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Why To Study Cellulolytic Enzymes 

and How to do this?



Catalytic activity of an enzyme is defined and mediated

by its 3D structure and its mobility.

It is impossible to obtain complete comprehension of the

enzymatic action without detailed molecular studies

which include structural, biophysical, biochemical and

genetic investigations, enzymatic assays, bioinformatics

and molecular dynamics computations.

It is not possible to innovate and to consistently produce

competitive enzymatic cocktails/mixtures for biomass

transformation without profound understanding of

function and activity of glycoside hydrolases.

Therefore, we need to integrate our knowledge of

Biodiversity, Genomics and Genetics Studies, Structural

and Molecular Biology, Biochemistry, Enzymology and

Bioinformatics, focusing on Bioindustrial Applications.



Integrated Studies Focused on Application

Structural and Molecular 

Studies of Enzymes

Enzimatic Assays

Industrial ProcessGenomics/Genetics

Bioinformatics and 

Systems Biology

Biodiversity



Sugar cane bagasse ...

Lignin: 20%

Hemicellulose: 25-30%

Cellulose: 40-45%

Cell
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Glucoside Hydrolases
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ENDOGLUCANASES                      3.2.1.4                 5,6,7,8,9,10,12,

26,44,45,48,51,61,74

EXOGLUCANASES                                                        

Åglucanohydrolases                          3.2.1.74                    3,9

Åcellobiohydrolases                          3.2.1.91                5,6,7,9,48

BETAïGLUCOSIDASES                  3.2.1.21                   1, 3, 9

ENZYME EC GHF

CELULLOLYTIC ENZYMES CLASSIFICATION

GLYCOSYL HYDROLASES EC:3.2.1 =112 Families  (GHF)

www.cazy.org/fam

http://www.cazy.org/fam


EXOCELLULASE - CELLOBIOHYDROLASE

(EC: 3.2.1.91 - 9 structures)

Fam 6; 2

Fam 7; 3

Fam 9; 1

CBH I

CBH II

Fam 5 (0)   Fam 48 (0)

CBH I
Fam 9 (1)

Fam 6 (2)

Fam 7 (3)

BETA-GLUCOSIDASE (EC: 3.2.1.21 -   14 

structures)

Fam 1; 57Fam 1 (14)

HYDROLASES EC: 3  - 1683 available structures (of total >52000 structures in PDB)

GLYCOSYL HYDROLASES EC:3.2.1 ï112 GHFs: 337 known structures (PDB)

www.pdb.org

Fam 3 (0)    Fam 9 (0)

ENDOGLUCANASE (EC: 3.2.1.4 - 54 structures)

Fam 5; 4
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Fam 26; 1
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EXOCELLULASE ïGLUCANOHYDROLASE

(EC: 3.2.1.74 ï0 structures)

Fam 3 (0)     Fam 9 (0)



X-Ray Diffraction Data
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Protein Crystallography beamline: MX -1

Polikarpov et al., J. Synch. Rad. (1998) 5, 

72-76.;

Polikarpov, I., et al., Nucl. Instrum. Meth. A 

(1998) 405, 159-164 



 

LNLS Wiggler MAD beamline: MX -2



3D Structure Solution
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Heavy Atom Derivatives Preparation



Quick cryo-derivatization: HEWL

Nagem, R.A.P., Polikarpov, I. & Dauter, Z. (2003) in ñMacromolecular Crystallographyò, 

Part D (Eds. C.W. Carter & R.M. Sweet) Methods Enzymologyv. 374, pp. 120-137. 



Structural and Molecular Studies of Glycosil 
Hydrolases 
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GHF 35

b-Galactosidase from Penicillium sp. (Psp -b-gal)
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Rojas, A.L., Nagem, 

R.A.P. et al., & 

Polikarpov, I J. Mol. 

Biol. (2004) 343, 1281-

1292.



Beta -Galactosidase, 120kDa

ü This is a first 3D structure of  a 

member of GHF 35. 

Rojas, A.L., Nagem, R.A.P. et 

al., & Polikarpov, I J. Mol. Biol.

(2004) 343, 1281-1292.

ü The structure has a unique fold 

and can be divided into five 

domains.

ü 1st domain in a distorted TIM 

barrel; 2nd domain is an all 

beta domain of a unique fold; 

3rd domain is a beta-sandwich 

and 4th & 5th domains are of 

jelly-roll folds.



Beta-Galactosidase: Experimental electron density map



Beta-Galactosidase: Automatic model building 



Beta-Galactosidase: Final refined model and its improved electron density map



Beta -Galactosidase Active Site

ü Glu200 (proton donor)  and 

Glu299 (nucleophile ) are the 

two putative Psp-b-gal 

catalytic residues.

ü We also determined Psp-b-

gal:galactose complex at 2.1A 

resolution, which helped to 

identify the enzyme active 

site.

ü The average distance 

between their side-chain 

oxygens is 4.9A, which is 

within the appropriate range 

for retaining enzymes.



Seven N-linked oligosaccharides were found in Psp-b-gal structure


