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MOTIVATION: Curation of Biomedical Literature

» Finding and extracting relevant knowledge from the domain literature
» Manually refining and updating bioinformatics databases

‘Web Crawler Curator Spreadsheet Online Query Interface

Downloaded Literature Database
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» Manual literature curation is
» Expensive — requires domain experts
» Labour-intensive — ever growing amount of scientific publications
» Error-prone — critical knowledge can be easily missed

IntelliGenWiki: An Intelligent Semantic Wiki for Life Sciences (Bahar Sateli et al.)



Introduction
oeo

Motivation and Challenges

APPROACH: IntelliGenWiki

IntelliGenWiki Curator Online Query Interface
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Database

Enhanced Literature Curation Workflow Using IntelliGenWiki

» Text mining techniques integrated within the wiki environment
» Novel Human-Al collaboration patterns
» Producing semantic metadata

» Transform text into knowledge base
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Motivation and Challenges

APPROACH: IntelliGenWiki

> AdOptS the “Wiki” paradigm T . i it o =
[ semani Assistants + S

» Accessible via a web browser e
» Simple syntax (markup) e et 15512651
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» Based on the MediaWiki engine :
» Open source
» Highly scalable

» Extensible: Semantic MediaWiki
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APPROACH: IntelliGenWiki

> AdOptS the “Wiki"” paradigm T . i it o oo
» Accessible via a web browser E’”“ - + — Z

» Simple syntax (markup)
» Open collaboration

Cloring, expression in Pichia pastoris, and characterization of a thermastable GHS mannan enda-1 - =
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» Based on the MediaWiki engine
» Open source
» Highly scalable
» Extensible: Semantic MediaWiki

Integrated Text Mining Assistants

v

» Provides semantic capabilities
» Formalization of knowledge

» Producing machine-readable
content
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Motivation and Challenges

APPROACH: IntelliGenWiki

» Adopts the “Wiki" paradigm
» Accessible via a web browser
» Simple syntax (markup)
» Open collaboration

» Based on the MediaWiki engine
» Open source
» Highly scalable
» Extensible: Semantic MediaWiki

Integrated Text Mining Assistants

v

» Provides semantic capabilities
» Formalization of knowledge

» Producing machine-readable
content

» Open source software (AGPL3)

@ Semantic Assistants - Mozilla Firefox QoW
Ele Edt Yew Hslry Bookmaiks Toois Help
[ Semante Assistans + v
S S o
[ [ oy v [ e[

i PubMed:19912637
Cloring, expression in Pichia pastoris, and characterization of a thermastable GHS mannan enda-1 - el

beta:mannosidase from Aspergilus niger BKO1
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System Architecture

System Overview
» Front-end: Semantic MediaWiki
» Back-end: Wiki-NLP Integration [Sateli and Witte, 2012]
» Comprehensive architecture based on the Semantic Assistants Framework [Witte and Gitzinger, 2008]

» Seamless integration of various NLP capabilities within a wiki environment
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IntelliGenWiki Pages

» Each wiki page corresponds to a literature instance, e.g., abstract of a paper

. . . @ PubMed: 20709852 - IntelliGenWiki - Mozilla Firsfox v %
» Revision History O T T T D
8] PubMed20700852 - melicenwii | 4
2 Wikisysop my talk my preferences my watchlist my contributions log out

> I nq u | re teXt m | n | ng page discussion edit | [ history | [ delete move | [ protect watch | [ refresh
. . PubMed: 20709852
services via wiki toolbox

Title: Characterization of a cellobiohydrolase (MoCel6A) produced by Magnaporthe oryzae.
Authors: Takahashi M, Takahashi H, Nakano Y, Konishi T, Terauchi R, Takeda T P
Institute: Wwats Boschnology Research Cente, Kakar, Wate, apan aper
- PMID: 20709852 Information
= Main page
- = Community potal Received on March 10, 2010, Accepted on July 30, 2010.
Wiki Toolbox = Curent everts
= Racent changes Full Text {edt)
Toolbox = Random page
- Hel
= What links here " Abstract
= Related changes search Three GH-5 faniy cellobiohyarolases are expected in the genome of Magnaporthe grisea based on the complete genome
s 1 ‘sequence. Here, we demonstrate the properties, kinetics, and substrate specificities of a Magnaporthe oryzae GH-6 family
= Special pages = cel\nhmnyﬂm\zse (MoCel6A). In additon, the effect of celobiose on MaCelGA actity was also investigated. MaCel6A
= Printable version to 3 histdine tag was inM. oryzae and purified by affinty chromatagraphy. MoCel6A
1] ryz: y a
= Permanent link toalbox chonad higher hyratic acties on phosphatackswolle £aluose (PSC).-glucan, and setoolgosacenaride
= What lnks here derivatives than on cellulose, of which the best substrates were cellooligosaccharides. A tandemy algned celluose
= Semantic Assistants - Rolatd changes
chang inding domain (CBD) at the N terminus caused increased activity on cellulose and PSC, whereas deletion of the CBD Paper
= Browse properties = Special pages (catalytic domain only) showed decreased activity on cellulose. MoCelBA hydrolysis of cellooligosaccharides and
- Pt wrson as not inhiited by exog g cellabiose up to 438 M, Content
EEemanett i | yion raner, nanced activy, nereas a G- famiy from . aryzae
S by more than 29 m cellblose. Furthermore, we assessed th effects of cellabiose on hydrolytc actvties using MoCel6A
and Trichoderma reesel celloblonydrolase (TrCeIGA), Which were prepared In Aspergllus oryzae. MoCelGA shawed
increased hydrolysis of celopentaose used as a subsirate i he presence of 292 MM cellobiose at pH 4.5 and pH 6.0, and
enhanced actvity disappeared at pH 9.0. I contrast, TrCEISA exhibited sighty ncreased hydrolysis at pH 4.5, and
hydrolysis was severely infibited at pH 9.0. These resufs suggest that enhancement or inhibition of hydrolytic actviies by
cellobiose is dependent on the reaction mixture pH
PMID: 20709852 & [PubMed - Indexed for MEDLINE] PMCID: PMC2950481 Free PMC Article

This pags was last modified an & November 2012, at 2321, This paga has basn accassed 4 times.  Piivacy poliey  About
IneliGenWiki  Disclaimers
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User Interface

The NLP Interface

» The IntelliGenWiki NLP user interface offers various text mining services

» Customizing services at runtime e i o

» Dynamically-generated interface P

Title: Characterzat

13 coobionyaolas (MoCals)prouses by Hagnaporine oyzae
e PMID; 207098
e Full Text :
Text Mining Assistants inside the wiki [ R
Available Assistants Results Target Global settings Console
Step 1. Select the service your wish to execute on your collection.
Once you add this page to your collection, you can continue browsing as your collection is saved.
Available Assistants (E5iatt 5 5arvice ] Collection ~
Runtime Parameters Select a service
Add
IR Information Extractor M
Information Extractor e Clear
OrganismTagger

s page has bes v i e
‘Avalable Assitants | ResultsTargst | Global Satngs | Console
Ste L. Sslec the srvis your wish t exacuts an your collsction.

hes Vo catecton g 25 your e

Available Assstants {55126 3 Sarice Y collecion

Runtime Parameters|Seect  seruce
aa
R Information Extracor
infomation Exracor | ciear
Craamenagger
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User Interface

IntelliGenWiki NLP Services

NLP Interface features
» Multi-document Analysis

Available Assistants | Results Target  Global Settings ~ Console

Step 1. Select the service your wish ta execute on your collection
Once you add this page to your callection, you can continue browsing as your collection Is saved

Available Assistants [Sgisct 3 service v (LR EL T (/o ompa cs.concardia.ca).../PubMed: 1991263 72

Runtime Parameters| Select a service httpi//loompa es concordia.ca/ ... /PubMedi2186187; W
Add

IR Information Extractor
Information Extractor v | Clear
OrganismTaggsr
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User Interface

IntelliGenWiki NLP Services

NLP Interface features
» Multi-document Analysis

Available Assistants | Results Target ~ Global Settings ~ Console
Step 1. Select the service your wish to execute on your collection

once you add this page to your collection, you can continue browsing as your collection is saved
Available Assistants [Sgisct 3 service v (LR EL T (/o ompa cs.concardia.ca).../PubMed: 1991263 72
Runtime Parameters| Selsct a service http://loompa.cs.cancerdia.ca/.../PubMed: 21861877 W

Add

Clear

IR Information Extractor
Information Extractor =
OrganismTaggsr

» Flexible handling of results
» Writing to the same page as the resource
» Writing to a different page in the wiki
» Writing to an external wiki
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User Interface

IntelliGenWiki NLP Services

NLP Interface features
» Multi-document Analysis

Available Assistants | Results Target  Global Settings ~ Console

Step 1. Select the service your wish to execute on your collection
Once you add this page to your collection, you can continue browsing as your collection is saved,
Available Assistants [Sgisct 3 service v (LR EL T (/o ompa cs.concardia.ca).../PubMed: 1991263 72

Runtime Parameters| Select a service httpi//loompa es concordia.ca/ ... /PubMedi2186187; W
Add

IR Information Extractor
Information Extractor v | Clear
OrganismTaggsr

» Flexible handling of results

» Writing to the same page as the resource
» Writing to a different page in the wiki
» Writing to an external wiki

» Dynamic discovery of NLP services

Available Assistants ~ Results Target | Global Settings | Console

Optionally, you can select the server you would like to connect to. Select a server from the list, press "Connect” and refresh the page
using your browser.
* Predefined Servers

{minion.cs.concordia,ca:8879_ vi
Custom Server

minion.cs.concordia.ca:8879
minion.cs.concordia.ca:2011

Connect
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Applications

Information Extraction

severely inhibited at pH 9.0. Thess results suggest that enhancement or inhibition of hydrolytic activities by cellobiose is
dependent on the reaction mixture pH.

H H PWID: 20709852 ¢ [PubMed - indexed for MEDLINE] PMCID: PMC2950481 Free PIIC Articls &
> Automatlcally extracting mycoMINE on PMID:_20709852_Abstract (View) &
knowledge from text
g Content Type Start | End Features
. ) cellobiohydralase Enzyme 103 | 120 | . enzyme_slias cellebiohydrolass
» Various IE services - BRENDA_SystematicName: aligoxyloglucan
reducing-end csllobishydrolass
> mycoMIN E = BRENDA_ECNumber: 3.2.1.150
= abbreviation_alias: -
Organ|5mTagger = google_search: htip:/www.geogle.com

Isearch:

ellobiohydrolase &

BRENDA,_RecommendedName: oligoxyloglucan
reducing-end-specific cellobiohydrolase
SwissProt_ID: -

BRENDA's page: ftp//wwur_brenda-
enzymes.org
Iphplresul_flat.phpd?ecno=3.2.1.150 @

>
» Open Mutation Miner
>

WMagnaporthe oryzae Organism 43 181

» Enrichment of literature
NCBI_Taxanomy_WebPage:
content Wlth semantic markup hittp:/fwww.ncbi nim. nih. gov/Taxonomy

= organism_scientific_name: Magnaparthe oryzae
= organism_alias: Magnaporthe oryzas
. = google_search: http: /fwww. goagle.com
Example: Jasarch )
NCBI_Taxonamy_ID: 318829

[[hasType::Enzyme|cellobiohydrolase]]

Found Entity Entity Type  Entity Location  NLP-Provided Additional Information
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Semantic Entity Retrieval

» Unadorned wikis offer only keyword-based search

» What if we want to discover what's contained in the wiki?
» e.g., “Which papers in this wiki mention an enzyme entity in their text?”
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Applications

Semantic Entity Retrieval

» Unadorned wikis offer only keyword-based search

» What if we want to discover what's contained in the wiki?
» e.g., “Which papers in this wiki mention an enzyme entity in their text?”

» Solution: Querying the semantic metadata in the wiki

» Search the wiki by semantic properties, e.g., entity type, generated by NLP services
» Using special Semantic MediaWiki markup, called inline queries

{{#ask: [[hasType::Enzyme]]
7Enzyme = Enzyme Entities Found
format = table

headers = plain

default = No pages found!
mainlabel = Page Name

1

IntelliGenWiki: An Intelligent Semantic Wiki for Life Sciences (Bahar Sateli et al.)



Application
(o] J

Applications

Semantic Entity Retrieval

» Unadorned wikis offer only keyword-based search

» What if we want to discover what's contained in the wiki?

» e.g., “Which papers in this wiki mention an enzyme entity in their text?”

» Solution: Querying the semantic metadata in the wiki

» Search the wiki by semantic properties, e.g., entity type, generated by NLP services
» Using special Semantic MediaWiki markup, called inline queries

{{#ask: [[hasType::Enzyme]]

Property:Enzyme
7Enzyme = Enzyme Entities Found

| format = table Page Name F Enzyme Entities Found
¥ PMID: 2070852 Gallabiohydrolass
| headers = plain Colluase
| default = No pages found! endoglucanases
| mainlabel = Page Name Bglucosidases

Invtrogen
DNA polymerase
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Extrinsic Evaluation

User Study

» s the integration of text mining assistants in a wiki environment actually effective?
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Evaluation
o

Extrinsic Evaluation

User Study

» s the integration of text mining assistants in a wiki environment actually effective?

» User study within the Genozymes project context (www.fungalgenomics.ca)
» Goal: Identifying and characterizing fungal enzymes

Dataset: 30 documents

Users: 2 expert biocurators

NLP Service: mycoMINE [Meurs et al, 2012]

Measure: Time spent on curation

Method: Comparison against time spent on manual curation
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Extrinsic Evaluation

User Study

» s the integration of text mining assistants in a wiki environment actually effective?

» User study within the Genozymes project context (www.fungalgenomics.ca)
» Goal: Identifying and characterizing fungal enzymes
» Dataset: 30 documents
» Users: 2 expert biocurators
» NLP Service: mycoMINE [Meurs et al, 2012]
» Measure: Time spent on curation
» Method: Comparison against time spent on manual curation

Average Curation Time

Results: Abstract Selection Full Paper Curation
> : no support | IntelliGenWiki | no support | IntelliGenWiki
1 min. 0.3 min. 37.5 min. 30.6 min.
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Evaluation
o

Extrinsic Evaluation

User Study

» s the integration of text mining assistants in a wiki environment actually effective?

» User study within the Genozymes project context (www.fungalgenomics.ca)
» Goal: Identifying and characterizing fungal enzymes
» Dataset: 30 documents
» Users: 2 expert biocurators
» NLP Service: mycoMINE [Meurs et al, 2012]
» Measure: Time spent on curation
» Method: Comparison against time spent on manual curation

Average Curation Time

Results: Abstract Selection Full Paper Curation
> : no support | IntelliGenWiki | no support | IntelliGenWiki
1 min. 0.3 min. 37.5 min. 30.6 min.

» Conclusion: IntelliGenWiki was indeed efficient and reduced the paper selection and
curation time by almost 70% and 20%, respectively.
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Conclusion

Conclusion

What you can do now

> Install MediaWiki and Semantic MediaWiki extension

> Download and deploy the Wiki-NLP integration

> Use the existing text mining services in our public server

> Alternatively, setup your own Semantic Assistants services developed based on
the GATE framework

What is next

> Cover other tasks, e.g.,
» Quality assessment
» Paper recommendation
» Personalization

> Develop services for automatic import of literature, e.g., from PubMed

> Query the RDF in wiki from external applications
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Conclusion

More Information

http://wuw.semanticsoftware.info/intelligenwiki
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PubMed:19912637
Microb. Cell Fact, 2009:8:59.

Cloning, expression in Pichia pastoris, and characterization of a thermostable GH5 mannan fedit]
endo-1,4-beta-mannosidase from Aspergillus niger BKO1

Do BC, Dang TT, Berrin JG, Haltrich D, To KA, Sigoillot JC and Yamabhai h

School of logy, Institute of ay. University of 111 Universtty Avenue, Nakhon Ratchasima 30000,
Thailand.
Abstract
Mannans are key compx of present in the hemi ic fraction of plant primary cell walls. Mannan endo-1,4-beta-mannosidases

(1,4-beta-D-mannanases) catalyze the random hydrolysis of beta-1,4-mannosidic linkages in the main chain of beta-mannans. Biodegradation of
beta-mannans by the action of thermostable mannan endo-1,4-beta-mannosidase offers significant technical advantages in biotechnological industrial
applications, i.e. delignification of kraft pulps or the pretreatment of lignocellulosic biomass rich in mannan for the production of second generation

biofuels, as well as for appl in oil and gas well ion, extraction of vegetable oils and coffee beans, and the production of value-added
products such as prebiotic manno-oligosaccharides (MOS).A gene encoding mannan endo-1,4-beta-mannosidase or 1,4-beta-D-mannan
mannanohydrolase (E.C. 3.2.1.78), ly termed beta- , from Aspergillus niger BKO1, which belongs to glycosy! hydrolase family 5

(GHS), was cloned and successfully expressed heterologously (up to 243 microg of active recombinant protein per mL) in Pichia pastoris. The enzyme
was secreted by P. pastoris and could be collected from the culture: supematant The purified enzyme appeared glycosylated as a single band on
SDS-PAGE with a molecular mass of i 53 kDa. The i is highly with a half-iife time of
approximately 56 h at 70 degrees G and pH 4.0. The optimal temperature (10-min assay) and pH value for activity are 80 degrees G and pH 4.5,
respectively. The enzyme is not only active towards structurally different mannans but also exhibits low activity towards birchwood xylan. Apparent Km
values of the enzyme for konjac glucomannan (low viscosity), locust bean gum galactomannan, carob galactomannan (low viscosity), and 1,d-beta-
D-mannan (from carob) are 0.6 mg mL-1, 2.0 mg mL-1, 2.2 mg mL-1 and 1.5 mg mL-1, respectively, while the keat values for these substrates are 215
51,830 5-1, 292 5-1 and 148 s-1, respectively. Judged from the specificity constants keat/Km, glucomannan is the preferred substrate of the A. niger
beta -mannanase. Analysis by thin layer chromatography showed that the main product from enzymatic hydrolysis of locust bean gum is mannobiose,

with only low amounts of and higher formed.This study is the first report en the cloning and expression of a
thermostable mannan endo-1,4-beta-mannosidase from A. niger in Pichia pastoris. The efficient and ease of purifi will significantly
decrease the production costs of this enzyme. Taking advantage of its acidic pH optimum and high ility, this inant beta-

will be valuable in various biotechnelogical applications.
PMID: 19812637
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Mannans are key compx of present in the hemi ic fraction of plant primary cell walls. Mannan endo-1,4-beta-mannosidases
(1,4-beta-D-mannanases) catalyze the random hydrolysis of beta-1,4-mannosidic linkages in the main ehain of beta-mannans. Biodegradation of

bet: by the action of mannan endo-1,d-bet: offers significant technical advantages in biotechnological industrial

applications, i.e. delignification of kraft pulps or the pretreatment of lignacellulosic biomass rich in mannan for the production of second generation
biofuels, as wel as for applications in oil and gas well stimulation, extraction of vegetable oils and coffee beans, and the production of value-added
praducts such as prebistic manno-oligosaccharides (MOS).A gene encoding mannan endo-1,4-beta-mannosidase or 1,4-beta-D-mannan
mannanchydrolase (E.C. 3.2.1.78), commanly termed beta-mannanase, from Aspergillus niger BKO1, which belongs to glycasyl hydralase family §
(GHS), was cloned and successfully expressad heterologously (up to 243 microg of active recombinant protein per mL) in Pichia pastoris. The enzyme
was secreted by P. pastoris and could be collected from the culture su| pema‘anl The purified enzyme appeared glycosylated as a single band on
SDS-PAGE with a molecular mass of 53 kDa. The b is highly with a halt-life time of
approximately 56 h at 70 degrees C and pH 4.0. The optimal temperature (10-min assay) and pH value for activity are 80 degrees C and pH 4.5,
respectively. The enzyme is not only active towards structurally different mannans but also exhibits low activity towards birchwood xylan. Apparent Km
values of the enzyme for konjac glucomannan (low viscosity), lacust bean gum galactomannan, carob galactomannan (low viscosity), and 1 4-beta-
D-mannan (from carab) are 0.6 mg mL-1, 2.0 mg mL-1, 2.2 mg mL-1 and 1.5 mg mL-1, respectively, while the kcat values for these substrates are 215
s-1,3305-1, 292 51 and 148 -1, respectively. Judged from the specificity constants kcat/Km, glucomannan is the preferred substrate of the A. niger
beta -mannanase. Analysis by thin layer chromatography showed that the main product from enzymatic hydrolysis of locust bean gum is mannobiose,
with only low amounts of and higher formed. This study is the first report on the cloning and expression of a
thermostable mannan endo-1,4-beta-mannosidase from A. niger in Pichia pastoris. The efficient expression and ease of purification will significantly
decrease the production costs of this enzyme. Taking advantage of its acidic pH optimum and high this inant beta-

will be valuable in various biotechnalogical applications.
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Microb. Cell Fact. 2009;8:59.
Cloning, expression in Pichia pastoris, and characterization of a thermostable GH5 mannan fedit)
endo-1,4-beta-mannosidase from Aspergillus niger BKO1.

Do BC, Dang TT, Berrin JG, Haltrich D, To KA, Sigoillot JC and Yamabhai M

School of Biotechnology, Institute of Agricultural Technology, Suranaree University of Technology, 111 University Avenue, Nakhon Ratchasima 30000,
Thailand.

Abstract

Mannans are key compx of present in the hemi ic fraction of plant primary cell walls. Mannan endo-1,4-beta-mannosidases
(1,4-beta-D-mannanases) catalyze the random hydrolysis of beta-1,4-mannosidic linkages in the main ehain of beta-mannans. Biodegradation of

bet: by the action of mannan endo-1,d-bet: offers significant technical advantages in biotechnological industrial

applications, i.e. delignification of kraft pulps or the pretreatment of lignacellulosic biomass rich in mannan for the production of second generation
biofuels, as wel as for applications in oil and gas well stimulation, extraction of vegetable oils and coffee beans, and the production of value-added
praducts such as prebistic manno-oligosaccharides (MOS).A gene encoding mannan endo-1,4-beta-mannosidase or 1,4-beta-D-mannan
mannanchydrolase (E.C. 3.2.1.78), commanly termed beta-mannanase, from Aspergillus niger BKO1, which belongs to glycasyl hydralase family §
(GHS), was cloned and successfully expressad heterologously (up to 243 microg of active recombinant protein per mL) in Pichia pastoris. The enzyme
was secreted by P. pastoris and could be collected from the culture su| pema‘anl The purified enzyme appeared glycosylated as a single band on
SDS-PAGE with a molecular mass of 53 kDa. The b is highly with a halt-life time of
approximately 56 h at 70 degrees C and pH 4.0. The optimal temperature (10-min assay) and pH value for activity are 80 degrees C and pH 4.5,
respectively. The enzyme is not only active towards structurally different mannans but also exhibits low activity towards birchwood xylan. Apparent Km
values of the enzyme for konjac glucomannan (low viscosity), lacust bean gum galactomannan, carob galactomannan (low viscosity), and 1 4-beta-
D-mannan (from carab) are 0.6 mg mL-1, 2.0 mg mL-1, 2.2 mg mL-1 and 1.5 mg mL-1, respectively, while the kcat values for these substrates are 215
s-1,3305-1, 292 51 and 148 -1, respectively. Judged from the specificity constants kcat/Km, glucomannan is the preferred substrate of the A. niger
beta -mannanase. Analysis by thin layer chromatography showed that the main product from enzymatic hydrolysis of locust bean gum is mannobiose,
with only low amounts of and higher formed. This study is the first report on the cloning and expression of a
thermostable mannan endo-1,4-beta-mannosidase from A. niger in Pichia pastoris. The efficient expression and ease of purification will significantly
decrease the production costs of this enzyme. Taking advantage of its acidic pH optimum and high this inant beta-

will be valuable in various biotechnalogical applications.
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School of Biotechnology, Institute of Agricultural Technology, Suranaree University of Technology, 111 University Avenue, Nakhon Ratchasima 30000,
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Abstract

Mannans are key compx of present in the hemi ic fraction of plant primary cell walls. Mannan endo-1,4-beta-mannosidases
(1,4-beta-D-mannanases) catalyze the random hydrolysis of beta-1,4-mannosidic linkages in the main ehain of beta-mannans. Biodegradation of

bet: by the action of mannan endo-1,d-bet: offers significant technical advantages in biotechnological industrial

applications, i.e. delignification of kraft pulps or the pretreatment of lignacellulosic biomass rich in mannan for the production of second generation
biofuels, as wel as for applications in oil and gas well stimulation, extraction of vegetable oils and coffee beans, and the production of value-added
praducts such as prebistic manno-oligosaccharides (MOS).A gene encoding mannan endo-1,4-beta-mannosidase or 1,4-beta-D-mannan
mannanchydrolase (E.C. 3.2.1.78), commanly termed beta-mannanase, from Aspergillus niger BKO1, which belongs to glycasyl hydralase family §
(GHS), was cloned and successfully expressad heterologously (up to 243 microg of active recombinant protein per mL) in Pichia pastoris. The enzyme
was secreted by P. pastoris and could be collected from the culture su| pematanl The purified enzyme appeared glycosylated as a single band on
SDS-PAGE with a molecular mass of 53 kDa. The b is highly with a halt-life time of
approximately 56 h at 70 degrees C and pH 4.0. The optimal temperature (10-min assay) and pH value for activity are 80 degrees C and pH 4.5,
respectively. The enzyme is not only active towards structurally different mannans but also exhibits low activity towards birchwood xylan. Apparent Km
values of the enzyme for konjac glucomannan (low viscosity), lacust bean gum galactomannan, carob galactomannan (low viscosity), and 1 4-beta-
D-mannan (from carab) are 0.6 mg mL-1, 2.0 mg mL-1, 2.2 mg mL-1 and 1.5 mg mL-1, respectively, while the kcat values for these substrates are 215
s-1,3305-1, 292 51 and 148 -1, respectively. Judged from the specificity constants kcat/Km, glucomannan is the preferred substrate of the A. niger
beta -mannanase. Analysis by thin layer chromatography showed that the main product from enzymatic hydrolysis of locust bean gum is mannobiose,
with only low amounts of and higher formed. This study is the first report on the cloning and expression of a
thermostable mannan endo-1,4-beta-mannosidase from A. niger in Pichia pastoris. The efficient expression and ease of purification will significantly
decrease the production costs of this enzyme. Taking advantage of its acidic pH optimum and high this inant beta-

will be valuable in various biotechnalogical applications.
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Cloning, expression in Pichia pastoris, and characterization of a thermostable GH5 mannan [edit]
endo-1,4-beta-mannosidase from Aspergillus niger BKO1.

Do BC, Dang TT, Berrin JG, Halltrich D, To KA, Sigoillot JC and Yamabhai M

School of Biotechnology, Institute of Agricultural Technology, Suranaree University of Technology, 111 University Avenue, Nakhon Ratchasima 30000,
Thailand.

Abstract
Mannans are key comp o i present in the hemi fraction of plant p walls. Mannan endo-1,4-beta-mannosidases
(1,4-beta-D-mannanases) catalyze the random hydrolysis of beta-1,4-mannosidic linkages in the main chain of beta-mannans. Biodegradation of

by the action of mannan endo-1, afters significant technical advantages in biotechnological industrial

applications, i.e. delignification of kraft pulps or the pretreatment of lignocellulosic biomass rich in mannan for the production of second generation
biofuels, as well as for applications in oil and gas well stimulation, extraction of vegetable oils and coffee beans, and the production of value-added
products such as prebiotic manno-oligosaccharides (MOS).A gene encoding mannan endo-1,4-beta-mannosidase or 1,4-beta-D-mannan
mannanohydrolase (E.C. 3.2.1.78), commonly termed beta-mannanase, from Aspergillus niger BKO1, which belongs 1o glycosyl hydrolase family 5
(GHS), was cloned and successfully expressed heterologously (up to 243 microg of active recombinant protein per mL) in Pichia pastoris. The enzyme
was secreted by P. pastoris and could be collected from the culture supernatant. The purified enzyme appeared glycosylated as a single band on
SDS-PAGE with a molecular mass of 53 kDa. The is highly with a halt-iife time of
approximately 56 h at 70 degrees G and pH 4.0. The optimal temperature (10-min assay) and pH value for activity are 80 degrees C and pH 4.5,
respectively. The enzyme is not anly active towards structurally different mannans but also exhibits low activity towards birchwood xylan. Apparent Km
values of the enzyme for konjac glucomannan (low viscasity), locust bean gum galactomannan, carob galactomannan (low viscosity), and 1,4-beta-
D-mannan (from carob) are 0.6 mg mL-1, 2.0 mg mL-1, 2.2 mg mL-1 and 1.5 mg mL-1, respectively, while the kcat values for these substrates are 215
51,330 5-1, 292 51 and 148 s-1, respectively. Judged from the specificity constants kcat/Km, glucomannan is the preferred substrate of the A. niger
beta -mannanase. Analysis by thin layer chromatography showed that the main product from enzymatic hydrolysis of locust bean gum is mannobiose,
with only low amounts of and higher formed This study is the first report on the cloning and expression of a
thermostable mannan endo-1,4-beta-mannosidase from A. niger in Pichia pastoris. The efficient expression and ease of purification will significantly
decrease the production costs of this enzyme. Taking advantage of its acidic pH optimum and high this inant beta-

will be valuable in various biotechnological appiications.
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