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Biodegradation of Recalcitrant Halogen Substituted-Phenol

Geon lee, Sang Joon Lee and Jong Kun Lee
Department of Microbiology, College of Natural Science, Pusan National University

ABSTRACT : Halogen substituted-phenol and analog phenol degrading strains were identified as
Aeromonas, Moraxella, and Flavobacterium genus. Optimal degrading condition was generally 50~
100 uM substituted-phenol as carbon source, NH,NO, as nitrogen source, 30C, and initial pH 7.2.
p-Chlorophenol degrading strain of Aeromonas sp. C4 had biodegradability to the various substitut-
ed-phenols. Flavobacterium sp. M9 had substrate specificity to methyl substituted-function. Catechol
was cleavaged by catechol 1,2-dioxygenase in Aeromonas sp. C4, Moraxella sp. N7, and Flavobacte-

rium sp. M9,

Keywords : Halogen substituted-phenol, Aeromonas, Moraxella, Flavobacterium, Catechol 1,2-dioxy-

genase
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Biodegradation of Recalcitrant Halogen Substituted-Phenol 93

Put Approximately 20 g of soil and 20 m/ of water in 250 m/ flask

Add 200 m/ of BSM

(add final concentration 1 mM of substituted phenol to BSM)

Incubate stationarily for 3 days at 30C

Add halogen-substituted phenol stock solution to be 1 mM substituted phenol

Incubate stationarily for 3 days at 30T

Take up 5m/ of the supernatant, and add them to 100 m/ of BSM

(substituted phenol, 1 mM) in 250 m/

Incubate for 3~5 days at 30T

Plate culture with BSM (substituted phenol, 1 mM)

Incubate for 3~5 days at 30C

Isolate the colony

Plate culture with BSM (substituted phenol, 1 mM)

Repeat the operation of * 3 times

Isolate the purified colony

Fig. 1. Isolating method of halogen substituted-phenol degrading strains.
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Table 1. Morphological and cultural characteristics of substituted-phenol degraders

i i . pH Temperature (T)
Strain  Gram stain Cell shape  Motility Colony shape
45 9.5 4 44
C4 — Rod + CL FL, CR, W, R - - - -
N7 — Rod + CI, PUL, CR, W, S + + — -

M9 - Rod -

IR, FL, YE, W, R - -

Symbols : gram stain (—, negative); motility (—

, non motile; +, motile); pH (—, no growth; +, growth); tem-

perature (—, no growth; +, growth); IR, Irregular; Cl, circular; PUL, pulvinate; FL, flat; YE, yellow; CR,
cream; W, wet; S, smooth; R, rough; C4, p-chlorophenol degrader; N7, p-nitropheno! degrader; M9, p-methyl-

phenol degrader.

Table 2. Biochemical characteristics of substituted-
phenol degraders

Strain
Contents ——
C4 N7 M9

Decarboxylase and dehydrolase
of amino acid tests
Lysine - - +
Ornithine — — —
Arginine
Biochemical characters
H,S production - - -
Urease
Indole
Voges-Proskauer
Methyl red
Catalase
Cytochrome oxidase
Acid production from carbohydrates
Arabinose
Xylose
Glucose:
Fructose
Lactose + - -
Maitose + - —
Sucrose
Trehalose - - —
Salicine
Manitol
Sorbitol
Growth on simmon citrate agar
Growth on KCN
Oxidation/Fermentation F

+
!
+

+
!
|

+ b+
+ + +
+ + 4+ i

|

+ + 1+
| |
| ‘

= 4+ 4+ o+ 4
P+ +
Lo+ o+

Symbols : —, negative; +, positive; F, fermentation
utilization on glucose, lactose, and saccharose; C4, p-
chlorophenol degrader; N7, p-nitrophenol degrader;
M9, p-methylphenol degrader.
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96 Geon Lee et al.

Table 3. Growth on the organic acid and solvent of substituted-phenol degraders

Str. Acetic acid Adipic acid Oxalic acid Propionic acid Toluene Glycerol Butanol
C4 - - + \ +++ ++ +++
N7 - + - - + + +
M9 - - - w ++ + ++

Symbols : str, strain; —, growth; W, weakly growth; +, growth; + +, good growth; + + +, excellent growth;
C4, p-chlorophenol degrader; N7, p-nitrophenol degrader; M9, p-methylphenol degrader.

100
90
80
% 70
% 60
% 50
&
:‘é 40
& a0
20
10
0 1 1 1 { 1 {
o] 1 2 3 4 5
Time(days)

Fig. 2. Patterns of biodegradation of p-chlorophenol
by Aeromonas sp. C4.
Symbols : @, p-chlorophenol 50 uM; <, p-
chlorophenol 100 uM; a, p-chlorophenol 500
uM; ., p-chlorophenol 1,000 pM.

Pl 3TC A A &=} 7 Eotar 18]
Fafli = 30T oA AEE7) EdekFig 5~7).

(3) thﬂ *g-ﬁr“iﬂ

pH=E W-4E4.2 Fig 8 904 H.3= ule} 3to] p-
chlorophenol #alF5<) Aevomonas sp. C49} p-ni-
trophenl -3ll++5-¢1 Moraxella sp. N7-& =4 pH7}
7.201] 4 /VJ o] ofste] Fallo] A gHek pH
2% oF 4= 9l p-methylphenol S-&i52 Fla-
vobacterium sp. MO+ Fig. 1004 ¥+ nvpe}
7to] pH8e] Aghat #¥F pHY-E ehliedck

(4) Ay Qg 9 R

A el 23k od3K(Table 4)-2 p-chlorophenol &}
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Fig. 3. Patterns of biodegradation of p-nitrophenol
by Moraxella sp. N7.
Symbols : @, p-nitrophenol 50 uM; >, p-nitro-
phenol 100 uM; a, p-nitrophenol 500 uM; =
p-nitrophenol 1,000 uM.

ASv FrIALYel At ok Eales ety
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T Fel g Holo) frldade s B
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Fig. 4. Patterns of biodegradation of p-methylphenol
by Flavobacterium sp. MO.
Symbols : @, p-methylphenol 50 uM; O, p-
methylphenol 100 uM; a, p-methylphenol 500
uM; A, p-methylphenol 1,000 uM.
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Growth(Aseo)
1
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oH
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1 1 |
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Fig. 5. Effect of temperature on the growth and final
pH by Aeromonas sp. C4.
Symbols : @, growth; O, final pH.

Growth(Aseo)
F-S
pH

{ 1 I 1 1 0
0 10 20 30 40 50 60 70

Temperature(C)

Fig. 6. Effect of temperature on the growth and final
pH by Moraxella sp. N7.
Symbols : @, growth; <, final pH.

Growth(Asso )
L
F-Y
pH

T N 1 1 e o
(s} 10 20 30 40 S50 60 70

Temperature(C)
Fig. 7. Effect of temperature on the growth and final
pH by Flavobacterium sp. M9.
Symbols : @, growth; <, final pH.

7.2 28]3 &%+ 30C 2 A Astgch Moraxella sp.
N7 3ol 2% p-nitrophenols] #3] Az
b4 % © % p-nitrophenol ¥% 100 uM, 3 4
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8. Effect of initial pH on the growth by Aeromo-
nas sp. C4.
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Fig. 9. Effect of initial pH on the growth by Moraxe-

lla sp. N7.

ez NH,NOs v§x]2] ZuF pHE 72 28|37 &
L 37C 2 AAstdch Flavobacterium sp. M9
@3l 2/% p-methylphenole] & #HHz7e
€421 2 2 p-methylphenol % 50 uyM, % =
Agloe 2 NHNO, uiz|9] z=v pHe 8 18]x
25 = 30C 2 HAskc

0.08
0,07 |-
0,06 |-
0,05 |-

0,04

Growth(Aseo)

0,03 |-
0.02 |-

0.01 (-

10

Fig. 10. Effect of initial pH on the growth by Flavo-
bacterium sp. M9.

Table 4. Effect of nitrogen sources on growth and
biodegradation to substituted-phenols

p-CP p-NP p-MP
Nitrogen source

b B G B G B
None 009 2 0150 3 0041 2
NH.CI 0127 27 0170 98 0.042 2
(NH.).HPO, 0102 5 0170 98 0042 2
NH,NO; 0134 34 0170 97 0210 92
KNO; 0112 16 0.151 56 0.040 2
NaNQ; 0121 7 0.167 99 0.053 20
Polypepton 0931 1 1218 1 1056 92
Bactopepton 0670 1 1.045 2 0800 70
Beef extract 0306 1 0661 1 0467 60
Yeast extract 0932 2 0908 1 0770 65
Casein 0204 1 078 1 0121 20
Casamino acid 0948 2 0871 1 0742 56
Urea 0152 2 0137 0 0039 2

Symbols : p-CP, p-chlorophenol; p-NP, p-nitrophenol;
p-MP; p-methylphenol; G., growth (Aew); B., biode-
gration ratio (%).

4. x| & phenol 28l F| X|&o|H ESH
7 gk EallgaE BS54 Table 504 B
rkel #el, p-chlorophenol #8521 Aeromo-
nas® 7% p-methylphenololl = k33 F3l5-g
Holar gled chloro7le thgh #8)5o] ol w5
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Table 5. Biodegradation ratio of each substituted phenol degrader (%)

Strain p-CP p-IP p-BP p-NP p-MP
Aeromonas sp. C4 100 15 15 15 70
Moraxella sp. N7 10 10 10 100 15
Flavobacterium sp. M9 5 5 5 0 100

Symbols : p-CP, p-chlorophenol; p-IP, p-iodophenol; p-BP, p-bromophenol; p-NP, p-nitrophenol; p-MP, p-methyl-
phenol.

o 02
G S
X

X-phenol is, cis-muconic acid /,

COOH
—> —_ —> Tricarboxylic

/_13cid cycle

2-hydroxymuconic semialdehyde

Fig. 11. Modified ortho cleavage and meta cleavage pathway of phenolic compounds.
1. X-phenol oxygenase
2. Catechol 12-dioxygenase (pyrocatechase II)
3. Catechol 2,3-dioxygenase (pyrocatechase II)

o2& %2 phenole #3f JlsE o + U Ornston %82 Streptomyces setonii*| 4} phenol2-

o Karns 5192 B33 upe} zro] wpspE 31§} catechol3} cis, cis-muconic acidg& E3] 3=
o CI" 7|7} 23E BAle] Ragie ke 77} oJ#3 2] B-ketoadipic acid 25 F&] Hai7} sl
28 JRaiA) ek slgl g R 4 ol gk ®mwsledch Zeyer E'9-2 ring-substituted
Aulet dzstgict. 9] Habd T A 2] g anilines®] 2abAlF el Moraxella sp. strain Gol| 4]
phenolol|wl F-3l53 Heo] 7|AEo]Ado] o As} catecholg 7] A& &}ed catechol 1,2- dioxygenaseg}
EF Hgr} catechol 2,3-dioxygenase®] #HA1-& %] E3le] K

3}, catechol?] #3l+& ortho AEE 753} 7H3?}
5. x|#&& phenol E#FF2| ring-cleavage A 0e ywsiach

4ol e BHAR Aeloff At Table 6, 7oll4] B wle} 3lo] X

Ornston!¥-& t§-5-o] ulsbE g1ghEo] wlg & ’tﬂl%"ﬂ %] A}-2-% Aeromonas sp. C4 #7F<} Flavobac-
olsf 4bzl=l w Fig. 11e] ®B: wlel 7o) cate- terium sp. M97} catechol?] -OH>} a}o]&] 7} 5hel
cholo|i} catechol 3HatE2 Ha]¥™ catechol& ol dH= catabolic enzyme &}l catechol 1,2-
o] 2 B B AERE Ax AElo) oo dioxygenaseol| A/ WA F2 X8 2o ortho™
oy ®rskeich Sutherland E17-2 phenolol 4 25 78 3y 98S od F Uo) metaF Fol
5§+ cell-free extractoll 41+ phenol hydrolase 2} ol dh= catecol 2,3- dloxygendse‘ﬂl M E vjEAdo)
catechol dioxygenase®] #A-& 7}t yeast ex- A vhehclar lgo] #EEeh wela, Karns
tract 7Pl x)ol| 4] BEF Zlof4i= o] F AA9 2199] orthoZd Erto g Fal&ido] el 2

Aol 7] wiFel fFriiebar Hastgct w3 o= oFgk #e}r} 9lok ZEvt p-nitrophenol 2]
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Table 6. Specific activities of catechol 1,2-dioxyge-
nase in each crude extract of strains

Strain Activity Protein Specific activity
(Unit) (mg/m/)(U/mg of protein)
Aeromonas sp. C4 032 0.0086 3721
Moraxella sp. N7 030 0.1200 2.50
Flavobacterium sp. M9 0.66  0.0256 25.78

Table 7. Specific activities of catechol 2,3-dioxygen-
ase in each crude extract of strains

Strain Activity Protein Specific activity
(Unit) (mg/m/)(U/mg of protein)
Aeromanas sp. C4 0.02 0.0070 2.85
Moraxella sp. N7 001 0.1210 <0.08
Flavobacterium sp. M9 0.16  0.0254 6.30
F-sh#2l Moraxella sp. N7-& meta cleavage &
2@Ade] obF Ao ortho 25 75316 Agtsle
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