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Human collagen «3(VI) chain mRNA (~10 kb) was
cloned and shown by sequence analysis to encode a 25
residue signal peptide, a large N-terminal globule (1804
residues), a central triple helical segment (336 residues)
and a C-terminal globule (803 residues). Some of the
sequence was confirmed by Edman degradation of
peptides. The N-terminal globular segment consists of
nine consecutive 200 residue repeats (N1 to N9) showing
internal homology and also significant identity (17 —25%)
to the A domains of von Willebrand Factor and similar
domains present in some other proteins. Deletions were
found in the N3 and N9 domains of several cDNA clones
suggesting variation of these structures by alternative
splicing. The C-terminal globule starts immediately after
the triple helical segment with two domains C1 (184
residues) and C2 (248 residues) being similar to the N
domains. They are followed by a proline rich, repetitive
segment C3 of 122 residues, with similarity to some
salivary proteins, and domain C4 (89 residues), which
is similar to the type III repeats present in fibronectin
and tenascin. The most C-terminal domain C5 (70
residues) shows 40—50% identity to a variety of serine
protease inhibitors of the Kunitz type. The whole
sequence contains 29 cysteines which are mainly clustered
in short segments connecting domains N1, C1, C2 and
the triple helix, and in the inhibitor domain. Five putative
Arg-Gly-Asp cell-binding sequences are exclusively
localized in the triple helical segment. The globular
domains of human «o1(VI) and «2(VI) chain [Chu et al.
(1989) EMBO J., 8, 1939—1946] are analogous to N1,
C1 and C2 of a3(VI) chain, indicating that its extra
domains have special functions in type VI collagen.
Key words: alternative splicing/microfibrillar collagen/
polypeptide sequences/protease inhibitor/von Willebrand
Factor

Introduction

Type VI collagen is a major component of a group of
ubiquitously occurring tissue microfibrils and consists of
three polypeptide chains, a1(VI), o2(VI) and o3(VI) (Timpl
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and Engel, 1987). As shown by electron microscopy
(Furthmayr ez al., 1983; Jander et al., 1984; von der Mark
et al., 1984) these chains are assembled into a short triple
helix of 105 nm in length, flanked on each side by a large
globular domain. This structure was confirmed by complete
sequence analysis of human (Chu ez al., 1988, 1989) and
chicken (Bonaldo et al., 1989; Koller et al., 1989) a1(VI)
and o2(VI) chains each containing ~ 1000 amino acid
residues with about one-third of them contributing to the
triple helix. Both chains share ~35% identical residues (Chu
et al., 1989) and their genes are located in close proximity
on human chromosome 21 (Weil ez al., 1988). Their globular
structures consist of three 200-residue repeats with similarity
to domains found in von Willebrand Factor, cartilage matrix
protein, some integrins and complement components
(Bonaldo et al., 1989; Chu ez al., 1989; Koller et al., 1989).
This was interpreted to indicate homo- and heterotypic
binding of these globular domains during self assembly and
matrix formation.

The «3(VI) chain is apparently quite different from the
al(VI) and o2(VI) chains with molecular mass estimates
ranging from 200 kd in tissues (Triieb and Winterhalter,
1986) to 250 —260 kd in cell cultures (Engvall et al., 1986;
Colombatti and Bonaldo, 1987; Colombatti et al., 1987).
The size of the triple helical sequences is virtually identical
in all three chains but there are some structures contributed
exclusively by the a3(VI) chain which are essential for
oligomer formation (Chu et al., 1988). In addition, the
selective down-regulation of «3(VI) chain synthesis by
v-interferon was shown to be rate limiting for the secretion
and matrix deposition of type VI collagen (Heckmann et al.,
1989). These data predict further unique structural elements
in the a3(VI) chain not existing in the other type VI collagen
chains. In the present study we have determined the whole
sequence of the «3(VI) chain. The data show structures
homologous to the «al(VI) and a2(VI) chains and 11
additional domains including some with similarity to von
Willebrand Factor, fibronectin, the trypsin inhibitor
aprotinin, and an unusual 122 residue sequence repeat.

Results

Isolation and characterization of cDNA clones

Three cDNA clones (P24, P108 and F376) (Figure 1),
covering 3 kb of a3(VI) chain mRNA, have been isolated
previously from a placenta and a fibroblast cDNA library
and were partially sequenced (Chu er al., 1988). Three
strategies were used to extend the clone repertoire to nearly
the full mRNA length. The insert of P108 was used to screen
an oligo(dT) primed fibroblast cDNA library. Three clones
(FM12, FM20 and FM22) with insert sizes of 3.5—3.8 kb
were characterized and they all shared a 2.2 kb EcoRI
fragment with a short poly(A)* tail at the 3’ end. The
sequence upstream of this EcoRlI site matched the sequence
at the 3’ end of P108. Using a 0.4 kb EcoRI—HindIIl

385




M.-L.Chu et al.

Protein L M9 , N8, N7 N6 N5  Ne N3 N2, N1, TH , C1, C2 (304 (5

¥
CONA I EXy #,8 fRE P OREREHXFH PEer
) 1 T L] Ll L] Ll T ]
0 1 2 3 4 8
“ «-—sp308
S7 | . FM 12 R
R 301 ) FM20 A
R34, A FM 22 A
. R303 F 376 ,
. P 108 ;
L P2 |
;'OA\~ Fo 1 'O“\‘ 1
Lo FO4 .
‘_‘o‘s‘ F0 13 , §: icglkl
F01 :Ps
L 01 - H: Hind I
L FO 22 ) B: Bam HI
L FO 2 N X: Xba I
\ FO9 B
L FOR 6 ,

Fig. 1. Alignment and restriction maps of cDNA clones encoding ~9.9 kb of human «3(VI) chain mRNA. Potential splice sites in clones S27, FOI1,
F04 and FO13 are indicated by a dashed line. A denotes a poly(A) tail. SP 308 locates the position of a primer used to extend the library. On top
the cDNA sequence is correlated with various globular domains (N1 to N9, C1 to C5) and the triple helical segment (TH) predicted for the a3(VI)
chain (see Figure 7). ATG and TAA show the beginning and end of the open reading frame.

CAGTTTGGAGCTCAGTCTTCCACCAARGGC 30
CGTTCAGTTCTCCTGGGCTCCAGCCTCCTGCAAGGAC TGCAAGAGTTTTCCTCCGCAGCTCTGAGTCTCCACTTTTTTGGTGGAGAAAGGC TGCAAARAGAAAAGAGACGCAGTGAGTGGGAARAGTATGCATCCTATTCARACCTAAT 180
TGAATCGAGGAGCCCAGGGACACACGCCTTCAGGTTTGCTCAGGGGTTCATATTTGGTGCTTAGACAAATTCAAKATGAGGAAACATCGGCACTTGCCCTTAGTGGCCGTCTTTIRCCTCTTTCTCTCAGGCTTTCCTACAACTCATGCC 330
MRKHRHLPLVAVEF LFLSGFPTTHA
CAGCAGCAGCMGCAXKMGACTCTGCTGACM‘AHHCCUATTGATGGAIC GGMGIGICMHICGCAGTCATTCTCGACTTCCITGTMATCTCCTIGAGAMCICCCM"GGMCICAG(AGATCCGAGTG 480
QQQQAAQDSADITIFLIDGS [ 1 DFLVNLLE | ] QQ 50
GGGGTGGTCCAGTTTAGCGATGAGCCCAGAACCATGTTTTCCTTGGACACCTACTCCACCAAGGCCCAGGTTCTGGGTGCAGTGAAAGCCCTCGGTTGE TGGTGGGAGTTGGCCAATATCGCTCGCCTTGATTTCGTGGTGGAGAACCAC 630
GVVQFSDEPRTMNFSLBTYSTKAQVLGAVKALG®EG W WELANIARLDFVVENH
TTCACCCGGGCAGGGGGCAGCCGCGTGGAGGAAGGGGTTCCCCAGGTGCTGGTCCTCATAAGTGCCGGGCCTTCTAGTGACGAGATTCGCTACGGGGTGGTAGCACTGAAGCAGGCTAGCGTGTTCTCATTCGGCCTTGEAGCCCAGGLC 760
FTRAGGSRVEEGVPQVLVLISAGPSSODETIRYGVVALKQASVFSFGLGAQA
GCCTCCAGGGCAGAGCTTCAGCACATAGC TACCGATGACAACTTGGTGTTTACTGTCCCGGAATTCCGTAGCTTTGGGGACCTCCAGGAGAAATTACTGCCGTACATTGTTGGCGTGGCCCAARGGCACATTGTCTTGAAACCGCCAACC 930
ASRAELQHTIATODDODNLVFTVPEFRSFGDLQEKLLPYITIVGVAQRHIVLKPPT
ATTGTCACACAAGTCATTGAAGTCAACAAGAGAGACATAGTCTTCCTGGTGGATGGCTCATCTGCACTGGGAC TGGCCAACTTCAATGCCATCCGAGACTTCATTGC TARAGTCATCCAGAGGC TGGARATCGGACAGGATCTTATCCAG 1080
1 VIQVIEVNKRDODIVFLVDGSSALGLANFNAIRDFIAKVYIQRLETIGQDLTIAQ 25
GTGGCAGTGGCCCAGTATGCAGACACTGTGAGGCC TGAATTTTATTTCAATACCCATCCAACAAAAAGGGAAGTCATAACCGCTGTGCGGAAAATGAAGCCCCTGGACGGCTCOGCCCTGTACACGGGCTCTGCTCTAGACTTTGTTCGT 1230
VAVAQYADTVRPEFYFNTHPTKREVITAVRKMKPLDGSALYTGSALDFVR 30

AACAACCTATTCACGAGTTCAGCCGGCTACCGGGC TGCCGAGGGGATTCCTAAGCTTTTGGTGC TGATCACAGGTGGTAAGTCCCTAGATGAAATCAGCCAGCC TGCCCAGGAGC TGAAGAGAAGCAGCATAATGGCCTTTGCCATTGGG 1380
NNLFTSSAGYRAAEGIPKLLVLITGEGEKSLDETISQPAQELKRSSTIMAFATLIG

AACAAGGGTGCCGATCAGGC TGAGC TGGAAGAGATCGCTTTCGACTCCTCCCTGGTGTTCATCCCAGCTGAGTTCCGAGCCGCCCCATTGCAAGGCATGCTGCCTGGCTTGCTGGCACCTCTCAGGACCCTCTCTGGAACCCCTGAAGTT 1530
NKGADOQAELETETIAFDSSLVFIPAEFRAAPLQGHLPGLLAPLRTLSGTPEVW

CAC CMACMAMAGMATCATCI’TTCTITTGGATGGATCMCCMCGTTGGMMACCMTTTCCC"ATGIGCGCGACTTTGTMYGMCCYAGTTMCAGCCTTGATAI’TGGAMTGACMTATTCGTGTTGGTTTAGTGCMI’TT 1680
HSNK 1 F LDGS F P R D L N DIe IR G LV QF 450

AGTGACACTCCTGTAACGGAGTTCTCTTTAAACACATACCAGACCAAGTCAGATATCCTTGGTCATC TGAGGCAGC TGCAGC TCCAGGGAGG TTCGGGCC TGAACACAGGC TCAGCCCTAAGCTATGTCTATGCCARCCACTTCACGGAA 1830
SOTPVTEFSLNTYQTKSDILGHLRQLQLQGGSGLNTGSALSYVYANHKFTE 50

GCTGGCGGCAGCAGGATCCGTGAACACGTGCCGCAGC TCCTGCTTCTGC TCACAGCTGGGCAGTCTGAGGACTCCTATTTGCAAGC TGCCAACGCC TTGACACGCGCGGGCATCCTGAC TTTTIAIGTGGGAGC TAGCCAGGCGAATAAG 1980
AGGSRIREMHNVPQLLLLLTAGQSEDSYLQAANALTRAGILTEF VGASQANK 55

GCAGAGCTTGAGCAGATTGCTTTT] TGGTGTATCTCATGGATGATTTCAGCTCCCTGCCAGCTTTGCCTCAGCAGC TGATTCAGCCCCTAACCACATATGTTAGTGGAGGTG TGGAGGAAGTACCACTCGCTCAGCCAGAG 2130
AELEQTIAF LVYLMNDOFSSLPALPQQLIQPLTTYVSGGVEEVPLAQEPE 600

AGCMGCGAGMATTCTGTTCCTCTTTGACGGCTCAGCCMTCTTGTGGGCCAGITtCCTGTTG‘I’CCGTGACYI'lCTCYACMGATTAYCGATGM;CTCMTGTW&CCAGAGGGGACCCGMTTGCGGYGGCTCABTACAGCGATGAT 2280
S KR L D GS Q vy 0 1 E 1 Q S DD 650

GTCM“TGNTCCCGITTIGATGAGCACCMTMGCCIGMMCC'IGMTC‘HGIGMGAGMTGWYCMGACGGGCMABCCCTCMCCTGGG(TACGCGUGGACTATGCACAGAGGTACAYT"TGTGMMCTGCTGGC 2430
ESRFDE Qs E1 LVKRMNKIKTGK N G DY AQR 1 S

AGCCGGATCMYGGAGTG(TTCAGTTCCTGGTGCTGCTGGYCGCAGGMBG1CAYCTGMCGYGTGGAIGG\.CCAG(WTMCCYGMGCAGAG‘IGGGGTTGYGCCTTTCATCTTCCMBCCMMGCABACCCTGCTGMITA 2580
SRIEDGYV QFLVLL N 0GP SN Qs 6v FQAKN 0 E 750

GAGUMTCG‘ICC‘IGTCICCAGCGTTTATCC1GGCTGCAGAG'(CGCTTCCCAMAITGGAGATCTI’CATCCACAGAIAGTGMTCTCTIAMATCAGTGCACMCGGAGCACCMCMCMI"CAGGTGMGWGIGGTGTTTCIG 2730
EQI H It ES Q1! N APAPVSGEKD F L 800

CPUTB?T&TWGVCMMSRCGgCY}CCCTCTCTTGMAGAGITTGTCCMAGAG'IGGTGGMCCTGGATGYGGGCCAGGACCGGGTCCGCGTCGCCGTGGTGCMTWWCGGACCMCCGM"C TMCYWT 2880

Lt EFVQRVVESLDYV Q v Q S RTRPETF L 850
YCATKMWG‘ICGTMCCTGICCGCCAGCIWCCYGCYGGHSGGCCWCCCCMCWC“CCYmmGTCt'ImATCCYGGTWTCTGCCGWIMCWUGIGCCC 3030
SYNNKQOVVNAVRQLTLLGEGTY P TGAALETF L S SAGSRITEG P 900

CAGCTGCTGATCGTCCTCACGGCCGACAGGTCTGGGGATGATGTGCGGAACCCCTCCGTGGTCGTGAAGAGGGGTGGGGCTGTGCCCATTGGCATTGGCATCGGGAACGC TGACATCACAGAGATGCAGACCATCTCCTTCATCCCGGAC 3180
QLLIVLTADRSGDDVR VVVKRGGAVPIG!IGIGNADITEMNQTISFIPD 95
TTTGCCGTGGCCATTCCCACCTTTCGCCAGC TGGGGACCG TCCAACAGGTCATC TCTGAGAGGG TGACCCAGC TCACCCGCGAGGAGC TGAGCAGGC TG CAGCCGGYG"GCAGCCICTACCGAGCCCAGGTGI’TGGTGGC
fAVAlPIFRQLGTVQQVlSERVlQLTREELSRL‘QPV Q S PG GGM‘“GG%‘c 3330

1000

GTGGTCTTTCICATCGMGGGTCCCMTGCCGGGCCTGAGTTCCAGIACGTICGCACCCICATAGAGAGGCTGGUGACIM'CI’GGMGYGGGCI’TTGACACCACCCGGGTGGCTGTCATCCAGTTCAGCGATGACCCCMEGCGGAG 3
VVFLIDGSQSAGPETFQQ v TLIERL 0 Lo GFOTT qQ s00 KAEIOSO‘BO

TTCCTGCTGAACGCCCATTCCAGCAAGGATGAAGTGCAGAACGCGGTGCAGCGGC TGAGGCCCAAGGGAGGGCGGCAGATCAACGTGGGCAATGCCC TGGAGTACG TGTCCAGGAACATC TTCAAGAGGCCCC TGGGGAGCCGCATTGAA 3630
FLLNAHSSKDEVQNAVQRLRPKGGROQTINVGNALEYVSRNIFKRPLGSRTIE 1100
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Structure of globular domains in type VI collagen 3 chain

GAGGGCGTCCCACAGTTCCTGGTCCTCATCTCGTCTGGAAAGTCTGACGATGAGGTGGTCGTCCCGGCGGTGGAGC TCAAGCAGTTTGGCGTGGCCCCTTTCACGATCGCCAGGAACGCAGACCAGGAGGAGC TGGTGAAGATCTCGCTG 3780
EGVPQFLVLISSGKSDDEVVVPAVELKQFGVAPFTIARNADAO QETETLUVKTISTL 1S

v
AGCCCCGAATATGTGTTCTCGGTGAGCACCTTCCGGGAGC TGCCCAGCC TGGAGCAGAAACTGC TGACGCCCATCACGACCC TGACCTCAGAGCAGATCCAGAAGCTCTTAGCCAGCACTCGCTATCCACCTCCAGCAGTTGAGAGTGAT 3930
S PEYVFSVSTFRELPSLEQKLLTPITTLTITSEQIQKLLASTRYPPPAVESD I200
GCTGCAGACATTGTCTTTCTGATCGACAGCTCTGAGGGAGTTAGGCCAGATGGC TTTGCACATATTCGAGATTTTGTTAGCAGGATTGTTCGAAGAC TCAACATCGGCCCCAGTAAAGTGAGAGTTGGGGTCGTGCAGTTCAGCAATGAT 4080
AADIVFLIODSSEGVRPDOGEFAHIRDFUVSRIVRRLNIGPSKVRVGVVQFSNDI2N
GTCTTCCCAGAATTCTATCTGAAAACCTACAGATCCCAGGCCCCGGTGC TGGACGCCATACGGCGCC TGAGGC TCAGAGGGGGGTCCCCAC TGAACACTGGCAAGGC TCTCGAATTTGTGGCAAGAAACCTCTTTGTTAAGTCTGCGGGG 4230
VFPEFYLKTYRSQAPVLDAIRRLRLRGGS®PLNTGKALETFVARNLEFVKSAGI300

4
1350
CAGACCATCACCAATGACCCCAGACTGGTCTTCACAG TGCGAGAGTTCAGAGAGC TTCCCAACATAGAAGAAAGAATCATGAACTCGTTTGGACCCTCCGCAGCCACTCCTGCACCTCCAGGGS TGGACACCCCTCCTCCTTCACGGCCA 4530
QT I TNDODPRLVFTVREFRELPNTIEERIMNMNSTFGPSAATPAPPGVYVDTPPPSRP 1400

AGTCGCATAGAAGACGGGGTGCCCCAACACCTGGTCCTGGTCCTGGGTGGAAAATCCCAGGACGATGTGTCCAGGTTCGCCCAGGTGATCCGTTCCTCGGGCATTGTGAGTTTAGGGG TAGGAGACCGGAACATCGACAGAACAGAGCTG
SRIEDGVPQHLVLVLGGKSQDDVSRFAQVIRSSGIVSLGVGDRNIDRTETL

GAGMGMGMAGCAGACATTGTGTTCC\'GTTGGATGGTTCCATCMCTTCAGGAGGGACAG1TTCCAGGA,\GTGCTTCGTT"GTGICIGMATAGTGGACACAGTTTATGAAGATGGCGACTCCATCCMGIGGGGCTTGTCCAGTAC 4680
E K K K DI VF LDGSIN oS QE E1 EDGDSTIAQ G L Q Y 1450
AACTCTGACCCCACTGACGAATTCTTCCTGAAGGACTTCTCTACCAAGAGGCAGAT TATTGACGCCATCAACAAAGTGG TCTACAAAGGGGGAAGACACGCCAACAC TAAGGTGGGCC TTGAGCACCTGCGGGTAAACCACTTTGTGCCT 4830
NSOPTODEFFLKDFSTKRQITITDATINKXKVYVYKGGRHANTXKVGLEHLRVNEHEFVP 150

GAGGCAGGCAGCCGCCTGGACCAGCGGGTCCCTCAGATTGCCTTTGTGATCACGGGAGGARAGTCGGTGGAAGATGCACAGGATGTGAGCCTGGCCC TCACCCAGAGGGGGGTCAAAGTGTTTGC TG TTGGAGTGAGGAATATCGACTCG 4980
EAGSRLOQRYPQIAFVITGGKSVEDAQDVSLALTQRGVEKVFAVGVRNTIDS IS

GAGGAGGTTGGAMGATAMGYCCMCAGCGCCACAGCGTTCCGCGTGGGCMCGTCCAGGAGCTCTCCGMCYGAGCGAGCMGTTTTGGAMCWTCGATGATGCGATCGATGAMCCCTT CCTGGTG"M{TGAYGCTGCCMA 5130
EEVGKIASNS 6 QELSELSEDRQ F 1 PG T A 1600

GCT BMTCTGGATGTGATTCTGGGGTTTGATGGTTCTAGAGACCAGMTGTTﬂTGTGGCCCAGMGGGCTTCGAGTCCMGGTGGACGCCATCTTGMCMMTCAGCCAGATGCACAGGGTCAGCESAGCGGTGGCCGUCGCCC
A N LDOVILGFDGSRDI QNVEFVAQKGS GEFESKVDATILNRTISIQMHRVS S GGRSP

5280
1650

ACCGTGCGTGTGTCAGTGGTGGCCAACACGCCCTCGGGCCCGGTGGAGGCC TTTGACTTTGACGAGTACCAGCCAGAGATGC TCGAGAAGTTCCGGAACATGCGCAGCCAGCACCCCTACGTCC TCACGGAGGACACCCTGAAGGTCTAC 5430
TVRVSVVANTPSGPVEAFDTFDETYQPEMLEKFRNMRSAQHPYVLTEDTLEKVYI00

CTGAACAAGTTCAGACAGTCC TCGCCGGACAGCGTGAAGGTGGTCATTCATTTTAC TGATGGAGCAGACGGAGATC TGGC TGATTTACACAGAGCATC TGAGAACC TCCGCCAAGAAGGAGTCCGTGCCTTGATCCTGGTGGGCCTTGAA 5580
LNKFRQSSPDSVKVYVVIHFTDGADGDOLADLHRASENLRQEGVRALILVGLELDD

CGAGTGGTCN\CTTGGAGCGGCTMTGCAIUGGAGTTTGGGCGAGGGTTTATGTATGACAGGCCCCTGAGGCTTMCTTGCYGGACTTGGATTHGMCTAGCGGAGCAGC TTGACMCAY IGCCGAGMAGCT&(%GGGGTTCCC 5730
R ERL E G G 0 P 0 0 3 EQLOD ! G vV P 1800
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S S G 1 [ G G0 GG Q61
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ATTGCYGAGAGCMCT CCGACGGGGGCC(GGGIGGCTUGGTCACCTACN-CMCGI-GGTGACCACGGAGAYCCGGITTGCTG»-CI(CAI- A5CARGTCCGTCCTCCTOEACALCATTARGARCCTTCAGGTGGCTCTGACATCCAAA
1 3 TEILRTF 2 S KR KSVLLDKXTIT ®XNLQVALTSK

CAGCAGAGTCTGGAGACTGCCATGTCGTTTGTGGCCAGGAACACATTTAAGCGTGTGACGAACGGATTCCTAATGAGGARAGTGGL TGTTTTCTTCAGCASCACACCCACARGAGCATCCCCACAGCTCAGAGASGCTGTGCTCALACTC
QQSLETAMNMSFVARNTEFKRVRNGFLMRKVYVAVEFFSNT®?TRASPIQLREAVLKL

TCAGATGCGGGGATCACCCCCTTGTTCC TTACAAGGCAGGAAGACCGGCAGC TCATCAACGCTTTGCAGATCARTAACACAGCAGTGGGGCATGCGCTTGTLCTGCCTGCAGGGAGAGACCTCACAGACTTCCTGGAGAATGTCCTCACG 7383
SOAG I TPLFLTRQEDRQLINALQIMRTIAVGHALVLPAGRDLTITDFLEHNUVLT?2

TRICATGTTTALTTGGACATCTGEAACATCGACCCATCCTGTGGATTTGGCAGTTGGAGGCCTTCCTTCAGGGACAGGAGAGCGGCAGGGAGTGATGTGGACATCGACATGGCTTTCATCTTAGACAGCGCTGAGACCACCACCCTRTTC 7530
RV L 01 N 1 0P S()GFGSWRPSFRDRRAAGS v DM AF I LDSAETTTLF 2600

ucnwrc:«wcuwsuauccmccrccrcmcnummc/.cccu ATCCCAAGGCCTCCCAGCACTTCOCCAGAGTGGCAGTTGTGCAGCACGCGCCCTCTGEGTCCOTGGACAATGCCAGCATGCCACCTGTG 7680
Q NE 1 YLV Q 0 POPKASQHFARVAVVQHAPSESVONKSIINP PV 260

AAGGTGGAATTCTCCCTGACTGACTATGGC TCCAAGGAGAAGC TGGTGGACTTCCTCAGCAGGGGAATGACACAGTTGCAGGGAACCAGGGCCTTAGGCAGTGCCATTGAATACACCATAGAGAATGTCTTTGAAAGTGCCCCARACCCA 7830
KVEFSLTODYGSKEKLVDFLSRGMNTQLQGTRALGSAIEYTIENVFESAPNTP?Z?
CGGGMCTGMMTTGTGGTCCTGATGCTGA{GGGCGAGGTGCCGGAGCAGCAGCTGGAGGAGGCCCAGAGAGTCAYCCYGCAGGCCW MGGGCTACTT(TTCGTGGTCCYGGGCAITGGCAGGMGGTGMCATCMGGAGGTA 7980
0 1 L G E EQQ EE Q 1 Q G G 16 1 K E v 2550
TACACCTTCGCCAGTGAGCCAAACGACGTCTTCTTCAAATTAGTGGACAAGTCCACCGAGC TCAACGAGGAGCCTTTGATGCGCTTCGGGAGGCTGTTGCCGTCCTTCGTCAGCAGTGAAAATGCTTTTTACTTIGTCCCCAGATATCAGG 8130
YTFASEPNDVFFXLVDKSTELNEEPLMRFGRLLPSFUVSSENAFYLSPDTI R 200

AMCAG unccnccmcmcwccuwwcncrmcmccmcwmrwrcnccwmemmmucrccucnccuccmmcwucwcccccmmacwwcccccIG 8280
Kk Q@D WFQGDQPTKNLV G Q NEVTTSs sPTSNPVT K PV 2650

AgCAgCAFrAACMAGCCTGTMCCACCA(AACMAGCCTGTGACYATTAYAMTtaGCCATgTGTGMGCEAGCCG(1GCAMGCCGGCCCCTGCGAMLCTGYGGCYGCCMGCC TGTGGCCACMAGALGGCCACTG"AGACCCC(A oBlBO
v i P 270

GTGGCGGTGMGCCAGCMCAGCAGCGMGCCTGYAGCAGUAAGCCAGCAGCYGTMGACCCCCCG(TGCTG(TGCAAMCCAGTGGCGA(CMGCCYGAGGYCCCTAGGCCA(AGGCAGCCAMCCAGCYGCCACCMGCCAGCCMC 8580
KPAT AKPVAAKTPAA E Q A K P AT 2750

ACTAAGCCCGTGGTTAAGATGC TCCGTGAAGTCCAGG TGTTTGAGATAACAGAGAACAGCGCCAAAC TCCACTGGGAGAGGCCTGAGCCCCCCGGTCCTTATTTTTATGACCTCACCGTCACCTCAGCCCATGATCAGTCCCTGETTCTG 8730
TKPVVKMNLREVQVEFEITENSAKLHWERPEPPGPYFYDLTVTSAHDQSLVL 280

AAGCAGAACCTCACGGTCACGGACCGCGTCATTGGAGGCCTGCTCGCTGGGCAGACATACCATGTGGCTGTGGTCT) YACCTGAGG'ICT(AGGYCAGAGCCA(CYA(CMGGMGTTTCAGTACAMGAMTCTCAGCCCCCACCTC(A 8880
K QI DV TITORVIGGELLAGQTYHVAVY s Q T 6 S FSTKKSQ P 2850

WTU&CWCTMWMCATCMYCIMTWTMKMMTTGGCTCIMTWTHAI TTGCCGAAAGACGAAGGAAC GGATTT(ATATTAMATGGTACYAY&AICCMACKC 9030
QPARSASSS 1 H [3 ALTE 01 K41 P KXKDEGT 1 2900

A:AMSBCT GCAAgATTCl’GGIAYGﬁAGGTT WYGGAMCG?MACMAT;TGEATgACMM GAMM‘.GTTT “TCCTGYGCICGCCMﬁcctﬁgmYCMCAEYGIGATGWUMGCGTGGGTGGCCMCMC 9180
N LI S v 1 4

ATATACCTC TTGAAGAAGAAGGAGTCAGCCATCGCCAACTTGTCTCTGTAGAAGCTCCGGG TG TAGATTCCCTTGCACTGTATCATTTCATGCTTTGATTTACACTCGAACTCGGGAGGGAACATCCTGCTGCATGACCTATCAGTATGE 9330
TGCTAATGTGTCTGTGGACCCTCGCTCTCTGTCTCCAGCAGTTCTCTCGAATACTTTGAATGTTGTGTAACAGTTAGCCACTGCTGGTGTTTATGTGAACATTCCTATCAATCCAAATTCCCTCTGGAGTTTCATGTTATGCCTGTTGCA 9380
GGCAAATGTAAAGTCTAGAAAATAATGCAAATGTCACGGC TACTCTATATACTTTTGCTTGGTTCATTTTTTTTCCC TTTTAGTTAAGCATGAC TTTAGATGGGAAGCC TGTGTATCGTGGAGAAACAAGAGACCAACTTTTTCATTCCC 9630
TGCCCCCMWCCCAGACIAGATTTCMGCTMﬁCﬁCTGMGCCTCTMCAMTGAYCYAGTTCAGMGGMGCMMTCCCTTMTCTATGTGCACCGTTGGGACCMTGCCTTMTTAMGMﬁMMMGﬂGTMT 9780
AGAGAATATTTTTGGCATTCCTCTCAATGTTGTGTGTTTTTTTTTTTTGTGTGCTGGAGGGAGGCGATTTARTTTTAATTTTAAAATG T T TAGGAARTTTATACAAAGAMACT TTTTAATAAAGTATATTGAMGT TTAAMMAAAAAAAM 9930

Fig. 2. Nucleotide and deduced amino acid sequence of the human a3(VI) chain. A polyadenylation signal in the 3’ non-coding region is underlined.
Open arrow heads denote two deletions found in several cDNA clones (see Figure 1). The predicted signal peptide cleavage site (von Heijne, 1986)
is numbered —1. The second best prediction (—5/—6) is less compatible with the overall structure of signal peptides (von Heijne, 1985). The
beginning and end of the triple helical segment (Chu et al., 1988) is marked by solid arrow heads. Cys residues are circled and potential
N-glycosylation sites (NXT, NXS) and cell binding sites (RGD) are shown in boxes. Peptide sequences confirmed by Edman degradation are
underlined. An asterisk after P and K indicates hydroxylation as determined previously by Edman degradation (Chu et al., 1988). Overlined
sequences in the 3’ non-coding region are T-rich segments implicated in mRNA stability.
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fragment from the 5’ end of F376, we isolated from a primer
extension library an overlapping 1.6 kb clone S27. Probing
a random primed cDNA library with the insert of S27 yielded
several more clones with insert sizes of either 0.6, 1.2 or
1.8 kb (R314, R303 or R301) (Figure 1). All these clones
including S27 did not extend beyond an internal EcoRI site
of a3(VI) mRNA (~2.9 kb from 5’ end) which apparently
was not well protected by EcoRI methylase. In order to
overcome this obstacle, we constructed another cDNA
library using EcoRI adaptors instead of linkers, thereby
eliminating the subsequent EcoRI digestion step. Screening
of this library with a 0.4 kb EcoRI— PstI fragment from the
5’ end of S27 yielded 30 cDNA clones (FO series) (Figure
1) with inserts in the range 2.0—5.5 kb and containing
several internal EcoRlI sites. Together all these clones cover
~9.9 kb of «3(VI) mRNA (Figure 1).

Restriction enzyme mapping and/or sequence analysis of
the various cDNA clones showed that some of them
contained one or two deletions of 501 and 597 nt respectively
(Figures 1 and 2). Since identical deletions were found in
at least two independent clones they do not represent artifacts
of the cDNA libraries but rather indicate alternative splicing
of a3(VI) mRNA (see Discussion).

Nucleotide sequence of a3(VI) chain mRNA and
deduced amino acid sequence

The various cDNA clones allowed us to determine a
continuous sequence of 9930 nt with an open reading frame
of 8904 nt (Figure 2). The open reading frame is preceeded
at the 5’ end by a short non-coding region (255 nt) and is
followed at the 3’ end by another 759 nt non-coding region
with several stop codons in each reading frame and a short
poly(A)™* tail. A typical polyadenylation signal (AATAAA)
starts 21 nt upstream of the poly(A) tail. The deduced amino

acid sequence indicates a short signal peptide (25 residues),
a large N-terminal (1804 residues) and C-terminal globule
(803 residues), which are connected by a short triple helical
segment (336 residues) characterized by repetitive Gly-X-
Y triplets (Figure 2).

There is an apparent clustering of some functional amino
acid residues in certain sections of the analyzed sequence
(Figure 2). The 29 Cys residues are mainly restricted to the
triple helical and C-terminal globular segments with some
more found in the proximal and more distal portions of the
N-terminal globule. A similar unequal distribution apparently
exists for Asn residues present in nine N-linked glycosyla-
tion sites. The five putative RGD cell binding sites are
exclusively localized within the triple helical segment.

An interesting feature of the 3’ non-coding region is its
high AT content (72%) in the last 200 nt. In particular, long
runs of Ts and a motif of one A followed by three or more
Ts occur frequently in a region upstream of the poly(A)*
tail (overlined in Figure 2). Similar sequence motifs have
been found in the 3’ non-coding regions of many transiently
expressed mRNAs, e.g. those coding for oncogenes,
cytokines and lymphokines (Shaw and Kamen, 1986; Caput
et al., 1986) and were implicated as a recognition signal for
the selective degradation of these mRNAs.

Sequence of peptides obtained from the globular
domains of a3(VI) chain

About 50% of the triple helical sequence of the o3(VI) chain
was previously supported by Edman degradation of peptides
(Chu et al., 1987, 1988) and has allowed the unequivocal
identification of cDNA clones. Additional support was
obtained from a globular segment NC1 (Odermatt et al.,
1983; Kuo ez al., 1989) which showed a characteristic HPLC
profile of its tryptic peptides (Figure 3). Most of the major

01
(2152)
(23400
(2340)
g (2213)
© 005F (22m
I @
@ B
o
< <1100
o (2278) (2300)
2
o
< (2289) 80
460
Op WM {0
-—: R 420

60 80 100 120

I I 1
140 160 180

Elution time, min

Fig. 3. HPLC separation of tryptic peptides obtained from fragment NC1 which corresponds to the C1 domain of a3(VI) chain. The starting
positions (see Figure 2) of identified sequences are denoted on top of individual peaks. The digest was separated on a C,g column equilibrated in
0.1% trifluoroacetic acid which was eluted by an acetonitril (B) gradient (0—95%) as indicated by the dashed line.
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peaks were sequenced and shown to fit exclusively to a
section of the C-terminal globule within positions 2140—
2365 (Figure 2) which is in agreement with the size estimate
for this NC1 fragment. Sequence data for the N-terminal
globule were obtained from 14 small peptides obtained from
some other collagenase-resistant peptides with Lys-C
protease and from pepsin solubilized collagen (Chu et al.,
1987, 1989). The peptide sequences fitted within positions
341—1804 of the sequence (Figure 2). Thus, ~20% of the
c¢DNA sequence was confirmed for the globular domains
available in the form of large fragments.

Comparison of amino acid sequences within distinct
domains of a3(VI) chain

Sequence comparison of both globules for internal repeats
and in comparison with other proteins revealed a number
of interesting features, indicating that the globules of a3(VI)
chain are organized in 14 different domains referred to as
N9 to N1 and C1 to CS (Figures 1 and 7). Domains N9
to N2 found in the N-terminal region are of rather uniform
size (~200 residues) and show 31—40% identity (Figure
4). These domains show a distinct similarity to the three A
domains of von Willebrand Factor (Titani et al., 1986; Titani
and Walsh, 1988) and two similar domains found in a
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Structure of globular domains in type VI collagen o3 chain

cartilage matrix protein (Kiss et al., 1989) which share
17—-25% identical residues. As discussed previously (Chu
et al., 1989) some integrins and complement components
possess similar domains.

Three more domains, N1, C1 and C2, which are more
variable in size (184 —248 residues) are located directly at
the N- and C-terminal sites of the triple helix. They show
a lower internal identity and identity to domain N2 of ~21%
(alignment scores 2.1—5.8 SD; Table I) but are still of
distinct similarity to N9 to N2. Their identities to the A
domains of von Willebrand Factor and cartilage matrix
protein are, however, rather low (11—14%). These three
domains occupy positions in a3(VI) chain corresponding to
the whole globular segments of the «1(VI) and o2(VI) chains
(Bonaldo et al., 1989; Chu et al., 1989; Koller et al., 1989).
A comparison of these regions in all three chains (Table I)
shows identity in the range 18 —42% with a large variation
of alignment scores (0.9—19.3 SD). The highest scores were
observed in the comparison of analogous domains of a1(VI)
and o2(VI) chains while the corresponding domains of
a3(VI) were distinctly less similar. A particularly low and
probably insignificant score (0.9—2.2 SD) was obtained for
the N1 domains. Among the comparisons with other proteins
a remarkable 32 % identity was observed between a central
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Fig. 4. Alignment of the sequences of domains N9 to N2 of a3(VI) chain and comparison with the Al domain of human von Willebrand Factor
(VWF-A1). Residues which are identical in at least five out of the nine compared sequences are shown in boxes. Odd Cys residues of N9, N7 and
vWF-A1 not found in the other sequences are shown by circles. The sequence of VWF (Titani et al., 1986) was taken from published data. Position -

numbers refer to those shown in Figure 2.
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Table 1. Sequence comparison of the 200 residue domains N2, N1, C1 and C2 of a3(VI) chain with each other and with homologous domains of

a2(VI) and a1(VI) chain

% identity (alignment score) in comparison with

Domain a3(VD) a2(VD) al(VD)
N1 Cl1 C2 N1 Cl1 C2 N1 Cl1 C2

a3(VI)N2 212.8) 20(5.7) 21(3.0) 23(4.4) 27(5.1) 21(6.0) 22 3.9 28 (6.5) 21 (4.4
a3(VDNI1 - 21(5.8) 212.9) 18(2.2) 21(4.4) 19(4.6) 20 (0.9 19 2.3) 23 4.8
a3(VD)C1 - - 222.1) 21(1.9) 25(5.7) 21(5.6) 21 (1.3) 21 (5.9 19 4.2)
a3(VD)C2 - - - 19(1.3) 21(8.1) 19(5.0) 17 (1.8) 25 (6.8) 19 (7.3)
a2(VI)N1 - - - - 26(4.8) 26(4.3) 35(14.2) 24 (5.8) 18 (3.5)
a2(VI)C1 - - - - - 21(6.4) 26 (5.9 42(19.3) 24 (6.2)
a2(VDC2 - - - - - - 19 3.2) 17 (5.5) 22(10.6)
al(VI)N1 - - - - - - - 29 (8.6) 24 (6.5)
al(VD)C1 - - - - - - - - 23 (6.7)

Determined with the program PIRALIGN and expressed as % identical residues and alignment scores given in SD units. Values of 3.09, 4.75, 6 and

9.26 SD correspond to probabilities of 1073, 1076,

107% and 10~% respectively, for being similar by chance. Sequence data were taken from

Figure 2 and from Chu et al. (1989) for the human al(VI) and 2(VI) chains.
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Fig. 5. Comparison of the C-terminal globular domains C1, C4 and C5 of «3(VI) chain with homologous protein sequences. (A) FN denotes the

ninth type III repeat in human fibronectin (Kornblihtt et al.,

1985). Asterisks above the sequence denote residues which are almost invariant in the
type III repeats found in human fibronectin and chick tenascin/cytotactin (Kornblihtt e al.,

1985; Jones et al., 1989). (B) Comparison with bovine

aprotinin (AP) (Kassell and Laskowski, 1965), the human urinary trypsin inhibitor (HUTI) (Wachter and Hochstrasser, 1981) and similar domains

found in a human amyloid protein (HAP) (Ponte et al.,

1988) and a lipoprotein associated coagulation inhibitor (HLCI) (Wun e al.,

1988). An

asterisk denotes R or K within the active site. (C) Comparison of the C-terminal end of C1 with an internal sequence of human a-actin (ACT)

(Hanauer et al.,

1983). A 14 residue sequence motif found in several actin binding proteins (Tellam ez al.,

1989) is underlined. Identical residues are

boxed; numbers refer to the positions of Figure 2 and those in the compared protein sequences.

segment of -actin (Hanauer et al., 1983) and a 78-residue
sequence located at the C-terminal end of the a3(VI) chain
C1 domain (Figure 5C).

Three other domains C3, C4 and CS are predicted for the
most distal sequence of the a3(VI) C-terminal globule. They
lack any relationship to the other globular domains of the
a3(VI) chain and are not found in the o1(VI) and o2(VI)
chains. The 122-residue domain C3 shows a unique
composition with Lys, Pro, Thr, Ala and Val contributing
to 90% of the sequence. This domain is characterized by
rather invariant 22-fold repeats of the Lys-Pro sequence (KP
repeat) which are separated from each other by two to five
other residues (Figure 6). A similar (37% identity), but

390

somewhat larger domain with less variable repeats (spacings
mainly Thr-Thr-Thr), is found in the salivary glue protein
sgs-3 of Drosophila (Garfinkel et al., 1983). Further
significant identities (22—31%) were found for several
human proline rich salivary proteins (Ayen et al., 1984;
Kauffman et al., 1986), calpain inhibitor (Emori et al., 1987)
and several H1 histones (Golas and Wells, 1985; Ohe et al.,
1986). Such identities may, however, reflect the uniform
sequence rather than structural or functional relationships.

A 89 residue segment C4 directly adjacent to C3 has
features typical of type III domains originally detected in
fibronectin (Peterson et al., 1983). This identification is
mainly based on the preservation of size and several invariant
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Fig. 6. Internal alignment of the repetitive sequence present in domain C3 of the a3(VI) chain. The alignment in segments of 20—25 residues
followed a similar one for human proline rich salivary protein (Ayen et al., 1984) keeping the most conserved KP repeat (shown in boxes) in

invariant positions. The numbering is different to that of Figure 2.
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Fig. 7. Schematic diagram of the mosaic structure of the human a3(VI) chain which consists of N-terminal globular domains N9 to N1, a triple
helical segment (TH) and C-terminal globular domains C1 to C5 and comparison to the domain structures of the a1(VI) and «2(VI) chains. Short
horizontal lines indicate small connecting segments. Localization of N-glycosylation sites (O) and cysteine residues (vertical lines) with additional
numbers when clustered are indicated. Most obvious homologies to other proteins are indicated, including A domains of von Willebrand Factor
(VWF-A), cartilage matrix protein (CMP), type III domain of fibronectin (II) and aprotinin (AP). KP repeat refers to a repetitive sequence similar to
those of salivary proteins. The domain organization of human «1(VI) and o2(VI) chains was reported by Chu er al. (1989). The two splice sites
refer to those shown for several clones in Figure 1. The scale of amino acid numbers (aa) is shown above.

amino acid residues (Figure 5A) since the identity (18%)
to the best fitting domain of human fibronectin (Kornblihtt
et al., 1985) is rather low. The identification of several
similar type III domains in the extracellular matrix protein
tenascin/cytotactin has been based on analogous considera-
tions (Jones et al., 1989; Spring er al., 1989).

The last 70 residue segment of the C-terminal globule
(domain C5) shows six cysteines located within 51 residues
and 42 % identity (Figure 5B) to a comparable segment of
the trypsin inhibitor aprotinin (Kassell and Laskowski, 1965).
Even higher identities up to 50% were found for some related
proteins, e.g. human urinary trypsin inhibitor (Wachter and
Hochstrasser, 1981) and a lipoprotein associated coagulation
inhibitor (Wun et al., 1988) among many other serine
protease inhibitors (Laskowski and Kato, 1980).
Homologous proteins include also a recently described
amyloid protein (Ponte et al., 1988; Tanzi er al., 1988;
Kitaguchi et al., 1988). The identity to «3(VI) domain C5
is not restricted to just the Cys residues but involves several
more invariant Gly, Asn, Tyr, Phe residues (Figure 5B) and
a basic amino acid in the active inhibitor (P1) site (position
11 of CS in Figure 5B, corresponding to position 15 in
aprotinin).

Discussion

The whole amino acid sequence of the mature human
collagen o3(VI) chain (2943 positions) predicts a molecular
mass of ~340 kd (including some glycosylation). This is
a 30% higher mass than estimated previously from electro-
phoretic analyses (Engvall et al., 1986; Triieb and
Winterhalter, 1986; Colombatti et al., 1987). It could
indicate a low accuracy of the electrophoretic assay as found
before in similar molecular mass estimates for fibronectin
(Kornblihtt et al., 1985; Ruoslahti, 1988) or limited
processing of the «3(VI) chain. Results of Edman
degradation (Figure 2) demonstrated the presence of globular
domains N1 to N8 and C1 (Figure 7) in the tissue form of
type VI collagen. The N-terminal domains very likely
correspond to a 160 kd fragment released from the a3(VI)
chain by collagenase (Triieb and Winterhalter, 1986), while
the same study failed to identify a 90—100 kd fragment
which could correspond to the whole C-terminal globule.
These findings suggest processing of the C-terminal globule
including the release of the putative inhibitor domain C5
despite the failure to show substantial processing in cell
culture (Colombatti and Bonaldo, 1987). No such processing
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has been found, however, for the a1(VI) and o2(VI) chain
(Chu et al., 1989).

Further differences between the three chains of type VI
collagen exist in their sizes (Figure 7). They share a triple
helical segment of identical length and three similar globular
domains, N1, C1 and C2. The similarity of these domains
is larger between a1(VI) and a2(VI) chains when compared
with the a3(VI) chain (Table I). Assuming that all three
chains originated from a common ancestral precursor, this
observation suggests an early divergence of the a3(VI) from
the a1(VI) and a2(VI) chains during evolution. This could
be reflected by a different chromosomal localization in the
human genome being 2q37 for the a3(VI) and 21q223 for
both a1(VI) and o2(VI) chains (Weil et al., 1988). Yet, the
other eight domains, N2 to N9, show a higher internal
homology compared with N1, C1 and C2 and may have
evolved from a more recent multiplication event.

These various globular domains shared by all three chains
show distinct homology to the A domains of von Willebrand
Factor for which binding to collagen, heparin and cell surface
structures has been reported (Titani and Walsh, 1988). This
has raised the possibility that the similar type VI collagen
domains have a functional role in the assembly of microfibrils
and their heterotypic binding to large collagen fibrils and
basement membrane collagen (Bonaldo ef al., 1989; Chu
et al., 1989; Koller et al., 1989). Their abundance in the
a3(VI) chain, however, also indicates that not all of them
may have binding activity and alternatively might serve as
spacer elements.

Three more domains unique to the o3(VI) chain, C3 to
C5 (Figure 7), complete the mosaic structure of type VI
collagen and could be important for different functions. The
KP repeat C3 may, as in other salivary proteins (Beckendorf
and Kafatos, 1976; Korge, 1977; Garfinkel et al., 1983),
be utilized for O-glycosylation. Another 31 residue segment
rich in Pro, Thr and Ser (see Figure 2, positions 2842 —2873)
preceeding C5 could also be used for the same purpose. The
type III repeat of C4 is found 15—17 times in fibronectin
(Kornblihtt et al., 1985; Ruoslahti et al., 1988), where they
form rod-like elements with binding sites for heparin and
cells. The characteristic cell binding sequence RGD is,
however, not found in C4; rather it is present in the triple
helical segment of all three type VI collagen chains (Figure
2) (Chu et al., 1988; Aumailley et al., 1989).

The best functional prediction, based on sequence
comparisons, exists for the inhibitor-related domain C5. The
presence of an Arg in its presumed active site indicates that
the domain, if active, should bind to proteases with trypsin
like specificity. A similar inhibitor motif present in a
predicted amyloid precursor was shown recently by
recombinant technology to be active against trypsin
(Kitaguchi et al., 1988). Most inhibitors of this type are
expressed as small proteins containing no extra domains
(Laskowski and Kato, 1980), underscoring the possibility
that C5 could be released from type VI collagen in tissues.
These possibilities can be studied now by using recombinant
products and antibodies raised against them.

A further variability of human the a3(VI) chain structure
was suggested by Northern hybridization which showed two
to four bands in the size range 8.3—9.2 kb (Chu et al.,
1987). The upper value could also be an underestimate
because of the predicted maximal size (9.9 kb) shown here.
The variations could be due to the use of different poly-
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adenylation signals, yet three independent clones (FM12,
FM20 and FM22) showed the same 3’ non-coding region
of 759 nt, with only one typical polyadenylation site
(Figure 2). Other, more 5’ clones show one or two deletions
not seen in other clones (Figure 1). These deletions eliminate
167 amino acid residues of domain N3 and almost entirely
domain N9. This suggests alternative splicing of the a3(VI)
mRNA. Structural variants which differ in the C-terminus
were also predicted for the a2(VI) chain (Chu ez al., 1989).
They were shown to arise by the mutually exclusive use of
two exons encoding domain C2 and the 3’ non-coding region
(Chu et al., 1990). No evidence exists so far for similar
variability at the 3’ end of the a1(VI) and a3(VI) chain
mRNA. The functional consequences and tissue specificity
of such variations remain to be determined.

Materials and methods

Isolation of cDNA clones and nucleotide sequencing

Total RNA was isolated from human fibroblasts (GM 3349) (Coriell Institute
for Medical Research, Camden, NJ) by acid guanidine thiocyanate—
phenol —chloroform extraction. Poly(A)* was then selected on an
oligo(dT) —cellulose column (Aviv and Leder, 1972). Three AZAP cDNA
libraries were prepared from 5 pg each of poly(A)* RNA using either
oligo(dT)12—18 or mixed hexanucleotides (Pharmacia, Piscataway, NIJ)
as primers by established procedures (Giibler and Hoffmann, 1983) provided
in cDNA synthesis kits (Bethesda Research Laboratories, Gaithersburg, MD
and Pharmacia, Piscataway, NJ). The double stranded cDNA was size
selected by chromatography on a Bio-Gel A-50m column, ligated with EcoRI
linker or adaptor, and cloned into the EcoRI site of AZAPII vector
(Stratagene, La Jolla, CA). An additional primer extension library was
constructed using as primer an oligonucleotide (19 mer) synthesized according
to the cDNA sequence (SP308, Figure 1). The specific primer was annealed
to the poly(A)* RNA at 65°C for 30 min, prior to the synthesis of the
first strand. The unamplified cDNA libraries were screened with 32P-
labeled fragments from previously isolated cDNA clones by standard
procedures (Rigby er al., 1977; Benton and Davis, 1977). Following plaque
purification, the positive cDNA clones in Bluescript plasmids were excised
from the phage vectors by infecting with single strand helper phage R408,
according to the protocol provided by Stratagene.

The cDNA clones were sequenced by dideoxynucleotide chain termina-
tion method (Sanger er al., 1977) using [33S]thio-dATP (New England
Nuclear, Boston, MA) and the modified T7 polymerase (Sequenase kit,
USB, Cleveland, OH). Some sequences were determined with fluorescent
M13 primers and analyzed using an automated DNA sequencer (Applied
Biosystems, Foster City, CA). The double stranded plasmids were first
sequenced from the 5 ’ and 3’ directions using two primers flanking the
Bluescript vector (Chen and Seeburg, 1985). To obtain the complete
sequence, the cDNA inserts were digested with appropriate restriction
enzymes and then subcloned into the single stranded M13 vectors. The single
stranded DNA templates were sequenced by using M 13 universal primers
(Amersham, Arlington Heights, IL) or specific primers complementary to
internal cDNA sequences, which were synthesized with a DNA synthesizer
(Dupont, Coder 300).

Peptide isolation and Edman degradation

A 30 kd fragment NC1 was isolated from a collagenase digest of pepsin
solubilized human type VI collagen (Odermatt ez al., 1983) and recently
shown to comprise a portion of the C-terminal globule of a3(VI) chain (Kuo
et al., 1989). The reduced and alkylated fragment was cleaved with
TPCK —trypsin (2 h, 37°C) and the digest separated by HPLC on a reversed
phase column (Chu e al., 1987). Another set of small peptides were obtained
from a Lys-C protease digest of collagenase resistant fragments obtained
from a 140 kd pool of human type VI collagen chains (Chu er al., 1989).
The various purified peptides were subjected to Edman degradation (15—30
cycles) in a gas phase sequencer (model 470A, Applied Biosystems) as
previously described (Chu et al., 1987, 1989). N

Comparison of amino acid sequences

The deduced amino acid sequence was searched in the protein sequence
data bank (MIPSX Data base, F.Pfeiffer, Martinsried Institute of Protein
Sequences) for homologous proteins by the FASTP program (Lipman and
Pearson, 1985). Alignment of two particular sequences was achieved with




the PIRALIGN program (Dayhoff et al., 1983; George et al., 1986) using
the mutation data matrix with a bias of +6 and a gap penalty of 6. The
alignments were compared with 100 random permutations to obtain the
alignment scores. Multiple sequences were then aligned based on these com-
parisons.
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