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Highly conserved sequences in the 3'-untranslated region of the COL1A1
gene bind cell-specific nuclear proteins
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Sequencing of the 2 untranslated region (UTR) of the human COLIAL gene revealed numereus putative regulatory motifs and two highly con-

served regions fanking the two polyadenylution sites. The conserved regions were separated by about 700 bp of less conserved sequences, The

first region consists of almastall the ¥-UTR of the shorter (4.8 kbp) COLIA| transeript. The second conserved domain inchudes a motif shared

with severul collugen genes. Both conserved demains bind cell-specific nuclear proteing suggesting that the 3UTR is imporiant for cell specific
expression of the COLIAI gene.

Collagen gene; Untranzlated region: Polyadenylution; Nuclear protein

1. INTRODUCTION

Studties of the transcriptional control of type I and 11
collagen genes have revealed functional promoters in
their 5’ flanking regions and transcriptional activator
and suppressor elements within: the first intron (for
references see [1—3}]) but only little attention has been
paid to the 3’ noncoding regions. The first report on
this topic by Herget et al. (4] showed co-expression of
the rat proa(l) collagen mRNA and a nuclear protein
that binds the 3'-UTR. Regulatory clements have,
however, been identified in the 3'-UTR of several other
genes, e.g. G-actin {5], myosin light chain {6] and a
Drosophila retroposon [7}.

Collagen genes often yield several transcripts which
differ only in their 3'-UTR. In involuting human
placenta the shorter 4.8 kbp COLIAL transcript
predominates [8] whereas TGF-G treatment of
fibroblasts increases both mRNAs, especially “the
longer one [9]. This increase is inhibited by cyclohex-
imide suggesting that the effect is mediated by short-
lived transcription factor(s). The 3'-UTR determines
the half life of many mRNAs [10,11], a finding which
may include collagens [9,12]. Treatment with -
interferon, tumor necrosis factor o or with glucocor-
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ticoids reduces, and with interleukin 1 or TGF-£ [9,12]
increases, the levels of type I collagen mRNAs but
details of these regulatory events are not known. In this
paper. we present the sequence of the 3'-UTR of the
COLI1A1 gene, identify putative regulatory motifs and
demonstrate cell-specific binding of nuclear proteins to
two highly conserved domains flanking the two
polyadenylation sites.

2. MATERIALS. AND METHODS

2.1. DNA sequencing

The 5.2 kbp EcoRI~EcoRI fragment of the cosmid clone CG 103
contains the 3'-=UTR of the COL1 Al gene [8). The §' EcoRI site of
this fragment (base 1 in Fig. 2) is located in the last exon, followed
by two Hindlll sites 0.3 and 2.2 kbp downstream which- were used
for cloning into pUC plasmids. Overlapping restriction fragments
were subcloned into M13 mpi8and 19 vectors. Gaps in the sequence
were covered by creating a set of deletions with Ba/31 nuclease {131,
The restriction and Ba/31-generated fragments were ligated into M13
vectors (Fig. 1) for dideoxy sequencing of single-stranded templates
with modified T7 DNA polymerase (Sequenase, US Biochemicals)
and M13 universal primer. The data were analyzed with Genepro and
UWGCG programs and compared ' with EMBL and GenBank
libraries,

2.2, Nuclear extracts and gel retardation assays

Nuclear proteins from human foetal Achilles tendon (FTF) and
embryonic chick tendon fibroblasts (CTF) and from HeLa and NS-1
mouse myeloma cells [1,14], were dialysed against nuclear dialysis
buffer (12 mM Hepes, pH 7.9, 100 mM KC], 1 mM EDTA, 0.2 mM
EGTA, 1 mM DTT, 20% glycerol and 1 mM PMSF) and stored at
=70°C.

DNA probes were prepared from subcloned inserts (Fig. 1) labeled
either at the 5/ end by T4 polynuclcoude kinase and [y-*P)dATP
(5000 Ci/mmol) or at the 3’ end by the Klenow enzyme and
[2-*P]dCTP, and purified by agarose gel electrophoresis. Gel retar-
dation experiments [1] were carried out in the presence of competitor
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Fig. 1. Sequencing strategy and the revtriction map of the 2.3 kbp
EcoRi4HindUT fragment of the CG 103 cosmid ¢lone [8). The upper
rows of arrows indicate the subcloned resiriction fragments and the
two fower raws the Baldl-generated deledon series. The hatched
rectangles indicate the insents Tor protein binding analysis, For the
pAl probe a 302 bp Tagl/Hindlll fragment was subcloned into
Accl/Hindl -eleaved pGEM-1 plasmid. The PA2 probe was
generated by inserting a 334 bp  Psrl/SadAl fragment into
Pstt/BamHl-cleaved pGEM-1. Only the relevant SeulAl site is
shown. Black vertical bars: AATAAA polyadenylation signals.
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poly(d«dC) DNA. The prabes (10000 ¢pm; abeul | ng DNA)Y were
ineubdied with the reacron mixtures for 18-20 min at 20°C o e
abrence or prevence oF § mM MaCly and 2804, The conplexes were
resolved by clectrophoresy (v 4% native polyacrylamide gels uying
30 mM Tris, 400 mM glycine buffer, pH #.5 and wblmed o
autoradiography.

3. RESULTS

3.1. The 3’ end of the COLIAI gene

The sequence of 2.3 kbp of human COL1AL 3'-UTR
revealed two polyadenylation AATAAA signals (pAl
and pA2) separated by 1113 bp (Fig. 2). This cor-
responds to the size difference of 4.8 and 5.8 kbp
mRNASs (9,15]. The first 540 bp of the human sequence
are homologous with those of the mouse [16] (Fig. 2)
and include a triplicated AATAAA. signal. The less
conserved region (about 700 bp) is followed by approx-

10

v

ANTTCGGCTTCGRCCTTOGCCCTOTCTIGOTICCTATAMCTCCCTLCATCCCANCCTGGE
ANCA A G < T T

TCCCTCCCACCCARCCAACTTTCCCCCCAACCCEGAANCAGACAAGCAACCCARMRCTGAA
G C T A T G A [~

CCCCCCCAAAAGCCAAAAAATGGGAGACAATTTCACATGGAullLuuAAAAgAALLILAI
FY %Y A T T

CCTTTGCATTCATCTCTCARACTTAGTTTT TATCTTTGACCANCCGAACATGACCAAAAA
c T [o4 T G '
CCAAAAGTGCATTCAACCTTACCAARAARARAAAAMAARAAAAAAAGAATARATARATARG
e n G [
TTTTTAMARAGGAAGCTTGGTCCACTTGCTTGARGACCCATGCGGRGGTAAGTCCCTTT
T T T TA c
CTGCCC*GTTGGGTTATGAAACCCCAATGCTGCCCTTTCTGCTCCTTTCTCCACACCLEC
C c T T T A

cC TT

CTTGGCCTCCCCTCCACTCCTTCCCAAATCTCTCTCCCCAGAAGACACAGGAAACAATG'
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TATIGTCTGCCCAGCAATCAAAGGCAATGC TCAAACACCCAAGTGGCCCCH * *CACCCTC
A G TGT C CCA TCAAC
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A CGTCGACTTAACGCGTTA GGAAGCCACCCTCAAGGCACAACCTCCAAGTC

e TGCCCGCCCAGCACTG . *GGGACCTGGGGTTCTCA(‘ACTG* CCAAR
TACT C' TA er TG TTGC

GAAGCCTTGCCATCTGGCGCTCCCATGGCTCTTGCARCATCTCCCCTTCETTTIT R av vk
G A AR *R T CcTC . ARC CA T crete

RRAKEARR AN RAXRCAGCGGCTCATGCCCGEGGAGCCACCAGCCCCTCACTGGGTTCGGA
CCCCCCCCCCCAGE CC GTGCTTT C T T A Thxx

GGAGAGTCAGGAAGGFCCACGACAAAGCAGAAACATCGGATTTGGCGAACGCGTGTCATC

AEK C L3 C T AG [e] CTG ARKARARIRRKRARR A AR R AR h N

CCTTGTGCCGCAGGCTGGGCGGGAGAGACEGTTCTGTTCTéTTCCETGTGTAACTGTGTT .

ARARRARRRRERAR AR N ARR R AR AR RN RAKAKRRARARAAR

GCTGAAAGACTACCTCGTTCITGTCT TCATGTGTCACCGGGGCAACTGCCTGERRECGEE
HRAR A RARRR AR KRR KN RR AR R ERRNRROD, TG

GATGGGCG* CAGGGTGGARGCGGCTCCCC* AT TTTTATACCAARGGTGCTACATCTATGT
cC A 6 TG GG T c

CATGGGIGOGGTGEGGAGARATCACTGRTCCTATAGARATTGAGATG * ¥ *ccdcceea
A GT GT AAT TTA A 6CC  C TGATG T

GGCbAGCAAATGTTCCTTTTTGTTCAAAGTCTATTTTTATTCCTTGRTATTTTTT*****
T AREG A T T TTARAT

Fig. 2 fsee following page for legend),
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imately 200 bp of homologous sequence overlapping
the pA2 site [16]. The murine gene has an additional
AATAAA motif 38 bp upstream of the latter
AATAAA signal. The poly-T stretch between the pA
sites differs in size and base composition from the cor-
responding murine segment. The 3°-UTR contains
putative gene regulatory motifs [17], e.g. two
AP-2-gites, an Spl-site, two viral core enhancess, onein
each strand, an adenovirus E1A enhancer consensus se-
quence, an  almost triplicated  glucocorticoid
responsive-element TGTTCT and several NF-1-like do-
mains, Comparison of our sequence with previously
published short human genomic and mRNA sequences
{15,18] shiowed a few differences: residues 56 and 126
are Cs instead of Ts; beginning with nucleotide 96 our
sequence has three As instead of two, and finally the
poly-A stretch preceding the pAl site consists of 22
nucleotides instead of 19,
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The pA2 site or the equivalent pAS site of the
COL1IA2 [19] is also extremely conserved, In human
COLIAL and COL1AZ, mouse COLIAIL and chick
COL A2 genes the last AATAAA signal is followed by
a GCATQT motif and a conserved element TGTACC-
TATTTTGTAT (incomplete in chick) is found about
30 base pairs upstream from the pAZ-site AATAAA
motif. A/T versus G/C analysis (not shown) reveals
three A/T rich domains located atthe two pA sites and
at the long poly-T-track. This poly-T-track is surround-
ed by an almost complete direct repeat of 11}
nucleotides starting at residues 991 and 1133; a similar
arrangement has been found in 3'-UTRs of many genes
[20].

3.2, DNA-binding proteins
Herget et al. [4] demonstrated that a conserved
3'7UTR region (‘tame sequence') of the rat COLIAL

""'"""""'""""""""Cﬁ?TCTTTTTTTTTTTTTTTG'"""*""
GEATAGGOACTTGTGTGAATTGTTGGGG GTTTTGTITIT

"TGGATGGGGHCTTGTGAAT?TTTCTAAAGGTGCTATTTAACATGGGRCGAGAGLGTGT
ST T IGTTT TT 7 C .G A A C

GQG"CTCCAGCCCAGCCCGCTGCTCACTTTCChCLCTCTCTCCACCTQCCTCTGGCT1C
G GA A CG T wwweenp TTAMGT GG C AG

1CAGGCCTCTGCTCTCCGACCTCTCTCCTCTGAAACCCTCCTCCRCACCTGCAG"CCCA
T AT T

LR SRS EX 3 'r T T

TCCTCCCGGCTCCCTCCTAGTCTGTCCTGCGTCCTCTGTCUCCGGETTTCAGAG* ACAAC
C CTTC T TG A Amwssanwaw c C

TTCCCARAGCACAAAGCAGTITIT * CCCTAGGGGTGGUAGGAAGCAMAAGACTCTGTACC
T A A c¢T ¢ A G

TATTTTGTATGTGTATAAN * TAATTTGAGATGTTTTTAATTATT T TGATTGCTGGAATAA
ATA -

T s am——
AGCATGTGGAMNATGACCCARACATANTCCGCAGTGGCCTCCTAATTTCCTTCTTITGGAGT
TTGC TGTGCAT TG *Hk C CG CG

TGGGGGAGGGGTAGACATGGGGAAGGGGCCTTGGGGTGATGGGC TTGCCTTCCATTCCTG
G “wakEAwhw TCC 1479

CCCTTTCCCTCCCCACTATTCTCTTCTAGATCCCTCCATAACCCCACTCCCCTTTCTETC
ACCCTTCTTATACCGCAAACCTTTCTACTTCCTCTTTCATTTTCTATTCTTGCAATTTCC

TTGCACCTTTTCCARATCCTCT TCTCCCCTGCAATACCATACAGGCAATCCACGTGCACA
ACACACACACACACTCTTCACATCTGGGGTTGTCCAAACCTCATACCCACTCCCCTTCAA
GCCCATCCACTCTCCACCCCCTGGATGCCCTGCACTTGGTGGCGGTEGGGATGCTCATGGA
TACTGGGAGGGTGAGGGGAGTGGAACCCGTGAGGAGGACCTEGEEGCCTCTCCTTGAACT
GACATGAAGGGTCATCTGGCCTCTGCTCCCTTCTCACCCACGCTGACCTCCTGCCGARGG
AGCAACGCAACAGGAGAGGGGTCTGCTGAGCCTGGCGAGGGTCTGGGAGGGACCAGGAGG
AAGGCGTGCTCCCTGCTCOCTGTCCTGGCCCTGEGCCAGTGAGGGAGACAGACACCTGGE
AGAGCTGTGGEGAAGGCACTCGCACCGTGCTCTTCGGAAGGAAGGAGACCTGGCCCTGET
CACCACGGACTGGGTGCCTCGACCTCCTGAATCCCCAGAACACAACCCCCCTGGGCTGGG
GTGGTCTGGGGAACCATCGTGCCCCCGCCTCCCGCCTACTCCTTITTAAGCTT 2252
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Fig. 2. Sequence of the COL1A1 3'-UTR downstream from the conserved EcoRlI site in exon 51. The AATAAA polyadenylation signals and

the consensus Spl sequence are presented in bold letters., Explanation of the symbols: =, bases missing in alignment; boxed, glucocorticoid

responsive-element-like and AP-2 consensus sequences; double overlined, viral core enhancer-like sequences; underlined, Adenovirus EAI
enhancer-like sequence; under- and overlined, NF1-binding site-like sequences. The arrow shows the translation stop signal of the exon 51,
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Fig, 2. Ciel shifcanalysis of the pAl (Tagl/HindEl) probe. (A) Prebe
anly (lane 1), probe with 3 ag HeLa (lanes 2-4) and 12 4g NS-|
nuclear extracs {fanes 5-7). (B) Probe with 4 a8 FTF ¢lanes 1=3) and
15 ng CTF (lane 4) extracts. For the competition in (A}, Sap of a
PGEM plasmid carrying the pAl insert was added 1o reactions 3 and
6, and $ sg of a pGEM plasmid with a nonspecific insert 1o redctions
4and 7. In (B), $ pg of the specific competing plismid was added to
reaction 2 and $ pg of nonspecific plasmid 1o the reaction 3. Specific
retarded complexes (~) and nonspecific complexes (——) are
indicated,

gene interacts with regulated nuclear proteins, We have
extended these experiments to the pA2 site and, using
three other cell lines, detected celi-specific binding of
nuclear proteins tothese -regions (Figs 3, 4). A high

12345 1 2 34

Fig. 4. Gel shift analysis of the pA2 (PstI/Sme3Al) probe, (A) FTF-
extract in all reactions: .(lane 1) 4 xg, (lane 2) B 4g, (lane 3) 4 »g of
extract plus 1 mM ZnS04, MgCly; (lanc 4) 4 zg of extract plus 2 ug
of specific competing plasmid; pGEM-1 with the pA2 insert; (lane 5)
4 pug of extract and 2 ug of nonspecific competitor, (B) (Lane 1)
1.5 g of Hela nuclear extract; (lane 2) 12 ug of NS-1 exiract; (lane
3) 1.5 ug of HeLa extract and 2 ug of specific competitor; (lane 4)
1.5 pg of Hela extract and 2 xg of nonspecific competitor. Specific
(—) and nonspecific complexes (~——) are indicated.
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molecular weight complex was formed between the pAl
probe and Hel.a proteins (Fig. 1A, lane 2) and the
specific binding was inhibited by an eéxcess of non-
labeled probe (lane 3). No specific binding was obtain-
ed with the NS-1 extract (Fig. 3A, lane 5); both specitic
and  nonspecific. competitors totally abelish the
nonspecific binding (lanes 6 and 7). Nuclear proteins of
human foctal (FTF) and embryonic chicken (CTF) ten-
don fibroblasts also recognize this region (Fig. 3B,

- lanes 1 and 4, respectively) bur the FTF complex was

more distinct, CTF extracts were tested because these
cells are particularly suitable for transient transfections
{1}.

Simnilar results were obtained with the FTF, Hela
and INS-1 extracts and the pA2 probe (Fig. 4). In other
experiments on RNA binding (manuseript in prepara-
tion) the same NS-1 and Hela extracts bound to
mRNA equally well indicating that the difference of the
extracts in DNA binding reflected cell specific dif-
ferences in the nuclear proteins,

4. DISCUSSION

4.1, The structure of the COLIAL 3'-UTR

Conservation of the polyadenylation sites has been
observed in ¢cDNA clones of collagens and other genes
{21]. For example the human COL4Al gene contains
four AATAAA motifs, but only the most 3' one,
preceded by ‘conserved nucleotices, is used (21].
However, in COL2A1 both the functional ‘and the
upstream nonfunctional polyadenylation signal regions
are conserved [22] and the conserved region flanking
the pA2 site in COL!IAL extends 5’ to the nonfunc-
tional AATAA signal (Fig. 2). This might allow cell-
specific binding of nuclear proteins to the nascent
RNA. Flanking sequences 5' to the pAl and pA2 sites
may be especially important for polyadenylation [23].
The genomic 21 bp poly-A stretch immediately before
the first AATAAA signal might be functional in
mRINA and associate with poly-A binding proteins
which protect the mRNA from degradation [24].

Sequences which might affect the stability of the cor-
responding mRNA have also been ' identified in
COLI1Al. Examples are a poly-T stretch that can form
a loop with the poly-A tail and the UAUUU and
AUUUA motifs found in several copies in oncogene
and other short-lived mRNAs [24,25]. In the plus
strand of the 3'-UTR of COLI1A1 there are 14 ATTT
(AUUU) motifs, most of which are clustered around
the poly-T region and around the pA2-site.

4.2. DNA binding proteins recognizing 3'-UTR
sequences _

In this paper we show cell-specific differences in
binding of two conserved domains of the COLI1Al
3/'-UTR to nuclear proteins in fibroblasts, Hel.a cells
and NS-1 cells. Herget et al. [4] detected nuclear pro-
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tein binding to the first of these sdtex (pAl) in rat
myoblasts synthesizing type I collagen. The expression
of both collagen and the binding protein were markedly
reduced during myotube differentiation. It remaing to
be resolved whether the Y -UTR.binding protein
obseeved by us in fibroblasty and Hela ceolls ix a
homolog of that in rat myoblasts and whether the same
or different proteins bind the pAl and pA2 sites in
DNA. More studies are also necded to explain the role
of the 3'-UTR in the expression of COLIAI gene.
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