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ABSTRACT

During mRNA 3' end formation, cleavage stimulation
factor (CstF) binds to a GU-rich sequence down-
stream from the polyadenylation site and helps to
stabilise the binding of cleavage-polyadenylation
specificity factor (CPSF) to the upstream poly-
adenylation sequence (AAUAAA). The 64 kDa subunit
of CstF (CstF-64) contains an RNA binding domain
and is responsible for the RNA binding activity of
CstF. It interacts with CstF-77, which in turn interacts
with CPSF. The Drosophila suppressor of forked
gene encodes a homologue of CstF-77, and mutations
in it affect mRNA 3' end formation in vivo. A
Drosophila homologue for CstF-64 has now been
isolated, both through homology with the human
protein and through protein—protein interaction in
yeast with the suppressor of forked gene product.
Alighment of CstF-64 homologues shows that the
proteins have a conserved N-terminal 200 amino
acids, the first half of which is the RNA binding
domain with the second half likely to contain the
CstF-77 interaction domain; a central region variable
in length and rich in glycine, proline and glutamine
residues and containing an unusual degenerate
repeat motif; and then a conserved C-terminal 50 amino
acids. In Drosophila, the CstF-64 gene has a single
63 bp intron, is transcribed throughout development
and probably corresponds to 1(3)91Cd.

INTRODUCTION

The 3’ ends of eukaryotic MRNASs are generated by processing
of preemRNA, which in most cases occurs by endonucleolytic
cleavage followed by addition of poly(A) to the new 3" end
(1,2). The mechanism for this process has been studied using
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extracts of human tissue culture cells with pre-formed RNA
substrates (e.g. 3). Two multi-subunit complexes have been
defined which interact with the RNA, and with each other, to
define the site where processing will occur. Cleavage poly-
adenylation specificity factor (CPSF) consists of subunits of
160, 100, 73 and 30 kDa (4,5), while cleavage stimulation
factor (CstF) consists of subunits of 77, 64 and 50 kDa (6).
Some of the roles for the different subunits of CPSF and CstF
are understood, and some of their interactions have been
described (7-14). CPSF binds through its 160 kDa subunit
(CPSF-160) to the polyadenylation signal (usually AAUAAA)
10-30 bases upstream from the site of cleavage/polyadenylation
while CstF binds through its 64 kDa subunit (CstF-64) to a
GU-rich sequence usually situated downstream from the site of
cleavage/polyadenylation. The complexes interact via CPSF-160
and CstF-77 (14).

Mammalian CstF-64 hasan N-terminal domain that includes an
RNA recognition motif of the RNP class (11), and was originally
identified in crude extracts of tissue culture cells from its
binding to RNA in a polyadenylation signal-dependent manner
(15,16). The RNA binding domain (RBD) on its own does bind
RNA containing GU-rich sequences, athough the CstF
complex seemsto bind more effectively (17). CstF-64 interacts
with CstF-77 but not with CstF-50 (13). In human CstF-64
there is a region of 12 contiguous repeats of an amino-acid
motif related to MEARA/G, embedded within aregion rich in
proline and glycine (11). The repeats are highly conserved in
mouse and chicken, although in chicken the middle A is often
P (18). They are not well conserved in a Xenopus homologue
(19), and their function is not known.

The Drosophila homologue of CstF-77 is encoded by the
suppressor of forked [su(f)] gene (13,20). Viable mutants of
su(f) appear to have less efficient MRNA 3" end formation, so
that promoter-proximal sites are used less often, thereby
allowing the transcribing RNA polymeraseto reach more distal
dtes for processing (21). We describe here the cloning and
characterisation of a Drosophila homologue of CstF-64 though its
homology to the human sequence, and by protein—protein
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interaction in a yeast two-hybrid screen using the Drosophila
homologue of CstF-77 encoded by su(f) as ‘bait’. Our results
provide insights into the structure and function of CstF-64 and
its conservation during evolution.

MATERIALSAND METHODS

Drosophila

Flies were raised at 25°C on cornmeal-yeast-sugar-agar
medium. Df(3R)ChaM5 and Df(3R)148.5-1 stocks were from
J Hal and A. Villdla(University of Brandeis) and Df(3R)fruw24
was from B. S. Baker and L. Ryner (Stanford University).
These deficiencies are described in (22). The P-lacZ third
chromosome balancer strain was from G. Tear (King's
College, University of London). Preparation of DNA from
single embryos for analysis by PCR was as described in (23).
Preparation of poly(A)-containing RNA from different stages
of Drosophila development and RNA blotting was as
described in (20).

PCR techniques

Part of the RBD of CstF-64 was amplified from Drosophila
using redundant oligonucleotide primers based upon the
human CstF-64 sequence. The reaction contained as template
0.5 ug of phage DNA from a Drosophila ovary cDNA library
in Lambda ZAPII (a gift from Tulle Hazdrigg) with 1 ug each of
the oligonucleotides RBD-5 (5-GGNAAC/TATA/C/ITCCNT-
AC/TGAA/GGC-3', 384-fold redundant) and RBD-3 (5’-TG-
A/GT-CC/ITTGA/GTAC/TTCA/GCAA/GAA-3, 64-fold redun-
dant), and ran for 35 cycles.

Deficiency mapping using PCR on single embryos was as
described in (24). Stocks were made where the deficiency
chromosomes were maintained using a balancer chromosome
that carried a molecular marker, a P-lacZ transgene. Embryos
from such stocks that are homozygous for the deficiency
chromosome can then be identified as it is not possible to
amplify alacZ fragment from their DNA. Other embryos are
either homozygous or heterozygous for the balancer chromo-
some and do amplify the lacZ fragment. DNA preparations
from homozygous deficiency embryos are then assessed by PCR
for the presence or absence of the dCstF-64 gene using a control
gene from another chromosome. The following oligonuclectide
pairs were used: 5'-CGACTGATCCACCCAGTCCC-3" and
5-GCGATGTCGGTTTCCGCGAG-3 for lacZ giving a 739 bp
product; 5-CGATGACACTATCGCAGTTACATCC-3 and
5-CTGGTTTTAAGTTGGAATTTAGAAAGAAC-3 for the
X chromosome control gene su(f) giving a1119 bp product; 5
ATGCAGCAGCTGCTTCAGGG-3 and 5-CAATCTGTTCG-
TCGGACAGC-3 for Drosophila CstF-64 giving an 886 bp
product. The reaction contained 2 ul of embryo DNA in atotal
of 40 ul with 20 ng of each lacZ primer, 100 ng of each su(f)
primer and 40 ng of each Drosophila CstF-64 primer. After an
initial denaturation at 95°C for 3 min, 16 cycles were ran with
denaturation at 95°C for 0.5 min, annealing for 1 min starting
at 55°C but dropping by 0.25°C per cycle and extension at
72°C for 2.5 min. A further 24 cycles were then run with a
constant annealing temperature of 51°C.

Other recombinant DNA procedures

A 140 bp long PCR product from a Drosophila ovary cDNA
library corresponding to residues 21-67 of human CstF-64 was
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generated as described above and cloned into pBluescript. The
DNA insert was labelled and used to screen 106 plagues from
the cDNA library. Positive clones were plaque-purified and
phagemid DNAs were analysed by regtriction enzyme digestion.
The longest cDNA (pZd64-19) was used to isolate the corre-
sponding gene from a Drosophila genomic library. Positive
clones were purified and their inserts mapped by restriction
enzyme digestion. A 4.3 kb EcoRI fragment that included the
region where the cDNA hybridised was subcloned in pBluescript.
DNA sequences of theinsert in pZd64-19 and part of the insert
in the genomic subclone were determined using Sequenase
(USB) or T7 DNA polymerase (Pharmacia).

Yeast two-hybrid screen

The Drosophila SU(F) protein, homologous to human CstF-77,
was fused downstream from the GAL4 DNA binding domain
inthe vector pGBT9 (Clonetech) that carries the TRP1 marker.
The 5" end of the fusion with respect to su(f) was within the
5 UTR of asu(f) cDNA so that the hybrid protein has 18 residues
that are encoded by the 5" UTR. The 3" end of the fusion was
just before the C-terminal end of the SU(F) protein so that the
hybrid protein lacks the C-terminal 23 (out of 733) residues of
su(f). This'bait’ construct wastransformed into the Saccharomyces
cerevidae strain HF7c (LEU2-HIS3-TRP1Y) selecting for
TRP1* transformants. This strain was then transformed with a
library (a gift from Susan Parkhurst) of Drosophila cDNAS
from 04 h embryos (25). The library wasin the vector pV P16
(26) which contains the LEU2 gene as a marker and has
cDNA-encoded proteins fused with a nuclear-localised acidic
transcriptional activation domain from VP16 of Herpes
Simplex Virus. Interaction of a cDNA-encoded protein fused
to VP16 with the GAL4-SU(F) fusion ‘bait’ protein leads to
activation of transcription of the chromosomal HIS3 gene in
HF7c as its transcription is under the control of the GAL4
upstream activating sequence, UAS; Coloniesthat grew in the
absence of added histidine, leucine and tryptophan were tested
for expression of the Escherichia coli B-galactosidase gene
(lacZ) also present in the chromosomes of HF7c under UAS;
control. Other yeast procedures were as described in the
Clonetech Matchmaker manual .

RESULTS

| solation of a Drosophila homologue of human CstF-64 by
sequence homology

A Drosophila cDNA for a homologue of CstF-64 was isolated
by first generating a140 bp fragment using PCR on an ovary cDNA
library with redundant oligonucleotide primers corresponding to
the RBD region of human CstF-64. This fragment was then
used to screen the same ovary cDNA library by hybridisation
and the positive clone with the largest insert, pZd64-19, was
characterised by DNA sequencing. The genomic sequence
corresponding to this cDNA (see below) has been given the
accession number AF170082. The cDNA insert of 1.4 kb in
pZd64-19 appears to be complete with a 67 base 5 untrandated
region followed by an open reading frame of 1257 bases and
then a 3’ untrandated region of 98 bases that includes an
AATAAA polyadenylation signal close to the 3" end. The
protein encoded by the open reading frame is 418 amino acids
long and is 42% identical to the human sequence. There are
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Figure 1. Alignment of amino acid sequences for the human, Xenopus, Drosophila and C.elegans 64 kDa subunits of CstF. Dark grey boxes show positions where
the amino acids are conserved in all four sequences while grey boxes show where at least two of the sequences are conserved. The RBD, the region in the cDNA
isolated through protein—protein interaction with su(f) and the human-specific MEARA/G repeats are shown. Degenerate copies of this sequence are underlined

and in bold.

two regions of consderably better conservation: the N-terminal
200 amino acidsin the Drosophila protein are 67% identical to
human and the C-terminal 40 amino acids are 68% identical.
The Drosophila and human sequences (11) are aligned in
Figure 1 with the sequence of a Xenopus homologue (19) and a
predicted homologue (accession number 2414209 corresponding to
CE16126 in WormPep) from the nematode worm, Caenorhabditis
degans (27,28). This four-way comparison confirms that the
N- and C-terminal regions of CstF-64 are the most conserved
regions, with the four sequences being 46% identical for the N-
terminal 200 amino acids and 26% identical for the C-terminal
50 amino acids. The first half of the conserved N-terminal
domain (up to around position 90) correspondsto a single copy
of the RNA recognition motif found, often as multiple copies,
in many RNA-binding proteins. The second haf of the
conserved N-terminal and the conserved C-terminal region
appear to be conserved only in CstF-64. The difference in
length of the proteins is due to the poorly conserved central
region. This includes the 12 tandem copies of MEARA/G in
the human sequence which, athough well conserved in the
mouse and chicken homologues (18), are at best poorly
conserved in Drosophila and Xenopus laevis, and not at al in
C.elegans (see Fig. 1 and Discussion). Much of therest of this
central region is made up of glycine, proline and glutamine

residues (41, 42, 53 and 59% for human, Xenopus, Drosophila
and C.elegans respectively; see Table 1).

I solation of a Drosophila homologue of human CstF-64 by
protein—protein interaction in yeast with the protein
encoded by su(f)

A ‘bait’ construct was made where the Drosophila SU(F)
protein, homologous to human CstF-77 (13), was fused down-
stream from the yeast GAL4 DNA binding domain. This
hybrid protein lacks the C-terminal 23 (out of 733) residues of
su(f). Around 8 x 108 embryonic cDNAs were assessed, and 12
were isolated that activated transcription of both HIS3 and
lacZ. After confirmation that transcriptional activation
required the presence of both the cDNA and the su(f) ‘bait’
plasmid, the cDNA inserts were characterised by partial DNA
sequencing and database searching.

Two cDNAs were found to contain fragments from different
parts of the Drosophila mitochondrial 16SrRNA. ThisRNA is
enriched in poly(A)-containing RNA preparations from
Drosophila (presumably because it contains A-rich regions)
and other yeast two-hybrid screens have reported finding
ribosomal RNA clones as false positives. However, other HIS3
and lacZ positive clones did contain cDNAs that encoded
proteins, and one was found to encode part of a Drosophila
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Figure 2. Physical map of the Drosophila CstF-64 gene. Above is shown the
4.3 kb EcoRI interval where the full-length cDNA hybridises. The deduced
structure of the gene is shown with black boxes to indicate translated regions
of exons and white boxes to indicate untranslated regions. Below is the map
for theregion cloned from a’ genomic library. E, EcoRlI; S, Sall; X, Xhol. The
orientation of thisinterval with respect to the chromosome is not known.

homologue of human CstF-64. The DNA sequence of this
partiadl cDNA matches perfectly that described above. The
insert corresponds to amino acids 17-257 of Drosophila CstF-64.
It includes the region of the RNA recognition domain, but also
the rest of the conserved N-termina domain (Fig. 1). We
suggest that this well-conserved region, particularly around
residues 120-200, is the domain where the 64 kDa subunit of
CstF interacts with the 77 kDa subunit. This interaction in
yeast between a Drosophila CstF-77 homologue encoded by
su(f), and a Drosophila CstF-64 homologue, does not require
the conserved C-terminal domain of CstF-64 (absent from the
isolated cDNA), nor the C-terminal 23 amino acids of CstF-77
(missing from the ‘bait’ construct).

M apping the gene for Drosophila CstF-64

Genomic DNA hybridising to the full-length cDNA, pZd64-19,
was isolated by screening a genomic A library. Two overlapping
phage were mapped and the 4.3 kb EcoRI fragment where the
cDNA hybridised was subcloned (Fig. 2). The DNA sequence
of the region of the genomic subclone corresponding to the
cDNA was determined (accession number AF170082). A
comparison of the genomic DNA sequence with the cDNA
sequence shows that the gene has a single 63 bp intron within
the region encoding the RBD. Putative TATA sequences for
initiation of transcription, and a GU-rich sequence for mRNA
3 end formation, are present upstream and downstream
respectively from the positions corresponding to the 5" and 3’
ends of the cDNA.

In situ hybridisation of the genomic DNA to salivary gland
polytene chromosomes from third instar larvae identified a
single hybridising locus on the right arm of chromosome 3,
around 91B-C (JK.Lim, personal communication). This
region (Fig. 3) includesthefruitless (fru) gene at 91B1-2 (29-31)
and the Choline acetyltransferase (Cha) gene at 91C7 (32).
Genomic DNA from our walk does not cross-hybridise with either
the fru walk (L.Ryner and B.S.Baker, persond communicetion)
or the Cha wak (T.Kitamoto, personal communication).
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Figure 3. Cytogenetic mapping the Drosophila CstF-64 gene. The extent of
several deficiencies and the locations of genes in the 91B-D region on the
right arm of chromosome 3 are shown. Sets of four single embryos from
Df(3R)148.5-1, Df(3R)Cha5 and Df(3R)fruw24 analysed simultaneously with
thethree sets of primersare shown. Embryos from Df(3R)148.5-1 that lack the
balancer chromosome do amplify CstF-64 while embryos from Df(3R)Cha5
and Df(3R)fruW24 that lack the balancer chromosome do not amplify CstF-64. M,
molecular weight marker; C, X and B are reactions using asingle set of primers
for the control gene su(f), CstF64 and the balancer-specific lacZ gene respectively.

Deficiency mapping using the plasmid subclone to probe DNA
blots of genomic DNA from deficiency stocks for the region
suggested that the gene was towards the distal end of 91B-C
(data not shown). However, as no rearrangement specific
fragments were identified, this assignment depended upon
guantitation of the hybridisation signal as being double or
single dose with respect to controls.

To more precisely map the gene we used PCR on single
embryos laid by deficiency stocks (24). Figure 3 shows an
analysis of this sort, which shows that Drosophila CstF-64 is
absent from Df(3R)148.5-1, but present on Df(3R)ChaM5.
These two small deficiencies are reported to have identical
cytology (91B3;91D1) although Df(3R)ChaM5 has its proximal
break within fru while Df(3R)148.5-1 leaves fru intact (29,30).
This suggests that Drosophila CstF-64 maps in 91D1 before
the dista end of Df(3R)148.5-1 but after the distal end of
Df(3R)ChaM5. The only gene known in this interval is
[(3)91Cd but as the mutants of 1(3)91Cd are no longer extant
(W.Gelbart, personal communication), it is not possible to test
if 1(3)91Cd does encode Drosophila CstF-64. The close proximity
of the Drosophila CstF-64 gene to Cha [also known as
[(3)91Cc] is further supported by the observation that part of
our genomic sequence and part of Cha (accession number
M63724) overlap the currently incomplete sequence for the
Drosophila genomic BAC clone BACRO1F15 (accession
number AC007812).

Transcription of Drosophila CstF-64

Transcription of Drosophila CstF-64 was assessed during
development by probing a blot of poly(A)-containing RNA
from different stages with pZd64-19 (Fig. 4). A single RNA
~1.5kbin sizeis present throughout development. The RNA is
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Figure 4. Transcription of Drosophila CstF-64 during development. An RNA
blot of poly(A)-containing RNA from stages of Drosophila devel opment was
hybridised with a probe made form the full-length cDNA for Drosophila
CstF-64. As a loading control, the rRNAS as revealed by ethidium bromide
staining are shown. Note that in Drosophila mature 28S rRNA is cleaved, and
on denaturing gels the larger part migrates with the 18S rRNA as a doublet of
around 1950 bases while the smaller part migrates at around 1750 bases. E1,
0-4 h embryos; E2, 4-8 h embryos; E3, 8-24 h embryos; L1, first instar
larvae; L2, second instar larvae; L3, third instar larvae; EP, early pupae; LP,
late pupae; M, adult males; F, adult females.

most abundant in early embryos, and there is more in adult
females than adult males, suggesting that much of this early
embryo RNA may be maternally contributed. It is present
throughout larval and pupal development, and appears to be
up-regulated in early pupae. This profileis very similar to that
for su(f) (20) and for the 30 and 160 kDa subunits of CPSF in
Drosophila (33,34), and is similar to that of many other genes
for proteins (RNA polymerase subunits, splicing factors etc.)
required to make mRNAS.

Thetwo cDNAs analysed here, one from 0—4 h embryos and
one from ovaries, and an EST from an adult head cDNA
(accession number A1514198) al show the same pattern of
splicing with elimination of a single small intron. There is no
evidence that this gene undergoes alternate splicing or uses
aternate 5" or 3’ ends.

DISCUSSION

Structure and function of CstF-64

The Drosophila gene that we have isolated encodes a protein
that is 42% identical overall to human CstF-64. In addition to
very highly conserved CstF-64 homologues from mouse and
chicken (18), a X.laevis homol ogue has been characterised that

Table 1. Comparison of CstF-64 homologues

% identity with Human CstF-64

is 62% identical to human CstF-64 (19) while the closest
homologue in the yeast Scerevisiae, RNA15, is 15% identical
to human CstF-64 (11,35). However, the conservation is not
uniform aong the length of the protein with the most
conserved regions being the N-terminal 200 and C-terminal
50 amino acids (Fig. 1 and Table 1).

The N-terminal region includes the RBD (approximately
residues 10-100). The sequence specificity of binding to RNA
of this domain in isolation (17) and in the CstF complex
(17,36) have been studied. GU- and U-rich sequences similar
to those found downstream of natural cleavage/polyadenyl-
ation sites are specifically bound, and these sequences function
in vitro as cleavage/polyadenylation signals (17,36). Although
this domain on its own may be sufficient to bind RNA, it does
not bind as effectively or as specifically as the intact CstF
heterotrimer (16,17). In the overall cleavage/polyadenylation
reaction, binding of CstF to RNA containing the appropriate
seguences occurs in a co-operative fashion with CPSF (14).
CstF-64 was first identified in crude extracts after UV cross-
linking to RNA that contained the AAUAAA sequence where
CPSF interacts (15,16,37). The binding of CPSF to the RNA
and protein—protein interaction between CPSF and CstF
presumably helped stabilise the binding of CstF to the RNA,
allowing CstF-64 to be cross-linked to the RNA.

The high degree of conservation of this region is striking
(Table 1) suggesting that this part of the protein from different
species has the same structure. The structures of several RBDs
have been determined, and this domain of CstF-64 islikely to
adopt the samefold (38). Homology (39) and structure prediction
programmes (40) suggest that the RBD of Drosophila CstF-64
is most similar to the second RBD of Sex-lethal, which, like
CstF-64, binds preferentially to U-rich sequences (41).

In mammals, the AAUAAA sequence where CPSF binds
upstream from the site of cleavage is more highly conserved
than the GU-rich sequence where CstF binds downstream.
Polyadenylation sequences from mammals, for example rabbit
B-globin (42) and SV40 early region (43), have been used in
vectors for expressing proteins in Drosophila cells in culture
and in transgenic flies, respectively. Although the 3’ ends of
themRNAsarerarely examined in any detail in such experiments,
successful production of proteins suggests that Drosophila
CstF and CPSF do recognise mammalian polyadenylation
sequences.

The second half of the N-terminal 200 amino acids of CstF-64
is well conserved, although not as highly as the RNA binding
domain (Table 1). Thisregion iswithin the protein encoded by
the Drosophila CstF-64 cDNA selected by interaction with
Drosophila CstF-77 in yeast. We propose that this is where
CstF-64 binds to CstF-77, and this is supported by in vitro

Composition of central region

Accession  length residues | residues last 50 % G % P DQ % G, P, Q
H.sapiens | NP_001316 577 Overall 10-100 100-200 residues 18 16 7 41
X.laevis | AAB50269 | 497 62 100 90 96 15 19 9 42
D.melanogaster | AF170082 418 2 | 77 63 62 10 23 20 53
C.elegans | CAB05746 | 336 29 61 50 28 9 31 19 59
S.cerevisiae | AAA34984 | 296 15 40 14 33 2 7 4 13




experiments with the human protein (Y.Takagaki and JL.Manley,
submitted). Comparing this region of the homologues (residues
100-200) with human CstF-64, the degree of conservation in
different species is similar to the degree of conservation of
CstF-77 from those species with human CstF-77. In
Drosophila this region of CstF-64 is 63% identical to human
CstF-64 while Drosophila SU(F) is 57% identical to human
CstF-77 (17), in the C.elegans CstF-64 homologue this region
is 50% identical to human CstF-64 while the C.elegans CstF-77
homologue is 49% identical to human CstF-77 (44,45), and in
yeast thisregion of RNA15 is 14% identical to human CstF-64
while the closest yeast homologue of CstF-77, RNA14, is 24%
identical to human CstF-77 (17,35). Thisis consistent with co-
evolution of thisregion of CstF-64 with CstF-77.

The conserved C-terminal domain is not present in the
cDNA isolated in our yeast two-hybrid screen, so it cannot be
necessary for CstF-64 to interact with CstF-77. Interestingly,
the conservation of this region between human and yeast is
higher than that between human and C.elegans (Table 1).
Homologues do exist for all three CstF subunits in C.elegans
(unpublished observations;, C.J.Williams and T.Blumenthal,
personal communication), suggesting that a nematode complex
similar to mammalian CstF exists. However, the organisation
of aquarter of C.elegans genesinto operons (46) and the coupling
of upstream cleavage/polyadenylation with downstream trans-
splicing (47) may have resulted in the evolution of a mechanism
for mRNA 3" end formation significantly different to that
described for human genes. In yeast, athough RNA14 is
similar to CstF-77 and RNA15 is similar to CstF-64 (35), there
is no good homologue in the yeast genome for CstF-50. Moreover,
the protein complex in yeast (CF 1) that includes RNA14 and
RNA15 has other additional subunits not present in CstF
(2,48,49). Further work will be needed to define the role of the
C-terminal region of CstF-64 in mRNA 3’ end formation.

The central region is not well conserved, with many proline,
glycine and glutamine residues, and variability in this central
region is the maor reason why the homologues differ in
overal length. It includes the 12 tandem copies related to
MEARA/G in the human protein that are perfectly conserved in
mouse and conserved as 11 tandem copiesrelated to L/IMEPRG in
chicken (18). Six sequences with some similarity to these
repeats can be found in both the Drosophila and Xenopus
homologues (underlined in Fig. 1), although they are not
contiguous and are more varied in sequence. Some of these
degenerate repeats align with similar sequences in the human
protein (see Fig. 1). No sequences with any similarity to the
repeat motif occur in the worm and yeast homologues. Given
the lack of conservation of this region and its amino acid
composition, it seemslikely that the structure of this part of the
protein is not necessary for the essential function of CstF in
mRNA 3’ end formation, although the repeats may contribute
in some way to CstF function.

Expression and regulation of CstF-64 and mRNA 3’ end
formation

In vertebrates, regulation of CstF-64 expression and activity
seem to be an important aspect of the regulation of gene
expression at the level of MRNA 3’ end formation. CstF-64
activity (50) and protein (18) increase during B cell activation,
and manipulation of the level of expression of CstF-64 affects
the switch from membrane bound to secreted forms of IgM as
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well as the total amount of IgM heavy chain (18,51). CstF-64
levels appear to vary during the cell cycle, and manipulation of
the level of expression of CstF-64 affects progression through
the cell cycle (51). Drosophila CstF64 mRNA is most abundant
during development in stages where cell division is rapid—
embryos and early pupae. This profile matches that of other
genes required for mRNA production including other subunits
of CstF and CPSF, so it is not clear if this reflects a specific
requirement for CstF-64 during cell proliferation. More
detailed studies may reveal if changes in expression of
Drosophila CstF-64 are responsible for, or correlated with,
developmental changesin mMRNA 3’ end formation.

Alternate forms of CstF-64 exist in vertebrates. A bovine
isoform of 70 kDa (36) and a murine testis-specific form have
been described (52). The mouse and chicken genes each
contain 14 exons and mouse cDNASs have been identified that
correspond to alternatively spliced mRNASs (Y .Takagaki and
J.L.Manley, unpublished). We have found no evidence for
such complexity for Drosophila CstF-64.

Null mutants of the gene for a Drosophila CstF-77 homologue,
su(f), are lethal and their phenotypes indicate that the gene is
required at many different times and places during development
(see 22 for details). This presumably reflects the regquirement
for CstF in the production of many genes mRNAs. Null
mutants for the genes of the other subunits of CstF are also
likely to belethal, and chicken CstF-64 is known to be required
for viability of cultured cells (53). Weak mutationsin the su(f)
gene lead to suppression of the bristle phenotype of some
insertion mutants of the forked gene. Thisis dueto changesin
mRNA 3’ end formation (21), and it has been suggested that in
viable su(f) mutants, the interaction of CstF with CPSF isless
effective (14). Asthis interaction occurs between the CstF-77
and CPSF-160 subunits, this rather specific phenotype need
not necessarily be produced by mutations in the genes for the
CstF-64 or CstF-50 subunits, as they would only indirectly, if
at al, affect the CstF—CPSF interaction.
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