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* Recalcitrance: efficiency of enzymatic hydrolysis is very
low without biomass pre-treatment --- challenges &
opportunities for chemistry

 Reaction product inhibit enzymatic activity of EG

« Enzymes are expensive and slow [recovery (?); kinetics;
thermochemically stable]



ctural Studies of Glucosyl

Hydrolases

et aI & Polikarpoy, 1. (2010) J. Struct. Biol. 169: 226-242

Nasmmento A.S. et al. (2008) BBRC 371:600-605

. - Zamoral no, L S.et al. (2008) Biochimie 90: 1737-1749.

.f"-‘w-f“ ento A.S. et al., & Polikarpov, I. (2008) J. Mol. Biol. 382:763-778

= ~— Rojas, A.L. etal. & Polikarpov, I. (2005) Biochemistry 44, 15578-15584.

- LGolubev A.M. et al., and Polikarpov, I. (2004) J. Mol. Biol. 339, 413-422.

= Nagem R.A.P. et al. & Polikarpov, 1. (2004) J. Mol. Biol. 344, 471-480.
Rojas, A.L., Nagem, R.A.P. et al., & Polikarpov, I. (2004) J. Mol. Biol. 343, 1281-1292.
Aparicio, I. et al. & Polikarpov, 1. (2002) Biochemistry 41, 9370-9375.

\H

Igor Polikarpov IPolikarpov@if.sc.usp.br



Exo- Inulinase
A. awamori

Inulinase

C-term

) Endo
> 2 4 AF” (2 rthro

le“ do in

Asp77 Q\/

Watd03

Thr21907~ )/A

Tnms G'YW

Asp215 Phe1 89




The Holy Grail of Structural Molecular Biology

Protein structure <====) Biological function

__/

Dynamics

Understanding how molecules move requires
knowledge of interactions at the atomic level

MD simulation is a powerful tool for studying atomic motions




MD Simulations in a Nutshell

Experiment Molecular Simulation
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Atomistic MD studies of GH

. «4 Cel9A enzyme




Binding to cellulose microfribils
(200,000 atoms)




Report on Two Cases

« Laminarinase from R. marinus
(hyperthermophilic EG)

« CBH1 (CCD) from T. harzianum

EG3 from T. harzianum



Molecular basis of the thermostability and termophilicity of
laminarinases from R. marinus (GH16; endoglucanase)

J. Phys. Chem. B, 115, 7940 (2011).
X-ray: 1.95 A Resolution (I. Polikarpov)




Thermostability of Rhodothermus marinus 8-1,3-glucanase
(laminarinase) vs alkaliphilic Nocardiopsis sp.strain F96 Lam &

Phanerochaete chrysosporium Lam

Number of salt-bridges:

Rodothermus-Lam: 24
Nocardiopsis-Lam: 9
P. chrysosporium-Lam: 11

And the salt-bridges are interconnected
forming clusters:

RmLamR 2HYK 2CL2
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Water penetrates the hydrophobic core in mesophilic, but
not in thermophilic and hyperthermophilic laminarinase

~

A) RmLamR B) aNLam

>Thermophi|ic and
hyperthermophilic

> Mesophilic:
destabilization at
90 °C




Molecular basis for thermophilicity

RmLamR: substrate binding channel is preserved




X-ray structure of the CCD of CBH1 from T. harzianum
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MD of CBH1: T. reesel vs. T. harzianum
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MD study of CBH1 from T. reesel
Product inhibition

Catalytic triad

Cellobiose is an
Inhibitor of CBH1

Why does cellobiose inhibit the enzymatic activity?




Crystallographic structures show a
completely open cellobiose binding site



MD simulations Cellobiose gets trapped in
the CCD

A tunnel is formed by residues Arg251
and Tyr381 at the product binding site
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Cellobiose-CCD Unbinding
Steered MD simulations
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CONCLUSIONS & ACKNOWLEDGEMENTS

» X-ray diffraction analysis and MD simulations of hyperthermostable
Rhodothermus marinus B-1,3-glucanase indicate molecular basis of
thermostability of the enzyme.

» Crystallographic structure and MD simulations of T. harzianum CBHI shed light
on putative structural reasons of its specificity toward different substrates.

ACKNOWLEDGEMENTS
Igor Polikarpov — IFSC-USP/Sao Carlos
Lucas Bleicher / Alessandro Nascimento / Larissa Textor / Francieli Colussi

Fabio Squina  CCTB - LNLS
Leandro Martinez — IFSC-USP/S&o Carlos

Rodrigo Silveira
Erica Prates / Thiago Gomes

Funding: Fapesp & CNPq




