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The expression site for the variable surface glycoprotein (VSG) gene AnTat 1.3A of Trypanosoma brucei is
45 kilobases long and encompasses seven expression site-associated genes (ESAGs) (E. Pays, P. Tebabi, A.
Pays, H. Coquelet, P. Revelard, D. Salmon, and M. Steinert, Cell 57:835-845, 1989). After UV irradiation,
several large transcripts from the putative promoter region were strongly enriched. We report that one such
major transcript starts near the poly(A) addition site of the first gene (ESAG 7), spans the intergenic region,
and extends to the poly(A) addition site of the second gene (ESAG 6), thus bypassing the normal 3' splice site
of the ESAG 6 mRNA. Since this transcript is spliced, we conclude that UV irradiation does not inhibit splicing
but stabilizes unstable processing products. This demonstrates that at least some intergenic regions of the VSG
gene expression site are continuously transcribed in accordance with a polycistronic transcription model.

In African trypanosomes, antigenic variation is achieved
by frequent changes of the variable surface glycoprotein
(VSG). Different VSG genes can be expressed, but only one
is usually transcribed at a time, and different switching
mechanisms have been described (for recent reviews, see
references 3, 19, and 26). The transcribed VSG gene is
located at the end of a telomeric expression site, which
also contains other genes (expression site-associated genes
[ESAGs]) and is repeated in 5 to 20 slightly different versions
in the genome. This transcription exhibits several character-
istics: (i) it resists inhibition by oa-amanitin; (ii) it is prefer-
entially stopped by a lowering of temperature; and (iii) it
seems to start upstream from the ESAGs, so that several
genes may belong to the same transcription unit (1, 10, 19a,
23). The latter characteristic has also been reported for other
genes, such as tubulin, calmodulin, and actin genes and
genes of the glycolytic pathway, suggesting that in Trypano-
soma brucei, transcription in general might be polycistronic
(2, 5, 8, 9, 25). However, no direct evidence of the existence
of polycistronic transcripts has yet been provided. The
trypanosome genes appear devoid of introns, but splicing of
the RNA precursors occurs; a 39-nucleotide sequence called
the miniexon is cleaved from a short precursor and is added
at the 5' termini of all mature mRNAs, irrespective of
whether these RNAs are transcribed from the same chromo-
some as the miniexon (7, 11, 16, 24). This splicing appears
necessary for RNA translation (4, 27).

In an attempt to map the transcription promoter of the
AnTat 1.3A VSG gene expression site, we have measured
the relative sensitivity of its transcription to inhibition by
UV irradiation, as was done for another VSG gene expres-
sion site by Johnson et al. (9). As reported previously (19a),
we found that transcription of a particular region, located
about 45 kilobases (kb) upstream from the VSG gene,
appears to be selectively and strongly stimulated by UV
light. This apparent stimulation also characterizes the pro-
moter region of the rDNA transcription unit (19a). Since it is
correlated with an enrichment of large transcripts inter-
preted as processing intermediates, we concluded that UV
irradiation inhibits RNA processing (19a), in addition to its
known effect on RNA elongation (22). Near the promoter,
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where the inhibition ofRNA elongation is minimal, the effect
of UV irradiation on RNA processing would account for the
apparent stimulation of transcription.

In this paper, we detail the effect of UV irradiation on
RNA processing, which appears to be a stabilization of
intergenic region-specific transcripts. This provides evi-
dence for transcription through intergenic regions in the
beginning of the VSG gene expression site.

MATERIALS AND METHODS

The T. brucei AnTat 1.3A gene clone has been character-
ized elsewhere (12). The procedures for DNA and RNA
isolation, Southern and Northern (RNA) blot 1ybridization,
as well as DNA cloning, were as described (1, 18). cDNA
libraries were constructed in lambda gtlO according to
Gubler and Hoffman (6) with the Amersham cDNA synthesis
and cloning kits. The nucleotide sequence of DNA frag-
ments, subcloned in bacteriophage M13 derivatives, was
determined on both strands by the method of Sanger et al.
(21), with a modified T7 DNA polymerase (Sequenase;
United States Biochemical Corp.). Run-on transcription
assays were conducted as described by Murphy et al. (15).
UV irradiation was performed under the conditions defined
by Johnson et al. (9). Briefly, the blood containing trypano-
somes was diluted in Baltz medium at 37°C to reach a
parasite concentration of 1 to 4.107/ml. Samples (125 ml)
were irradiated at 254 nm (1 J/s per m2) in sterile square
dishes (22 x 22 cm) (Bio-Assay, Nunc, Roskilde, Denmark)
usually for 1 min and under agitation. The irradiated cells
were then transferred to culture flasks and kept in the dark
until centrifugation.

RESULTS AND DISCUSSION

UV irradiation leads to considerable enrichment of some
transcripts from the promoter region of the VSG gene
expression site (Fig. 1). We took advantage of this enrich-
ment to clone the corresponding cDNAs. The extent of five
such molecules (Cl to C5) is shown under the map in Fig. 1,
together with that of the ESAG full-size cDNAs. The dif-
ferent cDNAs partially overlap and cover virtually the whole
genomic region, and their sequence perfectly matches the
corresponding ones from the cloned expression site, while
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FIG. 1. UV-induced accumulation of some transcripts from the
SphI region of the AnTat 1.3A VSG gene expression site. After UV
irradiation, unstable transcripts with large nongenic sequences
strongly and selectively accumulate. Northern blots of 5 ,ug of
polyadenylated RNA from cloned AnTat 1.3A trypanosomes were

hybridized with different probes from the VSG gene expression site
and with the actin probe as a control. The trypanosomes were

untreated (lane o) or irradiated for 1 min with 1 J/s per m2 at 254 nm
(lane uv), before incubation for 15 or 45 min at 37°C as described
previously (9). The order of lanes for each gel is as indicated on top
of the first gel. The 2.3-kb transcript (indicated by arrow) is enriched
by UV, while the 1.6-kb mature ESAG 6 (and ESAG 7) mRNA
(indicated by arrowhead) is not. Both transcripts have been cloned
as cDNAs, the former from UV-irradiated trypanosomes and the
latter from untreated cells. Two independent 2.3-kb cDNAs (Cl and
C2), as well as the 1.6-kb ESAG 7 and ESAG 6 cDNAs (19a) are
represented under the map, with open boxes for the miniexon
sequence. The extent of each of the three other cDNAs from
UV-irradiated trypanosomes (C3 to C5) is also shown below the
map. The length of the poly(A) tail of each cDNA is indicated. The
open boxes in the map represent the ESAG open reading frames.
The ESAG 3 and VSG sequences are respectively about 25 and 45
kb downstream from SphI. The exposure time for the VSG panel is
10-fold less than that for the others. Abbreviations: D, DraI; R,
RsaI; Sa, Sau3A; Sp, SphI; Z, Sspl; a, b, and c, probes (the extent
of each is indicated on the map).

homologous sequences from other telomeres show differ-
ences (Fig. 2; data not shown). This confirms previous
information (17, 19a) that the latter appears to be the only
telomere transcribed among its 5 to 20 genomic family
members and rules out the possibility that the stimulating
effect of UV light could be caused by the activation of other
potential expression sites. Figure 2 shows the nucleotide
sequence of two independent full-size cDNAs (Cl and C2) of
a 2.3-kb transcript which becomes particularly abundant
after UV irradiation (Fig. 1). This transcript starts about 90
base pairs (bp) downstream from the poly(A) addition site of
the first gene (ESAG 7) and extends to the poly(A) addition
site of the second gene (ESAG 6). The two 2.3-kb cDNAs
analyzed do not start exactly at the same position, but both
are capped with a miniexon sequence. That the miniexon can

be added at several possible locations of the same sequence
has already been shown by Layden and Eisen (13). On the
basis of the observations by these authors, the 3' splice sites
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FIG. 2. Nucleotide sequence of two 2.3-kb cDNAs specific to
ESAG 6. The sequences of two full-size cDNAs of the 2.3-kb
transcript (Cl and C2) were determined and found to be identical to
the corresponding one from the expression site (ESAG 6 and 0.7 kb
of upstream region). Three relevant portions of the latter sequence
are shown and marked A, B, and C; the extent of each is indicated
on the map. The polyadenylation sites of ESAG 7 and ESAG 6
mRNAs, as well as those of Cl and C2, are indicated above the
sequence (A under the brackets), while the corresponding 3' splice
sites (miniexon addition sites [ME]) are indicated by arrows. The 3'
splice site of the ESAG 7 mRNA could also be indicated for
comparison, the nucleotide sequence in this region being the same
for ESAG 6 and ESAG 7. The 5' extremity of the majority of the
2.3-kb transcripts, as determined by Si mapping (data not shown), is
that of C2. The AG dinucleotides referred to in Table 1 are
underlined, and the initiation codon of ESAG 6 is boxed. Note that,
despite identical sequences downstream from ESAG 7 and ESAG 6,
the polyadenylation sites of ESAG 7, ESAG 6, and 2.3-kb RNAs are
different. The open boxes in the map represent the ESAG open
reading frames.

observed here appeared to be the first possible ones down-
stream from the polyadenylation region of ESAG 7 mRNA
(Table 1). Thus, the 2.3-kb transcripts are about 0.7 kb larger
than the mature ESAG 6 mRNA because of splicing at
unusual locations far upstream from ESAG 6 but as close as
possible to the end of the ESAG 7 mRNA. Since the 2.3-kb
transcripts are natural processing products which can be
detected in RNA from unirradiated cells (Fig. 1), and as their
accumulation does not occur at the expense of the produc-
tion of mature mRNA (Fig. 1), we suggest that the effect of
UV irradiation is not interference with splicing but the
stabilization of unstable processing products. This conclu-
sion is also in agreement with our observation that the effect
of UV irradiation cannot be mimicked by heat shock (E.
Pays and H. Coquelet, unpublished data), as heat shock is
known to inhibit splicing (14, 28).
From the structure of the 2.3- and 1.6-kb transcripts, we

can conclude that at least 1,245 bp from the 1,335-bp region
between the ESAG 7 and ESAG 6 open reading frames are
transcribed. The apparently untranscribed 90-bp stretch is
not likely to be a promoter region; since the 2.3-kb transcript
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TABLE 1. Data indicating no potential 3' splice regions between the poly(A) addition site of the ESAG 7 mRNA and the
beginning of the 2.3-kb transcript"

Presence of complementarity between adjacent sequence and
AG dinucleotide and miniexon precursor": Pyrimidine

miniexon addition sites Distance content (%)"
Sequence to AG (bp)

AG dinucleotidesc
+4 None found 33.3
+31 None found 53.3
+51 None found 46.7
C1 (+88) GCUUAUCAUGGCGUC 20 73.3

CGAAGAGUAUGGUUA
C2 (+102) ACUUCUCCAGAAUGU 12 66.7

CGAAGAGUAUGGUUA
Miniexon addition sites
ESAG 7d AUCUAUGUUACCCAU 5 66.7

CGAAGAGUAUGGUUA
ESAG 6d Same as for ESAG 7 28 66.7
ESAG 5d ACUCCGCACAUCUUU 28 86.7

CGAAGAGUAUGGUUA
a As shown here for Cl, C2, ESAGs 7, 6, and 5, the 3' splice regions generally show some homology to the miniexon precursor, together with a high pyrimidine

content (13). Cl and C2 are the two 2.3-kb cDNAs shown in Fig. 1 and 2.
b Estimated as in reference 13.
AG sites are given as distances downstream in base pairs from the ESAG 7 poly(A) addition site. Sites +88 and + 102 represent sites of cDNAs Cl and C2,

respectively.
d cDNA sequences presented by Pays et al. (19a).
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FIG. 3. Model of transcription and processing at the beginning of the VSG gene transcription unit. (1) The primary transcript spans both
ESAGs 7 and 6. (1 to 2) The first processing event would be cleavage leading to polyadenylation (arrows). A 2.4-kb transcript is released. (2
to 3) Splicing at two different sites of the 2.4-kb transcript gives rise to the 1.6-kb mature mRNA for ESAG 6 and to an unstable 2.3-kb
transcript (*), which accumulates strongly after UV irradiation. This splicing leads to the loss of a 90-nucleotide (nt) branched RNA
intermediate (indicated by arrow), which is the only intergenic region we did not find in the cDNAs. The solid boxes represent the
39-nucleotide miniexon sequence. The open boxes at the top represent ESAG open reading frames.

is spliced, any RNA sequence immediately upstream from
the 3' splice site would be degraded as a branched interme-
diate. The substrate for this splicing could be a 2.4-kb
transcript starting at the cleavage site for polyadenylation of
ESAG 7 and ending at the polyadenylation site of ESAG 6
(Fig. 3). In support of this model, the 2.3-kb transcript is
spliced at the nearest possible location to the poly(A) addi-
tion site of ESAG 7, and the length of the transcription gap
(90 nucleotides) is within the size range of the branched
RNA intermediates released by 3' splicing (20). This strongly
suggests that the primary transcript spans both ESAGs 7 and

6 and supports a model of polycistronic transcription in the
VSG expression site (9, 19a).
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