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Fossil fuels are 
ending

Pollution and 
climate change

Puppan (2002)

Biofuels are the best 
alternative

Renewable 
energy source

Low emissions of 
greenhouse gases

Biodegradable 
and sustainable

Bioethanol

The increasing energetic problem



BIOREFINERY

A biorefinery is a

concept borrowed from

the petroleum oil

refinery, which goes

beyond the exhaustion

of biomass into a

spectrum of products.



Biorefineries are based on four

principles, namely principles of

sustainability, cascading, non-

conflict with food, and neutral

carbon footprint. It may be

considered that the latter three

are branches of the main principle

of sustainability.



(Jönsson & Martín, 2015)



Valdés-Vázquez et  al. (2017)
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Escamilla et al. (2016)



It is a limiting factor for the 
production of bioethanol.

High cost of production and 
recovery of enzymes.

More efficient enzymes

Hyperproductive strains.

Optimal conditions.

Genetic modification

9(Percival & Himmel., 2017; Zhang et al., 2006)

SACCHARIFICATION
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Hydrolysis of  cellulose and xylan

Endoglucanase

Exoglucanase

β-glucosidase

Glucose

Endoxylanase

β-xylosidase

xylose



Gram (+) bacterium able to grow in several 
agricultural wastes and mineral medium 
formulated with industrial salts. Produces 
multiple cellulases and xylanases

Cellulomonas flavigena

De la Torre, (1981); Martínez-Trujillo et al. (2003); Sánchez-Herrera et at. 
(2007)



C. flavigena wt

PN-10

PN-120

UV

NTG

Ponce-Noyola & de la Torre (1995); Rojas –Rejón et al. (2011).

C. flavigena mutants

PR-22

NTG

μmax = 0.25h-1

μmax = 0.08 h-1



Ponce-Noyola and de la Torre, (1995); Rojas-
Rejón, (2007); Ríos-Fránquez, (2012).

PR-22               1.6            ND          20.5             0.98
______________________________________________________



Rojas-Rejón et al., (2011)

Enzyme production and saccharification



Rojas-Rejón, et al. (2016)





Rojas-Rejón, et al. (2016)
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MW

Purification of  β-glucosidase (PN-120)

Barrera et al. (2005)



•Saccharomyces cerevisiae

•Via Embden-Meyerhoff

Fermentative  microorganisms



2µ

EcoRI

EcoRI

Plasmid construction

Mendoza-Aguayo et al. (2014)



Extracellular β-glucosidase activity of recombinant strains of S. cerevisiae. A) Cells 

transformed with pS1-bglA. B) Cells transformed with pYEX-S1. Arrows show the wild 

strain. Strains were grown on SC plates with a MUG overlay.

4
7
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pS1-bglA pYEX-S1

Selection of  transformed cells



β-glucosidase activity localization

Mendoza-Aguayo et al. (2014)



Effect of glucose over activity of partially purified β-glucosidases. (■) BGLA15, (▲) 

BGLA. 

53% BGLA15 activity

1% BGLA activity

Effect of  glucose over β-glucosidase activity



β-glucosidase activity. (■) BGLA15, (▲) BGLA. 

Effect of  ethanol over β-glucosidase activity

72 % BGLA15 activity

50% BGLA activity



Codon usage in S. cerevisiae.



a

b

Optimization of  the bglA and celB genes.

Codon adaptation index

a) bglA,  b) celB.



Ríos-Fránquez, (2017)

Cloning of the bglA optimized gen into the vector pRGP-1

Plasmid construction



YP-Dextrose (a)       YP-Cellobiose (b)

a b

S. cerevisiae transformants carried

pRGP-bglA opt

Ríos-Fránquez (2015)
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) plates 

Sc
RP2-BGL

Sc
RP2-BGL

Sc
pRGP-1

Zymograms using MUG in YPC (cellobiose)   

29



Ríos-Fránquez et al. (2015)
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Ethanol production from cellobiose using Sc RP2-BGL (solid) and Sc pRGP-1 
(dotted)  in SDC and YPC media. 

SDC                                                  YPC

Ethanol from cellobiose using Sc RP2-BGL
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Microorganism strain

Yield

(gp/gs) Reference

Saccharomyces 

cerevisiae

Y294 [SFI] 0.41 Van Rooyen et 

al., 2015

RP2-BGL 0.41 Ríos-Fránquez, 

2017

RP2-BGL 0.50 Este trabajo

NAN-227 0.532 Shen et al., 2008

Yield of ethanol from cellobiose using engineered S. cerevisiae strains

expressing  β-glucosidase activities. 



Escamilla et al. (2016)
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¡GRACIAS, LOS ESPERAMOS! 
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Una alternativa biotecnológica…

38

Etanol de segunda generación



(Himanish, 2004)

Bagazo de caña 





Martínez et al. 2005 

Degradación de la lignina.



Físicos Reducción mecánica

Pirólisis

Químicos Ozonólisis

Tratamiento ácido

Tratamiento alcalino

Pretratamiento de la lignocelulosa
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Estructura de la lignocelulosa


