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Isolation and Characterization of a Phenol-Degrading Candida tropicalis PW-51. Seong-Bin Kim, Chi-
Kyung Kim', Hee-Sik Kim, Chang-Ho Lee, Ki-Sun Shin, Gi-Seok Kwon, Byung-Dae Yoon and Hee-Mock
Oh*. Korea Research Institute of Bioscience & Biotechnology, KIST. PO. Box 115, Yusong, Tagjon 305-600,
Korea 'Departrment of Microbiology, Chungbuk National University, Cheongju 361-763. Korea — For the biolo-
gical treatment of phenolic resin wastewater containing phenol and formaldehyde, a phenol-degrading yeast
was isolated from the papermill sludge, and then identified as Candida tropicalis PW-51 according to morpholo-
gical, physiological and biochemical properties. The strain was able to degrade high phenol concentrations
up to 2,000 mg// within 58 hours in batch cultures. Phenol-degrading efficiency by the strain was maximum
at the culture conditions of a final concentration of 9X10° cells/m/, 30°C and pH 7.0. The mean degradation
rate of phenol was highest at 45.5 mg/l/h in 1,000 mg/! phenol from 500 mg/! to 2,000 mg/l phenol. Because
the enzyme activity of catechol 1,2-dioxygenase increased in the course of degradation of phenol, it seems
that this strain degrades phenol via the ortho-cleavage of benzene ring. The isolate C. tropicalis PW-51 could
be effectively used for the biological treatment of phenolic resin wastewater.
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Fig. 1. Scanning electron microscopic photogram (X 8,400)
of the isolate PW-51 cultured on YPD medium.



Table 1. Assimilation of carbon sources by C. fropicalis PW-51

Carbon source Growth Carbon source Growth
D-galactose +  Maltotriose -+
L-sorbose —  Palatinose +
N-acetyl-D- +  2-keto-D- +
glucosamine glugonic acid
D-ribose —  D-sorbitol +
D-xylose +  Eruthritol —
L-arabinose —  Ribitol +
L-rhamnose Xylitol -
Sucrose +  L-arabinitol —
D-maltose +  D-glucttel
D-trehalose +  D-mannitol +
a-methyl-D-glucoside t+ Galactitol
Cellobiose —  Myo-inositol —
Salicin —  D-glucono-1,5-lactone
Arbutin —  D-gluconate -
Melibiose —  D-glucuronate -
Lactose —  DL-lactose —
Raffinose —  Acetic acid —
Melezitose — — Formic acid -
Inulin —  L-glutamic acid +-
Starch a-keto-glutaric acid —
Glycerol +  L-malic acid - b
Dextrin —  Propionic acid —
Adonitol +  Succinate +
D-arabitol +  Citrate +
Gentobiose - Methanol —
Maltitol +  Ethanol +
L-proline -+-
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Table 2. Additional physiological tests for the identification
of C. tropicalis PW-51

Test Growth of
C. topicalis PW-51

Growth at

25°C

30°C

35°C

37°C

42°C
Growth with

0.01% (w/v} cyclochexamide

0.1% (w/v) cyclohexamide

50% (w/v) D-glucose

60% (w/v) D-glucose —
Starch formation -
Acetic acid production +
Urea hydrolysis -
Diazonium blue B reaction -
Filament +

o+t

+ + +
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tose, D-trehalose, D-mannitol =& ©glt4-gloe g o]&
3Foic}h, PW-51 1= nitrate, nitrite, L-lysine, creati-
nine “121* creat1ne-~~~ 713+ Bacto yeast carbon
basecl| 4| S5 MRSt ov], SHE W] 254

At 71} %‘ﬁ]rﬁ-l‘ﬁ 54 o & Table 2¢f 8.9k%l uje}
7“01 PW-51 fF= 37°C7h=] AH& - sldar 42°C
off A= A3 E3lelem, 0.01%~0.1% cyclohex-
amide &H3}el| A A Abstelct AE A5 glam,
glucose - acetic acidE 84319, Jk"{; W=
ik oleldt A2 HE & 455 Candida tropica-
lis2 FA39 }]%ﬂ&i C. troprcalis PW-51%
g sladch

C. tropicalis PW-519 H =&

H&Eako] dE A58 500, 750, 1,000, 1,250 L8] 4L
1,500 mg/lE M7}k #2ulAlo) 16X107, 6.1X107,
45X 10% cells/mi&] A5 2t2t 208 AHE%E & 34
Zb ol oksiel-& w9 AlsH-al] = Fig 29} 2} Fig.

2@y 1.6X10° cells/mie] #AE 2% HEs 7o
750 mg/le] HAlF2 Wik 60A]7te] wE R x]
Fig. 2(b)oll A{2} Zo] 6.1X107 cells/miE 2% %}%d'ﬁ
2 o HE 1,250 mg/i7hr] BaElgl e, oF 70X 7ko]
28 =50} Fig 2(c)+ 45X10° cells/mi-g- 2%2 HZ
&t 74754 Fig 2(b)ell 2} el 1,250 mg/ie) o5
E7bA] EEl7F 7heEledar, b Eele] s A7k
464 7Fo. 2 E}Tﬂﬂq‘ =, "AFEY Sl 9= &

“%16} *3"_5-4 HES :z:ﬁﬂ 6P—c'11] _u”r.ﬂ -‘ff- 12}% <5

LHU

ﬁ’z‘%LJ ‘:'é‘ ﬁ&}:‘f’i Balfanz2} Rehm(6)-& 1.5X107
cells/mi¢] #{&F<° 2 4-chlorophenol 60 mg/[7} E3l5
2] eEotornt if‘ﬁﬂﬁkw—" 108l Z7FA171 15X 10° cells/
m/® HEOS R 70mg/le] 4-chlorophenole] £35S
Holch wetd, Slpiee] #HEg whE A7k A2} s}
13k B A#Ho A= FA 45X10° cells/mi-S 2%
HEskd #HF AHE=Fo] 9.0X 108 cells/mle] =HA s}
2k
of w27}
H& JHOJT n] l-—~:—- °d 32 ol¥ 7] #a] =HEo] 1,000
mg/l2 EFF FHAawlAd FAE HEE] HAE B
NAaE FAHF=E 2AR A3 Fig 33 3o &2
o vk 24A) 7kl 35°Cell 4] Al&-o] mi=r} wjok
484 Ztell = 30°Cell A A& L a7 dAl X7} 713
=T 2]al 25°C oldhd 40°C o]Atell A= A A
Fo] 3l uropch whebx C tropicalis PW-512] )
Ae 2 HEsRae FHYHErs 30°CE #gdsEgoh
ole{gt A= Stephenson(2)e] W3l C. tropicalis®



20 40

Cultivation time (hr)

Fig. 2. The effect of inoculum size on phenol degradation by C. tropicalis PW-31.
The cell suspensions of A (16X 107 cells/ml), B (6.1 X107 cells/m/) and C (4.5X 1P cells/ml) were inoculated to be a con-

centration of 2.0% (v/v). Symbols are: ©, 500; O, 750; 4, 1,000; v, 1,250; <, 1,500 mg/l phenol.
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Fig. 3. The effect of temperature on growth and phenol
degradation by C. tropicalis PW-51.

Cultivaticn was carried out for 48 hr at pH 6.0 in mineral
salts medium containing 1,000 mg/l phenol,

Fig. 4. The effect of initial pH on growth and phenol degra-
dation by C. ropicalis PW-51.

Cultivation was carried out for 24 hr at 30°C in mineral
salts medium containing 1,000 mg/l phenol.
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Table 3. Phenol-degrading activity in batch culture of C.

tropicalis PW-51
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Table 4. Specific enzyme activities of catechol dioxygenase
in the culture broth of C. #ropicalis PWS5I

Initial concentration Time for complete Mean degradation
of phenol (mg/l)  degradation (hrs) rate (mg/f/h)

500 12 41.7
1,000 22 45.5
1,200 31 38.7
1,400 38 36.8
1,700 43 39.5
2,000 o8 34.5

Specific enzyme

Catechol dioxygenase & .
activity (unit/g cell)

Catechol 1,2-dioxygenase 2525
Catechol 2,3-dioxygenase 0
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Enzyme activity was measured with the cell-free extracts
obtained from the cell disruption by ultrasonication.
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Fig. 5. Time course of phenol degradation by C. tropicalis
PW-51.

Degradation experiments were carried out in a 3-/ jar fer-
mentor at 30°C, 300 rpm, 0.5 vvm and pH 6.4~6.6.
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