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In vivo epitope tagging of Trypanosoma brucei genes using a one
step PCR-based strategy
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With the accumulation of sequence information on
the Trypanosoma brucei genome, techniques for the
systematic analysis of gene function are urgently
needed. One important advance in the functional analy-
sis of Saccharomyces cere6isiae genes has been the
development of a one step polymerase chain reaction
(PCR)-mediated technique for the creation of chromo-
somal gene disruption and modification [1]. The ap-
proach is based on the PCR amplification of a reporter
cassette using two primers containing flanking se-
quences specific to the target gene followed by transfor-
mation of the PCR product into an appropriate yeast
strain. A number of different modules have been de-
scribed for either gene deletion, conditional expression
or the generation of epitope-tagged fusion proteins
[2–4]. The major advantage of this method is that it
allows rapid gene manipulation without requiring plas-
mid clones of the gene of interest. In T. brucei, there is
one report that PCR-based gene disruption is possible
[5] using about 42 nt of genomic sequences flanking a
reporter gene. Here, we have further developed the
power of this strategy and constructed a series of
modules for the introduction of either N- or C-terminal
epitope tags at discrete chromosomal loci.

In initial experiments, we tested the PCR methodol-
ogy by replacing one allele of the TbMT40 gene, which
codes for a subunit of the 300 kDa cap 4-specific
methyltransferase complex (unpublished results), with

the drug selection marker conferring resistance to blas-
ticidin following the strategy described by Gaud et al.
[5]. Briefly, each oligonucleotide primer contained a
sequence required for amplification of the resistance
gene linked to 90 nt from the TbMT40 locus to target
specific integration. Then 2 mg of PCR fragments were
transfected into procyclic T. brucei cells [6] and cloned
stable transformants were assayed by diagnostic PCRs
to verify replacement of the endogenous gene (data not
shown). In our hands, gene replacement occurred with
a rate of one in 105 cells, which is comparable to one in
4×104 as measured by Gaud et al. [5]. So far, we have
not investigated whether changing the size of the target
sequence has any effect on the efficiency of gene re-
placement. However, it should be noted that it might be
necessary to increase the extent of flanking homology in
certain circumstances, since in S. pombe transcription-
ally silent genes were targeted with a low efficiency (4%)
using 80 nt of homology, but integration efficiencies of
upto 100% were obtained with flanking homologies of
250 bp or larger [7].

Next, we tested whether we could extend the above
technique to allow epitope tagging of trypanosome
genes in the genome. Epitope tagging of proteins has
become a method of choice for the analysis of function,
interaction and the subcellular localization of proteins.
However, one problem often encountered with overex-
pression of tagged proteins is mislocalization in the cell
and the assembly into nonphysiological complexes (Fig.
1D). Thus, it is necessary to establish procedures that
allow expression of the tagged protein at, or close to, its
natural expression levels. As a first step, we constructed
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a module for N-terminal tagging of chromosomal genes
with the epitope recognized by the BB2 monoclonal
antibody (neo/BB2 module; Fig. 1A). This epitope tag
corresponds to 10 amino acids from the immunologi-
cally well-characterized major structural protein of the
S. cere6isiae Ty1 virus-like particle [8,9]. We chose this
particular epitope, since the monoclonal antibody BB2

shows little or no cross-reactivity with trypanosome
proteins [9].

The neo/BB2 module contains in a 5% to 3% direction
the neomycin resistance gene (neo) to serve as a se-
lectable marker for stable transformants in T. brucei
followed by the intergenic region separating the trans-
lated regions of the a- and b-tubulin genes to provide
RNA processing signals for polyadenylation of the neo
gene and trans-splicing of the downstream target gene,
and an ATG initiation codon followed by the epitope
recognized by the BB2 antibody. To demonstrate the
functionality of this module, we tagged the TbMT40
gene in a single knockout cell line. The 5% primer
included 90 nt of the TbMT40 5% UTR immediately
upstream of the ATG initiation codon, and the 3%
primer included 90 nt of the TbMT40 translated region
adjacent to the ATG initiation codon. The expectation
was that the module will integrate at the TbMT40 ATG
initiation codon, thus generating the chromosomal
configuration shown in Fig. 1A. Following transfection,
stable transformants were selected for neo resistance
and integration into the correct genomic locus was
verified by PCR (Fig. 1B). Furthermore, expression and
assembly of the tagged protein into a 300 kDa complex
was checked by gel filtration analysis and subsequent
Western blotting with BB2 antibodies (Fig. 1C). The
rate of integration by homologous recombination was
approximately one in 105 cells with 90 nt of target
sequences. Reducing the size of the homologous se-
quences to 75 or 50 nt did not significantly change the
integration efficiency, and even 30 nt of target se-
quences allowed the selection of cell lines with epitope-
tagged TbMT40, albeit with a 5-fold lower efficiency.
Taken together, these assays showed that it is indeed
possible to introduce epitope tags into the trypanosome
genome at discrete loci and that the tagged protein
appears to closely mimic expression of the endogenous
one.

To further extend the usefulness of this strategy, we
constructed a series of modules for either N- or C-ter-
minal tagging, containing different combinations of
selectable markers and epitope tags (Fig. 2). The con-
structs for N-terminal tagging contain two new se-
lectable markers (BSR and BLE), which confer
resistance to blasticidin or phleomycin (Fig. 2A). The
created modules allow use of either selectable marker to
generate fusion proteins with a BB2, V5, or Xpress
epitope. The latter two tags were chosen because they
showed little cross-reactivity with trypanosome proteins
(data not shown) and commercially available antibodies
work for immunofluorescence, Western blot analysis
and immunoprecipitations. Finally, we have generated
a module to fuse the BB2 tag to the C-terminus of
proteins (Fig. 2B).

In conclusion, we have described a set of modules for
in vivo epitope tagging of T. brucei genes. The straight-

Fig. 1. In vivo epitope tagging in T. brucei. (A) Strategy for N-termi-
nal epitope tagging of chromosomal open reading frames. The struc-
ture of the neo/BB2 module is shown at the top. The neo resistance
marker (neo) is followed by the a/b tubulin intergenic region (a/b
tub) and the epitope recognized by the BB2 monoclonal antibody
(BB2, [9]). This module was cloned into pBluescript II KS (Strata-
gene). Following PCR amplification with the 5% and 3% oligonucleotide
primer, the PCR product is transfected into T. brucei cells resulting in
an in-frame fusion of the BB2 tag with the MT40 target gene as
shown at the bottom. Drawings are not to scale. (B) PCR analysis of
genomic DNA from wild-type cells (lane 1), a clonal cell line, where
one allele of the MT40 gene was replaced with a marker gene giving
resistance to blasticidin (lane 2), and two independent cloned cell lines
selected for neo resistance (lanes 3 and 4) with oligonucleotide
primers 1 and 3 as indicated in (A). Note that, as predicted, only the
tagged MT40 gene is detectable in lanes 3 and 4. Additional PCRs
were performed to confirm the predicted genomic structure (data not
shown). M, 1 kb plus DNA ladder (GibcoBRL). (C) Western blot
analysis with BB2 monoclonal antibodies. S-100 extracts were pre-
pared from the clonal cell line shown in lane 3 of panel (B) expressing
the BB2-MT40 fusion, fractionated on a Superdex-200 gel filtration
column (Amersham Pharmacia Biotech) and every other fraction,
labeled 5–19, was probed with the BB2 antibody. Only the relevant
fractions are shown here. Approximate molecular weights of known
protein standards are indicated above the blot. I, S-100 input frac-
tion. (D) An S-100 extract was prepared from a cell line expressing
BB2 epitope-tagged MT40 under the control of the PARP promoter
and analyzed as described in (C). Note that under these conditions of
overexpression epitope-tagged MT40 assembled into complexes rang-
ing in size from 68 to over 600 kDa, which most likely represent
nonphysiological complexes.
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Fig. 2. Modules for use as PCR templates to generate fragments for
N- and C-terminal epitope tagging. The selectable markers confer
resistance to blasticidin (BLA), phleomycin (Phleo) or G418 (neo).
The epitope tags are BB2 [9], V5, a 14 amino acid sequence (GKPIP-
NPLLGLDST) found in the P/V proteins of paramoxyvirus SV5
(Invitrogen) and Xpress, a peptide of eight amino acids (DLYD-
DDDK, Invitrogen) with an enterokinase cleavage site. a/b tub, a/b
tubulin intergenic region. (A) Modules to be used for N-terminal
protein tagging. (B) Module to be used for C-terminal protein
tagging. Drawings are not to scale.
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forward and easily applicable PCR-based methodology
makes them useful for studying several trypanosome
genes in parallel.
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