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Behringwerke AG in Marburg in the Depart-
ment of Virology. Development of produc-
tion processes for the synthesis and recovery
of human alpha interferons, based on the in-
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of the genetic engineering group at Behring-
werke and work on the cloning and expression
of Herpes Simplex Virus proteins for the de-
velopment of a vaccine. 1985- I986, Harvard
Medical School, Department of Molecular
Biology, Boston, USA, in the lab of Prof.
Robert Kingston. Work on 'Inducible synthe-
sis ofthe mouse proto-oncogen c-myc in Chi-
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togenetics, Cell Technology, Process Engi-
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10000 I). Leading responsibilities for thera-
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HIV gp120, sCD4, CD4-IgG, TNFreceptor-
IgG, TPA. Since] 996 Professor of Biotech-
nology at the Swiss Federal Institute of Tech-
no logy in Lausanne and speaker and coordi-
nator of the Swiss Priority Program Biotech-
nology Module I.

velopment and production of recombinant
proteins for medical use.

A major effort in the laboratory is
directed towards the establishment of novel
principles and technologies for the pro-
duction of recombinant proteins in
mammalian cells. One of the research
programs focuses on a new approach for
protein expression in which the recom-
binant DNA molecules are transferred to
cells which are already being cultivated at
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The Laboratory of Cellular Biotech-
nology is part of the Center of Biotechnol-
ogy UNIL-EPFL. It addresses needs of
academic and industrial research labora-
tories for more efficient technologies for
the production and analysis of high-value
recombinant proteins from animal cells
cultivated in vitro. Animal cells and, in
particular, immortalized mammalian cell
lines have become the most frequently
used production host systems for the syn-
thesis of recombinant proteins which are
applied in medicine for therapy or for
vaccine purposes. The reason for this is, in
spite of a somewhat elevated degree in
complexity for processes based on mam-
malian cells, the ability of such cells to
produce at high fidelity complex proteins
which are large in size, have multiple
glyco- and other modifications and re-
quire their protein processing machinery
(golgi apparatus, secretory pathway, etc.).

Researchers in the laboratory are using
equipment and technologies of molecular
biology, cell biology, microbiology, mam-
malian cell culture technology, analytical
and preparative chemistry, polymer chem-
istry, and chemical and process engineer-
ing. Modern techniques including capil-
lary electrophoresis, HPLC, and biosen-
sors are used at line for product character-
ization and bioprocess control. Also avail-
able is a top-of-the-art pilot scale facility
for protein production and recovery from
animal cells. Bioreactors range in scale
from 2 to 100 I and appropriate down-
stream processing equipment for ceil-prod-
uct separation and protein purification al-
low the preparation of recombinant pro-
teins in the milligram to gram range. This
pilot scale laboratory is modeled after
similar laboratories one finds in pharma-
ceutical companies which pursue the de-
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large scale. It is the goal of this program to
synthesize, recover, and purify any de-
sired protein in milligram to multigram
quantities, starting from a DNA molecule,
within 2-3 months. 'Standard' but not
'old' technologies as they have been de-
veloped within the last 10 years or so,
would require 9 months or more to pro-
duce such quantities of protein. The alter-
native, faster technology, termed 'large
scale transient expression' in mammalian
cells is based on very recent developments
(within the last 2 years) and requires, de-
pending on the scale of operation for DNA
transfer and subsequent protein produc-
tion, significant quantities of plasmid
DNA. Accordingly, a program is under-
way to not only optimize protein expres-
sion from mammalian cells, but also to
improve plasmid production in E.coli.
Linked to this is the need to recover and
purify at high yield and with high-quality
plasmid DNA from E.co/i lysates derived
from fermentations. Results from these
efforts are useful and considered an im-
portant contribution to future DNA based
therapeutic applications ('gene therapy').

Standard industrial technologies for
the production of recombinant proteins in
mammalian cells utilize Chinese Hamster
Ovary cells, for various reasons. One of
the reason for their popularity as industrial
host systems is their ability to produce
large quantities (up to 100 kg/year) of
complex proteins when grown in suspen-
sion in large reactors (up to the 10000 I
scale). Research efforts in the laboratory
of Cellular Biotechnology are also direct-
ed towards the development of more effi-
cient ways to establish highly productive
stable cell lines and then to transfer such
cell lines into an industrial modus. These
efforts focus both on the molecular biolo-
gy of vectors and their interaction with the
chromatin of the mammalian host cell as
well as the physiology, biochemistry, and
physico-chemical interactions of cells cul-
tivated under production conditions. The
available bioreactor equipment in the lab-
oratory allows both to mimic industrial
scale operations as well as to develop new
and improved processing principles for
mammalian cell lines expressing a recom-
binant protein.

The development and implementation
of novel strategies for the isolation and
purification of the biotechnological high-
val ue products produced in our facilities is
another important research area of the
laboratory. In this area, we concentrate on
modern techniques such as affinity pre-
cipitation, selective membrane separators,
displacement chromatography, etc. When-
ever possible, the isolation methods are

directly integrated into the overall produc-
tion scheme, in order to improve the pro-
ductivity and the safety of the bioprocess.
Studies of the behavior of typical biotech-
nical products and key impurities (residu-
al DNNRNA, endotoxins, viruses, other
proteins, etc.) are a major part of the devel-
opment and optimization. For these stud-
ies, the most modern analytical and pre-
parativeequipmentis available in the newly
established laboratory. In addition a large
effort is placed on the development of
'intelligent' synthetic polymers, which
mimic certain aspects of biological mole-
cules, i.e., in their interaction with solids
(protein displacers) or other biologicals
(artificial antibodies, artificial affinity lig-
ands, artificial enzymes), or aid their iso-
lation (affinity macroligands, superadsorb-
ers, thermoreactive membranes).

Product isolation increasingly becomes
a bottle neck in modern biotechnology.
This tends to be especially the case for the
so-called high-value products, which are
typically produced in rather low concen-
tration in very complex fermentation en-
vironments. Concentration cum isolation
is therefore the somewhat contradictory
target. The use of affinity interactions
early on in the downstream process be-
comes most attracti ve in this context. Cer-
tain biological molecules are able to iden-
tify and bind their respective counterparts
even in the most complex biological envi-
ronments. In affinity precipitation re-
versibly water-soluble polymers that con-
tain such a product-binding domaine ('af-
finity macroligands', AML) are used to
first capture and then co-precipitate the
target molecule. Thus, affinity precipita-
tion combines the high concentration fac-
tors of a precipitation technique with the
high selectivity of an affinity technique,
which makes this method extremely at-
tractive for biotechnical downstream pro-
cessing. The target-orientated design of
specific AML, the engineering of affinity
precipitation processes, e.g., for the re-
covery of technical enzymes, as well as
the basic study ofthe molecular and exter-
nal factors contributing to the effect of the
reversible precipitation of thermosensi-
tive polymers are research topics in our
group.

The later, high resolution stages of the
downstream process of a recombinant
bioproduct are usually domi nated by 'chro-
matography', since the selectivity of this
separation method is high enough to rid
the product even of closely related impu-
rities. The (nonlinear) elution chromatog-
raphy on columns packed with porous
particles, which currently predominates,
however, may be less than optimal. Dis·

placement chromatography is a note-
worthy alternative. In displacement chro-
matography the separation is based on a
displaceI' -enforced competi tion of the feed
components for a limited amount of sta-
tionary phase binding sites. The feed mix-
ture is resolved into consecutive, highly
concentrated zones, the 'displacement
train'. The capacity of the preparative col-
umn is used most efficiently. Several sub-
stances can be isolated at the same time,
which makes this technique attractive for
media recycling schemes in mammalian
cell culture but also for the processing of
sources containing more than one product
such as (milk) whey, plasma, hemofil-
trate, or plant extracts. Accessibility to the
'right' displaceI' is in displacement chro-
matography just as important as posses-
sion the 'right' stationary phase. The ra-
tional design of protein displacers has
been addressed only recently, however,
and displaceI' connected difficulties such
as solubility, cost, toxicity, detectability,
affinity, column regeneration, etc. tend to
impede the application of the technique.
Thus, the synthesis of protein displacers
from a building block system containing
several preactivated blocks, plays a major
role in our efforts to use displacement
chromatography in downstream process-
ing. So far, several recombinant proteins
have been isolated from cell culture super-
natants and whey proteins from technical
dairy whey.

Membrane adsorbers are thin-filter
membranes that have been functionalized
by the covalent linkage of interactive
groups such as ion-exchange functions or
affinity ligands. Given the all-or-nothing
adsorption behavior which is typical for
large biomolecules, such membranes are
excellent stationary phases for biopoly-
mer chromatography. There is, e.g., hard-
ly any internal mass-transfer limitation.
The mobile phase passes convectively
through the pores at high speed due to the
low back pressure of the filters and :the
solutes have to cross only extremely short
distances by molecular diffusion. Espe-
cially in the case of large biologicals, this
becomes a huge advantage. Membrane-
adsorber chromatography can be per-
formed at throughputs which are several
orders of magnitude higher than conven-
tional columns chromatography. In the
area of scale-up membrane adsorber chro-
matography profits from the large body of
data accumulated in the area offiltration in
general. Since several types of membranes
can be assembled into a single module,
mixed mode interaction chromatography
is easily realized and controlled in mem-
brane-adsorber chromatography.


