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Schedule at a Glance

Sunday, March 214, 2014

4:00 p.m. Registration and Exhibitor Set-up
Rousseau Suite

5:30 p.m. Keynote lecture speakers presentation check
Toucan and Macaw Ballrooms

6:00 p.m. Conference Welcome and Keynote Lectures
Toucan and Macaw Ballrooms

7:30 p.m. Dinner on own

Monday, March 34, 2014

7:00 a.m. Poster Set-up and Registration Open
Rousseau Suite

8:00 a.m. Breakfast and Exhibits Open

Rousseau Suite

8:30 a.m. Session 1 speakers presentation check
Toucan and Macaw Ballrooms

9:00 a.m. SESSION 1: EXPRESSION OF COMPLEX MOLECULES IN PICHIA
Toucan and Macaw Ballrooms

10:00 a.m. Break
Rousseau Suite

10:30 a.m. Session 1 continues

12:00 p.m. Lunch on the Beach

In case of inclement weather, lunch hosted in Cockatoo Ballroom

1:00 p.m. Session 2 speakers presentation check
Toucan and Macaw Ballrooms

1:30 p.m. SESSION 2: SYSTEMS ENGINEERING

Toucan and Macaw Ballrooms

2:40 p.m. Break

Rousseau Suite



3:00 p.m.

4:20 p.m.

6:00 p.m.

8:00 p.m.

8:30 p.m.

Session 2 continues

Break and Poster Session
Rousseau Suite

Dinner event - Luau on the Beach - Dress warmly

Surprise session speaker presentation check
Toucan and Macaw Ballrooms

Surprise session
Toucan and Macaw Ballrooms

Tuesday, March 4, 2014

8:00 a.m.

8:30 a.m.

9:00 a.m.

10:40 a.m.

11:00 a.m.

12:00 p.m.

1:00 p.m.

1:30 p.m.

2:40 p.m.
2:50 p.m.
4:10 p.m.

6:30 p.m.

Breakfast and exhibits open
Rousseau Suite

Session 3 speakers presentation check
Toucan and Macaw Ballrooms

SESSION 3: BASIC BIOLOGY AND METHODS

Toucan and Macaw Ballrooms

Break and Poster Viewing
Rousseau Suite

Session 3 continues
Lunch on own

Session 4 speakers presentation check
Toucan and Macaw Ballrooms

SESSION 4: COMMERCIAL PRODUCTS MADE IN PICHIA

Toucan and Macaw Ballrooms

Break

Session 4 continues

Open Afternoon and Poster Session Judging

Dinner Cruise on the Bahia Belle



Wednesday, March 5%, 2014

8:00 a.m.

8:30 a.m.

9:00 a.m.

10:20 a.m.
10:40 a.m.

11:40 a.m.

12:00 p.m.

Breakfast and Exhibits Open

Rousseau Suite

Session 5 speakers presentation check
Toucan and Macaw Ballrooms

SESSION 5: BIOPROCESSING

Toucan and Macaw Ballrooms
Break
Session 5 continues

Awarding of prizes for best posters
Toucan and Macaw Ballrooms

Close of Conference - box lunch provided



Scientific Program

Sunday, March 214, 2014

4:00 p.m. Registration and Exhibitor Set-up
Rousseau Suite

6:00 p.m. Conference Welcome and Keynote Lectures
Chair: Knut Madden, Ph.D., Co-founder and President, BioGrammatics, Inc.
Toucan and Macaw Ballrooms

Keynote Lecture #1: Introduction to Pichia.
Jim Cregg, Ph.D., Keck Graduate Institute and BioGrammatics, Inc.

Keynote Lecture #2: A look to the Future.
Anton Glieder, Ph.D., Austrian Centre of Industrial Biotechnology (ACIB)

7:30 p.m. Dinner on own

Monday, March 34, 2014

7:00 a.m. Poster Set-up and Registration Open
Rousseau Suite

8:00 a.m. Breakfast and Exhibits Open

Rousseau Suite

9:00 a.m. SESSION 1: EXPRESSION OF COMPLEX MOLECULES IN PICHIA
Chair: Tom Chappell, Ph.D., BioGrammatics, Inc.
Toucan and Macaw Ballrooms

Keynote Lecture #3: Antibody Production.
John Latham, Ph.D., Alder Pharmaceuticals

9:40 a.m. Short Lecture #4: BioCatalysis in Pichia.
Martina Geier, Ph.D., Austrian Centre of Industrial Biotechnology (ACIB)

10:00 a.m. Break

Rousseau Suite

10:30 a.m. Short Lecture #5: Production of anti-malaria transmission blocking

vaccine candidates in Pichia pastoris.
Nicholas MacDonald and David L. Narum, National Institutes of Health



11:10 a.m.

11:30 a.m.

12:00 p.m.

1:30 p.m.

2:00 p.m.

2:20 p.m.

2:40 p.m.

3:00 p.m.

3:20 p.m.

3:40 p.m.

4:00 p.m.

Short Lecture #6: Production of complex proteins using Pichia pastoris:
Do inappropriate process conditions nullify the advantage of molecular

construction?
Karin Kovar, Ph.D., Zurich University of Applied Sciences

Short Lecture #7: Production Of Human Lysosomal Alpha-
galactosidaseA Produced In Pichia pastoris For The Treatment Of Fabry

Disease.
Charlotte De Visscher, Ph.D., VIB, Gent

Lunch on the Beach
In case of inclement weather, lunch hosted in Cockatoo Ballroom.

SESSION 2: SYSTEMS ENGINEERING
Chair: Benjamin Glick, Ph.D., University of Chicago
Toucan and Macaw Ballrooms

Keynote Lecture #9: Secretory system engineering in Pichia pastoris.
Nico Calleweart, Ph.D., VIB, Gent

Short Lecture #10: Knockout of an endogenous mannosyltransferase

increases the homogeneity of glycoproteins produced in Pichia pastoris.
Oliver Spadiut, Ph.D., Vienna University

Short Lecture #11: Pichia OCH1 Mutants: What's different about

SuperMan5?
Tom Chappell, Ph.D., BioGrammatics, Inc.

Break

Rousseau Suite

Short Lecture #12: Expanding the toolbox of the Pichia pastoris
platform - Systems biology based identification of novel promoters,

secretion leaders and metabolic engineering targets.
Brigitte Gasser, Ph.D., BOKU University of Natural Resources and
Life Sciences and Austrian Centre of Industrial Biotechnology (ACIB)

Short Lecture #13: Transcriptomic Analysis of Clonal Variation in Pichia

pastoris.
Rochelle Aw, Ph.D., Imperial College London

Short Lecture #14: Identification of a novel regulatory system of the

Pichia pastoris AOX1 promoter.
Helmut Schwab, Ph.D., Graz Technical University

Short Lecture #15: Targeted process optimization and scale up to

industrial scale with 2nd generation AOX1 promoter variants.
Iskandar Dib, Ph.D., VTU



4:20 p.m.

6:00 p.m.

8:30 p.m.

Break and Poster Session
Rousseau Suite

Dinner event - Luau on the Beach - Dress warmly
Surprise session, a historical perspective with Pichia alumni

followed by a social hour with hosted bar
Toucan and Macaw Ballrooms

Tuesday, March 4th, 2014

8:00 a.m.

9:00 a.m.

9:40 a.m.

10:20 a.m.

10:40 a.m.

11:00 a.m.

11:20 a.m.

11:40 a.m.

12:00 p.m.

Breakfast and exhibits open
Rousseau Suite

SESSION 3: BASIC BIOLOGY AND METHODS
Chair: Ilya Tolstorukov, Ph.D. Keck Graduate Institute
Toucan and Macaw Ballrooms

Keynote Lecture #17: Role of the endoplasmic reticulum in peroxisome
biogenesis.
Suresh Subramani, Ph.D., University of California, San Diego

Short Lecture #18: Dynamic Organization of the Yeast ER-Golgi System.
Benjamin Glick, Ph.D., University of Chicago

Short Lecture #19: The secretory pathway of Pichia pastoris: genomics,

regulation and redox metabolism.
Diethard Mattanovich, University of Natural Resources and Life Sciences, Vienna, Austria,
Department of Biotechnology; and, Austrian Centre of Industrial Biotechnology (ACIB)

Break and Poster Viewing
Rousseau Suite

Short Lecture #20: The Analysis of a.-Mating Factor Leader Mutations
on Recombinant Protein Secretion in Pichia pastoris
Geoff P. Lin-Cereghino, Ph.D., University of the Pacific

Short Lecture #21: Single Cell Expression.
Chris Love, Ph.D., MIT

Short Lecture #22: Systematic analysis of Pichia as a bioengineering

platform.
Claes Gustafsson, Ph.D., DNA 2.0

Lunch on own
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1:30 p.m.

1:40 p.m.

2:00 p.m.

2:20 p.m.

2:40 p.m.

3:00 p.m.

3:20 p.m.

3:40 p.m.

4:00 p.m.

6:30 p.m.

SESSION 4: COMMERCIAL PRODUCTS MADE IN PICHIA.

Chair: Kurt R. Gehlsen, Ph.D., Research Corporation Technologies
Toucan and Macaw Ballrooms

Short Lecture #24: Production of therapeutic antibodies in
glycoengineered Pichia pastoris.
Saturo Misawa, Ph.D., API

Short Lecture #25: Uniform GlcNAc2Man5-decorated proteins by Pichia

pastoris: achievements in high-level production and characterization.
Roland Weis, Ph.D., VTU

Short Lecture #26: Unlocking Nature's biodiversity to create

differentiated enzyme products.
David Weiner, Ph.D. and Xuqiu Tan, Ph.D., Verenium

Break

Short Lecture #27: Production and characterization of colon cancer

specific immunotoxins.
Javier Lacadena, Ph.D., Madrid

Short Lecture #28: Half-life extension of a chemokine by fusion to HSA:
implications on producibility and in vitro / in vivo characteristics of the

fusion protein.
Aid Atli¢, Ph.D.

Short Lecture #29: Strategies to obtain double digit-titers and high product

quality of therapeutic Nanobodies® produced in Pichia pastoris
Manu de Groeve, Ph.D., Ablynx

Open Afternoon and Poster Session Judging

Dinner Cruise on the Bahia Belle

Wednesday, March 5t, 2014

8:00 a.m.

9:00 a.m.

Breakfast and Exhibits Open

Rousseau Suite

SESSION 5: BIOPROCESSING
Chair: Michael M. Meagher, Ph.D., St. Jude Children's GMP LLC
Toucan and Macaw Ballrooms

Keynote Lecture #31: A road map to the new magical words in
biopharmaceutical production; PAT, DoE, QCA, MVDA, Golden Batch,

Quasi-Continuous Production and Predictive Batch Quality Control.
Reiner Luttmann, Ph.D., Hamburg University of Applied Sciences

11



9:40 a.m.

10:00 a.m.

10:20 a.m.

10:40 a.m.

11:00 a.m.

11:20 a.m.

11:40 a.m.

12:00 p.m.

Short Lecture #32: Advanced near-infrared monitor for stable and
robust real-time measurement and control of industrial Pichia pastoris

processes.
Marina Goldfeld, Ph.D., Merck

Short Lecture #33: Expression of a schistosomiasis antigen in Pichia for

use as a bladder cancer vaccine.
Carl Batt, Ph.D., Cornell

Break

Short Lecture #34: Identification and Characterization of Alcohol

dehydrogenase genes in Pichia pastoris.
Mehmet Inan, Ph.D., Akdeniz University

Short Lecture #35: Fast optimization of Pichia pastoris cultures
employing batch-to-batch control and hybrid semi-parametric

modeling
Rui Oliveira, Ph.D., Mediomics

Short Lecture #36: Protein Expression Dynamics and External Cell
Interactions During Recursive Changes Between Glycerol and Methanol
in Long Term Recombinant Protein Production Runs With Pichia
pastoris.

Jan Patrick Voss, Ph.D., Hamburg University of Applied Sciences

Awarding of prizes for best posters
Toucan and Macaw Ballrooms

Close of Conference

Box lunch provided
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P1

P2

P3

P4

P5

Poster Session

Pseudo-continuous Production of Potential Malaria Vaccines by Integration of
Bioreaction, Expanded Bed Adsorption and Fixed Bed Chromatography
Sven-Oliver Borchert

HAW - Hamburg University of Applied Sciences

Hamburg, Germany

Bart Faber, BPRC - Biomedical Primate Research Centre, Rijswijk, The Netherlands
Jessica Paul, Reiner Luttmann and Gesine Cornelissen, HAW - Hamburg University of
Applied Sciences, Hamburg, Germany.

Enhanced membrane protein expression by engineering increased intracellular
membrane production.

Katrien Claes, Mouna Guerfal and Nico Callewaert

"Unit for Medical Biotechnology, Inflammation research center, VIB, Ghent, Belgium
’Laboratory for Protein biochemistry and Biomolecular Engineering (L-ProBE),
Department of Biochemistry and Microbiology, Ghent University, Ghent, Belgium.

Pichia pastoris expression platform for the production of therapeutic antibody
fragments

Di Paolo A.

Eurogentec S.A., Liege, Belgium

Jost L., Pirlot N., Piedboeuf R.

Continuous, Real-time Chemical Monitor for On-line Measurement and Control of
Pichia pastoris Bioprocesses

Chris Evans

ASL Analytical

New tools for pathway generation employing the concepts of synthetic biology
Martina Geier

Austrian Centre of Industrial Biotechnology (ACIB)

Graz, Austria

Thomas Vogl, Institute of Molecular Biotechnology, TU Graz, Graz, Austria
Lukas Sturmberger, Institute of Molecular Biotechnology, TU Graz, Graz, Austria
Christian Schmid, Institute of Molecular Biotechnology, TU Graz, Graz, Austria
Birgit Wiltschi, Austrian Centre of Industrial Biotechnology (ACIB), Graz, Austria
Anton Glieder, Austrian Centre of Industrial Biotechnology (ACIB), Graz, Austria
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P6 Functional expression of human Na',K'-ATPase a3p1 in a cholesterol producing
Pichia pastoris strain
Melanie Hirz
Institute of Molecular Biotechnology, Graz University of Technology
Gerald Richter, Institute of Molecular Biotechnology, Graz University of Technology,
Tamara Wriessnegger, ACIB - Austrian Centre of Industrial Biotechnology, Graz,
Austria
Harald Pichler, Institute of Molecular Biotechnology, Graz University of Technology,
ACIB - Austrian Centre of Industrial Biotechnology, Graz, Austria

P7 Design of Pichia pastoris culture media formulations by functional enviromics
Inés A. Isidro’
! Faculty of Sciences and Technology, Universidade Nova de Lisboa
Caparica, Portugal
A R. Ferreira’, JM.L. Dias', F. Ataide’, J.J. Clemente’, A.E. Cunha’, R. Oliveira"*?
? MediaOmics, Caparica, Portugal
I Instituto de Biologia Experimental e Tecnolégica (IBET), Oeiras, Portugal

P8 Prediction of dewatering properties of Pichia high cell density cultures in
centrifuges and impact of strain selection using a novel ultra scale-down tool
Eli Keshavarz-Moore
University College London

P9 Proof of concept study of a novel codon optimization algorithm on antibody
fragments expression in Pichia pastoris: Insights into the importance of codon
context
Maximilian Klement
Bioprocessing Technology Institute, National University of Singapore
Singapore, Singapore
Bevan Kai-Sheng Chung; Bioprocessing Technology Institute; Singapore, Singapore.
Dave Siak-Wei Ow; Bioprocessing Technology Institute; Singapore, Singapore.
Dong-Yup Lee; Bioprocessing Technology Institute, National University of Singapore;
Singapore, Singapore.

P10 N-glycosylation Galore! Personalizing and customizing N-glycans beyond
GlycoSwitch.
Bram Laukens, Charlot De Wachter and Nico Callewaert.
Unit for Medical Biotechnology, Inflammation Research Center, VIB, Ghent, Belgium

14



P11

P12

P13

P14

P15

High-throughput Mapping, Dissection, and Optimization of DNA Replication
Origins and ARS Modules in Pichia pastoris Using Deep Sequencing Approaches.
Ivan Liachko, Ph.D.

Department of Genome Sciences, University of Washington. Seattle, WA, USA

Rachel Anne Youngblood, University of Washington, Seattle, WA, USA

Kyle Tsui, University of Toronto, Toronto, Canada

Corey Nislow, University of Toronto, Toronto, Canada

Maitreya J. Dunham, University of Washington, Seattle, WA, USA

Rescue of Aggregation-prone IgGs by Expression in Pichia pastoris

Peter Lindner

University of Zurich, Department of Biochemistry, Winterthurerstrasse 190, CH-8057
Zurich, Switzerland

Co-Authors:

Jonas V. Schaefer and Andreas Pliickthun

Production of Proteins using the Yeast Pichia pastoris: Interfacing Fermentation
and Radial Flow Bed IMAC Primary Capture

Maria Livanos

UCL Cancer Institute,

London, United Kingdom

Gaurav Bhavsar', Gabriela Nagy’, Andreas Pliickthun’, Berend Tolnerl and Kerry
Chester'

"UCL Cancer Institute, London, United Kingdom;

? University of Zurich, Zurich, Switzerland.;

Efficient production of human anti-CEA scFv-based N-terminal trimerbodies in
Pichia pastoris

Olombrada, Ml., Blanco-Toribio, A.z, AlvareZ-Cienfuegos, N.z, Nuiiez-Prado, N.2, Sanz,
L.2, Alvarez-Vallina, L.” and Lacadena, J'.

'Department of Biochemistry and Molecular Biology, Universidad Complutense de
Madrid, Madrid, Spain

’Molecular Immunology Unit; Hospital Universitario Puerta de Hierro; Madrid, Spain;

New promoters and terminators for Pichia pastoris

Julia Pitzer

Institute of Molecular Biotechnology, Graz University of Technology

Petersgasse 14, 8010 Graz, Austria

Co-authors: Thomas Vogl', Martina Geier’, Christian Schmid', Lukas Sturmberger’,
Thomas Kickenweiz', Anton Glieder’

"Institute of Molecular Biotechnology, Graz University of Technology, Petersgasse 14,
Graz A-8010, Austria

? Austrian Centre of Industrial Biotechnology (ACIB GmbH), Petersgasse 14, Graz A-
8010, Austria

15



P16

P17

P18

P19

P20

Optimization of Pharmaceutical and Technical Protein Production with Pichia
pastoris in a High Instrumented DoE-plant

Kristof Pohlmann

HAW - Hamburg University of Applied Sciences

Hamburg, Germany

Bart Faber, BPRC - Biomedical Primate Research Centre, Rijswijk, The Netherlands
Jens Fricke, Reiner Luttmann and Gesine Cornelissen, HAW - Hamburg University of
Applied Sciences, Hamburg, Germany.

Model based design of synthetic 5’UTR AOXI1 for Pichia pastoris

Rui M. C. Portela

Requimte/CQFB Chemistry Department, FCT/UNL

Caparica, Portugal

Jodo M. L. Dias, Requimte/CQFB Chemistry Department, FCT/UNL, Caparica, Portugal
Rui Oliveira, Requimte/CQFB Chemistry Department, FCT/UNL, Caparica, Portugal

New diagnostic tests for human African trypanosomiasis with

recombinant antigens expressed in Pichia pastoris

Rogé S.'?, Van Nieuwenhove L., Taal A.', Guisez Y.% Gilleman Q.’, Mertens P.’,
Biischer P.'

'Department of Biomedical Sciences, Unit of Parasite Diagnostics, Institute of Tropical
Medicine, Nationalestraat 155, B-2000 Antwerp, Belgium.

’Laboratory for Molecular Plant Physiology and Biotechnology, Department of Biology,
University of Antwerp, Groenenborgerlaan 171, B-2020 Antwerp, Belgium.

I Coris BioConcept, Science Park Crealys, Rue Jean Sonet 44, 5032 Gembloux, Belgium

Understanding scFv production in Pichia pastoris and the many routes to
productivity

Kate Elizabeth Royle

Imperial College, London, UK

Cleo Kontoravdi, Imperial College, London, UK

David Leak, University of Bath, Bath, UK

Methanol induced changes on the transcriptome, proteome, metabolome and
fluxome of Pichia pastoris

Hannes Rumayer

Austrian Centre of Industrial Biotechnology (ACIB) c/o Department of Biotechnology,
BOKU University of Natural Resources and Life Sciences

Vienna, Austria

Markus Buchetics", Matthias Steiger'”, Minoska Valli'?, Clemens Gruber'”, Friedrich
Altmann'?, Alexandra B. Graf"*, Gerda Modarres™’, Raffaele Guerrasio’’, Kristaps

16



P21

P22

Klavins'”, Stefan Neubauer™*, Christina Haberhauer-Troyer'”, Gunda Koellensperger'”,
Stephan Hann'”, Michael Sauer"?, Brigitte Gasser"”, Diethard Mattanovich"’

! Austrian Centre of Industrial Biotechnology (ACIB), Vienna, Austria

? Department of Biotechnology, University of Natural Resources and Life Sciences
Vienna, Austria

7 Department of Chemistry, University of Natural Resources and Life Sciences Vienna,
Austria

* School of Bioengineering, University of Applied Sciences FH Campus Wien, Vienna,
Austria

Optimization of expression of a chimeric-truncated t-PA by Pichia pastoris strain
GS115 in comparison with KM71

Amirhossein Saadatirad

Pasteur Institute of Iran, Tehran, Iran

Mohammadreza Kazemali, Pasteur Institute of Iran, Tehran, Iran

Synthetic promoters enabling novel gene co-expression strategies

Thomas Vogl

Institute of Molecular Biotechnology, DK Molecular Enzymology

Graz, Austria

Thomas Kickenweiz®, Lukas Sturmberger, Andrea Camattari’, Anton Glieder
“Institute of Molecular Biotechnology, Graz, Austria

b Austrian Centre of Industrial Biotechnology, Graz, Austria

ol
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Abstracts Oral Presentations

T1 Where did the Pichia pastoris Expression System come from? A Short History

James M. Cregg, Keck Graduate Institute of Applied Life Sciences (Claremont, CA) and
Biogrammatics, Inc. (Carlsbad, CA)

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 AOX/ 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 are
the development of host strains that add human-like carbohydrate structures to proteins and the

sequencing of the P. pastoris genome.

18



T4 Complex enzyme systems for whole-cell applications.

Martina Geier

Austrian Centre of Industrial Biotechnology (ACIB)

Graz, Austria
Whole-cell biotransformations employing recombinant microorganisms are an elegant and scalable
possibility to employ enzymes in the synthesis of highly valuable compounds. Using whole cells as
biocatalysts is advantageous is many aspects: time-consuming enzyme isolation and purification steps
can be circumvented, within the cell the enzyme is protected from shear forces and organic solvents and
the cell metabolism can be exploited for cofactor regeneration [1].
The potential of Pichia pastoris as whole-cell biocatalyst will be illustrated by two examples: By
cellular targeting we succeeded in the generation of a D-amino acid oxidase based catalyst displaying an
enhanced specific activity and robustness in comparison to isolated enzyme preparations [2,3]. On the
other hand, in a comparative study we have evaluated the potential of four different microbial systems
expressing the membrane-bound human cytochrome P450 2D6/P450 reductase complex for applications
in drug metabolite synthesis. P. pastoris turned out to be the most efficient expression host, which was
successfully used for the synthesis of steroid metabolites [4,5].
To further promote the use of P. pastoris as whole-cell biocatalyst our current research is focused on the
generation of novel chassis strains with beneficial features such as improved cofactor regeneration and

the use of Pichia to express heterologous and synthetic pathways for valuable compound synthesis.

[1] Duetz, W. A., van Beilen, J. B., and Witholt, B., 2001, Curr Opin Biotechnol, 12, 419-425.

[2] Abad, S., Nahalka, J., Bergler, G., Arnold, S.A., Speight, R., Fotheringham, I., Nidetzky, B., and
Glieder, A., 2010, Microb Cell Fact, 9.

[3] Abad, S., Nahalka, J., Winkler, M., Bergler, G., Speight, R., Glieder, A., and Nidetzky, B., 2011,
Biotechnol Lett, 33, 557-63.

[4] Geier, M., Braun, A., Emmerstorfer, A., Pichler, H., and Glieder A., 2012, Biotechnol J, 7, 1346-58.
[5] Geier, M., Braun, A., Fladischer, P., Stepniak, P., Rudroff, F., Hametner, C., Mihovilovic, M.D., and
Glieder, A., 2013, FEBS J, 280, 3094-108.

Acknowledgements: The research leading to these results has received funding from the EU-FP7 project OXYGREEN (EC
Grant 212281) as well as from the CHEM21 project, an Innovative Medicines Initiative Joint Undertaking under grant
agreement n°115360, resources of which are composed of financial contribution from the European Union’s Seventh
Framework Programme (FP7/2007-2013) and EFPIA companies’ in-kind contribution. This work has been furthermore
supported by the Federal Ministry of Economy, Family and Youth (BMWF]J), the Federal Ministry of Traffic, Innovation and
Technology (bmvit), the Styrian Business Promotion Agency SFG, the Standortagentur Tirol and ZIT - Technology Agency
of the City of Vienna through the COMET-Funding Program managed by the Austrian Research Promotion Agency FFG.
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T5 Production of anti-malaria transmission blocking vaccines in Pichia
pastoris.

Nicholas J MacDonald, Yimin Wu, Olga Muratova, Martin Burkhardt, Vu Nguyen,
Yanling Zhang, Richard Shimp, Jr., Karine Reiter, Patrick Duffy, David L. Narum

Laboratory of Malaria Immunology and Vaccinology, NIAID, NIH
Rockville, Maryland, USA

Approximately one-half of the world’s population lives in areas exposed to the malaria parasite resulting
in an estimated million deaths annually, 85% of which occur in children under 5. The financial cost of
mosquito-transmitted malaria cripples economic development and contributes to the economic
disadvantage of many countries, especially in Africa. The long term goal of the Roll Back Malaria
Partnership, a global framework that coordinates a worldwide response to malaria is to eradicate
malaria. To this end we are developing malaria transmission blocking (TB) vaccines that target the
malaria parasite as it reproduces in the mosquito's gut. We have shown that antibodies taken up by the
mosquito in a blood meal inhibit parasite development and subsequently block further transmission to
the human host.

Evaluation of our Pichia expressed lead TB vaccine candidate Pfs25 in phase one clinical trials indicated
that the transmission reducing activity generated is likely insufficient for effective transmission
blocking. The gamete surface antigen, Pfs230, a member of the ‘six-cysteine domain’ family of proteins
has long been recognized as a potential transmission-blocking vaccine candidate has been particularly
difficult to produce recombinantly. Using a codon optimized gene and quality by design we have
expressed the first domain (D1) of Pfs230 in Pichia. Antibodies raised against PpPfs230-D1 react with
sexual stage parasites and have potent transmission blocking activity. Through design of experiments
(DOE) we have produce a quality product at pilot-scale following current good manufacturing practices.
The transmission blocking activity of chemical-conjugated/adjuvanted PpPfs230-D1 will be evaluated in
a phase one human trail alone and in combination with P{s25 scheduled for 2014.

We are currently developing our ‘next generation’ TB vaccine, a Pichia expressed Pfs25-Pfs230 fusion
(TBF1) that is recognized by both Pfs25 and Pfs230 conformation specific antibodies. The transmission
blocking activity of TBF1 is currently being compared to Pfs25 and Pfs230-D1 alone and in
combination. We hope that the development of the Pfs25-Pfs230 fusion will result in a cost-effective,
efficient bivalent transmission blocking anti-malaria vaccine.

In two presentations we will report on the pre-clinical and clinical development of our Pichia expressed
malaria TB vaccine candidates and report on our clinical trials.
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T6 Production of complex proteins using Pichia pastoris: Do inappropriate process
conditions nullify the advantage of molecular construction?

Karin Kovar
Ziirich University of Applied Sciences (ZHAW), Institute of Biotechnology (IBT)
Widenswil 8820, Switzerland

The production of human recombinant structural proteins (such as collagen) or membrane proteins (as
models of therapeutic targets) by Pichia pastoris would yield products of an unprecedented, pharma-
compliant quality and quantity that is not achievable by conventional extraction methods from animal
material. Occupancy of glycosylation sites, proline-hydroxylation or building disulfide bridges are
examples of critical post-translational modifications that are highly dependent on cultivation conditions.
The physiological state of the cells in relation to methanol availability (i.e. carbon excess in batch
culture or carbon limitation in fedbatch), as well as temperature and oxygen uptake are major factors
that greatly influence the accuracy of these modifications. Observations of such product variability made
under different well-controlled conditions in bioreactor experiments will be exemplified by current
projects on collagen III, heteromeric amino acid transporter (HAT) and granulocyte-macrophage colony
stimulating factor (GM-CSF). From the perspective of researchers involved in process development,
these results may raise conceptual questions concerning (i) current methodologies of high-throughput
screening, (ii) the need for alignment of strain and process design and (iii) desired features for new

molecular-biology tools.
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T7 Production Of Human Lysosomal Alpha-galactosidaseA Produced In Pichia
pastoris For The Treatment Of Fabry Disease

De Visscher Charlotte

Unit for Medical Biotechnology, Inflammation research center, VIB, Ghent, Belgium
Laboratory for Protein biochemistry and Biomolecular Engineering (L-ProBE),
Department of Biochemistry andMicrobiology, Ghent University, Ghent, Belgium.

Callewaert Nico

Unit for Medical Biotechnology, Inflammation research center, VIB, Ghent, Belgium
Laboratory for Protein biochemistry and Biomolecular Engineering (L-ProBE),
Department of Biochemistry andMicrobiology, Ghent University, Ghent, Belgium.

Contact: charlotte.de.visscher@irc.vib-ugent.be and nico.callewaert@irc.vib-ugent.be

Lysosomal storage diseases arise from abscence or deficiency of lysosomal enzymes and the
accumulation of their substrate within the patient's lysosomes. Currently, recombinant enzymes used for
enzyme replacement therapy are mostly produced in mammalian cell-lines. We are creating a platform
technology for the production of recombinant human lysosomal enzymes in Pichia pastoris. We
engineered the N-glycosylation pathway of glycoproteins secreted by Pichia pastoris (P.p.) to obtain
high levels of mannose-6-phosphate (M6P) modifications, which are required for lysosomal targeting'.
As a first application, the enzyme alpha-galactosidase A (GLA) was produced. Since the homodimeric
GLA is prone to aggregation or dissociation into monomers, a competitive inhibitor such as
deoxygalactonojirimycin (DGNJ) or galactose was added during production. This decreases aggregation
and enhances stability of the correct fold during purification. The enzyme was purified through nickel
affinity chromatography, anion exchange and size exclusion chromatography steps. During purification,
acidic buffers (pH 6) are used to keep the enzyme active. These actions result in a homogeneous enzyme
with a specific activity in the same range as the current therapeutic standard enzyme.

Purified GLA is being evaluated for uptake efficiency and activity in fibroblasts derived from a Fabry

disease patient.

Reference
1. Tiels, P. et al. A bacterial glycosidase enables mannose-6-phosphate modification and improved cellular uptake of
yeast-produced recombinant human lysosomal enzymes. Nat Biotech 30, 1225-1231 (2012).
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T9 Secretory system engineering in Pichia pastoris
Nico Callewaert

Unit for Medical Biotechnology, Inflammation research center, VIB, Ghent, Belgium
Laboratory for Protein biochemistry and Biomolecular Engineering (L-ProBE),
Department of Biochemistry and Microbiology, Ghent University, Ghent, Belgium.

Contact: nico.callewaert@irc.vib-ugent.be

The Pichia pastoris protein expression system has come a long way since its early development by
J. Cregg and coworkers. It is now part of the standard toolkit of most recombinant protein
expression laboratories, filling up the gap between E. coli and cell wall-lacking host cells such as
insect cells and mammalian cells. Most proteins produced in Pichia are targeted to its secretory
system, and the engineering of processes in these cellular compartments has been the focus of our
laboratory for the past 15 years. In particular, we have worked out ways to homogenize Pichia's N-
glycosylation so as to enable more efficient downstreamprocessing and to avoid the production of
glycans not compatible with use in humans. We built on this to then customize Pichia's
glycosylation for particular therapeutic purposes. [ will give an update on the status in this field, as
it is now poised to significantly expand the application spectrum of Pichia produced proteins.
Furthermore, I will review work on exploiting the physiology of the yeast's membrane biogenesis,
membrane transport and protein quality control, to customize the organism for the production of
particularly challenging proteins such as membrane proteins. Much of this work is enabled by our
sequencing of the Pichia genome and I will present the results of new validation work on the

genome assembly.
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T10 Knockout of an endogenous mannosyltransferase increases the homogeneity of

glycoproteins produced in Pichia pastoris

Florian W. Krainer', Christoph Gmeiner’, Lukas Neutsch’, Robert Pletzenauer’, Markus

Windwarder4, Fritz Altmann4, Anton Glieder’ and Oliver Spadiut’

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

Vienna University of Technology, Institute of Chemical Engineering, Research Area Biochemical
Engineering, Vienna, Austria

University of Vienna, Department of Pharmaceutical Technology and Biopharmaceutics, Vienna,
Austria

University of Natural Resources and Life Sciences, Division of Biochemistry Vienna, Austria

> Austrian Centre of Industrial Biotechnology (ACIB GmbH), Graz, Austria

The yeast Pichia pastoris is a common host for the recombinant production of biopharmaceuticals,
capable of performing posttranslational modifications like glycosylation of secreted proteins. However,
the activity of the OCHI encoded a-1,6-mannosyltransferase triggers hypermannosylation of secreted
proteins at great heterogeneity, considerably hampering downstream processing and reproducibility.
Horseradish peroxidases are versatile enzymes with applications in diagnostics, bioremediation and
cancer treatment. Despite the importance of these enzymes, they are still isolated from plant at low
yields with different biochemical properties.

Here we show the production of homogeneous glycoprotein species of recombinant horseradish
peroxidase by using a P. pastoris platform strain in which OCH1 was deleted. This ochl knockout strain
showed a growth impaired phenotype and considerable rearrangements of cell wall components, but
nevertheless secreted more homogeneously glycosylated protein carrying mainly Man8 instead of
Man10 N-glycans as a dominant core glycan structure at a volumetric productivity of 70 % of the

wildtype strain.

The authors are very grateful to the Austrian Science Fund (FWF): project P24861-B19 for funding.
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T12 Expanding the toolbox of the Pichia pastoris platform - Systems biology based
identification of novel promoters, secretion leaders & metabolic engineering
targets

Brigitte Gasser
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Pichia pastoris is the most frequently used yeast system for heterologous protein production
today, however, the toolbox of available genetic elements is rather limited. Instead of classical
genetic approaches, we applied systems biology tools to improve several aspects of the P. pastoris
production platform.

A set of novel regulated promoters, enabling induction without methanol, was successfully
identified by using DNA microarrays and shown to be suitable for high level expression of
recombinant proteins in glucose-based protein production processes.

Analysis of the secretome of P. pastoris revealed that the secretion leader of the most abundant
secretory protein can be successfully used to target several recombinant human proteins for
secretion, even exceeding the secretion levels obtained with the commonly used Saccharomyces
cerevisiae MFa secretion leader and generating a correct N-terminus. Surprisingly, this leader is
undergoing a unusual 3-step processing on its way to the cell exterior, making the novel secretion
leader sequences not only a valuable tool for recombinant protein production, but also for basic
research of intracellular transport.

The incorporation of heterologous protein production into the genome-scale metabolic model
allows the investigation of interplay between protein production, energy demand and biomass
formation, and the prediction of cell engineering targets. Thereby, enhancement of recombinant
protein production by model based redirections of carbon fluxes and energy production, with the
example of intracellular production of human copper/zinc superoxide dismutase in P. pastoris was
achieved.

Taken together, these novel elements expand the toolbox of the P. pastoris platform and enable
more robust and cost-effective production processes for biopharmaceutical proteins and for
industrial enzymes.
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T13 Transcriptomic Analysis of Clonal Variation in Pichia pastoris

Rochelle Aw
Imperial College London
London, UK

Geraint Barton, Imperial College London, London, UK
David Leak, University of Bath, Bath, UK
Karen Polizzi, Imperial College London, London, UK

The limitations of the secretory pathway have been firmly established as an impediment to the high yield
production of recombinant protein in the methyltrophic yeast Pichia pastoris. High volumetric
productivity obtained in some instances makes using this yeast very attractive, yet this appears to be
protein specific. Furthermore, it is often observed that clones from the same transformation can give
significantly different titre. This clonal variation has long been an accepted attribute of working with P.
pastoris and leads to researchers often screening thousands of colonies to identify the best secretor. To
investigate the intricacies of clonal variation, microarray analysis using optimised second generation P.
pastoris specific probe sets was undertaken on strains of GS115 transformed with a single copy of a
human serum albumin (HSA4) gene. Nine strains: three high, three mid-level and three low secretors were
analysed to try and identify common trends to explain the variation observed. However, no common
pathways consistently correlated with titre levels. Instead, a number of physiological changes appeared
to explain differences in titre, suggesting there is more than one biochemical signature for high
producing strains. Knockout strains for individual genes were created to observe the impact on

therapeutic protein production.
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T14 Identification of a novel regulatory system of the Pichia pastoris AOXI promoter.

Michael Tscherner, Ingund Anderl, Helmut Schwab*

Graz University of Technology,

Institute of Molecular Biotechnology

Petersgasse 14

8010 Graz Austria
A random library of genomic fragments was transformed into P. pastoris. By using a dominant selection
system several clones could be identified that encoded for a specific gene which conferred a regulatory
effect on expression of the AOXI promoter. This presentation will provide a detailed analysis of this

regulatory system and, in addition, the use of it for enhanced expression of heterologous genes under the

control of the AOXI promoter is discussed.
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T15 Targeted process optimization and scale up to industrial scale with 2" generation
AOX1 promoter variants

Iskandar Dib, Rodolfo Bona, Aid Atlic, Heinz Plank, Roland Weis and Thomas
Purkarthofer
VTU Technology GmbH, Parkring 18, 8074 Grambach/Graz, Austria

VTU’s 2™ generation AOX1 promoter variants for Pichia pastoris bear a higher repression-threshold for
concentration of glycerol (or glucose) thus enabling “methanol-free” protein production upon limited
glycerol/glucose feed. In this “derepression status” no negative regulation of the promoter is taking
place, thus promoting efficient transcription of the target gene(s) without additional induction by
methanol. Major advantages of this new technology — besides abolishing toxic and explosive methanol
as a substrate — are reduced oxygen consumption in fermentation and therefore clearly reduced heat
production.

We have successfully used 2™ generation AOX1 promoter variants for production of various proteins in
Pichia pastoris. In a recent project we applied this technology for production of an industrially relevant
hydrolase. Results from initial screening and strain development on micro-plate scale were very
promising. However, in first bioreactor cultivations applying an established generic protocol, the
product titers — despite being in the g/L range — failed to reach expectations. We therefore analyzed the
production process in detail and optimized the interplay of cell density and specific feed rates in a
targeted approach. Through optimization in a 5 L bioreactor, the product titer was increased 5-fold.
Subsequently, the process was successfully transferred to our customer’s labs and finally to a 20 m?

scale production facility.
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T18 Dynamic Organization of the Yeast ER-Golgi System

Benjamin S. Glick
Department of Molecular Genetics and Cell Biology,
The University of Chicago, 920 East 58th St., Chicago, IL 60615

Budding yeasts show surprising diversity in the structure of the ER-Golgi system. This phenomenon is
evident for transitional ER (tER) sites, which produce COPII vesicles, and also for Golgi architecture. A
typical Pichia pastoris cell contains 3-4 Golgi stacks, each of which is next to a tER site. By contrast, a
typical Saccharomyces cerevisiae cell contains individual, non-stacked Golgi cisternae and dozens of
small tER sites. We are trying to elucidate the molecular basis and functional significance of these
differences.

Our work identified the peripheral membrane protein Sec16 as being important for tER
organization in Pichia. Other groups have proposed that Sec16 acts upstream of the COPII coat to
establish tER sites, but we find instead that Pichia Sec16 acts as a regulator of COPII and tER dynamics.
We propose that tER sites are established by tethering of the COPII machinery to adjacent early Golgi or
pre-Golgi elements. Thus, tER sites probably form as part of integrated self-organizing tER-Golgi units.

Our current efforts are focused on tracking fluorescent secretory cargo proteins in yeast. These
studies indicate that entry into the ER can be a bottleneck for certain foreign secretory proteins. We are

developing rational strategies for addressing this issue.
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T19 The secretory pathway of Pichia pastoris: genomics, regulation and redox
metabolism

Diethard Mattanovich

University of Natural Resources and Life Sciences, Vienna, Austria
Austrian Centre of Industrial Biotechnology, Vienna, Austria

The availability of genome sequences and genome-scale regulatory data enables a deeper look into
the actual cellular processes of non-conventional yeasts. Based on a comprehensive analysis of all
secretory pathway genes in Saccharomyces cerevisiae and 7 other yeast species main differences in
genetic setup between baker’s yeast and Pichia pastoris will be presented. We have studied the
regulation of all secretion related genes upon a broad range of specific growth rates revealing
opposite regulatory trends for different sub-pathways. As an example, N- and O-glycosylation will
be discussed in detail on a genomic and transcriptomic level. Finally the impact of redox processes
and their regulation on protein folding and secretion will be discussed. The highlighted genomic
setup of P. pastoris and its regulation define the frame of our continuing effort to engineer the

secretory pathway towards high efficiency.
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T20 The Analysis of a-Mating Factor Leader Mutations on Recombinant Protein
Secretion in Pichia pastoris

Geoff P. Lin-Cereghino
University of the Pacific
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The methylotrophic yeast, Pichia pastoris, has been genetically engineered to produce many
heterologous proteins for industrial and research purposes. In order to secrete proteins for easier
purification from the extracellular medium, the coding sequences of recombinant proteins are often
fused to the Saccharomyces cerevisiae a-mating factor secretion signal. This a-mating factor secretion
leader contains a 19 amino acid pre region followed by a 65 amino acid pro region. Using computer
modeling of its predicted secondary structure as a guide, extensive site-directed mutagenesis of the 84
residue leader peptide was performed in order to determine the effects of various deletions and
substitutions on the export of recombinant cargo proteins. Though some mutations clearly dampened
protein expression, deletion of amino acids 57-70, corresponding to the last alpha helix of a-mating
factor secretion signal, increased secretion of reporter proteins horseradish peroxidase and lipase at least
50%. These findings raise the possibility that the secretory efficiency of the leader can be further

optimized in the future.
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T22 Systematic analysis of Pichia as a bioengineering platform

Claes Gustafsson
DNA2.0
Menlo Park, United States of America

Synthetic biology advances in gene design and synthesis have enabled greater insight into the
workings of the genetic code and the engineering of phenotypical properties. Full control over
variables such as secretion tags, codon bias, chromosomal integration sites and mRNA structure
allows systematic analysis of how gene sequence impacts expression of encoded proteins. We will
here present studies on how gene design variables affect heterologous protein expression and
function for a wide range of protein targets. We show predictive relationships between gene
sequence features and expression/phenotypic properties that provide the basis for bio design

algorithms that far outperform previous methods.
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T24 Production of therapeutic antibodies in glycoengineered Pichia pastoris

Satoru Misawa
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Y okohama, Japan

In recent years, development of biologics like monoclonal antibodies has expanded, and, more
inexpensive production system is required. Recently, we showed that wild type Pichia-produced anti-
Her2 antibody displayed similar Her2 binding activities to CHO-produced trastuzumab. However, N-
glycans of Pichia-produced anti-Her2 antibody were estimated as Man(.12GlcNAc, from MALDI-TOF
mass analysis. Therefore, the problem of side effects has been concerned when wild type Pichia-
produced antibody was clinically applied as biopharmaceuticals. In this study, we have evaluated the
production of Man5-type anti-Her2 antibody in glycoengineered Pichia, SuperMan5 provided from
BioGrammatics, Inc. N-glycan structure of SuperMan5-produced antibody was estimated as
MansGIcNAc, by MALDI-TOF mass analysis. As a result of optimization of cultivation conditions by
using 1 L jar fermentor, productivity of Man5-type anti-Her2 antibody reached 77 mg/L culture for 168
h methanol fed-batch cultivation. In addition, the results of other therapeutic antibodies expression will

also be presented.
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T25 Uniform GlcNAc;Mans-decorated proteins by Pichia pastoris: achievements in high-
level production and characterization

Iskandar Dib, Rodolfo Bona, Heinz Plank, Thomas Purkarthofer and Roland Weis
VTU Technology GmbH, Parkring 18, 8074 Grambach/Graz, Austria

Heterogeneous N-linked glycan profiles on therapeutic proteins represent a regulatory disadvantage
paired with an elevated workload to identify the respective glycan distribution from batch to batch. In
addition to its established extraordinary secretion capacity, Pichia pastoris GlycoSwitch™ strains now
feature homogeneous N-glycan structures (GIcNAc;Mans) for reliable high-level production of
demanding proteins. The genes for several glycoproteins driven by VTU Technology’s diverse AOX1-
promoter library were integrated into RCT's basic GlycoSwitch™ expression strain (SuperMan5™™) as
well as into the SuperMan5 protease knock-out strains. Glycan integrity of the respective glycoproteins
was evaluated and proved to be uniform throughout a process chain in 5L bioreactors simulating a large
scale production process with 35 population doubling levels. Moreover, strain productivity for the
glycoproteins was comparable to strains exhibiting wildtype-like N-glycosylation. Case studies of the

biological implications of the GlcNAc;Mans_glycans on human serum proteins will be presented.
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T26 Unlocking Nature's Biodiversity to Create Differentiated Enzyme Products

Xuqiu Tan and David P. Weiner
Verenium Corporation - Now Part of BASF
3550 John Hopkins Court, San Diego, CA 92121

Pichia can be a flexible platform for cost-effective expression of diverse enzymes. Over the last two
decades, Verenium has developed a proven suite of proprietary technologies that allows us to tap into
the tremendous diversity of microbial life on our planet. In this presentation, we will describe some of
our recent work on applying these technologies to discover, evolve, and commercialize high-
performance enzyme products that are transforming industrial processes. A key aspect on the road to
commercialization of any of our enzymes is developing a highly efficient heterologous expression
system and creating a robust scalable bioprocess. Through several examples, we will discuss how

Pichia plays an important role in many of our projects.
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T27 Production and characterization of colon cancer specific immunotoxins

Dr. Javier Lacadena. Department of Biochemistry and Molecular Biology I. Faculty of
Chemistry. Universidad Complutense de Madrid. Spain

Immunotoxins are highly specific therapeutic agents that hold promise as antitumoral agents. They are
usually chimeric molecules composed of a specific antibody fragment, responsible for the targeting,
linked to a toxin moiety which promotes cellular death.

In the talk there will be presented the results obtained dealing with the design, construction, production
in Pichia pastoris, isolation, and functional and structural characterization of different immunotoxins
aimed at colon cancer cells. These recombinant immunotoxins are based on the fusion of the scFv of an
antibody against the GPA33 antigen and the small, fungal and low immunogenic ribotoxins a-sarcin,
hirsutellin A or RNase T1. GPA33 is an extensively studied membrane antigen which is overexpressed
in 95% of known primary and metastatic colorectal cancers while almost completely absent from any
other tissue.

The differences found in cytotoxic efficiency will be discussed in terms of intracellular trafficking,

potency and specificity of their ribonucleolytic activity.
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T28 Half-life extension of a chemokine by fusion to HSA: implications on producibility
and in vitro / in vivo characteristics of the fusion protein.

Aid Atli¢', Heinz Plank', Christina Zankl?, Tanja Gerlza?, Marko Roblek’, Lubor
Borsig3, Thomas Purkarthofer', Andreas J. Kunglz, and Roland Weis'
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With >18 g/L of HSA in culture supernatant after methanol-driven bioreactor cultivation, this protein
titer constitutes one of the highest results in the history of VTU Technology's application of 1*
generation AOX1 promoter variants. As an obvious strategy, fusion of payloads to HSA takes advantage
of the inherent high secretion rate of HSA on the one hand, and on the other hand profits from an
increased half-life in vivo. As a biotechnology company developing a novel class of biopharmaceuticals
based on glycan-binding decoy proteins, ProtAffin used its proprietary CellJammer® technology to
generate a decoy protein based on monocyte chemotactic protein-1 (MCP-1/CCL2) called PA910. As
PA910 has a relatively short serum half-life, various HSA-fusion architectures were designed and the
respective genes expressed using VTU Technology’s AOX1-promoter library in microscale screening.
After bioreactor cultivation in higher g L-1 range, biophysical characterization and comparative analysis
of the different HSA-fusion proteins, one particular architecture was selected. The fusion protein in
comparison to the unfused molecule revealed convincing characteristics after in depth in vitro as well as

in vivo analysis.
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T29 Strategies to obtain double digit-titers and high product quality of therapeutic
Nanobodies® produced in Pichia pastoris
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Ablynx is a biopharmaceutical company engaged in the discovery and development of Nanobodies®, a
novel class of therapeutic proteins based on single-domain antibody fragments, for a range of serious
human diseases, including inflammation, haematology, oncology and pulmonary disease. The company
has >25 pharmaceutical programs in the pipeline and several of our Nanobodies are already in Phase I
and Phase II clinical trials. Because of their small size, Nanobodies have several advantages in
comparison to conventional antibodies, such as ease of manufacturing, flexible formatting, excellent

stability and possibility to use alternative routes of delivery.

Pichia pastoris X33 is currently Ablynx’ preferred production host for Nanobodies, mainly because of
its high expression yields and low amount of secreted host cell proteins, resulting in short process
development timelines. Production processes are fully developed in-house, starting from host creation to
fermentation optimization and development of the downstream process. Non-cGMP productions are
performed at Ablynx up to 100 L-scale, while larger cGMP productions for early clinical studies are

being performed externally at >1000 L-scale.
This presentation will address the different aspects of Pichia process development for Nanobody

production, from host creation to fermentation and downstream processing, with the main focus on the

optimization of product yield and quality.
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T31 A road map to the new magical words in biopharmaceutical production —
PAT, DoE, QCA, MVDA, Golden Batch, Quasi-Continuous Production and
Predictive Batch Quality Control

R. Luttmann'
J. Fricke', S.-O. Borchert, J. Paul', K. Pohlmann', B. Faber?, G. Cornelissen'

"HAW — Hamburg University of Applied Sciences, Hamburg, Germany

> BPRC — Biomedical Primate Research Centre, Rijswijk, The Netherlands
The application of Quality by Design (QbD) has been receiving more and more attention in the
pharmaceutical community. QbD requires a thorough understanding of its manufacturing process,

requiring an upfront investment in time and resources for the development of a product.

This presentation shows the investigations in fast and reliable tools in order to reach QbD conformal
production strategies. This work is based on potential malaria vaccine production with Pichia pastoris.
The Quality Target Product Profile (QTPP) was defined at the Biomedical Primate Research Center
(BPRC) of the Netherlands, where the production strains were constructed.

A basic part of QbD is to create a process design space and to define the process control space.

The design space is defined by the key and the critical process parameters identified from process
characterization studies. These parameters are the primary focus for in-line, on-line or at-line Process
Analytical Technologies (PAT) applications.

In the process control space the process inputs could be changed without any loss of product quality.

A development of a highly instrumented BIOSTAT® B/Q" multi-bioreactor plant (Sartorius Stedim
Biotech) with a 5 L cell breeding and six 1 L screening reactors allows a fast upstream optimization with

Design of Experiments (DoE) for certain process operation parameters as well as for media component

compositions.

The DoE strategies are based on Modde® (MKS Umetrics). The developed fully automated
sequential/parallel screening cultivation strategy enables a systematic approach for identification of

Critical Quality Attributes (CQA) and thereby of Critical Process Parameters (CPP).

At least a well understood control space for maintaining a consistent product quality could be

determined, supported by extended PAT for at-line product detection.
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This upstream work is a pre-condition for the following down-stream investigations, especially in

product purification.

Here an AKTA%avant (GE Healthcare) was used for column scouting, purification optimization and
definition of design space and control space.This especially for DoE and QbD developed

chromatography system includes also Modde®.

The final step in a QbD based production is an Online Release without direct product quality
monitoring. This leads to a MultiVariate Data Analysis (MVDA) based monitoring of process
reproducibility with the so called Golden Batch.

This measure needs another philosophy in data collection and data processing with especially designed

process control software.

The Golden Batch models must be integrated into an on-line data collection and data processing of a
production plant. This requires a high level of apparatus and in particular software effort. The result is

an on-line monitoring of Golden Batch trajectories up to on-line release of the product.

These areas of development are summarized at HAW Hamburg in a fully automated bioprocess, which
is designed for a quasi-continuous cyclic operation. Here, potential malaria vaccines are produced in
consecutive process steps of cell breeding, protein production, cell clarification, crossflow
microfiltration for cell debris release, crossflow ultrafiltration for product concentration, and protein
purification.

The entire system is under control of PCS 7. Complex data acquisition, pre-processing and managing of
the bio-engineering plant are realized via SIPAT.

By embedding the MVDA software SIMCA QP" in SIPAT, an on-line monitoring of all Golden Batches
was easily installed and tested. This was a prerequisite for an application of Multivariate Predictive
Closed Loop Quality Control, so that a Golden Total Batch Process when leaving its 30-zone can be fed
back automatically.

These methods are initially developed on a virtual bioprocess based on a detailed model of the complex

expression process, and then verified with the real plant.

The presentation will demonstrate the difference of the state of art and QbD-based development of

pharmaceutical production processes.
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T32 Advanced near-infrared monitor for stable and robust real-time measurement and
control of industrial Pichia pastoris processes
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Iowa 52241
Near-infrared spectroscopy is considered to be one of the most promising spectroscopic techniques for
upstream bioprocess monitoring and control. Traditionally the nature of near-infrared spectroscopy has
demanded multivariate calibration models to relate spectral variance to analyte concentrations. The
resulting analytical measurements have proven unreliable for the measurement of metabolic substrates
for bioprocess batches performed outside the calibration process. This paper presents results of an
innovative near-infrared spectroscopic monitor designed to follow the concentrations of glycerol and
methanol, as well as biomass, in real time and continuously during the production of a monoclonal
antibody by a Pichia pastoris high cell density process. A solid-state instrumental design overcomes the
ruggedness limitations of conventional interferometer-based spectrometers. Accurate monitoring of
glycerol, methanol, and biomass is demonstrated over 274 days post-calibration. In addition, the first
example of feedback control to maintain constant methanol concentrations, as low as 1 g/L, is presented.
Post-calibration measurements over a nine-month period illustrate a level of reliability and robustness
that promises its adoption for on-line bioprocess monitoring throughout product development, from

early laboratory research and development to pilot and manufacturing scale operation.
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T33 Expression of a schistosomiasis antigen in Pichia for use as a bladder cancer
vaccine.

Carl A. Batt, Leonardo Damasceno and Gerd Ritter

The trematode Schistosoma mansoni Sm14 antigen was expressed in the yeast Pichia pastoris.
Expression of this antigen is part of the larger strategy to use P. pastoris for the production of
recombinant proteins for cancer vaccine. The strategy is to treat cancer using cancer-testis antigens
which will potential the immune response. Sm14 belongs to a family of fatty-acid binding proteins and
appears to play an important role in uptake, transport, and compartmentalization of lipids in S. mansoni.
It is currently the focus of various studies for its use as a dual-purpose vaccine against schistosomiasis in
humans and fascioliasis in animals, and has been included among the vaccine antigens endorsed by the
WHO for phase I/II clinical trials. There is much evidence supporting the association between
schistosomiasis and bladder cancer, further increasing the importance of this antigen. The Sm14 gene
was codon-optimized for expression in P. pastoris, and placed under regulation of the strong methanol
inducible AOX1 promoter. Cells with a Mut+ phenotype were selected and used in fed-batch
fermentation with an on-line methanol control system in order to maintain constant methanol levels
during induction. Optimal conditions for the expression of Sm14 by P. pastoris were found to be:
dissolved oxygen at 40%, temperature of 250C, pH 5.0, and methanol concentration of 1gL-1. Our
results show that a correctly processed Sm14 was secreted into the culture medium at levels of 250
mgL-1. Purification of Sm14 from clarified culture medium was done using a two-step procedure:
anion-exchange chromatography followed by hydrophobic interaction chromatography, resulting in
>95% purity with a final yield of 40% from the starting cell culture medium. Together, our results
demonstrate that soluble Sm14 can be produced and purified in sufficient quantities for use in

functionality studies and protective assays against S. mansoni and other helminthes.
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Pichia pastoris has ability to grow very high cell densities in a simple defined medium at large scale. It
can reach very high cell densities in simple defined medium. P. pastoris is classified as Crabtree
negative yeast and therefore, it is not expected to produce ethanol in aerobic conditions and high
glucose concentration. However, our previous studies showed that P. pastoris produces ethanol as a by-
product in aerobic fermentation conditions which may cause repression of the 4OX/ promoter and
results in reduced productivity. Alcohol dehydrogenase gene(s) of P. pastoris has not been characterized
yet. Only two ADH genes (PpADHI and PpADH3) has been annotated from the genomes of P. pastoris
GS115, DSMZ 70382 and CBS 7435 strains based on the sequence homology to ADH genes of
Saccharomyces cerevisiae. However, molecular level studies and characterization of the genes have not
been done yet.

In this study, the functional characterization of P. pastoris PpADHI and PpADH3 and five potential
genes were studied. qRT-PCR studies were used to determine expression levels of the potential genes.
The ADHI and ADH3 genes and three potential genes were disrupted in GS115 strain. Deletions of the
genes were confirmed by PCR methods. The growth and ethanol production characteristics of wild type
and mutant strains were tested in minimal media supplemented glucose and ethanol as carbon sources.
The ADH3 defective strain has lost ability to grow on minimal ethanol media, but able to produce
ethanol in minimal glucose media. The results showed that P. pastoris ADH3 gene was the only gene
responsible for ethanol catabolism. However, the ADHI gene did not have any role in ethanol
metabolism at conditions tested. Deletion of one of the potential genes resulted in loss of ethanol
production in double mutant strain.

Acknowledgements: This project was supported by the grant 111T905 from the Scientific and Research
Council of Turkey (TUBITAK).
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In this work, we implemented a model-based optimization platform for fast development of Pichia
pastoris cultures employing batch-to-batch control and hybrid semi-parametric modeling. We
illustrate the methodology with a P. pastoris GS115 strain expressing a single-chain antibody
fragment (scFv) by determining the optimal time profiles of temperature, pH, glycerol feeding and
methanol feeding that maximize the endpoint scFv titer. The first hybrid model was identified
from data of six exploratory experiments carried out in a pilot 50-L reactor. This model was
subsequently used to maximize the final scFv titer of the proceeding batch employing a dynamic
optimization program. Thereupon, the optimized time profiles of control variables were
implemented in the pilot reactor and the resulting new data set was used to re-identify the hybrid
model and to re-optimize the next batch. The iterative batch-to-batch optimization was stopped
after 4 complete optimized batches. In relation to the baseline batch (executed according to the
Pichia fermentation guidelines by Invitrogen) a more than fourfold increase in scFv titer was
achieved. The biomass concentration at induction and the methanol feeding rate profile were

found to be the most critical control degrees of freedom to maximize scFv titer.
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Changes Between Glycerol and Methanol in Long Term Recombinant Protein
Production Runs With Pichia pastoris
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This contribution investigates the dynamics and reproducibility of an industrial cyclic process strategy
for production of recombinant potential malaria vaccines with Pichia pastoris and compares the
applicability of spectroscopic applications for their use in on-line monitoring of important process

variables.

For this study, production processes were carried out in a highly instrumented 15 1 research bioreactor
and were subjected to frequent sampling and extensive analysis with spectroscopic methods and
biochemical assays regarding cell external substrates and products as well as cell internal alcohol
oxidase and target product contents for the investigation of expression dynamics. Furthermore, cell-

specific reaction rates were calculated for the evaluation of the sequential process strategy.

Based on these substantial data, a classical mathematical model of the bioprocess, consisting of mass
balances and substrate kinetics, was extended by a detailed cybernetic model approach for cell internal
expression and repression subprocesses of alcohol oxidase and the target product. This extended model
successfully describes complex dynamic production processes with Pichia pastoris for alternating

substrates and led to an enhanced process understanding.

Furthermore, multivariate calibration models were developed with the MVDA software SIMCA
(Umetrics) based upon these data. These models were used for feasibility studies and performance tests
in the detection of different process variables with spectroscopic methods and Multivariate Data

Analysis.
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P1 Pseudo-continuous Production of Potential Malaria Vaccines by Integration of
Bioreaction, Expanded Bed Adsorption and Fixed Bed Chromatography
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HAW - Hamburg University of Applied Sciences
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Jessica Paul, Reiner Luttmann and Gesine Cornelissen, HAW - Hamburg University of
Applied Sciences, Hamburg, Germany.

The development of intensified production processes for pharmaceutical proteins requires a
reduction in the number of process steps, scale down of production units, and direct or pseudo-
continuous production strategies. To achieve this, an Expanded Bed Adsorption chromatography
step has been integrated into a bioreaction process in order to unite protein expression, cell
release, and product capture in a combined plant. The use of an AKTA system for product
purification enables a closed production chain with a pseudo-continuous operation strategy. The
target protein is a potential Malaria vaccine, whose artificial gene sequence has been cloned into
Pichia pastoris by the BPRC.

The developed sequential/parallel production strategy enabled an optimization of each single
process step using Design of Experiments. Moreover, Multivariate Data Analysis was used for
process quality monitoring by computation of principle components for each phase of the
integrated process. In the future the multivariate models will be solved in real time from on-line
data. The purpose of the concept is to maintain a consistent quality of product by following a
desired trajectory.

The paper demonstrates the principles behind the approach and shows how the benefits of

continuous operation can be realized in practice.
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Membrane proteins (MP) frequently have a low natural abundance and their study typically requires
overexpression. Few studies have been directed towards the specific customization of host cells for this
purpose.

We hypothesized that increasing the intracellular membrane content would enhance the capacity to
accommodate recombinant MPs. We inactivated the phosphatidic acid phosphatase gene, PAH, I both in
Pichia pastoris and in the oleaginous yeast Yarrowia lipolytica. The result is a lipid metabolism shift
away from triacylglycerol- and sterylester-storage, towards phospholipid synthesis.

Electron microscopy revealed extensions of the Pichia endoplasmic reticulum (ER) when the engineered
cells were grown on glucose. However, most of them were present in autophagosomes. In contrast,
when the cells were grown on oleic acid, strong proliferation of the membranes was visible, without any
sign of ER-phagy. Similar findings were obtained for Yarrowia lipolytica, for which a well-established
oleic acid inducible promoter system is available (POX2). Therefore, we further analyzed the expression
of eight proteins representative of different integral MP families in the PAHI knock out strain of
Yarrowia lipolytica. In all cases, we observed strongly enhanced protein accumulation levels and in
some cases also enhanced proteolytic integrity. Unfolded Protein Response co-induction further
enhanced the specific biological activity of a G-protein coupled receptor produced in this system.
Further work is ongoing to implement an oleic-acid compatible expression module in Pichia pastoris to

build on these results.
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Eurogentec has developed an efficient Pichia pastoris expression platform for the production of high
titers of antibody fragments. The proteins are produced without the addition of pure oxygen during
fermentation and the products are limited in O-glycosylation while maintaining high titers.

The case studies will include different types of antibody fragments (Fab, diabodies, minibodies) that
have been optimized for imaging and therapeutic purposes in collaboration with ImaginAb. Numerous
fermentation conditions were tested and optimized (media mix-mode feedings, pH, temperature,
induction strategies, and controlled aeration) to obtain an optimal protein yield. Moreover the antibody
fragments produced and purified display identical binding properties as their equivalent produced in
mammalian cells.

Within our GMP manufacturing facilities, each development is designed keeping in mind that it should
be transferable and scalable to be used for future protein production in the GMP zones, eventually at

larger scales.

48



P4 Continuous, Real-time Chemical Monitor for On-line Measurement and Control of
Pichia pastoris Bioprocesses

Chris Evans, ASL Analytical, 2500 Crosspark Rd., Coralville IA 52241

Analytical sensing technologies that can measure key chemicals in real-time during cell
expansion and protein expression phases of upstream processes has been of interest to the
biotechnology community for some time. The driving goal, in addition to enhanced process
efficiency, is consistent product quality through discovery, process development, scale up, and
manufacturing. Real-time chemical monitoring is recognized to be particularly important during
upstream processes, where complex multicomponent parameters including media composition,

dissolved oxygen levels, and reactor scale are known to impact product quality.

A novel on-line bioprocess monitor is presented for the simultaneous, real-time measurement of
glycerol and methanol and the tracking of cell density during production of recombinant protein
from Pichia pastoris. This automated monitor uses a completely sealed and sterilized closed
loop to continuously circulate a small sample from the bioreactor through the monitor and back
to the bioreactor. There is zero sample lost from monitoring because the near infrared
measurement method is completely nondestructive. In contrast with some previous

approaches, very little operator expertise is required. The monitor is calibrated prior to
installation and then tuned to the user’s specific process. Operation is a simple process of
injecting a set of standard solutions, waiting a few minutes while data are collected for each
solution, connecting the sterilized process loop from the bioreactor, and begin collecting
quantitative data. The monitor’s solid-state construction is rugged and designed for industrial
use. Results will be presented showing robust operation and accurate monitoring during Pichia

fermentation runs for more than 3 months post-calibration.
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Pichia pastoris has been a popular host system for recombinant protein production over the last decades.
Nowadays, an emerging challenge is not to produce single proteins only, but to implement whole
pathways into this yeast. Such engineered strains provide new opportunities in industrial processes e.g.
for the production of valuable building blocks. For this purpose the genetic stability of production strains
is of major importance.

Currently, expressing three or more genes in P. pastoris is mainly achieved by employing the same
regulatory elements. However, the repeated use of homologous sequences can result in recombination
events and thus in genetic instability [1].

In addition, high level expression of physiologically problematic proteins may result in instable
recombinant strains. In this context, constitutive promoters are more problematic than inducible ones as
they exert constant stress on the host system.

The current work focuses on extending the Pichia toolbox by using synthetic biology. We have searched
for and characterized a set of new inducible and constitutive promoters. Several of these new promoters
show comparable expression levels as the classic AOX] promoter, but new regulatory profiles. These
novel regulatory elements have been applied to implement the biosynthetic carotenoid pathway in P.

pastoris.

[1] T. Zhu, M. Guo, C. Sun, J. Qian, Y. Zhuang, J. Chu, and S. Zhang, Biotechnol Lett, 2009, 31(5):679-84.

Acknowledgements: The research leading to these results has received funding from the Innovative Medicines Initiative
Joint Undertaking under grant agreement n°115360, resources of which are composed of financial contribution from the
European Union’s Seventh Framework Programme (FP7/2007-2013) and EFPIA companies’ in-kind contribution.
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The heterologous expression of mammalian membrane proteins in lower eukaryotes is a difficult task, as
it is often hampered by aberrant protein localization, structure and function, leading to enhanced
degradation and, thus, low expression levels. Nevertheless, functional expression of membrane proteins
at substantial quantities is necessary to elucidate their structures and functions, particularly as they are
very important drug targets. Lately, it has been shown that certain lipid species play a crucial, structural
role in the functionality of numerous membrane proteins. Human Na’ , K'-ATPases are important ion
pumps maintaining the electrochemical gradients across membranes. These membrane proteins
specifically interact with cholesterol ensuring protein stability and enhancing ion transport activity. We
have chosen the methylotrophic yeast P. pastoris as host system due to its potential for high-level
protein expression. To foster expression of the human Na“ K"-ATPase a3B1 isoform, P. pastoris was
engineered in its sterol pathway towards synthesis of cholesterol instead of ergosterol. Western Blot
analyses, ATPase activity assays and [°H]-ouabain cell surface binding studies showed that the cellular
sterol composition strongly influences Na’,K'-ATPase stability, activity and localization in the yeast
plasma membrane. To our knowledge, this is the first report showing a significant improvement in the
expression of a mammalian membrane protein in a lower eukaryotic expression system by ‘humanizing’
its sterol composition. Thus, our cholesterol producing yeast has high potential for the expression of

many other mammalian membrane proteins.
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Current methods for the development of cell culture media remain mostly empirical and require a high
number of experiments. This makes them expensive, time-consuming and likely to lead to suboptimal
results.

We have developed a new method for the engineering of culture media. The novelty resides at its core
functional enviromics map, a two-dimensional array that relates elementary cellular functions to
medium factors. The map is built by the joint screening of cellular functions and medium factors using a
specific cell culture protocol and exometabolome assays. With this map, manipulation of culture
medium composition is used as a tool for metabolic engineering. It allows the design of optimal
formulations tailored for specific and multiple target cellular functions, thus achieving higher
productivity in less time.

The functional enviromics method was used to generate a map for Pichia pastoris based on fast
screening and design-of-experiments. From the map, 9 new culture medium formulations were obtained.
In one of the formulations we achieved a 2-fold increase in target protein production in comparison to a

widely used formulation.

Oliveira, R., Dias J., Ferreira A. (2011) PCT/IB2012/050178 - A functional enviromics method for cell

culture media engineering.
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P8 Prediction of dewatering properties of Pichia high cell density cultures in
centrifuges and impact of strain selection using a novel ultra scale-down tool

Eli Keshavarz-Moore
University College London

Recent years have seen a dramatic rise in fermentation broth cell densities and a shift to extracellular
product expression in microbial cells. As a result, dewatering characteristics during cell separation is of
importance, as any liquor trapped in the sediment results in loss of product, and thus a decrease in
product recovery. In this study, an ultra scale-down (USD) approach was developed to enable the rapid
assessment of dewatering performance of pilot-scale centrifuges with intermittent solids discharge. The
results were then verified at scale for two types of pilot-scale centrifuges: tubular bowl equipment and a
disk-stack centrifuge. Initial experiments showed that employing a laboratory-scale centrifugal mimic
based on using a comparable feed concentration to that of the pilot-scale centrifuge, does not
successfully predict the dewatering performance at scale (P-value <0.05). However, successful
prediction of dewatering levels was achieved using the USD method (P-value 0.05), based on using a
feed concentration at small-scale that mimicked the same height of solids as that in the pilot-scale
centrifuge. Initial experiments used Baker’s yeast feed suspensions followed by fresh Pichia pastoris
fermentation cultures. This work presents a simple and novel USD approach to predict dewatering levels
in two types of pilot-scale centrifuges using small quantities of feedstock (<50 mL). Additionally, the
choice of P. pastoris recombinant strain is based on best target protein expression levels; however, it is
unknown whether the choice of strain will have an impact on performance of centrifugation operation.
Two recombinant P. pastoris strains, namely a X-33 and a glycoengineered Pichia strain, were used to
perform fermentations secreting different products. The resulting harvested fermentation culture
properties were analyzed and the dewatering performances of a pilot- and a large-scale disk-type
centrifuge were evaluated using the USD methodology. The choice of P. pastoris strain was found to
have a considerable impact on dewatering performance, with P. pastoris X-33 strain reaching better
dewatering levels than the glycoengineered strain. The USD method proved to be a useful tool to
determine optimal conditions under which the large scale centrifuge needed to be operated, reducing the
need for repeated pilot-scale runs during early stages of process development for therapeutic products.
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Pichia pastoris has become a promising heterologous host for biologics production with several
advantages including its genetic stability, fast growth rate, ability to synthesize complex proteins, and
high cell density growth. However, translational efficiency has been identified as a significant
bottleneck. Previous works have also reported the significant influence of nonrandom codon pair usage
on the level of protein expression. This phenomenon, termed “codon context”, implicates the
arrangement of neighboring codons as a result of possible tRNA-tRNA steric interaction within the
ribosomes. In this work, translational efficiency was investigated using an in-house algorithm, based on
the hypothesis that optimizing the codon context (CC) of the coding gene will significantly increase
translational rate and hence the protein titer. We will present a proof-of-concept study to apply the
codon optimization algorithm to synthesize self-assembling humanized antibody fragments in P.
pastoris. Experimental results revealed that CC optimized gene expression led to a higher protein titer
than the wild-type gene. mRNA and protein folding were investigated and found to be of similar levels
and functionally identical, respectively. This study corroborates the process of translation as a rate

limiting step which can be effectively debottlenecked using the proposed CC optimization algorithm.

Relevant References:

1. Spadiut O, Capone S, Krainer F, Glieder A, Herwig C. (2013). Microbials for the production of
monoclonal antibodies and antibody fragments. Trends Biotechnol, in press.

2. Gongalves AM, Pedro AQ, Maia C, Sousa F, Queiroz JA, Passarinha LA. (2013). Pichia
pastoris: a recombinant microfactory for antibodies and human membrane proteins. J Microbiol
Biotechnol, 23(5): 587-601.

3. Chung BKS. and Lee DY. (2012). Computational codon optimization of synthetic gene for
protein expression. BMC Syst Biol, 6: 134.
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The advent of the GlycoSwitch® technology enabled the use of Pichia pastoris as a production platform
for recombinant therapeutic proteins with human-like N-glycans. In the field of Pichia glycan
engineering, most results have been obtained using IgGs as the target proteins. IgGs have a single N-
glycosylation site on each heavy chain, making engineering efforts fairly straightforward. In comparison
to the data published on mAbs, less attention has gone to the performance of the GlycoSwitch®

technology on proteins containing multiple N-glycosylation sites.

Human Interleukin-22 (hIL-22) is a cytokine of the Interleukin-10 family and is of therapeutic interest.
Human IL-22 has three N-glycosylation sites (N21, N35 and N63) and the site-occupancy of one of
these (N21) contributes to efficient receptor interaction. The importance of N-glycosylation for 1L-22
function and its relevance in a therapeutic setting (clearance, immunogenicity...), makes IL-22 a

challenging candidate to investigate production and N-glycosylation engineering in Pichia pastoris.

We report on the N-glycan engineering of hIL-22 as a case to monitor the performance of the
GlycoSwitch platform. We address some of the issues associated with multi-site N-glycosylation in a
glyco-engineered background and report on further customization by expanding the technology to tri-

antennary N-glycans.
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The initiation of DNA replication at replication origins is essential for the duplication of genomes.
Additionally, efficient replication origins are necessary for the maintenance of episomal plasmids. The
well-studied DNA replication origins of the model budding and fission yeasts are A/T-rich elements.
However, unlike their yeast counterparts, both plant and metazoan origins are G/C-rich and are

associated with transcription start sites.

We have utilized a number of massively parallel sequencing tools for comprehensively mapping and
dissecting origins in Pichia pastoris as well as characterizing genomic replication timing and
nucleosome positioning. We find that, unlike other yeasts, P. pastoris utilizes at least two different
types of origins, weaker A/T-rich and stronger G/C-rich types. The stronger origins require a DNA
element resembling the binding site of the HSF transcriptional regulator and show an atypical pattern of
nucleosome depletion. This may indicate a connection between transcription and DNA replication in P.

pastoris.

We have used deep mutational scanning to functionally dissect origins in P. pastoris and have developed
optimized origins (ARSs) for use in both P. pastoris as well as in other yeasts. These elements
drastically increase plasmid stability and allow the use of previously unavailable genetic tools in P.

pastoris.

56



P12 Rescue of Aggregation-prone IgGs by Expression in Pichia pastoris

Peter Lindner
University of Zurich, Department of Biochemistry, Winterthurerstrasse 190, CH-8057
Zurich, Switzerland

Co-Authors:
Jonas V. Schaefer and Andreas Pliickthun

IgGs of identical amino acid sequence produced either in mammalian cells or in Pichia pastoris
displayed dramatic differences in their aggregation susceptibilities. Antibodies produced in Pichia
showed increased aggregation resistance which was found to be mainly caused by two factors: Pichia’s
mannose-rich glycan and leftover amino acids due to imperfect processing: residues belonging to the
widely used o-factor signal sequence were found to be left at the N-termini of both antibody chains,
resulting in an increased onset of temperature of aggregation and reduced aggregate formation. IgGs
produced in cell culture showed a comparable effect upon incorporation of these residues, underlining

the transferability of our finding.

Taken together, our studies demonstrate the impact of certain sequences on the aggregation properties of
IgGs, offering an improved insight into the molecular processes causing aggregation. As moreover the
addition of only four amino acids to a protein of several hundred residues can have dramatic effects on
its biophysical characteristics, our studies have important implications for the common practice of
adding tags to proteins. Therefore, they should be of great interest to scientists from a broad range of

fields while highlighting Pichia’s attractiveness as expression host from a new point of view.
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Production of vast amounts of recombinant protein inherently requires processing of large volumes of
feedstock with high biomass. Consequently, primary capture of the target protein is challenging;
entailing elaborate upfront clarification by centrifugation, tangential flow or depth filtration.

Here we show how recombinant proteins secreted by Pichia pastoris can be readily isolated from
unpurified feedstock in a procedure that yields clinical grade product. We exemplify the process with
Designed Ankyrin Repeat Proteins (DARPin) which are non-immunoglobulin scaffold proteins.

To this end, we engineered a (His Glu)3 tag (HE tag) to the proteins. The target protein was directly
captured from feedstock by immobilized metal ion affinity chromatography (IMAC) using radial flow
bed adsorption. IMAC facilitates initial fast capture and isolation, yielding concentrated target protein in
a small volume. The described procedure simplifies and significantly reduces cost (time and materials)
of primary capture and downstream processing. Subsequent use of anion exchange followed by a
desalting step, yielded fully functional, unglycosylated protein, with P. pastoris host cell protein
contamination and endotoxin levels less than <0.0005% and 0.5 EU / mg, respectively.

This is the first report showing feasibility of cGMP manufacture of DARPins in P. pastoris utilizing

radial flow technology for direct capture.
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The trimerbodies (110 kDa) are multivalent antibodies comprising a scFv connected to the collagen
XVII NC1 trimerization domain through a flexible peptide linker. Trimerbodies exhibited excellent
antigen binding capacity and were multivalent, which provides them with a significant increase in
functional affinity.

Here we describe the efficient production, purification and characterization of MFE23-NCl1
construction, a trimerbody made by fusing the N-terminal trimerization region of collagen XVIII NC1
flanked by a flexible linker to the C-terminus of the human anti-CEA scFv.

The obtained yield of 6 mg per liter of culture was significantly greater than that previously described
from animal cells. The purified trimerbody was structurally an in vitro functionally characterized,
behaving as a trimer in solution and exhibiting excellent antigen binding capacity and greater stability in

serum.
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Efficient and controlled transcription is a crucial step in gene expression. The right choice and fine-
tuning of promoter and terminator are essential for the production of high titers of recombinant proteins
[1]. Promoter engineering of short and well-understood prokaryotic promoters is relatively simple. In
contrast, promoter engineering in eukaryotes, harboring longer and more complex promoters, was
mostly focused on the modification of upstream regulatory sequences. A promising alternative approach
is the development of synthetic core promoters, as demonstrated for Pichia pastoris [2]. However, core
promoter engineering allows fine-tuning of expression strength, but leaves natural regulation typically
unaffected.

The goal of this work was to establish a toolbox of newly regulated promoters and terminators to be
employed for the construction of metabolic pathways. Therefore, 15 different promoters and terminators
were investigated in Pichia pastoris. This toolbox will allow selection of the most suitable component
for a specific need and thereby provide the basis for metabolic engineering for the production of e.g.

pharmaceuticals and biofuels.

Acknowledgements: The research leading to these results has received funding from the Innovative
Medicines Initiative Joint Undertaking under grant agreement n°115360, resources of which are
composed of financial contribution from the European Union’s Seventh Framework Programme
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The optimization of protein expression with statistical tools, like DoE, has become an important
economical factor in process development and is also recommend by the FDA. Several systems for
micro scale DoE-experiments are commercially available, but the possibilities for process analytics are
very limited. Even in 1 | scale multifermenter systems PAT is often restricted to DO, pH, turbidity and
off gas composition.

At University of Applied Sciences in Hamburg a standard Biostat” Qplus system with six bioreactors
was upgraded with inline, online and atline process analytical technology for observation of critical
process parameters and products. Examples for these parameters are the concentrations of methanol,
ammonia, phosphate, total protein and target protein.

The Biostat® Qplus screening reactors are procedural combined with a Biostat™ Bplus bioreactor, where
the inoculum for the screening reactors is produced every 24 hours. By combining the cell-breeding
reactor with the screening reactors it is possible to run fully automated sequential/parallel DoE-
experiments.

With this DoE-plant the production of the artificial malariavaccine-candidate DIM1H and the technical
enzyme CalA were optimized. Besides interesting process parameters like pH, temperature and
methanol concentration the impact of different yeast extract classes on the protein expression with

Pichia pastoris was investigated.
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Pichia pastoris is used to produce recombinant proteins with human like posttranslational modifications
at high cell densities [1]. Such proteins are usually produced under AOX1 promoter, a tightly regulated
and highly inducible promoter. Even though there is a great interest in understanding the regulation of
AOX1, only very recently a study addressed the influence of AOX1 5’UTR on protein production rate
by creating a library of insertions and deletions in this region [2]. In this work, we developed and
compared statistical modeling methods (e.g. 2D and 3D partial least squares (PLS) and supporting
vector machines with linear kernel function) to predict protein expression rate from the respective RNA
sequence. The RNA sequence was encoded using several previously described methods [3]. The set of
encodings that minimizes the mean squared error of model predictions were selected using a genetic
algorithm. The best results were achieved when using a 3-way PLS model. This model can be used to
identify the key parts of the 5’UTR sequence that influence the protein production rate, and for

designing novel 5’UTR sequences to investigate the regulatory mechanism.

Acknowledgement: The authors acknowledge Fundacao para a Ciéncia e a Tecnologia (FCT) -
SFRH/BD/51577/2011 and SFRH/BPD/46277/2008.
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Human African trypanosomiasis (HAT) or sleeping sickness, caused by the protozoan parasites
Trypanosoma brucei gambiense or T.b. rhodesiense, is a neglected tropical disease in remote sub-
Saharan areas. The parasites are transmitted by the bite of an infected tsetse fly (Glossina sp.). Through
active and passive case detection, combined with control of the vector and animal reservoir, elimination
of HAT by 2030 is proposed by the World Health Organization.

The better diagnostic tests for gambiense HAT are all based on variant surface glycoproteins (VSGs).
The CATT screening test for 7.h. gambiense uses the LiTat 1.3 VSG as antigen. This VSG is expressed
early in most gambiense infections and antibodies against this antigen serve as a potent diagnostic
marker. Recently, a lateral flow test for gambiense HAT (HAT Sero-K-SeT) has been developed by
Coris BioConcept and uses a combination of native LiTat 1.3 and LiTat 1.5 VSGs as antigens. The
native antigens in CATT and HAT Sero-K-SeT are still produced through massive infections of
laboratory rodents with highly human-infective trypanosomes expressing these variant antigenic types
(VATs). As an alternative to these native antigens, the N-terminal part of VSG LiTat 1.3 and LiTat 1.5
was expressed in Pichia pastoris GlycoSwitch® strains thus mimicking the trypanosomal N-
glycosylation pattern with Mang.sGIcNAc, oligomannose structures. The secreted recombinant proteins
are affinity purified with yields up to 10 mg per liter cell culture. The diagnostic potential of an
equimolar mixture of both antigens was confirmed in ELISA on 61 patients and 61 endemic controls
with a sensitivity of 95.1 % (95% CI: 86.3% to 99.0%) and specificity of 98.4 % (95% CI: 91.2% to
100.0%).

Replacing the native antigens in the HAT Sero-K-SeT by the recombinant proteins will eliminate the
infection risk and the use of laboratory animals during antigen production.

This study received financial support from the Research Foundation Flanders (FWO) Krediet aan
Navorsers (1516907N) and from the NIDIAG network (Collaborative Project) supported by the
European Commission under the Health Cooperation Work Programme of the 7th Framework
Programme (Grant Agreement 260260, website: www.nidiag.org).
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Single-chain antibody fragments (scFvs) are well suited to expression in cost-effective microbial
systems such as Pichia pastoris due to their small size and simplicity. Although considerable product
yields can be achieved from this species through high cell densities, the specific productivity can be
relatively low. Most research targeting this issue focuses on one factor in isolation, such as transcript
and chaperone levels. Despite using comparable strategies, however, they can have variable outcomes.
Here, we aimed to understand how the factors interact with an integrated experimental and modelling
approach. Initially, a dynamic model was constructed from literature sources to reproduce the scFv
production pathway in P. pastoris, including the unfolded protein response (UPR) and ER associated
degradation pathway (ERAD). Preliminary simulations qualitatively reproduced secretion saturation and
highlighted key regulators of capacity; the experimental picture, however, was more complicated. RT Q-
PCR and LC-MS/MS analysis of clonal strains with either a high or a low yield phenotype revealed a
large variation in key regulators, and suggested that high yield can be derived from a number of different
pathways across the cellular landscape. This data has been used to fine-tune the model, and aid

development of a strain optimisation strategy.
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Pichia pastoris is an established host for the production of heterologous proteins. Many processes focus
on the methanol inducible alcohol oxidase (AOX) promoter system, requiring methanol as carbon and
energy source (as single substrate or in mixed substrate feeds). Alternatively, the constitutive glycolytic
GAP promoter is commonly used with glucose as substrate.

In recent years, post-genomic research has driven the investigation of (sub)cellular regulatory
mechanisms and interrelations. Apart from the methanol utilization pathway, regulations on a gene level
when using methanol are largely unknown. This study presents genome scale transcriptomic, proteomic,
metabolomics and flux analysis of P. pastoris (mut®) cultures grown on glucose or glycerol/methanol
(mixed substrate feed), respectively. A carbon limiting feed strategy was chosen with regard to its use in
yeast bioprocesses.

The carbon source affects formation and use of intermediate metabolites. 'C-metabolic flux analysis in
combination with the quantitative analysis of metabolites using LC-MS and GC-MS was used to
determine the influence of methanol on intracellular fluxes through the metabolism and accomplished a
comprehensive analysis of as many metabolites as possible.

Along with sugar transporters, we observed differences in energy metabolism, biosynthetic pathways
and cell wall and membrane organisation on the transcriptome and proteome level. In total, 403 genes
and approximately 250 proteins were significantly up- or down-regulated by at least 1.5 fold in the
chemostat experiments

To the best of our knowledge, we report the first whole systems level analysis of methanol metabolism,
which determines the influence of carbon source on all cellular levels of P. pastoris.
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Human tissue plasminogen activator (t-PA) is one of the pharmaceutical products to treat occult
coronary diseases; different generations of this thrombolytic agent have been modified through its
development to reduce the premier form disadvantages. A novel chimeric-truncated t-PA (C-T tPA) was
designed based on improved properties of Desmodus Rotundus plasminogen activator while conserving
the basic structure of human t-PA to reduce its defects. C-T tPA gene was cloned into pPICZoA
expression vector containing alcohol oxidase 1 promoter and the methylotrophic yeast, Pichia pastoris

GS115 and KM71 strains were used to generate the C-T t-PA recombinant protein. The highest
amidolytic unit for GS115 and KM71 transformants was 697 IU/ml and 938 IU/ml, respectively.
Additionally, we compared our achieved yields in these two strains by process optimizing (temperature,
pH, and methanol variations). The process optimization could enhance the level of expression for both
strains transformants. The final amidolytic unit for GS115 and KM71 transformants were 1862 and 1633
IU/ml, respectively. In our experiments we could show the efficiency of P.pastoris to produce active C-
T t-PA. By process optimization of the C-T tPA production, we could demonstrate that optimization of
proteins production is a applicable metabolic engineering strategy to improve recombinant protein

production.
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The co-expression of multiple genes is a common challenge in heterologous protein production and
metabolic engineering. The production of dimeric proteins, such as antibodies, complex enzymes or the
heterologous expression of an entire pathway require co-expression of two or more genes. Common
strategies rely either on using multiple expression vectors or providing multiple genes on the same
vector. These efforts are limited by the decreased transformation efficiency of large plasmids and might
cause genetic instability when using repeatedly the same promoters. Co-expression of two genes or a
pathway may require transcriptional fine-tuning hardly achievable with conventional vectors.
Constituents of a pathway may need to be expressed in specific ratios that are hard to predict. Chaperone
co-expression may require an expression cascade, with chaperone expression preceding expression of
the gene of interest. Relying on previous expertise on synthetic promoter design in Pichia pastoris, we
have developed novel co-expression strategies based on synthetic bidirectional promoters allowing fast
screening of diverse expression profiles and ratios to optimize gene co-expression. A new set of
integration vectors allows employing libraries of diversified bidirectional promoters to screen for the
best expression strain. In addition these innovative genetic systems offer new opportunities and

cultivation strategies in bioreactors.
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