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Expression of target protein and Affibody® molecule in
Pichia pastoris
Sara Nystedt

Sammanfattning
Proteiner är en stor grupp biologiska ämnen där många av kroppens cellmolekyler ingår. Genom
modern genmodifieringsteknik är det möjligt att tillverka syntetiska proteiner i odlade celler. Det är
också möjligt att producera proteiner från en slags organism (t. ex människa) i celler från en annan
organism (t. ex jäst).
Proteiner syntetiseras i cellerna med aminosyror som byggstenar och med en gen (del av arvsmassan
DNA) som recept. Produktionsmekanismerna är desamma i alla typer av celler till exempel
bakterieceller, jästceller och däggdjursceller.
I det här projektet har två olika gener infogats i arvsmassan hos jästceller av arten Pichia pastoris för
tillverkning av två olika proteiner. Det ena proteinet, EpCAM, finns på cancertumörer och är därför
intressant vid forskning kring cancerläkemedel. Det andra proteinet, His-(ZHer2:4)-Cys, är ett syntetiskt
protein som binder in hårt till ett annat cancertumörprotein, Her2.
Syftet med projektet var att genmodifiera två jäststammar så att de producerar dessa två proteiner.
Därefter skulle en odlingsmetod i 10-litersskala testas och optimeras, och mängden producerat protein
analyseras. Det fanns också en förhoppning att rena fram EpCAM från jästcellkultur.

Examensarbete 20p i Molekylär bioteknikprogrammet
Uppsala universitet Februari 2004

Summary
The genes of the human cancer antigen EpCAM and an Affibody molecule have been cloned into
Pichia pastoris pPIC9K vectors and stable recombinant strains have been constructed. All strains were
designed for secretion of recombinant protein to the growth medium using the Saccharomyces
cerevisiae α factor secretion signal.
A fed-batch fermentation model with 10 L initial volume has been implemented for a 20 L stirred tank
reactor. The fermentation protocol constitutes three phases: (1) batch glycerol (2) glycerol feed and (3)
methanol feed. The switch of substrate to methanol induces protein expression. Five fermentations
have been carried out, reaching high cell densities (OD600 >250) for recombinant strains. A method for
on-line monitoring of the methanol concentration in the culture during the induction phase has been
tested, but resulted in no improved expression. Harvest and concentration of growth medium using
Tangential Flow Filtration (TFF) technique have been tried and found to work satisfactory. Expression
assays such as ELISA, Western blots and SDS-PAGE indicated low expression levels of both target
protein and Affibody molecule. Possible alterations in the fermentation protocol and other measures
to increase expression are discussed.
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1

Introduction and aims of project

Pichia pastoris is an attractive system for recombinant protein production, especially when
applications of produced protein include clinical trials and therapy. This master’s degree project aimed
at creating at least two recombinant P. pastoris strains designed to express one target protein and one
Affibody molecule, both intended for therapy. The next goal was to show that the transformed strains
were able to grow at high cell densities in a 10 litre defined medium fed-batch fermentor culture, using
methanol as inducing agent for protein production. In order to achieve this, on-line monitoring of the
methanol concentration in the culture using the ProcessTRACE (TRACE Biotech AG, Germany)
instrument should be evaluated. Finally, purification of sufficient amounts of target protein to enable
selection of a target-directed Affibody molecule was intended. The project was completed in the
group for Bioprocess development at Affibody AB, Bromma, Sweden.
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Background

2.1

The Affibody molecule

Affibody molecules compose a class of small affinity ligands derived from the Z domain of
Staphylococcal Protein A. The 58 residues of the (IgG) Fc-binding Z domain form a tight, 6 kDa triple
helix scaffold. 13 solvent-accessible residues distributed over the first two helices (Fig. 1) were
targeted for randomization by PCR (Nord et al., 1995). The resulting Z gene variants were cloned into
phagemid vectors, producing a monovalently displayed phage library (Nord et al., 1995). It has been
shown for a number of target proteins that highly specific Affibody binders can be selected from the
library (Nord et al., 2001; Gunneriusson et al., 1999); dissociation constants (Kd) in the nanomolar
range have been reported for target protein − Affibody molecule interactions (Nord et al., 2001). The
theoretical maximum number of Z variants is 2013 = 8.2⋅1016 (all 20 amino acids allowed at all 13
positions). The currently used Affibody molecule library has approximately 3.4⋅109 Affibody
molecule variants (unpublished data).

C

Figure 1. Example of an
Affibody® molecule. The triple
helix backbone is shown in yellow,
with 13 randomized amino acid
positions highlighted in red.

helix 3

helix 2

helix 1
N
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Binding function

Antibody
150 kDa
Affibody® molecule
6 kDa
Figure 2. A comparison of an Affibody molecule to an antibody. The molecules are shown with correct
scaling. Binding surfaces are of similar size, highlighted in red.

Phage display is a method which allows the connection of a small protein or peptide to its gene, using
a bacteriophage as host. The phagemid is genetically modified to contain the gene of interest in
conjunction with a native gene coding for a specific phage surface protein. Expression of the surface
protein will thus be executed in fusion with the inserted gene, and both will be directed to the phage
surface (Djojonegoro et al., 1994). The process of using target protein to seek out a binder among
phage displayed proteins is named biopanning. It can be performed with target protein bound to a
surface or free in solution and at varying pH, temperature and buffer composition. An important
consideration for the biopanning process is the necessity of using correctly folded and processed target
protein. Posttranslational modifications such as glycosylations may influence the tertiary structure
significantly.
There are several reasons for choosing the Z domain as scaffold. It has proven very stable under
alkaline conditions (Girot et al., 1990) as well as at high temperatures (Nord et al., 1995). It is small,
highly soluble in aqueous solution (Samuelsson et al., 1994) and it contains no paired cysteines
forming disulphide bonds. The latter property facilitates highly efficient recombinant production in E.
coli. Modifications of the molecule such as multimerisation to enhance binding affinity, addition of a
terminal cysteine residue to enable thiol chemistry coupling to a solid matrix, or expression in fusion
with an albumin binding domain (ABD) to prolong life time in blood are examples of the variability
the Z scaffold offers.
Affibody molecule applications range from separomics to diagnostics and biotherapy. The binding
properties of the molecule are comparable to those of an antibody, however other significant physical
characteristics, such as molecular size, differ (Fig. 2). Recent kinetic studies in mouse models show
that Affibody molecules are cleared out from the body much faster than antibodies, unless an
albumin binding domain is attached to the Affibody molecule (unpublished data). The same studies
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show significant abilities of the Affibody molecule to find and bind to its target, in this case a cancer
tumour (unpublished data), in vivo. These results suggest that Affibody molecules will be a viable
alternative to antibodies in the biotherapy field.
For this P. pastoris expression study, one target protein and one Affibody molecule have been
selected. Both are intended for use in biotherapy projects, which calls for the investigation of
alternative production methods. Prokaryotic production systems such as E. coli confer a risk of serious
immune responses to potential contaminants, and heterologous protein often form inclusion bodies.
Mammal systems present a risk of carrying viral infections, and in general these cell lines are poorly
suited for large scale production; expression is often weak and cells are too fragile for efficient growth
in fermentor cultures. The eukaryote P. pastoris may overcome these obstacles by 1) producing a
protein more similar to mammalian proteins, carrying posttranslational modifications; 2) possessing no
viruses which infect mammals; 3) grow very well in large scale fermentor culture.
2.1.1

Target protein: EpCAM

The target protein EpCAM (Epidermal Cell Adhesion Molecule), also known as 17-1A antigen, is a
human cancer antigen displayed in excess on the tumour cell surface of many common cancers such as
colon, lung and breast cancers (Balzar et al., 1999). A specific binder towards the antigen would be
able to target all tumours in the body, and could be used for visualisation or therapy. For this
expression study, two EGF-like domains (Balzar et al., 1999) have been selected (Fig. 3). The protein
sequence contains two potential P. pastoris glycosylation sites and is very rich in cysteine residues.
The construct with His6-tag for purification and an additional C-terminal cysteine residue has a
molecular weight of 13 kDa, no glycosylations counted (DNA sequence shown in App. A).

EpCAM

Domain 2

Domain 1
Figure 3. Two EGF-like domains of the protein
EpCAM have been selected for expression in
P. pastoris. The native human EpCAM protein
carries additional domains.

Cell membrane
anchorage
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2.1.2

The Affibody molecule His6-(ZHer2:4)2-Cys

The Affibody molecule His6-(ZHer2:4)2-Cys selected for expression in P. pastoris is a dimer construct
of a binder directed towards the cell surface receptor tyrosine kinase Her-2, displayed in excess on
breast cancer cells (Harries and Smith, 2002). It is designed with an N-terminal His6-tag and a
C terminal cysteine residue. The molecular weight is 15 kDa without possible glycosylations (DNA
sequence shown in App. A).

2.2

The Pichia pastoris expression system

Expression of proteins follows the basic mechanism DNA → RNA → protein in all cellular
organisms, but only proteins secreted from eukaryotic cells also undergo posttranslational
modifications such as glycosylation, methylation and lipid addition. The more evolved the cell is, the
more intricate modifications it is capable of performing. In order to be biologically active, it is of great
importance that the protein chain adopts its correct tertiary structure. The conclusion is that
mammalian cells, or other eukaryotic cells, will be the preference for production of proteins which are
of mammalian origin, or intended for applications in humans. However, mammalian cell lines such as
HEK293 cells require media supplemented with blood serum, which greatly obstructs purification, and
they are poor producers compared to microbial systems (Geisse et al., 1996). P. pastoris has proven to
be a successful alternative expression system, combining the best of eukaryote protein characteristics
and microbial growth rates (Cereghino and Cregg, 1999).
2.2.1

Induction system

P. pastoris is one of few microorganisms capable of utilizing methanol as its sole carbon- and energy
source. The metabolic methanol pathway involves several unique enzymes, such as alcohol oxidase
(AOX), which catalyzes the initial oxidation of methanol to formaldehyde and hydrogen peroxide
using cellular oxygen. However, the oxygen affinity of AOX is rather low, which reduces the
efficiency of the reaction and the cell compensates for this by producing very high levels of the
protein. Two different 97% homologous genes, AOX1 and AOX2, both code for alcohol oxidase
(Cregg and Madden, 1987). They answer to the same induction / repression mechanisms, but due to a
very strong promoter element (AOX1p), expression from the AOX1 gene widely exceeds the AOX2
expression. AOX1 has been reported to reach a level of 30% of total amount soluble cell protein in
cells grown on methanol (Cereghino and Cregg, 1999). Neither messenger RNA nor AOX protein
have been detected in P. pastoris cell culture grown on other carbon sources than methanol. The
tightly regulated, strong AOX1p promoter element is used for induction of heterologous protein
production in P. pastoris (Cereghino and Cregg, 1999).
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2.2.2

Cloning and vectors

Cloning is performed using an E. coli - P. pastoris shuttle vector. The vector is constructed and
replicated in the bacterial system and finally transformed into a P. pastoris strain. The yeast cell is
stably transformed by homologous recombination of the plasmid into the cell genome. A variety of
cloning vectors containing different selection markers, replication origins and promoter elements are
available from Invitrogen, who is the current holder of immaterial licensing rights. Other features
available in some vectors are different sorts of signal sequences for secretion, such as the α factor
secretion signal sequence derived from Saccharomyces cerevisiae (Scorer et al., 1993), and markers
for selection of multi-copy vector inserts in the P. pastoris cell.
2.2.3

Strains

All P. pastoris selection systems are of auxotrophic type. That is, the cells are deletion mutants in a
gene required for the production of a vital nutrient. The method relies on the complementation of the
mutant gene by the correct version supplied by the plasmid. Prior to transformation, cells grow on
complex media, but require supplementation of the specific marker nutrient to grow on minimal
media. When transformed, cells are capable of growth on minimal media. The HIS4 gene, conferring
ability to synthesize histidine, is a commonly used auxotrophic marker for yeast.
Strains which are AOX1 deletion mutants exhibit the growth phenotype MutS (methanol utilisation
slow), the contrary of the normal Mut+ phenotype. The slow strains are fully dependent on their AOX2
gene for alcohol oxidase production, which confers a much slower growth rate. The MutS phenotype
may appear in any strains if the vector insertion deletes the AOX1 gene in the host genome. The Mut
phenotype can be elucidated by screening on media containing methanol.
A third phenotype feature is protease negative, achieved through the deletion of certain protease
coding genes. The protease deficient strains are reported to be less viable (Cregg, 1999), but are
suitable when proteolytic problems are obvious. One such strain is SMD1168, which is a proteinase A
deletion mutant.
2.2.4

Transformation

There are several P. pastoris transformation methods available. Spheroplasting is the most efficient
method, although rather work intense. Electroporation achieves comparable results and is more
convenient, however an electroporation device is required. PEG1000 and LiCl2 are both chemical
transformation methods showing significantly lower transformation frequencies, but they are simple
and do not require special equipment.
Stable transformants are formed by homologous recombination between vector and genome in the cell
(Fig. 4). The permanence of the plasmid in the cells enables growth in the absence of selection
pressure such as antibiotics. The recombination event can be directed to a specific locus by restriction
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Plasmid
Homologous
recombination

Pichia pastoris
genome

5’ AOX1

5’ AOX1

Figure 4. The recombination event between homologous DNA sequences in the plasmid and
genome is represented by the × in the figure. The crossover can be directed to a certain locus
by restriction of the plasmid nearby (not shown in figure).

of the plasmid close to this sequence; the presence of a DNA end piece enhances transformation
frequencies (Cregg and Madden, 1987).
2.2.5

Multi-copy expression cassettes

Enhanced expression can be achieved from transformants possessing multi-copy expression cassettes.
The multi-copy strains are either the result of transformation with a large multi-copy vector designed
in vitro, or the selection of naturally occurring transformants where a random number of expression
cassettes (plasmids) have been inserted during recombination. The latter procedure involves colony
screening on antibiotic plates. An antibiotic marker, such as G418 resistance gene, should be present
on the plasmid to allow selection (Scorer et al., 1994). Resistance levels to the antibiotic are roughly
proportional to the number of resistance genes present in the cell genome.
2.2.6

Growth characteristics

P. pastoris grows independently in liquid media and forms colonies on solid media. The optimal
growth temperature is 30°C or below; warmer conditions may be lethal to the cells. P. pastoris prefers
respiratory growth over anaerobic fermentation, demanding vigorous shaking or stirring to maintain
sufficient levels of oxygen in the culture. Strains can be stored for long term use frozen at -80°C if
suspended in freezing buffer containing glycerol.
2.2.7

Legal rights and licences

The first major study on Pichia pastoris reporting on its methylotrophic properties was published in
1969 (Ogata et al., 1969, Cereghino and Cregg, 2000). This publication attracted the interest of a
major oil company, Phillips Petroleum (USA), for the purpose of large scale production of Single Cell
Protein (SCP), to be used as high-protein animal feed. When the system failed to gain market, Phillips
Petroleum agreed on a co-operation with the Salk Institute Biotechnology/ Industry Associates, Inc.
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(SIBIA, USA), where P. pastoris was redeveloped into a heterologous protein production system. All
immaterial rights are sold to Research Corporation Technologies, Inc. (RCT, USA), and all licensing
rights are possessed by Invitrogen Corp. (USA). The system is free of charge for research and
evaluation purposes only, while all types of commercial use are tightly regulated by licensing.

2.3

Fermentation

The ability to control parameters such as temperature, dissolved oxygen, pH and substrate feed greatly
enhances the growth of P. pastoris. The fermentor performance in terms of aeration and stirring is also
considerably superior of shake flask culturing. Values of OD600 >500 have been reported,
corresponding to a wet cell weight of approximately 130 g/L (Cereghino and Cregg, 2000).
Microbial fermentation is carried out in batch, fed-batch or continuous culture mode. Pichia cells are
grown in fed-batch mode divided into three phases: 1) glycerol in batch phase, 2) glycerol feeding
phase, 3) methanol feeding phase. Phases 1) and 2) aim at achieving a certain amount of biomass,
before induction of heterologous protein expression from the AOX1p regulated recombinant gene in
phase 3).
The amount of secreted recombinant protein is generally proportional to the amount of cell biomass
(Cereghino and Cregg, 2000). Considering this, the strict regulation of AOX1p presents advantages
such as: 1) negligible risk of negative selection pressure, favouring mutant P. pastoris cells expressing
no or shorter recombinant proteins; 2) improved expression levels of products that are potentially
harmful to the cell (Cregg, 1999).
2.3.1

ProcessTRACE methanol measurement

One reason for supplying the methanol substrate as a feed to the culture is that too high concentrations
(>1-3 % (v/v)) may be lethal also to Pichia cells. As the concentration span for efficient induction is
very narrow, it would be of interest to measure the methanol concentration on-line in the culture
(Guarna et al., 1997). This approach would enable adjustment of the feed rate so it never exceeds the
consumption rate. The ProcessTRACE (TRACE Analytics GmbH, Germany) is an on-line
measurement instrument which can be adopted for methanol measurement in bioreactors using a
filtration probe. Cell free medium is withdrawn from the reactor and analysed by an enzyme coated
biosensor with amperiometric detection. The signal is related to a standard solution calibration
performed prior to measurement.
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3.

Materials and methods

3.1

Strains

The P. pastoris strains GS115 (his4), SMD1168 (pep4∆his4) and vector pPIC9K were purchased from
Invitrogen (Multi-Copy Pichia Expression Kit, Invitrogen, USA). E. coli strains RRI∆M15 and
TOP10 were already in use within the company.

3.2

Growth media

All growth media are listed in App. B.

3.3

PCR and cloning strategies

The EpCAM gene was cloned in frame after the α factor signal sequence in the pPIC9K plasmid to
generate the pPIC9K-EpCAM vector (Fig 5). The same design was used for the His6-(ZHer2:4)2-Cys
Affibody gene, producing the pPIC9K-His6-(ZHer2:4)2-Cys vector.

Sac I

Ampicillin

pPIC9K-EpCAM-His6

5' AOX1 promoter fragment
alfa-MFsecretion signal
Sna BI
EpCAM-His6
Eco RI
3' AOX transcription termination

9624 bp

3' AOX fragment

HIS4
Kanamycin

3.3.1

Figure 5. The EpCAM gene is inserted
between the restriction sites SnaBI and
EcoRI, directly after the α factor signal
sequence and AOX1 promoter fragment.
Ampicillin and kanamycin resistance
genes are present to enable selection in E.
coli using those anitibiotics. In P. pastoris,
the kanamycin resistance gene confers to
the antibiotic G418, which is used when
screening for multi-copy vector integrants.
The His4 gene complements His4 deficient
P. pastoris strains, enabling growth on
minimal media.

PCR

The EpCAM gene fragment was amplified from a plasmid by PCR technique, using primers adding
SnaBI and EcoRI restriction cleavage sites at the 5’ and 3’ ends respectively, and a C-terminal His6tag sequence. All primer sequences are shown in App. C. This design achieved directional insertion of
the gene into the plasmid. The PCR reaction was carried out using 2.5 U AmpliTaq DNA polymerase
(Applied Biosystems, USA) and 10 pmol of each primer to approximately 1µg of template DNA in a
final volume of 50 µL supplied with PCR buffer and dNTP mixture according to the supplier’s
recommendations. The thermocycler PTC-0225 (Scandinavian Diagnostic Systems, Sweden) was run
with the following temperature program: an initial 30 s denaturation step at 96°C, followed by 30
amplification cycles of 96°C for 30s, 55°C for 30 s and 72°C for 30 s. The DNA fragment was
verified on a 1 % EtBr stained agarose gel, and purified from nucleotides and enzyme using QIAquick
Gel Extraction Kit (Qiagen, USA).
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The His6-(ZHer2:4)2-Cys gene was amplified by a similar procedure with the following alterations: 1U
of AmpliTaq Gold DNA polymerase (Applied biosystems) was used to 250 ng template plasmid DNA.
The His6-tag sequence was introduced at the N-terminal site using designed primer sequences (App.
C). The thermocycler program was changed to an initial 10 min 95°C step, 30 cycles of 95°C for 15 s,
55°C for 30 s and 72°C for 90 s, followed by a final extension step 72°C for 7 min. The fragment was
purified on a 3% EtBr stained agarose gel using QIAquick Gel Extraction Kit.
3.3.2

Restriction, ligation and transformation

The amplified DNA fragments and the vector pPIC9K were all restricted subsequently by SnaBI (New
England Biolabs, USA) and by EcoRI (MBI Fermentas, Lithuania). QIAquick Gel Extraction Kit
purification steps were performed after each cleavage reaction. The DNA concentrations and fragment
sizes were estimated using EZ Load Precision Molecular Mass Ruler (BioRad, USA) on a 1% EtBr
stained agarose gel. The two ligation reactions were set up using 1 U of T4 DNA ligase (MBI
Fermentas) and 50 ng of vector to be ligated with 10 ng of the respective gene fragment. The reactions
were performed in ligation buffer supplied with the enzyme in a final volume of 35 µL, and incubated
at 22°C for 12 h. Competent E. coli RRI∆M15 cells were heat shock transformed directly with the
pPIC9K-EpCAM plasmid ligation mixture and electrocompetent E. coli TOP10 cells were
electroporated with pPIC9K-His6-(ZHer2:4)2-Cys vector ligation mixture.
3.3.3

PCR screening

A number of transformant colonies were screened by PCR using whole cells as DNA template. The
screening primers were designed to adhere to plasmid sequences in the 5’AOX1 promoter region and
3’AOX1 termination region respectively (App. C). The reactions were carried out in PCR buffer
containing 5 pmol of each primer, dNTP mixture, and 0.25 U AmpliTaq DNA polymerase in a final
volume of 25 µL.
3.3.4

Sequencing of plasmids

The PCR mixture from the screening was used as template for the sequencing PCR reaction. Both
forward and reverse reactions were set up in order to minimize reading error, using 5 pmol of the
forward and reverse screening primers to the respective reactions. 0.5 µL of template mixture and 5
pmol of one primer were mixed with 1 µL Big Dye (Applied Biosystems), 3 µL CS buffer (Applied
Biosystems) and water to a volume of 10 µL for each reaction. The thermocyler was run with the
following program: 96°C for 10 s, 50°C for 5 s, 60°C for 4 min, with 25 repetition cycles. The PCR
products were precipitated with 1 µL 3 M NaAc, pH 5.2 and 25 µL 95% EtOH in each reaction tube,
and subsequently frozen at -20°C. The precipitated products were pelleted by centrifugation and
washed once with 70% EtOH. The pellets were resuspended in 20 µL distilled water and analysed
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with an ABI PRISM 3100 Genetic Analyser (Applied Biosystems). One correct clone of each plasmid
was identified using the software program Sequencher (Gene Codes Corp., USA).

3.4

Transformation of P. pastoris

3.4.1

Preparation of plasmid DNA

Plasmid DNA was prepared from overnight cultures using QIAprep Spin Miniprep Kit (QIAgen). The
purified plasmid DNA was linearized by SacI restriction at the unique site in the AOX1 promoter
region, see fig. Approximately 15 µg of each construct was restricted using 50 U of SacI (MBI
Fermentas) in a final volume of 200 µL. The reaction mixture was incubated at 37°C for 1 h and the
cleavage was confirmed on a 1% EtBr stained agarose gel. The linearized plasmid DNA was purified
using the QIAquick Gel Extraction Kit.
3.4.2

Preparation of electrocompetent P. pastoris cells

P. pastoris strains GS115 and SMD1168 were made electrocompetent following instructions
suggested by the supplier (Invitrogen). The cells were grown in 50 mL shake flasks containing 5 mL
YPD complex medium. Cultures were grown at 30°C over night with 75 rpm shaking. The initial
cultures were used as inoculum for new 2 L cultures which were grown at the same incubation
conditions until OD600 = 1.6. Cells were harvested by centrifugation at 1,500 g, 5 min at 4°C, using an
Avanti J-20XPI (Beckman-Coulter Inc., CA, USA). The medium was discarded and the pellets
resuspended in 500 mL of cold, sterile water. The centrifugation procedure was repeated three times
with subsequent resuspendings in 250 mL of cold water, 20 mL of cold 1 M sorbitol and 1 mL of cold
1 M sorbitol to a final volume of approximately 1.5 mL. The cells were aliquoted (80 µL) and frozen
at -80°C for long term storage.
3.4.3

Electroporation

The electroporation procedure was accomplished using a Genepulser electroporator (BioRad) adjusted
to program Sc2 for Yeast (Charging voltage: 1500 V, Capacitance: 25 µF, Resistance: 200 Ω). 80 µL
of frozen electrocompetent cells were thawed on ice and transferred to a cold 0.2 cm electroporation
cuvette, where 10 µL of linearized plasmid DNA was added. After 5 min incubation on ice, the cuvette
was pulsed once. Immediately, 1 mL of cold 1 M sorbitol was added to the cuvette and the cells were
spread onto MD agar plates. Incubation at 30°C was maintained until transformant colonies appeared
after approximately 3 days.
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3.4.4

Multi-copy integrants

Selection for multi-copy GS115pPIC9K-His6-(ZHer2:4)2-Cys integrants containing several vector inserts
was performed by respreading the transformant cells onto MD agar plates supplied with four different
concentrations of G418 (0.25-1.00 mg/mL).
3.4.5

Safekeeping of strains

Pichia transformants were screened by PCR for gene insert using whole cells as template as described
in section 3.3.3. To store the new strains, a single colony was resuspended in YPD growth medium
containing 15 % (v/v) glycerol. The stock was kept at -80°C.

3.5

Fermentation methods and equipment

3.5.1

Growth media

All growth media for inoculation cultures and large scale fermentations are listed in App. C. For all
full scale fermentations, the medium was prepared and sterilized in situ in the fermentor. The PTM1
Trace salts solution containing heat sensitive biotin was added to the reactor after sterilization.
3.5.2

Inoculum cultures

Inoculum cultures for full scale fermentations were grown in 500 mL of either BMG or BMGY
medium in 2.5 L baffled shake flasks. The flasks were incubated at 30°C with 150 rpm shaking for 2450 h until OD600 = 10 was reached.
3.5.3

Full scale fermentations

Full scale fermentations were carried out in a 20 L stainless steel stirred tank reactor (Belach
Bioteknik AB, Sweden), shown schematically in Fig. 6. The tank was equipped with a rushton
impeller, baffles and sparger. Probes for measurement of pH (Broadley-James Corporation, CA,
USA), pO2 (Broadley-James Corporation), MeOH concentration (TRACE Analytics GmbH) and
conductivity (Endress+Hauser, Switzerland) were mounted through the fermentor lid and sterilised in
situ with the fermentor vessel. Sterile conditions were verified by a medium sample withdrawn from
the fermentor prior to inoculation.
pH and pO2 probes were calibrated before each fermentation. The ProcessTRACE methanol sensor is
further described in section 3.5.7. pH was kept constant at 5 using a peristaltic pump (Belach
Bioteknik AB) which added ammonia (25%) when the culture was acidified. pO2 was maintained
above 20% of the fermentor maximum capacity by a constant 1 VVM sterile air supply and by PID
regulation of the stirrer speed.
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The initial temperature set-point was 30°C, but at the time of induction it was changed to 20°C and a
regulating profile lowering the temperature gradually to 15°C over 16 h was activated. The lowering
of temperature was part of a strategy to reduce proteolysis in the medium (Jahic et al., 2003).
All feeds were added to the fermentor using a peristaltic pump (Belach Bioteknik AB) calibrated prior
to the first fermentation. The glycerol feed was initiated by an automatic starting function (autotrig)
when dissolved oxygen (DO) peaked above 40%.

Figure 6. The see-through
model of the full scale
fermentor used in this
project. All measuring
probes were mounted
through the lid. Baffles,
sparger and stirrer are
visible inside the reactor.
The sample port was used
for sampling and harvest.
Illustration used with
permission from Christer
Sturesson, Belach Bioteknik
AB and Anna Rahmqvist,
Affibody AB.

3.5.4

Logging of data and control

The control program Bio-Phantom 2000 (Belach Bioteknik AB) was used to regulate pH, DO and
temperature by PID regulation. Temperature profiles and autotrig feed starts were performed by the
program, which also logged measured data continuously throughout the fermentation process.
3.5.5

Test fermentations

The initial test fermentation was carried out in a 1 L bench-top glass fermentor vessel (Belach
Bioteknik AB) mounted on a SARA control panel (Belach Bioteknik AB). It was fitted with a
magnetic stirrer, sparger and baffles for air supply, two peristaltic pumps (Belach Bioteknik AB) for
addition of ammonia and feeds and probes for measurement of pH and pO2 levels. The control
program Bio-Phantom 2000 was used for regulation of pH and temperature to the same parameters as
for full scale fermentations, and for logging of data. Dissolved oxygen was maintained above 20% by
manual air and oxygen flow adjustments, using a rotameter.
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The second test fermentation was performed in the same way, but using a prototype control panel
(Belach Bioteknik AB) similar to the SARA system. Culture broth was transferred to the reactor from
a full scale fermentation just before the initiation of methanol feeding.
3.5.6

Fermentation feeds

All fermentations were fed-batch cultures carried out in three phases: 1) batch glycerol phase, 2)
glycerol feed phase and 3) methanol feed phase, also serving as induction phase. The initial batch
glycerol concentration in the fermentor was 4%. The glycerol feed (18.15 mL/(L⋅h)) was initiated
when spiking in dissolved oxygen implied starvation conditions in the culture after approximately 24
h. After 4-6 h, glycerol feed was interrupted and after complete depletion of all glycerol in the culture,
the methanol feed was started (3.6 mL/(L⋅h)). The feed was initially low to allow the culture to adapt
to the new substrate conditions. The feed could be raised gradually and was maintained throughout the
remaining fermentation time, approximately 70 h.
3.5.7

Monitoring growth and sampling

The instrument ProcessTRACE (TRACE Analytics GmbH) was used to measure the methanol
concentration on-line through a filtration probe mounted in the lid of the fermentor. The probe and
analyser were calibrated off-line prior to mounting of the probe, using methanol standard solutions.
During methanol feed samples were analysed every 10 minutes and new on-line calibrations
performed after the completion of 50 measurements.
The DO spike method was used to certify limited carbon source conditions during both feeding
phases. A distinct rise in the pO2 reading within one minute after shutting off the substrate feed
verified limited conditions. If times were longer, the feed was choked until pO2 spiking occurred.
Optical density at 600 nm (OD600) was measured using a CO8000 Cell Density Meter (WPA, UK) to
monitor cell growth. Samples were withdrawn from the fermentor and diluted in NaCl solution (0.9%
NaCl aq) to reach the linear region of the instrument. During one full scale fermentation, dry cell
weight was also measured to correlate dry cell weight to OD600.
Culture samples for protein analyses were taken from the fermentor before and during induction with
methanol. Samples were cleared from cells by centrifugation at 13, 000 g, 5 min, and frozen at -20°C.
3.5.8

Harvest

The culture broth with secreted proteins was separated from cell biomass either by centrifugation or
Tangential Flow filtration (TFF). Centrifugations were performed in 1 L polycarbonate bottles at 15,
900 g, 30 min, 4°C (Avanti J-20XPI, Beckman Coulter Inc.). The supernatant was decanted and saved
in -20°C. TFF was carried out in two steps using a Millipore ProFlux M12 Sanitary bench-top TFF
System Equipped with a Pellicon 2 filter hoder (Millipore, USA). Initially the culture broth was
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cleared from cell biomass using a microfilter (Durapore PVDF Membrane, Millipore) with a 0.65 µm
cut-off. A second step using an ultrafilter (Biomax 5K Membrane, Millipore) was then applied to
concentrate the medium, retaining proteins larger than 5 kDa.

3.6

Fermentations

3.6.1

Fermentation 1

The first fermentation was a small scale test fermentation in BMGY (complex medium). It was
supposed to be accompanied by a second, identical culture except for using BMG (defined medium)
instead. Due to hardware failure prior to inoculation, the comparison was never made. The initial
volume was 700 mL of BMGY supplemented with 1 mL of Breox antifoam. Inoculation was done
with 35 mL GS115pPIC9K-EpCAM inoculum culture (OD600 = 1.9). DO was maintained above 20%
of the maximum fermentor capacity by keeping a constant air flow of 1 VVM and by regulation of the
stirring speed between 300-1200 rpm. Eventually a 50/50 mixture of O2/air was implemented to retain
the DO value. pH was kept at 5 throughout the fermentation process by automatic addition of 25%
ammonia. The cell biomass was separated from the culture broth by centrifugation.
3.6.2

Fermentation 2

The first full scale fermentation had an initial volume of 10 L FBS. The medium was sterilized in situ
and thereafter supplemented with 43.5 mL PTM1 Trace salts. The fermentor was inoculated by 400
mL of GS115pPIC9K-EpCAM culture. OD600 and dry cell weight measurements were performed
throughout the fermentation. No methanol measurement was performed. The medium was harvested
by centrifugation of 6 L of culture broth and TFF for the remaining part. The filtered medium was
concentrated to 2 L.
3.6.3

Fermentation 3

The next full scale fermentation was performed very much like the previous one, except for using a
new strain SMD1168pPIC9K-EpCAM. The cell density of the inoculation culture was higher, OD600 =
24. As the growth was more impressive, the methanol feed was raised to 4.3 mL/(L⋅h). No methanol
measurement was performed. The culture was harvested by centrifugation.
3.6.4

Fermentations 4 and 5

These fermentations started as one full scale fermentation (fermentation 4), initial volume 11 L FBS
with additives as for fermentation 2. Inoculation of the large fermentor was done with 400 mL
SMD1168pPIC9K-His6-(ZHer2:4)2-Cys, OD600 = 1.6. The methanol probe was mounted in the fermentor
prior to the switching of feeds and the broth volume was increased by addition of 2 L FBS in order to
immerse the probe completely. One litre of cell culture was drained from the full scale fermentor and
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transferred to the test reactor (fermentation 5). Methanol feeds were initiated simultaneously, and
methanol measurement in the full scale fermentor was performed during a period of the feeding phase.
Both cultures were harvested by centrifugation.
3.6.5

Inoculation culture study

A separate study of P. pastoris growth rates was performed using the Bioscreen C instrument (Thermo
Labsystems Oy, Finland). Growth in rich (BMGY) versus minimal (BMG) media and the influence of
inoculation size on growth rates were studied. Ordinary shake flask inoculation cultures were prepared
using 50 mL of each medium and resuspended cells (OD600 = 0.16). Five identical 350 µL samples
were withdrawn from each flask and placed in the wells of a plastic microtitre plate. The cultures were
monitored for four days at 30°C with shaking, reading OD600 every 10 minutes.

3.7

Protein analysis

3.7.1

SDS-PAGE

Supernatants from fermentations were analysed on precast 4-12% Bis-Tris NuPAGE (Invitrogen).
Samples were prepared as follows: 200 µL of supernatant was thawed and mixed with 66 µL of
4xLDS Sample buffer (Invitrogen) and 26 µL 0.5 M DTT. Samples were heated to 70°C for 10 min
and each well was loaded with 29 µL. The protein size marker MultiMark Multi-Coloured Standard
(Invitrogen) was used as standard and the gel was run with MES buffer at 200 V for 45 min. The gel
was stained with Coomassie Blue (PhastGel Blue R, Amersham Biosciences).
3.7.2

ELISA

An EpCAM specific ELISA assay was used for detection of EpCAM in harvested medium. The wells
were blocked with 2 % dry milk in PBS and coated with an EpCAM specific, murine mAb (VU-1D9,
Alexis, Canada). Detection was performed using a primary rabbit α-His6 mAb (Ab9108, AbCAM,
UK) and a secondary HRP labelled goat α-rabbit polyclonal antibody (P0448, DakoCytomation,
Denmark). ImmunoPure TMB Substrate Kit working solution (Pierce, USA) and 2 M H2SO4 was
added before reading the absorbance at 450 nm using using a Tecan Sunrise (Tecan, Switzerland).
3.7.3

Western blots

Two different types of Western blot protein assays 1) and 2) were used. The first step, common to both
Western blots, was a standard NuPAGE gel, performed as described above. The gel was blotted onto
a nitrocellulose membrane (Immobilon P, Millipore) using a Novex transfer blot module (Novex,
USA) assembled according to the manufacturer’s descriptions. The apparatus was run with Transfer
buffer at 40 V for 100 min.
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1) A standard immunoblot using the EpCAM specific, murine mAb (VU-1D9, Alexis) as primary
antibody and a HRP labelled goat α-mouse polyclonal antibody (P0447, DAKO) as secondary
antibody. Blocking of membranes was achieved by 5% dry milk in PBS buffer. Bands were detected
with SuperSignal working solution (Pierce). Exposing times ranged between 1-20 min.
2) The SuperSignal West HisProbe Kit (Pierce) designed for detection of His tagged proteins based
on the nickel chelating system. The assay was performed according to instructions provided by the
manufacturer. Exposing times ranged between 1-20 min.
3.7.4

BCA: total protein levels

The total amount of protein present in the medium was estimated using BCA Protein Assay Reagent
Kit (Pierce). BSA standards ranging from 25-2000 µg/mL were used to construct a standard curve.
The protein concentrations were determined based on a colorimetric assay. Readings were done at 562
nm using the Tecan Sunrise instrument.

3.8

Purification

As P. pastoris secretes very few native proteins, successful secretorial expression also constitutes the
first step in the purification process. The final step in the secretion process involves a three-step
cleavage of the α factor signal sequence, leaving the protein free, folded and processed in the cell
medium (Cereghino and Cregg, 2000). The target protein was designed with a His6 tag to enable
Immobilized Metal Ion Affinity Chromatography (IMAC) purification. IMAC buffers were prepared
according to protocols in App. B and the pH of 2 L thawed medium from fermentation 3 was adjusted
to 7.
The Ni2+ charged Chelating Sepharose Fast Flow Gel (Amersham Biosciences, Sweden) (5 mL) was
mixed with the medium to allow protein to absorb to it. The mixture was incubated with stirring for 12
h at 4°C. When raising pH, precipitate formed in the medium and failed to dissolve by stirring or
reversion of pH. Gel and precipitate were removed together by filtration. Further purification efforts
were abandoned due to lack of time. The two remaining fractions were analysed with regard to their
protein content on NuPAGE gels. The samples were concentrated on Centricon centrifugal devices
(Millipore) prior to analysis.
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4

Results

4.1

Cloning

The EpCAM gene was successfully cloned into the pPIC9K vector. After sequence verification, the
vector was used to transform the strains GS115 and SMD1168. The His6-(ZHer2:4)2-Cys gene was
cloned into the pPIC9K vector and subsequently transformed into the SMD1168 strain. Both GS115
and SMD1168 were also transformed by the empty parent plasmid pPIC9K to produce negative
control strains. All recombinant strains were screened for insert of the right size using PCR (Fig. 7).
Transformation frequencies were satisfying using the electroporation method. Approximately 500
colonies appeared for each transformation. Screening on G418 agar plates for transformants
possessing multiple inserts of the expression vector did not succeed; no such colonies were found.

Figure 7. An EtBr stained 1%
agarose gel showing results
from a PCR screen of a
SMD1168pPIC9K-His6(ZHer2:4)2-Cys transformant.
The marker Lambda/PstI was
used as molecular size
reference. PCR products from
pure pPIC9K (no gene insert)
plasmid and pPIC9K
containing the Affibody
monomer are included as
references to the PCR product
from the correct recombinant
P. pastoris clone.

Lambda/PstI
marker

Affibody dimer
Affibody monomer
No insert

805 bp

4.2

Growth and expression

4.2.1

Media

Growth characteristics using defined minimal medium and rich medium with different amounts of cell
inoculum were determined. Shake flask cultures grown according to the inoculation culture method
were found to grow well in both types of media. The more detailed Bioscreen C experiment rendered
OD600 data from the cultures during four days. Generation times were calculated as the mean growth
time between OD600 = 0.05 and OD600 = 0.1 for the five replicates of each culture (Fig. 8). BMGY
culture with the smallest inoculation volume did barely grow at all. As OD600 = 0.1 was never reached,
generation time for these samples have been left out in the diagram.
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GS115 generation times in different media
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Figure 8. The diagram shows generation times for five types of cultures calculated from data
obtained in the Bioscreen C experiment. Generation times were calculated as time from
OD600=0.05 to OD600=0.1. Cells growing in complex BMGY medium were found to grow faster
(shorter generation time) than minimal BMG medium cultures. The correlation between
inoculation volumes and generation times was not convincing. The smallest inoculation volume
in BMG culture (BMG-3) did not reach OD600 = 0.1, hence no generation time was calculated
(not shown in diagram).

4.2.2

Fermentation 1

The growth characteristics of the test fermentation were satisfying, reaching OD600 = 180. The DO was
difficult to keep above 20% throughout the fermentation, however, the 50/50 mixing of O2/air
achieved a significant improvement. Unfortunately, the comparative test fermentation with minimal
medium designed to accompany this fermentation had to be abandoned prior to inoculation due to a
loose baffle. Supernatant was analysed by EpCAM specific ELISA, indicating protein expression
(Fig. 9).
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Figure 9. The diagram displays results from the first EpCAM ELISA expression
analysis (fermentation 1). Pure growth medium (BMGY) and pre-induction samples
were used as negative controls. Samples from three time points during induction
were analysed.
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4.2.3

Fermentation 2

The scale up of the test fermentation aimed at evaluating growth in defined medium at larger scale,
using more automatic control. A correlation curve between OD600 and dry cell weight was established
(Fig. 10). The growth curve was very satisfying, reaching a final OD600 = 270 corresponding to 0.4 g
dry cells/mL culture broth. Harvest using the TFF technique proved very convenient.
Expression was analyzed using the same EpCAM ELISA. An EpCAM Western blot was performed as
a complement. In the Western assay, double bands appeared at 30 kDa and 40 kDa (Fig. 11). SDSPAGE showed very faint bands where no specific over-expression could be detected. The BCA

Correlation of OD600 to dry cell weight
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y = 683,05x + 4,7998
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Figure 10. A correlation curve between OD600 and dry cell weight for strain GS115pPIC9KEpCAM was established during fermentation 2. Trend line equation is shown on graph.
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Figure 11. The EpCAM specific Western blot detected double bands at 30 kDa and 40 kDa in
pre-induction, harvest and concentrated supernatant samples (lanes 6, 11 and 12). Samples
prepared from pelleted cells prior to induction and at 18 h after induction (lanes 5 and 7) show
bands at 30 kDa. Supernatant and cell samples withdrawn at 24 h after induction (lanes 9 and 10)
show only faint bands at 30 kDa. Molecular size marker is loaded in lanes 1 and 8.

25

analysis of total protein content in the medium showed that both concentrate, permeate and raw
harvest supernatant contained >2000 µg/mL, exceeding the range of the standard curve. Pre-induction
samples had a protein content of 600 µg/mL.
4.2.4

Fermentation 3

The strain SMD1168 performed very well in full scale fermentor culture, producing a final OD600 =
312. The culture data are further described in App. D. Efforts were made to keep the supernatant cold
during harvest and clarification. The clarified medium was frozen immediately.
4.2.5

Fermentations 4 and 5

The combined culture of fermentations 4 and 5 got a slow start by a poor inoculation culture.
Precipitates occurred in the medium prior to inoculation. The media dilution during growth and the
splitting of the culture restrained growth further. The methanol measurement produced no relevant
signal from the ProcessTRACE. The culture was probably not limited in methanol supply during large
periods of the induction phase.

Size/kDa
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Figure 12. SDS-PAGE analysis of
samples from fermentations 3, 4 and 5.
The molecular marker is loaded in lane 3.
No significant bands are visible in samples
from fermentations 4 or 5 (lanes 1 and 2).
Lanes 4-9 are loaded with time samples
from fermentation 3, pre-induction sample
in lane 4 and harvest sample in lane 9.
Two bands, A and B, are clearly visible in
the harvest sample. Whereas band A can
be seen in lane 1 as well, band B at 13 kDa
appears to be unique.

Supernatant from fermentations 3, 4 and 5 were analysed together using all methods of expression
analysis except BCA and ELISA. The samples from the EpCAM and His6-(ZHer2:4)2-Cys cultures
served as negative controls for one another. The SDS-PAGE shows one interesting band at 13 kDa in
samples from fermentation 3 (EpCAM). The size matches EpCAM and the band is not present in
control cultures or before induction (Fig. 12). No significant bands are visible from fermentations 4 or
5 (Fig. 12).
The HisProbe Western blot produced very strong bands at 70 kDa throughout all cultures, detecting a
native Pichia protein. However, in the sample from fermentation 4, another faint band at 19 kDa
indicated a possible expression of His6-(ZHer2:4)2-Cys (Fig. 13).The EpCAM specific Western blot
targeted a protein at 33 kDa in all samples from fermentation 3 (EpCAM), but nothing in the samples
from fermentations 4 (His6-(ZHer2:4)2-Cys) or control culture (SMD1168 transformed with empty

26

pPIC9K plasmid). No double bands were visible (Fig. 14) in the SMD1168 cultures, compared with
the previous GS115 Western blot analysis (Fig. 11).

4.3

Purification

Purification of EpCAM was attempted, but not pursued further when heavy precipitates from media
components appeared and failed to dissolve. The SDS-PAGE analysis of the remaining two fractions
showed a concentration of small proteins < 6 kDa in the precipitate/gel fraction, and the retention of
the 13 kDa band in the filtrate fraction (Fig. 15).
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Figure 13. The HisProbe Western blot
analysis detected strong bands at 70 kDa
in all fermenter samples (lanes 2, 3, 510). An additional, unique band is
visible at 19 kDa in fermentation 4.

Figure 14. The EpCAM specific
Western blot detected strong bands at 33
kDa in all fermentation 3 samples (lanes
3-8), including pre-induction sample
(lane 3). Nothing was visible in negative
control cultures (lanes 1, 2).

Size/kDa 1 2 3 4 5 6 7 8 9 10
Figure 15. SDS-PAGE gel analysis of remaining
fractions after purification efforts. Fermentation 4
sample (lane 2), pre-induction sample (lane 4) and
harvest samples (lanes 5and 6) are included for
comparison. Harvest sample, filtrate fraction (lanes 7
and 8) and gel/precipitate fraction (lanes 9 and 10)
have been concentrated prior to loading on gel. The
13 kDa band is visible in the filtrate fraction (A).
Low molecular weight protein has gathered in
precipitate fraction (B).
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5

Discussion

5.1

Cloning

The PCR amplification of the His6-(ZHer2:4)2-Cys Affibody dimer presented difficulties. As the dimer
consists of two fused, identical DNA sequences, primers will adhere not only to the dimer ends, but
also to monomer ends in the middle of the gene (Fig. 16). This behaviour will produce a significant
amount of monomer PCR product
(His6-ZHer2:4-Cys) and only a minor
fraction of the dimer product (His6(ZHer2:4)2-Cys). An additional purification
step on a 3% agarose gel was necessary to

B
A

separate the two fragments (Fig. 17).
The amplification step had to be repeated

Figure 17. EtBr stained 1%
agarose gel showing the
need for an additional
purification step after PCR
amplification of His6(ZHer2:4)2-Cys. The amount
of Affibody monomer
(band A) is significantly
larger than the amount of
Affibody dimer (band B).

Affibody dimer (ZHer2:4) 2

ZHer2:4

Figure 16. Primers (small arrows)
bind to the middle of the dimer gene
as well as to the ends since adhesion
sequences are repeated. This produces
significant amounts of Affibody
monomer fragments.

ZHer2:4

in order to produce a sufficient amount of His6-(ZHer2:4)2-Cys gene product. The E. coli transformation
produced very few transformants, of which only two contained the correct insert. The low
transformation frequency was probably due to low concentrations of ligated plasmids in the
transformation mixture.
When sequencing the two transformant plasmids, one was found to contain a single base frame-shift
mutation. The second had two additional codons (GGC TAC = Gly Tyr) located between the secretion
signal sequence and the His6 sequence. The fault was probably due to incomplete digestion by SnaBI.
The risk of those additional amino acids severely affecting the overall behaviour of the molecule was
estimated to be low, hence the transformation into SMD1168 P. pastoris was performed using this
plasmid. Primer sequence could have been designed more appropriate without the blunt G ending,
identical with the SnaBI restricted end.
The transformation frequencies of P. pastoris were satisfying. No comparison can be made to
previously reported studies (Scorer et al.,1994) as the exact amount of transforming DNA for each
transformation is not known. Other transformation methods such as spheroplasting were not
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considered as transformation frequencies are known to be in the same order as for electroporation
(Scorer et al.,1994).
The auxotrophic selection of His+ transformants did not work initially. The problem was traced down
to faulty MD agar plates, probably contaminated with traces of yeast extract containing histidine. A
new batch of plates solved the problem.
The search for multi-copy insert transformants by screening on G418 antibiotic agar plates did not
yield any result. The natural frequency of multiple integration is reported to be low when using SacI
digested plasmid DNA for transformation (Scorer et al., 1994), but should lie in the range of 1-10% of
all His+ mutants (Invitrogen). Approximately 300 His+ GS115pPIC9K-EpCAM colonies were
screened in this project. Screening was not pursued further due to lack of time.
Screening for Mut+ or MutS phenotype was not performed. The verified recombinant clones were
cultured in large scale directly.

5.2

Growth and control

Generally, the full scale fermentation method based on supplier’s recommendations (Invitrogen)
worked well. Regulation of growth parameters such as dissolved oxygen, pH and temperature did not
cause any problems. The performance of the test fermentors did not quite stand the demands regarding
oxygen transfer rates. Not even mixing of O2 with air would keep the DO above 20%; the real level
was closer to 15%.
The on-line measurement of the methanol concentration was not implemented until fermentation 4.
The reasons for this were difficulties with off-line calibration due to a mechanical fault caused by the
manufacturer. Waiting for delivery of a spare part caused delays.
During the on-line measurement, no relevant signal was produced throughout the methanol feeding
phase. The received value was far above the calibration interval (1-5 g/L) of the instrument. Reasons
may have been signal disturbance from other media components or a real methanol concentration
higher than the measurement interval. The latter would probably imply that the cultured clone was of
MutS phenotype. No response was detected when the instrument was tested on a pure glycerol (aq)
solution. The conclusions drawn are that the ProcessTRACE has not been properly evaluated, and
hence it is impossible to state whether its use is of any gain. Other methanol measurement systems
available on the market are based on methanol detection in the outlet air, using a dialysis probe, or offline measurement.

5.3

Expression

The expression of both proteins have been difficult to detect. No distinct overexpression bands could
be seen on the SDS-PAGE gels. Previously, a range of proteins have been reported to reach expression
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levels of >1 g/L cell medium when secreted (Invitrogen). The measures taken in order to augment
expression are discussed below.
The size and presence of multiple bands in the EpCAM specific Western blot (Fig. 11) indicated
possible proteolysis or aggregation in the medium; hence the decision to switch from GS115 to the
proteinase A deficient strain SMD1168. The new strain performed just as good, or better, than GS115,
which was not expected according to the literature (Cregg, 1999). The change of strain seems to have
improved the protein environment during fermentation, since no double bands were visible from
fermentations 3 or 4 (Fig. 15). Other possible measures would have been to lower the culture pH to 3
(Invitrogen) or to include 1% Casamino acids in the medium (Clare et al., 1991), which have been
reported as efficient means of inhibiting proteases.
Continued screening for multi-copy inserts might have resulted in a better expressing clone. Also, in
vitro generation of multi-copy expression cassette plasmids based on the pAO815 vector should be
considered.
Intracellular expression was intented to be tested, but was abandoned after the initial sequencing of
plasmids. The plasmid designed for intracellular expression was found to lack certain relevant features
and the focus was laid on secretion instead. Intracellular expression has often been successful,
showing expression levels up to >10 g/L (Invitrogen), but obviously the advantages during the
purification procedure are lost.
A small scale expression experiment including a larger number of transformants might have proven
worthwhile (Invitrogen). The difficulties are to achieve sufficient biomass in small cultures and to
maintain induction by supplying the right amount of methanol to the test culture tubes. There is also a
considerable workload involved in the analysis procedure when screening many clones.
The regulation of methanol feed rate by on-line measurement might have improved expression as
suggested in a previous study (Guarna et al, 1997).

5.4

Purification and harvest

The TFF method was found to be a neat, although time-consuming, technique for clarification and
concentration. A potential drawback is that the medium is processed a lot, possibly contributing to
degradation of protein.
Precipitates that formed in the FBS fermentation medium have to be further investigated if the IMAC
purification strategy should be employed. As the precipitates appeared when raising pH, these pose a
serious obstacle to this method. Neutral pH is a requirement for protein absorption to the chelating gel.
Desalting of medium or ammonium sulphate precipitation prior to absorption could also be viable
alternatives.
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5.5

Methods of analysis

The SDS-PAGE analysis did not reveal any significant over-expression band of heterologous protein.
One weak 13 kDa band appearing only in EpCAM fermentations and not before induction could be of
interest. However, a more specific analysis would be necessary in order to decide for certain.
Generally, SDS-PAGE gels appear very faint due to the small amounts of secreted protein in relation
to culture volumes. Silver staining, or concentration of samples prior to loading on gel, could be
performed to address this problem.
EpCAM specific ELISA analysis showed a large background in both pre-induction samples and
medium. The method was abandoned for the more descriptive EpCAM Western blot.
EpCAM specific Western blots showed too large bands, present also before induction. As the
regulation of the AOX1p promoter is known to be strict, suspicions were that the antibody favoured
binding to a native P. pastoris protein. The double bands appearing in the GS115 culture were
interpreted as a high activity of proteases and, as predicted, the switch to SMD1168 did improve those
bands. The failure to detect EpCAM using the specific antibody could be due to faults in protein
folding.
The same problem haunted the His6 specific Western blot assay. Again very large bands were clearly
visible, but throughout all cultures, independent of strain. An additional band at 19 kDa indicated faint
expression of the Affibody® molecule, however the band was not visible on SDS-PAGE analysis.
Expression levels are supposedly too low to be a viable alternative when producing Affibody®
molecules commercially.
A purified protein sample would have been possible to analyse using more detailed methods such as
mass spectrometry or amino acid analysis. There is also a possibility to design an activity assay based
on the binding characteristics of the Affibody® molecule.
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Appendix A – Gene sequences
EpCAM gene sequence
The EpCAM gene was inserted directionally into pPIC9K by restriction at the 5’ end with SnaBI and
restriction at the 3’ end with EcoRI. A C terminal His6 tag was added during PCR amplification to
enable IMAC purification. Note the cysteine rich character of EpCAM. During secretion from
P. pastoris, glycosylation may occur at protein sequences N-X-S/T. Two such sequences are present in
the EpCAM gene (Fig. A1). Normally 8-14 mannose residues are added to each glycosylation site,
whereas hyperglycosylation (50-150 mannose residues) is rare in P. pastoris.

Figure A1. The
sequence of EpCAM
gene with added
C terminal His6 tag.
Numbers indicate the
base location in the
plasmid, counting form
the beginning of the
AOX1 promoter
sequence. Only
forward DNA
sequence is shown,
supplemented with the
amino acid sequence
of translated protein.
Potential glycosylation
sites are highlighted in
red.

1222
1258
1294
1330
1366
1402
1438
1474
1510

C V C
TGTGTCTGT
F V N
TTTGTGAAT
V G A
GTTGGTGCA
A A K
GCTGCCAAA
G S K
GGCTCAAAA
A L Q
GCCCTCCAG
C D E
TGCGATGAG
N G T
AACGGCACC
G V R
GGGGTCAGA

E N Y
K L A
V N C
GAAAACTAC AAGCTGGCC GTAAACTGC
N N R
Q C Q
C T S
AATAATCGT CAATGCCAG TGTACTTCA
Q N T
V I C
S K L
CAAAATACT GTCATTTGC TCAAAGCTG
C L V
M K A
E M N
TGTTTGGTG ATGAAGGCA GAAATGAAT
L G R
R A K
P E G
CTTGGGAGA AGAGCAAAA CCTGAAGGG
N N D
G L Y
D P D
AACAATGAT GGGCTTTAT GATCCTGAC
S G L
F K A
K Q C
AGCGGGCTC TTTAAGGCC AAGCAGTGC
S T C
W C V
N T A
TCCACGTGC TGGTGTGTG AACACTGCT
R T D
K D T
E I T
AGAACAGAC AAGGACACT GAAATAACA
C H H
H H H
H *
1546 TGCCATCAC CATCACCAT CATTAA
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His6-(ZHer2:4)2-Cys gene sequence
The gene was inserted directionally as described above for EpCAM. An N terminal His6 tag and a C
terminal cysteine resudue were added to the original sequence to enable IMAC purification and thiol
coupling. There are two potential glycosylation sites within the dimer gene (Fig. A2).

Figure A2. The
sequence of the
Affibody dimer
His6-(ZHer2:4)2-Cys
with N terminal His6
tag. Numbers indicate
the location in the
plasmid, counted form
the beginning of the
AOX1 promoter
sequence. Only
forward DNA
sequence is shown,
supplemented with the
amino acid sequence
of translated protein.
Glycosylation sites are
highlighted in red.

1225
1261
1297
1333
1369
1405
1441
1477
1513
1549

H H H
CATCATCAT
F N K
TTCAACAAA
Q A L
CAGGCGTTA
A F I
GCCTTCATC
S A N
AGCGCTAAC
D A Q
GATGCTCAG
K E L
AAAGAACTG
L P N
TTACCTAAC
I R S
ATCCGGAGT
N L L
AACTTGCTA

H H H
CATCATCAC
E L R
GAACTGAGG
P N L
CCTAACTTA
R S L
CGGAGTTTA
L L A
TTGCTAGCA
A P K
GCGCCGAAA
R Q A
AGGCAGGCG
L N W
TTAAACTGG
L Y D
TTATATGAT
A E A
GCAGAAGCT
1585
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Y Y V
TACTATGTA
Q A Y
CAGGCGTAT
N W T
AACTGGACG
Y D D
TATGATGAC
E A K
GAAGCTAAA
V D N
GTAGACAAC
Y W E
TATTGGGAG
T Q S
ACGCAAAGT
D P S
GACCCAAGC
K K L
AAAAAGCTA
Q A P
CAGGCGCCG

D N K
GACAACAAA
W E I
TGGGAGATC
Q S R
CAAAGTAGG
P S Q
CCAAGCCAA
K L N
AAGCTAAAT
K F N
AAATTCAAC
I Q A
ATCCAGGCG
R A F
AGGGCCTTC
Q S A
CAAAGCGCT
N D A
AATGATGCT
K C *
AAATGCTAA

Appendix B – Buffers and growth media
All growth media were prepared as aqueous solutions using Milli-Q deionised water (Millipore). The
solutions were sterilized by autoclaving. The following constituents are heat sensitive, and were
prepared as filter sterilized stock solutions instead: YNB (Yeast nitrogen base), Biotin, Methanol and
G418. The stock solutions were added to media after autoclaving and cooling below 60°C.

Growth media
BMG (Buffered Minimal Glycerol)
100 mM Potassium phosphate, pH 6.0
1.34% YNB
4⋅10-5% Biotin
1% Glycerol
BMM (Buffered Minimal Methanol)
100 mM Potassium phosphate, pH 6.0
1.34% YNB
4⋅10-5% Biotin
0.5% Methanol
BMGY (Buffered Minimal Glycerol-complex medium)
1% Yeast extract
2% Peptone
100 mM Potassium phosphate, pH 6.0
1.34% YNB
4⋅10-5% Biotin
1% Glycerol
BMMY (Buffered Minimal Methanol-complex medium)
1% Yeast extract
2% Peptone
100 mM Potassium phosphate, pH 6.0
1.34% YNB
4⋅10-5% Biotin
0.5% Methanol
FBS (Fermentation Basal Salts), 1L
26.7 mL Phosphoric acid, 85%
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0.93 g Calcium sulphate-5⋅H2O
18.2 g Potassium sulphate
14.9 g Magnesium sulphate-7⋅H2O
4.13 g Potassium hydroxide
40.0 g Glycerol
Water to 1 L
MD plates (Minimal Dextrose Agar medium)
1.34% YNB (yeast nitrogen base)
2% Agar
4⋅10-5% Biotin
2% Dextrose (Glucose)
PTM1 Trace salts (Trace Metal solution), 1 L
6.0 g Cupric sulfate-5⋅H2O
0.08 g Sodium iodide
3.0 g Manganese sulfate-H2O
0.2 g Sodium molybdate-2⋅H2O
0.02 g Boric acid
0.5 g Cobalt chloride
20.0 g Zinc chloride
65.0 g Ferrous sulfate-7⋅H2O
0.2 g Biotin
5.0 mL Sulphuric acid
Water to 1 L
YPD (Yeast extract Peptone Dextrose medium)
1% Yeast extract
2% Peptone
2% Dextrose (Glucose)
YPD plates (Yeast extract Peptone Dextrose Agar medium)
1% Yeast extract
2% Peptone
2% Dextrose (Glucose)
2% Agar
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YPD-G418 plates (Yeast extract Peptone Dextrose Agar medium with G418)
1% Yeast extract
2% Peptone
2% Dextrose (Glucose)
2% Agar
0.25, 0.5, 0.75, 1.0 g/L G418 (four different batches)

Buffers
IMAC A, pH 7.0 (absorption buffer)
10 mM Imidazole
0.5 M NaCl
20 mM Tris
IMAC B, pH 7.0 (elution buffer)
250 mM Imidazole
0.5 M NaCl
20 mM Tris
1 M Potassium phosphate buffer, pH 6.0
132 ml 1 M K2HPO4
868 ml 1 M KH2PO4
PBS (Phosphate buffered saline), pH 7.4
2.68 mM KCl
1.47 mM KH2PO4
137 mM NaCl
8.1 mM Na2HPO4
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Appendix C – Primers
Primers used for amplification of EpCAM and His6-(ZHer2:4)2-Cys genes (Tab. 1) were purchased from
Thermo Electron Corp. Primers used for PCR screening and sequencing of plasmids (Tab. 2) were
obtained with the Multi-Copy Pichia Expression Kit (Invitrogen ).
Table C1. Primer sequences for amplification PCR reactions. Note that all primers are shown in the 5’→3’
direction.

Name

Sequence

EpCAM forward

5’-GGCTACGTATGTGTCTGTGAAAACTACAAGCTGGC
C-3’
SnaBI - gene sequence

EpCAM reverse

5’-GGCGAATTCTTAATGATGGTGATGGTGATGGCATG
TTATTTCAGTGTCCTTGTC-3’
gene sequence - His6 - stop - EcoRI

His6-(ZHer2:4)2-Cys forward

5’-GGCTACGTAGGCCATCATCATCATCATCACTACTA
TGTAGACAACAAATTCAACAAAG -3’
SnaBI - His6 - gene sequence

His6- (ZHer2:4)2-Cys reverse

5’-GGCGAATTCTTAGCATTTCGGCGCCTGAGCATCAT
TTAG-3’
gene sequence - cysteine- EcoRI

Table C2. Primer sequences for PCR screening and sequencing
of plasmids. Note that all primers are shown in the 5’→3’
direction

Name

Sequence

3’ AOX1

5’-GACTGGTTCCAATTGACAAGC-3’
adhesion to 3’ AOX1 sequence

5’ AOX1

5’-GCAAATGGCATTCTGACATCC-3’
adhesion to 5’AOX1 sequence
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Appendix D – Fermentation data
The data log from fermentation 3, as displayed by BioPhantom® 2000 (Fig. 21). pO2 (black line) falls
as biomass increases. When the pO2 value reaches 25%, regulation of pO2 causes the stirring speed
(yellow line) to rise. The weight of substrate feed added to the fermentor (violet line) shows the
constant addition of glycerol and subsequently methanol. The DO spike (black line peak) indicates
depletion of all glycerol in the fermentor. The temperature (blue line) is lowered gradually during the
methanol feed phase (induction) in order to reduce protease activity in the medium. Ammonia is added
to the fermentor (turquoise line) to keep the pH steady at 5 (red line).

Figure D1. Data log from fermentation 3, as displayed by BioPhantom® 2000.
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