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Acinetobacter Isolates Growing with Carbon Monoxide

Cho, Jin Won, Hyun Sook Yim and Young Min Kim
Department of Biology, College of Science, Yonsei University, Seoul 120, Korea
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Three strains (JC1, JC2, and HY1) of aerobic carbon monoxide (CO-utilizing Acinetobacter were
isolated from soil through CO-enrichment culture technigue. All of them were Gram-negative, non-
motile, and rod-shaped but they were changed to spherical form at the end of logarithmic phase. They
were resistant to penicillin and able to grow at 42°C. The guanine plus cytosine contents of the DNAs
ranged from 43 to 44.5 mol%. Oxidase was not present in all cells. The colonies were smooth and
whitish yellow. Heterotrophic growth occurred on several sugars, organic acids, amino acids, and
alcohols. The doubling times under an atmosphere of 30% CO and 70% air at 30°C were 19 h, 25h, and
35 h, respectively, for JC1, JC2, and HY1. JC1 was studied in more detail.
optimally in a mineral medium (pH 6.8) under a gas mixture of 30% CO and 70% air at 30°C.
Growth of the cells with CO did not depend on molybdenum. It was able to grow with 100 ppm of CO

The cells were grown
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in air as a sole source of carbon and energy.

Several Gram-negative and positive carboxydo-
bacteria are able to grow aerobically with carbon
monoxide (CO) as a sole source of carbon and
energy (Kim and Hegeman, 1983a; Kriiger and
Meyer, 1984; Meyer and Schlegel, 1983; Zavarzin
and Nozhevnikova, 1977). The carboxydobacteria
which have been studied to date, however, were
isolated from only several restricted areas. Since
we believed that there may be similar kinds of
bacteria in Korea we carried out this work to
isolate and characterize new carboxydobacteria
from soils in Seoul in order to understand better
the oxidation of CO by this group of bacteria.

The present work reports on the isolation and
some properties of three new CO-utilizing aerobic
bacteria, for which the genus name Acinefobacter
is proposed. It also describes the effects of several
environmental factors on the CO-autotrophic

growth of an isolate which grows very well with
CO as the sole carbon and energy source.

MATERIALS AND METHODS

Enrichment and isolation

1 g of each of soil samples from several areas in
Seoul, Korea was suspended in 10 m] of liquid
standard mineral hase (SMB) medium (Kim and
Hegeman, 1981) and the suspension was left for a
couple of minutes to settle insoluble materials
down. A loopful supernatant was then streaked
onto solid SMB plates. The plates were incubated
in a desiccator containing a gas mixture of 50%
CO (99.5%, Daesung) and 50% air at 30°C. After
four weeks of incubation, fast growing colonies
were transferred to other SMB plates and grown
for two weeks under an atmosphere of 30%
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CO-70% air. This step was repeated for several
times to select rapidly growing colonies. The
selected colonies were then tested for homogenei-
ty using pour-plate method after serial dilution or
by growing on yeast agar phosphate medium.
Pseudomonas carboxydohydrogena (Kim and
Hegeman, 1981) and Escherichia coli K12 were
used as controls for positive and negative CO-
utilizing bacteria, respectively.
Culture conditions

Carboxydotrophic isolates were grown CO-
autotrophically in SMB medium under the condi-
tions described by Kim and Hegeman (1981). Gas
mixtures were prepared using a custom-made
manometer connected with a vacuum pump (Dor-
rel). For heterotrophic growth the mineral
medium was supplemented with 0.2% sodium suc-
cinate. Turbidity was measured at 436 nm using a
Hitachi 200-20 spectrophotometer.
Biochemical properties and nutritional charac-
teristics

Several biochemical tests were carried out by
the methods of Gerhardt ef al. (1981) except for
the following. Carotenoid was examined using the
method of Starr and Stephen (1964). Nitrogenase
was examined indirectly using C,H, as described
by Postgate (1972). Sensitivity to penicillin was
tested using penicillin discs (10 IU, Difco). Utiliza-
tion of organic compounds for heterotrophic
growth was tested on solid SMB plates sup-
plemented with 0.2% of each substrate. Several
bacteria were used as controls for the above tests.
DNA base composition

DNAs were extracted by the method of Mar-
mur and Doty (1961). The guanine and cytosine
content of DNA was determined by the acid
hydrolysis method and paper chromatography
(Corbel et al., 1979). Adenine, guanine, cytosine,
and thymine (Sigma) were used as standards.
Optimal concentration of CO for cell growth

Small-size, liquid culture system was employed
to determine the optimal CO concentration for the
growth of the most rapidly growing isolate, JC1,
at 30°C as described by Kim and Hegeman
(1983b).
Effeet of temperature on the CO-autotrophic
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growth:

The same small-size, liquid culture system was
used to examine the effect of temperature on the
growth of JC1, except that the cells were in-
cubated under 30% CO at various temperatures.
Effect of pH on the CO-autotrophic growth

JC1 was cultivated in liquid SMB media with
different pHs under a gas mixture of 30% CO-70%
air at 30°C to select the best pH for CO-
autotrophic growth.

Effect of molybdenum on the CO-autotrophic
growth

JC1 was grown in liquid SMB medium in the
presence or absence of molybdenum under 30%
CO-70% air mixture at 30°C and the growth rates
were compared to see if there is any effect of
molybdenum on the CO-autotrophic growth of this
bacterium.
Minimal
growth

JC1 was cultivated using the small-size, liquid
culture system at 30°C under gas mixtures of low
concentrations of CO with air to determine the
minumum CO concentration required for auto-
trophic growth.

Chemicals

Chemicals of high purity were purchased from
usual chemical companies as previously described
(Kim and Hegeman, 1981 and 19835).

CO concentration for autotrophic

RESULTS AND DISCUSSION

Isolation and morphology

After several times of incubation under CO,
carboxydotrophic bacteria were stabilized as in-
dicated by morphology and color of the colonies
and by the cell shape. The three isolates,
designated as JC1, JC2, and HY1, were able to
grow actively with CO as a sole source of carbon
and energy aerobically. JC1 and JC2 were isolated
from soils sampled from a bus station and HY1
was selected from soil samples around a kitchen
yard using coal briquettes as a heating source.
Growth was good on agar plates as well as in li-
quid medium. Growth factors were not required.
Colonies were whitish yellow and raised convex
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Fig. 1. Electron micrographs of isolated carbox-
ydobacteria. Cells were harvested during ex-
ponential growth phase and were stained with
phosphotungstic acid. A Hitachi H-500 electron
microscope was used for observations. Symbols:
JC1 (A), JC2 (B), and HY1 (C). Each bar
represents 1 um.

with smooth margin. The cells were Gram-
negative, slightly curved or straight rods with
dimensions of 0.6-0.7x1.5-2.2 «m(Fig. 1} during
logarithmic phase but became near spherical form
during stationary phase (Fig. 2). They were non-
motile and had no flagella. Electron microscopic
examination revealed that these cells reproduce
by binary fission. JC1 and JC2 sometimes formed
a short chain during logarithmic growth in liquid
medium (Fig. 2). They also grew as large ag-
gregates when the culture medium was agitated
very slowly, implying that they may secrete slimy
materials during growth with CO. The cell ex-
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tracts of HY1 were nearly black when the cells
were disrupted by sonic oscillation. The back col-
or was sedimented by 20 min of centrifugation at
8,000 x g.

The isolation of the three carboxydobacteria
from soils in Seoul area implies that this
physiologically specific group of bacteria is not on-
ly present in the restricted areas reported to date
but may be present all around the world where
CO-pollution is serious.

Biochemical and nutritional properties

All isolates shared the following charac-
teristics. They had no nitrogenase activity. Indole
and HpS were not formed and starch and gelatin
were not hydrolyzed. Glucose and lactose were not
fermented, implying that they get energy from
respiratory metabolism. The cells were able to
grow at 42°C and were resistant to 10 IU of
penicillin. Catalase was present but carotenoid
and poly-8-hydroxybutyrate were not. Cells were
grown anaerobically in the presence of nitrate us-
ing sodium succinate as a growth substrate. Ox-
idase was not present in JC1 and JC2 grown CO-
autotrophically and heterotrophically and also in
HY1 grown CO-autotrophically. The enzyme was
detected in heterotrophically-grown cells of HY1
at the time of isolation but it disappeared after
several times of transfer under CO, indicating that

Fig. 2. Photomicrographs of JC1 and JC2. Pictures of
each isolated were taken by phase contrast
microscope (Nikon Labophot). Symbols: JC1 in
logarithmic phase (A) and stationary phase (a);
JC2 in logarithmic phase (B) and stationary
phase (b). Pictures were not taken for HY1. Bar
(lower right side of each micrograph) equals 1
pm.
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the oxidase in HY1 is unstable.

The isolates were able to grow with various
organic materials such as sugars, acids, amino
acids, and alcohols. Of 31 compounds tested, the
following could serve as substrates for growth in
all cells; glucose, fructose, galactose, xylose,
ribose, arabinose, maltose, mannose, cellobiose,
propionate, lactate, succinate, acetate, L-alanine,
L-cysteine, L-ornithine, L-glutamate, ethanol,
isopropanol, and mannitol. In addition to the
above substrates, JC1 and JC2 could use iso-
butanol and HY1 was able to use sucrose, lactose,
L-methionine, L-tryptophane, L-asparagine,
L-aspartate, and methanol. Cellulose, formate,
and maleate were not utilized by all cells. Am-
monium sulfate and nitrates were suitable
nitrogen sources for autotrophic growth. The
ability to use H, as an energy source was not
tested.

The G+C contents were 44.5% and 43% for
JC1 and HY1, respectively. The content was not
determined for JC2 since the cell’s morphology
and nutritional and biochemical properties were
indistinguishable from those of JC1, which implies
that JC2 may be the same species as JC1. Plasmid
was not detected from the isolates with the
methods of Anderson and McKay (1983) and Birn-
boim and Doly (1979).

Taxonomic considerations

On the basis of Gram reaction, cell morphology,
and several nutritional and biochemical proper-
ties, it may be able to consider to assign the three
new carboxydotrophic isolates to the genus
Pseudomonas. However, the cells cannot be
classified in the genus because of the absence of
flagella and oxidase, the ability to grow at 42°C,
the spherical cell shape during stationary phase,
the growth of some cells in short chains, the G+C
contents, and the resistance to penicillin. The
isolates could be assigned to the genus Acineto-
bacter after the description in the Bergey’s manual
(Lautrop, 1974) and by Sonnenwirth (1980).

The isolates are different from those well-
siudied carboxydobacteria such as Pseudomonas
(Meyer and Schlegel, 1983), Alcaligenes (Meyer
and Schlegel, 1983), Bactllus (Kriiger and Meyer,
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1984), and Arthrobacter (Meyer and Schlegel,
1983) in nutritional and biochemical charac-
teristics including independence of CO-auto-
trophic growth on the molybdenum at least in one
strain. This molybdenum independence of auto-
trophic growth will be discussed in another sec-
tion of this paper. Together with the fact that the
soluble fractions from JC1 did not have any cross-
reacting material when it was subjected to react
with antiserum prepared against purified CO
dehydrogenase from P. carboxydohydrogena (data
not shown), these results suggest not only the
isolates but also the CO dehydrogenases of these
cells may be completely new ones. It méy also be
deduced from the results that JC1 and JC2 are the
same species while HY1 is a different one. Species
names for these bacteria have not been suggested
yet. Therefore, we suggest to name tentatively the
JC1, JC2, and HY1 as Acinetobacter sp. 1, Acine-
tobacter sp. 1-1, and Acinetobacter sp. 2, respective-

ly.
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Fig. 3. Growth curve for CO-autotrophically growing
cultures of isolated carboxydobacteria. Growth
rates were determined by changes in turbidity
under autotrophic culture conditions as describ-
ed in methods. Symbols: JC1 (-O-), JC2 (-©-),
and HY1 (-e@-).
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Heterotrophic and autotrophic metabolism

JC1, JC2, and HY1 could grow both hetero-
trophically with succinate and autotrophically
with CO. HY1 grew the most rapidly (t;=4 h)
among the three using 0.2% succinate at 30°C.
Under the same conditions JC1 and JC2 were able
to grow at doubling times of 6 h and 10 h, respec-
tively. When those cells were grown under a gas
mixture of 30% CO-70% air at 30%C the doubling
times were found to be 19 h, 25 h, and 35 h,
respectively, for JC1, JC2, and HY1 (Fig. 3).

These results also indicate that CO is not a
good substrate for the isolates as in the case of
other carboxydobacteria (Kim, 1981; Zavarzin and
Nozhevnikova, 1977). Under the autotrophic con-
ditions JC1 and JC2 grew very fast and the
doubling times are comparable to those of the
well-known P. carboxydohydrogena (t; =25 h) (Kim
and Hegeman, 19836) and Pseudomonas carboxydo-
vorans (t;=20 h) (Meyer and Schlegel, 1978).
Bactillus schlegelii which is thermophilic has been
reported to grow very fast (t;=3 h) at 65°C
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Fig. 4. Effect of CO concentration on the growth of JC1.
JC1 was grown under various concentrations of
CO in air to determine the optimal CO concentra-
tion for autotrophic growth as described in
methods. Symbols: 5% (-€-), 10% (-@-), 30%
(-O-), 50% (-@-), and 70% (-BD-) of CO in air.
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(Kriiger and Meyer, 1984). Since JC1 was found to
be the best isolate in the criterion of CO utiliza-
tion, this cell was selected for further studies.
Optimal concentration of CO for the growth of
JC1

As shown in Fig. 4 the best doubling time in
liquid media was obtained with 30% CO in a gas
mixture with air at 30°C among those concentra-
tions tested. The slow growth under low CO con-
centration may be due to the poor supply of
growth substrate. When the cells were grown
under 50% CO, the growth was not affected very
much, implying that this bacteria is more resistant
to CO than P carboxvdohydrogena (Kim and
Hegeman, 1983b). However, the growth rate was
very slow under 70% CO, indicating that CO is
still inhibitory for this cell even though the cell is
able to use CO as a sole growth substrate as
previously noted (Kim and Hegeman, 1983b).
Effect of temperature and pH on the growth

When JC1 was grown under 30% CO at 20°C,
30°C and 40°C, cells were grown actively at 30°C
(ta=19h) and 40°C (t4=20 h) but poorly at 20°C
(ta=42 h). This implies that JC1 may be able to
grow normally even at a higher temperature than
40°C at which other mesophilic carboxydo-
bacteria are not able to grow well. This possibility
needs to be tested in the future.

JC1 was grown optimally at pH 6.8 but the
growth rate was not affected significantly even
when the cells were cultivated at pHs 5.7 and 8.0
which accords with the result of Kim and
Hegeman (19836) who reported that changes in
pH value do not affect the growth rate of P.
carboxydohydrogena.

Since JC1 grows optimally in liquid SMB
medium of pH 6.8 under an atmosphere of 30%
CO-70% air at 30°C, subsequent cultivation of this
bacterium was carried out under these conditions.
Molybdenum is not required for CO-autotrophic
growth

It was found that JC1 which was cultivated CO-
autotrophically without molybdenum showed
about 24 h of lag period (Fig. 5). However, the
cells continued to grow after the lag phase with
the same doubling time as the cells grown in the
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Fig. 5. Effect of molybdenum on the growth of JCI1.
Cells were grown in the presence or absence of
molybdenum (8.3 x#m) to test the effect of the
mineral on the autotrophic and heterotrophic
growth of the cell. Symbols: CO with
molybdenum (-O-), CO without molybdenum
(-®-), succinate with molybdenum (-@©-), and suc-
cinate without molybdenum (--).

presence of molybdenum. The molybdenum did
not affect heterotrophic growth of JC1 (Fig. 5). It
has been reported that molybdenum is a cofactor
of CO dehydrogenases in several carboxydobac-
teria (Meyer, 1982; Meyer and Rajagopalan, 1984)
and that the CO-autotrophic growth of P. car-
boxydovorans (Meyer, 1982) and Bacillus OMT2
(Kriiger and Meyer, 1984) requires the mineral,
suggesting that the molybdenum may play an im-
portant role in the oxidation of CO by these
bacteria. As mentioned above, JC1, however, does
not require this mineral for autotrophic growth.
This interesting result, together with the fact that
there was no cross-reacting material in CO-grown
JC1 as discussed in the previous section, the CO
dehydrogenase of this cell may be a new species of
CO-oxidizing enzyme. We are currently trying to
purify and characterize this enzyme.
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Fig. 6. Minimum concentration of CO required for
autotrophic growth of JC1. Gas mixtures of low
CO concentrations in air were tested to deter-
mine the minimal CO concentration for cell
growth as described in methods. Symbols:
laboratory air (-©-); 0.01% CO (-O-), 0.03% CO
(-®-), and 1% CO (-@-) in air.

Growth with low concentration of CO

JC1 was able to grow slowly with 0.01% CO in
air mixture (i.e. 100 ppm) but not with laboratory
air (Fig. 6).

It has been reported that CO concentration in
the atmosphere is about 0.03-0.9 ppm (Robbins et
al., 1968) but in urban areas the concentration can
be as high as 50-100 ppm (Robinson and Robbins,
1970). The concentration may be much higher
around road sides, bus stations, and garages and
in the kitchens using coal briquittes as a heating or
cooking source. Rainwater sometimes contains up
to 200 times the concentration of CO present in
the atmosphere (Swinnerton ef al., 1971).
Therefore, this bacteria could play a role in the
removal of atmospheric CO present locally at high
concentrations at the places mentioned above.
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