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ABSTRACT

Polluted pond is one of the specialized ecosystems. It is nutritionally rich, due to domestic sewage and industrial
effluents as well as pesticides and hydrocarbons. The bacterial flora of Polluted water tends to be physiologically
diverse due to the presence of rich nutrients. Microorganisms in such ecosystem utilize detritus matter and
other available nutrients including PAH (Polycyclic aromatic hydrocarbon) break down compounds (Lillo and
Rodriguez, 1990). Conventional microbiological techniques, based on the isolation of pure cultures and
morphological, metabolic, biochemical, and genetic assays, have provided extensive information on the biodiversity
of microbial communities in natural systems (Paramjit and Nitika, 2011). The bacterial flora in presence of rich
nutrients tends to accumulate certain storage materials like volutin granules, lipids and polyhydroxyalkanoates
(Du et al., 2004). Such a rich and diverse sewage ecosystem despite its potentials has not been adequately
explored, for bacteria accumulating polyhydroxyalkanoates (PHA), and hence considered to be the potential
environment for screening of bacteria accumulating PHA.
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INTRODUCTION

Polyhydroxyalkanoates represents a  complex ssclaof bacterial polyesters consisting of various
hydroxyalkanoic acids that are synthesized by bactes storagenaterials of energy and carbon or used as anti-
stress mechanisms (Lenz and Marchessault, 2008)ir Bpplications as bioplastics, composite matgriddio
implant materials, and medicines have been devdlahe to their biodegradability, biocompatibilithermal
process ability, and chirality (Anupama and ndj2011).

Biological wastewater are characterized by the sMp® of microorganisms to transient conditions, nett@omass

is submitted to alternating periods of high and lewbstrate concentrations, and aerobic and ana&erobi
environments. In these unbalanced conditions,stlieen found that microorganisms respond by thdygtmn of
storage polymers. Different types of organic sterpglymers have been reported (Zevenhuizen anchEbb974).
Among them, polyhydroxyalkanoates (PHA) and polggke-like substances are the most frequently emned
(Beun et al., 2002; Karaharet al., 2008). Besides its role as a carbon and energpage reserve for the
microorganisms, PHA may represent an environmern&idly alternative to petrochemical plasticsigo et al.,
2011).

Polyhydroxybutyrate (PHB) has been shown to beralijuproduced by several bacteria suchAdsaligenes,
Pseudomonas, Bacillus, Rhodococcus, Staphylococcus and Micrococcus. However, some bacteria accumulate PHA
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concomitantly during normal growth condition, iteey exhibit growth associated PHA accumulationn(gbal.,
1996; Ibrahim and Steinbuchel, 2010). The most commolymer among these polyesters is poly (3HB)iciwh
was first to be discovered Bacillus megaterium by Lemoigne in 1926. Since then, several otherdrectvere
characterized to produce poly (3HB) or PHA with estthydroxyalkanic acids. More than hundred différen
hydroxyalkanoic acids have been identified as dtuesits of PHA (Ibrahinet al., 2010).Poly (3-hydroxybutyrate)
is stored as carbon and energy reservoir in thamsgs. It is currently being commercially produdsda US-
based company, Metabolix, which has further plahexpansion to produce various biopolyesters byrahial
fermentation processes at an annual capacity 608tonnes (Philigt al., 2007).

MATERIALSAND METHODS

2.1 Sampling

Samples were collected from the Hussain Sagar lsakemted between Hyderabad and sec-bad twin cities,
Telangana region. The samples were collected at ddterent sites of polluted pond (Figure 1.1) asweened

for PHA accumulators. The collection of samples andvey for PHA accumulating bacteria was done rdyri
November 2011 — October 2013, for two consecute@y. The screening was done regularly on montiéyvals

to determine the variation in bacterial flora ahd PHA accumulators simultaneously.

Sanjeevaiah Park

Figure 1.1: Plan of four sampling sites.1, 2, 3, 4 indicates four different sampling sites of Hussain sagar lake at Telagana

2.2 Bacteriological analysis

The water samples 1 mlvere measured, and mixed vigorously for 1. 1®amples were serially diluted ten
folds before plating. A 0.1 ml sample of each didntwas surface spread on sterile Luria Bertanr agedium.
After incubation of 48 h at room temperature, thlwoy forming units (CFU) were counted to checkfibial viable
count.

Luria Bertani Agar Medium

Tryptone 10g
Yeast extracts 509
Sodium chloride 59
Distilled water 100 ml
Agar 20g
pH 7.2

After the initial sampling, the incubated platesreveised to estimate CFU/ ml sample. The colofesed on
these plates were also checked for pigmerdymtion. These pigments have much value due fo iagural
origin and industrial use.
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2.3. Accumulation of PHA in bacteria

Bacteria accumulating PHA were screened by the @lasay method (Shirokitamaru and Doi, 1994), fitwenwater
samples of the polluted pond. The bacterial isslatere replica plated on E2 mineral medium (Lage\etel.,
1988), with 2 % (w/v) glucose. The colonies welewad to grow till a diameter of 5 mm, approximgt&t3 days.
The plates were then flooded with ethanol- Nileebl solution for 20 min with intermittent shaking @om
temperature. The staining solution was decantedtlanglate allowed to dry. The plates were theroegd to UV
light keeping at a distance of 10 cm from the ligbtirce. Colonies exhibiting an orange fluorescemee= scored
as PHA accumulators (figurel.3). For this experitn&alstonia eutropha MTCC 1285 was used as a positive
culture.

E2 Mineral Medium

Basal medium MT microelement| stock (g/l)

FeSQ..7H20

Microcosmic salt 35¢g Q- 7h2 2189

(NaNHg HPOg) KoHPO4.3Hp0| 7.5 | MnCl24H0 | 1.98¢g
CoSQ..7H0 281g

KH2POy 37¢g CaCbh.2Hp0 1479

MgSQy. 7HpO (100mM) 10ml | CuClk, 2H20 0179

MT microelement stock 1ml| ZnS4.7H20 0.29g

Yeast extract 0.004|g

Carbon source (w/v) 2%

Distilled water 989 m

pH 7.2

Nile blue A Solution for Plate Assay

Nile blueA 0.05¢
Ethanol 100 ml

Figure 1.3: Nile blue staining of E2 plate showing positive and negative PHA bacterial colonies (Plate assay method)
RESULTSAND DISCUSSION

3.1 Sampling and Bacteriological Analysis

The isolates obtained from the water samples dutiagnvestigation were picked at random and stufte their
morphological as well as other characteristicshe Tonthly variation in the bacterial flora of tpelluted water
samples were studied by selecting different sargphites, from November, 2011 — October,2013 for two
consecutive years. The pH values were reportedndr@w0 for the two consecutive years, the TSS aksried
from month to month, which were reported in thegerof 120 mg/l - 217 mg/l. The lowest value of TSS
was reported during April, 2012 and the highestugalvas recorded in December, 2012. The BOD values
showed a maximum value of 52.0 mg/l during Decemi2®11 and a minimum value of 30.0 mg/l during
April, 2013. The COD values ranges from 180r@/l (Aug, 2013) to 280.0 mg/l (Dec, 201Zaximum
amount of Nitrates were reported in April, 2012 786 mg/l and minimum recorded in the month of Astgu
2013 as 4.20 mg/l (Table 1.1).
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Table1.1: A general profile of physicochemical characteristics of polluted water samples collected during varioustimeintervals

Parameter DECAPRAUGDECAPRAUG
201120122012 201220132013
PH 7.087.466.99 7.847.107.29
TSS( mg/l) 142 118 124 217 156 139
TDS(mg/l) 108614681152122711431043

Nitrates(mg/l)  6.107.264.20 6.284.742.80
phosphorus(mg/l)4.623.894.11 4.282.402.26
COD(mgl/l) 150 214 180 280 118 146
BOD(mg/l) 52 33 42 46 30 36

3.2 Accumulation of PHA in variousisolates screened from polluted water

During the screening of polluted water samplesHbIA accumulating bacterial isolates, the numbebadterial
isolates and colony forming units (CFU) (Figure)lw&re varied from month to month during Novemi2&]1
to October, 2013. On the whole 510 bacterial isslatere screened for PHA accumulation during taigogd.

Figure 1.2: Screening on LB media

3.3 Selection of the potential PHA accumulating bacteria

The isolates were first grown in2Emedia broth in 50 mL flasks, and were employedxivaet PHA after two
days of incubation on orbital shaker as described/ipusly. The PHA from the isolates was extracksdthe
hypochlorite method, developed by Rawte and Mamin& (2002). Other extraction methods like chlorofo
extraction method (Yellore and Desai, 1998) andttesromethod by Sayyed and Chincholkar (2004) wése a
employed. The efficiency of each of these methoelgedds upon the circumstances of the extractiodsttzn
nature of the isolates. In the present work, mos$tpochlorite method was used, but during largdesca
production chloroform- extraction method is mostfusas compared to the hypochlorite method.

Table 1.2: Accumulation of PHA (g/l) in various bacterial isolates, screened from Polluted water samples

| solates|PHA |l solates| PHA || solates|PHA
SKM 1]0.324 SKM 260.823/SKM 51/0.354
SKM 2]0.42 SKM 270.5769 SKM 510.26
SKM 3]0.82(0 SKM 280.795/SKM 53(0.474
SKM 4]0.224SKM 29 0. 36| SKM 54/0.134
SKM 5]0.236 SKM 3(00.929SKM 55[0.098
SKM 60.546 SKM 310. 413SKM 56/0.024
SKM 71.021/SKM 320. 709 SKM 57/0.68
SKM 8]0.6535K M 33 1.032| SKM 58]0.954
SKM 9]0.122 SKM 340.564| SKM 59)0.368
SKM 100.96% SKM 3%0.341[ SKM 60[0.642
SKM 11/1.078SKM 360.893/SKM 61/0.453
SKM 120.122 SKM 370.112SKM 62[0.83
SKM 130.24% SKM 380.746/SKM 63[0.086
SKM 140.260 SKM 39 0.89 |SKM 64{0.785%
SKM 150.280 SKM 4(0.910/SKM 65/0.136
SKM 161.312SKM 41]0.042/SKM 66(0.843
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SKM 170.428 SKM 420.734/SKM  671.130
SKM 18 0.90|SKM 43 0.326/SKM 68/0.195
SKM 190.796 SKM 440.641| SKM 69(0.094
SKM 200.451 SKM 450.431| SKM 70[0.544
SKM 21)0.941 SKM 460.834|SKM 71|0.82
SKM 220.340 SKM 470.149/SKM 72(0.15%
SKM 230.659 SKM 480.213/SKM 73[1.21]
SKM 240.587 SKM 490.091| SKM 74{0.814
SKM 25 0.82|SK M 50/ 0.974[SKM 75[0.234

Isolates|PHA| | solates [PHA| Isolates |PHA
SKM 760.412SKM 100.117 SKM 12().763
SKM 77 0.81|SKM 1020.094 SKM 1210.234
SKM 780.141 SKM 10%.064 SKM 12%.19¢
SKM 790.68%SKM 1040.783 SKM 12®.453
SKM 80/1.211|SKM 1050.147 SKM 13(D.634
SKM 81/0.431 SKM 108.753 SKM 13]0.621
SKM 820.19% SKM 1070.594 SKM 131D.973
SKM 830.093 SKM 10®.148 SKM 13®.54(
SKM 840.04% SKM 10@.362 SKM 134.09¢
SKM 850.974 SKM 11(D.632 SKM 13%.641
SKM 860.462 SKM 1110.8535KM 1361.171|
SKM 870.763 SKM 1110.941 SKM 1310.653
SKM 880.826 SKM 11%.741 SKM 13%.13¢
SKM 890.186 SKM 1140.63(0 SKM 13®.45(
SKM 900.541 SKM 118.147 SKM 14{.091
SKM 91/0.946 SKM 116.090 SKM 14]D.238
SKM 920.148 SKM 1110.178 SKM 141D.69%
SKM 930.183 SKM 118.874 SKM 14%.136
SKM 940.983 SKM 119.118 SKM 1440.183
SKM 95 0.84/|SKM 1200.093 SKM 14%.18¢
SKM 960.120 SKM 1210.79|SKM 1460.174
SKM 970.246 SKM 121.919 SKM 1470.18¢
SKM 980.8465K M 1231.087/SKM 1480.044
SKM 991.075SKM 1240.181 SKM 14%.124

Isolates |PHA| Isolates |PHA| Isolates| PHA
SKM 1500.24%SKM 17830.620SKM 196 0.29
SKM 1510.101SKM 1740.113SKM 197 0.52
SKM 1520.013SKM 1750.011SKM 198 0.45
SKM 1530.706 SKM 1761.015KM 199 0.183
SKM 1540.901SKM 17[70.146 SKM 200 0.67
SKM 1551.021)SKM 1780.784SKM 201 0.92
SKM 1560.394SKM 1790.3§5SKM 202 0.21
SKM 1570.612SKM 1800.284SKM 203 0.39
SKM 1580.131SKM 18[10.742SKM 204 0.4§
SKM 1590.741 SKM 18B0.914SKM 205 0.472
SKM 1600.164 SKM 18®.168 SKM 206 0.324
SKM 1610.014 SKM 184.294 SKM 20f 0.834
SKM 1620.019SKM 18®.712SKM 208 0.063
SKM 1630.541 SKM 18{.395SKM 209 0.114

0]
L
P
3

o O

=

NP, OoT W

SKM 1640.25¢ SKM 180.680SKM 21D 0.193
SKM 1650.37§SKM 18®.921SKM 21l 0.911
SKM 1660.497SKM 18®.681SKM 212 0.623
SKM 1670.689 SKM 19{.721 SKM 21B 0.063
SKM 1680.241 SKM 19D.054
SKM 1691.140SKM 1920.23
SKM 1700.385SKM 1980.09
SKM 1710.397SKM 1940.01
SKM 1740.362SKM 1950.01

SINE

PHA accumulation in bacterial cells increases @&sititubation period increases, and reaches maxieaiutate
exponential stage of the growth curve and decloredurther incubation. Since, all the cultures wegtmntitated
after a certain period of 48h, it is possible tha low yield of PHA obtained for certain culturiss probably
due to the time of selection of harvesting thesgedthich was either prior to late exponential stafjthe growth
curve or after onset of PHA hydrolysis. Twelve sisiates were obtained which accumulated more 1h@g/l of
PHA. These were selected as the potential PHA aglaiars for further study.
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3.4 Quantitative assay of PHA

All the 213 positive isolates selected frahe total 510 isolates from different samplese quantified for
the polymer accumulation. The amount of PHA accatad by these isolates was tabulated in (Table Ti%
amount of PHA formed from different isolates variednsiderably. Among the overall isolates, 12 iwda
producing PHA in the highest range were selectedfddher studies and preserved in LB slants. Télected
isolates include SKM7, SKM11, SKM16, SKM33, SKMEKM67, SKM80, SKM99, SKM123, SKM136, SKM155
and SKM169.

The presence of PHA, if any, in the polluted watemples were studied, considering each of the veztemple
showed the presence of bacterial isolates accumglBHA. Multiple ecological roles have been pragmbsor PHA
metabolism in sewage water system (Cometaal., 1986; Liuet al., 2000). Small quantities of the polymer were
detected in the water samples during some monthighwndicate the high rate of the polymer degriaxatsince
non accumulators also possess the enzymes necdesaPHA depolymerization (Barnard and Sanders,9198
Kaparitchkoffet al., 2005). This could be one of the reasons for thesfogontent of PHA in the polluted water
samples. With a density more than that of waterARends to sink to the bottom of the water layed @emain in
the sludge, helping the microflora of the pond dgristarvation. Since a wide variety of bacteria evecored
positive for PHA accumulation, thus proving tpetential source of the sewage water systgmder aerobic
conditions, these polymers may serve as a sourcarbbn and energy. However, our understandinfefale of
PHA metabolism in the polluted pond system is kit

CONCLUSION

In the present studyHligh concentrations of organic and inorganic nutiseat the polluted pond had a clear
effect on the composition and diversity of the mimal community compared to the fresh water ponchwing
concern about environmental pollution has renewgdrést in the development of PHA, which are cotepe
biodegradable by bacteria present in most enviromsneHigh concentrations of ammonia and organictenat
including lipids, produce toxic effects on bactedammunities. Synthesis of PHB has been proposea as
detoxifying mechanism of bacteria in water withthigpncentrations of fatty acids. Because PHA gsniedinked

to lipid metabolism, PHA producers are more contpetiin these environments (Kraezal., 1997). Thus, PHA
production in the microbial mat probably does natdtion only as a storage material, but also aseahamism
to cope with stressed and imbalanced nutrient enmients, such as the polluted pomal.this study, PHA
producing bacteria were successfully isolated fpmituted water. Accumulation of PHB and its co poérs were
identified from various isolates under aerobic dbods. In conclusion, this study contributes to the corhpresion

of the diversity of PHA producers isolated from Iptdd pond subject to environmental stress by dogan
pollution of various industries, which contributethe imbalance of nutrients.
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