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ABSTRACT

The purpose of this research is to isolate and identify a bioplastic-producing bacteria namely P(3-hydroxybutyrate)
[P(3HB)] from soil at the top of Marapi Volcano Mountain, in West Sumatra, Indonesia. Soil samples was taken by
doing purposive sampling technique. Then, it was inoculated in oil palm-bacto-agar medium to obtained bacteria
colony that has potential to produces bioplastic P(3HB) by using Nile Blue A as a stain reagent. Results showed
there are 40 single colony isolated. Beyond them were 10 isolates that indicated as yellow fluorescent under
ultraviolet light as indicated the bacteria accumulated P(3HB) granule in the cells. The 10 isolates then identified
by macroscopic, microscopic, biochemistry test. The result were 6 bacteria genera, i.e Bacillus sp 1, Bacillus sp 2,
Bacillus sp 3, Bacillus sp 4, Bacillus sp 5 and Bacillus sp 6.
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INTRODUCTION

Plastic is one of chemical material that causedesemvironmental issues. Mostly, plastic made fromtleetic
polymer, which naturally has characteristics suelyeto be formed, high chemical resistance andstaljle
elasticity toward the needs. This characteristieglenplastic become popular and mostly used asimeettsed
material and wrapping material [1].

Sometimes plastic also burnt by peoples. Plastbestion could release poisonous smoke like adipdtftalat
which has characteristic carsinogenic and in prodngrocess resulting pollution such as vinyl chle in large
amount. Compounds resulted from plastic combustidhcaused large variety of human disease if eiffi.e
triggering cancer, hepatitis, liver sirosis, nedigorder and triggering depression. Besides, plagdistes especially
the plastic bag from supermarket which disposeeleas also could clog in drainage channels andstivehis
condition caused isolation needs for environmeistales, especially problems because plastic waspgsopriate
solution to solve this problems is with using bamiic.

Bioplastic is plastic which could be degrade ndlyrlay microorganisms such as bacteria and fung3,fd. The
advantage of bioplastic compound compared to stintpé&astic compound based on petrochemical is Umxdhe
characteristic that can be degrade naturally byaniganisms in soil and water. It makes biopladittnot harmful
to environment like what synthetic plastic donés]5,
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Microorganisms such as bacteria could accumulaieteggranule of bioplastic compound in their celB[7For the
bacteria this polymer acts as food and energy vesdhat will be used in less favorable growth d¢towl or when
they run out food sources [2,3].

Until now 300 species of microorganisms which cquidduced bioplastic in their cell already knoweyBnd PHA
that broadly studied, those are poly(3-hydroxyhbaiig) or P(3HB) and its copolymer of poly(3-hydrdxytyrate-co-
3-hydroxyvalerate) or P(3HB-co-3HV) [6,9].

MATERIALSAND METHODS

Equipment

Equipmenta used in this research are autoclavebator, sterile bottle 100 ml, Erlenmenyer, reactigbe, pipette,
spatel, beaker glass, Petri disk, micro pipettenaium foil, plastic wrap, cotton, gauze, spigtlamp, Ose, ultra
violet lamp, microscope, label, mask, gloves afmeotools used in Microbiology Laboratory.

Materials
Materials used are soil samples taken from top afdgdi Mountain. Oil palm medium, bakto agar, NiledA 1%
and Ethanol pro-analysis.

Procedure

Sterilization

All tools were used firstly washed and dried, gléssls which has nozzle covered with cotton thagapped in
gauze. Then, all the tools wrapped with parchmapep, and sterilized with autoclave with $Z1temperature, 15
Ibs pressure for 15 minutes. Aseptic cabinet waargd from dust and sterilized by spraying alcat@sh to all
over insides part of the cabinet. All processesvademe aseptically.

Making Palm Qil-Bacto Agar Medium

As much as 10 g of bacto agar powder were dissdlvé)0 mL aquadest and put into Erlenmeyer flaisén it

boiled while stirred until it was dissolved comglgtand clear. Then, the mixture was sterilize@duoclave with
121°C temperature and pressure 15 Ibs for 15 minuthn Bil was weighed for 2.3 g and sterilized ineBrneyer
with gauze-wrapped-cotton-plug, this process wagedny same procedure with previous step. The igedilpalm

oil was put into sterilized bacto agar solutioneiihthis solution was poured into each Petri disknach as 15 mL

[5].

Nile Blue A 1% Solution
Nile Blue A (GOH,ONgOsS) powder was weighed for 1 g and dissolved inrethabsolute until the solution
reached volume 100 mL [1].

Taking Soil Samples

Samples taken are top soil from Marapi Volcano Maim West Sumatra. Soils were taken from mountajn
surface of Marapi Volcano Mountain as much as 1@tsspThe soil samples were taken for 20 g withatice
between one spot to another is 10 m.

I solation of bacteria from Soil Samples

Soil samples were weighed for 10 g and made intpestsion 10% in aquadest. The serial dilutions were until
10*. The results were taken 1 ml and inoculated t@aiin bakto-agar medium in Petri disk. Next, it iasubated

at 35-37°C temperature for 24-48 hours. Amount of bactedmmy which grown was counted and noted. From
each bacteria that had grown, then separated-oteved into new oil palm medium [6].

Screening bioplastic-producing bacteria P(3HB)

Nile Blue A 1% solution was poured into oil palmeb@aagar medium and incubated in room temperature3®

minutes. After that, the result was observed undgaviolet ligh with 365 m wave length. If bactrcolony

produced yellow fluorescent, it means that bactéigranul P(3HB) producer. Whereas, if colony Héack

coloration, it means that bacteria cell did notquwe P(3HB). Then, the number of bacteria isoladgish produces
P(3HB) noted [6,8].

Purification and Storage from Stock of Bioplastic-Producing Bacteria

Pure stock was created by inoculating bacteriamgotbat showed positive result with Nile Blue A 1fbpalm oil
and bacto-agar medium. Then it was incubated ahr@onperature. Each colony was inoculated at pahinagto-
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agar sideway medium with scratch technique. It iwesbated at 35-3C for 24 hours and kept af@ temperature
and identified.

Polymer-Producing Bacteria I dentification

M acr oscopic

Identification was done macroscopically by obsegviolony coloration, form, edge, surface and elewatThe
result was noted and showed in table form.

1. Gram Staining

Gram staining was done by preparing clean objextsgand it was slide over flame of spiritus lamiperi, aquadest
sterile was dripped over the object glass. Bactenaulums which going to be investigated was tafiseptically
and put over the aquadest drop and then slowlyilised evenly. Then, it was covered by cover glasd5 angle
and then let it dry. After that, violet crystal wdspped over it and let it stand for 1 minuteseTdbject glass then
washed with water and iodine solution was drippetit stand for 2 minutes. Object glass rinsechwitater and
dripped by alcohol 95%, then let it stand for 1 mt@s. Then, it rinsed with water and dripped byasah, let it
stand for 30 seconds. Rinsed it again with watiber ghat it was dried and observed with microscdp&acteria
cells has violet coloration then that bacteria bglog to Gram positive group. Besides, if bactegs showed red
or light red coloration means those bacteria a@nGnegative bacteria. With this coloration techridgeacteria cell
form also could be observed [13].

2. Endospora Staining

This coloration was done by Klein coloration methBdaly and fat-free object glass was slide over #arhen it
dripped by inoculums and dried with spiritus lamdgter that, sulphate acid was dripped and let d@indt for 3
seconds before washed under running water. Nexhyte® blue was dripped and let it stand for 3 rtesubefore it
washed under running water. Then it dried and oeskunder microscope [13].

3. Biochemistry Test

Bacteria identification was done by biochemistrst tat Veteriner Laboratory, Bukittinggi, West Suraatndonesia.
The test done are hydrogen sulfide and gas fornmimapl forming, motility, carbohydrate fermentatidiactose,
glucose, sucrose and manitol), red methyl examinatWoges Prokauer test, catalase test, oxidasedfaation test,
urea forming and citrate usage [7,13].

RESULTSAND DISCUSSION

From isolation process of soil samples of Marapicdoo Mountain from soil at the top area was oledid0
different bacteria isolates. This isolates wereciiated using palm oil-bacto-agar medium. Therfitig process of
40 bacteria was done by using Nile Blue-A solutiamg was obtained 10 bacteria isolates which tlengshowed
yellow fluorescent and indicated accumulate P(3HBhe cells. Those 40 bacteria isolates and predotP(3HB)
can be seen in Table 1.

Different bacteria was found then filtered and wlated into palm oil -bacto-agar medium. This psscéas
purpose to move carbon sources from medium intdéebaccell, so carbon accumulation in cell couigdering
P(3HB) production [7, 9]. Bacteria isolates whiak\y in palm oil-bacto-agar medium then detecteceutdl light
365nm, and intent on observing occurance of P(3ptBilucing bacteria. From 40 bacteria isolates gromere
obtained 10 bacteria isolates indicated as biapl&¢8HB)-producing bacteria. The isolates of bagic-producing
bacteria proven to showed yellow fluorescent whaorty observed under UV light 365 nm, as seen guifé 1.

This condition supported by Djamaa&hal. [4] premise, whom proposed that P(3HB) could bettsstic when
bacteria inoculated in the medium which consistesgove carbon sources and other important sousces, as
nitrogen, were reduced. This condition caused batteell growth happened in unstable condition,bs@teria
tends to consumed carbon sources excessively arel BBHB) as much as they can inside the cell. The
microorganisms could accumulating P(3HB) if baetedell growth limited and deficiency of importamtitrition
sources, such as nitrogen, in excessive carborcess (6, 9].
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Table 1. Isolates of P(3HB) producing bacteria from soil at the top of Marapi Volcano Mountain

Number Spot Sample Code Isolates Code P(3HB) Pevduc

1 T11 TG 1 -
2 T1.2 TG 2 -
3 T1.3 TG3 -
4 1 T14 TG4 -
5 T21 TG5 +
6 T22 TG 6 -
7 T23 TG7 -
8 2 T24 TG 8 -
9 T31 TG 9 -
10 T3.2 TG 10 +
11 T33 TG 11 -
12 3 T3.4 TG 12 +
13 T41 TG 13 -
14 T4.2 TG 14

15 T4.3 TG 15

16 4 T4.4 TG 16

17 T5.1 TG 17

18 T5.2 TG 18

19 T5.3 TG 19 -
20 5 T54 TG 20 +
21 T6.1 TG 21 -
22 T6.2 TG 22

23 T6.3 TG 23

24 6 T6.4 TG 24 -
25 T7.1 TG 25 +
26 T7.2 TG 26 -
27 T7.3 TG 27

28 7 T7.4 TG 28

29 T8.1 TG 29

30 T8.2 TG 30

31 T8.3 TG 31 -
32 8 T84 TG 32 +
33 T9.1 TG 33 +
34 T9.2 TG 34 -
35 T9.3 TG 35 +
36 9 T9.4 TG 36 -
37 T10.1 TG 37 -
38 T10.2 TG 38 +
39 T10.3 TG 39 +
40 10 T10.4 TG 40 -

Explanation : + : colony with yellow fluorescent
- : colony without yellow fluorescent

From Figure 1, it can be seen that there is 10ebactvith bacteria code TG 1, TG 2, TG 3, TG 4,93 G 6, TG
7, TG 8, TG 9, and TG 10 positive indicated as FBkvhich produce yellow fluorescents. This conditio
happened because 10 bacteria isolates had p(3tBE}ging enzyme which expressed by gene phaA, paaé,
phaC so the bacteria had ability to forming P(3HBanule inside cell that will be detected by resmaa of
fluorescent when Nile Blue A were added and obskreder UV light. Ostle and Holt (1982), reportédttNile
blue A solution was able to tied with P(3HB) compdunside bacteria cell. P(3HB) granule containethacteria
cell will shows yellow fluorescent with the gave Mfle Blue A solution that observed under UV lig385 nm.
Whereas 30 bacteria isolates did not indicatedofoduced p(3HB). This condition proved by occueané€ dark
spot for several colony. This happened becausgehe which coded PHB-synthase enzyme did not esquleso
the enzyme was not produced [12].

From ten isolates which indicated as P(3HB)-prodgdiacteria, there is one isolates coded as TGéhwroduced
most sharp yellow fluorescent compared to anotbalaies (can be seen in Appendix 4). This conditiocurred
because each bacteria isolates has differentyatiliproduces PHB-synthase enzyme which influerimednzyme
activity. Glazer and Nikaido (1995) reported theéry organisms often produces same enzyme butdififirent
enzyme activity because influenced by ability of thacteria it self [10]. Other than that, enzymespnthesis
regulation also affected the enzyme formation pssceAccording to Madiganet al. (2000), enzyme will
synthesized if operator gen are free from rese@NA polymerase could do the trancription of DNt form
mRNA [11]. Then, mRNA was experienced translatiotoienzymes. At no-inducer which will bind recepémd
released it from operator of transcription processld happened and enzyme synthesis occukadaguchi and
Doi (1992), reported that P(3HB) synthesized frooet@l KoA through 3 types of enzyme, i.e 3-ketolhse,
asetoasetil-KoA reduktase and P(3HB) synthase [12].
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Figure 1. Detection of bioplastic-producing bacteria by Nile Blue A method, positive bacteria mar ked showed jingga fluor escent

Inside P(3HB)-producing bacteria cell, the biopofymsaved as granules of reserve food sources gbattered in
the fluid of cytoplasm that will be reusable by thecteria if environment condition less advantagemurun out of
food sources. Agustien (2001) reported that sti-17 could accumulating polymer granules of P(3HBtheir
cell by 60%. Alcaligenes eutropus is one from the P(3HB)-producing bacteria whighomted has ability to produces
P(3HB) in their cell by 85% from all cell weight tiusage of butyrate acid as the only carbon sd8ice

I solates I dentification of Bioplastic-Producing Bacteria
Identification of bioplastic-producing bacteria l@®@s, including microscopic test, macroscopic testd
biochemistry test.

Table. 2 Macroscopic obser vation of isolated bacteria from soil at the top of Marapi Volcano Mountain

Isolates Code Macroscopic

Colour  Form Edge Surface Elevation
TG 1 White  Round Wavy Smooth Emerge
TG 2 White  Round Flat Rough Emerge
TG 3 White  Round Flat Rough Emerge
TG4 White  Round Flat Rough Emerge
TG5 White  Round Flat ~ Smooth Emerge
TG 6 White Round Wavy Rough Emerge
TG7 White  Round Wavy Rough Emerge
TG 8 White  Round Flat Rough Emerge
TG 9 White  Round Flat Rough Emerge
TG 10 White  Round Flat Rough Emerge

Table 2 showed characteristic from macroscopic sien of 10 bacteria isolates which able to paatuP (3HB).

The differences from each bacteria colony are dhteriatic for certain species. The microbe’s coldifferences

are characteristic for one certain species. Colfamgn, coloration, surface are characteristic neefiedspecies

identification. Most of bacteria has whitish colgrayish, yellowish, until transparent, but for st species there
is more distinct coloration pigment.

Table 3 showed microscopic characteristic of 10aies of P(3HB)-producing bacteria which observedar the

microscope with 1.000 times magnification. The bewcteria isolates are group of Gram positive bactend has

bacil cell shape. The differences in the structifreach bacteria were different. Bacteria cell faould be cocci,

bacil and spiral. Diplobacil formed bacteria ar® thacteria cells which attached to each other.dbitil emerged
from a couple of basil after cell fission and stodyacil appeared in form of chains [11,12].

The ten of bacteria isolates from Marapi Volcanouxin top soil was identified by using biochemjigtst, one of
the process is catalase test. The result of catédess are 10 bacteria isolates were positive awdacatalase. This
condition caused by the presences of buble prodogdzhcteria. According Cappucino and Sherman, [1R]ble-
producing bacteria from catalase test are aeraditebia group. This bacteria was used oxygen tduymes energy.
H,0, or hydrogen peroxide are toxic for aerobic baatefhis type of bacteria will degrading that kinfdtaxic by
using superoxide dismutase enzyme to breaking dsaperoxide toxic become water and oxygen. This itiond
caused the occurance of gas bubble in the exammitbacteria tested was aerobic bacteria.
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Table 3. Microscopic obser vation and biochemical test of bioplastic-producing bacteria isolated from soil at the top of Marapi Volcano

Mountain
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From mortility test can be seen that 10 bioplaptizducing bacteria isolates were positive motilb@cteria was
said as motil if that bacteria moves, grows anéags troughout the media. Bacteria will classifischon-maotil if it
just grow around the inoculation area. Bacteria @moent caused by flagella movement, which acteda@smotor
tools for bacteria. The bacteria cell could movesause it has flagella (motil) and some bacteriddcoot moves
because it has no flagella [13].

In order to determine type of P(3HB)-producing leaet, then it was identification with several bieafistry
reaction test as seen in Table 4. From the bioctteyniest result, allegedly 10 isolates are frBatillus genera
which has different characteristic. The result shdwhat isolate TG 1 Bacillus sp 1, TG 2Bacillussp 2, TG 3
Bacillussp 3, TG 4, TG 5 and TG 7Bacillussp 4, TG 8Bacillussp 5, dan TG 9 and TG 10Bgcillussp 6. Those
bacteria were collected under UAAC (University AladaAkmal Collection) names at Laboratory of BiGtamatra,
University of Andalas, Padang West Sumatra, Indian&tow the all bacteria are on going researchptinoze the
P(3HB) production by fermentation process from easi carbon sources and also being characterizad the 16S
rRNA analysis.
CONCLUSION

This research obtained 40 different bacteria issl&tom soil samples at tha top of Marapi Volcanoultain, West
Sumatra, Indonesia and 10 beyond them producedB)(8lith isolates code TG1, TG2, TG3, TG4, TG5, TG6,
TG7, TGS, TGY, and TG10. Ten bacteria-producingHBBisolates has characteristic such as round golomm,
white until yellowish colony coloration, flat untderrated colony edge, smooth colony surface, gpasitive
bacteria, catalase positive and motil. Based ontifigation done, there is 6 bacteria species fouhdse are
Bacillus sp 1,Bacillus sp 2,Bacillus sp 3,Bacillus sp 4,Bacillus sp 5, an@acillus sp 6.

Acknowledgements

The authors thanks to Ministry of Researh and Hidddkication, Republic of Indonesia. This work ssipported by
Hibah Penelitian Kompetensi (Hikom) Research Griftihistry of Research and Higher Education, Rejaubf
Indonesia, Fiscal Year 2016, Contract No. 020/SBZHDRPM/11/2016, University of Andalas.

REFERENCES

[1] Akmal D, MN Azizan, MIA Majid,2003, Polym Degrad Stab, 80(3):513-518.

[2] Raberg M, Reinecke R, FR Malkus, U Konig, S PutkrFricke, WF Pohlmann A, Voight B008, Appl
Environ Microbial, 74, 4477-4490

[3] Majid MIA, DH Akmal, LL Few, AAgustien, MS T, MR Samian, N Najimudin MN Azizai999, Int J Biol
Macromol, 25(1-3):95-104.

165



Akmal Djamaan et al Der Pharma Chemica, 2016, 8 (11): 160-166

[4] Akmal D, L Fitriani, QA Wangi, PD Asiska, F Istd, E Zaini, 2015, Res J Pharm, Biol Chem Sci, 1(1):814-822
[5] Akmal D, P D Asiska, Q A Wangi, H Rivai, A Agtien,2015, Rasayan J Chem 8(3): 389-395.

[6] Anderson AJ and Dawes EA990, Microbiol. Rev, 54: 450-472.

[7] Agustien A, Jannah M, Djamaan 2016, Der Pharmacia Lett, 8(7):183-187.

[8] Doi Y, Kawaguchi Y, Koyama N, Nakamura S, Hitdsu M, Yoshida Y, Kimura, U1992, FEMS microbial
Rev. 103: 103-108

[9] Doi, Y. and Abe, C1990, Macromolecules, 23: 3705-3707.

[10] Glazer AN and Nikaido H]1995, Microbial enzym in:Microbial Technology, fundamentals of Applied
Microbiolgy. W. H. Freeman and Company. New York.

[11] Madigan MT, Martinko JM, Parker 2000. Biology of Microorganism 9" Ed. Prentice Hall International, Inc.
New Jersey

[12] Kawaguchi Y, Doi Y1992, Macromolecules. 25: 2324-2329

[13] Cappucinio JG, Sherman K005, Microbiology A Laboratory Manual 7th Edition. Perason Education Inc.
Publishing as Benjamin Cummings. San Fransisco

166



