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ABSTRACTS : Several bacteria are known as the causal agents of diseases of the cultivated button mushroom(Agaricus bisporus)
and oyster mushroom(Pleurotus ostreatus). Pseudomonas tolaasii is the causal agent of brown blotch disease of commercial
mushrooms. Pseudomonas sp. HC1 is a potent biological control agent to control brown blotch disease caused by

Pseudomonas tolaasii. This can markedly reduce the level of extracellular toxins (i.e.,

tolaasins) produced by Pseudomonas

tolaasii, the most destructive pathogen of cultivated mushrooms. To define the optimum conditions for the mass production of
the Pseudomonas sp. HC1, we have investigated optimum culture conditions and effects of various nutrient source on the
bacterial growth. The optimum initial pH and temperature were determined as pH 5.0 and 20°C, respectively. The optimal
culture medium for the growth of tolaasin inhibitor bacterium was determined as follows: 0.9% dextrin, 1.5% yest extract,

0.5% (NH,),HPO,, 4mM FeCl;, and 3.0% cysteine.
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Tl O Alase] Pol, ), ol ol 2
] Hjojghy 55 do7= ZoR dTA
ML 2= Pseudomonas tolaasii, Pseudomonas
WY Pseudomonas
1996; Wong et

agarici, Pseudomonas gingeri Z12]3L
reactans 5°] BIEJH(Wells et al.,

al., 1982; Young, 1970). WA A sl= Mo 22 F
Hye =2 pAle] Zt HEo] ZANLE SAss §o
2], WAte] Fatke B AFOIN AEAAIE Fojmg
= she] & o] Hi k. Al AN THEe

Tolaas (1915)°] <2Jsfe] 22 HIESRI, Paine
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(1919)°] &3t P rtolaasiiz HHEAJTE. P tolaasii=
EH, o], BAHA Foll Z2AFHE S doTl= tiE
Zel vl Hdao|th(Tsuneda er al, 1995; Rainey et al,
1992; Goor et al., 1986). &732 02 P tolaasii= B0l
A E2lEe st 34 PseudomonasEZ w5 FASE
of, Al 54 2 FdEFaeTAdd o3 o RE 55
3l o] o] H T (Wells er al, 1996; Goor et al., 1986). &=
g+ P tolaasiidll &1& A5 S/ P gingeriol el &
AEE de 72 (yellow-brown)2] ¥HH<l ginger blotch
disease$} A 548 7KK ATH(Cutri er al, 1984;
Wong et al., 1982). P tolaasii= tolaasin®|2He S5 At
slod Az vto®m FHjehH o] Z4w wAl Alxdel]
Eo] o] 2FE P EHolE B olof wE AlxY AHF
el WS F3 AlzEte] 9], A9 AL 55 Fote
2RSS dodle Ao dEA o™ (Brodey er
al., 1991; Rainey et al., 1991; Cho and Kim, 2003) ©] 2=
= Wedire] S 4oyl dash P ek ¥
AAIAE B 7 tH(Brodey ef al, 1991; Nair and Fahy,
1973; Rainey et al.,, 1991). Tolaasin> ©}v| =4t 1872 -
e ExFF 1,985 Da9l lipodepsipeptideZ, N-Z&o] A
hydoxyoctanoic acid®} acylation®]o] om, C-Lte]
lysine2 141 2] threonine} lactoneS FAJ3te] FFATH
< sl e 23 gAREE]e] B A o (Nutkins ef al.,
1991; Jourdan et al., 2003).

o] B wmAle] AFLE 16°Ce H5 8090%14 F7
SHE o)A opRl e Mo Z4E YPAdste] HA
oo AMFHEE EAIZITH(Nair and  Fahy,
1972). ZPAFHH S F2 WA FEde]] deA T
2o Aete Felle AT W R
u-g- o {2 W A Foll= WAZE Aol =7t
H AEA AujAL A2 FA A AF o
F7Agole MAlE A ek sl e Av s
(Kim ef al., 1994).
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N ZNFYH YT P tolaasii7t EH]|S=
(tolaasin)E Assl= Aoz 3AE  Pseudomonas sp.
HC1 432 A8k th(Lee ef al, 2013). ©]3F RE 2
Fol|4q]= R2AHA] (Reasoner and Geldreich, 1985)<} 71
EH)| %] (Stanier ef al., 1966)E ©]-&3lo] AT}

5

Hi A =

HC1 #5°¢] uga=g 2A] 918 R2A HAuj=]e]l
CHI 752 HZE3 5 5°CollA] 40°C7HA) 5°C 7H4 o= %4
B el (180 pm, 24AI17H)0llA 244 7F wiFE F
600 nmoll X FEE=S ZABPEA Al 2EE 24319

=7| pHO| H&t

%7] pHOl W& CHI 459 ASHYEE AP 9
3l R2A A HIAE 1 N NaOH$} IN HCIE o] &3}
pH 3.0914] pH 117F4] pH 1.0 7+H 2.2 RA s x1eH)
%71 (180 rpm, 28°C)ollAl CHIZ 24417+ ¥l 5 & 600
oA FREE AIHA Al s ARSIt

Lo ME SAXsH e S40 0|X|l= A

ShAeEFe] A wdzAs AR $lske] 7]E)
A (Stanier et al., 1966)°] €49 fructose 5 18%, F71
A4 NH4Cl 5 65, 71249 peptone 5 6% 12
3L olu|:=2t asparagine 5 1152 47 1%% 78K
3, 77197 135S | mM TR Fste] 2zt tist
AEFEE AT gk Al 7hzte] sl o)
g HA s=E XAks] flste] Azke] RS 0.1%¢l
A 4.0%7HA wiAlel] H7tete] 24A17H5 e Rl (180
rpm, 28°C) ¥ A EE AL
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Fig. 1. Effect of temperature and pH on the growth of Pseudomonas sp. HC1.
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Fig. 2. Effect of carbon sources for the growth of Pseudomonas
sp- HC1 in basal medium. 1: Fructose, 2: Galactose, 3:
Saccharose, 4: Soluble starch, 5: Inositol, 6: Glycerol, 7: Xylose,
8: Dextrose, 9: Lactose, 10: Dextrine, 11: Na-CMC, 12:
Adonitol, 13: Mannitol 14: Mannose, 15: Maltose, 16:
Raffinose, 17: Cellobiose, 18: Ethanol, 19: Salicine.
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Fig. 3. Effect of Dextrine concentration on the production of
detoxifying substance by Pseudomonas sp. HCI in basal medium.

2=} pHOl| 2 Q&

Al HC1 #9] HA AF2EE T3] st
tget 250 A3S A AslS 5°C~45°C7t
A 5°CHAL R AZAEE AR A3t 10°ColA 20°C
7] =7 SRS AS Ao SetelA Fteke
WIS Ao}, 40°C o)l e FE A 8ol A5t
=k EA Asld HC1 755 20°ColA Aso] 7}
2 FUT. Aslld HC1 #57¢] A5l vlx]= pHE] &3
= 7AE37] 93kl pH 3, 4, 5, 6, 7, 8, 9, 10, 11014 A
SAEE AR A3, pH 4.0 olstollAe o] A A
S84 ke, pH 5.0004 7 Aol Sk
pH7} SEHETE o] A8 4 Pobdrh(Fig. 1).
24 HC1 #379] H2 pHE 5.00.8 1% hFig. 1).

Eta2o] mE HE

EhAS Adbslr] 918k fructose, galactose, saccharose,
soluble starch, inositol 5 197}X]2] ©4AYS 7]Zu|A]d|
ZFzy 1% A7Fske] 20°C, 180 rpm o= Xl eHul 43t
2447 & go] S-S A Y. L A3 Dextrines
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Fig. 4. Effect of inorganic nitrogen sources for the growth of
Pseudomonas sp. HCl in basal medium. 1: NH,CL 2:
(COONH,),, 3: NH,H,PO,, 4: (NH,),HPO,, 5: NH,NO,, 6:
NaNO,, 7: (NH,),SO,.
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Fig. 5. Effect of (NH,),HPO, concentration of the production of
detoxifying substance by Pseudomonas sp. HCI in basal medium.

A71ek vix|oA 7 =& A8 B TH(Fig. 2). Dextrine
o] FLHE # AFHEE A 43 0.1-3.5%7H] ¢
Tk S-S HAAL 3.5% ol sRoAAE o ASo] A
5= RS Bl o, Dextrine 0.8% H7F3H v x|
Al o+ A5l 7P EUTh(Fig. 3).

2I|=ael0f wE Q¥

F1AaYs eyl f8te] NH,CIL, (COONH,),,
NH,H,PO,, (NH,),HPO,, NH,NO,, NaNO,, (NH,),S0,<
71z Al Zb2E 1%4 "7kste] 20°C, 180 rpm o= %l
guleFaste] 24417 & 45 ASS ERIET. 1 4
7 NaNO,& #H71et vixle = o] A&k X3t e
o, YAz 657 Fr712489e Hre vz o+
A&l vHig S BT ol T o ASo] 7P =
P (NH,),HPO,E #H7Iek wiA|E& Atk (Fig. 4).
(NH,),HPO, 29| HZHFLZ Adar|dste] 0.1~1.0%
FEOA F ASE A A 0.1~0.5%7FA Rt
AFE BHAI 0.5% oY F=oAAM = Agel Ad=Ee
A4S B 71449 (NH,),HPO, S 0.5% 7I38h
HiR] oA o 5ol 7Y EUTHFig. 5).
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Organic nitrogen sources

Fig. 6. Effect of organic nitrogen sources for the growth of
Pseudomonas sp. HCl in basal medium. 1: Peptone, 2:
Soytone 3: Urea, 4: Casamino acid, 5: Tryptone, 6: Yeast
extract, 7: Malt extract.
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Fig. 7. Effect of Yeast extract concentration on the production
of detoxifying substance by Pseudomonas sp. HCI in basal
medium.

F71d429E Adslr] 9131 Peptone, Soytone, Urea,
Casamino acid, Tryptone, Yeast extract, Malt extract=2 7|
Ao Z17E 1%4 H7}8ke] 20°C, 180 rpmo.2 F1Eh]
Fate] 2447F F HC1 #52 B5S glsiirt. 2 4
2 2 Aol H]3l soytone} yeast extractol| A +F AY
o] Wit} o] F o AFo] 7P S yeast extractS
Z7Fek w5 Al Th(Fig. 6). Yeast extract2] #2&
TE M) 95k 0.5~3.0% FEoNA F S-S FAL
g AF 0.5~1.5%7HA] 5ol HA =oAL 1.5% o
oM Ago] <kt A3yt FHULeW, yeast extractES
1.5% 7k wiA oA+ Aol 7P vt wEbA
yeast extracts 1.5% F7Is WA & fr1dadoz A

A TH(Fig. 7).

ofo|:-ttof] HE AEk

oMieARS AWEl7] 918ke]  asparagin, methionone,
proline, leucine 5 127F4] o} =2k 7| Zzul Aol ZH 1%
A H7kste] 20°C, 180 rpmollx] KEHeFale] 24A17F &
HC1 759 S-S 1810t 2 23 methionine, leucine,
valine, aspartic acid, glutamic acid, cysteine, threonine2- %7}
gk jR]ellM = o] ASEHA] Zsk o™, arginines H 7+
HiRJ oA A S0 7H EQkTHFig. 8). Arginine2] A E k-
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Fig. 8. Effect of amino acid sources for the growth of
Pseudomonas sp. CH1 in basal medium. 1: Asparagine, 2:
Methionine, 3: Proline, 4: Leucine, 5: Glutamine, 6: Valine, 7:
Aspartic acid, 8: Glutamic acid, 9: Arginine, 10: Histidine, 11:
Cysteine, 12: Threonine.
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Fig. 9. Effect of arginine concentration on the production of
detoxifying substance by Pseudomoans sp. HC1 in basal
medium.
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Fig. 10. Effect of inorganic salts for the growth Pseudomonas
sp- HC1 in basal medium. 1: KCl, 2: BaCl,, 3: CaCl,, 4:
MgSO,, 5: ZnSO,, 6: FeSO,, 7: AgNO,, 8: Na,MoO,, 9:
KH,PO,, 10: FeCl,, 11: CoCl,, 12 : Li,SO,, 13: MnSO.

Aaksl7] 9151 0.1~1.5% 52 ASAEE AR 4
0.1~0.5%7HA] kst A B 0.5% ol dolx= AY
o] Aal|== Z& RIS M, arginineS 0.5% 71513
u] #2850 71 =UATHFig. 9).
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Fig. 11. Effect of FeCl; concentration on the production of
detoxifying substance by Pseudomoans sp. HC1 in basal
medium.

F71472 Adsl7] $18ke] KCl, BaCl,, CaCl,, MgSO,,
ZnSO, 5 137K F718/FS 71zmA el 22k 1%4% 3
7¥sted 20°C, 180 rpmollA] IR 3ted 24A17F £ HCI
o452 LS Felsiitt. 2 A3 FeCli S 713 wiA]
AN F S0l 7 E=UTHFig 10). FeClLe 522
Autel7)9ste] 1~10mM FEEE 79 4SS Felst
Ag o= 1~10 mM7FA] A9 Hl=dk AFES B
ol F Aol 7P 2L 4mME FEH FEE A

SFA TH(Fig. 11).
¥ Q

WA AN T QA2 Pseudomonas tolaasiiol
gt S8+ o2 BALE Pseudomonas sp. HC1 o
o WA 543 HA WS g A E sk
o} CHI#F2] A8-2%E 20~40°C, pHE 5.0~11.07H4]
W WelolA e ASS B e A%
BEAQ G ALS fste] Z1EuiA] w4
fructose 5 18%, F71284%Y NH,Cl 5 6%, 71444
peptone 5 6% 18] o}v]:=4t asparagine 5 1152 Zt
ZF 1% JA7VsIAAL, 77197 135S 1mM 58 3
7kste] Zhzbe tigk Ao miX= FEFS ARSI
ok dube Zhzhe] GRSl Uitk A FE AL
371 9ste] Z4zte] AES 0.1%14 4.0%7HA] HijA] ol
A7rste] WSS ASAHEE AT 2 A3, ol
UL 3 A HHFALS L% 20°C, pHS, &9 0.9%
dextrine, 71249 1.5% yeast extract, F7]2AY
0.5% (NH,),HPO, ©}|:=%F 3.0% cysteine, 7718/
4 mM FeClLol|A 3 8-S BT}
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