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Abstract-Polyesters of (R)-3-hydroxybutanolc and (R)-3-hydroxypentanoc acids have been isolated from 
Aphnnothece species, a freshwater cyanobacterla The presence of slmllar polyesters from a number of marine 
cyanobacterla involved m blue-green algal mats and stromatohtes is also documented 

INTRODUCTION 

Poly-fi-hydroxybutyrate (PHB) is an important energy 
storage and carbon reserve product m a wide variety of 
bacteria [ 11. Recently a polyester composed primarily of 
fi-hydroxypentanoate and fi-hydroxybutyrate units has 
been isolated from activated sludge [2]. We now report 
the presence of similar polyesters in a freshwater blue- 
green alga, Aphanothece sp., from Lake Joondalup, 
Western Australia, and in halophihc blue-green algae 
found in the algal mats and stromatohtes of Shark Bay, 
Western Australia. 

RESULTS 

Polyesters m Aphanothece sp 

In a study of the perlphyton and metaphyton commum- 
ties m Lake Joondalup, the largest permanent freshwater 
lake m the Swan coastal plam of Western Australia, Rose 
and McComb [personal commumcatlon] have observed 
the existence of a significant metaphyton mass [3]. The 
dominant algal species of the metaphyton, which ranged 
from 1 to 30 cm in depth, was found to be the colomal 
cyanophyte, Aphanothece sp. (family, Chroococcaceae; 
order, Chroococcales). 

A sample of Aphnnothece sp was freeze-dried and the 
material extracted with methylene chloride. The extract 
was washed with petrol and then ether to afford a resilient 
semi-translucent white film which was purified by elution 
with methanol through Sephadex LH-20. Combustion 
analysis yielded values consistent with the formula 
(C,,H,20,),. The polymeric nature of this material was 
suggested by Its physical appearance, the wide mp range 
(lOO-205”), the formation of viscous solutions at mod- 
erate concentrations (10 mg/ml m chloroform) and the 
inability to elute this material through Si gel or alumma. 
Determmation of the MW dlstributlon by gel permeation 
chromatography (indirect calibration with polystyrene 
standards) gave the followmg approximate values: Z 
average MW, R,, 713 Ooo, R,, 42 500; R,, 138 500, and 
dlsperslty, 3.26. The IR spectrum of the polymer showed 
an intense broad absorption band at 1740 cm-’ indlcat- 
mg the presence of carboxyhc ester linkages. The 

‘H NMR spectrum revealed resonances attributable to a 
3-oxypentanoate (1) and a 3-oxybutanoate (2) system m a 
2:l ratio ‘HNMR measurements and a ‘%NMR 
spectrum provided evidence for these assignments (see 
Experimental). 

Base hydrolysis of the polymer yielded an ether soluble 
fraction contammg two compounds which from their 
spectral characterlstlcs were identified as (E)-pent-2-en-l- 
OX acid and (E)-but-2-en-1-olc acid. Comparison of the 
GC and spectral characterlstlcs of the derived methyl 
esters with those of authentic samples confirmed the 
assignment. Contmuous extraction of the hydrolysate 
with ether afforded a mixture of two hydroxy acids which 
were separated as their methyl ester derivatives by prep. 
GC. Comparison with authentic samples showed them to 
be methyl-3-hydroxypentnoate and methyl-3-hydroxy- 
butanoate The mixture of hydroxy acids showed 
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[aID- 28” which IS expected for a 2.1 mixture of (R)-3- 
hydroxypentanolc acid ([a] D- 35”) [4] and (R)-3- 
hydroxybutanolc acid ([c~]o- 25”) [s]. The optlcal ro- 
tatlon of the correspondmg methyl esters ([cz].- 29”, ht 
[6] - 18 6”) and ([c~]n- 21”, ht values for the enantlomer 
[a] o-t 23 8” [6]; + 33.7” [7])confirmed the assignment of 
configuration 

At this pomt It seemed hkely that the polymer was m 
fact a heterpolymer conslstmg of (R)-3-hydroxypentano~c 
acid and (R)-3-hydroxybutanolc acid umts m a ratlo of 
2 1. However, as described below, by further fractlon- 
atlon of this polymer the ratlo of the two umts could be 
increased to 3 1 mdlcatmg that the sample contamed 
some poly-a-hydroxybutyrate 

Polresteub from mame cyanobacterm 

Blue-green algal mats and stromatohtes are the dome- 
nant autotrophs of the hypersahne waters of Shark Bay, 
Western Austraha [8] Algal mat extends from shallow 
subtldal depths (ca 4 m) to an elevation of ca 2 m above 
low water level and IS dlfferentlated mto four basic types 
and three mtergradatlonal types that can be dlstingulshed 
on the basis of surface texture and colour. Each mat type IS 
colonized by a dommant cyanophyte [8] In connection 
with another project we had the opportumty ofexammmg 
three of the seven types of algal mats (Table 1) for the 
presence of polyalkanoates 

Samples of algal mats were frozen on collection and 
freeze-dried prior to extractlon The freeze-dried powders 
were extracted with 10 ‘:, methanol m methylene chloride 
and the material obtained was washed with petrol and 
ether to give white translucent films of polymers. The 
‘H NMR spectra of the Isolated polymers showed them to 
contam 3-oxybutanoate (methyl doublet at 6 1.28) and 3- 
oxypentanoate umts (methyl triplet at 60.89) by com- 
parison with the ‘HNMR spectrum of the polymer 
obtamed from an Aphanothece sp as described above 

The ratlo of pentanoate to butanoate was different for 

each sample (Table 1) and for sample 2 pure PHB could be 
isolated by preclpltatlon from chloroform with methanol 
The remammg polymer from sample 2, and those of 
samples 3 and 4, could be fractionated m a slmllar way to a 
final ratlo of pentanoate to butanoate of 3 1 suggestmg 
that a certam amount of PHB IS present 

DlSCUSSIOh 

The results presented above estabhsh the presence of 
polyesters m cyanobacterla growmg m vastly different 
environments, VIZ a permanent freshwater lake and a 
variable hypersalme intertidal zone It also seems clear 
that one of the polyesters 1s PHB, a choral polymer which 
normally occurs as hydrophobic granules m the cells of a 
wide variety of bacteria [l] Only a few reports of Its 
presence m cyanobacterla have appeared The occurrence 
and ldentlficatlon of PHB m the blue-green alga, 
Chlorogloea frttrchu, after growth m the presence of 
acetate has been reported [9] No PHB could be detected 
after growth of C frltschtl on an autotrophlc medium m 
the absence of acetate, or growth of Anabaena rurmbrhs m 
the presence or absence of acetate [9] PHB has been 
detected also m an Oscdlatorra sp [lo] 

Whether the polyester contammg the 3-hydroxypen- 
tanoate umt IS a homopolymer of C, umts or a hetero- 
polymer made up of C, and C, units remams an open 
questlon One report [2] describes the lsolatlon of a 
heteropolymer composed prlmarlly of C, and C, 3- 
hydroxy acids (probably m a ratio of (a 5 l), along with 
lesser amounts of higher MW components, from activated 
sludge, but there are mdlcatlons for the presence of blocks 
of PHB m the heteropoiymer [l l] 

In our work repeated attempts to remove PHB from the 
samples by selective preclpltatlon did not improve the 
ratio of C, C, beyond 3 1 suggestmg the presence of a 
heteropolymer On the other hand, the presence of PHB 
along with a poly-3-hydroxypentanoate polymer of dlf- 
ferent molecular sizes cannot be excluded. 

Table 1 Polyesters from cyanobacterla 

Sample Locahty Form Cyanophyte 
Polymer yteld 

(pentanoateebutanoate) 

1 Lake Joondalup 
Perth 

2 Hutchlson Bay 

Shark Bay 

3 Hamehn Pool 

Shark Bay 

4 Hamehn Pool 
Shark Bay 

5 Hamehn Pool 
Shark Bay 

metaphyton Aphanothece sp 

pustular mat M~rocoleus sp 

smooth mat Schrzothrrw 
tdCKO/U,~ 

Symploca laete- 
twuhs, 

SC ytonema sp 

tufted mat Lyngbya aestuanl 
Murocoleur 

c hthonoplaates 

pustular mat Entophyrahs 
deusta 

0 2 “<,* 

(2 1) 

007" t - 0 

(nd) 

003” t 0 
I1 Ii 

003” t II 
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*Yield based on wet wt 

tY]eld based on freeze dried wt of algal mat 

$Dommant cyanophyte 
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