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Syrian hamster prion protein (PrPc) and a truncated
Syrian hamster prion protein lacking the glycosylphos-
phatidylinositol (GPI) anchor C-terminal signal sequence
(GPI~) were expressed in Chinese hamster ovary cells using
a glutamine synthetase selection and amplification system.
The CHO cell clones expressing the GPI" PrP secreted the
majority of the protein into the media, whereas most of
the PrP produced by clones expressing the full-length
protein with the GPI anchor was located on the cell
surface, as demonstrated by its release upon treatment with
phosphatidylinositol-specific phospholipase C (PIPLC). A
cell clone that expressed the highest levels of full length
PrP was subcloned to obtain clone 30C3-1. PrP from

clone 30C3-1 was shown to be sensitive to proteolysis by
proteinase K and to react with monoclonal and polyclonal
antibodies that recognize native PrPc. The recombinant
PrP migrated as a diffuse band of 19-40 kDa but removal
of the N-linked oligosaccharides with peptide N-glycosidase
F (PNGase F) revealed three protein species of 19, 17 and
15 kDa. The 19 kDa band corresponding to deglycosylated
full-length PrP was quantified and found to be expressed
at a level - 14-fold higher than that of PrPc found in Syrian
hamster brain.
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Introduction

Prions are defined as proteinaceous, infectious particles which
contain no nucleic acid and cause neurodegenerative disorders
in a range of different species (Prusiner, 1996). The current
epidemics of bovine spongiform encephalopathy (BSE), or
'mad cow disease', which has resulted in more than 160 000
cattle deaths in Great Britain since 1986, is thought to be
caused by prions initially derived from sheep scrapie
(Wilesmifh et al, 1991). Human prion diseases identified to
date include kuru, Creutzfeldt-Jakob disease (CJD),
Gerstmann-Straussler-Scheinker syndrome (GSS) and fatal
familial insomnia (Gajdusek, 1977; Masters et al, 1981;
Medori et al, 1992). Epidemiological studies suggest that a
new variant form of CJD manifest in Great Britain may be
caused by BSE prions (Will et al, 1996).

The prion protein (PrP) is a normal cellular protein of
unknown function which has been found in both neuronal and
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nonneuronal tissues (Oesch et al, 1985; Kretzschmar et al,
1986; Bendheim et al, 1992; Manson et al, 1992). It is
located on the exterior cell surface and is attached to the

plasma membrane via a glycosylphosphatidylinositol (GPI)
anchor (Stahl et al, 1987, 1990). Fourier transform infrared
(FTIR) and circular dichroism (CD) spectroscopic studies
show that the normal cellular isoform (PrPc) is predominantly
cc-helical in structure with little, if any, P-sheet (Pan et al,
1993; Pergami et al, 1996; Riek et al, 1996). In contrast, the
secondary structure of the pathogenic form (PrPSc) which is
derived from PrPc has less a-helical structure and substantial
amounts of p-sheet (Caughey et al, 1991; Gasset et al, 1993;
Pan et al, 1993; Safar et al, 1993). It is believed that this
conformational transition is the fundamental event in the

conversion of PrPc to PrPSc. To understand better the formation
of PrPSc, it seemed useful to develop a system for producing
large quantities of PrPc, particularly because purification of
PrPc from rodent brain has been difficult (Turk et al, 1988;
Pan et al, 1992; Pergami et al, 1996).

Although the level of PrP mRNA in brain is higher than in
any other tissue in rodents, its abundance is low (Oesch et al,
1985; Kretzschmar et al, 1986). Similarly, the level of PrPc
in brain is higher than in other tissues (Bendheim et al,
1992), but it represents less than 0.1% of the total CNS protein
(Turk et al, 1988; Pan et al, 1992, 1993). Since there is no
natural source of PrPc, we examined many cultured cell types
for PrP synthesis (Scott et al, 1988) and attempted expression
of PrP from vectors transfected into cells. Although many
investigators have reported expression of recombinant PrP,
few of these have produced the PrPc in high amounts.
Milligram quantities of recombinant PrP have been isolated
and purified from bacterial and insect cells (Weiss et al, 1995;
Hornemann and Glochshuber, 1996; Mehlhorn et al, 1996).
In most of the mammalianexpressionsystems where the PrPc
was post-translationally modified by addition of Asn-linked
oligosaccharides and a GPI anchor, the quantity of recombinant
PrPc was low and purification was not reported. In the present
study, we sought to establish a mammalian cell system capable
of generating PrPcat highlevels of expression andwe therefore
chose a glutamine synthetase gene amplification system
(Bebbington et al, 1987).

Chinese hamster ovary (CHO) cells growing in culture
require glutamine for their growth and survival. Glutamine
can either be obtained from the medium or synthesized by the
cells from glutamate and ammonia through catalysis by the
enzyme glutamine synthetase (GS). CHO cells grown in a
selection medium that is glutamine free and contains
methionine sulfoximine (MSX), an inhibitor of GS
(Sanders and Wilson, 1984), do not survive. Specific gene
expression can be achieved by plating the CHO cells in an
MSX selection medium and then transfecting the cells with a
vector that codes for the GS gene along with the foreign
gene of interest (Cockett et al, 1990). Only those cells that
incorporate the vector and express GS at levels sufficiently
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