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Biomass
refinery

Biomass-energy
exchange

CO2 cycle

Biomass sources
Crops

Preliminary wastes

Secondary wastes

Agricultural
wastes

Rice, Corn, Wheat
・EtOH
・MtOH
・Biodiesel

・Methane
・Gasification 

・Electric generation
・Thermal usage

・Fiber
・Biodegradable plastic
etc.

Products

Fuels

Direct firing

Thermal decomposition

Crops

2nd generation-
renewable

carbon source
(lignocellulotic biomass)

Lignocellulotic
biomass

Cellulose

C6, C5 polymer
Hemicellulose

Lignin

EtOH

EtOH

Only C6

C6 + C5 app. 40% up

app. 40% up

––+++

–++++++E. coli KO11 (R)

++––––+Zymomonas mobilis

––+++++E. coli
–++++++Anaerobic bacteria

AraXylGalManGlu

Metabolic pathways
Microorganisms

–+++++++P. stipitis (yeast)
(+)+++S. cerevisiae (R)

Ethanol
fermentation

Ethanol
tolerance

+++ +++
++++++(+)

* R, genetic recombination
* Glu, glucose; Man, mannose; Gal, galactose; Xyl, xylose; Ara, L-arabinose
* N, neutral; A, acidic

C5

The yeast, Saccharomyces cerevisiae, lacks ability to ferment pentoses
(in particular, xylose), derived from hemicellulotic component.

Culture
pH

S. cerevisiae

Scrap wood

C6 polymer
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Reasonable mutant design,
based on 3D structure

Complete reversal of
coenzyme specificity
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34 putative sugar transporters
from xylose-fermenting yeast,

Pichia stipitis (PsSTP) 

Comparison of microorganisms for industrial bioethanol production

FermentationFermentation

PGKp PsSTP PGKt

S. cerevisiae KY73
(hxt1-7 gal2)

Xylose

?

②Protein-engineering

③Metabolic engineering

Resolution of redox imbalance between XR and XDH
improves xylose fermentation by S. cerevisiae,
caused by decrease of xylitol accumulation
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Efficient metabolism of xylulose in S. cerevisiae
IR-2 strain (8) is very useful to xylose
fermentation (closed symbols)

Xylulose consumption between
several S. cerevisiae strains

Xylose fermentation between
IR-2 and laboratory strains

④Yeast Bank

PGKp PGKt

XR
(P. stipitis)

XDH
(P. stipitis)

XK
(S. cerevisiae)

AUR1-C

BsiWI (    )

S. cerevisiae
AUR1

This plasmid system allows to conventionally
add xylose fermentation ability into
any S. cerevisiae strains 

Aureobasidin A-
resistant selection 

①Genetic engineering

Introduction of PsSTP including HGT2 into
wild-type S. cerevisiae would enhance the
insufficient xylose uptake ability, which would be
helpful to improve xylose fermentation.
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Effect of PsSTP in S. cerevisiae
KY73XYL on xylose fermentation
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Xylose uptake by PsSTP in S. cerevisiae KY73

HGT2

PGKpPsSTP PGKt

S. cerevisiae
KY73XYL

Xylose

XR XDH XK

Ethanol?

S. cerevisiae
wild-type Ethanol

Xylose

Inherent hexose transporters
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Accumulation

Xylose

Xylitol
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PPP EthanolXylulose 5P■Inherent S. cerevisiae pathway

Xylulokinase (XK)

Xylose

Intercellular
transportation

Hexose
transporter(s)

▪ Glucose, Galactose, Mannose
C6H12O6 → 2C2H5OH + 2CO2
100g            51.14g    48.86g

▪ Xylose, L-Arabinose
3C5H10O5 → 5C2H5OH + 5CO2
100g            51.14g     48.86g
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2. How to produce2. How to produce
““bioethanolbioethanol””

1. Why is 1. Why is ““bioethanolbioethanol”” necessarynecessary??

3. What is my technology3. What is my technology??

Pentose-metabolizing Yeast Technology for Carbon Neutral
Seiya WATANABE, Shigeki SAWAYAMA, Keisuke MAKINO
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