
MOLECULAR AND CELLULAR BIOLOGY, June 1994, p. 3668-3675 Vol. 14, No. 6
0270-7306/94/$04.00+0
Copyright C 1994, American Society for Microbiology

Accurate Polyadenylation of Procyclin mRNAs in Trypanosoma
brucei Is Determined by Pyrimidine-Rich Elements

in the Intergenic Regions
NADIA SCHURCH, ADRIAN HEHL, ERIK VASSELLA, RICHARD BRAUN, AND ISABEL RODITI*

Institut fiir Allgemeine Mikrobiologie, Universitat Bem, Bem, Switzerland

Received 1 November 1993/Returned for modification 6 December 1993/Accepted 22 February 1994

Polycistronic precursor RNAs from trypanosomes are processed into monocistronic mRNAs by the excision
of intergenic sequences and the addition of a 39-nucleotide spliced leader by trans splicing. These mRNAs are
also polyadenylated, yet they do not contain the hexamer AAUAAA within their 3' untranslated regions (UTRs).
To identify the signals required for the accurate polyadenylation of mRNAs, we tested the effects of deletions
in either the procyclin 3' UTR or the downstream intergenic region on the polyadenylation of transcripts from
a reporter gene. Deletion of the entire 3' UTR does not affect polyadenylation, but a crucial element is located
in the intergenic region and includes a pyrimidine-rich sequence from positions 79 to 112 followed by an AG
dinucleotide. Related motifs are also found a similar distance downstream of other genes in both the procyclin
and the variant surface glycoprotein expression sites. These sequences bear a strong resemblance to splice
acceptor sites, but they are generally several hundred base pairs upstream of the major splice acceptor site of
the next gene in the transcription unit. There is evidence, however, that some of them can give rise to
alternatively spliced transcripts with unusually long 5' UTRs.

The genome of Trypanosoma brucei is organized into clus-
ters of genes which are coordinately transcribed as polycis-
tronic precursor RNAs (reviewed in reference 3). These RNA
precursors are subsequently processed into monocistronic
mRNAs, each with a 5' miniexon or spliced leader sequence
which is acquired by trans splicing (21, 33) and a poly(A) tail.
The sequences determining the 3' splice acceptor site for trans
splicing in trypanosomes, a polypyrimidine tract followed by
the dinucleotide AG, are essentially the same as those used by
other organisms for cis splicing (10). In contrast, mRNAs from
trypanosomes do not contain the canonical polyadenylation
signal AAUAAA, which is found 10 to 30 bases upstream of
the poly(A) addition site in most mRNAs from higher eu-
karyotes (36), and no alternative signals have been defined.
The first indication that trans splicing and polyadenylation

might be linked in T. brucei stemmed from the observation that
3' processing of ox-tubulin mRNAs was blocked by inhibitors of
trans splicing (34). These results were summarized in a model
in which addition of the miniexon to the 5' end of a nascent
transcript preceded cleavage at the 3' end. More recently, an
analysis of the dihydrofolate reductase-thymidylate synthase
locus in a related parasite, Leishmania major, has shown that
the polyadenylation of transcripts is affected by the 3' splice
acceptor site of the next gene in the transcription unit (15).
This is still consistent with a coupling of the two processes, but
in this case 3' end formation of one mRNA would be linked to
trans splicing of the downstream transcript.
Some of the most intensively studied transcription units in T.

brucei are those encoding the major surface glycoproteins-the
procyclins (26-29) or procyclic acidic repetitive proteins (18-
20)-which are expressed in procyclic forms of the parasite and
the variant surface glycoproteins (VSGs) which are expressed
in bloodstream forms (reviewed in reference 5). In contrast to
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normal housekeeping genes, the procyclin and VSG expression
sites are transcribed by an RNA polymerase that is resistant to
high levels of ox-amanitin (12, 14, 30). There are four procyclin
expression sites in procyclic-form trypanosomes (30), each
containing two or three tandemly linked procyclin genes (12,
18) followed by a procyclin-associated gene (PAG) (13). While
all of the procyclin expression sites appear to be transcribed in
procyclic forms of the parasite (12, 13, 19), only one VSG
expression site at a time is active in bloodstream-form trypano-
somes (5). The active VSG transcription unit is extremely large
and encompasses at least eight expression site-associated genes
(ESAGs) between the promoter and the VSG gene (23, 25).
We have recently begun to define regulatory elements associ-

ated with procyclin genes and have shown that correct polyade-
nylation of transcripts can occur in the absence of the splice
acceptor site from the downstream gene (9). In this study we have
now localized a pyrimidine-rich element in the intergenic region
between tandemly linked procyclin genes and have shown that it
is required for accurate polyadenylation of mRNAs. Related
motifs are also found at similar distances downstream of other
genes in the procyclin and VSG expression sites. All of these
elements contain sequences which resemble splice acceptor sites,
and we have demonstrated that at least two of them can give rise
to altematively spliced forms of mRNA with unusually long 5'
untranslated regions (UTRs) (35).

MATERIALS AND METHODS

Trypanosome strains. Procyclic forms of T. brucei (strain
427) (6) were cultured in SDM-79 (2).

Plasmid constructs. A series of constructs with nested
deletions of the procyclin intergenic region (PIGs) were gen-
erated by exonuclease III digestion of the wild-type chloram-
phenicol acetyltransferase (CAT) construct described by Hehl
et al. (9). This plasmid is derived from a 4.7-kb PvuII fragment
from the Pro A locus (pAP2 [12, 22]) and contains the
procyclin promoter, the entire 3' UTR, and 261 bp of the
intergenic region. The plasmid was digested with XbaI to
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produce an exonuclease III-sensitive end and either Sacl (PIG
23 and PIG 73) or BstXI (PIG 126 and PIG 187) to produce an
exonuclease III-resistant end. Exonuclease III and Si nuclease
digestion, religation, and cloning were carried out according to
manufacturer's (Pharmacia, Lucerne, Switzerland) instruc-
tions. Individual clones were sequenced to determine the
extent of deletion and then designated by the initials PIG
followed by the remaining number of base pairs from the
intergenic region.
The plasmid APIG, which contains a deletion between

positions 76 and 140 of the intergenic region, was constructed
as follows: the upstream fragment between the CAT gene and
position 76 was amplified from the wild-type construct by PCR
with a CAT-specific oligonucleotide (9) and an oligonucleotide
corresponding to the intergenic region (5'-ATCCAACAAA
TTAAAAGGC-3') and then digested with BamHI; the down-
stream fragment between position 140 and the vector was
amplified with a second oligonucleotide corresponding to the
intergenic region (5'-ATCAGGCCAGAAATG-3') and the
Bluescript forward primer (9) and then digested with XbaI.
The underlined sequences constitute the two halves of an
EcoRV site; the nucleotide marked in boldface type is mutated
from the T in the original sequence. The two fragments were
ligated simultaneously into Bluescript which had been digested
with BamHI and XbaI and subsequently used to replace the
wild-type 3' UTR and intergenic region. The correct assembly
of APIG was confirmed by digestion with several restriction
enzymes. The construct APYR contains a deletion of the
polypyrimidine tract from positions 79 to 112 of the intergenic
region. This construct was derived by insertion of the oligonu-
cleotide 5'-GAG I GGGTTCGAATAATAGTTCCTTCTAA
ACC-3'(and its complement) into the unique EcoRV site of
APIG. The arrow marks the position of the deletion.
The plasmids A27 and A28 contain internal deletions extend-

ing from within the 3' UTR to beyond the wild-type polyadenyl-
ation site. These were generated from A16, a plasmid in which a

conserved 16-mer in the wild-type 3' UTR has been replaced by
a unique EcoRV site (9). The plasmid was linearized with
EcoRV, digested briefly with Bal 31 and then recircularized with
T4 ligase. The precise borders of the deletions were determined
by nucleotide sequencing. AUTR contains a deletion extending
from a synthetic BamHI site immediately downstream of the
CAT coding region (9) to a Sau3A site 7 bp upstream of the
procyclin polyadenylation site; the intergenic sequences are the
same as in the wild-type construct.

Electroporation and CAT assays. Transient transfection of
procyclic-form trypanosomes and CAT assays were performed
as previously described (9, 38).
RNA isolation and Northern blot analysis. A total of 108

procyclic-form trypanosomes were transfected with 20 jig
CsCl-purified plasmid DNA. Cells were harvested 7 h after
transfection, and total RNA was isolated essentially as previ-
ously described (29) except that the precipitation with LiCl was
preceded by digestion with 10 U of RNase-free DNase (Boehr-
inger-Mannheim) to remove any vestiges of plasmid DNA. The
procedures used for Northern (RNA) blot analysis were

optimized for the detection of rare transcripts. Total RNA (15
jig) was denatured with glyoxal and dimethyl sulfoxide and
separated on a 1.2% agarose gel (31). The RNA was trans-
ferred to a nylon membrane (Zeta Probe; Bio-Rad) and fixed
by baking at 80°C for 1 h. Prehybridization was carried out for
2 h at 42°C in 6x SSC (lx SSC is 0.15 M NaCl plus 0.015 M
sodium citrate)-0.5% sodium dodecyl sulfate (SDS)-400 ,ug of
herring sperm DNA ml-'-5 x Denhardt's solution-50% form-
amide. For hybridization, the solution was replaced with one in
which the concentration of herring sperm DNA was reduced to

100 ,ug ml-'. Filters were hybridized at 42°C for 4 h with 5 x
106 cpm of DNA ml-' which had been labelled by random
priming. Final posthybridization washes were performed in 1 x
SSC-0.5% SDS at 68°C.

Analysis of polyadenylation sites. The amplification of se-
quences corresponding to the 3' ends of CAT mRNAs was
performed as previously described (9). Poly(A) addition sites
were determined by nucleotide sequence analysis.

RESULTS

Conserved sequences downstream of the procyclin genes are
required for accurate polyadenylation. The starting point of
this analysis was the observation that conserved sequences are
found at a similar distance downstream of all procyclin genes.
In the Pro A locus, which contains tandemly linked procyclin
genes followed by the gene PAG 1 (13), one copy of this
sequence is found in the intergenic region between procyclin
genes, 66 to 168 bp downstream of the polyadenylation site of
the procyclin a gene. A related sequence, with 73% identity
over 103 bp, starts 74 bp downstream of the procyclin 1B gene
and extends from the intergenic region into PAG 1 (Fig. 1).
This sequence can be regarded as two domains which are
separated by the splice acceptor site for PAG 1: upstream, a
pyrimidine-rich region with 66% identity over 64 bp, and
downstream, a more conserved region of 85% over 39 bp.
We have recently analyzed the expression of CAT from a

plasmid containing the entire procyclin a gene 3' UTR fol-
lowed by the first 261 bp of the 603-bp intergenic region (9).
This construct does not include the splice acceptor site for the
downstream procyclin gene (Fig. 1), but the CAT transcripts
derived from it are polyadenylated at the same position as the
endogenous procyclin mRNA. In order to analyze the effects of
the two conserved domains on expression and polyadenylation,
a nested set of deletion mutants was generated from the
wild-type construct by treatment with exonuclease III. Each
clone was designated by the initials PIG followed by the
number of base pairs that remained downstream of the poly-
adenylation site. Procyclic forms of T. brucei were transiently
transfected with the different constructs and then assayed for
CAT activity. Figure 2 shows a schematic representation of the
constructs and levels of CAT activity relative to the wild-type
level. Deletion of 74 bp from the wild-type construct, to yield
PIG 187, did not reduce the level of CAT activity compared
with that obtained with the wild-type construct. Somewhat
surprisingly, however, despite the deletion of the more con-
served downstream domain, transfection with PIG 126 still
resulted in 79% of the wild-type CAT activity. In contrast, a
deletion extending into the upstream conserved domain (PIG
73) led to a fivefold decrease in CAT activity, and no further
reduction was observed when an additional 50 bp of the
intergenic region was removed.
To examine whether the differences in CAT activity ob-

tained with the different constructs reflected changes in poly-
adenylation, sequences corresponding to the 3' ends of CAT
mRNAs were specifically amplified by RACE (rapid amplifi-
cation of cDNA ends)-PCR and cloned (see Materials and
Methods). Individual cDNA clones were then sequenced to
determine the precise site of poly(A) addition (Fig. 2 and 3).
All six clones derived from PIG 187 were polyadenylated at the
same position as procyclin cDNA clones (8, 18). Of nine clones
derived from PIG 126, six were polyadenylated at the correct
site, but the remaining three were polyadenylated further
upstream within the 3' UTR. In contrast, all of the clones
derived from either PIG 73 or PIG 23 were polyadenylated
within the 3' UTR, and seven of these were at the same
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FIG. 1. (a) Organization of the Pro A locus in T. brucei 427. The Pro A locus is equivalent to the procyclic acidic repetitive protein B2 locus

characterized by Mowatt and Clayton (18). Black boxes represent tandemly linked procyclin genes. The stippled box represents PAG 1, which is
the next gene in the transcription unit (13). P, PvuII sites. Conserved regions downstream of the procyclin genes are marked by black bars. The
wild-type CAT vector (9) was constructed by replacing the procyclin ao gene coding sequence with that of the CAT gene. (b) Conserved sequences
are found at a similar distance downstream of the procyclin genes. The sequence marked PRO-PRO is from the intergenic region between the
procyclin a and P genes (12). PRO-PAG 1 extends from the intergenic region downstream of the procyclin L gene into PAG 1 (13). In each case,
numbering begins with the first adenine residue after the end of the transcript (determined from cDNA clones [18, 27]). Identical residues are
marked by colons. AG dinucleotides marked in boldface type can be used as splice acceptor sites (13, 35). Conserved pyrimidine-rich regions are
underlined. The endpoints of clones generated by exonuclease III deletion (PIG clones) are marked by arrows.

position. As we have previously observed for CAT transcripts
derived from a construct in which the 3' UTR and intergenic
region had been reversed (9), polyadenylation occurred pref-
erentially at small stretches of adenine residues.
The data presented above provide a strong indication that poly-

adenylation is determined by an element downstream of the procy-
clin genes. It might be argued, however, that this effect is indepen-
dent of a specific sequence in the intergenic region but is rather due
to the influence of Bluescript vector sequences which have now been
juxtaposed with the polyadenylation site. To exclude this possibility,
we initially constructed the plasmid APIG which contained a 65-bp
deletion from positions 76 to 140 of the intergenic region (Fig. 2). In
this construct, the distance between the wild-type polyadenylation
site and vector sequences differs from that of PIG 187 by only 9 bp.
In marked contrast, however, all CAT transcipts derived from APIG
were incorrectly polyadenylated (Fig. 3), whereas those from PIG
187 were all correctly processed. These results confirm that accurate
polyadenylation depends on an element within the intergenic region
itself. To further refine this element, the plasmid APYR, with a
deletion of the pyrimidine-rich region from positions 79 to 112, was
constructed (Fig. 1 and 2). In this case, seven of eight CAT cDNAs

derived from APYR were incorrectly processed (Fig. 2 and 3),
establishing that this sequence is a major determinant of polyadenyl-
ation.

Sequences in the procyclin 3' UTR are not essential for
accurate polyadenylation. Although downstream sequence el-
ements can also influence polyadenylation in higher eu-
karyotes, the principal polyadenylation signal is usually found
within the last 40 bases of the 3' UTR. Since all the PIG
constructs contained an intact 3' UTR, a new set of deletion
mutants was generated in order to examine the effect of this
region. One of these constructs, AUTR, is devoid of all but the
last 7 bp of the 3' UTR but still contains the wild-type
polyadenylation site (Fig. 4). Two additional constructs, A27
and A28, contain 115 and 41 bp of the 3' UTR, respectively,
but lack the wild-type polyadenylation site (Fig. 4). The
deletion in A28 extends 16 bp beyond the polyadenylation site,
while that in A27 ends 16 bp further downstream. Despite
these large deletions, each of the three mutants gave rise to
higher levels of CAT activity than the wild-type construct when
assayed by transient transfection (Fig. 4). Poly(A) addition
sites were also determined for individual CAT cDNA clones as
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FIG. 2. Schematic representation of poly(A) addition sites in cDNA clones derived from different PIG constructs. Boxes indicate the number
of clones that were mapped to a given site. CAT activities relative to that of the wild type (100%) are shown in parentheses. The symbols used
for the different constructs are given in the legend at the bottom of Fig. 3.

described above. All eight clones derived from AUTR were
polyadenylated at the correct position, indicating that no
essential signals are provided by upstream sequences in the 3'
UTR (Fig. 3 and 4). Of a total of 12 clones originating from
A27 and A28, 11 were polyadenylated within the remaining
portion of the 3' UTR (Fig. 4), and only 1 clone extended into
the intergenic region. The poly(A) addition sites in all six
clones derived from A28 mapped to two positions which were
only 4 bases apart. These sites were not used in cDNA clones
derived from A27, although they are present; instead, poly(A)
addition occurred at a cluster of sites 20 to 40 bases further
downstream (Fig. 3 and 4). Thus, in all cases, a similar distance
is maintained between the poly(A) addition sites and the
downstream polyadenylation signal. These results suggest that
in the absence of the wild-type poly(A) addition site, alterna-
tive sites are chosen by progressively scanning upstream at a
certain distance from the polyadenylation signal.

Effect of deletions on the levels of steady-state mRNA. To

ascertain the effect of different polyadenylation sites on the
steady-state levels of CAT mRNA, Northern blot analysis was
performed with total RNA which had been isolated from tran-
siently transfected cells. Filters were first hybridized with a
CAT-specific DNA probe and subsequently rehybridized with a
procyclin probe (Fig. 5). In general, the relative amounts of CAT
mRNA reflect the CAT activities obtained with the various
constructs, with the lowest levels in trypanosomes transfected with
PIG 23 and PIG 73. The one exception to this is AUTR, which
gives rise to less steady-state mRNA but nevertheless a higher
level ofCAT activity than the wild-type construct. In all cases, the
sizes of the transcripts are fully consistent with the results
obtained by mapping of polyadenylation sites.

DISCUSSION

A conserved sequence which is located downstream of
procyclin genes contains a 34-bp pyrimidine-rich region which
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FIG. 3. Sequence of the procyclin 3' UTR (12) and the precise location of polyadenylation sites determined from 61 cDNA clones. The last

nucleotide in the sequence corresponds to the wild-type polyadenylation site.

is of major importance in determining the correct polyadeny-
lation site in procyclic-form trypanosomes. With one excep-
tion, deletion of this element shifted polyadenylation from the
wild-type position to internal sequences within the 3' UTR.
The choice of these sites probably reflects the use of alternative
polypyrimidine tracts that are located upstream from the
wild-type element. As we have observed previously, poly(A)
addition occurs preferentially at small stretches of adenine

HQEVV V

residues (9, 13), but apart from this there are no obvious
sequence motifs in common. Indeed, although certain sites are
used more efficiently than others, the requirements cannot be
particularly stringent, since 23 alternative poly(A) addition
sites were identified from an analysis of 41 independent cDNA
clones that were incorrectly polyadenylated (Fig. 3). Our
results also indicate that there is no simple correlation between
expression and correct polyadenylation, since the endogenous
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FIG. 4. Schematic representation of poly(A) addition sites in cDNA clones derived from constructs with deletions in the 3' UTR. The symbols
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FIG. 5. Analysis of the levels of steady-state RNA. Total RNA was
isolated 7 h after transient transfection with individual CAT constructs.
The filter was first hybridized with a probe corresponding to the CAT
coding region and then normalized by hybridization with a procyclin
probe. wt, wild type.

polyadenylation site was deleted from A27 and A28, yet these
constructs consistently resulted in higher levels of CAT activity
than the wild type.
From our analysis, it seems unlikely that there are any

polyadenylation signals within the procyclin 3' UTR itself. The
construct AUTR contains only 7 bp of the 3' UTR, yet all eight
CAT cDNA clones derived from this construct were polyade-
nylated at the wild-type position. Although the 3' UTR does
not appear to play a role in polyadenylation, it is nevertheless
clear that it can modulate expression in procyclic forms in
other ways. We have previously demonstrated that deletion of

a conserved 16-base element from the 3' UTR reduces CAT
activity more than 10-fold, although the relative amount of
steady-state CAT mRNA is unaltered and polyadenylation still
occurs at the correct position (9). In contrast, much larger
deletions of the 3' UTR, which span the 16-mer, lead to an
increase in CAT activity relative to that of the wild-type
construct, suggesting that a negative element has now been
removed from the 3' UTR. We have also shown that transfec-
tion with the constructs PIG 23 and PIG 73 results in approx-
imately seven times less CAT activity than that with A27 and
A28. Since the majority of transcripts derived from PIG 23 and
PIG 73 contain a portion of the 3' UTR from positions 111 to
161 that is absent from transcripts derived from A27 and A28
(Fig. 3), this would also be consistent with a negative element
in this region.

Inspection of the nucleotide sequences of other intergenic
regions in the procyclin and VSG expression sites for potential
processing signals revealed related motifs at similar distances
downstream from the polyadenylation sites of seven genes for
which data were available (Fig. 6). Alignment of these se-
quences indicates that there might be four elements that are
involved in the choice of a polyadenylation site in these
transcription units: (i) a small stretch of three to six adenine
residues at the poly(A) addition site itself, (ii) an intervening
sequence of approximately 60 to 90 bp, (iii) a pyrimidine-rich
tract followed by the trinucleotide YAG, and (iv) a short
distance further downstream, a second pyrimidine tract again
followed by one or two copies of the trinucleotide YAG. It is
worth noting that this last element was deleted from PIG 126
but was fortuitously replaced by similar vector sequences (Fig.
6), which may explain the predominance of the wild-type
polyadenylation site in cDNA clones derived from this con-
struct.
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PRO a TTTTTTTGCCTTCTCTTCTTTTGGGTGAATAAT AG

PRO a CTTTTTGCCTTG CCTTTTTGTGACIGGGAAAAI AG

PAG 1 G2GGG=GQAGGZGMAGAfAT.C.T=GT-T-TCQ AG

MVAT 5
ESAG I

ESAG 5
ESAG 7

TTTTTTTTTCTTCTTT TTTGTTTTTTTGIGG
ACAATTT CTTTTTTATTTTCCGCCCGTC.TTTC
TGAGTGCAG-TTTTCGGTAACAZTTCTT AT,
TAACGMATATGGCGTGAAMT-CACTTCTCC

TTCCTTCTAAACCTTCASGGAGAAAT-GGGAA
TTCCTTCTAAAACCTCAGGCj2AGAAATGGAG

CAAATGCGAAGAACAGTGGATTTTTAGTAGT
AG TTTTTGIAGGTAGGAATGGGGGGGITAGTAGG
AG GACXAATTCC_IIGIIAGGCIAIAAAAAGZGAAA
AG

G A

AG TTTTCTTTCATAACCCTCTCTATAATTAAG
.AG ATTTTTATCGAAAGSG

79
87
63
80
67
71
79

AG

126
137
78
114
98
97
89

PIG 126 TTTTTTTGCCTTCTCTTCTTTTGGGTGAATAAT Ag gtgagctcaattcac=ata9

Consensus sequence

(A3-6)... =60-9Obp.....YYYYYYYYY..YAG..YYY..YAG

FIG. 6. Related motifs are found downstream of other genes in the procyclin and VSG expression sites. Sequences are aligned at an AG
dinucleotide (shown in boldface type). Pyrimidines are underlined. In some cases, the pyrimidine-rich regions begin upstream of the sequences
shown in the figure. PIG 126 shows the juxtaposition of sequences from the procyclin intergenic region (uppercase) with Bluescript vector
sequences (lowercase). Sequence data were obtained from the following sources: procyclin a gene (PRO a), reference 12; procyclin , gene (PRO
B, reference 13; metacyclic VSG gene (MVAT 5), reference 16; PAG 1, reference 17; ESAG 1, reference 7; and ESAG 5 and ESAG 7, reference
23). The same sequences are found downstream of ESAG 6 and ESAG 7 (23).
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Pyrimidine-rich regions followed by the dinucleotide AG func-
tion as splice acceptor sites in trypanosomes (10), and it has been
shown for the DHFR-TS locus of L. major that one element
regulates both polyadenylation and trans splicing (15). This may
also be true for a number of transcription units in T. brucei,
particularly in cases in which the intergenic regions are small and
the first polypyrimidine tract beyond a given gene is the splice
acceptor site for the next gene (32, 37). In the procyclin and VSG
transcription units, however, the (putative) signals for polyade-
nylation do not correspond to the major splice acceptor sites of
downstream genes. This is particularly striking in the case of
ESAG 1, in which the potential polyadenylation signal is sepa-
rated from the downstream VSG splice acceptor site by several
kilobases of barren region sequence (7). There is also a pyrimi-
dine-rich region downstream of the VSG gene (16), even though
it is the last gene in the transcription unit and there is theoretically
no need for further trans splicing to occur. It is worth noting,
however, that at least three of the elements shown in Fig. 6 are
also used for trans splicing in vivo. The pyrimidine tract down-
stream of the procyclin a- gene determines the splice acceptor site
for a minor population of mRNAs derived from the procyclin
gene (35), and the element downstream of the procyclin gene is
used to generate the 2.7-kb transcript from PAG 1 (13). The
pyrimidine-rich region 3' of ESAG 7 is also used to produce an

alternatively spliced form of ESAG 6 mRNA (4). In each case,
however, the use of this site results in an mRNA in which the
major open reading frame is preceded by other small reading
frames. Although these mRNAs are found within the polysomal
fraction (35), it is not known whether they are actually translated.
The regulation of polyadenylation in trypanosomes may

provide yet another control point for stage-specific gene

expression. Transcripts from several mitochondrial genes are

polyadenylated to different extents in bloodstream and procy-
clic forms (1). It has also recently been shown that polyadeny-
lated forms of miniexon-derived RNA accumulate in short,
stumpy bloodstream forms but not in long, slender blood-
stream forms or in procyclic forms of the parasite (24). In
contrast to all the nuclear genes we have examined, the
miniexon repeat does not contain a recognizable polyadenyla-
tion signal. It is possible, however, that polyadenylation of
miniexon-derived RNAs differs from that of normal mRNAs
and is dictated by other elements.
The finding that polyadenylation in trypanosomes is dictated

by downstream sequences casts the intergenic regions in a new

light. They should no longer be regarded as inert and there-
fore, dispensible spacer sequences between adjacent genes but
rather should be explored for further elements which might
regulate gene expression.
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