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ABSTRACT

Alternative sigma subunit-54 (RpoN) forms holoenzyme complex when associated with core
RNA Polymerase (RNAP) to specifically recognise and initiate transcription of specific sets of
genes in response to environmental stimuli. RpoN has important role in many major adaptive
responses in bacteria and is involved in various physiological responses such as pathogenesis,
quorum sensing and bioremediation. The main focus of this study is to gain insight into the role
of alternative sigma factor-54 (RpoN) of Burkholderia xenovorans LB400 in degradation of
dibenzofuran via biphenyl degradation pathway. Additionally, this study also investigated the
ability of Burkholderia cenocepacia J2315 in utilisation of dibenzofuran. The single knockout
mutants of rpoN genes were established using pKNOCK suicide vector series resulting two rpoN
mutants of Burkholderia xenovorans LB400; NRPLB [(rpoN1 mutant) and NRP2LB (rpoN2
mutant)] and one rpoN mutant of Burkholderia cenocepacia J2315 [NRPJ (rpoN mutant)]. The
physiological and metabolic responses analyses were conducted to differentiate the single-gene
knockout mutants from their wildtype strains; Burkholderia xenovorans LB400 and
Burkholderia cenocepacia J2315. The physiological response analysis demonstrated that the
ability of the mutants NRPLB and NRP2LB to form biofilm were not affected with inactivation
of rpoN genes. However, the biofilm formation in NRPJ was reduced indicating the involvement
of rpoN gene in formation of biofilm in Burkholderia cenocepacia J2315. Inactivation of rpoN2
gene does not affect motility of NRP2LB (rpoN2 mutant). However, inactivation of rpoN1 gene
significantly reduced motility of NRPLB (rpoN1 mutant). Metabolic response analysis shows
that rpoN genes play an important role in utilisation of nitrogenous compound even though the
effects are depending on the species of the nitrogen. The altered nitrogen utilisation profile when

using ammonium, histidine, asparagines, nitrate, glutamine and alanine as sole nitrogen source in



single-gene knockout mutants indicate that rpoN genes of Burkholderia xenovorans LB400 and
Burkholderia cenocepacia J2315 are active and functional for nitrogen utilisation. The ability of
Burkholderia xenovorans LB400 and Burkholderia cenocepacia J2315 in degrading ortho-
substituted PCBs such as dibenzofuran was also determined. Degradation studies of
dibenzofuran showed significant differences between wildtype Burkholderia xenovorans LB400,
Burkholderia cenocepacia J2315 and their single-gene knockout mutants. Degradation rate was
found higher in NRP2LB (rpoN2 mutant) compared to wildtype Burkholderia xenovorans
LB400 but reduced significantly in NRPLB (rpoN1 mutant). This result was supported by gene
expression analysis where RpoN-dependent bphA gene that encodes for biphenyl dioxygenase
was highly expressed in NRP2LB (rpoN2 mutant) thus enhanced the degradation of
dibenzofuran via biphenyl degradation pathway. This result indicates the important role of rpoN1
gene in Burkholderia xenovorans LB400 in degradation of dibenzofuran. Simple phytotoxicity
assay showed that byproducts from degradation of dibenzofuran by wildtype Burkholderia
xenovorans, NRPLB (rpoN1 mutant) and NRP2LB (rpoN2 mutant) is less toxic towards the test
species compared to dibenzofuran. Furthermore, the degradation byproducts from NRP2LB
(rpoN2 mutant) was able to enhanced the growth of Sorghum saccharatum compared to control

(water).



ABSTRAK

Sigma subunit alternatif-54 (RpoN) membentuk kompleks holoenzim apabila bergabung dengan
Polymerase RNA teras (RNAP), untuk mengenali dan memulakan transkripsi set gen yang
khusus sebagai tindak balas terhadap rangsangan persekitaran. RpoN memainkan peranan
penting dalam banyak tindak balas penyesuaian utama dalam bakteria dan terlibat dalam
pelbagai tindak balas fisiologi seperti patogenesis, penderiaan kuorum dan bioremediasi. Fokus
utama kajian ini adalah untuk memahami peranan sigma faktor alternatif-54 (RpoN)
Burkholderia xenovorans LB400 dalam degradasi dibenzofuran yang menggunakan laluan
degradasi bifenil. Sebahagai tambahan, kajian ini juga menyiasat keupayaan Burkholderia
cenocepacia J2315 dalam menggunakan dibenzofuran. Mutan-mutan ‘knockout’ gen-tunggal
rpoN telah dibina menggunakan siri pKNOCK vektor menghasilkan dua mutan rpoN
Burkholderia xenovorans LB400 [NRPLB (mutan rpoN1) dan NRP2LB (mutan rpoN2)] dan
satu mutan rpoN Burkholderia cenocepacia J2315 [NRPJ (mutan rpoN) ]. Analisis tindak balas
fisiologi dan metabolik telah dijalankan untuk membezakan mutan-mutan ‘knockout’ gen-
tunggal dari strain jenis liar; Burkholderia xenovorans LB400 dan Burkholderia cenocepacia
J2315. Analisis tindak balas fisiologi menunjukkan bahawa keupayaan mutan NRPLB dan
NRP2LB untuk membentuk biofilm adalah tidak terjejas dengan penyahaktifan gen rpoN. Walau
bagaimanapun, pembentukan biofilm oleh NRPJ (mutan rpoN) adalah berkurangan,
menunjukkan gen rpoN adalah terlibat dalam pembentukan biofilm oleh Burkholderia
cenocepacia J2315. Penyahaktifan gen rpoN2 tidak menjejaskan motiliti NRP2LB (mutan
rpoN2). Walaubagaimanapun, penyahaktifan gen rpoN1 mengurangkan motiliti NRPLB (mutan

rpoN1) dengan ketara. Analisis tindak balas metabolik menunjukkan bahawa gen rpoN



memainkan peranan yang penting dalam penggunaan sebatian bernitrogen walaupun kesannya
bergantung kepada spesis nitrogen tersebut. Profil penggunaan nitrogen yang berubah dalam
mutan-mutan ‘knockout’ gen-tunggal apabila menggunakan ammonium, histidina, asparagina,
nitrat, glutamina dan alanina sebagai sumber nitrogen tunggal menunjukkan bahawa gen rpoN
Burkholderia xenovorans LB400 dan Burkholderia cenocepacia J2315 adalah aktif dan
berfungsi untuk penggunaan nitrogen. Keupayaan Burkholderia xenovorans LB400 dan
Burkholderia cenocepacia J2315 mendegradasi PCBs orto-tertukarganti seperti dibenzofuran
telah juga ditentukan. Kajian degradasi dibenzofuran menunjukkan perbezaan yang signifikan
antara Burkholderia xenovorans LB400 jenis liar, Burkholderia cenocepacia J2315 jenis liar dan
mutan-mutan ‘knockout gen-tunggal mereka. Kadar degradasi didapati lebih tinggi dalam
NRP2LB (mutan rpoN2) berbanding jenis liar Burkholderia xenovorans LB400 tetapi ianya
dikurangkan dengan ketara dalam NRPLB (mutan rpoN1). Keputusan ini telah disokong oleh
analisis ekspresi gen di mana bphA-bersandarkan RpoN, yang mengkodkan biphenyl
dioxygenase diekspres berlebihan dalam NRP2LB (rpoN2 mutan) dan ianya meningkatkan
degradasi dibenzofuran melalui laluan degradasi biphenyl. Keputusan ini menunjukkan peranan
penting gen rpoN1 bagi Burkholderia xenovorans LB400 dalam pendegradasian dibenzofuran.
Ujian kefitotoksikan mudah menunjukkan bahawa produk sampingan daripada degradasi
dibenzofuran oleh Burkholderia xenovorans jenis liar, NRPLB (mutan rpoN1) dan NRP2LB
(mutan rpoN2) adalah kurang toksik terhadap spesis yang diuji berbanding dengan dibenzofuran.
Tambahan pula, produk sampingan degradasi dari NRP2LB (mutan rpoN2) dapat meningkatkan

pertumbuhan Sorghum saccharatum berbanding kawalan (air).
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Figure 7.2:  Shoots and roots growth of Lepidium sativum at different exposure time 192
towards water, M9 minimal media and dibenzofuran

Figure 7.3:  Shoots and roots growth of Lepidium sativum at different exposure time 193
towards water, M9 minimal media and dibenzofuran
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