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ABSTRACT

A Pseudomonas fluorescens was selected from mushrooms and studied in both batch and fed-batch cul-
tures in order to get maximal biomass concentration. P. fluorescens is an aerobic bacterium and antago-
nistic to Pseudomonas tolaasti which causes blotch disease on the mushroom cap. P. fluorescens and P.
tolaasii were identified by Gram staining, gelatin liquefaction, oxidase test, etc. and were characterized
by pigment production, temperature sensitivity, salt tolerance and rapid pitting test, etc.. Cells of P. fluo-
rescens well in medium containing 30g/L of glucose, whereas the growth was inhibited at the glucose
levels at higher than 30g/L. The highest values of specific growth rate and productivity were obtained
when using 10g/! of yeast extract. Optimum concentrations of NH,Cl and (NH,),SO, for culture were
found to be 1.0g/L and 0.1g/L respectively. Optimum concentration of MgSO, - 7H;0 used as a sulfur
source was 1.0g/L. It was also found that the cell concentrations reached the maximum level when
grown on the medium containing 1.0g/L of KH,PO, and 0.1g/L of CaCl,. Alsc, the optimum culture con-
ditions were 30°C and pH 6.0. Cultivation of P. fluorescens at high dissolved oxygen(DO) concentration

led to a decrease of bacterial productivity in batch culture. Maximum productivity was achieved at 40%
DO concentration.
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AR sz el = WA s, P. tolaasiiz} B4 =
Faol st} WAl capA] o] FEEH A HLA
o) gk A o7 W3l=TH(2).

WA 57l A= W A9 Bl P. tolaasii g A}
HA]17]7] A FAAE Fislz glo Az



Vol.7, No.4

A-g wiekabr] Aol Al vy Wide] 7tsl
of A=, FHFHo2RE Ao g=o] Al
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Table 1. Media composition for stock culture of P. fluo-
rescens and P, tolaasii.

Components P. fluorescens P. tlaasi
(g/L) (g/L)
NH.CL 1.5 1.0
MgS0O;, * TH.O 1.0 0.5
(NHo:SO4 0.1 0.05
CaCl, 0.1 0.05
Yeast extract 10.0 5.0
Glucose 20 2.0
KH:PQO, 1.0 —

T 2ol % 84

Zdde] AR “ele|MAY capFHE FFHT
of Yof o2} Ad EE t}d J94& PAFWA|(5)
o] HF-sted 25Cel|A] 24212t wioF ¥ colony F$)
o] AL FH= P tolagsii®} 3349 P. fluores-
censE HE|slgct. o W PAFuz]e] zAe
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Bacto-tryptone 10g/L, Bacto—proteose peptone
No. 3 10g/L, dipotassium phosphate 1.5g/L, mag-
nesium sulfate 1.5g/L, Bacto-agar 15g/L 831
Bacto—glycerol 10g/L¢c}.

P. fluorescens®} P. tolaasii®] £A4& =A}3}7)
#8te] Gram JAY 2t ohjg} exoenzymes) A
A RE dolrr] 93 8% gelatin® 2 gelatin
liquefactiong A1#3tgd3, 1% Kovac's oxidase
reagent® cytochrome ¢} o]o] BalF oxidased
&30 5 oo} R9irl. L-Arginine dihydrolase test
= 718 zAdA cello] arginine®ZXE] am-
monia®] A& ool 945t peptone 1.0g/L,
NaCl 56.0g/L, KH,PO, 0.3g/L, agar 3.0g/L, phe-
nol red 0.01g/L. Z8]% L-arginine-HCl 10.0g/L
£ 7§ Thornely’s medium& o] &35, sta-
rch hydrolysise] W& ZAR= 0.8% potato starch
g o83t cell®] starch ¥a)58 Golrgton],
A9 WAL King's B medium(6) 2.2 atsly
t}. 12|12 temperature sensitivity: nutrient
agar mediumel|A} 40C<} 0-4°ColA 749 colo-
ny AA %o o8 zAbsle]om, pathogenisity test
+ rapid pitting test(5, 7)2] Wb o2 A B
A&zt Edel| browning A HF2 wohaly
3, glucose, glycerol, fructose, sorbitol, inulin, glu-
conate, lactate, ethylene glycol, succinate, starch,
arabinose, lactose, maltose, galactose, xylose 5-2]
o] %5 FAH3 915t 1.5% (w/v)) agardl 1
% (w/v)e] 7t7te] EAo] ##¥ nutrient mini-
mal mediag ARg-3hgict.

w3 Bacto—peptone 20.0g/L, Bacto—agar 15.0g
/L, glycerol 10.0g/L, K,S0, 10.0g/L, MgCl, 1.4g/
Le] KA medium3} proteose—peptone 20.0g/L,
Bacto—agar 15.0g/L, glycerol 10.0g/L, KH,PO, 1.
5g/L, MgS0, - 7TH,0 1.5g/1.8] KB mediumdi]A 6
A olFd ¥FAH FF-5 HAsig.en, nutrient
brothell ztz} 3, 4, 5, 6, 7% NaCl& H7}sld
3U-Et wioFsbA] Ao ofgt WAE o} Bakw,
colony®] ey EX-2 yeast extract 5.0g/L, pep-
tone 5.0g/L, glucose 10.0g/L, agar 20.0g/L)
YPGAu|A|ol| 4] 39 wiof ¥ Als] Hgjr}

2N Y

Cell mass : vjokod-g 2-4]7}mle} SmlA )2 5}
o 600nme] A o4 Spectronic 20(Bausch &
Lomb Co.) 2.2 optical density (0. D)& &3}
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ARZAE 2gom, 0. D.&} dry cell weight$}2]
Al A Aol FFFAE o435l wATBL A
Abslsd et

Glucose &3 : Glucosed <k& HPLC(Waters
model)o] Aminex HPX-87C column(Bio—Rad,
Richmond, Calif, USA)-& A}&-3ld &4},

J

M= HHQk

P. fluorescens®] 8ok total volumeo] 2.0L<]
fermentor(New Brunswick Scientific Co., Inc.)el]
working volume® 1.5LZ 3} AAJsisict. -7kl
of| A= P. fluorescens-— 3| Eujokgl ohe 244174
ojc} 713 200mla FHE £ A7 =2YE o
o) g4 AxFRE A8l wistE ool Bl

Az 8l n%

24 22| W S5y

Wong3} Preece(5)2] Pseudomonas Agarufj=]
(PAFul#], Difco)& AM-8le] P. fluorescense} P.
tolaasil s -2 it

PAF %’*&“HZM] WA A Rejgt JAs HEs)
of wjeFste] colonyF-¢iell 42 A& He P. fluo-
rescens®t ¥ FY 2] FE colonyE w48l ssich

P. fluorescens2} P. tolaasii®] T4 2 EAL
Bergy's Manual of Systematic Bacteriology(G)Ol] &
stel A3 testsh Wehed ERE 2AS)
Table 29} Table 3¢ Azlsldct. P. tolaasiiz} P.
fluorescens BT} glucose, glycerol, fructose, sorbi-
tol, inulin, succinate, starch, arabinose, maltose,
galactosed] &-& o)]4-%.& Bt}

iRl =X

A e dAe] A Ydes P87 carbon
source?} FA| 9 TR FA HQF whA, A4 n)
adg, <, 3 59 AESe] T3 g, PAF
B 2| | A screening3t P. fluorescensE vl ¥}
of 7} dokart A EA A v g FAlE
P. fluorescens?] =& wjokzA L& AkE3)icl

718 x| glucosed] JEke& 10, 20, 30, 40,
50g/L2 W33l pH 5.0, &% 30CA P. fluo-
rescens& HH kgt A3} glucose?] #Hafo] 30g/LY
W 7Pt 2 ARFEE 49z, A 85 45
A x] 5]1:}]%]"-‘ ddoich(Table 4). 18] glucose®
&7} 30g/L o)At d&= 038 AEFrrl tist

Korean J. Biotechnol. Bioceng.

Table 2. Identification of P. fluorescens and P. tdlaasi,

P. fluorescens P. tdaasii
Gram staining - -
Gelatin liquefaction + +
Oxidase test +
L-Arginine dihydrolase - +
Starch hydrolysis + -
Utilization of :
glucose + ++
glycerol + ++
fructose + ++
sorbitol + ++
inulin + ++
gluconate - -
lactate - -
ethylene glycol — +
succinaie + ++
starch - +
arabinose - +
lactose + +
maltose - +
galactose - +
xylose - -

Table 3. Characteristics of P. fluorescens and P. tolaasii.

P. fluorescens  P. tdlaagi

Pigment production + +
‘Temperature sensitivity(40°C) - -
Temperature sensitivity(0—4C) + -
Rapid pitting test - +
Fluorescence on
KA medium + -
KB medium +++ —
Salt tolerance(nutrient medium +NaCl)
3% ++ +++
4% + ++
5% - +
6% +
7% - -
YPGA(colony morphology) medium
white + +
diameter({3mm) ++ -
irregular -
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Table 4. Specific growth rate(s) and Productivity of P.
Sluorescens on various glucose concentrations.

Concentration of ~ Specific growth

glucose(g/L) rate(h™) Productivity(g/L/h)
0 0064 0.208
10 0.069 0219
20 0071 0229
30 0074 0236
40 0068 0217
50 0060 0204

% Cultivation were carried out at 30C & pH 5.0.

Table 5. Effect of concentrations of various ingredients

on the growth of P. fluorescens
. Specific growth .
Ingredients(g/L) i Productivity(g/L/h)
rate(h ™)
MgS0, - THO
0 0.130 0.036
0.5 0.115 0.038
1.0 0.130 0.045
20 0.103 0.037
CaCly
0 0.073 0.039
0.05 0.088 0.043
0.1 0.125 0.044
0.2 0.088 0.042
NHCI
0 007 0.036
0.5 0.07 0037
1.0 0.12 0.043
15 0.09 0.041
20 0.08 0.040
(NH)SO:
0 0.097 0.037
0.01 0.115 0039
0.03 0.109 0.040
0.05 0121 0.043
0.1 0.133 0.045
0.5 0097 0.033
KH:PO,
1.0 0.051 0011
1.5 0.046 0011

¥ Cultivation were carried at 30C & pH 5.0.
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o, glucose?] =S 30g/LE2 2AsT L 9]¢
WA 2L 7|RAE 7)ESE Flo] yeast ex-
tract®] o4& 3g/LelA 10g/LE W3iA|7]HA 3]
Hal oS AlX]) 3] yeast extracte] Feko] 10g/L
A P. fluorescens7} 7} wh2A A Asts o).

A WA 2AE HEte AirA] okl =
L W3] vl Ao P. fluorescens okl A E
A v A= GgE AR A FA Y F2HA
o B3 Airdel NHCIE 1.0g/LolM 714 =
< H]E%E'g‘ %%-o—-v‘], (NH,),S0,+= 0.1%/147]'
HAFxgdoh. 28l sulfur sourceEA] AM4-3h
MgS0, - TH,0& 1.0g/L7t HHF 22 Jepyton,
15g/Lol = 93] AlExwe] 748 Bt =
g CaClLe HArTL 0.1g/Ldx, 94 2.0g/L
d d& 238 AEFEst asisded, KHPO,
o) e 1.0g/LYS & 5 AAcH(Table 5).

o2k =H

<%, pH, $&423 5o 427 4E Ax
TEE &4l P. fluorescens®] dizhulads $1&
-9 uke-zE ARl Wk EE 30T
A 40C 7 2] wioFsle] Lx7) FAe] A
Aol vlA Qg dol A (Fig. 1) 30T}

Effect of Temperature
Log OD

-+ 30C -0~ 35C -® 4T

0.1 L d. L .
0 5 10 135 20 25

Time(h)

Fig. 1. Effect of temperature on the growth of P. fluores-
cens at pH 60.
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3BCAA AEexr) 718 9o, pHE 444
77121 ®W3X)AH P, fluorescensE wjofg ZAx}
(Table 6) pH7} 6.0d of A|EFEr} 714 oz &
7kt em, 7R Addlx A FAuA|
(Table 5)¢} |- =A 8 o]&-3ld P. fluorescens?)
A deAA Atar) AR w)A] = G &
oli7] #3td DOE 22 0%, 20%, 30% , 40
% 2|3 50%2 "3 F|HA et A5} DOg
< 50%E =48 e #AY ALt 34 F
geglor, DO#E 40%=Z TAAZHE A% AX
%7} o #A Jelsdch(Fig. 2). Onken(8)-&
AbAe] Brgle] 240mbard|A} 1150mbar 2 %713
o ¥FASErt 43 Fasielen, ARt
< 241mbar® A3 E o AHAAAQ 44 654

Effect of Oxygen

Log DCW (g/1)
/5
4
3
4 —— control —— 20% -~ 30%
A 40% —=- 50%
04 4 1 1 1 i It L
0 2 4 6 8 10 12 14

Time(h)

Fig 2. Effect of D. O. concentrations on the growth of P.
Sluorescens at 30°C, pH 6.0.

Table 6. Specific growth rate(¢) and Productivity of P,

Sluorescens on various pH
pH  Specific growth reat(h ™) Productivity(g/L/h)
4 0.082 0.02
5 0.166 0.032
6 0317 0048
7 0.106 0.038
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S2& Jeplisiciz Basigo. o) P. fluores-
cens7t & 7] AagroA AAAHE vt
= AL vl

A Z7A o) A ARz RE & P, fluorescens?)
24 Wi 24 & Table 7¢] Ae}aioac).

7L HHQk

P. fluorescens¥] AEEEF &o|7] 93ld 7|2
S A AEAH R FHEl ol AlY
A A7) do AEFred S F9 /1A
A7t wet A 2ot ASE7REE F e
= (Fig. 3), batch culture®] A$¥r} =& Axx
= D VL=

Fed-batch culture

DCW{g/1} Volume(1)
09

12

088 . . . . .

082 b

~~408

08 |+

PR Coe2

* DO — Feeding ]

076 Illllllllll:lIIlllllllIflllllllllll:llllilljlll 0
0 12 24 36 48
Time(h)

Fig 3. Increase in cell concentration of P. fluorescens.

during fed-batch culture at 30C, pH 60.

Table 7. The optimal composition for batch culture of P.

Sluorescens.

Components Concentration(g/L)
Glucose 30.0
NHC! 1.0
(NHS04 0.1
MgSO; * 7THO 1.0
CaCl 0.1
KHPO, 1.0

Yeast extract 100
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2 %

WAl 2 {84 Fel Pseudomonas tolaasii®}
ole] chal] AL Jeple AdE HALZRE
7z} B2)8le Gram staining, gelatin liquefaction,
oxidase test 52 %3] P. fluorescens®}.P. tolaasii
£ FAslgen, pigment production, tempera-
ture sensitivity, salt tolerance, Z18]i. rapid pit-
ting test 59 oleirx AYE Eoiel SH ol
kel =3 P. fluorescensE theko 2wl okslr)
A5t A Az 2 ejoke HAxAL H3)
AL, AEFEE wol7] 3l frhfeks A3l
et Al EA A 9lojA] carbon ¥ energy source
ol glucosed] 749~ 30g/Ld o AlXF5%7} 714 &
gkem, yeast extract®] FE7} 10g/LellA AXE%
L) #Aeg AAssct. Aadel NHCl= (NH
050, 27t 1.0g/Le} 0.1g/Ld of Al ZAAo)
7} FA4 Jebta, sulfur sourced] MgSO, - 7H,
09 #HAFEE 1.0g/Lgct. a8z KH,PO,%}
CaClye 27 1.0g/Le} 0.1g/LY o AlZ557} 7}
A Fekony, 2% 30T, pH 6.0 282 DOE 40
%2 FAANRE o AEAA] 7P wgkod, &
Zhl gl o8 A2Feg U = A

A

B dTE 19914% & AF A% AT
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