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The effluents of chemical and petroleum industries often contain non-biodegradable aromatic com-
pounds, with phenol being one of the major organic pollutants present among a wide variety of high-
ly toxic organic chemicals. Phenol is toxic upon ingestion, contact, or inhalation, and it is lethal to
fish even at concentrations as low as 0.005 ppm. Phenol biodegradation has been studied in detail
using bacterial strains. However, these microorganisms suffer from substrate inhibition at high con-
centrations of phenol, whereby growth is inhibited. A phenol-degrading bacterium, P21, was isolated
from oil-contaminated soil. The phenotypic characteristics and a phylogenetic analysis indicated the
close relationship of strain P21 to Rhodococcus pyridinovorans. Phenol biodegradation by strain P21 was
studied under shaking condition. The optimal conditions for phenol biodegradation by strain P21
were 0.09% KNO;, 0.1% KoHPO,, 0.3% NaHPOy, 0.015% MgSO,7H,0, 0.001% FeSO47H20, initial pH
9, and 20-30C, respectively. When 1,000 ppm of phenol was added to the optimal medium, the strain
P21 completely degraded it within two days. Rhodbcoccus pyridinovorans P21 could grow in up to 1,500
ppm of phenol as the sole carbon source in a batch culture, but it could not grow in a medium con-
taining above 2,000 ppm. Moreover, strain P21 could utilize toxic compounds, such as toluene, xylene,
and hexane, as a sole carbon source. However, no growth was detected on chloroform.
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Fig. 1. Gram staining (A), colony morphology (B) and substrate hyphae (C) of isolated strain P21.
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Fig. 2. Phylogenetic tree based on 165 rRNA gene sequences
showing the positions of isolate P21 and some Rhodocc-
cus species. Scale bar represents 0.005 substitution per
nucleotide position.
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Fig. 3. Phenol degradation and cell growth in different media
for the selection of basal medium.

Thof, 71 2 uj A 2] A= 3 whol|l H=9f Raj7t dEEHAS
S Folstgitt Yt o g Aao] F EFHo|A Fhd )
Ao A& nitrogen repression®] A3t WA EF A Fo
Zl"E‘ElL Ao dEA o3l 71RHWA 19& F TR/

Aol gfrHo 9, 712 A 20 Hlste] 1 FETt AU
?ﬂ,.‘ii F00Z P21 #59 Ago] i AAHI, o] o
gt HsY B AdH YEe A2 #ddn. o %
AP e 71w A 25 o] &5t FPsAT

e 9 F7 $Ade Fgo] HE Fael MAe FF
< A7) fete] 4% gads 01%8 H7hstel 30T,
200 rpmol| Al 393 Wl ¥ A3} Table 1914 & vp9h 2
o 849 E HA7bslA L A A HE RS A =
gtom, &2US A7 ASolE 1935%9 w2 25
et 24 B55 A ds La5d v AFS
Yeti gl ol g & Aste Muller 5[14]0] B3k nig} 2
o] 371 94U FF-L catabolite repress1ona S L
ARA o iz Lasol A e AFHATS rgth

Aol dE Fall 5ol Ul%]—t— FFE A7) Sdko
30C, 200 rpmell Al 3Y 7t vl kgt AF= Table 1914 He
Hheh 2ot dado] H7HEA %‘% A, dee A8 &3
A ggorns A4de He Lo 244 A=
T ARG M L e Ll A 455 KNO:E
AV wACdA Yestt 712 E£3EHe Sld
(NHy):SOs= 87%9] #315 < YER AL, NaNO, malt
extract 59 H7te HE ZIE A AT 537, 0.09%
KNO:;E #7tat A A 718 £& dHe Eallsd o4 A
FEE BAoH, I o4 FRAAE HE Eallsol AA
HE A0z FA5TEAN).

71287 20 235 o] Y& KHPOs, NaHPOs ¥ MgSOy
7THO9 F= & AT AdsEc 44 01%, 03% 2
0015%° Ao 2 A AT} (Fig. 4). F7HH 22 78 714

< 001% E= 0.001% #7tste] sle Eelss 2AE 43
£ Table 2914 H+= upg} 7ol 0001% FeSOs-7H,09 H7te
Az s 7MoY B8 Frde dHe 28 A
8 sk ot

A& 27] pHE 3-108.2 A3t 30CAA 347 )

e



Journal of Life Science 2014, Vol. 24. No. 9 991

Table. 1. Effect of carbon and nitrogen sources on cell growth and phenol degradation by R. pyridinovorans P21

Carbon source Relative phenol Cell growth

Nitrogen source

Relative phenol Cell growth

(0.1%) degradation (%) (Ase0) (0.1%) degradation (%) (Ase0)
None 100 1.102 None 0 0.112
Fructose 25 0.359 KNO; 100 0.656
Galactose 27 0.430 NaNO; 0 0.181
Glucose 35 0.562 NaNOs 8 0.126
Glycerol 27 0422 NH,Cl 33 0473
Lactose 19 0.261 NHiNO; 59 0.724
Maltose 21 0.292 (NHa);SO4 87 0.827
Mannitol 22 0.291 (NHy),HPO,4 0 0.142
Sorbitol 24 0.331 Beef extract 52 0.662
Starch 21 0.290 Malt extract 0 0.102
Sucrose 20 0.264 Polypeptone 0 0.243
Tryptone 53 0.533

Urea 0 0.123

Yeast extract 25 0.547
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MgSO4 7HO (lower) on cell growth and phenol deg-
radation by R. pyridinovorans P21.

Table 2. Effect of additional inorganic salt on cell growth and
phenol degradation by R. pyridinovorans P21

Inorganic salt Relative phenol Cell growth
Degradation (%) (Ass0)
None 27 0.530
CaCl, 0.01% 36 0.638
NacCl 0.01% 24 0.550
KCl 0.01% 40 0.592
FeSO4-7H,O 0.001% 100 1.940
ZnS04-7H,0O 0.001% 38 0.631
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Fig. 6. Time curves of cell growth and phenol degradation by
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Table 3. Substrate specificity of X. pyridinovorans P21 on solid
and in liquid media

Growth C . Growth in
X oncentration .. .
Compound  on solid 9 liquid medium
medium ( 0) (A(,eo)
None - 0.0 0.072
Tol - 0.5 0.229
olene 01 0.139
0.5 1.120
Hexane ¥ 01 0131
05 0.025
+

Xylene 01 0.139
0.5 0.024
Chloroform - 01 0.042

++ good growth, + growth, - no growth.
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