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We have sequenccd that area of a human fibronectin gene clone which codes for a connecting strand separat- 
ing the last two areas of the type lII homology. The gene has a complex exon with two 'AG' acceptor sites. 
One of these can be used (exon subdivision). In addition 93 basepairs inside the exon are sometimes spliced 
out as an intron. This is the third differential splicing found in the fibronectin gene transcript and it repre- 

scnts a new type of differential splicing. 

f)bronectin gene clone Differential splicing Nonhomologous connective strand 

I. INTRODUCTION 

Fibronectin (FN) is a large glycoprotein (Mr 
280000 per chain) which is a component  of the ex- 
tracellular matrix of e.g. basement membranes and 
it is also present in blood plasma, as a disulphide 
linked dimer. It is important for cell anchorage, 
cell motility [1,2] and for normal wound healing 
[3]. FN contains discrete domains with binding 
sites for fibrin, collagen, DNA, cell surfaces and 
heparin. The complete sequence of  overlapping 
fibronectin cDNA clones from a human cell line 
has recently been published [4]. The amino acid se- 
quence of bovine plasma fibronectin has been 
determined by peptide sequencing [5]. The se- 
quence contains three types of  internal homology 
[6]. Either 15 or 16 type III homologies constitute 
the central part of the polypeptide chain [4]. 

Previously two areas of differential splicing in 
the FN gene transcript have been described. A 
fraction of the FN mRNA molecules from cell 

Abbreviations: FN, fibronectin; ED, extra domain; 
IIICS, type Ill connecting strand; kbp, kilobasepair 

cultures contains an extra internal fragment coding 
for one type II1 homology - the extra domain [4]. 
This fragment is absent from FN mRNA of  liver 
which synthesizes plasma FN. Bovine plasma FN 
also does not contain the ED fragment [5]. The ED 
corresponds to one exon in the FN gene [7] and FN 
mRNA with and without the ED arise by tissue 
specific differential splicing of the exon skipping 
type [7,8]. 

Three types of FN mRNA have been isolated 
from a rat liver cDNA library. In a 
nonhomologous connecting strand, spacing the 
last two domains of type III  homology the three 
clones code for 120, 95 and 0 amino acids, respec- 
tively [9]. This can explain the heterogeneity found 
in plasma FN, which appears as two bands on 
reduced SDS gels. Only the top band reacts with a 
monoclonal antibody against an epitope in the 
nonhomologous connecting area called the type III 
connecting strand [10]. The IIICS region of the rat 
FN gene is encoded by the 5 ' -end of a larger exon 
which also encodes the first third of  the following 
type IIl unit. This exon has three 'AG '  splice ac- 
ceptor sites either of  which can be used when splic- 
ing to the preceding ' G T '  donor sequence [11] 
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(exon subdivision) giving sequences corresponding 
to the three rat eDNA clones described [91. 

We have found eDNA clones for human FN in 
eDNA libraries of RNA from a human cell line 
[4,8] and from human liver [121. In our cDNA 
clones the IIICS coding region lacks 93 nucleotides 
present in the 3 ' -end of the IIICS coding regions 
of all three rat clones. In order to elucidate this 
major difference between rat and human mRNA 
coding for otherwise very homologous proteins 
and find the splicing variation in this area of the 
human FN gene we have isolated the IIICS coding 
area of  the human FN gene from a larger FN gene 
clone [7]. Recently a human FN cDNA clone was 
isolated with a II1CS region like the one found in 
rat FN cDNA [13]. In this paper we describe the 
gene structure of the IIICS coding region of the 
human FN gene and the splicing variations of  the 
gene transcript. 

2. MATERIALS AND METHODS 

Enzymes were from New England Biolabs, 
Beverly, MA, USA unless otherwise mentioned. 

A total BgllI digest of  the FN gene clone )~FN5 
[7] was ligated into the BamHl site of  the pAT 
153/Pvull /8 vector [141 and cloned in E. coli 
MC106t. The recombinant clones were transferred 
to filter paper (Whatman 541) [15] and hybridized 
to the inserts of M13 subclones from pFH1 [161 
labelled with [a,-3ap]ATP by primer extension us- 
ing the Klenow fragment of DNA polymerase I 
[17]. Probe I was from AluI 3214 to AluI 3360, 
probe II from AluI 3090 to AluI  3214 (numbering 
as in [161). Probe II spans sites for BglI1 and 
BstEll. Washing conditions in the hybridization 
were 3 x SSC, 65°C. DNA from clones hybridizing 
to both probes (pFH5B2.3) and hybridizing only to 
probe II (pFH5B2.2) were analysed by restriction 
mapping and sequencing of restriction fragments 
(3 ' -end labelled by 'filling in' with Klenow 
polymerase I) by the Maxam and Gilbert method 
[18]. A subclone of a 1.0 kbp PvulI fragment of 
pFH5B2.3 in the same vector was analysed in the 
same way. 

From this subclone insert fragments sequentially 
shortened from one by one digestion with ex- 
onuclease Bal31 were obtained in the following 
way (slightly modified from [19]): in the vector the 

Pvull site is flanked by EcoRI and Bamtt l  sites. 
20/xg of the recombinant clone was lincarized with 
EcoRl, extracted with phenol, precipitated with 
EtOH, resuspended in 300/A of 12 mM CaClz, 
1 mM MgCIz, 600 mM NaCI, 20 mM Tris-HCl, 
pH 8.1, 1 mM EDTA and shortened from both 
ends with 5 'al Bal31 (750 U/rot) at 30°C. Aliquots 
were removed at different times and immediately 
extracted with phenol. All fractions were 
precipitated with EtOH and finally digested with 
Pvull to remove the vector from the inserts and 
with BamHI to make one end of the vector frag- 
ment 'sticky'.  The experiment was repeated using 
EcoRI and BamHl in reverse order to get insert 
fragments shortened from the other end. The 
bhmt-ended shortened fragments were cloned into 
M13 mp8 or rap9 (linearized with Sinai) by stan- 
dard procedures [16]. The single-stranded DNA 
from the resulting clones and from M13 subclones 
of restriction fragments was sequenced by a 
modified dideoxy method essentially as in [20]: 
200 ng of single-stranded template was dried down 
together with 20'aCi of [a,-3xp]ATP (3000 Ci/  
mmol), l 'a l  of  50"aM dGTP,  50"aM dTTP and 
resuspended in 2"al 15-met universal primer 
(1 pmol/,ul, Biolab) and 1,al RT buffer (RT buf- 
fer: 50 mM NaCl, 34 mM Tris-HC1, pH 8.3, 
6 mM MgCI2). After 10 rain incubation at 55°C 
0.5 ,al reverse transcriptase (Life Sciences Inc., St. 
Petersburg, FL) (diluted to 1.25 units/'al with RT 
buffer) was added and the mixture incubated for  
5 min at 55°C. Another 2 /d  of  diluted enzyme was 
added and 1 "al of this mixture was added to four  
tubes labelled G, T, C and A, each containing 
1.5"al of 250"aM dGTP, 250'aM dCTP,  250"aM 
dATP, 250 ,aM dTTP, 1 x RT buffer and 12.5 ,aM 
of the appropriate dideoxynucleotide, except for  
the G-tube which should have 8 ,aM ddGTP.  These 
tubes were incubated at 55°C for 10 min. The con-  
tent was mixed with 6,al formamide dye, boiled 
and electrophoresed on 6% acrylamide, 7 M urea  
gels in the normal way [18]. 

Sau96I and HinfI fragments (end labelled ira 
their 3 '-end) from the insert of pFH5B2.3 were 
eluted from an acrylamide gel run without u rea  
and aliquots containing only 10000 cpm were used 
as probes when hybridizing to the insert of  p F H I  
spotted on 1 cm Millipore filters (0.45/~m). Af te r  
washing the filters were counted in a liquid scin- 
tillator. 
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3. RESULTS AND DISCUSSION 

We have isolated two plasmid clones pFHSB2.3 
and pFH5B2.2 containing the area coding for the 
connecting strand between the last two domains of 
type III homology (the IIICS) area of the FN gene 
from the previously described FN gene clone AFN5 
[7]. The insert of pFH5B2.3 is a 2.3 kbp BgllI 
fragment of AFN5. It contains the area 
downstream from a Bglll site in the differentially 
spliced IIICS region. The insert of pFH5B2.2 is a 
2.2 kbp Bglll fragment of AFN5 which contains 
the sequence from the same Bglll site but in the 
upstream direction (fig.l). 

Sequence analysis from a BstEll site 30 bp from 
the cloning site in pFH5B2.2 showed that the 
exon-intron boundary 5' to the I[ICS region is 
located at the same point as the one found in the 
rat gene [11]. The rest of the IIICS region is con- 
tained in a 1.0 kbp fragment obtained by digestion 
of pFH5B2.3 with Pvull. This fragment has been 
completely sequenced. Fig.2 shows a sequence 
starting with the last 14 bp of the intron preceding 
the IIlCS region and ending with 571 bp of the in- 
tron interrupting the sequence coding for the last 
domain of type 11I homology. This domain is 
located after the IIICS region. The bases 14-281 in 
fig.2 correspond to the IIICS region Which we have 

previously found in the FN cDNA clone pFH1 
[16]. Then follows a stretch of 93 bp which is 
homologous to the 3 ' -par t  of  the rate IIICS region 
and present in the human FN cDNA clone FN421 
[13], but which is absent from the human cDNA 
clones pFHI  from a human cell line and pFHL1 
and pFHL8 from human liver [12]. The next exon 
coding for 36 amino acids of the last type III 
homology follows immediately after the 93 bp 
stretch. 

The 93 bp sequence constitutes a short normal 
intron sequence with a 5 ' - G T  donor and a 3 ' - A G  
acceptor sequence in accordance with the consen- 
sus splice sequences [25]. In the rat FN gene an AT 
sequence corresponds to this human GT donor se- 
quence. This explains why this part is not spliced 
out in the rate gene transcript. The same must be 
true for the bovine FN gene, since the corre- 
sponding two bases are the last two of  an 
asparagine codon [5]. 

The acceptor site in the rat sequence corre- 
sponding to the 3 ' -end of the human 93 bp stretch 
is used when that mRNA which codes for FN lack- 
ing the IIICS region is made [9]. We do not know 
at present whether the splice variant which skips 
the IIICS exon also occurs in the human FN. 

The occurrence of cDNA clones with and 
without the 93 bp stretch indicates that it can be 
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Fig.1. Restriction map of the pFH5B2.3 and part of the pFH5B2.2 clones, and the sequencing strategy. (a) Black boxes 
are axons, the open box illustrates a 93 bp intron which can also be part of an exon. (b) Shaded boxes illustrate Sau961 
and Hinfl fragments containing exon sequences. (a and c) Restriction sites outside the horizontal line are from the 
vector. (c) The top line is a 1.0 kbp Pvull restriction fragment subcloned for sequencing (see section 2). (a-c) The 
fragments which have been sequenced by the Maxam and Gilbert method are marked by lines with black squares. 
Sequences obtained by dideoxy sequencing starting at specific restriction sites are marked by lines with filled circles; 
those with open circles were obtained by sequential shortening with the exonuclease Bal31 (see section 2). Bs, BstEll; 

Bg, BgllI; B, BamH1; E, EcoRI; P, Pvull. 
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al 

CCTCTCTCGGC TAGACGAGCTTCCCCAAC TGGTAAC CC TTCCACACC C CAATCTTCATGG 
AspGluLeuProGlnLeuVaIThrLeuProHisProAsnLeuHisGly 

ACCAGAGATCTTGGATGTTCCTTC CACA~TTCAAAAGACC CCTTTCGTCAC C CACC CTGG 
ProGluI leLeuAspValProSerThrVaIGlnLysThrProPheVaIThrHisProGly 

60 

120 

GTATGACACTGGAAATGGTATTCAGCTTCCTGGCACTTCTGGTCAGCAACCCAGTGTTGG 
TyrAspThrGlyAsnGlyIleGtnLeuProGlyThrSerGlyGlnGlnProSerValGly 

GCAACAAATGATCTTTGAGGAACATGGTTTTAGGCGGACCACACCGCCCACAACGGCCAC 
GlnGlnMet I lePheGluGluHisGlyPheArgArgThrThrProProThrThrAlaThr 

CCCCATAAGGCATAGGCCAAGACCATACCCGCCGAATGTA TGAGGAAATCCAAATTGG 
ProI leArgH i sArgProArgP roTyrP roProAsnVaIG lyGluG luI leGlnI leG ly 

180 

240 

300 

TCACATTCCCAGGGAAGATGTAGACTATCACCTGTACCCACACGGTCCGGGACTCAATCC 
HisI leProArgGluAspVaIAspTyrHisLeuTyrProHisGlyProGlyLeuAsnPro 

~3 

AAATGCCTCTACA~GACAAGAAGETCTCTCTCAGACAACCATCTCATGGGCCCCATTCCA 
AsnAlaSerThrGlyGlnGluAlaLeuSerGlnThrThrIleSerTrpAlaProPheGln 

360 

420 

GGACACTTCTGAGTACATCATTTCATGTCATCCTGTTGGCACTGATGAAGAAC CCTTACA 480 
AspThrSerGluTyrl leI leSerCysHisProVaIGlyThrAspGluGluProLeuGln 

d2 

GYGTAATTAAT TGTTCTCTTC ACTTCTCATG GGGCAGCACA GAAAGGAATA AGTTAGGTAA 540 

CTGAAGTGAC CAGCCCTCGA ATAAAAAGTG GCTTCATGGC 

TGTAATCCCA GCACTTTGGG AGGCCGAGGC AGGTGGATCA 

ACCAGCCTGG CCAACATGGT GAAACCTCGT CTCTTGAAAA 
. . . . . . . . . . . .  . . . . . . .  . , . . . . . . .  . . . . .  

CACCTTTTAG AACCTCTTAG AAGATGGCAC ATTTAAGCCC 

CGGGTGTGAT GGCTCACGCC 600 

TTTGAGGTTA GGAGTTCAAG 660 

AAAAAAAAAA AAAGTGGCTC 720 

TGCTTTTTTT TTTTTTTAAA 730 

TCCCAATATG GCTCTACTTT GGAGGACATA CCAGAGAGTC ACTAGCCTTT TATTTCCATA 840 

GAGAAAATGA AACTATTTCT CTTATTCTCA CACATTTGAG GTTCCTTTTT GAGTAAGATA 900 

GATGGTTCTA GAAAAGAAAG AAAGATATTC TACCTGAATT TCCATTTGTG TGCAGAAGTC 960 

TAAAACACTA CCTTTACGAT TTGTCCTTGA AGAACCCCAC TATCTACAAC ATATCTAAAG 1020 

AAAAAAAAAA ACAGCGAAGC TGTGCATAGC AG 1052 

Fig.2. Sequence of the IIICS coding region plus part of the surrounding introns. Arrowheads are intron exon junctions, 
al ,  a2 and a3 are acceptor sites, dl and d2 are donor sites. The 93 bp intron which can be part of an exon is underlined. 
All exon sequences are translated. Bases identical to those of the first monomer of the consensus sequences of the Alu 

family [24] are underdotted. 

differentially spliced, being regarded either as part 
o f  an exon or as a short intron. The sequence o f  
the 93 bp in the FN421 c D N A  clone [13] and our 
gene clone are identical except for one silent G to 
A exchange which creates an extra cleavage site for 
the restriction enzyme HinfI in our clone.  

The sequence T G T A C C C A C ,  the underlined A 
being 35 bp before the 3 ' -end  o f  the 93 bp intron 

can form base pairs with the 5 ' -end o f  the intron 
in 6 o f  the 9 posit ions and it is therefore a putative 
recognit ion site for the so-called lariat format ion  
[21]. The  intron sequence as such does not give any 
obv ious  clue to why this intron is not always 
spliced out. The intron length itself could perhaps 
be the reason. Wieringa et al. [22] found a minimal  
intron length o f  81 bp to be necessary for the cor-  
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rect splicing of their artificial mutants of  the first 
intron of the L¢-globin gene. In addition the 
original first 6 and last 24 bases of the intron were 
found to be required. 

In rat and bovine FN the amino acid sequence 
Arg-Gly-Asp-Val appears in the transcribed 93 bp 
stretch. This is a putative second cell binding site 
[23]. However, in the human gene sequence and in 
the human eDNA clone which includes this part 
[13] the sequence is Arg-Glu-Asp-Val which does 
not bind cells. The functional importance of this 
sequence is therefore dubious. 

Fig.2 also shows the first 571 nucleotides of the 
intron following the exon coding for 36 amino 
acids of the last unit o f  type Ill homology. The 
length of this intron has been estimated to be ap- 
prox. 2 kbp by hybridization of restriction 
fragments to pFH1 (see section 2). It is remarkably 
rich in adenines and thymidines and includes 
stretches of 15 As, 14 Ts and 11 As. It contains a 
150 bp stretch belonging to the so-called Alu 
family [24] starting 92 bp from the 5 ' -end  or the 
intron (fig.2). Preliminary results suggest a 300 bp 
stretch belonging to the Alu family on the non- 
coding strand further downstream in the intron 
(not shown). 

In conclusion we have described a short region 
of  the FN gene with a complex splicing variation 
including exon subdivision of the 5 ' -end of an ex- 
on and a short intron which is not always removed. 
This is the third place where differential splicing 
has been observed so far in the human FN gene 
transcript and it represents a new type of differen- 
tial splicing. This splicing pattern differs between 
species as a consequence of a GT-AT difference. 
This system should be useful for analysing the fac- 
tors regulating differential splicing. 
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