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Colusa Biomass Energy Corporation 2010 2B F B 4.7 T—h)—

SunOpta Inc./GreenField Ethanol J/v 2010 3.8
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Western Biomass Energy 2007 0.6 Novozymes JAFAZY

ICM 2010 C5C6[FE 0.6 Novozymes EX—1)
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Flambeau River Biorefinary 2009 2.274 D4RAVT Y

RSE Pulp & Chemical, LLC 2010 0.8338 b %

Lignol Innovations 2010(2012) 0.9475 Yeast

Ecofin, LLC 2010 0.4927 ToRYF—
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- Science, Vol. 311, P. 506, 27 January 2006
“Ethanol Can Contribute to Energy and Environmental Goals”

- Argonne National Laboratory L'7/k—bk 7 November 2006

“Fuel-Cycle Assessment of Selected Bioethanol
Production Pathways in the United States”
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Yeast
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Western Biomass Energy 2007 0.6 Novozymes JAFAZY
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Flambeau River Biorefinary 2009 2.274 D4RAVT Y
RSE Pulp & Chemical, LLC 2010 0.8338 b %
Lignol Innovations 2010(2012) 0.9475 Yeast
Ecofin, LLC 2010 0.4927 TRy E—
CBP: consolidated bio-process 21



ILO—XFEFHNAF TR/ —ILARITT
faIAFEEET NS, ?

B KXKEEYIR)—DS A
B RE(FX) %ﬁ?ﬁ‘b@ﬁéuw]\

B BHAYY— (= RKERB D) DXL TR
R&D A~ D548 A HR#H A

0 N EFR AT DIEBEI IR




ITR/—ILREEE iahind

Today

—  —F Y| BERD AR . EE—
T(;Zj{gq —> (J)La—R) —> B NG

wEEs

(HrOFESF)

A

Tomorrow

L O— 2R = BIALEE > B> CEOR) o et
C 4. C. 48

23



C5 C6 ;ESHEFIAHDE I EREE

RIT&

Cellobiose (C4-Cy) | Glucose (Cy) ‘ Xylose (C.) ‘ Arabinose (Cy) ‘

H,OH H,0 H,OH HOH,C _~O~_ OH HOH,C O\ OH
Q QQH 0 OH
H Y o AOH H

HO HO 1 OH OH OH
OH OH OH

H
OH

\ ' YA 7 R

L-arabinose D-xylose L-arabinose D-xylose

b ) :
L-ribulose L-arabitol
R L-xylulose

L-ribulose-5-P D-xylulose
Xylitol
D-xylulose-5-P
D-xylulose
Eam| | HgE
D-xylulose-5-P

1

24



25



w)O0—XTH3/—)LE

alE AT 1]

in k@ e

*tx AERBRE  BREAE A EFRIE(FKLY) EER{tiaT ME BEEE
POET (Broin) 2011 C5C6 =] B 11.7 Novozymes Z. mobilis TAFD
. E.coli KO11 o

Verenium 2010 2R B 11.4 HttEEE K oxytoca BW34 WASTF
Bluefire Ethanol Inc. 2009 C5C6[E ¥ 7.2 E& k5> iR Yeast HUITHIL=T

Novozymes, Genencor, oo
Abengoa 2011 2ER FEEE 4.3 Dyadic, DSM HUHR
Dupont/Genencor J/V 2012 C5C6 =] F¥ EET—IL Genencor Z. mobilis USA
Colusa Biomass Energy Corporation 2010 2B F B 4.7 T—h)—
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Gorwa-Grauslund, MF (Lund Univ.) et al.
(2006) Microb Cell Fact, 5:18
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RITE strain
Corynebacterium glutamicum

= Maintains main
metabolic capabilities
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Analysis of metabolic shift under oxygen deprivation

Aerobic cultivation

(Cell propagation) Oxygen-deprived condition

harvest and wash I

— =
Redox potential |

Mid-exponential phase - 450mV
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Transcriptome (DNA microarray) analysis
Mid-exponential-phase cells vs

- 8p 100

OF 6 Oxygen-deprived cells
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10000

oxygen-deprived conditions (log Cy3)
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Gene expression analysis
G

1000

100 -

10 -

\m;iaf
‘»}u:;"

sucA

/ =Entire gene (3080 genes)

The ratios of mMRNA levels

(oxygen-deprived conditions
/aerobic cultivation)

More than 2-fold 161 genes
Less than 1/2-fold 221 genes

| {D - I1ﬁﬂ “4ﬁﬂ0 o
aerobic cultivation (log Cy5)

10000

A gene expression profile is different greatly between
aerobic and oxygen-deprived conditions
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Functional classes of the genes In the expression data

COGs functional annotation* Number of genes Mc;r_?otlr(;an Lilszs_ftohlgn
Information storage and processing
Translation, ribosomal structure and biogenesis 145 1 48
Transcription 180 12 3
DNA replication, recombination and repair 126 3 1
Cellular processes
Cell division and chromosome partitioning 22
Post-translational modification, protein turnover, chaperones 82 6 8
Cell envelope biogenesis, outer membrane 131 2 9
Cell motility and secretion 49 5
Inorganic ion transport and metabolism 189 19 16
Signal transduction mechanisms 60 1 5
Metabolism
Energy production and conversion 138 15 15
Carbohydrate transport and metabolism 192 9 15
Amino acid transport and metabolism 225 20 15
Nucleotide transport and metabolism 73 3 10
Coenzyme metabolism 117 11 2
Lipid metabolism 72 3
Secondary metabolites biosynthesis, transport and catabolism 85 4 4
Poorly characterized
General function prediction only 263 14 11
Function unknown 161 9 10
No match COG 770 32 41
Total 3080 161 221
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Expression analysis of glucose metabolism
G

Glucose

o) o 5] . —
Glucose-6P Relative enzyme activities
} oar [o057) Enzyme
glycolytic system lef‘ oxygen-deprived conditions / aerobic
[o57] we § — GAPDH 5.3
o one -('ily::::;:h:hy:l-a# = Dihydroxyacetone-P PGK 10.5
Glycerate-1,3BP TPI 19 . 1
“'E. } o
G'w?mﬁl PEPC 4.5
anaplerotic M LDH 14
pathway Phosphoenclpyruvate ﬁ é MDH 258
el

Genes encoding several key enzymes
involved in the glycolytic and organic
| acid production pathways were

e significantly up-regulated under
\m- growth-arrested bioprocess.

o Y o [ Microbiology. 153:2491-2504. 2007

Oxoglutarate
s .. |CA cycle
Eu;cinﬂcmmca - 3 6
' oxygen-deprived conditions / aerobic cultivation




Metabolic pathways of C. glutamicum RlIT&

under oxygen deprivation (without CO,)
G
J. Mol. Microbiol. Biotechnol. 7:182-196. 2004.

Su g arS Appl. Microbiol. Biotechnol. 68:475-480. 2005.

EMP pathway PP pathway

Phosphoenolpyruvate

] .+ Pyruvate L-LDH
S L LT T Val, Leu, lle
Lys, Thr % Acetyl -CoA o Acetate
Met “’ .::::=... ------------ Leu, Lys
E "0,. e :- - Cltrate
Asp=reeee Oxaloacetate N Isodtrate
; :. 0’: “':‘“
g Malate ‘=== AR G |y0xy| ate = .
Oxoglutarate
”0' "‘ ‘0’. ,: "\ o* Gln
‘e, Fumarate ““‘ “““ SUCCinyl'COA Glu

.
ey
~
.

Succinate 37



Metabolic pathways of C.

glutamicum

RIT&

under oxygen deprivation (with CO,)

Sugars

EMP pathway

Phosphoenolpyruvate

J. Mol. Microbiol. Biotechnol. 7:182-196. 2004.
Appl. Microbiol. Biotechnol. 68:475-480. 2005.

PP pathway

PEPCM PC Pyruvate ~{ L-LDH
Ry s e
Lys, Thr Vel Acétyl-CoA v Acetate o e
Met e, Leu, Lys
S H " Citrate |
Asprree Oxaloacetate N Iso(:ltrate
: MDH ot
’ Malate ‘=== X SR G |y0xy| ate = .
" Oxoglutarate
“..| FUM § o, wGIn
""" Fumarate SuccinyI-CE)A Glu’
SDH 38
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Metabolic engineering for L-Lactate production
G

Sugars

EMP pathway PP pathway

Phosphoenolpyruvate

. Pyruvate L-LDH
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Metabolic engineering for D-Lactate productlolﬂT“
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Sugars

EMP pathway -#° PP pathway
v

Phosphoenolpyruvate
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Metabolic engineering for succinic acid producBl n
G

Sugars

EMP pathway PP pathway

. Phosphoenolpyruvate

PEPC fHCO; : % e Val, Leu, lle
Lys Thr / ......... Acetyl COA --------- Acetate
Met PC| .
al e _: ' Citrate .
Aspreerees Oxaloacetate |sc3’c|trate
0’. “‘:“‘
Malate === LS A G |yoxy|ate‘ . .
Oxoglutarate
- Fumarate “77]..- Succinyl-CoA Gl

N 41
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HOH,C OH HOH,C OOH
OH

OH OH
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1) Appl. Environ. Microbiol. 72:3418-3428. 2006
2) Microbiology 149:1569-1580. 2003



Introducing abilitx to utilize surqars derived from biomass

Cellulose Cellobiose (C4-Cy) \

CH,OH CH,0OH 1)

0 0OH Adaptive mutant for
OH Yo (OH

HO cellobiose uptake ability

Glucose (Cy) }’\\'

CH,OH
(o 3 RITE strain
HO Nt OH
OH ./
_ 1
Hemicellulose Xylose (C;) )— Chromosomal integration for xylose metabolic ability 2
HOH.C O O promoter promoter
2 H L
1 XVIA > xyIB
OH
xylose isomerase xylulokinase
3)

Arabinose (Cy) }’ Chromosomal integration for arabinose metabolic ability

H°“20< © \(\O” araB {araA Ylarab)>—

OH OH L-arabinose isomerase
L-ribulokinase L-ribulose-5-P-4-epimerase

1) Microbiology 149:1569-80. 2003. 2) Appl. Environ. Microbiol. 72:3418-28. 2006. 3) Appl. Microbiol. Biotechnol. 77:1053-62. 2008.
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j B @/CHO
Phenols
_0 Furfural
o <5 4-HB Acetic acid HOH.C ~¢ O CHO
<5\Vani”in OH 4-hydroxybenzaldehyde %O U
ocH. oH 5-HMF
OH -0 5-hydroxymethyl-
/@Syringaldehyde 2-furaldehyde
CH,O OCH,
OH

E. Palmqvist, B. Hahn-Hagerdal Bioresource Technology 74 (2000) 25-33 &Y% 46
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Relative ethanol
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ORITE Bio-Process MTAEEFTRAEX AT )LO—)LER*

4-HB JILIZ—I

g 100 —0 é g 100
> 80 S > 80
> o>
= 60 $u: 60
(&) S (&)
> D
S 40 2T 40
2 T 2
Q 20 X @ 20

0 0

0 5 10 15 20 0 20 40 60
Concentration (mM) Concentration (mM)

Appl. Environ. Microbiol.

(2007) 73:2349-2353 48
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RITE bioprocess

RITE bioprocess

Host vector system

Agric. Biol. Chem. 54:443-447. 1990.

J. Industrial. Microbiol. 5:159-165. 1990.

Appl. Environ. Microbiol. 57:759-764. 1991,
Res. Microbiol 144:181-185. 1993.

Biosci. Biotech. Biochem. 57:2036-2038. 1993.

Gene transformation methods

Mol. Microbiol 11:739-746. 1994.
Mol. Gen. Genet. 245:397-405. 1994,
Biotech. Lett 17:1143-1148. 1995.

Physiology of corynebacteria

DNA seq. 11:383-394. 2000.

Biochem. Biophys. Res. Commun. 289:1307-1313. 2001.
J. Biosci. Bioeng. 92:502-517. 2001.(Review)

Mol. Gen. Genomies. 211:729-741. 2004.

J. Mol. Microbiol. Biotechnol. 8:91-103. 2004.
Microbiology 153:1042-1058. 2007.

Appl. Microbiol. Biotechnol. 75:889-897. 2007.
Microbiology 153:2190-2202. 2007.

Appl. Microbiol. Biotechnol, 76:1347-1356. 2007.

C. glutamicum R

APPLIED AND
ENVIRONMENTAL
MICROBIOLOGY

The cover of AEM

Microbiology 154:264-274. 2008.

Mol. Microbiol. 67:597-608. 2008.

J. Mol. Mierobiol. Biotechnol. 15:264-276. 2008. :
Appl. Microbiol. Biotechnol. 718:309-318. 2008.

J. Bacteriol 190:3264-3273. 2008.

Appl. Environ. Microbiol. 74:5290-5296. 2008.

Microbiology 154:3073-3083. 2008.
Appl. Microbiol. Biotechnol. (in press)

The cover of MM

Microbiology 149:1569-1580. 2003.

J. Mol. Microbiol. Biotechnol. 7:182-196. 2004.
J. Mol. Microbiol. Biotechnol. 8:243-254. 2004.
Appl. Microbiol. Biotechnol, 68:475-480. 2005.
Appl. Environ. Microbiol. 12:3418-3428. 2006.
Appl. Environ. Microbiol. 73:2349-2353. 2007.
Microbiology 153:2491-2504. 2007.

Appl. Microbiol. Biotechnol. 17:853-860. 2007.
Appl. Microbiol. Biotechnol, 77:1053-1062. 2008.
Appl. Microbiol. Biotechnol, 78:449-454. 2008.
Appl. Environ. Microbiol. 714:5146-5152. 2008.
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