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During the metacyclic stage in the life cycle of Trypanosoma brucei subsp. rhodesiense, the expression of
variant surface glycoproteins (VSGs) is restricted to a small subset of antigenic types. Previously we identified
cDNAs for the VSGs expressed in metacyclic variant antigen types (MVATs) 4 and 7 and found that these VSG
genes do not rearrange when expressed at the metacyclic stage (M. J. Lenardo, A. C. Rice-Ficht, G. Kelly, K.
Esser, and J. E. Donelson, Proc. Natl. Acad Sci. USA 81:6642-6646, 1984). We now provide further evidence
that these genes do not rearrange and demonstrate that their 5' upstream regions lack the 72 to 76-base-pair
repeats which are considered the substrate for duplication and transposition events. Pulsed field gradient
electrophoresis showed that the MVAT VSG genes were located on the largest chromosome-sized DNA
molecules, and the lack of the MVAT 4 gene in one of two different serodemes suggested that one mechanism
for the evolution of MVAT repertoires is gene deletion. When MVATs were inoculated into the bloodstream of
a mammalian host by a bite from the insect vector, they rapidly switched into nonmetacyclic VSG types. We
found that this switch was accomplished by a loss ofMVAT RNA concomitant with the loss of metacyclic VSGs.
Transcription studies with isolated metacyclic nuclei showed that the MVAT genes were expressed in situ from
a single locus and were regulated at the level of transcription.

Antigenic variation in African trypanosomes is achieved
by sequential activation of different genes from a large
repertoire which encode the major surface component, the
variant surface glycoprotein (VSG). The order of expression
of the VSG genes appears to be more or less random in the
mammalian bloodstream (4, 10). When the parasite is in-
gested by its insect vector, the tsetse fly, it loses its surface
coat in the midgut stages and regains it after migrating to the
salivary gland. During this final developmental stage in the
inset salivary gland, called the metacyclic stage, expression
of VSG genes is distinctly nonrandom (7, 17). Of several
hundred VSG genes in the genome of the parasite, a re-
stricted subset of 10 to 15 metacyclic variant antigen types
(MVATs) is repeatedly expressed regardless of the antigenic
type ingested by the fly.
The MVATs which arise in the salivary gland of the fly are

the first organisms to enter the mammalian bloodstream (14).
The expression of MVATs is different from that of blood-
stream VATs because they are very unstable when growing
in the bloodstream. Approximately 5 days following the bite
from the fly, MVATs proliferating in a warm-blooded host
rapidly change to nonmetacyclic VATs by an unknown
mechanism (14). Previously, we isolated cDNAs for two
MVAT VSG genes of Trypanosoma brucei subsp. rhodesi-
ense (17). We found that the genes encoding these MVATs,
unlike bloodstream VATs, did not rearrange when expressed
at the metacyclic stage. We now address several questions
about these genes. (i) Are these VSGs expressed in situ from
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single loci? (ii) Why do these genes not undergo typical
duplication and transposition events when expressed at the
metacyclic stage? (iii) How is the switch from metacyclic to
bloodstream VSGs at day 5 accomplished at the molecular
level?

MATERIALS AND METHODS

Trypanosomes. The geneaology of T. brucei subsp.
rhodesiense clones WRATat1.1, WRATatl.14, and day 5
metacyclics (organisms bearing metacyclic VSGs taken from
the bloodstream of a mouse 5 days after infection with
salivary gland metacyclics), and RNA and DNA isolation
have been described previously (17). Procyclic culture forms
were made by inoculating trypanosomes into BSM medium
(8) supplemented with 3 mM cis-aconitate and 1 mM pyruvate
(G. Hill, personal communication) and incubating at 25°C for
either 10 or 30 days. Conversion to procyclic forms was
monitored by microscopic morphology, and loss of surface
coat was determined by immunofluorescent assay (14).
Indirect immunofluorescent assays and selective neutraliza-
tion of metacyclic populations with MVAT-specific mono-
clonal antibodies have been described previously (17).
Recombinant DNA. Procedures for Southern blots have

been described previously (17). Briefly, each lane of the
genomic Southern blots contained 2.5 ,ug of total trypano-
some DNA restricted with various endonucleases, electro-
phoresed on 0.9% agarose gels, and transferred to nitrocel-
lulose by standard procedures (19). Filters were hybridized
in 4x SET buffer (lx SET is 0.15 M NaCl, 30 mM Tris
hydrochloride, pH 8.0, and 2.0 mM EDTA) containing 0.1%
sodium dodecyl sulfate, 0.1% sodium pyrophosphate, 1 mg
of salmon sperm DNA per ml, lx Denhardt solution (19),
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and 4 x 106 cpm of nick-translated probe (specific activity,
0.5 x 108 cpm/,ug or greater) at 65°C for 12 to 20 h. Filters
were washed in 4x SET for 1 h and either O.lx SET for 2 h
with two changes at 65°C for high stringency or 1 x SET at
50°C for 2 h with two changes for low stringency. Cloning of
genomic regions was done by established methods (11, 19).
Bacteriophage lambda clones of the upstream regions were
isolated from a A Charon 4A library of T. brucei subsp.
rhodesiense (kindly provided by William J. Murphy) by
screening 50,000 plaques by the method of Benton and Davis
(2). Pulsed-field gradient (PFG) gel electrophoresis was
performed generally as described previously (12, 21) and
blotted as described above. Autoradiography was done on
Kodak XAR film with a Lightning-Plus intensifying screen
(Du Pont) at -70°C.
RNA analysis. RNA dot-blots were done by the method of

Thomas (22). Runoff transcription assays used nuclei iso-
lated from trypanosomes freshly harvested from infected
blood by DE-52 chromatography (16). The method for nuclei
transcription has been described previously (12). Hybridiza-
tion of labeled RNA to DNA immobilized on nitrocellulose
filters was done by a previously established procedure (12).
Control experiments with this system showed that hybrid-
ization of transcripts to genes immobilized on nitrocellulose
is strand specific for the coding strand (data not shown).

RESULTS
Comparison of MVAT genomic loci in expressers and

nonexpressers. A unique feature of the MVAT 4 and MVAT
7 VSG genes is that they do not rearrange when expressed at
the metacyclic stage. Figure 1A compares DNA from
WRATat1.1 bloodstream organisms which gave rise to the
MVAT population, a metacyclic population enriched for
MVAT 7 (17), and WRATatl.14, a bloodstream organism
which arises early after metacyclic infection digested with
ClaI or EcoRI. No rearrangement was observed in more
than 22 kilobases (kb) of sequence flanking the MVAT 7 gene
from the ClaI site ca. 8 kb upstream to the telomere ca. 14 kb
downstream (Fig. 1D). These results suggest that neither
duplication and transposition nor nonduplicative rearrange-
ment is associated with expression of the MVAT 7 gene at
the metacyclic stage. Similar results have previously been
reported for MVAT 4 (17).

This pattern suggests that MVAT genes are activated in
situ without rearrangement. Since the MVAT populations
were amplified for 5 days in immunosuppressed mice, it was
possible that a duplicated copy of the MVAT gene had been
lost. However, it was not possible to obtain enough orga-
nisms enriched for a particular MVAT directly from tsetse
fly salivary glands to analyze genomic DNA. Therefore, to
examine the structure of the MVAT genes in organisms at an
earlier stage in the life cycle, WRATatl.1 organisms were
transformed into procyclic culture forms in vitro. Procyclic
forms are the stage prior to metacyclic expression, and
previous studies have shown that culture forms do not differ
in VSG gene shutoff from procyclic forms isolated from the
insect midgut (9). Southern blots were done to compare
genomic DNA from WRATat1.1 bloodstream organisms
with their derivative procyclic forms (Fig. 1B and C). No
rearrangements were detected at either the MVAT 7 locus
(Fig. 1B) or the MVAT 4 locus (Fig. 1C). Each gene
structure was the same as that in day 5 metacyclic orga-
nisms. Therefore, no rearrangement occurred at the
procyclic stage that set up the MVAT genes for expression.
This supported but did not prove the hypothesis that the
metacyclic genes are expressed in situ. A slight deletion of

DNA occurred at the MVAT 4 gene telomere in passage to
the procyclic stage (Fig. 1C). In further experiments, we
found no evidence for the previously reported modification
of nucleotides affecting PvuII or PstI restriction sites (3)
when comparing expressers and nonexpressers (data not
shown).
Upstream regions of MVATs 4 and 7 do not possess repeats.

Detailed restriction mapping of genomic subclones of the
flanking regions of the MVAT genes (Fig. 1D) indicated that
unlike bloodstream VSG genes, the MVAT 4 and MVAT 7
loci did not contain an obvious upstream barren region
devoid of restriction sites (17). Previously it has been shown
that the barren region which precedes many, if not all,
rearranging VSG genes is composed of imperfect 72 to
76-base-pair (72/76-bp) repeats which provide homologous
regions between expression sites and basic copy genes for
gene conversion events (4-6, 18). This suggested that the
MVAT genes do not undergo typical duplication and trans-
position events associated with expression at the metacyclic
stage because they lack the appropriate molecular substrate
for these rearrangements. Figure 2 shows a Southern blot of
cloned DNAs from the upstream regions ofMVAT 4 (lane A)
and MVAT 7 (lane B) hybridized under low-stringency
conditions which would detect one copy of the 72/6-bp
repeat. No hybridization to a radiolabeled DNA clone con-
taining a tandem array of 17 copies of the 72/76-bp repeat
was detected. To further investigate the nature of the up-
stream region of the MVAT 7 gene, two phage clones,
XAMM-1 and XAMM-4, were isolated from a T. brucei
subsp. rhodesiense library which extended 16 kb upstream
from an EcoRI site ca. 7 kb in front of the coding sequence.
These two 16-kb inserts differed only in a single restriction
site (unpublished results). Neither phage clone hybridized to
the 72/76-bp repeat probe (Fig. 2, lanes C and D), establish-
ing that there were no copies of the 72/76-bp repeat within 23
kb of the MVAT 7 coding region. Controls (lanes E through
I) showed that as little as one copy of the 72/76-bp repeat
would have easily been detected under these conditions.
Therefore, the reason for the normal random distribution of
restriction sites in the regions upstream of MVATs 4 and 7
genes is that they lack the 72/76-bp repeats typically found
within 2 to 4 kb upstream of VSG genes expressed at the
bloodstream stage. This lack of 7276-bp repeats was also
striking because WRATat1.1 has an abundance of these
repeats in its genome (Fig. 1B) and genomic clones of other
VSG genes with 72/76-bp regions located within 2 kb were
easily isolated from WRATatl.1 (data not shown).
Chromosomal location of MVAT genes. To determine the

location of the MVAT genes in the trypanosome karyotype,
we used electrophoresis to separate chromosome-sized
DNA molecules and blotted the DNA to nitrocellulose (12,
21, 23). Figure 3 shows hybridization of the filters to probes
containing the coding sequences of MVAT 7 and MVAT 4.
Populations of trypanosomes enriched for MVAT 7 or
MVAT 4 and unselected metacyclics hybridized only to a
single size class of DNA, and presumably a single gene for
either MVAT 4 or MVAT 7 which was apparently unrear-
ranged between expressers and nonexpressers. No minor
bands were detected in the unselected metacyclic lanes,
suggesting that rearrangements do not occur in organisms
expressing other MVATs. This further supports the conclu-
sion that metacyclic genes are expressed in situ without
chromosomal rearrangements discernible by this technique.
Also tested was a mixed metacyclic population, LVH32,

which was isolated 1 year later from the same geographic
region as the isolate LVH18 from which the WRATat
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FIG. 1. Southern blot analysis of genomic DNA from T. brucei subsp. rhodesiense. Radioactive probes for the filters were MVAT 7 cDNA
(plasmid insert 3L41 [17]) (A and C) and MVAT 4 cDNA (plasmid insert 2L11 [17]) (B). Lane 72 in panel B was probed with the genomic clone
pGE117.6, containing the 7276-bp repeats (5). Lanes: (A) total genomic DNA from T. brucei subsp. rhodesiense clones WRATatl.1, MVAT
7 enriched, and WRATatl.14 (lanes 1, 7+, and 14, respectively); (B and C) total genomic DNA from T. brucei subsp. rhodesiense clones
WRATat1.1 and 10-day procyclic culture forms derived from these organisms (lanes BS and P, respectively); 72 is WRATat1.1 DNA cleaved
with AvaI; m, molecular size standards (23.1, 9.4, 6.6, 4.3, 2.3, 2.0, and 0.56 kb from top to bottom). Autoradiographic exposures were

between 2 and 5 days. (D) Restriction enzyme map of the metacyclic genomic loci. Genomic subclones which are discussed in this paper are

indicated below each map. Cleavage sites for AvaI (A), BamHI (B), ClaI (C), EcoRI (R), HindIll (H), PstI (Pt), PvuII (P), and Sall (S) are

shown. The scale at the top is in kilobases.

serodeme was cloned (14). This metacyclic population was

found to contain ca. 50% MVAT 7 organisms but no longer
expressed MVAT 4 in its repertoire (unpublished results).
The MVAT 4 gene was no longer present in these organisms
(Fig. 3), suggesting that one possible mechanism for the
previously reported evolution of metacyclic repertoires in T.
brucei subsp. rhodesiense (1) is deletion of MVAT genes

from the genome.
Metacyclic switching in the bloodstream due to downregula-

tion of the VSG mRNA. The switching of metacyclic VATs to
bloodstream VATs at 5 days after a fly bite is due to
individual trypanosomes changing the VSG composition of
their surface coats (13). This suggests that the crucial event

in the regulation of this switch in the stages of the life cycle
occurs within individual trypanosomes and is not a modula-
tion of preexisting trypanosome types within the population.
To understand the molecular details of this switch, we

compared organisms which at day 5 were still expressing
predominantly metacyclic VATs to the same population
which was allowed to propagate until day 7, when blood-
stream VATs were nearly exclusively expressed. Table 1
shows the antigenic composition of three trypanosome pop-
ulations, enriched for MVAT 4 and MVAT 7 and mixed
(unselected), at days 5 and 7, as determined by immunoflu-
orescent assay. While the total number of organisms in-
creased in each population from day 5 to day 7, the
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FIG. 2. Southern blot analysis of cloned DNAs for the presence
of the 7276-bp repeat. (Top) Ethidium bromide-stained gel of cloned
DNA samples; (bottom) autoradiogram of a nitrocellulose filter to
which the gel was transferred and hybridized with radioactively
labeled purified insert from clone pGE117.6 (5) containing 17 copies
of the 72/76-bp repeat. Lanes: (A) 2 jig of pM4.GFB, a clone of
genomic DNA containing the 5.5-kb region between the Sall sites in
the MVAT 4 VSG gene shown in Fig. 1D digested with Sail; (B) 4.5
,g of pM7.GFB digested with BamHI and ClaI; (C and D) 4.5 ,g of
either XAMM-1 (C) or XAMM-4 (D) digested with AvaI; and (E
through I) pGE117.6 digested with Sau3A and Sall in the amounts
3.0 (E), 1.5 (F), 0.75 (G), 0.38 (H), and 0.16 (I) ,ug. To determine
copy number, we assumed that if a band was observed with 2 ,ug of
pM7.GFB that was as intense as that for 0.16 p.g of pGE117.6, then
approximately (1.3 x 0.17)/(2 x 17) = 2 copies would be present
because the ratio of plasmid sizes is 8 to 6 kb, or 1.3, and pGE177.6
contains 17 copies of the 72/76-bp repeat. Since we observed no
band even half as intense as that seen in lane I, there was less than
one copy of the repeat on this plasmid. Similiarly, there was less
than one copy on pM7.GFB and the A clones since 4.5 ,ug of DNA
was used and this autoradiogram and others exposed longer did not
show bands even 1/10 as intense as that in lane E. Lanes m are
molecular size standards (4,360, 2,250, 1,560, 910, 650, 510, 400,
250, 240, and 230 bp from top to bottom).

trypanosomes no longer expressed MVAT VSGs by day 7.
An RNA dot-blot analysis of RNA in these populations is
shown in Fig. 4. In a population enriched for MVAT 4, RNA
which hybridized to MVAT 4 and not MVAT 7 coding
sequences was found at day 5 but gone at day 7. Similar
results were found for MVAT 7. Densitometric scanning
showed that the MVAT 4 and MVAT 7 RNAs were reduced

200- and 30-fold, respectively, at day 7. The mixed MVAT
population, which contained only small numbers ofMVAT 4
and MVAT 7 organisms, did not significantly hybridize to
the coding sequences. However, longer exposure of the
hybridized filters (not shown) revealed some hybridization to
MVAT 7 in the mixed population, reflecting the fact that
MVAT 7 represented a low percentage of this population.
Tubulin hybridized to all the RNA populations, indicating
that approximately equivalent amounts of RNA were spot-
ted for all preparations. Loss of specific transcripts was also
found when RNAs from day 5 metacyclics were compared
with those from procyclic forms (data not shown), suggest-
ing that MVAT genes are not constitutively transcribed and
are regulated at the RNA level.
MVAT gene expression controlled at the level of transcrip-

tion. The dramatic fall in the steady-state level of VSG
mRNA accompanying the loss ofMVAT VSG after 5 days in
the bloodstream or when converting to procyclic forms
could be due to decreased transcription rate, increased RNA
processing, or increased cytoplasmic RNA turnover. To
distinguish among these possibilities, we compared the rate
of transcription in isolated nuclei of an MVAT 4-enriched
population of day 5 metacyclic organisms to that in procyclic
organisms. The day 5 nascent transcripts from MVAT 4-
enriched organisms hybridized strongly to the MVAT 4
coding sequence but not to the MVAT 7 coding sequence
(Fig. 5). In addition, the nascent transcripts also bound
significantly to the cloned upstream regions of the genomic
locus ofMVAT 4, suggesting that transcription may occur as
far as 8 kb in front of the protein-coding region despite the
lack of a 7276-bp barren region. There was a small amount
of hybridization to the upstream region of MVAT 7 in both
the MVAT and procyclic labeled RNAs which mapped to a
repetitive region in the cloned DNA (data not shown) and
probably does not represent transcription at the MVAT 7
locus. An equivalent amount of ribosomal gene and tubulin
gene transcription was observed in both nuclei preparations.
Similar studies have been carried out comparing nascent

MVAT 7 MVAT 4
.* - A B C- D

FIG. 3. PFG gel electrophoresis of chromosome-sized DNA
molecules prepared from day 5 metacyclic organisms. Each panel is
an autoradiogram of the same filter prepared from blotting a PFG gel
onto nitrocellulose; the left was probed with MVAT7.GFA, a 900-bp
MVAT 7 genomic subclone spanning the intragenic region between
the BamHI and ClaI sites (17; the right was probed with the MVAT
4 cDNA (17). Trypanosome samples were (A) LVH32 uncloned day
5 metacyclics, (B) MVAT 4-enriched day 5 metacyclics, (C) MVAT
7-enriched day 5 metacyclics, and (D) MVAT 5- and MVAT
7-depleted day 5 metacyclics.
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TABLE 1. Antigenic composition of three trypanosome
populations

Fluorescence No. of

Population Monoclonal assay trypanosomes/mlbantibody (% positive)'
Day 5 Day 7 Day 5 Day 7

MVAT 4 enriched MVAT 4 83 0 5 x 106 3 x 107
MVAT 7 0 0
MVAT 13 3 0

MVAT 7 enriched MVAT 4 0 0 1 x 107 2 x 107
MVAT 7 90 0
MVAT 13 3 0

Mixed MVATs >90 <10 1 x 107 2 X107

MVAT PROCYCLIC
MVAT4 cDNA -

MVAT 4.GFA

MVAT 4.GFD

MVAT 7.GFA

MVAT 7GFB

5.8S rRNA

TUBULIN

a For MVAT 4- and MVAT 7-enriched populations, perc
organisms which give positive fluorescence with the mono
specific for the indicated MVAT. Unless indicated, all othe
<1% of each population. For the mixed population, percenta
which reacted with any of a set of 14 monoclonal antibodies v

metacyclic repertoire of WRATatl.l. (17).
b Total number of trypanosomes as determined by hemac

of dilutions of infected blood.

transcripts from MVAT and bloodstream orgai
also showed no transcription of the MVAT 4 i

genes at the bloodstream stage (data not sl
observation that transcription of the MVAT 4 ge
in a population of organisms which only contain
for MVAT 4 strongly supports the conclusion tI
is transcribed in situ at its single locus, w

rearranged between expressers and nonexpress

DISCUSSION

The metacyclic stage of the African trypanosoi
is the only time there is a clear order to the e,
VSG genes. Each metacyclic parasite expresses
15 VSGs, and that VSG gene is turned off appr
days after entry into the bloodstream. To und4
the trypanosome repeatedly selects a very smz
VSG genes for expression at the metacyclic
investigated the molecular structure of two metz
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FIG. 4. RNA dot-blot analysis of total metacyclic
RNA. Lanes: d5, trypanosomes harvested at
trypanosomes harvested at day 7. The various trypar
lations used were MVAT 4 enriched (M4), MVAT 7 e
and a mixed population (mix). Identical filters were hy
the MVAT 4 cDNA (17); a 900-bp genomic DNA subcli
in the legend to Fig. 3 (MVAT 7 panel); the ot- and 0-tul
clone (15).

,entage of 1,000
clonal antibody
r MVATs were

Lge of organisms
which define the

ytometer counts

nisms; these
or MVAT 7

FIG. 5. Nuclear runoff assays with day 5 metacyclic
trypanosomes and procyclic culture forms. Shown are filters spotted
with various cloned DNAs and hybridized to [a-32P]UTP-labeled
total trypanosome RNA from isolated nuclei from either MVAT
4-enriched day 5 metacyclics (MVAT) or procyclic culture forms.
DNAs are the MVAT 4 cDNA (plasmid 2L11 [17]), clones
pM4.GFA, pM4.GFD, and pM7.GFB (Fig. 1D), and clone
pM7.GFA, which is described in the legend to Fig. 3. The 5.8S
rRNA was described previously (12). The tubulin clone is described
in the legend to Fig. 4. n.d., not done. Hybridization was carried out
with 3 x 101 cpm of labeled RNA for each filter.

hown). The genes. We found that the two MVAT VSG genes did not
ne occurred rearrange when expressed at the metacyclic stage (17), in
led one gene contrast to bloodstream VSG gene rearrangement during
hat this gene expression. This suggested that a possible mechanism for the
,hich is not selective expression of certain VSG genes at the metacyclic
ers. stage is to fix the metacyclic genes at expression loci which

are active only at the metacyclic stage. The simplest form of
this model is for each MVAT gene to reside at its own
MVAT expression site which is specifically activated at the

me life cycle metacyclic stage. This model makes several predictionsxpression of which we have investigated.
One of about An important prediction of the model is that these

roximately 5 should not rearrange during expression, since this could

ers and ow potentially the MVAT genes to expression sites which

subset would not be selectively activated at the metacyclic stage.
stage, we We have shown here and in previous work that neitheracyclic VSG MVAT 4 MVAT 7 rearranged when expressed

in day 5 metacyclic organisms (17). To address the issue of a
potential rearrangement which precedes metacyclic expres-

tubulin sion and is then lost by day 5, we passaged WRATat1.1
organisms, which are the bloodstream forms from which the

d5 d7 metacyclic organisms were generated, into the procyclic
stage. Again we found no rearrangements. In addition, no
large-scale chromosomal rearrangement between expressers
and nonexpressers, as observed in trypanosomes at the
bloodstream stage (4, 10), was detected by PFG gel electro-
phoresis. These findings, together with the transcriptional
analysis discussed below, suggest that indeed no rearrange-
ment is associated with expression of MVAT genes. More-
over, the results of restriction mapping and DNA sequencing
(H. J. Son, personal communication) clearly establish that
the MVAT 4 and MVAT 7 loci are different from each other

trypanosome and from the loci of other putative MVATs (unpublished
day 5: d7, results).

nosome popu- Another prediction of the model is that MVAT genes

bnrdized with should not frequently undergo rearrangements which would
one described move the MVAT genes to alternative expression sites,
bulin genomic particularly those used at the bloodstream stage. We found

that the lack of a 5' barren region noted previously (17) is
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significant in that these two MVAT genes do not contain
typical 72/76-bp repeated motifs which are found within 3 kb
upstream of the bloodstream VSG genomic loci which have
been described (4-6, 18). In the case ofMVAT 7 none can be
found within a distance of over 20 kb in front of the VSG
coding sequence. While it will be important to establish this
as a general feature of all metacyclic VSG genes, the lack of
these motifs in MVATs 4 and 7 is striking. Since these motifs
have been clearly implicated in the gene conversion events
associated with VSG gene expression (4, 5), the lack of these
sequences is consistent with the possibility that rearrange-
ment is not favored at metacyclic VSG gene loci. In addition,
since both of these genes are apparently single copy, partial
gene conversions within the protein-coding sequence which
have been described for bloodstream VATs (20) would also
not be favored.
A significant feature of the expression of metacyclic VSG

genes is their rapid turn-off 5 days after metacyclic orga-
nisms enter the mammalian bloodstream. Esser et al. (13)
have demonstrated that the switch occurs in individual
organisms, which appear to replace their metacyclic VSG
coats with a coat of bloodstream antigenic type. We can now
attribute this switching event to a transcriptional control
mechanism. This conclusion is based on three lines of
evidence: (i) 5 days postinfection, nuclei from organisms
expressing MVAT VSGs were still transcribing the corre-
sponding MVAT VSG gene as well as a large portion of the
upstream region; (ii) between 5 and 7 days postinfection, the
amount of MVAT-specific mRNA decreased 30- to 200-fold;
and (iii) the MVAT loci were unrearranged in organisms
expressing early bloodstream VSGs, and the MVAT up-
stream regions were not constitutively transcribed, eliminat-
ing the possibility that the MVAT expression site is used for
the expression of early bloodstream VATs. The finding that
metacyclic genes are each transcribed in situ from inde-
pendent loci suggests that transcription of bloodstream
and metacyclic VSG genes is independently controlled (17;
unpublished observations). This suggests that cis-acting con-
trol sequences, such as enhancer elements, may differ be-
tween bloodstream and metacyclic VSG genes. It is inter-
esting that the disappearance ofMVATs from the repertoire,
as seems to have occurred for MVAT 4 in LVH 32, did not
appear to be related to transcriptional regulation but rather
to deletion of the coding sequences from the genome.

While this manuscript was in preparation, Cornelissen et
al. (6) described putative MVAT cDNAs isolated from
bloodstream trypanosome clones which cross-react immu-
nologically with metacyclic organisms. Their results are
consistent with ours in that a telomeric copy of the gene is
found in nonexpresser organisms and this gene is present on
the largest size class, chromosome-sized DNA molecules,
by PFG electrophoresis. They found that these genes are
duplicated and transposed when expressed in the blood-
stream and undergo considerable variation in the distance to
the telomere, which differs from our results. A significant
difference between their experimental system and ours is
that they were not studying metacyclic stage trypanosomes
but bloodstream organisms expressing MVAT VSGs or
MVAT-like VSGs during antigenic variation. Our studies
used organisms indistinguishable antigenically from salivary
gland organisms (13, 14) and have continually expressed the
metacyclic VATs from the fly stage prior to the onset of
antigenic variation. We have found a case in which the
MVAT 7 gene has been reexpressed at the bloodstream
stage, has undergone rearrangement, and has other charac-
teristics which differ markedly from day 5 metacyclics which

express this gene (Lenardo et al., manuscript submitted).
This distinction is important, since regulatory factors which
lead to the expression of MVAT genes at the metacyclic
stage will probably not be present when these genes are
expressed at the bloodstream stage. Therefore the examina-
tion of bloodstream organisms which bear immunologically
cross-reactive VSGs may not accurately reflect the expres-
sion of MVAT genes at the metacyclic stage.
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