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The turnover of phospholipids in Escherichia coli B/r was analyzed in syn-
chronously growing populations. The turnover of presynthesized phosphatidyl-
glycerol and cardiolipin continued at a constant exponential rate throughout the
division cycle.

The membrane compositions of bacterial cells
can vary in response to changes in growth con-
ditions, e.g., during growth at different temper-
atures (8), during inhibition of chromosome rep-
lication (3), and during inhibition of phospho-
lipid synthesis (9, 10). In addition, membrane
phospholipids turnover to an extensive degree
even during steady-state growth (2), and mem-
brane proteins might migrate after their synthe-
sis into the cytoplasm (12). There are a few
reports that synthesis and turnover of mem-
brane components vary during the cell division
cycle. For example, phosphatidylethanolamine,
phospholipids, and membrane proteins appear
to increase their rate of synthesis at either ini-
tiation (0. Pierucci, unpublished data) or com-
pletion of chromosome replication (4, 5). The
rate of phospholipid turnover has been reported
to increase around the time of cell division (11).
To determine whether the synthesis and turn-

over of the unstable phospholipid components
phosphatidylglycerol and cardiolipin vary dur-
ing the cell division cycle of Escherichia coli
B/r, we analyzed the composition of radioac-
tively labeled phospholipid at various times after
the exposure of synchronously growing popula-
tions to radioactive glycerol.
For studies of phospholipid synthesis, multi-

ple samples of newborn cells were selected from
membrane-bound, exponential-phase popula-
tions of E. coli B/r A and F (6), and the samples
were exposed to 2.9 ,LCi of [2-3H]glycerol per ml
(7.8 Ci/mmol; New England Nuclear Corp.) for
2/10 of a generation at various times during
synchronous growth. The phospholipids were
extracted and separated by chromatography (as
indicated in detail in legend to Fig. 1), and the
radioactivity associated with phosphatidyletha-
nolamine, phosphatidylglycerol, and cardiolipin
was measured. The distribution of the radioac-
tivity among the three components was found to
be independent of the age of the cells at the time

of exposure to the radioactive precursor. The
composition of the newly synthesized phospho-
lipids was also the same in cells growing at 370C
at various growth rates (between 1.3 and 2.4
doublings per h). For E. coli B/r A, the compo-
sition was 68% phosphatidylethanolamine, 29%
phosphatidylglycerol, and 3% cardiolipin; for E.
coli B/r F, it was 66, 26, and 8%, respectively.
For studies on phospholipid turnover, multi-

ple samples of newborn cells growing in glucose
minimal medium (1.3 doublings per h) were
exposed to 2.9 ,uCi of [2-3H]glycerol per ml for 8
min (equivalent to -2/10 of a generation) at
either the time of collection (age 0) or after 20
min of synchronous growth (age 0.4). In cultures
growing synchronously in glucose minimal me-
dium, cells of age 0.4 to 0.6 have either one
completely replicated chromosome or two chro-
mosomes that have just initiated a round of
chromosome replication. At about this time in
the cycle, the septum starts to be formed. Cells
of age 0 to 0.2 have one partially replicated
chromosome (7). Turnover of the phospholipid
synthesized at these ages was measured by an-
alyzing the radioactivity that remained associ-
ated with phosphatidyglycerol, cardiolipin, and
phosphatidylethanolamine during subsequent
synchronous growth. The ratio ofthe radioactiv-
ity associated with phosphatidylglycerol to the
stable phosphatidylethanolamine is shown in
Fig. 1. This ratio decreased exponentially in both
E. coli B/r A and F, independent of the time at
which the phospholipids were synthesized. A
similar decrease was also observed when the
ratio of the radioactivity associated with cardi-
olipin to phosphatidylethanolamine was deter-
mined (data not shown). Thus, the rate of phos-
pholipid turnover did not change during the cell
cycle. The rate ofturnover was also independent
of the age at which the phospholipids were syn-
thesized. Ohki (11) reported that the turnover of
phosphatidylglycerol in celLs labeled with either
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FIG. 1. Phospholipid turnover during synchronous growth of E. coli Blr A and F. Sampks (3.4 ml) of 1 x
107 to 2 x 160 newborn cellsper ml were collected consecutively during 1-min intervals from membrane-bound
cultures ofE. coli BlrA (A and AA) and F (F and FF) growing in glucose minimal medium (1, 1.3 doublings
per h). Samples were exposed to 2.9 uCi of [2-3HJglycerol per ml (7.8 Ci/mmol) for 8 min either immediately
after collection (A and F) or 20 min after synchronous growth (AA and FF). The pulse was stopped by the
addition of a large excess of nonradioactive glycerol (10 mg/ml), and synchronous growth continued for
various periods of time. At the end ofsynchronous growth, cells were collected by centrifugation and washed
with a medium containing nonradioactive glycerol (1X00 jg/ml). About 10'° nonradioactive carmer cells were

added to the cell pellets. Pellets were then extracted at 55°C for 20 min with methanol (2 ml) in tightly
stoppered test tubes. After cooling at room temperature, 4 ml ofchloroform were added, and the mixtures were
spun in a Vortex mixer and centrifuged. The supernatant was evaporated at room temperature, and the
resulting lipid film was dissolved into 0.2 ml ofmethanol and 0.4 ml of chloroform. Lipids were analyzed by
thin-layer chromatography on Eastman chromagram sheets-silica gel with fluorescent indicator (Eastman
Kodak Co., Rochester, N.Y.)-with the chloroform-methanol (3:1 [vol/voll) ascending technique. Three spots
of radioactivity were detected, corresponding to the locations of E. coli phosphatidylethanolamine, E. coli
phosphatidylglycerol, and beef heart cardiolipin (General Biochemicals Div. [Mogul Corp.], Chagrin Falls,
Ohio). Symbols: x, Ratio between the radioactivities associated with phosphatidylglycerol (PG) andphospha-
tidylethanolamine (PE); @, ratio between the cell concentrations at the end ofsynchronous growth and at the
time of collection; 111111, length of the pulse. For E. coli B/r A, the radioactivity per 106 cells at the end of the
pulse was 217 cells exposed immediately after collection and 207 for those exposed 20 min after synchronous
growth, respectively; for E. coli B/r F, the radioactivity was 160 (exposed immediately) and 210 (exposed 20
min after growth).

32p, or ['4C]acetate increased near the time of
cell division in synchronized cultures of E. coli
K-12. Under the conditions used in our experi-
ments, stepwise turnover of acylated phospha-
tidylglycerol could have been obscured by the
continuous turnover of nonacylated phosphati-
dylglycerol, which is preferentially labeled dur-
ing short exposure to [2-3H]glycerol (1). Alter-
natively, the preferential turnover of phospha-
tidylglycerol around the time of cell division
reported by Ohki could be a consequence of the

temperature shift used to obtain synchronously
dividing populations and not a characteristic of
the cell division cycle.

In conclusion, our results suggest that the
major phospholipid components in E. coli
B/r-phosphatidylethanolamine, phosphatidyl-
glycerol, and cardiolipin-are synthesized coor-

dinately during the division cycle. Furthermore,
no evidence was found of enhanced turnover of
presynthesized phospholipids at specific times
during the cell cycle.

J. BACTERIOL.

02

a.

0.

0

o 0.4
cr

0

0.1I.

4.0

2.0 =
CD
0

1.0 =
m
._4.

c
0

4.0 =

C

O

_

0

2.0 -

C.)
0

1.0

O

.000

0

4

40 s0 120

.AAI FF]4I . * * -0

x x

am



NOTES 1535

This work was supported by Public Health Service grant
GM 21006 from the National Institute of General Medical
Sciences.

LITERATURE CITED
1. Ballesta, J. P. G., C. L de Garcia, and M. Schaechter.

1973. Turnover of phosphatidylglycerol in Escherichia
coli. J. Bacteriol. 116:210-214.

2. Cronan, J. E., and P. R. Vagelos. 1972. Metabolism and
function of the membrane phospholipids ofEscherichia
coli. Biochim. Biophys. Acta 265:25-60.

3. Gudas, L. J., and A. B. Pardee. 1976. DNA synthesis
inhibition and the induction of protein X in Escherichia
coli J. Mol. Biol. 101:459-477.

4. Hakenbeck, R., and W. Messer. 1977. Oscillations in
the synthesis of cell wall components in synchronized
cultures of Escherichia coli J. Bacteriol. 129:
1234-1238.

5. Hakenbeck, R., and W. Messer. 1977. Activity of mu-
rein hydrolases in synchronized cultures of Escherichia
coli J. Bacteriol. 129:1239-1244.

6. Helmstetter, C. E. 1967. Rate of DNA synthesis during
the division cycle of Escherichia coli B/r. J. Mol. Biol.
24:417-427.

7. Helmatetter, C. E., and 0. Pierucci. 1976. DNA syn-
thesis during the division cycle of three substrains of
Escherichia coli B/r. J. Mol. Biol. 102:477-486.

8. Marr, A. G., and J. L Ingraham. 1962. Effect of tem-
perature on the composition of fatty acids in Esche-
richia coli J. Bacteriol. 84:1260-1267.

9. Mindich, L 1970. Membrane synthesis in Bacillus sub-
tilis. Isolation and properties of strains bearing mu-
tations in glycerol metabolism. J. Mol. Biol. 49:415-432.

10. Mindich, L. 1970. Membrane synthesis in Bacillus sub-
tilis. JJ. Integration of membrane proteins in the ab-
sence of lipid synthesis. J. Mol. Biol. 49:433-439.

11. Ohki, M. 1972. Correlation between metabolism of phos-
phatidylglycerol and membrane synthesis in Esche-
richia coli J. Mol. Biol. 68:249-264.

12. Sargent, ML G. 1973. Membrane synthesis in synchronous
cultures of Bacillus subtilis 168. J. Bacteriol.
116:397-409.

VOL. 133, 1978


