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Degradation of Ethylene Glycol Dodecyl Ether by a
Pseudomonad

Yoshio Icaikawa*, Yujiro Morr*, Yutaka Kiramoro*
and Noboru Hosor*

The enzyme activity for the degradation of mono-ethylene glycol dodecyl ether was
found in the resting cells of a pseudomonad grown on the medium containing hepta-
ethylene glycol dodecyl ether as a sole carbon source. A simultaneous disappearance
of mono-ethylene glycol dodecyl ether and liberation of ethylene glycol was observed
from the results of the gas-liquid chromatography of the reaction mixture. The
cleavage of the ether linkage of the substrate was strongly suggested.

The formation of ethylene glycol-liberating enzyme(s) might be inducible by poly-
ethylene glycol alkyl ether type of detergents. Lauryl alcohol, lipophilic moiety of the
detergent and most favorable carbon source for the bacterial growth, strikingly
repressed the formation of ethylene glycol-liberating enzyme(s) when it co-existed
with hepta-ethylene glycol dodecyl ether in the culture medium. The enzyme activity
of the resting cells was also investigated. Optimal ranges for the enzyme(s) were found
to be at a temperature of 25 - 30°C and a pH of 5 - 7. The cleavage of the ether linkage
might not be a hydrolytic reaction, because the remarkable liberation of ethylene
glycol was observed only when a large amount of oxygen was supplied into the
reaction mixture.
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Table 1  Cultivation of the test bacterium on the

various EO(n) dodecyl ether mediums

Substrate Substrate consumed
as carbon source (%)
EO(1) dodecyl ether 65.9
EO(3) dodecyl ether 86.7
EO(5) dodecyl ether 99.5
EO(7) dodecyl ether 99.5

Culture medium consisted of 0.1% EO(n) dodecyl
ether, 0.3% NH,CI, 0.1% K,HPO,, 0.025% KCI,
0.025% MgSO,-7H,0, 0.0002% FeSO,-7H,0 (pH
7.0). Cultivation was carried out at 25C for 24
hours on a reciprocal shaker. EO(n) dodecyl ether
in the culture filtrate was measured colorimetri-
cally as the ammonium cobalt thiocyanate complex.6
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EO(1) Dodecyl ether Column : Tenax GC
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Initial temp. 200°C
0 min 15 min 30 min Final temp. 300C
Temp. rate 10C /min
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4 Ethylene glycol
s+
Colnmn : Tenax GC
1m x 3mm, glass
0 min 15 min 30 min  Column temp. 150C
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Fig. 1 Gas-liquid chromatograms for the decomposition of EO (1) dodecyl ether
and the formation of ethylene glycol by the resting cells.
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Fig. 2 Time courses of the bacterial growth on
the medium containing EO (7} dodecyl ether
or lauryl alcohol as carbon source.
Culture medium consisted of 0.2% carbon
source, 0.3% NH,Cl, 0.1% K,HPO,, 0.025
% KCl, 0.025% MgSO,-7H,0, 0.0002%
FeSO,-7H,0 and 0.1% peptone. Cultivation
was carried out at 25C on a reciprocal

shaker.
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Fig. 3 Time course of the liberation of ethylene

glycol from EO (1) dodecyl ether by the
resting cells.

Enzyme activity was determined under the
standard assay conditions (Reaction mixture
consisted of 0.2M phosphate buffer (pH6.7)
2ml, 0.2% EO(1) dodecyl ether 1 m!l and
cell suspension 1 ml. Incubation was carried
out at 30°C for 30 min under shaking). The
incubation time was changed as indicated.
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Enzyme activity was determined under
the standard assay conditions except
that the temperature was changed as
indicated.
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Fig. 6 Effect of the substrate concentration on
the enzyme activity.
Enzyme activity was determined under
the standard assay conditions except
that the substrate concentration was
changed as indicated.
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Table 2 Effect of shaking of the reaction mixture

on the decomposition of EO(1) dodecyl
ether

Shaking speed Ethylene glycol formed

(rpm) (u#moles/mg dry cells)
0 0.15
50 0.18
100 0.23
300 1.47
300, under N, 0.16
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Table 3 EO(1) dodecyl ether degradation activities of the resting cells cultivated in various

carbon sources

Carbon source
for cultivation

Yield of the cells
(mg dry weight/ ml)

Specific activity *
(nmoles / min/ mg dry cells)

EO(5) dodecyl ether, 0.2% 0.54
EO(7) dodecyl ether, 0.2% 0.48
Lauryl alcohol, 0.2% 1.15
Lauric acid, 0.2% 1.26
Ethylene glycol, 0.2% 0.10
PEG 400, 0.1% 0.08
EO(7) dodecyl ether, 0.1% 1.26
+ Lauryl alcohol, 0.1%

EO(7) dodecyl ether, 0.1% 0.63
+ Ethyl alcohol, 0.1%

EO(7) dodecyl ether, 0.1% 0.45

-+ Acetic acid, 0.1%

44.6
46.9
6.2
8.5

0

38.8

36.6

* Specific activities were determined by measuring the amount of ethylene glycol

liberated.
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Table 4 Degradation of the various polyethylene
glyecol dodecyl ethers by the resting cells
cultivated in EO(7) dodecyl ether

Specific activity *

Substrate (nmoles / min/ mg dry cells)

EO(3) dodecyl ether 21.1
EO(5) dodecyl ether 17.3
EO(7) dodecyl ether 15.8

* Specific activities were determined by measur-
ing the amount of EO(n) dodecyl ethers degrad-
ed under the standard assay conditions.
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Table 5 Effect of addition of lauryl alcohol on the induction of the degradation activity for
EO(5) dodecyl ether by the resting cells

Carbon source
for cultivation

Yield of the cells
(mg dry cells / ml)

Specific activity *
(nmoles / min/ mg dry cells)

EO(7) dodecyl ether, 0.2% 0.44
Lauryl alcohol, 0.2% 1.31
EO(7) dodecyl ether, 0.1% 1.26

+ Lauryl alcohol, 0.1%

11.6
0.1

0.8

* Specific activities were determined by measuring the amount of EO(5) dodecyl

ether degraded.
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