
 

 

Introduction 
 
Increasing demand and the rising cost of fossil 
fuels, as well as a concern for global climate 
change have shifted global efforts to utilize re-
newable resources for the production of a 
‘greener’ energy replacement [1]. Lignocellu-
losic biomass, (‘plant biomass’), is a renewable, 
abundant and inexpensive resource for the bio-
conversion to biofuels and bioproducts. It is 
comprised of mainly cellulose, a homologous 
polymer of glucose molecules connected by β-
1,4 linkages (the most abundant organic poly-
mer in the world). It also contains some hemi-
cellulose (a heterologous polymer of 5- and 6-
carbon sugars) and even less so lignin (a com-
plex aromatic polymer). Known as abundant, 
there are a great many sources to derive ligno-
cellulosic biomass from such as municipal 

waste, agricultural residues, forestry or pulp and 
paper excesses, and, energy crops (i.e. Switch-
grass) [2].    
 
Several microorganisms including both bacteria 
and fungi have been found to produce a variety 
of cellulases for the degradation of cellulose. 
Primarily, cellulases are classified into three 
main groups: the exoglucanases, endogluca-
nases (cleaving β-1,4-glycosidic bonds from 
chain ends and internally within chains, respec-
tively) and β-glucosidases (cleave the final β-1,4 
linkage of cellobiose or small polysaccharides) 
[3]. Bacteria and fungi have been found to pro-
duce and secrete these enzymes freely in solu-
tion; however, some microorganisms have also 
been found to produce cell-bound enzymes and 
multi-protein complexes expressing cellulases 
and hemicellulases called cellulosomes. The 
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cellulosome was first discovered in 1983 from 
the anaerobic, thermophilic spore-forming Clos-
tridium thermocellum [4]. 
 
One major obstacle facing the development of 
lignocellulosic biofuels is the cellulose hydroly-
sis stage. Generally speaking, there is a lack of 
microorganisms which can produce sufficient 
amounts of all three types of cellulases to effi-
ciently breakdown crystalline cellulose to glu-
cose. Moreover, the biorefining process remains 
economically unfeasible due to a lack of bio-
catalysts that can overcome costly hurdles such 
as cooling from high temperature, pumping of 
oxygen/stirring, and, neutralization from acidic 
or basic pH. The extreme environmental resis-
tance of bacteria permits screening and isola-
tion of novel cellulases to help overcome these 
challenges. 
 
Although molecular engineering is leading re-
searchers in the field of biorefining towards de-
veloping microorganisms which can produce a 
greater number of and more efficient cellulases, 
the traditional microbiological technique of iso-
lation still plays an important role. New isolates 
lay the foundation for molecular engineering 
strategies, perhaps a new cellulase-degrading 
strain may represent a good host or framework 
to further improve or add additional enzyme 
genes for further improvement. Similarly, a cel-
lulase produced by an isolate may be more effi-
cient and may be worth cloning and introducing 
to an already good industrial cellulase producer 
to further improve its cellulose-degrading reper-
toire. Each small step will make biorefining and 
ethanol production more economically feasible 
and will help take reliance off of petroleum 
based fuels and allow progression towards a 
more renewable fuel source.     
  
In this study, several efficient aerobic cellulase-
producing microorganisms were isolated from 
different pulp and paper mill sludges and one 
commercial microbially enhanced soil amend-
ment sample. The purpose was to identify and 
characterize those isolates displaying the great-
est cellulase activity for the possible use in 
large scale biorefining.  
 
Methods 
 
Lignocellulosic samples and media used 
 
The lignocellulosic samples for isolation of cellu-

lase-producing bacteria were obtained from a 
few sources. Two samples were obtained from 
the area of Red Rock, Ontario, Canada and were 
labeled B (black-coloured solid sludge) and W 
(wood-like solid sludge). Both B and W were dry, 
aged waste products leftover from pulp and 
paper mill processing. The exact stage and 
treatment of the sludge is not known. Addition-
ally, a sludge material (S) produced from the 
kraft processing of fine paper was obtained 
from a paper mill in Thunder Bay, Ontario, Can-
ada. The center of the sludge sample displayed 
microbial activity which was observed by a 
change in colour of the sludge from white to 
grey. Finally, a commercial fertilizer was ana-
lyzed which is called Efficient Microorganism 
Dust (E).  
 
The growth media used in the experiments in-
clude R2A agar (0.5g l-1 yeast extract, 0.5g l-1 
protease peptone, 0.5g l-1 casamino acids, 0.5g 
l-1 glucose, 0.5g l-1 soluble starch, 0.3g l-1 dipo-
tassium phosphate, 0.5g l-1 magnesium sulfate 
7H2O, 0.3g l-1 sodium pyruvate, 15.0g l-1 agar), 
LB liquid media (10.0g l-1 peptone, 5.0g l-1 yeast 
extract, 5.0g l-1 NaCl), and carboxymethyl cellu-
lose agar (0.5g CMC, 0.1g NaNO3, 0.1g K2HPO4, 
0.1g KCl, 0.05g MgSO4, 0.05g yeast extract, 
1.5g agar, per 100 ml ddH2O) [5]. 
 
Isolation of bacteria from lignocellulosic sam-
ples using R2A 
 
To isolate bacteria, 1 g of each sample was sus-
pended in 20 ml of sterile potassium phosphate 
buffer solution (PBS) by vortexing for 2 min on 
maximum speed. Following, a 10X serial dilution 
of the suspension was made in PBS. Thereafter, 
200µl of each dilution in the series was spread 
onto the surface of R2A agar using the standard 
spread plate technique. All plates were incu-
bated at 28°C for 24 h before sampling and 
then they were incubated for an additional 48 
and 72 h to allow growth of slower growing mi-
croorganisms for further sampling. From the 
growth observed over 24, 48 and 72 h, various 
colonies were selected based on their morphol-
ogy, size and colour. The colonies selected were 
then streaked out on separate R2A plates to 
ensure purity. Colonies were further subcultured 
on R2A if more purification was required. After 
purification, the cultures were compared visu-
ally to eliminate those of similar size, morphol-
ogy and colour. The plates were then photo-
graphed and described for a database 
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(database not shown here).  
 
Screening for carboxymethyl cellulose activity 
 
Isolates were grown in 10 ml of LB broth for 24 
h, shaking at 28°C, slower growing isolates 
were left to incubate for an additional 48 h. The 
positive control used was Cellumonas xy-
lanilytica. This strain was also grown in the LB 
medium; however it required incubation for a 5 
day period using the same growth conditions. 
The negative control used was Escherichia coli 
JM109, also grown in LB broth overnight; how-
ever, it grows at 37°C for 18 h. All resulting 
broth cultures (isolates, positive control and 
negative control) were tested for cellulase activ-
ity via the Gram’s iodine method [5]. In this 
method, 5µl of each broth culture were singly 
dropped onto a plastic Petri dish containing car-
boxymethyl cellulose (CMC) agar and then incu-
bated for 48 h at 28°C. The positive control was 
incubated for an additional 60 h longer than the 
isolates and negative control due to its slow 
growth rate. After the allotted growth time, the 
CMC agar plates with the isolates and controls 
were stained with Grams iodine solution (2.0g 
KI and 1.0g I, per 300ml ddH2O) to visualize the 
cellulase activity. This solution stains the agar 
containing CMC brown and leaves areas without 
CMC clear, described here as halos. The ap-
pearance of clear halos around the drops con-
firms cellulase activity by the bacteria. Each 
plate was flooded completely with approxi-
mately 5 ml of the Grams iodine solution using 
a Pasteur pipette. The plates were allowed to sit 
for 5 minutes until the dye settled into the me-
dia and then they were photographed for a da-
tabase not shown here. The cellulase positive 
isolates were then re-grown in LB broth and 
drop plated onto smaller CMC plates (50mm × 
9mm) using the same techniques and condi-
tions previously described, shown in Figure 1. 
From the new, smaller, CMC plates, the halo 
diameters were measured using a ruler for a 
semi-qualitative comparison of cellulase activity 
among the isolates. The halo measurement is 
used to relate cellulase activity to bacteria posi-
tion on the phylogenetic tree as shown in Figure 
2. 
 
DNA isolation and 16S rDNA amplification 
 
The cellulase producing isolates as well as the 
positive control were grown up in LB broth for 
24 h at 28°C. DNA was isolated from each iso-
late broth culture using the Fungi/Yeast Ge-

nomic DNA Isolation Kit from Norgen Biotek 
Corporation, Canada. The resulting isolated DNA 
was used as a template in a PCR reaction to 
amplify a region of the 16S rDNA. Universal 
primers designed within conserved regions of 
the 16S rDNA for Eubacteria were used: HAD-1 
(5´-GACTCCTACGGGAGGCAGCAGT) and E1115R 
(5´-AGGGTTGCGCTCGTTGCGGG), they amplify 
approximately a 796 bp fragment [6]. The PCR 
reaction mixtures contained 10 ng of genomic 
DNA individually from each positive isolate, 10 
pmol of both forward and reverse primers, 10x 
Taq buffer with KCl, 25 mmol l-1 MgCl2, 0.2 
mmol deoxynucleoside triphosphate, and 5 U 
DNA polymerase per 50 µl reaction.  The PCR 
program was as follows: primary denaturation 3 
minutes at 95°C, followed by 33 amplification 
cycles consisting of denaturing at 95°C for 1 
minute, annealing for 1 minute at 63°C, and 
extension at 72°C for 1 minute, upon comple-
tion of 33 amplification cycles a final extension 
step was done at 72°C for 10 minutes. The PCR 
products were then viewed on a 1% agarose gel 
to confirm size, quantity and purity. Then, PCR 
products were sequenced using standard run 
modules on the ABI 3730xl automatic se-
quencer (Eurofins MWG Operon, Canada).  
 
Isolate Identification and Relatedness 
 
Sequencing results were individually inputted 
online into the nucleotide blast tool through the 
NCBI database (http://blast.ncbi.nlm.nih.gov/) 
to identify the possible genera of the isolates. 
Sequencing results of the isolates and positive 
control were also inputted into a sequence 
alignment program called ClustalX to determine 
the phylogenetic relatedness of the different 
species. They were aligned using the UPGMA 
algorithm, which considers the rate of evolution 
to be constant between species, to develop a 
phylogenetic tree based on sequence homology. 
The resulting alignment was opened into a pro-
gram called TreeView which allowed the phy-
logenetic tree to be viewed.  
 
Qualitative filter paper activity 
 
Isolates displaying cellulase activity on the CMC 
plates were further screened for quality of cellu-
lase activity by transferring 100 µl of an over-
night culture to 5 mL of Dubois salts media 
(K2PO4 1g l-1, KCl 0.5 g l-1, MgSO4 0.5g l-1, 
NaNO3 0.5g l-1, FeSO4 0.01 g l-1, pH 7.4) with a 
7 mm wide strip of filter paper (FP) and two 
drops of 10 mM glucose in glass culture tubes. 
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The cultures were incubated for a maximum of 
10 days and viewed daily for visual evidence of 
filter paper degradation. Those strains capable 
of completely degrading the filter paper within 
96 h were selected for further quantitative 
analysis. The test was done using aerobic cul-
ture techniques and repeated under limited 
oxygen conditions by sealing the tubes with 
parafilm. 
 
Total cellulase activity assay 
 
Two isolates (E2 and E4), displaying the great-
est cellulase activity qualitatively were selected 
for further study and quantification of total cel-
lulase activity.  Isolate E1 and E2 were grown as 
similarly described in 5 mL of Dubois salts me-
dia with FP (1%, w/v) or CMC (1%, w/v) in glass 
culture tubes, under limited oxygen conditions. 
The cultures were incubated for 48 h and cellu-

lase activities were measured. A microplate-
based filter paper assay using the DNS method 
to measure reducing sugars, modified from Xiao 
et al. 2004 [7], was used to measure the total 
cellulase activity for the four isolates displaying 
the highest cellulolytic activity. Modifications 
included the use of 50mM TrisHCl buffer, pH 7 
in place of 50 mM NaAc buffer, pH 4.8. Bacte-
rial enzymes do not work efficiently at such low 
pH. Additionally, the enzymes with the buffer 
and filter paper substrate were allowed to incu-
bate at 50ºC for 2 h instead of 1 h, due to the 
known smaller quantities of enzymes produced 
by bacteria. 
 
Results 
 
Carboxymethyl cellulase activity 
 
A total of 53 isolates were described based on 

Figure 1. Nineteen cellulase-producing isolates grouped based on the samples they were derived from, and a positive 
and negative control, C. xylanilytica and E. coli JM109, respectively. 
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size, colour, and morphology, labeled and pho-
tographed for a database (not shown here). 
From the database 30 of 53 isolates were re-
moved due to similar size, colour and morpho-
logical characteristics. The resulting 23 isolates 
were then tested on CMC agar for cellulase ac-
tivity; 19 of the 23 isolates exhibited cellulase 
activity and are shown in the photographs of 
Figure 1 along with positive (Cellulomonas xy-
lanilytica) and negative (E. coli JM109) controls. 
The following 6 cellulase-producing isolates had 
the greatest halos after 48h incubation on CMC 
agar:  S1, S2, S3, S4, E2, E4 (Figure 1). The 
halos were measured in centimeters using a 
standard ruler. The diameters of the halos can 
be seen in Figure 2 plotted beside each genus 
in the phylogenetic tree.  
 
16S rDNA amplification 
 
Genomic DNA was successfully isolated from all 

19 cellulase-producing isolates using Gram 
positive DNA isolation methods. The universal 
16S rDNA primers were used in conjunction 
with PCR to successfully amplify 16S rDNA gene 
fragments from all 19 isolates. Confirmation of 
the 16S rDNA gene fragments was validated by 
a band on a 1% agarose gel with an approxi-
mate expected size of 800 bp.   
 
Sequencing and sequence analysis of 16S 
rDNA PCR products 
 
Sequencing results were successfully obtained 
for all 19 different 16S rDNA PCR products.  The 
resulting sequences were inputted to the nu-
cleotide blast feature of the NCBI database to 
obtain possible identities based on homology. 
From BLAST search results, genera of all 19 
isolates were determined based on 97-99% 
homology. The nucleotide BLAST results are 
shown in Table 1. The majority of sequences 

Figure 2. Phylogenetic tree produced from the alignments of 16S rDNA fragments from the isolates, presented in 
TreeView. Closer related isolates outlined in blue belong to the phylum Firmicutes and the most distantly related iso-
lates outlined in red belong to the phylum Actinobacteria. The diameter of halos the isolates produced on CMC agar is 
respectively shown with a colour scale indicating small to large halos, qualitative cellulase activity. 
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yielded 99% homology in nucleotide database 
with very few as low as 97% homology. All 19 
isolates belong to genera of Gram positive bac-
teria, several of which were shown to belong to 
the genus Bacillus and Paenibacillus, while one 
strain from the genus Microbacterium and 
Streptomyces were also found (Table 1). 
 
Phylogenetic analysis of 16S rDNA sequences 
 
The sequences were then inputted into a se-
quence alignment program called ClustalX. An 
alignment was then done using UPGMA algo-
rithm which finds the relatedness between the 
isolates assuming that the rate of evolution is 
constant. The aligned sequences were then 
uploaded into a program called TreeView which 
allows us to view the phylogenetic tree pro-
duced from the alignment information using the 
UPGMA algorithm. The phylogenetic tree dis-
plays two main groups of Gram positive bacte-
ria; the Firmicutes (blue) more closely related 
than the Actinobacteria (red). The Firmicutes  
are made up of Bacillus and Paenibacillus sp., 
while the Actinobacteria include the genera 
Streptomyces, Microbacterium and positive 
control Celluomonas xylanilytica. The yellow to 
green colour legend represents a visual of the 
halo diameter (cm) from smallest to greatest 
halo, respectively. Data was collected from the 
CMC plates. The Paenibacillus  sp. all have rela-
tively larger halos  and the Bacillus sp. has ha-
los of varying sizes. The Actinobateria exhibits a 

variety of halo sizes and Streptomyces seems to 
be the greatest producer of cellulases in this 
Phylum (Figure 2).   
 
Filter paper activity  
 
All of the positive cellulase-producing isolates 
were grown with FP as a sole carbon with one 
drop of 10 mM glucose to possibly induce cellu-
lase production, for qualitative observation of 
filter paper activity. This was done in both aero-
bic and oxygen limited environments. The ability 
to degrade filter paper, more than likely repre-
sents the production of more than one type of 
enzyme and the ability to degrade crystalline 
cellulose, thereby being a more efficient cellu-
lase-producing isolate. The following two strains: 
E2 and E4 were found to completely degrade 
the filter paper cellulose in 72 and 96 h incuba-

tion, respectively, as can be seen in Figure 3. 
 
Total cellulase activity  
 
The total cellulase activity is determined by the 
amount of glucose and cellobiose released from 
filter paper after 2 h incubation and is referred 
to in glucose equivalents. Similarly, the CMCase 
activity is also a measure of the glucose and 
cellobiose released however after 20 min incu-
bation; it is also referred to as glucose equiva-
lents. The activity for total cellulases was evalu-
ated for whole cells of Paenibacillus sp. E2 and 
E4. It was found that using CMC as the culture 
carbon substrate, E2 and E4 total cellulase ac-
tivity was 1587.0±215.2 and 1652.2±61.5 µM 

Table 1. The BLAST search results for the se-
quenced cellulase producing isolates 
Isolate Homology (%) Genus 
B1 99 Microbacterium 
B2 99 Bacillus 
B3 99 Bacillus 
B4 99 Bacillus 
B5 98 Bacillus 
B6 99 Bacillus 
B7 99 Streptomyces 
E1 99 Bacillus 
E2 98 Paenibacillus 
E3 99 Paenibacillus 
E4 98 Paenibacillus 
SM1 97 Bacillus 
SM2 98 Bacillus 
SM3 98 Bacillus 
SM4 99 Paenibacillus 
SM5 97 Bacillus 
WC1 99 Bacillus 
WC2 98 Bacillus 

 

Figure 3. Qualitative results for the 2 isolates capa-
ble of completely degrading filter paper within 96 h 
incubation: A) Negative control (E. coli JM109), B) 
Positive control (C. xylanilytica), C) Paenibacillus E2 
and D) Paenibacillus E4. 
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of glucose equivalents, respectively, not signifi-
cantly different. However, when FP was used as 
the cellulase inducing substrate, total cellulase 
activity of E2 and E4 was 202.9±66.4 and 
260.9±157 µM of glucose equivalents. No sig-
nificance difference in total cellulase activity 
was observed between E2 and E4; however, 
CMC induced greater activity. The quotient of 
CMC to filter paper was 8.143±0.36 and 
5.58±0.13 for E2 and E4, respectively (Table 2).   
 
Discussion 
 
Several isolates could be recovered by aerobic 
spread plates from the different industrial and 
commercial samples. For those isolates display-
ing cellulase activity on the CMC containing 
plates four different genera of isolates including 
Bacillus, Paenibacillus, Microbacterium, and 
Streptomyces species were found.  According to 
our phylogentic analysis, these bacteria can be 
grouped into two main Phyla based on se-
quence homology: Actinobacteria and Fir-
micutes.  Both Phyla consist of Gram positive 
bacteria distinguished by high and low GC con-
tent, respectively; and both groups of bacteria 
contain species capable of degrading organic 
materials. Thus, it is not surprising that many of 
the genera can produce cellulases. Several 
strains of Paenibacillus, Bacillus, Microbacte-
rium and Streptomyces have been found to pro-
duce cellulases and their cellulases have been 
well studied; these strains represent important 
cellulase degrading genera.  
 
For example, researchers have characterized a 
novel endoglucanase (Cel9P) from a newly iso-
lated Paenibacillus sp. BME-14. Endoglucanase 
Cel9P displayed 65% of its maximal activity at 
5°C, which could be beneficial for some indus-
tries which have processes at lower tempera-
tures [8]. Similarly, in other newly isolated Pae-
nibacillus sp., multienzyme complexes called 
cellulosomes have been characterized in the 
degradation of lignocellulosic substrates [9-11]. 

Cellulosomes, such as the cellulosome of Clos-
tridium thermocellum can have high efficiency 
for the degradation of crystalline celluloses, 
higher than that of Trichoderma reesei [12]. In 
addition, cellulases have also been well charac-
terized in Bacillus species; most recently a 
unique Bacillus sp. was observed to maintain 
up to 70% stable CMC activity at a range of pH 
6-8 [13]. Similarly, many of the modular en-
zymes present in Paenibacillus are also present 
in Bacillus species [10]. 
 
Moreover, Microbacterium sp. displaying cellu-
lase activities have been isolated from a variety 
of environmental samples and uniquely this 
strain has been isolated from the gut of ter-
mites [14]. One Microbacterium sp. exhibited 
particularly high filter paper activity and xy-
lanase activity when a consortium of aerobic 
cellulase producing bacteria was studied [15].  
 
Additionally, Streptomyces sp., have also been 
previously studied by researchers for cellulase 
production and found to produce a variety of 
unique cellulases including some of which were 
found to be thermoalkotolerant [16,17]. Also 
interestingly, Streptomyces sp. has been used 
in successful co-culturing trials. They have been 
found to work synergistically with Thermomono-
spora fusca and Trichoderma reesei to degrade 
cellulose [18]. 
 
All of the cellulase producing bacteria isolated 
and identified in this study have potential for 
further use and study, such as looking at indi-
vidual enzyme activities to isolate efficient or 
novel cellulases with unique characteristics, or 
potential to use the strains to create microbial 
consortia with a high efficiency for degrading 
complex cellulose containing biomass such as 
lignocellulose.     
 
Evaluating cellulase production between iso-
lates can be a challenge because bacteria pro-
duce multiple types of cellulases (endoglu-

Table 2. Total cellulase activity of Paenibacillus sp. E2 and E4 shown in glucose equivalents (mM) after 
48 h growth with CMC (1%,w/v) 
  Total Cellulase Activity (glucose equivalents (µM)) 
Substrate (1%, w/v) Paenibacillus E2 Paenibacillus E4 

Carboxymethyl cellulose 1652.2 ±61.5 1456.5±30.7 

Filter paper 202.9±66.4 260.9±157 

Quotient (CMC/FP) 8.143±0.36 5.581±0.13 
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canase, exoglucanase, and b-glucosidase), 
which can be found to exist as free extracellular 
enzymes as well as found in enzyme complexes 
or cellulosomes expressed on the cell mem-
brane [19]. Thus, we initially use qualitative 
tests such as the CMC test and filter paper deg-
radation test. CMC agar allows us to identify 
isolates with cellulase activity on soluble cellu-
lose such as CMC thus representing mainly en-
doglucanase and beta-glucosidase activities [5]. 
Secondly, we then screened isolates displaying 
cellulase activity on CMC for activity on crystal-
line insoluble cellulose such as filter paper. Due 
to the crystalline structure of filter paper, degra-
dation of the filter paper would imply multiple 
cellulase activities including exoglucanase ac-
tivities because these enzymes work in crystal-
line regions [20]. From these tests we could 
select isolates displaying the greatest activity 
based on ability to degrade soluble and crystal-
line cellulose for quantitative analysis of FP ac-
tivity. All isolates may vary in growth properties 
which would not allow us to easily compare and 
quantify cellulase activities of all cellulase posi-
tive isolates in an equal manner. Difficulty also 
arises because some strains may secrete en-
zymes to solution while others may harbor en-
zymes on the cell surface or internally, and still 
some cellulase may end up in solution from cell 
lysis [21]. Additionally, some bacteria grow more 
rapidly than others, while still; cellulase produc-
tion may be induced by different substrates for 
varying species. Thus, using qualitative screen-
ing methods is essential to narrow down iso-
lates which may be more unique for further cel-
lulase study in the future.  
 
Narrowing down our isolates led us to the great-
est cellulase producers, Paenibacillus sp. E2 
and Paenibacillus sp. E4 for further analysis. 
These isolates displayed some of the greatest 
halos on CMC agar (Figure 1) and were the only 
strains capable of completely degrading filter 
paper after 72 and 96 h incubation, respec-
tively, under oxygen limited conditions (Figure 
3); qualitatively speaking cellulase activity in 
these strains was greater than the positive con-
trol.  The cellulase activity could be further stud-
ied under facultative anaerobic conditions. Simi-
larly, researchers have shown that under an-
aerobic conditions, Paenibacillus species will 
exhibit high levels of xylanases which can de-
grade xylan, a more branched portion of the cell 
wall [11].  
 
Focusing on Paenibacillus sp. E2 and E4 for 

further study, it was shown that after 48 h shak-
ing incubation in oxygen limited condition with 
CMC and FP as the cellulase inducing substrate 
isolate E2 displayed total cellulase activities of 
1587.0±215.2 and 202.9±66.4 µM of glucose 
equivalents, respectively.  Similarly, isolate E4 
displayed total cellulase activity of 
1652.2±61.5 and 260.9±157 µM of glucose 
equivalents for CMC and FP, respectively. Re-
sults show that 48h growth with CMC can in-
duce more cellulases than 48 h growth with FP 
by approximately 8.1X and 5.5X for E2 and E4, 
respectively. There was no difference in total 
cellulase activity for either cellulosic substrate 
when whole cells were used versus when cells 
were lysed, thus data were not shown. This may 
suggest a high amount of cellulases are on the 
outside surface of the cells or secreted in the 
medium but not internalized.  
 
Our results show that Paenibacillus species E2 
and E4 may be good potential candidates for 
biorefining and the ultimate production of bio-
ethanol and additional value-added bioproducts 
such as organic acids.  These isolates are of 
particular interest because cellulase activities 
were higher and comparable to the well-known 
positive control, Cellulomonas xylanilytica. Fu-
ture work will be done on E2 and E4 to optimize 
cellulase production and evaluate individual 
cellulase activities to look for novel cellulases. 
 
According to this study, our isolation, screening 
and identification methods were quick and effi-
cient for allowing us to identify several good 
cellulase producing bacteria from a wide variety 
of samples. Moreover, we were able to distin-
guish the isolates displaying the greatest cellu-
lase activity for future study.   Finding naturally 
occurring cellulase degrading bacteria from the 
environment is important in the field of biorefin-
ing to help overcome costly hurdles in the biore-
fining process. All of our cellulase positive iso-
lates may be an integral part of future work to 
develop good cellulases or produce efficient 
cellulase producing systems such as microbial 
consortia which can be used for industry. Isola-
tion and characterization may provide a good 
starting point for the discovery of such benefi-
cial enzymes.  
 
Please address correspondence to: Wensheng Qin, 
PhD, Biorefining Research Initiative, Lakehead Uni-
versity, 955 Oliver Rd, Thunder Bay, Ontario P7B5E1, 
Canada.Tel: (807) 343-8840, Fax:  (807) 346-7796, 
Email:  wqin@lakeheadu.ca     
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