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� Polysaccharide found in plant cell walls. 

� Very numerous in nature 

� Broken down by cellulase 
•  Defined by using cellulose as a substrate. 

Sukharnikov et al., 2012  



� Break glycosidic 
linkages 

� Understanding is 
crucial to 
understanding the 
‘CAZome’ 

Aspeborg et al., 2012  



●  All known plant cellulases belong 
to GH9 

●  2nd largest cellulase family 

●  Most plant GH9 enzymes studied 
are cellulases 



In Nature... 

 
 

• Cellulases are involved in breakdown of dead 
plant cells 

• Plants need cellulases for shedding of tissues, fruit 
expansion, organ development  



Why do we care? 
 

 

Gevo first ferments isobutanol from biomass (cellulose-derived sugars), then converts the isobutanol to other high value materials. 

Renewable chemicals company Gevo is now producing a range of products from biomass cellulose-derived sugars. 



Project Goal: 

 

Here we intend to identify novel  

GH9 cellulase domain families 

found in publicly-available  

metagenomic sample databases 
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• MS-Excel 

• less GH9.accessions.raw | sed ‘/^$/d’ | grep [0-9] > GH9.accessions.clean 

• Genbank Query 



� Batch Entrez   2092 Known Proteins 
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 hmmsearch --domtblout GH9.NCBI.HMM.out GH9.hmm.ps NCBIbatchentrez.fasta & 
 
 hmmsearch --domtblout GH9.JGI.HMM.out GH9.hmm.ps /home/yyin/db/jgi-v3.5.pr.fa & 



NCBI 

JGI 

CAZy 

Accessions 

Known GH9 Protein FASTA 
sequences from NCBI 

2092 

GH9 HMM 

Domain 
Positions 

Domains 
Positions Domains 

FASTA 

HMMSEARC 

JGI 
>1000 

metagenomes 

• Filter 
• Extract sequences 
• Extract domains 

HMMSEARCH 







NCBI 

JGI 

CAZy 

Accessions 

Known GH9 Protein FASTA 
sequences from NCBI 

2092 

GH9 HMM 

Domain 
Positions 

Domains 
Positions Domains 

FASTA 

HMMSEARC 

JGI 
>1000 

metagenomes 

• Filter 
• Extract sequences 
• Extract domains 

HMMSEARCH 













NCBI 

JGI 

CAZy 

Accessions 

Known GH9 Protein FASTA 
sequences from NCBI 

2092 

GH9 HMM 

Domain 
Positions 

1452 

Domains 
Positions 

1777 
Domains 

FASTA 

HMMSEARC 

JGI 
>1000 

metagenomes 

• Filter 
• Extract sequences 
• Extract domains 

HMMSEARCH 







NCBI 

JGI 

CAZy 

Accessions 

Known GH9 Protein FASTA 
sequences from NCBI 

2092 

GH9 HMM 

Domain 
Positions 

1452 

Domains 
Positions 

1777 
Domains 

FASTA 

HMMSEARC 

JGI 
>1000 

metagenomes 

• Filter 
• Extract sequences 
• Extract domains 

HMMSEARCH 





Creates color file at the end.   
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Novel GH9 subfamilies 
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Un-banked GH9 proteins 

                                                           Fibrobacter succinogenes 

Synthetic construct 

Candidatus Koribacter 

Niastella koreensis 

Bacteroides helcogenes 

Listeria monocytogenes 

Candidatus Solibacter 



Amoeboza 1 

Alveolata 2 

Bacteria 540 

Euryarchaeota 2 

Fungi 11 

Metazoa 67 

Stramenopiles 1 

Unclassified, uknown 172 

Viridiplante 656 

Phyletic distribution of 1452 
GH9 sequences in NCBI 
That contain biochemically confirmed cellulases 
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Examples of metagenomic sources of GH9 
domains: 
 

• Underneath the Human Tongue 

• Bankia setacea gills 

• Rice straw compost 

• Hot springs 

• Reindeer rumen 

• Macropus eugenii forestomach 
 
 
 
 
 



Novel GH9? What Next? 

• Locate, Isolate, Experimentally Test 

• Computational identification is not reliable 

• Efficiency  
• Synergy with GH48 

• Working Conditions 

• 3D Structure 

Sukharnikov et al., 2012  
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