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ABSTRACT

Neurospora crassa, NCU05882.7 (423aa) and NCU09774.7 (303 aa) (NCU, Neurospora crassa unit) genes encoding a
Cellulase, which hydrolysis the Cellulose. In addition to that, reporting here other 35 Carbohydrate hydrolysis enzymes
encoding genes in N.crassa. A metagenomic analysis for multiple sequences alignment and Phylogenetics analysis, the
evaluated result showed high sequence similarity and 99% homology to the other class of fungi; in the bacterial species
showed extremely very less sequence similarities and 100 % homology. Where as in inter species between fungi and
bacteria, the results showed extremely less sequence similarities and 97 % homology. The studies on physiochemical
properties of Cellulase using GeneDoc, the evaluated results showed Cellulase was an amphoteric (polor), aromatic,
aliphatic and highly repeated amino acids of glycine and proline. These metagenomic studies could help to
straightforward isolation of Cellulase enzymes from NCUO05882.7 (Chromosome/Linkage Group-VIl), NCUQ09774.7
(Chromosome Linkage Group- Il) and other 35 Carbohydrate hydrolysis enzymes encoding genes in N.crassa.
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Cellulose is the most abundant renewable biological and a low-cost energy resource in the environment (Lynd et al., 2008;
Zhang, 2009). The production of bio-based products and bioenergy from less costly renewable lignocelluloses materials
would bring benefits to the local economy, environment, and national energy security (Bayer, 1998a, 2004 and 2007;
Zhang, 2008). Cellulases is the enzymes that hydrolyze 3-1, 4 linkages in cellulose chains (Bayer, 1998a, 2004 and 2007;
Lynd et al., 2002, Tian, 2009). They are produced by using fungi, bacteria, protozoans, plants, and animals (Bayer, 1998a,
2004 and 2007; Zhang, 2008; Tian, 2009).

Cellulases and hemicellulases in filamentous fungi

Filamentous fungi have the capacity to secrete large amounts of lignocellulosic degrading enzymes, and this ability has
been exploited by industry to produce cellulases in quantities exceeding 100 g/L of culture (Bayer, 1998a, 2004 and 2007;
Pauly and Keegstra , 2010; Cherry and Fidantsef , 2003). The most commonly used organism for the production of
cellulases in an industrial setting is Trichoderma reesei (Hypocrea jecorina)( Le Crom, 2009). The related filamentous
fungus, Neurospora crassa also has an innate ability to secrete lignocellulose-degrading enzymes. While Bruce Eberhart
first examined this characteristic in the late 1970s, almost nothing further was reported until published a systems analysis
of N. crassa grown on Miscanthus in 2009 (Tian, 2009). While N. crassa might not be known as an industrial workhorse
like H. jecorina, it has the unique advantage of being a NIH model organism, most commonly known for its role proving the
“one gene, one enzyme” hypothesis by Edward Beadle and George Tatum (Beadle and Tatum, 1941). Given the high
conservation of the lignocellulose degrading machinery in filamentous fungi, have begun to develop N. crassa as a model
to understand the global change such an organism requires to go from energy generation using a simple sugar to a much
more complex and recalcitrant molecule such as cellulose (Bayer, 2004 and 2007; Znameroski, 2012).

Cellulases and their roles in cellulose hydrolysis

Cellulolytic microorganisms have evolved two strategies for utilizing their cellulases: discrete noncomplexed cellulases and
complexed cellulases (Lynd et al., 2002; Bayer, 2004 and 2007). The catalytic modules of cellulose have been classified
into numerous families based on their amino acid sequences and crystal structures (Henrissat, 1991). In general, most
of aerobic cellulolytic microorganisms degrade cellulose by secreting a set of individual cellulases, which catalyses either
N-terminus or C-terminus of linker peptide catalytic module (Bayer, 1998a and 2004; Lynd et al., 2002; Tian, 2009). In
nature, complete cellulose hydrolysis is mediated by a combination of three main types of cellulases: (1) endoglucanases
(EC3.2.1.4), (2) exoglucanases, including cellobiohydralyses (EC 3.2.1.91), and (3) B-glucosidase (EC 3.2.1.21). To
hydrolyze and metabolize insoluble cellulose, the micro-organisms must secrete the cellulases (except B-glucosidase) that
are either free or cell-surface-bound (Lynd et al., 2002; Bayer, 1998a, 2004 and 2007; Himmel et al., 1999; Zaldivar et al.,
2001).
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Cellulose are increasingly being used for a large variety of industrial purposes-in the textile industry, pulp and paper
industry, food as well additive in detergents and improving digestibility of animal feeds. Now Cellulases accounts for a
significant share of the worlds industrial enzyme markets (Bayer et al., 2004 and 2007; Himmel et al., 1999; Zaldivar et al.,
2001; Tian, 2009; Zhang, 2008, 2009).

On this basis of ground, | reporting here total 37 Carbohydrate hydrolysis enzymes encoding genes in N. crassa (Table 1,
2).

MATERIALS & METHODS

Cellulase Enzymes encoding Genes info at NCBI: N. crassa Cellulase gene info obtained from NCBI,
and | found NCU05882.7 (Cellulase), NCU09774.7 (cellulose) and NCU06971.7 (Xylan degradation regulator-1) genes
encoding Carbohydrate hydrolysis enzymes in N.crassa; BLAST (Altschul et al., 1990) analysis was performed using
BLAST tools available in NCBI (http://www.blast.ncbi.nlm.nih.gov/Blast.cgi).

Sequence analysis

The protein sequences were aligned with Clustal X 1.83 (Thompson et al., 1997) and transferred to GeneDoc for
visualization (Nicholas et al., 1997). The phylogenetic trees were constructed from these alignments by using the
maximum likelihood method (Rzhetsky and Nei, 1992), with 500 bootstrap value replications as a test of phylogeny
(Felsenstein, 1985) and the software MEGAS.05 (Tamura et al., 2007). The BLAST (Altschul et al., 1990) analysis was
performed using software tools available from NCBI (http://www.blast.ncbi.nim.nih.gov/Blast.cgi), the Conserved Domain
Database (CCD; Marchler-Bauer and Bryant, 2004; Marchler-Bauer et al. 2009) was used to identify conserved domains
in the protein.

RESULTS & DISCUSSION

The metagenomic studies for multiple sequences and Phylogenetics tree analysis, the results showed high sequence
similarity and 100 % homology to other class of fungi (Figure2.1, 2.2), where as in the bacterial species results showed
very less sequence similarity and 100 % homology to other class of bacteria (Figure2.3, 2.4). The comparisons of
Cellulase protein sequences between inter species of fungal and bacterial, the evaluated results showed extremely less
sequence similarities and 97 % homology (Figure3.1, 3.2). Cellulase gene encoding protein Cellulose in N.crassa, using
smart BLAST analysis, on consideration of Max.score 874, 700, identity 100%, 100%, e-value 0.0 to 8.00E-154.
(http://www.ncbi.nim.nih.gov/gene) (Table 3). The evaluated results showed NCU05882.7 (Cellulase), NCU09774.7
(Cellulase) and NCU06971.7 (Xylan degradation regulator-1) genes encoding Carbohydrate hydrolysis enzymes in
N.crassa respectively. These results straightforward assisted to recognizing of 37 Carbohydrate hydrolysis enzymes
encoding genes in N.crassa (Tablel,2),Broadinstitute(http://www.broadinstitute.org/annotation/genome/neurospora/) and
NCBI genomes (Figure1.1). The studies on Cellulase’s physiochemical properties using GeneDoc (color index: light green
color indicates amphoteric (polor), dark green color: Grey color: aromatic and aliphatic, red color: glycine and proline, blue
color: negative and positive, black color: hydrophobic charged amino acids) (Figurel.2), the evaluated results showed
Cellulase was an amphoteric (polor), aromatic and aliphatic nature as well highly repeated of glycine and proline amino
acids residues (Figurel.2).

The Cellulase genes encoding size of Cellulose proteins 423aa, we placed in the genome databases of N.crassa
(http://lwww.broadinstitute.org/annotation/genome/neurospora/); the results showed 37 genes encoding of carbohydrate
hydrolysis enzymes in N.crassa (Tablel, 2). In nature, complete Cellulose hydrolysis is mediated by a combination of
three main types of Cellulases endoglucanases, Exoglucanases and B-Glucosidase (Lynd et al., 2002; Bayer, 1998a,
2004, Bayer et al., 2007; Himmel et al., 1999; Zaldivar et al., 2001).

The evolutionary studies perspective conserve domain of Cellulase, showed 100 % homology and high sequence
similarity other class of fungi (Fig2.1, 2.2), where as in bacteria less sequences similaritie; it indicates conserve domain of
Cellulase widespread and predominant in the other class of fungi (Fig2.1, 2.2). These metagenomic studies reveal 37
Carbohydrate hydrolysis enzymes encoding genes in N. crassa (Table 1, 2).

CONCLUSION

Cellulase encoding cellulose protein (423aa) of physiochemical properties was an amphoteric (polor), and highly repeated
of glycine and proline amino acids residues (Figurel.2). The evaluated results suggested that 37 genes encoding
Carbohydrates hydrolysis enzymes in N.crassa. These results could help to molecular level studies and straightforward
isolation, characterization, and functional analysis of Carbohydrate hydrolysis enzymes in N.crassa and other class of
fungi as well.

The most useful thing is that Cellulase enzyme, straightforwardly we can isolate from N.crassa as well grow vastly in Bio-
processing units, could be supplied waivers less for industrial purposes-in the textile, pulp, and food (Bayer et al., 2007;
Himmel et al., 1999; Zaldivar et al., 2001; Tian, 2009; Zhang, 2008, 2009).
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S Name/Gene ID Encoding No. of Location of Organis
: enzyme Amino chromosome m
N Acids
0]
1 NCU05882.7 Cellulase 423 aa Chromosome VII N.Crassa
( Supercontig 7:
4155062-4158498 +)
2 NCU09774.7 Cellulase 303 aa Chromosome I N.Crassa
( Supercontig 2:
4271243-4272151 +)
3 NCU06971.7 Xylan 945 aa Chromosome IV N.Crassa
degradation (Supercontig 4:
regulator-1 4706112-4709560 -)
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Tables:
Table: 1 Putative Cellulase encoding genes in N.crassa
Note: Date obtain from http://www.broadinstitute.org/annotation/genome/neurospora/FeatureSearch.html
Table: 2 Putative Cellulase encoding genes in N.crassa
S.No /Locus Gene Name Location Lengt Gene Annotations Rele  Matching
h Symb venc Fields
ol Alleles
4INCU07340.7 cellobiohydrolas  N. crassa 3097  cbh-1 CA-32961, 0.75 blastx,
e-1 OR74A (NC12): CA-32962, citation,
Supercontig 4: CA-32963 hmmer,
4311049- product,
4314145 - terms
5]NCU05104.7 glycosylhydrolas  N. crassa 1565 gh7-4 CA-39969, 0.69 Dblastx
e family 7-4 OR74A (NC12): CA-39970,
Supercontig 6: CA-39971
3732709-
3734273 +
6]NCU09416.7 cellulose-binding  N. crassa 1340 CA-34963 0.45 Dblastx,
GDSL lipase OR74A (NC12): desc,
Jacvihvdrol Supercontig 7: hmmer,
acylhydrolase 1189102- product
1190441 -
7INCU06599.7 cellulose-binding  N. crassa 1153 0.36 desc,
protein OR74A (NC12): product
Supercontig 4:
1762371-
1763523 -
8]NCU02344.7 fungal cellulose N. crassa 1856 CA-38504, KO1 0.34 Dblastx,
binding OR74A (NC12): CA-38505 citation,
d . Supercontig 7: desc,
omain- 2842202- product,
containing 2844057 - terms
protein
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9]NCU05751.7 cellulose-binding  N. crassa 922 CA-35799, KO1 0.32 desc,
protein OR74A (NC12): CA-35800 product
Supercontig 7:
3708740-
3709661 -
10]NCU08785.7 fungal cellulose N. crassa 873 CA-39940, 0.3 Dblastx,
binding OR74A (NC12): CA-39941 desc,
d . Supercontig 3: product
omain- 5130163-
containing 5131035 -
protein
11]NCU08042.7 cellulose N. crassa 3454 clr-2 CA-34131 KO1 0.26 desc, terms
degradation OR74A (NC12):
Supercontig 4:
regulator-2 4001190-
4004643 +
12]NCU07705.7 cellulose N. crassa 4880 clr-1 CA-35351, KO1 0.23 desc, terms
degradation OR74A (NC12): CA-35352
| 1 Supercontig 4:
regulator- 2149157-
2154036 -
13]NCU02240.7 glycosylhydrolas  N. crassa 2220 gh61-1 CA-38584, KO1 0.16 blastx,
e family 61-1 OR74A (NC12): CA-38585, citation,
Supercontig 7: CA-38586 hmmer,
3218962- terms
3221181 -
14]NCU02916.7 glycosylhydrolas  N. crassa 1712  gh61-3 CA-33161, 0.16 Dblastx,
e family 61-3 OR74A (NC12): CA-33162, citation,
Supercontig 1: CA-33163 hmmer,
8701416- terms
8703127 +
15]NCU07760.7 glycosylhydrolas  N. crassa 1775 gh61-2 CA-39532, 0.16 Dblastx,
e family 61-2 OR74A (NC12): CA-39533, citation,
Supercontig 5: CA-39534 hmmer,
394274-396048 terms
+
16]NCU00836.7 glycosylhydrolas  N. crassa 1695 gh61-7 CA-36947, 0.16 Dblastx,
e family 61-7 OR74A (NC12): CA-36948, citation,
Supercontig 1: CA-36949 hmmer,
7005196- terms
7006890 +
17]NCU08760.7 glycosylhydrolas  N. crassa 1593 gh61-5 CA-38472, 0.15 citation,
e family 61-5 OR74A (NC12): CA-38473, hmmer,
Supercontig 3: CA-38474 terms
5242495-
5244087 +
18]NCU01867.7 glycosylhydrolas  N. crassa 1223  gh61- CA-33636, 0.14 Dblastx,
e family 61-10 OR74A (NC12): 10 CA-33637, hmmer,
Supercontig 1: CA-33638 terms
2206690-
2207912 -
19]NCU09680.7 glycosylhydrolas  N. crassa 1517  gh6-2 CA-33934, 0.12 blastx,
e family 6-2 OR74A (NC12): CA-33935, citation,
Supercontig 5: CA-33936 hmmer,
858215-859731 terms
20]JNCU01050.7 glycosylhydrolas  N. crassa 773 gh61-4 CA-36510, 0.11 blastx,
e family 61-4 OR74A (NC12): CA-36511, citation,
Supercontig 5: CA-36512 terms
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2769232-
2770004 +
21]NCU05121.7 glycosylhydrolas  N. crassa 1060 gh45-1 CA-37463, 0.11  hmmer,
e family 45-1 OR74A (NC12): CA-37464, terms
Supercontig 6: CA-37465
3681542-
3682601 -
22]NCU07898.7 endoglucanase N. crassa 1181 CA-33980, 0.1 blastx,
\Y, OR74A (NC12): CA-33981 citation,
Supercontig 4: terms
1412641-
1413821 -
23]NCU05955.7 Cel74a N. crassa 3614 CA-39275, 0.1 hmmer
OR74A (NC12): CA-39276
Supercontig 6:
3326807-
3330420 +
24]NCU03328.7 glycosylhydrolas  N. crassa 1658 gh61-6 CA-33155, 0.09 Dblastx,
e family 61-6 OR74A (NC12): CA-33156, citation,
Supercontig 2: CA-33157 terms
1091218-
1092875 +
25]NCU04952.7 glycosyl N. crassa 2708 gh3-4 CA-37496, 0.09 blastx,
hydrolase family ~ OR74A (NC12): CA-37497, citation,
3-4 Supercontig 4: CA-37498 terms
846341-849048
26)NCU00206.7 cellobiose N. crassa 3953 cdh-1 CA-37974, 0.08 citation,
dehydrogenase- OR74A (NC12): CA-37975 hmmer
1 Supercontig 3:
3004156-
3008108 -
27]NCU05057.7 glycosylhydrolas  N. crassa 1389 gh7-1 CA-39629, 0.07 citation,
e family 7-1 OR74A (NC12): CA-39630, terms
Supercontig 6: CA-39631
3894456-
3895844 +
0.07 Dblastx
CA-42905 0.07 hmmer
28]NCU04997.7 glycosylhydrolas  N. crassa 1698 gh10-3 CA-32361, 0.07 hmmer
e family 10-3 OR74A (NC12): CA-32362
Supercontig 6:
4144717-
4146414 +
29]NCU04500.7 glycosylhydrolas  N. crassa 2148 gh18-1 CA-37043, 0.07 hmmer
e family 18-1 OR74A (NC12): CA-37044
Supercontig 4:
3162545-
3164692 -
30]NCU05159.7 acetylxylan N. crassa 2377 CA-38014, 0.07 hmmer
esterase OR74A (NC12): CA-38015
Supercontig 6:
3537954-
3540330 +
31]NCU07225.7 glycosylhydrolas  N. crassa 1322 ghl1-2 CA-33247, 0.07 hmmer
e 11-2 OR74A (NC12): CA-33248,
Supercontig 5: CA-33249
6198659-
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http://www.broadinstitute.org/annotation/genome/neurospora/FeatureRedirect.html?sp=S7000007580580654
http://www.broadinstitute.org/annotation/genome/neurospora/FeatureRedirect.html?sp=S7000007580553769
http://www.broadinstitute.org/annotation/genome/neurospora/FeatureRedirect.html?sp=S7000007580568203
http://www.broadinstitute.org/annotation/genome/neurospora/FeatureRedirect.html?sp=S7000007580570001
http://www.broadinstitute.org/annotation/genome/neurospora/FeatureRedirect.html?sp=S7000007580580943
http://www.broadinstitute.org/annotation/genome/neurospora/FeatureRedirect.html?sp=S7000007580567271
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6199980 -
32]NCU08114.7 cellodextrin N. crassa 2207 cdt-2 CA-33513, 0.06 terms
transport-2 OR74A (NC12): CA-33514

Supercontig 1:
318873-321079

33]NCU04854.7 glycosylhydrolas  N. crassa 2486  gh7-2 CA-36413, 0.05 terms
e family 7-2 OR74A (NC12): CA-36414
Supercontig 4:
477626-480111

34]NCU07190.7 glycosylhydrolas  N. crassa 1996 gh6-3 CA-39007, 0.05 citation,
e family 6-3 OR74A (NC12): CA-39008, terms
Supercontig 5: CA-39009
6293016-
6295011 -
. - N. crassa
gigzoasfgmty OR74A (NC12): A
35]NCU06358.7 transporter Supercontig 4: 3026 32964 0.25
RGT2 2795914-
2798939 -
0.25
N. crassa
high affinity OR74A (NC12): CA-
36]NCU01813.7 glucose Supercontig 2: 3038 38103
transporter 2341940-
2344977 +
N. crassa CA-
glycosylhydrolas OR74A (NC12): gSAS-QS’
37]NCU00762.7 . Supercontig 1: 2075  gh5-1 0.65
e family 5-1 35894,
7271711- CA-
7273785 - 35895

Note: Date obtain from http://www.broadinstitute.org/annotation/genome/neurospora/FeatureSearchResults.html|?sp=*15

Table: 3 Putative Cellulase encoding genes in other class of fungi

Cellulase in other class of Fungi Encoding Max Identity E-value Accessin No

enzyme Score
Neurospora crassa Cellulase 874 100% 0 XP_959873.1
Sporothrix schenckii Cellulase 568 100% 0 KJR83574.1
Sporothrix brasiliensis Cellulase 561 92% 0 KIH93867.1
Gaeumannomyces graminis var Cellulase 481 99%  2.00E-163 XP_009218474.1
Magnaporthiopsis poae Cellulase 479 100%  1.00E-162 KLU90982.1
Aspergillus fumigatus Cellulase 460 91%  4.00E-156 KMK62928.1
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(&)

Neosartorya fischeri
Aspergillus nomius
Aspergillus oryzae

Aspergillus flavus

Aspergillus kawachii
Aspergillus niger

Magnaporthe oryzae
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Cellulase 450 91%  3.00E-152 KNG88126.1
Cellulase 447 91%  3.00E-151 XP_001727126.2
Cellulase 437 91%  8.00E-147 KOC12502.1
Cellulase 432 90%  5.00E-145 GAA92545.1
Cellulase 427 90%  2.00E-143 XP_001390007.2
Cellulase 422 91%  2.00E-140 XP_003719440.1

Note: Date obtain from http://blast.ncbi.nim.nih.gov/Blast.cgi
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http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_119476840
http://www.ncbi.nlm.nih.gov/protein/119476840?report=genbank&log$=prottop&blast_rank=69&RID=1JMME1VC014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_910296559
http://www.ncbi.nlm.nih.gov/protein/910296559?report=genbank&log$=prottop&blast_rank=75&RID=1JMME1VC014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_317136538
http://www.ncbi.nlm.nih.gov/protein/317136538?report=genbank&log$=prottop&blast_rank=79&RID=1JMME1VC014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_914758554
http://www.ncbi.nlm.nih.gov/protein/914758554?report=genbank&log$=prottop&blast_rank=87&RID=1JMME1VC014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_358375972
http://www.ncbi.nlm.nih.gov/protein/358375972?report=genbank&log$=prottop&blast_rank=91&RID=1JMME1VC014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_317028141
http://www.ncbi.nlm.nih.gov/protein/317028141?report=genbank&log$=prottop&blast_rank=93&RID=1JMME1VC014
http://blast.ncbi.nlm.nih.gov/Blast.cgi#alnHdr_389643616
http://www.ncbi.nlm.nih.gov/protein/389643616?report=genbank&log$=prottop&blast_rank=98&RID=1JMME1VC014
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Fig: 1.2 Physico-chemical parameter of cellulase protein in N.Crassa, analyzed by using Genedoc: light green color
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negative and positive , black color : hydrophobic charged amino acids.
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Fig: 2.1 Multiple sequence analysis on Cellulase encoding protein in N. Crassa, using GeneDoc software (Black color
indicates: 100% similarities, grey color indicates: 80% similarities)

718 |Page council for Innovative Research
April, 2016 www.cirworld.com



)

XPMoos?

W0 ) ool

whase Monvzae

Jou

e Aty e

celi

e

XMoot

rnal

of Advances

W

QAN

\
e
s

* el

e 4

975481 cethtase AN

ISSN 2348-6201
Volume 5 Number3
in Biotechnology

]

wer

Fig: 2.2 Phylogenetics tree analyses in N.crassa, using the maximum likelihood method, 500 Bootstrap replications

(bootstrap values are indicated in the point at nodes) as test of phylogeny, and the software MEGA5.05
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Fig: 2.3 Multiple sequence analysis on Cellulase encoding protein in Bacillus subtilis, using GeneDoc software (Black color
indicates: 100% similarities, grey color indicates: 80% similarities)
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Fig: 2.4 Phylogenetics tree analyses in Bacillus subtilis, using the maximum likelihood method, 500 Bootstrap replications
(bootstrap values are indicated in the point at nodes) as test of phylogeny, and the software MEGA5.05

720 | Page council for Innovative Research
April, 2016 www.cirworld.com



ISSN 2348-6201
Volume 5 Number3
- Journal of Advances in i

Biotechnology

* 340 * 360 * 380
WP012321708.1 cellulase M.radi PAVAGFSA RVFPALDRVGIMAPEFDWRANA 239
WP(48436248.1 cellulase M.plat PRARAGFSH VEPAFDRLPLMAPEFDWAGHD. 238
WP(48454635.1_cellulase_M.tarh PAVAGFAA RVFPAFQRLGIGAPEYDWASY T 236
EM036106.1_cellulase_M.variabi PAVAGFAR RVFPAFQRLGIGAPEYDWASHT 247
WP052300099.1_cellulase_ M.popu PAVSGFSA VFPAFURLPIBAPEYDWASET 241
WDP015930302.1_cellulase_M.nodu PAVSGFSA RVFPAFQRILPIGAPEYDWARYT 339
ACB22299.1 cellulase M.radioto PAVSGFSA RIFPAFPRLAIGAPEYDWARMNT. 257
WP015952556.1_cellulase_M.exto PAMSGFSA IFPAFPRLAREAPEFDWDRIG, 257
BAQ50112.1_cellulase_M.aguatic PGFAGFGA VFPAFPRLATHAPAFPWHRIG 250
CAD90973.1 cellulase R.legumin PGTEGFTG IYEATPVMARMAPSDAWKE 225
AR0E63626.1 cellulase B.subtili DSKTISWV 313
ADI39639.1 cellulase_P.campina DSKTISWV 313
ABS70711.1 cellulase_B.amyloli DSENISWV. 313
KJRE3574.1 cellulase_5.schenck HAANPDVI: 273
KIH93867.1 cellulase S.brasili HALNPDVL 274
¥P959873.1 cellulase N.crassa HSSNPDLL 278
EME62928.1_cellulase_A.fumigat NAANPDAL 263
XP001259223. 1_ cellulase _N.fisc NAANPNAL: 263
XP001727126. Zicellulaseik oryz HAANRNTLI: 267
KoC12502.1 cellulase A.flavus HAANRNLI 285
ENG88126.1_cellulase A.ncmius HAANPNLL 271
GRAR92545.1_cellulase_A.kawachi HSVNSDLL 267
XP001390007.2_cellulase_A.nige HSVNSDLL 267
XP005218474.1 cellulase_ Gasuma REENPDAL 275
K1U%0982.1 cellulase M.poae REENPDAL 277
XP003719440.1 cellulase M.oryz —TROWPNLIG RYARTREGARAMHEKANPRALY 266
5 3
* 400 * 420 * 440
WP012321708.1_cellulase M.radi : EWISLSGARPRPREGIPAEFG YLAMAG--ITEPDLYAPFLALWQRPEAG-LALVETGTGR———————-] Y : 3le
WP048436248.1_cellulase_M.plat : EWVSLAGAAPRPADGHPPDFA YLAMAG--TTDAELYAPFLALWPRPEAGNLPLVDTATGR— : 316
WP048454635.1_cellulase_M.tarh : EWISAREEALRPADGIPPLFS YLAWAG-—-IGRPEDYAPFRTLWGGIDRERLPIVDTRDGR— 314
EM036106.1 cellulase M.variabi : EWISARKDDALRPADGIPPLFS YLAWAG--VGRPADYAPFRTLWGGIDRERLPIVDTRDGR— 325
WDP052300099.1_cellulase M.popu : EWISAKDS-LRPADGIPPLFE YLAWAG--VGRPEDYTPFRTLWGGIERERLPIVDTRDGQ— 318
WP015930302.1_cellulase M.nodu : EWISARADVVRPRDGIPTLES YLAWAR--VGQPEDVAPFRRLWGGIEGERLPIVDTSDGR— 417
ACB22299.1 Cellulase_M.radioto : EWISARDA-PHPATGIPPLES YLAWAG--LVRPDDLAPFQALWSSSDRERLPIVDTGDGR 334

WP015952556.1_cellulase_M.exto : EWISMRGGQP(QPASGIPPHFS YLAMAG-—ISERRYYEPLLALWGEPDPAGLPIIDTEGGS——————— i : 335

BAQ50112.1 cellulase M.aguatic : DWIAMAGNRPRPADGIPATLS YLAMAR-—QGERALYEPFARARWTDGGRAVGLPIVEPLAGR— 328
CAD90973.1 cellulase R.legumin : EWVSLHDE-PRPAEGEDAEFG YLARGG-—-ITDRALLVRLQEGME-—QDGVPATIDLTTGR— 300
BRROE3626.1 cellulase B.subtili 404
ADI39639.1 cellulase_P.campina QLSDLSASGTEVRENILGTRDSTEDIPETPAK- 404
ABS70711.1_cellulase_B.amyloli : PLTNLTASGTFVRENIHGSRDSTKERPETPBQ* 404
KJR83574.1 cellulase_ S.schenck : -—ALSPGSARESLG 350
KIH93867.1 cellulase S.brasili : --ALSPGSARKESLG —QNSATSCSSLESGLASSGFSAMTSTSSSSSSG --MDASTY : 355
¥P959873.1_cellulase_N.crassa : ——ALTPGTGRESFN, —ETSANNCNNLONNLYNNGFEALTS—-STVN- Q-—-MDASTW : 352
EME62928.1_ cellulase A.fumigat : --DLGNG-VRERLS —DTGATSCSALSGALWNAGFRKAQNSSDPSIVN— L-—QDSTTW : 338
XP001259223.1 cellulase N.fisc : --DLGNG-VRERLS. —ETGATSCSALSGALWNAGFRAQNSSDPSIVN— EPL-—QDSTTW : 338
¥P001727126.2_cellulase A.oryz : —-—ELGNG-TAFRED —ERTATSCEDLESSLWNAGFNALDTQNSSIVN— =D-—-QDNTTY : 342
EOC12502.1 cellulase A.flavus : --ELGNG-TAERED —ERTATSCEDLESSIWNAGFNALDTQNSSIVN— =13 D--QDNTTY : 360
ENG88126.1_cellulase_A.ncmius : ——DLGNG-TAFHED, —ERTATSCENLESSLWDAGFNALDAQNSSIVN— D-—QDNITY : 346
GRA92545.1_cellulase_A.kawachi : --DLGDG-TVEKEKS. —DSSATSCSSLSSSLLSDGFDALETDDSSIVN— ——QDDSTY : 342
XP001390007 . Z_ cellulase _B.nige : --DLGDG-TVEERRS —D5SATSCSSLSSSLLSDGFDALETNDSSIVN— AE-—QDDTTY : 342
¥D009218474.1 cellulase_Gasuma : —--VLTPGSARESVA HEYSNVINQGQANNCTALRAALRDGGFEALLSNSTEGGAGGAVVENRL PV S AQ-QDEEEW : 367
ELU20982. lfcellulaseim .poae ! ——ALFPGSARESVA, HSYSNVINKYQADNCTALRAALRDGGFEALLSNSTT————— =W DO-QDETEW : 364
¥P003719440.1 cellulase_M.oryz : ——NLTPGREGMERPG, HSYANIINEGLAKNCTGLRETLVQGGWSGLSTARPGG-————TEVENRMPT ERGQ-NDQ-EW : 352
1 g5
480 * 500 * 540 * 560 *
WP012321708.1_cellulase M.radi : IPALARSASRGRE--FPAALTRVRAESE LLALARLNARYPACRPR—- : 3@7
WP048436248.1 cellulase M.plat : IPALAARSARRGTE—-FPPGLARVRPEAE LLALATLRTRYPACAPR—— : 367
WP048454635.1_cellulase_M.tarh : LPALVARAQEGTE--FPESLRSVQD-GQ LLALVARRMRYPS 364
EM036106.1 cellulase M.variabi : LPALVASRQDGTA--VPESLRTVQD-GQ LLALVAVRMRYES 375
WP052300098.1 cellulase M.popu : IPALTABARDGTE--FPESLRTVQE-NQ LLALIRARMRYPS 3e8
WP015930302.1_cellulase_M.nodu : LPALVABAVDNIP--WPESLETVQP-NQ LLELITVWRMRYPS 467
ACB22299.1 Cellulase_M.radioto : IPALVASALDGTE--FPEDARGDIG-NQ LLALTARRMRYPS 384
WP015952556.1_cellulase M.exto : IPALARSAVTGAP--LPAGLQDPAT-DE LLALTARNMRYRP 385
BAQ50112.1 cellulase M.aguatic : VGALTSeIASGAR--VDPTSFSTPSP-SE ILALSARRLTWQA 378
CAD90973.1_cellulase R.legumin : VNDVVASVVDGTR--LPSSALQFAP--A LLGLAYIGERHPE 347
AR0E3626.1 cellulase_B.subtili : DCDY¥AQIGCGNVT-HEFVTLHEPRQGAD —NIQLRLHNDDWSNYAQSGDYSFFRSNTFRTTRRI 490
ADI39639.1 cellulase_P.campina : DCDYAQIGCGNVT-YRFVTLHEPRQGAD —NIQLRLHNDDWSNYAQSGDYSFFRSNTFETTERT 488
BBS70711.1 cellulase B.amyloli : DCDYAQIGCGNLT-HEFVTLHEPRQGAD NIQLRLHNDDWSNYAQSGDYSFFQSNTFRTTRRI 430
KJRB3574.1 cellulase_S.schenck : EGVYATELASYLE-RIHAGWTIWVLSGS LLNHOWSAWRN-—--DPTYVREQLEPMIRA 420
KIH93867.1_cellulase S.brasili : KGVYATSLASYLP-RIHAGWTIWVLSGS LLNHDWSAWRN PTYVEEQLEPMIKA 425
¥P959873.1 cellulase_N.crassa : RGTYASSLASYLP-AQRKAGWFIWVLAGS LLTHDWSTWRS PSYVNGALISMVED! 422
EME62928.1_cellulase_A.fumigat : KNVYA 409
XP001259223.1 cellulase N.fisc : ENVYA. 426
¥XP001727126.2_cellulase A.oryz : TDVYA 412
KEOCl1l2502.1_cellulase A.flavus : TDVYA 430
EKNG88126.1_cellulase_A.ncmius : TDVYA 416
GRA92545.1_cellulase_A.kawachi : TGVYA 412
XP001390007.2 cellulase BR.nige : TEVYA 412
XP009218474.1 cellulase Gaeuma : GSAYA : 441
ELU20982.1 _cellulase_M.poae : DAAYA AFTT : 438
XP003719440.1_cellulase_M.oryz : NSNYSTRIQDFLRDDVRAGWMIWAISGSYHMIRECRQDYDEPWG———————————————— ILNHDWSDWRS-——-ERHAMGELERLVNSTISTTM : 426

c

Fig: 3.1 Multiple sequence analysis between interspecies of Bacteria and Fungi, on Cellulase encoding protein Cellulose,
using GeneDoc software (Black color indicates: 100% similarities, grey color indicates: 80% similarities)
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Fig: 3.2 Phylogenetics tree analyses between Bacteria and Fungi, using the maximum likelihood method, 500 Bootstrap
replications (bootstrap values are indicated in the point at nodes) as test of phylogeny, and the software MEGA5.05
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