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Structural polysaccharide degrading bacteria can potentially be used in
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Due to their beneficial effect, these bacteria can improve the hydrolysis
rate of lignocellulose biomass. During our work, a number of 208 bacterial
isolates with cellulose and hemicellulose-degrading capacity have been
obtained. The selected strains have been assayed for cellulolytic and
xylanolytic activities. 47 isolates with structural polysaccharide degrading
capacity have been identified based on theirl6S ribosomal DNA gene
sequence analysis. The identified bacterial strains belong to different
genera such as: Bacillus, Stenotrophomonas, Acinetobacter, Paenibacillus,
Comamonas, Corynebacterium, Flavobacterium, Janthinobacterium,
Kurthia, Leucobacter, Pseudomonas, and Sphingobacterium.
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Introduction

Plant biomass represents a common and valuable natural resource for many industries. Due to their enzymes,
microorganisms play an important role in the treatment of plant biomass. They also contribute to cost-effective and gentle
technological steps in biomass processing. The main compounds resulting from the breakdown of hemicellulose and xylan are
carbohydrates (Sizova et al.,2011, Okeke and Lu, 2011). The major structural element of all vegetal cell walls is
lignocellulose which represents a renewable organic material. This consists of 30% cellulose, 30% hemicellulose, 35% pectin,
while the remaining 5% are proteins and phenol derivatives(Ochoa-Villarreal and Aispuro-Hernandez, 2012). Due to the
action of cellulases produced by different microorganisms, the release of carbohydrates from cellulose can be biologically
achieved (Mood et al., 2013, John et al., 2011). However, total enzymatic breakdown of cellulose is the result of a synergetic
effect of several enzymes, such as endoglucanases, exoglucanases, cellobiases and B-glucosidases.

Due to the pronounced orientation towards renewable energy, there has been an increased need for efficient
microorganisms from different ecosystems that hydrolyze cellulose, contributing to the breakdown of lignocellulosic biomass.
Cellulolytic bacteria are diverse and occur in different environments such as compost, soil, wastewater, livestock gut and feces
(Schwarz, 2001, Rakotoarivonina et al., 2012).

Hemicellulose, on the other hand, has a more complex structure. The conversion of xylan plays a key role in the
degradation of plant cell wall (Shallom and Shoham, 2003.). Different enzymes are involved in the biodegradation of xylan-
based structures, like endo-p (1-4) xylanases, p(1-4) xylosidases, a-L-arabinofuranosidase, o-glucuronosidase, as well as
acetylxylan esterase (Saha 2003).

The aim of this study was to isolate and characterize microorganisms originating from different environmental niches
which contribute to the increase of water soluble carbohydrate content in lignocellulose biomass, enhancing its conversion and
availability in the agro-industrial carbon flow and nutrient cycle.

Materials and methods
Isolation of cellulolytic and xylanolytic bacteria
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Bacterial strains with cellulose and xylan hydrolyzing capacities have been isolated from different ecological habitats,
such as the following: pine forest soil, deciduous forest soil, meadow soil with hay, rumen, ruminant (goat) feces, mushroom
substrate, mature compost, brewery sludge, bark beetle feces, the surface of mushrooms, as well as corn and legumes
(leguminous) silage. Isolation has been carried out by direct inoculation method and enrichment technique (Gupta et al., 2012,
Castro et al., 2014) as follows: 1 g of each substrate has been dissolved in 9 ml sterile physiological solution and serial
dilutions have been prepared. 0.1 ml from these have been spread on the surface of Bushnell Haas agar medium (BHM: 1.0 g/L
NHiNOs, 1.0g/L KH2PO4, 0.5¢9/L MgSO47H,0; 1.0 g/L yeast extract) supplemented with one of the carbon sources: 15g/L
CMC (carboxymthyl celullose), xylan or cellulose and containing Congo Red dye (Huan et al., 2009, Teather and Wood,
1982). The inoculated dishes have been incubated for 7 days at room temperature. Isolation from the surface of the media has
been performed according to the size of the halo zone, developed around the bacterial colonies. Distinctive purified colonies
have been inoculated on Nutrient agar slants and stored at 4 °C.

For the enrichment technique, Bushnell Haas medium has been used, supplemented with different carbon sources
CMC, DDGS (distiller’s dried grains with solubles) and alfalfa) (Lo et al., 2011, Techapun et al., 2002). These mediums have
been inoculated with 1 g from each of the 12 substrates. Cultures have been incubated at room temperature for a period of 7
days. Potential cellulose and xylan-degrading bacteria have been inoculated on Congo Red containing BHM medium. Isolation
from the surface of these media has been performed as described previously.

Determination of cellulolytic and xylanolytic capacity of the bacterial isolates

For the determination of cellulolytic and xylanolytic capacity of the bacterial isolates, the 3, 5-dinitrosalicylic acid
(DNSA) method has been used. 49 bacterial isolates presenting different colony morphology have been selected. These isolates
have been grown in liquid Nutrient medium for 24 hours at 28°C, 150 rpm. 20 ml of liquid BHM medium supplemented with
different carbon sources (cellulose, xylan, CMC) has been inoculated with 2% of bacterial suspension and has been incubated
for 7 days.

The amount of reducing sugars generated by the cellulolytic or xylanolytic activities has been determined after three,
five and seven days of incubation. 1 ml of bacterial suspension has been centrifuged at 10000 rpm, 4 °C and the obtained
supernatant has been further analyzed for the reducing sugar content (Miller 1959, Bailey 1988, Zhao et al., 2008).

For the selected strains, the cellulase and xylanase enzyme activity has been determined using a glucose and xylose
calibration curve.

Identification of cellulolytic and xylanolytic bacterial strains

47 bacterial isolates have been identified based on 16S rDNA sequence analysis. Genomic DNA has been isolated
using an AccuPrep Genomic DNA Isolation Kit from Bioneer, according to the manufacturer’s protocol. A part of the bacterial
16S rDNA gene has been amplified with the universal oligonucleotides 27f 5> AGAGTTTGATCMTGGCTCAG 3’and 1492r
5’TACGGYTACCTTGTTACGACTT3’.

The nucleotide sequence determination has been performed by LGC Genomics. Multiple sequence alignments and
manual corrections have been performed with Chromas (Technelysium Pty. Ltd., South Brisbane, Australia). Phylogenetic
analyses have been conducted using the Molecular Evolutionary Genetics Analysis 4 system (www.megasoftware.net)
(Tamura et al., 2007). The isolates have been identified through comparison of the sequences using the EzTaxon server
(www.ezbiocloud.net/eztaxon) on the basis of 16S rDNA sequence data (Kim et al., 2012).

Phenotypic and biochemical characterization of the selected strains

Biochemical characterization of the most promising 20 bacterial isolates has been carried out using Biolog GENIII
MicroPlates, according to the manufacturer’s protocol, containing 71 carbon source utilization assays and 23 chemical
sensitivity assays.

Results and discussion

Structural polysaccharide degrading bacteria have a pivotal role in the degradation of cellulose and hemicellulose
materials (Nyonzo et al., 2014). There is a higher need for these microorganisms that break down plant lignocellulose
materials which represent one of the most renewable organic resources. Earlier studies reported on the high diversity of
bacterial strains with cellulose degrading capacity that has biotechnological applicability (Ghio et al.,2012, Bashir et
al.,2013). A total number of 208 bacterial strains have been isolated from different environmental samples based on their
ability to grow on cellulose, CMC or xylan, as the sole carbon source.

Based on the high halo zone developed around the colonies, a number of 74 bacterial isolates have been selected and
analyzed for their polysaccharide degrading capacity, along with determination of their phenotypic patterns. The origin of
these bacterial isolates is different. Eight of them have been obtained from deciduous forest soil, two from bark beetle feces, 14
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from silages, 15 from the rumen of cows, four from industrial brewery sludge, eight from mature compost, four from meadow
soil, three from pine forest soil, seven from Pleurotus ostreatus substrate, three from mushrooms, and six from goat feces.

47 isolates have been identified based on 16S ribosomal DNA gene sequence analysis. The identified beneficial
bacterial isolates belong to 4 phylum: Proteobacteria (42%), Firmicutes (29%), as well as Actinobacteria and Bacteroidetes
(29%). The phylogenetic relationship of the structural polysaccharide degrading bacteria originated from different
environments is illustrated on the phylogenetic tree (Figure 1.), constructed using the Mega 4 software tool.

From the assayed bacterial strains, 24 (53%) have released high content of reducing sugars from structural
polysaccharides. The most representative bacterial strains are: Acinetobacter beijerinckii K121, Bacillus safensis K193,
Janthinobacterium agaricidamnosum C101, Janthinobacterium svalbardensis K140, Kurthia massiliensis C31, Paenibacillus
odorifer K183, Paenibacillus peoriae KO2A, Pseudomonas geniculata K09, Pseudomonas japonica K175, Raoultella planticola
C107, Sphingobacterium kitahiroshimense K185, Stenotrophomonas rhizophila K142, Stenotrophomonas rhizophila K143.

Figure 1: Phylogenetic diversity of the identified cellulolytic and xylanolytic bacteria originated from different environments
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Enzyme activities, which resulted from the sugar release, have been lower on the third day, probably due to the
prolonged adaptation of the bacterial isolates to the environment. The lowest percentage has been achieved on the seventh day,
resulting probably from the product inhibition effect and carbon source depletion.

On the fifth day 32 (71 %) of the tested bacterial isolates could degrade xylan, and 20 (44 %) of the tested bacterial
isolates degraded CMC resulting in reducing sugars. From the assayed three structural polysaccharides, these two are
considered to be the most favorable.

Paenibacillus peoriae K02A, Pseudomonas geniculata K09, Bacillus safensis K193 could degrade all three
polysaccharides according to the results of the DNSA method on the fifth day. Raoultella planticola C107, Stenotrophomonas
rhizophila K143, Stenotrophomonas rhizophila K14A, Pseudomonas japonica K175, Bacillus safensis K193,
Sphingobacterium cladonia K206/1 have shown polysaccharide degrading activity in each case of the tested polysaccharides
on the seventh day of the incubation.

In the case of xylan degradation, only six of the bacterial isolates showed no or very weak xylan degrading activity on the fifth
and seventh days.

Acinetobacter beijerinckii K121, Janthinobacterium agaricidamnosum K144, Janthinobacterium svalbardensis K140,
Pseudomonas japonica C112, Shigella flexneri K191, Stenotrophomonas terrae K138 bacterial strains have shown a high xylan
degrading capacity.

Two bacterial strains, Bacillus safensis K193 and Stenotrophomonas rhizophila K16 could hydrolyze all three assayed
polysaccharides on the third day of the incubation. Acinetobacter beijerinckii K121, Janthinobacterium agaricidamnosum
C101, Janthinobacterium svalbardensis K140 and Stenotrophomonas rhizophila K142 have shown cellulose and CMC
degrading activity on the fifth day, whereas three of the strains, Bacillus safensis K193, Paenibacillus peoriae KO2A and
Pseudomonas geniculata K09 could degrade all the three polysaccharides tested. Bacillus safensis K193, Pseudomonas
japonica K175, Raoultella planticola C107, Sphingobacterium cladonia K206/1, Stenotrophomonas rhizophila K143 and
Stenotrophomonas rhizophila K14A could degrade all the three polysaccharides on each of the last two days.

Among the assayed bacterial isolates only some have shown promising results. In the case of the strain Paenibacillus
peoriae KO1B isolated from corn silage, the activity of the endo-cellulases was 1.1975 Ul on the third day of the incubation
and 1.598 Ul on the fifth day. The highest exo-cellulase activity has been observed in the case of the strain Pseudomonas
japonica K175 isolated from deciduous forest soil. The reducing sugar amount liberated during one minute was 1.927 umol on
the fifth day. Jeong et al. 2012, determined some genes that are responsible for the utilization of plant derived polysaccharides
in the case of plant beneficial soil bacteria Paenibacillus peoriae.

It is to be noticed, that the strain Stenotrophomonas rhizophila K143 has shown activity on CMC, although it has been
isolated from mature compost and grown on cellulose powder. This strain showed 0.9474 Ul on the third day of the incubation.
Regarding strains of Stenotrophomonas sp., Raj et al., 2013, showed that Stenotrophomonas maltophilia produced highly
thermostable xylanase.

The highest amount of xylanolytic enzymes were produced by Bacillus safensis K193 on the fifth day after
incubation, when the enzyme activity value reached 6.7447 Ul. This strain has been isolated from silage sample. In the case of
Pseudomonas japonica K175, the enzyme activity was 0.5758 Ul on the third day and 0.6267 Ul on the fifth day. Raoultella
planticola C107 has shown 0.9131 Ul, while the strain Paenibacillus peoriae KO2A has reached a value of 0.5 Ul. The results
have pointed out that most of the bacterial isolates analyzed in this study utilize xylan well.

Our findings on Bacillus safensis being a promising strain are supported by Lateef. Et al., 2015. They reported that
the safe industrial microorganism has unique abilities. This bacterium produces various industrial enzymes and industrially
applicable secondary metabolites.

Metabolic patterns of the most promising 20 bacterial strains have been determined using Microlog Genlll Biolog
microplates. The analyzed bacterial strains differ in fermentation patterns and chemical sensitivity. Eight (40%) from the 20
analyzed strains have shown pectin utilization capability, nine (45%) strains can utilize Tween 40 as a substrate, twelve (60%)
can utilize D-cellobiose and gelatin, five of the strains (25%) degrade myo-inositol, seven (35%) utilize inosine and also seven
(35%) utilize raffinose as a substrate.

Sphingobacterium faecium K198 degrades all of the following five substrates: pectin, Tween 40, D-cellobiose,
gelatine, raffinose and cellobiose. Pectin and gelatin are utilized by Bacillus safensis K193, Janthinobacterium
agaricidamnosum C101, Sphingobacterium cladonia K206/1 and Sphingobacterium faecium K198. Regarding the chemical
sensitivity of the analyzed bacteria, eighteen (90%) from the 20 bacteria grow on medium containing 1% NaCl, ten of the
tested bacteria (50%) grow on 4% NaCl, but only four strains (20%) Bacillus safensis K193, Janthinobacterium
agaricidamnosum C101, Leucobacter luti C100, Raoultella planticola C107) can survive in a media containing 8% NaCl.
According to the analyzed antibiotic susceptibility of the tested bacteria, 50% present sensitivity to troleandomycin, twelve
(60%) to rifamycin SV, ten (50%) to lincomycin, five (25%) to nalidixic acid and nine (45%) to vancomycin. According to the
biochemical characterization performed with the Biolog system, Leucobacter luti C100 not only degrades structural
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polysaccharides, but can also survive in a media containing 8% of NaCl, and has shown resistance to troleandomycin and
rifamycin, while the strains Comamonas testosteroni K190, Pseudomonas geniculata KO9A, Corynebacterium argentoratense
K158, Corynebacterium stationis K168 have shown resistance to troleandomycin, rifamycin and lincomycin.

Not only have the assayed bacterial isolates shown highest cellulase and xylanase activities, but based on the
metabolic pattern results, some of the bacteria can utilize other plant derived polysaccharides and have metabolic activity in
the presence of different chemicals. These findings suggest that bacterial strains can play a significant role in biodegradation
processes.

Conclusions

The present study highlights the diverse community of aerobic and facultative anaerobic cellulolytic and xylanolytic
bacteria in different environmental samples. Some of these bacterial strains have shown potential to be used in different
biotechnological processes due to the degradation capacity of structural polysaccharides resulting in water soluble sugars.

The results revealed that Bacillus safensis K193 and Stenotrophomonas rhizophila K16 have a major contribution in
the degradation of the assayed lignocellulosic materials.

A microbial consortium based on the assayed and selected strains is expected to increase the yield of the enzymatic
decay of cellulolytic and hemicellulolytic plant materials.
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