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Our previous studies of the 3'-end processing of simian virus 40 late mRNAs indicated the existence of an
essential element (or elements) downstream of the AAUAAA signal. We report here the use of transient
expression analysis to study a functional element which we located within the sequence AGGUUUUUU,
beginning 59 nucleotides downstream of the recognized signal AAUAAA. Deletion of this element resulted in
(i) at least a 75% drop in 3'-end processing at the normal site and (ii) appearance of readthrough transcripts
with alternate 3’ ends. Some flexibility in the downstream position of this element relative to the AAUAAA was
noted by deletion analysis. Using computer sequence comparison, we located homologous regions within
downstream sequences of other genes, suggesting a generalized sequence element. In addition, specific
complementarity is noted between the downstream element and U4 RNA. The possibility that this comple-
mentarity could participate in 3'-end site selection is discussed.

In higher eucaryotes, the 3’ end of most mRNAs appears
to be formed by specific cleavage of a larger precursor
molecule at the site which is ultimately polyadenylated. The
hexanucleotide AAUAAA (35), or close variants (43), has
been shown to be an essential signal for 3’-end formation in
both viral (12, 32) and cellular (20) systems. However, this
sequence alone cannot be sufficient, since it is found within
coding regions of mRNAs at positions where no processing
occurs. Further, if the hexanucleotide were the only deter-
minant of 3’-end processing, then it would be difficult to
explain situations in which specific mRNAs utilize variable

3’-end cleavage sites, sometimes in a tissue- or developmen--

tally specific manner (6, 11, 27). That the AAUAAA
hexanucleotide is not sufficient has been suggested in several
recent studies (14, 29, 30, 38, 39, 45) which indicate that
sequences on the 3’ side of AAUAAA are important in
specifying 3'-end cleavage sites.

The formation of the 3’ end of simian virus 40 (SV40) late
mRNA has been shown to proceed at wild-type levels in
constructs which include the 108 nucleotides immediately
downstream of the AAUAAA (9; see Fig. 2). We have
previously studied viable viral deletion mutants which de-
leted sequences within the first 58 nucleotides downstream
of the AAUAAA (38). We were limited to this region, since
further deletions eliminate virus viability. All of the deletions
in this region resulted in (i) a small but notable lowering (ca.
10%) of the efficiency of utilization of the normal site and (ii)
the appearance of readthrough transcripts with 3’ ends at
other downstream processing sites. Thus the deletion studies
indicated that a functional element downstream of both the
AAUAAA and the actual 3’-end processing site had been
disturbed but not destroyed by the deletions. We concluded
from the positions of the deletions that the putative element
would most likely be located between 58 and 108 nucleotides
beyond the AAUAAA.

In the present studies, we used transient expression anal-
ysis to localize a functional downstream element. This
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approach circumvents the need for virus viability. The data
presented, in conjunction with our previous deletion analysis
(38), indicate that a significant signal element is contained in
the 9 nucleotides (AGGUUUUUU) located 59 to 67 nucle-
otides downstream of the late AAUAAA. The data also
indicate that the spacing between this downstream signal
element and the AAUAAA can be varied. We speculate on
the generality of this element as a signal for 3’-end selection
and note the possibility of interaction of this element with U4
RNA.

MATERIALS AND METHODS

Plasmids. The parent plasmid for the deletion studies, pBO,
was constructed from pLd4-cat as diagrammed in Fig. 1.
Plasmid pL4-cat is a derivative of pL2-cat (21) and contains
the SV40 late promoter region between simian virus (SV)
nucleotides 5171 and 298 (through the origin; see reference 41
for nucleotide numbering) coupled to the chloramphenicol
acetyltransferase (CAT) gene by a Sall linker. The CAT gene
is thus under the control of the SV40 late promoter. Plasmid
pBO0 was deleted of the downstream splicing and polyadenyla-
tion sequences. This was accomplished by complete digestion
of pL4-cat with EcoRI and partial digestion with Banl. We
filled in the ends by using the large fragment of Escherichia
coliDNA polymerase I and then ligated BamHI linkers to the
blunt ends. After cleavage of the linkers, the final plasmid was
ligated and selected. The terminal nucleotides of the linker
completed the filled-in Banl and EcoRI sites such that Banl,
BamHI, and EcoRlI sites were clustered (Fig. 1).

Plasmid pBL was derived from pB0 by insertion of the
SV40 BamHI to Bcll fragment (SV nucleotides 2533 to 2770;
Fig. 2) into the BamHI site of pB0. These sites share
homologous overhanging nucleotides. The orientation of the
insert was determined by restriction analysis, and that which
placed the late polyadenylation site on the CAT RNA was
selected as pBL. A series of deletions from the SV40 Bcll
site were prepared by digestion with Bal 31. The substrate
for digestion was a pBR322 plasmid containing a complete
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FIG. 1. Diagram of the construction of pB0. The specifics of
construction are described in the text. The 3,200-nucleotide plasmid
pBO0 has the SV40 late promoter driving transcription of the CAT
gene. It also contains a functional SV40 origin of replication (ORI).
The plasmid contains no splicing or polyadenylation sequences, but
instead a cluster of three restriction sites, Banl, BamHI, and EcoRI.

Sequences from pBR322, an origin and the ampicillin resistance
gene, are indicated.

SV40 genome inserted at the BamHI site. This was cleaved
with Bcll and progressively digested. The deleted plasmid
was closed by the insertion of a Bg/II linker at the site of
digestion. The endpoints of the deletions were determined
by sequencing (28; Fig. 2). Cleavage of the plasmids with
BamHI and Bglll yielded deleted fragments which could be
inserted into pBO0 at the BamHI site. Orientation was deter-
mined by restriction analysis, and the plasmids with the late
polyadenylation site on the CAT RNA were selected. The
relevant portions of the final plasmids (pBlL, pB28L,
pB29L., pB33L, and pB35L) are shown in Fig. 2. The control
plasmid, pSV0-cat, has no eucaryotic promoter and has been
described elsewhere (17). All plasmids were grown and
purified by standard procedures (26).

Viral studies. CV-1P cells were infected as previously
described (38) with SV40 wild-type strain wt776 or the viable
deletion mutant d11265 (8). Infected samples were harvested
48 h postinfection.

Transfections. Plasmids were transfected into COS cells
(16) by the calcium phosphate precipitation procedure (18)
and harvested at 48 or 70 h posttransfection.

RNA preparation and analysis. Cytoplasmic or total cellu-
lar RNA from either infected or transfected cells was puri-
fied as previously described (38). For Northern blot analysis
(2, 40), 15-pg samples of cytoplasmic RNA were fraction-
ated on formaldehyde-agarose gels (23) and transferred to
nitrocellulose (40). Specific bands were visualized by hybrid-
ization with a CAT-specific 3?P-labeled RNA probe prepared
by transcription of CAT sequences inserted into pSP64
(Promega Biotec; 31). Fifty percent formamide hybridization
conditions were used at 65°C for 12 h. For nuclease S1
analysis (4, 38), 15 to 20 ng of total cellular RNA was
hybridized to probes (see text and figure legends for specific
probes) labeled by replacement synthesis with T4 DNA
polymerase (38). Hybridizations were done under 80% form-
amide conditions at 51°C. Nuclease Sl-resistant fragments
were fractionated on a 5% polyacrylamide-urea sequencing
gel (28).

RESULTS

pBL plasmid constructs. CAT transient expression vectors
(18) were constructed for the assessment of 3’-end process-
ing of mRNA. The parent of the pB constructs, pBO, is
diagrammed in Fig. 1 and 2A. It contains the SV40 replica-
tion origin (Ori) and the SV40 late promoter driving tran-
scription of the CAT gene. When transfected into COS cells,
which constitutively produce SV40 T antigen (16), the plas-
mid will replicate and actively promote transcription from
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the late promoter owing to trans-activation by T antigen (21).
Downstream of the CAT gene there is no polyadenylation
signal, but instead there is a unique BamHI site. Sequences
were inserted into this site and tested for their ability to
signal 3'-end processing. The 237-nucleotide BamHI-to-Bcll
fragment of SV40 DNA (SV nucleotides 2533 to 2770),
containing the late mRNA AAUAAA and the immediate
downstream 108 nucleotides, was inserted into the BamHI
site forming plasmid pBL (Fig. 2B). This segment efficiently
specifies 3’-end processing adjacent to the AAUAAA, as
shown previously (9) and below. Also tested were a set of
Bal 31-generated deletions which progressively remove se-
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FIG. 2. (A) Map of pBO indicating the BamH]I site where se-
quences were inserted to be tested for their ability to signal 3'-end
processing. (B) The sequences tested for ability to signal 3'-end
processing. Each insert began at the SV40 BamHI site (SV nucleo-
tide 2533) and included sequences through the AAUAAA to an
endpoint indicated by the name of the specific plasmid construct.
The sequences in uppercase letters are the SV40 sequences between
the AAUAAA and the SV40 Bcll site (SV nucleotide 2770). The
AAUAAA, the site of 3’-end processing, and the downstream
element described in the text are shown in bold type. The underlined
sequence is the region deleted in viral mutant d11263. The lowercase
letters indicate the plasmid sequences immediately downstream
from the inserts. Because of the method of construction, the two
plasmid nucleotides in parentheses are absent in pBL but not in the
other plasmids.
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quences from the 3’ end of the inserted SV40 fragment.
These deletions are diagrammed in Fig. 2B.

A significant element between 59 and 67 nucleotides down-
stream of AAUAAA. Cytoplasmic RNA was prepared from
COS cells transfected with each of the pB plasmids as well as
the control plasmid pSV0-cat (17; see above). The RNA was
analyzed by Northern analysis (2, 40) with an RNA hybrid-
ization probe complementary to the CAT coding region. The
results are shown in Fig. 3A. Despite stringent washing,
cross-hybridizing cellular RNAs were detected in the RNA
from untransfected COS cells (lane COS), as well as in RNA
from the same cells transfected with pSV0-cat (lane pSVO0).
However, specific bands were apparent in the RNA from
cells transfected with the pB plasmids. An RNA with its 3’
end generated by utilization of the inserted SV40 late site
would be approximately 1,100 nucleotides long. Length
variability is expected because of the heterogeneity of 5'-end
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FIG. 3. (A) Northern blot analysis of CAT-specific RNA tran-
scribed from the plasmid constructs after transfection into COS
cells. The lines indicate identical bands of the two gels; these bands
correspond to cross-hybridizing cellular RN As discussed in the text.
The CAT-specific RNAs are indicated by size in nucleotides (1,100
and 3,000 NUCS). Lanes, COS, RNA from untransfected COS
cells; pSV0O, RNA from COS cells transfected with the control
plasmid pSVO0-cat; M, size markers; pB0, pBL, pBl1L, pB29L,
pB28L, pB35L, and pB33L, RNAs from COS cells transfected with
these plasmids, respectively. (B) Relative quantitation of the RNA
data. RNAs in each lane were quantitated by laser densitometer
scanning. The scans were normalized to the intensity of the largest
cross-hybridizing cellular band (this band migrates at the position of
the 28S ribosomal RNA). The intensity of the 1,100-nucleotide
cellular band determined from lane pB0 was subtracted from the
1,100-nucleotide signal from the other lanes. Stippled and solid bars
represent the relative quantities of the 1,100- and 3,000-nucleotide
CAT-specific RNAs, respectively. Neither the efficiency of process-
ing nor the stability of the 3,000-nucleotide RNA are known; thus,
direct comparisons of the quantities of the two RNAs are not
warranted. The length of SV40 sequence remaining downstream of
the AAUAAA is presented for each construct.

Plasmid pBL

SEQUENCES INVOLVED IN mRNA 3' END FORMATION 2715

$ Ao
SR
NUCS
1216 — @
-
*®
686 —

FIG. 4. Nuclease S1 analysis of the 3’ ends of SV40 late mRNAs.
Total cellular RNA from CV-1P cells was harvested 48 h after
infection with SV40 wt776 or dl1265. The hybridization probe was
the 1,216-nucleotide PstI fragment (SV nucleotides 1988 through
3204) prepared from the DNA of each virus and labeled by T4 DNA
polymerase replacement synthesis (38). RNA samples were hybrid-
ized to homologous viral probes and nuclease S1 treated, and
protected segments were separated on 5% polyacrylamide-urea
sequencing gels. NUCS, Nucleotides.

utilization by the SV40 late promoter (13, 21), as well as
some variation in the length of the polyadenylate tail.
Plasmids pBL, pB1L, and pB29L (containing 108, 84, and 66
nucleotides downstream of the AAUAAA, respectively)
each generate equal quantities of a broad 1,100-nucleotide
band indicative of 3'-end processing at the inserted site. This
RNA is polyadenylated (not shown). A narrow band repre-
senting a cross-hybridizing cellular RNA also migrates close
to 1,100 nucleotides (see control lanes COS, pSV0, and
pB0). However, this band is easily differentiated from the
broad, plasmid-specific 1,100-nucleotide band and can be
corrected for in the analysis discussed below. The amount of
the broad, plasmid-specific 1,100-nucleotide band drops dra-
matically in RNA generated from pB28L, which contains 45
downstream nucleotides. Further deletion to 16 and 2 down-
stream nucleotides (pB3SL and pB33L, respectively)
showed very low amounts of the 1,100-nucleotide plasmid-
specific RNA.

The relative quantities of the 1,100-nucleotide RNA were
determined by densitometer scanning. In this analysis the
band intensity of the cross-hybridizing cellular RNA (deter-
mined from lane pB0) was subtracted as a correction. Figure
3B shows that there is at least a 75% reduction in the
abundance of the 1,100-nucleotidle RNA when sequences
between 45 and 67 nucleotides downstream of the AAUAAA
are deleted. Concomitant with the decrease in the 1,100-
nucleotide RNA is the increase of a CAT-specific RNA
migrating at approximately 3,000 nucleotides (Fig. 3A). This
RNA represents a readthrough transcript which appears
when the 3’-end processing at the inserted site is impeded or
eliminated and reflects alternate 3’-end processing elsewhere
in the plasmid. This readthrough phenomenon has been
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previously characterized by use of viable SV40 deletion
mutants (38; see Fig. 4). The sizes of the various deletions
are not large enough to appreciably alter the migration of the
readthrough RNA in this gel system. The analysis in Fig. 3B
shows that the level of the 3,000-nucleotide RNA increases
sharply when processing at the normal site is impaired. The
increase in quantity of the readthrough transcript argues that
the loss of the 1,100-nucleotide band does not occur because
of instability in the precursor RNA, or a transport problem,
introduced by the deletions. It is interesting that the
readthrough transcript was detected only in pB constructs
containing SV40 inserts. We noted no analogous transcript
from pB0. At this point, we have no explanation for this
other than the possibility that the common sequences on the
5’ side of AAUAAA may have a stabilizing effect.

Overall, these data indicate a significant element of the
3’-end processing signal located between 46 and 67 nucleo-
tides downstream of the AAUAAA. Considering our previ-
ous data on viable SV40 deletion mutants (38), we can
further define this downstream element. Figure 4 shows
nuclease S1 analysis of late RNA from cells lytically infected
with wild-type SV40 or viable deletion mutant d11265. The
region deleted in dl1265 is underlined in Fig. 2B. Total
cellular RNA was hybridized to DNA probes made from the
homologous viral DNAs. The specific probes used (see the
legend to Fig. 4) generated a 686-nucleotide band when
hybridized to late RNA processed at the proper site; larger
bands represent readthrough transcripts which have been
characterized previously (38). In Fig. 4 it is apparent that the
level of readthrough transcripts is elevated in RNA from
cells infected with dl11265, indicating lowered efficiency of
normal site utilization (38). However, as previously shown
(38) and reiterated in Fig. 4, at least 90% of the late RNA is
still processed at the normal site despite the deletion of
sequences between 20 and 58 nucleotides downstream of the
AAUAAA (Fig. 2A). Considering this and the data of Fig. 3
(comparing pB28L and pB29L), we conclude by deduction
that the downstream element we detected may be limited to
the sequence AGGUUUUUU between 59 and 67 nucleo-
tides downstream from the AAUAAA (Fig. 2B). The data
with d11265 also suggest that the location of the downstream
element need not be fixed, since it functions relatively
efficiently in d11265, where it is 39 nucleotides closer to the
AAUAAA than it is in the wild type.

Nuclease S1 analysis of RNA produced by deletion plasmids.
To confirm and extend the results shown in Fig. 3, we
analyzed total RNA from COS cells transfected with pBL,
pB28L, pB29L, and pBO for 3'-end utilization by nuclease S1
analysis. The probe was prepared from pBL and is described
in the figure legend. With this probe, RNAs with 3’ ends at
the normal site generate a 299-nucleotide protected frag-
ment. Readthrough transcripts extend to the point of dele-
tion in each plasmid. These bands would be 332 and 354
nucleotides in the cases of pB28L and pB29L, respectively.
Figure 5 shows that with the control plasmid pB0 there are
no protected bands as expected, since this plasmid contains
no insert. For each of the other plasmids, there is a clear
band at 299 indicating that the normal cleavage site can be
used by all of the plasmids despite the deletions. In agree-
ment with the data of Fig. 3, the deletion of sequences
between pB29L and pB28L results in at least a 75% reduc-
tion in the utilization of the normal cleavage site. In addition,
a 332-nucleotide band appears in the pB28L lane indicative
of readthrough transcripts. Such transcripts are predicted for
pB28L by Northern analysis (Fig. 3A). Overall, these data
agree completely with the conclusions drawn above.

MoL. CELL. BioL.

DISCUSSION

The data presented above suggest that 3'-end cleavage
of SV40 late mRNAs involves not only the known
hexanucleotide AAUAAA but also a sequence element
AGGUUUUUU positioned between 59 and 67 nucleotides
downstream of the AAUAAA (Fig. 2). Deletion of this
region resulted in at least a 75% drop in 3’'-end cleavage at
the normal site. Corresponding with this loss was an increase
in readthrough transcripts which was predicted, and ex-
pected, from previous results (38). The data also suggest that
the position of this element downstream of the AAUAAA
can be somewhat variable. For example, in dl1265 the
element is 39 nucleotides closer to the AAUAAA and, in this
case, normal 3’ end utilization is diminished only 10%
compared with the wild type.

The U series of small RNAs (36) has been implicated in
RNA processing mechanisms. For 3’-end processing specif-
ically, both the Ul and U4 RNAs have been suggested as
participating in site selection or utilization or both (3, 33).
Having identified a significant sequence element down-
stream of the AAUAAA of the SV40 late RNAs, we used
computer sequence comparisons to determine any comple-
mentarity with U-series small RNAs. Comparing the SV40
late RNA downstream sequences (the AAUAAA and 125
downstream nucleotides) with the U series RNAs, we found
potential for an extensive base-paired structure (Fig. 6) with
U4 RNA (37). Much of this complementarity may be phys-
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FIG. 5. Nuclease S1 analysis of RNA produced by the deleted
plasmids. Total RNA from COS cells transfected for 48 h with pBO,
pBL, pB28L, and pB29L were analyzed for 3’-end utilization. The
probe was pBL which had been cleaved with Ncol. The plasmid has
two Ncol sites (Fig. 1), one within the promoter region and the other
159 nucleotides upstream from the BamHI insertion site. The larger
of the two fragments was isolated and 2P labeled by T4 DNA
polymerase replacement synthesis (38). An RNA ending at the
normal 3’ end will protect a 299-nucleotide fragment. Extended
transcripts will end at the point of the deletions in pB28L and pB29L
(332 and 354 nucleotides, respectively).
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iologically irrelevant, since the U4 RNA exists in a deter-
mined secondary structure within a ribonucleoprotein com-
plex (19, 22). However, it should be pointed out that the 3’
ends of early RNAs are homologous through this region,
suggesting that the 3’ end of early RNA may be able to
assume a structure similar to that of U4 RNA. What this
might mean to SV40 biology is unknown. Despite the exten-
sive secondary structure of U4 RNA, a prominent single-
stranded loop is formed (22); the bases included in this loop
are indicated in Fig. 6. The loop can potentially form base
pairs in the region of the AGGUUUUUU downstream
element and its surrounding nucleotides (allowing rG-U base
pairing). Thus, a theoretical mechanism can be suggested in
which U4 RNA could form base pairs through its loop
nucleotides with a precursor RNA and then search upstream
for an AAUAAA signal.

In Table 1 we analyzed downstream sequences of other
genes for complementarity with the sequences of the U4
RNA loop as well as homology to the AGGUUUUUU
element. In most cases, reasonable complementarity (allow-
ing rG-U base pairs) to the U4 loop could be found within 16
and 83 nucleotides downstream of the AAUAAA. This range
of location is reasonable considering the dl11265 data dis-
cussed above. Within these complementary regions there is
a very striking conservation of sequences resembling the
AGGUUUUUU element defined by our analysis. A gener-
alized form of this sequence based on the data in Table 1 is
RGUUUUYRR.

Recently McLauchlan et al. (30) and Birnstiel et al. (5)
have used sequence comparisons to suggest theoretical
downstream elements involved in 3'-end cleavage. Respec-
tively, these are denoted as a consensus sequence
(YGUGUUYY; 30) or G-T clusters (5). Both groups predict
that these elements are located between 26 and 35 nucleo-
tides downstream of the AAUAAA in the case of SV40 late
RNAs. Additionally, a recent report by Conway and
Wickens (10) used frog oocyte injection techniques to sug-
gest that sequences between 21 and 37 nucleotides down-
stream of the AAUAAA are important for SV40 late RNA
3’-end formation. Considering these predictions and data, it
is interesting to note that this region is completely deleted in
the viable viral mutant d11265 (d11265 deletes the nucleotides
between 20 and 58 nucleotides downstream from the
AAUAAA; see the underlined nucleotides in Fig. 2B). We
have shown, both previously (38) and above, that d11265
forms normal late mRNA 3’ ends at efficiencies equal to at
least 90% of that of the wild type during lytic infection in the
natural host. Clearly, in the dl1265 situation, these se-
quences can be deleted with little effect on late 3’-end
formation. These variations may reflect the alterations in
sequence structure caused by deletions; indeed, the data
presented in this paper suggest that sequences between 15
and 45 nucleotides downstream of the AAUAAA (sequences
between pB35L and pB28L; see Fig. 2B) can direct proper

3’-end utilization, in the absence of the AGGUUUUUU
element, at approximately 25% of the wild-type level. There-
fore, we suggest that available data imply the possibility of
multiple downstream signals (often rich in U’s) which may
function alternately under different conditions. For example,
in the case of the SV40 late genes, the oocyte may emphasize
the utilization of slightly different downstream elements in
comparison with monkey cells. Such a scenario could help
explain situations in which a specific mRNA utilizes variable
3’-end sites in a tissue- or developmentally specific manner
(6, 11, 27). With respect to the possibility of U4 RNA
involvement in 3’-end processing, it should be pointed out
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TABLE 1. Tabulation of homologous sequences from other genes®

Perfect match?

Gene Reference
G R R R R G U U U U Y R R U U R G NDS*
SV40 late promoter 41 u G G G A GG UUWUWUU u A a a G ¢ 62
g
SV40 early promoter 41 G u u G u GG UWUUWUTC c A a a c u 30
Polyomavirus late promoter 41 c a A G G G G U ¢ g UCG ¢ ¢ U u ¢ 39
BK virus early promoter 41 a u u u u GG UUU g C A A UUG u 24
BK virus late promoter 41 G G u GG u GUUWUWU a GG c ¢ u u 52
g
HSV TK 42 u GG G u ¢ GUUUUU ¢ AU a A a 20, 33
Hepatitis B surface antigen 39 a ¢ u ¢ u ¢ G UUUUUG G <c ¢ U u ¢ 31*
Adenovirus 2 E1A 41 u a A A G G G U a U a UA AU g ¢ G SS
Adenovirus 2 E1B 41 u u A GG GG UWUWUWU g ¢ G c¢c g ¢ G S8
a g
Adenovirus 2 E2 41.29 a ¢ A u u A uvu UUUUZCAGUU u u 40*
Adenovirus 2 E3-1 23 u u G ¢ G ¢ U UUWUTC uu G U g ¢ G 47
Adenovirus 2 E3-2 23 u ¢ ¢ A G ¢ u U a UUTZ CAG c¢c a u c 40
c
Adenovirus 2 E4 23 G ¢ A A AGGUWU ¢ a CGAUWU c¢c u 27
Adenovirus 2 IV A-2 41 a G u ¢ uw GG U U UUU uu A UU ¢ u 44
Adenovirus 2 L1 41 G ¢ G uu GG UWUWUWUTCuu g UAwu 33
g a
Adenovirus 2 L2 41 G u A A ¢ ua UUUWUWUAG a UGG 39
Adenovirus 2 L3 41 G G G u G A u U a UUWUA<c¢c ¢ ¢ ¢ ¢ 35
Adenovirus 2 L4 41 G ¢ ¢ A ¢ ¢ G U U UWUUA ¢ ¢ ¢ A ¢ 54
Adenovirus 2 LS 24 u G u u u A u UUUUTCAAU UG ¢ 41
Bovine growth hormone 45 G GG A G G a UU g g g A A g a ¢ a 83*
Human delta globin 34 G u ¢ ¢ AG G U g U g UAA g a A G 56
Mouse I-A beta light chain 25 a ¢ u ¢ u G G U ¢ U UWUGAUU u G 18
T24 c-Ha-Ras 7 a u ¢ uw u G G U U U UCGUG c UG a 24
Chicken alpha-1 collagen? 1 G a GG A A G UUU a a A A ¢ ¢ A ¢ 55. 60
a u u A A A G U U a ¢c U u G ¢ U u a 42
Mouse complement factor 3 44 ¢ u u u ¢c A G U g UUWUGGU U u G 30
g
Mouse metallothionein I 15 G G u G u GG U UU g €C A AU a AG 37
Rabbit beta globin 14 u u G G A A uvu U UWUUUG u g U ¢ u 36*

“ Sequences were aligned for complementarity to the U4 loop sequence. This is similar to analyzing on the basis of homology to the region surrounding the
downstream element defined by our deletion studies. Permitting rG-U pairing defines the perfect match (R. purine: Y. pyrimidine). Minor bulges were permitted

in several sequences and are printed above the positions at which they occur.

 Perfect match with U4 RNA loop. allowing rG-U pairing.

< NDS (nucleotides downstream) indicates the number of nucleotides separating the AAUAAA from the position of the underlined U in the putative perfect
match. Two NDS numbers reflect the distance from each of two possible AAUAAA sequences in the specific gene. An asterisk indicates that reported studies
involving these genes are compatible with the choice of this sequence as a downstream element.

< In the case of the chick collagen gene. two separate polyadenylation sites were analyzed.

that the SV40 late RN A sequences indicated as being impor-
tant in the frog oocyte study (10) are complementary to
another single-stranded loop structure of U4 RNA (see U4
nucleotides numbered 96 through 103 in Fig. 6) different
from the one discussed above. Again, the possibility of
multiple signals is suggested. For example, a putative 3'-end
selection mechanism involving U4 RNA may function if
complementarity with either or both loops occurs, each
situation resulting in a different efficiency of cleavage site
utilization.
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