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ABSTRACT
Exo-beta-1,3-glucanase (EC 3.2.1.58) successiwalyolyse O-glycosidic linkage of beta-1,3-link
glucans from their nonreducing terminus to subsetjygield glucose. In this paper, we present the
3D structure prediction and validation of novel bextal exo-beta-1, 3-glucanase of GH family
from Psychroflexus torquis ATCC700755/ACAM623-aclpsyphilic bacteria. This is the firs
attempt to model this enzyme with a GH family 1@ fo bacteria. All known exo-beta-1,
glucanase of GH family 17 are of plant and fungadjio. Validation of the stereochemistry of t
predicted model using the Rampage sever for Ranmalcha plot indicates 97.1% of residu
located in favoured and allowed regions while teenaining are in outlier region. This model al
obtained an ERRAT score of 93.17% which is wellvaltbe 50% critical value for a good model.
As a way of further evaluation, we generated peofiles of the model and template by the
‘asses_dope’ command of MODELLER 9.15 programmigesd profile files were used in gnuplet
4.6 ploting software to produce a comparative mibDiscrete Optimized Protein Energy (DOPE)
per residue of the template and model. This mobiglimed an overall DOPE value better than tfje
template.
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INTRODUCTION
The increasing use of psychrotolerant enzymes inyniedustrial and biotechnological applications due
to their ability to make processes run at lowergerature is evideht This implies an efficient use in
energy consequently, lowering production costscR®folerant enzymes are applied in environmental
biotechnology, production of biofuels, fine chenhicgynthesis and in food and feed, detergent,
pharmaceutical and medical industfies
In nature, cellulose, hemicelluloses and lignintheemajor components of plant cell walls. Cellelathe
most common and abundant component of all plantemeomprising on about 35% - 50%s a product
of polymerization of saccharide monomers by O-ghjdic bonds. Since agricultural plant residues
abound the use of beta-glucanases in conversiomaste to wealth is worthwhile.

Cite this article: Isa, R.T., Tijani, M., Khansa, M., Parvizpour, Shamsir, M.S., 3D Structure Prediction and
Validation of Novel Exo-beta-1, 3-Glucanase froRsychroflexus torquisATCC700755/ACAM623,
Int. J. Pure App. Biosc#(1): 68-74 (2016)doi: http://dx.doi.org/10.18782/2320-7051.2206

Copyright © February, 2016; JPAB 68



Isaetal Int. J.félApp. Biosci4 (1): 68-74 (2016) ISSN: 2320 — 7051
O-Glycosyl hydrolases (EC:3.2.1.) are a widespgradp of enzymes that hydrolyse the glycosidic bond
between two or more carbohydrates, or between laobgdrate and a non-carbohydrate moiety. The
Carbohydrate Active Enzyme (CaZy) database indscthitat GH family 17 contains endo and exo-beta-1,
3-glucanases among others. Exo-beta-1,3-gluca&se3(2.1.58) successively hydrolyse O-glycosidic
linkage of beta-1,3-linked glucans from their nahreing terminus to subsequently yield gluéose
Glycosyl hydrolase (GH) family 17 members currendlgown are from fungi and plants only
(http://www.ebi.ac.uk/interpro/entry/IPR000490).| &le 15 PDB accessions of the GH family 17 are of
plant and fungal origin among which there is no-beta-1, 3-glucanase reported. (CaZy). Bacterial ex
beta-1, 3-glucanase have been reporteBtieptomycesp. SirexAA-E belonging to GH family 55and
also in S. sioyaensis belonging to GH family®16

In this paper, we present the 3D structure preatictvalidation and analysis of novel bacterial érta-1,
3-glucanase of GH family 17 frorPsychroflexus torquiATCC700755/ACAM623-a psychrophilic
bacteria. To the best of our knowledge, this isfittse attempt to model this enzyme in bacterighwatGH
family 17 fold. More so, it is the first report emodelling this enzyme from psychrophilic bacteria.

MATERIALS AND METHODS
Sequence Retrieval, Analysis and 3D structure prediion
The amino acid sequence fesychroflexus torquia TCC700755/ACAM623 was obtained from UniProt
with accession number K4HIN2 (http://www.uniprogHr A UniProt-BLASTp was run and four exo-
beta-1,3-glucanases from various species (Tablevdrg¢ chosen for subsequent alignment. A multiple
sequence alignment was performed using Multalin tweok 54.1
(http://multalin.toulouse.inra.fr/multalin/) at deflt settings to identify conserved regions whick a
potential active site location in study protéin3D structural prediction was performed using REIRIX
server.
3D Model Validation
For assessing the validity of the predicted 3D mdtle Rampage server was uSed@his tool calculates
the phi (@) and psi ¥) angles thus generate a Ramachandran plot fomtieel. The model was also
submitted to VERIFY-3D and ERRAT servers to furthialidate its structure.
Analysis of the Model
Superimposition of the template and model was pexd using PyMOL 1.7.4.5 visualisation software to
facilitate observation of structural similaritiesidadifferences of the structures. Secondary strectu
alignment of template and model was run using ENiPsservet' to enable analysis of secondary
structure-profile energy relations. To facilitatketenergy relations analysis hitherto mentioned, a
comparative plot of Discrete Optimized Protein EyefDOPE) per residue of template and model was
made using gnuplot 4.6 software and profile filesngrated by the ‘asses dope’ command of
MODELLER 9.15 softwarg.

Tablel. UniProt-BLASTp result for exo-beta-1,3-gluanases

Accession Enzyme Organism Identity E-value
(%)

K4IHN2 Exo-beta-1,3- Psychroflexus torquis (strain ATCC 700755 100 0.0
glucanases ACAM 623)

N1X1J2 Exo-beta-1,3- Psychroflexus gondwanensis ACAM 44 94.1 0.0
glucanases

L7WBK3 Exo-beta-1,3- Nonlabens dokdonensis (strain DSM 17205 / KC 68.6 0.0
glucanases 12402 / DSW-6)

A8BUED1 Exo-beta-1,3- Flavobacteriales bacterium ALC-1 60.0 0.0
glucanases

K1L398 Exo-beta-1,3- Cecembia lonarensis LW9 58.7 8.2e-
glucanases 180

Copyright © February, 2016; IJPAB 69



Isa et al Int. J. PureApp. Biosci4 (1): 68-74 (2016) ISSN: 2320 — 7051
RESULTS AND DISCUSSION
Analysis of primary sequence
UniProtBLASTp was run for the complete e-beta-1,3glucanase sequence Pschroflexus torquis
obtained from UniProt and this returned many hithwarying percentage identities among whic
other exo-beta-1,8lucanases from other organisms were chosen fgnraknt with the query protei
(Accessions in Table 1.). The multiple sequenagnatint identified the conserved regions as show
Figure.1, which shows green arrows pointing to jibssctive site residues. Location of these actite
residues have been confirmed to be in agreemert wdnserved domain database (CDD).
mechanismof catalysis in glycosyl hydrolase (GH) family livolve the use of two glutamic ac
(GLU/E) residues with one acting as a proton d@mar the other, a nucleop!®,

Fig. 1: Output of multiple sequence alignment of four ex-beta-1,3glucanases with he novel enzyme

using Multalin 5
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Model Prediction
The 3D model predicted by RAPTORX contains a cétitd barrel (Fic. 2).

Fig. 2: 3D Model of exc-1,3-beta glucanase from psychroflexus torquis using RaprX

Copyright © February, 2016; JPAB 70



Isaetal Int. J. PureApp. Biosci4 (1): 68-74 (2016) ISSN: 2320 — 7051
3D Model Validation

The Rampage server was used to validate the steremical quality of the model. This tc

calculates the phi®) and psi ¥) angles thus generate a Ramachangtanfor the model. Th

Ramachandraplot (Figure 3.) indicated the model has 91.5%edidues located in favour

region while 5.6% and 2.9% are located in allowed autlier region respectively. In genera

score (97.1%) close to 100% implgood stere@hemical quality of the mod:

Fig. 3: Ramachandran plot of the Model
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The result of analysis by VERIF-3D revealed that 73.3% of the residues had an gee3g-1D score
above 0.2 and the remaining did not attaiis score. For 65% VERIFY-3D<80, the model quality i
scored ‘warning’ while>80% is ‘pass’ (http://services.mbi.ucla.edu/VerB{d/). The overall quality o
the model was also assessed by the ERRAT progrdomm@nbonded atomic interaction by compai
the statistics of highly refined structures. The BRRscore of a good model is above 50% whe
higher scores indicate a better qui*®. The model obtained an ERRAT score of 93.17% whi
acceptable. Considering that the model structuseatsgequence identity less than 30% to the temple
overall scores obtained for the model using diffieevaluation tools are considered reable.

Analysis of the model

The 3D model of K4IHN2 sequence shown in Figurea® kimilar structural features to those of o
members belonging to GH family 17. This structuoesists of alternating-helices ang-sheets in its
conserved domain whidmouses the catalytic residues. The 3D model streiégsua Tlv-barrel structure
in which the stability of the structure is duelte 8 centraB-sheets that form the central bau

Fig. 4: Superposition of template (blue) and model (red)
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The superimposition of the Model with its best téag (4wtp returned by RAPTORX server)
represented in Figure 4. This superimposition risveamilarities in the template and model strucdi
which are not completely detailed h

The superimposition reveals the catalytic residueshefrmodel. Figure 5 shows that the GLUs166
302 of the model align to GLUs 99 and 189 respebtivGLUs 99 and 189 are the catalytic residue
the template. This indicates to the active sitthefmdel.

Fig. 5: Superimposed catalytic residues; K4IHN-4wtp shown as stick

<Y

Glu166-Glugg Glu302-Glu189

However, Structural differences exist between thpesmposed structures. The model has longe
insertions of loops (highlighted by cycles in Fig.at four locations: ILE1I00MET112 and THR127-
GLU138 are loop insertions while ALA2-THR222 and GLU25%ER280 are longer loops. Other lot
worthy of mention but not highlighted in Fig.4 daeated at GLY5-ASP71, GLY30-GLU321 and
PRO353-GLY362. These care observed in the secondary structure alignmetwedasm template ar
model (Figure 6). The presence of these loops easelen as an adaptation to psychrophilic life <
loops confer more flexibility to proteir

Fig. 6: Secondary structure alignment between model (K4IHN2A) and template (AWTP_A) using
ENDscript 2.0 server
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The Energy profile plot in Figure 7 reveals locatiof high energy in the model. These regi
correspond to the longer loops or insertions wlare possible adaptations to psychrophilic
However, the overall DOPE score (Table 2) of theleh@s reasonable and indicative of a good m
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Fig. 7: Comparative DOPE per residue plot of Templte and model
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Table 2: Overall DOPE score of template and model

Structure  Overall DOPE score

AWTPA -34224.464844

K4IHN2 -41547.304688

CONCLUSION
The prediction, validation and analysis of 3D moalethis exo-beta-1, 3-glucanase in this paperaksve
its characteristics as a cold adapted enzyme. fvess longer loops as well as loops insertionseacs
of a-helices o} strands confer greater flexibility to this modakgme and enhance the capability of the
enzyme to be active in cold temperatures. Thisystaldo elucidates the first bacterial exo-beta-1, 3
glucanase with a GH family 17 fold.

REFERENCES

1. Aladdin, A., Homology Modeling and Molecular Dynarsi Simulation of a Noveb-galactosidase
from Antarctic Psychrophilic Bacterium Planococcésitarcticus DSM 14505.Journal of
Biotechnology Science Resear2fi): (2015).

2. Cavicchioli, R., et al., Biotechnological uses of enzymes from psychrophil&ficrobial
biotechnology4(4): p. 449-460, (2011).

3. Irshad, M., Z. Anwar, and A. Afroz, Characterizatiof Exo 1, 48 glucanase produced from
Tricoderma viridi MBL through solid-state bio-processing of orangeelpwaste. Advances in
Bioscience and Biotechnolad3(05): p. 580 (2012).

4. Kulminskaya, A.A.,et al., Isolation, enzymatic properties, and mode of actaf an exel,
3-B-glucanase frond. viride.European Journal of Biochemistrg68(23):p. 6123-6131 (2001).

5. Takasuka, T.E.et al., Biochemical properties and atomic resolution dtme of a proteolytically
processe@-mannanase from cellulolytic Streptomyces sp. @ifeE. PloS one9(4). p. €94166,
(2014).

6. Hong, T.-Y., et al., The 1.5 A structure of endo-1, 3--glucanase frore@Bomyces sioyaensis:
evolution of the active-site structure for 1, 3wgn-binding specificity and hydrolysigicta
Crystallographica Section D: Biological Crystallagwhy.64(9): p. 964-970 (2008).

Copyright © February, 2016; JPAB 73



Isaetal Int. J.félApp. Biosci4 (1): 68-74 (2016) ISSN: 2320 — 7051

7. Qin, Z., et al, The first crystal structure of a glycoside hydsalafamily 17 B-1, 3-
glucanosyltransferase displays a unique catalygift. ?cta Crystallographica Section Biological
Crystallography.71(8): p. 1714-1724 (2015).

8. Henrissat, B.gt al., Conserved catalytic machinery and the predictiba common fold for several
families of glycosyl hydrolasedroceedings of the National Academy of SciencethefUnited
States of America®3(11):p. 5674, (1996).

9. Kallberg, M., et al., RaptorX server: a resource for template-basedepraitructure modeling, in
Protein Structure Prediction. 2013pringer p. 17-27.

10. Lovell, S.C.et al., Structure validation by €geometry:p, v and (@ deviation. ProteinsStructure,
Function, and Bioinformatic&0(3): p. 437-450 (2003).

11. Robert, X. and P. Gouet, Deciphering key featureprotein structures with the new ENDscript
serverNucleic acids researcd2(W1): p. W320-W324 (2014).

12. Eswar, N.,et al., Comparative protein structure modeling using MledelCurrent protocols in
bioinformatics:p. 5.6. 1-5.6. 30, (2006).

13. Chaitanya, M.,et al., Exploring the molecular basis for selective bimdiof Mycobacterium
tuberculosis Asp kinase toward its natural substraand feedback inhibitors: a docking and
molecular dynamics studyournal of molecular modelind.6(8): p. 1357-1367, (2010).

Copyright © February, 2016; IJPAB 74



