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Isolation and Identification of a Phthalate Ester Degrading
Bacterium and the Optimal Culture Conditions for Production of
One Degrading Enzyme

Kim, Byung-O, Ran-Sug Kim, Wan Park, Ingnyol Jin*

Department of Microbiology, College of National Sciences
Kyungpook National University, Taegu 702-701, Korea

A strain degrading phthalate ester was isolated from a sludge of Taegu area and identified as a
strain of Klebsiella. The optimum culture conditions for the protocatechuate dioxygenase production
were also investigated. This strain produced the enzyme in question under the shaking cultivation at
30°C for the 48 hrs in the medium containing 0.1% protocatechuate as the sole carbon source, 0.1%
ammonium sulfate and 0.1% yeast extract as the nitrogen source and mineral salt mixture of magnesi-
um sulfate, sodium chloride, calcium chloride, ferrie chloride, manganese sulfate, zinc sulfate and cupric
sulfate. This enzyme was intracellularly localized and probably linked to cell membrane, and induced

by protocatechuate.
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Table 1-1. Morphological and biochemical characteristics of the isclated bacterium

i i il

Charactceristics

Enterobacter aerogenes

Klebsiella oxytoca Isolated KBQ-222

Gram staining -
Eosin-methylene blue agar
MacConkey’s agar
KOH method for determination

of Gram reactions
Cell shape rod
Flagella +
Facutative anaerobic +
Growth at 5% NaCl
Hydrolysis of Casein
Hydrolysis of Starch
Hydrolysis of Gelatin -
Indole production -
H,S production -
Acetoin production
Voges-Proskauer test +
Methyl red -
Citrate utilization
Nitrate reduction

B -Galactosidase
Arginine dehydrolase -
Lysine decarboxylase +
Ornithine decarboxylase +
Catalase
Oxidase -
Urease —
Coagulase test
Fluorescent pigment test

Fra ——

+(growth)
+(growth)

rod rod

+
+ + + +

4

Symbol: +, 90% or more strains positive; —, 90% or more strains negative; d, 26-75% positive; +w, weak positive

Gram &4 wrela, 1o el dAjde] 4o g HaA]
young age (Shr o[ wli%F) Al rod eli, stationary
phase (24 hr o|&)oll A<= coccus o1%ict, KBO-222 5=
nitrate & YA Z o0, urease 2F catalase (weak) &
Akl ot oxidase = ABARSEA] E@ich 9]
KBO-222 o ofz 7}z] QYast# AL Table 1-1 %
1-2 oF 2Eokrl, olAke] A HE wlFo] Heol Lalgh Ayt
> Klebsiclla oxvioca 2 543 ALl LAsl Hoz
Webstowd wlela] 3 RFE Klebsiella spp. KBO-222
g gk 2 & 7|&8l phthalate ester 3| »]4
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Bae| EH MMHEA
KBO-222 7} PCA dioxygenase A4S 517 213F 3
H27E oAy AR AEded o e Ans
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pH2| F&: & o] T4E5 AAsh=d] vzl pH ¢
dag ZALsE7| fste] AAlwiz]E pH3elA pH 107
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Abshold vl EAAAE 918 ol sz H= PH

 bollAM 7 2 vJelstch(Fig 1),
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Table 1-2. Additional biochemical characteristics of the isolated bacterium

Characteristics

Enterobacter aerogenes Klebsiella oxytoca [solated KBO-222

Assimilation
Glucose

Arabinose
Mannose

Mannitol

N-Acetylglucosamine

Maltose
Gluconate
Carprate
Adipate
Malate
Citrate

Phenyl-acetate

Fermentation
Glucose
Mannitol
Inositol
Sorbitol

Rhamnose

sSucrose
Melibiose

Amygdaline

Arabinose
Fructose

Lactose

+ 4+ 4+ 4+ o+ 4+

+ + + + o+ + 4

+

+ + + + + o+
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Fig. 1. Effect of pH on production of protocatechuate

dioxygenase.
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Fig. 2. Effect of temperature on production of pro-
tocatechuate dioxygenase.
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Table 2. Effect of carbon sources on the production of
PCA dioxygenase by the isolated KB(Q-222

*1

Carbon source Relative activity (%)

PCA 10072
Glucose

Sucrose 2
Strach

Lactose 0
PCA + Ghucose 98
PCA + Sucrose 97
PCA + Strach 98
PCA + Lactose 102
no carbon source 0

*1 0.1% Concentration per each C source
*2 Specific activity; 23 # mole/min/mg

Table 3. Effect of PCA concentration on the produc-
tion of PCA dioxygenase

PCA concentration Relative activity (%)

0 % 3
0.1 % 100*
0.5 % 33
1 % 0
1.5 % 0
2 %

*Specific activity; 20 4« mole/min/mg
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ol 7o} Q14317 skskeh(Fig. 2).

Carbon source &/ Y& ﬁ—‘—"] Taodds $g Ccd
Booae] wro oS AR Aal= cResp 7lolc)
(Table 2, 3).
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Table 4. Effect of nitrogen sources on the production
of PCA dioxygenase

Nitrogen Relative activity (%)

source 1

(NH4),S0, 0

Yeast extract 89

Peptone 0

NaNOQO, 0

(NH,),80, + 1002
Yeast extract

{NH4)2804 o 41
Peptone

(NH,)»S0, + 0
NﬂNOg ’

Yeast extract + 102
Peptone

Yeast extract + 90
NaN03

*1 0.1% Concentration per each N source
*2 Specific activity; 19 mole/min/mg

Table 5. Effect of nitrogen source concentration on the
production of PCA diexygenase

(N H4 )2804 + Relative

activity (%)

Yeast extract

0 % + 0 % 0
0.1 % + 0.1 % 100*
0.2 % + 0.2 % 103
0.5 % + 0.5 % 99
1.0 % + 1.0 % 123
1.6 % + 1.6 % 11
2 % + 2 % 0

* Specific activity; 23 zmole/min/mg
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A 7l Cole
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Table 4oll4) & & 9%l 2 34
1= (NH) 250, yeast extract 5 %4 .
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Table 6. Cellular localization of PCA dioxygenase

Relative activity (%)

Extracellular 0
Periplasmic 31

Interacellular 100
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Fig. 3. Time course of the bacterial growth and enzyme
production.

-0, bacterial growth; @~ @, enzyme activity.
* Specifie activity; 22 gmole/min/mg
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