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ABSTRACT

The potential local strain Bacillus megaterium P®Aih bioconversion sago starch to bioplastic, P#ly-
hydroxybutyrate (PHB) was investigated in this gtutihe bacterial strain was grown in fermenter gssago
starch minimal media, furthermore was observed miati¢ activity, the products and its growth patteAmylase
enzyme activity measurements performed u3iBglinitrosalicylic acid (DNS) and PHB synthase enzyme activity
using Valentin and Steinbuchel methods. Reduciggrsand PHB levels were detected using spectrophetac
methodand the biomass growth was measured by gravimetrihooketThe highest specific activity of the enzyme
amylase and reducing sugar concentration were oleihiat 18 hours of incubation, i.e. 170.72 U/mgtgiroand
14.08 g/L, respectively while the highest speaititvity of PHB synthase enzyme and the PHB coratéom were
obtained at 36 hours of incubation i.e. 85.72 U/prgtein and 2.86 g/L, respectively. The growth nmmaxn of
B.megaterium PSA10 was obtained at 42 hours ob@ion and the strain bacteria was able to accurreuHB

as much as 85.04% wt/wt of the cell dry weight@h8urs of incubation. Therefore, B.megaterium RBédnverts
sago starch into bioplastic PHB via direct biocorsien.
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INTRODUCTION

Synthetic plastics are important for society dudhteir characteristics of versatility, durabilitypch resistance to
degradation. However, there are many environmem@blems resulting from the use of petrochemicaived
polymers making necessary to find alternativesefglace these bio recalcitrant materials. One aftewi to this
problem is the use of biodegradable polymers, whiceh polymers with the desirable properties of eotional
plastics but also with rapid biodegradation in ém¥ironment after discarding [1]. One such bioddghde type of
plastic is polyB-hydroxybutyrate (PHB), which is accumulated inglhdarly by bacteria as carbon or energy
reserves, mainly when there is a limitation of aseatial nutrient, such as nitrogen, phosphoruggex or sulphur

2].

The commercial use of PHB is still limited mainlyelto its relatively high production cost. Therefothe use of
low cost substrates is an important factor, aloridp Whe need to obtain bacteria strains for effitisubstrate to
polymer conversion [3,4]. Low cost substrates idelstarchy substrates, which are important compimdood
industry by-products [5, 6]. Sago starch is onthefpotential substrate for PHB production [7].

The utilization of starchy substrate for produciigB still require treatment hydrolysis of starctoisimple sugars,
so that can be used to produce PHB. Some studieg @szyme or chemical compounds to hydrolyze kthefore
it is used as a substrate to produce PHB [5. &l8ever, the use of enzymes or chemical compotmbgdrolyze
starch before it is used as the substrate, isffioteat in terms of cost and tim&he selections of suitable bacterial
strains, inexpensive carbon sources, efficient éatation and recovery processes are important &stieat should
be taken into consideration for the commercial@atf PHB [3].Hence, requires bacteria strains that can hydeolyz
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starch substrate at once capable of synthesizirig} BHcillus megateriunPSA10 is a local bacterial strain capable
of hydrolyzing sago starch and is also capableyoftesizing PHB [10]. Therefore, this study aimdreestigate
the bioconversion process sago starch into bidpldtiB conducted byB. megateriumPSAL10, as aneans to
facilitate the development of a biotechnology thet only provides an environmentally friendly tmaaint approach
with produce degradable bioplastic, but also haspiitential benefits of lowering PHB production tsoand off-
setting biological treatment costs through the vecp of PHB.

EXPERIMENTAL SECTION

Bacterial strain : The local bacterial strain d@acillus megateriuniPSA10used for this studyas obtained from
sago starch processing area in Konawe regencyh&astt Sulawesi, Indonesia [10]. This strain wastaaied in
starch nutrient agar slants and stored’@t 4

Sago starch minimal medium : The minimal medium (per liter) consisted of@atarch, 20 g; N&lPO,. 7H,O 6,7
g; KH,PQO,, 1,5 g; (NH),SO,, 1 g; MgSQ7H,0, 0,2 g; Ferrous Amonium Citrdd,06 g; CaGl2H,0, 0,01 g and
trace elements solution 1 ml.

Preparation of inoculum: The inoculum was prepared in 100 ml erlenmeyeraadrilasks containing 50 naf the
sago starch minimal medium. The flasks were copioigged and autoclaved at £21for 15 min. The sterilized
medium was allowed to cool to ambient temperatmet large amount of the bacteri#d.(negateriunPSA10) was
scraped from the cultured slant and added asdptimathe medium in the seed medium of the fladkse flasks
were transferred to the gyratory incubator shakergrowth was achieved at a temperature €3t agitation rate
of 150 rpm for 48 hours for proper adaptation @f thicroorganisms to the medium.

Fermentation: The fermentation was carried out aerobically ineadh scale bioreactor (Applikon ADI 103Bio

controller). The fermenter vessel containing 1 liter of theimal media was sterilized in the autoclave at®C2fbr

15 min. The media in the fermenter vessel was iladed with inoculum with a volume of 50 ml and wasperly
agitated and aerated for about 30 min before matkiagnitial withdrawal. The agitation speed of Ip®n. The pH
of the system was maintained at 7 and controlledduition of 0.5 M HCI or 0.5 M NaOH solution assited. The
temperature was controlled and maintained 4€C3Bample was withdrawn at 6 h interval. Each ef $amples
collected were centrifuged and the supernatant avadyzed for reducing sugar and was used as amylase
enzyme. Cell pellet was disrupted to obtain PHBtlsyse crude enzyme and cell also was used for zn&liiB
concentration.

Sample Analysis.
Reducing sugar concentration : The reducing sugar concentration of the fermentabooth was estimated by
analyzing the glucose in the supernatant usindgpth® method of Miller [11].

Amylase enzymatic assay : amylase enzyme activities was determined usingd8iirosalicylic acid [12]. One unit
of amylase activity was defined as the amount afyere that produced 1 mmol maltose per minute. Rratas
estimated by Bradford method using bovine seruraralb as the standard [13].

PHB synthase enzymatic assay : PHB synthase activity was assayed following the hogtof Valentin and
Steinblchel [14]B.megateriunPSA10 cells were centrifuged, washed 2-3 times @&mM Tris-HCI buffer (pH
7.5) and resuspended in 5 ml of the same buffetaguing 5% (v/v) glycerol, called Tris—glycerol tef. Cells
were disrupted by sonication with B-Braun 2000 Unhofactured by Labsonic at 40 W for 10 min. Cell gelvas
removed by centrifugation (4°C) at 16.0§(or 20 min. The supernatant (crude extract) wasteld with Tris-
glycerol buffer to a concentration of 1 mg hirotein and was used for enzyme assay. The asisayren(1.0 ml)
contained 800 ml of enzyme extract, 100 ml of Bhydroxybutyryl-CoA and 100 ml 5,5-dithiobis (2+#@ibenzoic
acid) (DTNB). The reaction was started by additainDL-B-hydroxybutyryl-CoA as the substrate. The optical
density of the thiobenzoate anions resulting fromreaction of CoA and DTNB was measured at 30t @omin
at 412 nm with a Specord S100 spectrophotometeki(PEImer). Protein estimation was carried outBradford
method [13].

PHB concentration enumeration : The cell pellet was collected by centrifugatatr8000 rpm for 20 min and pellet
was digested with 30% (w/v) sodium hypochloriteusioh at 36C for overnight. The residue was collected by
centrifugation at 3000 rpm for 20 min and a sedksvashing steps using water, acetone and finaéiyhgll ether
was performed [10]. The polymer was added with eatrated HSQO, and heated for 10 min at 1Win a water
bath. The resultant crotonic acid was measuredtrsggmtometrically (Perkin elmer) at 235 nm agaidssO, as
blank.
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Cell dry weight determination : Biomass content were evaluated by gravimetric niketite bacterial pellet was
dried to constant weight (80) for 24 hours and weighed. The biomass yield eedsulated as the cell dry weight.

RESULTSAND DISCUSSION

Bioconversion of sago starch to Bioplastic PHB by Bacillus megaterium PSA10

Process of bioconversion of sago starch into PHB.byegateriunPSA10 is a single-step bioconversion, that is to
integrate all process such as hydrolysis sagolstand synthesizes PHB in one step and in one lutmeéFig. 1).

In the bioconversion process of sago starch int@® Pidrformed by two enzymes, namely amylase enzyrae t
hydrolyze sago starch (Fig. 2) and PHB synthasgreazvhich synthesizes PHB polymer (Fig. 3).

30 - - 3.0
25 - - 2.5
20 - 2.0

15 \\ 15
10 | - 10
. \g\’\‘— L 05
0 4 ‘ ‘ . . ‘ . . ‘ L 00
0 6 12 18 24 30 36 42 48 54

Incubation time (hour)

PHB concentration (g/L)

Reducng sugar conc. (g/L)
Sago starch conc. (g/L)

—o— Sago starch Reducing sugar PHB

Figure 1. Process of bioconversion of sago starch to PHB by B.megaterium PSA10 during cultivation
Sago starch hydrolysis is indicated by a decreagbé concentration of sago starch in cultivatioedia during
incubation time and reducing sugar formed as adiysiis product (Fig. 1). Figure 1 shows that thacemtration of
reducing sugar in the media cultivation has inaddsom the initial of incubation up to 24 hoursinéubation and

after that begin to decline. In addition, PHB ab&man to be produced since the initial of inculmabat increased
significantly at 18 hours and reached the highestentration at 36 hours of incubation (Fig. 1).

Bacillus megateriuniPSA10 produce the amylase enzymes to hydrolyze s@agch and produce reducing sugar as
presented in Figure 2. Process of sago starch lygisdoyB.megateriunPSA10 is shown in Figure 2.
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Figure 2. Process of sago starch hydrolysis by B. megaterium PSA10 and reducing sugar concentration formed on sago starch minimal
media during cultivation

Figure 2 shows that at the time of sago starchertrdecreases, the amylase enzyme activity wastddtanyway.

The highest specific activity of amylase enzyme whtained at 18 h of incubation, i.e. 170.72 U/mgtgin,
followed by the formation of the highest of redugsugar concentration, i.e. 14.08 g/L. This indisahat there is a
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sago starch hydrolysis process carried out by tiayrae amylase to produce a reducing sugar. Caitial [15]
suggested that the enzyme amylase is an enzyméytiailyze glycosidic bonds in starch and the potslwith a
reducing sugar such as oligosaccharides, maltodeglaicose. Reducing sugar produced in the cultwathedia,
then can be fermented BymegateriunPSA10 into value-added products such as biopl&siiB.

PHB synthesis process conducted BaynegateriumPSA10 on media sago starch occurs with the helpHB
synthase enzyme. PHB synthase enzyme activif.miegateriunPSA10 grown on a substrate of sago starch was
determined based on the ability of these enzymaspttoduce PHB. The results of the analysis oftH8 synthase
enzyme using sago starch substrates during 54 béuarstivation is shown in Figure 3.
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Figure 3. PHB synthase enzyme activity and PHB productswere produced during cultivation

Figure 3 shows that the increased activity of PiiBttsase enzyme is followed by an increase in theeotration
of PHB during cultivation. This indicated that tR&IB synthase enzyme responsible for synthesizing.Rldnz &
Marchessault [2] states that the PHB synthase eezagts to catalyze the polymerization of monomeéts ks B-
hidroksibutiril-CoA into PHB polymer. The highesHB synthase enzyme activity produced By megaterium
PSA10 obtained at the 8éour incubation with a specific activity of 85.Z8mg protein (Fig. 3). PHB synthase
enzyme activity produced by this local amylolytiackeria, still within the range of PHB synthaseyene activity
of some strains cAlcaligenes eutrophuthat have been commercialized to produce biopl@iB on an industrial
scale which ranges from 70-120 U/mg protein [16jisTindicates thaB. megateriunPSA10 potential to be used as
a producer of PHB on an industrial scale.

Mechanisms of sago starch bioconversion into PHBduoted byB. megateriunPSA10 through a single-step
bioconversion, is fermentation process that is Iyigtficient in terms of time and productiom cobgcause the
process is carried out by two enzymes that can workiltaneously. This process not only eliminates tise of
enzymes to reduce the production cost but alsa ydbed value by-products via co-culture of baated single-
step bioconversion will reduce contamination anel diperation cost resulted from multistage proces$eé2HB
production. This also will reduce energy consumpiid the overall process [6,17,18]. The one-stegdmversion
can be done by using microorganisms that able tade or digest starch into intermediate produchsas
oligosaccharides and reducing sugar by starch fainge microorganism and then, the fermentationofe#td by
fermenting the intermediate products into PHB bygratbe [6,7].

Production of Poly-p-hydroxybutyrate (PHB) and Growth of Bacillus megaterium PSA10

PHB production from sago starch By megateriunPSA10, was expressed as a percentage of PHB lsydrgl
weight (cdw), which indicate the ability of the bagal synthesize and accumulate PHB in the céiBProduction
and growth pattern d@. megateriumPSA10 from sago starch is shown in Figure 4.
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Figure 4. PHB production from sago starch and growth pattern of B.megaterium PSA10

Figure 4 shows that the growth Bf megateriumPSA10 increased significantly starting at tHe sbibsequently
entered the stationary phase at th8 8042 hours and began to decline in thd"4®ur. PHB production began at
the 6" hour or at the exponential phase and the highrestugtion achieved at the 3our, i.e. 85,04% (g PHB/g
cdw) or at the stationary phase, after that the PiRluction begins to decline (Fig. 4). The resoftshis study
indicate that the production of PHB 1B, megateriunPSA10 is growth-associated. The PHB productioncivhi
growth-associated, it means PHB was synthesizddglthre growth (exponential) phase [19,20].

Figure 4 also be shown that the optimum incubdiime for producing PHB b{8. megateriunPSA10 is 36 hours
incubation and the incubation time is too long (086 hours) would reduce of PHB content. This reswicates
that PHB have been used by the bacterial celle@s fior growth because of the C source in thevatitn medium
decreases. This indication is reinforced by theadaesented in Figure 4, which shows that the droeiftB.
megateriumPSAL10 was increased to 42 hours of fermentatiob,AtHB content have declined. The results are
consistent with research conducted by Yuksegetaa). [21] and Rodriguez-Contreras al. [22] which states that
during the medium conditions have not changed, abial remains accumulate PHB in the cell but if the
concentration C in the medium begins to decred&senticrobes will degrade PHB polymer (depolymerigt to
obtain the energy needed for its growth. This catise levels of PHB in the cell decreased.

The highest PHB value of 85.04% (wt/wt) of the bams dry weight given by.megateriumPSA10 was
comparable to those reported by Goedtlaal. [23], Lopezet al [23] and Rodriguez-Contreras al [24] of 46,2%
(wt/wt), 60% (wt/wt) and 70% (wt/wt) iBacillus megateriunmespectively. The slightly higher results could b
represented that the local strain bacteBamegateriumPSA10 has great potential as a producer of PHB osexh
industrial scale.

CONCLUSION

Bacillus megateriumPSA10 capable of converting sago starch into bt PHB trough a single-step
bioconversion mechanism with produce amylase and 8hthase enzyme that works silmultaneously. @hikty

is an advantage because commercial productionloéadded products such as PHB from sago star¢matibnly
ensure reduction in manufacturing costs, but widloago a long way to solve the problem associatétth w
management of synthetic plastic wastes.
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