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Double Bond-Transferring Novel Hydroxylation Reaction
Involved in Microbial Metabolism of Plant Essential Oil Eugenol

Hirotaka Furukawa, Tsuyoshi Sugio and Toru Nagasawa
(Department of Biological Function and Genetic Resources Science)

We isolated a eugenol-degrading bacterium Pseudomonas fluorescens E118. This
strain produced a novel enzyme, eugenol dehydrogenase which catalyzes the
formation of coniferyl alcohol from eugenol. The enzyme required an electron
acceptor such as phenazine methosulfate (PMS). The enzyme was purified 242-fold
with a 22.4% overall recovery from the eugenol-induced cells of P. fluorescens
E118. The purified enzyme appeared to be homogeneous, judging from the analysis
of polyacrylamide gel electrophoresis. The enzyme was a 68.6 kDa protein com-
posed of two different subunits (@ subunit 10.4 kDa and g subunit 58.2 kDa). The
enzyme exhibited a cytochrome c-like absorption spectrum. The & subunit contain-
ing heme c seemed to play an important role for the dehydrogenation reaction. The
enzyme also catalyzes the dehydrogenation of 4-alkylphenol into the corresponding
alkyl 1-(4-hydroxyphenyl)-alcohol, and vanillyl alcohol into vanillin, respectively. The
reaction products were isolated and identified. These reactions seemed to proceed

through the same mechanisms.
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Fig. 2 Conversion of eugenol by the resting cells of P.

fluorescens E118.
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Fig. 3 Native gel electrophoreses of eugenol dehy-
drogenase. Lane 1, Coomassie brilliant blue

R-250 staining. Lane 2, heme staining. Lane 3,
active staining.

Table 1 Purification of eugenol dehydrogenase from P. fluorescens E118
Total protein (mg)  Total activity (U)  Specific activity (U/mg)  Yield (%)

Crude 5840 584 0.100 100

(NH.,) .50, (30-50 %) 3550 526 0.148 90.0
1st DEAE-Sephacel 202 269 1.58 46.1
Phenyl-Sepharose 21.1 239 11.3 40.9
(NH,).S0,(40-70 %) 14.1 180 12.8 30.8
Butyl-Toyopearl 9.08 151 16.7 25.9
2nd DEAE-Sephacel 5.42 131 24,2 22 .4
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SDS-PAGE gel electrophoreses of purified
eugenol dehydrogenase. Lane 1, Marker pro-
teins : phosphorylase b, 94 kDa ; bovine serum
albumin, 67 kDa ; ovalbumin, 43 kDa ; carbonic
anhydrase, 30 kDa ; soybean trypsine inhibitor,
20 kDa ; a-lactalbumin, 14.4 kDa. Lane 2.
eugenol dehydroganse (Coomassie brilliant blue
R-250 staining). Lane 3. eugenol dehy-
drogenase (heme staining).
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Fig.5 Changes in absorption specta by the addition of

(a) Na,S,0,, (b) KMnQ,, (c) KMnO, and eugenol.

Table 2 Substrate specificity of eugenol dehydrogenase

Substrate Relative activity (%) Km (gM) Product
Fugenol 100 5.0 Coniferyl alcohol
Vanillyl alcohol 90.4 398 Vanillin
p-Hydroxybenzyl alcohol 122 320 p-Hydroxybenzaldehyde
p—Cresol 7.93 p-Hydroxybenzaldehyde
2-Ethylphenol 0
3-Ethylphenol 18.3 1- (3-Hydroxyphenyl) ethyl alcohol
4-Ethylphenol 78.0 142 1- (4-Hydroxyphenyl) ethyl alcohol
4- Ethyanisole 0
4-n~Propylphenol 72.8 40.0 1- (4-Hydroxyphenyl) propanol
Isopropylphenol 6.25 2-(4-Hydroxyphenyl) propan-2-ol
4-n~Butylphenol 66.4 33.3 1- (4-Hydroxyphenyl) -butanol
4-sec-Butylphenol 12.1 2-(4-Hydroxyphenyl) butan-2-ol
4- tert-Butylphenol 0
4-n~-Hexylphenol 38.1 265 1- (4-Hydroxyphenyl) ~hexanol

2 Corresponds to the reduction of 47.3 nmol DCPIP/min
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