Osmotic Pools in Escherichia coli

Abstract. Osmotically sensitive pools in Escherichia coli are released by treat-
ment with warm water without loss in viability or of cytoplasmic components.
The rates of protein release are linear and are inversely dependent on the osmo-
larity of the medium, and only discrete amounts are released. These pools, which
are thought to be periplasmic and mesosomal, are stabilized with magnesium ions;
material released in the presence of these ions may have been localized outside

of these pools at the cell surface.

Certain bacterial proteins appear to
be localized outside of the cell mem-
brane close to the surface. The cell
membrane is the osmotic and permea-
bility barrier lying beneath the cell
wall, which serves as the limiting struc-
tural element of the cell; the mem-
brane has the properties of a molecu-
lar sieve. Some of these proteins are
thought to lie within the periplasm, a
compartment enclosed between the wall
and membrane. According to Heppel
(1), these proteins are released selec-
tively by an osmotic shock. The pro-
cedure used breaches the wall with
ethylenediaminetetraacetate (EDTA) un-
der hypertonic conditions, and the con-
tents of the periplasm are expelled un-
der hypotonic conditions. Penetrability
of the wall by large molecules is in-
creased by treatment with EDTA, per-
haps because lipopolysaccharide panels
are dislodged from the wall (2). Evident-
ly, when turgor is increased by the lower-
ing of the osmolarity of the medium in
which the cells are suspended, the mem-
brane expands against the breached, but
still limiting, wall. The pressure thus
generated forces periplasmic material
into the medium. Heppel’s analysis has
suggested another means to test for
localization between wall and mem-
brane. By application of Poiseuille’s
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Fig. 1. Release of protein during warm-
water treatment. The concentration of
MgCl: is 0.01M.
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law, the hypothesis can be substan-
tiated by kinetic means because the
rates of release of material through
capillaries or pores should be related
directly to the turgor of the cell and
inversely to the osmolarity of the me-
dium. Therefore, it may be possible to
identify periplasmic materials accord-
ing to osmotic criteria, and to distin-
guish them from surface-localized and
cytoplasmic materials.

Osmotic shock is unsuited for the
proposed kinetic analysis because re-
lease is completed too rapidly and
because a constant turgor is not main-
tained. Instead, a more suitable proce-
dure may be the warm-water solubiliza-
tion procedure used to obtain a sugar-
binding protein from Escherichia coli
A (3). Both procedures release similar
amounts and kinds of protein, and both
attack structures that are stabilized by
divalent cations. Warm-water treatment
can be used over convenient time inter-

-vals, under various conditions, and with-

out prior treatment with EDTA, which
might otherwise cause deleterious ef-
fects. Briefly, the latter procedure (4)
consists of treatment of the cells in
0.1M buffer (pH 7.3) at room tempera-
ture followed by extraction at 48°C.
By itself this treatment causes no ir-
reversible effects, for viability and up-
take of sugar are retained under ap-
propriate conditions. Like osmotically
shocked cells, the cells during warm-
water treatment display a growth lag
and are sensitive to actinomycin D;
however, the presence of Mg2+ during
this treatment prevents the manifesta-
tion of both growth lag and sensitivity
to actinomycin. Warm-water treatment
does not release glucose-6-phosphate
dehydrogenase, which is considered a
cytoplasmic enzyme (see 7).

The kinetics of protein release by
warm-water treatment is a linear func-
tion of duration of treatment (Fig. 1).
A constant rate of release is expected
for a constant pressure differential be-
tween wall and membrane. The sub-
stantial amount of protein obtained af-
ter only the briefest contact at 48°C

attests to the abruptness of the breach-

ing process, while the discrete amount
of protein released argues for the selec-
tivity of the warm-water treatment.
The inability to remove more than
minimum amounts of protein by warm-
water treatment in the presence of
0.01M MgCl, indicates that a struc-
ture that is stabilized with divalent cat-
ions is involved. The same minimum
amounts of protein, which may have
been bound at the surface, are ob-
tained when the cells are briefly washed
at 0°C.

The rates of protein release by warm-
water treatment are an inverse func-
tion of the osmolarity of the medium
(Fig. 2) (5), which is expected because
turgor is inversely related to osmolarity.
The total amount of protein released
at lower osmolarities (0.021M) is the
same as that released at higher osmolari-
ties (0.101M), provided the duration
of treatment is limited. A second surge
in protein release occurs after some-
what longer periods of treatment, and
this suggests the existence of more than
one periplasmic compartment or possi-
bly a mesosomal compartment.

Surface binding may be distinguished
from localization within the periplasm
because surface components should be
removed in the presence of Mg2+ with-
out resorting to warm-water treatment.
For example, by proper adjustment of
pH and ionic strength, but not by
changes in osmotic pressure, the a-
amylase of Aspergillus oryzae can be
removed from and returned to mycelia
in the presence of Mg2t at 0°C; in
addition, the surface location of a-
amylase is shown with fluorescent anti-
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Fig. 2. Influence of osmolarity of the sus-
pending medium on the release of protein
during warm-water treatment. The osmo-
larities are indicated by figures in paren-
theses.
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Fig. 3. Release of acid and alkaline phos-
phatases in the presence of MgCl, at vari-
ous temperatures (O, 0°C; A, 24°C; V,
48°C). Those suspensions chilled to 0°C
were subsequently treated at 48°C for O,
1, and 2 minutes.
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body technique (6). In the case of E.

coli A, both acid and alkaline phos-.

phatases are removed promptly and es-
sentially independently of time and tem-
perature, even in the presence of 0.01M
MgCl, (Fig. 3) (7). That the amount
of acid phosphatase obtained at 0°C
is greater than that obtained at higher
temperatures is reminiscent of the un-
expected release of o-glucosidase from
Bacillus subtilis at 0°C (8). The struc-
tural inferences from these results are
consistent with cytochemical localiza-
tion of -alkaline phosphatase at the out-
er surface of the wall, and of acid
phosphatase in a continuous compart-
ment beneath the wall (9). Possibly,
the location of acid phosphatase may
be better described as being on a
metabolically stabilized “plug” or “stop-
per” at an entry to the periplasm.
Other factors must be involved because
alkaline phosphatase is also described
as being located in an intermediate
layer of the wall or confined to the
periplasm by the wall (10). Since warm-
water treatment is not as effective with
cells grown in enriched medium as
with those grown in synthetic medium,
some cellular fragility may have. been
encountered in my experiments. Less
wall structure may have been deposited
during growth in synthetic medium with
the result that structural stability was
decreased and the embedment of alka-
line phosphatase within the wall was
shallower.

With loss of compartmentalization,
products of enzymic degradation are
observed; among them, inorganic phos-
phate, acid-soluble nucleotides, and sub-
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stances reacting with the Folin-Denis
phenol reagent.

The attempts to localize cellular com=
ponents according to osmotic criteria
will undoubtedly yield useful informa-
tion, especially by associating compo-
nents with similar kinetics of release.
Osmotically sensitive compartments out-
side of the membrane are inferred be-
cause certain components behave as
though they are located between an
osmotically driven surface and a po-
rous limiting barrier. Although no di-
rect evidence is offered, these com-
ponents may have been located within
the periplasm and mesosomes. Other
components appear to be located out-
side of these structures, presumably
on or within the wall. To some extent,
the ease of release of surface compo-
nents should correspond to the depth
of localization within the surface struc-
tures external to the osmotic barrier.
Structural inferences from this type of
information will have to be correlated
more closely with available cytological
evidence (11).
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Lipoperoxidation of Lung Lipids in
Rats, Exposed to Nitrogen Dioxide

Abstract. A4bsorption spectra charac-
teristic of diene conjugation and typi-
cal for peroxidized polyenoic fatty
acids can be induced in rat lung lipids
after the rats have been exposed to a
scant amount of nitrogen dioxide (I
part per million) for 4 hours. The
peroxidative changes do not occur im-
mediately but appear to reach a maxi-
mum between 24 and 48 hours after
exposure. The prooxidant effect of this
atmospheric pollutant in rat lung lipids
may be partially prevented by prior
treatment of the animal with large
doses of alpha-tocopherol.

Nitrogen dioxide (NO,) is one of
several toxicants present in our atmo-
sphere. It is among the most toxic of the
oxides of nitrogen and is an important
and integral component in the complex
of chemicals producing photochemical
smog. Evidence has indicated that the
effects of nitrogen dioxide on man and
lower animals are confined primarily
to the respiratory tract. Histological
studies revealed that lung mast cells
undergo considerable change when ani-
mals inhale NO, (). Therefore, we
have studied the effect of NO, on the
lipids of rat lungs.

Young Sprague-Dawley rats (weigh-
ing 175 to 200 g and maintained on
stock diet of Purina Chow) were used.
In certain experiments, six rats were
exposed to NO, [1 part per million
(ppm) by volume] for a single 4-hour
period (2), whereas in other experi-
ments they were exposed for 4 hours
daily during a 6-day period. After the
initial 30 minutes, the NO, concentra-
tion in the chamber was maintained
between 0.9 and 1.1 ppm. Comparably
treated control animals were forced to
inhale ambient air in the chamber for
a similar 4-hour period immediately
after exposure to NO,. For the multi-
ple exposures, ten rats were placed in
a stainless steel and glass chamber

(0.4 m3) provided with 30 air changes

per hour and laminar flow. During the
exposure periods, the control animals
were forced to inhale ambient air in
an equivalent chamber. The NO, was
metered into the incoming ambient air
from a pressurized cylinder containing
1500 ppm in nitrogen. The NO, con-
centration inside the exposure chamber
was continuously monitored with an
instrument calibrated with respect to
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