


MEMBRANE CONTROL
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FIG. 1. Sections of cells of A. vinelandii taken from exponentially growing cultures with different sources of

nitrogen. The cultures were harvested during exponential phase at a cell titer of 2 x 108/ml. The sources of
nitrogen were: la, air (N2); lb, 400 jg of nitrogen/ml as NH4 acetate, lc, 400 ug of nitrogen/ml as NH4CI; ld, 400
,ug of nitrogen/ml as NaNO3. Arrows in la indicate internal membranes. The marker bar in la represents 1 um.
All micrographs are at the same magnification.
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FIG. 2. Sections of cells of A. vinelandii grown on atmospheric nitrogen. The cultures were harvested at
different cell titers. Cell titers at time of harvest were 2.6 x 107/ml, 6 x 107/ml, and 1.7 x 108/ml for cells shown
in 2a, 2b, and 2c, respectively.
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cell population and rate of agitation of the
culture, irrespective of nitrogen source. N2-
grown cells (fig. 2a) were harvested at a low cell
density (2.6 x 107 cells/ml; dissolved 02 concen-
tration was 6.5 ppm). The membrane network
seemed to be only at the periphery of the cells,
but at a higher density of cells (6 x 107 cells/ml;
dissolved 02 concentration was 3.2 ppm), the
membranes seemed to become more predomi-
nant (Fig. 2b). When cells reached a population
density of 1.7 x 108 Cells/ml, the dissolved 02

concentration was 0.6 ppm, and the extensive
network was observed (Fig. 2c). The same

phenomenon of membrane quantity varying
with cell density also was seen with cells that
had been growing in a medium containing
excess NH4+. Cells grew at the same rate up to
cell densities greater than 2 x 108 cells/ml. At
cell densities between 1 x 108 cells/ml and 2
x 108 cells/ml, presence of the membrane net-
work depended upon whether the growth flask
had baffles and upon the speed of shaking. At a

given cell density, cells that were harvested
from a flask without baffles had a more exten-
sive membrane network than did cells from a

flask with baffles.

DISCUSSION
An indication that growth on N2 is not

required for formation of the internal mem-
brane network has been reported by Zey et al.
(P. Zey et al., Abstr. Ann. Meet. Amer. Soc.
Microbiol., p. 155, 1972) who stated that this
membrane structure is found in cells grown on

N2 as well as on NH4+. However, they used
methylamine to repress nitrogenase. Methyla-
mine is capable of uncoupling phosphorylation
(4) and does not repress nitrogenase synthesis
(12). In support of the original (9) mpmbrane
results, Oppenheim and Marcus (J. Oppenheim
and L. Marcus, Bacteriol. Proc., p. 148-149,
1970) and Marcus and Kaneshiro (8) showed
that phospholipid content is greater in N2-
grown cells than in NH4+-grown cells of A.
vinelandii. However, Drozd et al. (3) claim to
have found no such differences in phospholipid
content between cells of A. chroococcum that
are repressed or derepressed for nitrogenase
synthesis.
The results presented in this paper indicate

that the internal membrane network might be
produced in response to 02 availability rather
than to nitrogen source. The cells seem to
respond to dissolved 02 concentration by syn-
thesizing more membrane material when 02 is
limiting. These membranes could function to

increase the surface area and could be able to
sequester enough 02 to allow the bacteria to
remain in the exponential-growth phase.
A freshly inoculated culture of A. vinelandii

will have a shorter lag period if the culture is not
shaken for several hours before it is placed on
the shaker (2). Ackrell and Jones (1) have
reported that the length of the lag period is
directly related to the rate of aeration of cells of
A. vinelandii. Our results offer a possible expla-
nation for this phenomenon. Usually, an inocu-
lum from a slant or turbid "overnight" culture
is used to inoculate fresh medium in which 02 is
not limiting. Cells that had been growing at a
high density are suddenly diluted into fresh
medium. These cells, therefore, are suddenly in
an environment in which the surface area of
membrane in contact with the dissolved 02 is
greater than that actually needed. Perhaps
excess respiration under these conditions has a
detrimental effect on growth. Resumption of
growth might begin after these extra mem-
branes are degraded.
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