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Carotenoid pigments and the stability of the cell membrane of Sarcina lutea

The carotenoid pigments of non-photosynthetic bacteria are located within the
cell in association with the cell membrane!-3, and have been shown to protect the
cells against lethal photosensitization?.5. It has been suggested® that one of the wavs
that carotenoid pigments might function would be by stabilizing such damaged mem-
branes. Indeed, SALTON AND ETHISHAM-UD-DI1x3 and SALTON AND IFREER? found that
occasional preparations of cells of the carotenoid-containing organisms Micrococcus
lysodeikticus and Sarcina lutea whose membrane-associated carotenoids were com-
pletely depleted by growing the cells in the presence of diphenylamine lysed more
readily, and membranes prepared from these cells appeared to be less stable. These
observations and suggestions have prompted us to investigate whether carotenoid
pigments play a role in stabilizing the cell membrane of S. lutea. In addition to di-
phenylamine-treated cells, we used a colorless mutant which accumulates the colorless
precursors phytoene and phyvtofluene, the same compounds which accumulate in
DPA-treated cells.

The organisms used in this study were a lysozyme-sensitive strain of S. lutca
obtained from Dr. R. Y. Stanier, and a colorless mutant of this strain, mutant zwm
induced by exposure of the wild type to ultraviolet light. The cells were grown in
nutrient broth (Difco) on a rotary shaker at 30°. For those experiments in which
inhibition of production of colored pigment was desired, diphenylamine was added
to the nutrient broth at the time of inoculation to give a final concentration of 0.1 mM.
Diphenylamine was obtained from Distillation Products Industries, and lysozvme
from Nutritional Biochemical Corp.
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In order to compare the relative stability of whole cells of wild type, diphenvl-
amine-treated wild tvpe and mutant 2wm to repeated centrifugation and resus-
pension, the following experiment was performed. Cells of each strain were suspended
in 0.1 M phosphate buffer at pH 7.0, and were centrifuged at 5000 > ¢ for 15 min,
then resuspended in the same supernatant, and centrifuged again. This was done for
a total of 10 times. After the last centrifugation, an aliquot of the supernatant was
removed for protein determination®, the cell pellet was then resuspended in the rest
of the supernatant, and the viable count was determined. In all three cultures the
viable count and protein leakage into the supernatant solution were unaffected by
repeated centrifugation and resuspension, indicating that the colorless cells were no
more susceptible to lysis under this mechanical stress than were the pigmented wild-
tyvpe cells.

The osmotic fragility of protoplasts of the three tvpes of cells was measured.
Protoplasts were prepared by incubating buffered 1.2 M sucrose solutions of cells con-
taining lysozyvme (20 pg/ml) for 2—4 i at 30°. After incubation, aliquots were added
to tubes containing different molarities of buffered sucrose for 30 min, then, o.1-ml
aliquots were pipetted into tubes containing either 5 ml of buffered 1.2 M NaC(l or
s ml of phosphate buffer alone. The absorbances, at 650 nm, as a function of sucrose
molarity are shown in Iiig. 1, where it can be scen that there were no significant
differences in the osmotic stabilities of the protoplasts produced from the three cul-
tures. In another experiment, protoplasts were produced in sucrose solutions of
varving molarities, and similar results were obtained. Thus, in experiments in which
the molarities of sucrose solutions were varied either after or during the formation
of protoplasts, we could find no significant differences in the stability of protoplasts
made from either wild-type, diphenvlamine-treated wild-type or mutant 2wm cells.

In the experiments just described, we have studied whole cells and protoplasts
of fullv pigmented wild-type cells, and two kinds of colorless cells (diphenylamine-
treated wild-type cells, and cells of mutant 2wm, both derived from the wild-tvpe
cells), which accumulate the same kinds of colorless carotenoid precursors. In neither
whole cells nor protoplasts have we been able to find anv significant difference in
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Iig. 1. Stability of protoplasts made from cultures of wild-type S. lutea, diphenylamine (DPA)-
treated wild-type and mutant 2wm cells. The protoplasts were formed directly in a protoplast-
stabilizing concentration of sucrose (1.2 M sucrose in 0.04 M phosphate buffer) and then trans-
ferred to varying concentrations of buffered sucrose. Absorbances of appropriately diluted aliquots
were measured in 1.2 M NaCl in o.or M phosphate buffer, pH 6.8, against a blank of the buffercd
NaCl solution. Previous experiments with this strain have shown that phosphate buffer caused
a minimum leakage of carotenoids from cell fractions?®.
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the fragility of these three kinds of cells of S. lutea. Therefore, it appears that in
S. lutea, colored carotenoid pigments play no significant role in stabilizing the cell
membrane. The observations of SALTON AND ETHISHAM-UD-DIN® and SALTON AND
I'REER® that occasional preparations of diphenylamine-treated bacteria show a de-
creased membrane stability would therefore appear not to be related to the effect of
diphenvlamine on carotenoid biosynthesis.
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