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ABSTRACT 
 

Polystyrene (PS) is a widely used petroleum-based plastic polymer. However, it is 

recalcitrant towards degradation and expected to remain longer in the environment 

which leads to a major waste problem. Moreover, conventional PS disposal and waste 

management consume massive amounts of chemicals and energy which have 

deleterious effects on the environment. Therefore, the aim of this research is to explore 

an alternative approach for PS biodegradation by identifying PS-degrading bacteria 

and the potential enzyme action isolated from the gut of PS feeding insect, Zophobas 

morio. The bacteria that capable of degrading PS was isolated and presumed identified 

and characterised as Bacillus megaterium. The viability and metabolic activity of 

Bacillus megaterium to utilise PS as sole carbon source were validated through 

indicator redox probe 2,3,5-triphenyltetrazolium chloride. Biodegradability of 

Bacillus megaterium corroborated by biofilm quantification, FESEM and FTIR 

analysis. Biofilm formed and morphological changes induced by degradation were 

clearly viewed via FESEM and the chemical bonds alteration was detected by FTIR 

analysis. The expressed PDE were profiled with SDS-PAGE and the three most visible 

bands were obtained at 20, 45 and 60 kDa. The protein sequencing results revealed the 

20 kDa protein (Isochorismatase), 45 and 60 kDa (insignificant matches). The de novo 

sequencing of 60 kDa protein showed similarity to trypsin (Bos Taurus), whilst 

BLAST results revealed that it is a serine hydrolase enzyme. In summary, the 60 kDa 

protein is a multi-domain protein, with one domain functioning identified as a 

hydrolase. The whole protein is a hypothetical protein, with no annotated function. 

Thus, the results revealed unidentified, perhaps novel protein. Furthermore, PS 

enzymatic degraded products were identified through GC/MS analysis as part of the 

complementary study. The conversion pathways of PS to various aromatic and non-

aromatic compounds were also proposed. The findings of this research provide insight 

into PS biodegradation and its potential application in waste management and polymer 

industries, thus encouraging the use of green and sustainable technology.
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ABSTRAK 

 

Polistirena (PS) adalah polimer plastik berasaskan petroleum yang digunakan secara 

meluas. PS mempunyai ketahanan yang tinggi terhadap degradasi dan berkekalan lama 

dalam persekitaran telah menimbulkan masalah persekitaran utama. Selain itu, 

pengurusan konvensional pelupusan PS memerlukan banyak bahan kimia dan tenaga, 

memberi kesan buruk kepada alam sekitar. Tujuan penyelidikan ini adalah untuk 

meneroka pendekatan alternatif untuk biodegradasi PS dengan mengenal pasti bakteria 

yang mendegradasikan PS dan potensi tindakan enzim terpencil dalam usus serangga 

Zophobas morio. Spesies bakteria yang mampu mengurai PS telah dikenalpasti dan 

dicirikan sebagai Bacillus megaterium. Aktiviti metabolik Bacillus megaterium 

menggunakan PS sebagai sumber karbon telah disahkan melalui 2,3,5-

triphenyltetrazolium klorida. Keupayaan biodegradasi Bacillus megaterium disahkan 

melalui kuantifikasi biofilm, analisasi FESEM dan FTIR. Biofilm yang terbentuk dan 

perubahan morfologi yang disebabkan degradasi jelas dilihat melalui FESEM dan 

perubahan ikatan kimia dikesani dengan FTIR. Enzim degradasi PS terhasil telah 

diprofil dengan SDS-PAGE dan tiga jalur yang ternyata diperolehi pada 20, 45 dan 60 

kDa. Keputusan penjujukan protein menunjukkan 20 kDa protein (Isochorismatase), 

45 dan 60 kDa (pemandanan tidak nyata). Penjujukan de novo bagi protein 60 kDa 

menunjukkan persamaan dengan trypsin (Bos Taurus), keputusan BLAST 

mendedahkan bahawa ia adalah enzim hidrolase serine. Secara keseluruhannya, 

protein 60 kDa adalah protein pelbagai domain, dengan satu domain dikenalpasti 

berfungsi sebagai hidrolase. Keseluruhan protein adalah protein hipotesis, tanpa fungsi 

anotasi buat sementara ini. Keputusan penjujukan de novo mendedahkan informasi 

baru, kemungkinan satu protein baru yang masih belum dikenalpasti. Tambahan pula, 

produk enzim PS telah dikenalpasti melalui analisasi GC/MS sebagai sebahagian 

daripada kajian pelengkap. Laluan penukaran PS kepada pelbagai sebatian aromatik 

dan bukan aromatik turut dicadangkan. Hasil kajian ini menggalakkan potensi 

penggunaan teknologi hijau dan lestari dalam pengurusan sisa dan industri polimer.
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CHAPTER 1  
 

INTRODUCTION  

 

1.1 Overview of research  

 

Since the 1950s, the production of petroleum-based synthetic plastic has outpaced that 

of almost every other material. This is due to its versatility and functionality eventually 

the global usage of petroleum-based synthetic plastics has increased yearly. Expanded 

polystyrene (EPS) foam, commonly known as Styrofoam, is one of the main products 

of polystyrene (PS) has contributed to ‘white pollution’- one of the major marine 

pollutions. Increasing landfill costs and decreasing landfill space are forcing 

consideration of alternative options for the disposal of PS materials. Apparently, PS 

alone has silted up one-third of the world’s landfills (Savoldelli et al., 2017), it is rather 

urgent to look for a green and cost-effective alternative for PS degradation.  

This thesis investigates the ability of the polystyrene feeding insect, Zophobas 

morio (Superworm) to utilise and assimilate polystyrene as a carbon source. It is 

believed the insect larva’s gut microbiome plays a vital role in assimilating the 

synthetic plastic material. It has drawn the research’s attention to identify the 

polystyrene degrading bacteria (PDB) and its potential enzyme action for the 

improvement and sustainable biodegradation of polystyrene waste.  

In this research, gut bacteria with polystyrene degrading capability were 

isolated and identified. The isolated PDB was used as inoculum for polystyrene 

degrading enzyme (PDE) expression in polystyrene induced media. Meanwhile, the 

functionalities of PDE were characterised by proteomic technologies. The proteomic 

technologies facilitated the study of the interaction between different proteins and the 

role they play in the enzymatic degradation of polystyrene. 
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