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ABSTRACT

Beouverio sp. is entomopathogenic fungi that found in soil and insects. Beouverio
sp. is used as a biological control in order to reduce chemicals which are injurious to
the health of farmers and consumers as well as environment.  this study, chemical
constituents and biological activities of crude extracts from Beouverio sp. were
investigated. The cytotoxicity of beauvericin (BEA) and crude extracts from Beouverio
bossiona (isolate A and isolate B) and Beouverio bron8niartii (isolate ¢ and isolate D) were
determinated. The mycelium was cultured in Yeast Extract Sucrose (YES) broth for one
month and was extracted using maceration technique with different organic solvents
(hexane, ethyl acetate and ethanol). Crude extracts and beauvericin were investigated for
their cytotoxic activity against for four cell lines: murine leukemia cell (P388), human
colon adenocarcinoma cell (HT-29), human breast cancer cell (MCF-7) and African green
monkey kidney cell (Vero cell) in culture using the MTT assay. The crude extracts from B
bron8niortii were exhibited the low cytotoxic effect on cell lines. The hexane extracts
from B. bossiono were exhibited the most effective cytotoxic activity for every cell lines.
The hexane extract from isolate B exhibited the most potent cytotoxic activity against
P388 cell line (CCH=220.55 pg/ml) like a beauvericin (CCH) = 2.25 pg/ml). For apoptosis
test, cell apoptosis was evaluated in P388 cell line using Annexin V/PI staining assay
by fluorescence flow cytometry. The hexane and ethyl acetate extracts from B bossiono
(isolate B) were exhibited the most effective apoptosis activity. Plowever, no genotoxic
activity was observed in human lymphocytes cell culture at maximum concentration
(80pg/ml). Crude extracts were tested against 4 pathogenic (Staphylococcus oureus TISTR
118, Bacillus cereus DMST 5040, Pseudomonos aeruginosa ATCC 27853 and Escherichia
coli DMST 4212) using disc diffusion methods. Like genotoxic activity, crude extracts were
not inhibited those bacteria at concentrations lower than 2000 pg/ml. The mostly
chemical constituents from crude extracts that analyzed by GC-MS were Hexadecanoic
acid, 9, 12-Octadecanoic acid and 9-Octadecanoic acid.  this study, the crude extracts
from Beouverio sp. induced cytotoxic effect to mammalian cells that showed differences
between the extraction solvents, cell types and concentration in the crude extracts as
well as the isolation of fungus.
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(organic agriculture)
(biological control)

(entomopathogenic fungi)

(biopesticide) Entomophthoro,
Verticillium, Beouverio , Hirsutella, Metorhizium, Cordyceps, Culicinomyces
Poeciiomyces
(host)
destruxin Metorhizium, hissutellin
Hirsutella beauvericin ' Beouverio Fusarium

(secondary metabolite)

(insecticide) (bioactive compounds)
(antimicrobial) (anti-malaria) (anticancer)
(anti-fungus) (anti-viral) (anti-inflammatory)

(anti-tuberculosis)

Beouverio bossiono, Metorhizium anisoplioe, Hirsutella thompsonii, Poeciiomyces sp.
Nomuraeo rileyi
Beouverio Metorhizium
Clear zone ' '
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Beauveria 2
. bossiono . brongniartii
1.2
121 . bossiono
brongniartii
122 . bossiono . brongniartii
50 Methyl tetrazolium (MTT) assay
1.2.3 - bossiono ~ brongniarti
50 MTT assay
124 apoptosis Annexin VIPI staining assay
fluorescence flow cytometry
125 . bassiona
brongniarti (human lymphocyte)
13
. bossiono . brongniartii

Pseudomonas aeruginosa ATCC 27853, Escherichia coii DMST 4212,
Staphylococcus oureus TISTR 118 Bacillus cereus DMST 5040



(human breast

cancer cell line: MCF-7) (human colon adenocarcinoma

cell line: HT-29) (african green monkey kidney cell line: Vero cell)
(murine leukemia cell line: P388)

(in vitro) (human

lymphocyte)

14

(Insect fungi entomopathogenic fungi)

[

Beauveria sp, Metarhizium sp., Paecilomyces sp., Aschersonio sp., Verticillium sp.
Entomophthora sp.
contact biopesticides
(host) 1

cuticle
lipase
chitinase  proteinase

(secondary metabolites)

(' ycotoxin) destruxins
cytochalasin  C Metarhizium anisopiiae bassianin, beauvericin,
bassianolide, heauverolide tenellin Beauveria bassiana oosporein

Beauveria brongnairtii

(mycotoxin)
aflatoxin ~ ( Aspergillus)
sterigmatocystin ( Aspergillus versicolor) zearalenone ( Fusarium)



ochratoxin ( PenicilUium)

patulin (  PeniciUium potulum) fumonisin (
Fusorium) T-2 toxin, trichothecene

( Fusorium) Jestoi

(2004)
Finnish ltalian
Aspergillus 16 Enniatins B, Bl deoxynivalenol
feline fetal lung cells

30
Fusorium

(Blanford , 2005)

Beouverio
Beouverio (Entomopathogenic fungi)
Beouverio 7 B. bossiono, B. brongniortii, B. veloto,

B. omorpho, B. molowiensis, B vermiconio  B. coledonico (Rehner , 2006)
Beouverio

2 B. bossiono B brongniortii 2

8. bossiono

teleomorph
1 anamorph
(conidiogenous cell)

(flask-shaped) (subcylindrical) (Li , 2001)

PDA 8. brongniortii * teleomorph
anamorph ' '

Rehner  Buckley (2005) Beouverio
0 A 2.3-3.2

8. bossiono, B 3.3-48 x 2.1-25



5

. brongniartii, C A 2.1-29
B. bassiono, D 3852 x 1923
B colendonico B vermiconia, E
B 3.0-4.4 x 25-3.2 Cordyceps sp.
F 4252 x 1.7-2.1 B. omorpho
Aung (2008) Beouverio , B
bron8niartii 2.2-6
B. bossiono 123 x 13
B
brongniartii 3 B
bossiano de Muro (2005) Beouverio 110
7 B. bossiono
104 B. brongniortii 1 5
1

Polymerase  Chain
Reaction (PCR) Random amplified polymorphic DNA (RAPD), Restriction
Fragment Length Polymorphism (RFLP) DNA sequencing Wada

(2003) B brongniartii 38 B bossiono 5
B omorpho 1 PCR-
RFLP ITSs 185 285 Alul, Haelll  Hhal
B. Dossiano . brongniortii . omorpho

Mspl . omorpho

Beouverio de Muro (2005) Alul, Hhal,

Thai, Tsp509 ~ Msel Beouverio

Beouverio
29

Beouverio B001-B029

- internal transcribed spacer (ITS1-5.85-ITS2)
18S 285 DNA (ribosomal DNA) b ITSL/TS4
PN3/PN16 600 900
Alul  Hhal (AspLEl) Beouverio
bossiono 25 Beouverio bron§niartii 4



ClustalX
' ' , Kimura-two parameter 1000
PHYLIP phylogenetic tree ITSs
3 B. bassiana, B brongniartii
Metorhizium anisopliae (
1, 2551)
Beauveria beauvericin, bassianin,
bassianolide, beauverolide, oosporein tenellin beauvericin (BEA)
cyclic hexadepsipeptide 11
: ' enniatin Beauveria
bassiana (Hamill , 1969) Fusarium
(Moretti , 1995; Logrieco

. 1998)

11 beauvericin (BEA)
Cyclic hexadepsipeptide
: http://en.wikipedia.org/wiki/Beauvericin

beauvericin

Beauvericin SF-9 insect cell line (immortalized
pupal ovarian cells) Spodoptera  frugiperda
beauvericin (Calo , 2003)
MTT-colorimetric - assay 24 ICD) (50%
Inhibiting Concentration)  beauvericin 2.5 pM (Fornelli , 2004)
(Calo , 2004) Beauvericin
(apoptosis)
non-small cell lung cancer (NSCLC) (Lin , 2005)


http://en,wikipedia.org/wiki/Beauvericin

lymphocyte (Dombrink-Kurtzman, 2003)
apoptosis
Beauvericin
murine P815 mastocytoma, Yac-1 lymphoma EL-4 thymoma, rat
mast cell-like RBL-1, simian fibroblastoid CV-1 human IARC/BL 41 (  Burkitt's

lymphoma), Hela cells ( ) Hep G2 cells ( )
beauvericin (Ojcius :
1991; Macchia , 1995; Que , 1997, Harnois , 1997; Logrieco
, 2002)
Calo (2004) beauvericin 1 " myeloid
-937: monocytic lymphoma cells HL-60: promyelocytic leukemia
cells Trypan blue beauvericin 100 nM - 300 pM
4 24 beauvericin 3 pM 4
cc (50% Cytotoxic Concentrations) 24
' 937 HL-60 30pM 15 pM
Wat (1977) L !
Beauveria tenellin bassianin
Quesada-Moraga ~ Vey (2004) B bassiana
Bassiacridin 0.1- 0.3%
Locusta migratoria
! 3.3 po 18 50%
Oosporein  (00S) dibenzoquinone
Oospora coiorons Chaetomium oureum

Staphylococcus aureus, Bacillus subtilis Micrococcus lysodeikticus

inhibitory concentration (MIC) 12.5-50 pg/ml (Taniguchi , 1984)
Oosporein Beauveria (Strasser
, 2000; Seger , 2005) B. bron§niartii (Strasser , 2000)
Favilla (2006) Artemia
salina Daphnia magna 7

alamethicin (ALA), paracelsin (PCS), antiamoebin (AAM), gliotoxin (GTX), destruxin A
(DA), oosporein (00S)  elsinochrome A (EA) A salina D magna
00S
Fusarium
trichothecenes diacetoxyscirpenol (DAS), T-2 toxin (T-2),



nivalenol (NIV), fusarenon-X (FX) deoxynivalenol (DON) F
cuimorum F. Sraminearum F. sombucinum (Miller , 1991; Thrane

Hansen, 1995) F.sporotrichioides F. kyushuense
trichothecenes F. langsethiae F. sporotrichioides
trichothecenes F. langsethiae

F. pooe (Thrane , 2004)
trichothecenes
Fusarium beauvericin

beauvericin
Thrane (2004)
Fusarium F. langsethiae, F. pooe, F. sporotrichioides F. kyushuense
109 F. lan8sethiae 23 1 b
beauvericin beauvericin
F. sporotrichioides 19 35 F.
poae 24 49
beauvericin F. kyushuense
Beauveria beauvericin
M. anisopiioe
destruxins ainsonine
cytochalasin C D, 12-hydroxyovalicin, viridoxin, myroridins
hydroxyfungerin (Krasnoff , 2006)
Destruxins (dtxs) cyclic hexadepsipeptides toxins
(insecticidal activity)
(Kershaw , 1999; Dumas , 1994; Dumas , 1996a)
M. onisopiiae 5 Destruxin A,
B D E E-diol Swainsonine indolizidine  alkaloid
piperidine  pyrrolidine
Oselys (2007) Metarhizium sp.
Indolizidine alkaloid Metarhizium sp. 6
Metarhizium anisopiiae 3935, 4516, 4819, PL57, PL43 Metarhizium
flavoviride CG291 Oat meal extract
Czapek culture medium
200 26 10 M. anisopliae
3539 Oat meal extract D-lysine 1.8
swainsonine ! 0 electrospry
jonization mass spectrometry : ESPMS



Amiri-Besheli (2000) destruxins
M. anisopliae var. anisopliae destruxins A, B E
strain V220 destruxins M. anisopliae var. o] , M, flavoviride
M. album Coleoptera, Orthoptera Hemiptera
destruxin
destruxins
Hsiao (2001) M. anisopliae  dtxs 4
HPLC liquid chromatography electrospray mass spectrometry (LC-ESI-MS)
M. anisopliae F061 dtxs dix-A
(12.84+0.04 [Jg/ml)  dtx -B (66.89d=257 [Jg/ml) DMDB (1.41+0.13 (Jg/ml)
dix -E (4.19+0.13 (Jg/ml) FO07

M. anisopliae ! ethyl methane sulfonate (EMS) ultraviolet (uv)
dtxs

(Cytotoxicity agent)

(antitumor antineoplastic agent) (anticancer
agent)
( Vivo) ( Vitro)
Lactate dehydrogenase (LDH),
Neutral red assay MTT assay (Issa , 2003; Aziz, 2006)
beauvericin (BEA) cyclic hexadepsipeptide B
bassiana (Hamill , 1969) Fusarium
(Moretti , 1995; Logrieco , 1998)
beauvericin
Beauvericin
SF-9 insect cell line (immortalized pupal ovarian
cells)  Spodopterafrugiperdo beauvericin
(Calo , 2003) MTT
assay 24 IC9) (50% Inhibiting Concentration) beauvericin
25 pM (Fomelli , 2004) beauvericin

myeloid -037: monocytic lymphoma cells HL-60;



10

promyelocytic leukemia cells ,Trypan blue beauvericin
100 nM - 300 pM 4 24 beauvericin
3 pM 4 ccd (50% Cytotoxic
Concentrations) 24 ' 937 HL-60 30 pM 15 pM
(Calo , 2004) beauvericin
(apoptosis) non-small cell lung cancer (NSCLC) (Lin , 2005)
lymphocyte (Dombrink-Kurtzman, 2003)
apoptosis
Beouverio
Watts (2003)
Hypocreda 7 Aschersonio
11 dichloromethane: methanol 1: 1
S C6/36 cells 1929, BHK (21) C13  HepG2
MTT assay ( 9< 10 pg/ml)
(5> 10 pg/ml)
Lee (2005) (antibacterial/antifungal)
47
Akanthomyces 0 : Aschersonio 3 , Cordyceps
ramosopulvinata 1 , Cordyceps miiitoris 1 , Qibeliulo
leiopus 1 : Metarhizium 0 : Nomuraea 2
, Poecilomyces 17 , VerticiUium 2
Beouverio 8 B bossiana 0 B
brongniortii 2 PDA Bacillus (Bacillus
subtilis) 38 (81%), Staphylococcus (Staphylococcus oureus)
30 (64%) Saccharomyces ( Saccharomyces cerevisiae)
10 (21%) Beouverio B
brongniartii B. bossiana
Beouverio SMY medium Gelatin medium
14 Bacillus
B bossiana Photorhabdus
luminescens  (Ansari , 2005)
Segvit  Klarit (2008)
apoptosis  porcine kidney PK15 cell fumonisin B(l) (FB(L)), beauvericin

(BEA)  ochratoxin A (OTA) 2 3



il

lactate  dehydrogenase (LDH) activity caspase-3 activity 0.05,
05 5 pg/ml 24 8
apoptosis 48 FB(1),
BEA OTA LDH activity 4, 84 T
0.5 pg/ml OTA
caspase-3 activity 84 24 BEA
FB(1) caspase-3 activity 319 419
48
apoptosis
' Beauveria

Beauveria
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2
2.1
2.11
Beauveria
29
- internal
transcribed spacer (ITS1-5.85-ITS2) 185 285 rDNA (ribosomal
DNA) ITSLITS4 PN3/PN16 Alu\
Hhal (AspLEl) Beauveria hassiana 25
Beauveria brongniartii 4
2.12
2.1.2.1 Pseudomonas aeruginosa ATCC 27853
2.1.2.2 Escherichia coii DMST 4212
2.1.2.3 Staphylococcus aureus TISTR 118
2.1.2.4 Bacillus cereus DMST 5040
2.1.3
2131 (human breast cancer cell line: MCF-7)
2132 (human colon adenocarcinoma cell
line; HT-29)
2133 (african Sreen monkey kidney cell line: Vero cell)
2134 (murine leukemia cell line: P388)
2.14
2141 1 (beaker)
2142 (cylinder)
2.14.3 (erlenmeyer flask)
2144 (bottle)
2.145 (petri dish)
2.1.4.6 (spreader)
2147 (needle)
2.14.8 (hook)
2149 (loop)
2.14.10 (cock horer)
21411 (forcept)

2.14.12 (tube) 1515 50



2.14.13
2.14.14
2.14.15
2.14.16
2.14.17
2.14.18
2.14.19
2.1.4.20
21421
2.14.22
2.14.23
2.14.24
2.1.4.25
2.1.4.26
2.14.27

2.14.28
2.1.4.29
2.14.30
2.14.31
21432
2.14.33
2.1.4.34
2.1.4.35
2.1.4.36
2.1.4.37
2.1.4.38
2.1.4.39
2.1.4.40
2.15
2151
2.15.2
2153
2154
Hilton Broth (MHB)
2155
Dextrose Broth (PDB)
2.15.6

(rubber bulb)
(spatular)

(pipette)

(digital caliper)
5 10

(pipette boy)
(micropipette)

(tip)

(burner)

(flask)

(glass slide)
(cover slip)
(haemacytometer)

(hot ai

02 045
(evapolator)
(microtiter plate reader)
570
r oven)

(laminar air flow cabinet)
(incubator)

(refrigerator)

, (balance)

(deep freeze)
(water bath)
bright field
inverted

(autoclave)

(vortex)
(centrifuge)

(shaker

(pH meter)
or rotator)

gentamycin
beauvericin (Sigma)

mitomycin ¢

Mueller-Hilton agar (MHA)
Potato Dextrose Agar (PDA)

Malt Extract Agar (MEA)

13

(ilter)

Mueller-

Potato
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2.15.7 Com Meal ASar (CMA)

2158 Yeast Extract Sucrose (YES)

2.15.9 Yeast-Malt Extract Agar (YMA)

2.15.10 Sabouraud Dextrose Agar (SDA)

2.15.11 McFarland standard

2.15.12 Roswell Park Memorial titue (RPMI-1640)
2.15.13 (fetal bovine serum, FBYS)

2.15.14 "' (trypsin enzyme)

2.15.15 (dimethylsulfoxide, DMSO)

2.15.16 10 95 (ethanol 70% and 95%)
2.15.17 (phytohemagglutinin-M, PHA)

2.15.18 (heparin)

2.15.19 (potassium chloride)

2.1.5.20 (fixative solution) 3 Methanol: 1 Acetic acid
21521 (colcemid)

2.15.22 (phosphate wise buffer)

2.15.23 (giemsa)

2.15.24 (trypan bule)

2.1.5.25 (phosphate buffer saline: PBS)
2.1.5.26 (hexane)

2.15.27 (ethyl acetate)

2.15.28 (methanol)

2.15.29 MTT (3-(4,5-Dimethylthiazolyl)-2,5-diphenyltetrazolium bromide)
2.1.5.30 Alexa Fluor® 488 annexin V/Dead Cell Apoptosis Kit with Alexa®
Fluor 488 annexin V and P for Flow Cytometry

21531 (distilled water)
2.2
22.1 Beauveria
B bassiana 25 B
brongniartii 4
PDA B bassiana B brongniartii
2 Dual-culture

agar diffusion

6 Potato Dextrose Agar (PDA), Malt Extract Agar (MEA), Com Meal Agar
(CMA),Yeast Extract Sucrose (YES), Yeast-Malt Extract Agar (YMA) Sabouraud
Dextrose Agar (SDA) 7, 14, 21 28 cork
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borer 6 0
4 Pseudomonas aeruginosa ATCC
27853, Escherichia coii DMST 4212, Staphylococcus aureus TISTR 118 Bacillus
cereus DMST 5040 24 (clear zone)
3 One way ANOVA
SPSS 14.0
222 B. bassiana B. brongniartii
B bassiana B brongniartii
2
10-14 b
cork borer 6
95
| 15-20 250
8
3
45 48
1 1 10
150-200
24
Whatman 1 2
24
40 (crude)
2.1
/ (chromatography/mass spectrometry: GC-MS)
50

dimethylsulfoxide (DMSO) 1
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2.1 Beouveria
2.2.3 disc diffusion
2231
2,
Staphylococcus aureus TISTR 118 Bacillus cereus DMST 5040 2
Pseudomonas aeruginosa ATCC 27853  Escherichia coli DMST 4212
Mueller-Hilton agar (MHA) 37
24 24 (single colony)
1 Mueller-Hilton broth (MHB) 35
3r 0
620 05 -1

10 8 109 cfu/ml McFarland 0.05



15X 108 cfu/ml

2.2.3.2
100
DMSO 1
100 1 stock
4000
4800
1000, 500 250
2.2.3.3
MHA
control) gentamycin
(negative control)
AA paper disc
20 paper disc
1
24

(inhibition zone)

17

(swab)
1
DMSO 100
stock
stock 200
4000
4000, 2000,
disc diffusion
(Positive
125
6
paper disc
(22 37
2
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2.2 paper disc
224
2.24.1
(human breast cancer cell
line: MCF-7) 0 (human colon adenocarcinoma cell line: HT-
29) (african green monkey kidney cell line: Vero cell)
RPMI FBS 10
25 subculture
PBS 5
PBS 0.25 1
1-2
FBS
10 2
0.5 5 37
5
2.24.2
(murine leukemia cell
line:  P388) RPMI 1640 FBS 10
25 subculture
10
1500 3-5



3 5

2.2.5
2.25.1
Hussain

Mosmarin (1983) (1993)

96 - wells plate

19

MTT assay
4

(murine leukemia cell line: P388)

(human breast cancer cell line: MCF-7)
colon adenocarcinoma cell line: HT-29)
kidney cell line: Vero cell)

(human
(african green monkey

trypsinization 0.25% P388
RPMI 1640 10% 1500
3-5 2
P388
0.8 X 105 MCF-7 1X 105
HT-29  Vero cell 15X 10 100 (0.8-
15 X 10° ) 96-wells plate 37
5 24
2252
100 DMSO 100
DMSO 1 stock 100
1 stock 4000
1 stock 200
RPMI 1640  FBS 5 4800
0.45
4000, 2000, 1000, 250 125 96 - wells
plate 24 96-wells plate
100 (negative
control) 5% blank DMSO
5% 2%
DMSO Beauveracin (Sigma) methanol
5 % positive - control 37
5 24
2253 MTT
20 96 - wells
plate MTT 2 50

96 - wells plate



20
31 4 MTT

DMSO: ethanol 95% L1 100
Micro plate reader 570

y X
(50% cytotoxicity: ccH)

2.2.6 Apoptosis
Apoptosis annexin v/propidium iodide
Alexa Fluor® 488 annexin V/Dead Cell Apoptosis Kit with Alexa®
Fluor 488 annexin V and Pl for Flow Cytometry P388
0.8-1X105 / RPMI 1640 Fetal Bovine
Serum 10% 24 well plate 37
5% 24
positive control
RPMI 1640 4
15 1500
/ 5 PBS buffer 500
1500 / 5 IX annexin-binding buffer
IX buffer 1 5X annexin-binding buffer 200
800 (" -2 )

Pl working solution 100 / P stock
solution 1 / 5 IX annexin-binding
buffer 45 IX" annexin-binding buffer 100

annexin V conjugate 2 P
working solution 100 / 2
15 1500 / 5
IX annexin-binding buffer 100
Fluorescence Flow Cytometry Fluorescence activated cell
sorter (FACS) ,
10,000

2.2.1
22.1.1
Fleparin
heparin



5-10
2.2.1.2

37
100
50
80
2.2.1.3
15
(vortex)
supernatant
supernatant
1200 /
2.2.14

1200 /

Phosphate wise buffer

22.15

21

1 1
RPMI-1640 10% Fetal bovine serum
8-10 phytohema§8lutinin-M:  PHA 70
5
48
100 mitomycin C
negative positive control 12
colcemid 100
72
12
1200/ 5-10
supernatant
0.075 5
1200 / 5-10
5
5-10 34
5-10 supernatant
1-2 1
Giemsa 10
57
Mitotic index
2000
mitotic index
Mitotic index = [A/ B X 100
2,000

2,000



2276

45
50

- Single Chromatic gap (SG)

1 1SG
- Isochromatid gap (ISCG)

2 115CG
- Single chromatid break (SB)

1 1SB
- Isochromatid break (ISCB)

2 115CB

47

22
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3
3.1 Beouverio
B. bassiana 25 B brongniartii 4
PDA B
bassiana B brongniartii 2

Dual-culture agar diffusion

0 Potato Dextrose Agar (PDA), Malt Extract Agar
(MEA), Corn Meal Agar (CMA)Yeast Extract Sucrose (YES), Yeast-Malt Extract Agar
(YMA) Sabouraud Dextrose Agar (SDA) 7, 14, 21
28 cork borer 0
4
Pseudomonas aeruginosa ATCC 27853, Escherichia coli DMST 4212, Staphylococcus
aureus TISTR 118 Bacillus cereus DMST 5040 24
(clear zone) 3 B. bassiana B019
( A} B015 ( Bl B brongniartii B013 ( 0 B027
( C) YES 2
BO15 ( B 31
Staphylococcus aureus (31 A Pseudomonas
aeruginosa (31 B)  Escherichia coll (310 YES
Beauveria
28 YES



24

31 B bossiono B015
0 Potato Dextrose Agar (PDA), Malt
Extract Agar (MEA), Com Meal Agar (CMA),Yeast Extract Sucrose (YES), Yeast-
Malt Extract Agar (YMA)  Sabouraud Dextrose Agar (SDA)
28 Staphylococcus  aureus  (A),
Pseudomonas aeruginosa (B)  Escherichia coii (C)
24
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3.2
B bassiana
B. brongniartii /
(chromatography/mass spectrometry: GC-MS)
B. bassiana 2 A (B019)
B (B015) B. brongniartii 2 ¢ (B013)
D (B027)
A 22, 25 25 B
20, 22 29 C 45, 32 17 D
16, 25 17 5
3l 32
B. bassiana A
9, 12-Octadecadienoic acid 49.07, 35.75
22.50 % B. bassiana B
9, 12-Octadecadienoic acid 57.60 4053
% Hexadecanoic acid 2491 % 9, 12-
Octadecadienoic acid 8.99 % B. brongniartii C
9, 12-Octadecadienoic acid 2342, 2041
25.33 % B brongniarti 9, 12
Octadecadienoic acid 29.90 % 9,
12-Octadecadienoic acid 2171 % 9, 12-Octadecadienoic acid
B. brongniartii 9-
Octadecenoic acid 23.65  46.25 %
Hexadecanoic acid (palmitic acid): CH3 (CH)4COOH
9-Octadecenoic acid (oleic
acid): CH3 (CH)TCH=CH (CH2J7 COOH 9, 12-Octadecadienoic acid
(Linoleic acid): CH3(CH2qCH=CHCH22(CH2)6 COOH
(Essential fatty acid) 31

3.2

Beauveria

(Somashekar , 2001)
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B. bossiono A B
Ergosta-5, 7, 22-trien-3-ol 6.24 12.50 %
B brongniortii C ErSosta-5, 7, 22-
trien-3-ol 1.30 % D Ergosta-5, 7, 22-trien-3-ol

8.55 % ErgosteroL

2 (viosterol) 2 (ergocalciferol) Ergosterol
Aspergillus, Penicillium, Fusorium, Rhizopus, Cladosporium, Candida Alternaria
04 - 14.3 p§/m§

Ergosterol (Axelsson ,1995; Schnurer,
1993) Ergosterol
ErgosteroL
B bron8niartii C
(benzoic acid) 6.69 10.28 %
(preservative
agent)
J
(phosphofructokinase enzyme)
The Joint FAO/WEIO Expert Committee of Food
Additives (JECFA) Acceptable Daily Intake (ADI)
0-5
B bassianals 1 A
Cephalosporolide 032  040% B. brong>n/art]
C 0.69, 057 087 %

Cephalosporolide



31

Isolate
B bossiono
(B019)
A

B bossiono
(B015)
B

Hexane
- Cephalosporolide
(0.32)
- Hexadecanoic acid
(23.80)
- 9,12-
Octadecadienoic
acid (49.07)
- 9-Octadecenoic
acid (14.15)

- Hexadecanoic acid
(27.66)

-9,12-
Octadecadienoic
acid (57.60)

Ethyl acetate
- Cephalosporolide
(0.40)
- Hexadecanoic acid
(21.57)
-9,12-
Octadecadienoic acid
(35.75)
- 9-Octadecenoic acid
(13.04)

- Hexadecanoic acid
(28.39)

- 9,12-
Octadecadienoic acid
(40.53)

21

B bossiono
GC-MS

Ethanol
- 1-,2,3-Propanetriol
(14.83)
- Hexadecanoic acid
(19.60)
- 9,12-
Octadecadienoic acid
(22.50)
- 9-Octadecenoic
acid (12.33)
- Ergosta-5,7,22-trien-
3 1(6.24)
- Hexadecanoic acid
(24.91)
- Ethyl linoleate
(22.84)
- 9,12-
Octadecadienoic acid
(8.99)
- 9-Octadecenoic
acid (20.50)
- Er8osta-5,7,22-trien-
3-0l (12.50)



3.2

Isolate Hexane
B brongniortii - Cephalosporolide
(8013) (0.69)
C - Hexadecanoic acid

(18.79)
- 9,12-
Octadecadienoic
acid (23.42)
- 9-Octadecenoic
acid (18.30)

- Hexadecanoic acid
(27.66)

D - 9,12
Octadecadienoic
acid (29.90)

- 9-Octadecenoic
acid (19.35)

- Ethyl oleate (9.08)

B brongniarti
(B027)

Ethyl acetate
- Cephalosporolide
(0.57)
- Cyclohexanone
(1.48)
- Benzoic acid (6.69)
- Thiazol (6.04)
- Hexadecanoic acid
(18.20)
- 9,12-
Octadecadienoic acid
(29.41)
- 9-Octadecenoic acid
(7.84)
- Cyclohexanone
(1.04)
- Thiazol (0.22)
- Hexadecanoic acid
(21.88)
- 9,12-
Octadecadienoic acid
(21.71)
- 9-Octadecenoic acid
(23.65)
- Er8osta-5,7,22-trien-
3 1(8.55)

28

B. brongniortii '
GC-MS

Ethanol
- Cephalosporolide
(0.87)
- Benzoic acid (10.28)
- Hexadecanoic acid
(18.71)
- 9,12-
Octadecadienoic acid
(25.33)
- 9-Octadecenoic
acid (11.84)
- Er8osta-b,7,22-trien-
3-0l (7.30)

- Hexadecanoic acid
(18.60)

- 9-Octadecenoic
acid (46.25)
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3.3 disc diffusion
B bassiono B brongniartii
2000, 1000, 500, 250 125
gentamicin 125

Disc  diffusion
Staphylococcus aureus TISTR 118 Bacillus cereus DMST 5040
2 Pseudomonas aeruginosa ATCC 27853 Escherichia coli DMST
4212
Beauveria (clear
z0ne) ,
(inhibition  zone)
3.2
B. bassiana B
aureus (32 A), B cereus (3.2 B), p. aeruginosa ( 320 E coli (
32 D M. onisoplioe
B subtilis M. luteus 1000-
2000
SNB 03
M. anisopliae
SNBO3 1,9-Diazabicyclo 46.588 %
bicyclo ’



3.2

30

B. bassiana B 125, 250, 500,
1000 2000 Gentamicin ethanol
Staphylococcus aureus (A), Bacillus cereus (B),
Pseudomonas aeruginosa (0 Escherichia coli (D)
24



3l

3.4

MTT assay Mosmarin
(1983) Hussain (1993)
3[4, 5-dimethylthiazol-2-yl]-2,5-
diphenyltetrazolium bromide (MTT)
dehydrogenase cofactor MTT
formazan MTT
MTT formazan

spectrophotometer
50
(50% cytotoxic concentration: €€5)
4
(murine leukemia cell line: P388) (human breast cancer cell
line: MCF-7) (human colon adenocarcinoma cell line: HI-
29) (african green monkey kidney cell line: Vero cell)

24
B bassiona B. brongniartii
125, 250, 500,
1000 2000

beauvericin 4 positive control
P388, MCF-7, Vero HT-29 cell
beauvericin 5 20, 10, 5, 25 1.25
pg/ml 24 1% methanol
50% beauvericin
4

P338 lymphocyte
P388, Vero, MCF-7 HT-29 cell  ccH 2.25, 10.48,

1340 15.05 pg/ml 33

beauvericin 4 3.3
beauvericin mammalian cell lines

cytochrome C caspase-3
(Dombrink-Kurtzman, 2003; Calo , 2003; Calo
, 2004; Jow , 2004; Lin , 2005; Seguit Klarit , 2008)
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beauvericin 10 lig/ml positive control
3.3 50 (ccH) beauvericin
MTT assay
Treatment Cell Line Types 50% cytotoxic concentration:
CCH0 (p§/ml)
P388 2.25
. MCF-7 13.40
Beauvericin (BEA) HT20 15,05
Vero Cell 10.48
Beauvericin
P388 cell line
HT29 cell line
MCF7 cell line
Vero cell line
3.3 beauvericin 4

P388, HT-29, MCF-7 Vero cell lines

Mitomycin C '
Mitomycin C 10, 20, 40, 80
160
50 (CCH) P388, Vero, MCF-7 FIT-
29 cell 49.77, 88.15, 52.49 99.34

beauvericin
P388, Vero, MCF-7 FIT-29 cell ccH

225, 1048, 1340 15,05 pg/ml



33

B bossiono B brongniortii I 4
P388, MCF-7 HT-29 Vero cell
24 CC-.
2000 pg/ml ccX> 2000 pg/ml
B. brongniortii
cc> 2000 18 1 C ccd=
1788 [jg/ml ( )
ccd ! B. bossiono
34
3.4 50 (ccH)
B. bossiono
MTT assay
50% Cytotoxic Concentration:
Isolates  Cell Types ccH(pg/ml)
Hexane Ethyl acetate Ethanol
P388 354.18 384.27 1176.12
A MCF-7 488.07 1019.90 >MCT
HT-29 914.92 988.98 >MCT
Vero 447.16 719.21 >MCT
P388 220,55 300.45 669.53
3 MCF-7 379.52 SMCT SMCT
HT-29 808.08 >MCT >MCT
Vero >MCT >MCT >MCT

MCT=maximal concentration tested (;>2000 [j§/ml)
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B bossiono A
P388 P388 50
(50% cytotoxic concentration: cc) 354.18, 384.27 1176.12

MCF-7, HT-29 Vero cell 2000
B
P388 P388 50 220.55,
300.45 669.53
MCF-7 FHT-29 50
379.52 808.08
B bossiono P388
B ccH
220.55 Mg/ml
B bossiono A B
P38 (  34)
P388 cell line
Hexane isolate A
Ethyl acetate isolate A
Ethanol isolate A
Hexane isolate B
Ethyl acetate isolate B
- Ethanol isolate B
3.4

B bossiono 1 A B
P388
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B bassiana

B bassiana A P388, MCF-7, HT-29  Vero cell

50 354.18, 488.07, 914.92 447.16

B P388, MCF-7 HT-29
50 220.55, 379.52 808.08
Vero
B. bassiana

A B ( 35A B

The hexane extract from isolate A

P388 cell line
HT29 cell line
MCF7 cell line
Vero cell line

A

The hexane extract from isolate B

P388 cell line
HT29 cell line
MCF7 cell line
Vero cell line
Concentration (ug/ml) B
3.5
B. bassiana AA) B (B)

P388, MCF-7, HT-29 Vero cell
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A ccld B B |
50
! B bossiona Vero cell
Beauveria
B bossiano B. brongniartii
(Jestoi et ., 2004)
Beauveria
M. amsoptiae
P388 Skrobek
Butt (2005) M. anisoplioe
V275 Destruxin (human promyelocytic
leukemia cell line: HL-60) HL-60 LCY 193
ppm 24 Spodoptera fru8iperda: Sf9
500 ppm 24 Destruxin [cD
512 ppm Skrobek (2006) M
anisoplioe V275 V245 bta§onospora convolvuli
Destruxin - A Pseudomonos syringae, (Tetrohymeno
pyriformis) (Dophnia magna) , HL-60  Sf9
V215 V245 p. syrin§ae 500 ppm
18 T. pyriformis ' D. magna
| C%o 0.01 ppm 24 48
HL-60 V275 LCY)
221 193 ppm 4 24 V245 LCI)
303 ppm ' 4 24
Sf9 500 ppm 24
B. bossiono
P388 beauvericin
P388

(screening method)
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{in
vivo)
3.5 Apoptosis
(Apoptosis) (cell death)
(programmed cell death)
(mutation)
apoptosis
(membrane
blebbing) (cell  shrinkage)
(nuclear fragmentation) (chromatin condensation)
(chromosomal DNA fragmentation)
apoptotic  body
apoptotic  body
phagocyte macrophage
(necrosis)
apoptosis DAP|
180-200 Caspase
RNA Annexin V
propidium iodide: P (Annexin V/ P staining) annexin V/ propidium
jodide apoptosis

phosphatidyl serine (PS)
apoptosis  annexin V ,
phosphatidyl serine calcium
(fluorescein) fluorescein isothiocyanate (FITC) annexin V
(early apoptosis)

propidium iodide

' (viable) apoptosis (early apoptotic)

apoptosis (late apoptotic) necrosis  propidium iodide
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annexin
propidium iodide
Annexin V Pl (Annexin V negative/ Pl negative) apoptosis
(early apoptosis) Annexin V (Annexin V positive/ Pl negative)
apoptosis (late apoptosis) Necrosis
P (Pl positive)
fluorescence flow cytometry
MTT assay
B
,  apoptosis B bossiono
1000 2000
mitomycin C 510 2 Beauvericin
5 10 20 P388 4
Annexin V/PI staining assay fluorescence flow
cytometry 10,000 3
dot plot ' :
4 quadrant (Q1-Q4) QL P (P
positive) Necrosis , Q2

Annexin V P (Annexin V positive/ Pl positive)
apoptosis (late apoptosis), Q3 ,

Annexin V- Pl (Annexin V negative/ Pl negative) - (Normal cell)
Q4 Annexin V (Annexin V positive/ P
negative) apoptosis (early apoptosis)
P388 | apoptosis apoptosis
B bossiono
35
dot plot 3.6 ( 36A) B
bossiono B ( 368 ( 360
( 360D 2000 4
87.40 P388
B bossiono B
2000
22.87 apoptosis
44.50 MTT assay B

bossiono



HTC-A

FITC-A

3.6 dot plot histogram
fluorescence flow cytometry
bassiano B

2000

39

FITC-A

FITC-A

Annexin V/PI staining assay

A B
) © D)
P388 4
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35 P388 apoptosis
apoptosis
B. bossiono
Annexin  V/Pl  staining  assay
fluorescent flow cytometry

% Normal cell % Early % Late apoptosis
apoptosis cell  cell or Necrosis
Control 87.40 3.53 9.10
DMSO 2% 83.80 3.73 12.43
Hexane 1000 pg/ml 41.43 22.60 35.93
Hexane 2000 pg/ml 22.87 44.50 32.67
Ethyacetate 1000 pg/ml 29.77 553 64.70
Ethyacetate 2000 pg/ml 47.50 3.57 48.90
Ethanol 1000 pg/ml 78.07 11.43 10.50
Ethanol 2000 pg/ml 56.00 25.60 18.73
BEA 5 pg/ml 87.00 3.83 9.10
BFA 10 pg/ml 87.03 2.00 11.00
BEA 20 pg/ml 85.40 2.73 11.87
Mitomycin 5 pg/ml 78.63 4.50 16.83
Mitomycin 10 pg/ml 67.40 10.70 21.87
Mitomycin 20 pg/ml 44.17 10.93 44.87
3.6
MTT assay B
B. bossiona
48
B. bossiono 2000
1000 Mitomycin C 10
positive control negative control
24
2,000 (Mitotic
index)
B. bossiono B 1

2000 1000



Mitomycin C 10
( 37 A Mitomycin  C
chromatid gap, isochromatid gap  single chromatid break (
B. bassiana
37 (A
(B) Mitomycin C

37B)
2000

41

single

10
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4
Beauveria B bossiono B. brongniarti
MTT
assay apoptosis Annexin V/PI staining assay

fluorescence flow cytometry
(human lymphocyte)
B. bassiona 25 B. brongniartii 4

' 6
Potato Dextrose Agar (PDA), Malt Extract Agar (MEA), Corn Meal Agar (CMA)Yeast
Extract Sucrose (YES), Yeast-Malt Extract Agar (YMA)  Sabouraud Dextrose Agar
(SDA) 7,14,21 28 4

Pseudomonas aeruginosa ATCC 27853, Escherichia coli DMST 4212,
Staphylococcus aureus TISTR 118 Bacillus cereus DMST 5040 Dual-culture

agar diffusion YES 28
b ' ' B bassiana A (B019)
B (BO15) B. brongniarti ¢ (B013) ¢ (B027)
4 /
(chromatography/mass spectrometry: GC-MS)
hexadecanoic acid (palmitic acid)
9-Octadecenoic acid (oleic  acid) 9, 12
Octadecadienoic acid (linoleic acid) 4-methoxy benzo-2, 1,
thiadiazole Ergosterol

benzoic acid cephalosporolide

Disc
diffusion
2000, 1000, 500, 250 125
Staphylococcus aureus TISTR 118 Bacillus cereus DMST 5040
Pseudomonas aeruginosa ATCC 27853 Escherichia coli DMST
4212

beauvericin B
bassiana B. brongniarti 4 (murine
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leukemia cell: P388) (human breast cancer cell: MCF-7)
(human colon adenocarcinoma cell: HT-29)
(african green monkey kidny cell: Vero cell) MTT assay
. brongniartii
. bassiana
,  P388 S
B B
. bassiana B
2000 1000
apoptosis Annexin VIPI staining assay fluorescence

flow cytometry

24
Beauveria . bassiana

Beauveria

. brongniarti

(screening method)

(in vivo)
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