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Abstract 
Samples of peels and soils from cassava waste sites were collected from cassa-
va processing factory in Oyo town, Oyo State and also a dumpsite in Alaya 
village, Aiyedire local government, Osun State, Nigeria. Bacterial isolation 
was carried out using the pour plate method to obtain amylolytic bacterial 
species capable of hydrolyzing starch. Fourteen bacterial isolates that were 
most responsive to starch hydrolysis were selected from both sampling sites 
for molecular investigations. DNA of the isolates was extracted and subjected 
to a cocktail mix and condition for PCR which was purified using two uni-
versal primers and afterwards the PCR product was used for the polymor-
phism through electrophoresis. Bacterial isolates were identified based on 
their genetic sequences and results showed Bacillus subtilis (21.44%) to be the 
most frequently occurring specie. There was the prevalence of two similar 
strains Bacillus subtilis MML2483 and B. subtilis MML2411 which was iso-
lated from the different sampling sites. Some other bacterial strains included 
Bacillus olivae BRB18, B. licheniformis HT-26-B1, B. cereus H17, B. safensis 
MS40, B. pumilus 07. 
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1. Introduction 

Cheap and readily available agricultural waste such as cassava peels, which pre-
sently constitutes a menace to solid waste management, may be a rich source of 
amylolytic bacteria [1]. Though many microorganisms can grow on a wide range 
of carbon and nitrogen sources, it is economically more viable to utilize the 
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cheap and easily available resources as substrates for amylase production [2]. 
Although plants and animals produce amylases, enzymes from microbial sources 
are generally used in industrial processes. This is due to a number of factors in-
cluding higher productivity, thermostability of the enzyme as well as ease of cul-
tivating microorganisms [3] [4]. 

Prominent among bacteria used in commercial production are the Bacillus sp. 
[5] [6] [7] [8]. Others, such as Escherichia sp., Pseudomonas, Proteus, Serratia 
and Rhizobium also yield appreciable quantity of the enzyme [9]. Aspergillus, 
Rhizopus, Mucor, Neurospora, Penicillium and Candida species are some of the 
fungi that also produce extracellular amylases of commercial value [7] [10]. 
Members of the genus Bacillus are heterogeneous and they are very versatile in 
their adaptability to the environment. Among the species of Bacillus, B. subtilis, 
B. stearothermophilus, B. amyloliquefaciens, B. licheniformis, B. acidocaldarius, 
Bifidobacterium bifidum and B. acerans are important species [11]. The α-amy- 
lases from B. licheniformis, B. amyloliquefaciens and B. stearothermophilus are 
among the most widely studied amylases and are highly homologous with re-
spect to primary and tertiary structure [12]. 

The development of ultra-high-throughput sequencing technologies has been 
instrumental in advancing research in all scientific areas but more particularly in 
Microbiology where the genomes are small [13]. Polymerase chain reaction 
(PCR) offers several advantages in identification as there has been a shift to-
wards DNA-based protocols developed for diagnostic purposes as well as for eti-
ological or epidemiological studies, as reported by some published reviews 
[14]-[21] as it is highly sensitive, relatively simple and fast to perform. Applica-
tion of PCR techniques in diagnostic laboratories for routine purposes is also in-
creasing and will continue in the near future, especially for the rapid screening 
of samples. A wide range of plant-pathogenic bacteria can be currently detected 
by PCR in numerous hosts or environmental samples [22]. In this study, we car-
ried out molecular characterization using PCR on some amylolytic Bacillus spe-
cies isolated from soils and peels obtained from cassava waste dump sites. 

2. Materials and Methods 
2.1. Sample Collection and Bacterial Isolation 

Soil samples and peels from cassava waste dump sites were collected through 
aseptic measures from 2 different locations: a dumpsite near a gari processing 
factory in Oyo town, Oyo state, Nigeria and another from a dumpsite in Alaya 
village, Aiyedire local government, Osun state, Nigeria. The soil was collected 10 
cm deep into the earth by digging and collected in aseptic plastic bagsas de-
scribed by [23] and transported to the laboratory for immediate analysis. Sam-
pling was carried out twice: during dry season (December, 2016) and early rainy 
season (March, 2017). 

Bacterial isolation was done using the pour plate technique. Twenty grammes 
of each sample (peels and soil) was weighed and homogenized in 180 ml saline 
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solution in order to get 1:9 dilution. The mixture was shaken vigorously. One 
millilitre of the sample was serially diluted up to the 6th dilution [24] and the 5th 
and 6th dilutions was plated on nutrient agar and was incubated for 24 hours at 
37˚C in a Genlab INC/100 incubator. Pure cultures were kept as stock on slants 
of the requisite medium for further use later. Preliminary taxonomic characte-
ristics of the isolated bacteria were determined by colony morphology, Grams 
staining, growth pattern and biochemical analysis (Hamid et al., 2003). More 
details on bacterial isolations and amylase activities have been previously de-
scribed [25]. 

2.2. DNA Extraction 

DNA extraction and sequencing was carried out with the assistance of technolo-
gists from International Institute of Tropical Agriculture (IITA), Ibadan, Oyo 
State, Nigeria. The genomic DNA of the isolate used in this research was ex-
tracted using QIAamp DNA mini kit (250) cat no 51,306 (manufactured by 
QIAGEN, Germany). 

The procedure used for the DNA extraction was carried out following the in-
structions indicated in the manufacturers’ kit. Absolute ethanol 2% vol (20 µl) 
was added to the samples product after which it was incubated at room temper-
ature for 15 minutes. The product was centrifuged at 10,000 rpm for 15 minutes 
and supernatant was decanted. The supernatant was again centrifuged at 10,000 
rpm for another 15 minutes. Afterwards, 2% vol. (40 µl) of 70% ethanol was 
added and decant of the supernatant was repeated. The product was air-dried 
and about 10 µl of ultra-pure water was added. After the extraction, the DNA 
was subjected to a cocktail mix and condition for the PCR. Ultra-pure water (10 
ul) was added. Concentrations of DNA were estimated using a nanodrop spec-
trophotometer (Jenway model 6305). 

2.3. PCR Amplification and Molecular Identification of Bacterial 
Isolate 

The 16s RNA gene was amplified by PCR using two universal primers. The for-
ward primer being 27F: 51-AGAGTTTGATCMTGGGTCAG-31 and the reverse 
primer 1525R: 51-AAGGAGGTGWTCCARCCGCA-31. The thermal cycler was 
programmed and set at an initial denaturation at 94˚C for 5 minutes, 36 number 
of cycles of denaturation at 94˚C for 30 seconds, annealing at appropriate tem-
perature of 56˚C for 30 seconds and 72˚C for 45 seconds and a final extension at 
72˚C for 7 minutes while the holding temperature was at 10˚C. The amplicon 
from the reaction above was loaded on 1.5% agarose gel and the gel picture is 
attached as PCR. The ladder used was 1 kb plus ladder from Invitrogen. The ex-
pected base pair of the amplicon was around 1500 bp. The PCR products were 
separated on 1.5% agarosegel. 

Finally, the amplicon was checked on 1.5% agarose. The PCR product was 
used for the sequencing reaction. The forward and reverse sequencing primers 
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were used to sequence the entire length of the double stranded DNA. The se-
quencing reaction was also purified. The product from the purification was 
loaded on the 3131xl gene analyzer from Applied Bio-systems to give the se-
quences. The sequences were then compared with already identified nucleotide 
sequences on National Center for Biotechnology Information (NCBI) GenBank 
database. 

3. Results and Discussion 

Determining the bacterial species is often crucial for making accurate decisions 
since this should provide direct information on the distinctive abilities of the 
microorganism [13]. A total of thirty-four organisms were isolated from peels 
and soil of cassava waste from the sample sites as described earlier by [25]. 
However fourteen organisms (which included the organisms with the maximum 
zone of clearance during starch hydrolysis) were randomly selected for the ge-
netic sequencing. Table 1 shows the nanodrop readings of the extracted DNA 
from the spectrophotometer as the absorbance of purity of the sample falls 
mostly within the range of 1.6 - 2.14 and also the concentration of the extracted 
DNA measured in ng/µl ranging between 14.4 and 374 ng/µl. The DNA molecu-
lar marker used during the agarose gel electrophoresis was 1 kb plus Invitrogen 
ladder which shows the concentration of the DNA and its level of amplification. 

The identification process after the genetic sequencing shows that Bacillus 
subtilis (21.44%) was the most frequently occurring specie, although, the Bacillus 
species were still further classified according to their varying strains while other 
isolates featured sporadically. Interestingly, the results also shows the prevalence 
of two similar strains B. subtilis MML2483 and B. subtilis MML2411 which was 
isolated from the different sampling sites. The abundance of Bacillus sp. as rec-
orded during this study shows its dominance in the habitat of all the sampling 
sites. Research has shown that cassava peels and soil from cassava dumpsites 
which forms a nuisance to the community may well be converted to very useful 
raw materials in the industries [26] [27]. This study shows that some of the 
strains which are already identified due to their genetic sequences can be ex-
ploited for large scale production of amylase having shown a wide zone of 
clearance during starch hydrolysis (Plates 1-3). 

Other bacterial strains identified included Bacillus olivae BR18, Sphingobacte-
rium compostii NNBRC 106383, Entobacteriacaea bacterium G2-5, Y78, Bacillus 
subtilis SCSGA0128, Bacillus licheniformis HT-Z6-B1, Bacillus cereus H17, Ba-
cillus safensis MS40, Lysinbacillus sphaericus RSEN1, Klebsiella pneumoniae 
T02 and Bacillus pumilus 07. 

4. Conclusion 

The research involving use of microorganisms to produce amylolytic enzymes is 
increasing daily and the need to explore more of their potentials cannot be over-
stated. The results show that for wider industrial applications, genetic studies is  
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Table 1. Nanodrop spectrophotometer readings of extracted DNA. 

S/N Sample ID Nucleic acid (ng/µl) 260/280 (% ratio) 

1 Sample 1 14.4 1.9 

2 Sample 2 25.3 1.73 

3 Sample 3 56.2 2.04 

4 Sample 4 254.7 2.04 

5 Sample 5 33.7 1.98 

6 Sample 6 69.7 1.55 

7 Sample 7 66.3 1.77 

8 Sample 8 85.9 2.03 

9 Sample 9 100.2 1.68 

10 Sample 10 62.8 1.78 

11 Sample 11 186.6 2.14 

12 Sample 12 374.4 1.97 

13 Sample 13 23.9 1.6 

14 Sample 14 120.2 1.93 

 

 
Plate 1. Agarose gel electrophesis of amplified DNA extracted from the isolated bacteria 
(Lane 1: B. olivae BRB18, Lane 2: B. subtilis MML2483, Lane 3: Sphingobacterium com-
postii NNBRC 106383, Lane 4: Enterobacteriaceae bacterium G2-5, Lane 5: Acinetobacter 
baumanii Y78, Lane 6: B. subtilis SCSGAB0128, Lane 7: B. licheniformis HT-Z6-BI, Lane 
8: B. cereus H17, Lane 9: B. safensis MS40, Lane 10: B. subtilis MML2411, Lane 11: Ly-
sinbacillus sphaericus RSENI, Lane 12: Klebsiella pneumonia T02, Lane 13: B. pumilus 07, 
Lane 14: Unidentified). 
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Plate 2. PCR gel electrophoresis of amplified 16sRNA of isolates 1 - 8. (Lane 1: 
Marker, Lane 2: B. olivae BRB18, Lane 3: B. subtilis MML2483, Lane 4: Sphingo-
bacterium compostii NNBRC106383, Lane 5: Enterobacteriaceae bacterium G2-5, 
Lane 6: Acinetobacter baumanii Y78, Lane 7: B. subtilis SCSGAB0128, Lane 8: B. 
licheniformis HT-Z6-BI, Lane 9: B. cereus H17). 

 

 
Plate 3. PCR gel electrophoresis of amplified 16sRNA of isolates 9 - 14 (cont’d.) 
(Lane 1: Marker, Lane 2:B. safensis MS40, Lane 3: B. subtilis MML2411, Lane 4: 
Lysinbacillus sphaericus RSENI, Lane 5: Klebsiella pneumonia T02, Lane 6: B. 
pumilus 07, Lane 7: Unidentified). 
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needed to manipulate the organisms for better amylase production as the best 
producing strains will be more easily identified and closely observed and pro-
duced en-mass while maintaining the conditions for their growth and survival in 
keeping their stock. 
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