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Telomere interactions may condition the programming
of antigen expression in Trypanosoma brucei
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The AnTat 1.1 antigen type typically occurs late in
a chronic infection by the EATRO 1125 stock of
Trypanosoma brucei. The AnTat 1.1 gene, which is
located 24 kb from a chromosome end, seems exclusively
expressed by acting as a donor in gene conversion events
targeted to the telomeric expression site. We report that
this gene is sufficiently provided with the homology blocks
required for recombination with the expression site, and
is not interrupted by stop codons up to the 3' block of
homology. A possible reason for its low probability of
activation is an inverse orientation with respect to the
proximal chromosome end, since, if correctly positioned,
it is readily expressed at an early stage of infection,
following gene conversion. This suggests that interactions
between chromosome ends may precede and favour the
rearrangements leading to antigenic variation.
Key words: antigenic variation/gene expression/trypano-
somes/telomeres

Introduction
Chronic infection by African trypanosomes depends on the
sequential expression of a large repertoire of antigen variants,
which precludes an efficient immune response from the
nammalian host. The variant-specific antigens, or VSGs (for
variable surface glycoproteins), are encoded by different
genes, which are Clustered in the genome. Many VSG genes,
referred to as telomeric, are found next to chromosome ends.
Since the trypanosome genome is carried on a total of > 100
chromosomes, the collection of telomeric VSG genes could
be extensive. Some of these chromosome ends are potential
expression sites for the VSG gene they contain. Indeed,
transcription of the VSG genes occurs exclusively in a few
particular telomeric transcription units, probably between
5 and 20, generally only one of these being actively
transcribed at any one time. Different DNA rearrangements,
most frequently a gene conversion, allow non-telomeric VSG
genes, or telomeric genes not present in potential expression
sites, to have access to the active telomeric transcription
unit. The mechanism allowing the alternate use of different
expression sites is not understood (for recent reviews on the
genetic control of antigenic variation, see Borst, 1986; Pays
and Steinert, 1988).

Antigenic variation does not occur completely randomly,
since antigen types can be classified as either early or late

within a given repertoire (Van Meirvenne et al., 1975;
Capbern et al., 1977; Hajduk and Vickerman, 1981). This
differential probability of antigen gene expression is essential
for the maintenance of long lasting infections, since it avoids
a rapid exhaustion of the antigen repertoire. A late antigen
may be expressed early if the corresponding gene is
translocated to a telomere, indicating that the probability of
antigen expression may depend on the gene environment
(Laurent et al., 1984a). In particular, genes not surrounded
by sequences homologous to the expression site, such as
the 70 bp repeats generally preceding VSG genes or the
conserved 300 bp terminal region of the gene, may have a
low probability of early expression, due to a degree of
homology with the active expression site insufficient to allow
recombination (Laurent et al., 1984a). These genes can
nevertheless gain access to the expression site if they share
homology, and thus can recombine with the resident VSG
gene itself. This means that these genes can only be expressed
following the expression of a few other genes, probably a
rare event that appears late in the infection. The same
mechanisms may even allow pseudogenes to be expressed
(Pays et al., 1985a; Longacre and Eisen, 1986; Roth et al.,
1986). In these different cases, the recombinations within
VSG genes generate chimaeric sequences.
We report here that the AnTat 1.1 VSG gene, although

typically expressed late, does not appear defective and is
normally flanked by sequences homologous to the expression
site. Although frequently activated through partial recombi-
nations with the VSG gene residing in the expression site,
this gene can also gain access in toto to the expression site
by means of a gene conversion initiated in the region of the
70 bp repeats (variant AnTat 1. ID). A possible reason for
its low probability of expression is the inverse orientation
of the gene with respect to the telomere, taking as reference
the orientation of all other telomeric VSG genes described
so far, and of the telomeric VSG gene expression site in
particular. This suggests that the telomere plays a role in
the mechanism of gene conversion underlying antigenic
variation, even if the telomeric sequence itself is neither a
donor nor a target in the conversion event.

Results
Characterization of the AnTat 1. 1 gene
and 5' environment
The AnTat 1.1 gene belongs to a family of five members,
which comprises the telomeric AnTat 1.10 gene and three
non-telomeric pseudogenes (Pays et al., 1983b, 1985a;
S.Van Assel and E.Pays, unpublished data). All members
of the family are carried by large chromosomes. Although
located not far from a chromosome end (- 24 kb), the AnTat
1.1 gene differs from all other known telomeric VSG genes
in that it is separated from the terminal telomeric repeats
by a sequence of - 11 kb, which contains a copy of the
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Fig. 1. Hybridization pattern and restriction map of the AnTat 1.1 gene and 5' environment. Southern blots of PstI DNA digests from the
bloodstream variants AnTat 1. lA, 1.lB and 1.3A (respectively 1-3 in each panel) have been hybridized with several probes from the AnTat 1.1
gene environment (a-g), as shown in the map. The extent of the nucleotide sequence presented in Figure 2 is indicated above the map. The thick
lines under the map present the relative extent of the donor sequence for gene conversions linked to VSG expression in different AnTat 1.1 clones
(Pays et al., 1985a). Boxes are for the TRS-1 retrotransposon (Murphy et al., 1987) and AnTat 1.1 VSG sequence, as indicated. The array of small
arrowheads, covered by probe f, represents the 10.5 tandemly repeated 70 bp motifs. The abbreviations for the restriction endonuclease sites, in this
and subsequent figures, are: B = BglI; Bg = BglII; Dr = DraI; E = EcoRI; H = HindIlI; K = KpnI; M = MspI; P = PstI; Sa = Sau3A; Sp
= SphI; Ss = SstI.

repeated TRS-1 retrotransposon (Figure 1). Moreover, it is
the only known example of a VSG gene oriented with its
5' extremity towards the telomere (Pays et al., 1983b). While
the three non-telomeric family members were cloned in full,
the AnTat 1.1 and 1.10 genes could only be partially cloned,
due to the presence of seemingly unclonable sequences just
downstream. In both cases, the cloned region extends to a
PstI site located 264 bp upstream from the stop codon in
the corresponding cDNAs (Pays et al., 1983b, 1985a; S.Van
Assel and E.Pays, unpublished). Figures 1 and 2 show,
respectively, the restriction map and nucleotide sequence of
the AnTat 1.1 gene and its 5' environment. The translation
frame of this gene is open up to the 3' PstI site, and its
nucleotide sequence perfectly matches that of the AnTat 1. lA
cDNA. Downstream from PstI, the gene appears identical
to the cDNA over -285 bp, since this is the size of the
region protected against SI digestion following hybridiza-
tion with the cDNA (Figure 3). This means that the gene
(basic copy or BC) has been completely copied to generate
the expression-linked copy (ELC) in the AnTat 1. lA variant
(Pays et al., 1983b). The 3' limit of this ELC is in a
conserved region frequently found as gene conversion end-
point in antigenic variation (Michels et al., 1982). Upstream
from the gene the sequence does not exhibit significant open
reading frames (the largest is 257 bp long) and appears
unique in the genome over - 1600 bp; upstream from that
point the DNA is repeated (Figure 1). The highly repeated
pattern seen with the most 5' probes is due to the presence
of 10.5 copies of the 70 bp repeat characteristic of the 5'
environment of VSG genes (Liu et al., 1983; Campbell
et al., 1984; Aline et al., 1985; Bernards et al., 1985;
Florent et al., 1987; Shah et al., 1987) and also of a copy
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of the repeated TRS-1 retrotransposon (Kimmel et al., 1987;
Murphy et al., 1987) (Figures 1 and 2). Both the 70 bp
repeats and TRS-1 are in the same orientation as the VSG
gene.

The AnTat 1.1 gene and environment can be used as
such for conversion of the VSG expression site
From the original EATRO 1125 stabilate, which is
expressing AnTat 1.1 as homotype (Pays et al., 1981, 1983b)
two independent AnTat 1.1-expressor clones have been
analysed (AnTat 1. lA and 1. ID). As mentioned before (Pays
et al., 1983a), in these two clones the same VSG gene is
activated, but through different recombination events. While
in AnTat 1. lA the gene conversion domain (ELC) extends
only 450 bp upstream from the gene, in AnTat 1. ID the ELC
extends - 2800 bp upstream. The data in Figure 4 show that
the AnTat 1. ID gene conversion initiates in the region of
the 70 bp repeats, and terminates in the 3' conserved region
of the VSG gene. Both these blocks of homology are
frequently found to be gene conversion endpoints early in
infection.

Once in a correct orentation, the AnTat 1.1 gene can
be expressed eady, as gene conversion donor
AnTat 1.1 is not found early in infections initiated by
different clones from the EATRO 1125 stabilate (Hajduk
and Vickerman, 1981). However, this antigen type can be
observed early if the clone used for infection contains the
AnTat 1.1 gene in the correct orientation in a telomere. Such
is the case in AnTat 1.6D, selected among the heterotypes
arising from the AnTat 1. ID clone. The telomeric AnTat
1.6 gene is easily activable in situ, leaving the former
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Trypanosome telomere interactions

TRS 1 5 'ATCGTTGCC TTTACCATCG AGCACAACGA GTCCCAATGA GACAGCAGGT GCTTCATTGT ACCCTCTGTG CCTCCAAATT CGCAGTGCGA GGCCGACTAT
TACACCACCT TCAAACAATA CATGGCATAG GTAGCGGTAG TTGCAGCGAG AAAAGGGGGC AAGAGAAAAC GAGGACTCAG TGCAAGGAGA TGGTAGAGCC
CCAGCAGCGC CAGCCCCTCA GGATACACGG AAGCCTGCCG TTTAATGTGA CATGTGCGAG TCGAGCTTCG GTACACGTTC TTCCCTGTCA CTACACAAGA
AATTCAAACA TAAAAGCATA GTGACGGAGG ACGGTACCGT GGTGGTGGTG CAATTCCCCC GTAAGCGTGC CCGTGAGGAA ACGTTGACGT CCCGAGGAAA
GGCGAGTTGC AGTGTGGTGT GTGCCAAAAA GTGCTCAGTT GCAGGGACTC CCTCATCCGA CACTGTAAGG CTTTCCACAA AGGTGAGGGA GTAGAGCTTA
AATGCAGCAA AAACACAAAA TTGTGTGCCA CTGATTCCCC GCACTACAAA CACATCCATG TTGGTGTGCC CGACATGCGG AAGGCAGTAT GCTAGCAAAA
CTGGCCTCAC CCTACATCAA AAGCAAGATG CACGGTATGA AGGTAGAGCG CGTGTTACCA GCCAACGCGG CGACTGAGAA GAAACGTCGC TGGCACTTGA
TGAGCGTTCC GGATTTGAAG GAGTTACGTG TCAGGTTTGC GGTAGAAGGT GTGTGTGTGC AGGATATATG CTTCTCCAAA AGGCTGGCGC AATTTCTCAT
TGCGGTTGAA CGGAGCCGGC CGCAGGTGAA GTCCTCACCT AATGTAACAG TCATACAACC CACTCTCCCT TCTGCCAACT TCCCCCCTTA TTGCCGAGAG
TOAAGCTAGG AGGAAAAGCA CCGGATGCAG GAATAGTCCA GACACACTCA GAGACATAGG GGGTATGCAG GCAACAAGCA ACAGAAACAG GAAAGAGGGA
GAGAGAATAA TAAACGAATA ACAAAAATCA AAACAAAAGG TTTGCTAATT GACATCCTTT GGAGAGTCCG GGGTGGGGGG GGGGCTTCTC GCCCCATCTG

7
CTGTATTCCG TTCATCTGCG GACTACAACA AAAATTATAG AGAGTGTGTT IGAGTGTGT ATATACTAAT ATTATAATAA TA4AGTAAT AATAATAATA

70bP ACAATAATAA TAATAATAAT AATAGAAGAG TGTTGTGAGT GTGTATATAC GATATTATAA TAAGAMAGT AATAATAGTA ATGATGATGA TGATAATAAT
repents. AATAATAGGA GAGTGTTGTG AGTGTGTGTA TATACGATAT ATAATAAGAGICAGTAATAAT AGTAATGATG ATGATGATAA TAATAATAAT AGGAGAGTGT

TGTGAGTGTG TGTATATAGA TATTATAATA AGA*AGTAA TAATAGTAAT GATAATAATA ATAATAATAA TAATAGGAGA GTATTGTGAG TGTGTGAATA
TACAAATATT ATAATAAGAGI CAGTAATGAT AATAATGATA ATAATAATAG GAGAGTGTTG TGAGTGTGTG CACATACTAA TATTATAATA AGA(AGTAA
TAATGATAAT AATAATAATA ATACGAGTGT GTTGTGAGTG TCTGTGTATA TATCGAATAT TATAATAAGA ¢AGTAATAA TAGTAATGAT GATGATGATA
ATAATAATAA TAGGAGAGTG TTGTGACGTG TATGTATACG ATATTATAAT AAGA*AGTA ATAATAGTAA TAATAATGAT GATAATGATA ATAATAAGTG
ATGTGTGAAT GTGTATGTAC GAATATTATA ATAAGAWAG IAATAATAGT AATAATAATG ATGATAATGA TAATAATAAG AGAGTGTTGT GAATGTGTAT
ATACAAATAT TATAATAAGA GrGGTAATAA TAATAATAGT AATAATAATA GTCATGATAG TAATAATAAT AATAGGACAG TGTTGTGAGT GTGTGTATAT
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ACGAATATTA TA M T AGTGAAAACA AAATGGCCTG GTAAATAGAA GAACGTAAAA CAATGGTAAG TGGTATGGGA GAACAAGTAA GCTGGTGGGA 2100
CAATGATTGT GATACGAAAG ATACCGTGAG GCATATTATT CAAGGGACAC ACAGAAAGGC AAGGAGAAG GAATATAGTA TATGTGCAAC TTCAAATAAA 2200
AATATGACTT TGTGAATGAT CCCCACGAGC GCCGAGTATT TAGCTTACAC TAAAAATGAA TCTGCTCAAC GTGGCGCCAG GGTTCGGCCC CAGAAAAGAA 2300
ATCCGACTGG AAAGCCAAAT GTTCCATTCA TGCTGCGGTC GCAACACAGG ATATGATGGG ACCGCTTTGT GGGGAGCACC ATTACTTAGT GTTCCACCAC 2400
GGTTCACCAC CCTGCTCAGG TAGAGGAACC AAAAATCCCT GAGACAAACC TTCTTCCCTT GGGAGGCTGA TGGATATGGT AAACATGGTT CATACOCAAC 2500
GTTGGGGGGA ATCAAGCGGG CC-TCAAATCA CACCGCTCCA CTAGACATGG ACACATGCCG TCGCTACCCC GTGGGGTATC AATTCTCAAA GAAAAAAACA 2600
AAAGGGTTTT TAGTGGGGAT GGAACGCCGG TCTCCAGCGT TGAGTCACAC ACACTACCGC GTCCTCGTGG CGTGGTGTGC GCAAACGGCA CTTCCTCCTT 2700
GCCCGCGGCT TGACCGGTTG CGTGCTCTGA CGGTTGCGCG AGCAAAAATC AAAAAAAATG TGCAGAAGCA GGCGAAAGTC ACCAAAAGAA TGAAAGAAAG 2800
TAAACGTACA GACGAATAAA TGCGCACCTA ATACAGCGCC ATAATGGAGA TGCATATAAG GGGGGAATTG TGACCCAGAG CTCTTCTTCT GGTGCGGTGA 2900
GAATTAAAAA AAGAAGCAGT TCGAGTTGTA TGTACCAGAG ATTTCACOGT GTTGAGACCT TTAGCTTCTT TGCTGTCGCT TGCATCCATA ACGAGTTTAA 3000
CGCACTGTTT CTAGACTCAC TCACATTCCT TAAAACACCT GACTTATATT TAGCTTTAAC CCATCACATT TCCTGTGATC GGCTCTATTT CACTAACCAA 3100
AGCACTCTAT CACATATGAT TGTACCCCTT TTACACTAAC TATTTAAGAC TAGTCGCCGC CATTGAGACT ATAAACGACA GCTACTACTA TCATGTCCTC 3200
AGCAGAGTCT CTGCAATTCC TGTGCGAGCT CACTTCGTTT GCGTGGCGGC TCAAAAACTC AGTAGAAACC GACAGTAGAC CGGATGCAAA AAAAGCTAGG 3300

AGCCGGTAAC ACAACCGGAG TCACTGCGGT TGTCCTGCTT CTrTTAACGT CGACCAAGCC GATAGCAT GATGGCCG CAGGGAAAAC GCAGCATCCT 3400
TCGAGGTTCT CTGCGATCTA ATAGCTCTCG CAAAGTCGCA ACCAGCAGGT CCAAAGCTGG AGAGTGGCAG TACGTCAGCC TACGAAGAGC TACTGAAACT 3500
CATTCAACAC TAAGCCCGAA GAATGGACAG ACCA 7 CGACAACGCT AACGCAAAAA CATACCACCA ACCTGCCCAC CAATACCAG ACCGGAACTG 3600
AAAGAACTTG GCCAGACTGG TCAAGCCGCT GGAAGCA TA AAGGAGA AAAACATGGA CGAATTAAA AAATGAACCT AGCCGAAGTT AAACCCACGC 3700
CAACTGGAGA CTACGACACT AATCGTAAGA CAACTTGCAG AAGAAGCACG AGAATTAAGA AAGGAGCGAG CAGGCCTAGC CGAATACCTA AAACTCCGAC 3800
GGCGACACAA TCCGGAAGCA GCTAAACAAA GCAGCATTTG GCGATGAGAC AACCGGCCAA GTAACGCCGA CAGCCGCCAA AGTTTTTACC TCGGCAAGTT 3900
AAACTTACAC TGAGGCGTGC AGCTCAACAG GCGtAGCTCA GAAGGCAACA CGGTAACGCC GCAGCTGCAT GCGTGTGCGT TAAAGACAAC TGGGACAGCG 4000
AACGTCAATA TTGCGGCAAA TCAGCCAAAG TGACGACAAC ATGGACAAGC ACCGGCGCCA CCATACCTGA AACAGCAGTG ACGGAGCCAG CGCTGTCTGC 4100
AAAGCAAAGG CAGCGCGACG TTAACATCCG ACTCACTACA GTCGAAACTG GAGGCCGTAA CGCGGTTAAT ACGAGTTAGC AGAAACGCCG CAATACTTGG 4200
CAGCAGCGAA GCCGGCACTT GTACTGGGAA GGCAGCAGCG GGAGTTTGCG TGTCCGTGAC CGACGGGGCC GAAGAGAAAT CCACAGGGGC CAGCACATTC 4300
GCTTGGGGCG CGACGTTGAG AGCTCTAGCA GTCAACCTCC GTCGCAAAGA GGAAGCGGCG AAAAAACCCA GGCAGCAACA CAAGACATCT TTCAGCGACC 4400
GGATAGCATG GCGATGTGCC AAGCGCTGAC AAAAAGGAGA GGAAATCGGC AAGACTGTGT TTGAAGTTAG TGGTTAAATG TTGAAAATTC GCTTCGGTTA 4500
ATGCAAAAGA CGTGCGCACA GAAAAAAAAG CTGACGGTGT CGATGCGGCG CCTGCCAACA AAAATGGTGT TACGAAAATT GCGCGACAAA ATAACACATG 4600
GACGACAGAC AACAGGCCAA GACAAAGCCA TGAGAACTGG CACTTAACAA ATTGCGCATC TTATTTGCCA ACAAAAGAAT TGACTCATAC GCTGTGGCAT 4700
GCTATAGAGG AAAAAAATAC AGTCTATAAT TGTAAAAGTA AAAAATGAGA ATACAAGCGC GCTCATCACC AAACCGCAAT CTCAATACTA AATCATAGAA 4800
ACAGAAGCCA AAGAGGGAGA GCCACTCATT TCCACCCCTA ATACTGGC TGGTCACCAA GGAGCGAAAC GCAGCATTAA AAATTGTAAT GTTAGTCGCT 4900

A 1.1 BC TCAGCACTGA CACTACACCC ACAACAAGCT CTAGCTCAGA CCGCTGGTAG GCCCCTTGCA GATGTGGTAG GCAAAACTCT ATGTACTTAT TCAAAAACGG 5000
CCAAACGCCA GGCAGCAAAC CTGGCGCAAA CACTACAACG AGCCAGCTCA GCAGCAAAGC AATCCAGACA AGCGCAGCAG TTAGCGGCTT TAGCACTGGC 5100
CAAACTGCCA GACTACAAAG AAGCAGCCGC GACACTGTTA ATTTACGCCA CGCACAAAAT ACAAGACGCG CAAGCCAGCA TCGAAAACTG GACAGGAGAG 5200
AATACTAAGC TAGTTGGCCA GGCGATGTAT TCCTCAGGGA GAATCGACGA ACTGATGTTG CTACTAGAAG GGCACCGAGA GGACGGCGCG AACGGACAGG 5300
ACAAAACTTG CCTAGGCGCG GCCGCCGGCG GCAATACAGT AAATGAATTC GTCAAAACAG AATGCGACAC GGAAAGCGGC CACAACATCG AGGCAGACAA 5400
CTCAAACATA GGGCAAGCGG CAACGACTCT AAGCCAAGAA AGTACAGACC CAGAAGCCAG CGGAGGCGCA AGCTGCAAAA TAACAGCAAA CCTTGCCACT 5500
GACTACGACA GCCATGCGAA TGAGTTACCG CTACTCGGCG GCCTGCTAAC CATACACAAC GCAGGCGGCT TCAAAACAGG ACAAAGCTTG CAAACCGCAG 5600
CACCAACCAA CAAGCTAATC AGCGCACTCA AAAATAAGGG CGCCGGTGTC GCAGCTAAAC TGGCAACTGT AACGTCGGCA GCACCTACAA GCAAGCAGGA 5700
ACTCAAAACA CTACTGGCTT CGAAAGGGGA ACGCGCCAAA CTCCAAGCAG CCAACGACGA GTATAATAAC TGGAAACCAG GCGCCAAGCC TGAGGACTTC 5800
GACGCCCACA TCAAGAAAGT GTTCGGCGCA GAAGACGGCA AAGACAGCCC CTATGCCATT GCACTTGAAG GAATATCCAT TGAGGTTCCC CTCGGAGGAG 5900
GACAAACACA AAACAAACAA CTCTATTCCA TGCAGCCAAA AGACCTAATG GCAGCTTTAA TAGGAACGAT AGCAGAACTC CAAACAGCCG CAGCAACCAA 6000
ACCAGCATGC CCAGGCCAT'A AACAAACAAC CACGGAAAGT GACGCCCT'AT GCAGTAAAAT AAAGGATGCA AACGAATGCA ACAGCAAGCA TTTCTGCAG 3' 6099

'P7
Fig. 2. Nucleotide sequence of the AnTat 1.1 basic copy and 5' environment. The 3' end of the TRS-1 copy and the 5' end of the AnTat 1.1 open
reading frame are boxed. The 10.5 copies of the '70 bp' repeat, characteristic of barren regions upstream from VSG genes, are underlined.

expression site with its resident ELC unchanged but silent shows that the AnTat 1.1 gene and upstream environment,
('ex-ELC') (Laurent et al., 1984a,b; Pays et al., 1985b). if correctly positioned, can readily recombine with the active
Therefore, in AnTat 1.6D, the AnTat 1. ID ELC is present VSG gene expression site.
as a silent telomeric VSG gene. If AnTat 1.6D is then used
for infection, the AnTat 1.1 antigen type can be detected Discussion
early, representing - 10% of the trypanosome population
after 7 days. The activation mechanism is a gene conversion, Among a collection of 13 different variants of the EATRO
with the AnTat 1. ID ex-ELC as donor (Figure 5). This 1125 Trypanosoma brucei isolate, AnTat 1.1 is, with AnTat
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Fig. 3. The AnTat 1.1 basic copy appears identical to the AnTat 1. IA cDNA up to the gene stop codon. A 234 bp HindIII-DraI fragment from the
3' end of the AnTat 1.lA cDNA has been 32p labelled by kinasing, then the two DNA strands were separated by electrophoresis through
polyacrylamide. These probes have been independently hybridized with 6 jtg of uncloned 13.5 kb EcoRI fragments from AnTat 1.3A genomic DNA,
which contain the 3' ends of the AnTat 1.1 basic copy. After hybridization, the probes have been treated by the SI nuclease (O or 1000 units, in 1

and 2 respectively), then electrophoresed through polyacrylamide. (A) Restriction map of the AnTat 1.1 basic copy and 3' environment, showing the
13.5 kb EcoRI fragment. (B) Extent of the AnTat lA cDNA. (C) The 234 bp HindIII-DraI fragment, with asterisks for terminal labelling. The
interpretation of the data is illustrated in (D) where fragment H*Dr has been protected down the 3' limit of gene conversion, indicated by the
arrowhead, and is visible in lane 2 (arrows); although fragment Dr*H was similarly protected, it has lost its labelling and cannot be detected
in lane 4.
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Fig. 4. Extent of the AnTat 1.1 gene conversion in the AnTat 1. ID variant, showing that the region of 70 bp repeats ahead of the basic copy gene
can be used as gene conversion endpoint. Southern blots of genomic digests from AnTat 1. IA and 1. ID (first and second lane in each panel,
respectively) have been hybridized with probes from the 5' environment of the AnTat 1.1 basic copy (b+c, d and e), as shown in the map (same
probes as in Figure 1). A doubling of the hybridization intensity in AnTat 1. ID indicates that the corresponding DNA fragments (arrowheads) belong
to the AnTat 1. ID ELC, that is, are within the gene conversion domain. The arrowed MspI fragment in 'e' spans the 5' gene conversion endpoint;
its extent is indicated under the map of the AnTat 1.lD ELC and environment. The 5' limit of the ELC template is in the region of the 70 bp
repeats, represented by the array of small arrowheads.

1.13, the only antigen type not detectable within 10 days
of infection. This is true if infection is initiated either by
cyclical transmission (Hajduk and Vickerman, 1981), or by
mechanical injection (Van Meirvenne et al., 1975). In
experimental infection of a rabbit, AnTat 1.1 is still not
detected at day 46 (Van Meirvenne et al., 1975), and can

therefore be considered as a late variant. The analysis of
eight independent AnTat 1.1 clones has shown that the
corresponding VSG gene can only be activated through the
synthesis of an ELC (gene conversion) (Pays et al., 1985a),
except in clones where the ELC has been conserved in a
silent form, and can be re-expressed without rearrangement
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Trypanosome telomere interactions
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Fig. 5. The AnTat 1. ID ELC, conserved but silent in the AnTat 1.6D
clone, can act as early donor for gene conversion of the VSG gene
expression site. The DNA probe shown under the map has been
hybridized with Southern blots of PstI + BglII digests of clones
AnTat 1. 13C (13C) and AnTat 1.6D (6D), and of an uncloned
population containing >95% AnTat 1.1, obtained from the AnTat
1.6D clone by immunolysis with an anti-AnTat 1.6 antiserum (1-6D).
The arrowed fragment is characteristic of the AnTat 1.1D expression
site (see Figure 4), and has been conserved, but silent, in AnTat 1.6D
('ex-ELC') (Pays et al., 1985b). Its doubling in (1-6D) indicates that
this sequence is used as donor in the gene conversion leading to AnTat
1.1 expression.

AB

B

Fig. 6. Telomere interactions may impede the sequence alignment
necessary for gene conversion. (A) The VSG gene expression site (top)
is aligned with the telomere carrying the AnTat 1.1 BC (bottom),
taking as guidelines the homologous sequences flanking the genes: the
5' 70 bp repeats (arrows), and the 3' conserved sequence of VSG
genes (thick vertical bar). Based on these homologies only, one would
not expect the AnTat 1.1 gene to be expressed late (see text). Notice
that the chromosome ends are in opposite locations. (B) If the
alignment of the telomeric sequences is primarily dictated by
interactions between chromosome ends (wavy lines), the
recombinations between the VSG genes would require a sequence
inversion. This event, which is possible as evidenced by the production
of AnTat 1.lD, would only occur at low frequency, accounting for the
late expression of AnTat 1.1.

(Delauw et al., 1985; Pays et al., 1985b). This paper
deals with the possible reasons for the low probability of
expression of this gene.

Since the VSG gene expression site appears to be
necessarily telomeric, non-telomeric VSG genes cannot be

expressed in situ and must recombine with the active
telomere. This may explain why non-telomeric VSG genes
are generally not expressed at the beginning of the infection.
In addition, all non-telomeric VSG genes do not seem to
be expressed with an equal probability. We have proposed
(Laurent et al., 1984a) that a possible reason for the late
expression of some VSG genes could be their limited ability
to recognize and recombine with the telomeric expression
site, due to a depletion or total lack of the sequences usually
conserved among VSG genes and their environment, which
allow recombination to occur. These sequences are the 70 bp
repeats normally found - 1.5 kb upstream from the gene,
and the 3' terminal sequence of the gene. This hypothesis
might suffice to explain the late expression of the AnTat 1.13
gene, the 5' environment of which only contains a single
70 bp repeat (A.Van Der Werf, unpublished data). We show
here that this model does not apply to the AnTat 1.1 gene,
since this gene contains the usual 3' region of homology,
and is preceded by 10.5 copies of the 70 bp repeat. This
number should normally allow the gene to be expressed
early, since other non-telomeric genes expressed relatively
early, such as gene AnTat 1.8 in our stock (A.Van Der Werf,
unpublished), or gene 118 in another stock (Liu et al., 1985),
are preceded by a comparable array of repeats.
Another explanation pertains to intrinsic defects in the

VSG coding sequence, such as the presence of stop codons
(Longacre and Eisen, 1986; Roth et al., 1986). These
pseudogenes cannot be expressed, except through partial
conversions of the active VSG gene, generating chimaeric
but functional new sequences. Obviously this is possible only
if the target gene shares homology with the donor, and this
can be a rare event, occurring late. This model can be ruled
out here, since we have shown that the AnTat 1.1 gene
is not interrupted by stop codons up to the 3' block of
homology.

Finally, the analysis of the AnTat 1. ID variant shows that
a copy of the AnTat 1. 1 gene and 5' environment, if trans-
located to a potential expression site, such as in the AnTat
1.6D clone, can be expressed early. This unambiguously
demonstrates that the low probability of expression of the
AnTat 1.1 gene does not depend on its sequence, its proximal
environment or the antigen type it specifies.
An apparent anomaly which may explain the late

expression of the AnTat 1.1 gene is its reverse orientation
with respect to the proximal chromosome end. This anomaly
might be linked to the presence, between the VSG gene and
the chromosome end, of a TRS-1 retrotransposon whose
insertion may have led to DNA rearrangement in this
telomere. Such an effect of the VSG gene orientation would
suggest that the alignment of the telomeric partners, namely
the donor and the target in the gene conversion events leading
to expression of early antigen types, not only depends on
the extent and location of the 5' and 3' blocks of homology,
but may be conditioned primarily by a pairing between
telomeres. That telomeres interact has been observed in
several instances in different organisms (Lima-de-Faria,
1983; Blackburn and Szostak, 1984; Horowitz et al., 1984;
Henderson et al., 1987; Oka and Thomas, 1987; Sen
and Gilbert, 1988; Pluta and Zakian, 1989). The telomere-
to-telomere interactions may override all other possible
sequence recognition events near chromosome ends, due to
the extensive length and particular nucleotide sequence
composition of the arrays of telomeric repeats (Sen and
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Gilbert, 1988; for a review, see Blackburn and Szostak,
1984). Since the telomeric VSG genes are usually in the same
orientation, the pairing of telomeres would allow a direct
and efficient positioning of the sequences which are involved
in recombination. In the case of non-telomeric VSG genes,
the orientation would be without major influence, except for
genes relatively close to a telomere, such as AnTat 1.1,
where the alignment of the donor and target would be
impeded by telomere pairing (Figure 6). The hypothesis that
telomere pairing influences recombinations between VSG
genes is also supported by the analysis of the terminal
size variations in telomeres carrying VSG genes. Although
not absolute, a correlation has been found between the
occurrence of large telomere deletions and the involvement
of the telomere in gene conversion leading to antigenic
switching (Pays et al., 1983c; Myler et al., 1988). Thus,
even if the telomere is inactive, it is frequently subject
to rearrangements when carrying the donor VSG gene
in conversion events. This also suggests that telomere
interactions are associated with the DNA recombinations
underlying antigenic variation.

Materials and methods
The trypanosome clones AnTat 1. lA-H, 1.3A and 1.6D have been
characterized elsewhere (Laurent et al., 1983; Delauw et al., 1985; Pays
et al., 1985a). The procedures for DNA isolation, Southern and blot
hybridization as well as DNA cloning, were as described (Pays et al., 1980).
The nucleotide sequence of DNA fragments, subcloned in bacteriophage
M13 derivatives, as determined on both strands (Sanger et al., 1980),
using a modified T7 DNA polymerase ('Sequenase', USB). SI nuclease
protection experiments have been conducted as described in Gilmour (1984).
The computer analysis of DNA has been performed using the DNASIS/
PROSIS programs of LKB/HITACHI. The sequences have been compared
with the following database releases: GenBank R52.0, EMBL R13.0 and
NBRF-PIR R14.0.
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