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(AS1) displayed the greatest potential for lignocellulose de-
composition due to a variety of cellulase activities, as well as 
xylanase activity and modification of lignin. Several of these 
isolates have good potential for industrial use in the degra-
dation of lignocellulosic biomass.

  Copyright © 2012 S. Karger AG, Basel

  Introduction

  In recent years, global climate change and rising fuel 
costs have caused an increased awareness and potential 
for renewable fuel sources such as biofuels from lignocel-
lulosic biomass [Schneider, 1989]. There are many re-
ports of microorganisms such as bacteria and fungi 
which possess cellulose hydrolytic activities, the major 
component of lignocellulosic biomass. However, there 
are several limitations to this approach; for example, lig-
nocellulosic biomass is also comprised of some hemicel-
luloses (heterologous polymers of 5- and 6-carbon sug-
ars), the majority of which have a xylan backbone [Schell-
er and Ulvskov, 2010]. Furthermore, celluloses and 
hemicelluloses are entrapped by lignin, a more complex 
aromatic polymer. The combination of mainly these 
components make up the structure of plant cell walls and 
provide the plants with structural integrity and protect 
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  Abstract
  This study focuses on the isolation and characterization of 
bacteria from municipal waste and peat to determine those 
bacteria with good potential for modification and decompo-
sition of lignocellulosic biomass for industrial application. 
Twenty cellulase-producing bacteria belonging to four ma-
jor phyla – Firmicutes, Actinobacteria, Proteobacteria and 
Bacteroidetes – were found when screened on carboxy-
methyl cellulose-containing agar. Six isolates also exhibited 
activities towards filter paper as the sole carbon source in 
salt media, while 12 exhibited activities towards xylan when 
screened on xylan-containing plates. Moreover, 5 isolates 
survived in and increased the absorbance of 1% black liquor 
in salt media by an average of 2.07-fold after 21 days of incu-
bation. Similarly, these 5 isolates increased the absorbance 
of 0.1% pure lignin at 280 nm in salt media, indicating modi-
fication of lignin. Additionally, the Fourier transform infrared 
spectroscopy analysis of 1% barley straw treated for 21 days 
with these 5 strains showed a preference for consumption of 
hemicelluloses over lignin; however, a change in lignin was 
observed. A  Bacillus  strain (55S5) and a  Pseudomonas  strain 

 Published online: July 24, 2012 

 Wensheng Qin
  Lakehead University
  955 Oliver Rd.
  Thunder Bay, ON P7B5E1 (Canada)
  Tel. +1 807 343 8840, E-Mail wqin   @   lakeheadu.ca 

 © 2012 S. Karger AG, Basel
  1464–1801/12/0223–0156$38.00/0 

 Accessible online at:
  www.karger.com/mmb 



 Application of Newly Isolated Bacteria for 
Lignocellulose Decomposition 

J Mol Microbiol Biotechnol 2012;22:156–166 157

plants from such things as disease, pests, wind and me-
chanical wounds.

  Lignocellulosic biomasses such as agricultural resi-
dues and energy crops currently undergo extensive pre-
treatment using acid hydrolysis and steam or high-tem-
perature treatments to remove lignin and hemicellulose 
to expose the cellulose for enzymatic hydrolysis [Galbe 
and Zacchi, 2007]. Thus, microorganisms with abilities 
to decompose or modify lignin and hemicellulose in ad-
dition to cellulose have greater potential in the industrial 
production of biofuels, as they can help reduce the asso-
ciative costs with pretreatment.

  Researchers have typically focused on one group of en-
zymes during isolation, such as cellulases, hemicellulases 
or lignases. For example, white rot fungi are among the 
greatest microorganisms which can degrade lignin and 
the most well studied [Otjen and Blanchette, 1982]. How-
ever, anaerobic bacterium  Clostridium thermocellum  and 
aerobic fungi  Trichoderma reesei  are among some of the 
greatest cellulase-producing microorganisms [Ng and 
Zeikus, 1981]. Nonetheless, none of these microorgan-
isms are efficient at cellulolytic, hemicellulolytic and lig-
ninolytic activities simultaneously, rendering the oppor-
tunity for discovery of better lignocellulase-producing 
isolates. Here, we define ‘lignocellulase producing’ as mi-
croorganisms which can produce different enzymes such 
as cellulases, hemicellulases and lignases collectively, for 
the decomposition of lignocellulosic biomass.

  We have focused on the isolation of lignocellulolytic 
bacteria, i.e. bacteria which produce a greater variety of 
enzymes including, in our case, cellulases, xylanases and 
lignases, in the hopes of finding bacteria which can have 
an overall greater decomposing impact on complex bio-
mass which could thus be potentially applied in indus-
trial practices. Use of such strains in industry could 
thereby reduce the need for extensive pretreatments or 
reduce limitation on the types of biomass used for cost-
competitive markets. 

  Fungi and yeasts have frequently been applied in the 
development of industrial enzymes. However, bacteria 
have several advantages over the use of such microorgan-
isms, for example, many strains have short generation 
times and can be easily cultured, making the use of bac-
teria in the biofuel industry more amiable. Additionally, 
bacteria also have increased resilience to environmental 
stresses due to their biochemical versatility (i.e. tempera-
ture variations, salinity, oxygen limitation and change in 
pH) [Daniel and Nilsson, 1998].

  Several studies have focused time and again on isola-
tion strategies for targeting bacteria with more specific 

activities such as efficient cellulase-producing bacteria, 
yet some studies isolated bacteria with cellulase and xyla-
nase activity, and very few with lignase activities in addi-
tion to the previous [Maki et al., 2009, 2011; Sizoza et al., 
2011]. In this study, we developed a strategy for finding 
bacteria which can produce cellulases, xylanases and po-
tential lignases, and therefore, can be more efficient in 
decomposing lignocellulosic biomass, making them 
more practical in industrial use.

  In this study, several efficient aerobic cellulase-pro-
ducing microorganisms were isolated from various sites 
within a municipal landfill and peat core samples from a 
poor fen. The purpose was to characterize lignocellulosic 
abilities of all cellulase-positive isolates and identify those 
isolates displaying the greatest variety of activity towards 
lignocellulosic biomass for the possibly more practical 
use in large-scale biorefining.

  Results

  Carboxymethyl Cellulose Activity
  A total of 57 isolates were described based on size,

colour and morphology, labelled and photographed for a 
database (data not shown here). From the database, 25 of 
57 isolates were removed due to similar size, colour and 
morphological characteristics. The remaining 32 isolates 
were then tested on carboxymethyl cellulose (CMC) agar 
for cellulase activity; 20 of the 32 isolates exhibited cel-
lulase activity and are shown in the photographs of  fig-
ure 1  along with positive  (Cellulomonas xylanilytica)  and 
negative ( Escherichia coli  JM109) controls. The following 
7 cellulase-producing isolates had the greatest halos after 
48 h of incubation on CMC agar: CDS1B, CDS2B, AS2B, 
CTS1A, CTS2, GH2OS1 and 6S4 ( fig. 1 ). The halos were 
measured in centimeters using a standard ruler. The di-
ameters of the halos can be seen in  figure 2  plotted beside 
each genus in the phylogenetic tree. 

  16S rRNA Gene Amplification
  Genomic DNA was successfully isolated from all 20 

cellulase-producing isolates using Gram-positive DNA 
isolation methods. The universal 16S rRNA gene primers 
were used in conjunction with PCR to successfully am-
plify 16S rRNA gene fragments from all 20 isolates. Con-
firmation of the 16S rRNA gene fragments was validated 
by a band on a 1% agarose gel with an approximate ex-
pected size of 800 bp. 
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  Fig. 1.  Twenty cellulase-producing isolates were grouped based on bacteria isolated from peat ( a ) and derived from municipal waste 
( b ). Additionally, a positive and a negative control,  C. xylanilytica  and  E. coli  JM109, are included.
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  Fig. 2.  Phylogenetic tree produced from 
the alignments of 16S rRNA gene frag-
ments from the isolates, presented in Tree-
View. Closer related isolates and their re-
spective phyla are outlined as indicated in 
the legend. The diameter of the halos 
which the isolates produced on CMC agar 
is shown with a colour scale, indicating 
small to large halos.
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  Sequencing and Sequence Analysis of 16S rRNA Gene 
PCR Products
  Sequencing results were successfully obtained for all 

20 different 16S rRNA gene PCR products. The resulting 
sequences were put into the nucleotide BLAST feature of 
the National Center for Biotechnology Information data-
base to obtain possible identities based on sequence sim-
ilarity. The genera of all 20 isolates were determined by 
the BLAST search, based on a high sequence similarity 
ranging from 96 to 100%. The nucleotide BLAST results 
are shown in  table 1 . The majority of sequences yielded a 
100% similarity in the nucleotide database, with very few 
with a sequence similarity as low as 96 and 97%. Many of 
the 20 isolates belong to genera of Gram-positive bacteria, 
such as  Bacillus, Paenibacillus ,  Rhodococcus ,  Arthrobac-
ter ,  Exiguobacterium  and  Microbacterium.  Some strains 
of Gram-negative bacteria were also found, belonging
to the genera  Pseudomonas, Aeromonas, Duganella  and 
 Chryseobacterium  ( table 1 ).

  Phylogenetic Analysis of 16S rRNA Gene Sequences
  The phylogenetic tree displays two main groups of 

more closely related Gram-positive bacteria – the Fir-
micutes and the Actinobacteria – while the more distant-
ly related Gram-negative bacteria were grouped into two 
main phyla, the Proteobacteria and Bacteroidetes.  Chry-

seobacterium,  the only genus belonging to the phylum 
Bacteroidetes, was least related to all of the isolates. The 
yellow to green colour legend represents the halo diam-
eter (cm) from the smallest to the greatest halo on CMC 
agar, respectively. In this study, isolates belonging to the 
phyla Firmicutes and Proteobacteria contain genera of 
bacteria with relatively larger halos than the genera of 
bacteria found belonging to the phyla Actinobacteria and 
Bacteroidetes ( fig. 2 ). 

  Filter Paper Activity
  All of the positive cellulase-producing isolates were 

grown with filter paper as a sole carbon with one drop of 
10 mmol/l glucose to possibly induce cellulase produc-
tion, for qualitative observation of filter paper activity. 
This was done in both aerobic and oxygen-limited envi-
ronments. The ability to degrade filter paper more than 
likely represents the production of more than one type of 
enzyme and the ability to degrade crystalline cellulose. 
The following 6 strains – 6S1, 55S5, AS1, CDS1B, CH2OS1 
and CTS1B – were found to completely degrade filter pa-
per cellulose within 96 h of incubation, similar to the pos-
itive control, as can be seen in  figure 3 . Degradation was 
confirmed by the amount of sugars released into solution 
after complete degradation for 6S1  Bacillus , 55S5  Bacillus,  
 C. xylanilytica  (+), AS1  Pseudomonas,  CDS1B  Aeromo-
nas,  CH2OS1  Bacillus  and CTS1B  Bacillus  and were 
found to be similar at 782.6  8  123, 978.0  8  92, 1,043.5 
 8  10, 847.8  8  31, 913.0  8  215, 608.7  8  245, and 1,065 
 8  92 nmol of glucose equivalents, respectively. No sugars 
were detected in the negative control  (E. coli). 

  Xylanase Activity
  The 20 cellulase-positive isolates were further screened 

for evidence of hemicellulase activity on xylan-contain-
ing media. It was observed that 12 of 20 isolates were able 
to use xylan as a sole source of carbon by producing halos 
after staining. Isolates 55S5  Bacillus,  6S1  Bacillus,  CDS2B 
 Bacillus,  CDS3  Pseudomonas  and GH2OS1  Pseudomonas  
produced the greatest halo diameters, suggesting a high 
production of xylanase, as can be seen in  figure 4 .

  Black Liquor Decolourization and Cell Survival
  From 20 isolates screened for growth and survival in 

1% (w/v) black liquor, a total of 11 isolates were capable of 
surviving 21 days of incubation. Absorbance at 425 nm 
allowed observation of change in colour of the black li-
quor. No isolates were capable of decreasing the absor-
bance after 21 days. However, 5 strains – AS1  Pseudomo-
nas,  AS4  Microbacterium,  65S3  Bacillus,  65S5  Paenibacil-

  Table 1.  Likely genera of all cellulase-positive isolates determined 
by the BLAST search

 Isolate  Identity, %  Likely genus 

 Municipal
  waste 

 AS1  100  Pseudomonas 
 AS2A 97  Rhodococcus 
 AS2B  100  Exiguobacterium 
 AS3  100  Arthrobacter 
 AS4  100  Microbacterium 
 CDS1B 99  Aeromonas 
 CDS2A 97  Chryseobacterium 
 CDS2B  100  Bacillus 
 CDS3  100  Pseudomonas 
 CTS1A  100  Bacillus 
 CTS1B  100  Bacillus 
 CTS2  100  Bacillus 
 GH201  100  Pseudomonas 

 Peat  55S1 99  Bacillus 
 55S2 98  Duganella 
 55S5  100  Bacillus 
 65S3 97  Bacillus 
 65S5 96  Paenibacillus  
 6S1  100  Bacillus  
 6S4  100  Duganella 
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lus  and CH2OS1  Bacillus  – were capable of increasing the 
absorbance of black liquor after 21 days of incubation of 
an average 2.07-fold greater than the absorbance at day 0. 
The pH value was recorded after 21 days for the 5 previ-
ously mentioned strains, and an increase in colour was 
related to an increase in pH from 6.5 to 9.5 ( fig. 5 a). Sim-
ilarly, these 5 strains could also grow and proliferate, in-
creasing their initial cell densities on average by 0.47-fold 
and maintaining these cell densities up to 21 days of in-
cubation, as determined by cell survival in black liquor 
( fig. 5 b).

  Absorbance of Lignin at 280 nm
  Modification of 0.1% (w/v) pure lignin extracted from 

black liquor was observed by measuring the absorbance 
at 280 nm after 21 days of incubation for each strain, dis-
playing modification of black liquor: AS1, AS4, 65S3, 
65S3 and CH2OS1 ( fig.  6 ). All 5 strains increased the
absorbance of lignin at 280 nm compared to the untreat-
ed control sample. Isolates AS1 and AS4 were capable of 
increasing absorbance by 23.8 and 21.8%, respectively, 
compared to the control, whereas isolate CH2OS1 only 
increased absorbance by 6.3% compared to the control. 
The remaining 2 isolates, 65S5 and 65S3, increased absor-
bance by 13.9 and 11.1%, respectively, compared to the 
control.

  Fourier Transform Infrared Spectroscopy Analysis of 
Isolates on Barley Straw
  The Fourier transform infrared spectroscopy (FTIR) 

spectrum data were used to analyse the preference of all 
5 previously mentioned potential lignin-modifying iso-
lates (AS1, AS4, 65S3, 65S5 and CH2O) for hemicellu-
lose and lignin compared to cellulose, as shown in  figure 
7 . For comparison, the cellulase-positive control  (C. xy-
lanilytica)  which could not survive in black liquor and 
which displayed minimal hemicellulose activity was 

used. The results showed that  C. xylanilytica  had no 
preference for lignin and a 43.2% preference for hemi-
cellulose compared to cellulose, as was expected. Also 
displaying relatively low preferences for lignin were iso-
lates CH2OS1 and 65S5, with 6.5 and 27.2%, respective-
ly, whereas they preferentially consumed hemicellulose 
with preferences of 93.2 and 92.7%. In contrast, strains 
AS1, 65S3 and AS4 had greater preferences for lignin of 
56.5, 49.0 and 42.0%, respectively. Additionally, they 
consumed hemicellulose with greater preferences of 
97.6, 68.7 and 61.8%.

782.6 ±
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0 ± 0 847.8 ±
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  Fig. 3.  Qualitative results for the 6 isolates 
capable of completely degrading filter pa-
per within 10 days of incubation: 6S1  Ba-
cillus  ( a ), 55S5  Bacillus  ( b ), positive control 
 C. xylanilytica  ( c ), negative control  E. coli  
( d ), AS1  Pseudomonas  ( e ), CDS1B  Bacillus 
 ( f ), CH20S1  Bacillus  ( g ), and CTS1B  Bacil-
lus  ( h ). Data are nmol glucose equivalents 
after degradation.

  Fig. 4.  Xylanase-positive isolates on agar shown by the appearance 
of halos after staining with Gram’s iodine solution. Grouped into 
bacteria isolated from peat ( a ) and municipal waste ( b ), including 
positive and negative controls ( C. xylanilytica  and  E. coli  JM1O9, 
respectively).
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  Discussion

  A variety of bacterial isolates were recovered from dif-
ferent samples of municipal waste and peat. Phylogenetic 
analysis of 16S rRNA gene sequences of all bacteria dis-
playing cellulase activity on CMC plates revealed four 
main phyla of bacteria: Actinobacteria, Firmicutes, Pro-
teobacteria and Bacteroidetes. Within these four phyla, 
various genera of bacteria were isolated including  Bacillus, 

Paenibacillus, Exiguobacterium, Rhodococcus, Arthrobac-
ter, Microbacterium, Pseudomonas, Aeromonas, Duganella 
 and  Chryseobacterium.  Little research has been done on 
cellulase, let alone lignocellulase production from genera 
such as  Duganella  and  Chryseobacterium;  however, it is not 
surprising that several of these bacteria produce cellulases, 
as these four phyla contain important genera of bacteria 
capable of biodegradation of organic compounds, and 
these species can be found ubiquitously in the environ-
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  Fig. 5.  Change in colour (Abs 420nm ) of 1% 
black liquor with recorded final pH ( a ) and 
survival of all isolates reported as cell den-
sity (log CFU ml –1 ), for all isolates which 
can tolerate 1% black liquor for 21 days
of incubation ( b ). Isolates: AS1 ( + ), AS4 
( j ), CH2OS1 ( I ), 65S3 ( d ), CTS1B ( _ ), 
CTS1A ( X ), 65S5 ( y ), 55S1 ( o ), 55S5 (x), 
6S1 (+). 
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ment. Therefore, these strains represent good potential 
candidates for greater lignocellulolytic activities including 
degradation of crystalline cellulose, xylanase activities and 
abilities to modify or even degrade lignin.

  Generally speaking, all of the isolates displayed good 
industrial potential for degradation of lignocellulosic 

biomass; however, some displayed greater potential. For 
example, from 20 isolated bacteria, a total of 6 could de-
grade filter paper in addition to soluble cellulose. More-
over, 12 isolates could degrade xylan, 5 of which were 
among those capable of degrading filter paper. Addition-
ally, 5 isolates displayed modification of lignin, while 2 of 
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these isolates, 55S5 and AS1, a  Bacillus  sp. and a  Pseudo-
monas  sp., respectively, displayed all 3 activities including 
degradation of crystalline cellulose, xylanase activity and 
modification of lignin. In the near future, our lab will fo-
cus particular attention on isolates 55S5 and AS1 for the 
optimization of lignocellulolytic abilities of these strains 
on complex biomass such as barley straw and paper mill 
sludge. These two isolates displayed the greatest variety 
of activities and have great potential for industrial appli-
cations in the degradation of more complex biomass such 
as agricultural residues and energy crops. 

  The characterization of cellulase- and xylanase-pro-
ducing bacteria has gained an immense amount of atten-
tion due to the readily available abundance of cellulosic 
and hemicellulosic carbon sources in the world, which 
can be degraded into reducing sugars and ultimately fer-
mented to value-added by-products such as bioethanol 
[Ragauskas et al., 2006]. Therefore, evaluating these ac-
tivities in our isolates is pertinent to finding an efficient 
lignocellulosic bacterium. As a result, it was important 
for us to distinguish those strains which can degrade 
amorphous and crystalline cellulose in addition to xyla-
nase activity. Hence, we could obtain 5 isolates displaying 
activities towards soluble and crystalline cellulose in ad-
dition to activities on beechwood xylan, ultimately lead-
ing us to distinguish the greatest lignocellulase-produc-
ing isolates: 55S5 and AS1. 

  Furthermore, it is no surprise that 5 of the isolates 
(including 55S5 and AS1) displayed evidence for modi-
fication of lignin in black liquor and of pure lignin ex-
tracted from black liquor. Several researchers reported 
strains of  Bacillus  and  Paenibacillus  which displayed 
abilities to decolourize kraft black liquor [Chandra et 
al., 2007, 2008; Hassan and Amr, 2009]. Moreover, Raj 
et al. [2010] reported the decolourization of black liquor 
by a newly isolated bacterium,  Aneurinibacillus aneu-
rinilyticus.  Incredibly, after 6 days of incubation,  A. an-
eurinilyticus  was able to reduce the colour of black liquor 
by 58% and the lignin content by 43% [Raj et al., 2010]. 
Similarly, Chandra and Abhisshek [2011] recently re-
ported that mixed cultures of  Citrobacter  sp. could in-
crease the reduction in colour in black liquor to 79% and 
the reduction in lignin to 60% after just 6 days of incu-
bation. Perhaps mixed cultures could serve to improve 
the activities and collective effects of our isolates on lig-
nin modification and carbohydrate degradation lending 
greater lignocellulosic abilities. Most of our isolates were 
derived from similar sources, suggesting they co-exist 
in the environment and may therefore have great poten-
tial in the production of a lignocellulose-degrading bac-

terial consortium, which may be examined in the fu-
ture.

  Although members of  Pseudomonas  sp. have not been 
as readily reported in the decolourization of black liquor, 
they are suggested to have ligninolytic activities. For ex-
ample, some  Pseudomonas  sp. have recently been de-
scribed for their abilities to degrade dyes such as Mala-
chite Green and Direct Orange 39 (Orange TGLL) with 
such lignases as peroxidases [Du et al., 2011; Jadhav et al., 
2010], thus explaining why our  Pseudomonas  sp. also has 
good potential for industrial degradation of lignocellu-
losic biomass. 

  Of 20 isolates, not all could survive and proliferate in 
1% black liquor, due to the toxicity associated with lignins 
and modified kraft lignins, including the remaining com-
ponents of black liquor. Ten strains most likely survived 
due to an activation of their stress survival response sys-
tems [Guiliodori et al., 2007], as can be seen by the initial 
decline and then rebound in cell density prior to 5 days of 
incubation. Although these 10 strains could adapt and 
survive 21 days of incubation in the presence of black li-
quor, only 5 strains caused a change in the colour of black 
liquor; however, the colour did not decrease in absorbance 
but increased, corresponding to an increase in pH. There 
is minimal discussion regarding such an increase in co-
lour, because decreasing the colour in black liquor is im-
portant for paper mill industries which wish to detoxify 
the black liquor before release to the environment. 

  Additionally, for the same strains, there was an in-
crease in the absorbance of lignin at 280 nm, while the 
FTIR analysis revealed that there was a greater preference 
for carbohydrates like hemicellulose as well as a notable 
change in lignin compared to our cellulase-positive con-
trol  C. xylanilytica  which could not use lignin, evident by 
the negative value. With the support of our FTIR analysis, 
we suggest that strains AS1, AS4, 65S3, 65S5 and CH2OS1 
all have the ability to modify lignin. However, the exact 
mechanism is still unknown despite recent tests for lig-
nase activities including manganese peroxidase, lipase 
and laccase (data not shown). 

  There are some speculations for the resultant increase 
in colour of black liquor after treatment. Increase in ab-
sorbance at 280 nm could be caused by increased concen-
tration of proteins in the solution which also show absor-
bance in this range, as displayed in the Bradford assay 
[Bradford, 1976]. Moreover, some researchers have re-
ported an increase in absorbance at 260 nm of white rot 
fungi-treated lignin from ultraviolet spectra, while oth-
ers have reported an increase in peak absorbance to 360 
nm during ultraviolet spectrum analysis of  Polyporus 
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versicolor -treated fungi. They propose the increase in ab-
sorbance to be due to structural changes such as a pos-
sible increase in acidic moieties and an increase in benzyl 
carbonyl groups and phenolic units [Kirk and Lundquist, 
1970; Thivend and Lebrevon, 1969]. It has been said that 
the structure, including intermonomer linkages, and var-
ious functional groups give microorganisms the oppor-
tunity to make limited changes without necessarily af-
fecting significant decomposition [Kirk, 1971]. Structural 
changes or modifications and even possibly by-products 
in solution could be capable of increasing the pH value, 
thus suggesting that lignin is more soluble. This could be 
valuable information in building a unique bacterial sys-
tem for the decomposition of lignocellulosic biomass.

  According to this study, we have successfully identified 
two isolates:  Pseudomonas  sp. AS1 and  Bacillus  sp. 55S5, 
with exceptional potential for industrial use in the con-
version of lignocellulosic biomass for the production of 
bioethanol and other valuable by-products such as organ-
ic acids. In addition, many of our isolates characterized 
here also have potential in industrial use, some of which 
are more efficient in cellulase and xylanase production. 
Others may possess undiscovered lignase genes. These 
isolates lay the foundation for current exploitation of these 
enzymes by further investigation. Also, these strains may 
have great potential for developing bacterial consortiums 
in the near future to enhance the decomposition of ligno-
cellulosic biomass and help overcome costly hurdles being 
faced in the industrial production of biofuels. 

  Experimental Procedures

  Lignocellulosic Samples and Media
  The lignocellulose-producing bacteria were isolated from sev-

eral samples of two main sources: municipal waste and peat. The 
first set of samples was obtained from the City of Thunder Bay 
Solid Waste and Recycling Facility, Ont., Canada. The second set 
of samples was obtained using a peat corer to 1.5 m deep of a poor 
fen near Raith, Ont., Canada.

  The growth media used in the experiments include R2A agar 
(0.5 g/l yeast extract, 0.5 g/l protease peptone, 0.5 g/l casamino ac-
ids, 0.5 g/l glucose, 0.5 g/l soluble starch, 0.3 g/l dipotassium phos-
phate, 0.5 g/l magnesium sulfate 7H 2 O, 0.3 g/l sodium pyruvate, 
15.0 g/l agar), Luria Bertani (LB) liquid media (10.0 g/l peptone, 5.0 
g/l yeast extract, 5.0 g/l NaCl), and CMC agar (0.5 g CMC, 0.1 g 
NaNO 3 , 0.1 g K 2 HPO 4 , 0.1 g KCl, 0.05 g MgSO 4 , 0.05 g yeast extract 
and 1.5 g agar, per 100 ml ddH 2 O) [Kasana et al., 2008]. 

  Isolation of Bacteria from Lignocellulosic Samples 
  The method of Maki et al. [2011] was used to isolate bacteria. 

Briefly, 1 g of each sample was suspended in 20 ml of sterile potas-
sium phosphate buffer solution (1 !  PBS) by vortexing for 2 min 
on maximum speed. Following, a 100 !  serial dilution of the sus-

pension was made in PBS. Thereafter, 200  ! l of each dilution in 
the series was spread onto the surface of R2A agar using the stan-
dard spread plate technique. All plates were incubated at 28   °   C for 
24 h before isolating individual colonies, and then they were in-
cubated for an additional 48 and 72 h to allow the growth of slow-
er growing microorganisms. From the growth observed over 24, 
48 and 72 h, various colonies were selected based on their mor-
phology, size and colour. The colonies selected were then streaked 
out on separate R2A plates until purity. After purification, the 
cultures were compared visually to eliminate those of similar size, 
morphology and colour [Maki et al., 2011].

  Screening for CMC Activity
  The method described by Maki et al. [2011], was used to screen 

isolates for CMC activity. Isolates were grown in 10 ml of LB broth 
for 24 h, at 28   °   C, with shaking at 200 rpm, and slower growing 
isolates were left to incubate for an additional 48 h. The positive 
control used was  C. xylanilytica  XIL11 [Rivas et al., 2004]. This 
strain was also grown in the LB medium; however, it required in-
cubation for a 5-day period using the same growth conditions. 
The negative control used was  E. coli  JM109, also grown in LB 
broth overnight, at 37   °   C for 18 h. All resulting broth cultures (iso-
lates, positive control and negative control) were tested for cellu-
lase activity via the Gram iodine method [Kasana et al., 2008]. 
Briefly, 5  ! l of each broth culture was singly dropped onto a plas-
tic Petri dish containing CMC agar, incubated for 48 h at 28    °    C 
and flooded with Gram iodine solution (2.0 g KI and 1.0 g I, per 
300 ml ddH 2 O) for 5 min to visualize and photograph the cellu-
lase activity. The agar containing CMC stains brown, and areas 
without CMC are clear, described here as halos, as seen in  fig  -  
ure 1 . Halo diameters were measured using a ruler for a semi-
qualitative comparison of cellulase activity among the isolates af-
ter 48 h of incubation. The halo measurement is used to relate 
cellulase activity to bacteria position on the phylogenetic tree as 
shown in  figure 2 , similarly done by Maki et al. [2011].

  DNA Isolation and 16S rRNA Gene Amplification
  The cellulase-producing isolates as well as the positive control 

were grown in LB broth for 24 h at 28   °   C. DNA was isolated from 
each isolate broth culture using the Fungi/Yeast Genomic DNA 
Isolation Kit from Norgen Biotek Corporation, Canada. The re-
sulting isolated DNA was used as a template in a PCR reaction to 
amplify a region of the 16S rRNA gene. Universal primers de-
signed within conserved regions of the 16S rRNA gene for Eubac-
teria were used: HAD-1 (5 -́GACTCCTACGGGAGGCAGCAGT) 
and E1115R (5 -́AGGGTTGCGCTCGTTGCGGG), amplifying 
an approximately 796-bp fragment [Giannino et al., 2009]. The 
PCR reaction mixtures contained 10 ng of genomic DNA indi-
vidually from each positive isolate, 10 pmol of both forward and 
reverse primers, 10 !  Taq buffer with KCl, 25 mmol/l MgCl 2 , 0.2 
mmol deoxynucleoside triphosphate, and 5 units   DNA poly-
merase per 50  ! l reaction. The PCR program was as follows: pri-
mary denaturation for 3 min at 95   °   C, followed by 33 amplification 
cycles consisting of denaturing at 95   °   C for 1 min, annealing for
1 min at 63   °   C, and extension at 72   °   C for 1 min; upon completion 
of 33 amplification cycles, a final extension step was done at 72   °   C 
for 10 min. The PCR products were then viewed on 1% agarose gel 
to confirm size, quantity and purity. Then, PCR products were 
sequenced using standard run modules on the ABI 3730xl auto-
matic sequencer (Eurofins MWG Operon, Canada). 



 Application of Newly Isolated Bacteria for 
Lignocellulose Decomposition 

J Mol Microbiol Biotechnol 2012;22:156–166 165

 References 

 Bradford M: A rapid and sensitive method for the 
quantitation of microgram quantities of pro-
tein utilizing the principle of protein-dye 
binding. Anal Biochem 1976;   72:   248–254.

  Chandra R, Raj A, Purohit HJ, Kapley A: Char-
acterisation and optimisation of three poten-
tial aerobic bacterial strains for kraft lignin 
degradation from pulp paper waste. Chemo-
sphere 2007;   67:   839–846.

  Chandra R, Singh S, Reddy MMK, Patel DK, Pu-
rohit HJ, Kapley A: Isolation and character-
ization of bacterial strains  Paenibacillus  sp. 
and  Bacillus  sp. for kraft lignin decoloriza-
tion from pulp paper mill waste. J Gen Appl 
Microbiol 2008;   54:   399–407.

  Chandra R, Abhishek A: Bacterial decoloriza-
tion of black liquor in axenic and mixed con-
dition and characterization of metabolites. 
Biodegradation 2011;   22:   603–611.

  Daniel G, Nilsson T: Developments in the study 
of soft rot and bacterial decay; in Bruce A, 
Palfreyman JW (eds): Forest Products Bio-
technology. London, Taylor and Francis, 
1998, pp 37–62.

  Du L-N, Wang S, Li G, Wang B, Jia X-M, Zhao 
Y-H, Chen Y-L: Biodegradation of malachite 
green by  Pseudomonas  sp. strain DY1 under 
aerobic condition: characteristics, degrada-
tion products, enzyme analysis and phyto-
toxicity. Ecotoxicology 2011;   20:   438–446.

  Isolate Identification and Relatedness
  Sequencing results were individually put online into the nu-

cleotide blast tool through the National Center for Biotechnology 
Information database (http://blast.ncbi.nlm.nih.gov/) to identify 
the possible genera of the isolates. Sequencing results of the iso-
lates and positive control were also put into a sequence alignment 
program called ClustalX to determine the phylogenetic related-
ness of the different species. They were aligned using the UPGMA 
(unweighted pair-group method with arithmetic mean) algo-
rithm, which considers the rate of evolution to be constant be-
tween species, to develop a phylogenetic tree based on sequence 
homology. The resulting alignment was opened into a program 
called TreeView which allowed the phylogenetic tree to be viewed. 

  Filter Paper Activity
  Isolates displaying cellulase activity on the CMC plates were 

further screened for quality of cellulase activity by transferring 
100  ! l of an overnight culture to 5 ml of Dubois salt media (K 2 PO 4  
1 g/l, KCl 0.5 g/l, MgSO 4  0.5 g/l, NaNO 3  0.5 g/l, FeSO 4  0.01 g/l, 
pH 7.4) with a 7-mm-wide strip of filter paper and two drops of 10 
mmol/l glucose in glass culture tubes. The cultures were incu-
bated for a maximum of 10 days and viewed daily for visual evi-
dence of filter paper degradation. The release of reducing sugars 
by those strains capable of completely degrading the filter paper 
within 96 h was measured using the DNS method [Xiao et al., 
2004] and was expressed as nmol glucose equivalents. 

  Screening for Xylanase Activity
  Qualitative evidence for xylanase activities of all of the cellu-

lase-positive isolates was evaluated using the same method de-
scribed for the screening of cellulase activity. However, for the 
xylanase activity, 0.5 g of beechwood xylan (Sigma Aldrich) was 
substituted for CMC. Once again, the presence of halos after 
Gram staining indicated evidence of xylanase activities. 

  Black Liquor Decolourization and Cell Survival
  From an overnight culture, 200  ! l of cells for each isolate were 

inoculated in triplicate to 100 ml of Dubos salt media supplement-
ed with 1% (w/v) black liquor (pH 6.5) and incubated at 30   °   C, with 
shaking at 150 rpm. Samples were collected at days 0, 1, 3, 5, 7, 10, 
14 and 21. For decolourization experiments, 500  ! l of cell suspen-
sions and one untreated sample were diluted with 500  ! l of PBS 
and then centrifuged at 17,000  g  in a microcentrifuge tube for
4 min. In triplicate, 300  ! l of the supernatant was loaded into a 
microtitre plate, and the absorbance (at 425 nm) of the samples 

was measured by an xMark Microplate Spectrophotometer (Bio-
Rad, Canada). Simultaneously, to determine cell survival, 500  ! l 
of cell samples were collected for the drop plate counting tech-
nique to determine cell density (CFU/ml). Additionally, a change 
in pH of black liquor after treatment with the isolates was mea-
sured using an Accument combination pH electrode with silver 
reference (Thermo Fisher Scientific, Canada). 

  Absorbance of Lignin at 280 nm
  Isolates capable of modifying the colour of black liquor at 425 

nm were selected for further analysis on 98% pure lignin extract-
ed from black liquor. For each, 100  ! l of an overnight culture was 
inoculated in triplicate to 6 ml of Dubos salt media supplemented 
with 0.1% (w/v) pure lignin, 0.3% (w/v) peptone and 0.5% (w/v) 
glucose, and incubated at 30   °   C, at 150 rpm for 21 days. After 21 
days of incubation, 1-ml aliquots of each cell suspension and one 
untreated sample were centrifuged for 4 min at 17,000  g.  Follow-
ing, the supernatant was diluted 1,000 !  in 1 !  PBS before read-
ing the absorbance at 280 nm.

  FTIR Analysis of Isolates on Barley Straw
  The isolates displaying modification of lignin were further an-

alysed for lignase activities using FTIR analysis after 21 days of 
incubation with 1% (w/v) barley straw in Dubos salt media supple-
mented with 0.3% (w/v) peptone and 0.5% (w/v) glucose. In trip-
licate, 1 ml of isolate overnight cultures was inoculated to 100 ml 
of barley straw media and incubated at 30   °   C, with shaking at 150 
rpm. After 21 days of incubation, isolate cultures and one un-
treated barley straw control were filtered through Whatman filter 
paper and washed once with 10 ml of distilled water. The barley 
straw was collected and oven dried at 60   °   C for 48 h prior to FTIR 
spectra analysis. Dried, treated and untreated barley straw sam-
ples were loaded in triplicate directly to a Bruker Tensor 37 Fou-
rier Transform Infrared Spectrophotometer equipped with an In-
GaAs detector (Bruker Optics Ltd., Canada). Peak height and area 
were measured by constructing a baseline connecting the lowest 
data points on either side of the peak [Pandey and Pitman, 2003].

  Acknowledgements

  We gratefully acknowledge Susanne Walford for the collection 
of our peat samples. We are also grateful to Bruce Rosa for his 
support in the analysis of our results.
 



 Maki   /Idrees   /Leung   /Qin   

 

J Mol Microbiol Biotechnol 2012;22:156–166166

  Galbe M, Zacchi G: Pretreatment of lignocellu-
losic materials for efficient bioethanol pro-
duction. Adv Biochem Eng Biotechnol 2007;  
 108:   41–65.

  Giannino ML, Aliprandi M, Feligini M, Vanoni 
L, Brasca M, Fracchetti F: A DNA array 
based assay for the characterization of mi-
crobial community in raw milk. J Microbiol 
Methods 2009;   78:   181–188.

  Giuliodori AM, Gualerzi CO, Soto S, Vila J, 
Tavío MM: Review on bacterial stress topics.  
 Ann NY Acad Sci 2007;   1113:   95–104.

  Hassan EA-E, Amr AE-H: Lignin biodegrada-
tion with ligninolytic bacterial strain and 
comparison of  Bacillus subtilis  and  Bacillus 
 sp. isolated from Egyptian soil. Am Euras J 
Agric Environ Sci 2009;   5:   39–44.

  Jadhav JP, Phugare SS, Dhanve RS, Jadhav SB: 
Rapid biodegradation and decolorization of 
Direct Orange 39 (Orange TGLL) by an iso-
lated bacterium  Pseudomonas aeruginosa  
strain BCH. Biodegradation 2010;   21:   453–
463.

  Kasana RC, Salwan R, Dhar H, Dutt S, Gulati A: 
A rapid and easy method for the detection of 
microbial cellulases on agar plates using 
Gram’s iodine. Curr Microbiol 2008;   57:   503–
507.

  Kirk TK, Lundquist K: Comparison of sound 
and white-rotted sapwood of sweetgum with 
respect to properties of the lignin and com-
position of extractives. Sv Papperstidn 1970;  
 73:   294–306.

  Kirk TK: Effects of microorganisms on lignin. 
Annu Rev Phytopathol 1971;   9:   185–210.

  Maki M, Leung KT, Qin W: The prospects of cel-
lulose-producing bacteria for the bioconver-
sion of lignocellulosic biomass. Int J Biol Sci 
2009;   5:   500–516.

  Maki M, Broere M, Leung KT, Qin W: Charac-
terization of some efficient cellulase produc-
ing bacteria isolated from paper mill sludges 
and organic fertilizers. Int J Biochem Mol 
Biol 2011;   2:   146–154.

  Ng TK, Zeikus JG: Comparison of extracellular 
cellulase activities of  Clostridium thermocel-
lum  LQRI and  Trichoderma reesei  QM9414. 
Appl Environ Microbiol 1981;   42:   231–240.

  Otjen J, Blanchette RA: Patterns of decay caused 
by  Inonotius dryophilus  (Aphyllophorales: 
Hymenochaetaceae) a white-pocket rot of 
oaks. Can J Bot 1982;   60:   2270–2279.

  Pandey KK, Pitman AJ: FTIR studies of the 
changes in wood chemistry following decay 
by brown-rot and white-rot fungi. Int Biode-
ter Biodegrad 2003;   52:   151–160.

  Ragauskas AJ, Williams CK, Davison BH, Bri-
tovsek G, Cairney J, Eckert CA, Frederick WJ 
Jr, Hallett JP, Leak DJ, Liotta CL, Mielenz JR, 
Murphy R, Templer R, Tschaplinski T: The 
path forward for biofuels and biomaterials. 
Science 2006;   311:   484–489.

  Raj A, Chandra R, Reddy MMK, Purohit HJ, 
Kapley A: Biodegradation of kraft lignin by 
a newly isolated bacterial strain,  Aneuriniba-
cillus aneurinilyticus  from the sludge of a 
pulp paper mill. World J Microbiol Biotech-
nol 2010;   23:   793–799.

  Rivas R, Trujillo ME, Mateos PF, Martínez-Mo-
lina E, Velázquez E:  Cellulomonas xylanily-
tica  sp. nov., a cellulolytic and xylanolytic 
bacterium isolated from a decayed elm tree. 
Int J Syst Evol Microbiol 2004;   54:   533–536.

  Scheller HV, Ulvskov P: Hemicelluloses. Annu 
Rev Plant Biol 2010;   61:   263–289.

  Schneider SH: The greenhouse effect: science 
and policy. Science 1989;   243:   771–781.

  Sizova MV, Izquierdo JA, Panikov NS, Lynd LR: 
Cellulose- and xylan-degrading thermo-
philic anaerobic bacteria from biocompost. 
Appl Environ Microbiol 2011;   77:   2282–2291.

  Thivend S, Lebreton P: Champignons lignivores. 
Contribution a l’étude de la degradation de 
la lignine. Revue ATIP 1969;   23:   13–24.

  Xiao Z, Storms R, Tsang A: Microplate-based fil-
ter paper assay to measure total cellulase ac-
tivity. Biotechnol Bioeng 2004;   88:   832–837.

 


