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Antigenic variation in Trypanosoma equiperdum is associated with the sequen-
tial expression of variant surface glycoprotein (VSG) genes in a process which
involves gene duplication and transposition events. In this paper we present
evidence that the genomic environment of the VSG-1 basic copy gene, the
template for duplicated, expression-linked VSG-1 genes, differs in every trypano-
some clone examined. This variation is thus independent of the expression of the
VSG-1 gene, and it also appears to be restricted to the 3' genomic environment. It
is also demonstrated that the DNA located 3' to the VSG-1 basic copy gene is
moderately sensitive to digestion when the nuclei of either expressor or non-
expressor trypanosomes are treated with DNase I.

In an accompanying paper (2), it has been
demonstrated that the expression of two variant
surface glycoprotein (VSG) genes in Trypano-
soma equiperdum is associated with the pres-
ence of a supplementary expression-linked gene
copy which is probably transcribed. The results
suggest that gene duplication and transposition
events accompany the VSG switching phenome-
non in these organisms. In the course of this
work, two observations evoked interest regard-
ing the nature of the VSG basic copy gene which
presumably serves as a template for the syn-
thesis of the duplicated expression-linked copy:
(i) cDNA probes for two different VSGs (VSG-1
and VSG-28) both hybridized to multiple non-
overlapping bands in filter hybridization experi-
ments done under stringent conditions, indi-
cating the presence of several relatively
homologous copies of each gene; and (ii) the
expression-linked VSG-1 gene copies from each
offour independently isolated Bordeaux trypan-
ozoon antigenic type 1 (BoTat-1) trypanosome
clones had different genomic environments.

In spite of the fact that there are multiple
VSG-1-related sequences in the T. equiperdum
genome, only one appears to be used as a
template for the synthesis of the duplicated
expression-linked copy. This was shown by
analysis of EcoRI digests. Although digestion of
DNAs from VSG-1 expressors and nonexpres-
sors with EcoRI did not reveal any supplemen-
tary expression-linked bands in filter hybridiza-

tions, there was a 1.9-kilobase (kb) band which
was at least twice as intense in all the expressor
DNAs. These results suggested that EcoRI cuts
twice within the DNA sequence which is dupli-
cated in VSG-1 expressors. This interpretation
was supported by the finding that DNase I
treatment of chromatin from VSG-1-expressing
trypanosomes reduced the relative intensity of
the 1.9-kb EcoRI fragment to that found in DNA
from nonexpressors. It is thus possible to identi-
fy fragments containing the silent basic copy of
the VSG-1 gene in DNA digested with other
restriction endonucleases since they should con-
tain this characteristic 1.9-kb EcoRI fragment.

In the present paper it is demonstrated that
the 12-kb expression-linked BamHI fragment of
BoTat-178 contains the 1.9-kb EcoRI fragment as
predicted and that the basic copy of the VSG-1
gene is found in a BamHI fragment which varies
in size in all of the trypanosome DNAs exam-
ined. This variation, which is independent of the
expression of VSG-1, appears to be restricted to
the 3' genomic environment. We also demon-
strate that the DNA located 3' to the basic copy
VSG-1 gene is selectively degraded when nuclei
of expressor or nonexpressor trypanosomes are
treated with DNase I.

MATERIALS AND METHODS
The genealogy of the BoTat variants used here has

been shown (2, Fig. 1). The VSG-1 cDNA clones used
here were plasmids pTel.2, pTel.6, and pTel.6a,
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which is a subclone of the 5' PstI fragment of the insert
in pTel.6. Genomic and plasmid DNAs were prepared
as described (2). Electrophoresis, filter hybridization,
and DNase I digestion of chromatin were performed as
described (2).
DNA was isolated from agarose gels by a modifica-

tion of the procedure described by Vogelstein and
Gillespie (4). Trypanosome DNA (20 jLg) was cleaved
with the BamHI restriction enzyme and was electro-
phoresed on a 0.5% agarose gel. Bands of the appro-
priate size were cut out and dissolved in 2 ml of Nal
solution (90.8% Nal, 1.5% NaSO3 [wt/vol]) per g at
37°C for 3 h in the dark. Glass powder, prepared as
described (4), was added (25 M1 per 20 pg of DNA),
and the DNA was allowed to absorb in the dark at 4°C
overnight with mixing. After centrifugation, the glass
powder pellet was washed once with 10 volumes of
Nal solution and twice with cold 50%o ethanol in 0.1 M
NaCI-10 mN Tris-hydrochloride (pH 7.5)-l mM
EDTA. DNA was eluted twice by suspending the
pellet in two to three volumes of 5 mM Tris-hydrochlo-
ride (pH 8.0)-0.5 mM EDTA at 37°C for 30 min.

RESULTS
Identification of the VSG-1 basic copy gene.

The VSG-1-specific probes hybridize with multi-
ple fragments in T. equiperdum expressor or
nonexpressor genomic DNA digested with re-
striction endonucleases which do not cleave in
the cDNA sequences (2). However, experiments
with EcoRI-digested DNAs show that a gene
located within a 1.9-kb fragment is the only one
which is duplicated in four independently isolat-
ed VSG-1 expressors (2). Therefore, it is this
1.9-kb EcoRI band which corresponds to both
the basic and expression-linked copies of the
VSG-1 gene. Thus, it is possible to identify the
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FIG. 1. Filter hybridization of BamHl-digested
DNA from VSG-1 expressing and nonexpressing try-
panosomes. DNA from various trypanosome clones
was digested with BamHI, electrophoresed in a 0.5%
agarose gel, and filter hybridized with 32P-labeled
plasmid _Tel.6 DNA (2). Lanes represent DNA from
BoTat-1 , (lane 1), BoTat-20 (lane 2), BoTat-28 (lane
3), and BoTat-78 (lane 4). Molecular sizes are marked
in kilobases. Brackets show 19- to 21-kb band which
varies in both expressors and nonexpressors. Arrow
shows extra expression-linked band (see text).
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FIG. 2. EcoRI bands contained in fragments of

BoTat-178 DNA generated with BamHI. (A) Filter
hybridization of BamHI-digested BoTat-178 DNA hy-
bridized with 32P-labeled plasmid pTel.6 DNA. (B)
Filter hybridization of EcoRI-digested total BoTat-178
DNA and of isolated BamHI fragments of BoTat-178
DNA. Lanes represent total DNA (T) and BamHI
fragments of 60, 20, 16, and 12 kb (indicated by
corresponding numbers). Molecular sizes are shown in
kilobases.

bands containing the basic copy gene in DNA
digested with other enzymes since they should
contain the 1.9-kb EcoRI fragment.
Trypanosome DNA was prepared from VSG-

1-expressing and nonexpressing clones, all of
which were derived from BoTat-1. The DNA
was digested with BamHI, which does not cut in
the probe sequence, and was filter hybridized
with nick-translated plasmid pTel.6 DNA (2).
The VSG-1 expressor clone was found to have
an extra expression-linked band (Fig. 1, arrow).
In addition, there is a band which varies be-
tween 19 and 21 kb in expressors and nonexpres-
sors (Fig. 1, brackets). The four VSG-1 BamHI
bands from BoTat-178 DNA and three bands
from BoTat-78 DNA were isolated from agarose
gels, cleaved with EcoRI, and analyzed by filter
hybridization with nick-translated plasmid
pTel.6 DNA (Fig. 2, Table 1). One BamHI
fragment from BoTat-78 DNA and two frag-
ments from BoTat-178 DNA contained the 1.9-
kb EcoRI fragment. In the BoTat-178 DNA, the
EcoRI 1.9-kb band was present in the 12-kb
expression-linked BamHI fragment, thus con-
firming that it is duplicated in VSG-1 expressors.
It was also present in the 20-kb BamHI frag-
ment. This fragment is of a different size in all
the trypanosome DNAs examined. In the Bo-
Tat-78 DNA the 1.9-kb EcoRI band was found
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TABLE 1. Relation between fragnents of BamHI,
EcoRI, and Sau3A in BoTat-1 and BoTat-78

DNAs'

Origin
DNase

Fragment sensi- Variant BamHI
tivityb antigenic fragnent

type (kb)
EcoRI 1.9 R BoTat-78 19

R BoTat-178 20
S BoTat-178 12

Sau3A 2.7 R BoTat-78 19

Sau3A 3.5 R BoTat-178 20

Sau3A 7.8 S BoTat-178 12
a BamHI fragments were isolated as described in

the text, digested with either EcoRI or Sau3A, electro-
phoresed on 0.7 (EcoRI) or 1.2% (Sau3A) agarose
gels, and filter hybridized with nick-translated plasmid
pTel.2 DNA.

b R, Resistant; S, sensitive.

only in the variable 19-kb BamHI fragment.
These findings indicate that the 19- and 20-kb
BamHI fragments in BoTat-78 and BoTat-178,
respectively, contain the basic copy of the VSG-
1 gene.

Limitation of basic copy variation to the 3' end.
These results suggest strongly that the basic
copy of the VSG-1 gene undergoes frequent
rearrangements which are independent of
expression. Since BamHI does not cut within
the cDNA sequence, it could not be determined
whether the rearrangements around the VSG-1
basic copy gene were located on the 3' or 5' side.
Therefore, filter hybridizations were carried out
with probes which detect either the 5' or 3' end
of the cDNA after digestion of the genomic
DNAs with restriction enzymes which cut in the
gene sequence. For analysis of the 5' ends of the
genes and their flanking sequences, genomic
DNAs were digested with PstI and were hybrid-
ized with plasmid pTel.6a, which contains the
350-base pair 5' PstI fragment from plasmid
pTel.6. For analysis of the 3' end of the genes
and their flanking regions, the genomic DNAs
were digested with Sau3A and hybridized with
plasmid pTel.2. The analysis for the VSG-1
basic copy gene with three nonexpressor DNAs
is shown in Fig. 3. Whereas no variation in
bands corresponding to the 5' end of the gene
and its flanking sequences were seen (Fig. 3B),
one variable band corresponding to the 3' end
was detected (Fig. 3A). This band was different
in each of the DNAs examined. Similar results
were obtained with several other restriction en-
donucleases which cut within the VSG-1 cDNA
sequence (data not shown). These results sug-
gest that the variability of the VSG-1 basic copy

gene is restricted to the 3' genomic environment.
To verify that the VSG-1 basic copy gene is

associated with variable 3'-specific fragments,
the BamHI fragments of BoTat-78 and BoTat-
178 DNAs were eluted from agarose gels (see
above), digested with Sau3A, and analyzed by
filter hybridization. The results are summarized
in Table 1. The 2.7-kb variable Sau3A band from
BoTat-78 nonexpressor DNA was contained in
the 19-kb BamHI fragment. Sau3A digests of
DNA from VSG-1 expressors show two variable
fragments (2). In the case of BoTat-178, these
fragments are 3.5 and 7.8 kb. Table 1 shows that
the 7.8-kb Sau3A band was contained in the
expression-linked 12-kb BamHI fragment and
that the 3.5-kb Sau3A band was contained in the
variable 20-kb BamHI fragment. Since both of
these BamHI fragments also contain the 1.9-kb
EcoRI band, we conclude that the 7.8- and 3.5-
kb Sau3A fragments are generated from the
expression-linked and the basic copy BamHI
fragments, respectively.
So far, attempts to determine the restriction

maps of the 3' environment of the VSG-1 basic
copy gene have failed. Except for the EcoRI
site, which occurs at or very near the 3' end of
the gene, all restriction sites 3' to the gene
appear to be at the same place in a given
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FIG. 3. DNA rearrangements on the 3' and 5' ends

of the VSG-1 sequence in nonexpressor trypano-
somes. (A) DNA at the 3' end. Trypanosome DNA
was digested with Sau3A, electrophoresed on a 1.2%
agarose gel, and filter hybridized with 32P-labeled
plasmid pTel.2. (B) DNA at the 5' end. Trypanosome
DNA was digested with PstI, electrophoresed on a
0.8% agarose gel, and filter hybridized with 32P-la-
beled plasmid pTel.6a. Lanes in (A) and (B) represent
DNA from BoTat-20 (lane 1), BoTat-28 (lane 2), and
BoTat-78 (lane 3).
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genomic DNA, as was found with the 3' environ-
ment of the expression-linked copy (2). BamHI
also appears to cut at the same universal 3' site
since after digestion with enzymes which cut
within the VSG-1 sequence, subsequent diges-
tion with BamHI does not alter the variable 3'-
specific fragment. Thus, the variation in the size
of the BamHI-generated VSG-1 basic copy frag-
ments can be accounted for entirely by variation
on the 3' side. This would place the BamHI site
5' to the VSG-1 basic copy gene at 14 kb from
the coding sequences in all of the BoTat DNAs.
DNase sensitivity of the VSG-1 basic copy gene.

As shown above, the VSG-1 basic copy gene
differs from the other VSG-1-related bands in
that its 3' environment varies in all the trypano-
some clones examined. Another distinguishing
feature of the basic copy genes is the increased
sensitivity of the 3' sequences when the chroma-
tin is digested with DNase I. Since Sall cuts in
the probe sequence, it was possible to examine
both 3' and 5' ends. Nuclei were prepared from
expressor (BoTat-1) and nonexpressor (BoTat-
28) trypanosomes and were treate
I as described (2). The DNA was
treated with Sall, and analyzed by
ization with nick-translated plasn
the probe (Fig. 4). It can be seen
the VSG-1 basic copy gene (Fig. '
less sensitive to DNase digestion
expression-linked copy (Fig. 4, dot
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FIG. 4. DNase I sensitivity of Sc
expressor (VSG-1) and nonexpressor (
Nuclei from BoTat-1 and BoTat-28
were treated for various lengths of tim4
and the DNAs were purified as descril
After digestion with SalI, the DNAs w
resed on a 0.8% agarose gel and filter I
plasmid pTel.6 DNA. (A) BoTat-1 nuc
resent treatment times of (left to right) (
7.5, 10, 15, 20, and 30 min. (B) BoTat-2
represent treatment times of (left to rig
and 22 min. Single arrow, Basic cop
arrow, expression linked copy (see teN

was more sensitive than the other VSG-1-related
sequences.
The moderate DNase sensitivity of the VSG-1

basic copy gene was seen in both the expressor
(BoTat-1) and the nonexpressor (BoTat-28)
DNAs, suggesting that it is not due to expression
of the gene. The partial sensitivity was associat-
ed particularly with the 3' ends represented by
the 6.0- and 4.5-kb bands in the BoTat-1 and
BoTat-28 DNAs, respectively. No partial DN-
ase sensitivity was seen in the 1.9-kb EcoRI
basic copy band from nonexpressor DNA (2,
Fig. 8C), whereas very marked DNase sensitiv-
ity was seen in the same band for expressor
DNA, presumably because of the active tran-
scriptional state of the expression-linked gene.
Since EcoRI appears to cut twice within the
VSG-1 duplicated region, deleting surrounding
genomic sequences (2), the 3' flanking region
must be responsible for the partial DNase sensi-
tivity observed in the basic copy.

DISCUSSION
d with DNase The results presented here show that the basic
then purified, copy gene coding for the VSG-1 antigen of T.
( filter hybrid- equiperdum has different properties from the
iid pTel.6 as other VSG-1-related sequences in the genome.
that although The 3' environment of the basic copy gene is
4, arrow) was different in all of the trypanosome clones exam-
than was the ined. This variation is not linked to expression of
able arrow), it the VSG-1 antigen since it also occurs in non-

expressors. The variation must occur within 2.7
kb of the coding sequence since this is the size of

1 2 3 4 5 the smallest variable fragment seen thus far.
~* , *Variability similar to that described here also
w* occurs in at least one other basic copy gene in T.

equiperdum, VSG-2 (unpublished data). This is
the first report of variability specifically associ-
ated with the VSG basic copy. Williams et al. (5)
have observed expression-independent variabili-
ty on the 3' ends of Trypanosoma brucei VSG
genes. However, the observed variability has
not been associated with basic copy genes.

It is not yet known whether variation in the 3'
genomic environment of the VSG basic copy

- _*_ genes in T. equiperdum is associated with the
mechanism of antigenic variation or whether it

B occurs independently of variation. However, the
all bands from variable band must be relatively stable within a
'VSG-28) DNA. given clone of trypanosomes since the expan-
trypanosomes sion of the clones involves 30 to 40 generations,

e with DNase I, and only a single variable 3' VSG-1 basic copy
bed in the text. fragment is seen in each trypanosome clone.
iere electropho- This suggests that the variation in the 3' flankinghybridized with region of the VSG basic copy genes may beclei. Lanes rep associated with the phenomenon of antigenic
8 nuclei. Lanes variation.
ht) 0,4,9.5, 15, There is no apparent relationship between the
by gene; double size of the 3'-specific restriction fragments from
t). basic and expression-linked copies in VSG-1
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expressors. However, the 3' fragments from the
expression-linked genes are invariably longer
than those from the basic copy, although they
differ among the various expressors.

Several features of both the VSG-1 expres-
sion-linked and the basic copy 3' genomic envi-
ronments suggest that they may have unusual
structures. There is a clustering of 3' restriction
enzyme sites, which suggests that the genes
encoding the expression-linked and basic copies
may be located near DNA termini. This hypoth-
esis is supported by the sensitivity of expres-
sion-linked and basic copy 3' ends to digestion
by the exonuclease Bal 31 (manuscript in prepa-
ration). In addition, the 3' genomic environ-
ments of both copies show a remarkable absence
of restriction enzyme cleavage sites. Similar
observations regarding the clustering of restric-
tion sites and Bal 31 sensitivity have been made
by others (1, 3, 5, 6). The significance of these
unusual features on both the expression-linked
and basic copy 3' ends is unclear. It is also
interesting that the chromatin located 3' to the
basic copy VSG-1 gene is moderately sensitive
to DNase, whereas the coding sequences appear
to be relatively insensitive. This could reflect a
particular chromatin configuration of the 3' re-
gions.
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