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The partial amino-acid sequence of purified human transforming growth factor-B (TGF-B) was used to identify a series
of ¢cDNA clones encoding the protein. The cDNA sequence indicates that the 112-amino acid monomeric form of the
natural TGF-B homodimer is derived proteolytically from a much longer precursor polypeptide which may be secreted.
TGF-B messenger RNA is synthesized in various normal and transformed cells.

Two different peptides which can induce the reversible
phenotypic transformation of mammalian cells in culture are
termed transforming growth factor (TGF)' @ and B. TGF-a is
synthesized by various transformed cell lines** and competes
with epidermal growth factor (EGF) for binding to the same
cell-surface receptor’. A 50-amino-acid-long TGF-a species has
been purified and shown to share sequence homology with
EGF*. This TGF-a is initially synthesized as part of a 160-amino-
acid-long precursor molecule which undergoes NH,- and C-
terminal proteolytic processing to yield the mature peptide®®.

TGF-B has been isolated from tumour and normal cells and
tissues’, including kidney®, placenta’ and blood platelets'>!.
The relatively high levels of TGF-B present in platelets, which
also contain platelet-derived growth factor (PDGF), have led
to the suggestion that TGF-8 plays a role in wound healing'?.
It is a homodimer of relative molecular mass ( M;) ~ 25,000 (ref.
11) which recognizes a cell surface receptor distinct from the
EGF receptor'®'. Treatment of NRK fibroblasts with TGF-8
does, however, result in an increase in the number of membrane
receptors for EGF'®, which may explain the ability of TGF-8
to greatly potentiate transforming activity of EGF and TGF-«
on these cells’. Moreover, TGF-8 alone can induce AKR-2B
fibroblasts to form colonies in soft agar'®. In addition to stimulat-
ing cell proliferation, TGF-B has recently been demonstrated
to inhibit the anchorage-dependent growth of a variety of human
cancer cell lines'” TGF-8 may be identical or very similar to a
growth inhibitor isolated from African green monkey (BSC-1)
cells!® and has many properties in common with the tumour
inhibitory factor TIF-1 (ref. 19). Whether TGF-8 acts to stimu-
late or inhibit the growth of a particular cell type seems to
depend on many variables, such as the physiological condition
of the cell and the presence of additional growth factors.

Here we report the amino-acid sequence of human TGF-8
determined from direct protein sequencing and cDNA cloning.
The nucleotide sequence of the TGF-B cDNA reveals that the
112-amino-acid-long TGF-B8 monomer is initially synthesized
as part of a precursor polypeptide. Northern hybridization
analysis demonstrates that the TGF-8 mRNA is present in
normal cells and in many types of tumour cells.

Purification and sequence analysis

A purification scheme has been developed by Assoian et al!
which yields TGF-B from human blood platelets, a major site
of TGF-B storage. This procedure was modified and used to
obtain human TGF-B with a purity of >95% for subsequent
sequence analysis (Fig. 1 legend). In agreement with previous
work!! the non-reduced TGF-B migrated as an M, 25,000 pro-
tein in a SDS polyacrylamide gel, whereas reduction with B-
mercaptoethanol converted it into an M, 12,500 species. This
suggests that TGF-B consists of two M, 12,000 polypeptide

chains linked by intermolecular disulphide bridges. The purified
TGF-B was reduced, alkylated and subjected to amino-terminal
sequence analysis. The amino-acid sequences of several peptides
obtained after clostripain digestion of TGF-8 were also deter-
mined. These analyses yielded a 60-residue long contiguous
sequence starting from the amino terminus (Fig. 1a) as well as
several shorter peptide sequences (data not shown). The NH,-
terminus of the human TGF-8 is identical to the previously
determined NH,-terminal sequence of bovine TGF-8 8 The fact
that no heterogeneity was seen during the NH,-terminal
sequence analysis, and that all TGF-8 sequences obtained could
be accounted for by an M, 12,500 polypeptide, provide addi-
tional evidence for the homodimeric nature of this protein.

Isolation of TGF-B cDNAs

The approach we followed for the identification of the nucleotide
sequence encoding TGF-B was similar to the strategy used
previously for TGF-a’. Long oligonucleotides designed on the
basis of the partial protein sequence were used as hybridization
probes for the identification of a TGF-8 exon in a human
genomic DNA library, which was then used as a probe for the
isolation of TGF-B cDNAs.

Two 44-mer deoxyoligonucleotides, 8LP1 and BLP2, com-
plementary to sequences encoding amino acids 3-17 and 30-44,
respectively, were chemically synthesized (Fig. 1a). The choice
of these nucleotide sequences was based on previously described
considerations®. In addition, 16 14-mers were synthesized which
are complementary to all possible codons for amino acids 13-16
(Fig. 1a). A human genomic DNA library®® was screened under
low stringency hybridization conditions using 32p.1abelled BLP1
as probe. One of the 58 hybridizing phage, BA 58, also hybridized
with the 44-mer BLP2 and with the pool of 14-mers. Nucleotide
sequence analysis of this clone revealed the presence of a TGF-8
exon encoding amino acids 10-60 of TGF-B. Only about half
of the sequence corresponding to the SBP1 oligonucleotide is
present. Nevertheless, the probe hybridized because of the cor-
rect assignment of 23 of the 24 nucleotides in the portion of the
probe corresponding to the exon sequence (data not shown).

To obtain the entire TGF-B coding sequence, this exon was
used as a probe to screen a Agt10-based cDNA library derived
from human term placenta mRNA. The screening of ~750,000
oligo(dT) primed ¢cDNA clones resulted in the isolation of one
TGF-B cDNA (ABC1) of ~1,050 base pairs (bp). The previously
determined partial TGF-B sequence established the reading
frame and revealed the sequence encoding the complete TGF-8
polypeptide, followed by a stop codon 20 bp from the 3' end of
the cDNA.

Northern hybridization®** using the ABC1 cDNA insert as
probe showed that TGF-8 mRNA of ~2.5 kilobases. (kb) is
present in the A172 glioblastoma and HT1080 fibrosarcoma cell
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Fig. 1 Nucleotide sequence and deduced amino-acid sequence of

TGF-B cDNA. a, Peptide sequence obtained from sequencing of the
NH,-terminus and of clostripain digestion products of TGF-B. The
deoxyoligonucleotides which were used as hybridization probes for the
detection of the human TGF-B8 ¢cDNA are shown and are complementary
to the coding strand. The nucleotides marked with a dot are residues
without codon ambiguities. b, Schematic diagram of the TGF-8 mRNA
with the coding sequence boxed. The 112 amino-acid-long TGF-8
(dashed) is encoded by the 3’ end of the coding sequence. The sequenced
cDNA inserts of ABCl, 3.19, 3.32, 4.10, 4.33, 4.37 and 5.7 bases and
the genomic DNA sequence for the 3’ untranslated region are aligned
above the diagram. ¢, Nucleotide sequence and deduced amino-acid
sequence of the TGF- ¢cDNA, determined from the several overlapping
c¢DNAs and the genomic 3’ region. The 5' terminal region which could
be folded into stable hairpin loops is underlined. TGF-8 ¢cDNA encodes
a 391-amino-acid-long precursor, of which the C-terminal 112 amino
acids (boxed) encode the mature TGF-B. The sequence of hydrophobic
amino acids which could represent the hydrophobic core of an NH,-
terminal signal peptide is overlined. An overlined Arg-Arg dipeptide
precedes the proteolytic cleavage site. The three potential N-glycosyla-
tion sites in the TGF-8 precursor are overlined. The stop codon is
followed by the underlined G-C rich sequence and a downstream
TATA-like sequence. The AATAAA polyadenylation signal and
TTCAGGCC sequence preceding the putative polyadenylation site are
also underlined. Several restriction endonuclease recognition sites are
indicated.

Methods. TGF-B was purified from human platelets essentially as
described previously!' with an additional chromatography step over a
C18 (Synchropak) HPLC column in 0.1% trifluoroacetic acid eluted
with a 20-50% acetontrile gradient. TGF-B was dialysed into 8 M urea
and reduced by incubation in 0.1 M Tris-HCI (pH 8.5), 10 mM dithioth-
reitol, 8 M urea. Subsequent alkylation took place in the presence of
50 mM iodoacetate at room temperature in the dark. A fraction of the
reduced and alkylated TGF-B was digested with clostripain®' and the
peptides generated were purified by reverse-phase HPLC chromatogra-
phy. Sequence determination took place using either an extensively
modified Beckman 890C spinning cup sequencer*” or a vapour phase
sequencer as described by Hewick et al®. (Applied Biosystems model
470A), with amino-acid derivative identification by reversed-phase
HPLC on a Rainin Microsorb C-8 column. The oligonucleotides were
synthesized using the phosphotriester** or the phosphite*’ method. The
¢DNA was prepared®® from polyadenylated mRNA by priming with
poly(dT),,_,5 or the deoxyoligonucleotide ACACGGGTT-CAGGTAC
(complementary to nucleotides 1,271-1,287). The double-stranded
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ACA ACA CA

Asn Phe Cys Leu Gly Pro Cys Pro Tyr Ile Trp Val Leu Asp

TTG AAG AC 5

sstll sstll
1 ACCTCCCTCC GCGGAGCAGL CAGACAGCGA GGGCCCCGGL CGGGGGCAGG GOGGACGCCC CGTCCOGGGC ACCCCCLCCG GCTCTGAGLL GCCCGLEGGE

101 CLGGCLTCGE CCCOGAGCGG AGGAAGGAGT CGCCGAGGAG UAGCCTGAGG CCCCAGAGTC TGAGACGAGC CGCCGLLGCC CCCGCCACTG CGGGGAGGAG

201 GBGGAGGAGE AGCGGGAGGA GGGACGAGCT 6GTCGGGAGA AGAGGAAAAA AACTTTIGAG ACTTTTCCGT TGCCGCTGGG AGCCGGAGSE GCGGEGACCT
301 CTTGGCGCGA CGCTGLCCCE CGAGGAGGCA GGACFTGGGG ACCCCAGACC GCCTCCCTTT GCCGCCGGEG ACGCITGLTC CETCCCTOEC CCCTACACGG
401 CGTCCCTCAG GCGCCCCCAT TCCGGACCAG CCCTCGGGAG TCGCCGACCC GGCCTCCCGE AAAGACTTTT CCCCAGACCT CGGGCGCACT CCCTGCACGE
501 CGCCTTCATC CCCGGCCTGT CTCCTBAGCC CCCGCGCATC CTAGACCCTT TCTCUTCCAG GAGACGGATC TCTCTCCGAC CTGCCACAGA TCCCCTATTC
kpnl
601 AAGACCACCC ACCTICTGET ACCAGATCGC GCCCATCTAG GTTATTTCCG TGGGATACTG AGACACCCCC GGTCCAAGEC TCCCCTCCAC CACTECGCCC
pstl
701 TTCTCCCTGA GBAGCCTCAG CTTTCCCTCG AGGCCCTCCT ACCTTTIGCC GGGAGACCCC CAGCCCCTGC AGGGGCOGBG CCTCCCCACE ACACCAGCCC
1 1

Met Pro Pro Ser Gly Leu Arg Leu Leu Pro Len Leu Leu Pro Leu Leu
801 TGTTCGCGLT CTCGGCAGTE CCBBBGGGCG CCGLCTCCCC € ATG CCG CCC TEC GBG CTG £66 CTG €16 CCG CTG CTG CTA £CG CT6 CT6

21 sstll 31 41
Trp Ceu Leu val Leu Thr Pro Gly Pro Pro Ala Ala Gly Leu Ser Thr Cys Lys Thr Ile Asp Met Glu Leu Val Lys Arg

890 TG CTA (TG GTG CT6 ACG CCT GGL £CG CCG GCC GCG GGA CTA TCC ACC TGC AAG ACT ATC GAC ATG GAG CTG GTG AAG CG6

sstil 51
Lys Arg Ile Glu Ala 11e Arg Gly Gln 1le Leu Ser Lys Leu Arg Leu Al Ser Pro Pro Ser Gla Gly Glu Val Pro Pro
971 AAG CGC ATC GAG GCC ATC CGC GGT CAG ATC CT6 TCC AAG CTG (GG CTC GCC AGC CCC CCG AGC CAG GGG GAG GTG CCB CCC

71 81 9l
Gly Pro Leu Pro Glu Ala Val Leu Ala Leu Tyr Asn Ser Thr Arg Asp Arg Val Ala Gly Gly Ser Ala Glu Pro Gly Pro
1062 6GC CCG CTG CCC GAG GCC GTG CTC GCC CTG TAC AAC AGC ACC CGC GAC CGG GTG GCC GGG GAG AGT GCA GAA CCG GAG CCC

101 11 121
Gy Pro Glu Ala Asp Tyr Tyr Ala Lys Glu Val Thr Arg Val Leu Met ¥a) Glu The His Asn Glu Lle Tyr Asp Lys Pne
1133 GAG CCT GAG GCC GAC TAC TAC GCC ARG GAG GTC ACC CGC GTG CTA ATG GIG GAA ACC CAC AAC GRA ATC TAT GAC AAG TTC

131 —_— 141 kpnl 1s1
Lys Gin Ser Thr His Ser Ile Tyr Met Phe Phe Asn Thr Ser Glu Lev Arg Glu Ala Val Pro Glu Pro Va) Leu Leu Ser
1214 ARG CAG AGT ACA CAC AGC ATA TAT ATG TTC TTC AAC ACA TCA GAG CTC CGA GAA GCG GTA CCT GAA CCC GTG TTG CTC TCC

smal 161 171 _
Arg Ala Glu Leu Arg Leu Leu Arg Arg Leu Lys Lew Lys Val Glu GlIn His Val Gly Ley Tyr Gln Lys Tyr Ser Asn Asn
1295 C6G GCA GAG CTG CGT CTG CTG AGG AGG CTC AAG TTA ARA GTG GAG CAG CAC GTG GAG CTG TAC CAG ARA TAC AGC AAC AAT

181 191 201
Ser Trp Arg Tyr Leu Ser Asn Arg Leu Leu Ala Pro Ser Asp Ser Pro Glu Trp Leu Ser Phe Asp Val Thr Gly Val va)
1376 TCC TGG CGA TAC CTC AGC AAC CGG CTG CTG GCA CCC AGC GAC TCG CCA GAG TGG TTA TCT TTT GAT TC ACC GGA GTT 676

a1 221 231
Arg Gln Trp Leu Ser Arg Gly Gly Glu Ite Glu Gly Phe Arg Leu Ser Ala His Cys Ser Cys Asp Ser Arg Asp Asn Thr
1457 CGG CAG TGG TTG AGC CGT GGA GGG GAA ATT GAG GGC TTT CGL CTT AGC GCC CAC TGC TCC TGT GAC AGC AGG GAT AAC ACA

241 251
Leu GIn Val Asp 1le Asn Gly Phe Thr Thr Gly Arg Arg Gly Asp Leu Ala Thr Ile His Gly Met Asn Arg Pro Phe Ley
1538 £TG CAA GTG GAC ATC AAC GGG TTC ACT ACC GG6C CGC CGA GGT GAC CTG GCC ACC ATT CAT GGT ATG AAC CGG CCT TTC CTG
261 2 —— 28]
Leu Leu Met Ala Thr Pro Leu Glu Arg Ala GIn His Leu Gin Ser Ser Arg His Arg Arg[Als Ley Asp Thr Asn Tyr Cys
1619 CTT CTC ATG GCC ACC CCG CTG GAG AGG GCC CAG CAT CTG CAA AGC TCC C6G CAC CGC CGA GCC CTG GAC ACC AAC TAT TGC

29 301 311 bamHl
Phs Ser Ser Thr Glu Lys Asn Cys Cys Val Arg Gin Leu Tyr [le Asp Phe Arq Lys Asp (ey Gly 7rp Lys Trp Ile His
1700 TTC AGE TCC ACE GAG AAG AAC TGC TGC GIG CGG CAB CTG TAC ATT GAC TTC CGL AAG GAC CTC GGC T6G ARG TGG ATC CAC

321 331
TluPro LES G‘! TEr Ris Ala Asn Phe C¥s Ley Gly Pro C%s Pro TET Tle Trp Ser Leu ASE Thr Gin Tyr Ser Lys Val
1781 AT G(T AA TC GGG Cf TGG AGE CTG GAC ALG CAG TAC AGC AAG

341 smal 351 361
Ceu Ala Leu Tyr Asn Gln His Asn Pro Gly Ala Ser AYa Ala Pro Cys Cys Val Pro Gin Ala Leu Glu Pro Ley Pro Ile
1862 CTG GCC CTG TAC ARC TAG CAT RAC CCG GGC GCC TC6 GLG GCG CCG T6C T6C GTG CCG CAG 6CG CTG GAG CCG CTG CCC ATC

391

7l 381
¥a) Tyr Tyr Vai Gly Arg Lys Pro Lys Va) Glu Gln Ley Ser Asn Met Ile Val Arg Ser Cys Lys Cys Ser]
1943 °GTG TAC TAC GTG GGC CGC AAG CCC AAG GTG GAG CAG (TG TCC AAC ATG ATC GTG C6C TCC T6C AAG T6C AGC ToA esig

ncol
2021 CCCECCCCRE CCCGCCTCC CLLRBCAGGE CCGGCCCCAC CCCGCCCCGC CCCCGCTGLC TTGCCCATGG GGGCTGTATT TAAGGACACC GTGCCCCAAG

2121 CCCACCTGGG GCCCCATTAA AGATGGAGAG AGGACTGCGG ATCTCTGTGT CATTGGGCGC CTGCCTGGGG TCTCCATCCC TGACGTTCCC CCACTCCCAC

vgll
2221 TCCCTCTCTC TCCCTCTCTG CCTCCTCCTG CCTGTCTGCA CTATTCCTTT GCCCGGCATC AAGGCACAGG GGACCAGTGG GGAACACTAC TGTAGTTAGA
2321 TCTATTTATT GAGCACCTTG GGCACTGTTG AAGTGUCTTA CATTAATGAA CTCATTCAGT CACCATAGCA ACACTCTGAG ATGGCAGGGA CTCTGATAAC
2421 ACCCATTYTA AAGGTTGAGG AAACAAGCCC AGAGAGGTTA AGGGAGGAGT TCCTGCCCAC CAGGAACCTG CTTTAGTGSG GGATAGTGAA GAAGACAATA

*
2521 AMAGATAGTA GTTCAGGCCA GGCGGGGTGC TCACGCCTGT AATCCTAGCA CTTTTGGGAG GCAGAGATGG GAGGATACTT GAATCCAGGC ATTTGAGACC

2621 AGCCTGGGTA ACATAGTGAG ACCCTATCTC TACAAARCAC TTTTAAAAAA TGTACACCTG TGGTCCCAGC TACTCTGGAG GCTAAGGTGG GAGGATCACT

pstl
2721 TGATCCTGGG AGGTCAAGGC TGCAG

c¢DNA was treated with nuclease S, (Miles Laboratories) followed by E. coli DNA polymerase 1 Klenow fragment (Boehringer Mannheim) and
subcloned into EcoRlI-cleaved Agt10 as described®’, except that asymmetric EcoRI linkers*® were used, thus avoiding the need ggr the EcoRl
methylase treatment. The recombinant phase were plated on E. coli C600 Hfl (ref. 47) and replica plated onto nitroceltulose filters™. These were
hybridized with *?P-labelled® specific restriction fragments at 42°C in 50% formamide, 5 X SSC, 50 mM sodium phosphate pH 6.8, 0.1% ‘sodlum
pyrophosphate, 5 X Denhardt’s, 50 ug ml™* salmon-sperm DNA and washed in 0.2xSSC, 0.1% SDS at the same temperature. Low—strmger:ncy
hybridization conditions®' were used for 32p.labelled synthetic deoxyoligonucleotides. The nucleotx@c sequence of the TGF_—B ch\slaA restriction
fragments was determined by the dideoxyoligonucleotide chain termination method>? after subcloning into M13 phage derlyatlves . ABC1 was
isolated from a human placenta cDNA library using the genomic exon as a probe. The ABC1 EcoRI ¢cDNA insert was ust?d in turn to screen the
A172 glioblastoma ¢cDNA library (kindly provided by A. Ullrich) leading to the isolation of ABC3.19. Screening of a spec1.ﬁcally _pnmed HT1080
fibrosarcoma cDNA library with the >2P-labeiled Kpn1/ Kpnl and the upstream EcoRI/ Kpnl fragment of the ABC3.19 cDNA insert yielded AB(?4.10,
4.33 and 4.37. Another similar library was screened with the ABC4.33 insert and a synthetic 40-mer corresponding to nucleotides 1-40, leading to

the isolation of ABC5.7b.
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lines. Extensive screening of cDNA libraries prepared from both
these cell lines and of an additional placenta ¢cDNA library
yielded many different TGF-8 cDNAs. Most of these seemed
to contain sequence inversions generated during cDNA prepar-
ation (‘Belgian’ clones®®). In addition, single base deletions and
substitutions were found in some of the cDNAs. Because of the
high incidence of cDNA artifacts, presumably resulting from
specific features in the mRNA or cDNA structure, all parts of
the sequence were confirmed by sequencing at least two different
cDNAs. Alignment of different cDNA sequences (Fig. 1b)
enabled us to establish 2 kb of sequence preceding the TGF-8
termination codon (Fig. 1¢).

None of the 70 TGF-B cDNAs isolated from different
oligo(dT)-primed ¢cDNA libraries contained more than a few
nucleotides of 3’ untranslated sequences. As introns are rarely
found in 3’ noncoding regions, the 3’ untranslated sequence was
determined using cloned genomic DNA. DNA sequence analysis
of phage BA58 revealed the presence of an exon encoding the
carboxy-terminal part of TGF-8, followed by the stop codon
and the 3’ untranslated region (Fig. 1¢). An AATAAA hexanu-
cleotide sequence®® was encountered 500 bp downstream from
the termination codon, thus permitting an assignment of the
putative polyadenylation site. The calculated size of TGF-B
mRNA is in close agreement with the 2.5 kb length determined
from the Northern hybridization experiments (Fig. 2).

Carboxy-terminus of TGF-3

The cDNA sequence establishes that TGF-8 is synthesized as
the C-terminal segment of a precursor polypeptide. As several
proteins undergo post-translational removal of C-terminal
sequences, we determined the actual C-terminal amino-acid
sequence of TGF-B. The cDNA sequence predicted the presence
of a single methionine near the C-terminus in TGF-B. The
protein was reduced, alkylated and cleaved with cyanogen
bromide (CNBr). Sequence analysis of the mixture of peptides
resulting from the CNBr digestion revealed the C-terminal
sequence predicted from the cDNA (data not shown), although
it cannot be excluded that a fraction of the molecule had
undergone C-terminal proteolysis.

Unmodified TGF-8 was also treated with CNBr. Cleavage at
the methionine residue resulted in the complete loss of biological
activity, showing that at least part of this C-terminal octapeptide
is needed for biological activity (data not shown).

mRNA in different cell types

The availability of a TGF-8 cDNA allowed us to screen various
cells for TGF-B mRNA (Fig. 2). TGF-8 mRNA was detectable
in all human tumour cell lines including Wilms Tumour, A172
(glioblastoma) and the carcinoma cell lines T24 (bladder car-
cinoma), A431 (Squamous epidermoid carcinoma), MCF-7
(mammary carcinoma) and KB (nasopharyngeal carcinoma).
HT1080, a fibrosarcoma-derived cell line, which we had chosen
as a source of mRNA for the cDNA cloning, contained relatively
high levels of TGF-8 mRNA. TGF-8 mRNA was not only
present in cell lines derived from solid tumours of meso-, endo-
and ectoblastic origin, but was also detectable in tumour cell
lines of hematopoietic origin, for example Daudi (Burkitt lym-
phoma B lymphoblast), Raji (Burkitt lymphoma B lymphoblast)
and Molt-4 (T-cell leukaemia). The presence of TGF-8 mRNA
is not restricted to tumour cells, as it is clearly detectable in
placenta and peripheral blood lymphocyte (PBL) mRNA. Strik-
ingly, the level of TGF-B8 mRNA is significantly elevated after
mitogenic stimulation of PBLs. TGF-8 mRNA was not detect-
able in human liver, yet was present in the HEP-G2 hepatoma
cell line. In all cases, the TGF-8 mRNA migrated as a species
with an apparent length of ~2.5kb.

Discussion

Analysis of several overlapping cDNAs and gene fragments has
led to the determination of a continuous sequence of 2,439 bp
corresponding to the TGF-B precursor mRNA. An initiator
ATG is located 842 nucleotides from the 5' end and establishes
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Fig. 2 Northern hybridization of mRNA from different sources
with a TGF-8 ¢DNA as probe. The cell source of the poly-
adenylated RNA is shown above each lane. The following cell
lines were used: the hepatoma HEP-G2, Wilms tumour TuWi,
glioblastoma A172, bladder carcinoma T24, squamous epidermoid
carcinoma A431, mammary carcinoma MCF-7, nasopharyngeal
carcinoma KB, fibrosarcoma HT1080, Burkitt lymphoma B lym-
phoblasts Daudi and Raji and T lymphoblast Molt-4. The cells
growing in the monolayer were collected at confluency. The
peripheral blood lymphocytes were prepared and mitogen-induced
with staphylococcal enterotoxin B and phorbol myristate as
described previously®®. RNA was prepared 24 h after induction.
Comparison with the position of the 28S and 18S ribosomal RNA
on the gel suggests a length of ~2.5kb for the TGF-8 mRNA.
4 pg of polyadenylated mRNA was electrophoresed into a formal-
dehyde 1.2% agarose gel*! and blotted onto nitrocellulose filters?2.
The *2P-labelled®® EcoRI cDNA insert of ABC1 was used as a
probe under high stringency conditions (see Fig. 1 legend).

a coding sequence of 1,173 nucleotides, thus encoding a 391
amino-acid long polypeptide (Fig. 1b, c). Several areas in the
cDNA sequence have an exceptionally high G-C content. In
particular, the first 450 bp at the 5'-terminus has regions with
>80% G-C content. The location of these G-C rich regions
coincides with the areas in which the many cDNA cloning
artifacts occurred and where partial length cDNAs were
obtained. It is likely that the first ATG triplet located at position
842 (Fig. 1¢) is the initiation codon as it is preceded in the same
reading frame by several stop codons and it could initiate
translation into a continuous sequence of a large polypeptide
which comprises the TGF-8 monomer. However, the sequence
context at this ATG is not in good agreement with the proposed
initiation codon consensus sequence G/ ACCATGG?. Further-
more, this ATG is localized in a very G-C rich area. A second
ATG, found in the same reading frame at position 954, is in
much better agreement with the initiation codon consensus
sequence and is localized within a 40-nucleotide region of rela-
tively low G-C content (~50% ). This ATG may be more access-
ible to the ribosome, especially as it is localized within a large
G-C region. Although it is more likely that translation starts at
the first ATG, it is conceivable that the second ATG could also
be used to initiate translation of a smaller TGF-8 precursor.

The 5’ untranslated region of the TGF-B mRNA is at least
841 nucleotides long and contains a 61-nucleotide-long sequence
(positions 192-252) consisting almost exclusively of purines.
The biological relevance of the exceptionally long 5’ untrans-
lated region of high G-C content is unknown, but it is similar
to the structural organization of the mRNAs for c¢-myc®® and
insulin-like growth factor-2 (ref. 27). However, there is no strik-
ing sequence homology between these sequences. The first
120 bp of the TGF-B c¢cDNA can theoretically be folded into
hairpin loop structures with a calculated stability of —92 kcal
(data not shown). It is tempting to suggest that the long 5’
untranslated sequence and these hairpin loop structures could
play a role in mRNA stability or in the regulation of tran-
scription.
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The stop codon at residue 2,016 is immediately followed by
a remarkable, G-C-rich sequence of 75 nucleotides (Fig. 1c¢).
This sequence consists of multiple repeats of CCGCC and ends
with GGGGGC. The peculiar nature of this sequence is probably
responsible for the fact that the 3’ untranslated end of the mRNA
could not be cloned as a cDNA sequence, perhaps because of
the inability of the Escherichia coli DNA polymerase I to use
this sequence as a template for the second strand ¢cDNA syn-
thesis. Similar repeat sequences have been found in the promoter
regions of the genes for human dihydrophfolate reductase®,
human adenosine deaminase’ and Herpesvirus thymidine
kinase®”. In the latter case, McKnight et al>® have shown that
these structural elements are important in transcription
efficiency. In addition, it has been shown that the promoter
specific transcriptional factor Spl binds to such sequences in
the simian virus 40 early promoter region and in a related
monkey promoter’. In all these cases the G-C rich repeats are
followed closely by the Goldberg-Hogness TATA sequence. In
the case of TGF-B, however, these sequences are located in the
3’ untranslated region of the gene, but, interestingly, are also
followed by a TATA-like sequence. The hexanucleotide
AATAAA, ~500 nucleotides downstream from the stop codon,
probably functions as the TGF-B polyadenylation signal as this
would agree with the size of TGF-B mRNA estimated from
Northern hybridizations. Benoist et al3 have proposed a con-
sensus sequence TTCACTGC which immediately precedes the
poly(A) tail.- A similar sequence, TTCAGgCC, follows the
AATAAA sequence in the TGF-8 mRNA, providing further
support for the assignment of the polyadenylation site at position
2,539 (Fig. 1c¢).

The TGF-8 cDNA encodes a polypeptide of 391 amino acids,
assuming that the first ATG is used for translational initiation.
Comparison with the experimentally determined NH,-terminus
of TGF-B shows that the C-terminal 112 amino acids constitute
the TGF-B sequence. The TGF-8 monomer is cleaved from the
precursor at the Arg-Arg dipeptide immediately preceding the
TGF-8 NH,-terminus. Similar proteolytic cleavage sites have
been found in several other polypeptide precursor sequen-
ces®*34, Determination of the hydrophobicity profile*® predicts
that this Arg-Arg sequence is located within a hydrophilic region
which would make it accessible to a trypsin-like protease.
Whereas cleavage of the precursor gives rise to the mature TGF-8
monomer, it is not known if other biologically active peptides
are also released. The TGF-B precursor contains several pairs
of basic residues (Fig. 1¢) which could also undergo post-
translational cleavage and give rise to separate polypeptide
entities. However, the TGF-8 polypeptide itself contains two
Arg-Lys dipeptides which apparently are not cleaved. The TGF-
B precursor contains three potential N-glycosylation sites®,
none of which are localized within the TGF-8 polypeptide (Fig.
ic).

The 112 amino-acid sequence of TGF-B contains nine cys-
teines, whereas the rest of the precursor contains only three
(positions 33, 224 and 226; Fig. 1¢). There are no data either
on the location of the disulphide bridges or on which cysteines
are involved in the interchain disulphide linkage of the TGF-
dimer. Previous studies have shown that reduction of the TGF-f
dimer of M, 25,000 generates a single band of M, 12,500 on
denaturing polyacrylamide gel''. Sequence analysis of the TGF-
B amino-terminus and of the TGF-B peptides obtained after
clostripain digestion strongly suggest that the TGF-8 dimer
consists of two identical polypeptides. This homodimeric nature
is also supported by the presence of only a single hybridizing
DNA fragment on Southern hybridization of human genomic
DNA with a TGF-B exon probe (data not shown). Chou-
Fasman analysis of the secondary structure shows®’ that the
TGF-B polypeptide contains extensive B-sheet with little a-
helicity. The region immediately preceding the basic dipeptide
cleavage site is probably a-helical.

TGF-B is stored in relatively large quantities in platelets and
is also found in association with mammalian cells. It is also
released into the culture medium of these celis and, therefore,
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is probably a secreted protein. The deduced polypeptide
sequence of the 391-amino-acid-long TGF-8 precursor shows
a contiguous sequence of 16 hydrophobic residues (positions
8-23, Fig. 1c). This sequence may constitute the hydrophobic
core®® of an NH,-terminal signal peptide involved in protein
secretion. It is not known at which residue this cleavage by the
signal peptidase could occur, but comparison with other known
signal peptides shows an average signal peptide length of 20-30
amino acids®®, The mature TGF-8 would subsequently be
released from the precursor as a result of the cleavage by a
dibasic peptidase, localized at the external side of the mem-
brane®®. Translational initiation at the second ATG (position
954) would result in a 354-amino-acid-long precursor devoid of
the putative signal peptide.

Most growth factors seem to be made only by specific cell
types. PDGF is present in or released by platelets, endothelial
cells, smooth muscle cells and various tumour cells. TGF-a is
made by tumour cells of non-haematopoietic origin but has not
been demonstrated to be synthesized by any normal adult cells.
Previous studies have shown that TGF-B can be found in kid-
ney®, placenta® and platelets!®!! and is released by several
‘normal’ and transformed fibroblast celi lines. We examined
several types of normal and transformed cells from different
embryonic origin for the synthesis of TGF-8 mRNA. Our results
show that all cell types except aduit liver examined containTGF-
B mRNA. The amount of TGF-8 mRNA seems to correlate
with the degree of mitotic activity, which may explain our
inability to detect TGF-B8 mRNA in adult liver tissue. Further-
more, TGF-8 mRNA levels are higher in mitogen-induced lym-
phocytes than in unstimulated lymphocytes. This correlation
also seems to hold for the higher levels of TGF-8 expression
in transformed cells compared with their non-transformed
counterparts*C.

It is clear that much additional work is needed to elucidate
the role of TGF-B during cell division and propagation and in
the establishment and maintenance of the malignant phenotype.
The knowledge of the structure of TGF-B and its precursor and
the use of TGF-B cDNAs as molecular probes will certainly
contribute to this understanding.
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Evidence for Ha emission associated
with the HI bridge connecting
the Small and Large Magellanic Clouds

Michel Marcelin, Jacques Boulesteix & Yvon Georgelin

Observatoire de Marseille, 2 place Le Verrier,
13248 Marseille Cedex 04, France

The bridge of matter connecting the Small Magellanic Cloud
(SMC) with the Large Magellanic Cloud (LMC) was first detected
thanks to radio observations, and detailed maps of this H I bridge
are now available'. Observations of the Magellanic system at Ha
wavelength reported by Johnson et al.? in 1982 seem to show a
diffuse Ha emission associated with the H1 bridge. As they
suggested, it is necessary to confirm this association by obtaining
Ha profiles in the direction of this bridge. We did this in February
1984 with the help of a scanning Perot-Fabry interferometer and
a photon-counting system at the 1.5-m European Space Observa-
tory (ESO) telescope. The choice of the area to be observed was
based on recent observations® with the Very Wide Field Camera
(VWFC) on board Spacelab 1 (November 1983) showing an
extension of the SMC towards the LMC at wavelengths of 1,930
and 1,650 A. Detection of Ha emission would check that the
ultraviolet emission was emanating from the bridge connecting the
two galaxies by showing that the cloud of hot stars giving rise to
this ultraviolet emission was ionizing part of the H 1 bridge.

The patchy diffuse area detected by Courtés et al. with the
VWFC? is ~1°x2° in size. Courtés suggested that we should
obtain profiles of the He emission line where ultraviolet maxima
had been found (a = 1 h 50 min, § = —74°17" and @ =2 h 10 min,
& =-74°34").

The instrument used for our observations has been described
elsewhere*. We used a simpler version of the CIGALE experi-
ment at the 1.5-m ESO telescope. The focal reducer was a smaller
one, which was operated manually and which reduced the f:15
aperture ratio of the telescope to f:2.7.

The field of view is ~7 arc min in diameter and a 5-cm
diameter filter was used (this filter was centred at 6,567 A with
a full width at half maximum FWHM of 10 A). The centre of
the first selected field is at « =1h 50 min and & = —74°17" and
falls on chart 58 V of the Hodge and Wright® photographic atlas
of the SMC, approximately between reference points WG 5 and
L114. The scanning Perot-Fabry interferometer used interfer-
ence order 798 (at Ha), giving 8.2 A, or 376 km s~' for the free
spectral range. The observed field has been scanned with 21
steps (each step, or channel, corresponding to a given spacing
of the plates of the interferometer) ensuring complete coverage
of the free spectral range. Figure 1 shows the real-time display
of this observation on a TV monitor. Four channels are selected
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(number 1, 6, 11 and 16, clockwise from the upper left corner)
and displayed on a 256 times 256 pixel screen while the full
data (photon addresses in a 512 times 512 pixel grid for each
of the 21 successive channels) are recorded on a magnetic tape.
Each channel was exposed for 20s in each scanning cycle of
21 %20 s =420 s. Then the cycle was repeated 25 times. Thus the
total exposure time was 500 s for each of the 21 channels, with
the seeing conditions fairly well averaged for each channel over
the total exposure by the scanning mode used. The analysis of
the data shows that the brighter interference rings on Fig. 1 are
due to geo-coronal Ha emission (the innermost one on channel
1 of Fig.1) and OH nightsky line at 6569 A (the precise
wavelength® of which is 6,568.72 A £0.02 A). The faintest ring
(the one closest to the centre in channel 11 of Fig. 1) is due to
faint Ha emission by the object observed in the ultraviolet by
the VWFC on board Spacelab 1. The possibility that is was
produced by any night-sky emission line has been ruled out
because it was not detected on the second field which was
observed during the same night (a =2h 10 min, § =-74°34)
despite an exposure time three longer (but only unscanned this
time). The Ha emission line profile that has been detected is
broader and fainter than those of the night-sky emissions. The
width of the line is as much as 60 km s™' compared with ~20 km
s~! for the geo-coronal He and for OH (the resolution imposed
by the Finesse of the Perot-Fabry interferometer). The detected
emission is fairly-uniform over all the observed field and we
may estimate its intensity by comparison with the geo-coronal
Ha emission line. Comparing interference rings of same
diameter for the two lines, we calculated the ratio of the number
of counts and applied a small correction {~15%) to take into
account the fact that each line is transmitted through the interfer-
ence filter with a slightly different transmission factor, because
of its narrow bandpass. As a result we found an average intensity
ratio Ha (object)/geo-coronal Ha =0.4+0.1. Similarly, we
found OH(6,569 A)/geo-coronal Ha =0.8+0.1. The problem
with the intensity of the night-sky lines is that they are highly
variable, depending on parameters such as the geographical
location, date, the time of night, zenith angle, the phase of the
solar cycle and so on. Noting the values given by Chamberlain’,
(5-20 Rayleighs for the geo-coronal Ha emission at the zenith)
and if we consider 10 Rayleighs as a typical value, we conclude
that the detected object had an intrinsic emission around 4
Rayleighs. Converting into more usual units this gives an
intrinsic monochromatic brightness around 10~ erg cm ™2 57/,
st or107°J m™2s™! sr™*. This result is in very good agreement
with the Johnson et al? observation of the SMC-LMC bridge;
they found a maximum Ha brightness around 2-5x107°J m™
s~ sr! in the bridge between the two clouds.

However, the most interesting result is the radial velocity
measured from the Doppler shift of the Ha emission of this
object. Comparing the diameters of the observed interference
rings with calibration rings produced by a Ha lamp we first
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