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a b s t r a c t

The methylotrophic yeasts Pichia pastoris and Pichia angusta (Hansenula polymorpha) were used for the
comparative heterologous production of two model mammalian proteins of pharmaceutical interest,
the NK1-fragment (22 kDa) of human hepatocyte growth factor and the extracellular domain (28 kDa)
of mouse tissue factor (MTF). Both recombinant proteins were engineered to contain an N-terminal Strep-
(WSHPQFEK) and a C-terminal His6-tag. In addition, both proteins contained the pre-pro-sequence of Sac-
charomyces cerevisiae mating factor alpha to allow secretion. Following vector construction, transforma-
tion and zeocin amplification, the best Pichia producers were identified in a screening procedure using
Western blot and a Luminex xMAPTM based high-throughput method. Recombinant NK1-fragment and
MTF were purified from culture supernatants of the best producers by affinity chromatography (Ni–
nitrilotriacetic acid columns). Using P. pastoris as a host for the synthesis of NK1-fragment a protein yield
of 5.7 mg/l was achieved. In comparable expression experiments P. angusta yielded 1.6 mg/l of NK1-frag-
ment. NK1-fragment apparently was not glycosylated in either system. For the production of MTF, P. pas-
toris was also the superior host yielding 1.2 mg/l glycosylated recombinant protein whereas P. angusta
was clearly less efficient (<0.2 mg/l MTF). For both expression systems no correlation between the
amount of recombinant protein and the copy number of the chromosomally integrated heterologous
genes was found. In P. pastoris strains less degradation of the two model recombinant proteins was
observed. Altogether, this paper provides a structured protocol for rapidly identifying productive Pichia
strains for the synthesis of full-length recombinant proteins.

� 2009 Elsevier Inc. All rights reserved.

Introduction

The yeast genus Pichia is characterized by multilateral budding,
presence or absence of pseudohyphae/septate hyphae, and by
ascospores that may be hat-shaped, hemispheroidal, or spherical
with or without a ledge. The genus Hansenula was characterized
by the same phenotypic traits with the exception that Hansenula
species assimilated nitrate whereas Pichia species did not. The
demonstration that strains of some species of Pichia could assimi-
late nitrate whereas strains of some Hansenula species could not
removed the main character that separated the two genera, which
prompted reassignment of Hansenula species to Pichia [1,2].

Yeasts of the genus Pichia have a strong preference for respira-
tory growth, consequently do not produce significant amounts of
toxic ethanol (as compared to many species of the genus Saccharo-
myces) [3] and may grow to very high cell densities on inexpensive
media. Pichia pastoris (9.8 Mbp genome) and Pichia angusta (9–
10 Mbp genome) both perform posttranslational modifications

such as glycosylation and proteolytic processing and are efficient
hosts for the synthesis of active/soluble e.g. mammalian proteins
[4]. Pichia pastoris has become a popular academic tool: as of
2007 more than 600 genes have been cloned and expressed using
this microorganism [5]. In the meantime P. angusta has been used
for industrial production of proteins e.g. for the synthesis of hepa-
titis B surface antigen, human interferon IFNa-2a, insulin, hexose
oxidase (EC 1.1.3.5) and phytase (EC 3.1.3.8) [6].

Only a few studies exist that describe the comparative expres-
sion (and secretion) of defined identical model proteins in several
yeasts [4,7]. As model proteins for our experiments two pharma-
ceutically relevant proteins were chosen, NK1-fragment of human
hepatocyte growth factor (HGF) (22 kDa) and the extracellular
domain of mouse tissue factor (MTF) (28 kDa). Fig. 1 shows the
amino acid sequences of the two native proteins including their
native signal peptides, and the amino acid sequences of both pro-
teins as they were produced in yeast. HGF is a multifunctional
secreted 90 kDa protein that acts as a mitogen, motogen, and/or
morphogen depending on the cellular target and context [8]. Two
alternatively spliced, truncated variants of HGF exist naturally.
They are designated NK1 (25 kDa) and NK2 (35 kDa), respectively.

1046-5928/$ - see front matter � 2009 Elsevier Inc. All rights reserved.
doi:10.1016/j.pep.2009.03.010

* Corresponding author. Fax: +49 621 292 6420.
E-mail address: m.mack@hs-mannheim.de (M. Mack).

Protein Expression and Purification 66 (2009) 165–171

Contents lists available at ScienceDirect

Protein Expression and Purification

journal homepage: www.elsevier .com/ locate /yprep

mailto:m.mack@hs-mannheim.de
http://www.sciencedirect.com/science/journal/10465928
http://www.elsevier.com/locate/yprep


Production of NK1-fragment was achieved earlier using Escherichia
coli [9] and insect cells [8]. MTF (33 kDa) is a 264-amino acid trans-
membrane glycoprotein that serves as the cellular receptor and
cofactor for plasma FVII/VIIa [10]. Highly similar proteins to MTF
were successfully synthesized using P. pastoris [11], S. cerevisiae
[12] and E. coli [13]. In the present work the fully functional extra-
cellular domain (28 kDa) was produced.

To our knowledge, this is the first report directly comparing the
performance of the two expression systems P. pastoris and P. angus-
ta. The promoter of the P. pastoris gene AOX1 was used to drive het-
erologous gene expression in P. pastoris, and the P. angusta FMD
(FDH) promoter was used in P. angusta. The gene AOX1 codes for
alcohol oxidase (EC 1.1.3.13) and FMD codes for formate dehydro-
genase (EC 1.2.1.2). Both enzymes are active in the cytosolic meth-
anol utilization pathway of methylotrophic yeasts [14]. This report
provides the researcher with an efficient routine for the rapid iden-
tification of high-performance protein overproducing Pichia strains
using a combination of Western blot analysis, a novel Luminex
based screening method [15] and qPCR.

Materials and methods

Yeast strains, growth conditions, overexpression experiments and
processing of extracellular protein

Pichia pastoris X33 purchased from Invitrogen and P. angusta
DSM 70277 (German Collection of Microorganisms and Cell
Cultures) were used as hosts for expression of the genes for NK1-

fragment and MTF. Both yeast species were cultured on YPD (1%
yeast extract, 2% peptone, 2% glucose) at 30 �C. For gene expres-
sion, recombinant yeast strains were cultured on BMGY (1% glyc-
erol, 1% yeast extract, 2% peptone, 100 mM potassium phosphate
pH 6, 1.34% yeast nitrogen base and 4 � 10�5% biotin) to generate
biomass and BMMY (0.5% methanol, 1% yeast extract, 2% peptone,
100 mM potassium phosphate pH 6, 1.34% yeast nitrogen base and
4 � 10�5% biotin) for induction experiments. Small scale (5 ml)
expression experiments were carried out in glass reaction tubes
(total volume 20 ml) as follows. The inoculum was prepared by
transfer of a single colony to 5 ml BMGY and growth for 16 h at
250 rpm. Cells were harvested by centrifugation and resuspended
in 5 ml BMMY to an OD600 of 1.0. The cells were grown for 3 days
at 250 rpm. Methanol was added once a day to a final concentra-
tion of 1%. Cells were harvested and the supernatant was treated
with trichloroacetic acid (TCA) to extract total protein (see ‘‘protein
purification and analysis”). The inoculum for large scale (500 ml)
expression experiments was prepared by transfer of a single colony
to 100 ml BMGY. Cells (grown in shake flasks with baffles, without
anti-foam, to an OD600 of 5.0) were harvested and resuspended in
500 ml BMMY to an OD600 of 1.0. Cells were grown in shake flasks
with baffles (without anti-foam), treated with methanol and har-
vested as described for small scale cultures. For protein purification
the volume of the supernatant was reduced by cross-flow filtration
carried out using a LabscaleTFF-System (Millipore AB) supplied
with a 10 kDa Pellicon XL filter module (Millipore AB). During
cross-flow filtration the buffer was changed to PBS (10 mM Na2H-
PO4 � 2H2O, 1.8 mM KH2PO4, 135 mM NaCl, 2.7 mM KCl, pH 7.5).

Fig. 1. Amino acid sequences of NK1-fragment of human hepatocyte growth factor and of the extracellular domain of mouse tissue factor (MTF). The primary structures of the
native proteins (A, NK1-fragment, and C, MTF) and their N-terminal native signal peptides (single underlined) are shown. The amino acid sequences of recombinant NK1-
fragment (B) and MTF (D) as they were synthesized in P. pastoris and P. angusta (the alpha mating factor signal peptide of Saccharomyces cerevisiae is single underlined) and
the expected (after R) and observed (.) cleavage sites that removed the mating factor signal peptides are shown as well. The Strep-tag is double underlined and the C-
terminal His6-tag is single underlined (B and D). In the case of MTF (D) one domain (dotted line in C) was removed.
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