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Program Schedule Overview

Saturday, October 7, 2006

2:00 p.m. — 5:00 p.m.

Early Registration Open

Sunday, October 8, 2006

1:00 p.m. - 5:00 p.m.
4:00 p.m. — 5:00 p.m.

5:00 p.m. — 7:00 p.m.

Registration
Keynote Address

Welcome Reception /
Cruise

Monday, October 9, 2006

7:00 a.m.

7:30 a.m. — 5:00 p.m.
7:30 a.m. — 8:30 a.m.
Morning Session:

7:30 a.m. — 8:00 a.m.
8:30 a.m. - 10:00 a.m.

10:00 a.m. — 10:30 a.m.
10:30 a.m. — 12:30 p.m.

12:30 p.m. - 1:30 p.m.
Afternoon Session:

1:30 p.m. - 4:00 p.m.

Poster Session/
Happy Hour:

4:00 p.m. — 7:00 p.m.

Poster Set-up
Registration

Continental Breakfast

AV Check
Session
Break
Session
Lunch

Session
(Refreshments available
in Foyer)

Cash Bar

Foyer

Foyer
Kon Tiki Ballroom

Catamaran Dock

Board Room
Foyer

Foyer

Kon Tiki Ballroom
Kon Tiki Ballroom
Foyer
Kon Tiki Ballroom
Beach

Kon Tiki Ballroom

Board Room



Program Schedule Overview

Tuesday, October 10, 2006

7:30 a.m. — 8:30 a.m. Continental Breakfast Foyer

Morning Session:

7:30 a.m. — 8:00 a.m. AV Check Kon Tiki Ballroom
8:30 a.m. — 10:00 a.m. Session Kon Tiki Ballroom
10:00 a.m. - 10:30 a.m. Break

10:30 a.m. - 11:30 a.m. Session Kon Tiki Ballroom
12:30 p.m. — 1:30 p.m. Lunch Beach

Free Time:

1:30 p.m. - 4:00 p.m.

Afternoon Session:

4:00 p.m. — 5:30 p.m. Session Kon Tiki Ballroom
Luau:

7:00 p.m. — 10:00 p.m.

Wednesday, October 11, 2006
7:30 a.m. — 8:30 a.m. Continental Breakfast Foyer

Morning Session:

7:30 a.m. — 8:00 a.m. AV Check Kon Tiki Ballroom
8:30 a.m. - 10 a.m. Session Kon Tiki Ballroom
10:00 a.m. — 10:30 a.m. Break

10:30 a.m. — 12:00 p.m.  Session

12:00 p.m. — 12:30 p.m.  Wrap-up & Adjournment

12:30 p.m. — 2:00 p.m. Lunch Beach



T1

T2

Sunday, October 8, 2006

Registration Open
1:00 p.m. - 5:00 p.m.
Foyer

Keynote Address
4:00 p.m. — 5:00 p.m.
Kon Tiki Ballroom

4:00 p.m.

The Pichia pastoris Expression System: A Historic Perspective
with a Look to the Future

James Cregg, Keck Graduate Institute, Claremont, California, USA

Welcome Reception / Cruise
5:00 p.m. — 7:00 p.m.
The Catamaran Dock

Monday, October 9, 2006

Poster Set-up
7:00 a.m.
Board Room

Registration
7:30 a.m. — 5:00 p.m.
Foyer

AV Check
7:30 a.m. — 8:00 a.m.
Kon Tiki Ballroom

Continental Breakfast
7:30 a.m. — 8:30 a.m.
Foyer

Session: “Protein Glycosylation in Pichia pastoris
Chair: Roland Contreras, University of Ghent, Belgium
8:30 a.m. - 10:00 a.m.

Kon Tiki Ballroom

8:30 a.m.

Why Engineering of Pichia pastoris for Synthesis of Mammalian
Protein N-Glycans?

Roland Contreras, University of Ghent, Belgium
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T3

T4

TS

T6

T7

T8

T9

Monday, October 9, 2006 (cont.)

8:45 a.m.

Optimization of Pichia pastoris for the Expression of Proteins
with Human-like Glycosylation Profiles

Steven Geysens, University of Ghent, Belgium

9:10 a.m.
Human Glycoprotein Hormones and Pichia pastoris
Rajan Dighe, Indian Institute of Science, Karnataka, India

9:35 a.m.
Antibody Secretion in Pichia pastoris
Mehmet Inan, University of Nebraska-Lincoln, Lincoln, Nebraska, USA

Break
10:00 a.m. - 10:30 a.m.

Session: Pichia pastoris Fermentation Process Development
Chair: Michael Meagher, University of Nebraska-Lincoln, USA
10:30 a.m. — 12:30 p.m.

Kon Tiki Ballroom

10:30 a.m.

Past, Present and Future of a Recombinant Botulinum Vaccine
Produced from Pichia pastoris

Michael Meagher, University of Nebraska-Lincoln, USA

11:00 a.m.

Application of PAT for Extensive Monitoring and Control of
Pharmaceutical Protein Expression Dynamics in Pichia pastoris
Ali Kazemi Seresht, Hamburg University of Applied Sciences,
Hamburg, Germany

11:30 a.m.

Expression Optimization Strategies to Improve Recombinant
Protein Production from mg/L to g/L

Joel Kreps, Diversa Corporation, San Diego, California, USA

12:00 p.m.

Development of Integrated Bioprocesses for Production of
Active Pharmaceutical Ingredients with Pichia pastoris
Reiner Luttman, Hamburg University of Applied Sciences,
Hamburg, Germany

Lunch
12:30 p.m. - 1:30 p.m.
Beach



T10

T11

T12

T13

T14

Monday, October 9, 2006 (cont.)

Session: Strain Development / Genetic Modifications to
Improve Expression

Chair: James Cregg, Keck Graduate Institute, Claremont,
California, USA

1:30 p.m. — 4:00 p.m.

Kon Tiki Ballroom (Refreshments available in Foyer)

1:30 p.m.
Pichia pastoris — a Suitable Host System for the Difficult Tasks
Stefan Lange, University of Stuttgart, Baden Wirttemberg, Germany

2:00 p.m.

Synthetic Pichia pastoris Promoters Based on AOX1
Regulatory Elements

Franz S. Hartner, Research Centre Applied Biocatalysis, Graz, Austria

2:30 p.m.

Overexpression of Protein Disulfide Isomerase in Pichia
pastoris to Improve Secretion of Eukaryotic Proteins

Sandra Abad, Applied Biocatalysis Research Centre, Graz, Austria

3:00 p.m.

Strategies to Prevent Proteolysis of Expressed Recombinant
Proteins During Downstream Processing of Pichia pastoris
Fermentation

Jayanta Sinha, University of Nebraska-Lincoln, USA

3:30 p.m.

Co-overexpression of Chaperones for Enhanced Secretion of a
Single-Chain Antibody Fragment in Pichia pastoris

Leonardo Damasceno, Cornell University, Ithaca, New York, USA

Poster Session / Happy Hour
4:00 p.m. — 7:00 p.m.
Board Room (Cash Bar)



T15

T16

T17

T18

T19

Tuesday, October 10, 2006

Continental Breakfast
7:30 a.m. — 8:30 a.m.
Foyer

AV Check
7:30 a.m. — 8:00 a.m.

Session: Protein Folding and Assembly

Chair: Elizabeth Komives, University of California, San Diego, USA
8:30 a.m. - 11:30 a.m.

Kon Tiki Ballroom

8:30 a.m.

Expression of Highly Disulfide-bonded Receptor Extracellular
Domains in P. pastoris

Elizabeth Komives, University of California, San Diego, USA

9:00 a.m.

Pichia pastoris as a Versatile and Robust Platform Technology
for Discovery and Development of therapeutic Single-Domain
Antibodies

Stanislas Blein, Domantis Limited, Cambridge, United Kingdom

9:30 a.m.

Pichia pastoris as a Host for Secretion of Saporin-Based
Chimeras

Maria Fabbrini, National Research Council, Milano, Italy

Break
10:00 a.m. - 10:30 a.m.

10:30 a.m.

High-Resolution Crystal Structure of Bla gl: a Zinc-binding
Cockroach Allergen

Anna Pomes, INDOOR Biotechnologies, Inc., Charlottesville, Virginia, USA

11:00 a.m.

Generation of Recombinant Pichia pastoris Strains Secreting
Engineered Bovine Thrombin

Joe Berry, Eli Lilly & Co., Indianapolis, Indiana, USA

Lunch
12:30 p.m. — 1:30 p.m.
Beach



T20

T21

T22

Tuesday, October 10, 2006 (cont.)

Free Time
1:30 p.m. — 4:00 p.m.

Session: Metabolic Engineering and Radiolabelling
Chair: Pau Ferrer, Universitat Autonoma de Barcelona,
Barcelona, Spain

4:00 p.m. - 5:30 p.m.

Kon Tiki Ballroom

4:00 p.m.

Metabloic Flux Analysis of Pichia pastoris Using Stable
Isotopes and NMR Techniques: A Baseline Study for Metabolic
Engineering

Pau Ferrer, Universitat Autonoma de Barcelona, Barcelona, Spain

4:30 p.m.

Radiolabelled Single-Chain Antibody (scFV) for the Treatment
of Myeloid Leukaemia: Engineering Nuclear Localization to
Enhance Therapeutic Efficiency

Peter J. Nicholls, University of Kent, Canterbury Kent, England

5:00 p.m.

Radiolabelled Single-Chain Antibody (scFV) for the Treatment
of Myeloid Leukaemia: Expression of Recombinant Proteins
Using Pichia pastoris KM71H

Louise Emberson, University of Kent, Canterbury Kent, England

Luau
7:00 p.m. — 10:00 p.m.



T23

T24

T25

T26

Wednesday, October 11, 2006

Continental Breakfast
7:30 a.m. — 8:30 a.m.
Foyer

AV Check
7:30 a.m. — 8:00 a.m.

Session: Special Topics

Chair: Bennett N. Cohen, Research Corporation Technologies,
Tucson, Arizona, USA

8:30 a.m. — 12:30 p.m.

8:30 a.m.

Pichia Surface Display: Display of Proteins on the Surface of
Pichia pastoris

Pieter Jacobs, University of Gent, Belgium

9:15 a.m.

Genome Sequence and Analysis of the Methylotrophic Yeast,
Pichia pastoris

Anamitra Bhattacharyya, Integrated Genomics, Chicago, Illinois, USA

Break
10:00 a.m. - 10:30 a.m.

10:30 a.m.

An Overview of the Development of Shanferon™: Pichia
pastoris-derived Pharmaceutical Grade Human Interferon-a 2h
Revathi Chaganti, Shantha Biotechnics Ltd., Hyderabad, India

11:15 a.m.
A Pichia-Expressed Anticancer Therapeutic in the Clinic
Kerry Chester, Royal Free Hospital, London, England

12:00 p.m. - 12:30 p.m.
Wrap-up and adjournment

Lunch
12:30 p.m. — 2:00 p.m.
Beach



Poster Session

PP1 The Unconventional Secretion of Cancer-Testis Antigens
by Pichia pastoris
Kyle Anderson
Food Science, Cornell University
Ithaca, New York, USA

PP2 Predicting Heterologous Protein Production in Pichia pastoris
Brian Aufderheide and Leann Perry
Keck Graduate Institute and California State Polytechnic University
Claremont, California, USA

PP3 Overproduction of Rattus Peroxisomal Membrane Protein 22
in Pichia pastoris
Kyoko Egawa
Graduate School of Pharmaceutical Sciences, Kyoto University
Kyoto, Japan

PP4 Expression and Purification of Alternative Oxidase, an Energy-
dissipating Mitochondrial Membrane Protein
Maria Freigassner
Institute for Molecular Biotechnology, Graz University of Technology
Graz, Austria

PP5 Impact of Alternative Respiration on Recombinant Protein
Production in Pichia pastoris
Kern, A.1.2, Hartner, F.S.1.2, Dowdells, K.3, Mousdale, D.M.3 and Glieder,
Al
1 Institute of Molecular Biotechnology, Graz University of Technology, 8010
Graz, Austria, franz.hartner@tugraz.at
2 Research Centre Applied Biocatalysis, 8010 Graz, Austria
3 beocarta Ltd., Glasgow, UK

PP6 Pichia pastoris AOX1 Promoter Variants for Recombinant
Protein Expression
Hartner, F. S.1, Ruth, C. 2 and Glieder, A.1,2
1 Research Centre Applied Biocatalysis, 8010 Graz, Austria
2 Institute of Molecular Biotechnology, Graz University of Technology, 8010
Graz, Austria
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PP7

PP8

PP9

PP10

PP11

PP12

PP13

Poster Session

Use of Online Methanol Control to Maximize Product Expression in
Mut+ and Muts Pichia pastoris Strains

Gary Lesnicki

Michael Smith Laboratories, University of British Columbia

Vancouver, British Columbia, Canada

Development of the G418 Resistance Gene as a Primary Selectable
Marker for Pichia pastoris

Geoff and Joan Lin-Cereghino

Department of Biological Sciences, University of the Pacific

Stockton, California, USA

Expression and Purification of His-tagged Human EPCR and TM
Proteins in Pichia pastoris

Tarlan Mammedov

Department of Chemical and Molecular Engineering, University of
Nebraska-Lincoln

Lincoln, Nebraska, USA

The Asn-292 Residue in Ovalbumin is a Critical N-glycosylation Site
for Secretion in Pichia pastoris

Kazunari Ito, Fukiko Kimura and Naotoshi Matsudomi

Department of Biological Chemistry, Faculty of Agriculture,

Yamaguchi University

Yamaguchi, Japan

Process Development of a Recombinant C-terminus Heavy Chain
Fragment from Botulinum Neurotoxin Serotype F [rBoNTF(Hc])], a
Potential Vaccine Candidate

Michael Meagher

University of Nebraska, Lincoln

Lincoln, Nebraska USA

Overexpression of Aquaporins in Pichia pastoris
Kristina Nordén

Department of Biochemistry, Lund University

Lund, Sweden

Post Transformational Vector Amplification in the Yeast Pichia
pastoris

Anthony Jay Sunga

Keck Graduate Institute of Applied Life Science

Claremont, California, USA
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PP14

PP15

PP16

PP17

PP18

PP19

PP20

Poster Session

Production to Clinical Grade of a Recombinant Protein in
Pichia pastoris

Berend Tolner

Royal Free Hospital, UCL

London, United Kingdom

Synthesis, Folding and Secretion of a Full-Length IgG Antibody in
Pichia pastoris

Ilya Tolstorukov

Keck Graduate Institute of Applied Life Science

Claremont, California USA

Nonaffinity Purification of an Antibody Moledule X Produced in
Pichia pastoris

Liudmila A. Vorontsova

Diosynth Biotechnology

Morrisville, North Carolina, USA

Investigation in Cell Disruption Methods for Detection of the Cell-
specific Alcohol Oxidase Activity

Elisabeth Werner

Hamburg University of Applied Science-Research Center of Bioprocess
Engineering and Analytical Techniques

Hamburg, Germany

Expression of Recombinant Indoor Allergens in P. pastoris with
Equivalent IgE Reactivity to Natural Purified Allergens

Sabina Winschmann

INDOOR Biotechnologies, Inc.

Charlottesville, Virginia, USA

Pichia Pastoris Fermentation Process Development
Xiaoyue Zhu

Diosynth Biotechnology

Morrisville, North Carolina, USA

Occurrence of GFP-TNFR1 Fusion Protein Inside P. pastoris
Peroxisomes

Ana Lenassi Zupan

National Institute of Chemistry

Liubliana, Slovenia
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Abstracts — Oral Presentations

T1l The Pichia pastoris Expression System: A Historic Perspective
with a Look to the Future

James M. Cregg

Keck Graduate Institute of Applied Life Sciences
Claremont, California

The Pichia pastoris expression system is the product of the efforts of
many researchers over more than 35 years. The major characteristics of the
system reflect a combination of planned development and serendipity. The
organism was initially selected as a source of single-cell protein, yeast biomass
utilized as a high-protein animal feed. Although this effort did not result in a
commercially viable process, the superior growth characteristics of P. pastoris
recognized by early researchers along with the development of high-density
culture media and methods directly translated to the expression system. A
second major characteristic, the alcohol oxidase (AOX1) gene promoter system,
is a consequence of the ability of this yeast to grow on methanol and its need
for huge quantities of AOX1 gene product when grown on this substrate. Yet a
third characteristic of P. pastoris is its molecular genetic similarity to
Saccharomyces cerevisiae, allowing researchers to adapt many procedures
already in place for this well-studied yeast. However, not all features are
similar between these yeasts. One important difference is N-liked glycosylation,
which tends to be relatively short chained in P. pastoris but can stretch for
more than a hundred mannose residues per chain in S. cerevisiae.

P. pastoris expression science has continued to move forward. Two
major areas of progress highlighted at this meeting are the development of host
strains that add human-like carbohydrate structures to proteins and the

sequencing of the P. pastoris genome.
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Abstracts — Oral Presentations

T2 Why Engineering Pichia pastoris for Synthesis of Mammalian
Protein Linked N-Glycans?

Roland Contreras

Ghent University and Flanders University
Gent, Belgium

Protein linked N-glycans have a wide range of functions and
changes in their structure has been linked several times to human
disease and several other complex biological phenomena like ageing.
Especially remarkable is their complexity and their heterogeneity, two
aspects that are poorly understood. The complexity of the N-glycans is
so high that it has been suggested that they even contain a special code,
the so-called glyco-code.

The heterogeneity is also very remarkable. Even single N-site
modified proteins show remarkable heterogeneity (e.g. hIL6 and IgG’s).
The relationship between complexity, heterogeneity, and functional
diversity or pleiothrophy has not been studied well. To answer complexity
and heterogeneity questions, we have developed systems to produce
homogeneous, well-defined engineered protein N-glycans.

Lower eukaryotes are very interesting organisms for glycan
engineering as they only synthesize N-glycans of the high-mannose type.
Thus, they are excellent hosts for this engineering work as they don’t
have competing complex glycosyl tranferases coded for in their genome.
Redirection of the fungal pathway, even to a simple hybrid or complex
mammalian type structure requires several genetic interventions such as
gene knock-outs and heterologous expression of mammalian glycosyl
transferases. Furthermore, additional in vitro enzymatic manipulations

may be required.
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Abstracts — Oral Presentations

T3 Optimization of Pichia pastoris for the Expression of Proteins
with a Human-like Glycosylation Profile

Steven Geysens, Pieter Jacobs, Wouter Verbecken, Vladimir
Kaigorodov, Nico Callewaert and Roland Contreras

Department of Molecular Biomedical Research, Ghent University and VIB,
Gent-Zwijnaarde, Belgium

Most protein-based therapeutic agents produced in heterologous
expression systems are glycosylated. This modification can be crucial for correct
folding, stability and bio-activity of the protein and greatly influences its
pharmacokinetic properties. The N-linked glycans on proteins secreted by
human cells are usually of the complex type, consisting of a Man3GlcNAc2 core
that is further elongated by a variable number of N-acetylglucosamine (GlcNAc),
galactose (Gal), fucose (Fuc) and sialic acid residues.

The N-glycosylation pathway of Pichia pastoris is only partially
homologous to that in human cells. The N-glycans are of the high-mannose type
and can consist of more than 40 mannose residues. This hyperglycosylation
leads to a large heterogeneity within the end product. Moreover, terminal
mannose residues result in a faster clearance of the glycoprotein from the
human circulation or even into an immunological response.

Via inactivation of the OCH1 gene and the overexpression of an ER-
retained alpha-1,2-mannosidase from Trichoderma reesei, we created a Pichia
strain producing homogenous Man5GlcNac2. Further introduction of
mammalian glycosyltransferases and glycosidases resulted in the generation of
different yeast strains able to synthesize one specific type of hybrid or complex
human-like N-glycan. In conclusion, we are now able to produce different

glycoforms of a single protein using the available glyco-engineered strains.

15



Abstracts — Oral Presentations

T4 Human Glycoprotein Hormones and Pichia pastoris

Rajan R. Dighe

Molecular Reproduction, Development and Genetics, Indian Institute of
Science, Bangalore, India

Glycoprotein hormones, hCG, LH, FSH and TSH are heterodimeric
proteins consisting of an identical a subunit associated non-covalently with the
hormone specific b subunit and regulate reproduction and overall physiology.
Both subunits have several disulfide bridges and belong to the family of
cystine knot proteins. All human glycoprotein hormones have been
hyperexpressed using Pichia expression system, purified to homogeneity from
fermentation medium and were biologically active. Structure determination of
the glycan moiety of the recombinant hormones revealed presence of
heterogeneity in number of mannose residues and presence of an unusual
phosphate group. Pichia expression system was also used to express and
purify biologically active single chain hormone molecules (ab) made by
translationally fusing the two subunits. Fusion of two b subunits (bb) led
to molecules that could bind to the receptor with high affinity without
eliciting any response, but could inhibit bioactivity of the natural hormone
suggesting that bb molecules are inhibitors of hormone action. These single
chain molecules have been purified and attempts are now underway to solve
their structures. The Pichia expression system has also been used to
express, purify and characterize single chain antibodies against the

glycoprotein hormones. (Supported by grants from DBT, Government of India).
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Abstracts — Oral Presentations

TS Antibody Secretion in Pichia pastoris

Mehmet Inan

Department of Chemical and Biomolecular Engineering,
University of Nebraska-Lincoln
Lincoln, Nebraska, USA

Antibodies are expressed in mammalian systems due to required post
translation modification. Recently, a number of expression systems for
monoclonal antibody production have been evaluated in an effort to reduce
capital and production costs associated with mammalian cell cultures.
Glycosylation pathway modified P. pastoris host strains present alternative
expression systems to mammalian counterparts. We have evaluated Pichia
pastoris expression system for the production of chimeric monoclonal IgG
antibody (S25) against the botulinum serotype A neurotoxin (BoNTA). The DNA
copies of the light and heavy chains of the S25 antibody under control of the
AOX]1 promoter were expressed in Pichia pastoris GS115, SMD1168, M5 (having
a modified glycosylation pathway) and pmrl (a calcium ATPase pump mutant)
strains. We have also tested the GAP promoter for expression of S25 antibody.
Only single plasmid copy clones were evaluated in shake flask since high copy
expressing clones resulted in intracellular production. Among the shake flask
conditions tested pH was found to be the most significant factor to reduce
proteolysis of S25. The results of bench scale fermentation and affinity

purification of the S25 antibody will also be presented.

17



Abstracts — Oral Presentations

T6 Past, Present and Future of a Recombinant Botulinum Vaccine
Produced from Pichia pastoris

Michael M. Meagher

Biological Process Development Facility, University of Nebraska — Lincoln
Lincoln, Nebraska, USA

Botulinum neurotoxins, one of the most poisonous substances known to
mankind, are a potential threat as a biological warfare agent. Pichia pastoris is
being used to produce candidate vaccine antigens against seven different
serotypes of the botulinum neurotoxin (A-G). Dr. Leonard Smith at the United
States Army Medical Research Institute of Infectious determined that the C-
terminal half of the Heavy chain fragment (H¢) of the botulinum toxin is a very
effective antigen for use as a vaccine. The University of Nebraska-Lincoln
Biological Process Development Facility has been developing processes to
produce the H. fragment for clinical trials. This presentation will discuss the
challenges over the last 12 years of developing processed to produce a

recombinant pentavalent vaccine against serotypes A, B, C, E and F.
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Abstracts — Oral Presentations

T7 Application of PAT for Extensive Monitoring and Control of
Pharmaceutical Protein Expression Dynamics in Pichia
pastoris

Ali Kazemi Seresht

Hamburg University of Applied Sciences — Research Center of Bioprocess
Engineering and Analytical Techniques
Hamburg, Germany

An advanced global monitoring and control system for high cell density
cultivations with the methylotrophic yeast Pichia pastoris is built up for a
comprehensive study of protein expression. One pharmaceutically effective
protein for example is the genetically modified chemotactic cytokine 1-3del I-
TAC, which plays a decisive role in the progress of inflammatory processes in
the human body.

The fully automated processes were accomplished in a highly
instrumented bioreactor with different integrated on-line and at-line measuring
systems. These measurements encompass the detection of components like
02, CO2 and methanol (FID) in the off gas and glycerol (HPLC), formaldehyde
(SIA), ammonium (FIA) and at-line monitoring of the target protein expression
(HPLC) in the media phase. In addition in-line measurements of the methanol
concentration, turbidity, conductivity and capacitance of the cultivation broth
were carried out. Off-line quantification of the yield protein concentration via
ELISA, SDS-PAGE and Western Blotting and the specific alcohol oxidase

activity were also fed into the process data pool.
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T7 Application of PAT for Extensive Monitoring and Control of
Pharmaceutical Protein Expression Dynamics in Pichia
pastoris (continued)

Ali Kazemi Seresht

Hamburg University of Applied Sciences — Research Center of Bioprocess
Engineering and Analytical Techniques
Hamburg, Germany

Data processing with MATLAB tools enables an on-line monitoring of
most important physiological parameters like volumetric reaction rates as well
as cell specific reaction rates of growth, glycerol, methanol, oxygen and
ammonium uptake and pharmaceutical protein production. All available
process data were used to establish a mathematical model, considering mass
balance equations of the entire reaction system and algebraic correlations for
reaction kinetics.

By means of accomplishing divers process simulations with several
control strategies under different conditions an optimization of the yield protein
production was achieved. The two most important strategies included a
temperature shift during the expression phase and a conductivity monitoring
and control during the whole process, respectively. A special focus on the cell
internal anabolism and catabolism of alcohol oxidase (AOX) was also essential
for a basic understanding of the induction dynamics, due to its impact on the
product building potential of the host cells. The correlation of these phenomena

was scrutinized and their dynamics are part of the mathematical model.
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Abstracts — Oral Presentations

T8 Expression Optimization Strategies to Improve Recombinant
Protein Production From mg/L to g/L.

Joel A. Kreps

Diversa Corporation
San Diego, California, USA

Recent advances in technology make it possible to access a wide range of
novel proteins that are useful in industrial, agricultural and pharmaceutical
applications. However, commercialization of these novel proteins requires
sufficient expression levels in order to meet business targets and often that
means attaining significant increases in expression levels. We used a
systematic approach integrating molecular biology and fermentation technology
improvements to optimize expression of a recombinant enzyme in Pichia

pastoris from a starting level of 1 mg/L to reach a final level of 4 g/L.
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Abstracts — Oral Presentations

T9 Development of Integrated Bioprocesses for Production of
Active Pharmaceutical Ingredients with Pichia pastoris

Reiner Luttman

Hamburg University of Applied Sciences — Research Center of Bioprocess
Engineering and Analytical Techniques
Hamburg, Germany

In this contribution the development of appropriate equipment and required
automation strategies for fully automated expression and recovery of secreted
recombinant chemokines with the yeast Pichia pastoris is explained in detail.
Comprehensive research and development, based on linkage of a 151
bench scale bioreactor BIOSTAT C and a Sartocon Slice crossflow microfiltration
module, is transferred into a combined 40 1 pilot plant BIOSTAT C-Xflow for Integrated
Bioprocessing.

An extended process monitoring with flow analysis systems for main substrates
and by-products as well as at-line HPLC-detection of the target proteins allows for an
enhanced process observation and in-time process control actions. Sequential
processing combining protein expression and separation as well as product purification
requires complex control strategies. In order to provide powerful tools and low cost
methods for programming and testing of these strategies a virtual plant is built up
beside the real bioreactor system.

Control development is done in Apparent Processing, using the plant control
hardware and a real-time simulation system, imaging the plant’s hardware and the
biotechnological behaviour of the process. Control strategies are developed and tested
with an industrial scale 40 1 pilot plant.

Several cultivations were carried out in a cyclic process, during which a
production phase is followed by a fast product recovery in diafiltration mode via a cross
flow membrane, cell reduction and media addition. This strategy with
production cycles of 24 hrs resolves the contrast between high cell density cultivation

with maximized productivity and micro filtration with minimized membrane fouling.

22



Abstracts — Oral Presentations

T10 Pichia pastoris - A Suitable Host System for the Difficult
Tasks?

Stefan Lange

Institute of Technical Biochemistry, University of Stuttgart,
Stuttgart, Germany

Pichia pastoris has been used for the heterologous expression of a wide range of
standard proteins in high yields but most of them do not exhibit very special
features. Within this contribution examples for the usage of Pichia pastoris as
expression host for a couple of more sophisticated proteins will be presented: 1.
A set of vectors allowing the secreted expression of different dimeric Fab
fragments (composed of separately expressed heavy and light chains) in the
gram-scale will be presented [1]. 2. Expression of active human cytochrome
P450 2D6, a membrane-bound liver enzyme of the xenobiotic detoxification
system strictly depends on co-expression of human oxidoreductase and on
incorporation of the co-factor heme [2]. Microsomal preparations of the
heterologous strains are used for the characterization of different genotypes
within a systems biology project; whole cells are used for the biotransformation
of pharmacologically relevant metabolites. 3. Recombinant secreted expression
of pig liver carboxyl esterase, a key enzyme in organic synthesis and
biocatalysis was achieved only after removal of a C-terminal ER-retention signal
sequence [3]. In contrast to conventional purification of the enzyme from liver
tissues the recombinant expression now allows the production of single
isoforms with the advantage of distinct activities [4].
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T11 Synthetic Pichia pastoris Promoters Based on AOX1
Regulatory Elements

Franz S. Hartner

Graz University of Technology / Research Centre Applied Biocatalysis
Graz, Styria, Austria

During the last decade, the methylotrophic yeast, Pichia pastoris, has
become a major eukaryotic host for recombinant protein production in both
academic and industrial research. Up to now, the expression of more than 500
proteins has been reported. One major reason for the success of this yeast as
an expression system is the inducible promoter of its alcohol oxidase I (AOX1)
gene. Its key features include an exceptional expression strength as well as a
very strong glucose repression.

By computational sequence analysis several putative cis-acting elements
could be identified within the AOX1 promoter sequence. Based on this
sequence analyses, we performed deletion studies and identified both, positively
and negatively acting promoter elements. Consequently, these elements were
tested by adding them to basal promoter elements and finally they were
rearranged to generate synthetic and hybrid promoter libraries with different

expression levels and regulation patterns.
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T12 Overexpression of Protein Disulfide Isomerase in Pichia
pastoris to improve Secretion of Eukaryotic Proteins

Abad, S.1, Hartner, F. S.1, and A. Glieder!-2

I Research Centre Applied Biocatalysis, 8010 Graz, Austria,
2 Institute of Molecular Biotechnology, Graz University of Technology, 8010
Graz, Austria

Various bottlenecks during protein expression usually affect the
secretion of protein produced by heterologous hosts. In Pichia pastoris, where
heterologous protein expression is mostly regulated by the AOXI promoter,
transcription and consequently translation show a dramatic increase during
induction, especially when multicopy strains are used. Nevertheless the
secretion process itself still seems to be the main limiting step and there is no
linear increase in protein yields (Inan et al.,2005).

Protein folding in the ER is a critical process and a prerequisite for
secretion in every eukaryotic expression host. In yeast, many secreted proteins
are exported in a folded form. Different factors can facilitate correct protein
folding by preventing aggregation or incorrect formation of disulfide bonds and
therefore influence the secretion efficiency of host systems. For example the
overexpression of components of the folding machinery such as P. pastoris
protein disulfide isomerase, which plays an important role in disulfide bond
formation, yields in higher amounts of secreted proteins of higher eukaryotes.

In order to prove the advantage of Pichia pastoris PDI overexpression, we
have chosen reporter system, which is well established in our lab. With the
backup of the overexpressed P.p. PDI, the eukaryotic reporter enzyme was
secreted more efficiently. Employing different AOXI-promoter variants and the
glyceraldehyde-3-phosphate dehydrogenase (GAP) promoter, we also optimized

the expression of this overexpressed catalytic helper protein.
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T13 Strategies to Prevent Proteolysis of Expressed Recombinant
Proteins During Downstream Processing of Pichia pastoris
Fermentation

Huaguang Li, Michael M. Meagher, Mehmet Inan, Jayanta Sinha

Biological Process Development Facility, Department of Chemical
Engineering, University of Nebraska — Lincoln
Lincoln, Nebraska, USA

Proteases are produced during Pichia pastoris fermentation, which is
necessary for their cellular function. Most proteases are enclosed in specialized
organelles and are programmed to act on specific proteins that should be
degraded.

However, when a cell is ruptured proteases are bought in contact with
other proteins. During purification there is a possibility that proteases may
have similar capture and elution conditions similar to the recombinant product.
Copurification of even traces of proteases can degrade a therapeutic protein
even after it is vialed. In this work we describe the capture and elution of
Pichia proteases from various chromatography resins. Serine proteases were
found to be the major proteases. A combination of ion exchange, hydrophobic
charge induction and affinity chromatography was necessary to separate most
proteases. The binding conditions and elution techniques in each step of the
proteases was characterized. Expression of the same recombinant protein in a
vacuolar proteases deficient strain resulted in reduced proteolytic activity but
still revealed the presence of several non-vacuolar serine proteases that degrade

the recombinant protein.
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T14 Co-overexpression of Chaperones for Enhanced Secretion of a
Single-chain Antibody Fragment in Pichia pastoris

Leonardo M. Damasceno

Cornell University
Ithaca, New York, USA

In Pichia pastoris, secretion of the A33 single-chain antibody fragment
(A33scFv) was shown to reach levels of approximately 4 gL-1 in fermentor
cultures. Here we investigated whether manipulating chaperone and foldase
levels in P. pastoris could further increase secretion of A33scFv. Cells were
engineered to co-overexpress immunoglobuling binding protein (BiP) and/or
protein disulfide isomerase (PDI) with A33scFv during growth in methanol as
the sole carbon and energy source. Co-overexpression of BiP resulted in
increased secretion levels of A33scFv by approximately 3-fold. In contrast, co-
overexpression of PDI had no apparent effect on secretion of A33scFv. In cells
co-overexpressing both BiP and PDI A33scFv secretion did not increase and
protein levels remained similar to the control strain. We believe that secretion of
A33scFv is increased by co-overexpression of BiP as a result of an increase in
folding capacity inside the ER. In addition, lack of increased single-chain
secretion when PDI is co-expressed was unexpected due to the presence of
disulfide bonds in A33scFv. We also show that during PDI co-overexpression
with the single-chain there is a six-fold increase in BiP levels, indicating that
the former is possibly inducing an unfolded-protein response due to excess

chaperone and recombinant protein in the ER.
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T15 Expression of Highly Disulfide-bonded Receptor Extracellular
Domains in P. pastoris

Elizabeth A. Komives

Department of Chemistry and Biochemistry
University of California, San Diego, California

Many receptor extracellular domains are comprised of multiple small
domains each of which has several disulfide bonds. These domains often also
contain N-linked glycosylation sites. The folding pathways of these complex
proteins involves a coordinated folding in the golgi as well as chaperone
proteins located in the endoplasmic reticulum.

Expression of active fragments of the Activin 2 receptor,
thrombomodulin, and the LDL receptor-related protein in SMD1168, GM115,
and KM71 cells using multicopy insertion and high density fermentation
conditions gave high yields of protein. The protein products were
heterogeneous, however, and optimization of fermentation conditions was
required to yield the most active protein in each case. Attempts to remove N-
linked glycosylation sites resulted in protein aggregation suggesting that one
role of the N-linked sugars was to promote solubility at high protein
concentrations. The levels of glycosylation were heterogeneous as could be
demonstrated by mass spectrometry. Characterization of the active protein

products demonstrated that the disulfide bonding pattern was correctly formed.
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T16 Pichia pastoris as a Versatile and Robust Platform Technology
for Discovery and Development of Therapeutic Single-domain
Antibodies

Stanislas Blein

Domantis Ltd.
Cambridge, United Kingdom

Domain antibodies (dAbs) are the smallest functional binding unit of a
human antibody. These small domains (11-14 kDa), correspond to either the
variable region of the heavy (VH) or light (VL) chain. Domantis has created large
and highly functional phage display libraries of fully human VH and VL dAbs.
By panning against a therapeutically relevant antigen using phage display,
dAbs with the desired affinity to the target can be selected. These dAbs can then
be used as the basic building blocks to create a range of therapeutic products
with unique characteristics. These include molecules that are dual targeting, or
have extended serum half-life formats via PEGylation or by binding albumin
(AlbudAbs TM).

Domantis has built and optimized a platform technology that can
predominantly use E. coli and P. pastoris based microbial expression systems.
P. pastoris has allowed us to rapidly and reproducibly express a range of dAb
formats to high levels at both the flask and fermenter scale. It has therefore
proven to be a robust expression platform suitable for both discovery and

development work.
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T17 Pichia pastoris as a Host for Secretion of Saporin-based
Chimeras

Alessio Lombardi*#,,Teresa Lopardo*#, Roberta Traini§, Marco
Colombatti§, David Flavell® Sopsamorn U Flavell®, Aldo Ceriotti#
and M. Serena Fabbrini#

#Istituto di Biologia e Biotecnologia Agraria, IBBA-CNR, Milano (Italy)
§ Sezione di Immunologia, Dpt. di Patologia, Universita’ di Verona (Italy)
°Leukaemia Busters, Southampton General Hospital, (UK)

* these authors equally contributed to the work

National Research Council, Istituto de Biologioa e Biotecnologia Agraria,
IBBA-CNR
Milano, Italy

Our aim is to explore Pichia pastoris as a host for the heterologous
expression of chimeras based on the monomeric plant ribosome-inactivating
protein (RIP), saporin.

Inducible expression of “non optimized “saporin constructs under the
AOX1 promoter resulted in some host toxicity, following methanol induction.
This could account for the low levels found in the medium of a secretory
saporin fusion to pro-alpha mating factor (below 1mg/ L). Expression levels
were 10-fold higher using a catalytically inactive site mutant (SAP-KQ) of the
plant native gene. Thus, the biological RIP activity may not be solely responsible
for this low expression level. We will report results on the different constructs

that have been made to enhance protein expression and secretion.
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T18 High Resolution Crystal Structure of Bla g 2: A Zinc Binding
Cockroach Allergen

Anna Pomeés

INDOOR Biotechnologies, Inc.
Charlottesuville, Virginia, USA

Rationale: Bla g 2 is a potent allergen, homologous to the aspartic
proteases. The aim was to determine the crystallographic structure of Bla g 2
and study the structural basis for its function and allergenicity.

Methods: A partially de-glycosylated rBla g 2 mutant (N93Q) was
expressed in Pichia pastoris and affinity purified to homogeneity. The
structures of the allergen alone and in complex with a Fab’ fragment of an anti-
Bla g 2 monoclonal antibody were solved.

Results: The structure of Bla g 2 (1.3A resolution), very similar to active
enzymes, has major structural differences in the catalytic region: distortions
due to the replacement of glycines in the D(S/T)G motif by a serine or
threonine, a larger distance between catalytic aspartates (4.41A instead of ~3A),
and an extra-phenylalanine (F75a) from the flap, partially blocking substrate
binding. Five disulfide bonds and a zinc-binding site confer stability to the
molecule. The monoclonal antibody binding epitope was identified and its
involvement in IgE binding was analyzed by site-directed mutagenesis.
Conclusions: The absence of substantial catalytic activity in Bla g 2 is
explained by the unusual features of the active site. Knowledge of the antigenic

surface will allow the design of new tools for immunotherapy.
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T19 Generation of Recombinant Pichia pastoris Strains Secreting
Engineered Bovine Thrombin

Joe Berry

Eli Lilly and Company
Indianapolis, Indiana, USA

Thrombin is a serine protease with demonstrated utility as an industrial
bioprocessing enzyme. More specifically, glandular bovine thrombin has been
used in the conversion of precursor forms of therapeutically-relevant proteins to
their active state. However, due to concerns related to transmissible
spongiform encephalopathy (TSE) transmission, a recombinant source of
thrombin is desirable. In an effort to assess the feasibility of producing a
recombinant version of bovine thrombin, we investigated the expression and
secretion of this protease in the methylotrophic yeast Pichia pastoris.
Recombinant strains were generated that evaluated twelve analogs of bovine
thrombin. The productivity of these strains was evaluated using a chromogenic
activity assay that utilizes the substrate S-2238. The various genetic
configurations evaluated were based on either mature bovine thrombin or the
bovine prethrombin-2 precursor. The configurations included both engineered
single-cistron, as well as two-chain coexpression configurations. In addition,
the potential impact of mutations to mature thrombin’s N-linked glycosylation
site, and the addition of C-terminal purification tags, was also examined. This
study demonstrated that optimal secretion was achieved utilizing coexpression
of the two protein chains with or without the C-terminal tag. In these strains,

secretion levels approached 2.5 units/mL at shake-flask scale.
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T20 Metabolic Flux Analysis of Pichia pastoris Using Stable
Isotopes and NMR Techniques: A Baseline Study for Metabolic
Engineering

Pau Ferrer

Department of Chemical Engineering, Universitat Auténoma de Barcelona
Catalonia, Spain

Although  Pichia pastoris is a  biotechnologically important
microorganism, particularly for the production of recombinant proteins,
progress in strain improvement and rational design and optimization of
cultivation conditions for heterologous protein production in this system is
currently hampered by the limited number of systematic metabolic and
physiologic characterization studies under bioprocess-relevant conditions.
Information on heterologous gene expression and production of the proteins at
different physiological states of the cells is scarce. Furthermore, limited
information is available on the cellular responses to heterologous protein

production in P. pastoris.

Importantly, the P. pastoris’ genome has been recently deciphered,
offering innumerable possibilities to pursue coordinated understanding of
cellular processes in the framework of systems biology. Rational cell factory
engineering of P. pastoris through systems biology will lie on fundamental
progress in the application of different analytical platforms to acquire (and
integrate) quantitative physiological data from different levels, including

metabolic flux analysis and metabolic modeling.

Stable isotope labeling experiments employed in conjunction with NMR
spectroscopy and/or mass spectrometry are a powerful tool for metabolic
studies. In particular, biosynthetically directed fractional (BDF) 13C labeling of
proteinogenic amino acids has been developed into a cost-effective approach to
assess the topology of active bioreactions (i.e. the active pathways) and to

quantify metabolic flux ratios in bacteria and yeast growing on glucose [1,2].
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T20 Metabolic Flux Analysis of Pichia pastoris Using Stable
Isotopes and NMR Techniques: A Baseline Study for Metabolic
Engineering (continued)

Pau Ferrer

Department of Chemical Engineering, Universitat Auténoma de Barcelona
Catalonia, Spain

We have established BDF 13C-labeling and the metabolic flux ratio
(METAFoR) formalism as an analytical tool to study the intermediary carbon
metabolism of P. pastoris cells growing on different carbon sources (glucose,
glycerol and glycerol:methanol mixtures) in chemostat cultivations [3,4]. Based
on metabolic flux ratio data estimated using this approach, conclusions will be
drawn regarding the distribution of molecular fluxes in the central carbon

metabolism during different growth conditions in chemostat cultures.

Overall, our investigation can be expected to become a valuable
knowledge base for strain improvement and optimization of cultivation
processes for the production of recombinant proteins in P. pastoris. where
parameters such as the residual methanol concentration, specific growth rate,
as well as mixed substrate cultivation strategies have proven to have a dramatic
impact on the overall process productivity. Furthermore, the methodology used
in this work can also be applied to study the effect of other bioprocess-relevant
parameters on the metabolic activity of P. pastoris, as well as to investigate at a
genome-wide scale the interactions between these environmental factors and

heterologous product formation and secretion.
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T21 Radiolabelled Single-chain Antibody (scFv) for the Treatment
of Myeloid Leukemia: Engineering Nuclear Localization to
Enhance Therapeutic Efficacy

Peter J. Nicholls, Louise M. Emberson, Daniel R. Lloyd and
Phillip J. Blower

Department of Biosciences, University of Kent,
Canterbury, Kent, United Kingdom

In a project being supported by the Leukemia Research Fund (UK), we are
developing novel radioimmunoconjugates based on a single-chain antibody (scFv)
that binds to the human CD33 antigen as a potential therapy for acute myeloid
leukemia (AML).

We have expressed the anti-CD33 scFv using Pichia pastoris strain KM71H
and developed protocols for generating highly pure recombinant protein using an
Ni-NTA affinity method followed by Sephacryl 200-based size exclusion
chromatography. We are now in the process of manufacturing and evaluating the
cytotoxic efficacy of a range of radionuclide-scFv conjugates in an attempt to
generate a reagent with optimal cell killing profile and biokinetics.

Since the toxicity of radioimmunoconjugates in medicated by nuclear DNA
damages as a result of radionuclide decay, it is probable that the radiation-
absorbed dose (and hence therapeutic effect) in a tumor cell is likely to be higher
when decay occurs in close proximity to the nucleus as opposed to on the cell
surface. This opens up the possibility of improving the therapeutic efficacy of our
reagents by incorporating nuclear localization signal motifs (NLS) into our
radioconjugates; however, this strategy could only be successful if the scFv is
capable of internalizing into the target cell in the first place. Significantly, we have
used a variety of techniques — flow cytometry, microscopy and utilization of a
saporin-based immunotoxin version of our scFv — to demonstrate that the
recombinant protein triggers receptor-medicated endocytosis on antigen binding.
We are now in the process of engineering the scFv further to incorporate NLS

sequences with the aim of improving the therapeutic efficacy of our reagents.
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T22 Radiolabelled Single-chain Antibody (scFv) for the Treatment
of Myeloid Leukemia: Expression of Recombinant Proteins
Using Pichia pastoris Strain KM&1H

Louise M. Emberson, Phillip J. Blower, Daniel R. Lloyd and Peter J.
Nicholls

Department of Biosciences, University of Kent
Canterbury, Kent, United Kingdom

CD33 is a cell surface glycoprotein expressed on cells of myelomonocytic
lineage and of leukemia cells, but not on haematopoietic stem cells. The
expression pattern of CD33 has encouraged the development of several anti-
CD33 targeted immunotherapies for the treatment of acute myeloid leukemia
(AML). A radionuclide conjugated to a single-chain antibody (scFv) can
potentially be an ideal therapeutic combination, providing the half-life and
decay properties of the radionuclide are matched carefully to the biokinetics of
the scFv. The overall aim of our work is to generate such a reagent, and to
progress towards clinical evaluation in patients with AML.

Pichia pastoris strain Km71H has been used for the production of an
anit-CD33-scFv in shake-flask cultures, and the ability of the scFv to bind
CD33 antigen has been demonstrated using Biacore analysis and flow
cytometry. The binding ability (and hence integrity) of the scFv is retained after
incubation at 37°C for extended periods in human serum and cell culture
media. Internalization studies using flow cytometry with human leukemia cell
lines have shown that the scFv is internalized and at a rate comparable to that
of whole anti-CD33 monoclonal antibody (MoAb). These results are supported
by preliminary microscopy studies, which are currently being progressed. Our
data are of particular interest as internalization of the radiolabelled scFv (and
hence closer association with the nuclear compartment) may significantly
enhance the therapeutic effect of the radionuclide, in comparison to an

antibody that is not internalized.
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T23 Pichia Surface Display: Display of Proteins on the Surface of
Pichia pastoris

Pieter Jacobs, Stefan Ryckaert, Roland Contreras

Department of Molecular Biomedical Research (DMBR), Ghent University
and VIB
Gent, Zwijnaarde, Belgium

Surface expression of proteins has a wide range of applications in
biotechnology like directed evolution of proteins for increased affinity and
thermal stability, screening of non-immune antibody libraries, epitope mapping
and use as whole-cell biocatalysts to name some.

We have implemented the well-established a-agglutinin based Yeast
Surface Display system in Pichia pastoris, allowing us to specifically target and
display recombinant proteins on the surface of Pichia.

A-agglutinin consists of two proteins, Agalp, which is GPI-anchored in the cell
wall, and Aga2p, which is linked to Agalp via disulfide bridges. The gene of
interest is cloned in frame with the AGA2 gene. Translation results in a fusion
protein, with the protein of interest attached to the C-terminus of Aga2p. The
resulting construct is transformed into a P. pastoris strain that already contains
the AGA1 gene. Upon methanol induction, Agalp and the Aga2-fusion protein

associate within the secretory pathway and are displayed on the cell surface.
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T24 Genome Sequence and Analysis of the Methylotrophic Yeast,
Pichia pastoris

Anamitra Bhattacharyva

Integrated Genomics, Inc.
Chicago, Illinois, USA

We report the completion of the shotgun genome sequencing phase of the
industrial, methylotrophic yeast, Pichia pastoris. The current version of the P.
pastoris genome assembly is at 7.4x coverage in 474 major contigs. A total of
5,425 protein encoding open-reading frames (ORFs) have been identified in the
genome to date, of which over 65% have functional gene assignments. The P.
pastoris draft genome assembly has been analyzed using the ERGO™ Genome
Analysis Suite by connecting functions of ORFs to our extensive, curated
pathway database collection, comprising more than 6,000 metabolic and non-
metabolic pathways. Numerous genes relevant to protein expression from
various functional sub-systems have been identified in the genome including
proteases, protein modification enzymes and parts of the protein secretion
apparatus. Continued progress on P. pastoris complete genome closure will be
discussed together with the availability of technologies to produce new and
affordable Pichia pastoris expression microarray chips for the academic and

industrial research communities.
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T25 An Overview of Development of Shanferon: Pichia pastoris-
derived Pharmaceutical Grade Human Interferon-a 2b

Revathi J. Chaganti, D. Vijayarangam and K.V. Sudhir

Shantha Biotechnics Ltd.
Hyderabad, India

Recombinant human Interferon-a2b (IFN-a2b) is a well-characterized
protein and widely used in humans as an antiviral and anticancer therapeutic.
We have expressed [FN-a2b gene in Pichia pastoris using pHIL-D2 plasmid and
developed a simple and efficient process for the purification of the product. The
Pichia expressed IFN-a2b present in insoluble fraction could be refolded by
simple dilution after solubilization in 6 M GuCl, unlike the E.coli expressed
protein which requires drastic treatments for unfolding, resulting in
perturbation of disulphide bonds. Pichia derived IFN, thereby, is of high specific
activity. In addition to the target protein, we had also observed low-level
production of a slightly larger protein cross reacting with interferon antibodies
and found it to have an N-terminal extension of twelve amino acids. Further
investigations revealed that this was due to translation initiation at an ATC
codon present upstream to the actual ATG initiator and modifying that region
resulted in eliminating its expression. The purified IFN has been extensively
characterized by various physico-chemical methods and found to be identical to
E.coli derived Interferon. This is the first and only Pichia-derived recombinant
IFN-a2b commercialized for human use. Some of our results, including
characterization of initiation at non-ATG initiator, which is so far not reported

in Pichia, will be discussed.
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T26 A Pichia-expressed Anti-cancer Therapeutic in the Clinic

Kerry A. Chester

Royal Free Hospital
Department of Oncology
London, England

Clinical grade production of new and complex molecules can be a
bottleneck for testing anti-cancer biologicals in Phase I/II trials. We have
addressed this for a multifunctional antibody-enzyme fusion protein using the
P. pastoris expression system. The fusion protein is used for targeted cancer
therapy; the antibody moiety selectively targets the molecule to tumor cells and
the P. pastoris-derived mannosylation promotes rapid clearance from normal
tissue, predominantly via the mannose receptor on liver sinusoidal endothelial
cells. After tumor localization of the fusion protein, a non-toxic prodrug is
administered and this is selectively converted to a toxic drug by the enzyme in
the tumor deposit. Biodistribution and efficacy of the fusion protein in patients
was evaluated in clinical trials. The results indicate that P. pastoris provides an
excellent expression system for this recombinant cancer therapeutic. The
purified product was stable, free from detectable contaminants, biologically
active, safe and well tolerated in man. It was also less immunogenic than a
previously used antibody-enzyme conjugate made with a different production

process.
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PP1 The Unconventional Secretion of Cancer-Testis Antigens by
Pichia pastoris

Kyle Anderson

Food Science
Cornell University
Ithaca, New York, USA

There is great interest in the large-scale production of cancer-testis (CT)
antigens for use as vaccines in cancer therapy. We have made attempts to
secrete a variety of these CT antigens in Pichia pastoris, but yields were not
optimal. The classical eukaryotic secretion route may not be amenable to
secretion of these putative cytoplasmic proteins, making unconventional
secretion an interesting option. The unconventional secretion of the glycolytic
enzyme enolase has been reported by many groups. We cloned the Pichia
homolog of enolase and placed it under the control of the AOX1 promotor.
Fusions between enolase and three CT antigens, MAGE-A3, SSX-2, and Melan-
A lead to the secretion of all three as detected by immunoblot. The fusion was
found both in the culture supernatant and extractable by washing the cell pellet
with a 2 mM Tris-2 mercaptoethanol solution. Future work into enhancing the
unconventional secretion of enolase in Pichia and the in situ removal of the
enolase fusion partner aims to harness this pathway for the secretion of

difficult, non-natively secreted proteins by Pichia pastoris.
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PP2 Predicting Heterologous Protein Production in Pichia pastoris

Brian Aufderheide and Leann Perry

Keck Graduate Institute and California State Polytechnic University,
Pomona, California, USA

Pichia pastoris has had great success as a host system with hundreds of
heterologous proteins successfully inserted and expressed. Yet the production
levels for these heterologous proteins can vary by orders of magnitude. Why
some proteins are expressed better than others is not clearly understood.
Codon usage and possible toxicity of the recombinant protein are
straightforward reasons which due not adequately explain the variation in
production yields. The approach here is to apply bioinformatics techniques
used to classify protein homology towards this problem. The proteins studied
use the AOX pathway with alpha signaling factor for secretion. All were
published in the public domain. The key assumption is that the amino acid
sequence of the protein to be expressed correlates to the ease of its post-
transcription, subsequent secretion, non-aggregation, and its final activity. The
proteins are broken down into three categories: low O — 0.3 g/L, medium 0.3 — 2
g/L, and high production in excess of 2 g/L. Production is normalized for
fermentation with an OD of 200. Profile Hidden Markov Models are trained for
each production group to find key residual amino acids necessary for thermal
stability and post-transcription in Pichia pastoris. Some of the proteins are left

for model predictions.
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PP3 Overproduction of Rattus Peroxisomal Membrane Protein 22 in
Pichia pastoris

Kyoko Egawa

Graduate School of Pharmaceutical Sciences, Kyoto University
Kyoto, Japan

Peroxisomal membrane protein 22 (PMP22) is an integral membrane
protein that posesses apparent molecular mass of 22 kDa. PMP22 is an
abundant component of peroxisomal membrane, suggesting it plays an
important role in peroxisome. However, its function is still unclear, only
attributed to the unspecific permeability of the peroxisomal membrane or to
reactive oxygen species metabolism. To elucidate the functional role of PMP22
based on the structure, we performed the overexpression of rattus PMP22 in
Pichia pastoris.

The rattus pmp22 gene with an N-terminal 10-His tag was ligated into
the pPICZ vector and was transformed into Pichia pastoris SMD1163 cells. The
cells were grown at 30°C in BMGY medium and the expression was induced in
BMMY medium. Western blotting using anti-His antibody revealed that the size
of the 22 kDa was expressed in membrane fraction. The 22 kDa protein was
purified with several column chromatography steps. The identity of the purified
protein was confirmed by N-terminal sequencing of the first five amino acids
and by MALDI-TOF MS analysis. We got 7-8 g cells and 2-3 mg purified 22 kDa
protein per L culture. Characterization of this purified protein by biophysical

methods is in progress.
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PP4 Expression and Purification of Alternative Oxidase, an Energy-
dissipating Mitochondrial Membrane Protein

Maria Freigassner

Institute for Molecular Biotechnology, Graz University of Technology
Graz, Austria

Besides the cytochrome pathway, plant and fungal mitochondria possess
an alternative respiratory pathway that branches off the main path after the
ubiquinone pool and is comprised by a single enzyme, the alternative oxidase.
This protein acts as a terminal oxidase, by transferring electrons from ubiquinol
to oxygen. Its non-proton motive nature renders the alternative oxidase
inefficient in terms of energy production; nevertheless the enzyme maintains
growth under certain metabolic and environmental constraints.

Despite intense efforts, no high resolution structure of the protein has
yet been determined due to profound difficulties in solubilizing an active
protein. We constructed GFP-tagged alternative oxidase fusion proteins to study
the effect of different carbon sources on the PGAP driven expression of this
mitochondrial membrane protein in Pichia pastoris. Our expression studies
verified our expectations that the alternative oxidase is specifically targeted to
the mitochondrial membrane. Using GFP as a reporter also enabled us to

optimize the cultivation conditions and the employed methods for cell lysis.
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PP5 Impact of Alternative Respiration on Recombinant Protein
Production in Pichia pastoris

Kern, A.1.2, Hartner, F.S.1.2, Dowdells, K.3, Mousdale, D.M.3 and Glieder, A.!

1 Institute of Molecular Biotechnology, Graz University of Technology, 8010 Graz, Austria,
franz.hartner@tugraz.at

2 Research Centre Applied Biocatalysis, 8010 Graz, Austria

3 beocarta Ltd., Glasgow, UK

Mitochondrial respiratory chains are highly flexible in terms of coupling
efficiency thereby enabling adaptation to a wide variety of environmental
constraints. A major player of this flexibility is the non-coupling terminal
oxidase alternative oxidase found in every higher plant and most fungi tested!.
In yeasts, the occurrence of alternative oxidase is very common but almost
exclusively in species known to be Crabtree negative2.

Alternative oxidase has multiple functions in different organisms. It is
involved in, for example, stress answers, programmed cell death and
maintenance of the cellular redox balance3.

We found an alternative oxidase in the methylotrophic yeast Pichia
pastoris, one of the most efficient organisms for recombinant protein
production. The alternative oxidase was induced under conditions generally
considered as “stress”.

A fluorescence-based high-throughput oxygen-consumption assay
combined with micro-scale cultivation was developed. This technique enables
us to identify and isolate Pichia pastoris strains with a modified respiratory
chain. Finally, we will describe effects of respiration-modified Pichia pastoris

strains on cell physiology and protein production.

[1] Affourtit, C., M.S. Albury, et al. (2002). “Exploring the molecular nature of alternative oxidase regulation
and catalysis.” FEBS Lett. 510(3): 121-6.

[2] Veiga, A., J.D. Arrabaca, et al. (2003). “Cyanide-resistant respiration, a very frequent metabolic pathway in
yeasts.” FEMS Yeast Res. 3(3): 239-45

[3] Joseph-Horne, T., D.W. Hollomon, et al. (2001). “Fungal respiration: a fusion of standard and alternative

components.” Biochim.Biophys.Acta 1504(2-3): 179-95.
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PP6 Pichia pastoris AOX1 Promoter Variants for Recombinant
Protein Expression

Hartner, F. S.1, Ruth, C. 2 and Glieder, A.1,2

1 Research Centre Applied Biocatalysis, 8010 Graz, Austria
2 Institute of Molecular Biotechnology, Graz University of Technology, 8010 Graz,
Austria

During the last decade, the methylotrophic yeast, Pichia pastoris, has
become a major eukaryotic host for recombinant protein production.
Expression of hundreds of different proteins has been reported so far, including
a large number of biocatalysts. Several processes were implemented on
industrial scale. One major reason for the success of this yeast relies on the
inducible alcohol oxidase I (AOXI) promoter. In addition to its exceptional
expression strength it is also strongly repressed by glucose and only marginally
activated by absence of glucose (derepression). Methanol is necessary to reach
the full strength of the wild type AOX1 promoter.

Based on sequence analyses, we modified the AOXI promoter thereby
creating a set of promoter variants with altered expression levels and regulatory
properties for protein expression. In order to facilitate the identification of the
perfectly- matching promoter/target gene combinations a 96-well cultivation
technique combined with 96-well activity-based assays were set up. Finally,
industrially relevant enzymes (HNL, CalB, HRP) were tested using different
promoter variants for high-level expression in microscale using this screening

technique.

(1) Lin Cereghino, J. and J. M. Cregg (2000), FEMS Microbiol Rev 24(1): 45-66.
(2) Glieder, A., et al., Angewandte Chemie Int Ed, (2003) 42(39):4815-4818.
(3) Weis, R., et al. (2004). FEMS Yeast Res 5(2): 179-89.

(4) Morawski, B., et al. (2000). Protein Eng 13(5): 377-84.
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PP7 Use of Online Methanol Control to Maximize Product
Expression in Mut* and Muts Pichia pastoris Strains

Adriana Cajiao!, Louise Creagh?, Douglas Kilburn!.3, Gary Lesnicki!

1Michael Smith Laboratories, The University of British Columbia,
Vancouver BC V6T 1Z4, Canada; telephone: 604-822-2191; fax: 604-
822-2114; email: lesnicki@msl.ubc.ca

2Department of Chemical and Biological Engineering, The University of
British Columbia, Vancouver BC V6T 1Z4, Canada

3Department of Microbiology and Immunology, The University of British
Columbia, Vancouver BC V6T 1Z4, Canada

Michael Smith Laboratories, University of British Columbia
Vancouver, British Columbia, Canada

The most commonly used Pichia expression strains use the AOX1
promoter to drive expression of the recombinant protein. Methanol serves both
as a growth substrate and inducer in these cultures. The concentration of
methanol is a critical factor to maximize the production of the recombinant
protein. We show that the levels of methanol giving maximum production differ
remarkably between Mut+ and Muts strains. Muts product was maximized at a
controlled methanol concentration of about 0.5% whereas Mut* strain required
quite limiting levels of methanol (<0.1%). A simple and robust feeding strategy
using online methanol control to maximize expression of each of the Mut+ and
Muts phenotypes has been developed. In our experience, Muts strains are
superior to Mut* being easier to control from a process standpoint while

producing equal or higher amounts of recombinant product.
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PP8 Development of the G418 Resistance Gene as a Primary
Selectable Marker for Pichia pastoris

Geoff and Joan Lin-Cereghino

Department of Biological Sciences, University of the Pacific
Stockton, California, USA

There are relatively few dominant selectable markers available for the
transformation of Pichia pastoris. The major markers, the zeocin and
blasticidin resistance genes, require expensive antibiotics and extensive
screening in order to isolate transformants with high copy number. The G418
resistance gene has been utilized for selection of multicopy strains, but only as
a secondary selectable marker after primary selection with a biosynthetic
marker such as HIS4. We have modified the G418 resistance gene so that it
can now be used in P. pastoris for direct selection. Transformation with this
new marker generates colonies of varying size on plates containing the
antibiotic. Compared to small colonies, larger colonies harbor a greater number
of plasmids containing the G418 resistance gene and express higher levels of a
reporter gene that is carried in the vector. Besides adding greater flexibility to
the P. pastoris system, this G418 selectable marker is more economical and

provides an easier way to identify multicopy strains.
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PP9 Expression and Purification of His-tagged Human EPCR and
TM Proteins in Pichia pastoris

Tarlan Mammedov

Department of Chemical and Molecular Engineering,
University of Nebraska-Lincoln
Lincoln, Nebraska, USA

Endothelial protein C receptor (EPCR) and thrombomodulin (TM) activate
protein C in the mammalian coagulation system to form activated protein-C
that control and regulate blood coagulation. Both recombinant EPCR (rEPCR,
lacking the transmembrane domain) and TM (rTM, lacking the transmembrane
and cytoplasmic domains) were expressed in Pichia pastoris as a (cleavable)
histidine (His)-tagged proteins and purified to homogeneity using by Ni 2+-
immobilized metal affinity-chromatography. The rEPCR was expressed as a
secreted glycoprotein using AOX1 promoter and alpha-factor signal sequence.
The level of rEPCR expression was estimated to be 50 mg/ml. Furthermore, the
secretion process of rEPCR was considerable improved by coexpression of
protein disulfide isomerase. The binding activity of expressed rEPCR to Protein
C was tested by Surface Plasmon Resonance technique. The EPCR produced
has an apparent molecular mass (MM) of ~40 kDa and a deglycosilated MM of
~21 kDa. In order to express rTM, the synthetic gene was constructed based on
P. pastoris codon usage. Highly disulfide bonded protein, rTM, was not directed
into the culture, however, using AOX1 promoter high level expression of rTM
was observed intracellularly as a ~70 kDa glycoprotein. The inhibition of clot

formation and protein C activation by expressed rTM will be described.
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PP10 The Asn-292 Residue in Ovalbumin is a Critical N-
glycosylation Site for Secretion of Pichia pastoris

Kazunari Ito, Fukiko Kimura and Naotoshi Matsudomi

Department of Biological Chemistry, Faculty of Agriculture
Yamaguchi University
Yamaguchi, Japan

Ovalbumin exists as a singly N-glycosylated form at only Asn-292 in egg
white, despite the possession of two potential N-glycosylation sites at Asn-292
and Asn-311. We have investigated the role of N-glycosylation in the ovalbumin
secretion using Pichia pastoris. The N292Q mutant, which eliminated N-
glycosylation site of ovalbumin, reduced greatly the secretion level as compared
to wild-type, whereas the secretion level of N311Q mutant eliminated another
N-glycosylation site was almost equal to that of wild-type. The double mutant
(N292/311Q) was scarcely secreted. However, their mutant ovalbumins were
found to be expressed to equal level to the wild-type in the cells. CD and
intrinsic fluorescence spectra showed that conformation of the purified mutant
ovalbumins was grossly similar to that of egg ovalbumin. However, heat
stability of N292Q mutant and the double mutant decreased considerably as
compared to that of wild-type, indicating partial unfolding of their mutant
proteins. The result suggests that N-glycosylation on Asn-292 in ovalbumin
contributes to a correct folding of the protein. In addition, study of the
recombinant addition of N-glycosylation sites to ovalbumin revealed the
importance of carbohydrate positioning at Asn-292 in the secretion of
recombinant ovalbumin. We also discuss the importance of carbohydrate

positioning on folding and quality control of ovalbumin.
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PP11 Process Development of a Recombinant C-terminus Heavy
Chain Fragment from Botulinum Neurotoxin Serotype F
(rBoNTF(Hc)], a Potential Vaccine Candidate

Michael P. Dux!, Jicai Huang!, Rick Barent!, Mehmet Inan!, Mark
Gouthrol, Todd Swanson!, Jayanta Sinha!, John T. Ross?, Leonard A.
Smith3, Theresa J. Smith3, lan Henderson?, and Michael M. Meagher!

1Biological Process Development Facility, University of Nebrask-Lincoln, Lincoln,
NE 68588-0668, 2DynPort Vaccine Company, LLC, A CSC Company, 64 Thomas
Johnson Drive, Frederick, MD 21702, 3US Army Medical Research Institute of
Infectious Disease, Division of Toxinology and Aerobiology, Ft. Detrick, MD
21702-5011

A purification process for the manufacture of a recombinant C-terminus
heavy chain fragment from botulinum neurotoxin serotype F [rBoNTF(Hc)], a
potential vaccine candidate, has been defined and successfully scaled-up. The
rBoNTF(Hc) was produced intracellularly in Pichia pastoris X-33 using a three
step fermentation process, i.e., glycerol batch phase for initial cell growth, a
glycerol fed-batch phase to achieve high cell densities, followed by a methanol
induction phase. The protein was purified from the soluble protein fraction of
cell lysates using a four-step purification process (Phenyl Sepharose, MEP
HyperCel TM, SP 650 M and SP Sepharose HP Columns). Capillary Zone
Electrophoresis (CZE) of the product after the third purification step identified
two very similar forms of the rBoNTF(Hc). This was confirmed using Strong
Cation Exchange (SCX) HPLC method, which led to the final polish step, a SP
Sepharose HP column, that was able to separate the different forms at the
bench and production scales. Methods development at the bench sale was
achieved using 5 - 200 mL columns and the process was performed at the pilot
scale using 1.1 - 2.3 L columns in preparation for technology tranfser for CGMP
manufacturing. The process yielded approximately 0.8 g of rBoNTF(Hc) / kg
cells at the bench scale and 0.71 g of rBoNTF(Hc) / kg at the pilot scale. It was
also demonstrated that the purified protein protected mice in a mouse potency

assay when formulated in the presence of 0.2% (w.v) Alhydrogel™
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PP12 Overexpression of Aquaporins in Pichia pastoris

Kristina Nordén

Department of Biochemistry
Lund University
Lund, Sweden

Aquaporins are membrane proteins that selectively transport water and,
in some cases, small solvents across the membranes of the cell. They are
present in almost all living organisms accentuating their importance for life.

To learn more about this protein family, heterologous expression is
important in order to produce large protein quantities that could be used for
example in crystallisation trials and in functionality studies.

The yeast Pichia pastoris has proven useful as an expression system for
aquaporins this far. In our lab one plant aquaporin (SoPIP2:1) and two human
aquaporins (AQP8 and AQPS) have been over expressed thus far. The over
expression of the plant aquaporin has led to the determination of its three
dimensional structure and further insight into the processes that regulates its
function. Hopefully the over expressed human isoforms could, in the future,

also be useful in gaining more knowledge about aquaporins.
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PP13 Post Transformational Vector Amplification in the Yeast
Pichia pastoris

Anthony Jay Sunga

Keck Graduate Institute of Applied Life Science
Claremont, California

Generating a high yield of recombinant protein is a major goal when
expressing a foreign gene in any expression system. In Pichia pastoris, the most
common means of achieving this end involves a time-consuming task of
selecting for transformants that are resistant to high levels of a selectable
marker drug followed by screening these drug resistant transformants for rare
ones that have multiple copies, usually a head-to-tail tandem array of an
expression cassette integrated into the yeast genome. We describe a more
convenient method to select for clones with multiple integrated copies of an
expression vector. Using Zeocin-resistance vectors, we demonstrate that
strains transformed with only one or a few vector copies can, long after
transformation, be subjected to further selection at high levels of drug with a
relatively high percentage (40%) of highly drug resistant clones containing a 3
to 5 fold increase in vector copy number. So called “jackpot” clones with
greater than 10 copies of the expression vector represent 5 to 6% of selected
clones undergoing this process. We show that this method can also be applied

to vectors with other drug markers.
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PP14 Production to Clinical Grade of a Recombinant Protein in
Pichia pastoris

Berend Tolner

Royal Free Hospital
UCL
London, United Kingdom

Clinical testing in Phase I / II trials is an essential component for
evaluating potential of recombinant proteins that are in development as new
cancer treatments. We have developed a GMP production procedure for
recombinant antibody-based bio-therapeutics using a Pichia pastoris
production system. The system we describe is used to produce a single chain
Fv antibody-enzyme fusion protein designed for use in antibody directed
enzyme prodrug therapy (ADEPT). The production process interfaces P. pastoris
fermentation and soluble expression of a recombinant proteins with capture of
secreted hexa-histidine-tagged proteins directly from fermentation broth using
expanded bed adsorption immobilized metal affinity chromatography (EBA-
IMAC). Clinical grade material was obtained after size exclusion and endotoxin
removal. The production process is straightforward and the recombinant fusion
protein product is stable, free from detectable contaminants, enzymatically
active and reactive with its cognate target, carcinoembryonic antigen. The
product has been used safely in patients. The work demonstrates feasibility of
small-scale production of new recombinant anti-cancer biologicals for testing in
Phase I / II clinical trials. General application of the developed production
process for production of laboratory quality grade proteins is shown by
facilitation of the development and production of various proteins in our
laboratory, like N-A1 sub-domains of CEA, scFvs, diabodies and a series of

scFv-albumin fusion proteins.
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PP15 Synthesis, Folding and Secretion of a Full-Length IgG Antibody
in Pichia pastoris

Ilya Tolstorukov

Keck Graduate Institute of Applied Life Science
Claremont, California

Chimeric (human/mouse) genes encoding heavy and light chains of
IgGgammal have been cloned into vector pGAPZalpha and transformed
separately into two P. pastoris strains carrying complementary auxotrophic
mutations. Positive transformants secreting one of the two chains were selected
using a colony membrane transfer technique and blotted with antibodies
specific for each chain (i.e., by the “Yestern” method). Strains secreting either
glycosylated, aglycosylated or a truncated heavy chain were crossed to a strain
secreting light chain and diploids carrying one heavy- and one light-chain
expression cassette were obtained. The resulting diploid strains secreted
correctly assembled antibodies as shown by SDS-PAGE, Western, ELISA, and

by a biological activity assay.
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PP16 Nonaffinity Purification of an Antibody Molecule X
Produced in Pichia pastoris

Liudmila A. Vorontsova

Diosynth Biotechnology
Morrisville, North Carolina, USA

Industrial scale purification method has been developed for downstream
processing of a novel therapeutic protein X, produced by Pichia pastoris
expression system. Protein X represents a class of antibody molecules,
conventionally purified on two affinity columns. Low capacity and relatively
high cost of the affinity purification promoted development of an alternative way
of downstream processing for protein X. Our method includes only two
chromatography steps without need for any buffer exchange steps, that were
conveniently substituted by several alternative ways in preparation of the load.
These modifications helped to avoid protein loss due to diafiltration and to
reduce processing volumes. Multimodal cation exchange resin Capto MMC (GE
Healthcare) was capable of purifying protein X from fermentation supernatant
to >90 % purity by RP-HPLC , making it a perfect choice of a capture step. For
polishing step, a strong anion exchanger Q Sepharose Fast Flow (GE
Healthcare) was incorporated. Despite the pl of the product (6.2), a flow through
chromatography step was successfully developed with completed purification

and yield >95%.
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PP17 Investigation in Cell Disruption Methods for Detection of the
Cell-specific Alcohol Oxidase Activity

Elisabeth Werner

Hamburg University of Applied Sciences — Research Center of Bioprocess
Engineering and Analytical Techniques
Hamburg, Germany

For a better understanding of recombinant protein expression with the
yeast, Pichia pastoris intracellular proteins were analyzed. During the
utilization of methanol the metabolic pathway begins with the oxidation of
methanol to formaldehyde, which is catalyzed by the peroxisomal matrix
enzyme alcohol oxidase.

Due to the fact that alcohol oxidase is located in the methylotrophic
yeast cell it is unavoidable to disrupt the cell in order to detect the specific
activity of the enzyme. Different ways for yeast homogenization as well as the
influence of the cell density have been investigated.

For the analysis of the alcohol oxidase content in cultivation samples
only small sample volumes are available. Unfortunately few cell disruption
methods are applicable for this purpose. On the one hand the yeast
homogenization via ultrasonic disintegration shows the independency of the
AOX content from the cell density. On the other hand the advantage of
simultaneous disruption of large sample quantities with glass beads in a multi
shaker was pointed out.

When analyzing alcohol oxidase in standard cultivation processes small
amounts of AOX activity can be detected during the glycerol fed batch phase.
After induction by a substrate shift to methanol a fast increase of the AOX
activity could be determined. Upon the adaption to methanol cell growth
resumes and the AOX content remains at a constant level. Afterwards, as long

as methanol is present, the AOX content remains steady.
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PP18 Expression of Recombinant Indoor Allergens in P.
pastoris with Equivalent IgE Reactivity to Natural
Purified Allergens

Sabina Wiinschmann, Lisa D. Vailes, Jonathan Lewis,
Martin D. Chapman and Anna Pomés.

INDOOR Biotechnologies, Inc.
Charlottesville, Virginia, USA

Indoor allergens are associated with the development of allergic diseases,
including asthma, in susceptible individuals. High level expression of indoor
allergens in yeast provides a homogenous source of international standards for
in vitro assays and for research use. Mite (Group 1 and Group 2) allergens
were expressed in Pichia pastoris (pPICZa) and purified by affinity
chromatography or HPLC. The recombinant allergens, developed as reference
standards for the European Union CREATE program, were compared with the
natural counterparts by SDS-PAGE, protein assay, amino acid analysis, mass
spectrometry and ELISA. They showed parallel dose response curves by ELISA
and consistent quantitative relationships. There was good correlation between
IgE binding to natural and recombinant allergens, which, in the case of rDer p
1 was improved (89%) by deglycosylation using site-directed mutagenesis
(r2=0.90, n=72, p<0.001). De-glycosylated rDer p 1 also showed a decreased
molecular weight and a 2.5 fold increase in reactivity using a mAb ELISA
compared to glycosylated rDer p 1 after removal of pro-regions. The purified
Pichia expressed mite allergens are suitable for international comparisons of
allergen levels by immunoassay, measurements of environmental exposure and

standardization of allergenic products for diagnosis and therapy.
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PP19 Pichia pastoris Fermentation Process Development

Xiaoyue Zhu

Diosynth Biotechnology
Morrisville, North Carolina, USA

This work describes the structured fermentation development efforts that
we employ to design high-yield Pichia pastoris fermentations for therapeutic
protein production. This approach results from the experience of developing
more than 10 Pichia-based manufacturing processes for the production of
various recombinant proteins.

P. pastoris is known for the following characteristics and is therefore a
desirable expression system for production of recombinant proteins: growth to
high cell densities in defined, animal component free media, high level secretion
of heterologous proteins with minimal secretion of host proteins and eukaryotic
protein folding and post-translational modifications. These characteristics are
optimized during fermentation process development to derive an efficient
manufacturing process.

Generally, efficient fermentation processes couple high-cell density with
optimal induction strategies to maximize specific and volumetric productivity.
Support of high-density cell growth can be achieved through a combination of
medium design and control of nutrient feeding, temperature and pH. Tight
control of methanol concentration during the induction phase is also critical to
efficient production. An example of P. pastoris (Muts phenotype) fermentation
process development for the production of a development-stage
biopharmaceutical (antibody fragment) resulting in a 2.5-fold increase in
productivity and including scale-up from 10-L, to 100-L and to 1500-L scale

will be presented an discussed.
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PP20 Occurrence of GFP-TNFR1 Fusion Protein Inside P.
pastoris Peroxisomes

Ana Lenassi Zupan

National Institute of Chemistry
Ljubljana, Slovenia

Green fluorescent protein (GFP) fused to the N-terminus of soluble
human TNF receptor type I (shTNFR1) was expressed in the cytoplasm of Pichia
pastoris. shTNFR1, the natural inhibitor of TNF alpha, is a cysteine-rich
protein, forming 12 disulfide bonds, all needed for the stable, biologically active
protein. The intracellular expression of the fusion protein resulted in the
formation of fluorescent particles located inside the organelle fraction. Based on
our previous results we proposed the peroxisomes as a potential target
organelle for the fusion protein import. The peroxisomal location of the fusion
protein was confirmed by co-expression of GFP-shTNFR1 and monomeric red
fluorescent protein bearing an SKL peroxisomal targeting signal and their co-
localisation inside the P. pastoris cells demonstrated by fluorescence
microscopy. In order to unequivocally confirm the translocation of GFP-
shTNFR1 into peroxisomes additional experiments were performed. Peroxisomes
were isolated by density centrifugation in Percoll gradient and alcohol oxidase
(AOX), an enzyme specific for peroxisomes, was detected immunologically inside
the fluorescent organelle fraction. GFP-shTNFR1 and AOX protein contents
were analysed by SDS-PAGE and Western Blot procedure as well. GFP-
shTNFR1 fusion protein does not contain well known targeting signals required
for the import into peroxisomes, therefore some other mechanism must be

involved in the observed translocation.
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