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ABSTRACT

By sequencing cDNA clones which cover the complete
coding region of human tenascin (TN), we have
established its primary structure. This confirms that,
as in the case of chicken, TN is mainly made up of three
groups of sequences with a high homology to
Epidermal Growth Factor (EGF) fibronectin (FN) type
Ill repeat and fibrinogen. Furthermore, we have
determined the amino-terminal sequence of the mature
peptide directly on purified TN. The main differences
with respect to the chicken TN molecule are that in the
human there are 14 and half EGF-like repeats compared
to 13 and half in the chicken and that, as previously
reported, there are 15 FN-like repeats compared to 11
in the chicken. By Polymerase Chain Reaction (PCR)
amplification we have also studied the different splicing
patterns of the TN pre-mRNA in cultured cells. The
results show the presence of at least four different
isoforms containing different numbers of FN-like type
Ill repeats. Using purified human TN as immunogen,
we have obtained numerous monoclonal antibodies
(Mabs) to TN. By screening a human melanoma cDNA
library in the expression vector Xgtl 1 with these Mabs
and subsequently sequencing the insert of the positive
clones, we have been able to localize, within the TN
molecule, the epitopes recognized by two of these
Mabs: BC-4, which recognizes an epitope within the
EGF-like sequence and BC-2 which recognizes an
epitope within the FN like type Ill repeats whose
expression is regulated by alternative splicing of the
TN pre-mRNA. Thus, while the Mab BC-4 may be useful
in studies on TN distribution (since it recognizes all
different TN isoforms) BC-2 may be useful in the study
of the expression of particular TN isoforms generated
by the alternative splicing of the TN primary transcript.

EMBL accession no. X56160

INTRODUCTION

Tenascin (TN) is a polymorphic high molecular mass extracellular
matrix glycoprotein composed of six similar subunits joined
together at their NH2-terminal by disulfide bonds (for reviews
see references 1-5).
The sequence of cDNA clones codifying for the complete

chicken TN subunit has recently been reported. The deduced
amino acid sequence shows that chicken TN is mainly made up
of 13 and half epidermal growth factor like repeats (EGF-L),
11 units similar to fibronectin type HI repeats (FN-L), and, at
the C-terminal, by a sequence with 40% homology to the globular
domain of the (3-and 'y-chain of fibrinogen (6-7). It has been
shown that TN displays a restricted distribution in normal adult
tissues and that its expression is ontogenically programmed. In
*fact, TN is transiently expressed in many developing organs and
it has been proposed that TN could modulate epithelial-
mesenchymal and neuronal-glial interactions (8-13). However,
neoexpression, or a dramatically increased expression, of TN
has been documented in a variety of tumors, thus suggesting that
this glycoprotein may play a role in tumor cell-stroma
interdependence (2,8,14-22). Since it has also been shown that
TN stimulates the growth of mammary tumor cells in vitro (8),
it has been advanced that TN plays a role in supporting the growth
of epithelial tumors in vivo (23).

Since transforming-growth-factor-3 (TGF-,B) induces a
dramatic increase in TN expression in cultured fibroblasts (24),
the belief has surfaced that epithelial tumor cells, which in general
do not produce TN, through the release of TGF-,B (and most likely
other factors) force the surrounding mesenchymal cells to
organize a tumor stroma which is different from the normal organ
stroma and more suitable to sustain tumor growth and invasion
(23).

It has recently been demonstrated that TN is the same protein
as miotendinous antigen (25), JI (26), cytotactin (12), glioma-
associated-extracellular matrix (ECM) antigen (22), gp 150-225
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GAATTCGCTAACCCTAGAGCCCCAGCAGCACCCAGCCAACCCACCTCCACCATGGGGCCATGACTC 70
M G A M T

AGCTGGCAGGTCTTCTTGCTTTCCTTGCCCTCGCTACCGAGGTGGGTCCTCAACAAAGTCAT 140
Q L L A G V F L A F L A L A T E G G V L K K V I
CCGGCACAAG ACC CCC ACCA GACCAXCCAG?GGTGTAACCAC 210
R H K R Q S G V N A T L P E E N Q P V V F N H

GACCA?AACTCCATGGATCGTGCIG GTCA G GG 280
V Y N I K L P V G S Q C S V D L E S A S G E K
MC?GAACCCCCACAGTC&TGGACCA T 350

D L A P P S E P S E S F Q E H T V D G E N Q0 V
CCACATCGCATCAGCC GCCGGGCMC TGCCGCAGCCCCTGATGTTAAGGGC 420

F T H R I N I P R R A C G C A A A P D V K E L
CTGAGCAGACTGGAGGAGCTl[lAACTGMCATTCCCTGAGGGAGCSATGACTGCAGGAGCAGGCT 490
L S R L E E L E N L V S S L R E Q C T A G A C

GCTGTCTCCAGCTGCCACAGGCCGCTTGGACACCAGGCCCTTCTGTAGCGGTCGGGGCAACTTCAGCAC 560
C C L Q P A T G R L D T R P F C S G R G N F S T
TGAAGGATGCGCTGCTCTGAGCCGAA TGCC CAGGC 630

e G C G C V C E P G W K G P N C S E P E C P G
AACGTCACCTTCGAGIGCCGGTGCATTGATGGGCAGTGCATCTGTGACCACGGCCACGGGCGAGGACT 700
N C H L R G R C I D G Q C I C D D G F T G E D
GZAzZCAXTG TGCCCCAlTGCCGWTGCAAT MGTGCMGT TGUGCAGTCTGCATCTG?Y? 770
C S Q L A C P S D C N D Q G K C V N G V C I C F
CGAGGCTACGCGGTGACTGCAGCCGTGAAATCGCCCAGTGCCCTGCAGTGAGGCACIA_TGT 840

E G Y A A D C S R E I C P V P C S E E H G T C
GTGATG?GTGTGTGGCTT GCAGGCGACTGCAMCMC TCTGTGTCTCMCA 910
V D G L C V C H D G F A G D D C N K P L C L N
ArTGCTACAACCGTGGACGATGCGTGGAGAATGA0TGTGTGATGAGGGTTTCACGGGCGMGACTG 980
N C Y N R G R C V e N E C V C D E G F T G E D C
CACTGACATCTTC GACCGGGCCG CTGCATCAATGGCACCTGCTACTGCGAA 1050

S E L I C P N D C F D R G R C I N G T C Y C E
AAGCTTCAC TGAAG CGAMAMCCTGCC CACATGCTGCrCCCAGGCCGGTGTG 1120

E G F t G E D C G K P T C P H A C H T Q G R C
AGGAGGGGCACYATGTG_TGAGGGCTTTGCCGGTGTGGACTGCAGCGAGAAGGGTCCTGCTGA 1190
E E G Q C V C D e G F A G V D C S E K R C P A D
CTGTCACAATCGTGGCCGCTGTAGACGGGCGGTGTGAGTGTGATGATGGTrTCACTGGAGCTGACTGT 1260

C H N R G R C V D G R C e C D D G F T G A D C
GGGGCTCAAGTG GCTGCAGTGGCCA GCTGTCAATGGGCAGTGTGTGTGTGATG 1330
G E L K C P N G C S G H G R C V N G Q C V C D
AGGGCTATACTGGGGAGGACTGCAGCCAGCTACGGTGCCCCAATGAC?GTCACAGTCGGGGCCGCTGTGT 1400
E G Y T G E D C S G L R C P N D C H S R G R C V
CGAGGGCAATGTGTATGTGAGCAAGGCTTCAAGGATGACTGCAGTGACATGAGCTGCCCTMTGAC 1470

E G K C V C E Q G F K G Y D C S DO S C P N D
T%TCACCAGCACGGCCG0?GGCAGA MGTCGGCCACAGGM AGACTGCC 0540
C H Q H G R C V N G H C V C D D G Y T G E D C
TGCCGTCCAG AGGCTGGACGGTGCGTCTG?GACX 1610

R D R Q C P R D C S N R G L C V D G Q C V C E D
CCTAC AGAACTCTCCTGCCAAATGAG GGTGCCTG 1680
G F T G P D C A e L S C P N D C H G Q G R C V
AAGGGCGTGCGTGTGCC 1750
i G Q C V C H E G F N G K D C K E Q R C P S D

GTCATGGC G GC 1820
C H G Q G R C V D G Q C I C H E G F T G L D C G
CCAGCACTCCTGCCCCAGTGACTGCAACAA TAGGACATGCGTTCCGGCTGCAGCAACGAG 1890

Q H S C P S D C N N L G Q C V S G R C I C N E
AC CTAC 1960
G Y S G E D C S E V S P P K D L V V T e V T E
AGACGCTCACCTGGCCTGGGACAATGAGATGCGGGTCACAGAGTACCTTGTCGTGTACACGCCCACCCA 2030
E T V N L A W D N E N R V T E Y L V V Y T P T H
CGAGGGTCTCTGGAAATGCAG C C G AC CCACCA1CATCCGaTCGGA 2100
E G G L E N Q F R V P G D Q T S T I I R e L E

CCTGG?GTGGAGTACTTYATCCGTGTATTGcCATCCTGGAGMXAACGAAGAGCATTCCTGTCAGCCA 2170
P G V E Y F I R V F A I L E N K K S I P V S A

GGGTGGCCACGTACTTA ACMCITEtGGCMT AC GTCCACAGAATMT.AAG 2240
R V A T Y L P A P E G L K F K S I K E T S V E V
GGAGTGGGATCCTCTAGACATTGC&TTTGAAACCTGGGAGATCATCTTCCGGAATATGMTAAAGAAGAT 2310

E W D P L D I A F E T W E I I F R N M N K E D
GAGGGAGAGATCACCWAGCCAGGAGGCCAGACACCTCTTACCGGCACTGGTCTAGTCCTGGGC 2380
E G E I T K S L R R P E T S Y R Q T G L A P G

AAGAGTATGAGATATCTCTGCACATAGTGAAAACAATACCCGGGGCCCTGGCCTGAAGAGGGrGACCAC 2450
0 E Y E I S L H I V K N N T R G P G L K R V T ?
CACACG TG C ACCAGATCGAGTGATGTCACAACAC^CA CTCACCTGG 2520

T R L D A P S Q I E V K D V t D T T A L I T?
TTCUUCCCTCTGAGATCGATGGCAGCTGACCTACGGCATCAAGACGTGCCAGGAGACCGTA 2590
FE P L A E I D G I E L T Y G I K D V P G D R

CCACCATCGATCTCACAGAGGACGAGACCAGTACTCCATCGGGACCTGAAGCCTGACACTGAGTACGA 2660
T S I D L T e D E N Q Y S I G N L K P D T e Y E
GCTCTCCCTCATCTCCCGCAGAGCTGACATGTCAAGCAACCCAGCCAAAGAGACCTTCACAACAGGCCTC 2730

V S L I S R R G D M S S N P A K E T F T T C L
GATGC?CCCAGGAATCTTCGTTTItCCCGAGATAACAGCATCACCCSGAATGAOGGTGGCA 2800
D A P R N L R R V S Q T D N S I T L E W R N G
ACGCAGCTATTACAGTACAGAATTAAGTAGCCCCCATCTCTGAiGGGACCACGC'TGAGCTTATGT 2870
K A A I D S Y R I K Y A P I S G G D H A E V D V
TCCMA tG_CAASAAGCC&ACCCA ?ACAGGCAGGCCGAACTATGGAATT 2940

P K S 0 Q A T T R T I L T G L R P G T E Y G I
GAGCTrCTGTG8AGA CAATAG GCCAGACCATCAACCCACAGAT G.ACA 3010
G V S A V K E D K E S N P A T I N A A T E L D
CGCCCAACMCIIIAA XCIG GIA G^CSCGG 3080
T P K D L Q V S E T A E T S L T L L V K T P L A

G 3150
K F D R Y R L N Y S L P T G Q? V G V Q L P R

AACACCCTATGTCCAGICIIA>AT AATCCTCCTWCACC GA 3220
1I t T s Y v L R G L e P G 0 E Y N V L L T A E
AAGGCAGCATCC8ACGCACVCTGAG nC?GAaAACCT 3290
K G R H K S K P A R v K A S T E Q A P E L E N L
CJCTGACTGACTCTGGGATGGCCC1ACA1C1 ACGGCTCC TGACCAGCCCTATGAGCAC 3360

T V T E V G V D G L R L N N t A A D 0 A Y E N
?f9ATCATT8 GACGGCC8GGlMCAGGtGG0GCAGCTCGCACCfytCAGCCTT. 34 30

i I 0 V Q E A N K V E A A 8 N L T V P G S L
TG GACATACC(nCC AAGCGCTWTXTTATJAGTCTCCATCTATGGGCTGATCCGG 3500
R A V D I P C L K AA T P Y T V S I Y G v 0 G
CTATAGMCACCTCCG GC ACA TCCC ATTGAGAG%GtG 3570

Y R T P V L S A E A S t C E T P N I C E V v V

GCCGAGCTGGGCTGGGATGCCCTCAACTCACTGGACTGCTCCAGAAGGGGCCTATGAGTACiiiA 3640
AEV GW D A L K L N W T A P E G A Y E Y F F
TCAGGTGCAGGAGGCTGACAC8GTAGAGGCAGCCCAGAACCTCACCGTCCCAGGAGGACTGAOGCCCAC 3710
I Q v QE A D T V E AA Q N L t V P G G L R S T
AGACCTGCCTGGGCTCAAGCAGCCACTCTTATACCA?CACCATCCGGGGTCACTCAGGACTTCAGC 3780
DL P G L K A A T HY T I T I R G V t Q D F S

MACCITC:TC?GTTGGTTTGAcMAAGGZTTCAGATATGQAAACCAcAGTGACCGAGG 3850
T T P L S V E V L T E E V P D N G N L T V T E
TTGGATGCTCTCAG8CCG'CCMtAGATGGCA?ATG8CAGTTTACTAr?AGT 3920
V S V D A L R LN N T T P D G T Y D Q f T I Q V
CCAGG8GGC?1i8CCAGCTGGGC?CAC88TCTC8CQT?CCTGGCAGCCT1WGflCCATGGAAATC 3990
QE A D Q V E E A HN L T V P G S L R SN E I

CCAJCCCAGGGCTGCACTCCTTACACAGTCACCCTGCACGGCGAGGTCAGGGGCCACAGCACTCGAC 4060
P G L R A G T P Y T v T L H G E V R G H S T R
CCCTTGCTGTAGAGGTMTCXAGAGGATCCCACAGCTGGGAGATrTAGCCGm%CTCAGGCTG 4130
P L A V e v v T E D L P Q L G D L A V S E V GW
GGATGGCCTCAGACCAACTGGACCGCAGCTGAATGCCTATGAGCACTTGTCATTCAGCTGCAGGAG 4200
D G L R L N W T A A DN A Y C H F V I Q V Q E

GTCA CAAWGWGAGlTAGACGACSGr T "CMAGXTGTCGGACAGCC 4270
V N K V E A A Q N L T L P G S L R A V D I P G
T GCTGCcCAC ATAQGCCTCACTATCCGGGGTGAGGGGCGACTATAGACC8GTACTCTC 4340
L E A A t P Y R V S I Y G V I R G Y R T P V L S
TGC?GAGCC?CCGCCAGCMCTG TTGGAACTTAAATGTCTGACATAACTCCCGAGAGC 4410
A E A S T A K E P E I G N L N V S D I T P E S

TTCMATCTCTCCGGATGGCTACCGATGGGATCTTCGAGACCTTTACCAfTGTAAATATTGATTCCAATA 4480
F N L S W N A t D G I F E T F T I E I D S N

GGTTGCTGG8ACTGTGGAATATAATATCTCTGGTGCTGAl AAA CCATATCTCAGGGCTACCCCC 4550
R L L E T V E T N I S G A E R T A N I S G L P P
TAGTACTGATTTTATTGCTACCTCTCTGCACTTGCTCCCAGCATCCGGACCAAAACCATCAG?GCCACA 4620
S T D F I V Y L S G L A P S I R T1 T I S A T

GCACG8CAGAGGCCCTGCCCCtTCGGMAACCTAACC8TrC TATCCC?ACGGGTTCACAG 4690
A T t E A L P L L E N L T I S D I N P Y G F T
TMC? TWCGGAGGTGGCAtCTA AGGGTG ;AAGC 4760
V S W N A S E N A F D S F L V T V D S G K L L
GGACCCCCAGGAATTCAcACTACAGGAGAGGAAGCTGG8GAGGCCTCATAGA 4830
D P Q E F T L S G T Q R K L E L R G L I T G I

GGCTATGGTTATGGTCTCTGGCTTcA1CCAAGCATcAAACcAGCCTT ?G8GG1,GATA 4900
G Y E V N V S G F T Q G H Q T K P L R A E I V
CAWGGcCGAAGAcAAcCTCTGGIAGATGCCACCCCAG8cGCTTcTCrGIcTC 4970
T E A E P E V D N L L V S D A T P D G F R L S V
GACAGCATG ATCM-GA?TGTtCMAATCAGAG8TACMAGCAGCTGAGCA 5040
T A D E G V F D N F V L K I R D T K K Q S E P

CTGGAAATMCCCTACTTGCCCCCGGTACCCAGGG8CATAACAGGTCTCAGAGAGGCTACTGAATACG 5110
L E I T L L A P E R T R D I T G L R E A T E Y
AAATGA TACCTGGMTAAGCAAGG ATGCCCAG?CAGTGCTATAGCAAAAGCAT 5180
E I E L Y G I S K G R R S Q T V S A I A T t AK
GGGCTCCCCGAGGTCATTTCTCAGACAtCACTAMATCGCTMGTTC AGCTGGAGGGCACCC 5250
G S P K E V I F S D I T E N S A T V SW R AP
ACGGCCGTGGAGAC?cGG8AT TT A 5320
T A Q V e s F R I T Y V P I T G G T P S YV T
TGGACGAACCAGACTCAGACCAGGTGTGATACCACTGGGCGTGAGTACCTTGTCAGCATCAT 5390
V D G T K T Q T R L V K L I P G V E Y L V S I I
CGCCAITCCGGCTTG8GGAAGTG88CCTGTCA GGTC8?lCCCAC AGCTCTGGATGGCC8TCT 5460
A M K G F e E S E P V S G S F T T A L D G P S
TTGCCACGTGG 5530

G L V T A N I T D S E A L A R W Q P A I A T V
ACAGTTAtGTCATCTCC?ACACAGC TGCCA GAAATT8CACGGTGTCCGGGAACACAG 5600
D S Y V I S Y T G E K V P E I T YT v S G N T V
GGAGTATGC?CTGACCGACC?CGGGCTGCCACGGMATACACACTGAMACTTTGCAGAGMAGGGCCC 5670

E Y A L T D L E P A T E Y T L R I F A E K G P
CUCCf_T-?IC?CTC 5740
QK S S T I T A K f T T D L D S P D L T A T
AGGT?CGTCGTAMCCCTCCTTCCTGGCGACCCCCATCGGGCACCGTGCACCGCTCT e5810
E V 0 S E T A L L TW R P P R A S V T G Y L L V
CTATGAATCAGTGGATGGCACAGTCAAGG8GTCATGGGTCCAGATACCACCCTACAGCCTGGCA 5880
Y E S V D G T V K E V I V G P D t T S Y S L A

GACCTGGCCCATCCACCCACTACACAGCCAAGATCCAGGCWACAATGGGCCCCTGAGGAGCAATATGA 5950
D L S P S T H Y T A K I Q A L N G P L R S N N

TCCAGACCATCTTCACC8C8AfTGG8CTCCTGTACCCCrrCCCCAAGGACTGCTCCCAAGCAAT'GCTGA
I Q T I F T T I G L L Y P F P K D C S Q A N L N
TGGAGACACGACCTCTGGCCTCTACACCATTTATCTGAATGGTGATAGGCTCAGGCGCTGGACTCTTC

G D T t S G L Y T I Y L N G D K A Q A L E V F
TGTGACAGACCTCTGATGGGG TGGTGGAGG GAGGA GGCGC TTCT
C D N T S D G G G N I V F L R R K N G R E N F
ACCAAACTGGAArGCATATGCTGCTGGATTTGGGGCCGCAGIACAArTCTGCITGGTGrACM
QN N K A Y A A G F G D R R e E F N L G L D N

CCTGAACAAMACACAGCCCAGGGGCAG?ACGAGCTCCGGGTGGACCTGCGGGACCATGGGGAGACAGCC
L N K I T A Q G O Y E L R V D L R D H G E T A

Tr?GCTGTCTAT UCAAGTTCAGCGTGG GTGCCA88CTCGCTAC8AGCTGAGGTGGAGGGCTACA
F A V Y D K F S V C D A K T R Y I L K V E G Y

GtGGACAGCAGCG?GTCCATGGCCTACCACSTGGCAGATCCTT ACCT¶'TGACAAGG8CACAGA
S G T A G D S N A Y H N G R S F S T F D K D T D
TTCAGCCATCACCAACTGTGCTCTG? ACMGGGGCYYCTGCACAGGUCTGTCACCGTG?CAC?

S A I T N C A L S T R G F W Y R N C H R V N L
ATGGGGAGAT GGGGACAATAACCACAGTCAGGGCGTTAACTGGTTCCACTGGAAGGGCCACGACACT
M G R Y G D N N H S O G V N W F H V K G H E H
CMTCCAGTTGAGAT6TTAGC ACCAAGCACrTCAGAACTicMGAGAUCGCAMkCGGGC
S I Q F A E N K L R P S N F R N L E G R R K R A
ATAAAM T TGACC8CGGIA8AGGAATAAGGGCCCKAf0GAGCW TTTTACC

CATCAATACAACCAGCCCAACCATCGGTCCACACCTGGGCATTTGGTGAGMTCMAAACTGACCATGGAT
CCCTGGGGCCAACGGCAACAGCATGGGCCTCACCTCCTCTGTGATIM C TGCACCMSCA
GTCTCCAACA TT MT-i-?TTTATTCAGCAMAATCTCCCAGTGACMCATCGCMAAGTTT
TTAClCTCG?G CTClGGGAG AGGATGT8C8AGGGG?TAG GTTTTCAGCA
GCCGTATTTTACATG88GCTGTATAAT'TGTAAT?AiCIuri ymoTAAAAGATTGyA% TTC
GAAGCCATCCCTTrTTACATTSCATACAACAGAAACCAG AGCATA GTSlYCCATTAAGGAT
CATTMTATTATTAATATMTMTGATGATGATGATGATGMMACTAAGGATyCMAAGAGATCtT
CTCCAAAACAYITCTGGCAG?TACCGATTGTATT.iITTTAAATAAAAGCACAACTACTTTTGAA
AAAAAACCGGAA1TC
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(27), hexabrachion (28) and neuronectin (21) all previously
described.
Here we report 1) the cDNA cloning and deduced complete

amino acid sequence of human TN as well as the amino-terminal
sequence of the mature peptide determined directly on purified
TN; 2) the splicing patterns of TN pre-mRNA in cultured cells
and 3) the production of monoclonal antibodies (Mabs) to human
TN as well as the localization of the epitopes recognized by these
Mabs within the TN molecules using 3-galactosidase-TN fusion
proteins expressed in E.coli.

MATERIALS AND METHODS
Isolation of TN cDNA clones and their sequencing
Human melanoma, human fetal brain, human melanoma SK-
MEL-28 cell line and human breast cDNA libraries in
bacteriophage Xgtl 1 were obtained from Clontech Laboratories
(Palo Alto, CA). The first cDNA clone was obtained by screening
the human melanoma library using the Mab BC-2 to human TN
(15) and an immunoenzymatic kit purchased from Promega
Biotec (Madison, WI). Other cDNA clones covering the complete
coding region of the human TN gene were obtained by screening
the above mentioned libraries with 32p labelled DNA fragments
from successively isolated TN cDNA clones. Overlapping clones
spanning the entire coding region were subcloned into Ml3mpl9
or Ml3mpl8 vectors (New England Bio Labs, Beverly, MA)
and analyzed in both strands using the Sequenase 2.0 DNA
sequencing kit (United States Biochemical Corp., Cleveland,
Ohio).

RNA extraction, cDNA synthesis, Polymerase Chain Reaction
(PCR) amplification and Southern blot
Total RNA was prepared from human melanoma SK-MEL-28
cells following the method described by Chirgwin (29). cDNA
was synthetized from 10 Ag of total RNA primed with oligo
(dT)12_18 and reverse transcribed using a cDNA synthesis kit
(Amersham International, Buckinghamshire, England), following
the manufacturer's manual. PCR reactions were performed for
35 cycles (1 min 93°C, 1 min 52°C, 1 min 72°C) in a final
volume of 200 ,tl containing 50 mM KCI, 10 mM Tris-Cl pH
8.3, 1.5 mM MgCl2, 0.01% (w/v) gelatin, 200 mM each
dNTP, 0.05% Nonidet P40, 0.05% Tween 20, 100 pmol each
oligo T1 (5' ATAAGCTTCCAAGAAACACCACTT, position:
3140-3160 of the sequence shown in Fig.1) and T5-2 (5'
GGGCAAGTAGGGTTATT, position: 5046-5062 of the
sequence shown in Fig.1), 5 U of Taq DNA polymerase
(Amplitaq, Perkin Elmer Cetus, Norwalk, CT) and 0.5 ml of
the cDNA mixture as template. The PCR mixture was loaded
on a preparative 1.4% agarose gel; well resolved bands were
cut out, electroeluted and ethanol-precipitated. The pellets were
resuspended in 7 ,u of water; 2 1ul Sequenase buffer and 1 yl
(20 pmol) of sequencing primer were added. The primer/template
solution was boiled for 3 min and frozen in dry ice. From this
step the direct sequencing protocol follows the Sequenase manual

indications. For Southern blot analysis 5 ,^d of the PCR mixture
were loaded in two different wells of 1.4% agarose gel. Following
electrophoresis, the gel was immersed twice for 15 min in 300
ml of 1.5 M NaCl, 0.5 M NaOH and twice for 15 min in 1 M
NH4 acetate and transferred for 3 hours to nitrocellulose
membrane following standard techniques (30). The filter was cut
between the loaded lanes and hybridized separately with 32p
labelled oligonucleotides T2 (5' AGGTAGACAATAAAATCA-
GTA, position: 4554-4574 (see Fig.1) and T4 (5' CTTCAT-
CAGCTGTCCAGGACAGA, position: 4962-4984 (see Fig. 1)
according to (30). The oligonucleotides were synthesized by an
Applied Biosystem 370A synthesizer (Applied Biosystem, Foster
City, CA).

Purification of TN and characterization of Monoclonal
Antibodies (Mabs) BC-2 and BC4 specific to TN
TN was purified from the conditioned medium of SK-MEL-28
human melanoma cell line by chromatography on hydroxyapatite
(DNA-grade, Bio-Rad Laboratories, Richmond, CA) followed
by immunoaffinity on Mab BC-4 conjugated to cyanogen
bromide-activated-sepharose4B (Pharmacia Fine Chemicals,
Uppsala, Sweden). The complete procedure will be reported
elsewhere. The purified TN was reduced and alkylated as
described by Canfield and Anfisen (31). Protein sequencing was
performed by the Center for Analysis and Synthesis of
Macromolecules at Stony Brook (Stony Brook, NY).
cDNA libraries, in the expression vector Xgtl 1, were screened

using the Mabs BC-2 and BC4 and an immunoenzymatic kit
purchased from Promega Biotec (Madison, WI). Bacteriophage
DNA was prepared from positive clones, and the EcoRI inserts
were excised, subcloned into a Ml3mpl9 vector (New England
Bio Labs, Beverly, MA) and sequenced.
For immunoblotting analysis the I3-galactosidase-TN fusion

protein were obtained as previously reported (32). All the cloning
and subcloning procedures were carried out according to
Sambrook et al. (30). SDS-PAGE and immunoblotting were
performed as previously described (33 -34).

RESULTS
cDNA sequence and pre-mRNA alternative splicing analysis
of human TN
The cDNA and the deduced amino acid sequences of human TN
are shown in Fig. 1. The primary structure of human TN,
arranged in groups of homologous repeats as suggested for
chicken TN (7), is shown in Fig.2. The first 22 amino acids
correspond to a typical signal peptide (35-36). Furthermore,
the amino-terminal sequence of the mature peptide was
determined directly on purified TN and it begins from residue
23 (Fig.2). The domain structure of a human TN subunit is
schematically represented in Fig.3, showing the 14 and half EGF-
L, the 15 FN-L and the fibrinogen like sequences and the potential
N-glycosylation sites. The longer human TN reading frame is
2199 amino acids. Northern blot analysis of total RNA from the

Figure 1. cDNA and deduced amino acid sequences of human TN. The consensus polyadenylation site AATAAA (position 7258) is underlined. With respect to
the sequence reported by Gulcher et al. (37) we found the following main differences: 1) our residue 538 is Q instead of R reported (residue 109 of ref.37). 2)
our residue 679 is R instead of Q (residue 250 of ref.37) 3) our residue 1065 is R instead of H (residue 636 of ref.37). 4) from residue 1599 to the residue 1607
we have the following sequence: SGFTQGHQT instead of LWLHPRASN (residue 1170 to 1178 of ref.37). 5) our residue 1676 is I instead of L (residue 1247
of ref. 37). 6) We also found differences at the level of the bases, that do not, however, change the amino acids. At bases 1667 (A instead of G), 2100 (G instead
of A), 3339 (G instead of A), 5080 (A instead of T), 5253 (G instead of A), 6214 and 6215 (TG instead of CT).These sequence data are available from
EMBL/Genbank/DDBJ/NBRF-PIR under accession number X56160.
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MGAMTQLLAGVFLAFLALATEG 22
GVLKKVIRHKR 33

QSGVnELPENQPVVFNHVYNIKLPVGSQCSVDLESASGE 74
KDLAPPSEPSESFQEHTVDGENQIVFTHRINIPRRACGCAAAPD 118

VKELLSRLEELENLVSSLREQCTAGAGCC 147
LQPATGRLDTRPFCSGRGI=ELTEGCG 173

CVCEPGWKGPNC 185
SEPECPGNC HLRGRCIDGQCICDDGFTGEDC 216
SQLACPSDC NDQGKCVNGVCIC FEGYAADC 246
SREICPVPCSEEHGTCVDGLCVC1DGFAGDDC 278
NKPLCLNNC YNRRCVENECVCDEGFTGEDC 309
SELICPNDC FDRGRCIJGYCEEGFTGEDC 340
GKPTCPIAC BTQGREGQCVCDEGFAGVDC 371
SEKRCPADC INRGRCVDGRCECDDGFTGADC 402
GELKCPNGC SGGRCVNGQCVCDEGYTGEDC 433
SQLRCPNDC HSRGRCVKCVCEQGFKGYDC 464
SDMSCPNDC UQSGRCVNGMCVCDDGYTGEDC 495
RDRQOPRDC SNRGLCVDGOCVCEDGFTGPDC 526
AELSCPNDC NGQOGRCVGQCVCHEGFMGKDC 557
KEQRCPSDC JGQGRCVDGQCICHEGFTGLDC 555
GQHSCPSDC NNLGQCVSGRCICNEGYSGEDC 619

1 SEVSPPKDLVVTEVT.ETVNLAWDNEMRVTEYLWYTPTEGGLEMOFRVPGDQTSTIIRE LEPGVEYFIRVFAILENKKSIPVSARVAT 709
2 YLPAPEGLXFKSIKETSVEVE WDPLDIAFETWEI IFRNMNKEDEGEITKSLRRPETSYRQTG L&PGQEYEISLHIVIWNRGPGLKRVTT? 800
3 RLDAPSQIEVXDVTDTTALITWFKPLAEIDGIELTYGIXDVPGDRTTIDLTEDENQYSIGN LKPDTEYEVSLISRRGDKSSMPAKETFTT 590
4 GLDAPRNLRRVSQTDNSITLEWRNGKAAIDSYRXKYAPISGGDHAEVDVPKSQQATTKTTLTGLRPGTEYGIGVSAVKEDKESNPATINAAT 982
5 ELDTPKDLQVSETAETSL TLLWKTPLAXFDRYRLN1 LLPTGQWVGVQLPRZSYVLRG LEPGQEYNVLLTAEKGRHKSKPARVKAST 1U70

* 6 EQAPELEnVTEVGWDGLMlEIIADQAYEHFIIQVQEANKVEAARJ VPGSLRAVDIPG LKAATPYTVSIYGVIQGYRTPVLSAEAST 1161
* 7 GETPNLGEWVAEVGWDALKIAPEG&YEYFFIQVQEADTVEMQLVPGGLRSTDLPG LKAATKYTITIRGVTQDFSTTPLSVEVLT 1252
* 8 EEVPDMGBLLVTEVSWDALRLImTPDGTYDQFTIQVQEADQVEEAWLVPGSLRSKEIPG UAGTPYTVTLHGEVRGHSTRPLAVEVV! 1343
* 9 EDLPQLGDLAVSEVGWDGLRLCAADNAYEHFVIQVQEVNKVEAAQMLPGSLRAVDIPG L.AATPYRVSIYGVIRGYRTPVLSAEAST 1434
* 10 AKEPEIGNIAVADITPESFNLUATDGIFETFTIEIIDSNRLLETVEYUZGAERTAHISG LPPSTDFIVYLSGLAPSIRTKTISATATT 1525
* 11 EALPLLEN1.ZZSDINPYGFTVSNHASENAFDSFLVTVVDSGKLLDPQEFTLSGTQRKLELRG LITGIGYEVMVSGFTQGHQTKPLRAEIVT 1616
* 12 EAEPEVDNLLVSDATPDGFRLSWTADEGVFDNFVLKIRDTKXQSgPLEITLLAPERTRDITG LREATEYEIELYGISKGRRSQTVSAIATT 1707

13 AMGSPKEVIFSDITENSATVS WRAPTAQVEFSRITYVPITGGTPSMVTVDGTKTQTRLVX LIPGVEYLVSIIAMKGFEESEPVSGSFTT 1796
14 ALDGPSGLVTANLZDSEALAR WQPAIATVDSYVISYTGEKVPEITRTVSGNTVEYALTD LEPATEYTLRIFAEKGPQXSSTITAKFT? 1584
15 DLDSPRDLTATEVQSETALLT WPPRASVTGYLLVYESVDGTVKEVIVGPDTTSYSLAD LSPSTHYTAKIQALNGPLRSN4IQTIFTT 1972

IGLLYPFP 1950
KDCSQAHLNGDTTSGLYTIYLNGDKAQALEVFCDMTSDGGGWIVFLRRKNGRENFYQNWKYAAGFGDRREEFW 2054

LGLDNLNKITAQGQYELRVDLRDHGETAFAVYDKFSVGDAKTRYKLKVEGYSGTAGDSMAYINGRSFSTFDKDTDSAI 2132
TNCALSTRGFWYRNCHRVNL4GRYGDN)IZQGVNWFHWKGHEHSIQFAEMKLRPSNFRNLEGRRKRA 2199

Figure 2. Human TN sequence arranged in groups of homologous repeats as suggested for chicken TN by Spring et al. (7). Potential N-linked glycosylation sites
are underlined. All cysteine residues are highlighted as well as the conserved tryptophan, leucin and threonine residues used to align the FN-L type III repeats.
Numbers on the right indicate the residue number; numbers on the left indicate the FN-L repeat number. (*) indicates the FN-L repeats which undergo alternative
splicing. The amino-terminal residues identified by protein sequencing are underlined in bolder type.

human melanoma cell line SK-MEL-28, using the insert of the
clone HT-12 as probe, showed a broad band of about
6,000-7,000 bases (data not shown) as expected from our
cloning data indicating the presence of several TN mRNAs in
this cell line. In fact, shorter reading framies generated by
alternative splicing of the TN primary transcript have also been
observed.We have found a cDNA clone (HT-5) in which the FN-
L repeats 6,7,8,9 and 11 were lacking and another one (HT-33)
in which only the FN-L repeat 11 was lacking (Fig.4). These
observations agree and further the results by Gulcher et al. (37),
who reported the sequences of two human TN cDNA clones,
one containing all 15 FN-L repeats and one in which the FN-L
repeats 6,7,8,9,10,11 and 12 were absent because of splicing of
the TN primary transcript.

In order to confirm these various splicing patterns of the human
TN primary transcript, we carried out PCR amplification
experiments on cDNA derived from human melanoma cell line
SK-MEL-28 total RNA. PCR amplification experiments were
performed using as primers the oligonucleotides TI, hybridizing
a coding region within the 5th repeat, and T5 -2, hybridizing

a coding region within the 12th repeat. After electrophoresis of
the PCR mixture, four bands were visualized of about 1900,
1650, 550 and 280 bp respectively (Fig.4). These bands were
electroeluted and completely sequenced. Furthermore, Southern
blots of the amplified fragments were hybridized with an
oligonucleotide (T2) that specifically recognizes the 10th repeat,
and separately with an oligonucleotide specific for the 12th repeat
(T4). All four fragments hybridized to T4 as was expected due
to the presence of the 12th repeat while T2 failed to recognize
the smallest 284 bp fragment, confirming that it lacks the 10th
FN-L repeat.

Localization within the TN molecule of the epitopes recognized
by the Mabs BC-2 and BC4 by using TN-(-galactosidase
fusion proteins expressed in E.coli
In order to localize the epitopes recognized by the Mabs to human
TN within the TN molecule, we have screened by an
immunoenzymatic procedure, a human melanoma cDNA library
in the expression vector Xgtl 1. We obtained two clones, XpTNl
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14 1/2 EGF-LIKE
REPERTS FN - LIKE REPERTS

FIBRINOGEN
LIKE SEQUENCE

H2 N 2 3 4 5

FUSION PROTEINS and
MONOCLONRLS: BC-4

CLONES: HT-26

778bp

Ii

13 |1 4 |1 5 |- COOH

BC-2

HT-12

3203 bp HT-24

4175 bp

Figure 3. Model of the domain structure of a human TN subunit. The EGF-L, FN-L repeats as well as the fibrinogen like sequence are indicated. The FN-L repeats
6 to 12, whose expression is regulated by the alternative splicing of the pre-mRNA, are shaded.The potential N-linked glycosylation sites are indicated by small
dashes. Also indicated are the overlapping cDNA clones covering the complete coding region of human TN which have been sequenced to deduce the TN primary
structure. The figure also shows the 3-galactosidase-TN fusion proteins expressed in E. coli used to localize within the TN molecule the epitopes recognized by
the Mabs BC-2 and BC4.

-~d 1924bpp

/ _ 1651 bp
O

PCR AMPLIFICRTION PRODUCTS
556 bp -v

284 bp
X

PRIMERS TI

H2Nj1 2 3 4 5

HT-5
cDNR CLONES FROM
Xgtl I LIBRRRIES HT-33

HT-24

Figure 4. Study of different mRNA generated by alternative splicing of the TN primary transcript. The figure shows a model of the domain structure of a human
TN subunit, the FN-L repeats 6 to 12 which undergo alternative splicing are shaded. In the lower part of the figure cDNA clones containing different amounts

of FN-L repeats are shown. In the cDNA clone HT-5, obtained from a human melanoma cDNA library, only repeats 10 and 12 of the FN-L repeats undergoing
alternative splicing are present, while in the clone HT-24 from a fetal human brain library all the repeats 6,7,8,9,10,11 and 12 are present, and in the clone HT-33
from a human melanoma cDNA library, only repeat 11 is lacking. The upper part of the figure shows the PCR amplification products obtained using the oligonucleotides
T1 and T5 -2 indicated in the figure (see also Materials and Methods) and total RNA from the human melanoma cell line SK-MEL-28. The 1% agarose gel of
these PCR amplification products is shown in the inset. We obtained the following DNA fragments: a 1924 bp fragment containing repeats 5,6,7,8,9,10,11 and
12; a 1651 bp fragment containing the repeats 5,6,7,8,9,10 and 12; a 556 bp fragment containing the repeats 5,10 and 12 and a 284 bp fragment containing the
repeats 5 and 12. Molecular weight markers (1kb, GIBCO BRL, Grand Island, NY, USA) are also shown. For details see Results. A indicates contiguity.

T5-2 -
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Figure 5. On the left, a 4-18% SDS-PAGE gradient of proteins from E.Coli

infected by the expression vector XgtlI 1, by clones XpTNlI and XpTN27 (lanes

1,2 and 3 respectively). On the right, immunoblots of gels identical to those shown

on the left using the Mabs BC-2 and BC-4, respectively. The values on the left

indicate the molecular masses, in kD, of the standards (St).

and XpTN27, producing f3-galactosidase-TN fusion proteins

which react strongly with the Mabs BC-2 and BC-4 respectively

(Fig.5). The cDNA inserts of these two clones were purified,

inserted into a M 13mp19 vector and completely sequenced. The

sequencing data demonstrated that the TN part of the fusion

protein produced by the clone XpTNI is made up of a sequence

from the residue 1316 to the residue 1450 while the fusion protein

produced by the clone XpTN27 contains the TN sequence from

the residue 50 to the residue 453 (Fig.2 and 3).Thus, while the

epitope recognized by the Mab BC-4 is present in all the TN

isoforms the Mab BC-2 recognizes an epitope whose expression

is regulated by alternative splicing of the TN pre-mRNA (Fig.3).

DISCUSSION

We here report the complete primary structure of human TN

deduced from cDNA clones, a study of the splicing patterns of

the TN primary transcripts in cultured humafi melanoma cells

and the characterization of two Mabs specific to human TN using

f3-galactosidase-TN fusion proteins expressed in E. coli.

By comparing the human and chicken TN sequences, we found

two main differences: 14 1/2 instead of 13 1/2 EGF-L repeats

and 15 instead of 11I FN-L repeats.

The sequence of the first 22 amino acids of human TN

corresponds to that of a typical signal peptide (35 -36).The

sequence of the following 10 amino acids (residues 23-33), is

strongly basic since it contains 5 positively charged residues. In

chicken a homologous sequence has been considered a putative

propeptide since the mature chicken peptide started at residue

34 (6). However, direct amino-terminal sequencing of purified

human TN shows that the mature peptide starts at residue 23 thus

including this positively charged sequence that in chicken has

been reported not to be present in the mature peptide. This

discrepancy may be explained by the fact that the chicken TN
used to determine the amino-terminal sequence was purified from
tissues (insoluble TN) (6) while we have purified TN from the
medium of cultured cells (soluble TN).The removal of this very
basic sequence might be a crucial step in the process of TN
assembly in the extracellular matrix.We are currently conducting
experiments to confirm this possibility. As in the case of chicken
TN a secondary structure prediction of the sequence from residue
119- 147 shows a high probability to form ca-helix. Thus, the
primary structure of human TN is compatible with the model
of the TN hexamer suggested by Spring et al. (7).
About 2/3 of the primary structure, deduced from the sequence

of cDNA clones, have already been reported by Gulcher et al.
(37), more specifically from base 1342 to base 6217 of our
sequence reported in Fig. 1. With respect to this sequence we
found only few differences (see Legend of Fig. 1) with the
exception of residues 1599-1607 where we have the following
sequence: SGFTQGHQT while in (37) LWLHPRASN (residue
1170 to 1178 of their sequence) has been reported. This difference
is due to the fact that we found CT at bases 4848 -4849 instead
of CCT thus, this single base insertion introduces a frameshift.
Furthermore, we found CCA at bases 4875 -77 instead of CA
reestablishing the frame of the TN sequence previously reported
(37). Since the double C reported by Gulcher et al. (37) at bases
4848-4849 should generate a cleaving site for the restriction
enzyme Ava II we have tested an appropriate cDNA clone with
this enzyme. The absence of this cleaving site confirms our
sequence.

In chicken TN there are three FN-L repeats that undergo
alternative splicing which generates three different TN subunit
isoforms (6-7). It has been reported that in human TN seven
FN-L repeats undergo alternative splicing since two different
cDNA clones, one with all these seven FN-L repeats and the
other one in which all seven were missing, have been isolated
(37). From the cDNA libraries tested we have found many cDNA
clones covering the human TN area which were obviously derived
from alternative splicing of pre-mRNA. However, the smallest
clone we found contains two repeats of the seven which undergo
alternative splicing (repeats 10 and 12).We also found a clone
in which only repeat 11 was missing and clones in which all the
seven repeats were present. We did not find any clones in which
all the seven repeats were missing. We have also studied, by
PCR amplification on cDNA obtained from total RNA from the
melanoma cell line SK-MEL-28, the possible different splicing
patterns of the TN primary transcript. As reported in 'Results'
we observed 4 different bands, one containing all the seven
repeats, one only repeats 10 and 12, one containing only repeat
12 and one in which only repeat 11 was missing. However, the
above reported results do not give any quantitative estimation
on the relative abundance of the different isoforms of TN since
the efficiency of amplification of the various cDNA species may
be different. We are currently studying the relative abundance
of TN isoforms in different tissues by RNAase protection
analysis.
By homology comparison between the seven FN-like repeats

involved in alternative splicing in human and three FN-L repeats
involved in alternative splicing in chicken, it has been reported
that human repeats 6,7,8,9 have an extremely high homology
with repeat 6 in chicken, thus supporting a recent reduplication
of this sequence (38). In fact, our results have shown that human
repeats 6 to 9 (which should correspond to the chicken repeat
6) have up till now been observed to always be included or
excised as a block. Furthermore, there is a high homology of
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chicken FN-Like repeat 7 to human FN-L repeat 10, and a high
homology of the chicken FN-L repeat 8 to human FN-L repeat
12. However, there are no chicken repeats with high homology
to the human FN-L repeat 11. Considering that the cDNA clones
containing repeat 11 are the rarest, in our study at least, a chicken
FN-L repeat corresponding to the human FN-L repeat 11 might
have escaped previous analysis (6-7). Furthermore, repeat 11
has been, up till now, found only in cDNA clones containing
all other repeats undergoing alternative splicing and only in a
fetal brain cDNA library. These data indicate that the splicing
patterns of human TN are quite complex and require further
investigation.
At present possible biological functions of different TN

isoforms may only be a matter of speculation. However, it is
worth noting the high concentration of potential N-glycosylation
sites in the repeats which may undergo alternative splicing.
Furthermore, Prieto et al. (39) reported spatio-temporal changes
during chicken development of two forms of TN mRNA. We
are presently approaching the study of the biological functions
of different TN isoforms by 1) preparing Mabs able to recognize
different TN isoforms in order to perform a detailed analysis of
the distribution of various TN in different tissues and in different
physiological conditions and 2) establishing procedures for the
production and/or purification of different TN isoforms.
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