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Abstract of thesis presented to the senate of Universiti Putra Malaysia in fulfilment of the 

requirements for the degree of Master of Science 

 

DEVELOPMENT OF AN INHIBITIVE ENZYME ASSAY FOR HEAVY METAL 

DETECTION USING MOLYBDENUM-REDUCING ENZYME FROM Staphylococcus 

sp. isolate liz1 

 

By 

NURLIZAH BINTI ABU BAKAR 

October 2010 

 

Chairman: Assoc. Prof. Mohd. Yunus Abdul Shukor, PhD 

Faculty     : Biotechnology and Biomolecular Sciences  

 

Molybdenum-reducing bacteria were isolated from soil and water samples throughout Malaysia 

and one isolate from workshop area in Seri Kembangan, Selangor was identified to reduce 

molybdenum to molybdenum blue in less than 48 hours with the most intense blue-colour colony 

formation. Further analysis using biochemical test, 16S rRNA ribosomal gene sequence 

comparison and molecular phylogenetics analysis showed that isolate Point 1 is Gram-positive 

coccus and grouped under genus Staphylococcus and was submitted to Genbank under accession 

number of EU828636 as Staphylococcus sp. isolate liz1. The characterization studies showed 

that the bacterium gave the highest Mo-reducing activity under the combination of 1% glucose, 

50 mM molybdate, 5 mM phosphate, at pH 6.0 and temperature 37°C in 48 hours of incubation 

time. Partial purification and characterization were conducted on crude Mo-reducing enzyme 

with two anion exchange chromatography columns (Q-Sepharose and Mono Q). Three bands 
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were obtained on the Mono-Q fraction at 25, 40 and 55 kDa using reducing SDS 

polyacrylamide-gel electrophoresis (SDS-PAGE). Characterization of Mo-reducing enzyme 

kinetics gave the Km and Vmax values of 5.722 mM and 127.1 nmole Mo-blue/min/mg protein for 

laboratory-prepared phosphomolybdate (LPPM), and 15.58 mM and 152.8 nmole Mo-

blue/min/mg protein for NADH, respectively. The optimum pH and temperature for enzyme 

were pH 5.0 and 37°C, respectively. The inhibition profiles of heavy metal on Mo-reducing 

activity were determined and IC50 values were calculated. The results showed that the enzyme 

has high sensitivity towards copper (0.2845 mg L
-1

), silver (0.2773 mg L
-1

), and mercury (0.4187 

mg L
-1

). Three commercialized herbs samples were tested using the developed enzyme assay and 

the results were compared with that of atomic absorption spectroscopy (AAS) analysis. The 

results showed that one of the herb sample contained high level of mercury and copper when 

analysed using AAS (1.016 mg L
-1

 and 0.421 mg L
-1

, respectively). The findings were similar to 

the biological assay system developed for the detection of selected heavy metals, indicating the 

usefulness of the assay.  

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

iii 
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Oleh 

NURLIZAH BINTI ABU BAKAR 

Oktober 2010 

 

Pengerusi:  Prof. Madya Mohd Yunus Abdul Shukor, PhD 

Fakulti     : Bioteknologi dan Sains Biomolekul 

 

Bakteria penurun molibdenum telah berjaya dipencilkan dari sampel tanah dan air dari beberapa 

tempat seluruh Malaysia dan satu bakteria dari kawasan bengkel di Seri Kembangan, Selangor 

telah dikenalpasti mempunyai kemampuan penurun molibdenum dalam tempoh 48 jam dan 

pembentukan koloni berwarna biru dengan kepekatan yang tertinggi. Kajian selanjutnya yang 

dijalankan ke atas bakteria menggunakan teknik analisis biokimia, jujukan gen ribosom 16S 

rRNA dan filogenetik molekul menunjukkan bahawa bakteria ‘Point 1’ adalah Gram positif 

kokus, diklasifikasikan di bawah genus Staphylococcus dan didaftarkan di Genbank dengan 

nombor akses EU828636 sebagai Staphylococcus sp. isolate liz1. Pencirian ke atas bakteria 

memberikan aktiviti penurun molibdenum tertinggi dalam kombinasi 1% glukos, 50 mM 

molybdat, 5 mM fosfat, pada pH 6.0 dan suhu 37°C untuk tempoh 48 jam. Penulenan separa dan 

pencirian telah dijalankan ke atas enzim mentah menggunakan kolum kromatografi penukaran 

anion (Q-Sepharose and Mono Q). Tiga ikatan telah ditunjukkan dari fraksi Mono-Q pada 25, 40 
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and 55 kDa menggunakan SDS elektroforesis-gel poliakrilamid terturun (SDS-PAGE). Pencirian 

kinetik enzim penurun-molibdenum memberikan nilai Km dan Vmax 5.722 mM; 127.1 nmole Mo-

blue/min/mg protein untuk phosphomolibdat penyediaan dari makmal (LPPM), dan 15.58 mM; 

152.8 nmole Mo-blue/min/mg protein untuk NADH. Nilai pH dan suhu optimum untuk aktiviti 

enzim adalah pH 5.0 dan 37°C. Profil perencatan logam berat ke atas aktiviti enzim penurun-

molibdenum dan nilai IC50 ditentukan. Keputusan menunjukkan enzim mempunyai ciri 

sensitiviti yang tinggi terhadap kuprum (0.2845 mg L
-1

), argentum (0.2773 mg L
-1

), dan merkuri 

(0.4187 mg L
-1

). Tiga sampel herba komersial telah diuji menggunakan sistem asai enzim yang 

dihasilkan dan keputusan dibandingkan dengan menggunakan analisis spektroskopi penyerapan 

atom (AAS). Keputusan yang diperolehi menunjukkan salah satu dari sampel mengandungi nilai 

logam berat merkuri dan kuprum yang tinggi iaitu masing-masing 1.016 mg L
-1

 dan 0.421 mg L
-

1
. Keputusan ini adalah bersamaan dengan keputusan apabila menggunakan sistem asai biologi 

yang dihasilkan untuk mengesan kehadiran logam berat, membuktikan kepentingan dan 

kegunaan sistem yang dihasilkan.  
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