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Abstract: Polyhydroxyalkanoates (PHAs) are one of the types of biodegradable polymers that due to having
similar properties with polypropylene have been highly used. This polymer has wide applications in the medical,
industry and agriculture. However, the cost of PHA produced thus is too high for PHA to compete with the
petrochemical plastics, a numbers of strategies for reduce the cost of PHA production has been done. One
strategy for this mean is increasing the yield of PHAs production by adding reducing agents to fermentation
medium. In this study, the effect of reducing agent on the amount of produced PHAs by addition of different
concentrations (W/V) of it to fermentation medium was evaluated. It was observed that reducing agents could
be effective to direct metabolic pathway to the PHA production. The results showed that the amount of PHA
produced from fermentation medium without reducing agent and by adding reducing agent to fermentation
medium amount of produced PHA by microorganism almost 0.18 g/L and 0.5 g/L respectively reached. 
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INTRODUCTION used organism for the production of PHB because it is

Increasing in the human population has led to the weight in a simple medium [7]. PHB is highly crystalline,
accumulation of huge amounts of non-degradable waste stiff and brittle with glass transition temperature and
materials. The accumulation of petro-chemical plastic melting point of about 5 °C and 175 °C, respectively. The
wastes has become a major problem in the environment copolymer P (HB/HV) has better physical and thermal
[1]. Chemically-synthesized polymers have, in contrast to properties than PHB, which depend on the
biopolymers, takes huge time to degradation. Utilization hydroxyvalerate unit (HV) content. With increasing in HV
of biodegradable plastics causes the amount of waste fraction the melting temperature significantly decreases,
plastics that accumulated in the environment was but without affecting degradation temperature [8].
decreased [2]. Poly- -hydroxyalkanoates (PHAs) have PHAs was synthesized by two groups of
attracted much attention in recent years as biocompatible microorganisms. One of the groups, produces short-
and biodegradable thermoplastics with potential chain-length of PHAs (SCL-PHA) containing monomers
applications  in  agriculture,  industry  and  medicine fields ranging between 3 to 5 carbons in length. Some of these
[3, 4]. These biopolymers are polyesters that produced by microorganisms including Ralstonia eutropha. Another
microorganisms under unbalanced growth conditions. group that produce medium chain length of PHAs (MCL-
These polyesters accumulated in microorganism under PHA) containing monomers between 6 to 16 carbons in
nitrogen and phosphate  limitation  and  excess  carbon length. Some of these microorganisms including
source [5]. Polyhydroxybutyrate (PHB) is well known in Pseudomonas [9]. This different in monomers is mainly
polyhydroxyalkanoates category and it is not useful for due to substrate specificity of the PHA synthase
some purpose because of inappropriate properties. Under responsible for the polymerization of R-3-hydroxyacyl-
limited nitrogen and in the presence of excess source of CoA to form PHAs [9]. One of the main factors which
carbon, some bacteria can accumulate up to 60-80% of have limited the utilizations of PHAs as biodegradable
their weight in PHB [6]. Alcaligenes eutrophus (that plastic is high cost of production [10]. Thus many
recently Ralstonia eutropha named) is the most widely attempts  have  been  done  to  reduce  the  cost  of  PHAs

easy to grow, it accumulates PHB up to 80% of dry cell



World Appl. Sci. J., 21 (2): 244-249, 2013

245

Fig. 1: Metabolic pathway of Polyhydroxybutyrate(PHB)

production. Utilization of cheap carbon source like
activated sludge [11], corn steep liquor [12], molasses [13]
and starch wastewaters [14], is conventional strategy for
reduce of PHA cost. Another way for this aim is
increasing the yield of PHAs production. In the present
investigation, strategy for cost reduction of the PHAs
production is utilization of reducing agent in order to
increasing yield of biopolymer production. 

-ketothiolase, acetoacetyl-CoA reductase and PHB
synthase are three enzymes that contributes in the
biosynthesis of PHB in Ralstonia eutropha. PHB
biosynthesis pathway depends on the growth conditions.
Under the balanced conditions, the free Co A inhibits the
activity of -ketothiolase therefore the acetyl-CoA flows
into the tri carboxylic acid (TCA) cycle. Under unbalanced
conditions acetyl-CoA flows into the PHB biosynthesis
pathway and caused inactivated the enzymes that
contributes in TCA cycle [15]. NADPH generation under
unbalanced growth conditions causes the inhibition of
key enzymes related to the TCA cycle such as the citrate
synthase and isocitrate dehydrogenase, accordingly the
accumulated acetyl-CoA flows into the PHB biosynthesis
pathway. Therefore, the concentration of NADPH, the
cofactor of acetoacetyl-CoA reductase, can be considered
as the major regulatory factor determining the flux of
acetyl-CoA to either the TCA cycle or PHB biosynthesis
(Figure 1 shows metabolic pathway of PHB and TCA
cycle). Thus, the effective supplementation of NADPH
plays a key role in the enhanced production of PHB and
its copolymers in Ralstonia eutropha [10].

MATERIALS AND METHODS

Microorganism and Cultivation Media: Wautersia
eutropha (Ralstonia eutropha ACM 1296) was provided
by  the   Iranian  Research  Organization  for  Science  and

Technology. Cells were maintained on PYEA medium,
which consists of (g/L): Peptone, 10; Yeast extract, 5;
Sodium chloride, 5; agar, 15. The chemical compositions
of seed culture medium were (g/L): Na HPO , 3.5; KH PO ,2 4 2 4

1.5; Fructose, 9.5; (NH ) SO , 1.35 and trace elements4 2 4

solution (10%, v/v). Trace elements solution was made of
(g/L): MgSO .7H O, 0.2; FeSO .7H O, 0.1; MnSO .5H O,4 2 4 2 4 2

0.1; ZnSO .7H O, 0.08; K SO , 2.2; H BO , 0.02 and CuSO ,4 2 2 4 3 3 4

0.08. The composition of fermentation medium was similar
to the seed medium, except fructose (15 g/L) and cheese
whey was studied as carbon source [16]. The
microorganism was inoculated to a 250 ml Erlenmeyer flask
containing 50 ml of the seed medium and incubated at
30°C and 180 rpm for 24h. The remaining culture
transferred to a 250 ml flask containing 100 ml of the
fermentation medium. Then the flask was incubated at
30°C and 160 rpm for 72h.

Selection of the Carbon Source for Fermentation
Medium: Two 250 ml Erlenmeyer flasks that each of them
containing 100 ml of fermentation medium were prepared.
Fructose (15g/L) and cheese whey were selected as
carbon sources for each of them. After 24 h, 10% (v/v) of
seed culture transferred to each of fermentation medium.
Then the flasks incubated at 30°C and 160 rpm for 72h.

Effect of Reducing Agents on PHB Concentration: In
order to study the effect of reducing agent (L-Cysteine),
after sterilization of them by microbial filters (with 0.45 m
pores size), different concentration (w/v) of them (1%, 2%,
3% and 4%) was added to fermentation medium and then
incubated at above mentioned conditions.

Analytical Method
Determination of PHB Concentration: PHB content of
biomass was determined by gas chromatography (Varian
CP 3800 Network GC System, FID Detector) as follows:

To determine the PHB content of biomass, the
supernatant   of   culture   broth   was   centrifuged at
6000 rpm for 25 min. Centrifuged cells pellet was dissolved
in 1 ml of acidified methanol (containing 15% (v/v) H SO ,2 4

0.4  g/L  benzoic  acid  (BZ)  as  an  internal  standard)  and
2 ml of chloroform in  a  screw-capped  test  tube.  Then
the  samples  was kept in COD reactor (WTW) at 100 °C
for 120 min. After cooling to ambient temperature, 1 ml
distilled water added and then the solution was shaken for
1min. After which the two phases were permitted to
separated.  The   organic   (containing   methyl   ester   of

-hydroxybutyric  acid)  phase  was  subsequently  used
for the GC analysis.
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Qualitative and Quantitative PHA Analysis The results of GC analysis of fermentation medium
Qualitative PHA analysis by Transmission Electron with Fructose (15 g/L) as carbon source showed that PHB
Microscope (TEM): PHA exists as discrete inclusions concentration reached 0.187 g/L (Fig. 3). Desai et al.
when an essential nutrient such as nitrogen or (2008) examined the PHB production in fed batch culture
phosphorus is available only in limiting concentrations in using cheese whey as carbon source in order to enhanced
the presence of excess carbon source [17] that are PHB production. The best result was achieved when
typically 0.2± 0.5 mm in diameter and reserve in cell ammonium sulfate concentration was 2.36 g/L, at which
cytoplasm and can be envisaged with TEM due to their the PHB concentration were 1.8 g/L [15].
high refractivity [18]. In other hands, microorganisms could easier

Quantitative PHA Analysis by Fourier Transform cheese whey as carbon source, the acetyl-CoA flows into
Infrared Spectroscopy (FTIR): FTIR (Tensor 27, Bruker TCA cycle and PHB metabolic pathway was stopped.
Company, France) is used for measurements physical Thus, Fructose (15 g/L) was selected as carbon source for
properties of PHA. In order to measurements degrees of fermentation medium. Therewith fed-batch cultures has
crystallization of PHA, FTIR spectrum was used [19]. more yields for PHB production than batch cultures.

RESULTS AND DISCUSSION Effect of Reducing Agent on the Amount of Produced

Suitable  Carbon  Source  for  Fermentation  Medium: (L-cysteine) on the PHA concentration.
Data at Fig. 2 showed that GC analysis of cheese whey as According to Figure 4 increasing the Cysteine
carbon source. According to this experiment, PHB concentration up to 3% (w/v) led to PHB concentration
concentration reached 0.06 g/L. increased  to   0.5    g/L.    This    implies    that  increasing

consuming the Fructose as carbon source. By using

PHA: Figure  4   showed  the  effect  of  reducing  agent

Fig. 2: GC analysis of fermentation medium (cheese whey)

Fig. 3: GC analysis of fermentation medium(Fructose 15 g/L)
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Fig. 4: Effect of reducing agent on the produced PHA

Fig. 5: FTIR spectrum of PHA 

Fig. 6: Electron microscopy of the thin section of Ralstonia eutropha magnified by 12500×

the reducing agent concentration caused the activity of is   controlled  by    the    availability    of    CoASH   and
key enzymes contributes in TCA cycle (like citrate -Ketothiolase plays a key role in the regulatory process
synthase) is stopped and the acetyl-CoA flows mainly [20].
into PHB biosynthesis pathway. Dawes et al. (1973) Higher concentration than 3% caused the free CoA
examined the regulation of PHB metabolism in inhibits the activity of key enzymes related to PHB
Azotobacter beijerinckii in order to achieve the maximum biosynthesis (like -ketothiolase) therefore the acetyl-
PHB production. They understand that PHB metabolism CoA flows mainly into the TCA cycle. 
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Physical Properties of PHA: Degrees of crystallization of 2. Savenkova, L., Z. Gercberga, V. Nikolaeva, A. Dzene,
biopolymers has key role in biodegradability of them. I. Bibers and M. Kalnin, 2000. Mechanical properties
Amorphous region of polymers degraded faster rather and biodegradation characteristics of PHB-based
than crystalin region. A creterion for degrees of films. J. Process Biochem, 35: 573-579.
crystallization is obtained by division amount of 3. Doi, Y., 1990. Microbial Polyesters. VCH Publishers
absorbtion in wavenumbers 1382 cm  to 1185 cm [21]. Inc, New York, NY, U.S.A.-1 -1

Results of Figure 5 showed FTIR spectrum of PHA 4. Holmes,     P.,  1985.       Application       of     PHB:
extracted from Ralstonia eutropha. a microbially produced biodegradable thermoplastic.

According to Figure 5 degree of crystallization of Phys. Technol., 16: 32-36.
PHA extracted from Ralstonia eutropha reached 1.03. The 5. Bucci,   D.Z.,   L.B.B.   Tavares   and I.   Sell,   2005.
presence of absorption bands at 1724 cm and 1280 cm PHB packaging  for  the  storage  of  food  products.-1 -

were corresponding to C=O and C¯O stretching groups J. Poly. Test, 24: 564-571.1

[22]. 6. Mercan, N., B. Aslim, Z.N. Yursekdag and Y. Beyatli,

Qualitative Analysis of PHA: PHB is an intracellular some Rhizobium bacteria. J. Turk Biol., 26: 215-219.
storage compound, which provides a source of carbon 7. Kim,   B.S.,    S.C.   Lee,  S.Y.  Lee,  Y.K.  Chang  and
and energy in many microorganisms. Thin sections of S.I. Woo, 1994. Production of poly(3-hydroxybutyric
Ralstonia eutropha were observed by transmission acid) by fed-batch culture of Alcaligeneseutrophus
electron microscopy (IEO 912 AB), gray granules of with glucose concentration control. Biotechnol
accumulated PHA polymers were observed, as shown in Bioeng, 43: 892-897.
Figure 6. 8. Marianna,   V.,   B.   Mario,   D.   Davide,   L.   Silvia,

CONCLUSION Effect of pH on the production of bacterial

Reducing agent was applied to enhance the PHB under     periodic    feeding.  J.   Process   Biochem.,
production  by  Wautersia  eutropha  through  regulation 45: 714-723.
of  metabolic   pathway.  L-cysteine  was  used as 9. Madison,   L.L.   and   G.W.  Huisman,  1999.
reducing  agent  in  order  to  regulate  metabolic pathway Metabolic engineering of poly(3-hydroxyalkanoates):
of  PHB.  Increasing  the  Cysteine  concentration  up  to from DNA  to  plastic.  Microbiol.  Mol.  Biol.   Rev.,
3%  (w/v)   caused   the   PHB   concentration   increased 63: 21-53.
to 0.5g/L. But higher concentrations led to PHB 10. Jung, Y.M. and Y.H. Lee, 2000. Utilization of
concentration  were   decreased.  The  results  showed Oxidative  Pressure  for  Enhanced  Production of
that  by  using  fructose  as  carbon  source  for Poly- -hydroxybutyrate and Poly(3-hydroxybutyrate-
fermentation  medium,  the  Acetyl-CoA   mainly  flows 3-hydroxyvalerate) in Ralstoniaeutropha. J. Biosc.
into PHB cycle. Degrees of crystallization of PHB were Bioeng., 90: 266-270.
proved by FTIR analysis. Results showed that degree of 11. Bengtsson,    S.,   A.   Werker,     M.    Christensson
crystallization of PHB reached 1.03. Thus reducing agents and T.  Welander,  2008.  Production of
was applied to enhance the yield of PHB production by polyhydroxyalkanoates  by  activated  sludge
Ralstonia eutropha through regulation of metabolic treating a paper  mill  wastewater.  J.  Bioresource
pathway and caused acetyl-CoA flows into PHB Technol., 99: 509-516.
biosynthesis pathway. 12. Nikel, P.I., A.D. Almeida, E.C. Melillo, M.A. Galvagno
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