Volume 1 - Number 3 - 1991
GENE EXPRESSION

Multiple polyadenylation signals and 3’ untranslated
sequences are conserved between chicken and
human cellular myosin |l transcripts

Joanne M. Volosky and Thomas C. S. Keller Ill

Department of Biological Science, Florida State University, Tallahassee, Florida

We have isolated a chicken cellular myosin II heavy chain isoform ¢cDNA clone that overlaps the
published sequence for MHC-A (Shohet et al., 1989, Proc Natl Acad Sci 86, 7726-7730) and con-
tains three canonical AAUAAA-polyadenylation signals in an additional 374 nucleotides at its 3’
end. S1 nuclease protection analysis and PCR-amplification of MHC-A ¢cDNA 3’ ends have con-
firmed that all three of the signals are used in vivo. Differential usage of these signals without
differential splicing in this region yields three messages that differ at their 3’ ends but appear
to encode the same protein. Comparison of the new chicken sequence with the homologous human
MHC-A cDNA sequence (Saez et al., 1990, Proc Natl Acad Sci 87, 1164-1168) has revealed a number
of similarities at this end of their long 3’ untranslated regions (3-UTRs). The three chicken poly-
adenylation signals reported here are positioned similarly to three signals evident in the human
sequence. This region also contains distinct stretches of identity that are interspersed with regions
of little homology. Within these regions of identity are a number of conserved sequence motifs,
some of which have been demonstrated to be involved in mRNA metabolism in other systems.
The pattern of mRNA sequence conservation demonstrated here suggests that the mechanisms
for regulating MHC-A mRNA metabolism have been conserved between chickens and humans.

Myosin I1, which functions as a mechano-
enzyme in both muscle and nonmuscle
cells, is composed of two identical heavy chains
and two pairs of nonidentical light chains. Myo-
sin heavy chain isoforms found in skeletal and
cardiac muscle are encoded by a multigene fam-
ily (Leinwand et al., 1983; Nguyen et al., 1982;
Robbins et al., 1986; Emerson and Bernstein,
1987). Expression of heavy chain isoforms from
this gene family is regulated by a variety of fac-
tors and correlates with the physiological and
developmental state of the muscle (Yanagisawa
et al., 1987). Despite differences in their physi-

ological properties, however, all of the muscle
myosin heavy chain isoforms function similarly
in the context of a stable and highly organized
contractile sarcomere.

By contrast, nonmuscle myosin has been im-
plicated in a number of functions which are
dependent on a variety of structural organiza-
tions (Warrick and Spudich, 1987). These cellu-
lar structures range from the transiently orga-
nized cleavage furrow common to all dividing
cells to more stably organized, cell-specific struc-
tures such as the intestinal epithelial cell cir-
cumferential ring (Hirokawa et al., 1983). Two
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isoforms of vertebrate nonmuscle or cellular
myosin heavy chain (MHC-A and MHC-B) have
been verified by cloning (Shohet et al., 1989;
Katsuragawa et al., 1989; Saez et al., 1990). MHC-A
and MHC-B mRNAs are coexpressed differen-
tially in a wide variety of chicken cells at ratios
that can be physiologically regulated (Kawa-
moto and Adelstein, 1991). The possible involve-
ment of each isoform in multiple structures and
functions may require complex regulation at
several levels.

Analysis of similarities and differences in
homologous cellular myosin isoforms from dif-
ferent species should yield clues to conserved
mechanisms for regulation at the level of the
mRNA. MHC-A isoform cDNAs have been cloned
from chickens and humans (Shohet et al., 1989;
Katsuragawa etal., 1989; Saez et al., 1990). Com-
parison of the available nucleotide sequences
reveals significant similarities: the deduced
amino acid sequences for chicken and human
MHC-A are 90% identical (Saez et al., 1990),
and both the chicken and human MHC-A cDNA
sequences contain long (>1 Kb) 3’ untranslated
regions (3"-UTRs) (Saez et al,, 1990; Shohet et
al., 1989).

There are significant differences, however,
in the characteristics of the reported 3’ ends
of the cDNA sequences. The human MHC-A se-
quence contains multiple canonical AAUAAA-
polyadenylation signals near its 3’ end. In sev-
eral human cell types, differential usage of these
polyadenylation signals without differential
splicing yields at least two, and possibly three,
MHC-A mRNAs that appear to encode the same
protein but differ in their site of polyadenyla-
tion (Saez et al., 1990). The existence of these
different messages suggests that this region of
the 3"UTR might be important in regulat-
ing some aspect of human MHC-A expression.
In contrast to the human sequence, however,
the published homologous chicken MHC-A se-
quence, which terminates in 10 A residues, lacks
any canonical polyadenylation signal (Shohet
et al., 1989).

We report finding additional chicken MHC-A
3UTR sequence. This sequence is present in
a MHC-A ¢DNA clone isolated from a chicken
colonic epithelial cell Agtll expression library
with an affinity-purified polyclonal antibody to
brush border myosin. This additional sequence
contains three canonical AAUAAA polyadenyla-
tion signals in positions similar to those in the
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human MHC-A transcript. Furthermore, align-
ment of the human and chicken 3’ end se-
quences reveals discrete regions of identity that
are interspersed with regions that have diverged
significantly. Use of all three polyadenylation
signals in chicken intestinal epithelial cells,
where cellular myosin A is a major component
of the brush border cytoskeleton, results in ex-
pression of three mRNAs that apparently en-
code the same protein but differ at their 3’ ends.

Materials and methods

Tissue isolation

Small intestines (duodenum) and colons were
removed from freshly sacrificed adult leghorn
chickens (obtained from Gold Kist, Live Oak,
FL) and flushed thoroughly with cold saline.
Epithelial cells from small intestines were pre-
pared with sterile solutions essentially as de-
scribed in Mooseker and Howe (1981). Colons
were slitlengthwise, and laid flat in a petri dish.
Cold, sterile cell dissociation medium (Moose-
ker and Howe, 1981) was pipetted onto the epi-
thelial surface of the colon. After soaking for
10-15 minutes, the epithelial cells were gently
scraped from the colon with a rubber police-
man. Epithelial cells were collected by brief cen-
trifugation at 150 x g., and the supernatant con-
taining contaminating erythrocytes was carefully
decanted. The epithelial cells were washed by
resuspension in fresh cell dissociation medium
and collected by centrifugation at 1000 x g. for
5 minutes. Small intestines were dissected from
embryonic day 17 chickens and washed with
sterile saline solution. Brains were removed in-
tact from adult chickens and minced before use.

Preparation of RNA and colon epithelial cell
cDNA library

RNA was isolated from whole embryonic small
intestine and adult epithelial cells and brain
by the method of Chomczynski and Sacchi
(1987). Poly-A* RNA was purified by poly-U
Sephadex chromatography according to the
manufacturer’s instructions (Gibco-BRL).
cDNA was synthesized using 5 ng Poly-A*
RNA by the procedure of Gubler and Hoffman
(1983), with modifications. Briefly, the first
strand cDNA was synthesized using oligo-dT
primers and M-MLV reverse transcriptase
(Gibco-BRL). Second strand cDNA was synthe-
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sized using RNase H and DNA pol I (Gibco-
BRL). The double-stranded cDNA then was
blunt-ended, and ligated first to EcoR I linkers
and then to Agtll phage arms (Promega). Phage
DNA was packaged using Gigapak Gold Pack-
aging Extract (Stratagene) according to the
manufacturer’s instructions. Screening of the
library was performed by standard procedures
with an affinity-purified antibody to intestinal
epithelial cell brush border myosin (Keller et
al., 1985), followed by a goat anti-rabbit IgG-
alkaline phosphatase conjugated secondary anti-
body (Boehringer Mannheim Biochemicals).

RNA analysis

The RNA blot was prepared essentially as de-
scribed in Forney et al. (1983), except that 1 pg
of poly A* RNA from chicken small intestine,
colon, and brain was used. SP6 RNA polymer-
ase (Promega) was used to prepare an in vitro
transcript complementary to the final 81 nu-
cleotides of c4-11. Hybridization and washes
were done at 65°C and the stringency of the
final wash was 0.2x SSPE.

S1 nuclease analysis was performed essen-
tially by standard procedures (Berk and Sharp,
1977) using 30 pg of chicken embryonic and
adult small intestine total RNA. The probe was
end-labeled following digestion of c4-11 with
BglII (Promega) at a position corresponding to
+6578 of the published chicken MHC-A se-
quence (Shohet et al., 1989).

PCR

First strand cDNA was synthesized from 1 pg
poly-A* RNA, essentially as described above. The
PCR reactions included 001% of the first strand
cDNA, 0.2 pg each of a MHC-A-specific primer
(5"TTAATCTGCACAGATATATG-3') and an oligo-
dT adapter primer (5" AGGATCCCCGGGTs-3"),
200 uM dNTPs, 2.5 U Taq polymerase, and Taq
polymerase buffer (Promega). DNA was initially
denatured at 94°C for 7 minutes, followed by
5 cycles of 2 minutes denaturation at 94°C,
2 minutes annealing at 37°C, and 3 minutes
extension at 72°C. The next 30 cycles consisted
of 1 minute denaturation, 2 minutes annealing,
and 3 minutes extension at the temperatures
indicated, with the extension time lengthened
by 5 seconds in each cycle. Products were elec-
trophoresed on 2% agarose/TAE gels, and
stained with ethidium bromide.
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Cloning and sequencing of PCR products

The PCR products were digested with Hae III,
which cuts the MHC-A sequence between the
specific primer and the first polyadenylation
signal, and Sma I, which cuts in the oligo-dT
primer anchor sequence. The digested prod-
ucts were then electrophoresed on a 2% low-
melting temperature agarose gel (International
Biotechnologies Incorporated). Each band to
be cloned was excised from the gel, melted at
65°C, ligated into Hinc Il digested pGEM3zf(+)
(Promega), and transformed into E. coli JM101.
Single-stranded DNA made from the resulting
clones was sequenced with Sequenase (version
20, United States Biochemical) according to the
manufacturer’s instructions.

Computer analysis

Computer analyses of human and chicken cellu-
lar MHC-A sequences were performed using pro-
grams in the GCG Sequence Analysis Software
Package (version 7.0; (Devereux et al., 1984)).

Results

Several clones for MHC-A were isolated by
screening a chicken colon epithelial cell cDNA
Agtll expression library with an affinity-purified
brush border myosin antibody. One of the re-
sulting clones, designated c4-11, was 2.5 Kb in
length. c4-11 overlaps the 3’ end of the pub-
lished sequence for MHC-A (Shohet et al., 1989),
but also contains 374 bases of additional 3"-end
sequence (Fig. 1). The existence of this additional
sequence indicates that the 10 A residues ter-
minating the published chicken MHC-A se-
quence are components of the 3-UTR and not
part of the poly-A tail. RNA blot analysis using
a RNA probe complementary to the 81 nucleo-
tides at the 3’ end of this additional sequence
verified that it is part of a >7 Kb message in
chicken intestinal epithelial cell, colonic epithe-
lial cell, and brain poly-A* RNA (Fig. 2).
Three canonical AAUAAA polyadenylation
signals are present in this new sequence. S1 nu-
clease protection analysis (Fig. 3) confirmed the
existence in vivo of messages corresponding to
usage of all three polyadenylation signals. The
ends of two additional products map to the A/T-
rich region that includes the 15 adenosines
preceding the first polyadenylation signal and
the AlTrich region preceding the second sig-
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aaaaaaaaaaAAAAATAATAAAGGTCTTTATCACTGCCTTTCATATTGGGANCCATGGTTATATATAGATAGTCTTTACTTT 80

TCTACACCGTACACTGGTTGCTGGATTTACCTGTATTCTTAACCATATTGTATATGCTGCATTTAGACCTACTTATGAGC 160
AAAGTAAAAATAATTGAGTATGAAGCTCCATACTGTATGCCTGAAGCGCTCTAAATGCAGGAGGCTCGTGTCCCAATTGC 240
TGTCACAGGAAAGTTTTAATTTTTTTTTTATATATATAATAAAAGTGCCTTAGCATGTGCCTC/K3CTGTGTGTCACCACT 320
ACAGTCAGTAATGGATTACTGGTGCTCCACTGATGTTACCAATAAAGATTATCCATGTGCTGCA 384

Figure 1. 3'-end sequence ofchicken MHC-A cDNA clone. Shown are 384 nucleotides ofchicken MHC-A 3'untranslated
sequence from clone c4—11 (2.5kb). This sequence includes ten adenosine residues (lower case) that overlap the
published chicken MHC-A sequence (Shohet et al,, 1989). Three canonical polyadenylation signals (AAUAAA) are
indicated in bold face. Sites of polyadenylation following each signal, determined by sequencing of PCR-amplified
cDNA, are designated (large arrows). Variations at the first site also are indicated (small arrows).

nal. Such A/T-rich regions have been shown to
be Sl-sensitive areas that can result in the pro-
duction of spurious products (Wellman et al.,
1987).

Todetermine the actual sites of MHC-A poly-
adenylation, we used the polymerase chain re-
action (PCR) to amplify the 3'ends of intestinal
epithelial cell MHC-A transcripts. The sequence

M SI C B
4.4
2.3 -
2.0-
0.564 —
0.125— m

Figure 2. RNA blot analysis. RNA blot of small intestine
(SI), colon (C), and brain (B) poly A+ RNAs from
chicken. Blotwas probed with an in vitro transcriptcom-
plementary to the last 81 nucleotides ofc4-11. All lanes
contain 1(tg of poly A+RNA. M, end-labeled X/Hindlll
DNA size markers (kilobases).

of one PCR primer, which was common to all
of the MHC-A messages, was identical to a re-
gion near the end of the published chicken
MHC-A sequence (Shohet et ah, 1989). The other
PCR primer consisted of a stretch of 12 T resi-
dues capable of priming from poly-A tails. It
also contained an additional 12 nucleotides on
the 3' end which provided a restriction site in
the amplified products to facilitate cloning.
Several distinct products resulted from PCR
amplification of intestinal epithelial cell cDNA
using these primers (Fig. 4). Southern blot analy-
sis of these products using a 1-Kb 3' restriction
fragmentofc4-11 asaprobe revealed that four
major bands, approximately 83, 119, 374, and
458 base pairs, contained MHC-A sequence (data

Figure 3. SI nuclease pro-
tection analysis. An end-
labeled probe was hybrid-
ized to 30 ng of total RNA
from chicken embryonic
day 17 small intestine (cl1V)
and adult small intestinal
epithelial cells and 30 ng
tRNA and subjected to Sl
nuclease treatment prior to
electrophoresis on a 7.5%
polyacrylamide/7M urea gel.
Protected fragments with
ends that map to sites fol-
lowing the first (1), second
(2), and third (3) polyadeny-
lation signals are indicated.
Products resulting from
cleavage of the probe at A/T-
rich regions preceding the
first (A) and the second (*)
polyadenylation signals are
indicated. Migration of full-
length probe (P) and DNA
size markers (base pairs) are
indicated.
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AAUAAA AAUAAA  AAUAAA Figure 4. Products from PCR amplification of

R m < e 3 chicken MHC-A cDNA. Chicken MHC-A cDNA

was amplified as described in Materials and

M PCR Methods and analyzed on 2% agarose/TAE gels.

Shown above the gel isaschematic of the long-

1353< est chicken MHC-A mRNA, with the location

of the polyadenylation signals indicated. Also

10781 indicated is an internal stretch of 15 adeno-

872« sine residues, including those that end the pub-

lished sequence (v), and the location of the

MHC-A-specific primer used in amplification

603 < (black box). The 3' ends of the messages giv-
AAUAAA AAUAAA  AAUAAA . . .

vl . J—An ing rise to three of the major PCR products

ARUA AALIAAA are shown next to the corresponding bands

on the gel (119, 374, and 458 base pairs). Also

shown is a product (83 base pairs) that results

234 - from annealing of the oligo-dT adaptor primer

194 to the stretch of 15adenosine residues located

AAUAAA internally (v, Am). M, DNA size markers, sizes

118 — LA (base pairs) indicated to left of gel; PCR, MHC-A

72 B PCR products, A,, poly-A tail.

not shown). Two distinct bands, approximately
240 and 1100 base pairs, showed no hybridiza-
tion.

DNA from each of the four MHC-A-positive
bands and one negative band (240 base pairs)
was cloned and sequenced (see Materials and
Methods). The three largest positive bands con-
tained the MHC-A-specific sequence, poly-
adenylation signals, and poly-A tail that are di-
agramed adjacent to the bands on the gel in
Figure 4. The sites of poly-A addition that were
verified by sequencing these clones are indicated
in Figure 1 (black arrows). Several variations
were found in the site of polyadenylation fol-
lowing the first signal. Of the clones sequenced
in which the first signal was used, the major-
ity (six) were polyadenylated 16 nucleotides
downstream (Fig. 1, first large arrow) from the
polyadenylation signal. Two other clones were
polyadenylated at positions located 20 and 28
nucleotides downstream from the signal (Fig. 1,
small arrows). The fourth positive band (approx-
imately 83 base pairs) yielded clones of MHC-A
sequence that termintae with the internal stretch
of 15 adenosine residues; these clones resulted
from priming from this region by the oligo-dT
primer. Clones of DNA from the negative band
did not contain MHC-A sequence, aresult con-
sistent with its lack of hybridization in the South-
ern analysis.

Since this property of multiple polyadenyla-
tion signal usage is shared by chicken and hu-

man MHC-A mRNAs, we compared their 3'end
sequences to ascertain similarities at the level
of the primary sequence. Dotplot comparison
of the chicken and human MHC-A nucleotide
sequences reveals that they are highly homol-
ogous in the protein coding region (Fig. 5). In
contrast, the sequences are highly diverged over
most of their long 3'-UTRs, except for discrete
regions near their 3' ends corresponding to
sequences that surround the polyadenylation
signals.

Direct comparison ofthe human and chicken
nucleotide sequences in this region reveals that
each ofthe three chicken AAUAAA-polyadenyl-
ation signals has a counterpart in the human
sequence (Fig. 6). This includes one previously
unidentified human polyadenylation signal
(Saez et ah, 1990) that corresponds to the sec-
ond polyadenylation signal in the chicken se-
quence. The sequence alignment also reveals
that there are surprisingly long stretches ofiden-
tity that contain homologies to previously de-
scribed sequence motifs. These identical regions
are interspersed with gaps in both messages and
stretches of highly divergent sequence.

Discussion

Numerous investigations have confirmed the
importance of the poly-A tail and other 3'UTR
sequences in governing mRNA stability, trans-
lational efficiency, and possibly localization in
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a0 bow Sraee G Tan Figure 5. Dot matrix compari-
L e T e e e R N O S 2 I S T S T B S
- A -sm son of cDNA sequence for pro-
. . 2. tein tail and 3"-UTR of chicken
. . and human MHC-A. Chicken
’ and human MHC-A cDNAs
N . . - were compared beginning at
- ‘0 - nucleotide 2507 of the pub-
- ‘ . . =40 lished chicken sequence (Sho-
. ' - het et al., 1989) and nucleotide
- - 365 of the human sequence
- . . (Saez et al., 1990). The 3""UTRs
< . v st . start at nucleotide 5929 of the
% . ‘e . chicken sequence and nucleo-
€« . . T tide 3743 of the human se-
é - . .. . - quence. The chicken sequence
= -0 o - used in this comparison con-
e e op o GO . ..
s - - tained the additional 374 nu-
a - . . - cleotides reported here. Com-
- -2, parison was performed using
. . . the Compare and Dotplot pro-
. . grams of the Wisconsin GCG
Software Package (Devereux et
i . B al., 1984).
- -1,000
< [ T T S TR B
Chicken MHC-R cDNA
cells (for recent reviews, see Jackson and Stan- human MHC-A mRNA 3-UTRs demonstrated
dart, 1990; Brawerman, 1989; Wickens, 1990b; here suggest that there are conserved mecha-
Hunt, 1988; Bernstein and Ross, 1989; Munroe nisms for regulating the expression of this cellu-
and“Jacobson, 1990). The conserved sequence lar myosin II isoform.
and structural characteristics of the chicken and With regard to overall structure of the
chk aaaaaaaaaaAAAAAUAAUAAA............ (|3 . ??CI:???A?(I:??‘IICI;(I:??IIJ?CUAUUGGGACCAU?GIIHIJ?U?U?U???
hum UUUUCCCCUUUCUUGUAAUAAAUGAUAAAAUUCCGAGUCUUUCUCACUGCCUUU........ «+...GUUUAGA.AGAGA
cH A ST CACACCOp IO BT AR
hum GUACUCGUCCUCACUGGUC....... UACACUGGUUGCCGAAUUUACUUGUAUUCCUAACUGUUUUGUAUAUGCUGCAUU
chk UII\??('ZCIIJ??. .UU?U?IIL . .(I;('Z ............. ?ﬁ(l-}U?IIL I'UIUi\ . .III. ziululr. ?cl;? . .??I??G?II\CI;??C??U
hum GAGACUUACGGGCAAGAAGGGCAUUUUUUUUUUUUAAAGGAAACAAACUCUCAARUCAUGAAGUGAUAUAARAAGCUGCA.
o MGG OGO GaACCICOUR S AASETEREICH. S IR
hum ....UAUGCCUACAAAGCUCUGAAUUCAG......... GUCCCAGUUGCUGUCACAAAGGAGUGAGUGAAAACACCCACC
chk .U...UUUUUUUUUAVAUAUAUAAUAARAGUGCCUUAGCAUGUGCCUCAGCUGUGUGUCACCACUACAGUCAGUAARUGGA
| ++++4+4++ PLLLELI LI IITITIX NN NERESNASHRNNS NS L1
hum CUACCCCCUUUUUUAU. .. .AUAAUAAAAGUGCCUUAGCAUGUGUUGCAGC. ...UGUCACCACUACAGUAAG. .CUGGU
chk UUACUG. .GUGCUCCACUGAUG. UUACCAAUAAAGAUUAUCCAUGUGCUGCA

hum

CERE L b bty b b it 1 IIIIIII) |
UUACAGAUGUUUUCCACUGA GCAUCA .CAAUAAAGA. GAACCAUGUGCU

Figure 6. Alignment of chicken and human MHC-A 3’ ends. Shown is a direct alignment of the 3"-end sequences
from the chicken and human MHC-A ¢cDNAs. Polyadenylation signals (AAUAAA) are shown in bold face. Identities
between the two sequences are indicated by vertical lines, with the following exceptions: (+) denotes conserved
UUUUUAU motif and (I) denotes conserved (G/IC)CAUGUG motif. GU-rich elements downstream from the first
and second polyadenylation signals in each sequence are evident. Gaps have been inserted (.) to allow for optimal
alignment.
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mRNAs, our analysis has revealed that there is
less than a 10% difference between the chicken
and human sequences in both 3"UTR length
and in the distances between multiple poly-
adenylation signals in both transcripts. This de-
gree of 3-UTR length conservation has been
found in messages for a number of isotypic pro-
teins from different species (Yaffe et al., 1985),
including sarcomeric myosin (Saez and Lein-
wand, 1986), further reflecting the possible im-
portance of 3"UTR spatial considerations in
message regulation.

Also conserved are the existence and posi-
tions of three polyadenylation signals in the two
transcripts. Multiple poly-A signal sequences
have been found in primary transcripts encod-
ing several different types of proteins. In many
transcripts, selection of a polyadenylation sig-
nal is made in association with alternative splic-
ing, resulting in a mature transcript with one
polyadenylation signal (reviewed in Breitbart
etal., 1987). In contrast, other mature mRNAs,
like those of the chicken and human cellular
myosins analyzed here, can contain multiple
polyadenylation signals, suggesting that dif-
ferent mechanisms govern expression of these
mRNAs.

Comparison of the primary structure of the
two mRNAs has revealed extensive sequence con-
servation between the chicken and human mes-
sages in the region surrounding the MHC-A
polyadenylation signals. The extent of this con-
servation (approximately 78% identity, GCG
Gap program, Devereux et al., 1984) is much
greater than would be predicted (<30% iden-
tity; Yaffe et al., 1985) if the sequences had been
neutral over the 300 million years of evolution
since chickens and mammals diverged. It also
compares favorably with the 79% identity be-
tween the nucleotide sequences in the region
of the messages that encode the highly con-
served tail portion of the homologous myosin
proteins (J. Volosky and T. Keller, unpublished
observations). The fact that these 3-UTR ter-
mini are as conserved as the protein coding se-
quences indicates their potential importance
in the regulation of mRNA metabolism.

One possible function of specific sequences
in this conserved 3 UTR region is that they regu-
late polyadenylation during formation of the
three ends. It has been well established that
UIGU-rich elements that are located downstream
from polyadenylation signals are important in

229

the selection of polyadenylation sites (Wickens,
1990a). Although not identical between the two
sequences, such a GU-rich element is present
following the first polyadenylation signal of each
sequence in a position where it could func-
tion in 3"-end formation. The GU-rich element
downstream from the second polyadenylation
signal in each sequence is homologous to the
YGUGUUYY motif found in a wide variety of
genes (McLauchlan et al., 1985); the exact se-
quence of this motif and its position relative
to the polyadenylation signal, however, differ
between the two sequences. Whether similar
GU-rich elements exist following the third poly-
adenylation signal has yet to be determined for
either sequence because this downstream re-
gion is removed during 3’ end formation.

Within a transcript, the differences in these
downstream elements might affect the relative
efficiency of the three polyadenylation signals;
this could dictate a specific ratio of what are
likely to be functionally distinct mRNAs. Our
$1 nuclease and PCR analysis is consistent with
the longest message being most prevalent in
chicken intestinal epithelial cells. In human
macrophages, products of the first and third
signals appear to be equally prevalent (Fig. 5,
in Saez et al., 1990). HeLa cells, on the other
hand, appear to express all three products in
approximately equivalent amounts (Fig. 5, in
Saez et al., 1990). This ratio, therefore, might
be regulated by favoring formation of partic-
ular ends in a tissue- or developmental stage-
specific manner.

A sequence that might impart a distinct func-
tional characteristic to one of the mature MHC-
A messages is the conserved UUUUUAU that
precedes the second MHC-A polyadenylation
signal. Identical sequence motifs preceding
AAUAAA polyadenylation signals dictate cyto-
plasmic polyadenylation of messages during
Xenopus oocyte maturation; this activity has
been correlated with increases in translational
efficiency of these messages (Wickens, 1990b;
Fox etal., 1989). It has been speculated that sim-
ilar mechanisms exist in somatic cells, account-
ing for the increases in poly-A tail length that
correlate with enhanced translation of insulin,
vasopressin, and growth hormone (reviewed in
Wickens, 1990b). If this motif governs cytoplas-
mic elongation of the poly-A tail in MHC-A mes-
sages, it may function only in messages poly-
adenylated at the second site: it is cleaved from
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messages that are polyadenylated at the first site,
and its position with respect to the poly-A tail
may render it nonfunctional in messages that
are polyadenylated at the third site. Conse-
quently, use of the second polyadenylation sig-
nal may yield more stable messages.

A conserved motif of unknown function is
the sequence (G/C)CAUGUG which follows the
second and third MHC-A polyadenylation sig-
nals. This motif is homologous to the GCAUGU
motif that follows the last AAUAAA signal in
a number collagen gene transcripts (Maatta et
al.,, 1991; Myers et al., 1986; Myers et al., 1983).
In human and mouse collagen COL1Al tran-
scripts, this conserved sequence contains an
additional G residue, making it GCAUGUG
(Maatta et al., 1991), which is identical to the
MHC-A sequence that follows the second poly-
adenylation signal. Whether these motifs are
important in MHC-A messages or in other tran-
scripts has yet to be verified.

Clearly, both the length and the specific se-
quences that remain in the mature MHC-A mes-
sages depend on the polyadenylation sites that
are used. The 3’ end resulting from specific site
selection might be important in governing mes-
sage stability, translational efficiency, and local-
ization through both the sequence motifs that
are retained and possibly the secondary struc-
tures that are formed. Elucidation of the func-
tional significance of the different MHC-A 3/
ends awaits characterization of their specific
usage in various cells at different stages of de-
velopment and under different physiological
conditions.
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