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www.invitrogen.com
» Methylotrophic yeast
» >1000 proteins produced
» high cell density
» Very high yields (>20 g/L)
> efficient secretion (>13 g/L)

S. cerevisiae P pastoris
J Lin Cereghino, and J Cregg, FEMS Microbiol Rev 24 (2000).

Independent new expression plattform developed by TU Graz, VTU Technology & Research Centre
Applied Biocatalysis in Graz

1) License free plattform
2) Advanced system

© Angewandte Biokatalyse-Kompetenzzentrum GmbH
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Pichia pastoris

Recombinant Pichia pastoris
for
industrial applications

Synthetic Biology

Metabqvlic network

“«—

Promoter

gene of interest

mutated promoters

synthetic promoters

(Single Cell Protein)
Industrial enzymes
Biopharmaceuticals
Whole Cell Biocatalysts

Angewandte Bioka Iyse-Komﬁtenzzentrum GmbH

From the wooden

oat to a racing boat
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CH,OH

» Methanol utilisation
pathway is tightly regulated
— AOXT : majority of
alcohol oxidase

— Repressed by glucose,
glycerol, ethanol,

— Paoxi1: Strongly inducible
by methanol
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Tschopp, J.F., et al. Nucleic Acids Res 15 (1987).

One for all promoter system?
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deltai
deHa2
-RHAP1-K
HSE STRE
HAP234
HAP234

Transcription factor binding sites:

HSF......heat shock factor
STRE.....stress response element
HAP.....O, and glucose regulation
GCR....regulator of glycolysis
ADR....inductor of ScCADH2 and
peroxisomal genes

ABAA  RAP1 (TUF1)

Paox1

Applie G
sequence analysis Blﬁﬁ?i?’””
deltab
delta6
delta7
delta8
Transcription Start
delta4 delta9
'\ -~
QA-1F
SF GCR1
MATIMC
HAP234

AOX1 promoter

»Primary promoter variant library:

short deletions (5-60 bp), covering
putative transcription factor binding
sites

© Angewandte Biokatalyse-Kompetenzzentrum GmbH
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ooy onoleay library Blocatalysis
200% | Primary variant library: stronger variants
80 | ~9 10 >160% of wild type activity
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relative promoter activity (100% = WT)
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iInduction by methanol

Btttk 43y 17

MeOH inducible
synthetic variants

Increased activity
without MeOH

\
WQO2006/089329, Hartner et al., NAR 2008
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Transcription Initiation Site basal promoter

TATA bo

?

P(AOX1, LEU) basal

BsfT (23)
cis-elemerit Ec®I (195)

Bgll (2)

P(AOX1)++ .
Basal promoter + cis element

210- P
— AOX1 45 - —4s
"_C Evaﬂ C 40 — — 40
— Var2
E B . —33
_ 1 4 0 Var3 B - Trypsinogen, ~25kDa Leg Promoter Var2:
E = I — Leg weak derepressed
—_ 20 - 20
o A 15— — —— ——————
E Capillary T T e e S e T 0
i 10 - -
UIDO 70 time [s] 50— —50
¥ 45 — |= <9
-
35 - —35
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30 - - 30 Promoter Var3:
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Time [h]
MeOH inducible synthetic variants
Increased activity without MeOH

25 39 42 46 49 52 66 70 89

Process time [h]
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Classical strategy

Biomass production

Glucose, glycerol )
production

—

methanol
helper protein expression

constitutive

Cascade strategy
Biomass production

Glucose, glycerol helper protein expression

n
»

production

—
methanol
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HRP Overexpression
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HRP activity [mOD 405/min]
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51x
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pHRP-AOX1

1.6x

21x
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GAP-PDI

AOX1A6*-PDI

AOX1-PDI

11.6x

18x

28x

pHRP-AOX1

GAP-PDI

AOX1-PDI

AOX1A6*-PDI

GAP: constitutive

A6* : derepression, medium induction
AOX1: strong induction by methanol
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institute for o promoters B/ocataIySIS

‘More efficient expression

‘Derepression / No need for methanol for induction
‘Iimproved space/time yields

‘improved protein quality

Tuneable expression/enhanced folding

*Fine tuned expression cascades

Many different opportunities
with
onhe single well known system

© Angewandte Biokatalyse-Kompetenzzentrum GmbH



VTU Pichia Protein Expression

Yield depends on perfect promoter/te

- Different requirements for high yield secretion
CalA vs. CalB

One organism
Two secretory lipases
30% identity — 50% similarity

Target Copy Promoter Auxiliary Yield
number characteristics proteins secreted
medium & :
CalB low derepressed high >5g/L
strong &

CalA high high > 5g/L

induced

© Angewandte Biokatalyse-Kompetenzzentrum GmbH



VTU Pichia Protein Expression
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Fermentation — secretio
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Synthetic gene

Applied] =85

design competition Blocatalysis.

Artwork by Kerstin Kitz 2007




ADAS - Synthetic Biotechnology in o d
Whole Cell Biocatalysis Blocatalysis.

Research Centre

Classic: Growing Cells
By-product: BIOMASS

NAD* NADH + H+

Minimal Cell for

recomb.
reduced NNZYMS T
chiral oxidised
NAD(P)H dependent somes Pro%
peroxisomes Reductase/

OH Dehydrogenase O

R1/'\R2 ‘_F“XRZ

catalysis

OH Oxygenase
HO + R1/‘\R2 ¢ R1”R2 T O,
R1H Enoate-Reductase X R2
X<~—+ = R3 b —

4 Ro R1  R3

Classic: Resting Cells
No catalyst regeneration

Engineered Methylotrophic Yeast
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NADH regeneration
The lucky four.....

Methanol induces
expression of
NADH consuming

Why Pichia pastoris? T e
Pichia pastoris is
designed to t.olerate
at least 4 positive T "act as solai
features from reqengrati_on system A
methanol utilization B0 induggd
pathway Methanol is nutrient

and cosubstrate for
the regeneration of
NADH

~ 1400 genes downregulated

when switching C-source from glucose to methanol
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kinase
. _ -1 Kh-1 7. Triosephosphate
P. pastoris on methanol Qg a, 10-17 mmo1l g 1 h somer o
. - - 8. F-1,6-BP Aldolase
S. cerevisiae on glucose s max 18 mmol g' h 6. F1.6.5.Phosphatase



ADAS -

Conversion in shake flasks

0.35

0.30

0.25 H

u/h'1

0.10 ~
0.05 ~

0.00 -

« Increased cell density (60 g/L)

[ glucose ]

T M methanol
<

0.20 H

0.15 ~

wild tvpe

Aao>d Adaé1 Adasé Adasi Adész

o) OH OH

H;ﬁ% — > HC : + H3C\/§\
: CH CH - CH
« 25 g/L substrate concentration ’ WA ° : 3

* 6% methanol

OH OH OH

3(RS)-acetoin meso-2,3-butanediol 2R,3R-butanediol
Strain STY Specific conversion rate
742D4 (BDH1) 91 mmol L™ h” 1.30 mmol (g CDW)" h”’
764D10 (das1 das2 BDH1) 95 mmol L h 1.42 mmol (g CDW)" h

© Angewandte Biokatalyse-Kompetenzzentrum GmbH
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FLD 1

Characterization of recombinant P. pastoris strains

P. pastoris with overexpressed
— model oxidoreductase BDH1
— and AOX1, FLD or FDH

— under control of P 4,

Applied':'-.

Determination of kinetic properties of

AOX, FLD and FDH
 Simulation of NADH formation rates

« Whole-cell biotransformations
converting acetoin to 2,3-
butanediol

> P. pastoris+BDH+FLD
90% conversion after 2 h

compared to 55-65% for other
strains

Biocatalysis
Research Centre
60
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Summary and Outlook

em for il‘ldllstri
Enoate
reductaseg
S
# !
v °
o Monooxygeno%ses =
(- 5 X N
RJKR' R/'\R'
NAD(P)H NAD(P)+
=

ntral metabolism

e
‘ﬁm Enzyme cascades

B

C-source(s)

[ )
B/ocata!ySIS

Applie

MeOH as
auxiliary
substrate

Metabolites
Bulk chemicals

Minimised industrialised metabolism
Optimised synthetic genes

Better synthetic promoters
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External Partners: Jim Cregg (KGI)
Roland Weis (VTU)
Thomas Purkarthofer (VTU)
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ACIB

Austrian Centre of Industrial Biotechnology

AUSTRIAN CENTRE
INDUSTRIAL BIOTECHNOLOGY

e Industrial Partners

BOKU FH CAMPUS VIENNA
KF UNI GRAZ TU VIENNA
TU Graz UNI INNSBRUCK

International academic cooperation by
postgraduate training and research program
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