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CHAPTER 5

Selectable Markers
for Eukaryotic Cells

Richard Vile

1. Introduction

The transfer of DNA sequences into a population of cells can rarely, if
ever, be achieved with 100% efficiency. Typically, transfection of cells with the
calcium phosphate method will transduce only between 0.1 and 1% of the
cells with the sequences of interest (1), although some workers have achieved
higher efficiencies (2). If the transferred sequences do not confer a selective
growth advantage, it is essential to use selection for transduced cells. The
marker gene itself may be the gene of interest, e.g., to label a certain cellular
population,; alternatively, expression of the marker may merely be a convenient
selection for the cellular population expressing another gene that has been
cotransfected with the marker. Critically, selectable markers permit positive
selection (i.e., the cells of interest are not killed); this is in contrast to systems in
which demonstration of infection with a virus leads to death of the recipient
cell (such as VSV pseudotypes, see Chapter 9).

1.1. Types of Selectable Markers
1.1.1. Dominant Selectable Markers

Many dominant selectable markers are bacterial genes that can be ex-
pressed in eukaryotic cells when placed under the control of suitable pro-
moter elements. The recipient cells do not have to posses specific genotypes.
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Frequently, two or more of these selection systems can be used together to
introduce sequentially different sequences into the same cells. In such cases,
itis necessary to titrate the selective conditions in tandem, rather than relying
on the optimal conditions worked out for each selection separately.

1.1.1.1. NEOMYCIN PHOSPHOTRANSFERASE (NEO)

One of the most frequently used dominant selectable markers has been
the gene that confers resistance selectively to a group of antibiotics, includ-
ing Geneticin® (G418sulfate, or G418). Geneticin®is an aminoglycoside that
is toxic to both prokaryotic and eukaryotic cells (obtained from GIBCO).
However, certain bacterial strains contain mobile genetic elements (transpos-
ons) that encode dominantly acting genes with protein products that con-
vert the toxic drug into tolerable byproducts. Two separate resistance genes
are located on bacterial transposons Tn601 and Tnb5. These genes are called
aminoglycoside phosphotransferase 3' I and II [APH(3)I and APH(3")I1],
respectively, or neomycin phosphotransferase, neo, for short. Their func-
tional transfer into eukaryotic cells permits those cells to grow in media con-
taining G418.
1.1.1.2. HisTIDINOL DEHYDROGENASE

The prokaryotic protein histidinol dehydrogenase catalyzes the NAD-
linked oxidation of 1-histidinol to histidine. L-Histidinol is normally toxic to
eukaryotic cells, but cells stably expressing the histidinol dehydrogenase (His D)
gene can survive in the presence of otherwise lethal doses of this drug (3).
Therefore, in medium lacking the essential amino acid histidine, but con-
taining histidinol, expression of His D has the dual effect of removing the
inhibitor and providing a required nutrient from its breakdown. Cells ex-
pressing the HisDgene (following transfection or infection) can be grown in
DMEM medium lacking histidine with added r-histidinol (Sigma Chemical
Company), which has the advantage of being cheaper than G418 over long
periods of selection.

1.1.1.3. HYGROMYCIN PHOSPHOTRANSFERASE

Hygromycin B is an aminocyclitol antibiotic produced by Streptomyces
hygroscopius (4). It is toxic to prokaryotic and eukaryotic cells, since it inhibits
protein synthesis at the level of ribosomal translocation and aminoacyl-tRNA
recognition. A plasmidcoded gene, hygromycin B phosphotransferase, has been
isolated from Escherichia coli and has been shown to permit direct selecion for
hygromycin B resistance following transfection of eukaryotic cell lines (5).

1.1.1.4. XANTHINE-GUANINE PHOSPHORIBOSYLTRANSFERASE (GPT)

The bacterial enzyme xanthine-guanine phosphoribosyltransferase
(GPT) (6) can provide, when expressed in mammalian cells, a purine salvage
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function that is normally provided by expression of the mammalian enzyme
hypoxanthine phosphoribosyltransferase (HPRT). However, unlike the
mammalian enzyme, which cannot use xanthine for purine nucleotide syn-
thesis, expression of gbt permits the synthesis of GMP from xanthine, via XMP.
Therefore, it is possible to select for cells that are expressing gpt by supplying
xanthine as the sole source of precursor for guanine nucleotide synthesis.
Cells must also be grown in the presence of aminopterin, to prevent synthesis
of inosine monophosphate (IMP) and, simultaneously, mycophenolic acid is
added to inhibit IMP dehydrogenase, thus preventing the formation of
guanosine monophosphate. Therefore, if cells are grown in hypoxanthine
and xanthine, only cells transformed with the gpt gene will be capable of
generating the guanine that they require to grow.

1.1.1.5. OTHER DOMINANT SELECTABLE MARKERS

Several other dominantselectable-marker systems exist that rely on the

expression of prokaryotic genes in eukaryotic cells. The neo marker is very
versatile, since it allows selection in both prokaryotes and eukaryotes, and is
widely used. However, it is very expensive to use in the relatively large
quantities required to keep cell lines under continual selection. As well
as those discussed above, other marker genes are available, including the
dihydrofolate reductase gene (DHFR) (7,8), with selection using metho-
trexate in the range of 0.1-10 WLM; the E. colitryptophan synthetase B gene
(trp B), with selection in medium containing indole in place of tryptophan
(3), and, more recently, the puromycin resistance gene (9), with subsequent
selection in puromycin in the range of 1.0-10 pg/mL. The particular
choice of system depends on the availability of the respective antibiotics/
marker plasmids, the preexisting phenotype of the target cell types, and,
increasingly, on budgetary constraints.

1.1.2. Selection by Exploitation of Cellular Mutations

1.1.2.1. THYMIDINE KINASE SELECTION

This selection relies on the existence of cells deficient in the expression

of the TK gene (10). Such cells are unable to make IMP from thymidine and
can be grown in aminopterin to prevent other pathways being used for IMP
synthesis. Such conditions will kill tk- cells. If the TKgene is now delivered by
infection or transfection, along with thymidine and hypoxanthine added to
the medium, transfected cells will survive. The only recipient cells that can be
used for this type of selection are, necessarily, tk~ (e.g., mouse L tk cells), so
such a selection system is not as broadly useful as the dominantly acting ones
described earlier.
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