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Metarhizium anisopliae var. majus ARS 9789] tjhujre 93] AAujor 2AL HAYsgch AFHAL 98 ex9)
pHE Z4zb 28°C9} pH 70 o3tk M. anisopliae ARS 978¢) FAH, HAES A4 2 ¥ AAd 1.0 %(v/Wv)
molasses, 10 %(wiv) %}, 03 %(wlv) CaCOv} 714 Has HAWA Aol (19989 59U 28 A<, 19984 79

309 2))
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TAES o]8F AF ST AETHH WAy
o] &% & gledl, 53 T3 W4T 49H AAs
At B 77 AP gon, oo g #Alo]
1253 IehQuinlan} Lisansky, 1983). &5 M4 o
= A o] & F§ WL o|HE A=, 9
B9 40| gla, AFaFe AdA 2 %A o
om, Hl&o] HAEE H 5& € & Utk
A Fgele A% JRE gRdMy A Y
(Hajek®} Leger, 1994), &% H
T o oA woldtdN FEHESS B &
A ZEE ke, drlde 2% Y FEHEFS
3} chitinase, protease, 18]l lipase 5] AAE0)
3te Aoz 4¥A SlthRappz} Backhaus, 1992). o]
oY 2489 A= AFAUCA Had
s HHegE & & £ AR
$lch(Havukkala 5, 1993).
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Prior, 1993).

o] ZF WANTE A3 UA o8 B A%
3 AFAE, off, TE ol 3FHA == A¥ER
9 &3 T} 22 A A 247t Yo ¢4
o] £1, FA3e AFT APz AAL F e

dedAo] glom, T3 4Fade] x&Ao] fAH
HtE A v MEA AL AXE HiFoZ Y F Y
= o]yo] JriSamuels Z, 1989; Milner =, 1991;
Zoberi, 1995).

nBE AFAe TANG £ AAuLEAM EA,
TAHR, £ ZAG FAAY &A1Y FHE AN
F Aok gubxoeg mAEjgIM e ExYAo]
F A7Hn ot dFEs FAF wie] A
FE ARHL Stk AAFINE LT TA HE
S Y3 WAt SHE F AR S A IAE
e = Qlok

Metarhizium sp.& WAE AZA 9 22 28 F
A&HoZ ATH ko, ol TF wWdd o
AHoz olgal sl 1Y o BAE 22
RS FAEA s e A,
XA 1¥x WS A8 o wdzds
A Ak 22 @3 AT 259 pHE FHel,
Zoll ggte WiAE GsioF Frh(Sneh, 1991; Jenkin
3} Prior, 1993; Butt %, 1995).
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B AR94 A8T BHE 23 wad 29009 9
%<2 Metarhizium anisopliae var. majus ARS 9782A &
dH7ed TFAERY gt 73S BaE
7] 1%k APHujRl= PDA u}A]$} SDA W %] (Sabouraude’s
4%(wfv) dextrose, 1%(w/v) peptone,
L5%(wlv) aganE AHESIGTE FES A3 FFuAE
© 2%(w[v) dextroseS} 1%(w/v) peptoned A}&3}T}.
A2HE Q8] g AE4 WA EE, chitinased
AL sk 0.6%(w/v) colloidal chitin, 0.05%(w/v)
MgS0,.7H,0, 0.03%(wjv) KHPOs, 0.07%(wjv) KHPO,,
0.001%(wfv)  FeSO.7HO, 0.0001%(w/v) ZnSO,.7Hy0,
0.0001%(wjv) MnCly, Z2]3 15%(w/v) agarS E3s}e]
AH4-3F T, 1989). Colloidal chiting A 23} o]&-3}
HTHE &, 1997). Protease™ 1%(w/v) dextrose$} 1%(w/v)
skim milk (MEEAEF-dHA 35% ), ¥z
1.5%(w/v) agar& E3rste] whElch.  Lipase= 1%(wfv)
tributyrin - (Sigma Co.), 1%(w/v) potato dextrose broth
(Difco Co) 2 15%(wfv) agarE: & &3 S3AA
7HE 9t Rapp 3} Backhaus, 1992).

Dextrose ~ Agar;

A2 2 pHE FHap] s 2= 25, 28,
30°Co] A, pHE 40~700.8 3ol Tl A=A
HE #&sla, #F9 ARE A FAl AAA
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Y wjckst &, HF 10 miE o] 83} cap tubeo] A3F
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aglo] 129 Het THATY EAGA] BHY  WAHOR Mearhizium spo| Bo] 20]T 9lE pH 552
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Table 1. Growth of M. anisopliae ARS 978 at different
temperatures in potato dextrose agar(PDA)
and Sabouraud dextrose agar(SDA) medium

Medium®
Temp.('C)
PDA SDA
25 ++ +++
28 +++ +++
30 +++ ++
UColony diameter : +; <50 cm, ++ 5.0~60cm, +++
6.0~7.0cm.
%7| pHel A&k
TFe] 27] pHe| B3 J&S ZARE 27, pH 4.09]
M Az 43E& Bo, pH 50, 60 283 7.0
AN Fag & JERIATHE 2). 479 ARE EY)
2 759 WA S8 27| pHE BAFA Yo

Table 2. Growth of M. anisopliae ARS 978 at different

pH in potato dextrose agar(PDA) medium

pH Growth rate”
4.0 ++
5.0 +++
6.0 -
7.0 +++

“Colony diameter : ++; 5.0~6.0 cm, +++; 60~7.0 cm
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Table 3. Effect of various carbon sources on mycelial mass, enzyme activity and sporulation in the cultivation of M.

anisopliae ARS 978”

Carbon Mycelial Diameter of halo” Sporulation
substrate mass Chitinase Protease Lipase (ml™)
Rice straw ND? + et + 1.10 x10°
Saw dust ND? + et - 3.00 x10°
Rice bran ND? + +++ - 9.00 x10*
Dextrose 229 gL + + + 1.50 X 10°
Lactic acid 145 g/L + - +++ 1.00 x10*
Citric acid 242 gL + - +++ 530 x10°
Sucrose 258 g/L + + + 9.10 x10°
Molasses 539 g/L + +H+ +++ 623 x10°
DDS? ND? + +++ + 500 x10°

YCulture was carried out at 28°C in the basal medium containing 1.0% (wjv) carbon source. ”+ and - mean halo size (-; 0
em, +; <10 cm, ++; 1.0~15 cm, +++; 1.5~2.0 cm, ++++<25~3.0 cm). IND : Not determined. “DDS : distiller’s dry

solubles
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Table 4. Effect of molasses concentration on mycelial
mass, enzyme activity and sporulation in the
cultivation of M. anisopliae ARS 978"

Diameter of halo”

Molasses  Mycelial Sporulation
%(vv) mass(g/L) Chitinase Protease Lipase (ml")

1 8.2 + +++ o+ 330%10°

2 8.1 + +++ o+ 455%x10°

3 11.17 + +H+ o+ 425%10°

4 12.21 + +H+ 4+ 875X10°

YCulture was carried out at 28°C in the basal medium.
4 and - mean halo size (+; <1 cm, ++; 15~2.0 cm,
+++; 3.0~3.5 cm).
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Table 5. Effect of inorganic nitrogen sources on mycelial
mass, enzyme activity and sporulation in the
cultivation of M. amisoplize ARS 978"

. b)
Inorganic Mycelial Diameter of halo Sporulation

nitrogen  mass  Chitinase Protease Lipase (ml™)

None 82 gL + +++ o+ 330x10°
(NHy;S0; 5.54g/L + - +  990x10°
NHNO;  494gL  + + - 700x10*
NaNO;  453gL  + + - 230x10°
KNO, 6.04gL.  + + - 1.00x10°

“Culture was carried out at 28°C in the basal medium
containing 1.0% (w/v) inorganic nitrogen source.

4 and - mean halo size (- 0 cm, +; <1.0 cm, ++; 1.5~
2.0 cm, +++; 3.0~3.5 cm).
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Table 6. Effect of organic nitrogen sources on mycelial mass, enzyme activity and sporulation in the cultivation of M.

anisopliae ARS 978"

Diameter of halo”

Organic nitrogen Mycelial mass Spoml_z}tion
Chitinase Protease Lipase (ml")

None 82 gL + +Ht ++ 330x10°
Soybean meal 560 % + + ++ 196 x 10°
Com steep liquor 5.78 gL + ++ - 6.00x 10
Proteose peptone 734 gL + - ++ 3.00x10*
Bacto-peptone 570 gL + + + 4.00x10*
Tryptone 9.63 g/L + +++ + 7.00% 10*
Hydrolyzed casein 898 g/L + ++ + 1.00x10°
DDS 750 g/L. + + ++ 1.08x 10’

“Culture was carried out at 28°C in the basal medium containing 1.0% (w/v) organic nitrogen source.

b .
)+ and - mean halo size (~ 0 cm, +

L
FET

o, 849 4% 45dn ¥R 1.08 % 10"/ml
2 7F¢ =A Jepdt 28y tryponed) hydrolyzed
casein® AU Z ARRE7llE UF :7te] wjR|o]
BE 3 7180 Fue ZaE B v shsAe] gle
B2, tryptone?} A FE9 4 ARtk
F 7 tryptoned] Fxo] WE AIE tryptone?

o
oyt

7} F7Vgel wel FAEo] Frtste] L0%wmOlA 7}
A =%, 849 BAL S5IEAN ¥R o
A3 e FFolUt

Table 7. Effect of tryptone concentration on mycelial
mass, enzyme activity and sporulation in the
cultivation of M. anisopliae ARS 978"

Tryptone Mﬁal Diameter of halo” Sporul_a}tion
%(WlV) (gL) Chitinase Protease Lipase (ml")
02 5.34 + ++ +  340%10°
04 698 + ++ o+ 240%10°
0.6 6.82 e+ 100X10°
038 8.15 + e 220X10°
10 8.25 + e+ 250%10°

UCulture was carried out at 28°C in 1%(v/v) molasses
medium containing different trypton conc.

®+ means halo size (+; <10 cm, ++; 1.5~2.0 cm, +++;
20~25 cm, ++++; 2.5~3.0 cm).

Ze)

5o 42 ZAd= F 8o HojFr. Fu)

<1.0 cm, ++; 1.5~2.0 cm, +++; 2.5~3.0 cm, ++++; 3.0~3.5 cm).

FE7F SV weh #AFe] 718k, 1.0%(wiv)

sEoA oF 912 g1o] HAFS YA, a4 A4
TAe) AUE FEs. ol Ane 53 TAY
2 229 FL7} tryptoned] ZA$HT FUleigorng,
A ek 2 ARsgen A3 ¥
T 1%(wv)olth

ArYo

Table 8. Effect of the concentration of distiller’s dry
solubles on mycelial mass, enzyme activity and
sporulation in the cultivation of M. anisopliae

ARS 978"

drl;isiﬂslra’lses Mr)rl;zlsial Diameter of halo” Spo ml_alltion

%(wiv) (g/L) Chitinase Protease Lipase (ml”)
02 526 4+ ++ 4+ 189XI10°
04 570+ o+ o+ 350X10°
06 6%  + + aer 335X10°
08 770+ o+ e 475XI0°
10 9.12 + + 4+ 805X 10°

“Culture was carried out at 28°C in 1%(v/v) molasses
medium containing different distiller’s dry solubles conc.
®4 and - mean halo size (- 0cm + <10 cm, ++; 1.0~

1.5 cm, +++; 1.5~20 cm, ++++; 2.0~2.5 cm).
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Table 9. Effect of various inorganic salts on mycelial mass, enzyme activity and sporulation in the cultivation of M.

anisoplice ARS 978"

Diameter of halo”

Tnorganic salts Mycelial Sponﬂ_a}tion
mass(g/L) Chitinase Protease Lipase (ml)

C0S04.7H,0” 7.76 i + 4 8.80 % 10°
ZnS0,.7TH,0° 8.86 P T 7.60x10°
FeS0:.7H,0° 6.84 P + 117x10’
MgS0;.7H,0” 8.80 ++t e+ 1.08 x 107
Kc® 7.66 +++++ ++++ 1.40% 10
CaC12.2H20d) 7.64 ++ e+t +++ 1.17x10"
CuCl,.2H;0° 438 . ; - 4.65x 10°
MgCl,.6H,0” 8.08 + bt 4t 5.80% 10°
MnCl,.4H,0° 7.88 + 4+ +++ 7.85%10°
CaCoy” 10.94 + o 4+ 8.75x10°
NaCl? 736 ++ —— ++ 5.75% 10°
KH2P04d) 8.34 + -+ +++ 143X 107
K,HPO,” 736 + bt " 6.70x 10°
None” 8.74 + ++ +++ 2.55%10°

ICulture was carried out at 28°C in 1%(v/v) molasses, 1.0%(w/v) distiller’s dry solubles medium containing various inorganic

salts,

Y+ and - mean halo size (5 0 cm, + <1 cm, ++ 1.0~15 cm, +++; 1.5~2.0 cm, ++++; 2.0~2.5 cm, +++++ 2.5~3.0 cm).

90.2 %(wfv) conc.
%5 %(w/v) conc.
9No inorganic salt was added.

MgS0s, ZnSOs & WEFHT F& dA#FHY 29
245 et

Table 10. Effect of the concentration of CaCO; on my-
celial mass, enzyme activity and sporulation
in the cultivation of M. anisoplize ARS 978"

CaCO; Mycelial ___ Diameter of halo”  Sporulation
%(wfv) mass(g/L) Chitinase Protease Lipase (ml'l)
None? 7.2 + ++ o+ 355x10°
0.05 8.46 + ++ o+ 300x10°
0.1 934 + ++ o+ 475%10°
02 10.04 + ++ o+ 745%10°
03 1146 + e 740X 10°

YCulture was carried out at 28°C in 1.0%(w/v) molasses,
1.0%(wfv) distiller’s dry solubles medium containing
different CaCO; conc.

Y+ and - mean halo size (- 0 cm + <1 cm, ++; 1.5~20
cmy,  +++; 3.0~3.5 cm).

“No inorganic salt was added.

a8 CuChe| A¢E TAFE W @Fa 549 &
A Ae YehtA @itk ol F CaCo:e) 347}
1094 g2 7} & wAFS Yy, a49 &
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# 102 CaCO9| ¥E=F WA Aot CaCO
T2 005~03%wWWME WSS W CaCO; &}
7hgel e}t gA o] F7hstAth 03%(w/v) CaCOso)
A 7Y E2 1146 glo] FAFS A%, a4 B4
2 A WA kel 03%wWWME AFE CaCOy
FERE A8t

ANA 08 M. anisopliae ARS 9789] tjFujke 913
AR 24 1.0%(v/v) molasses, L0% (wjv) Fuh, 17
I 03%wv) CaCOZ FAH Geulx)7t #A%, a4
o B4 ¢ A A4S neAE o Hs wiAz
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relating to the pathogenicity of

Selection of optimum medium for mass production of Metarhizium anisopliae ARS 978

Ki-Hyuk Moon, Jeong-Weon Yoon, Cheol-Sik Yoon', and Seung-Wook Kimn(Dept. of Genetic Engineering, The University
of Suwon, Suwon, Korea, 'Division of Entomology, National Institute of Agricultural Science and Technology, RDA, Suwon,
Korea, and 2Dept. of Chemical Engineering, Korea University, Seoul, Korea)

Abstract : The purpose of this study is to investigate the liquid culture conditions for mass production of Metarhizium
anisopliae var. majus ARS 978 which is a potential microbiological pesticide. The temperature and pH range for optimal
cultivation were 28°C and pH 7.0, respectively. For M. anisopliae ARS 978, 1.0 %(v/v) molasses, 1.0 %(w/v) distiller’s dry
solubles, and 0.3 %(w/v) CaCO; were found to be the proper nutrients, considering cell mass, enzyme activities and spore

concentration.
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