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Abstract A gene responsible for fungicidal activity was identified in the cyano-

bacterial strain Calothrix elenkinii RPC1, which had shown promise as a biocontrol

agent. Functional screening of the genomic library revealed fungicidal (against

Pythium aphanidermatum) and endoglucanase activities in two clones. Sequencing

revealed an open reading frame of 1,044 bp, encoding 348 amino acid residues with a

predicted molecular weight of 38 kDa. Analysis of the deduced amino acid sequence

of the putative gene (cael1) showed 99% similarity with the b-1,4-endoglucanase

from Anabaena laxa RPAN8 and 97% with the glucanase belonging to the peptidase

M20 family of Anabaena variabilis and Nostoc sp. PCC7120, respectively. The

putative promoters, ribosomal binding sites and a signal peptide of 22 amino acid

residues were identified, revealing the secretory nature of the protein. The phylo-

genetic tree indicated a close relationship of the gene with Bacillus sp. This study is

the first to report on the characterization of an endoglucanase in Calothrix sp.
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Introduction

Cyanobacteria are known to produce a diverse array of bioactive compounds and

enzymes exhibiting antibiotic, algicidal, antifungal, cytotoxic, and immunosup-

pressive activities (Mundt et al. 2001; Prasanna et al. 2010a, b). In our previous

studies, the role of hydrolytic enzymes in fungicidal activity has been demonstrated

in several Anabaena strains (Prasanna et al. 2008), and chitosanase/endoglucanase

homologs were identified and characterized in Anabaena laxa, A. iyengarii, and A.

fertilissima (Prasanna et al. 2010a; Gupta et al. 2010, 2011, 2012). Endoglucanases

(1,4-b-D-glucan-4-glucanohydrolases, EC 3.2.1.4) are ubiquitous enzymes, pro-

duced by a broad range of organisms, including fungi, bacteria, plants, marine

isopods, and insects (Koga et al. 2008; King et al. 2010). Endoglucanases randomly

cut the internal bonds within the cellulose polymer. They belong to more than 16

glycoside hydrolase (GH) families, including 5, 6, 7, 8, 9, 12, 16, 17, 44, 45, 48, 51,

55, 61, 74, and 81, on the continually updated carbohydrate active enzymes (CAZy)

server (http://www.cazy.org/glycoside-hydrolases.html) (Henrissat 1991; Henrissat

and Bairoch 1993, 1996). From a biotechnological viewpoint, endoglucanases have

potential applications in the food, animal feed, detergent, and textile industries and

in the biological deinking of waste paper (Marques et al. 2003). However, their

biocontrol property, especially in cyanobacteria, is far from understood.

In the present study we have characterized an antifungal endoglucanase gene

(cael1) from the cyanobacterium Calothrix elenkinii, which had earlier been

evaluated for fungicidal activity under laboratory experiments and had shown

promise as a biocontrol agent against phytopathogenic fungi challenged vegetable

seedlings (Manjunath et al. 2010; Radhakrishnan et al. 2009).

Materials and Methods

Organisms and Growth Conditions

The Calothrix elenkinii (RPC1) strain, available as Calothrix sp. CCC 124 in the

Culture Collection of the Centre for Conservation and Utilization of Blue Green

Algae, Indian Agricultural Research Institute (IARI), was originally isolated from

the rice fields of IARI, New Delhi. Calothrix elenkinii was identified using

taxonomic keys provided by Desikachary (1959) and 16S rDNA sequencing

(GenBank acc. no. GU292083; data submitted elsewhere). The cyanobacterial strain

was purified by standard procedures employing a set of antibiotics (Kaushik 1987),

subcultured in nitrogen-free BG11 medium (Stanier et al. 1971), and grown in a

light:dark cycle of 16:8 h under white light of 50–55 lE photons m-2 s-1 and

temperatures of 28 ± 2�C. Fungicidal activity was evaluated against phytopatho-

genic fungi (Pythium aphanidermatum ITCC 123) obtained from the Indian Type

Culture Collection, Division of Plant Pathology, IARI (Manjunath et al. 2010;

Radhakrishnan et al. 2009). The fungal culture was grown at 28�C in a BOD

incubator and maintained in potato dextrose agar.
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Biochemical Characterization

The cyanobacterial culture was inoculated at a rate of 10% in 250 ml conical flasks,

containing 125 ml sterile BG11 medium. The endoglucanase activity was measured

spectrophotometrically using carboxymethyl cellulose (CMC) as substrate (Ghosh

et al. 1983). Reducing sugars liberated were estimated at 575 nm against the

standard curve of glucose. One unit of enzyme represents 1 lmol glu-

cose liberated ml-1 min-1. Activity was recorded in triplicate, and standard error

means were calculated.

Construction of Genomic Library and Transformation

A genomic library was constructed in pUC19/SmaI digested vector (Fermentas,

USA) using the methodology described earlier (Gupta et al. 2011). The end repaired

2–4 kb DNA fragment was transformed using E. coli JM109 (DE3) competent cells

having an isopropyl-b-D-thiogalactopyranoside (IPTG) inducible T7 polymerase

gene for expression of the endoglucanase recombinant protein. The transformants

were selected on a LB agar plate containing 100 lg/ml ampicillin, 20 mg/ml X-gal

(5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside), and 0.1 M IPTG. All positive

white colonies were picked and maintained in Luria–Bertani freeze buffer. Plasmid

was isolated from these clones using a high-speed plasmid mini kit (Geneaid

PD100, India).

Functional Screening of Genomic Library Clones for Fungicidal Activity

Genomic library clones were analyzed for fungicidal activity using a disc diffusion

assay against P. aphanidermatum as a test organism. Sterile discs of 5 mm diameter

were soaked in 50 ll of a culture of E. coli clones grown overnight, after

overexpression in the 0.4 mM IPTG medium, and placed on the uniform lawn of

test organisms, and the zone of inhibition was measured (Prasanna et al. 2008;

Gupta et al. 2011). The insert-free vector transformed E. coli was used as a negative

control and nystatin (100 U) as a positive control.

Functional Assay for Endoglucanase Activity

Clones were analyzed for endoglucanase activity using 1% CMC as a substrate

(Geelen et al. 1995; Teather and Wood 1982). The clones were induced as they were

in the assay for fungicidal activity, and a similar negative control was also

maintained.

The positive E. coli clones were grown overnight and diluted 1:20 into fresh

Luria–Bertani medium until the A660 reached 0.6. Overexpression of b-1,4-

endoglucanase was induced with 0.8 mM IPTG for 4 h. The E. coli cells were

harvested by centrifugation, resuspended in lysis buffer (50 mM Tris–HCl, pH 8.0,

and 250 mM NaCl) containing 0.1% mercaptoethanol and 2 mM phenylmethyl-

sulfonyl fluoride, and sonicated. Cell debris was removed by centrifugation

(10,0009g for 15 min), and the supernatant was used as the enzyme source to

768 Biochem Genet (2013) 51:766–779

123



evaluate fungicidal and b-1,4-endoglucanase activities using the methodology

described above. The insert-free vector transformed E. coli served as a negative

control and nystatin as the positive control.

Bioinformatics Tools

BlastN was used to identify nucleotide identity and BlastP to compare amino acid

sequences (Altschul et al. 1990). The open reading frame (ORF) was identified

using GenDB (Meyer et al. 2003). Nucleotide and amino acid sequences were

aligned in the Jalview using Clustal W2 (Larkin et al. 2007). A phylogenetic tree of

known endoglucanase sequences from bacteria, fungi, and termites was constructed

using the neighbor-joining method as implemented in the program Mega package

version 4.1 (Tamura et al. 2007). The stability of the relationships was assessed by

boot-strapping (1,000 replicates), and the percentage of replicate trees in which the

associated taxa clustered together in the bootstrap test was calculated (Felsenstein

1985). All positions containing gaps and missing data were eliminated from the data

set (complete deletion option). The conserved domains and motifs were identified

using the relevant NCBI search tool. The signal peptide and cleavage site in the

translated sequence were predicted, in the form of probability scores, with the

hidden Markov model (HMM; Bendtsen et al. 2004), using settings for Gram-

negative bacteria and a standard output format in the SignalP 3.0 server. The

cleavage site prediction is the probability that a specific position is in the ?1 state

(i.e., immediately after the cleavage site mature protein starts). The signal peptide

prediction is divided into three regions (n, h, and c), used to assign region

boundaries to the signal peptides in the data set. For each sequence, SignalP-HMM

reports the overall signal peptide probability, equal to the posterior probability of

signal peptide (S) for position 1. The bacterial promoter prediction program

BPROM (http://linux1.softberry.com/berry.html) was used to identify the position

of the promoter sequences (-10 box and -35 box in the input sequence).

Statistical Analyses

To quantify and evaluate the variation, we recorded the antifungal and endoglu-

canase activities in triplicate for the selected parameters and subjected them to

ANOVA (analysis of variance) using SPSS statistical software, as performed earlier

(Gupta et al. 2010). Treatment means were compared at 1% level of significance

and presented as a mean ± standard deviation of three independent replicates.

Results

Measurement of Endoglucanase Activity

The endoglucanase activity in the culture filtrate of RPC1 (estimated using CMC as

substrate) was 0.021 ± 0.004 IU mg-1 protein. The difference in the mean was

statistically significant (p \ 0.01) in a one-way ANOVA test.
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Identification of Fungicidal and Endoglucanase Activities in Genomic Library

Clones

Nearly 2,000 clones of 2–4 kb each were generated from the genomic library

constructed in pUC19/SmaI. Plate assays for fungicidal and endoglucanase activities

were performed to identify the putative gene responsible for both activities (Fig. 1).

For fungicidal activity (in terms of zone of inhibition), positive E. coli clones were

spotted on the lawn of P. aphanidermatum. Among all the clones, two showed

inhibition zones of 12 mm (compared with negative control). Both clones also

showed expression on CMC plates in terms of change in color of the streaked region

from red to orange, indicating endoglucanase activity. In vitro assays for both

fungicidal and endoglucanase activities were performed using cell-free recombinant

proteins, which also showed significant activities in both clones (Supplementary

Table 1). The insert-free vector transformed E. coli showed no fungicidal/endo-b-

1,4-glucanase activity in plate assays or with cell-free recombinant proteins.

Microscopic analyses of the mycelia revealed the mode of action of both E. coli

clones on the fungal filaments (Fig. 2). Curling or disintegration of mycelia of

P. aphanidermatum was observed in both clones, whereas only cell wall

disintegration was observed in the positive control (nystatin).

Isolation and Sequence Analysis of the Endoglucanase Gene (cael1)

The sequencing results of the positive E. coli clone showed a sequence length of

1,992 bp, including both coding and noncoding regions. An ORF of 1,044 bp was

identified, coding for 348 amino acids with a predicted molecular mass of 38 kDa.

The BlastN results showed 99% identity with the b-1,4 endoglucanase precursor and

glucanase gene from A. laxa and 97% with A. variabilis. The BlastP results

comparing amino acid sequences with the NR database (nonredundant protein

sequences) showed 98–99% similarity with the glucanases belonging to the

Fig. 1 Functional screening of genomic library clones of Calothrix elenkinii. (Left) Fungicidal activity of
E. coli clones (C1 and C2) against Pythium aphanidermatum. (Right) Endo-b-1,4-glucanase activity of
genomic library clones (C1 and C2, E. coli-cael1 clones 1 and 2). N Negative control (insert-free vector
transformed E. coli). P Positive control (nystatin)
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peptidase M20 family from A. laxa, A. variabilis, and Nostoc sp. PCC7120.

Similarities of 66–75% were observed with the glucanases, peptidases, and

cellulases from other cyanobacterial genera (e.g., Lyngbya, Oscillatoria, Arthro-

spira, Microcystis, Synechococcus) and 36% with the aminopeptidase from

Pseudomonas sp. (Table 1). However, BlastP results with the PDB database

(protein data bank sequences) revealed significant similarity (24–27%) with proteins

coding for glucanase, endoglucanase, and cellulases from Bacillus subtilis,

Thermotoga maritima, Streptococcus pneumoniae, and Pyrococcus horikoshii

(Table 1). The putative gene coding for an endoglucanase was referred to as cael1.

Computational analysis of the nucleotide sequences of cael1 predicted a putative

Shine–Dalgarno sequence (positioned at 5 nucleotides before the start codon), a

promoter gene containing three signals name transcription start site (TSS), -10

(CGCTATTTT), and -35 (TTCATT) promoter sequences, about 144 nucleotides

upstream of the initiation codon (Supplementary Fig. 1). The noncoding sequence

of 181 nucleotides upstream and 596 nucleotides downstream of cael1 was also

Fig. 2 Microscopic analysis of fungicidal activity of E. coli-cael1 clone against P. aphanidermatum.
a Negative control (insert-free vector transformed E. coli); b positive control (nystatin); c E. coli-cael1
clone 1; d E. coli-cael1 clone 2. Scale bars (lower right of each photo) 50 lm; magnification 29. Ovals
indicate curling or disintegration of the fungal mycelia
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recorded (Fig. 3). The cael1 sequence has been deposited in GenBank (acc. no.

GU322875).

Discussion

Cyanobacteria exhibit an array of sophisticated biosynthetic pathways, producing a

rich source of novel bioactive products and valuable compounds (Prasanna et al.

2010b). Synthetic fungicidal chemicals have been routinely employed as control

measures; their negative implications for the environment and public health, however,

have spurred researchers to identify antifungal/fungicidal compounds and enzymes

from biological sources. A number of prokaryotic and eukaryotic organisms are

known to produce enzymes that degrade cell walls, when chitin or isolated fungal cell

wall materials are present in the growth medium. This feature of cyanobacteria has

been less explored, and very little published information is available on commercial

biocontrol agents developed using cyanobacteria or their metabolites.

Cellulose is one of the cell wall components in Pythium species and other

oomycetes. We have previously identified, purified, and characterized two

antifungal endoglucanases from the cyanobacterial strain A. laxa (Gupta et al.

2011, 2012). In the current study, we have attempted to identify and characterize

Table 1 Similarity of various proteins to the deduced amino acid sequence of cael1 encoding endo-

glucanase from Calothrix elenkinii

BlastP database Protein Organism Number of amino

acids

Protein

similarity

(%)

Acc. no.

Sequence

length

Matched

NR (nonredundant

protein

sequences)

Glucanase Anabaena laxa 347 345 99 ADE22238

Glucanase Nostoc sp. 348 340 98 BAB75332

Glucanase Anabaena

variabilis

348 340 98 CAA66983

Glucanase Lyngbya sp. 348 260 75 EAW35779

Glucanase Oscillatoria sp. 334 239 72 CBN57413

Glucanase Arthrospira sp. 338 229 68 BAI92484

Peptidase Microcystis sp. 338 229 68 BAG03574

Cellulase Synechococcus sp. 340 223 66 ACA98972

Aminopeptidase Pseudomonas sp. 342 116 36 EGB98015

PDB (protein data

bank sequences)

Cellulase M Pyrococcus

horikoshii

319 84 27 2PE3

Glucanase

homolog

Bacillus subtilis 292 77 25 1VHE

Putative

endoglucanase

Thermotoga

maritima

268 67 25 1VHO

Cellulase M Streptococcus

pneumoniae

189 46 24 3KL9
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similar genes in a promising cyanobacterial strain, C. elenkinii, which has shown

promise as a biocontrol agent (Radhakrishnan et al. 2009; Manjunath et al. 2010).

A biochemical assay for CMCase activity revealed the presence of an

endoglucanase-like enzyme that may be responsible for the fungicidal activity

shown in our earlier studies (Radhakrishnan et al. 2009; Manjunath et al. 2010). In

order to identify the gene responsible for the fungicidal activity in this

cyanobacterial strain, we constructed a genomic library comprising 2,000 clones,

each with a fragment size of 2–4 kb. Functional screening indicated that two clones

exhibited fungicidal activity against P. aphanidermatum and showed endo-b-1,4-

glucanase activity. The exact mechanism for the expression of E. coli-JM109 (DE3)

cells harboring pUC19-cael1 on plate assays without cell lysis is unknown. A

possible mechanism may be the secretory nature of the endoglucanase, which was

confirmed by the presence of a signal peptide, described earlier for the

endoglucanase from A. laxa (Gupta et al. 2011). The plate assay results for both

fungicidal and b-1,4-endoglucanase activities were further confirmed by measuring

those activities using cell-free recombinant proteins as an enzyme source from both

positive clones. This indicates that the endoglucanase responsible for fungicidal

activity is functional and is secreted from E. coli cells. Microscopic analyses were

undertaken to understand the exact mechanism responsible for fungicidal activity of

C. elenkinii. Severe curling or disintegration of the mycelia of fungus P.

aphanidermatum was observed, which can be attributed to the activity of the

endoglucanase. Similar observations were obtained in the endoglucanase isolated

from A. laxa (Gupta et al. 2011). The cael1 encoding endoglucanase in our study

can be defined as 1,4-b-D-glucan-4-glucanohydrolase (EC 3.2.1.4), as classified in

the BRENDA database and endoglucanases isolated from A. laxa (Gupta et al.

2012).

The deduced amino acid sequence of cael1 for endoglucanase and fungicidal

activities showed 98–99% similarities with the glucanases belonging to the

peptidase M20 family of Anabaena sp. and Nostoc sp. in the BlastP search (with

nonredundant database) (Table 1). The peptidase M20 family is known for

consisting of a range of zinc exopeptidases: carboxypeptidases, dipeptidases, and

specialized aminopeptidases (Pubmed 7674922), that exhibit hydrolase activity (GO

Fig. 3 Noncoding DNA sequence upstream of the 50 end of cael1 in RPC1. Arrows indicate the positions
of -10 (CGCTATTTT) and -35 (TTCATT) promoter sequences. The putative ribosomal binding site is
underlined, near the start codon (boxed)
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0016787). A significant similarity of 25–27% was observed with proteins coding for

putative glucanases, endoglucanases, and cellulases from Bacillus subtilis, Pyro-

coccus horikoshii, Streptococcus pneumoniae, and Thermotoga maritima in the

BlastP search (PDB database) (Table 1). Incidentally, these enzymes also belong to

the peptidase M20 family, and the previously characterized end1 encoding

endoglucanase belongs to the same family (Gupta et al. 2011). Thus, our results

based on bioinformatics analyses hypothesize that we have sequenced a putative

cael1 encoding endoglucanase, belonging to the peptidase M20 family, which is

responsible for the observed fungicidal activity.

Genes that encode endoglucanase are known to be regulated by several promoter

sequences in bacteria (Han et al. 2003; Endo et al. 2008); however, no similarity

with such promoters was observed with the end1 encoding endoglucanase from

A. laxa (Gupta et al. 2011). Transcription in cyanobacteria is known to be regulated

by the RNA polymerase core enzyme with heterogeneous r factors (groups 1, 2,

and 3) (Imamura and Asayama 2009). Several cyanobacterial promoters have been

identified for the expression of the foreign genes such as Anabaena psbAI (Shaw

1975), and Synechococcus psbAII (Haring et al. 1985). Strong cyanobacterial

promoters spanning -10 and -35 regions were also identified, showing a very high

expression of structural genes such as chloramphenicol acetyl transferase (CAT)

compared with other known cyanobacterial promoters (Sode et al. 1996). Therefore,

the expression of cael1 in E. coli may be due to the presence of such cyanobacterial

promoters. Detailed investigations to identify the functional promoters for this

endoglucanase in C. elenkinii are required to gain further insight.

Most of the reported endoglucanases secreted by aerobic microorganisms have a

typical structure, with a signal peptide and a mature protein consisting of a catalytic

domain linked by a Pro/Thr/Ser-rich linker peptide sequence to a cellulose binding

domain (CBD) (Gilkes et al. 1991; Ledger et al. 2006). In our study, the

endoglucanase encoded by C. elenkinii lacks a linker and a CBD (Fig. 4;

Supplementary Table 2) and therefore is similar to the endoglucanases produced

by invertebrates such as termites, phytophagous beetles, crayfish, and mussels

(Watanabe and Tokuda 2001; Lo et al. 2003). Further, the bioinformatics analyses

predicted a putative ribosome binding site (rbs), which matched with the reported

rbs of Zymomonas mobilis ethanologenic genes and A. laxa (Theberge et al. 1992;

Rajnish et al. 2008; Gupta et al. 2011).

Earlier reports suggested the secretory/nonsecretory nature of endoglucanases

isolated from various bacteria, cyanobacteria, fungi, yeast, and insects, based on the

presence of a signal peptide sequence at the amino terminus of the protein sequence

(Gao et al. 2004; Wonganu et al. 2008; Gupta et al. 2011). The N-terminal region of

the deduced amino acid sequence of RPC1 exhibits a putative peptide signal of 22

residues. The end1 and end2 genes encoding endoglucanases from A. laxa, however,

contain a signal peptide of 24 and 20 residues, respectively (Gupta et al. 2011).

Unlike RPC1, A. variabilis and Nostoc glucanase sequences available in the

database do not show any signal peptides and cleavage sites (Fig. 5; Supplementary

Fig. 2). Multiple sequence alignment using the deduced amino acid sequence of

endoglucanases from C. elenkinii and Nostoc, A. variabilis, and A. laxa available

from NCBI revealed one insertion and a deletion in C. elenkinii. One insertion, a
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Start codon

Signal
peptide

LS

GH family domain 

LS

Cellulose binding domain

LS

Stop codon

Peptidase family domain protein 

Bacillus pumilus (AAQ91573)

Bacillus sp.(Q65JI7)

Bacillus sp. (AAA22299)

Meloidogyne incognita (AF323087)

Fusarium oxysporum (AAA65589)

S. coccosporum (BAG69187)

Pseudomonas syringae (AAO54560)

Bacillus licheniformis (CAJ70717)

Calothrix elenkinii (ADB64454)
Anabaena laxa (ADE22238)

Anabaena variabilis (CAA66983)

Nostoc sp. PCC7120 (BAB75332)

Fig. 4 Proposed endoglucanase gene model based on sequences from bacteria, cyanobacteria, fungi, and
insects. LS Linker sequence. For more details, see Supplementary Table 2

Fig. 5 Alignment of amino acid sequences of endoglucanase from Calothrix elenkinii (RPC1) and three
glucanases available in the NCBI database. Conserved residues are shaded; differences in the sequences
are unshaded. N sequence Nostoc (BAB75332), Av Anabaena variabilis (CAA66983), Ce Calothrix
elenkinii (ADB64454), Al A. laxa (ADE22238)
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deletion, and a substitution were observed in A. laxa (Fig. 5). Such amino acid

exchanges at positions 10 and 21 may be responsible for the secretory nature of the

protein and the endoglucanase/fungicidal activity in C. elenkinii seen in the earlier

endoglucanases and chitosanases (Gupta et al. 2010, 2011). Further investigation to

identify catalytic residues in this strain is necessary to know the exact role of these

amino acid residues in fungicidal activity.

The deduced amino acid sequence of cael1, along with other endoglucanase

sequences from the bacteria, fungi, and insects available from NCBI, were used to

construct a phylogenetic tree to understand the evolutionary relationships. The

dendrogram revealed three clusters. Cluster I is divided into two groups, with the

endoglucanases of the cyanobacteria (A. laxa, A. variabilis, Nostoc sp. PCC7120)

showing close similarity with Pseudomonas syringae pv. tomato str. DC3000, and

the endoglucanase from C. elenkinii showing a close relationship with the known

Bacillus endo-1,4-b-glucanase (acc. no. Q65JI7, Rey et al. 2004; Veith et al. 2004)

and cellulase (acc. no. CAJ70717, Waldeck et al. 2006) belonging to glycoside

hydrolase families GH5 and GH2, respectively (Fig. 6; Supplementary Table 2).

The endoglucanase from the nematode Meloidogyne incognita was closely related

to a Bacillus cellulase in cluster II. Cluster III includes endoglucanases from fungi

(Fusarium oxysporum and Staphylotrichum coccosporum). The comparative

analysis is depicted in Fig. 4. Further in-depth analyses of structures and proteomes

are proposed to reveal the distribution and prevalence of members belonging to this

characteristic family of cael1 encoding endoglucanases in cyanobacteria.

Fig. 6 Phylogenetic relationships of endoglucanase sequences from cyanobacteria, bacteria, fungi, and
insects. Tree constructed using neighbor-joining method (Saitou and Nei 1998) and drawn to scale, with
branch lengths in the same units as the evolutionary distances. Bootstrap values indicated above nodes. The
evolutionary distances were computed using the method of Tajima and Nei (1984). Scale bar (lower left)
0.2 base substitutions per site. Black triangle sequenced cael1. Brackets on right mark clusters I, II, and III
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Although most of the bacterial cellulases are known for their industrial

significance, the cellulases produced by Gram-positive endophytic bacteria

(Bacillus sp. FP1/2002, Paenibacillus polymyxa DSM36, Bacillus cereus G9667,

and Pectobacterium carotovorum LMG2466) have been evaluated for their

biocontrol properties (Cho et al. 2007) against several phytopathogenic fungi

(Rhizoctonia solani, Fusarium oxysporum, Pythium ultimum, Phytophthora capsici).

Such bacteria restrict the growth of phytopathogenic fungi by entering the infected

root tissue of the plant, hydrolyzing wall-bound cellulose, or through auxin-induced

tumors, water flow, wounds, or at lateral root branching (Al-Mallah et al. 1987). Our

earlier study (Manjunath et al. 2010) illustrated the biocontrol potential of this strain

against fungi-challenged vegetable seedlings, in pot experiment trials. In the present

investigation, the underlying mechanism has been revealed, and studies are under

way to overexpress the endoglucanase enzyme and demonstrate its biocontrol

potential in the field, either using a purified product or the overexpressing strain.

In conclusion, we have characterized a novel gene (cael1) encoding an endoglu-

canase belonging to the peptidase M20 super family, which is responsible for the

fungicidal activity in C. elenkinii. Apart from this, the identification of promoter

region rbs and a signal peptide provide evidence for translation of cael1 encoding

endoglucanase in cyanobacterial strains. Thus, our results illustrate the promise of this

strain as a potential biocontrol agent against Pythium aphanidermatum. Future

research is required to purify and characterize the specific properties of this

endoglucanase, to construct knockout mutant forms of this cael1, and to identify the

specific promoter sequences and catalytic active site residues.
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