Wolff ?® 1/ 4)3%) ﬁﬁ% 22 /]
% 0 [10.2 pg/ml colcimid &5+ 2 ¥ 4
T E;f AL ”'77%LJF|'HEJ§E'§5’ o & VA
f# Jan =Dk ?[ SNy k
(fluorescent plus G1emsa stain) KpZFl & o KT
BAREEE (1,000 x) ™~ BE R b
£ 30 AE T R IR e 4R 7 N
P LSD a5t 55 Aok 51 il 821
% BT B R - (5 OECD @2

* USEPA ®0 4y : 7o i P ETRE 89 f€
gﬁg«%ﬁé? ) o %J 2 fdl) = BRI R
WL G e R 5 2 (I
T B R T H ’ﬁft"'"ﬁ?@ﬁ‘li
R o FRER T U1 S9 %@EJJ‘? I fa%]i?ﬁ%
gL 0.1 ml s RIS EET A< 0.3 ul EMS (4]
3. 14mM) STIIELEE ~ TR IS - 2 féﬂiﬁfﬁ
#ZE 50 pl/ml SO ERLV BRI B
0.1 ml 0P I EE7 < % 0.01 mM CP Vi
L - TRIEE

HiEE A1 T/ B B
- J&&% ICR Narl ’{,#I—r ) E&, Qe f 25

E (& pIgeshr] -~ driln, 855 5 8RR -
FREER| (Lab Diet® 5001) * iys-f = E
RS BB (PP 22~28°C ’FE'
SRS 50~70% » A B RS 12 T BY) - %
% OECD® ¥ USEPA o g:;ag%%@, m;m
f}’ﬂﬁﬁ’;j ¥ 'Eﬂ“@ 1= 10 ml/kg bw FEREPIFTH
Ty %‘% e o 0 A2 EOP 1 BB TR O) HJ
5 0 10 ml/kg bw % ZE AR (F1~ e
ﬂﬁ) + 2 mg/kg bw MMC ([~ jeis ﬂ‘f{) F I8
A AL SE 2.5x10® spore/kg bw ([ZH#E!) ~
5x10° spore/kg bw (Fl &) = 1x10°
spore/kg bw (ﬁ.’@ﬂﬁ%) o

= E gkt gty (0 Eﬁ) gk
H 4872 1 (MMC IR Tt 72 )
R R0 > o3 IR R ol e R
120 pl » {#& Mouse MicroFlow™ ™S Kit ¥
VL il B < 3 ~ 3 i FITC-ATR
PRBAL PL Beeh i PIRAOE, (FACS
Calibur™, BD - FA[ CELLQUEST @’{Fﬁ%‘,{) 73
PRAUTAT T 53R (reticulocyte, RET) =2 =77
3R (normochromatic erythrocytes, NCE)
Wkl TRy 5 Ay b SR f“'?&
FrfifnEho it } "SRR RET 2 20,000 ffif
Rbib o FIRER 3 WIVT *d%?@u Frag
i1V RET [Iﬁq\F’I A f £l pl S
(RET%) lﬁ 7 Iﬁ[%’?ﬂﬁ” ied) 1 5 TR

5 NCE Fﬁé%gm} (Mn'NCE%) [f+%
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WF”ﬁTﬁ &Lw?ﬁfﬁjj‘ CEIPIl] CO;,
R A D
A fa T SR e AT [ R
gﬁ PEE D RV PSR ] T-test AR F 55 ¥l
Z BRI S ARSI T IR Fﬁ%ﬁ
N4 Féﬂgaﬁg;j ig (“H[II'] paired-T ﬁ}ﬁpﬂﬁéﬁ
PR BE R f‘%'ZFlfJFﬂ;lr PIREF [ -
Frofess o 5 ek 58 & G B E) 5 FF
(rare event) > Fr 4 ST ?lﬁ ?F"”“ B
B (% G 5%) g W= Ry Brsd T
Epfj"fl:\ﬁ "ﬁj (normal distribution) - FL[Y%Z:“
St (nonparametic methods) —*I') 5k
AT T AT A P AT RS 2 R
Mann-Whitney U (78 U test) At T [f[ 1NES
WL Rl proe e e 1 [l ErPoAt [l 1
FIIT'} Wald-Wolfowitz Runs (f#*] Runs test)
i B B VA BRI B ’f‘iﬁ%ﬁ
R 5% ©

'—v-v

AIEE A1 % HL60 Z MR T R ZRIE -
HLGO APV (W F1 19 S8 R
14 T 10% et iED IMD B
i‘ﬁ‘,%ﬁ? COziﬁ%;ﬁ ° I 5%10° cells 5:”@!
M6 2T T F OB AL 5110
20~ 50 % 100 pg/ml B2 2 < (TS
F!0.4 mM H,0,) » I¥E ,%“\E‘ﬁé'i,“H]J“{ﬁ;V 70%
ethanol/PBS [l 7t 1 'J‘E\JJ‘?J‘LF ' 7% PBS ek
RS CEE B HT AR 0.5 ml RNase A (1
mg/ml) * 1 ml PI (100 ug/ml) #EA #ZEM15
VARG 3 Bl A o) T’Tf‘,
RrEl 10,000 ['[E"'EIQEJHI 2 DNA ﬁ” I yEd
AR o) B A E[ﬂwﬁafﬁﬁlgt?ﬂéﬁ *3
A %;;g@;@ . ??%{N;PTE% iy A“E'tf

P‘%’”'[’(Edd ’Ei’jwﬁﬁ:pﬁ{@g}( ’E[qw;: 3 1@
[zl ﬁ»‘ » IJLSD AT ] B R 2
USSR R B o RS 53 A
Bl E'r%ﬁf?“ s

Lj/izf}gﬁ}rr}’rpﬁu%’? 61

BEE A1 ¥ HL60 Z iR gia f &I -

iﬁ% 2x10° HL60 W 6 ‘;’7%%
ﬂ% i )3 EiHD 5+10~20+50~ 100 pg/ml

JEF AL SR 10 uM BrdU iﬁ% 40 |
Eajf % o JFESFwl] PBS j;!a[nﬁ s f& BrdU
Flow Kit 2085 #3% @ 52 FITC-BrdU-Ab
e g o MRt ’Eiﬁwmﬁ%iﬁu 10,000 {7 e
Fl1 75 BrdU I Bg7yeaf Vo At 20 0 90 - 5
(A E'ﬁuﬁ#.gm#&ﬁ 3 ORIV IS o 1
AP IR {‘dkf'j{_gﬁy?bﬂﬁ}g\g [
R LA ‘/“E[ﬁw[%ﬁ@} FII'J LSD M’TF'
R PO

HIEE A1 ¥ HL60 Z MR AME R Z Al -
%4 Verlinden £+ GV : 1) 3 gl?ﬁé
VEBE AL ik 20 ~ 40 ~ 60 ~ 80 100
ng/ml 5B HL60 (10°/ml) 5 '*Elqajiafﬁ%ﬂ% 6
RGP PBS YRR 5T A AR Y
A EUELe—~ 521 CD14-PE ¥ CD66b-FITC
PRI 0 > 5 4CHEN ™ TE 30 55 3
pyiE ] CD7I-FITC $efd sl - 3% 1%
paraformaldehyde [#fil % > 55 f|I ] =S w
FeAs] 10,000 [V > FFCDTL (F 53
[“afar) ~ CD14 (57 (= KRS SRS 21 !
Ty~ K CD66b (53 [~ ELMEfF SR I Apjw =
F o B A E'ﬁﬂlﬁfﬁg,;[ﬁb Sk 3 IV +:J§§
el x NT’?F BRI N = 2 USRI ]
g [=af 55 'ﬁf‘ U N ESE TP ?T’?ﬁ

57 (AP W RS R U B FUFTJ 7

BIEE A1 ZEUEBNOSIR

FL RS PR A AL 5 ko
0 7RI V] pE - gy VRED
R}E{%[ﬁlﬁ" » I i'ﬁJ?rfz%If:l’[/i‘:}ﬁ? , fﬂ&iﬁJ?rfz_&‘?El
ﬁ%‘l 5% 1x10” pg protein/spore {51 LA 574
R - PPREREREERIEN I [ ke
E1HI0 (spores/kg bw) [l 5] g £5 §
(10 spores/g bw) ° F;’I I'FLJEHE:EW”J%? E LN
?%?ﬁ}]ﬁﬁ PRI R (ER] (two-step
carcinogenesis) f5>0 1 FL K (4t ’??‘éﬁ%
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B! (initiation) FETE § 2L P, TEERITELEY
% (promotion) [FiFE o JEEPopvEL PN

VUSRS (2 | (RSB B

_JJﬁUﬁE\jJE A EH R R (lowest
positive-response dose, LPD) Fﬁ}gﬁﬁgj 1 s
A El (highest negative-response dose,
HND) » (1 0 A £V LGS Bl o
SIS R A H ] o R
FEVE | RGEST (ES  E VAT o S
EEIIIORRE » BTSRRI AT
I o SRERA I S [ |95 (R T 4]
fil# + 4TE LPD % HND sl eisy | o o

Feis

%5 o

m X

RIEE A1 HIPTECEREBRIE

FRBIRY AL SRR RIEECE (1.2 ~
3.7~ 111~ 33.3 % 100 pg/plate) 514
Tibk TA PAFE R Sl (R A T A
o TRk SO BLEEE N SRR
P A SR T T o [ R A B
(T-hg e - P < 0.01) > [ [ 5RIAN AL PVARE ]
BVGRIPF R P A7 2 (1) ot
HATRRTE Ry > IRV RTR S TR 5 o
(&~ OECD ®" == USEPA @ /g @ | ik
AL SR PARBE LR B R -

Fo [P AL SR P LR e Ry D

Table 1. Effect of Beauveria bassiana Al spore lysate on reverse gene mutation in Salmonella

typhimurium TA strains '

)

Treatments S9 TA98 TA100 TA1535 TA1537 TA102
Blank N  23+3 152+ 6 10 + 4 6+1 171 + 16
pc? N  625+25" >20007 286 +22"  >2000" 1136 + 159"
1.2 pg/plate N 29+5 114 + 14 7+2 8+2 161 + 8
3.7 ug/plate N 25+5 115+15  10+1 10+7% 190+ 10"
11.1 pg/plate N  27+7 133+18 1243 6+1 180 + 13
33.3 pg/plate N 26+4 119+16  10+2 7+2 195 + 7%
100 pg/plate N 23+5 131+22 11+2 7+2  204+9"
Blank Y 30+4 107 +9 10+3 7+2  216+20
pc? Y 611+347  586+39" 198+39" 288 +14"  537+79"
1.2 pg/plate Y 27+4 120 + 21 9+3 7+2  225+30
3.7 pg/plate Y 33+4 116 + 10 9+2 8+3 245+ 14"
11.1 pg/plate Y 32+3 130 + 7* 11+2 9+3  239+20
33.3 pg/plate Y 32+3 129+ 12 8+3 7+1 221 +20
100 pg/plate Y 30+6 134+ 12" 10+3 10 +3 214 + 14

Y Data of means + S.D. are calculated from 5 replicates. Within each column, the "**" notation
represents significant difference (P < 0.01) between treated and blank control by t-test; "*" and "
" represent P < 0.05 and P < 0.01 levels of difference between spore lysate treatment and blank

control by LSD analysis, respectively.

? Positive controls (PC) in assays without (N) S9 are 0.5 pg/plate 4NQO for TA98 and TA100, 0.5
pg/plate SA for TA1535, 250 pg/plate 9AA for TA1537, and 0.5 pg/plate MMC for TA102. In
assays with (Y) S9, positive controls are 5 pg/plate 2AF for TA98, TA100 and TA1535, 10
ng/plate 2AAT for TA1537 and TA102.

) For revertant counts greater than 2000, the entry is given by ">2000" and no statistical analysis is
deemed necessary.
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HiEE A1 i ERE 2 DNABERE :
151 F HLT 22 MA45 %%ﬂ% [l R A
20 ug/dlsc IR AL 58k E 2 wvxﬂii
Bﬁﬂﬁ”ﬂ[ﬁ'—iﬁ i AL S = ] TG Rk 89
W PR MMC ¥ Trp-1 i M4s
= HI17 pu s ﬁﬁﬂﬁjﬂ% I AFS 5 mmo YIHA
- EREN N PR AR R

SRR B AR E R > [ Kada 37

(03 - gyt I AL S ik EPA 81 A
DNA i2%] if? Y o

BiEE A1 % CHO R sk B EET IR
2

CHO FMwss | A Al 5k 1.2~100
pg/ml SRR S B bk e oV B
W= A s T 89 RV B
B F1 IR0 $2B (SCEs/eell) 5315 8.0 +
1.0 % 8.1 + 1.3 » FHAEf| EMS * (N 3t [~
9 CP Vi FIHIfflr SCE B 57 %43 29.1 +

R HIT 63

59 % 17.3+2.1 (P<0.01) » 7 =1~ %t
ﬁﬁi/[lﬁﬂfﬁ z2 FFﬁJ\}f SCE puAf![pil = ke % [+
N F R AL SRS R EDECE T S i [l
S9 E’?F[ 5P Y@pY SCE ’ﬁ Y (LSD 73
Prat B R -

HEE A1 BT/ NEALMIR 2 AR
45

+ T ICR T EEF IR AL TR

M FRI=FT (0 (TR ~ = (48 F5 72
J Eﬁ) F”’F‘E’Eﬁ@l YR o T P rir
P B PR RO BB (T
W P < 0.05) [ BT ATETIRE
ZET ARG o E&%ﬁ[ 1A W B R
fi e PUPR R [~ F R EE OB T (P <
0.05) » [EI7h [~ fﬂj# 5% - PR
I’ﬂg;,awt T Qgé%&ﬂﬁum[g[ (10%) H (23,
m’m%%ﬁJ P gt B e
EUTRIN (e~ 2 iﬁéﬁ«[@ N

F T PIFEA AL SREFEAL ET A H1T 52 M45 R84 wﬂjﬁ”ﬂ 37
Table 2 Effect of Beauveria bassiana Al spore lysate on growth inhibition of H17 and M45

strains in Bacillus subtilis on rec assay

1 Dose Growth Inhibition Zone * Difference 3
) )
Treatments - S9 - - Response
(ng/disc) H17 (rec) M45 (rec) (M45-H17)

Blank 20 N 6.0+ 0.0 6.0+ 0.0 0 -
CRP (NC) 6 N 15.0+0.0 15.0+0.0 0 -
MMC (PC) 8 N 31.0+1.9 44.6 +0.9 13.6 +

B. bassiana Al 20 N 6.0+0.0 6.0+0.0 0 -
Blank 20 Y 6.0+ 0.0 6.0+ 0.0 0 -
CRP (NC) 6 Y 15.0+0.0 15.0+0.0 0 -
Trp-1 (PC) 100 Y 8.0+0.0 13.8+0.8 5.8 +

B. bassiana Al 20 Y 6.0+0.0 6.0+0.0 0 -

Y'In both assays with (Y) and without (N) 10 ul/disc liver S9, deionized water was used as blank
control, chloramphenical (CRP) as negative control, while tryptophan pyrolysate 1 (Trp-1) and
mitomycin C (MMC) were used as positive controls.

2 After 2 days treatment with B. bassiana Al spore lysate, growth inhibition zones of bacterial
lawn were measured (mm in diameter) on spot test. Default zone of the assay disc is 6-mm in
diameter. Data of mean + S.D. were calculated from 5 replicates in each treatment.

3 Based on Kada’s criteria  (13)

, growth inhibition zone of less than 2 mm or larger than 5 mm is

specified as negative or positive response, respectively.
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Table 3. Effect of Beauveria bassiana Al spore lysate on sister chromatid exchanges (SCE) in
CHO cells V

Treatments Without liver S9 With liver S9
Mean + S.D. Mean + S.D.
Blank 8.1+1.3 8.0+ 1.6
Positive control ? 29.1 + 5.9 ** 17.3 + 2.1 **
B. bassiana Al
1.2 pg/ml 79 +1.5 8.1+ 1.6
3.7 pg/ml 7.8 +1.7 7.8 +1.6
11.1 pg/ml 7.7+ 1.6 7.8 +1.6
33.3 pg/ml 74 +1.5 79 + 1.5
100 pg/ml 84 +1.6 79 +1.7
LSD(4=0.05) 0.56 0.57
LSD(g=0.01) 0.73 0.75
R? 0.225 -0.521

Y Means of SCEs/cell were calculated from 60 cells in each treatment. "**" denotes difference
from blank control at P <0.01 by T-test.

?) Positive controls in assays with and without S9 are 0.01 mM cyclophosphamide and 3.14 mM
ethyl methanesulfonate, respectively.

3 Correlation coefficient of dose-response regression, R (3, 905y = 0.878; R (3, 0.01) = 0.959.

FPH A [ GEA AL 9SS ICR ) BB
Table 4. Effect of Beauveria bassiana Al spores on ICR mouse body weight after oral
administration "

Treatments Time Male bw (g) Female bw (g)  Difference between
(dose) (h) Mean+ S.D. Mean+ S.D. Gender ?
Saline 0 289+ 1.5 262+ 1.3 *
(10 ml/kg bw) 48 282+ 1.8° 25.7+ 1.1 *
72 28.6+ 2.0 25.7+ 0.8 *

Mitomycin C 0 29.4+ 0.8 275+ 2.4
(2 mg/kg bw) 48 28.6+ 1.0" 26.6+ 1.3 *

B. bassiana Al 0 28.6+ 1.1 243+ 0.8 *x
2.5x10° 48 27.8+ 2.0 24.9+ 0.9 *
(spores/kg bw) 72 28.3+ 1.6 249+ 0.7" o

B. bassiana Al 0 31.2+ 2.1 239+ 1.4 **
5x10° 48 31.1+ 1.5 23.8+ 1.6 *ok
(spores/kg bw) 72 31.3+ 1.5 23.8+ 1.6 ok

B. bassiana Al 0 26.1+ 0.7 235+ 1.5 *k
1x10° 48 272+ 0.6™ 23.8+ 1.9 +k
(spores/kg bw) 72 27.3+ 0.7" 23.8+ 1.8 ok

Y Data were calculated from five animals. Means of body weight followed by "#" and "##"
represent differences between pre- and post-treatments within same gender at significance level
of P < 0.05 and P < 0.01, respectively, by paired-T test.

? The difference level between gender by T-test, "*" and "**" indicate P < 0.05 and P < 0.01
respectively, in each treatment at the same time interval.
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[ IR AL S8R JF}E‘ % AL @Rk HL60 IV Vd g2 - %%‘V"E[ﬁﬁﬂ’ifl’%% Al Y
?TQ%%Q\ P AEEE SR~ IR S PT R [m%”" TS 3 o)
10,000 llﬁﬁ'n“\E“iﬂleF'[(rfdd A o I A“Eiﬁ’z“m%?i'ﬁ é FHeI BRI TR S
’iﬁ’f‘ﬁ’f@@\'f EOTS R AR 7 5 R = *EI?EE%E?#%' IS ARV

S IR %FF% b B TR 0 S S R

:{f—h‘%ﬁ? T MRS 5% =2 1% E”EFTJI'* [/15\[§1L,E}§'7FE[FTJI'T§T"*$£I;EP[’E" YR (3,0.05)
=0.878 s R3,001)=0.959 -
Apoptotic effect of Beauveria bassiana A1 on HL60. After two days treatment of B.
bassiana A1 spore lysate, the cells were collected centrifugally, fixed, rinsed, stained
with PI, and then analyzed by flow cytometry. Data of bar-chart (means) with S.D. are
calculated from three replicates by counting 10,000 cells. The notation "*" and "**"
0.05 and 0.01,
respectively. Correlation coefficient of linear regression for dose-response relationship
gave R (3,0.05= 0.878; R (3, 0.01)= 0.959.

means significantly different with blank control by LSD at P =
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Fig. 2. Effect of Beauveria bassiana Al on cell differentiation in HL60. The cells were treated

with spore lysate of Beauveria bassiana A1 with protein contents as indicated for six
days and harvested to examine cell surface antigens of CD71 (undifferentiated) - CD14
(monocyte or macrophage) and CD66b (granulocyte) by flow cytometry. Data are
calculated from three replicates of 10,000 cells. (A) Distribution of differentiated cell
patterns. "**" means P < 0.01 compared to the blank control by % analysis. (B) "*"
means P < 0.05 by linear regression analysis for dose-response relationships.
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Fig. 3. Mutagenicity/carcinogenicity proflles of Beauveria bassiana Al. According to battery
results of Ames test (A), Rec assay (R), SCE assay (S), micronucleus test (M),
apoptosis detection (Ap), differentiation examination (Df), and proliferation
measurement (PI), enhancing effects on carcinogenesis are indicated by the lowest
positive equivalent dose (LPD). Attenuating effects on carcinogenesis are indicated by
the highest negative equivalent dose (HND). Non-effect results are indicated by dose
range of LPD to HND, and presented by hollow columns. The labeled equivalent doses
may refer to table 6.



68 ﬁ?ﬂﬁ?«'%%vﬁﬁiﬂ 5T49%  5T189 2007

(base-pair substitution) ~ G46 (GGG) E@?ﬁifﬁ'[’
#1 C3076 (GGGGG) VB 75> 1]
G428 (TAA) N ﬁ‘?[%ﬁﬁ (ochre mutation)
U9 P 1 %Afﬁ%iwﬁﬁﬁ
[’“‘3??\, gl Eﬂﬁiﬁ FpL AR B
(G- ) Pl HER PR AL SRS L
POBRSL [ REAR 7S R R
BRI

11 TAH1752 M45 £ ’5’[ﬁj+ﬁf§:‘§lﬁd
@%@’WﬂEWJ% QWEﬂ§£%
DNA fufSif= s (rec™")> = fUEIRE M
FEEAA P B AL B H17 2 M45 R
TEAf E RO(ER] > & Kada Y %
USEPA T ity35eiigh il fo 2] A e R i i
Figh el o T B R I ’ Fl& f' H F T@@ﬁ”ﬁ S
?ﬂﬁi_%[ PEF E[ Iiﬁ%ﬂ%ﬁ [%ﬁ“?mﬁﬁﬁfﬁﬂ
E“%F'J}J[B”?E“FI@ S HSE CRP 9
;I‘Fz%i'ﬁlﬁl H177% M4S HE[HHF P 4 =

Il (o 15 +Omm) SER L YT
R g P e e 'i%'%*ﬁéﬂ%jﬂ?

?‘o

' TT”itﬁS]k Lﬁ”ﬁi[ﬂ’i I M A
TA%ﬁﬂgviw\ WJDNA@MﬁJ
) F SRR AL a:fr%?ﬁ f[f’ﬂgi gl[ﬂ % Wgu
Iff'r HIffaEF CHO FF@py DNA - [ I
Al * 2 (F= ]gu Y2 o BEIRIT IR B [FEH\ EoAl
BRI e B - (0 B
VP % B R T 7
DNA S5 |32 (S kA & SPIERo L o
sy (12,16) PRI ,@_EITEE[ Al % CHO
OB IR S0 e i e ARV 1 TR Y (e
=) PRSI B S AR T s
%‘%”’J’?”F’éﬁffi\“ﬁl‘ﬁg%’ﬁ%iw A Y
] 4 R Eljg,%l Al S0 ey
DNA 2T FET o =9 El;gﬁﬂ;ﬂ;yg\ua,
[CRE NS é‘@ﬂ[ Ko S ey R
B RPFREYS ] o5y I 2R
AR R AT S SR -
PR VA I EDE ) SR i B
PR 53 B O i

[A AL $f CHO APVafis & 2 e ¢ 2= -
Jf;gw "Fh@q/— A AL S
(2.5x10% ~ 1x10° spores/kg bw) i 48 %2 72
] En*] e 'ﬁfllﬂﬁﬁk’*:uﬁuaﬁa&ﬁ &
(Mn'RET%) =4 BIg i1 % ()

A LTS  F AT T SRR T 71%4
R LB Y A éﬁ% TEE
BT AL pPURE R BE I ] B
(1x10° spores/kg bw) HiER 7 57 2 2257 3
o RS T AR R (RET%)
1.94% Hi 6] 2% 3.24% » 5.37% (Runs
ST P < 0.05) » BTGP Fpeh £
RET% F“FJ fili =[] F[% [/FLsr, HEN ﬁ,uyp,ﬂ ,
=l ga o pLAS & ?:' ARV AN (H
RET% [?[lr} 0-~48-72 ’J\EJJ‘J’} HIIES 3.73% ~
547% ~ 6.82%) > PJ 'iﬁ#, ﬁ Y RET%
{7 — g E&F””“FJ i I
I [T 72 ] FFR T R E'TEEEWH
T E! ’L'E*’gf AR VBP9 RETY%
A U-fg Badh o o B (P =
0.117) » SFET 15 RETY% 2! 18
A AL Ve BRI V«?&?E%‘FW 50 &
PafE " MMC SRR ZER 9 B R A
[URET% (fifie: 48 % 72 -] Eﬁ*‘ -
puSh ‘i?ﬁéfﬂ%iﬁf kL Pl g PR

e S 0
Sy Fui/pm %qu’”g‘w#’a“"'i& V RET% 7+ %L
*ﬁmﬁ% %‘Eﬁf%m BXEUI?”I/ gﬂé ’ EW”JEUE‘[
\\\\\ Ytﬁmﬁ’

E hﬁiﬁu J E&E:'ﬁ*rﬁ’f‘zﬁ if‘“ EJ“” ARG
M 2 R AR Jﬁg“o s g J%#k
fEEGAGRER ) 2/3 0 HESRIT S RS  H
“ferl RET & B =7 o it %
UQTféTJ\’“E”iﬁ’FU%E‘?EHE' R T
“E'Ewlﬂg’ﬁl@ R O B P I
€920, 1y = [njﬁ“fﬂi“"@*lﬁf'% e
IiFUWEt%\' (20,27) |

S OHL60 APVIw kS E) E RS
(myeloblast) H Jifk] £ F‘iz \lfﬂfkji’f“‘ﬁff"d
Iy 1= 1 e HF 55 [~ R R



FIRPY AL & 5L ZIEEL PR 1 e T 69

AT P P AL S8 B ICR J BV ATSR 5 Y Ry Y
Table 5. Effect of gavaged Beauveria bassiana Al spores on erythropoiesis and micronucleus in
)

ICR mouse '

Animal treatment Gender Time RET % Mn ' 'NCE % Mn'RET %
(dose) (h)  Mean+ S.D. Mean+ S.D. Mean+ S.D.
Saline Male 0 3.73+ 0.70 0.17+ 0.04 0.23+ 0.06
(10 ml/kg bw) 48 547+ 1.35 0.17+ 0.03 0.25+ 0.05
72 6.82+ 2.29 * 0.19+ 0.03 0.27+ 0.05

Female 0 1.43+ 0.62 0.16+ 0.04 0.26+ 0.07

48 1.88+ 0.90 0.17+ 0.05 0.22+ 0.07

72 2.94+ 0.66 0.16+ 0.05 0.24+ 0.09

Mitomycin C Male 0 3.39+ 0.71 0.17+ 0.02 0.28+ 0.04
(2 mg/kg bw) 48 2.98+ 0.82 0.18+ 0.02 0.68+ 0.16 *
Female 0 1.73+ 0.68 0.15+ 0.04 0.28+ 0.07
48 2.31+ 0.53 0.15+ 0.04 0.57+ 0.09 *

B. bassiana Al Male 0 3.60+ 1.26 0.16+ 0.03 0.24+ 0.03
2.5%x10° 48 433+ 1.76 0.17+ 0.04 0.27+ 0.08
(spores/kg bw) 72 6.47+ 2.59 0.16+ 0.03 0.24+ 0.07
Female 0 1.80+ 0.58 0.14+ 0.02 0.18+ 0.03

48 2.90+ 1.06 0.16+ 0.04 0.22+ 0.04

72 3.70+ 1.08 0.13+ 0.03 0.17+ 0.04

B. bassiana Al Male 0 2.70+ 0.98 0.22+ 0.03 0.29+ 0.06
5x10° 48 3.15+ 0.69 0.19+ 0.02 0.32+ 0.07
(spores/kg bw) 72 3.48+ 0.92 0.22+ 0.04 0.35+ 0.09
Female 0 2.26+ 0.54 0.15+ 0.02 0.26+ 0.07

48 2.28+ 0.88 0.15+ 0.01 0.27+ 0.04

72 2.33+ 0.73 0.15+ 0.01 0.32+ 0.05

B. bassiana Al Male 0 1.94+ 0.32 0.16+ 0.02 0.22+ 0.03
1x10° 48 324+ 0.41 * 0.16+ 0.02 0.30+ 0.06
(spores/kg bw) 72 5.37+ 0.62 * 0.15+ 0.02 0.29+ 0.04
Female 0 2.35+ 0.38 0.15+ 0.01 0.24+ 0.03

48 2.84+ 0.69 0.15+ 0.02 0.27+ 0.12

72 3.49+ 1.08 0.15+ 0.02 0.18+ 0.03

Y Means marked with "*" represent significant differences between pre- and post-treatment at 48
or 72 h at P < 0.05 by Runs test. RET%: percentage of reticulocytes in total erythrocytes.
Mn'NCE%: percentage of micronucleated mature erythrocytes. Mn RET%: percentage of
micronucleated reticulocytes.
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Table 6. Convers10n of spore lysate treatments to equivalent doses of Beauveria bassiana Al

among seven short-term tests D

Short-term tests Spore lysate

Spore suspension treatment

Equivalent spore dose

treatment treatment
Reverse mutation 1.2~100 pg/plate 1.2~10 x 10° spores/plate
Rec 20 pg/disc 2 x 10° spores/disc
SCE 1.2~100 pg/ml 1.2~10 x 10° spores/ml
Micronucleus 2.5%x10* ~1x10’ spores/’kg 0.25~1 x 10° spores/g
Proliferation 5~100 pg/ml 0.5~10 x10° spores/ml
Apoptosis 5~100 pg/ml 0.5~10 x10° spores/ml

Differentiation 20 ~ 100 pg/ml

~10 x 10° spores/ml

! Spore lysate with 1 mg/ml protein contents is quantitatively extracted from spore suspension at

concentration of 1x10® spores/ml PBS.
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ABSTRACT

Lee, Y. Y., Wang, Y. H., Jan, L. C., Tasi, B. L., and You, B. Y.* 2006.
Carcinogenicity profile of Beauveria bassiana Al via genetic and epigenetic
toxicities. Plant Prot. Bull. 49: 57-74. (Applied Toxicology Division, Taiwan
Agricultural Chemicals and Toxic Substances Research Institute, Council of
Agriculture, Wufong, Taichung 41358, Taiwan (ROC))

Mutagenicity/carcinogenicity profile of Beauveria bassiana Al is assessed by both
genetic and epigenetic short-term tests. To facilitate dose treatments comparison among
different assays, protein contents (pg/treatment) of spore lysate treatments applied in in
vitro assays were converted into equivalent spore dose (spores/treatment) based on
extraction of 10™ pg protein content per spore. In the equivalent dose range of 0.5~10 x
10° spores/treatment, B. bassiana Al didn’t induce gene mutation in Salmonella
typhimurium by mechanisms of base-pair substitution, frame shift, or ochre mutation.
Non-mutagenic responses were resulted from rec assay, sister chromatid exchange assay
or mouse micronucleus test. These results suggested that B. bassiana Al could not
possibly initiate the transformation of normal cells via genetic pathway. On the other
hand, the results from epigenetic toxicity tests showed that B. bassiana Al notably
promoted the apoptosis and differentiation rather than stimulated the proliferation of
human leukemia cells. These end-points implied that B. bassiana A1l has an slightly
advantage over the inhibition of initiated cells. In conclusion, above results from seven
short-term screening tests and carcinogenicity profile suggested that B. bassiana Al
could have no mutagenicity/carcinogenicity effects on human health and is a valuable
biopesticide candidate for commercialization.

(Key words: Beauveria bassiana Al, Genetic toxicity, Epigenetic toxicity,

Carcinogenicity profile)

*Corresponding author. E-mail: yby@tactri.gov.tw
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