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ABSTRACT

CLONING, EXPRESSION AND CHARACTERIZATION OF
SERINE/THREONINE PROTEIN PHOSPHATASE AND
KINASES OF Mycobacterium bovis BCG (Pasteur
1173P2)

Pathogenesis of most bacteria is connected to its survival within the
host by adaptive regulation of gene expression in response to
alterations of the environment, Before completion of the bacterial
genome sequencing data, it was thought that protein
phosphoryiation/dephosphorylation only involves the so-called two-
component system consisting of histidine kinase sensors and their
associated response regulators. Recent evidence revealed that some
prokaryotes contain protein kinases and phosphatases. In this study,
three genes with sequence homology to those encoding
serine/threonine  kinases (pknl, pknK) and serine/threonine
phosphatase (ppp) in Mycobacterium tuberculosis H;Rv were cloned
from a less pathogenic bacteria, Mycobacterium bovis BCG (Pasteur
1173P2) obtained from Pasteur Institute. The pknI and ppp genes
were proposed to be involved in regulation of cell division and
elongation while pknK gene might regulate the production of
secondary metabolite in Mycobacterium. Amplified ppp, pknl and
PknK genes were cloned and expressed as a recombinant proteins in
pTicHis and pET42-a(+). The calculated molecular masses of these
proteins designated as Ppp, Pknl and PknK were 58.8 kDa, 94.4 kDa
and 150.3 kDa respectively. Bioinformatics tools have suggested that
PknI and PknK contain 12 Hanks kinase motifs in contrast with Ppp
which has 11 motifs that are universally conserved and characteristic
of PP2C phosphatases. In addition, Pknl and Ppp also revealed the
presence of a transmembrane region predicting the location of these
proteins in mycobacterial cells. Ppp and Pknl were expressed
predominantly as inclusion bodies while PknK was found to have
partial solubility. Therefore, these proteins were purified as inclusion
bodies, solubilized using high concentration of urea and refolded
using dialysis by decreasing the urea concentration gradually. Protein
concentrations of Ppp, PknI and PknK obtained after refolding were
0.110 mg/mL, 0.246 mg/mL and 0.463mg/mL respectively. Ppp was
strictly dependent on M’* in vitro and the activity was highest at
55°C. Ppop was not inhibited by okadaic acid, sodium orthovanadate
and low concentration of EDTA and NaF but showed a substantially
decreased activity when incubated at high concentration of EDTA and
NaF. Km and Vmax values of the phosphatase activity using pNPP as
a substrate and a fixed amount of Ppp were determined as 0.83 +
0.07 mM and 1.49 + 0.02 nmol/min/ug respectively. Kinetic analysis
of the phosphatase activity of fixed amount of Ppp using threonine
phosphopeptide resulted in a Km value of 1.34 + 0.704 mM and a
Vmax value of 0.206 + 0.075 nmol/minylg. These results show that
the Ppp enzyme was biologically active and successfully refolded.




ABSTRAK

Patogenesis kebanyakan bakteria bergantung kepada kebolehan
bakteria hidup di dalam perumah dengan beradaptasi terhadap
regulasi ekspresi gen yang bertindakbalas terhadap perubahan
persekitaran. Sebelum data jujukan genom bakteria lengkap,
dipercayai bahawa protein fosforilasi/defosforilasi hanya melibatkan
sistem dua-komponen yang terdiri daripada sensor histidine kinase
dan regulator respon masing-masing. Terkini, bukti telah
menunjukkan bahawa beberapa prokariot turut mengandungi protein
kinase dan fosfatase. Dalam kajian ini, tiga gen dengan homologi
jujukan yang sama dengan gen yang mengkodkan serine/threonine
kinase (pknl, pknK) dan serine/threonine fosfatase (ppp) dalam
Mycobacterium tuberculosis Hs;Rv telah diklonkan daripada bakteria
yang kurang patogen iaitu Mycobacterium bovis BCG (Pasteur
1173P2) yang diperolehi daripada Institut Pasteur. Gen pknI dan ppp
dipercayai terlibat di dalam regulasi sel dan pemanjangan sementara
gen pknK mungkin meregulasi penghasilan metabolit sekunder di
dalam Mycobacterium. Gen ppp, pknlI dan pknK yang telah
diamplifikasi, telah diklon dan diekspres sebagai protein rekombinan
di dalam vector pTrcHis dan pET42-a(+). Jisim molekul yang
dianggarkan bagi protein Ppp, PknI dan PknK adalah 58.8 kDa, 94.4
kDa dan 150.3 kDa. Analisis bioinformatik telah mencadangkan
bahawa Pknl dan PknK mengandungi 12 motif Hanks kinase
berbanding Ppp yang mengandungi 11 motif yang merupakan ciri
bagi fosfatase jenis PP2C. Pknl dan Ppp juga menunjukkan kehadiran
kawasan transmembran yang menentukan lokasi protein tersebut di
dalam sel mikobakteria. Ppp dan Pknl diekspres secara dominan
sebagai jasad inklusi sementara PknK mempunyai keterlarutan
separa. Oleh itu ketiga-tiga protein ditulenkan sebagai jasad inklusi,
dilarutkan menggunakan kepekatan urea yang tinggi dan dilipat
semula menggunakan kaedah dialisis sambil mengurangkan
kepekatan urea secara beransur-ansur. Kepekatan protein yang
diperolehi bagi Ppp, Pknl dan PknK selepas proses pelipatan semula
adalah 0.110 mg/mL, 0.246 mg/mL dan 0.463 mg/mL. Ppp
bergantung kepada ion Mn?* untuk aktif secara in vitro dan aktiviti
Ppp adalah paling tinggi pada suhu 55°C. Ppp tidak dinyahaktif oleh
asid okadaik, sodium ortovanadate dan pada kepekatan rendah EDTA
serta NaF tetapi aktivitinya menurun apabila diinkubasi dalam EDTA
dan NaF dengan kepekatan tinggi. Nilai Km dan Vmax bagi aktiviti
fosfatase menggunakan pNPP dan threonin fosfopeptida sebagai
substrat pada suatu amaun Ppp, adalah 0.83 + 0.07 mM dan 1.49 +
0.02 nmol/min/ug serta 1.34 + 0.704 mM dan 0.206 + 0.075
nmol/min/ug. Keputusan-keputusan ini menunjukkan bahawa enzim
Ppp adalah aktif secara biologikal dan berjaya dilipat semula.
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