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We have determined the full-length cDNA sequence of the human al(X) collagen gene by sequence analysis of a genomic clone ERG [(1991) Dev,

Biol. 148, 562-572), and of ¢cDNA fragments generaled from a reverse transcribed as al (X) mRNA by PCR. We defined the promoter region, the

transcription initiation site and the full-length 5’-untranslated region. We also report the exon/intron boundaries of the transcript and the complete

Y-untranslated region as well as a 3’-flanking sequence containing two additional polyadenylation signals, The promoter region is homologous

10 chicken and mouse type X promoters within several highly conserved regions. The genomic organization shows high homologies 10 chicken and
mouse,
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1. INTRODUCTION

Collagen type X is a developmentally expressed carti-
lage specific component of the extracellular matrix
(ECM) which in healthy cartilage is restricted to zones
of endochondral ossification [2--5]. It is expressed by
hypertrophic chondrocytes in the calcifying zone of the
growth plate [1,6], in zones of secondary ossification [1],
in newly forming osteophytic or reparative cartilage
[7,8], or in bone callus during fracture healing [9]. This
restricted expression to zones of degrading cartilage im-
plies that collagen type X may play an important role
in the regulation of endechondral ossification and carti-
lage degradation.

Collagen type VIII and type X have similar structural
characteristics, such as a triple-helical domain, half as
long as in fibrillar collagens, in between a short N-
terminal and a larger C-terminal globule [10-16] and are
therefore classified as short collagens [4]. There is a
remarkable sequence homology between collagen type
VIII and X among species, and both collagens are able
to assemble in a hexagonal lattice structure [17,21].

The collagen type X gene, as well as the type VIII
genes are distinct from all other collagens in their con-
densed gene structure [14-16,19,20]. Collagen type VIII
is a heterotrimeric protein consisting of al and &2
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chains, whereas collagen type X is a homotrimer. The
triple-helical domains are interrupted by several imper-
fections in the G-X-Y triplet structure. In the case of
type X collagen these interruptions are well conserved
between chicken, bovine, mouse, and human,

Although much of our current understanding about
the structure and function of collagen type X is derived
from the avian system [21], detailed analysis of its regu-
lation is needed also in mammalian systems, due to the
differences in the cartilage differentiation and bone for-
mation patterns in birds and mammals. In the chicken
long bone, endochondral ossification occurs in an irreg-
ular pattern along the entire diaphysis [22,23]. In mam-
mals, however, it occurs in a narrow zone perpendicular
to the long bone axis from the mid-diaphysis to the
epiphysis. Therefore the zone of hypertrophic cartilage
in chicken long bones is considerably larger than in
mammals,

We have recently published studies on the develop-
mental expression in fetal cartilage, in adult healthy, as
well as in osteoarthritic and rheumatoid adult cartilage
[1,7.8] indicating precisely regulated gene activation.
Changes of in vitro expression patterns of type X colla-
gen due to the influences of retinoic acid [24], of vitamin
D [25] and of calcium S-glycerophosphate [26] also sug-
gest a precise and highly complex regulation of the ex-
pression of its gene.

To enable further studies of the regulation of the
collagen type X gene in a mammalian system we defined
the complete structure of human type X collagen and
began to study the enhancer and promoter regions. This
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system allows investigation of pathologic deficiencies,
such as in rachitic growth cartilage or chondrodyspla-
sias.

2. EXPERIMENTAL

A 329 bp fragment (pPERX) coding for parts of the C-terminal
globular domain was generated by PCR from human genomic DNA
[1}. This [ragment was initially used 1o screen a human genonic library
(HL 1067]; Clontech, CA, USA). Hybridization of the library was
performed as described [27] in 509 formamide at 42°C, washing was
done twice with 2 x SSC for 5 min, twice with 2 x §SC, 0.1 xSDS at
65°C for 15 min and with 0.1 x $SC at room temperature for 10 min.
Of 300,000 screened clones, four hybridized with our probe. A 4 clone
(ERG) with a 13 kb X/iol insert (XAol cuts the insert into two frag-
ments of about 6700 bp) (Fig. 1) was identified and used for further
analysis after recloning both Xhol-fragments into pBluescript SK*
(Stratagene). This A clone covers the locus of collagen type X from
about 2800 bp upstream of the transeription initiation site to about
3800 bp downstream of the polyadenylation site.

Frugments covering the coding sequence were identified by South-
ern analysis. Sequencing of both strands [28] using Sequenase 2.0
(USB, CA, USA) and **S-dATP. Double-strand and single-strand
sequencing was carried out with either vector specific or sequence
specific oligonucleotides generated on a oligonucleotide synthesizer
(Gene Assembler Plus, Pharmacia, Sweden). Exon sequences were
analyzed by sequence comparison with published chicken [19] and
bovine [13] sequences using the computer program Genpro version 5
(Riverside Scientific Enterprises, WA, USA).

The transcription initiation site was identified by S!-mapping and
primer extension assays [30] (Fig. 3). For all the following experiments
1otal RNA prepared from the same batch of freshly isolated fetal
growth-plate-chondrocytes (24 weeks of gestation) was used, Hybrid-
ization of the primers (o 10 4g of the totul RNA was performed in 50%
formamide and 0.4 M NaCl overnight in a volume of 30 4l at temper-
atures calculated by the primer analysis program Oligo (MedProbe
A.S., Norway). Sl-nuclease reactions were performed in a fina) vol-
ume of 330 gl with 200 units S1 nuclease (Boehringer-Mannheim,
Germany) with a single-stranded 569 bp antisense probe created by
primer extension of 4 clone comprising the ligation product of exon
2, exon 1 and 460 bp of the 5*-Nanking region with the downsiream
primer Ext3 (5’ -GCACGCAGAATCCATCTGAGAA-
TATGCTGCCACAAATACC-3"). For primer extension assays the
reverse transcription was performed in a final volume of 20 gl with
the same primer as used for S1 analysis (Ext5). Exon/intron bounda-
ries were identified by consensus sequences and verified by polymerase
chain reaction (PCR) of ¢cDNA with primers comprising presumed
exon sequences. PCR was done according to [31] in a thermocycler
(PREM III, LEP Scientific, GB).

3. RESULTS AND DISCUSSION

. The third exon which comprises the C-terminal glob-
ular domain and the triple-helical region was identified
by Southern hybridization. We located exon 3 with our
c¢DNA probe (pERX) which we had obtained by PCR
[1]on a 1.4 kb Xhol/ HindlIII fragment (Fig. 1). Sequenc-
ing of this and neighboring fragments revealed an open
reading frame of 2195 nucleotides. 1036 nucleotides fur-
ther downstream the first polyadenylation site was
found. Two more polyadenylation sites were detected
on the next 100 nucleotides (Fig. 2).

To define the 3’-end of the transcript and the active
polyadenylation site we performed reverse transcription
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Fig. 1. Diagram showing a restriction map of the human genomic
clone ERG (upper part) and the gene structure of human collagen type
X. The genomic clone was mapped with the restriction enzymes Xhol
(X), HindlII (H), BamH1 (B), and EcoRl (E). The intron-exon splice
Jjunctions of the exons 1-3 within the mRNA are shown in relation to
the genomic clone. The protein structure is indicated as deduced from
the nucleotide sequence (NC2, NCI: non-collagenous globular do-
mains).

with an oligo(dT) primer and total RNA as a template
followed by PCR with the oligo(dT) primer and an
upstream primer ERO61 (5-TGAAATTTGATTTGA-
GAAACTCGGC-3"). The cloning and sequencing of
this amplification product identified the first polyad-
enylation site (Fig. 2) as the preferred site. A second
polyadenylation site has been reported by [14] 94 nucle-
otides downstream as part of a 34 bp direct repeat (cor-
responding to nucleotides 3259-3293 in Fig. 2). In our
sequence we could not confirm this finding, but instead
detected a third polyadenylation signal (Fig. 2: nucleo-
tide 3277-3283). We verified our sequence derived from
the human genomic clone ERG by PCR of total human
genomic DNA as template with ERO61 as upstream
primer and a primer specific for our divergent sequence,
ERO65 (5-TTTATTGTCCTACTTTTTTATTAAC-
3"). Using an EcoRI-linked downstream oligonucleotide
ERO63 (5-CCGAATTC TTGAGAACAGCAAATT-
GCTG-%) priming in the ¥’-flanking region between the
first and second polyadenylation site and ERO6! as
upstream primer we could also show that neither of the
aditional polyadenylation signals are utilized in this
mRNA from freshly isolated chondrocytes.

A dA-rich region 324 nucleotides downsiream of the
translation stop in the 3’-untranslated region (UTR)
might explain why we initially ha:"i{caities in obtain-
ing correctly sized PCR amplification products of
cDNA from RNA of hypertrophic chondrocytes, since
our oligo(dT) primers would anneal to this region as
well. Although this dA-rich region (47 of 50 bases are
A) is not as well conserved in other species it might be
a remnant of a former poly(A) tail. If the collagen type
X gene arose by reintegration of a processed collagen
transcript, as had been suspected before [19], it would
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AGCCTAAAAGTAAT TAAGAATTGOGGTCAGCTATTTTCAS AMAAATTTATGAATATTAMTAGACACATTGATAACTT TA TG TAATAACTEAA TAATTTASATGATGG TCTAAATCCAGTA -394
CCCCCTTCAAGGAATT TTATCCGCTTTTATG TACTACCACATATT ATATAATATCAACCAAT TAACATAAGAATGTGCT T T TCAMAAATAAAAAGGGGCTATCATCATICCACCOCOAAS ~274
CAGCCTGAACACTAGAGTATTAATTAATAAMATAGAATCACAGACAAAGACGGTCCT TOGT TAAAACTATTAATATATAT TTAAGACAATGGGT TTATITI TAAMATAAGAAACAAGCAA - 156
AACGAGAGCCCAGCCCGATCTTGTGTGCCTACCCAATAGAACTTTCCACCATAATTAGTGCT TACCAACT TTGAGGGGAGGAGCTTAAGC TCAGGGT ANCC TCATGTAGTAAGGGAAAA ~34
CAGTATAAATACCACTGAACAGCTCTIGAGAGGCACCTICTGCACTOCTCATC TGGCAGAGGAAGCT TCAGAAAGC TGCCAAGGCACCATCTCCAGGAACTCCCAGCACTTAGEE aage 61
gtacgetbactggtggacttce. ..o v i iia s PN JINTRON 1.,......... sisana P e i st s asse s asans o as

gttattctttictattitic asAATCCATC'I‘GAGMTATGCTGCCACMATACCCTTTTTGCTGCTAGTATCCTTGMCTTGGTTCATGGAGTGTTTTACGCTGMGGATACCAMTGOC 179
MetLeuProGlnIleProPheLeuleuleuValSerleuAsnLeuVallisGlyValPheTyrAlaGluArgTyrGintet Pr

CACAGGCATAAMGGCCCACTACCCMCACCMGACAEAGTTCTTCATTCCCTACACCATAMGAGTAW;t.aﬂn ttgaattgtatattttget. .

oThrGlyIlelysGlyProLeuProAsnThrLysThrGlnPhePhelleProTyrThrlleLysSerLysG
et asessratassaes veasess o INTRON 2, .. ..0000uu s Ceedssaaeasa [P Cerisasanas aatatcgtalsgsaskteatagtttgaaagscaatgattctott

Taatstcoactaagepkescaktskatessteestetsttesetatate EEEEasGTATAGCAGTMGAGGAGAGCMGGTACTCCTGGTCCACCAGGCCCTGCTGGACC‘IGGAGGGC 316
lyIleAlaValArgGlyGluGlnGlyThxProGlyProProGlyProAlaGlyProArgGlylilsP

CAGGTCCTTCIGGACCACCAGGAAAACCAGGCTACGGAAGTCCTGGACTCCAAGGAGAGCCAGGGT TGCCAGGACCACCGGGACCATCAGS TGTAGGGAAACCAGGTOTGCCAGGACTCC 436
roGiyProSerGlyProProGlyLlysProGlyTysGlySerProGly LeuClnGlyGluProGlyLeuProGlyProProGlyProSerAlavalGlyLys ProGlyValPraGlyLeuP

CAGGAAAACCAGGAGAGACAGGACCATATGGACCAAMAGGACATGTTGCACCAGCTGECC TACCAGGACCCCGGGEGCCCACCAGGACCACCTGGAATCCCTGGACCGGCTGUAATTITICTG 556
£oGlyLysProGlyGluArgGlyProTyrGlyProlysGlyAspValGlyProAlaGlyLeuProGlyProArgGly ProPreGlyProProGly IleProGlyProAlaGlyIleSery

TGCCAGGAAAACCTGGACAACAGGGACCCACAGEAGCCCCAGGACCCAGEAGCTTTCCTGCAGAAAAGGCTGCACCACCAGTCCCTGGTATGAATGGACAGAAAGGGGAAATGGGATATG 676
alProGlyLysPraoGlyGlnGLnGLlyProThrGlyAlaProGly ProArgGly PheProClyGluLysGlyAlaProGlyValProGlyMetAsnGlyGlnLysGlyGlutetGly Ty G

GIGCTCCTGGTCGTCCAGGTGAGAGGGSTC TTCCAGGCCCTCAGUGTCCCACAGGACCATCTGGCCCTCCTGCAGTGGEAAAAAGAGGTCAAMATGGGGTTCCAGGACAGCCAGGCATCA 796
LyAluProGlyArgProGlyGluArgGlyL euProGly ProGinGlyProThrGly ProSerGly ProProGlyValGly Ly sArgGlyGLuAsnGlyValProGlyGlnProGlyIlel

AAGGTGATAGAGG LT TTCCGGGAGAAATGGGACCAATTGGCCCACCAGGTCCCCAAGECCCTCETGOOCAACCAGGGCCACAAGGCATTGCAAAGCCAGGAGCTCCTGGAGCCCCAGGLE 916
¥sGlyAspArgGlyPheProGlyGluMetGlyPool leGlyP:oProG:LyPraGLnGlyP:oP:oGlyGlqusGLszeGluGJ.yIleGlyLya ProGlyAlaAlaGlyAlaProGlyG

AGCCAGGGATTCCAGGMCMAAGGTCTCCCTGGGGCTCCAGGMTAGCTGGGCCCCCAGGGCCTCCTGGCT'X‘TGGGAM CAGGCTTGCCAGGCCTCGAAGGGAGAAAGAGGACCTGCIG 1036
1nProGlylIlePreGlyThrLysGlyLeuProGlyAlaPxoGlyIleAlaGly ProPreGlyProProGlyPheGlyLysProSlyLeuProGlyleulysClyGluArgGlyProAlaG

GCCTTCCTGGGGGTCCAGGTGCCAAAGCGGGAACAAGGGCCAGCAGGTCTTCCTGGGAAGCCAGSTCTGACTGGACCCCCTGGCAATATCOGACCCCAAGCACCAAAAGGCATCCCGGGTA 1156
lyLeuProGlyGLwP:oGlyAlaLysGlyGluGlnGLyP:oAlaGlyLeuProGlyLy=P:oGlyx.eu'l‘hrclyProProGlyAeretGlyProGlnGIyProLysGlyIlerGlyS

GGCATGGTCTCCCAGGCcCTAMGGTGAGACAGGGCCAGCTGGGCCTGCAGGA‘X‘ACCCTGGGGCT GGGTGAMGGOSTTCCCCTGGCTCAGATGGAAAACCAGGGTA CCCAGGRMAC 1276
erlisGlyLeuProGlyProlysCLlyGluThxCGlyProAlaGly ProAlaGly Ty rProGlyAlalysGlyGluArgGlySerProGlySerAspGlyLysProClyTycProSlylysP

CAGGTCTCCATGGTCCTAAGGGTAACCCAGGGTTACCAGGTCCAAAAGGTGATCCTGGAGT TGGAGGACCTCCTGGTCTCCCAGGCCETGTGEGCCCAGCAGCAGCAAAGCGAATGCCCSG 1396
roGlyLeuAspGlyP:oLynGlyAsnProGlyLeuP:oG:I.)'Prol.ysGJ.yAspP:oGl.yVaIGlyGI.yP:oP:oGLyLeuPLoGlnyoVa:LGlyProAlaGlyALnLyaGLyMebP:oG

GACACMTGGAGAGGCTGGCCCMGAGGTGCCCcTGGMTACCAGGTACTAGAGGCCC‘IATTGGGCCACCAGGCATTCCAGGATTGCCTGGGTCTMAGGGGATCCAGGMWTC 1516
lyHisAsnGlyGluAlaGlyProArgGlyAlaProGlylleProGLlyThrArgGly ProlleGly ProProGly IleProGlyPheProGlySerLysGlyAspProGlySerProGlyP

C‘I‘CCTGGCCCAGCTGGCATAGCMCTMGGGCCTCMTGGACCCACCGGGCCACCAGGGCCTCCAGGTCCMGAGGCCAPTCTGGAGAGCCTGGTCTTOCAGGGCCOCCTGGGCCTGCAG 1636
x:oP:oGlyP:aAlaGlyIchlnThrLyaGlyLauAsnGlyProTh:GlyPronoblyPronoGlyP:aArsGlyHLsSexGlyGlquoGlyLeuProGly?roPmGlyProProG

GCcCACCAGGTCMGCAGTCATGCCTGAGGGTTTTATMAGGCAGGCCAMGGCCCAGTCTTTCTGGGACCCCTCTTGTTAGTGCCMCCAGGGGGTMCAGGMTGCC‘L‘GTGTCTGCTT 1756
lyProProGlyGlnAlavalMetProGluGlyPhellelysAlaGlyGlnArgProSerLeuSerGlyTheProleuValSerAlaAsnGlnGlyValThrGlyMetProValSerAlaP

TTACTGITATTCTCTCCAAAGCT TACCCAGCAATAGGAACTCCCATACCATTTGATAAAAT TTTGTATAACAGGCAACAGCATTATGACCCAAGGACTGCAATCTTTACTTGTCAGATAC 1876
heThrVallleLeuSerLysAlaTyrProAlalleGlyThrProlleProPheAsplysIleLeuTyrAsnArgGlnGLnliisTyrAspProArgThrGlyIlePheThrCyaGlnl leP

CAGGAATATACTATTTTICATACCACGTGCATGTGAAAGGGACT CATGT TTGGGTAGGCCTGTATAAGAATGCCACCCCTGTAATGTACACCTATGATCAATACACCAAAGCCTACCTGE 1996
roGlyIleTyrTyrFheSerTyrliisVallisVallysGlyThrHisValTrpValGlyLeuTyrLysAsnClyThrProValMetTy rThe Ty rAspGluly rThilysGlyTyrLeuA

ATCAGGCTTCAGGGAGTGCCATCATCGATCTCACAGAAAATGACCAGGTGTGGC TCCAGCTTCCCAATGCCGAGTCAAATGGCCTATACTCCTCTGAGTATGTCCACTCCTCTTICTCAG 2116
spGlnAlaSerGlySerAlallelleAspLeuThrGluAsnAspGlnValTrpleuClnLeuProAsnAlaGluSerAsnGlyLeuTyrSerSerGluTyr¥alliisSerSerfheSerG

CGATTCCTAGIGGCTCCAATGTGAGTACACCCCACAGAGCTAATCTAAATCTTGTGCTAGAAAAAGCATTCTCTAACTCTACCCCACCCTACAAAATGCATATGGAGGTAGGCTCAAAAGA 2236
lyPhelLeuValAlaProMcbarw

ATGTAATTTITATTTTCTGAAMATACAGAT TTGAGCTATCAGACCAACAAACCTTCCCCCTGAAAAGTGAGCAGCAACGTAAMACGTATG TGAAGCCTCTCTTGAATTTCTAGTTAGCAA 2356
TCTTMGGCTCTTTMGGTTTTCTCCMTATTMMMTATCACCAMGA'AGTCCTGCTATGTTAMMCAMCMCAAMMCAMEMCAMAMMAMTTAMMAMMACAGM 2476
ATAGAGCTCTAAGT TATGTGAAATTTCAT TTCAGAAACTCGGCATTTCCT T TTTAAAAAAGCCTGT TTCTAACTATGAATATGAGAACTTCTAGGAAACATCCAGIAGETATCATATAAC 2596
TITGTAGAACTTAAATACTTGAATATTCAAATT TAAAAGACACTGTATCCCCTAAAATAT T TCTGATGCTGCACTACTCTGAGGCCTGTATGGCCCCITTCATCAATATCTATTCAAATA 2716
TACAGGTGCATATATACTTGT TAAAGCTCTTATATAAAAAAGCCCCAAAATATTGAAGT TCATCTGAAATGCAAGCTGC TT TCATCAATGAACCTTTTCAAACTTTTCTATGATTGCAGA 2836
GAAGCTTTTTATATACCCAGCATAACTIGGAAACAGRTATCTCACCTATTICTTAT TTAGT TAACACAAGTGTGATTAATITGATTTCTTTAATTCCTTATTGAATCTTATGTCGATATGAT 2956
T‘I‘TCTGGATTTACAGMCATTAGCACATGTACCTTGTGCCTCCCATTCMGTGMGTTATM‘I‘TTACACTGAGGGTTTCM.MTTCGACTAGAAGTGGA&ATATATTATTTATTTATGCA 3076
CTGTACTGTATTITTATATTIGCTGTITAAAACTTTTAAGCTGTGCCTCACT TATTAAAGCACAAAATCTT TTACCTACTCCTTATTTACGACACAATAAAATAACATCAATACGATTTTITA 3196

GCCTGAATTAAT TTGAAAGCAGCAATTTGCTGTTCTCAACCAT TCTTTCAAGGC T TTTCATT CTTCAAAGT TAATASALAACTAGCACAATAMACTGATGGGTCGCTTTTACAGTTGTICA 3316
TGGATATGTCCTATATTGG TGATGCATCTT TATTGGTGATGCATCTTTATT 3367

Fig. 2. Nucleotide sequence of the full-length cDNA, 5'-flanking as well as 3’~flanking regions, and of exon-iniron splice junctions, Numbering
of the sequence refers to the cDNA sequence and does not count intron sequences. Verlical arrows mark the description stari and termination siles,
The transcription start site has been designated +1. Consensus sequences for exon-intron splice junclions and pyrimidine-rich sequences at splice
acceptor sites are overlined. Intron sequences are printed in lower case letiers. The presumed TATA-box. and polyadenylation sites are underlined.
Dots indicate deviations from the previously published sequences [14,15] and nucleotides number 3259-3293 deviate from the sequence of Thomas
et al. [14). Wavy lines indicaie additional but unused splice acceptor sites and polyadenylation sites. Horizontal arrowheads indicale the start of

the triple-helix and the NH.,- and COOH-terminal globular domains. 307
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Fig. 3. The transcription start site was determined by Sl-analysis (left panel) and by primer exiension analysis (right panel). The same primer (Ext5)

was used for the synthesis of a single-strand antisense fragment for S1-analysis, for primer extension and for sequencing reactions (A C G T lanes).

Left of the panels, a part of the sequence is shown as read from the gel. As a control [or S1-analysis the same amount of the 569 bp antisense [ragment

was applied after incubation without RNA and afier digestion with Si-nuclease under identical conditions. Arrowheads indicate the transcription
slarl sites,

hum AACCATAAT‘IAGTGCTTACCAACTTTGAGCGGAGGAGCT‘I‘AAGCTCAG CGTAAC‘CTCATGTAGTAAGGG--AAAA -36

LT

chk TCAGATAATTACTGCTTACTCTCT-TG C AGGAGCTTATGTTCAGCAGTCACC- -- -AAACT AGGGTGAAAA

hum ACAGTATA.AATA CCACTGAACAGCTCTTGAGA -- GGéACCTTCTGCACTGC L CATCTG GGCAGAGGM GCTT 37

chk TC G &TAAATAGTCA AGGGTGACGGTTGM?TCATCAGCTTCTGCTC ACTCACCAGTGGCAGMGMCTCCTC

Fig. 4. Comparison between the promoter region of human (upper sequence) and chicken (lower sequence). Transcription stars sites are marked
by arrows, Asterisks (") mark identical nucleotides, colons (: ) stand for conserved purines and pyrimidines. A conserved TATA-box is marked by

explain why 92% of the 3189 bp long mRNA are en-
coded by only one exon (exon 3) although other colla-
gen genes have abundant introns [32-34], One would
have to require that the integration happened into the
gene locus of a different gene before type VIII and type
X genes developed separately. The integration of a re-
verse transcript into another gene, yielding a new func-
tional genetic entity, is certainly a rare event. A recom-
binational event later in evolution might, however, have
contributed to conserve the promoter part of this gene
between such distantly related species as chicken and
man (see below and Fig. 4). Browsing through the se-
quence of intron 2 we found indications that the target
of this reintegration process might have been another
collagen gene. 20 nucleotides upstream of the actual
splice acceptor site of exon 3 there is a second non-
utilized splicing signal. Both unused sites, the splice
acceptor site and the lariat forming consensus site in
intron 2, are fairly well conserved [35] (Fig. 2) and up-

308

stream of this sequence in intron 2 we find remnants of
a reading frame coding for several G-X-Y entities.
Sequences upstream of the internal Xhol site (Fig. 1)
were searched for open reading frames (ORFs) which
showed homology to coding regions of known collagen
type X sequences. About 3 kb upstream of exon 3 we
detected a sequence with high homology to exon 2 of
chicken and, as we learned during the course of our
studies, to bovine [13] and mouse [16] exon 2 (Figs. 1
and 2). This designated exon 2 in human comprises 169
nucleotides of which 154 bases are translated and 15
belong te the 5-UTR. We verified the use of this exon
sequence on the RNA icvel by PCR. The published
sequences for exon 2 and 3 [14,15] were in agreement
with our sequence except exchanges of single nucleo-
tides as indicated in Fig. 2 and the described deviation
in the 3'-flanking region.
Sequencing further upstream of exon 2 we discovered
several fairly well conserved splice donor sites [36} in a
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distance of 0.6-1.2 kb. We then decided to test for the
usage of these sites by PCR. We used RNA of freshly
isolated hypertrophic chondrocytes to generate acDNA
with a primer from within exon 3, EROS30 (§'-
CTGGTTTCCCTACAGCTGA-3), and used this
¢DNA for PCR with primers situated about 10 bp 5 of
splice donor consensus sequences. With one of these
upsireamn primers (S’GAGGAAGCTTCAGAAAGC-
TG) and ERO30 as downstream primer we ampli-
fied a fragment which we then cloned and sequenced.
This sequence defined the exon boundaries of exon 3,
2,and 1.

The transcription start site was defined by primer
extension analysis as 81 bp upstream of the determined
splice donor site for exon | (Fig. 3, panel B). This result
was verified by 81-analysis (Fig. 3, panel A). The pre-
ferred transcription initiation was defined as the nucleo-
tide C followed by the nucleotid A in the sequence
S'GAGGCACC (Figs. 2 and 3}, This transcription site
shows a similarity to the inverted consensus sequence
GYCTC [37). Human promoter sequences and portions
of the 5’-UTR are highly homologous to corresponding
chicken sequences. Other processing signals, however,
such as splice donor and acceptor sites do not show such
a high degree of homology. The sequence homology
among human and chicken between the transcription
initiation and the TATA-box is lower than in surround-
ing stretches. This might be due to differently sized
polymerase II complexes in chicken und man, which
prompted a selection for different distances between the
pre- and post-transcription initiation boxes. Another
remarkable feature is a homologous region upstream of
the TATA-box, a direct repeat (-GWGCTTA) (-96 to
=92 and ~74 to —-68). A part of this sequence (nucieo-
tide number —83 to —=72 (Fig. 2} resembles the binding
motif of transcription {actors of the Ets family of pro-
tooncogenes which bind to a purine-rich motif around
a conserved GAG trinucleotide [38]. AT-rich motifs at
a distance of about 100 nucleotides to the transcription
initiation site have also been found in human [39] and
rat [40] and identified as binding sites for INF-1 respec-
tively Pit-1. The sequence of the mouse promoter region
[16] is also sirikingly similar to the human seguence.
One of the few stretches of reduced homology is in fact
the aciual transcription initiation sit¢, surrounded up-
stream and downstream by regions of high conserva-
tion. While the homology to the promoter region of
chicken ends rather abruptly around position —103, it
seems not to be accidental, that upstream of this posi-
tion the A/T-content rises. Such an increase has also
been observed for a second mammalian collagen type
X gene [16).

This complexly regulated gene with its highly con-
served promoter seguences and exon/intron organiza-
tion will be further analyzed in order to contribute to
our understanding of developmental and tissue specific
regulation.
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