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“The world …is getting hot (global warming); 

flat (the rise of high-consuming middle class 

all over the world), and crowded (on the 

track to adding roughly a billion people 

every thirteen years).”   

“Hot, Flat and Crowded” Thomas L. Friedman 



Current Earth population 
(2016):  7.4 billion people 

We are here 
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Rate of energy used and power consumed strongly affects 

(determines?) national wealth and human development 

All rich societies use a lot of energy (~33% oil) 

Need of sustainable biofuels + green chemicals + 

renewable materials + food/feed – environmental 

impacts = Bioeconomy 

CO2 and methane emission: Climate change 

Energy and Food demand = Energy and Food Poverty 



What is the bioeconomy? 

The bioeconomy comprises those parts of the 

economy that use renewable biological resources 

from land and sea to produce food, materials and 

energy. 

The evolution of the biotechnology industry and its 

application to agriculture, health, chemical or 

energy industries is a classic example of 

bioeconomic activity. 



 

• Brazilian Bioethanol  





 World consumption 

Renewable 

Non-renewable 

BRAZIL WORLD 



1st Generation Bioethanol 

 1st generation Bioethanol production in Brazil 
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Cellulose and glucose Hemicellulose and Pentose 

sugars 

Lignins 

http://upload.wikimedia.org/wikipedia/commons/1/1f/Cellulose_Haworth.svg






Raízen = Shell (51%) +  

 Cosan (49%) 



RAIZEN: Sugar mill Costa-Pinto (Piracicaba, SP) 





 

• Biomass deconstruction  



Marcos Buckeridge & Wanderley dos Santos 

Biomass is recalcitrant, but can be transformed into hexoses and 
pentoses in a technological process that evolves pretreatment, 
enzymatic hydrolysis, fermentation and distillation.  



 

• Biomass Pretreatment  



Efficiency of enzymatic hydrolysis of alkaline 
pretreated cellulignin increases with severity of 
pre-treatment 
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 Composition of bagasse samples after pretreatment steps 

Rezende,  et al.,  Biotechnology for Biofuels (2011) 4:54  



Morphology of untreated and acid pre-treated bagasse (SEM) 

Untreated 

Acid pre-treated 

27 



Morphology of acid+alkaline pre-treated bagasse 

SEM surface images of the sugarcane bagasse sample treated with alkaline 

solutions: (a) NaOH 0.5% with bundles starting to come apart; (b) and (c) NaOH 2%, 

(unstructured and unattached bundles); and (d) NaOH 4%,  (individual fibers).  
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Rezende,  et al.,  Biotechnology for Biofuels (2011) 4:54  



 CPMAS-TOSS NMR spectra of 

sugarcane bagasse: (a) untreated; (b) 

bagasse treated with H2SO4 1.0% and 

(c) bagasse treated with acid and NaOH 

4.0%. The spectra were normalized by 

the intensity of line 10 (C1 carbon of 

cellulose). 

 

 ssNMR 

H 
L 



Quantitative 13C ssNMR as a tool for evaluation of cellulose crystallinity  

directly within biomass 

Lignin Cellulose 

hydrolysis 



Quantitative 13C ssNMR as a tool for evaluation of cellulose crystallinity  

directly within biomass 

Bernardelli et al., Biotechnology for Biofuels (2015) 8:110 



Porosity: Nuclear magnetic resonance investigation of water accessibility in 

cellulose of pretreated sugarcane bagasse 

Tsuchida et al., Biotechnology for Biofuels  (2014) 7:127 

Untreated 

bagasse 

Wide lumen  

D=70um; 

d=10um 

Pretreated 

bagasse; 

2 steps:  

1% H2SO4 + 

1% NaOH 

 



Transverse relaxation times T2 of water molecules defines their mobility: the 

longer T2, the higher mobility 

Tsuchida et al., Biotechnology for Biofuels  (2014) 7:127 

In non-pretreated or mildly pretreated 

samples three different characteristic T2 

times can be observed 

In heavily pretreated samples only 2 

characteristic T2 times can be quantified 



T2 relaxation times are related to the efficiency of enzymatic hydrolysis 

Tsuchida et al., Biotechnology for Biofuels  (2014) 7:127 



Mapping the lignin distribution in pretreated sugarcane bagasse by confocal 

and fluorescence lifetime imaging microscopy 

a) Spectral confocal image of a single bagasse fiber treated with NaOH 0.5% excited at exc= 405 

nm (continuous wave). The spectrum below corresponds to the emission evaluated at the yellow 

spot of the cell wall. b) The corresponding FLIM image and the associated decay features detected 

from channels 1 and 2. The figure below shows the decay time distributions for 1 and 2 evaluated 

from the FLIM image for channel 1 (solid lines) and channel 2 (dashed lines). 



Mapping the lignin distribution in pretreated sugarcane bagasse by confocal 

and fluorescence lifetime imaging microscopy 

Fluorescence decay behavior 

for lignin in different systems  

Comparison among the 

fluorescence decay dependences 

evaluated from single fiber FLIM 

images of bagasse treated with 

H2SO4 1%, bagasse treated with 

NaOH 4%, eucalyptus fiber and 

lignin film.  

Coletta et al., Biotechnology for Biofuels  (2013) 6:43 



 

• Enzymatic Hydrolysis 
  



Enzymatic hydrolysis of cellulose  

Adapted from Medie, F.M., Davies, G.J., Drancourt, M. & Henrissat, B.  

Nature Reviews Microbiology (2012) 10, 227-234. 



 

• Exoglucanases (T. harzianum CBHI/Cel7A)  
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Native gel electrophoresis of 
CBHI (6, 3, 1.5 e 1 mg/mL) 

CBHI 

66  
kDa 

Topt=50ºC,    pHopt=5 

Colussi, F., Textor, L.C.,  et al.  J. Microbiol. Biotech. (2011) 21: 808–817  

 Trichoderma harzianum CBHI 
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Loop 6 

T. reesei CBHI T. harzianum CBHI 

Textor et al., FEBS J. (2013) 280(1): 56-69.  
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Textor et al., FEBS J. (2013) 280(1): 56-69.  



Catalytic side loops movements 

are strongly anticorrelated! 

DYNAMIC CROSS-CORRELATION MATRIX & ESSENTIAL DYNAMICS 



Textor et al., FEBS J. (2013) 280(1): 56-69.  



 

• Endoglucanases (T. harzianum EG3/Cel12)  
  



 3D structure of EG3 (Cel12, T. harzianum):  A cellulase without CBM  

Prates et al., PLoS One (2013) 8(3): e59069 



Substrate Binding Cleft 

Prates et al., PLoS One (2013) 8(3): e59069 



Comparison between Celulomonas fimi endoglucanase C and ThEG3 

Prates et al., PLoS One (2013) 8(3): e59069 



 

• Beta-glucosidases 
  



Beta-glucosidases belong to the CAZy families GH3 and GH1 

Thermotoga  

neapolitana  

Bgl3 

Kluyeromices 

marxianus  

Bgl1 

Aspergillus 

aculeatus  

Bgl1 

T. harzianum Bgl1 

GH3    vs    GH1 



A. niger beta-glucosidase (GH3) 

NOVOZYM 188 

Purified B-glucosidase 

Lima, et al., (2013) J. Biol. Chem. 288: 32991-33005 



A. niger beta-glucosidase (GH3) has a cellulase-like tadpole shape 

Lima, et al., (2013) J. Biol. Chem. 288: 32991-33005 

FnIII domain Catalytic domain 



A. niger beta-glucosidase (GH3) hydrolase only cellobiose 



A. niger beta-glucosidase (GH3) binds lignin 

Lima, et al., (2013) J. Biol. Chem. 288: 32991-33005 



A. niger beta-glucosidase FnIII domain has lignin  binding sites 



Binding of lignin to A. niger beta-glucosidase FnIII domain  



Absorption of commercial beta-glucosidases 

Adsorption of beta-glucosidases in two commercial preparations onto 

pretreated biomass and lignin 

 

Biotechnology for Biofuels 2013, 6:165 doi:10.1186/1754-6834-6-165 

 

Mai Østergaard Haven (maope@dongenergy.dk) & Henning Jørgensen (hnj@ign.ku.dk)  
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• Induced-fit mechanism of activity for GHs 
  



GH5 subfamily 4 enzyme from Bacillus licheniformis (BlCel5B) 

Liberato et al. Scientific Reports (2016) 6: 23473 



BlCel5B enzymatic digestion of cellopentaose (C5) does not occur 
without CBMs 

Liberato et al. Scientific Reports (2016) 6: 23473 



MD simulations of BlCel5B ligand-induced open-closed transition 

Liberato et al. Scientific Reports (2016) 6: 23473 



BlCel5B MD simulated conformations and their fit into SAXS model 

Liberato et al. Scientific Reports (2016) 6: 23473 



Molecular mechanism of BlCel5B confomational selection 

Liberato et al. Scientific Reports (2016) 6: 23473 



 

• New Ingredients: Expansins, CBMs and 
LPMOs 

  



 Family 1 CBMs enhance saccharification rates 

Mello and Polikarpov AMB Express 2014, 4:36 

Figure: Effect of increasing amounts of CBM-SUMO or CBM-CBHI on filter paper 

hydrolysis. The ratios of CBM-SUMO to enzyme varied from 70:1 to 1:100 (w/w).  



 Expansins increase enzymatic hydrolysis rate of cellulose (20% to 35%)  

Tomazzini et al., Biotech. Lett. (2015) 37:2419-2426 



 Lytic polysaccharide monooxigenases (LPMOs)  

Hemsworth, Davies and Walton, Curr. 

Opin. Struct. Biol. (2013) 23: 660-8 



 Three electron transfer systems reduce the LPMO active-site copper to 
initiate cellulose attack   

Kracher, et al., (2016) Science 352: 1098-1101 



 Light driven activation of LPMOs mediated by chlorophyllin 

Cannella, et al. Nature Communications (2016) 7:11134 



 Light driven activation of LPMOs: Up to 100x increase in catalytic 
activity  

Cannella, et al. Nature Communications (2016) 7:11134 



 

• Fermentation 
  

 

• C5 fermenting strains adapted to Brazilian ethanol 
plants operating conditions and procedures 

  



 

• What´s next?  



Biopolymers for renewable functional materials 



Biopolymers for renewable functional materials 



Biopolymers for health, food and feed 



 

• Green chemicals:  Synthetic Biology 
  



Enzymes 

Enzymes 

Synthetic Biology 





Bioinformatics: 

genes selection 

Enzymes for agriculture, health, green chemistry & 

bioenergy, synthetic biology and metabolic engineering  

Cloning & Expression: 

appropriate enzymes in appropriate hosts 

Fermentation & Separation: 

final product (enzyme, chemical, fuel)   



21/23 enzyme pathways for 

opioids (thebaine/paramorphine 

& hydrocodone) biosynthesis  



Aromatic 

amino acid 

pathway 

(ARO) 



Fermentation & Separation 

Enzymes for agriculture, health, green chemistry, bioenergy 

& synthetic biology 

Industrial enzymes for cellulosic ethanol are being produced at 100g/L yields! 



 

• Synthetic Biochemistry for Green chemicals 
and Food/Feed production 

  



10 enzymes in single-pot 

synthesis for high-yield 

(>85%) of 

diphosphomevalonate  

(DPM) 





Overall H2 yield is 96% 

of theoretical maximum: 

9,6 moles of H2 per 1 

mole of xylose 

Synthetic pathway of 13 enzymes 



13 enzymes in 

a synthetic 

pathway: 24 e- 

per glucose 

molecule 





• A solid scientific and technological base and established 
1GE agro-industrial sector will (hopefully) make Brazilian 
bioeconomy a reality.  

  

• Several industrial and pilot-scale facilities for 2GE have 
been already launched in Brazil. 

  • Pretreatment protocols, enzymatic mixtures and 
fermentation procedures still have to be optimized to 
make Brazilian 2GE production sustainable. 

  

CONCLUSIONS 

• Currently Brazil has well-established 1st generation 
ethanol production facilities and those generate large 
amounts of biomass that can be used for 2nd generation 
ethanol (2GE) production.  

• For Brazil bioeconomy is not a choice, it´s a necessity. 



Thank you! 

Obrigado! 


