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ARTICLE INFO

Abstract: PHA (polyhydroxyalkanoate) production by halophiles has attracted much
attention in recent years. It was certified that the halophile bacteria Halomonas sp. PR-1
isolated from saltern soil synthesised poly (hydroxybutyrate-co-hydroxyvalerate) (PHBV)
intracellularly from simple carbon substrate by means of FT-IR spectra analysis. The carbon
and nitrogen source suitable for PHA production were selected as glucose and NHA4CI,
respectively. The optimal ratio of glucose to NH.Cl was 20, when PHA content was 2.85 g/L
and PHA vyield was 50.85%. The optimal NaCl concentration for PHA biosynthesis was 30
g/L, when PHA yield was 63.3%. The halophile bacterium Halomonas sp. PR-1 was
considered as a promising candidate for PHA production.
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1. Introduction

Polyhydroxyalkanoate (PHA) is a group of bacterial polyesters and synthesised
by numerous bacteria as an intracellular energy storage material under nutrient-
limiting conditions with excess carbon. The bacterial polyesters may be considered
as the alternatives to plastic materials as their structural properties are similar to
polyethylene and polypropylene [1-3]. Their good biodegradability and
biocompatibility make them profitable biomaterial for application in packaging,
agriculture and medical field [4-6]. Recently, COVID-19 pandemic increased the
demand for plastics and consequently highlighted the associated environmental
challenge [7,8]. In relation to this situation bioplastics such as PHA have
increasingly become a more sustainable solution [9].

The most common polyhydroxyalkanoate is polyhydroxybutyrate (PHB), a
homopolymer formed by polymerization of 3-hydroxybutyrate. PHB is easy to break
down during melting stage because its melting temperature is nearly few degrees low
than its degradation temperature. In addition, its structural nature is brittleness, hard
and crystalline, and therefore high crystallinity results in slow biodegradation of
PHB [10,11]. A way to overcome the drawbacks posed by homopolymer for its
applications is biosynthesis of copolymers consisting of 3-hydroxybutyrate (3HB)
and the other hydroxyalkanoate. It was reported that copolymers had faster
hydrolytic and enzymatic degradation rate than homopolymers due to their low
crystallinity [12].
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Many studies on biosynthesis and characterization of various copolymers
including copolymers of 3HB with 3-hydroxyvalerate (3HV), 3-hydroxyhexanoate
(3HH) and 4-hydroxybutyrate (4HB) have been reported. For biosynthesis of
copolymers such as poly (hydroxybutyrate-co-hydroxyvalerate) (PHBV) the
precursors such as propionic acid and valeric acid are accustomed to be added
[13,14].

PHA production by halophiles has attracted much attention in recent years [15—
18]. PHA biosynthesis in halophilic microbe is a certain countermeasure for
adaptation to hypertonic conditions and osmotic fluctuations. PHA granules
intracellularly accumulated help bacterial cells to preserve cell integrity when
exposed to sudden osmotic imbalances [19]. PHA production by halophiles provides
additional advantages: PHA biosynthesis can be performed in open unsterile
environment and PHA granules can be easily obtained from bacterial cells by
osmotic lysis [20,21].

Especially halophiles synthesize PHA with relatively high molecular weight
including PHBV without addition of any precursors. Extremely halophilic
archaebacterium, Haloferax mediterranei accumulates PHBV on from enzymatic
hydrolyzed starch [22]. Moderately halophilic and alkalitolerant Halomonas
campisalis MCM B-1027 produces copolymer PHBV with molecular weight of 1.3 <
10% when provided of simple carbon source like maltose [23].

This study describes the biosynthesis of PHBV by a moderately halophilic
strain, Halomonas sp. PR-1 isolated from saltern soil in the western of DPR Korea.

2. Materials and methods

2.1. Microorganism and PHA production medium

A gram-negative halophilic bacterium was isolated from saltern soil in the
western of DPR Korea and was identified as a Halomonas sp. PR-1 by 16S rRNA
phylogenic analysis. For PHA production, Halomonas sp. PR-1 was cultivated in
mineral medium consisting of (g/L): KH2PO4 (1.5); MgSO4-7H,0 (0.5); FeSO47H,0
(0.05) nitrogen source (2.0); carbon source (20); NaCl (10-150). The pH of the
medium was adjusted to 7.5 with 1 N NaOH/5 N HCI.

2.2. PHA production studies

PHA level was measured by crotonic acid assay method. Biomass was
determined turbidimetrically: turbidity of culture broth was measured at 660 nm
(ODegso) and then was converted to cell dry weight via a standard curve. All
experiments were carried out in shakable Erlenmeyer flasks and values were
measured 3 times and estimated statistically.

2.2.1. Effect of carbon source and nitrogen source

Halomonas sp. PR-1 was grown in 500 mL Erlenmeyer flask containing 50 mL
mineral medium with individual addition of glucose, fructose, sucrose, lactose and
glycerol as a carbon source. The carbon source type which recorded the highest PHA
level was used in subsequent experiments. Halomonas sp. PR-1 was cultivated in
medium with individual addition of (NH4)2SO4, NH4Cl, NH4NO3, (NH.)3sPO4 and
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NaNOs as a nitrogen source. The nitrogen source which provides the maximum PHA
production was utilized in the subsequent experiments. The effect of carbon to
nitrogen (C/N) ratio on the PHA production by Halomonas sp. PR-1 was
investigated in mineral medium formulated by varying carbon source level at a fixed
concentration of nitrogen source. Experiments were performed by using a fixed NaCl
concentration of 50 g/L.

2.2.2. Effect of sodium chloride

For investigating the effects of NaCl on PHA production, Halomonas sp. PR-1
was grown in minimal medium inclusive of varying concentrations of NaCl (10, 30,
50, 70, 100, 120 and 150 g/L).

2.3. FT-IR spectroscopy

The absorption spectrum curves were obtained using a Fourier transform
infrared (FT-IR) spectrometer WQB-520A by scanning. The extracted and purified
PHA samples were mixed with pulverized potassium bromide (KBr) and then
compacted in tab form. The scanning was performed at wavelength range between
4000 and 500 cm 2.

3. Results and discussion

3.1. FT-IR spectroscopy

Purified PHA sample was characterised with respect to FT-IR spectra analysis
(Figure 1). FT-IR spectra displayed the absorption band at 1724 cm™ corresponding
to carbonyl group in ester bond. The FT-IR result of PHA formed from Halomonas
sp. PR-1 in complete agreement with standard FT-IR spectra of copolymer PHBV.
PHA sample analysed was made from glucose, the simplest carbon source.
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Figure 1. FTIR spectrum of PHA extracted from Halomonas sp. PR-1.

3.2. Effect of carbon source type on PHA biosynthesis by Halomonas sp.
PR-1

The type of carbon substrate significantly affects bacterial growth and PHA
production. In our study, simple carbon sources such as glucose, sucrose, fructose,

lactose and glycerol were compared in terms of biomass and PHA production. As
shown in Figure 2 glucose supported the highest production level of biomass of 5.52
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g/L and PHA of 1.58 g/L among the carbon sources tested. Glucose is the simplest
carbon substrate that can be easily metabolized by microbe. Halophile bacterium
Halomonas sp. PR-1 formed intracellulary PHBV from glucose (Figure 1). To our
knowledge, so far there is no report on copolymer biosynthesis from glucose by
halophile bacterium without addition of any precursor. Moderately halophilic and
alkalitolerant Halomonas campisalis MCM B-1027 produces copolymer PHBV
using maltose [23].

The production level of biomass and PHA formed from sucrose and fructose
was quantitatively like. Sucrose has been commonly used in PHA production by the
other species such as Halomonas boliviensis and Alcaligenes latus [24]. The amount
of PHA produced from lactose was trivial in comparison with those from the others,
indicating that lactose is not a proper carbon source for PHA production.
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Figure 2. Effect of carbon source type on biomass and PHA biosynthesis in a batch
culture of Halomonas sp. PR-1 grown in a mineral medium at a temperature of 30 °C
and an agitation rate of 200 rpm for 70 h.

3.3. Effect of nitrgen source type on PHA biosynthesis by Halomonas sp.
PR-1

The effect of nitrogen source type on PHA biosynthesis by Halomonas sp. PR-1
is examined (Figure 3). Among the various nitrogen sources screened, ammonium
chloride supported the growth and PHA production of Halomonas sp. PR-1.
Ammonium chloride provides the highest biomass of 5.8 g/L with PHA of 1.66 g/L.
This agrees with results of other study in which H. boliviensis produced PHA using
ammonium chloride as the nitrogen source. However, Gao et al. reported that the
most suitable nitrogen source for PHA production by H. venusta was (NH.)2SO.
[25]. Kawata et al. [24] reported NaNO3 as the nitrogen source supported the greatest
PHA biosynthesis by Halomonas sp. KM-1. However, in this study the biomass and
PHA production showed the lowest level when using NaNOs as nitrogen source.
This may be explained by diversity of strain preference and variation. Like carbon
source, the nitrogen source is important compound for microbial metabolism. The
deprivation or reduction of the nitrogen supply to microbial cells results in the
limitation of bacterial cell multiplication thereby decreasing the volumetric
productivity of PHA. However, bacteria have been found to accumulate PHA when
there is a limitation of nutrients, specifically nitrogen sources. Therefore, the ratio of
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carbon to nitrogen in growth medium should be essentially examined for PHA
production studies.
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Figure 3. Effect of nitrogen source type on biomass and PHA biosynthesis in a batch
culture of Halomonas sp. PR-1 grown in a mineral medium at a temperature of 30 °C
and an agitation rate of 200 rpm for 70 h.
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Figure 4. Effect of C/N ratio on biomass and PHA biosynthesis in a batch culture of
Halomonas sp. PR-1 grown in a mineral medium at a temperature of 30 °C and an
agitation rate of 200 rpm for 70 h.

For microbial growth the carbon and nitrogen substrates are essential. In
general, Carbon requirement of microorganism is larger than nitrogen requirement
and affects the organisms’ ability to utilize the nutrition material. Especially, the
ratio of carbon to nitrogen concentration is very important for PHA production
because PHA accumulation in bacteria cell is usually triggered under abnormal
growth environment. As shown in Figure 4, the effect of the ratio of glucose to
NH4Cl on PHA production was studied at various levels. The highest PHA level of
2.85 g/L was achieved when glucose and ammonium chloride ratio was 20, with
biomass production of 5.6 g/L corresponding to PHA yield of 50.89%. Halomonas
sp. PR-1 biosynthesized maximum biomass of 6.5 g/L at the ratio of glucose to
ammonium chloride of 15, but at which its PHA productivity was worse than that at
20 of glucose and ammonium chloride ratio. When glucose and ammonium chloride
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ratio was 30 in growth medium PHB vyield was relatively high, but volumetric
productivity of PHA decreased. These results indicate that C/N ratio is very
important factor affects PHA production by microorganism. Therefore, the optimal
ratio of glucose to ammonium chloride was set for 20. The optimal C/N ratio for
PHA production varies with the bacterial species. In Haloferax mediterranei, an
extreme halophilic archaebacterium, the maximum PHA vyield of 47.22% was
achieved at glucose and NH4Cl medium with C/N ratio of 35 [22]. When the C/N
ratio of 8 was selected for Cupriavidus taiwanensis 184, PHA productivity was the
highest [26].

3.5. Effect of NaCl on PHA biosynthesis by Halomonas sp. PR-1

The growth of marine bacteria and its PHA accumulation are subjected to
influence of the salinity. To examine the effect of NaCl concentration on PHA
biosynthesis by Halomonas sp. PR-1, the NaCl concentrations in medium were
conditioned to 10, 30, 50, 70, 100, 120 and 150 g L% The highest amount of PHA
(3.25 g/L) was obtained at 30g/L of NaCl concentration with 56.03% of PHA yield
(Figure 5). The largest cell density (6.8 g/L) was obtained at 70 g/L of NaCl
concentration with low PHA yield of 37.5%. As the NaCl concentration increased up
to 70 g/L of NaCl concentration the amount of biomass and PHA decreased
indicating that high NaCl concentration inhibited cell growth and PHA
accumulation. This finding reflects the necessity of controlling the salinity in
medium to overcome osmotic stress and its effect on PHA production [19].
Therefore, the optimal NaCl concentration for PHA production by Halomonas sp.
PR-1 was 30 g/L being different from those reported the by previous studies of the
other halophile bacteria. For example, the proper NaCl concentration for PHA
production by the moderately halophile H. boliviensis was 45 g/L, and marine
bacteria Vibrio sp. BM-1 produced the maximum PHA at 18g/L of NaCl [27,28].
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Figure 5. Effect of NaCl concentration on biomass and PHA biosynthesis in a batch
culture of Halomonas sp. PR-1 grown in a mineral medium at a temperature of 30 °C
and an agitation rate of 200 rpm for 70 h.

4. Conclusion

The halophile bacterium Halomonas sp. PR-1 isolated from saltern soil
synthesised PHBV intracellularly synthesise from glucose. The proper C/N ratio was
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20, in which PHA of 2.85 g/L was obtained with 50.85% of PHA yield. The optimal
NaCl concentration for PHA production was 30 g/L with 63.3% of PHA yield. The
halophile bacterium Halomonas sp. PR-1 was considered as promising candidate for
PHA production.
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