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Glucosyltransferase genes New probes for gene hunting

New genetic information and phylogenetic tree
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New gene fragments

New gene sequences

Searching techniques for new genes

Research  PlansResearch  Plans



GlycosyltransferasesGlycosyltransferases

• One of five carbohydrate related enzymes such as   
glycosyltransferase, glycosidases, transglycosidases, polysaccharide 
lysases, and carbohydrate esterase. 

• Glycosyltransferases (EC 2.4.x.y) enzyme which catalyses the 
transfer of sugar moieties from activated donor molecules to specific 
acceptor molecules, forming glycosidic bonds.

• Glycosyltransferases involve in biosynthesis of disaccharides, 
oligosaccharides and polysaccharides, and misglycosylation leads to 
many kinds of diseases such as diabetes, cancer, rheumatoid arthritis, 
asthma, coagulation, inflammation.

• It forms glycoprotein or glycolipid by attaching onto their side chains 
and exists on cell surface in order to assist cell immune system as  
recognizers from intrusion of harmful organisms outside. 



Why this study is important?Why this study is important?

1. Glycobiology shows many important functions in many biological 
organism including human. 

2. “Bioinformatics” becomes stressed for its importance to analyze or 
reveal systemically huge genomic information from various 
organisms including human.

3. Study focus is hunting the novel genes with new genetic information 
through DNA and protein sequence analysis of glucosyltransferases 
and furthermore inventing useful biomaterials using those enzymes in 
real world.



Why this study is important?Why this study is important?

4. Study outcomes make it produce the distinct phylogenetic tree of
glucosyltransferase among biological organisms and confirm the 
relationship between enzyme characteristics and gene sequences. 

5. It will contribute on potential applications in the food, cosmetic, and 
medical industries, understanding on disease mechanisms and 
therapeutic pathways.

6. This can give functionality of glycosides in human proteins and/or
enzymes. The unique characteristic genes of glucosyltransferase will 
be designed and evolved further for synthesis of valuable functional 
carbohydrates and proteins.



What EGEE makes it possible?What EGEE makes it possible?

Glycobiology-relevant genes and proteins information will be 

collected for analysis with high computing speed from 

differently formatted database .

Huge information related to glycosyltransferase will be analyzed

and interpreted with EGEE but will not with other systems.

EGEE could draw the precise correlation from information  

resources for a short time period.

EGEE could lead to develop and upgrade tools for fast 

comparison/ analysis of vast genetic information.



Overall  GoalsOverall  Goals

Scientifically…
Analysis of glucosyltransferase genes 
and proteins through EU-data GRID 
environment and construction of 
phylogenetic tree based on output 
results.

Development of oligonucleotide probes 
for microarray to obtain new genetic 
information by comparing properties 
of glucosyltransferase and novel genes.

Identification of new characteristic 
glucosyltransferase and Synthesis of 
useful functional biomaterials.

Practically …
Development of novel characteristic            

glucosyltransferase gene 

Functional biomaterials: foods,            
cosmetics, and pharmaceuticals-medical  
industries, understanding on disease   
mechanisms and therapeutic pathways 

Development of new functional materials  
and construction of production systems



Research ApproachResearch Approach

1.1. Information related to Information related to glycosyltransferaseglycosyltransferase genesgenes

2.2. Construction of the Construction of the phylogeneticphylogenetic tree for   tree for   
glycosyltransferasesglycosyltransferases

3.3. Development of DNA Development of DNA microarraymicroarray probe and genesprobe and genes

4.4. Gene sequence determination, property studies & gene Gene sequence determination, property studies & gene 
evolutionevolution

5. Gene sequence comparison, functionality detection, 
and artificial gene construction



Glucosyl-transferring enzyme groups

Current enzyme  
classification :
347 families
(http://afmb.cnrs-
mrs.fr/CAZY/CBM_intro.html)

Current enzyme  
classification :
347 families
(http://afmb.cnrs-
mrs.fr/CAZY/CBM_intro.html)

nucleotides (6997), proteins 
(17610), genomes (247), structures 
(214), 3D domain (980) are 
registered in NCBI (National 
Center For biotechnology 
Information

;http://www.ncbi.nlm.nih.gov)

nucleotides (6997), proteins 
(17610), genomes (247), structures 
(214), 3D domain (980) are 
registered in NCBI (National 
Center For biotechnology 
Information

;http://www.ncbi.nlm.nih.gov)

Glycosidase &
Transglycosidas
e

(100 families)

Glycosidase &
Transglycosidas
e

(100 families)

Glycosyltransferase
(78), Polysaccharide 
Lyases (18), 
Carbohydrate esterase 
(14), Carbohydrate-
binding module (43)

(247 families)

Glycosyltransferase
(78), Polysaccharide 
Lyases (18), 
Carbohydrate esterase 
(14), Carbohydrate-
binding module (43)

(247 families)

They are classified based on 
substrate  or/and acceptors 

specificity.

- Detail structural analysis among 
individual enzymes were studied 

within or among groups

1.1. InformationInformation related to related to glycosyltransferaseglycosyltransferase genes:genes:
A. Analysis of A. Analysis of GlycosyltransferaseGlycosyltransferase GenomesGenomes



A. Analysis of A. Analysis of GlycosyltransferaseGlycosyltransferase GenomesGenomes



B. Current Bioinformatics SystemB. Current Bioinformatics System

GenomeNetGenomeNet

NCBINCBIEBIEBI

SIBSIB

Current information store for genes, genomes, proteins and 

their structures

- Limited size of CPU and poor storage capacity
- Local resources have limited permission for tool uses and analyzing data sizes



Web Interface

Comparison between Data Grid (green line) 

and conventional method (red line) in the 

respect of time required for analysis – Data 

Grid required 25 times less time

Promoter/ Expression

B. Current Bioinformatics SystemB. Current Bioinformatics System



2.2. Construction of the Construction of the phylogeneticphylogenetic tree for tree for glycosyltransferasesglycosyltransferases

EU Bioinformatics Group - NPS@(Network Protein Sequence 
Analysis, http://npsa-pbil.ibcp.fr/) Construction
GPS@Grid Web - Supply analysis tools and storage through IST 
Data Grid project

Comparison of CPU time



3. Development of DNA 3. Development of DNA MicroarrayMicroarray Probe/ GenesProbe/ Genes
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Example : Dextran hydrolyzing enzymeExample : Dextran hydrolyzing enzyme
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Selected genes

Mutagenesis

Selected genes

Protein 
expression

Library of 
mutant 
proteins

Screen or selection

Proteins with 
desired 

property

Sequencing or 
further rounds 
of Mutagenesis 
and selection

4. Gene sequence determination, Property studies/ Gene evolution4. Gene sequence determination, Property studies/ Gene evolution



Application of Directed Gene Application of Directed Gene 
Evolution  Evolution  Purpose of Directed Gene Purpose of Directed Gene 

Evolution  Evolution  

Directed Evolution

Library
Generation HTS

Protein Drug

Biocatalysts Small Molecule
Pharmaceuticals

Gene 
Therapy

Vaccine

Antibody

Strain Redesign

Evolved Vector

Directed Evolution

Library
Generation HTS

SpecificityActivity Expression

StabilityAffinity

immunogenicity

Metabolic circuit
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5. Gene Sequences/Functionality/Artificial Gene construction 



Developing and upgrading of tools for fast comparison/analysis 
of huge genetic information.

Novel-designed genes with unique characteristics will be 
produced based on the analyzed data, and then biomaterials 
will be developed and synthesized by using the novel enzymes 
for practical applications.

Genetic information support for developments and production 
of new functional biomaterials as for the Growth Engines of 
Korea (and others).

Industrial improvements of food, pharmaceutical-medical 
fields through genetic information gathering and applications. 

Expecting Effects



18 yrs Research History for glycosyltransferases
Secure many glycosyltransferase genes, enzymes, strains

Study focuses:
Synthesis of functional carbohydrates and glycosides using 
glycosyltransferase.

Understanding of catalysis mechanisms to develop novel 
functionalities. 

Publication:

54 SCI International Journals
26 Domestic Journals
8 Patent Registrations including 8 Pending

Study OutcomesStudy Outcomes
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Germany, Technical 
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CollaborationCollaboration
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Thank you !!!


