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Abstract

A preliminary study was carried out with the aim to obtain strong cellulolytic bacteria by ionizing radiation using a 
60Co source. An indigenous cellulolytic Bacillus sp. NMBCC 10023 originally isolated from  soil origin was used in 
the study. The harvested bacterial pellets from overnight growth cultures were exposed to gamma-irradiation with 
doses ranging from  1 kGy to 40 kGy. The numbers o f surviving bacteria on agar plate decreased as the gamma 
irradiation dose increased. No isolates was recovered after exposure to doses greater than 10 kGy. Based on the 
cell count using plate count method, the 90% lethal dose (LD90) o f gamma radiation fo r  Bacillus sp. NMBCC 
10023 was between 2-4  kGy.

Abstrak

Satu kajian awal telah dilakukan dengan tujuan untuk mendapatkan bakteria selulolitik yang rintang dengan radiasi 
pengion menggunakan sumber 60Co. Sejenis bakteria selulolitik Bacillus sp. 10.023 NMBCC pada asalnya dipencil 
dari tanah telah digunakan dalam kajian ini. Pelet bakteria dituai dari pertumbuhan semalaman didedahkan kepada 
iradiasi gamma dengan amaun dos berkisar antara 1 hingga 40 kGy. Jumlah bakteria hidup di piring agar didapati 
menurun dengan peningkatan dos iradiasi gamma. Tidak ada isolat yang pulih selepas terkena dos iradiasi yang 
melebihi 10 kGy. Berdasarkan pengiraan jumlah sel dengan kaedah piring petri, kematian 90% (LD90) 
menggunakan radiasi gamma terhadap Bacillus sp. NMBCC 10023 adalah antara 2-4 kGy.
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INTRODUCTION

Biotechnology approaches either by random, site-directed mutagenesis or genetic manipulations are few of the 
commonly employed strategies for enhancement of enzymatic activity. Few studies were reported to develop 
successfully mutants with significantly higher enzyme activity (Petrova et al. 2006) and improved enzyme’s 
properties (Murashima et al. 2006). Mutagenesis via radiation (gamma, UV, electron beam) has also been proven to 
be an effective tool to obtain mutants of interest (Mandels et al. 1971; Yoon et al. 1999; Adsul et al. 2007). Yoon et 
al (1999) obtained mutant strains of Bacillus sp. 79-23 showing a 1.5- to 2-fold increase in CMCase activity over the 
parent strain at the doses of 3 and 5 kGy. Meanwhile, at the dose of 0.5 kGy, a mutant strain of Trichoderma viride 
producing twice as much cellulase as the parent strain was obtained (Mandels et al. 1971). Through the above 
approaches, new generations of cellulases and xylanases with higher enzymatic activities may be produced which 
possess enhanced activity to bioconvert the cellulosic biomass efficiently and at reduced cost.

In this paper, an indigenous Bacillus sp. NMBCC 10023 isolated previously was selected for gamma radiation cell 
survival study. The ability of this indigenous Bacillus strain to degrade EFB into reducing sugars has been pre
evaluated. The reducing sugars could later be used as feedstock for ethanol fermentation. Due to the continuously 
increasing demand for palm oil, the oil palm plantation is rapidly expanding. This would eventually result in 
increasing amount of EFB and worsen the environmental problem if it is not handled properly. The cell survival 
result is expected to provide a lethal dosage reference for subsequent studies of Bacillus sp. NMBCC 10023 gamma 
radiation mutagenesis.



MATERIALS AND METHODS

Bacterial Strain and Media

Bacillus sp. NMBCC 10023 was originally isolated from soil. This bacterial isolate exhibited the ability to degrade 
cellulose and was routinely grown on nutrient agar (Oxoid, UK) at 30°C. Identification of the bacterial strain was 
performed by 16S rRNA gene analysis.

Gamma Irradiation

Gamma irradiation was carried out using the Research Loop, R and D support arm of JS10000 at MINTec- 
SINAGAMA. The gamma rays came from a panoramic source of 60Cobalt, with an activity of 407,000 Ci.

Aliquots of the bacterial culture were irradiated with gamma rays at a dose rate of 2 kGy h'1. The radiation dose 
applied ranged from 1 to 10 kGy. The irradiated samples were serially diluted and 100 [xl was spread on nutrient 
agar plates. Following overnight incubation at 30°C, the bacterial counts based on colony-forming units (CFU), 
were obtained to determine cell survival.

RESULTS AND DISCUSSION 

Gamma Irradiation of Bacillus sp. NMBCC 10023

The survival of Bacillus sp. NMBCC 10023 at various doses is shown in Figure 1. Zero bacterial count was 
observed at more than 10 kGy. The survival rate of the bacterial culture decreased exponentially with increased 
irradiation dosage. Based on this data, the 90% lethal dose (LD90) of gamma radiation for Bacillus sp. NMBCC 
10023 was between 2-4 kGy. Whilst 50% lethal dose (LD50) was estimated at approximately 1 kGy.

Figure 1. The survival rate of Bacillus sp. 10023 NMBCC culture exposed to gamma radiation doses ranging from 
1-10 kGy. The survival (%) was determined by estimating the ratio of the CFU of irradiated samples to the CFU of 
the non-irradiated sample.

CONCLUSION



The cell survival evaluation of Bacillus sp. NMBCC 10023 to gamma irradiation was successfully carried out. 
Based on the results obtained, the suitable dose range for gamma radiation mutagenesis of the bacterial strain was 
between 1 and 4 kGy.
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