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A NAD-dependent secondary alcohol dehydrogenase has been purified from the alkane-degrading bacterium,
Rhodococcus erythropolis ATCC 4277. The enzyme was found to be active against a broad range of substrates,
particularly long-chain secondary aliphatic alcohols. Although optimal activity was observed with linear
2-alcohols containing between 6 and 11 carbon atoms, secondary alcohols as long as 2-tetradecanol were
oxidized at 25% of the rate seen with mid-range alcohols. The purified enzyme was specific for the S-(1)
stereoisomer of 2-octanol and had a specific activity for 2-octanol of over 200 mmol/min/mg of protein at pH
9 and 37&C, 25-fold higher than that of any previously reported S-(1) secondary alcohol dehydrogenase. Linear
primary alcohols containing between 3 and 13 carbon atoms were utilized 20- to 40-fold less efficiently than the
corresponding secondary alcohols. The apparent Km value for NAD

1 with 2-octanol as the substrate was 260
mM, whereas the apparent Km values for the 2-alcohols ranged from over 5 mM for 2-pentanol to less than 2
mM for 2-tetradecanol. The enzyme showed moderate thermostability (half-life of 4 h at 60&C) and could
potentially be useful for the synthesis of optically pure stereoisomers of secondary alcohols.

Alcohol dehydrogenases (ADH) with activity against sec-
ondary (28) alcohols have been characterized from a number of
sources. Many ADHs, including the well-characterized en-
zymes from liver (27) and yeast (31), are primarily ethanol
dehydrogenases but also have activity on longer-chain primary
(18) alcohols and some short-chain 28 alcohols (11, 12). Long-
chain 18 ADHs have been isolated from a number of microor-
ganisms (e.g., see references 3 and 34); typically, these also
have weak activity against 28 alcohols. A number of ADHs that
have a preference for 28 alcohols have been described; the
majority of these have optimal activities with 2-propanol or
2-butanol and have rather poor activities with alcohols with
chain lengths greater than 2-hexanol (9, 10, 19, 20, 29, 33).
Only two 28 ADHs that have significant activity with longer-
chain-length 28 alcohols have been characterized; a 28 ADH
from Comamonas terrigena that exhibits high activity with
R-(2)-2-alcohols as long as 2-dodecanol has been described (4,
5). The 28 ADH from Thermoanaerobium brockii utilizes
S-(1)-2-alcohols up to 2-decanol with less than 1% of the rate
used with 2-propanol (22, 26). This enzyme, and a related
enzyme from Thermoanaerobium ethanolicus, have attracted
considerable interest for the potential commercial synthesis of
optically active 28 alcohols (22, 30).
We have been using Rhodococcus erythropolis ATCC 4277 as

a model system to investigate the metabolism of hydrocarbons
by nocardioform bacteria, a group of actinomycetes that have
been shown to have considerable potential for the biodegra-
dation of toxic organic compounds. Strains of Rhodococcus
spp. capable of degrading such diverse compounds as aliphatic
(14) and aromatic hydrocarbons (16), pentachlorophenol (17),
dioxane (6), and various derivatives of aniline (15) have been
described. R. erythropolis ATCC 4277 can utilize alkanes rang-
ing from hexane to heptadecane. During biochemical analysis
of alkane metabolism by this strain, we discovered a 28 ADH
that has an extremely high activity with long-chain S-(1) 28

alcohols. This report describes the purification and properties
of this enzyme.

MATERIALS AND METHODS

Bacterial strains and cultural conditions. R. erythropolis ATCC 4277 was
obtained from the American Type Culture Collection. The strain was grown at
308C in either Luria broth (LB) (32) or Rhodococcus minimal medium (RMM).
RMM contained (NH4)2HPO4 (2 g/liter), MgSO4 (0.2 g/liter), KH2PO4 (0.5
g/liter), and trace element solution (18) (2 ml/liter) supplemented with tetrade-
cane (0.4%) as the sole source of carbon and energy.
Chemicals. All alcohols were obtained from Sigma Chemical Co. (St. Louis,

Mo.), Lancaster Synthesis (Windham, N.H.), or Aldrich Chemical Co. (St. Louis,
Mo.), except S-(1)-2-octanol and R-(2)-2-octanol, which were obtained from
Fluka Chemie AG (Buchs, Switzerland). All were of the highest purity available
from these sources and were used without further purification. NAD1 and
NADH were obtained from Sigma Chemical Co.
Enzyme assay conditions. Assays were routinely performed at 378C in a total

volume of 1 ml containing 50 mM Tris-Cl (pH 9.0), 10 mM MgCl2, and 2.5 mM
NAD1. Alcohols were added to a final concentration of 1 mM unless otherwise
specified. Where indicated, dimethyl formamide (1%) was added to the reaction
mix to aid solubility of longer-chain alcohols. The increase in A340 due to the
formation of NADH was monitored over a period of 1 to 2 min with a Milton
Roy 3000 array spectrophotometer equipped with kinetics software. Activities
were expressed as micromoles of NADH formed per minute at 378C, using
software to calculate the initial rate of reaction. Protein was assayed by the
method of Bradford (7) with a commercial kit from Bio-Rad (Richmond, Calif.).
Preparation of cell-free lysates. Cells were grown for 3 to 4 days in Luria broth

or for 7 to 10 days in RMM, harvested and resuspended in approximately 3 ml
of 20 mM Tris-Cl, pH 7.0, per g (wet weight) of cells. Bead-Beater (Biospec
Products, Bartlesville, Okla.) lysis was achieved with 10 20-s bursts in a micro-
chamber, using 1-mm-diameter glass beads. Cell debris and unlysed cells were
removed by centrifugation at 2,000 3 g for 5 min. A cleared lysate was obtained
after centrifugation at 30,000 3 g for 30 min to remove membranes and other
insoluble material.
Purification of a 2& ADH from R. erythropolis ATCC 4277. All purification steps

were performed at 48C. Tris-Cl, pH 7.0 (20 mM), was used as the buffer for all
steps except NAD1 affinity chromatography. The purification steps were per-
formed as follows.
(i) DEAE Bio-Gel agarose. The cleared lysate from 3 liters of cell culture

(typically 240 ml) was applied to a 100-ml DEAE Bio-Gel agarose column
(Bio-Rad) at a flow rate of 64 ml/h. All further washes used the same flow rate.
The column was washed with 240 ml of 20 mM Tris-Cl, pH 7.0, followed by 240
ml of 20 mM Tris-Cl (pH 7.0)–100 mM NaCl. 28 ADH activity was recovered
from the column by the application of a 500-ml linear NaCl gradient (100 to 250
mM) in 20 mM Tris-Cl, pH 7.0. Fractions (8 ml each) with a specific activity
greater than 3 U/mg of protein were pooled and dialyzed overnight against 4
liters of 20 mM Tris-Cl, pH 7.0.
(ii) Hydrophobic interaction chromatography. The pooled DEAE fractions
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were applied to a 10-ml butyl-agarose column (Sigma) at a flow rate of 24 ml/h.
The column was then washed (24 ml/h) with 80 ml of 20 mM Tris-Cl, pH 7.0, and
28 ADH activity was eluted with 320 ml of a linear KCl gradient (0 to 100 mM)
in 20 mM Tris-Cl, pH 7.0. Fractions (4 ml each) with a specific activity greater
than 35 U/mg of protein were pooled. The protein was concentrated by loading
the pooled fractions onto a DEAE MemSep 1000 chromatography cartridge
(Millipore Corp., Bedford, Mass.) and washing the cartridge with 5 ml of 20 mM
Tris-Cl, pH 7.0 before elution of the enzyme with 5 ml of 20 mM Tris-Cl, pH 7.0,
containing 200 mM NaCl.
(iii) NAD1-agarose affinity chromatography. Preliminary experiments dem-

onstrated that the 28ADH would only bind to NAD1-agarose at a low pH (,6.5)
in a dilute phosphate buffer. Accordingly, the pooled butyl-agarose fractions
were dialyzed extensively against 10 mM potassium phosphate buffer (pH 6.0)
before loading them onto a 2-ml NAD1-agarose column (catalog no. N1008;
Sigma) at a flow rate of 12 ml/h. The column was washed with 6 ml of 10 mM
potassium phosphate buffer, pH 6.0, and the 28 ADH was eluted with 10 mM
potassium phosphate buffer (pH 6.0) containing 2.5 mM NAD1. Fractions (0.5
ml each) with specific activities greater than 200 U/mg of protein were pooled.
SDS-PAGE and molecular weight determinations. The purified enzyme was

subjected to sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-
PAGE) on a 10% gel according to standard protocols (25, 32) with a mini-gel
apparatus (Bio-Rad). The molecular weight of the most prominent band was
calculated by using the SDS-7 molecular weight marker kit (Sigma). The molec-
ular weight of the native protein was estimated by gel filtration through a Bio-Gel
A 1.5M column (1.5 by 50 cm) (Bio-Rad) calibrated with the GF-200 gel filtra-
tion molecular weight marker kit (Sigma).

RESULTS

Purification of a 2& ADH from R. erythropolis ATCC 4277. As
shown in Table 1, cell extracts of R. erythropolis ATCC 4277
grown on tetradecane as the sole carbon source contained a
NAD1-dependent dehydrogenase(s) active on a wide range of
18 and 28 alcohols. In particular, the strain appeared to contain
an extremely active 28 ADH with an apparent optimal chain
length between C7 and C9. A three-step procedure was used to
purify the enzyme almost 300-fold (Table 2), with a 38% yield
from 3 liters of Luria broth-grown cultures. The final enzyme
preparation had a specific activity for 2-octanol of 224 U/mg of
protein under the assay conditions used. SDS-PAGE (Fig. 1)
of the purified enzyme yielded a single major band with a
molecular weight of 48,000. Gel filtration chromatography
(data not shown) yielded a molecular weight value of approx-
imately 110,000, suggesting that the native enzyme is probably
a dimer composed of two identical subunits.

Determination of R. erythropolis 2& ADH optimum reaction
conditions. The purified enzyme was found to have a broad pH
requirement (data not shown) with an optimum pH of around
9. Although R. erythropolis has an optimal growth temperature
of 308C, the enzyme had the greatest activity at 748C (data not
shown). Although the enzyme is moderately heat stable, with a
half-life of 4 h at 608C (data not shown), at 758C it has a
half-life of less than 1 min, contributing significantly to the
reduced activity observed at higher temperatures. The addition
of divalent cations had little effect on the enzyme, although
Mg21 at 10 mM stimulated activity by about 15%. EDTA (5
mM) did not inhibit the reaction. NADP1 could not substitute
for NAD1 in the reaction. All further characterization used
pH 9.0, 10 mM MgCl2, and 378C as the standard assay condi-
tions.
Chain-length specificity of purified 2& ADH. The purified

enzyme was assayed for activity against 18 and 28 alcohols
ranging from ethanol to 2-tetradecanol, with the results shown
in Table 1. All alcohols were added to a final concentration of
1 mM. Dimethyl formamide (1% final concentration) was
added to all the reaction mixtures, as it helped to solubilize the
longer-chain alcohols. At this concentration, dimethyl form-
amide inhibited activity by approximately 12%. As seen in
Table 1, the enzyme exhibited a broad chain length optimum
for 28 alcohols ranging from 2-hexanol to 2-tridecanol. Al-
though significant activity was observed with 2-propanol and
2-butanol, these were relatively poor substrates for the en-

FIG. 1. SDS-PAGE of purified R. erythropolis 28 ADH. Samples were run on
an 11% mini-gel and stained with Coomassie blue R. Lanes: A, 5 mg of protein
from the final NAD1 affinity chromatography step; B, molecular weight markers.

TABLE 1. Substrate specificity profile of NAD1-dependent ADH
activities in cell extracts of tetradecane-grown R. erythropolis ATCC

4277 and in purified 28ADH

Chain
length

Sp act (U/mg of protein)a

Cell extract Purified enzyme

1-Alcohol 2-Alcohol 1-Alcohol 2-Alcohol

C2 0.003 0.2
C3 0.005 0.02 0.4 2
C4 0.008 0.04 1.0 4
C5 0.029 0.16 2.2 26
C6 0.038 0.67 2.9 118
C7 0.049 1.39 4.4 236
C8 0.042 1.49 3.1 219
C9 0.059 1.70 2.4 218
C10 0.053 1.42 3.4 192
C11 0.042 1.14 2.7 202
C12 0.053 1.01 2.7 148
C13 0.018 0.76 1.9 106
C14 0.005 0.52 68
C16 ,0.001 0.14

a All alcohols were supplied at a final concentration of 1 mM. Calculated
specific activities were the average of at least three independent determinations.
The overall standard deviations for the assays were66.3% for the 2-alcohols and
616.7% for the 1-alcohols.

TABLE 2. Purification of 28 ADH from R. erythropolis ATCC 4277a

Step Activity
(U/ml)b

Protein
(mg/ml)

Sp act
(U/mg)c

Extract 3.9 5.00 0.77 6 0.05
DEAE 11.7 2.17 5.4 6 0.3
Butyl HICd 16.0 0.34 45.7 6 2.6
NAD1 87.3 0.39 224 6 6.0

a The final yield was 38%.
b Determined with 7 mM 2-octanol (0.1%) as the substrate.
c Data are means 6 standard deviations.
d HIC, hydrophobic interaction chromatography.
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zyme. The somewhat lower level of activity observed with 2-tet-
radecanol may be related to the poor solubility of the alcohol
at the supplied concentration. The enzyme also had significant
activity with 18 alcohols and showed a similar chain length
preference. On average, 1-alcohols were approximately 50-fold
less efficient substrates than the corresponding 2-alcohol. The
observed substrate profiles of the purified enzyme closely re-
flected the activities obtained with the cell extract (Table 1),
suggesting that the purified enzyme was responsible for the
majority of both the 18 and 28 NAD1-dependent ADH activ-
ities seen in the cell extract.
Activity against other alcohols. The effect of the hydroxyl

substitution position was examined with decanol (Table 3); 2-
and 3-decanol exhibited high levels of activity, whereas 4-de-
canol was virtually inactive, indicating a preference for hy-
droxyl substitutions at the 2- or 3-position. 1,2-Decanediol
displayed approximately 10-fold less activity than 2-decanol,
suggesting considerable steric hindrance by adjacent hydroxyl
groups. 1,10-Decanediol produced over twice the activity of
1-decanol, suggesting an additive effect for a, v-disubstituted
alcohols. Of the non-straight-chain aliphatic substrates tested,
only cyclohexanol produced significant activity (Table 3). The
enzyme was virtually inactive against benzyl alcohol and short-
chain tertiary alcohols and was completely inactive against
glycerol.
Stereospecificity of 2& ADH. The enzyme was assayed for

activity against stereoisomers of 2-octanol and found to be
specific for the S-(1)-isomer (266 U/mg of protein) rather than
the R-(2)-isomer (17 U/mg of protein) (Table 3). We note
from the Km data (see below) that the activity observed with
R-(2)-2-octanol could be accounted for by as little as 0.5%
contamination of the R-(2)-2-octanol with S-(1)-2-octanol. In
a separate experiment, we incubated 250 nmol of each of the
stereoisomers with the enzyme in the presence of excess
NAD1 (2.5 mmol) and allowed the reactions to proceed to
equilibrium. Two hundred twenty nanomoles of NADH was
generated in the S-(1) reaction, whereas only 1.2 nmol of
NADH was generated in the R-(2) reaction, corresponding to
90% utilization of the S-(1)-alcohol but only 0.5% utilization
of the R-(2)-alcohol. From these data, the enzyme appears to
be highly specific for the S-(1)-stereoisomer of 2-octanol, suf-

ficiently so that it can reveal trace amounts of S-(1)-2-octanol
present in commercial preparations of R-(2)-2-octanol.
Determination of kinetic parameters. To help clarify the

chain length preference of the enzyme, we determined the
apparent Km for NAD

1 and many of the 28 alcohols (Table 4).
When 2-octanol was used as the substrate, the Km for NAD

1

was found to be 260 mM. Similar values were obtained with
2-pentanol and 2-dodecanol (data not shown). Vmax values for
each alcohol were calculated for 1 mg of purified enzyme at
378C in an assay mix consisting of 50 mM Tris-Cl (pH 9.0), 10
mM MgCl2, 1% dimethyl formamide, and 2.5 mM NAD1 at
378C. Minimum values for the turnover number (kcat) under
these conditions were based on a monomer molecular weight
of 48,000. We were unable to accurately determine Vmax and
Km values for 2-tetradecanol, because the Km value was so low
that at appropriate alcohol concentrations (,2 mM) the reac-
tion would proceed to equilibrium before generating signifi-
cant detectable quantities of NADH. However, the results
show that there is an inverse correlation between the apparent
Km and the chain length of the alcohol. The enzyme has a high
Km for 2-pentanol (5,380 mM), which drops to 451 mM with
2-hexanol and 52 mM with 2-heptanol. Thereafter, there is a
gradual decrease in the measured values until with 2-tetrade-
canol the apparent Km is less than 2 mM. The calculated Vmax
values vary less than twofold over the range of alcohols tested;
2-pentanol and 2-tridecanol exhibited the lowest Vmax values
(126 and 129 U/mg, respectively), while 2-nonanol exhibited
the highest (246 U/mg). The kcat/Km values, which provide a
measure of the relative efficiency of the enzyme, thus increase
dramatically with increasing chain length, from a value of 0.02
with 2-pentanol to a value of 34.4 with 2-tridecanol. Therefore,
although 2-pentanol and 2-tridecanol produce very similar
Vmax values, the enzyme is much more efficient at utilizing
2-tridecanol.
Kinetics of the reverse reaction. The reverse reaction was

monitored by measuring the rate of NADH oxidation by the
enzyme in the presence of various ketones. 2-Ketones were
utilized efficiently with a chain length dependence similar to
that observed with 2-alcohols (data not shown). At pH 9.0 with
0.25 mM NADH, the apparent Km for 2-heptanone was found
to be 400 mM and the Vmax was approximately 230 U/mg of
protein. This Vmax value is very similar to the Vmax of the
forward reaction (204 U/mg; Table 5), but the Km value is
about eightfold higher than that obtained for 2-heptanol (52
mM).

TABLE 3. Activity of purified 28 ADH from R. erythropolis ATCC
4277 against a variety of alcohols

Substrate Sp act (U/mg)a

1-Decanol .................................................................................. 4 6 0.5
2-Decanol .............................................................................. 202 6 5.0
3-Decanol .............................................................................. 103 6 2.3
4-Decanol ............................................................................... 0.5 6 0.1
1,2-Decanediol ........................................................................ 21 6 1.5
1,10-Decanediol ...................................................................... 12 6 0.4

Isoamyl alcohol ...................................................................... 0.7 6 0.1
tert-Butanol ............................................................................. 0.3 6 0.1
2-Methyl 1-pentanol .............................................................. 0.7 6 0.1
Cyclohexanol ........................................................................... 10 6 0.3
Benzyl alcohol ........................................................................ 0.1 6 0.05
Glycerol ........................................................................................ ,0.1

S-(1)-2-octanol ..................................................................... 266 6 5.8
R-(2)-2-octanol ...................................................................... 17 6 1.8

a All alcohols were supplied at a final concentration of 1 mM. Calculated
specific activities were the average of at least three independent determinations.
Data are means 6 standard deviations.

TABLE 4. Kinetic data for R. erythropolis 28 ADH with different
28 alcohols

Alcohol Vmax
(U mg21)

Km
(mM)

kcat
(s21)a

kcat/Km
(s21 mM21)

2-Pentanol 126 5,380 100 0.02
2-Hexanol 154 451 123 0.27
2-Heptanol 204 52 163 3.14
2-Octanol 222 28 178 6.34
2-Nonanol 246 25 197 7.87
2-Decanol 217 16 174 10.85
2-Undecanol 206 17 165 9.69
2-Dodecanol 165 6 132 22.0
2-Tridecanol 129 3 103 34.4
2-Tetradecanol NDb ,2

aMinimum value for kcat, assuming a monomer molecular weight of 48,000.
b ND, not determined.
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DISCUSSION

The most striking feature of this study was the discovery of
a 28 ADH from R. erythropolis ATCC 4277 with an extremely
high specific activity towards long-chain 28 alcohols. Under the
conditions used (50 mM Tris-Cl [pH 9.0], 10 mM MgCl2, 2.5
mM NAD1, 1 mM alcohol), the purified enzyme had a specific
activity for 2-alcohols ranging from 2-hexanol to 2-undecanol
of over 200 U/mg of protein. With the exception of the 28ADH
from C. terrigena, which is reported to have a specific activity of
129 U/mg with R-(2)-2-octanol (5), this value is over 25-fold
higher than that of any other 28 ADH described so far. A
compilation of the specific activities of other documented 28
ADHs is presented in Table 5 for comparison purposes. The
majority of these enzymes favor short-chain 2-alcohols, usually
2-propanol or 2-butanol, and have less than 10% activity on
2-alcohols longer than 2-pentanol.
Physical characterization of the R. erythropolis 28 ADH

showed that the native enzyme is probably a dimer of identical
subunits (Mr, 48,000). This is similar in size to the dimeric 28
ADHs isolated from a Pichia sp. (98,000) (29), a Pseudomonas
sp. (95,000) (20), and Rhodococcus rhodochrous (86,000) (2).
From biochemical characterization, the apparent Km for
NAD1 (260 mM) lies towards the high end of the range of
values seen with other 28 ADHs (8.2 mM [19] to 350 mM [9]).
We observed a very striking chain length effect on the apparent
Km values with different 2-alcohols (Table 4). These ranged
from over 5 mM for 2-pentanol to less than 2 mM for 2-tetra-
decanol. Although an inverse relationship between Km and
alkyl chain length has been noted for both 18 (27, 28, 34) and
28 ADHs (5), the 100-fold difference we observed between
2-pentanol (5,380 mM) and 2-heptanol (52 mM) is a much
more dramatic decrease than that seen with other enzymes. It
is generally accepted that a decrease in Km with increasing
chain length demonstrates that hydrophobic interactions are
extremely important in substrate binding by ADHs (5, 27, 28,
34). The minimal kcat values for the R. erythropolis enzyme
varied less than twofold over the entire tested range. Thus, the
kcat/Km ratios generally increase with increasing chain length,
suggesting that the enzyme has evolved to oxidize 2-alcohols of
12 or more carbon atoms more efficiently than mid-range (C6
to C10) 2-alcohols. As R. erythropolis grows most rapidly on
alkanes of 12 or more carbon atoms, this would support the
premise that the strain may degrade alkanes via an initial
subterminal oxidation attack to create 28 alcohols, and it is

these alcohols that are oxidized by the 28 ADH. This mecha-
nism of alkane degradation, first proposed to occur in fungi
(1), has subsequently been discovered in a number of bacteria
(13, 14, 23, 24). Many of the bacteria thought to use this
metabolic pathway belong to genera closely related to Rhodo-
coccus such as Arthrobacter (23, 24) and Mycobacterium (14).
From the biochemical data, the R. erythropolis enzyme su-

perficially most closely resembles the 28 ADH from C. terrigena
(4, 5), in that both enzymes have a particularly high specific
activity against long-chain 28 alcohols. However, the two en-
zymes appear to be physically quite different, as the Comamo-
nas enzyme is a tetramer of 33-kDa subunits, whereas the
Rhodococcus enzyme is probably a dimer of 48-kDa subunits.
In addition, the Comamonas enzyme is specific for R-(2)-
stereoisomers, whereas the Rhodococcus enzyme is specific for
the S-(1)-stereoisomer of 2-octanol. The two enzymes also
differ in the efficiency with which they oxidize different alcohol
isomers. The Rhodococcus enzyme oxidizes 3-decanol at 50%
of the rate obtained with 2-decanol but is virtually inactive
against 4-decanol, whereas the Comamonas enzyme oxidizes
1-nonanol, 3-nonanol, and 4-nonanol at approximately 10% of
the rate seen with 2-nonanol (5). This suggests that the active
sites of the two enzymes may be rather different, not only with
respect to their stereospecificity but also with regard to their
ability to accommodate 28 alcohols with a hydroxyl group po-
sitioned more than 2 carbon atoms from the end of the alkyl
chain. On the basis of the models proposed by Barrett et al.
(5), Keinan et al. (22), and Pham and Phillips (30), it is possible
that the active site of the Rhodococcus enzyme consists of a
small alkyl binding site and a large alkyl binding site flanking
the catalytic site. In this case, the small alkyl binding site would
accept either a methyl or an ethyl group but no alkyl chains of
greater length. The larger site could be simply an open-ended
hydrophobic groove in the surface of the protein that would be
capable of accepting a linear hydrocarbon chain of any length.
Presumably, the longer hydrocarbon chains would have stron-
ger hydrophobic interactions with the enzyme, resulting in a
lower Km. The two sites would be oriented such that only
S-(1)-28 alcohols would present the hydroxyl group correctly
to the catalytic site.
The R. erythropolis enzyme may be useful for the synthesis of

optically pure 28 alcohols. The 28 ADHs from T. brockii and T.
ethanolicus have been studied for this purpose, as they are
thermostable and stereospecific, have activity with S-(1)-2-

TABLE 5. Comparison of microbial 28 ADH specific activities

Organism Preferred substrate Rate (U/mg)a Long-chain substrateb Rate (U/mg) Reference or source

Rhodococcus erythropolis 2-Octanol 224 2-Octanol 224 This study
Comamonas terrigena 2-Octanol 129 2-Octanol 129 4, 5
Thermoanaerobium brockii 2-Butanol 110 2-Heptanonec 8.2 22, 26
Candida boidinii 2-Propanol 230 2-Hexanol 5 33
Rhodococcus rhodochrous 2-Propanol 4.9 2-Hexanol 4.4 2
Pseudomonas sp. 2-Butanol 65.6 2-Hexanol 1.3 19
Thermoanaerobacter ethanolicus 2-Propanol 170 2-Heptanol 0.6 9, 30
Pichia sp. 2-Butanol 6.0 2-Hexanol 0.6 29
Pseudomonas maltophilia 2-Propanol 20 2-Hexanol 0.4 8
Mycobacterium vaccae 2-Propanol 17.6 2-Hexanol —d 10
Pseudomonas fluorescens 2-Butanol 2.4 2-Hexanol —d 20
Methanogenium thermophilicum 2-Propanol 176 NRe 35
Clostridium beijerinckii Propanalc 299 2-Pentanol 4.0 21

a The highest activity is reported for each enzyme.
b The 28 alcohol of at least 6 carbon atoms that exhibited the highest activity (exceptions are 2-heptanone and 2-pentanol).
c Activity reported for the reverse reaction.
d No activity with 2-hexanol or longer-chain alcohols.
e NR, not reported.
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alcohols of up to 8 carbon atoms in length, and can catalyze the
reaction in either direction (9, 22, 26, 30). The R. erythropolis
enzyme has similar properties but is over 25-fold more active
against 2-octanol and can also efficiently oxidize longer-chain
alcohols.
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