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B[] EREL L] RREREL L] LR
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: AQKWNIIQNADGSYKLINVNSGKALDVASSGTADGTNVQI

370 380 330 400

: JimonBRNER=nRREN:H!
Pred: 5 A

Pred:
: WTDNGTGAQKWNLIRLD

/

EEECCCCCCCEEEEECC

410

Lagend:

D = helix Conf: ];:lll[ = confidence of prediction

- +
N
' = strand Pred: predicted secondary structure

= coil AA: target sequence
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polygalactronic acid 0 0 0 0
Barley straw 0.399 0.4 0.403 25.71124
CMC(high viscosity) 0.21 0.11 0.13 0.3







/
o Y A/ .
[+ b 2~ Cohnella. A0S\ J10ul I 7 K 91 J”J <5

» &
s rlsb)s

Ardevol, A., & Rovira, C. (2015). Reaction mechanisms in carbohydrate-active
enzymes: glycoside hydrolases and glycosyltransferases. insights from ab initio
quantum mechanics/molecular mechanics dynamic simulations. Journal of the
American Chemical Society.

Aaman, P., & Graham, H. (1987). Analysis of total and insoluble mixed-linked beta.-D-
glucans in barley and oats. Journal of Agricultural and Food Chemistry.

Abdeev, R. M., Abdeeva, 1. A., Bruskin, S. S., Musiychuk, K. A., Goldenkova-Pavlova,
I. V., & Piruzian, E. S. (2009). Bacterial thermostable B-glucanases as a tool for plant
functional genomics. Gene

Bradford, M. M. (1976). A rapid and sensitive method for the quantitation of microgram
quantities of protein utilizing the principle of protein-dye binding. Analytical
biochemistry.

Baneyx F. Recombinant protein expression in Escherichia coli.( 1999) Curr Opin
Biotechnol.

Bleicher, L., Prates, E. T., Gomes, T. C., Silveira, R. L., Nascimento, A. S., Rojas, A.
L., .. & Polikarpov, I. (2011). Molecular basis of the thermostability and
thermophilicity of laminarinases: X-ray structure of the hyperthermostable laminarinase
from Rhodothermus marinus and molecular dynamics simulations. The Journal of
Physical Chemistry.

Cota, J., Alvarez, T. M., Citadini, A. P., Santos, C. R., de Oliveira Neto, M., Oliveira,
R. R., & Squina, F. M. (2011). Mode of operation and low-resolution structure of a
multi-domain and hyperthermophilic endo-B-1,3-glucanase from Thermotoga
petrophila. Biochemical And Biophysical Research Communications.

Candolfi, M., Kroeger, K. M., Muhammad, A. K. M. G., Yagiz, K., Farrokhi, C.,
Pechnick, R. N., & Castro, M. G. (2009). Gene therapy for brain cancer: combination
therapies provide enhanced efficacy and safety. Current Gene Therapy.

Chen, J., & Seviour, R. (2007). Medicinal importance of fungal B-(1—3),(1—6)-
glucans. Mycological Research

Cheng, R., Chen, J., Yu, X., Wang, Y., Wang, S., & Zhang, J. (2013). Recombinant
production and characterization of full-length and truncated B-1,3-glucanase PglA from
Paenibacillus sp. S09. BMC Biotechnology.

Chen, C. C., Huang, J. W., Zhao, P., Ko, T. P., Huang, C. H., Chan, H. C., ... & Guo, R.
T. (2015). Structural analyses and yeast production of the -1,3-1,4-glucanase catalytic
module encoded by the licB gene of Clostridium thermocellum. Enzyme And Microbial



19 v

s rlslls

Technology.

Doman-Pytka, M., & Bardowski, J. (2004). Pullulan degrading enzymes of bacterial
origin. Critical Reviews In Microbiology.

Dong, W., Huang, J., Li, Y., Tan, Y., Shen, Z., Song, Y., ... & Peng, G. (2015). Crystal
structural basis for Rv0315, an immunostimulatory antigen and inactive beta-1,3-
glucanase of Mycobacterium tuberculosis. Scientific.

Erfle, J. D., Teather, R. M., Wood, P. J., & Irvin, J. E. (1988). Purification and
properties of a  1,3-1,4-B-D-glucanase  (lichenase, 1,3-1,4-B-D-glucan  4-
glucanohydrolase, EC 3.2. 1.73) from Bacteroides succinogenes cloned in Escherichia
coli. Biochemical journal.

El-Katatny, M., Gudelj, M., Robra, K. H., Elnaghy, M., & Gibitz, G.
(2001).Characterization of a chitinase and an endo-f-1,3-glucanase from 7richoderma
harzianum Rifai T24 involved in control of the phytopathogen Sclerotium rolfsii.
Applied Microbiology and Biotechnology.

Farrokhi, N., Hrmova, M., Burton, R. A., & Fincher, G. B. (2009). Heterologous and
cell-free protein expression systems. Plant Genomics: Methods and Protocols.

Gueguen, Y., Voorhorst, W. G., van der Oost, J., & de Vos, W. M. (1997). Molecular
and Biochemical Characterization of an Endo-f-1,3-glucanase of the Hyperthermophilic
Archaeon Pyrococcus furiosus. Journal of Biological Chemistry.

Gooday, A. J., & Rathburn, A. E. (1999). Temporal variability in living deep-sea
benthic foraminifera. Earth-Science Reviews.

Grishutin, S. G., Gusakov, A. V., Dzedzyulya, E. 1., & Sinitsyn, A. P. (2006). A
lichenase-like family 12 endo-(1—4)-B-glucanase from Aspergillus japonicus: study of
the substrate specificity and mode of action on B-glucans in comparison with other
glycoside hydrolases. Carbohydrate Research.

Henrissat, B., & Davies, G. (1997). Structural and sequence-based classification of
glycoside hydrolases. Current Opinion In Structural Biology

Hong, T. Y., Cheng, C. W., Huang, J. W., & Meng, M. (2002). Isolation and
biochemical characterization of an endo-1,3-B-glucanase from Streptomyces sioyaensis
containing a C-terminal family 6 carbohydrate-binding module that binds to 1,3-B-
glucan. Microbiology

Hasan, F., Shah, A. A., & Hameed, A. (2006). Industrial applications of microbial

lipases. Enzyme And Microbial Technology.

Hong, T. Y., Cheng, C. W., Huang, J. W., & Meng, M. (2002). Isolation and
biochemical characterization of an endo-1,3-B-glucanase from Streptomyces sioyaensis



/
- / . R Jio - / N
17| b 2~ Cohnella. AO1 SIS 18il Ja)) 7 K 91 J/J A s

a4
s lst)s

containing a C-terminal family 6 carbohydrate-binding module that binds to 1,3-8-
glucan. Microbiology.

Ilari, A., Fiorillo, A., Angelaccio, S., Florio, R., Chiaraluce, R., van der Oost, J., &
Consalvi, V. (2009). Crystal structure of a family 16 endoglucanase from the
hyperthermophile Pyrococcus furiosus—structural basis of substrate recognition. FEBS
Journal.

Ilari, A., Fiorillo, A., Angelaccio, S., Florio, R., Chiaraluce, R., van der Oost, J., &
Consalvi, V. (2009). Crystal structure of a family 16 endoglucanase from the
hyperthermophile Pyrococcus furiosus—structural basis of substrate recognition. FEBS.

Jam, M., Ficko-Blean, E., Labourel, A., Larocque, R., Czjzek, M., & Michel, G. (2016).
Unraveling the multivalent binding of a marine family 6 carbohydrate-binding module
with its native laminarin ligand. FEBS Journal.

Jeng, W. Y., Wang, N. C,, Lin, C. T., Shyur, L. F., & Wang, A. H. J. (2011). Crystal
structures of the laminarinase catalytic domain from Thermotoga maritima MSBS in
complex with inhibitors essential residues for B-1,3-and B-1,4-glucan selection. Journal
of Biological Chemistry.

Koutsopoulos, S., van der Oost, J., & Norde, W. (2005). Structural features of a
hyperthermostable endo-B-1,3-glucanase in solution and adsorbed on “invisible”
particles. Biophysical journal.

Lombard, V., Ramulu, H. G., Drula, E., Coutinho, P. M., & Henrissat, B. (2014). The
carbohydrate-active enzymes database (CAZy) in 2013. Nucleic Acids Research.
Lopez-Casado, G., Urbanowicz, B. R., Damasceno, C. M., & Rose, J. K. (2008). Plant

glycosyl hydrolases and biofuels: a natural marriage. Current Opinion In Plant Biology

Lionetti, V., Raiola, A., Camardella, L., Giovane, A., Obel, N., Pauly, M., ... &
Bellincampi, D. (2007). Overexpression of pectin methylesterase inhibitors in
Arabidopsis restricts fungal infection by Botrytis cinerea. Plant Physiology.

Leelasuphakul, =~ W.,  Sivanunsakul, P., &  Phongpaichit, S. (2006).
Purification,characterization and synergistic activity of -1,3-glucanase and antibiotic
extract from an antagonistic Bacillus subtilis NSRS 89-24 against rice blast and sheath
blight. Enzyme and Microbial Technology.

Liao, W., Ji, L., Wang, J., Chen, Z., Ye, M., Ma, H., & An, X. (2014). Identification of
glutathione S-transferase genes responding to pathogen infestation in Populus
tomentosa. Functional & Integrative Genomics.

Martin, K., McDougall, B. M., Mcllroy, S., Chen, J., & Seviour, R. J. (2007).
Biochemistry and molecular biology of exocellular fungal B-(1,3)-and B-(1,6)-
glucanases. FEMS



i 0%

sl

Mouyna, I., Hartl, L., & Latgé, J. P. (2013). B-1,3-glucan modifying enzymes in
Aspergillus fumigatus. Frontiers In Microbiology

Miyanishi, N., Iwamoto, Y., Watanabe, E., & Odaz, T. (2003). Induction of TNF-a
production from human peripheral blood monocytes with B-1, 3-glucan oligomer
prepared from laminarin with B-1,3-glucanase from Bacillus clausii NM-1. Journal Of
Bioscience And Bioengineering

Mauch, F., Mauch-Mani, B., & Boller, T. (1988). Antifungal hydrolases in pea tissue II.
Inhibition of fungal growth by combinations of chitinase and B-1,3-glucanase. Plant
Physiology.

Monod, M., Capoccia, S., Léchenne, B., Zaugg, C., Holdom, M., & Jousson, O. (2002).
Secreted proteases from pathogenic fungi. International Journal of Medical
Microbiology.

Marco, J. L. D., & Felix, C. R. (2007). Purification and characterization of a beta-
Glucanase produced by Trichoderma harzianum showing biocontrol potential. Brazilian
Archives of Biology and Technology.

Masilamani, R., Sharma, O. P., Muthuvel, S. K., & Natarajan, S. (2013). Cloning,
expression of beta-1,3-1,4 glucanase from Bacillus subtilis SU40 and the effect of
calcium ion on the stability of recombinant enzyme: in vitro and in silico analysis.
Bioinformation.

Miller, G. L. (1959). Use of dinitrosalicylic acid reagent for determination of reducing
sugar. Analytical chemistry.

Manavalan, T., Manavalan, A., Thangavelu, K. P., & Heese, K. (2015). Characterization
of'a novel endoglucanase from Ganoderma lucidum. Journal of Basic Microbiology.

Noronha, E. F., & Ulhoa, C. J. (2000). Characterization of a 29-kDa B-1,3-glucanase
from Trichoderma harzianum. FEMS Microbiology Letters.

Pham, T. H., Quyen, D. T., & Nghiem, N. M. (2012). Purification and properties of an
endoglucanase from Aspergillus niger VTCC-F021. Turkish Journal of Biology.

Pang, Z., Otaka, K., Suzuki, Y., Goto, K., & Ohnishi, M. (2004). Purification and
characterization of an endo-1,3-B-glucanase from Arthrobacter sp. J. Biol. Macromol.

Palumbo, J. D., Sullivan, R. F., & Kobayashi, D. Y. (2003). Molecular characterization
and expression in Escherichia coli of three B-1,3-glucanase genes from Lysobacter
enzymogenes strain N4-7. Journal of Bacteriology.

Sun, L., Gurnon, J. R., Adams, B. J., Graves, M. V., & Van Etten, J. L. (2000).



/
o Y A/ .
|3¥] b 2~ Cohnella. A0S\ J10ul I 7 r’}id’fj RYPr 9%

» &
e sl

Characterization of a B-1,3-glucanase encoded by chlorella virus PBCV-1. Virology

Saha, D., & Bhattacharya, S. (2010). Hydrocolloids as thickening and gelling agents in
food: a critical review. Journal Of Food Science And Technology.

Trinh, D. K., Quyen, D. T., Do, T. T., & Nghiem, N. M. (2013). Purification and
characterization of a novel detergent-and organic solvent-resistant endo-beta-1,4-
glucanase from a newly isolated basidiomycete Peniophora sp. NDVNO1. Turkish
Journal of Biology.

Vasur, J., Kawai, R., Andersson, E., Igarashi, K., Sandgren, M. (2009). X-ray crystal
structures of Phanerochaete chrysosporium Laminarinase 16A in complex with
products from lichenin and laminarin hydrolysis. Febs Journal.

Wang, K., Luo, H., Shi, P., Huang, H., Bai, Y., & Yao, B. (2014). A highly-active endo-
1,3-1,4-B-glucanase from thermophilic Talaromyces emersonii CBS394. 64 with
application potential in the brewing and feed industries. Process Biochemistry.

Yasmin, N., Saleem, M., & Chaudhry, Z. 1. (2012). Purification and characterization of
pathogenesis-related antifungal Beta-1,3 glucanase from Basrai banana fruit. Pak. J.
Biochem. Mol. Biol.

Yun, Y. H., Lee, K. S., Kim, Y. W., Park, S. Y., Lee, E. S.,, Noh, D. Y., ... & Lee, Y. J.
(2012). Web-based tailored education program for disease-free cancer survivors with
cancer-related fatigue: a randomized controlled trial. Journal of Clinical Oncology.

Zhou, W., Irwin, D. C., Escovar-Kousen, J., & Wilson, D. B. (2004). Kinetic studies of
Thermobifida  fusca Cel9A active site mutant enzymes. Biochemistry.



Abstract

Beta-(1—3)-glucanases (EC3.1.2.39), also known as laminarinases, are diverse family
of enzymes that are involved in hydrolysis (GH16) of O-glycoside linkages in B-(1—3)
glucans with diverse range of applications from agriculture to pharmaceutical industries.
Here, a CohLam gene (accession No. KX013442) was isolated from Cohnella. AO1,
cloned and heterologously expressed in E. coli. The recombinant laminarin degrading
enzyme (~ 47 kDa) had its highest activity at 50 °C (pH = 6) and sustained 70% of its
activity following incubation at 50 °C for 5 h. The recombinant enzyme had K,, Vs,
kear, and kea/kyy values of 0.1628 mg/ml, 112.5 U.ml”, 52816.9 S, and 324428 in the
presence of laminarin, respectively. The enzyme half-life was 1725.3 min at 50 °C. The
enzyme remained active in 1% (w/v) SDS and kept up to 50% of its activity in ethanol,
methanol, and acetone. In vitro bioassay of enzyme was illustrative of growth

retardation of Phytophthora sp., a phytopathogen.

Keyword: Beta-(1—3)-glucanase, Cohnella AO1, Phytophthora sp.
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