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A new method has been standardized for ext racti on of poly hydroxy alkanoales from the bacteri a, us ing sod ium hy­
poch lorite. Th is method is simple and quick as compared to the ex ist ing methods. Stat istical analys is has proved the method 
to be reli ab le and reproducible. 

Polyhydrox y alkanoates (PHA) are polyes ters of hy­
droxy alkanoates, synthes ized and accumulated in­
tracellularl y as granules by numerous bacteri a l

.
3
. PHA 

have various mechanical properties resembling the 
recalc itrant thermoplast ics and hence have been con­
sidered as their potenti al su bstitute ' ,4·8 . 

The method of extrac ti on is a very important step 
in the assay and also fo r charac teri zat ion of PH A. In a 
survey, when a large number of organi sms are being 
screened fo r their ability to produce PH A, the method 
of ex trac ti on needs to be simple, quick, reproducible 
and reli ab le. Vari ous meth ods have been employed 
fo r extracting PHA from the cell s using hypochlorite 
as in Wi lli amson & Wil kinson's method (WW)9 and in 
Disk assay method (DA)I O, or olvents li ke chl oroform 
(Chilli) ", wh i Ie some researchers have used both 
these in a combinat ion li ke in the dispers ion method 
(Disp)12.14 . No comparati ve study has however been 
reported with respect to the relati ve efficacy, repro­
ducibi lity, reli ab ili ty and/or practical advantages of 
these di ffe rent methods. 

Mangroves constitute a nutrient ri ch ecosystem, 
which makes its fl ora di verse in nature. PH A have 
been reported in mar ine and es tu arine sed iments and 
from the microorganisms inhabiting these '5. '8 . The 
mid-west coast of India was surveyed and a large 
number of organi sms were found to accumul ate 
PH A 19. The present paper descri bes the development 
of a quick new quan ti ta ti ve ex tracti on meth od (Hyp), 
using hypochl orite and comparison of variolls meth­
ods of extraction of PH A from fi ve diffcre nt cu ltu res 
from ma ri ne sed i men ts. 
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Materials and Methods 
Isolation and selection oj organisms-Ten- fo ld di­

lutions of marine and mangrove sediments collected 
along the mid-west coast of India, w re surface plated 
on Luria Bertani agar medium in aged sea water. The 
bacterial isolates were purifi ed by surface streaking and 
screened microscopicall y for PHA accumulation by 
Ostle and Holt's method2o. Heat fi xed smears of the 
isolates were fl ooded wi th 1 % (w/v) aq ueous nile blue 
A, heated for !O min followed by treatment with 8% 
(w/v) aceti c ac id . The slides were washed and observed 
under f1 uorescence microscope (Olympus) using green 
filter. Cells ex hibiting orange f1uorescence were scored 
pos itive for PHA accumulation. Amongst the isolates 
accumulating PHA, fi ve isolates selected at random fo r 
the present study were 61/4, 64/4 and 82/4 being Gram 
pos iti ve rod shaped organi sms, and 12/BL and 85/6 
were Gram negati ve short rods. 

Cult ivation - Each culture was grow n in 250 ml 
Erlenmeyer flasks containing 50 ml E2 mineral 
medium21, consisti ng of NaNl-LHP0 4• 4H20 , 3.5g; 
K2HP04. 3H20 , 7.5g and KH2P04, 3.7g; MgS04.7H20 , 
10 ml of 100 mM and MT microelements stock solu ­
ti on, I ml ; containing FeS04.7H20 , 2.78 mg; MnCI2· 
4H20, 1.98 mg; Co S04.7H20 , 2.8 1 mg, CaCI2.2H20 , 
1.47 mg; CuCIz.2H20 , 0.17 mg and ZnS04.7H20 , 
0.29 mg; per litre supplemented with yeast ex tract, 
0.04% (W/V)19; glucose was used as carbon source 2% 
(w/v) . The cul tures were incubated in an environ­
mental shaker at 28°C fo r 48 hr at 150 rpm . 

All the chemicals used in thi s study were of ana­
lytical grade; so lven ts were disti lled ' nd dr ied before 
use. 

Methods oj extractioll oj PHA from bacterial rells­
Figure I shows the fl ow di agram of the step wise pro-
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tocols followed fo r each method of PHA extraction, 
namely Willi amson and Wilkinson's (WW)9, Disk 
assay (DA)'o, Chloroform extraction (Chlm)", Chlo­
roform-hypochlorite dispersion (Disp)' 2. '3 and the 
new hypochlorite (Hyp) method, developed and re­
ported herein . 

Assay of PHA-PHA extracted by above methods 
were assayed by Slepecky and Law' s method22

. PHA 
sample (0.5ml) was treated with 4.5 ml concentrated 
H2S04 and pl aced in a boiling water bath forlOmin. 
On cooling, absorbance was noted at 235 nm on UV-
160 I Shimadzu spectrophotometer. Standard was run 
using DL-~-hydroxy butyric acid in the concentration 
range 50-500 nM. Each extraction method was re­
peated five times for each culture so as to check the 
reproducibility and the reliability. 

Results and Discussion 
There are vari ous so lvent and non-solvent based 

methods used for ex traction of PHA from cells9. '4 . 
Data regarding comparative study of these extraction 
methods however are meager. Amongst all the sol­
vents, hypochlorite9.lo.12.14 and chloroform 11 -14 are the 

ww 9 DA iO 

extractants of choice for PHA. Hypochlorite dissolves 
the non-PHA cellular materi al, leaving the insoluble 
polymer precipitated in solutions, however prolonged 
incubation over 60 min with hypochlorite is known to 
degrade the PHA7

. Hot chloroform dissolves and ex­
tracts PHA leaving other cell material in aqueous . 

A simple hypochlorite method (Hyp) was devised 
during the present work in which PHA from the cell s 
was extracted with hypochlorite followed by washing 
it free of lipids with diethyl ether, using two isolates 
61/4, Gram positive rods and 12/BL, pigmented Gram 
negative rods. The optimum time and temperature of 
incubation in hypochlorite solution and the concentra­
tion of the hypochlorite solution were standardized 
(Fig. 2). The incubation of the cell s in hypochl orite 
solution with 2% (w/v ) active chlorine at 37°C, re­
covered the polymer optimally (Fig . 2 a,b) . It was 
noted that the cells immediately on treatment with 
hypochlorite were not lysed completely and were pel­
leted and the assay mixture of these samples exhi bited 
high absorbance at 235 nm and also at other wave­
lengths. After 5 min of incubation in hypochlorite, 
PHA were separated from the cellular material par-
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Fig. I -Extraction of PHA from bacterial cells by different methods: WW= Willi amson and Wilkinson's; DA= Disk Assay; Chlm= Chlo­
roform; Disp= Dispersion; Hyp= Hypochlorite; ©= Centrifugation; ppt= prec ipitate; DEE= Diethyl ether; D/W= Distilled water; Hypcl= 
sodium hypochlorite (2% w/v active chl orine)*, 10ml bacterial ce ll suspension was centrifuged at 6000rpm x 101

, the pellet washed with 
10 ml saline, cell s were again centrifuged to get the pellet. . 
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tially. The scan of samples incubated for 10 min ex­
hibited a single peak at 235 nm, indicating the purity 
of the polymer free from cell ular material. Incubation 
for 10 min in hypochlorite recovered the po lymer al­
most fully in isolate 6114 and completely in isolate 
12/BL (Fig. 2c). On further incubation in hypochlorite 
for 40 min the yield of PHA increased marginally in 
isolate 61/4, whereas it decreased in 12/BL a Gram 
negative culture. Prolonged contact with hypochlorite 
during extraction of PHA is reported to affect the 
polymer, leading to decreased molecular weight7

. 

Considering almost complete extraction of PHA in 10 
min with marginal increase, if any, after 40 min and 
the risk of polymer degradation with increasing 
incubation period, the treatment of cells with 
hypoch lori te limited for to min was adopted for 
extraction of PHA [rom the bacterial cultures. 

Accordingly, the Hyp was standardized as follows. 
The bacterial cell pellet obtained fr m 10 ml of sta­
tionary phase culture washed once in saline was sus­
pended in 10ml hypochlorite solution with 2% (w/v) 
active chlorine and incubated at 37°C for 10 min on 
shaker to allow separation of PHA from cellular mate­
rial. The PHA pelleted by centrifugation at 8000 rpm 
for 20 min were then washed with diethyl ether to 
remove any contaminating lipids and assayed with 
su lphuric ac id22

. Table 1 gives the recovery of PHA 
from the selected bacterial cu ltures using Hyp in 
terms of percent dry weight of cell mass. 

Hyp is found to be simple and quick method to ex­
tract PHA from bacterial cells and was compared with 
the four routinely used methods to confirm its effi­
ciency and reproducibil ity. The relative quantities of 
PHA obtained by the five extraction methods from 
five different organisms are presented in Tab le 2. 

Table 1-Yield of PHA accumulated by the selected cult ures 

[Values are mean ± SD] 

Isol ates 
Yield 6 1/4 64/4 82/4 12/Bl 85/6 

Dry weight of cell mass (gil) 4.52±0.02 4.40±0.06 2.20±0.03 3.28±0.02 2.50±0.05 

Wet weight of cell mass (gil) 45.6±0.012 43.6±0.023 28.47 ± 0.048 36.0 I ± 0.091 3 1.16 ±0.02 1 

*PHA content (% cellular dry weight) 32.02 33. 18 27. 18 51.13 53.71 

*Calculated using the PHA va lues obtained on extraction by the Hyp 

a • 121B..., • 61/4 By Hyp b c 
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Fig. 2-Effeet of temperature (a); active chlorine in hypochlorite solution (b) and time of incubat ion (c) during extraction of PHA from 
the bacterial cells 
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DA is devised specially for screening and quantitat­
ing the polymer content from a large number of or­
gani sms 10. The efficiency of DA to extract the poly­
mer varied from culture to culture (Table 2), possibly 
due to the prolonged 1 hr treatment with hypochlorite7 

and varying amount of lipids and proteins adhering to 
PHA, interfering during extraction of the dense mass 
of cells (25mg) applied on glass fiber disks. 

The Disp involves the use of sodium hypochlorite 
and chloroform, simultaneouslyl 2, giving marginally 
higher yield of PHA (Table 2), than by the other ex­
traction methods in all the cultures, except for 82/4, a 
Gram positive rod which consistently gave lower val­
ues of PHA. 

The Chlm does not invol ve the use of hypochlorite 
and is now the most widely accepted method for ex­
traction of PHA especially for the purpose of their 
characterization l4 . The precipitation of the polymer 
with dry diethyl ether and acetone in thi s method rules 
out the possibilities of any contaminating lipids and 
proteins and therefore possibly yields lower values 
than other methods as observed for culture numbers 
61/4, 64/4, 85/6 (Table 2). The method is not very 

convenient for screening large number of isolates due 
to time consuming steps of repetitive extraction and 
extensive use of solvents23. 

WW is one of the most popular method24.25 . It in­
volves the use of solvents like dry diethyl ether and 
acetone, which precipitate the polymer, making it free 
of phospholipids, free fatty acids and triglycerides. 
Incubation with hypochlorite for more than 30 min6

, 

possibly increases the ri sk of polymer degradat ion 
accounting for the slightly lower content of the poly­
mer extracted from cells (Table 2). Also the method is 
time consuming because of the two steps of di alysis. 

The Hyp is a quick and simple method, modi fied 
by elimination of dialysi s steps. Incubation of the 
cells with hypochlorite only for a short period of 10 
min prevents the polymer degradation and diethyl 
ether treatment makes the extracted polymer free of 
any contaminating material such as lipids. In all the 
cultures, the method gives marginally hi gher yield, 
than the other methods. Because of its simplicity, this 
method could be used for routine ex trac tion and quan­
tification of the polymer from the large number of 
cultures isolated from mangroves and marine sedi­
ment samples l9. 

Table 2-Estimation of PHA (gil) extracted from baclerial isolates by different methods 

[Values are mean±SDI 

Isolates 
Methods 6 1/4 64/4 82/4 12IBL 85/6 

Willi amson & Wilkinson (WW)9 1.0668±0. 174 1.1 426±0.0370.4698±0.026 1.382 1 ±0.050 1.0332±0.02 1 

Disk Assay (DA)IO 0.9 1 07± 0.068 1.279 1 ± 0.0 I 00.3358 ± 0.073 0.8838 ± 0.045 1.0748 ± 0.0 II 

Chloroform (Chlm) II 

Dispersion (Disp) 12·13 

Hypochlorite (Hyp) 

0.8260±0.03670.8371 ±0.0 170.5436 ±0.014 1.4748 ±0.14860.6302 ±0.0003 

1.4070 ± 0.154 1.3659 ± 0.0090.5256 ± 0.0 17 1.4863 ± 0.159 1.1 204 ± 0.009 

1.4473± 0.065 1.460 ± 0.0 17 0.5980 ± 0.054 1.6772 ± 0.097 1.3428 ± 0.019 

Tab le 3 -F ratio 4,16 of variance between isolates for different methods of extrac ti on 

Isolates 
Cultures 6 1/4 6414 82/4 12/BL 85/6 

For readings within a method 1.386 1.277 1.092 1.053 1.380 

For read ings of different methods 3 16.00 203.00 67.56 2 19.00 325 1.00 

F4• 16 value at 5% level of signifi cance is 3.0 I 

Table 4-Efli cacy of hypochlorite melhod compared to other methods of PHA extrac ti on 

Isolates 
Method 6 1/4 6414 82/4 12/BL 85/6 

Hyp: WW I: 0.73 I: 0.78 I: 0.78 I: 0.82 I: 0.76 

Hyp: DA I: 0.63 I: 0.87 I: 0.56 I: 0.52 I: 0.80 

Hyp: Chlm I: 0.57 I: 0.57 I: 0.90 I: 0.87 I: 0.46 

Hyp: Di sp I: 0.97 I: 0.93 I: 0.87 I: 0.88 I: 0.83 
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The F test of variance when applied to the data in 
Table 2, the F(4.16) ratio of variance (Table 3) was 
within the permissible level of 3.01 at 5% level of 
significance, for the readings within each method of 
extraction for any single given cu lture signifying the 
reproducibility and reliability of the methods of ex­
traction, for all cultures. But the F(4.16) ratio of vari­
ance when applied within a culture for varioLls meth­
ods of extraction, the val ues obtained were much 
higher than the permissible level, indicating the sig­
nificant variation in extractability of PHA within the 
methods. Such variation may be attributed to the vari­
ous steps involved in the different methods and also 
the composition of the bacterial cu ltures, especiall y 
the cell envelop. Culturewise variation in the extrac­
tability of periplasmic proteins by various methods 
has been demonstrated earlier26. Nevertheless, the 
efficacy of ex traction of Hyp was compared with 
other methods. Table 4 indicates that the efficacy of 
extraction of PHA varied with culture and the method 
of extraction. For cu ltures 64/4 and 85/6 the extracta­
bility for all the methods followed the same order 
while for 12/BL, except for DA, the other three meth­
ods exhibited almost the same efficacy. The Hyp, 
standardi zed in the present study, consistent ly gave a 
higher va lue with each of the culture, indicating its 
efficacy of extraction. From all the five cu ltures . used 
in the present study PHA could be extracted optimally 
by this method. 

Therefore it can be conc luded that the hypochlorite 
method (Hyp) presented herein is a reproducible sim­
ple and rapid method, which extracts the polymer 
fully, from bacterial cells. 
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