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Isolation and Characterization of Cyclohexanol-utilizing Bacteria. Kim, Tae-Kang and In-Koo
Rhee*. Department of Agricuifural Chemistry, College of Agriculture, Kyungpook Natfional
University, Taegu 702-701, Korea - A bacterium, which can utilize cyclohexanol as a sole source of
carbon and energy, was isolated from sludge in sewage of Ulsan Industrial Complex for Petrochemi-
cals, Korea and identified as Rhodococcus sp. TK6. The growth conditions of the bacteria were inves-
tigated in cyclohexanol containing media. The bacteria utilized cyclohexanol, cyclohexanone, cyclohexane-
1,2-diol, cyclopentanol, cyclopentanone, and e-caprolactone but not cyclohexane, cyclohexane-1,2-dione,
and cyclooctanone, The bacteria were able to utilize alcohols such as ethanol, 1-propanol, 1-butanol, 1-
pentanol, 1-hexanol, 2-methyl-1-propanol, 3-methyl-1-butanol, 2-propanol, and 2-butanol as well as cy-
clohexanol, organic acids such as adipate, propionate, butyrate, valerate, n-caproate, and 6-hydroxycap-
roate, and aromatic compounds such as phenol, salicylate, p-hydroxybenzoate, and benzoate as a sole
source of carbon and energy. Cyclohexanone as a degradation product of cyclohexanol by Rhodococcus

sp. TK6 was determined with gas chromatography.
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Table 1. Cyclohexanol liquid media for the optimum culturc
condition (COH media)

(NH,),HPO, 0.13%
KH,PO, 0.05%
K,HPO, 0.2%
MgSO, - TH,0 0.02%
Yeast extracl 0.05%
Cyclohexanol* 0.4%
pH 7.7

*Cyclohexanol was added to the media after sterilization.
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Fig. 1. Microphotograph(A, B at x1, 000 magmficallon) and
scanning electronmicrograph(C, D at 10,000 magnification)
of Rhodococcus sp. TK6 grown at 30°C for 12 hours (A, O)
and 3 days (B, D).
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Fig. 2. Effect of cyclohexanol concentration as a sole carbon
source on the growth of Rhodococcus sp. TKS6.
The bacteria were grown on the COH media at 30°C for 3 days.
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Fig. 3. Growth curve of cyclohexanol utilizing bacteria, Rko-
dococcus sp. TK6 on the COH media at 30 °C.
O—0, growth; @—@, concentration of ¢yclohexanone.
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Table 2. Utilization of alicyclic hydrocarbons as a sole car-
bon source by Rhodococcus sp. TK6

Table 3. Utilization of organic acids and aromatic compounds
as a sole carbon source by Rhodococcus sp. TK6

Substrate Growth (mg/ml)* Substrate (0.2%) Growth (mg/ml)’
0.2% Cyclohexane 0.20 Acetate 1.41
0.2% Cyclohexanol 3.26 Propionate 1.79
0.2% Cyclohexanone 279 Butyrate 273
0.2% Cyclohexane-1,2-diol 253 Valerate 291
(cis, trans mixture) n-Caproate 277
0.2% Cyclohexane-1,2-dione 0.06 Oxalate 0.40
0.1% e-Caprolactone 2.18 Citrate 0.99
0.2% Cyclopentanol 1.33 Succinate 1.61
0.2% Cyclopentanone 1.91 Adipate 2.39
0.2% Cyclooctanone 0.78 DL-~malate 0.75
0.2% Cyclododecanone 0.36 Maleate 0.43
Nomne 0.36 Gluconate 0.96
*The culture conditions were the samc as Table 1 except for the Fumarate 1.46
addition of alicyclic hydrocarbons. 6-Hydroxycaproate” 2.89
Benzoate 2.44
Salicylate 1.78
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dione-Z o] &3} X3}, = g4 g 77} HL cyclo- Phthalate 0.41
pentanol3} cyclopentanone ¢[-§% == $lglA|qt, L ;ﬁ;?hcxaml Sig

¥e) v B ¥4AE PR cyclooctanone¥ cyclo-
dodecanone & o]&3}2] E3}¢c}. Cyclohexanol&
o|-&sk= nlAERZE Nocardial5], Acinetobacter(3, 4,
8] & So] gir}, Cyclohexanediol®] ¥l B3k T2
£ Pseudomonas <2] TF<l 2J&l trans-cyclohexane-
1,2-diole] cyclohexane-1,2-djone® & 4t3}% 7 o]7&
hydrolaseell €&} #3%]¢] 6-oxocaproate® #-s]% v}
= AME Yugaril13]ell €& x&o2 ¥ asgict, ©
Posternak S(7]-% Acetobacter suboxydans?} cyclohe-
xane-1,2-diol-8 2-hydroxycyclo-hexane-1-one 2.2 Al
Az shglen, = % Daveyet Trudgill[2]2
Acinetobacter TD63)] &]3] cyclohexane-1,2-diol®] 2-
hydroxycyclohexane-1-one2 2 AbstEicky R 3}9l
). B F2 cyclohexanol® cyclohexane-1,2-diol& ©]
£8F 5= 9l 21} cyclohexane-1,2-dione-g ©]-8-3}#] 23}
+ 7Ae=Z ¥ol cyclohexane-1,2-diol®] E8&= Aceto-
bacter suboxydansSt Acinetobacler TD632] 23] <28
-z Ao FAH

Fo0t B HEEE SI8E0| 0184 B 1Y 4 &
714b g wpekE SHE-0) o] -84l FAlg A= Table
39 Z}, B -2 oxalate E maleateE AL] o] £33
E3lom, 7 olele] f7]4RE f & o8¢ = 9lgich
1 oA 53] butyrate, valerate, n-caproate, 6-hy-
droxycaproate ¥ adipate 5= & ©]-&3}Hth & ben-
zoate, salicylate, phenol % p-hydroxybenzoate 52

“6-Hydroxycaproate was prepared by hydrolysis of e-capro-
lactone with 1.2 N-NaOH and the equivaleni amount in 0.1% 6-
hydroxyhexanoatc was added to the basal medium.

"The culture conditions were the same as Table 1 except for the
addition of the organic acids and aromatic compounds.
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Table 4. Utilization of aliphatic alcohols as a sole carbon
source by Rhodococcus sp. TK6

Substrate (0.2%)

Growth (mg/ml)*

Methanol 0.44
Ethanol 1.65
1-Propanol 2.35
1-Butanol 2.82
1-Pentanol 2.93
1-Hexanol 253
1-Heptanol 0.21
2-Methyl-1-propanol 2.93
3-Methyl-1-butanol 2.62
2-Propanol 1.87
2-Butanol 2.54
2-Methyl-2-propanol 0.27
2-Methyl-2-butanol 0.58
Ethane-1,2-diol 0.35
Propane-1,2-diol 2.24
Propane-1,3-diol 0.34
Hexane-1,2-diol 2.64
Hexane-1,6-diol 2.90
Cyclohexanol 2.96
Nomne 0.40

*The culture conditions were the same as Table 1 except for the
addition of aliphatic alcohols.
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Fig. 4. Identification of cyclohexanone with gas chromato-
graphy which was converted from cyclohexanol in culture fil-
trate by Rhodococcus sp. TKG.

A is standard for cyclohexanone (peak 1) and cyclohexanol
(peak 2). B, C, D, E, and F are the culture filtrate at 0, 18, 36,
48, and 72 hours, respectively. The unit of Y-axis represents the
relative concentration of cyclohexanol and cyclohexanone in the
culture filtrate at B, C, D, E, and F.
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