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Enzymological Localization of Carbon Monoxide Dehydrogenases
in Pseudomonas carboxydovorans and Acinetobacter sp.1
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Abstract: The localization of carbon monoxide dehydrogenases (CO-DHs) in  Pseudomonas car-
boxydovorans and Acinefobacter sp. 1 was examined by comparison of the distribution of CO
-oxidizing activity between soluble and particulate fractions obtained after disruption of CO
-grown cells by sonic oscillation and of spheroplasts by osmotic shock. When the cells were
broken by sonic oscillation, most of the CO-DH activity was recovered from soluble fractions.
However, disruption by osmotic lysis of spheroplasts revealed that the enzyme activity is present
in the cell membrane. The results indicate the CO-DHs in these cells are loosely attached to the
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cytoplasmic membrane.
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Carbon monoxide dehydrogenase (CO-DH)
is a key enzyme responsible for CO metabo-
lism in carboxydobacteria which are able to
grow with CO as a sole source of carbon and
energy (Hegeman, 1984 ; Kim and Hegeman,
1983a; Meyer, 1985 ; Meyer and Fiebig,
1985 ; Meyer and Rohde, 1984 . Meyer and
Schlegel, 1983).

Based on composite reports of studies
examining the properties of CO-DH, it
appeared that the CO-DHs in several carbox-
ydobacteria are soluble enzyme (Cho, 1983 .
Cypionka et al, 1980 ; Kim and Hegeman,
1981 and 1983b; Meyer and Schlegel, 1979
and 1980 ; Zavarzin and Nozhevnikova,
1977). However, it was also speculated that
the enzyme might be associated with mem-

brane (Cypionka et al., 1980 . Kim and
Hegeman, 1981 ; Schlegel and Meyer, 1981).
Immunocytochemical studies using protein-A
gold method have shown that CO-DH in
Pseudomonas carboxydovorans is loosely
attached in vivo to the inner aspect of the
cytoplasmic membrane (Meyer and Rohde,
1984 ; Rohde e/ al., 1984), supporting the
assumption that CO-DH is a membrane
-bound, not a soluble, enzyme.

In this study, we examined the distribution
of CO-DH activity in cell fractions of P.
carboxydovorans and Acinetobacter sp. 1
after disruption of the cells by sonic oscilla-
tion and of spheroplasts derived from both
cells by osmotic lysis to test the localization of
CO-DH in these two bacteria. Present results
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support the idea that CO-DHs in carbox-

vdobacteria are loosely bound to the cytoplas-
mic membrane.,

MATERIALS AND METHODS

Organisms and cultivation

P. carboxydovorans DSM 1227 was a gift
from O. Meyer, Institut fiir Mil.robiologie,
der Universitat Gottingen, FGR.  Acinei-
obacter sp.] was isolated from soils in Seoul,
Korea (Cho et al., 1985), Cells were grown in
liquid mineral medium under a gas mixture of
30% CO-70% air at 30C as described in a
previous report (Kim and Hegeman, 1981).
CO (99,5% minimum, vol/vol) was pur-
chased from Ulsan Gas Co.
Enzyme assay

CO-DH activity was determined
photometrically by the method of Kim and
Hegeman (1981) using thionin dye (€ ss =4,
2x10'M ™ "-cm™) and anaerobic cuvette,
Preparation of cell extracts

Cells were harvested in mid-exponential
growth phase, washed once with 0, 05M Tris
-hydrochloride buffer (pH 7.5, standard
buffer), and disrupted by sonic oscillation at
0°C as described previously (Kim and
Hegeman, 1981), The suspension was
centrifuged at 10, 000X g for 30 min at 4C,
The supernatant fluid was referred to as cru-
de extract. The crude extract was then sedim -
ented at 100, 000x g for 90 minat 4°C. The
resulting supernatant fluid and precipitate
were referred to as soluble and particulate
fraction, respectively.

Table 1. Maiate dehydrogenase and CO dehydrogenase activity inr fractions hom colls
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Formation and osmotic lysis of spheroplasts

For preparing spheroplasts from CO-grown
cells, cells were grown with CO in the pres-
ence of sulbenicillin (500 mg/ml, Dakeda) for
20h just prior to be harvested in the mid
-exponential phase. The sulbenicillin-treated
cells were washed twice with standard buffer
and resuspended in 0, 03 M Tris-hydrochlor-
ide (pH 8,0) containing 0,6 M sucrose plus
20 mg of lysozyme (chicken egg, Sigma) and
50 nmol (P. carboxydovorans) or 30 nmol
(Acinetobacter sp. 1) of disodium EDTA
(Sigma) per ml to reach an optical density of
2.0 at 60¢nm. NaCl (150 mM) was then

added to the suspensions under gentle stirring
at 30C after 15 min. Microscopic observa-
tions revealed that more than 90% of the rod
-shaped cells changed to spheroplasts after 3h

under this condition.
Spheroplasts in the precipitates after low

-speed centrifugation of the lysozyme-treated
cell suspensions at 10,000xg for 20 min at
4°C  were suspended in cold 15 mM Tris
~hydrochloride (pH 8.0) and stirred vigor-
ously for 30 min at 4°C. Soluble cytoplas-
mic proteins released by osmotic lysis of the
spheroplasts were obtained in the supernatant
solution after centrifugation at 6, 000x g for
20 min at 4C,
Protein determination

Protein was measured by modified biuret
reaction with bovine serum albumin as a stan-
dard (Gornall ef al, 1949), The protein con-
tents of crude extract, particulate fraction.
and spheroplast were determined by the same
method after boiling the samples in  20%

of Psewtdonio-

nas carboxydovovans grown under CO atter scnic oscillation

CO-DH activity

Malte-DH activity®

Fraction — - : A e

wmol/mg protein/min % Yield umol/mg protein/min 7 Yield
Crude extract 54.2 100 18. 4 100
Soluble fraction 50.0 92.2 7.2 39. 1
Particulate fraction L2 2.2 0

“Activity was measured by the method of Alefounder and Ferguson (1980).
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Table 2. Malate dehydrogenase and CO dehydrogenase activity in ‘ractions from cells of Acin-

lobacter sp. 1 grown with CO after sonic oscillation

CO-DH activity

Malate-DH activity?

Fraction
wmol/mg protein/min

% Yield

% Yield

©mol/mg protein/min

Crude extract 29.6
Soluble fraction 28.0
Particulate fraction 0.5

100

94.5
1.5

18. 4 100
7.2 39.1
0

“Activity was measured by the method of Alefounder and Ferguson (1980 .

NaOH for
1978).

10 min (Meyer and Schlegel,

RESULTS

Localization of CO-DH after sonic treat-
ment

The distribution of CO-DH activity in cell
fractions from CO-grown cells after sonic
treatment is shown in Table 1 and 2, When
the crude extract of P. carboxydovorans was
fractionated by ultracentrifugation, 92, 2%
of the CO-DH activity remained in the soluble
fraction and only 2.2% of the activity was
detected from particulate fraction (Table 1),
Table 2 also shows that almost all the CO
DH activity in the crude cell extract of
Acinelobacter  sp. 1 can be recovered from
soluble protein fraction. Malate dehy-
drogenase, the soluble enzyme (Alefounder
and Ferguson, 1980) used as an internal ref-
erence, showed its characteristic localization,
but some of the enzyme activity was not
recovered by unknown reasons.
Localization of CO-DH after osmotic lysis of
spheroplasts

Figure 1
cells of P. carboxyvdovorans

shows that most of CO-grown
changed to
spheroplasts under the experimental condi-
tions developed by the authors. It was also
observed that the experimental conditions are
effective in the spheroplast formation in
Acinetobacter sp. 1 {data not shown).
Enzyme analyses after spheroplast forma-
tion showed that there is no CO-DH activity in

L

15K

e
Electron micrograph of spheroplasts of

P. carboxydovorans grown with CO
Cells of P carboxvdororans lreated
with suibenictlin and  lysosyme
prefixed with 3% glutaraldehyde. Tho
prefixed samples were then treated with
1% osmium tetraoxide for 2h at room
temperature. After dehydration with eth-
anol. samples were immersed in iscamy!
acetate for 30 min and dried using
critical point drier (Hitachi HCF-2;,
The dried samples were coated with
gold to 400 nm thick A Hitachi S- 450
scanning electron microscope was used
for observation

were
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Table 3. CO dehydrogenase activity in fractions prepared from spheroplasis of P. carboxvdororans

and Acinetobacter sp

1 grown under CO

P. carboxydovorans

Acinetobacier sp.1

o3

Fraction and procedure

7 Yield

Activity® % Yield Activity®

Soluble periplasmic fraction 0 0
Spheroplast 4.4 100 4.1 100
Centrifugation after osmotic shock

Soluble cytoplasmic fraction 0 0

Particulate fraction 4.4 100 4.1 100
?umol/mg protein/min.
the soluble periplasmic fractions of P. car- enzyme is soluble. However, at least

boxydovorans and Acinetobacter sp. 1 (Table
3). The CO-DH activity was associated only
with the spheroplasts in both organisms. The
data also show that all the CO-DH activity
present in the spheroplasts of the two cells
remained with the particulate material when
the spheroplasts were lysed by osmotic shock;
there was no detectable CO-DH activity in the
soluble protein fractions (Table 3).

DISCUSSION

It has been generally accepted that it is very
difficult to obtain protoplasts or spheroplasts
from Gram-negative bacteria. Rohde et al.
(1984) failed to obtain protoplasts from P
carboxydovorans when they tried to study on
the localization of CO-DH in this bacterium.
We, however, established appropriate condi-
tions for spheroplast, not protoplast, forma-
tion in CO-grown cells of P. carboxydovorans
and Acinetobacter sp. 1, Under the experi-
mental conditions, over 90% of the two bac-
teria changed to spheroplasts. It was found
that cultivation of the cells in the presence of
sulbenicillin and addition of NaCl into the
reaction mixture after lysozyme treatment
enhance spheroplast formation in these bacte-
ria.

Enzyme analyses after sonic treatment first
showed that CO-DH activity in P. carbox-
ydovorans and Acinelobacter sp. 1 is local-
ized in the soluble fraction, indicating that the

1.5%-2. 2% of the CO-DH activity remained
with the particulate fractions (Table 1 and
2). Since this was observed in repeated
experiments, it could represent a specific
membrane association of CO-DH in these
bacteria. We examined this possibility using
osmotic lysis of spheroplasts as a more gentle
method for localization of CO-DH activity.
Enzyme analyses after spheroplast forma-
tion revealed that CO-DH activity in P. car
boxyvdovorans and Acinelobaclter sp. 1 exists
in the spheroplasts exclusively, indicating that
the enzyme is not a periplasmic protein. After
disruption by osmotic lysis of spheroplasts,
CO-DH activity was found only in the particu-
late material fractions, and none was detected
in the soluble cytosol fractions, indicating that
DO-DHs in P. carboxvdovorans and
Acinetobacter sp. 1 are membrane-bound, as
suggested.in several reports.(Cypionka ef al.,
1980 ; Kim and Hegeman, 1981 ;
Rohde, 1984 . Rohde ef a@l., 1984 . Schlegel
and Meyer, 1981). However, the association
of CO-DH with cytoplasmic membrane seems
to be loose, as treatment of cells by sonic
oscillation released most of the CO-DH activ-
ity into the soluble fraction (Table 1 and
2). The present work does not give any evi-
dences whether CO-DHs in  P. carboxvdovor-
ans and Acinelobacier sp. 1 are attached to
the inner aspect of the cytoplasmic membrane.
Wakim and Uffen (1983) have reported
that CO-DH in Rhodopsendomonas gelatinosa

Meyer and
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strain 1 grown with CO anaerobically in the
dark is associated with cytoplasmic mem-
brane after an observation with spheroplasts
of the cell. This, together with our results and

P
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Rohde ef al. (1984), suggests that all the CO
-DHs in both aerobic and anaerobic CO-oxidiz-
ing bacteria may be loosely attached to the
cytoplasmic membrane.
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