Kor. J. Appl. Microbiol. Biotechnol.
Vol. 27, No. 2, 124—128 (1999)

2= 23] 213 A ARl B s Eael cy-

Rhodococcus sp. TK67} MAGH= Cyclohexanol DehydrogenaseQ| SQ|&A

2UEf2 - 0jQIT
HECY s ETTHE S5taT)

Cyclohexanol Dehydrogenase Isozymes Produced by Rhodococcus sp. TK6. Kim, Tae-Kang and
In-Koo Rhee*. Depariment of Agricultural Chemistry, College of Agriculfure, Kyungpook Na-
tional University, Taegu 702-701, Kored — Rhodococcus sp. TK6 was able to produce NAD® dependent
cyclohexanol dehydrogenasc(CDH). The production of CDH was increased rapidly at the logarithmic
phasc and maintained conslanily afier thal. In order to investigale the inductive production of CDH by
various substrates, the bacteria were grown in the media containing alicyclic hydrocarbons and various
alcohols as a sole carbon source. CDH was induced most actively by cyclohexanol. Cyclohexanone
and cyclohcxanc-1,2-diol also induced remarkable amount of CDH but it was induced weakly by l-pro-
panol, 1-butanol, 1-pentanol, 1-hexanol, 2-propanol, and 2-methyl-1-propanol. The dehydrogenase of the
bacteria grown in the mcdia containing cyclohexanol were weakly active for various alcohols, but the
dehydrogenase activity for cyclohexane-1,2-diol was twice as much as that for cyclohexanol. Aclivity
staining on PAGE of the cell free extract of Rhodococcus sp. TK6 grown in the media containing cy-
clohexanol reveals at least seven isozymc bands of CDH and we nominated the four major aclivity
bands as CDH I, II, Ill, and IV. CDH I was strongly induced by cyclohexanol, cyclohexane-1,2-diol,
and 1-pentanol, but its activity was specific to cyclohexanol and I1-pentanol. CDH II was induced by
cyclohexanol and cyclohexane-1,2-diol, and its activity was specific to cyclohexanol and cyclohexane-1,
2-diol. CDH TII was induced by cyclohexanol and cyclohexane-1,2-diol, but its activity was specific to
cyclohexane-1,2-diol and 1-pentanocl. CDH IV was strongly induced by cyclohexanol and cyclohexane-1,
2-diol, and ils activity was very specific to cyclohexane-1,2-diol.

Key words: cyclohexanol dehydrogenase, cyclohexane-1,2-diol dehydrogenase, cyclohexanol degradation,
isozyme
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Table 1. Coenzymes for cyclohexanol dehydrogenase(CDH)
of the cyclohexanol utilizing bacteria, Rhodococcus sp. TK6
grown in COH media contained 0.4% cyclohexanol as a sole
carbon source

Substrate Coenzyme CDH activity*
(13.3 mM) (unit/mg)
None NAD" 0.30
Cyclohexanol NAD' 3.36
None NADP* 0.22
Cyclohexanol NADP’ - 022

*CDH was extracted from the cell with sonication.
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Fig. 1. Effect of culture time on the induction of cyclohex-
anol dehydrogenase(CDH) by Rhodococcus sp. TK6 grown
in COH media.

O—0, growth; @—®, activity. CDH activity was determined
with crude enzyme solution extracled from toluene treated cells
as described in Material and Methods.

Table 2. Effect of various carbon source on the induction of
cyclohexanol dehydrogenase (CDH) in Rhodococcus sp. TK6
grown for 48 hours

Carbon source (0.2%) CDH activity (unit/mg) Growth (mg/ml)

1-Propanol 0.55 2.39
1-Butanol 0.39 221
1-Pentanol 0.49 2.19
1-Hexanol 0.56 2.34
2-Propanol 0.48 1.53
2-Methyl-1-propanol 0.55 2.10
Cyclobexanol 0.98 2.99
Cyclohexanone 0.96 2.52
Cyclohexane-1,2-diol 0.68 2.81
(cis, trans mixture)

LB* 0.36 4.94

*Luria Broth media was used as a control without any inducers.
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Fig, 2. Effect of cyclohexanol concentration on the induction
of cyclohexanol dehydrogenase in Rhodococcus sp. TK6 grown
for 2 days.

O—0, growth; @—®, activily.
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Table 3. Relative dehydrogenase activies of the cell free
crude extract of Rhodococcus sp. TK6 grown in COH media
contained 0.4% cyclohexanol as a sole carbon source

Substrate (13.3 mM)

Relative activity (%)

Ethanol 12
1-Propanol 11
1-Butanol 17
1-Pentanol 22
2-Propanol 16
2-Methyl-1-propanol 11
3-Methyl-1-butanol 10
2-Methyl-2-propanol 10
Cyclohexane-1,2-diol (eis, trans mixture) 228
Cyclohexanol 100
None 6
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Fig. 3. Enzyme activity staining of cyclohexanol dehydrogen-
ase isozymes in the cell free extract of Rhodococcus sp. TK6
which was induced by 0.3% cyclohexanol(1), cyclohexane-1,2-
diol(2), and 1-pentanol(3).

The isozymes on PAGE gel were stained with PMS(phcnazine
methosulfate) and INT(2-p-iodophenyl-3-nitrophenyl-5-phenyl te-
trazolium chloride). A, 13.3 mM cyclohexanol for subsirale; B,
13.3 mM cyclohexane-1,2-diol for substrate; C, 13.3 mM 1-pen-
tanol for substrate.
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