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Optimum cultivation conditions for mass production of
antagonistic bacterium Alcaligenes sp. HC12 effective in
antagonistic of browning disease caused by Pseudomonas

agarici

Chan-Jung Lee*, Ji-Won Moon, and Jong-Chun Cheong
Mushroom Research Division, NIHHS, RDA, Eumseong 369-873, Korea

ABSTRACT: This study was conducted to investigate optimum conditions for mass production of ntagonistic microbes Alcaligenes
sp. HC12. Alcaligenes sp. HC12 had a potent biological control agent to control browning disease caused by Pseudomonas
agarici. Alcaligenes sp. HC12 markedly showed the antagonistic activity against Pseudomonas agarici, the most destructive
pathogen of cultivated mushrooms. To define the optimum conditions for the mass production of the Alcaligenes sp. HC12, 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 9.0 and 30°,

respectively. The optimal concentration of medium elements for the

growth of pathogen inhibitor bacterium(Alcaligenes sp. HC12) was determined as follows: 0.5% dextrine, 1.5% yest extract, 1.0%

NaNO;, 0.5% KH,PO,, and 1.5% asparagine.
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A Pseudomonas reactans 5°) RIL= A THWells ef al.,
1996; Wong et al., 1982). o] HAFES HAle &
s g APl A AEZIRE "ojig]= shte] glo]
ATH. AlFA AL Tolaas (1915)0] 2]&}e]
SO Z HIFJI, Paine (1919)9 2l3td P rolaasii
2 HREAT. WA AJAX= P rolaasiidll ©gk 2
T S P ogingeridl 93] WAEHE > 44
(yellow-brown)2] HHH 91 ginger blotch disease2} A}
Sk A4S ZF=TtH(Wong et al., 1982, Cutri et al., 1984).
FEol Aupel] o] B o 2FF[E Aleto] HE Yo7
NS ©|& F Pseudomonas gingeri = giner blotch
U073 (Geels et al., 1994), Pseudomonas agarici
GFEol zto] ®He] e HFHE HAl FA st
FEAAS AT ZeZ HuEo] Qth(Bessette er
al., 1985]. =3¢ Pseudomonas agarici = “E}2|HAlo
yellow blotchS U273 (Lee et al., 1998), ¥o0] 72t}
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w9 o5, W A Foll= A7 AL BrbsstH, g
H IS AuiAL A2 FASHA dAE s -
e #AE H3 FgsiA| sl ske 540 o
(Scherwinski et al., 2008).

FHZoll= A& 7Fee JSEEAH g |
A slshseke]l diotom Al Ew el tist A3y
9] AETHA WAlol o)t A7t EdebA A Q)
th(Scherwinski e al., 2008). A&#S o]&3F 2Ry
ol WAE QAEg ol NairZt Fahy(1972)7F <
o7 AFSAIL, ZH2(Olivier et al., 1978)9} Efo|¢H
(Liao et al., 1980)91 A|&et AFE o]&sf dhwf A<
Hog AESH AAZ o]} tt. P fluorescens?t P
tolaasiioll tall 23745 7HITaL aFl o} Wedtel] H
3 goufe] W2 7h lojof mar) glerm AdgAol
HojHthal Bl S TtH(Nutkins et al., 1991). =fujol|A]
£ Lee 5(2013; 2014)°] Al Fe o] #H]sh= =
Ax(tolaasin)g F-53}8l= Pseudomonas 4545 AAE3le]
Y 208 ARSI RSt dF FAAE
o] &3 s}k WiAllet AW ES o83 =2 WAl
ol Al&ste] AlmE AL QUA|RE op2] fEE vk 39S
AFA B3l = A o|th(Park et al., 1992). 3 W
A& ket Aol ogh WA= QPAAEAR Aol o]F
7] el A Aol oFk A2 el =Yol
{753 Sl
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AN TG LD P agaricidl FH4E9S 7=
Aoz ZRI%E Alcaligenes sp. HC12 5 (Lee et al.,
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2016)5 FAISH. ©lst RE A= R2AHIA]
(Reasoner and Geldreich, 1985)9} 7]Eu) %] (Stanier et
al., 1966)= °l-&sto] A skt
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40°C7HA] 5°C 7HAeR ZAE ZEHE7] (180 rpm, 24
AIZHyolA 24417 B kgE £ 600 nmolA FHEE AL
st Aol BEE S5

=7| pHe| Y&

27| pHel W& Alcaligenes sp. HC12 52| 454
=5 ZAR] f1te] R2A HAEIAIE 1 N NaOH9H IN
HCIS ©]-&3}o] pH 394 pH 117}4] pH 1.0 7+42o2
HAS e (180 rpm, 28°C)OIA  Alcaligenes
sp. HC12E 24417+ vl & 600 nmoA SEE=E ZA}
ShAA Al DEE AT

Fetelof wE ZEn|dEe| sS40 ojx|l= HE

Agm o] HA wjgFzE 2AE] flste] 7120
A (Stanier ef al., 1966)° ¥4x¢ fructose 5 18%, 77|
Ao NH.Cl 5 6%, 7712249 peptone & 6% 18]
3L ofm|=At asparagine 5 1158 ZH2F 1%% H718EA
3, F719%F 135S 1 mM S Hrtste] zhzte] gist
A =S AT B3 Aube zhzhe] RS b
gk HA FEE XA et 7Y AEs Ha
0.1%14 Zth 4.0%71A] wi=]ell F7hste] 24474t 31
Bl (180 rpm, 28°C) ¢ AFAHEE AN

=t

21t 3 JF
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28} pHO| 2 st

A3l Alcaligenes sp. HC12 42| HZ& S8 +
Bal7] flste] tdet x| AFES AT Al
S 5°C45°CTHA 5 CHA R ASAEE ZASE A3t
15°C o]0l F23F A8-2 B, 20°C~40°CollA 7H
55 FAISIAT}. (Fig. 1). Al Alcaligenes sp.
HC12 #72] A&l mX= pHe &35 HS3] $3t
o pH 3,4,5,6,7,8,09, 10, 1191A ASHEE AR A
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Fig. 1. Effect of temperature and pH on the growth of Alcaligenes sp. HC12.



= AV} el A5HA] TGt webr] w50 FHAA
& L2E 30°C, pHE 9.021 Ao g 1% thFig. 1).
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S-S Adkslr] $131e fructose, galactose saccharose,
197121 9] §A91E 7] Zu)A] ol
H7¥ste] 20°C, 180 rme’i ﬂﬂuﬂ%}ﬂ
2417 - F30] S-S AT 2 A3 dextrines
A7k iAol A 7?” 2 *gir*‘ HAT(Fig. 2).
dextrine®] FEHE # ASHEE A 43 0.5% ©|
stoll A 4% A5 Xﬂ s E"i_’ 2.0%NX = A€
53R X3k THFig. 3).
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NH,H,PO,, (NH,),HPO,, NH,NO,, NaNO;, (NH,),S0,<
71zl 242 1%2 #H7Fste] 20°C, 180 rppm o2 3l
Fufgstel 24417 & #0] &S A8kt 2 2
7 NaNO,;E H7Igh wiAlellA A&l 7HE 2“1,
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Fig. 2. Effect of carbon sources for the growth of Alcaligenes
sp- HC12 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
inhibition substance by Alcaligenes sp. HCI12 in basal
medium.
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7+ B5E ZARE A3 NaNOsg 1.0%
o Aol 7P FUTHEFig. 5).
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F71-d 29S8 Adslr] 918k peptone, soytone, urea,
casamino acid, tryptone, yeast extract, malt extract2 7|
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Fig. 4. Effect of inorganic nitrogen sources for the growth of
Alcaligenes sp. HCI2 in basal medium. 1. NH,Cl, 2:
(COONH,),, 3: NH,H,PO,, 4: (NH,),HPO,, 5: NH,NO,, 6:
NaNO;, 7: (NH,),S0,
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Fig. 5. Effect of NaNO, concentration of the production of

inhibition substance by Alcaligenes sp. HCI12 in basal
medium.
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Fig. 6. Effect of organic nitrogen sources for the growth of
Alcaligenes sp. HC12 in basal medium. 1: Peptone, 2:
Soytone, 3: Urea, 4: Casamino acid, 5: Tryptone, 6: Yeast
extract, 7: Malt extract.
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grolslitt. 2 A3 o2 @AYol B8 soytoned} yeast
extractol| Al o AFo] Wit} o] & F +F AFol /M F
2 yeast extracte FH7FgH wiAE AALSHATH(Fig. 6).
Yeast extract®] HAE=E ALst7] 93t 0.5~4.5% &
oA i BEE AR AF 1.5% H7HE iR olA
AFo] 71 Fkeh(Fig. 7).
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Fig. 7. Effect of yeast extract concentration on the
production of inhibition substance by Alcaligenes sp. HC12
in basal medium.
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Fig. 8. Effect of amino acid sources for the growth of
Alcaligenes sp. HC12 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 L-asparagine concentration on the
production of inhibition substance by Alcaligenes sp. HC12
in basal medium.

otol:-tof] HE Qe

ofr|iAkS AWkslr]  98ke]  asparagine, methionine,
proline, leucine 5 12714 ofu]:=Ake 718 =)o) 2k} 1%
A A7¥eted 20°C, 180 rpmollx] XIEufFate] 24417 &
HC12%59] ASS IRIsktt. = A3} asparaginet
glutamic acidlA o A&o] 7P EJTE (Fig. ).
Arginine®] FHAFEE AdLsl7] 98t 0.1~2.5% =
2 AEHEE AR A3 1.5% 7RO 7o A
Fo] 7P £3%oH, 1.5%9] asparagines HATEZ A

Wl Th(Fig. 9).

27|70 e A

F7197F2 Adsl7] $1ske] KCl, BaCl,, CaCl,, MgSO,,
ZnSO, 5 137K F719/FE 71zuA] o 2+t 1%% 3
718k 20°C, 180 rpmollA] X EH]Fsle] 24A17F 3 HCI12
7452 A¥S s, 2 23 KC13 KH,PO, S 3
7k wiA A i Aol 7S =34t (Fig 10). KH,PO,
o] HAFEE ALal] 95t 1~10 mM F=H=Z 9]
S Fel8lgS o= 0.5~3%7H] 5 B8-S B
2ol F Sl P L 0.5%S FUIER TEE A
W3l ThFig. 11).
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Fig. 10. Effect of inorganic salts for the growth Alcaligenes
sp. HC12 in basal medium. 1: KCl, 2: BaCl,, 3: CaCl, 4:
CoCl,, 5: Li,SO,, 6: MnSO 7: MgSO,, 8: ZnSO,, 9: FeSO,, 10:
AgNO,, 11: Na,MoO,, 12: KH,PO,, 13: FeCl,.
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Fig. 11. Effect of KH,PO, concentration on the production
of inhibition substance by Alcaligenes sp. HC12 in basal
medium.
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Table 1. Culture condition of Alcaligenes sp. HC12 for the
maximal production of inhibition substance

Induction temperature 30°C
Initial pH 9
0.5% Dextrine
1.5% Yeast Extract

Optimal medium Carbon source

Organic N-source
Amino acid 1.5% L-asparagin
1.0% NaNO,

0.5% KH,PO,

Inorganic N-Source

Inorgarnic salt

HC129| =& H{f=ZA

»W Mgz Table 13+ 2k,
29 0.6% adonitol, 71249
429 0. % NH,H,PO,, °}7]=
= 5 mM MgSO,9

ZE0|ME

A3 A= HC129
£== 15°C, pH 6.0,
1.5% yeast extract, —,—7] RIS
A+ 0.2% asparagine 22|32 F7|EF
A Aol 7 FUATH(Table 1).

5 2
WA Al AT A DA Pseudomonas agariciol
et 2 EZ BIH Alcaligenes sp. HC12 o52]
Wi FA S o wi S Ik HAlS 20 s AAE
ATt HC12T59] AS2EE 20~40°C, pHE 6.0 ©|%
A e S-S BT S A 284
P& AdS fste] 7]EuiR]o] gAY fructose 5 18
%, 7714249 NH,Cl 5 6%, 771444 peptone 5 6
% 8|3 olu|x=2t asparagine 5 1152 272 1%
HA7FIARL, #7197 135S Hvkete] 2zt gig A
BIFS ZAbeIATH. g AdE 7H7e]
s st 7t}
1%1A4 H 4.0%71A] vl 3 7}sto
g & ASAEE AT 2 A3, ks g
AE&HAAZAL &% 30°C, pH 9, ©4% 0.5% dextrine,
71829 1.5% yeast extract, 771249 1.0% NaNO,,
1.5% asparagine 22|32 F7]9FE 0.5%
KH,PO A e A5S B3t
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A4 BEg 2A]
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