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Introduction

Cellulose is a ubiquitous polysaccharide that is degraded by 
microorganisms belonging to various systematic groups regardless 
of the abiotic conditions (humidity, oxygenation, pH etc.) in the 
environment. Strains of bacteria belonged to the genus Paenibacillus are 
among the isolated microorganisms capable of hydrolyzing cellulose.

Paenibacillus polymyxa is a spore-forming, Gram-positive, 
facultaively anaerobic, heterotrophic bacterium that lives in various 
environments such as: soil, waters, the surface and interior of roots 
and the above-ground of plants [1]. It utilizes various organic and 
mineral compounds as a source of nitrogen. Some strains synthesize 
nitrogenase and are able to assimilate molecular nitrogen [2,3]. P. 
polymyxa produces lectins, heteroauxins, antibiotics (polymyxin) and 
other biologically active compounds, as a result of which it is included 
into plant growth promoting bacteria [4,5]. P. polymyxa strains 
are able to hydrolyse cellulose, both its amorphous and crystalline 
regions, by synthesizing a cellulase complex composed of endo-
1,4�-glucanase (3.2.1.4), exocellobiohydrolase (3.2.1.91), cellobiose 
phosphorylase (2.4.1.20) and cellodextrins (2.4.1.49). �e main role 
in the degradation of cellulose is played by endo-�-1,4-glucanase and 
exocellobiohydrolase. Endo-�-1,4-glucanase hydrolyzes amorphous 
regions of cellulose to cellodextrins and cellotetrose, which are then 
degraded by exocellobiohydrolase to cellobiose [6-9]. 

Some microorganisms produce exogenous cellulases located in 

surface structures termed cellulosomes [10-13]. Cellulosomes were 
�rst observed in Clostridium thermocellum, which degrades cellulose 
under thermophilic conditions [10,11]. �ere are only a few articles on 
the formation of cellulosomes or minicellulosomes on the surface of 
bacterial cells belonging to the genera Bacillus and Paenibacillus, which 
are capable of degrading cellulose [9,14,15].

So far there have been few studies involving microscopic analysis 
regarding the colonization of cellulose by P. polymyxa bacteria. �e 
problem is important as that the mechanism of cellulose degradation 
in the environment considerably di�ers depending on the taxonomic 
group of microorganisms carrying it out. Fungi do not require direct 
contact between the hyphae and substrate to hydrolyze cellulose, 
whereas in the case of bacterial cells, adhesion and the colonization 
of cellulose are necessary for the synthesis of cellulases to be initiated, 
particularly in the initial stages of cellulolysis.
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�e aim of our studies was to determine the activity of the 
cellulolytic enzymes produced by two diazotrophic strains of the 
bacterium P. polymyxa isolated from soil and to visualize cellulosomes 
on the surface of the studied bacteria as well as the colonization of 
cellulose by the bacterial cells using microscopy techniques. 

Materials and Methods

�e studies involved two strains of facultatively anaerobic spore-
forming bacteria isolated from agriculturally used land. Based on the 
morphology of cells in 18-20 hour cultures of the bacteria in broth and 
of colonies on nutrient agar incubated at 28°C as well as on biochemical 
traits identi�ed using Biomerieux API 50 CHB test the isolates were 
preliminarily classi�ed to the genus Paenibacillus. To identify the 
isolates to species the sequence of their 16S rRNA was determined. To 
amplify the 16S RNA gene universal starters 27 F and 1401R were used. 
�e matrix for PCR was genomic DNA isolated using Genomic DNA 
Puri�cation Kit (Bioneer) from a culture of the studied bacteria in late 
logarithmic phase of growth. �e puri�ed PCR product was sequenced 
at the Laboratory of DNA Sequencing and Oligonucleotides Synthesis 
of the Institute of Biochemistry and Biophysics, Polish Academy of 
Sciences. �e obtained nucleotide sequences were compared with 
those in the databases GenBank, EMBL (European Molecular Biology 
Laboratory) and DDBJ (DNA Data Bank of Japan) using the program 
BLAST (Basic Local Alignment Search Tool). 

Nitrogenase activity of the studied isolates was determined by 
the acetylene reduction method in medium containing K



Citation:  �*�y�U�V�N�D���(�%�����-�D�Q�N�L�H�Z�L�F�]��U�����'�R�E�U�]�\���V�N�L��J�����5�X�V�V�H�O��S�����3�L�H�W�N�L�H�Z�L�F�]���6�����H�W���D�O�� ���������������'�H�J�U�D�G�D�W�L�R�Q���D�Q�G���&�R�O�R�Q�L�]�D�W�L�R�Q���R�I���&�H�O�O�X�O�R�V�H���E�\���'�L�D�]�R�W�U�R�S�K�L�F��
�6�W�U�D�L�Q�V���R�I��Paenibacillus polymyxa���,�V�R�O�D�W�H�G���I�U�R�P���6�R�L�O�����-���%�L�R�U�H�P�H�G���%�L�R�G�H�J�������������������G�R�L���������������������������������������������� ������

�©�½�º�Ã�»�³�������Ú���œ�Á�Á�Ã�³�������Ú����������������
J Bioremed Biodeg
�œ�¦�¦�¡�������������������������•�•�¥�•�—�����¯�¼���½�¾�³�¼���¯�±�±�³�Á�Á���¸�½�Ã�À�¼�¯�º

Page 3 of 7

5’-CCTCCAGCTCTCCATGGTGATCG-3’. �e size of the obtained 
products of ampli�cation con�rmed the presence in the genome of 
both studied strains of nitrogenase iron protein subunit NifH gene 







Citation:  �*�y�U�V�N�D���(�%�����-�D�Q�N�L�H�Z�L�F�]��U�����'�R�E�U�]�\���V�N�L��J�����5�X�V�V�H�O��S�����3�L�H�W�N�L�H�Z�L�F�]���6�����H�W���D�O�� ���������������'�H�J�U�D�G�D�W�L�R�Q���D�Q�G���&�R�O�R�Q�L�]�D�W�L�R�Q���R�I���&�H�O�O�X�O�R�V�H���E�\���'�L�D�]�R�W�U�R�S�K�L�F��
�6�W�U�D�L�Q�V���R�I��Paenibacillus polymyxa���,�V�R�O�D�W�H�G���I�U�R�P���6�R�L�O�����-���%�L�R�U�H�P�H�G���%�L�R�G�H�J�������������������G�R�L���������������������������������������������� ������

�©�½�º�Ã�»�³�������Ú���œ�Á�Á�Ã�³�������Ú����������������
J Bioremed Biodeg
�œ�¦�¦�¡�������������������������•�•�¥�•�—�����¯�¼���½�¾�³�¼���¯�±�±�³�Á�Á���¸�½�Ã�À�¼�¯�º

Page 6 of 7

B. polymyxa (currently Paenibacillus polymyxa) and B. macerans as 
well as two species B. azoto�xans and B. psychrosaccharolyticus not 
included in Bergey’s bacterial taxonomy [31]. 
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