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ABSTRACT 
 
Bacillus subtilis ATCC 6633, Escherichia coli ATCC 25922 and Rhizobium sp. DASA23010 were 
examined for carboxymethyl cellulase (CMCase) production. CMCase produced from all strains 
was characterized as cell-bound enzyme. All strains could grow in medium containing CMC as a 
sole carbon source. The highest activities obtained from B. subtilis, E. coli and Rhizobium sp. were 
not significantly different. Comparing the growth in three agricultural wastes, maximum cell 
numbers were obtained from the media containing pineapple peel, vegetable residue and corncob, 
respectively. Corncob stimulated higher production of CMCase than other agricultural wastes.  
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1. INTRODUCTION 
 
Plant biomass contains cellulose as the major component. Cellulose accounts for 50% of the dry 
weight of plant biomass and approximately 50% of the dry weight of secondary sources of 
biomass such as agricultural wastes [1]. An important feature of cellulose, relatively unusual in the 
polysaccharide world, is its crystalline structure [2]. The crystalline structure and insoluble nature 
of cellulose represents a formidable challenge for enzymatic hydrolysis [3]. Cellulose degrading 
microorganisms can convert cellulose into soluble sugars either by acid and enzymatic hydrolysis. 
Thus, microbial cellulose utilization is responsible for one of the largest material flows in the 
biosphere [2].  

The complete degradation of cellulose is made by a cellulolytic enzyme system. It has 
been established that there are three main types of enzymes found in the cellulase system that can 
degrade cellulose: exo-β-1,4-glucanase, endo-β-1,4-glucanase and β-glucosidase. The 
endoglucanases act internally on the chain of cellulose cleaving β-linked bond liberating non-
reducing ends, and exoglucanases  remove cellobiose from this non-reducing end of cellulose 
chain. Finally, β-glucosidase completes the saccharification by splitting cellobiose and small cello-
oligosaccharides to glucose molecule [4]. 
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 Carboxymethyl cellulase (endo-β-1,4-glucanase EC 3.2.1.4) is one of the component 
enzymes of the cellulase system which hydrolyzes 1,4-β-D-glucosidic bonds within the cellulose 
molecules [5]. Carboxymethyl cellulase (CMCase) activity has been found in a variety of fungi 
and bacteria such as Trichoderma longibranchiatum [3], Aspergillus niger [6], Aspergillus  
japonicus  [7],  Trichoderma  reesei  [8],  Paenibacillus  [9], Sinorhizobium fredii [10], Bacillus 
cereus [11], Myxobacter [12], Bacillus circulans [13], Cellulomonas flavigena [14], Bacillus 
megaterium [15], Rhizobium leguminosarum [16], Clostridium thermocellum [17-18], 
Thermonospora fusca [19] and Cellulomonas uda [20]. Different agricultural wastes have been 
studied for CMCase production of cellulolytic microorganisms. Thermoascus aurantiacus 
produced the highest levels of CMCase in corncob, grasses and corn straw [4]. Trichoderma viride 
showed CMCase activity in mixed substrates of rice straw and wheat bran [21]. 

In this work, CMCase of the selected bacteria including B. sublitis, E. coli and Rhizobium 
sp. was characterized. Growth of bacteria and production of CMCase were studied by using 
carboxymethyl cellulose (CMC) as a sole carbon source and different agricultural wastes as 
substrates. The information can be used for the application of agricultural wastes as plentiful and 
cheap sources for microbial growth aiming at the production of enzyme. Thus the disposal of 
agricultural waste will be reduced. 
 
 

2. MATERIALS AND METHODS 
 
2.1 Microorganisms and culture condition 
B. subtilis ATCC 6633 and E. coli ATCC 25922 were obtained from National Institute of Health, 
Ministry of Public Health, Thailand. A collection of root-nodule bacteria was obtained from Soil 
Microbiology Research Group, Division of Soil Science, Department of Agriculture, Ministry of 
Agriculture and Cooperative. Unless indicated otherwise, B. subtilis and E. coli were cultured in 
NB or NA at 37°C. Root-nodule bacteria were cultured in Yeast Mannitol Agar (YMA) or Yeast 
Mannitol Broth (YMB) [22] at 28°C. 
 
2.2 Sequence analysis of partial 16S rDNA 
To identify genus of root-nodule bacterium, the 16S rDNA gene was analyzed as described 
elsewhere [23]. The purified PCR product was sequenced by Macrogen, Korea. The nucleotide 
sequence was aligned using BLASTN (http://www.ncbi.nlm.nih.gov). 
 
2.3 Plate assay 
Bacteria collected were screened for CMCase production by point-inoculation on CMC agar plates 
[24]. After colonies were formed, plate assays were done as described elsewhere [24]. CMCase 
production was observed as clearing (reduction of staining) of congo red at the position of 
colonies. Index values were defined as diameter of clearings (cm.) divided by diameter of colonies 
(cm.). 
 
2.4 CMCase assay 
To determine whether CMCase produced from each strain is extracellular enzyme or cell-bound 
enzyme, bacteria were allowed to grow in CMC broth [24] until they reached an OD600 of 1.0. 
Cell cultures were precipitated by centrifugation. Cell pellets were washed,  resuspended in 
distilled water and disrupted by ultrasound at 50 amplitude for 10 min. Cell-free supernatant and 
disrupted cell suspension were assayed for CMCase activity. CMCase activities were assayed 
during different time intervals by incubating samples with CMC at 37°C for 20 min. Reactions 
were terminated by heating in water bath at 60°C for 25 min, followed by cooling within 5 min. in 
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cold water bath. Reducing sugars in samples before incubating with CMC and reducing sugars 
after incubating with CMC were measured by the method of Bergmeyer [25]. The absorbance at 
710 nm was measured. The concentration of reducing sugars was determined by comparison with 
a glucose standard curve. One unit of CMCase activity is defined as µmole glucose equivalent 
liberated per min. under assay conditions.  
 
2.5 Growth of selected bacteria in CMC broth 
Each strain of bacteria was cultured and used as inoculum. The total cell count in inoculum was 
examined by the standard plate count method. Cell culture was precipitated by centrifugation, 
washed, resuspended in sterilized water and inoculated into CMC broth [24]. The initial cell 
number of each strain was 1.00 x 106 CFU/ml. The cell number was measured during different 
time intervals by the standard plate count method. CMCase activity was measured during each 
interval as described above.  
 
2.6 CMCase production during the growth of selected bacteria in agricultural 
wastes 
Growth and CMCase production of each strain were assayed as described above except that 
agricultural wastes were substituted instead of CMC in medium at the equal concentration (10 g/l 
of medium). All agricultural wastes were ground into powder using a blender. Agricultural wastes 
used in this study included corncobs, pineapple peels and vegetable residues. The amounts of 
reducing sugar in media containing each agricultural waste were measured by the method of 
Bergmeyer [25].  
 
2.7 Statistical analyses 
Experimental data were compared by the SPSS program version 13.0 (SPSS Inc., Chicago, IL). 
 
 

3. RESULTS AND DISCUSSION 
 
3.1 Plate assay 
CMC degradation was observed on CMC agar plates inoculated with B. sultilis, E.coli and root-
nodule bacteria DASA23010. The clearing occurred only below colonies, suggesting that the 
enzyme remain attached to colonies. The index values obtained from B. sultilis, E.coli and 
DASA23010 were 1.07, 1.00 and 1.00, respectively. The clearing on CMC agar plates after 
staining was shown in Figure 1. 
 
 

 
Figure 1 Clearing on CMC agar plates after staining indicates CMC degradation (A) as compared 
   with control without CMC degradation (B). 
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3.2 Sequence analysis of partial 16S rDNA 
The 16S rDNA sequence of root-nodule bacteria DASA23010 indicates high homology (87%-
89%) with members of Rhizobium/Agrobacterium group. The morphological characteristics were 
tested with carbol-fuchsin staining, growth in NA medium and YM medium containing 25 µg/ml 
congo red. The strain DASA23010 was identified as Rhizobium sp. based on the 16S rDNA 
sequence and the morphological characteristics. The 16S rDNA sequence of Rhizobium sp. 
DASA23010 has been deposited in GenBank under accession number FJ755842. 
 
3.3 CMCase assay 
CMCase activity was measured in cell-free supernatant (extracellular enzyme) and disrupted cell 
pellets (cell-bound enzyme). Extracellular CMCase activity was calculated as mU/ml supernatant 
and cell-bound CMCase activity was calculated as mU/mg cell. CMCase activities of B. subtilis, E. 
coli and Rhizobium sp. are shown in Figures 2-4, respectively. CMCase activity was observed in 
disrupted cell pellets of all strains. Maximum production of CMCase was detected during the 
exponential phase. The maximum CMCase activities in B. sultilis, E.coli and Rhizobium sp. were 
40.4 ± 0.9, 41.1 ± 0.0, and 40.2 ± 0.4 mU/mg cell, respectively. The highest activities obtained 
from all strains were not significantly different. There was no CMCase activity in cell-free 
supernatant from all strains. Therefore CMCase produced from all three strains was characterized 
as cell-bound enzyme. This is consistent with the results obtained from plate assays in which 
clearing occurred only below colonies, suggesting that the enzyme remain attached to the bacteria 
[16]. The CMCase activity in C. thermocellum and three cellulolytic isolates has been reported to 
be paralleled to cell growth [18]. Cell-bound CMCase has been reported in various organisms such 
as R. leguminosarum [16, 26] and T.  reesei [8]. While extracellular CMCase has been reported in 
Bacillus sp. [27]. 
 
3.4 Growth of selected bacteria in CMC broth 
Growth in CMC broth was observed in all strains. The results indicate that these bacteria could 
utilize CMC as a sole carbon source. The maximum cell numbers of B. sultilis, E.coli and 
Rhizobium sp. were 1.30 x 109 ± 2.00 x 108, 1.86 x 109 ± 4.73 x 107 and 2.10 x 109 ± 1.00 x 108 
CFU/ml, respectively. The growth curves of B. subtilis, E. coli and Rhizobium sp. are shown in 
Figures 2-4, respectively.  
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Figure 2 Growth curve and CMCase activity of B. sultilis in CMC broth.The values shown are 
      the mean value of 3 replicates. Error bars indicate standard deviation. 
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E. coli
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Figure 3 Growth curve and CMCase activity of E. coli in CMC broth. The values shown are the 
      mean values of 3 replicates. Error bars indicate standard deviation. 
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Figure 4 Growth curve and CMCase activity of Rhizobium sp. in CMC broth. The values shown 

    are the mean values of 3 replicates. Error bars indicate standard deviation. 
 
3.5 CMCase production during the growth of selected bacteria in agricultural 
wastes 
Growth of each organism was determined in different agricultural wastes. The similar tendency 
was observed in all organisms. Growth and cell-bound CMCase activity of B. subtilis, E. coli and 
Rhizobium sp. in agricultural wastes are shown in Figures 5-7, respectively. Maximum cell 
numbers were obtained from the medium containing pineapple peels. The maximum cell numbers 
of B. subtilis, E. coli and Rhizobium sp. were 6.50 x 108 ± 2.00 x 107, 2.88 x 109 ± 2.52 x 107 and 
2.11 x 109 ± 3.51 x 107 CFU/ml, respectively while minimum cell numbers were obtained from the 
medium containing corncob. Contrary to cell growth, the highest activity of B. subtilis and 
Rhizobium sp. was obtained from cells grown in corncob whereas the highest activity of E. coli 
was obtained from cells grown in corncob and pineapple peels. The highest activities of B. subtilis, 
E coli and Rhizobium sp. were 15.6 ± 0.2, 3.6 ± 0.1 and 12.7 ± 0.1 mU/mg cell, respectively. 
Maximum production of CMCase was detected during the stationary phase while CMCase 
production was very low during the lag phase to the mid-log phase of growth. Even though 
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corncob could stimulate the highest enzyme activity in all organisms, their growth in corncob was 
slightly lower than that in vegetable residues. One explanation is that when these agricultural 
wastes were used as substrate, the difference in cell growth is affected by various factors such as 
the presence of activator or inhibitor, vitamins or growth factors, especially sugar content in these 
substrates. Sugar content affected CMCase production because bacteria could utilize sugar 
residues in agricultural wastes as carbon source. Thus it is possible that the production of 
cellulolytic enzyme including CMCase in agricultural wastes would be suppressed. The initial 
amounts of reducing sugars in the media containing pineapple peels, corncobs and vegetable 
residues were 340.35 ± 7.06, 209.58 ± 2.51 and 129.10 ± 0.80 µg/ml, respectively. The results of 
cell growth in agricultural wastes showed the efficacy of applying these agricultural wastes as 
plentiful and cheap media for biomass production that will benefit the utilization of these abundant 
agricultural wastes. In addition, B. subtilis and Rhizobium sp. are well known for their plant-
growth promoting ability. These agricultural wastes can also be employed as carriers and/or 
nutrient source for biofertilizer production with these plant-growth promoting rhizobacteria. 
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Figure 5 Growth curve and CMCase activity of B. subtilis in agricultural wastes. The values 
               shown are the mean values of 3 replicates. Error bars indicate standard deviation. 
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Figure 6 Growth curve and CMCase activity of E. coli in agricultural wastes.The values shown 
are the mean values of 3 replicates. Error bars indicate standard deviation. 
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Figure 7 Growth curve and CMCase activity of Rhizobium sp. in agricultural wastes. The values 

       shown are the mean values of 3 replicates. Error bars indicate standard deviation. 
 
 

4. CONCLUSIONS 
 
B. subtilis, E. coli and Rhizobium sp. produced cell-bound CMCase and utilized CMC as a sole 
carbon source. Agricultural wastes, including corncob, pineapple peels and vegetable residues, 
could be degraded and used as cheap sources for microbial growth.   
 
 

5. ACKNOWLEDGEMENTS 
 
We thank Ms. Achara Nuntagij for providing root-nodule bacteria in DASA collection and 
National Institute of Health, Ministry of Public Health for providing B. subtilis ATCC 6633 and E. 
coli ATCC 25922. 
 
 

REFERENCES 
 
[1]  Haruta, S., Kato, S., Cui, Z., Ishii, M. and Igarashi, Y. 2003. Cellulose degrading microbial 

community, In Proc. JSPS-NRCT/DOST/LIPI/VCC Multilateral Cooperative Research 
Program in the Field of Biotechnology, pp. 287–291. Bangkok, Thailand,  

[2]  Lynd, L. R., Weimer, P. J., van Zyl, W. H. and Pretorius, I. S. 2002. Microbial cellulose 
utilization: Fundamentals and biotechnology, Microbiology and Molecular Biology Reviews, 
66(3), 506–577.  

[3]  Zhou, S. and Ingram, L. O. 2000. Synergistic hydrolysis of carboxymethyl cellulose and 
acid-swollen cellulose by two endoglucanases (CelZ and CelY) from Erwinia chrysanthemi, 
Journal of Bacteriology, 182(20), 5676–5682. 

[4]  da Silva, R., Lago, E. S., Merheb, C. W., Macchione, M. M., Park, Y. K. and Gomes, E. 
2005. Production of xylanase and CMCase on solid fermentation in different residues by 
Thermoascus aurantiacus miehe, Brazilian Journal of Microbiology, 36(3), 235–241. 



 
 

KMITL Sci. Tech. J. Vol. 8 No. 2 Jul. - Dec. 2008 

91 
 

[5]  Siddqui, K. S., Azhar, M. J., Rashid, M. H., Ghuri, T. M. and Rajoka, M. J. 1997. 
Purification and the effect of carboxymethylcellulases from Aspergillus niger and 
Cellulomonas biazotea,  Folia Microbiologica, 42(4), 303–311. 

[6]  Kimura, S. Y., Yamamato, K. and Kumagai, H. 1995. Purification and characterization of a 
protease-resistant cellulase from Aspergillus niger, Journal of Fermentation and 
Bioengineering, 79(2), 125–130. 

[7]  Kundu, R. K., Dube, S. and Dube, D. K. 1988. Extracelluar cellulolytic enzyme system of 
Aspergillus japonicus: 3. Isolation, purification and characterization of multiple forms of 
endoglucanase, Enzyme and Microbial Technology, 10(2), 100–109.  

[8]  Glenn, M., Ghosh, A. and Ghosh, B. K. 1985. Subcellular fractionation of a hypercellulo- 
lytic mutant, Trichoderma reesei Rut-C30: Localization of endoglucanase in microsomal 
fraction, Applied and Environmental Microbiology, 50(5), 1137–1143. 

[9]  Pooyan, G. M.and Shamalnasab, M. 2007. Cellulase activities in nitrogen fixing 
Paenibacillus isolated from soil in N-free media, World Journal of Agricultural Sciences, 
3(5), 602–608. 

[10]  Chen, P., Wei, T., Chang, Y. and Lin, L. 2004. Purification and characterization of 
carboxymethyl cellulase from Sinorhizobium fredii, Botanical Bulletin of Academia Sinica, 
45, 111–118. 

[11]  Kurakake, M., Yo-u, S., Nakagawa, K., Sugihara, M. and Komaki, T. 2000. Properties of 
chitosanase from Bacillus cereus S1, Current Microbiology, 40(1), 6–9. 

[12]  Pedraza-Reyes, M. and Gutierrez-Corona, F. 1997. The bifunctional enzyme chitosanase-
cellulase produced by the gram-negative microorganism Myxobacter sp. AL-1 is highly 
similar to Bacillus subtilis endoglucanases, Archives of Microbiology, 168(4), 321–327. 

[13]  Kim, C. H. 1995. Characterization and substrate specificity of an endo-β-1,4-D-glucanase I 
(avicelase I) from an extracellular multi-enzyme complex of Bacillus circulans, Applied and 
Environmental Microbiology, 61(3), 959–965. 

[14]  Sami, A. J. and Akhtar, M. W. 1993. Purification and characterization of two low-molecular 
weight endoglucanases of Cellulomonas flavigena, Enzyme and Microbial Technology, 15(7), 
586–592. 

[15]  Pelletier, A. and Sygusch, J. 1992. Purification and characterization of three chitosanase 
activities from Bacillus megaterium P1. Applied and Environmental Microbiology, 56(4), 
844–848. 

[16]  Mateos, P. F., Jimenez-Zurdo, J. I., Chen, J. A., Squartini, S., Haack, S. K., Martinez-Molina, 
E., Hubbell, D. H. and Dazzo, F. B. 1992. Cell-associated pectinolytic and cellololytic 
enzymes in Rhizobium leguminosarum biovar trifolii, Applied and Environmental 
Microbiology, 58(6), 1816–1822. 

[17]  Kobayashi, T. M., Romaniec, P. M., Fauth, U. and Demain, A. 1990. Subcellulosome 
preparation with high cellulase activity from Clostridium thetmocellum, Applied and 
Environmental Microbiology, 56(10), 3040–3046. 

[18]  Reynolds, P. H. S., Sissons, C. H., Daniel, R. M. and Morgan, H. W. 1986. Comparison of 
cellulolytic activities in Clostridium thermocellum and three thermophilic, cellulolytic 
anaerobes, Applied and Environmental Microbiology, 51(1), 12–17. 

[19]  Calza, R. E., Irwin, D. C. and Wilson, D. B. 1985. Purification and Characterization of Two 
-1,4-Endoglucanases from Thermonospora fusca, Biochemistry, 24(26), 7797–7804. 

[20]  Nakamura, K. and Kitamura, K. 1983. Purification and some properties of a cellulase active 
on crystalline cellulose from Cellulomonas uda, Journal of Fermentation Technology, 61, 
379–382. 

 



 
 

KMITL Sci. Tech. J. Vol. 8 No. 2 Jul. - Dec. 2008 

92 
 

[21]  Qi, B., Yaoa, R., Yua, Y. and Chena, Y. 2007. Influence of different ratios of rice straw to 
wheat bran on production of cellulolytic enzymes by Trichoderma viride ZY-01 in solid state 
fermentation, Electronic Journal of Environmental, Agricultural and Food Chemistry, 6(9), 
2341–2349. 

[22]  Keele Jr, B. B., Hamilton, P. B. and Elkan, G. H. 1969. Glucose catabolism in Rhizobium 
japonicum, Journal of Bacteriology, 97(3), 1184–1191. 

[23]  Pongsilp, N., Teaumroong, N. A., Nuntagij, N., Boonkerd, and Sadowsky, M. J. 2002. 
Genetic structure of indigenous non-nodulating and nodulating populations of 
Bradyrhizobium in soils from Thailand, Symbiosis, 33, 39–58. 

[24]  Zorreguieta, A., Finne, C. and Downie, J. A. 2000. Extracellular glycanases of Rhizobium 
leguminosarum are activated on the cell surface by an exopolysaccharide-related component, 
Journal of Bacteriology, 182(5), 1304–1312. 

[25] Bergmeyer, H. U. 1988. Methods of enzymatic analysis metabolites 1: Carbohydrates. Vol VI. 
Florida, VCH Publishers. 

[26]  Jimenez-Zurdo, J. I., Mateos, P. F., Dazzo, F. B. and Martinez-Molina, E. 1996. Cell-bound 
cellulase and polygalacturonase production by Rhizobium and Bradyrhizobium species, Soil 
Biology and Biochemistry, 28(7), 917–921. 

[27]  Horikoshi, K. M., Nakao, Y. Kurono, and Sashihara, N. 1984. Cellulase of an alkalophilic 
Bacillus strain isolated from soil, Canadian Journal of Microbiology, 30(6), 774–779. 


