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Photosynthesizing cells of Rhodospirillum rubrum mutant C underwent
adaptation for growth in low-light conditions. During adaptation there was a

transitory increase in the generation time and the bacteriochlorophyll a content
of the cells.

Rhodospirillum rubrum mutant C grew in
strictly anaerobic (1, 4) dark or light conditions
(6). Photosynthetically grown cells grew more
rapidly when transferred directly into dark con-
ditions than into low-light illumination. This
suggested that small amounts of radiant energy
repressed growth. The present study describes
the growth response of mutant C over a range of
light levels (5) to complete darkness.

Cells were grown in culture tubes (16 by 150
mm) containing freshly prepared medium with
sodium pyruvate (6, 7). Dark growth conditions
were described earlier (7). Growth at different
light intensities, measured in lux, was achieved
by placing cultures at different distances from
the light source. Growth temperature was 30 C,
except in saturating light intensity (5,918 lux)
where the medium became heated to 32 C. Cell
growth was measured turbidimetrically at 660
nm; brief exposure to 660-nm light did not
affect growth rates. Growth measurements were
begun when cells in cultures reached 0.1 optical
density (OD) unit and continued thereafter at
1- or 2-h intervals. To minimize the effect of
"self-shading" in light-grown cultures, mea-
surements were stopped when the turbidity of
cultures reached 0.45 OD units. This corre-
sponded to approximately 5 x 108 cells per ml
(depending upon the growth condition used).
OD measurements were converted to equivalent
cell numbers by using standard curves derived
from direct cell counts (7). Estimates of cell
numbers in replicate cultures were subject to a
least-squares analysis using a computer.
Growth curves were constructed from a mini-
mum of six serial cell number measurements
obtained for each culture under different growth

'Joumal article 6201 of the Michigan Agricultural Experi-
ment Station.

conditions used, and the generation times were
calculated (3).

Cells were grown in conditions ranging be-
tween 0- and 5,918-lux illumination (Fig. 1). As
anticipated, generation times increased during
growth at light intensities less than 5,918 lux (2)
and reached a maximum of 10.3 h in 215.2-lux
illumination. Cells exposed to lower light inten-
sities, however, grew faster. In the dark, a
generation time of 7.3 h was measured. A series
of experiments was performed to determine
whether the inhibitory effect of 215.2-lux illumi-
nation on cell division persisted during repeated
subculture; experimental details are described
in the legend to Fig. 2. In this case, a different
light source was used. The ratio of bacteriochlo-
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FIG. 1. Generation times of Rhodospirillum ru-
brum mutant C in different light conditions. Medium
was inoculated with cells serially subcultured twice in
5,918.0-lux intensity; cells grown in high-light inten-
sity were added to produce a final concentration of
about 108 cells per ml. Mean generation times at
specific light intensities represented the average re-
sponse obtained from two cultures incubated simi-
larly. Light source was 150-WSylvannia reflectorspot
lamp; light conditions below 1,076.0 lux were achieved
by filtering light through wire mesh screens.
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FIG. 2. Generation times of Rhodospirillum rubrum mutant C during repeated subculture under different
light conditions. (A) Medium containing 0.5% (wt/vol) sodium pyruvate was inoculated with cells (subcultured
twice in 5,918.0-lux light) to produce a final concentration of 108 cells per ml. Two separate cultures were placed
into each light condition indicated. After about two generation times, turbidity of cultures was approximately
0.45 OD units. (B) Cells obtained from separate cultures in (A) were inoculated into fresh medium to obtain a
final concentration of about 2 x 107 cells per ml. Separate cell samples transferred in this manner were placed
back into the previous light-growth condition. After approximately 4.5 generations, separate cultures reached a
turbidity of 0.45 OD units. (C) Process described in (B) was repeated, and cells in separate cultures underwent
an additional 4.5 generations. From initial transfer of high-light grown cells into low-light conditions (A), to the
end of the experiment (C), cells in separate light conditions experienced about 11 generations. Ratio of
concentration of bacteriochlorophyll a (BChl) per milligram protein in separate cultures at the end of each
growth period are presented below the appropriate growth response curves. Light source was 200-W light bulb
(A-23; ITT Lamp Division, Lynn, Mass.).

rophyll a (BChl) to protein (7) was determined
in separate cultures at the end of the growth
period (i.e., when cultures reached about 0.45
OD units) (Fig. 2).
The growth response of separate cultures of

high-light-grown cells placed into diff'erent low-
light conditions shown in Fig. 1 and Fig. 2A
were similar. During approximately two genera-
tions of growth after initial transfer from condi-
tions of' saturating light intensity (Fig. 2A), R.
rubrum cells became adapted to low illumina-
tion, with the result that generation time de-
creased and appeared to stabilize at values
characteristic of the light intensity (Fig. 2B and
C). Cells fully adapted to growth at low-light
intensities subsequently grew more rapidly than
cells in dark cultures (Fig. 2B and C).
Changes in the concentration of BChl a in

cells (Fig. 2; below appropriate growth response
curves) resembled the growth response of' the
cultures. Pigment concentration increased in
cultures where light energy for photosynthetic
growth (2, 5) became limiting (Fig. 2A, below).
This increase was transitory and only lasted
during the period of adaptation of the cells to
growth at low-light intensities (Fig. 2B, below;
and 2C, below). After 11 generations of growth
in low light (Fig. 2C, below), the amount of'
BChl a in separate cultures placed into dark- or

low-light conditions was similar.

These observations suggested that photosyn-
thesizing R. rubrum became adapted for growth
in low light; a similar response was not observed
with dark-grown cells exposed to low amounts of
radiant energy (data not shown). The adaptive
process in photosynthetically grown cells oc-

curred over a period required for about two cell
divisions and resulted in a temporary increase
in generation times and changes in BChl a

concentration. Prolonged division times might
have resulted from an inhibitory effect of radi-
ant energy. Certain light-sensitive reactions in
the cells may have responded to low-light and
"competed" with alteration(s) which were nec-

essary to enable the cells to grow at low levels of'
illumination. The light-sensitive reactions may

be repressed and/or diluted during subsequent
low-light growth. Cells placed directly into
darkness probably experienced similar
change(s). Consequently, study of R. rubrum
mutant C grown in high-light and then exposed
to low-light illumination might be usef'ul in
resolving the sequence of events in cells during
transition from photosynthetic to dark, fermen-

tative metabolism.

The author thanks A. G. Saaf for programming assistance
and computer time, and H. Gest for helpful criticism.

This research was supported by National Science Founda-
tion grant GB 33920.

B. 2nd transfer

a

.I ~~II

NOTES 1087

i i



1088 NO'
LITERATURE CITED

1. Bryant, M. P., and I. M. Robinson. 1961. An improved
nonselective culture medium for ruminal bacteria and
its use in determining diurnal variation in numbers of
bacteria in the rumen. J. Dairy Sci. 44:1446-1456.

2. Cohen-Bazire, G., W. R. Sistrom, and R. Y. Stanier. 1957.
Kinetic studies of pigment synthesis by non-sulfur
purple bacteria. J. Cell. Comp. Physiol. 49:25-68.

3. Dawes, E. A. 1972. Bacterial growth, p. 312-332. In
Quantitative problems in biochemistry, 5th ed. The
Williams and Wilkins Co., Baltimore, Md.

TES J. BACTERIOL.

4. Hungate, R. E. 1950. The anaerobic mesophilic cellulolytic
bacteria. Bacteriol. Rev. 14:1-49.

5. Klemme, J.-H., and H. Gest. 1971. Regulatory properties
of an inorganic pyrophosphatase from the photosyn-
thetic bacterium Rhodospirillum rubrum. Proc. Nat.
Acad. Sci. U.S.A. 68:721-725.

6. Uffen, R. L., C. Sybesma, and R. S. Wolfe. 1971. Mutants
of Rhodospirillum rubrum obtained after long-term
anaerobic, dark growth. J. Bacteriol. 108:1348-1356.

7. Uffen, R. L., and R. S. Wolfe. 1970. Anaerobic growth of
purple nonsulfur bacteria under dark conditions. J.
Bacteriol. 104:462-472.


