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Recombinant Protein Expression
at the Zurich University of Applied
Sciences Winterthur

Christiane Zaborosch*

Abstract: In recent years recombinant enzymes have found widespread application in industrial uses ranging
from organic synthesis to food industry. Recombinant proteins, including some enzymes, are nowadays used
in the clinic to treat a broad spectrum of diseases. The elucidation of the human genome and current efforts
in functional genomics and proteomics will greatly increase the number of therapeutic proteins. This article
presents the R&D activities in the biochemistry lab at the Zurich University of Applied Sciences Winterthur,
which recently has initiated a focus on recombinant protein expression.
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Industrial Uses of Recombinant
Proteins

The protease trypsin, purified from
bovine pancreas, was the first purified
protein available commercially for use as
a detergent in 1914. It proved to be so
powerful compared to traditional wash-
ing powders that the original small pack-
age size made housewives suspicious so
that the product had to be reformulated
and sold in larger packages.

Since then, purified proteins, and
especially enzymes, have conquered a
tremendous range of applications in in-
dustry. The estimated value of the world
enzyme market is presently about
US $1.3 billion. Technical enzymes often
replace chemical processes and thus in-
cur environmental benefits. Detergents
are by far the largest application for tech-
nical enzymes today, but enzymes are
also used in many other fields, including
textiles, starch, fuels, leather, personal
care, and pulp and paper.

In addition, the food industry applies
enzymes in baking and dairy products
and for the production of beer, wine, bev-

erage alcohol, fruit juice, oil and fats.
Enzymes are also included in feed addi-
tives [1].

The introduction of genetic engineer-
ing allowed a further spread of enzyme
applications. This is nicely illustrated by
xylanase from the fungus Trichoderma,
an enzyme that degrades the complex
polysaccharide xylan present in plant cell
walls. Xylanase is used in the pulp indus-
try – at an alkaline pH – to liberate the
wooden lignin parts from the pulp. It is
also included in feed additives to increase
the metabolizable energy from plant bio-
mass. During the feed manufacturing
process the xylanase has to withstand
high temperature. Xylanase mutants with
2000-fold increased thermal stability at
70 °C and the pH-optimum shifted to-
wards alkaline by one pH-unit were spe-
cifically designed and usable in both ap-
plications [2].

Enyzme-catalyzed chemical transfor-
mations are now widely recognized as
practical and economic alternatives to
traditional (non-biological) organic syn-
thesis. Especially the unparalleled chiral
and regional selectivity of enzymes is
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used in chemical synthesis with remark-
able rate acceleration. Examples are enan-
tiopure alcohols and the sweetener aspar-
tame which are produced with the use
of enzymes in thousands of tons yearly
(reviewed in [3]).

Proteins as Drugs and Drug Targets
in the Post-genome Era

In Switzerland 48 recombinant pro-
teins produced by genetic engineering are
approved for medical use by Swissmedic,
the Schweizer Heilmittelinstitut (former-
ly called the Interkantonale Kontroll-
stelle für Heilmittel IKS). They include
hormones such as insulin, growth hor-
mone and erythropoetin, cytokines such
as interferon-α, monoclonal antibodies
[4], therapeutic enzymes such as tissue
plasminogen activator and others [5].

The completion of the sequence of the
human genome has set the stage for a dra-
matic change in how modern medicines
are developed. New technologies enable
the use of systematic screening and selec-
tion of drug targets, making the drug dis-
covery process significantly better and
faster. The ultimate hope is to use these
large-scale techniques to discover corre-
lations of genes and gene products with
disease, thus identifying the potential
drug targets for a given disease and then
model designer drugs for each one of
these.

The genome-wide sequencing of the
human genome has revealed the players
that make up a living organism. Every
cell has in principle the same or very sim-
ilar genetic repertoire, and what differen-
tiates a diseased cell from a healthy one is
which player is on the field, meaning
which gene is expressed and translated
into protein at which time and in which
amount. Functional genomics approach-
es this difference by examining the dif-
ferential expression of genes (mRNAs)

using gene microarrays or PCR screening
technologies. However, in general gene
expression does not correlate too well
with actual protein concentration as
the stability of mRNA, RNA splicing,
control of translation influence the pro-
duction of proteins. In addition posttrans-
lational modifications such as phosphor-
ylations can be crucial in determining the
activity of the protein. Here, proteomics
comes into play, which describes the
sum of the expressed proteins in a cell
(proteome). Two-dimensional gel elec-
trophoresis, HPLC separation and iso-
tope-coded affinity tagging are the cur-
rently used methods to separate complex
protein mixtures and allow the subse-
quent identification of the candidate pro-
tein by mass spectrometry.

It has been predicted that the combi-
nation of functional genomics and pro-
teomics followed by rational drug design
could potentially expand the drug discov-
ery process to 10000 drugs as opposed to
a meager 500 only a decade ago. It is esti-
mated that among the 50000 genes iden-
tified by the human genome project are
between 10000 and 15000 genes encod-
ing different proteins involved in diseas-
es. A huge requirement for recombinant-
ly expressed and purified proteins either
as therapeutically active drugs given di-
rectly to patients or recombinant proteins
for use in high throughput screening for
inhibitors or activators can thus be fore-
seen.

Recombinant Protein Production at
the Zurich University of Applied
Sciences Winterthur (ZHW)

With my appointment as lecturer for
biochemistry at the ZHW in fall 2000,
I have initiated a focus of the biochemis-
try lab on research and development of
recombinant protein production and pro-
tein analytics.

The decision whether to use microor-
ganisms or eukaryotic cells for protein
production has to be made on the nature
of the protein of interest. While prokary-
otic expression systems normally allow
for very high yield, they are not suited for
proteins which carry posttranslational
modifications such as glycosylations. In
addition proper disulfide bond formation
is often not found after cytosolic expres-
sion in microorganisms and may require
refolding of the protein. As an alternative
the protein can be expressed in the peri-
plasm of bacteria or by secretion from
eukaryotic cells, where helper proteins
called chaperones assist proper folding
and formation of disulfide bonds. Thus,
prokaryotic and eukaryotic expression
systems are being established in the lab.
The integration of the biochemistry lab in
the Section of Chemistry and Biological
Chemistry enables a close collaboration
with the bioengineering lab headed
by B. Sonnleitner and the cell culture and
tissue engineering lab headed by
U. Graf (Fig. 1). The bioengineering lab
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is equipped with fermentors for large-
scale cultivation of microorganisms and
has well-recorded experience in process
optimization. The same is true for the
cultivation of eukaryotic cells in collabo-
ration with U. Graf.

The next step after optimized protein
expression is downstream processing
which is performed on state-of-the-art in-
struments that also allow upscaling by
the industrial partner. After purification
the product analytics is performed by a
variety of methods (Fig. 2).

A package from cultivation to protein
purification and analytics of the final
product can be offered to R&D partners
and also allows teaching of students in
modern biotechnology. Two projects on
recombinant protein expression with in-
dustrial partners have been performed in
the course of diploma work. In these
projects expression levels of proteins
(identity not disclosed) in Escherichia
coli were optimized. Proteins were puri-
fied via an affinity tag on a metal chelate
matrix and characterized.

Protein analytics was also realized
within a CTI project of U. Graf on tissue
engineering of cartilage tissue in which
the biochemistry lab developed and vali-
dated the analytical methods to character-
ize the quality of the engineered cartilage
constructs. In a further project together
with the Section of Physics and Mathe-
matics protein–protein interactions were
investigated with an optical biosensor de-
veloped at the CSEM Neuchatel. The
Departement of Technology, Computer
Science and Natural Sciences with the

Section of Chemistry and Biological
Chemistry at the ZHW encompasses an
unique possibility to combine the differ-
ent expertises within the department.
This enables a multidisciplinary approach
to solve complex problems. Furthermore,
we are engaged in the Swiss BioteCHnet,
a partnership of the Swiss Universities of
Applied Sciences in the field of biotech-
nology.
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