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ABSTRACT

Polyhydroxyalkanoate (PHA) is a biodegradable paly synthesized intracellularly by
many microorganisms. After extraction from the gehey possess the common features of non-
toxic, biocompatible, biodegradable and recyclabldese features render them highly
competitive with polypropylene or other petroleusriged plastics, especially in medicine. The
recovery of PHA from bacterial cells is the keypsté PHA production process. Many methods
have been used for PHA recovery; these includeesoblextraction, enzymatic hydrolysis, and
chemical digestion. In this study, the chemicaledigppn method was used for recovery of
poly(3-hydroxybutyrate) (PHB) fromyangia sp. ND199. Among various chemical tested
(NaOH, HCI, KOH, NaOCI and SDS), NaOCI was foundaas efficient chemical for PHB
recovery PHB fromyangiasp. ND199. The optimal recovery condition wastéoraf 1:1 (v/v,
solution containing 100 g/l bacterial cells ancusioh containing 6 % NaOCI), at 3C for 1 h.
Under such conditions, a purity of 99 % and a recpwield of 94 % were obtained. This
purification method is simple and can be develomadi used for pilot scale.

Keywords NaOCI, polyhydroxyalkanoate, poly(3-hydroxybutga recovery, halophilic
bacteria,yangiasp. ND199.

1. INTRODUCTION

Mankind has become highly dependent on fossil messufor its need for energy,
chemicals and materialslowever, fossil resources will sooner or later camen end and also
that they are found only in some regions of thelavtwas led to a global interest in finding
alternative sources that are renewable and easilgsaible. Another problem that motivates a
shift from fossil resources is the negative envinental impact of the processes and products in
terms of greenhouse gas emissions, global warmmyciimate change. Fossil plastics are
among the most environmentally damaging productsd ua enormous amounts. It is well
known that these materials are not biologicallyredgble, causing an increasing solid waste
stream with negative environmental effects. Aftee,uabout forty percent of plastics produced
are discarded into landfills and several hundredishnds of tones of plastics are discarded each
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year into marine environments, and cause threattine diversity [1]. In order to overcome the
problem of pollution caused by non-degradable j@asthere is considerable interest in the
development of biodegradable polymers such as aaigl acid (PLA) or
polyhydroxyalkanoates (PHA) [2].

PHA is a biodegradable polymer that accumulatesadgetiularly as carbon and energy
storage material in many microorganisms, usuallgrwgrown under the limitation of a nutrient
such as oxygen, nitrogen, phosphate, sulphur, gnesaum and in the presence of excess
carbon [3, 4]. PHA exists as discrete granuleshaitout 5 to 13 granules per cell and with
diameters of 0.2 to 0.am [5]. After extraction from the cells, PHAs possdhe common
features of non-toxic, biocompatible, biodegradadme recyclable thermoplasticEhe main
applications of PHAs include replacing petrochehjwolymers currently in use for packaging
and coating, as well as disposable items such amgautensils, diapers, feminine hygiene
products, and cosmetic containers such as shamptiesband cupsPHAs are also useful as
stereoregular compounds that can serve as chieglupsors for the chemical synthesis of
optically active compounds. Such compounds ardcpdatly used as biodegradable carriers for
long-term dosage of drugs, medicines, hormonegctitsdes and herbicides. They are also
widely employed as bone plates, osteosynthetic matgesurgical sutures, vascular grafts and
heart valvegl, 6].

The recovery of bacterial polyhydroxyalkanoatehe key step of the PHA production
process. There are many methods having been useBHA recovery: solvent extraction
method, the use of chemicals or enzymes to digastPiHA cellular materials (NPCM) [7, 8].
In Vietnam there is still no research focusing ba tecovery PHA in lab or pilot scale. The
purpose of this study was to develop a simple digesnethod for PHA recovery froiangia
sp. ND199. The halophilic bacterium straflangiasp. ND199 was isolated from soil sample
collected from mangrove forest in Giaothuy distridamdinh province [9]. This strain was able
to accumulate poly(3-hydroxybutyrate) (PHB) up €% of cell dry weight.

2. MATERIALS AND METHODS
2.1. Materials
2.1.1. Bacterial strain

The bacterial straityangiasp. ND199 was isolated from mangrove soil samplected
from Giaothuy district, Namdinh province.

2.1.2. Medium for PHB production

The strainYangiasp. ND199 was grown on MA (medium for PHA prodan)i medium
containing (g/l): NacCl, 45; MgS{¥H,0O, 0.85; CaCl2H,0, 0.09; KCI, 0.5; KBr, 0.06;
KH,PQ,, 0.55; yeast extract, 1.5; fructose, 25; pH 7.0.
2.2. Methods
2.2.1. PHB production by Yangia spph99

The cultivation for PHB production was conducte@®80 ml Erlenmeyer flask containing
50 ml of MA medium. The cultures were incubated2t’C with rotary shaking at 180 rpm.
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After 48 h of cultivation, bacterial cells were leaited by centrifugation and washed twice times
with distilled water.

2.2.2. PHB recovery by simple digestion with chaisic

The chemical digestion method for PHA recovery fréamgiasp. ND199 was performed
as reported previously [10]. The chemicals inalgdd.2N NaOH, 0.2N HCI, 0.2N KOH, 8 %
(w/v) NaOCI, 5 % (w/v) sodium dodecyl sulfate (SD8¢re used for NPCM digestion. The
treatment was carried out in 2 ml microtubes comgi 0.5 ml of bacterial cells (100 g dry cell
per litter) and 0.5 ml of chemicals or distilledtera The reaction was conducted at’@0for 1h
followed by centrifugation at 13 000 X g for 10 mifihe harvested solid sample containing
PHB was washed twice with distilled water. The rered PHB was dried at 10& for 24 h.
PHB quantification was performed according to thethod of Law and Slepecky [11]. The
recovery and the purity of PHB were calculated dasethe results of PHB analysis.

2.2.3. Digestion of NPCM with different NaOCI comizations

Different NaOCI concentrations (0; 1 %; 2 %; 3 %%4 5 %; 6% and 8 %, w/v) were
tested for their ability to digest NPCM for the ogery of PHB fromYangiasp. ND199. The
reaction was carried out as described above. OptildaOCI concentration for PHB recovery
was determined based on the results of PHB analysis

2.2.4. PHB recovery using NaOCI at different terapanes

The mixture of 0.5 ml of bacterial cells (100 g dsll per litter) and 0.5 ml of 6 % NaOCI
was incubated at different temperatures {80 50°C and 80°C) for 1 h. The procedure was
carried out as described above. Optimum temper&ufHB recovery was determined base on
the results of PHB analysis.

2.2.5. PHB analytical procedure

PHA concentration was determined according to teéhod of Law and Slepecky [11]. For
this, about 10 mg of freeze-dried cells was mixeith w0 ml of 98 % (v/v) sulphuric acid. The
mixture was incubated at 10 for 1.5 h to obtaine crotonic acid. After coolibg room
temperature, the mixture was dilluted with sulpbudcid and quantified by measuring
absorbance at 235 nm. Pure PHB was used as arstdodealibration.

2.2.6 Determination of purity and recovery yield
The purity of PHB is defined as the percentagénefratio of the amount of PHB to the total

dry matter after recovery. The recovery yieldedined as the percentage of the amount of PHB
recovered from the total amount of PHB in the cell.

3. RESULTS AND DISCUSSION

3.1. Effect of various chemicals on PHB recovery
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After cultivation on MA medium for 48 h, bacterieglls were collected by centrifugation,
the result of PHB analysis shown that about 71 9B Rts accumulated in the bacterial cells.
PHB-containing cells were then fixed and observaden transmission electron microscopy
(TEM). Figure 1A showed that the bacterial cellsevaull filled by PHB inclusions with only
one or two big PHB granules. With high content &fBPin the cells, envelop surrourd the
Yangiasp. ND199 cells become a thin layer, as can be sem Figure 1B the layer was about
19 nm or less. That make th@angiasp. ND199 cells become fragile and it will be eadd
purify. Therefore we chosen a simple method foeslign of NPCM and recovery of PHB from
Yangiasp. ND199 cells.

VK199.006 VK199.019

Print Mag: 2080x @ 51 mm 2 microns Print Mag: 31200x @ 51 mm 500 nm

2:52:20 p10,09/12 HV=80.0kV 3:08:57 p10/09/12 HV=80.0kV

TEM Mode: Imaging Direct Mag: 1000x TEM Mode: Imaging Direct Mag: 15000x

Figure 1.Transmission electron micrograph (TEM) showing BXB granules and
(B) bacterial cell envelope.
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Figure 2.Effect of various chemicals on the recavery of PiiBn Yangiasp. ND199.
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Yangiasp. ND199 cells were treated with five differefiemicals (NaOH, HCI, KOH,
NaOCI and SDS). The results obtained after tredtagerial cells with five chemicals at 3D
are shown in Figure 2. Among the five different mieals tested, KOH, SDS and HCI were
found to be inefficent for the purification of PHEB m Yangiasp. ND199, resulting in the PHB
purity of less than 80 %. Because of lower putitye recovery yield obtained by using KOH,
SDS or HCI was high (97.5 %, 99 % or 100 %, respeg). Again digestion with KOH, SDS
or HCI resulted in low PHB purity. NaOH and NaOGfi@ently digested NPCM resulting in
high PHB purity and recovery yield (equal or gredtean 90 %). When the cells were treated
with NaOH, PHB was recovered with the recoverydiel 97 % but with a little lower purity of
about 90 %. NaOH would digest the bacterial cell,waleasing the biological macromolecules
into the aqueous solution [12]. That make the feactolution become viscous, preventing the
washing step to get purity PHB froviangiasp. ND199 cells.

Among the various tested chemicals, NaOCI| was iefficfor the recovery of PHB with
high purity of 99 %. The recovery yield obtainedeaftreatment with NaOCI was also high
(more than 90 %). NaOCI was chosen in this resémdause it can gave high purity, high

recovery yield and inexpensive. A recovery methsthg NaOCl was found to be the most
simple method that can be easier to apply for gitete.
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Figure 3.Effect of different NaOCI concentrations on theaesry of PHB fromYangiasp. ND199.

3.2. Effect of NaOCI concentration

The treatment experiments using different concéntra of NaOCI were carried out to find
the optimal alkali concentration for the recovefyPéiB from Yangiasp. ND199 cells with high
purity and recovery vyield. As shown in Figure 3)aw concentration of NaOCI (0 and 1 %,
w/v) the bacteria cells were not digested, resglimlow PHB purity of 76 %. The digestion of
NPCM was started at 2 % NaOCI. The PHB purity insezl from 83 % to 90 and nearly 99%
with increasing NaOCI concentration from 2 % tornél & %, respectively. Further increase in
NaOCI from 6 to 8 % showed no significant differenia PHA purity but polymer recovery
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yield decreased from 94 to 91 %. Anis and co-waK&P] had also found that purity of PHA
increased and recovery yield of PHB decreased wiertoncentration of chemical increased.
The decrease in PHB recovery yield could be duthéodegradation of the polymers occurs
because the high concentration of NaOCI would mby digest the NPCM but also digest the
polymers into water soluble monomers.

3.3. Effect of digestion temperature

The effect of the digestion temperature on thetpusind recovery yield of PHB was
investigated by digestinangiasp. ND199 cells with 6 % NaOCI (ratio 1:1, v/v) fb h at
three different temperatures (30, 50°C and 80°C). The results are shown in Figure 4. The
purity of PHB was not changed (nearly 100 %) wHemntemperature was increased. However,
higher digestion temperature resulted in a loweovery yield of PHB. Maximum recovery
yield of 94% was obtained at digestion temperatdirg0 °C, the yield was decreased to 79% at
50 °C and only 50% at 88C. Previous studies have been reported that agreehtemperature,
the digestion reactions were accelerated, whicke@oth cell disruption and PHA degradation
to speed up [10, 12]. For that reason, the recoyiety of polymer was decreased. Temperature
of 30°C was found to be most effective in this study éghigh PHB purity and recovery yield).
In addition, less energy for heating was requiredind) the recovery process at treatment
temperature of 38C, particularly in tropical countries such as Vatn
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Figure 4.Effect of different temperatures on the recoverybiB fromYangiasp. ND199.

The purified polymer samples after treatment witth@NaOCI at 30C for 1 h were then
observed under transmission electron micrograpiM(TEhe Figure 5 shown that the NPCM
was removed and PHB granules with clean surface wbtained. The PHB granules were
ranged from 0.3 to 1.2 um in diameter and theyimetha typical shape as it had exist in the
cells.
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The results obtained here are comparable to th#heohighest reported so far for other
bacterial strains. Hahn and co-workers have regdtiat PHB purity of 97 % and recovery
yield of 91 % were obtained wheticaligenes eutrophusells was digested with NaOCI [14]. In
another report, NaOCI was also used for the digesif Alcaligenes eutrophuBSM545 cells
and PHB purity of 95 % was obtained [15].

= e
hat199.002 PR hat199.003
Print Mag: 8210x @ 51 mm M e Print Mag: 8210x @ 51 mm
3:14:22 p 10,0912 HV=80.0kV 3:16:24 p10,09/12 HV=80.0kV
TEM Mode: Imaging Direct Mag: 4000x TEM Mode: Imaging Direct Mag: 4000x

500 nm

Figure 5.Transmission electron micrograph (TEM) of purifieHllB granules.
4. CONCLUSION

Among various chemicals tested for their ability digest non-PHB cellular materials,
NaOCI was found to be an efficent chemical for PtéBovery fromYangiasp. ND199. High
PHB purity of 99 % and recovery yield of 94 % welgained after treatment bacterial cells
with 6 % NaOCI (ratio 1:1, v/v) at 3T for 1 h. The NaOCI digestion method developethis
study for the recovery of PHB froifiangiasp. ND199 cells is simple, effective and econoinica
method which can be easily applied in large scikes is a first study for PHA recovery in

Vietnam.
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TOM TAT

NGHIEN CUU SU DUNG SODIUM HYPOCHLORITEDE THU HOI POLY(3-
HYDROXYBUTYRATE) TU CHUNG VI KHUAN Yangiasp. ND199

DPoan \an Thugc*, Luu Thi Hoi, Tran Hitu Phong
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Polyhydroxyalkanoate (PHA) la dopolymer sinh e duoc tich Ly trong € bao @a rt
nhiéu vi sinh \at. Sau khi tach cht tir té bao, PHA t@ hién céac tinh cfit dac trung nhr: khéng
doc hai, twong thich sinh bc cao, phaniy sinh ke va cé th tai sr dung. NHing dic tinh nay
gilp cho PHA c6 nléu tiém ning thay tid cac lai polymer héa du dangdugc st dung hign
nay,dic biét 1a dung trong y& Tach chit 1a brdc quan tong trong qui trinh an xuit PHA. Rit
nhiéu phrong phap tach chi da vadangduoc nghién ¢u sr dung nhr ding dung mai iu oo,
s dung enzyme va héa éh Trong nghién¢u nay, ching téda sr dung hda cht dé tinh saich
poly(3-hydroxybutyrate) (PHB)itching vi khiin Yangiasp. ND199. Trong cac 40 hoa chit
s dung (NaOH, HCI, KOH, NaOCI va SDS), NaOCI |aildéa cfat cho héu qua tinh sich
PHB cao nht. Diéu kién tinh sich ©i wu 1a ton 1An dung dch chra 100 g/l & bao vi khidn Véi
dung dch chra 6 % NaOCI theai 1é 1:1,1u ¢ 30°C trong thi gian 1 gb. O diéu kién nay,do
tinh sich aia PHB 14 99 % va Bu st thu bi 1a 94 %. Plrong phép tach chi don gian nay cé
thé phat trén dé sir dung & quy mé bn hon.

Tir khoa:NaOCl, polyhydroxyalkanoate, poly(3-hydroxybutyfatéch chit, Yangiasp.ND199.
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