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SUMMARY
PURPOSE .

The purpose of this study is to identify, isolate and
characterize variant surface glycoprotein (VSG) genes expressed by
frequently occurring variant antigenic types (VATs) of African
trypanosomes.

METHODS

VAT occurrence in relapses and other stocks was examined
using VSG specific monoclonal antibodies which we prepared. The
genomic organization of VSG genes was examined by molecular
hybridization analyses combined with nuclease digestion and
physical characterization experiments. The characteristics of VSG
genes were examined by nucleotide sequence and molecular
hybridization analyses.

RESULTS AND CONCLUSIONS

Early IsTaR 1 VATs occur frequently in IsTaR 1 relapses and
initial and relapse infections of other stocks but not in initial
or relapse populations of cyclically transmitted IsTaR 1. The
early IsTar 1 VAT VSG genes have a telomeric location. Thus
telomeric VSG genes appear to be preferentially expressed but .4
telomeric VSG genes can be replaced by others by gene conversion
altering the early VAT repertoire. Different VATs differ in their
growth rates and switching frequencies. Thus, several factors
influence the VAT composition of relapse populations. Most VSG
genes appear to be intrachromosomal but many are telomeric and
VSG genes are always telomeric when expressed. Many telomeric VSG
genes are located on the 50-150 kb minichromosomes. All telomeric
VSG genes have a characteristic sequence on their 5' flank which
we call the V sequence. This sequence may function in gene
conversion since it occurs at the 5' boundary of the gene
conversion. We cannot yet exclude the possibility that the V
sequence may have a role associated with control of VSG gene
expression. Many, but not all, intrachromosomal VSG genes have
the V sequence in their 5' flank. All expressed VSG genes and
most, but not all, other VSG genes conserve a characteristic
sequence at their 3' end. All the IsTaR 1 VSG genes also have
conserved portions of their coding sequence. The telomeric VSG

* genes conserve additional sequences in their 3" flank.

Two processes mediate antigenic variation; a gene conversion
process and a process that we call telomeric activation that
activates existing telomeric VSG genes. Several factors influence 0
the sequence of VST occurrence and relapse population VAT 0
composition. VSG genes conserve sequences in their 5" and 3'
flanks which may have a role in antigenic variation and control
of VSG gene expression. They also conserve portions of their
coding sequences which may reflect conserved functions. .......
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FOREWORD

In conducting che research described in this report, the investigator(s)
adhered co the "Guide for the Care and, Use of Laboratory Animals,"
prepared by the Comictee on Care and Use of Laboracory Animal of
the Insti.ce of Laboratory Ani-a Resources, Nationa. Research Council
(DREW Publication No. (M.W) 78-23, Revised 1978).
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(1.) OBJECTIVES

The overall objective of this project was to investigate the
characteristics of variant surface antigen (VSG) genes in African
trypanosomes in order to determine if they had common characteristics
that might be of value for immunoprophylaxis. This integrated
biological/immunological/molecular genetic project had the
following specific objectives for the period of support:

1.1 To identify and characterize frequently occurring and
cyclically transmitted variant antigenic types (VATs). These
experiments were designed to identify factors that are important
to the frequent occurrence of VATs.

1.2 Examine the VSG genes of frequently occurring VATs to seek
common characteristics within these genes to determine if theycontain common sequences.

1.3 To characterize the flanking sequences of early and laterVAT VSG genes. These experiments are designed to determine the '

molecular basis for the frequent expression of some VSG genes.

1.4 Determine the occurrence of IsTar 1 VATs among various
stocks of African trypanosomes. These studies are designed to
determine if particular epitopes are conserved among various
stocks of trypanosomes.

(2.) PROGRESS REPORT

We have found that the rate at which VATs switch to other
VATs and the relative growth rates of the VATs are important
factors in the order in which VATs are expressed. While we have
no direct evidence for the basis of the growth rate differences,
our studies suggest that the characteristics of sequences
flanking VSG genes and the chromosomal location of VSG genes
influences the switching frequencies. Using monoclonal
antibodies we studied the relative growth rates and switching

" frequencies of VATs A, 1, 3, 5, 7, and 11 of the IsTaR 1
serodeme. We found that the A VAT was the predominant VAT since
all the other VATs spontaneously switched to this VAT. The rate
at which the VATs switched to A was characteristic to each VAT
clone. The rate at which A VATs replaced the other VATs in these
populations reflected the relative growth rates of the VATs and
their switching frequency.

We have confirmed that the A, 1, 3, and 5 IsTat 1 VATs
are early VATs in infections begun with the original A or
1 clones by the criterion of repeated occurrence in first relapse
populations. VAT 7 occurs rarely in such first relapse
populations and VAT 11 not at all. We have found that the
frequency of expression of any VAT is dependent on the genomic
organization and that both the genomic organization and frequency
of expression can be altered. Whether or not a gene is located on
a telomere (chromosome end) and which telomere appears to be one
of the most important factors responsible for the frequent
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expression of a VATs. Non telomeric VSG genes also differ with
respect to their frequency of expression. This may reflect the
characteristics of their flanking sequences.

Original IsTaR 1 clones have no telomeric 7 or 11 VSG genes
but 7 VATs occur more frequently than 11 VATs illustrating that
intrachromosomal VSG genes are expressed at differing
frequencies. A telomeric 11 VSG gene is produced by gene
conversion in VAT. 1. This gene is inactivated but retained in a
subsequent VAT (A1'). This clone now expresses 11 frequently in
first relapse populations illustrating that the probability and T
order of VAT expression can be altered and that telomeric VSG • "
genes are expressed more frequently than intrachromosomal VSG
genes. All the VATs that we have examined contain a telomeric 5
VSG gene. As with VAT 11 a VAT 5 was isolated that contained a
second 5 VSG genes that was created by gene conversion. This
segond gene was retained in an inactive state in a subsequent VAT
(A ). The additional 5 VSG gene did not increase the frequency of
V T 5 occurrence which was lower than that for VAT 11 from clone
A. This illustrates that different telomeric VSG genes are
expressed at different frequencies. VAT A is the most
predominant VAT of the IsTaR 1 serodeme; it invariably represents 4.

100 of early first relapse populations in lethally irradiated
mice. We have isolated a VAT which has lost the telomeric A gene
that is expressed in the A VATs. Although this clone retains an
intrachromosomal A gene A VATs do not occur in first relapse ,-.-
populations from this VAT. This illustrates that the most
predominant VATs can be changed. These results taken together
suggest that the sequence of VAT expression is not fixed for a
serodeme but that the sequence of expression reflects the genomic
location of the VSG genes (which is in flux) and characteristics
of the VSG genes.

We found that none of the VATs that were early VATs occurred
in any relapses of cyclically transmitted clones of the IsTaR 1
serodeme. Genomic analyses have shown that while many of the VSG
genes present in the clone before cyclic transmission are present
after cyclic transmission, many genes are absent. This result is
so surprising that we have sent several clones to Dr. Jenni
(STIB-Switzerland) and to Dr. Esser (WRAIR) to repeat this
experiment. The cyclically transmitted cells have not yet been
returned to us. These results suggest that substantial genomic
alteration may occur during cyclic transmission.

Molecular hybridization studies have revealed a sequence
that is conserved within the coding sequence among all the U

expressed VSG genes that we cloned. This sequence is located F

between 30 and 600 nt from the 5" end of the coding sequence. Our
sequence analyses have not yet located this sequence. Our
immunological studies using both monoclonal and polyclonal
antibodies have not detected cross reaction among these VSGs
suggesting that while nucleotide sequence is sufficiently
conserved to detect molecular hybridization, this is not reflected
in epitope conservation. Complementary studies have found
sequences flanking VSG genes that are conserved. We have found
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that a 5' flanking sequence from a genomic clone containing a 5
VSG gene hybridizes to the 5' flank of several but not all VSG
genes. We have localized the sequence responsible for this
hybridization and determined its nucleotide sequence. This
sequence is an unusual sequence that contains a tandem (TAA)n
repeat, followed by an alternating CG motif followed by an
alternating AT motif. This sequence occurs in one or two tandem
copies and the (TAA)n repeat occurs only once within each
complex. The n can be as large as 109. This sequence occurs
in the vicinity of the 5' boundary of gene conversion and may
represent a recognition sequence for this process. The variation
among these sequences may contribute to the differences observed
in the switching (gene conversion) frequencies among VSG genes.
The VSG genes also have conserved sequences in their 3' flanking
sequences. These sequences have CCTg, AT rich apd 13 per
segments. These may represent the 3 equivalent of the
conserved sequence. Their lower degree of variation suggests that
they may not influence switching frequency.

We have found that there are two processes that mediate
antigenic switching (variation). One process is gene conversion
which results in the duplication of a VSG gene and
insertion of the gene copy near a telomere where it may be
expressed. The second process that we call telomeric activation
unlike gene conversion transcriptionally activates an alternate
telomere and inactivates the previously expressed telomere. We
have shown that these two processes are independent and that gene
conversions that do not activate VSG genes can occur. These
results confirm that there are two distinct mechanisms of

antigenic variation; one requires recombination like processes
while the other requires processes that activate a telomeric VSG
gene while concomitantly inactivating another. These results also
indicate that rearrangements can accumulate in the genome of
African trypanosomes suggesting that the potential for VSG gene
expression is subject to constant drift.

We have found that the 5" flanks of VSG genes vary
substantially both in their nucleotide sequence and the length of
the sequence between the coding sequence and the barren region.
For example, the 1 VSG gene has about 1.5 kb between the coding
sequence and the barren region while the 11 VSG gene has over 5
kb. The restriction maps of these region are distinct and they do
not cross hybridize. We have found that the 1 VSG gene is located
on a 69 kb minichromosome and can be expressed on that
chromosome. We have probed minichromosomes for the presence of
sequences that occur in the 5' flanks of VSG genes to determine
what sequences are retained among VSG gene flanks and are
essential for expression. We have found that minichromosomes lack
the 35 nt spliced leader sequence and extensive TAA repeats but
that they contain the 76 bp repeat in which the TAA repeat is
often embedded. Thus, many ,if not all, expressed VSG genes
retain 76 bp sequences but are not associated with 35 nt SL
sequences or extensive TAA repeats. We have also probed
minichromosomal DNA with a conserved telomeric sequence which
contains within it the conserved repeated sequence CCCTAA. This
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sequence hybridized with all size classes of chromosomes
indicating that many, if not all, telomeres retain this sequence
motif.

As reported in the 12/2/81-12/1/82 and 12/2/82-12/2/83
reports, we have observed the IsTaR 1 VSG gene sequences and the
expression of VSGs that react with IsTaR 1 VSG specific
monoclonal antibodies in other stocks. Thus, the genes that we
are studying are not only expressed frequently in this IsTaR 1
serodeme but also by other strains from various regions of
Africa.
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