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Biochemical Steps to Conversion of Cellulosics
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Pre-treatment Hydrolysis Fermentation '
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Metabolic engineering

* Yeast, Clostridia

* C5/C6 fermentation

» Consolidated bioprocessing
» Resistance to inhibitors
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Bioproducts from Tembec's Temiscaming Biorefiner
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ochemical Flow Chart at the Tembec
Biorefinery Plant
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3 x 1 million litres fermentors

» ~15 million litres per year industrial grade
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al strain improvement

by which a reiterative sequence of mutate, grow, select is
ressive improvement of a desired strain characteristic.

rain that produces the molecule (large or

ly mutate the strainu chemical or physical agents

¥

the strain that produces the highest titers above the ndive strain

4

Ran mly mutate  using chemical or physical agents

: :

Screen for the strain that produces the highest titers above the naive strain



aat are the problems the classical strain improvement approach ?

d background mutations are accumulated (you usually get
single mutation in a strain)

A.M. Lum et al. | Meiabolic Engineering 6 (2004, 156-196

k

lylosin Iiters of &. frackae Strans Growth Curves of 5. fradae Strains

2. Most possible permutations of mutations cannot be explored

3. Time-consuming, labour-intensive and expensive >10° mutants may
have to be screened per round of mutation

{ Concordia



IROF
*Good feed conversion to milk
production, “
+Adaptability to local feeds,
*Fertility,
*Disease resistance and
Lifespan
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* Inhibitor resistance,
* Fermentation of pentoses
» Secretion of GH enzymes
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lates for Selection of Mutants
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Selection _ UV Mutants and Genome Shuffled Strains
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Strain selection between
breeding rounds speeds
up strain evolution

Pick
colonies and
characterize
in detalil




 mutant
each from rounds 1, 3,and 5

low cell density ~10° cells
mf‘\m% HW SSL and sampled daily from O to 6
days to assess tolerance to SSL




Round 5
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Fermentation in HWSSL

irm that tolerant strains are able to
thanol productivity the most robust
growth/survivability experiments were

e-grown in minimal
oa and inoculated at ~2 g/
pH 5.5

ri
o

| media ?YNB 0.67%, Glucose
DCW into 100% HW

rhples were taken daily and analysed for ethanol
tent on GC

\

* Cultures were recycled after 48 h and 120 h for
continuous exposure to HW SSL
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e
Single Inhibitor Studies

ins of interest R311, R57, and R511 on
rs to try to understand the SSL
' khas been evolved

ibitors tested: furfural, hydroxymethylfurfural,
ic acid, phenolic compound (4-HBA), osmotic

ess (NaCl), hydrogen peroxide, ethanol,

onium sulfite.

» Compounds incorporated into agar with glucose 2%

w/v and various cell concentrations were spotted
onto them (10, 100, 1000, 10000)



ngle Inhibitor Studies

04 10,102, 103, 104

© * ° 1 A) aceticacidpH55 1%
B) aceticacidpH3 05 %

Genome shuffling
was able to

E) H,0,ImM  engineer a strain
with a very
complex phenotype
in a relatively

short period




What now?

* Breeding in the xylose utilization

rwerall B pathway by genome shuffling
i NAD(P)H
s ‘C NAD(P)+
*’V/"“' * Testing the phenotype on other
: C NADH substrates
D-xylulose
XK‘<>AT:DP
D-xylulose-5-P 4 A
a Omics analysis (genotype to phenotype)
prosghets  Genome sequencing to determine what
" mutations/genes are involved with SSL
v it et tolerance
*RNA-seq to study transcriptome
*Proteomics
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Proteomic Analysis

MS/MS spectra are interpreted
by SEQUEST and proteins are
identified by searching against
yeast database

MS/MS

(m/z) I

ermo LTQ ion
C-MS/MS

MS

Tryptic
peptides

(m/2)
Relative peptide ion intensity for
each pair of peaks are extracted
using RelEx. Protein ratios are
calculated as averages of all
peptide ratios for each protein

R57-YNB vs. R57-SSL vs.  wild Type-SSL R57-SSL
wild type-YNB  wild type-SSL  wild type-YNB R57-YNB




identified proteins  # identified peptides

5 392 877
451 981

549 1184

1302
acetaldehyde \

ethanol

acetate

Changes in

A R57-YNB vs. R57-SSLvs. WT-SSL vs. R57-SSL vs.

WT-YNB WT-SSL WT-YNB R57-YNB
otein f d vacuolar import of proteins 447 317 1.21 114
Protein degradation 237 2071 1.21 1.0 >
Protein folding and stress 2171 2571 1.0 > 121
Stress 1571 147 1.34 1.34
2 Stress 111 1171
SSA1l  Stress 114 111
CPR1  Stress 134 111 1.27
PNC1 Redox reactions and energy metabolism 1.24
YNK1  DNA/RNA metabolism 1.14



uture research

mics and transcriptomics
s associated with SSL

his information for engineering further
improvement






