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Trypanosomes with a coat of variant surface glycoprotein (VSG) 118, consistently appear 
around day 20 when a rabbit is infected with Trypanosoma brucei strain 427. There is a 
single chromosome-internal gene for VSG 118 and this is activated by duplicative 
t’ransposition to a telomeric expression site. We show here that the expression-linked extra 
copy of VSG gene 118 in a day 18 population of a chronic infection is heterogeneous, and we 
infer that the population is not monoclonal but is the result of multiple independent 
activations of the 118 gene. We show that the heterogeneity of expression-linked extra 
copies is also present in other trypanosome populations expressing chromosome-internal 
VSG genes. We present a model for the timing of VSG gene activation during chronic 
infection that emphasizes two features: the relative activation and inactivation 
frequencies of different expression sites, and the degree of homology of the sequences 
flanking VSG genes with expression sites. 

1. Introduction 

The African trypanosomes, exemplified by 
Trypanosoma brucei, are unicellular protozoa that 
t’an multiply for long periods in the bloodstream of 
mammalian hosts. The parasite survives the host 
immune defence by repeatedly changing its surface 
coat, the only structure in living trypanosomes 
exposed to host, antibodies (Cross, 1984; Turner et 
al.: 1985). Switches of coat composition occur at a 
rate of 16’ to lop6 per trypanosome division 
(C’ornelissen et al., 1985a: Lamont et al.: 1986) and 
are apparently independent of external stimuli, 
such as antibodies (Myler et al., 1985). 

The surface coat of T. brucei is composed mainly 
of one protein species, the variant-specific surface 
glycoprotein (VSG$; Cross, 1984; Turner et aZ., 
1985). Every trypanosome may have as many as 
1000 genes that code for VSGs. Many of these genes 
reside near t,he chromosome ends (telomeres) of 
numerous small chromosomes, but most genes are 
chromosome-internal and linked in clusters (see 
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Boothroyd, 1985; Borst, 1986; de Lange, 1986; 
Donelson & Rice-Ficht, 1985). 

Three routes have been described for the 
activation of a silent VSG gene. 

(1) A duplicative transposition of a gene to an 
active telomeric expression site, where it displaces 
the resident VSG gene (see Boothroyd, 1985; Borst, 
1986; de Lange, 1986; Donelson &, Rice-Ficht, 
1985). 

(2) A reciprocal recombination between two 
telomeres resulting in the transfer of an inactive 
telomeric VSG gene to an active expression site in 
exchange for the resident VSG gene (Pays et al., 
1985a). 

(3) Activation of an inactive expression site (see 
Boothroyd, 1985; Borst, 1986; de Lange, 1986; 
Donelson & Rice-Ficht, 1985). 

Strong indirect evidence indicates that 
duplicative transposition occurs by gene conver- 
sion, mediated by short blocks of homology that 
flank the transposed sequence of chromosome- 
internal VSG genes. Longer blocks of homology 
exist between telomeres and these may facilitate 
the transposition of telomeric VSG genes and the 
reciprocal translocation between telomeres. How 
inactive expression sites are activated without 
transposition is still not known (see Boothroyd. 
1985; Borst, 1986; de Lange, 1986: Donelson & 
R,ice-Ficht, 1985; Pays, 1985a,b). 

During a chronic trypanosome infection in 
mammals. different antigenic variants appear in a 

o(~~-2838/87/050081-10 $03.00/0 
81 

0 1987 Academic Press Inc. (London) Ltd. 



82 E-l. Th. M. Timmers et al. 

loosely programmed order (Capbern et al.? 1977). 
Indeed, such a temporal order is essential for 
antigenic variation to work at all. Several factors 
are known to affect this order. Firstly, some 
trypanosome variants outgrow others (Myler et al., 
1985; Seed et al., 1984). Computer modelling has 
shown that this factor can explain some, but not 
all, of the temporal order (Kosinski, 1980). 
Secondly, genes expressed very early in the 
mammalian infection are invariably located at’ 
chromosome ends (Aline et al.! 1985b; Liu et al., 
1985) and late genes can become early when they 
are transferred to a telomeric position (Laurent et 
al., 1984; Michels et al., 1984). Thirdly, the degree of 
sequence homology between the silent VSG gene 
and its surroundings, with the expression site, may 
determine its chance of entering the site (Laurent et 
al., 1984: Roth et al., 1986). Indeed, Eisen and co- 
workers have shown that two VSG genes that’ lack 
the common elements found at the 3’ end of most, 
VSG genes, appear late only during a chronic 
T. equiperdum infection in rabbits (Roth et al., 
1986). Finally, L.H.T. Van der Ploeg (personal 
communication) has raised the possibility that 
certain VSGs are not compatible within the same 
coat. During switching, the trypanosome tem- 
porarily makes a mixed coat, in which new and old 
VSG molecules seem intimately associated (Esser & 
Schoenbechler, 1985; Michels et al., 1983). Tf this 
association were to lead to a non-functional coat. 
the switch would be unsuccessful. A given trypano- 
some variant might therefore only be able to switch 
to a limited number of other variants. 

In previous papers we have presented the 
analysis of several independently isolated variants 
of T. brucei strain 427 that express the gene for 
VSG 118 (Michels et al., 1983; de Lange et al., 1983). 
Strain 427 has a single silent basic copy (RC) gene 
for VSG 118 in a chromosome-internal position 
(Michels et al.? 1983). Activat,ion of the gene in all 
variants analysed thus far resulted in an expres- 
sion-linked extra copy (ELC) gene located in the 
dominant telomeric expression site of strain 427. 
During chronic infections in rabbits, variant 118 
appears reproducibly around days 18 to 20 (Michels 
et aZ.. 1983). During the analysis of two additional 
118 trypanosome variants, we noted that the 
expression-linked extra copies present, in a single 
parasitaemia peak were heterogeneous (de Lange et 
aE., 1983). Further analysis of this unexpected 
phenomenon has shed new light on the timing of 
VSG gene expression in a chronic infection and on 
sequences involved in the duplica.tive transposition 
of VSG genes to expression sites. 

2. Materials and Methods 

(a) Trypanusomes 

The heterogeneous trypanosome populations from T. h. 
brucei strain 427 have been described by Michels et al. 
(1983). The isolation and characterization of cloned 
trypanosomes have been described by Cross (1975) 
(MITat 1.2 (ZZla)), by Michels et al. (1983) (MTTat 1.86 

(llSc), 1.192 (117b) and 1.195 (118d)) and by de Lange ~1 
al. (1983) (MITat 1.184 and 1.185). 

(b) Molecular cloning 

The cloning of BarnHI-Tuql fragments of nuclear DKA 
of MITat 1.184 and 1.185 in Escherichin coli HBlOl was 
performed as described (Van der Ploeg ef al.. 1982c) with 
pAT153 as vector. The libraries were screened with a 
32P-labelled 950 bp PstI-EcoRI probe for the 3’ half of 
the VSG 118 gene from plasmid TcV118-2 (Michels rt al.. 
1983). Several double-positive clones were identified and 
one from each library was selectred. pTgE 1.84-l 
contained t’he I.47 kb BarnHI--Tag1 ELC fragment (see 
Fig. 1) and a 200 bp TaqI fragment of unknown origin. 
The ELC fragment was recloned in the same vector to 
obtain pTgE 1.184-D without the contaminating 200 bp 
fragment. pTgE 1.185-I contained the 1.27 kb 1.185 ELC’ 
fragment, (see Fig. 1). Plasmid DPJA was isolated as 
described by Birnboim & Doly (1979). The cloned DNAs 
were checked for colinearity by comigration with nmlear 
DNA and subsequent blottmg and hybridization wit,h t,hc 
probe used in the library screening. 

((3) Nuclear blotting analysis 

Isolation of nuclear DXu’,4. restriction enzyme digestion 
and gel electrophoresis was as described by Bernards rt al. 
(1981). Pulsed-field gradient gel electrophoresis was 
performed as described (Van der Ploeg et al.. 1984a). The 
gels were subjected to elect’rophoresis in 20 cm x 20 cm 
tanks for 19 h with a pulse frequency of 35 s. Gels were 
incubated for 15 min in 0.25 M-HC1 prior to denaturation. 
Hybridization probes were isolated from appropriate 
digestions of plasmid DKA by separation in low-melting 
temperature agarose gels followed by I)EAE-t~ellulose 
chromatography and labelling by nick-translation (Rigby 
et aE.. 1977). Hybridization of 32P-labelled probes to 
nitrocellulose-bound DNA was as described by Bernards 
et al. (1981). 

(d) Bal31 digestion 

Intact nuclear DNA from MITat 1.1X4 and 1.185 
trypanosomes was treated wit,h exonuclease !?a131 
(Biolabs) for various times as described (de Lange & 
Borst, 1982); 0.2 (1.184) and 0.8 unit, (1.185) RalSl/pg 
Dh’A was used. 

(e) 1Vucleotide sequencr anudylsr;~s 

DNA sequences were determined by the Maxam 
Gilbert technique (Maniatis et al., 1982). The sequence 
strategy is indicated in Fig. 1. The 118 SC sequence from 
Bernards et al. (1986u) was extended from + I90 to + 274 
relative to the 14-mer. 

3. Results 

Figure 1 shows partial physical maps of the iso- 
ELCs of three variants (1.184, 1.185 and I.1 86) 
expressing VSG gene 118, a chromosome-interna, 
VSG gene invariably activated by duplicat,ive 
transposition to a telomeric expression site (Michels 
et al., 1983). The three variants were isolated on the 
same day from an infected rabbit (see Fig. 2). 
Initially, variants 1.184 and 1.185 appeared to have 
arisen from I.186 by deletions in the DNA segment’ 
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Figure 1. Physical maps of the 3’ region of the VSG I18 BC gene and of the 1.184, 1.185 and 1.186 ELC genes. The 
cloned segments of pTgE 1.184-11 and pTgE 1.185-T are overlined. Sequence strategies are indicated by arrows below 
the maps; large dots mark the labelling sites. The labelling site for the 1.185 sequence from the TaqI site is located in the 
vector and is not indicated. Common restriction enzyme cutting sites are only indicated in the 118 BC map. Unique sites 
are named separately. Hybridization probes 4 and 5 are indicated by a filled bar (TAA denotes the stop codon and ends 
at, the tip of the chromosome). Abbreviations: 13, BumHI; D, DdeI: Dr. DraI; E, EcoRI;. H, HindIII; Hc, HincII; Hf, 
Hid-I; Hh. HhaI: MS, MspI; Pv, PvuII; T. TagI: Xb, XbaI 

flanking the RLC (de Lange et al., 1983). However, 
this interpretation is not supported by the detailed 
restriction maps in Figure 1. To rule out complex 
rearrangements, we cloned the BamHI-TaqI ELC 
fragments indicat,ed in Figure 1 and determined the 

RobbIt 4 

I.1 74 

Day 20 9 
Figure 2. Pedigree of heterogeneous populations and 

cloned variants of T. b. hrucei strain 427. The chronic 
infection is started with the variant on top (Michels et al., 
1983; de Lange et al.. 1983). The days at which 
trypanosomrs were isolated are indicated by boxes. 
Variants cloned from these populations are indicated by 
arrows. 

sequence of the areas 3’ to the ELC. The results, 
presented in Figure 3 show clearly that the 
3’-flanking sequences of the iso-ELCs differ sub- 
stantially. Complete homology with the 118 BC 
gene is lost at position -47 in 1.185, -4 in 1.186 
and as far downstream as + 252 in 1.184. This 
makes it unlikely that 1.184 and 1.185 could have 
arisen from 1.186, or 1.184 from 1.185. It is also 
unlikely that variant 1.186 has arisen from one of 
the other two, as several restriction enzymes 
cutting downstream from the 1.186 ELC, do not cut 
downstream from the ELCs of variants 1.184 
(PvuII and MspI) and 1.185 (PvuII, EcoRT, 
Hind111 and MspI) (data not shown). 

Further to exclude substantial homology between 
the sub-telomeric regions of the ELCs of the three 
variants, sub-telomeric probes were hybridized to 
chromosome-sized DNA molecules separated by 
pulsed-field gradient gel electrophoresis. Previous 
work has shown that the BC gene of VSG 118 
resides in a chromosome that sticks in the slot, and 
that the VSG 118 ELCs reside in one of the 
chromosomes in the compression zone (Van der 
Ploeg et al., 1984a; Johnson & Borst, 1986). 
Figure 4 shows that this also holds for the three 
variants studied here. The main point of the 
experiment is, however, that the sub-telomeric 
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Figure 3. Sequence comparison of the 3’ end and flanking region of the 118 H(1. 1.184, 1.185 and I.186 ELC’genes. The 
118 BC and 1.186 ELC sequences are from Bernards et al. (1986a) and de Lange et al. (1983). respectively. Numbering of 
the bases is relative to the first base of the 14-mer. Bases in the coding region are given in triplets. according tso the 
reading frame. “Stop” marks the stop codon. Dots indicate identical bases and dashes indicate gaps introduced to 
ma.ximize homology. Arrows mark the position where the ELC sequence deviat,es from the 118 BC sequence and t.hus 
the divergence points. 

probes from the 1.184 and 1.185 ELCs only 
hybridize to homologous chromosomes and not to 
chromosomes carrying the other ELCs (Figs 1 and 
4). 

We conclude from these results that the three 118 
iso-ELCs are associated with different 3’ sequences. 
We have shown (de Lange et al., 1983) that there 
are multiple sub-telomeric copies of the sequence 

flanking the 1.186 ELC in the 7’. brucai genome, and 
that one of these had entered the expression site in 
variant 1.186 by duplicative transposibion (telomere 
conversion). Figure 4 shows Ohat there are also 
multiple copies of the sequences associated with the 
ELCs 1.184 and 1.185 in T. hrucei. and Figure 5 
shows that most (1.184) or all (I +185) of t’hese 
sequences are preferentially digested by exonuclease 
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Figure 4. Chromosomal localization of sub-telomeric regions. The trypanosome variants, from which the 
chromosomes were prepared. are indicated above the slots. Chromosome-sized DNA molecules were separated by 
pulsed-field gradient gel electrophoresis and transferred to nitrocellulose. The filter was successively hybridized to a 
950 bp probe for the 3’ half of the VSG 118 gene, probe 4 and probe 5 (see Fig. I), as indicated below the panels. Probes 
were melted off between the successive hybridizations in 0.1 M-NaOH for 5 min. Hybridization stringency was 0.1 x SSC 
at 65°C (left panel) and 0.3 xSSC at 65°C (middle and right panels) (SSC is 0.15 M-NaC1, 0~015i~sodium citrate. 
pH 7.0). Molecular weights are as determined by Bernards et al. (19866). 
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Figure 5. Preferential sensitivity to exonuclease B&I of DNA fragments recognized by the sub-telomeric segments 
of the 1.184 and 1.185 ELC. (a) The hybridization to probe 4, and (b) to probe 5. The hybridization stringency was 
0.3 x SK at 65°C’. Each lane contained 4 pg of nuclear DNA from variant MITat 1.184 (a) or MITat 1.185 (b). Prior to 
AvaII digestion the DKA was treated with exonuclease &z/31 for the times indicated. In (b) B&31 activity/pg nuclear 
DNA was 4 times higher than in (a). Fragment sizes (in kb) are indicated on the left. The 7.6 kb (a) and the 6.4 kb 
fragment (h) carried the 1.184 and the 1.185 ELC telomere, respectively. 

naZ31, indicating their sub-telomeric position. This 
supports a scenario in which the sub-telomeric 
sequences associated with the ELCs of all three 
variants entered the expression site by telomere 
conversion. The crucial question then is whether the 
118 gene came into the expression site before or 
after the sub-telomeric sequences arrived. To 
analyse this, we have made a detailed map of the 
sequences upstream from the three ELCs. Figure 6 
shows that restriction sites up to 1.1 kb in front of 
the BC gene are unaltered in the ELC, 
suggesting that, this 1.1 kb is co-transposed to the 
expression site, as seen in previous transpositions of 
the 118 gene (Michels et al., 1983). Beyond this 
common segment, however, the physical maps of 
the three ELCs diverge. This provides strong 
support for the idea that the three iso-ELCs arose 
from independent transpositions of the 118 gene 
(see Discussion). 

Whereas the 1.185 and 1.186 ELCs display the 
same configuration of far-upstream KgZTTT, EcoRI, 
‘IbqT, Pstl and HindTTT sites characteristic of the 
dominant expression site of this T. brucei strain 
(Michels it al., 1983) the 1.184 ELC has a 
completely different set of sites. Nevertheless, this 

ELC is also located in the chromosome that 
contains the dominant expression sit.e (Johnson & 
Borst, 1986, and unpublished results). This re- 
emphasizes that the configuration of upstream 
restriction sites is not a reliable criterion t,o identify 
expression sites, a point that we have stressed 
before (Van der Ploeg et al., 1984a; Borst, 1986). Of 
course, we cannot exclude the remote possibility 
that the 1 .184 ELC is in the same chromosome as 
t,he dominant site, but not in the same telomere. 

To test whether the three variants analysed here 
were the only variants expressing the 118 gene at 
day 18 in rabbit 4, we have analysed the total 
uncloned populations after amphfication (and 
therefore possible selection) in mice and rats (see 
Michels et al.. 1983). Figure 7(a) shows that this 
heterogeneous collection of trypanosomes contained 
bands corresponding to the iso-ELCs of variants 
I.184 (weak). 1.185 and 1.186, but also two to three 
other weak bands. Only the single BC band of the 
VSC 118 gene is visible in the day 20 trypanosome 
populations isolated from rabbit 4 (Fig. 7). We have 
already shown in a previous paper (de Lange et al., 
1983) that no extra bands were present in the 
day 15 population either. This strongly suggests 
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Figure 6. Physical maps of the upstream region of the VSG 118 BC gene and the 1 .I 84, 1.185 and 1.186 ELC genes. 
The portion of the gene in mature mRNA is indicated by a filled box. Restriction enzyme cutting sites that are common 
in all maps, and thus within the transposition unit, are named only in the 118 BC map. The maps are constructed using 
as probe a 205 bp PvuII-Hind111 fragment from plasmid ~~11%29111 (Van der Ploeg et nl., 1982b), as indicated below 
the 118 BC map. For abbreviations, see the legend to Fig. 1. 

that all additional hybridizing bands in the day 
18 VSG 118 population are attributable to iso-ELC 
bands. and that this population is made up of at 
least five to six variants that have independently 
switched on the VSG 118 gene. The alternative 
explanation that restriction sites are only partially 
cleaved, because of partial modification, is highly 
unlikely. No modification has been observed in 
T. brucei DNA for any sites cleaved by DdeI or RsaI 
and TaqI, that also gave multiple bands (data not 
shown). 

To test whether multiplicity of variants 
expressing the 118 VSG gene was a peculiarity of 
the day 18 population from rabbit 4, we have also 
checked heterogeneity of putative ELC bands in 
another rabbit (rabbit 5 in Fig. 2). The DNA was 
hybridized with probes for the transposition unit of 
VSG gene 118 or of VSG gene 117, another 
chromosome-internal VSG gene activated by dupli- 
cative transposition (see Hoeijmakers et al., 1980; 
Van der Ploeg et al., 1982a; Michels et al., 1983). 
The results in Figure 7(b) show that the day 20 
trypanosome population from rabbit 5 contains 
three extra bands hybridizing with the 118 cDNA 
probe that remained unaltered at high restriction 
enzyme concentrations. One of these is enriched in a 
cloned trypanosome, MITat 1.192 or 118d, isolated 
previously (Michels et al., 1983). None of the extra 
bands is visible in another trypanosome clone, 
isolated from this population, that expresses the 
VSG 117 gene. Analogous results are obtained with 
the 5’ end 117-transposition unit probe (Fig. 7(c)). 
The extra bands in the day 20 populations 
remained unaltered at high restriction enzyme 
concentrations (data not shown). We conclude that 
the heterogeneity of ELC bands is not just a 

peculiarity of VSG 118 variants or the trypanosome 
populations isolated on day 18 from rabbit 4, but a 
common feature in VSG gene activation. 

4. Discussion 

(a) Multiple interchromosomal transposition events 
are responsible for the heterogeneity of the 

trypanosome population that expresses VW gene 1 IX 

We show in this paper that the populations of 
trypanosome variants that express a chromosome- 
internal VSG gene are heterogeneous in the ELCs 
that they contain. Similar results have been 
obtained independently in another chronic 
infection with this trypanosome strain by G.-S. Lee 
& L.H.T. Van der Ploeg (personal communication) 
and some ELC heterogeneity may also have been 
observed in another strain by Pays et al. (1983). 

Our results show that the three 118 variants 
analysed here cannot have arisen from each other 
by intra-chromosomal deletions or rearrangements. 
Hence, they must have originated either from three 
independent transpositions of the same VSG gene 
into different surroundings, or from a single 
transposition followed by alteration of flanking 
sequences in some of the progeny by transposition 
of sequences from other telomeres. We do not 
favour the latter alternative for three reasons. 
Firstly, it requires that both flanks of the ELC were 
invaded in the variants analysed. Tndependent 
invasion of upstream and downstream flanks would 
be highly unlikely at a switching rate of 10e6; a 
simultaneous invasion by another telomere would 
not be expected to leave the 118 gene unscathed. 
Secondly, it requires that invasion occurred shortly 
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Figure 7. Multiple ELCs for VSG 118 and VSG 117 are present in heterogeneous populations. Autoradiographs of blots 
containing DXA from heterogeneous populations and their cloned variants (see Fig. 2). (a) Lanes contain 3 pg of nuclear 
l)?r;A digested with WeI from rabbit 4 day 18 (lane 1), rabbit 4 day 20 (lane 2), MITat 1.184 (lane 3). MITat 1.185 (lane 
4) and MTTat 1.186 (lane 5). The blot was hybridized to a 205 bp PvuII-HindIII probe (see Fig. 6). (b) and (c) Lanes 
contain 3 pg of nuclear DNA digested with EcoRI (b) or Mb01 (c) from rabbit 5 day 17 (lane 1), rabbit 5 day 20 (lane 2): 
MTTat 1.192 (118d, lane 3) and MTTat 1.195 (117b, lane 4). The blot was hybridized to the 550 bp PslI-FcoRI probe 
from pTcV 118-2 (Michels et al., 1983) containing the 5’ half of the VSG 118 gene (b) or to the 579 bp HphI probe from 
pTgE Il7h-I (de Lange et at., 1985) containing the 5’ breakpoint of the 117b transposition unit (c). This latter probe 
shows extensive cross-hybridization, because it contains 70 bp repeats. The hybridization stringency was 0.1 x SSC at 
65°C. Fragment sizes (in kb) are indicated on the left. Arrows denote ELCs present in the heterogeneous populations. To 
exclude that the extra, bands were partial digestion products, DNA samples were split after digestion and half were 
redigested with the same enzyme. DNAs in lanes 1 to 4 were digested once. in lanes 1’ to 4’ twice. 

after the VSG 118 gene had entered the expression 
site, since the sequences around an ELC are stable 
once the variant is established (Michels et al., 1983; 
Bernards et al., 1983). Finally, it requires that 
telomere conversion must have run up to at least’ 
20 kb upstream from the VSG gene without 
dislodging the gene itself, to explain the differences 
in far-upstream sites between the 1.184 ELC and 
the other two El&. Hence, we prefer the 
interpretation that variants 1.184, 1.185 and 1.186 
result from independent VSG gene I 18 transposi- 
tions into different surroundings. A more detailed 
dissection of the genealogical relationships between 
variants is unfortunately complicated by the 
limitations of the biological system. Chronic 
trypanosome infections can be studied only in 
animals like rabbits that are relatively resistant 
against trypanosomiasis. Resistance implies low 
parasitaemia. necessitating amplification of try- 
panosorne populations in mouse or rat for bio- 
chemical analysis. Hence, the final trypanosome 

population studied is a far cry from that present in 
the rabbit, and precise genealogical relationships 
between trypanosome variants can not normally be 
studied in this system. These can be analysed in 
single relapse experiments in which a few trypano- 
somes from a homogeneous population are intro- 
duced in a mouse or rat and allowed to switch once. 
Single relapse experiments give only information 
about the initial phase of infection. in which 
activation of the 118 BC gene does not occur. By 
combination of the data from chronic infections and 
single relapse experiments, however, a speculative 
scenario may be constructed for the timing of VSG 
gene 118. 

(b) Factors that determine the timing of VSG gene 
expression during a chronic infection 

Three factors are known (or thought) to affect 
timing: trypanosome growth rate, the relative rate 
at which expression sites switch on and off, and the 
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homology between silent genes and expression sites. 
Trypanosome variants were first shown by Seed and 
co-workers to differ in growth rate and this 
observation has been confirmed in other labs (Seed 
et al., 1984; Miller & Turner, 1981; Myler et al., 
1985). Variant 118 trypanosomes grow rapidly, 
they can even outgrow variant 1.8 trypanosomes, 
the variant that usually comes up first when strain 
427 trypanosomes switch in single relapse experi- 
ments (Michels et al., 1984; Liu et al., 1985). One 
would therefore expect variant 118 to grow out and 
dominate the population, once the 118 gene is 
activated. 

The relative rate at which expression sites arc 
switched on and off in T. brucei 427 is illustrated in 
Table I, which summarizes results for the four sites 
characterized in this strain. The VSG 1.8 gene is the 
most aggressive predominant early gene in strain 
427 and it is switched on in about 50% of all 
switches in single relapse experiments (Liu et al.. 
1985). The success of this gene can be attributed to 
three factors: (1) it resides in an expression site that 
is readily switched on; (2) it can easily enter other 
sites, like the dominant site, by telomere conver- 
sion; and (3) it occupies a site that is readily 
switched off. In fact, we have not seen displacement 
of the VSG 1.8 gene in the 1.8 site by another gene. 
This must be the main reason why the 1.8 gene 
succeeds in remaining in this site and retaining its 
predominant early position. The dominant site is 
readily switched on and off as well (Michels et aZ., 
1984), but genes are also frequently displaced from 
this site by other genes. The dominant site is the 
only one that we have seen active after the first 
weeks of a chronic infection (Liu et al., 1985). The 
221 site, in contrast, was activated only on a single 
occasion. This site is not easily switched off either; 
the 221 gene is usually displaced by gene conversion 
(Bernards et aE., 1985; Liu et al., 1985, and 
unpublished results). Antigenic variation by telo- 
mere swit’ching requires the inactivation of the old 

Table 1 
V&G gene expression sites in strain 427 (f 

T. brucei? 

Expression 
site 

Frequency of 
Frequency of site: gene Lke later in 
activa- inacti- displacement in chronic 

tion vation single relapses infections 

Dominant +++ ++ ++ +++ 
site (118) 

1.X site: ++++ +++ ? 
I .l site $ ++ i ! 
221 site: + +9 +++ 

t I&& on data from Liu el ut. (IBM), (%n-nriissen et ~1. 
(19856) and ,Johnson & Borst (1986). 

$ Expression sites are called after the VSG gene that was 
first found in it. 

4 Jnaetivation by promoter switch-off has only recently been 
observed for this site (Corneliusen, unpublished results). in 
addition (Tomelissen et nl. (19856) have reported one variant in 
\rrhich this site was silenced by a 30 kh DNA insertion between 
the promoter and gene 221. 

telomere and the activation of a new one. Indirect 
evidence suggests that these are independent, 
processes (Cornelissen et nE., 1985b; Baltz et al., 
1986). The rate of these events must, be high 
relative to the duplicative activation of VSG genes, 
as a substantial fraction of early switches are due to 
a telomere switch (Liu et al., 1985). 

When the 118 gene is in the dominant expression 
site and this site is inactive, this switched-off ELC 
will be readily activated. In fact, the 118 gene copy 
then behaves like a predominant early VSG gene. It, 
follows that the delay in appearance of variant 118 
until t,he third week of chronic infections must be 
due to its dif%culty in getting (stably) into the 
dominant expression site. Which genes t.hen ot:cupy 
the site before gene 118’1 From the results presented 
here and in previous papers we infer that the site is 
occupied by telomeric VSG genes t,hat have entered 
by telomere conversion. Homology between differ- 
ent telomeres is extensive and consists of several 
elements: telomeric and sub-telomeric repeats (Van 
der Ploeg et al., 19846; Blackburn B Challonclr. 
1984); segments of the VSG genes themselves and 
the 70 bp repeats upstream from the VSG genes (see 
below): and extensive segments further upstream 
(Kooter Oz Borst, 1984; Cully et al., 1985; Bernards 
et aZ., 1986b; Horst, 1986; Raibaud et crl., 1986) as 
far as 50 kb 5’ t,o the VSG gene (unpublished 
results). These should provide extensive homolog) 
for telomeric genes to enter expression sites by gem’ 
conversion or reciprocal recombination. Analysis of 
single relapse experiments has shown that very 
early variants arise either by switching on ne\l 
expression sites or by telomere conversion of activcJ 
sites, never by duplicative transposition of 
chromosome-internal genes (see Liu et al., 1985). We 
therefore conclude that the transposition rate of 
chromosome-internal genes. like VSG gene 118, is 
too low to compete with alternative expression site 
acttivation and telomere conversion. Although this 
explains why variant, 1 I8 does not appear in t.he 
second week. it is not, obvious why it should appear 
around day 20. There are some 250 telomeres in 
T. brucei 427 (Van der Ploeg et al., 19846). many (if 
not, all) carrying VSG genes. Tog&rr they might 
keep t’he dominant expression site occupied for over 
100 weeks. Four factors might prevent; t,hix. First’ly. 
some trlomerrs may carry defective VSG genes (see 
Bernards et al.. 1985) or genes for coat)s of slow- 
growing variants. Secondly, it! is unlikely t,hat all 
belomeres have ext*ensive homology with expression 
site telomeres, as expression site probes onl? 
hybridize t)o about 20 to 30 bands in I)NA blots 
(Gully et al., 1985). Thirdly, the strain 427 trypano- 
some populations in chronically infected rabbits 
are rather heterogeneous in the early weeks of 
infec:tion. leading to inefficientj use of’ the repert*oire. 
Finally, t,he duplicative transposition of the> I 1X 
gene may be less efficient than telomere conversion. 
but as the rat,e is not, zero. the chance of producing 
one is only a matter of cumulative population sizcb 
after start:ing an infection. 

(:hromosorne-internal genes are thought I,o use 
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short blocks of sequence homology with expression 
sites to enter these sites by duplicative transposi- 
tion (Van der Ploeg et al., 1982a; Laurent et al., 
1984). It is therefore plausible that the degree of 
homology could co-determine timing (Laurent et al., 
1984). At, the 5’ edge these repetitive sequences 
consist of imperfect 70 bp repeats found about’ 
1.5 kb in front of VSG gene 118 (Liu et al., 1983) 
and many other chromosome-internal VSG genes 
(Van der Ploeg et al., 1982a,c; Aline et al., 1985a). 
Long arrays of 70 bp repeats are present in front of 
VSG genes in expression sites (Campbell et al., 1984; 
Bernards et al.. 1985) and the divergence point 
between HC and ELC lies somewhere in these 
repeats (Campbell et al., 1984; de Lange et aE., 1985). 
There are indications that the number and sequence 
of 70 bp repeats varies (Van der Ploeg et al., 1982c; 
Aline et al.. 1985a) and thus could co-determine the 
avidity of the KC gene for expression sites. 

At the 3’ edge of the transposed segment, VSG 
genes share short sequence blocks in the area 
corresponding to the 3’ untranslated part of the 
mRNA (see Michels et al., 1983). Figure 8 illustrates 
that the homology between the RC gene and the 
expression site extends even beyond the end of the 
gene. It is unlikely, however, that’ this downstream 
area plays a decisive role in timing, as there is 
hardly any homology between these areas of VW 
genes 11X and 117 (Fig. 8), genes that are both 
activated around day 20 of a chronic infection 
(Michels et al.. 1983). The involvement in timing of 
t)he sequence blocks in the area corresponding to the 
3’ untranslated part of the mRNA is indicated, 
however, k)y recent results with T. equiperdum, a 
trypanosome species closely related to T. brucei. 
Roth rt al. (1986) found that two KC genes 
activated lat,e in infections lack the 3’ end of the 
gene, and suggested t’hat lack of homology with the 
resident) gene limits the chance for these incomplete 
genes of entering expression sites. Such genes have 
to wait until a preceding gene in an expression site 
provides t’hr homology required for transposition 
(Laurent et al., 1984; Roth et al., 1986). Of course, 
maxima,1 homology is provided by identical or 

1” *o 30 40 

closely related genes in the expression site and, 
indeed, Pays and co-workers (Pays, 1986,; Pays et 
al., 1985b) have reported striking examples of 
segmental gene conversions involving members of 
the same gene family. How the trypanosome avoids 
the risk of switching on the same gene or its family 
member again and again is a matter of speculation. 
Relatively short blocks of homology might be 
sufficient for efficient gene conversion, or the ability 
to switch expression sites may prevent complete 
take-over by a large dominant gene family. 

In conclusion: we think that the following factors 
determine the appearance of 118 variants around 
day 20. Initially, the infection would be dominated 
by the expression site that contains the 1.8 gene. 
Aft’er the first week, another expression site would 
usually take over, e.g. the dominant’ site that 
appears to be preferentially used in lat’er weeks. At 
first, this site would be occupied mainly by 
telomeric genes with a high degree of homology 
with this site in t’he far upstream area. As these are 
expended, chromosome-internal genes with flanking 
sequences with a high homology with the type of 
telomeric genes that can ent)er the dominant site 
would be able to occupy the s&e. Of course, only 
genes that give rise to variants with high growth 
rate, like the 118 gene, would be successful. In the 
first weeks of a chronic infectlion in rabbits, the 
trypanosome populations are not ant’igenically 
homogeneous (Michels et al.. 1983, and unpublished 
results). We assume therefore that several different 
telomeric genes occupy the dominant expression 
site at that time, each with different flanking 
regions. These are the flanking regions that end up 
in t’he different 118 variants that arise from 
independent transposition events. 

How many potentially activatable expression 
sites are present in one trypanosome is still 
unknown. We consider it likely that the number is 
closer to 10 than to 100, and t,hat these 10 are more 
often off than on. In this way the fraction of 
trypanosomes that express more than one \%G gene 
would remain low enough to allow long-term 
survival in mammals. 

118 BC TGATATATTTTAACACCTTTAAAT--TCTGCCG---AAAAATTTGAACTGT-TTTTGTAAGTTGA----CTGTCTGATTGTCTAGAA-A--------TTTTTCTGGCAATTAA-AA- (PY),: 

1.1004 BC . . . . . . . . . . . . . . . . . . . . . . ..--..A....---...............-......~...NN.----..C............A..C.--------........A...C...-.TA (PY), 

1.1007 BC . . . . . . . . . . . . . . . . ..AA...A--.TCC...---.....-.........-.............----......,GC,,,.,,,,.-.T-------.,.,.,,,...,C,,.-.,- (PY), 

1.185 ELC . . . . . . . . . . . . . . . . ..G...G.--.A.-.T.---.....-....G....T.............----..............G...A.TTTCTGTG,,.,.,,,,,.GC...-.-- (PY), 

1.186 ELC . . . . . . . . . . . . . . ..--G...T.--.......ATA.....-.........G....--......TAAAA..-.....N.CNN.TA..-.TTTNNT-G..........G.C...A..- (Pv)n 

1.2 BC . . . . . . . . . . . . . . . . ..G...G.TA....------.....-....G....T.............----..... 

PTB 17 . . . . . . . . . . . . . . ..GC--..G.--.A-C...---...............-.........AG..----..................-.TT------.........-..C...-.-- (PY),, 

117 BC . . . . . . . . . . . ..T.....GT.T.--GAAAAT.TG--......A.-TGAAAT..... A..-..C.-GATGA..A...AAAATGT.T.TGATAGCAGCA.A,AGGTAT.,AGTTGT.TGTAGA 

Figure 8. Sequent comparison of 3’.flanking regions of VSG genes, downstream from the 14-mer. Short homology 
blocks upstream from the 14.mer have been report,ed by Michels et al. (1983). Sequences of VSG genes are aligned on the 
basis of their homology with the 118 BC sequence. Only nucleotides differing from the 118 BC are denoted. Dots mark 
identical nurlrotides and gaps are introduced to obtain maximal homology. Sumbering is relative to the first nucleotide 
of the 14.mer in the 118 BC sequence. N marks unidentified nucleotides. (Py), indicates a pyrimidine track, which is a 
caommon feature for the 118.like genes (Bernards et al., 1986a). The 117 KC sequence has little homology with the 
118 JH: sequence in this region. This indicates that homology in this region is not a common feature for genes activated 
relatively early by duplicative transposition, but that it is restricted to a subclass of VW genes. The 118 BC and 
I.1004 BC sequences are from Bernards et al. (1986a); the I.186 ELC sequence is from de Lange et aZ. (1983): t,he pTBl7 
srqurnce is from Blackburn & Chailoner (1984); the I .2 BC sequence is from J. JIonelson (personal communication); and 
the 117 IX sequence is from Bernards rt al. (1981). 
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