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NOTES

Accumulation of Poly-3-Hydroxybutyrate in Spirulina
platensis
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Poly-,-hydroxybutyrate has been identified in the cyanobacterium Spirulina
platensis. The addition of reduced carbon compounds to the growth medium was
not required for poly-,B-hydroxybutyrate accumulation. Poly-P-hydroxybutyrate
accumulated during exponential growth to 6% of the total dry weight and then
decreased during the stationary phase.

Cyanobacteria are known to store carbohy-
drate as glycogen, phosphate as polyphosphate,
and nitrogen as multi-L-arginyl-poly (L-aspartic
acid) or cyanophycin (11, 14). Little is known
about the lipid reserve of cyanobacteria. Poly-,B-
hydroxybutyrate (PHB) has been demonstrated
in a wide range of classical bacteria (6), but has
been reported in only one cyanobacterium (1, 4).
Carr (1) demonstrated PHB in Chlorogloeafrits-
chii (Chlorogloeopisfritschii, see reference 9) by
chemical analysis, whereas Jensen and Sicko (4)
demonstrated PHB granules in this same cyano-
bacterium by electron microscopy. However,
for the production of PHB by C. fritschii, it was
necessary to supplement the medium with the
reduced carbon compound sodium acetate. We
report the presence of PHB in the cyanobacter-
ium Spirulina platensis and show that PHB
accumulated without the addition of reduced
carbon compounds.
A unialgal strain of S. platensis was the gener-

ous gift of H. C. Bold (University of Texas). The
culture was repeatedly streaked on agar plates
until an axenic culture was obtained. Lack of
bacterial contamination of S. platensis was dem-
onstrated by lack of bacterial growth when broth
suspensions were subcultured on nutrient broth,
Luria broth, yeast extract, and Casamino Acids
media. Axenic S. platensis was grown in the
mineral salts medium of Ogawa and Terui (8).
Cultures were bubbled with 5% C02-95% air.
Temperature of growth was 35°C and illumina-
tion was by four F72T12 CW lamps providing an
incident intensity of 6.17 x 10-9 einsteins
cm-2 * s-1 on the growth tubes. Growth was
measured at 550 nm with a Bausch and Lomb
Spectronic 20 colorimeter. At the same time

growth measurements were made, 10 ml of the
culture was removed for PHB determinations
which were performed by the method of Law
and Slepecky (5). PHB was isolated and purified
by the methods of Sutherland and Wilkinson
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FIG. 1. Poly-j-hydroxybutyrate granule in Spiru-
lina platensis stretched out into the unique and charac-
teristic cone structure (2). Bar = 0.3 ,um.
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(13). The physical and chemical properties of
purified S. platensis PHB were determined ac-
cording to the procedures of Herbert et al. (3). A
Perkin-Elmer (model 237) infrared spectropho-
tometer was used to obtain infrared spectra of
PHB. For the electron microscopic studies, cells
were concentrated by centrifugation to prepare
them for freeze-etch transmission electron
microscopy. Droplets of concentrated cell sus-
pension were frozen in liquid Freon 22 and
transferred quickly to liquid nitrogen. Frozen
samples were fractured, etched for 3 min, and
replicated in a Balzers BA 360 M freeze-etching
device at -100°C by the method of Moor and
Muhlethaler (7). The platinum-carbon replicas
were viewed with a Philips EM-300 transmission
electron microscope operating at an accelerating
potential of 60 kV.
When the ultraviolet absorption spectrum of

crotonic acid derived from PHB purified from S.
platensis was compared with the spectrum of
commercial crotonic acid, they were found to be
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identical (data not shown). The infrared spec-
trum of S. platensis PHB was identical to that
for PHB purified from Bacillus megaterium
(data not shown) and other bacteria (10). The
dry polymer ofPHB had a melting point of 165°C
which corresponds to what has been reported by
Lundgren et al. (6).

Freeze-etching followed by transmission elec-
tron microscopy indicated that PHB granules in
S. platensis (Fig. 1) possessed the same ultra-
structural features as did those of Bacillus cere-
us described by Dunlop and Robards (2). After
freeze-etching, PHB granules stretched out into
the cone-shaped structures which are unique
and characteristic of PHB.
PHB accumulation increased during exponen-

tial growth of S. platensis (Fig. 2), reached a
maximum as the culture entered the stationary
phase, and then decreased. Up to 6% of the total
dry weight of S. platensis was recoverable as
PHB when cells were grown in medium without
sodium acetate. The presence of sodium acetate
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FIG. 2. Growth of Spirulina platensis and accumulation of poly-,3-hydroxybutyrate. Growth is plotted as
absorbance (0). PHB (U) was assayed by converting it to crotonic acid (5, 13).
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in the culture medium had no observable effect
on the extent of PHB accumulation in S. platen-
sis. PHB accounted for 10% of the total dry
weight of C. fritschii when grown in sodium
acetate-supplemented medium (1). However,
Carr (1) was not able to detect any PHB when C.
fritschii was grown in the absence of acetate.
Thus, although S. platensis accumulates PHB as
does C. fritschii, it is different in that reduced
carbon compounds need not be supplied for
PHB accumulation.

S. platensis and C. fritschii were assigned
generically to sections III and V, respectively,
by Rippka et al. (9) and are considered to be of
quite distant relatedness. However, both cyano-
bacteria accumulate PHB. We suggest that PHB
may occur much more generally in this group of
microorganisms. We observed previously (12)
that accumulation of cyanophycin in Agmenel-
lum quadruplicatum required a condition of un-
balanced nutrition resulting from phosphate
starvation. We offer the suggestion that PHB
might accumulate in other cyanobacteria if they
are grown under conditions of high CO2 concen-
tration.

This study was supported by grant 7900238 from the U.S.
Department of Agriculture.
We thank A. T. Phillips for helpful comments.
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