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INTRODUCTION 

 

Polyhydroxyalkanoates (PHAs) are natural biopolymers, excess carbon 

accumulated by bacteria under nutrient limiting conditions (N or P). They occur 

as an intracellular product either as inclusion bodies or as complexes with 
calcium and polyphosphates in the cytoplasmic membranes and constitute for 

about 80% of the dry cell weight and can be identified by staining with Sudan 

black B or using Nile blue A under fluorescent microscopy (Ostle et al., 1982). 
PHA posses physical and mechanical properties similar to synthetic plastics 

(Poirier et al., 1995) and are widely used in manufacturing of packaging films, 

sutures, cardiovascular stents, scaffold and fixation rods etc. (Scholz, 2000). 

Ralstonia eutropha, a facultative autotroph accumulate about 80 % of its cell dry 

weight as PHA from simple carbon sources like glucose, fructose and acetic acid 

and is known to be  widely exploited for large scale production (Anderson et al., 
1990). The major concern related to PHA production is its high cost of raw 

materials and lower yield restricting its large scale production in industries 

(Ojumu et al., 2004). Several alternative strategies have been exercised to 
overcome these problems by using low cost renewable substrates and strain 

improvement strategies via mutation and genetic engineering making alternation 

in genes has also been investigated recently. In cyanobacteria it has resulted in 
increased accumulation of about 52% of its cell dry weight as PHA using 

naturally available sources (Akiyama et al., 2011). The biosynthetic pathway for 

PHB production in microorganism is regulated by three genes phb A, B and C 
and synthesize three enzymes namely β-ketoacyl-CoA thiolase, acetoacetyl CoA 

reductase and PHB polymerase respectively. PhaA gene catalyses the synthesis 

of acetoacetyl–CoA from acetyl–CoA, phaB stereo specifically reduces 
acetoacetyl–CoA to (R)-3-hydroxybutyryl– CoA and phaC promotes the 

incorporation of (R)-3-hydroxybutyryl–CoA (Lee, 1995).  

Metabolic engineering of genes by mutation has been investigated for higher 
accumulation of PHA in microorganisms.  Mutation can be brought about by 

exposure to physical and chemical mutagens. Mutation in Bacillus sp., induced 

by UV exposure and chemical mutagens like acriflavin and 5-bromouracil 
resulted in higher production in mutant strains compared parent strains and also 

showed different protein profiles    (Katircioglu et al., 2003).  

The main objective of our research is to increase the accumulation of PHA by 
studying the effect of mutagenic agents on two micro-organisms     Cupriavidus 

nectar and Kluyvera intermedia. This work was carried out in Kumaraguru 

College of Technology, Coimbatore. 

 

MATERIAL AND METHODS 

 

Media composition  

 

Minimal salt media was used for the growth conditions. Media composition:  
Glucose (10g/l), sodium chloride (5g/l), di- potassium hydrogen phosphate (5g/l), 

magnesium sulphate (1g/l), ammonium chloride (1g/l). The culture was incubated 

for 48h at room temperature in orbital shaker using hydrolyzed grass as a 
substrate. 

  

Substrate hydrolysis 
 

The hydrolysis of the substrate was carried out according to the procedure 

followed by Cao et al., (1995) were cellulose is converted in to glucose using 
zinc chloride method. The finally obtained white mass was used as a substrate. 

  

Glucose estimation 

 

The amount of glucose in hydrolyzed grass was estimated using 3, 5 Di nitro 

salicylic acid method and absorbance value was measured at 540 nm Miller 
(1959).  

 

Extraction of PHA  

 

Extraction of PHA was done using sodium hypochlorite digestion followed by 

extraction with hot chloroform according to procedure Sasidharan and 

Santhanum (2010). 

 

Determination of % PHA accumulation and PHA concentration 

 

The intracellular PHA accumulation was estimated as ratio of dry weight of PHA 

extracted to cell dry weight (Zakaria et al., 2010). 
          Dry weight of PHA (mg/ ml) 

PHA accumulation =                                                        X 100     

                                           Dry cell weight (mg/ml) 

 

 

 

 

The effect of mutagenic agents on Polyhydroxyalkanoates (PHA) accumulation was investigated in two micro-organisms Cupriavidus 

nectar and Kluyvera intermedia. Three mutagenic agents- ultraviolet light, heat, chemical mutagens (acriflavin and 5 bromouracil) were 

selected for the study. The cultures were treated at various time intervals and chemical at varying concentration and cultured using 

hydrolyzed grass (cyanodon dactylon) as a substrate. It was found that higher accumulation was obtained in C. nectar when treated at a 

concentration of 50µg/ ml acriflavin and 5 bromouracil (25µg/ ml). K. intermedia showed a higher accumulation at acriflavin 

concentration of just 25µg/ ml and 5- bromouracil at 50µg/ ml concentrations. It was observed that % PHA accumulation significantly 

decreased with increase in exposure to UV in both C. nectar    (17 % - 1.18%) and K. intermedia (15 % - 7%). Exposure of culture to 

heat resulted in less PHA accumulation in C. nectar (16 % - 11%), K. intermedia (17 % - 19 %) compared to their parent strain C. 

nectar (17 %) and K. intermedia (25 %). FTIR spectra revealed the presence of characteristic medium chain length (mcl) PHA in the 

obtained sample. 
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Effect of UV exposure on PHA production 

 

The effect of UV light on PHA production was studied by exposing the culture to 

UV at various time intervals. Fresh 24 h inoculated culture was spread plated on 
a sterile petri plate and incubated at 37 ˚C for 24 h in an incubator. Later the 

plates were transferred to UV chamber and placed at a height of 40 cm from the 

light source and exposed to UV at different time interval ranging from 5 min to 
30 min. The plates after irradiation were immediately transferred to a black box 

to avoid photo - reactivation by light. The plates were kept inside for a period of 

2 h and then the culture was inoculated in production medium containing 
hydrolyzed grass as a substrate. 

  

Heat induced mutation 
 

One ml of the culture was taken in a sterile test tube and incubated at 60 ˚C for 
various time interval ranging from 1 min to 4 min and then was allowed to cool at 

room temperature (Sideropolous et al., 1968). The cultures were then inoculated 

in mineral salt media containing hydrolyzed grass as a carbon source and 
incubated for 48 h and the % PHA accumulation was determined for each time of 

exposure.  

 

Effect of chemicals mutagens on PHA production  

 

Chemical mutagens like acriflavin and 5 bromouracil were used to study their 
effect on PHA accumulation. One ml of 24 h culture was collected in an 

Eppendorf tube and centrifuged at 10000 rpm for 5 min. To the pellet obtained, 

mutagens were added at various concentrations ranging from 25µg/ml to 100 
µg/ml and left for about one hour. Later the exposed culture was centrifuged at 

5000 rpm for 10 min to remove the traces of mutagen and suspended in sterile 

saline and was inoculated in minimal salt media for 48 h. 

 

FTIR 

 
The obtained PHA granule was processed in to KBr pellets and infrared 

spectroscopy was recorded in the spectrum range 400-4000 cm-1. The spectrum 

obtained was compared with standard PHB. 

 

RESULTS AND DISCUSSION 

 

Determination of glucose by DNS method 

 

The amount of glucose in the hydrolyzed sample was estimated from the standard 
glucose curve and the concentration was found to be 3700 µg/ml.  

 

Effect of UV exposure on PHA production  

 

The effect of UV on PHA accumulation was studied by exposing culture to UV at 

various time intervals. It was found that the PHA accumulation decreased with 
increase in exposure time for C. nectar and K. intermedia when compared to their 

unexposed culture as shown in figure 1. The decrease in PHA accumulation on 

UV exposure was similar to the result obtained by (Adwitya et al., 2008). The 
decrease in accumulation may be due to mutation in the gene involved in PHA 

biosynthetic machinery resulting in decreased catalytic efficiency of the enzyme 

to produce polymers of PHA. 
 

 
Figure 1 PHA accumulation (%) by C. nectar and K. intermedia on exposure to 

UV 

 

 

 

Effect of heat on PHA production 
 

On exposure of culture to heat it was found that PHA accumulation in C. nectar 

and K. intermedia decreased at various intervals of time as shown in figure 2. The 
exposure of culture to higher temperature for a long period of time would have 

been resulted in DNA damage resulting in decreased PHA accumulation.  

 

 
Figure 2 PHA accumulation (%) by C. nectar and K. intermedia on exposure to 

temperature 

 

Effect of chemical mutagens on PHA production 

 
Higher PHA accumulation was found in C. nectar when chemicals were treated 

at a concentration of acriflavin (50µg/ ml) and 5 bromouracil (25µg/ ml). K. 

intermedia showed a higher accumulation at acriflavin (25µg/ ml) and 5- 
bromouracil (50µg/ ml) (Figure 3 and 4). Increase in chemical concentration after 

the optimum resulted in decrease in PHA accumulation. The increase in PHA 

accumulation on treatment with various chemical mutagens is similar to the result 
obtained by Katirciaglou et al., (2003) in which mutant strains of Bacillus sp. 

resulted in higher PHB accumulation compared to their parent strain. 

 

 
Figure 3 PHA accumulation (%) by C. nectar and K. intermedia on exposure to 

acriflavin 

 

 
Figure 4 PHA accumulation (%) by C. nectar and K. intermedia on exposure to 5 

bromouracil 
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FTIR 

 

FTIR spectra were recorded in range from 400-4000 cm-1. Figure 5 shows the 

spectra of standard PHB molecule with a strong signal at 1728 cm-1 representing 
the characteristic peak of PHB. The intense bands at 2980-2850 cm-1 correspond 

to the aliphatic C-H group, medium signals at    1000-1500 cm-1 represent the 

bending due to CH2 and CH3, 1280-1050 cm-1 due to valence symmetric and 
asymmetric stretch vibration of C-O-C (Olivera et al., 2007; Sandhya and 

Aravind 2013). 

 

 
Figure 5 FTIR spectra for standard PHA 

 
Figure 6 and Figure 7 shows the spectra obtained for PHA extracted from C. 

nectar and K. intermedia. The absorption bands at 3600-3100 cm-1 represent the 

OH stretch and aliphatic C-H group at 2954 and 2854 cm-1 (Sanchez et al., 2003; 

Aravind et al., 2012-13) similar to standard PHA.  The presence of weak 

symmetric peaks near 1447- 1380 cm-1 suggest the presence of carboxyl group 

(C=O) in COOH in the polymer representing alkanoic acids in the sample 
(Noghabi et al., 2007). Intense peaks at 1500-1000 cm-1 represent the alkene and 

alkane bending of C-O stretch. 

 

 
Figure 6 FTIR spectra for PHA isolated from C. nectar 

 

 
Figure 7 FTIR spectra for PHA isolated from K. intermedia 

 

CONCLUSION 

 

Effect of mutagenic agents (UV, temperature, chemicals) on PHA accumulation 

was studied in two microorganism namely C. nectar and K. intermedia to 
increase the yield of PHA. Chemical induced mutation was studied using two 

chemical mutagens, acriflavin and 5 bromouracil. It was found that C. nectar (35. 

2 %, 17 %) and  K. intermedia (37.5%, 23.12%) treated with acriflavin at 50µg/ 
ml  and bromouracil (25 µg/ ml, 50 µg/ml) resulted in accumulation of  higher 

amount of PHA compared to their parent strains C. nectar (15. 25 %, 13. 63 %) 

and K. intermedia  (31. 25%, 22. 5%) respectively. Exposure of culture to UV 
and temperature resulted in decrease in accumulation ratio when compared to 

their parent strain. FTIR spectrum revealed the presence of mcl-PHA molecule in 
sample. Thus treatment of cultures with chemical mutagens provides a new 

strategy for high yield of PHA production. 
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