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ABSTRACT

Polyhydroxyalkanoate (PHA) is a group of biodegtddaolymer, synthesized by many
microorganisms. PHA provide a good fully degradaiilernative to petrochemical plastics. One
of the major bottlenecks in the commercial appitabf PHA is their high price as compared to
the conventional petroleum-based plastic materidlgpotential solution for low-cost PHA
production is to utilize glycerol (byproduct of diesel production) as carbon source. In this
study, we isolated seventeen bacteria strains,haliere able to synthesize PHA from glycerol.
Among them, three strains named VK32, VK56 and VKu&e chosen for further study. They
are moderately halophilic and neutrophilic bacte@dle to metabolize different nitrogen
sources. Highest PHA content of 61 wt% was obtalmedtrain VK75 after 30 h cultivation in
flask using KNQ as nitrogen source. Maximum cell dry weight (CD&¥$ g/l was obtained by
strain VK75 after 30 h cultivation in bioreactogwever, the PHA content was low (19 wt%).
Further studies are being caried out to optimizaddmns for both cell growth and PHA
accumulation by the three selected strains.

Keywords Polyhydroxyalkanoate, poly(3-hydroxybutyrate-ctgiroxyvalerate), glycerol,
halophilic bacteria.

1. INTRODUCTION

Polyhydroxyalkanoates (PHA), a group of biodegréelgimlymers of biological origin,
have attracted considerable industrial interestA Rt accumulated intracellularly as reserves
of carbon and energy by a wide variety of bactargjally when grown under limitation of a
nutrient such as O, N, P, S and in the presenaxadss carbon. So far, about 150 different
constituents of PHA have been isolated from moranti300 microorganisms. PHA are
biodegradable, biocompatible, thermolastics ortetasric materials. PHA have been proposed
as a solution to overcome environmental problenseduy non-biodegradable plastics such as
petroleum based plastics [1 - 4]. The major bottbdnfor extensive use of PHA is its high



Doan Van Thuoc, Nguyen Thi Van

production cost. In this regard, research is fowigin the finding of new PHA producers that
can produce high PHA yield and productivity froneap raw material [5].

Biodiesel is a promising alternative and renewdidéd. Biodiesel production will generate
about 10 % (w/w) glycerol as the main byproducte @a the increasing demand and production
of biodiesel in the world, an excess of glycerohv available. The effective utilization of
crude glycerol will contribute to the viability dbiodiesel. One of the many promising
applications for the use of glycerol is its biocersion to value-added products such as PHA
through microbial fermentation. However, the presemf high content of NaCl in crude
glycerol (3 — 7 % NaCl) will inhibit cell growth @anPHA production of normal microorganisms
(non-halophiles) [6]. For that reason, searchesh&dophilic bacterial strains that can convert
glycerol to PHA in the presence of NaCl are reqliire

The objective of the present work is to isolateophllic bacteria from mangrove soil
samples and screen the bacterial isolates for &ty to utilize glycerol as carbon source for
the production of PHA.

2. MATERIALS AND METHODS
2.1. Isolation of PHA producing bacterial strains

Soil samples from mangrove forests located at YéngHdistrict, Qiang Ninh province
were collected and serially dilluted with steriaswater, and then 1Q0 of the dilution were
spread on modified MPA medium, containing (g/l): Mla30; meat extract, 5; peptone, 5;
granulated agar, 20; and pH adjusted to 7 usingNa®H. The plates were incubated at°@0
for 48 h. Several hundreds of colonies were isdl&e plating them again on fresh solid MPA
medium. Bacterial isolates were grown on a solidlioma (medium for PHA production - MA)
containing (g/l): NaCl, 30; MgS{£¥H,0O, 0.25; CaGl 0.09; KClI, 0.5; KBr, 0.06; KKEPQ,, 0.25,
yeast extract, 2; glycerol, 20; granulated agayp2Dadjusted to 7 using 1N NaOH, and Nile red
(Sigma) (dissolved in dimethylsulfoxide) with finabncentration of 0.5 pg dye per ml of the
medium. Petri dishes were incubated at’G0for 48 h. The agar plates were then exposed to
untraviolet light (312 nm) to detect the presentintyacellular PHA granules in the bacteria.
The colonies with fluorescent bright orange weresem for further studies [7].

2.2. Production of PHA by the selected strains in flask

The selected PHA producing bacterial strains weogvg in 20 ml of MPA medium in 100
ml flasks at 30C with rotary shaking at 180 rpm for 13 h. Subsetye2.5 ml of each culture
were inoculated in 250 ml Erlenmeyer flasks comtgrb0 ml of MA medium. The cultures
were incubated at 3T with rotary shaking at 180 rpm. Samples were avalvn at 30 h of
cultivation for cell dry weight (CDW) and PHA conteanalysis.

2.3. Effect of NaCl concentration, pH and differrent nitrogen sources on the growth of
three PHA producing bacterial strains

Three selected PHA producing bacterial strains wgeogvn in 20 ml of MPA medium in
100 ml flasks at 30C with rotary shaking at 180 rpm for 13 h. Subsedjye2.5 ml of each
culture were inoculated in 250 ml Erlenmeyer flasksitaining 50 ml of MA medium with
different NaCl concentration, pH and nitrogen sesrcThe cultures were incubated at°80
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with rotary shaking at 180 rpm. Samples were waldr at 30 h of cultivation for CDW
analysis.

2.4. Production of PHA by strain VK75 in bioreactor

Bacterial strain VK75 wagrown in 50 ml of MPA medium in 250 ml flasks at %D with
rotary shaking at 180 rpm for 13 h. The medium wen used to inoculate 2.7 L of MA
medium in a 10 L bioreactor. Batch fermentation wadormed at 36C, pH 7.0. The initial air
inflow rate of 0.5 L/min was increased up to 2 linduring the fermentation. The agitation
speed was initially set at 200 rpm and increasetDrpm during the fermentation to maintain
the dissolved oxygen concentration above 20 %.rAiftet 12 hours of cultivation, the samples
were taken every 6 h for CDW and PHA analysis.

2.5. Quantitative analysis

CDW was determined by centrifuging 3 mL of the ardtsamples at 6000 rpm for 10 min
in a pre-weighed centrifuge tubes, the pellet washed once with 3 ml distilled water,
centrifuged and dried at 10& until constant weight was obtained. The centsfiigbe was
weighed again to calculate the CDW.

Polymer content (wt%) in dried cell mass and itsnposition were determined by gas
chromatography (GC) [8]. Approximately 10 mg lydpted cells were mixed with 1 ml
methanolysis solution (contains 15 %3, and 85 % methanol, v/v) and 1 ml analytical
chloroform. The methanolysis process was carrigdanu3 h at 100C. After cooling down to
room temperature, 0.5 ml MiliQ water was addedhim nixture and vortexed for 30 seconds.
Bottom layer containing methyl ester was transtéme sodium sulphate to remove remaining
water, and analyzed by Agilent HP5890-II systenei#étt Packard CO,USA) equipped with
capillary HP-5 collumn (Hewlett Packard CO, USA)daflame ionization detector (FID).
Poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (PHB&)ntaining 12 % valerate (Sigma) was
used as a standard for calibration.

3. RESULTS AND DISCUSSION
3.1. Isolation and screening of PHA producing bacteridrom soil samples

Soil samples from mangrove forest located at YemdHdistrict, Quang Ninh province
were collected, dilluted and spread on MPA mediifter 48 h of cultivation at 36C, more
than 200 of randomly colonies were selected andigron MPA medium. The isolated strains
were then re-cultivated on agar MA medium contajrivile red for 48 h and then exposed to
UV light. Seventeen bacterial strains (named VK32, VK38, VK56, VK57, VK58, VK74,
VK75, VK84, VK88, VK91, VK94, VK97, VK98, VK123, VK24 and VK129) that exhibited a
very strong fluorescence were selected for furétadies. To confirm the formation of PHA
granules in the selected bacterial strain, cetisnfthe 48 h cultures grown on MA medium
(without Nile red) were observed on a light micigse. Most of the cells of selected strain
showed the presence of PHA granules in the cytop(&gure 1).
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Figure 1.Light micrograph of strain VK75 grown on MA mediwnming glycerol as carbon source.
3.2. PHA production by selected bacterial strains in flaks

Seventeen selected bacteria were cultivated ikflasing MA medium with glycerol as
carbon source at 3 and rotary shaking at 180 rpm, after 30 h oficalion samples were
taken for CDW and PHA analysis. As summarized ibl@d, CDW of between 1.8 and 3.5 g/l
were obtained by seventeen selected bacteriahstraiaximum CDW of 3.4 and 3.5 g/l were
obtained by two strains VK56 and VK84, respectivdlge PHA content accumulated by tested
strains ranges from 11 to 48 wt%. Among seventested strains, four strains (VK75, VK88,
VK98 and VK124) can synthesize polymer with PHA tso of more than 40 % of CDW,
seven strains have PHA content ranging from 20t and the rest has PHA content lower
than 20 %.

The results of GC analysis showed that the seldideterial strains were able to synthesize
the copolymer poly(3-hydroxybutyrate-co-3-hydroxigrate) (PHBV) (Table 1). Normally,
there are only few bacteria that can synthesize WPH&m single unrelated carbon sources such
as glucose, sucrose or glycerol. Most bacteriah®gite homopolymer poly(3-hydroxybutyrate)
(PHB. They can only produce PHBV when HV precurssush as propionate, valerate, and
heptanoate are provided to the medium [9]. Howenethis study our results showed that all of
seventeen selected bacteria strains are able thesyre PHBV with high 3HV fraction when
using glycerol as carbon source. The increasedrBtV content is correlated with decreased
crystallinity and increased elasticity of the copoér. With high 3HV content, PHBV become
less crystalline, more elastic, and has broadeyeraf applications [10, 11].

Among seventeen tested bacterial strains, thramst(VK32 — high HV content, VK56 —
high CDW and HV content, and VK75 — high PHA contand HV content) were chosen for
further studies.
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Table 1.PHA production by seventeen bacterial strainsaisks.

Strains CDW | PHA content | PHA conc. PHA composition
(9/l) (Wt%) (9/) HB% HV%
VK31 1.8 11.6 0.2 68.6 314
VK32 2.0 21.8 0.4 52.7 47.3
VK38 1.9 27.6 0.5 72.6 27.4
VK56 3.4 329 1.1 84.1 15.9
VK57 1.8 25.9 0.5 64.0 36.0
VK58 2.0 131 0.3 90.6 9.4
VK74 1.8 15.8 0.3 59.5 40.5
VK75 2.3 45.8 1.0 79.4 20.6
VK84 3.5 35.3 1.2 95.3 4.7
VK88 3.0 44.5 1.3 87.0 13.0
VK91 25 13.2 0.3 91.1 8.9
VK94 2.0 11.0 0.2 62.4 37.6
VK97 1.9 10.7 0.2 91.2 8.8
VK98 3.2 47.8 15 94.7 5.3
VK123 2.8 48.4 1.4 89.0 11.0
VK124 2.0 31.8 0.6 76.3 237
VK129 25 39.0 1.0 77.0 23.0

3.3. Effect of NaCl concentration on cell growth of thee selected strains

In order to evaluate the effect of NaCl concenbratin the growth rate of the three selected
bacterial strains, the organisms were grown on MRédium containing NaCl at different
concentrations and then incubated afGdor 30 h. The results showed that the three tatlec
strains were unable to grow on medium without N&GICI concentration of between 40 to 50
g/l was found to be optimal condition for the grbveff these three strains. Strain VK75 was able
to grow at NaCl concentration of 100 g/l, wheresisgin VK32 and strain VK56 can grow at
NaCl concentration of up to 150 g/l (Figure 2). Aing to the classcification of halophilic
group based on optimum NaCl concentration for gndd2], the three selected bacterial strains
can be classified to the group of moderate halapbécteria (optimum growth between 0.5 and
2.0 M NacCl).

3.4. Effect of pH on cell growth of three selected strais
The effect of pH on cell growth of the three sedelcstrains was also investigated. For that,

the strains were grown on MPA medium with differpht After 30 h of cultivation at 38 and
180 rpm, samples were withdrawn for CDW analysigufe 3 shows that pH around 7.0 was
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found to be optimal pH for the growth of these ¢éhbacterial strains. This pH value is similar to
the pH of soil samples, which were used for thislgt

—— VK32 —=+— VK36 —— VK75

CDW (g/l)

0 30 60 90 120 150
NaCl concentration (g/l)

Figure 2.The effect of NaCl concentration on the growth @itéhree selected strains
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Figure 3.The effect of pH on the growth rate of three saddtrains

3.5. Effect of different nitrogen sources on cell growthand PHA production of three
selected strains
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Figure 4.The effect of different nitrogen sources on grovete and PHA accumulation of three
selected strains. (A) strain VK32, (B) strain VK&@d (C) strain VK75
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The selected bacteria were cultivated in flasksigudMA medium with eight different
nitrogen sources at 3T, rotary shaking at 180 rpm for 30 h. Figure 44w the effect of
eight different nitrogen sources on CDW and PHAtennhof the strain VK32. Yeast extract was
found to be a favourable nitrogen souce for calingh and PHA accumulation by strain VK32.
Maximum CDW of 4.6 g/l and PHA content of 57 wt% reebtained by strain VK32 when
yeast extract was used as nitrogen souce. Yeasicextas also good for cell growth rate of
strain VK56 (CDW of 3.3 g/l), but accumulation oflR was low (27 wt%). Maximum PHA
content of 44 wt% was achieved by strain VK56 wiNaNO; was used as nitrogen source
(Figure 4B). All of eight tested nitrogen source®rgv found to be suitable for PHA
accumulation by strain VK75. However, only threetloém (yeast extract, KN@ndNaNG)
were found to be good for both cell growth rate &tdA accumulation. The highest PHA
content of 61 wt% was obtained when KN\Was used as nitrogen source. Whereas, maximum
CDW of 3.1 was achieved when yeast extract was (FKgdre 4C).

Previous studies have demonstrated that limitaifam nitrogen or a phosphorous source is
required to achieve the maximum volumetric prodiii¢is by PHA producer bacteria.
However, the use of a complex nitrogen source sscyeast extract makes it difficult to control
the supply of nutrients for achieving high cell gigyn as well as optimal PHA productivity.
Replacing yeast extract with another nitrogen sewwach as KNgor NaNG; in the medium
will thus lead to an increasing the PHA producyivand a drastic reduction in the medium costs
[13].

3.6. PHA production by strain VK75 in bioreactor

——(CDW ——PHA conc. —m—PHA content

CDW, PHA conc. (g/)
PHA content (wt%)

{) T T T T {)
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Time (h)

Figure 5.Profile of CDW, PHA content and PHA concentratiamidg cultivation of strain VK75 in
bioreactor.

Bacterial strain VK75 was then cultivated in a bmector and samples were taken at
different times for CDW and PHA analysis. As showedrigure 5, strain VK75 grew rapidly
and reached stationary phase within 30 h. The CBWA content, and PHA concentration
increased until 30 h of cultivation and were 6 #8),wt%, and 1.14 g/l, respectively. The CDW
obtained here (6 g/l) is 2 times higher than thataimed in flask experiment (3 g/l). The
significant increase in biomass was most likely tuéhe control of culture conditions such as
pH and oxygen during the cultivation process. Imtcast, the PHA content obtained in this
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experiment (19 wt%) decreased 3 times as compard¢dat obtained in flask experiment (60
wt%). The optimal conditions for cell growth and Rldccumulation are different with respect
to the culture conditions and the amount of nutrierculture medium. Balance nutrients will be
good conditions for cell growth, but imbalance rerits will be favorable conditions for PHA
accumulation [13]. Further studies are being cdroet to optimize conditions for both cell
growth and PHA accumulation.

4. CONCLUSION

In this study, hundreds bacterial strains wereaigal from mangrove soil samples collected
from Quang Ninh province. Among them, seventeen strainevieund to accumulate poly(3-
hydroxybutyrate-co-3-hydroxyvalerate) (PHBV) frontyagrol. CDW of 3 g/l and high PHA
content of 61 wt% were obtained by strain VK75 a#@ h of cultivation in flask. In bioreactor,
CDW was increased to 6 g/l but PHA content was elesed to 19 wt%. Further studies are
being carried out to improve both CDW and PHA caonte
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TOM TAT

CHUYEN HOA GLYCEROL THANH POLYHYDROXYALKANOATE NHO VI KHU AN
UA MAN PHAN LAP TU RUNG NGAP MAN

Poan Vin Thrgc', Nguyén Thi Van

B m6n Céng nghsinh kvc — Vi sinh, khoa‘Sinhgb, trrong Pai hoc Sr phgm Ha N,
136 Xuan Thy, Cau Giay, Ha Ni

"Email: thuocdv@hnue.edu.vn

Cac polyhydroxyalkanoate (PHA) laginhom polymer c6 khnang phan ky sinh hc,
PHA duogc tong hop boi rat nhleu céc vi sinh #t trong tr nhién. PHA cé ntéu tiém ning thay
thé cac lai nhwa c6 ngdn gic tir diu mo. Piém han ché anh hrong dén tiém ning tng ding
cia PHA |a gia thanhas xuit cao. Nghién gu s dung glycerol (ph pram aia quy trinh &n
suit diesel sinh bc) s5 gop prﬁn lam giam gia thanh PHA. Trong nghiénire nay ching toda
phan &p dugc 17 ching vi khuin cé kh ning chuygn héa glycerol thanh PHA. 3 ¢hg vi
khuan (ki hiéu VK32, VK56 va VK75) sinh trong phat tén tt va Hng hop nhidu PHA da
dugc lya chon dé nghién @u. Ci 3 ching vi khiin naydéu la vi khiin va min trung binh, phat
trién ot & pH trung tinh, c6 kihnang sr dung nhéu ngn ni to khac nhau. Ging VK75 c6 kfa
nang sr dung hiéu qua mot sb ngwdn ni to vd a nhe KNO;, NaNG,. Ching VK75 ¢6 kia ning
tich iy ham lrong PHAdat 61 % kibi lugng € bao khé khi nudi &y trén méi tuong sr dung
KNO; lam ngwn ni to. Khi nudi dy trong i Ién men, sinh kéi cua ching VK75 ting Ién dp
doi (so Wi khi nudi trong binh tam giac) wat 6 g/l, tuy nhién hamubng PHA hi giam 3 Bn
va ch con 19 %. Nghiénia t6i wu diéu kien méi trong nudi dy dangduoc chung toi én
hanhdé cung lic nang cao sinh &hva hamirgng PHA tich tiy trong € bao.

T khoa: polyhydroxyalkanoate, poly(3-hydroxybutyrate-coyaitoxyvalerate), glycerol, v
khuan va nin.
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