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The bacteria 

 

Acinetobacter

 

 sp. produce a complex
polysaccharide preparation (EPS) ethapolan [1]. We
have previously developed a procedure for obtaining
ethanol-derived ethapolan and new approaches to
intensification of EPS synthesis and to the control of its
composition and physicochemical properties [1, 2].
However, these studies were based on suppositions
about tentative metabolic pathways of the EPS synthe-
sis in 

 

Acinetobacter

 

 sp. No enzymological analysis of
the ethapolan-producing strain has been conducted
because it was impossible to separate the bacterial cells
from the extremely viscous EPS with a high molecular
weight.

By means of nitrosoguanidine-induced mutagene-
sis, mutant strains of 

 

Acinetobacter

 

 sp. unable to syn-
thesize exopolysaccharides were obtained [3]. The
wild-type and EPS-mutant strains were indistinguish-
able in the physiological and biochemical traits
(requirement for growth factors, pantothenic acid, and
yeast autolysate; utilization of ethanol, mono- and
disaccharides; resistance to antibiotics; etc.). The anal-
ysis of 16S rRNA demonstrated its identity in the wild-
type and mutant stains.

In this work, we attempted to elucidate the major
pathways of ethanol metabolism by 

 

Acinetobacter

 

 sp.
by using the EPS-mutant strains. We aimed at elucidat-

ing the bottleneck of ethanol metabolism to work out
methods for their elimination, which would allow us to
optimize the procedure of obtaining ethanol-derived
ethapolan.

MATERIALS AND METHODS

The mutant strain 

 

Acinetobacter

 

 sp. 1NG unable to
synthesize EPS [3] and the wild-type EPS-synthesizing
strain 

 

Acinetobacter

 

 sp. 12S described previously [1]
were used in this study.

 

Growth of 

 

Acinetobacter

 

 sp.

 

 Bacteria were grown
in a liquid mineral medium of the following composi-
tion (g/l): 

 

KH

 

2

 

PO

 

4

 

, 6.8; NaOH, 0.9; NaCl, 1.1;

 

NH

 

4

 

NO

 

3

 

, 0.6; 

 

MgSO

 

4

 

 

 

·

 

 7H

 

2

 

O

 

, 0.4; 

 

CaCl

 

2

 

 

 

· 

 

2H

 

2

 

O

 

, 0.1;

 

FeSO

 

4

 

 

 

·

 

 7H

 

2

 

O

 

, 0.001 (standard medium 1). The
medium was also supplemented with 0.5 vol % yeast
autolysate and 0.0003 to 0.0009% calcium pantothen-
ate. Ethanol added at a concentration of 1 vol % served
as the carbon and energy source. The bacteria were also
grown in liquid mineral medium 2 free of sodium com-
pounds (NaOH and NaCl were replaced by equimolar
amounts of KOH and KCl). 

 

Acinetobacter

 

 sp. 1NG
cells were cultivated in shake flasks (220 rpm) at 

 

30°ë

 

and pH 6.8–7.0 for 16–72 h. 

 

Acinetobacter

 

 sp. 12S cells
were grown for 96 h. A one-day-old culture grown on a
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Abstract

 

—Activities of the key enzymes of ethanol metabolism were assayed in ethanol-grown cells of an

 

Acinetobacter

 

 sp. mutant strain unable to synthesize exopolysaccharides (EPS). The original EPS-producing
strain could not be used for enzyme analysis because its cells could not to be separated from the extremely vis-
cous EPS with a high molecular weight. In 

 

Acinetobacter

 

 sp., ethanol oxidation to acetaldehyde proved to be
catalyzed by the NAD

 

+

 

-dependent alcohol dehydrogenase (EC 1.1.1.1.). Both NAD

 

+

 

 and NADP

 

+

 

 could be elec-
tron accepters in the acetaldehyde dehydrogenase reaction. Acetate is implicated in the 

 

Acinetobacter

 

 sp.
metabolism via the reaction catalyzed by acetyl-CoA-synthetase (EC 6.2.1.1.). Isocitrate lyase (EC 4.1.3.1.)
activity was also detected, indicating that the glyoxylate cycle is the anaplerotic mechanism that replenishes the
pool of C

 

4

 

-dicarboxylic acids in 

 

Acinetobacter

 

 sp. cells. In ethanol metabolism by 

 

Acinetobacter

 

 sp., the reac-
tions involving acetate are the bottleneck, as evidenced by the inhibitory effect of sodium ions on both acetate
oxidation in the intact cells and on acetyl-CoA-synthetase activity in the cell-free extracts, as well as by the
limitation of the C

 

2

 

-metabolism by coenzyme A. The results obtained may be helpful in developing a new bio-
technological procedure for obtaining ethanol-derived exopolysaccharide ethapolan.
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mixture of nutrient agar and wort agar (1 : 1) was used
as inoculum.

To determine biomass concentrations, the optical
density of a cell suspension measured and converted to
dry biomass weight using a calibration curve. The
amount of EPS was determined by the weighing
method as described previously [1]. Acetate concentra-
tion in the culture liquid was assayed enzymatically
using acetate kinase [4]. Acetaldehyde was detected in
the culture liquid from the reaction with sodium nitro-
prusside and piperidine [5].

 

Preparation of cell-free extracts.

 

 After cultivation
of 

 

Acinetobacter

 

 sp. 1NG cells in liquid mineral
medium, the culture was centrifuged (4000 

 

g

 

, 15 min,

 

4°ë

 

), the cell pellet was washed twice with either 0.05 M
Tris–HCl buffer (pH 7.0) or 0.05 M 

 

K

 

+

 

-phosphate
buffer (pH 7.4, 

 

4000 

 

g

 

, 15

 

 min, 

 

4°ë

 

). Washed cells
were resuspended in either 0.05 M Tris–HCl buffer
(pH 7.0) or 0.05 M phosphate buffer (pH 7.4) to be son-
icated (22 kHz) three times for 30 s each time on an
UZDN-1 device at 

 

4°ë

 

. The resulting suspension was
centrifuged (12000 

 

g

 

, 30

 

 min, 

 

4°ë

 

) and the supernatant
obtained served as cell-free extract.

The bacterial cells used to obtain cell-free extracts
were taken at the mid-exponential growth phase and at
the end of the exponential growth phase (16–20 and
40–44 h of growth, respectively), as well as in the sta-
tionary phase (68–72 h).

 

Enzymatic analyses.

 

 Alcohol dehydrogenase (EC
1.1.11.1.) and aldehyde dehydrogenase (EC 1.2.1.3 and
EC 1.2.1.4) activities were assayed from either NAD

 

+

 

or NADP

 

+

 

 reduction measured at 340 nm [6, 7]. Alco-
hol dehydrogenase (EC 1.1.99.8) activity was assayed
from dichlorophenolindophenol reduction in the pres-
ence of phenazine methosulfate (PMS) measured at 600 nm
[8]. The activities of acylating acetaldehyde dehydro-
genase (EC 1.2.1.10) [9] and that of acetyl-CoA-syn-
thetase (EC 6.2.1.1.) [10] were assayed from acetyl-
CoA synthesis detected in the reaction of the acetyl-
CoA with hydroxylamine, which resulted in the forma-
tion of acetyl hydroxamate. Reaction of the latter with
ferric chloride yielded a product determined spectro-
photometrically at 540 nm. Acetate kinase (EC 2.7.2.1)
[11] activity was determined by the formation of acetyl
phosphate interacting with hydroxylamine to produce
acetyl hydroxamate.

Isocitrate lyase (EC 4.1.3.1) activity was measured
spectrophotometrically at 324 nm from the rate of gly-
oxylate phenylhydrazine formation [12].

Enzyme activities were assayed at 

 

28–30°ë

 

, a tem-
perature optimal for the growth of 

 

Acinetobacter

 

 sp.,
and were expressed in the amounts of the reaction prod-
ucts (nmol/(min mg protein). The protein content in
cell-free extracts was determined by Bradford’s method
[13]. The Michaelis constant (

 

K

 

m

 

) was determined from
the Lineweaver–Burk plot [14].

To assay alcohol- and aldehyde dehydrogenase
activities, 

 

Acinetobacter

 

 sp. 1NG cells were grown on

standard medium 1. The activities of acetyl-CoA syn-
thetase, acetate kinase, and isocitrate lyase were
assayed in cells grown also on medium 2 containing no
sodium ions.

 

Measurement of the rate of substrate oxidation
by intact cells of 

 

Acinetobacter

 

 sp. 1NG.

 

 The oxida-
tion rate of ethanol, acetaldehyde (AA), acetate, and
succinate was determined polarographically from the
rate of oxygen consumption in a reaction mixture using
a closed electrode and a PPT-1 polarograph at 28–30

 

°

 

C,
a temperature optimal for the growth of 

 

Acinetobacter

 

sp. The specific rate of oxygen consumption was
expressed in nmol O

 

2

 

/(min mg cells). The substrate
concentration was 10 mM. The respiration rate was
determined in cells of 

 

Acinetobacter

 

 sp. 1NG grown on
standard liquid mineral medium 1 (16–20 h, exponen-
tial growth phase), which were harvested by centrifuga-
tion (4000 

 

g

 

, 15 min, 

 

4°ë

 

). The cell pellet was washed
twice with either 0.05 M Tris–HCl or phosphate buffer
(pH 6.8, 

 

4000 

 

g

 

, 15

 

 min, 

 

4°ë

 

). Washed cells were resus-
pended in either 0.,05 M Tris–HCl or phosphate buffer
(pH 6.8) and incubated on a shaker, 220 rpm, for 1–20 h
at 

 

30°ë

 

. The incubation in the buffer (cell starvation)
was to reduce the level of endogenous cell respiration.
Tris–HCl buffer, either 

 

K

 

+

 

,Na

 

+

 

-

 

phosphate buffer, or

 

K

 

+

 

-phosphate buffer (0.05 M, pH 6.8) were used for
cell washing, cell starvation, and measurement of the
rate of substrate oxidation. In one variant of the exper-
iments, cell starvation was conducted in the presence of
pantothenic acid (vitamin 

 

B

 

3

 

) added at a concentration
of 0.0003% to the phosphate buffer.

RESULTS AND DISCUSSION

 

Ethanol oxidation.

 

 Ethanol oxidation by alcohol
dehydrogenase to acetaldehyde is the first stage of eth-
anol metabolism in bacteria. Two types of alcohol
dehydrogenase are known: NAD(P)

 

+

 

-

 

 and pyrroloquin-
oline quinone-dependent enzymes [6, 8, 15, 16). In the
first case, either NAD

 

+

 

 or NADP

 

+

 

 act as electron accep-
tors (or as the enzyme prosthetic group), whereas in the
second case, pyrroloquinoline quinone (PQQ does). In
the assay of PQQ-dependent enzymatic activity, phena-
zine methosulfate and 2,6-dichlorophenolindophenol
serve as artificial acceptors of electrons, because of
which the PQQ-dependent alcohol dehydrogenase is
also referred to as PMS-dependent. In methylotrophic
bacteria, methanol is oxidized by the PMS-dependent
methanol dehydrogenase [8, 15], whereas in 

 

Bacillus

 

sp. C1, methanol is oxidized by the NAD

 

+

 

-dependent
enzyme [16]. PMS-dependent ethanol dehydrogenase
was detected in bacteria of the genus 

 

Pseudomonas

 

[17]. In four strains of 

 

Acinetobacter

 

 

 

calcoaceticus

 

,
ethanol is oxidized by the NAD

 

+

 

-dependent alcohol
dehydrogenase [6]. In the 1990s, a new type of nico-
tine-protein alcohol dehydrogenase that used 

 

N,N

 

'-dim-
ethyl-4-nitrosoaniline as the acceptor of electrons was
revealed in some gram-positive bacteria [18].
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The PMS-dependent alcohol dehydrogenase was
not detected in the cell-free extract of 

 

Acinetobacter

 

 sp.
1NG, but rather the NAD

 

+

 

-dependent ethanol dehydro-
genase activity whose pH optimum was at pH 9.0
(Fig. 1a). During bacterial growth, the activity of
NAD

 

+

 

-dependent ethanol dehydrogenase decreased by
20 to 30% and was 260–270 nmol/(min mg protein) in
the stationary phase (Table 1). Thus, in 

 

Acinetobacter

 

sp., ethanol is oxidized to AA by NAD

 

+

 

-dependent
alcohol dehydrogenase.

 

Acetaldehyde oxidation.

 

 In the cell-free extract of

 

Acinetobacter

 

 sp. 1NG, the activity of NAD

 

+

 

-depen-
dent acetaldehyde dehydrogenase was detected, with an
optimum at pH 9.0 (Fig. 1a). The alcohol and acetalde-
hyde dehydrogenase activities showed different affinity
to NAD

 

+: the Michaelis constants were 1 and 3 mM,
respectively (Fig. 2). To determine exactly whether one
or two different NAD+-dependent dehydrogenases cat-
alyze ethanol and acetaldehyde oxidation in Acineto-
bacter sp., the enzyme (or enzymes) should be isolated
and their physicochemical properties should be studied.

The activity of NAD+-dependent acetaldehyde
dehydrogenase was two times lower than that of alco-
hol dehydrogenase (Table 1, Fig. 1). Nevertheless, the
respiration rate of intact cells in the presence of acetal-
dehyde did not differ from that in the presence of etha-
nol (Table 2), and no acetaldehyde was detected in the
culture liquid.

Our further experiments with Acinetobacter sp.
1NG showed that, in addition to NAD+, NADP+ can
also be the acceptor of electrons in the reaction cata-
lyzed by acetaldehyde dehydrogenase (Fig. 1). Thus,
polarographic analysis of AA oxidation by a cell-free
extract of Acinetobacter sp. 1NG showed that the rate
of substrate oxidation was two times higher in the pres-
ence of PMS and NADP+ than in the presence of NAD+

at all pH values, including the optimum pH 9.0 (Fig. 1b).
Spectrophotometric measurements of NAD+- and
NADP+-dependent oxidation rates of acetaldehyde
yielded similar results (Fig. 1a). Note that NADP+

could not be the acceptor of electrons in the ethanol-
dehydrogenase reaction.

Acylating acetaldehyde dehydrogenase is also
known to catalyze AA oxidation. Thus, in Pseudomo-
nas sp., this enzyme is involved in the formation of
acetyl-CoA from acetaldehyde and coenzyme A [19].
However, in the cell-free extract of Acinetobacter sp.
1NG, the activity of acetaldehyde dehydrogenase was
extremely low (10–15 nmol/(min per mg of protein))
(Table 1).

Acetate metabolism. The rate of ethanol, acetalde-
hyde, and acetate oxidation by intact cells of Acineto-
bacter sp. 1NG was studied in our further experiments,
the necessity of which stemmed from the following.
One of the growth requirements of both the wild-type
EPS-producing strain and the EPS– strain of Acineto-
bacter sp. is the availability of a capacious buffer with
neutral pH values. When the bacteria are grown in non-

buffered medium, a decrease in pH to 4.5 is observed in
the culture liquid [1] because of acetate accumulation
(50 to 65 mM). Acetate also accumulated in the absence
at low concentrations of pantothenic acid (vitamin B3)
in a buffered medium. Vitamin B3 is a precursor of
coenzyme A, which appears to mediate involvement of
acetate into metabolism [1, 2]. There was a need, there-
fore, to elucidate why acetate accumulated in the cul-
ture liquid of ethanol-grown Acinetobacter sp.

Measurements of the rates of ethanol, AA, and ace-
tate oxidation by intact cells of Acinetobacter sp. 1NG
showed that the level of cell respiration in the presence
of ethanol and AA remained unchanged irrespective of
the duration of cell starvation. However, the respiration
rate in the presence of acetate decreased significantly
with the duration of cell starvation (Table 2). The
results obtained also showed that the cells oxidized
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Fig. 1. Effect of pH on the activities of ethanol and acetal-
dehyde dehydrogenases in cell-free extracts of Acineto-
bacter sp. 1NG: (a) spectrophotometric assay of the oxida-
tion rate of ethanol and acetaldehyde; (b) polarographic
assay of the oxidation rate of acetaldehyde in the presence
of an intermediate acceptor of electrons, phenazine methoa-
sulfate: 1, NAD+-dependent ethanol oxidation; 2, NAD+-
dependent acetaldehyde oxidation; 3, NADP+-dependent
acetaldehyde oxidation. Cell-free extracts were obtained
from bacteria grown to the mid-exponential phase. 
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potassium acetate at a higher rate than sodium acetate.
In these experiments, bacterial cells were incubated in
K+,Na+-phosphate buffer of the same composition as
that of a standard cultivation medium. The respiration
rate of intact cells was determined at a potassium or
sodium acetate concentration of 10 mM. Thus, an
increase of 10 mM in concentration of Na+ added in the
form of acetate led to a 20 to 25% lower respiration rate
(after cell starvation for 1–3 h), and this parameter was
twice reduced after cell starvation for 20 h (Table 2).

Based on the results obtained, we suggested that
sodium ions inhibit acetate oxidation in intact cells of

Acinetobacter sp. The acetate-activating enzyme
(acetyl-CoA synthetase) is known to be inhibited by
Na+ [10]. Since Acinetobacter sp. bacteria have a
requirement for vitamin B3, involved in acetate metab-
olism, this vitamin was assumed to activate acetate oxi-
dation. This suggestion was confirmed in our further
experiments. After cell starvation in K+-phosphate
buffer for 3 h, their respiration rate in the presence of
both potassium and sodium acetate remained
unchanged and was higher than after starvation in
K+,Na+-phosphate buffer (Table 3). In addition, acetate
oxidation by starved cells occurred at a higher rate in
the presence of B3 than in the absence of the vitamin.
Cells incubated in either K+,Na+-phosphate or K+-phos-
phate buffer displayed a higher respiration rate in the
presence of potassium than sodium acetate (Table 3).
After the addition of 25 to 100 mM of Na+ to cells incu-
bated in K+-phosphate buffer, their respiration rate in
the presence of acetate decreased 1.3–2-fold (Table 4).
The same concentrations of  had no effect on the
respiration rate of cells incubated in the presence of
acetate. In the presence of ethanol and succinate, both
sodium and ammonium ions added at the concentra-
tions studied had no effect on the respiration rate of intact
cells of Acinetobacter sp. 1NG (Table 4). At the same
time, in the presence of ethanol, the respiration rate of cells
incubated in K+-phosphate buffer was somewhat higher
than that of cells incubated in K+,Na+-phosphate buffer
(Tables 2 and 4).

To study the effect of K+ on the cell respiration rate
in the presence of various substrates, we used Tris–HCl
buffer (0.05 M, pH 6.8) for cell washing, starvation, and
incubation. In the presence of ethanol and succinate,
potassium ions at concentrations from 25 to 100 mM had
no effect on cell respiration rate, which was 60–70 nmol
O2/(min mg cells). However, in the presence of acetate,
the cells incubated in Tris–HCl buffer exhibited an

NH4
+

0.02

0.04

0.06

0.08

–1.0 0.5 0 0.5 1.0 1.5 2.0

1/v

2 (KM = 3 Ïå)

1 (KM = 1 Ïå)

1/s

Fig. 2. Rate of (1) alcohol and (2) acetaldehyde oxidation
by dehydrogenases in the cell-free extract of Acinetobacter
sp. 1NG as dependent on NAD+ concentration. pH of the
reaction mixture was 9.0. The cell-free extracts were
obtained from bacteria grown to the mid-exponential phase. 

Table 1.  Changes in the activities of key enzymes of ethanol metabolism during the growth of Acinetobacter sp. 1NG 

Enzymes
Activity, nmol/(min mg protein) in bacteria grown for (h)

24 48 72

NAD+-dependent alcohol dehydrogenase 365.7 289.5 265.3

NAD+-dependent acetaldehyde dehydrogenase 119.5 93.7 79.8

NADP+-dependent acetaldehyde dehydrogenase 253.7 197.3 157.1

Acylating acetaldehyde dehydrogenase 14.7 10.9 ND

Acetate kinase 9.8 7.1 ND

Acetyl-CoA synthetase 135.7 (74.5) 134.1 ND

Isocitrate lyase 130.0 (50.5) 144.9 (7.4) 156.3

Notes:(1) Bacteria were grown on standard medium 1 containing 0.0006% B3.
(2) Activities of acetate kinase, acetyl-CoA synthetase, and isocitrate lyase were assayed in bacteria grown on medium 2 containing
0.0009% B3. The results obtained with the Acinetobacter sp. 1NG grown in standard medium 1 containing 0.0006% B3 are shown
in parentheses.
(3) ND stand for “not determined”.
(4) The composition of media 1 and 2 is given in the Materials and Methods section.
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extremely low respiration rate (5–7 nmol O2/min per
mg of cells); therefore, the effect of K+ on acetate oxi-
dation was difficult to study under these conditions.
When the same cells were incubated in K+-phosphate
buffer of equal molarity and pH, their respiration rate in
the presence of acetate increased six- to eightfold. In
our opinion, the low rate of acetate oxidation by cells
incubated in Tris–HCl buffer is a result of impaired
transport of this substrate into the cells. Thus, the
energy of the proton-motive force generated by ionic
gradients on the cell membrane (e.g., by K+ and H+ gra-
dients) may account for the active transport of acetate
into the Acinetobacter sp. cells.

Thus, the analysis of cation effects on the respiration
rate of Acinetobacter sp. cells in the presence of various
substrates showed that potassium and ammonium cat-
ions did not inhibit oxidation of ethanol, acetate, and
succinate by intact bacterial cells.

Polarographic analysis allowed us to suggest that
sodium ions contained in the standard medium may
cause a limitation of C2-metabolism in ethanol-grown
Acinetobacter sp. cells, as well as accumulation of ace-
tate in the culture liquid. However, we had to take into
account that the concentration of Na+ in the cells was
not necessarily directly correlated with the Na+ concen-
tration in the medium.

It was demonstrated in this study that in both wild-
type and mutant Acinetobacter sp. strains grown on
medium 2, which contained no sodium compounds, the
biomass yield and EPS production (in strain 12S)
increased with the increase of the B3 concentration in
the medium. No acetate accumulation or decrease in pH
values were observed under these conditions (Table 5).
We have previously shown that potassium cations in the
incubation medium of the EPS-producing strain had a
favorable effect on the physicochemical properties of
the polysaccharide synthesized [20].

Note that sodium ions had a lesser adverse effect on
the growth of the EPS-synthesizing strain than on the
growth of the mutant strain. This phenomenon can be
explained by the fact that the univalent cations con-
tained in the medium are involved in structuring of the
EPS produced [1, 2]. A portion of sodium ions binds to
the EPS molecules to become unavailable for the cells.

Based on this study, the cultivation conditions opti-
mal for the analysis of the enzyme activities involved in
acetate metabolism of the EPS–strain of Acinetobacter
sp. were worked out.

Acetate is implicated in the bacterial metabolism via
two pathways: the pathway involving acetate kinase
and phosphotransacetylase [21] and the pathway
involving acetyl-CoA synthetase [22, 23]. In many bac-
terial species, including Escherichia coli, both acetate
kinase and acetyl-CoA synthetase were detected [23].
Note that in E. coli cells, only one of the two pathways
of acetate metabolism is operative, depending on the
concentration of this substrate in the medium.

In cell-free extracts of Acinetobacter sp. 1NG, the
acetate kinase activity was not higher than
10 nmol/(min mg protein), and, hence, it was of little
consequence for acetate metabolism in these bacteria
(Table 1). The activity of acetyl-CoA synthase was
found to be at least 10 to 15 times higher than that of
acetate kinase (Table 1), and it remained unchanged for
48 h of bacterial growth (till the end of the exponential
growth phase). The ammonium ions in the reaction
mixture did not affect the activity of acetyl-CoA syn-
thetase, whereas in the presence of sodium ions, this
activity was substantially inhibited (Table 4). In the
presence of acetate, Na+ and  had a similar effect
on the respiration rate of the intact cells. In the expo-
nential phase, the cells of Acinetobacter sp. 1NG grown
on a sodium-containing medium displayed an acetyl-
CoA synthetase activity as low as 70–75 nmol/(min mg

NH4
+

Table 2.  Respiration rates of Acinetobacter sp. 1NG cells in
the presence of ethanol, acetaldehyde, and acetate, as depen-
dent on the duration of cell starvation

Duration of cell 
starvation, h

Respiration rate, nmol O2/(min mg cell)

ethanol acetal-
dehyde

sodium 
acetate

potassium 
acetate

1 120.6 123.3 73.4 88.5

3 132.1 139.6 53.2 65.3

20 129.9 133.5 7.5 18.3

Notes:(1) Bacteria were grown on standard medium 1 containing
0.0006% B3.
(2) In starvation experiments, cells were incubated in K+,
Na+-phosphate buffer (0.05 M; pH 6.8).
(3) Respiration rates were determined in K+, Na+-phosphate
buffer (0.05 M; pH 6.8).
(4) The concentration of ethanol, acetaldehyde, and acetate
was 10 mM.

Table 3.  Respiration rate of intact cells of Acinetobacter sp.
1NG in the presence of acetate as dependent on the presence
of Na+ and pantothenic acid (vitamin B3)

Phosphate buffer 
(0.05 M, pH 6.8)

B3 concent-
ration in the 
buffer, %

Respiration rate,
nmol O2/(min mg cell)

potassium
acetate

sodium
acetate

KH2PO4 + NaOH 0 65.3 (88.5) 53.2 (73.4)

0.0003 87.8 72.3

KH2PO4 + KOH 0 118.2 (119.7) 91.4 (90.3)

0.0003 134.5 107.2

Notes:(1) Bacteria were grown on standard medium 1 containing
0.0006% B3.
(2) Cells were starving for 3 h. The results obtained with
cells starved for 1 h are shown in parentheses.
(3) Cell starvation and analysis of cell respiration rate were
conducted in the same phosphate buffer.
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protein), whereas in bacteria grown on an Na+-limited
medium, this activity was as high as 130–135 nmol/(min
mg protein) (Table 1). Thus, enzymatic analysis con-
firmed the conclusions from our polarographic studies
and growth experiments that sodium ions inhibit ace-
tate metabolism in Acinetobacter sp.

In C2-grown bacteria, the glyoxylate cycle operates
as an anaplerotic succession of reactions, which lead to
oxalacetate formation [12]. Isocitrate lyase is one of the
key enzymes of this cycle. In the cell-free extract of
Acinetobacter sp. 1NG, isocitrate lyase activity was at
the level of 150–160 nmol/(min mg protein) even on the
third day of cultivation (stationary growth phase)
(Table 1). Note that when Acinetobacter sp. 1NG was
grown under conditions leading to acetate accumula-

tion in the culture liquid (when sodium compounds
are present and the B3 concentration is low), isoci-
trate lyase activity decreased to 7–7.5 nmol/(min mg
protein) by the end of the exponential growth phase
(Table 1).

Thus, our investigation of ethanol metabolism in
Acinetobacter sp. showed the following: (1) ethanol
oxidation to acetaldehyde is catalyzed by alcohol dehy-
drogenase; (2) the activity of acetaldehyde dehydroge-
nase can also be detected (both NAD+ and NADP+ can
be the acceptors of electrons; the optimal pH is 9.0);
(3) acetate is implicated in the metabolism due to the
activity of acetyl-CoA synthetase; (4) in ethanol-grown
Acinetobacter sp. cells, the glyoxylate cycle operates as
an anaplerotic succession of reactions that replenish the

Table 4.  Effect of sodium and ammonium cations on the activity of acetyl-CoA synthetase in the cell-free extract of Acineto-
bacter sp. 1NG and the respiration rate of intact bacterial cells in the presence of ethanol, acetate, or succinate

Cations Cation
concentration, mM

Activity of acetyl-CoA 
synthetase in the
cell-free extract,

nmol/(min mg protein)

Respiration rate of intact cells, nmol O2/(min mg cells)

ethanol potassium acetat potassium
succinate

Without cations 0 135.7 147.8 118.2 125.3

Na+ 25 103.9 145.4 91.8 124.9

50 87.5 140.9 78.6 125.0

100 63.1 138.2 59.7 122.1

25 136.4 148.5 121.9 126.0

50 133.9 146.4 120.0 128.4

100 134.8 147.0 118.2 129.3

Notes:(1) The activity of acetyl-CoA synthetase was assayed in bacteria grown to the mid-exponential phase on medium 2 containing
0.0009% B3.
(2) Respiration rates were determined in bacteria grown on standard medium 1 containing 0.0006% B3; cells were starved for 3 h in

K+-phosphate buffer (0.05 M, pH 6.8). Respiration rates were determined in K+-phosphate buffer (0.05 M; pH 6.8).

(3) Na+ and  were added to the reaction mixture in the form of chlorides.

NH4
+

NH4
+

Table 5.  Accumulation of biomass and exopolysaccharides and changes in pH and in the content of acetate in the culture
liquid of Acinetobacter sp. 1NG (EPS–) and 12S (EPS+) as dependent on the B3 concentration and on the presence of sodium
compounds in the medium

Medium B3 concent-
ration, %

Parameters

biomass, g/l exopolysaccharides, g/l final pH acetate, mM

1NG 12S 1NG 12S 1NG 12S 1NG 12S

Medium 1
(K+,Na+-medium)

0.0003 0.6 0.95 0 2.0 4.5 5.5 58.9 35.7

0.0006 0.9 1.2 0 2.8 5.3 6.0 42.6 15.9

0.0009 1.1 1.3 0 3.0 5.7 6.2 29.4 8.3

Medium 2
(K+-medium)

0.0003 1.2 1.3 0 3.2 5.9 6.1 17.1 13.1

0.0006 1.45 1.4 0 3.85 6.3 6.5 6.4 3.1

0.0009 1.9 1.45 0 4.3 6.9 6.9 0 0

Note: Bacteria were grown in shake flasks for 72 h (strain 1NG) and 96 h (strain 12S).
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pool of C4-dicarboxylic acids in the cells; (5) in Acine-
tobacter sp., involvement of acetate into ethanol metab-
olism is the bottleneck, particularly due to the inhibita-
tion of both acetate oxidation and acetyl-CoA syn-
thetase activity by sodium ions and to the limitation of
C2-metabolism by coenzyme A.

The results obtained will be helpful in developing a
new procedure for obtaining ethanol-derived ethapolan.
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