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Abstract — Intact cells of Acinetobacter sp. T5-7 completely degraded trichloroethylene (TCE) follo-
wing growth with phenol. This strain could grow on at least eleven aromatic compounds, e.g.,
benzaldehyde, benzene, benzoate, benzylalochol, catechol, caffeic acid, 2.4-D, p-hydroxybenzoate,
phenol, protocatechuate and salicylate, and did grow on alkane, such as octane. But except phenol,
other aromatic compounds did not induced TCE degradation. Phenol biotransformation products,
catechol, was identified in the culture media. However, catechol-induced cells did not degrade
TCE. So we assumed that phenol hydroxylase was responsible for the degradation of TCE. The
isolate T5-7 showed growth in MM2 medium containing sodium lactate and catechol rather than
phenol, but did not display phenol hydroxyalse activity, suggesting induction of enzyme synthesis
by phenol. Phenol hydroxylase activity was independent of added NADH and flavin adenine dinuc-
leotide but was dependent on NADPH addition. Degradation of phenol produced catechols which
are then cleaved by meta-fission. We identified catechol-2.3-dioxygenase by active staining of polya-

crylamide gel.
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Catechol determination
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Table 1. Utilization of aromatic compounds as a sole
carbon and energy source by Acinetobacter sp. T5-7

cell mass
Substrates increase (mg/l)
Anthranilate NG
Benzaldehyde 4.01
Bezene 4.30
Benzoate 16.80
Benzylalchol 2.60
Catechol 16.44
Camphor NG
Cinnamic acid NG
Caffeic acid 0.59
p-Cresol NG
2.4-D 1.65
2.4-D-phenol NG
m-Hydroxybenzoate NG
p-Hydroxybenzoate 17.36
DL-Mandelate NG
Naphtol NG
Octane 4.61
Phenol 21.50
Protocatechuate 17.60
Phenoxvacetate NG
Salicylate 15.00
Toluene NG
m-Xylene NG
p-Xylene NG

Each culture contains 2 mM concentration substrate.
NG: no growth
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Table 2. TCE degradation activities of Acinetobacter
sp. T5-7 grown on different carbon sources

broeree -
sy

Relative %
TCE remaming

Compound added

None 100

Benzene 94.5
Benzylalchol 99.5
Benzaldehyde 96.6
Catechol 97.4
Phenol 9.8
p-Hydroxybenzoate 99.1
Protocatechuate 96.7
Salicylate 98.7

Each experiment used 25 pM of TCE and 2 mi of
culture of strain Acinetobacler sp. T5-7 grown on 5 mM
sodium lactate. Incubation time: 2 hrs. Experiment co-
nducts triplicate case. A typical control with a sterile
imoculum contained 25 uM TCE.
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Fig. 1. Time course of phenol degradation and catechol
production. |
Incubation was done at 30C for 8 hours. Catechol was
determined at 515 nm. Phenol initiation concentration
was 2 mM.

®: Phenol, O: Catechol

30

TCE Concentration, mM

Time, hr

Fig. 2. Time course of TCE degradation by cell suspen-
sion grown on phenol (O) and on catechol (@).
Condition; Initial phenol and TCE Conc.: 2 mM, 125
uM, pH 7.0, 30C, 200 rpm and 12 hours
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vlel Zrol catechol® 5% 3ol 2)alx= TCE®£
w3ll5o] Holzx] %t v} phenololA catechol22]
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Fig. 3. SDS-PAGE analysis of cell-free extracts of
Acinetobacter sp. TS5-7.

Cell-free extracts were resolved on 10% SDS-denatu-
ring polyacrylamide gel. Gel was stained with Coomas-
sie brilhant blue R-250 staining solution. Arrow points
to the suspected phenol hydroxylase. Acinetobacter sp.
T5-7 grown sodium lactate (lane 1, 4), phenol (lane
2), catechol (lane 5), containing MM2 medium and LB
medium (lane 3).
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259

Table 3. Effect of cofactors on phenol hydroxylase ac-
tivity

Percentage Enzyme

of remaining  activity

Cofactor added phenol (%)  (uM/min
per m/)

Enzyme 100 0

Enzyme+ NADH 97.8 0.0244
Enzyme -+ NADPH 61.5 0.4280
Enzyme-+ NADH+FAD 98.3 0.0189
Enzyme+NADPH + FAD 77.6 0.2490
Enzyme+ FAD 98.8 0.0133

catechol®} LB, sodium lactateol] 4] 2}3} o] A 7|
A% ofAlel| My S $A2] bandE EolR U
v}, phenol hydroxylase2t FH& <= ¢)gic) o|=
A T5-7-2 phenol hydroxylase®] 3§t 7|2 E-o]
Aell 7]1ste] phenolg +&3tx TCEE Fsfgic}
A FAE 2 glsloh

Phenol hydroxylase®! activity® 8t cofactortd]
st Hs

7|0l 23 hydroxylase A 22 A t-So| i
B 848 gjsi4 NADH, NADPH, FADH, 2] =
£27) B5den Bael Bas) T §od
o2 A4 AHAxE Folvky Hu¥E vl & 459
whole cell proteinel] X 3% hydroxylase®] &%

&lod reaction buffer®] FA1S 2 A3s1eich

Table 3o 4 2] HAE B o Fr¥af Eis
ol z{ul whole cell protein Atelj4] phenol #3l+
cofactor 241 NADPH7} 25 eo|gi o] NADH <A}
ok7he] 42 Bolovt FAD #Hrlel ot &4 57}
= VERRR] skt EFR|Rt Trichosporon cutaneum
o 4] H-2)% phenol hydroxylaser= NADPHE cofac-
tor2 ©]§-8l31 FADel| &3] Ade] Frlgcii &}
ArKl1l). ¥ ZAzp AA"H &ol] 2]§ AHe] opbnd
o AAE adel &g EA A gt x]&2 <l
A7} " g sle]e} 25} Fig 4-& whole cell pro-
tein Aol 48] NADPH®| o] -84-& jepliair 147}
% NADPH®] A% 23 phenol®] Falld&xrt 79
AR S Holm FalgE o 4 Uk =3I
Fig. 5+ Acinetobacter sp. T5-7¢l| 2%} phenol &} 2]
3 AE g EAHE Bt XAE 3t

Catechoi®| Z8intd FA
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Fig. 4. Time course of NADPH oxidation by whole
cell proteins of Acinetobacter sp. T5-7.

Condition; 1 mM NADPH, 100 pM phenol, pH 7.0,
30C, 200 rpm and 2 hours

O: NAHPH, @: Phenol

OH phenol hydroxylase
//
. ) * 0.+ NADPH + H' >
Pheno!
OH
OH
+ NADP" + H0
Catechol

Fig. 5. Oxidation of phenol by Acinetobacter sp. TS-7
and relation of NADPH.

Phenol #3&]2] 7| AE< catechol®] F-3{AZ
£ o|&l| 817 $13l catechol #-alloff Aadx] B ol &t
A4S shode}. B A3 d5-2] Acinetobacter sp. Th-
72] cell free extractE catecholel] ¥FEA| 7| A] 2-
hydroxymuconic semialdehyde(HMS)$} cis,cis-muc-
onic acid®] ¥HE-E #A3)dv) Fig 6|4 vielst v}
2}3to] catechol-2,3-dioxygenase®] & AHE<Q] HMS
o] F el 375 nmellA HegH ez #9 0.019
T ZylE L}E}zﬂﬁﬂl—} cis,cis-muconic acid ¥
Hzbel 260 nmoll| M= F33x e wHIE ey A
2t = phenol #3Y< 46}1 *8 A= catechelﬁ— ca-
techol -2,3-dioxygenasel] 2Js] HMS® Rl€d& &

}M_JM, non-denaturing gel electropheresm“g- 3}

?“l = QD]‘%” ek Fig. 7). w3k catechol oxyge-
nasex= LB, sodium lactate v Z| el A= &) 5ol gl
T glgl e 2.2 inductionel] 28] A2}7] Xl cons-
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Fig. 6. Production of 2-hydroxymuconic semialdehyde
(HMS) by catechol-2,3-dioxyge nase during a time cou-
rse experiment.

Condition; Reaction buffer (Cell-free extracts 0.1 m/,
0.05 M potassium dihydrogen phosphate (pH 7.0) 2.8
mi, 0.01 M catechol 0.1 m/), HMS was determined at
375 nm in R/T

O: HMS, @: cis, ¢1s muconic acid

1 2 3

Fig. 7. Activity staining of catechol-2,3-dioxygenase
from Acinetobacter sp. T5-7.

Protein fractions were resolved on 8% non-denaturing
polyacrylamide gel by electrophoresis. A gel was stai-
ned with Coomassie brilliant blue R-250 staining solu-
tions and B gel was stained with 0.1 M catechol solu-
tion after electrophoresis. Phenol induced (lane 1), ca-
techol induced (lane 2), LB grown (lane 3) cells. Ar-
rows point to catechol-2,3-dioxygenase.
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