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To study the relationship between the primary structure of transforming growth factor a (TGF-a) and some
of its functional properties (competition with epidermal growth factor (EGF) for binding to the EGF receptor
and induction of anchorage-independent growth), we introduced single amino acid mutations into the sequence
for the fully processed, 50-amino-acid human TGF-a. The wild-type and mutant proteins were expressed in a
vector by using a yeast a mating pheromone promoter. Mutations of two amino acids that are conserved in the
family of the EGF-like peptides and are located in the carboxy-terminal part of TGF-a resulted in different
biological effects. When aspartic acid 47 was mutated to alanine or asparagine, biological activity was retained;
in contrast, substitutions of this residue with serine or glutamic acid generated mutants with reduced binding
and colony-forming capacities. When leucine 48 was mutated to alanine, a complete loss of binding and
colony-forming abilities resulted; mutation of leucine 48 to isoleucine or methionine resulted in very low
activities. Our data suggest that these two adjacent conserved amino acids in positions 47 and 48 play different
roles in defining the structure and/or biological activity of TGF-a and that the carboxy terminus of TGF-a is
involved in interactions with cellular TGF-a receptors. The side chain of leucine 48 appears to be crucial either
indirectly in determining the biologically active conformation of TGF-a or directly in the molecular recognition
of TGF-a by its receptor.

Transforming growth factor a (TGF-a) is a polypeptide of
50 amino acids. First isolated from a retrovirus-transformed
mouse cell line (9), it has subsequently been found in human
tumor cells (10, 29), in the early rat embryo (18), and
recently in cell cultures from the pituitary gland (23). TGF-a
appears to be closely related to epidermal growth factor
(EGF) structurally and functionally (19, 20). The two pep-
tides apparently bind to the same receptor, and both induce
anchorage-independent growth of certain nontransformed
cells, such as NRK cells, in the presence of TGF-3 (1).
Comparison of amino acid sequences reveals about 35%

homology among the EGF-like peptides (rat [27], mouse
[25], and human [13] EGFs and rat [19] and human [12]
TGF-as). Some viral peptides (Shope fibroma growth factor
[6], vaccinia growth factor [2], and myxoma growth factor
[30]) also share homologies with the EGF-like peptides.

If TGF-a is involved in transformation, a TGF-a antago-
nist could be an important therapeutic tool in the treatment
of certain types of malignancies. An understanding of the
conformational and dynamic properties of the TGF-a mole-
cule is basic to the design of an antagonist. A hypothetical
antagonist would bind to the same receptor as TGF-a, but
would not induce the series of proliferative and transforming
events induced by TGF-a. To obtain such a molecule it is
necessary to dissociate interactions responsible for binding
from those involved in signal transduction. We decided to
approach the problem by way of site-directed mutagenesis of
a human sequence of TGF-a. In this report we describe our
first series of mutations, which were carried out at residues
Asp-47 and Leu-48, in the carboxy-terminal part of TGF-a;
these two amino acids are highly conserved in the EGF-like
family of peptides. We show that these two adjacent residues
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play different roles in the structure and/or function of
TGF-a.

MATERIALS AND METHODS
Cells. Normal rat kidney (NRK) cells were grown in

Dulbecco modified Eagle medium containing 10% (vol/vol)
calf serum.
TGF-a gene. The sequence of the 50-amino-acid human

TGF-a was originally derived from a human TGF-a precur-
sor cDNA (12). The coding sequence is preceded by an ATG
methionine codon and followed by a TAA stop codon and is
flanked by EcoRI restriction sites. This EcoRI fragment
combines the 59-base-pair EcoRI-NcoI fragment from plas-
mid pTE5 (12) with the 111-base-pair NcoI-EcoRI fragment
from plasmid pyTE2 (11). The resulting EcoRI fragment was
inserted in M13mpl8 for site-directed mutagenesis.

Synthesis and purification of oligonucleotides and oligonu-
cleotide-directed mutagenesis. The synthesis and purification
of 20- to 27-nucleotide oligonucleotides were carried out as
described previously (31). The one or two nucleotides re-
sponsible for the mutation were located in the middle of the
oligonucleotide. Mutagenesis was performed by published
procedures (21, 33). The sequences of the mutant clones
were verified by the method of Sanger et al. (25).

Yeast shuttle vector. The vector YEp70aT contains a yeast
a-factor pheromone promoter and prepro sequence for the
expression of TGF-a (15). The mutant TGF-a coding se-
quence was inserted in the EcoRI site of plasmid YEp70aT
and expressed in the form of a fusion protein consisting of 92
amino acids from the prepro sequence of the yeast a factor
attached to the amino terminus of TGF-a (28). The yeast
cleaves the precursor and secretes TGF-a with 8 amino acids
fused to it (4 are encoded by the prepro sequence of a-factor,
and the other 4 are encoded by the DNA sequence added to
insert of the TGF-a gene). The last of these residues is a
methionine, which allows the cleavage of the secreted fusion
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protein by cyanogen bromide (CNBr) and the release of a
mature TGF-a (50 amino acids) (see Results).

Yeast strain and transformation. The yeast Saccha-
romyces cerevisiae 20B-12 (MA Ta trpl pep4-3) (17) was
obtained from the Yeast Genetics Stock Center, Berkeley,
Calif. S. cerevisiae 20B-12 was grown in YEPD medium (1%
yeast extract [Difco Laboratories], 2% Bacto-Peptone
[Difco], 2% glucose). When the culture reached an optical
density at 660 nm of 1, spheroplasts were prepared (14) for
transformation. For each transformation we used 10 to 15 ,ug
of purified plasmid DNA.

Partial purification of TGF-ac mutants. At 3 days after
transformation, five individual colonies of transformants
were grown to saturation in YEPD medium. The amount of
protein in the yeast medium was measured by the method of
Bradford (3), and the amount of mutant TGF-a secreted in
the yeast medium was determined by radioimmunoassay.
The clones which secrete the highest amount of mutant
TGF-a were used to grow a 1-liter culture in YNB-CAA
medium (0.67% yeast nitrogen base, 20 g of glucose per liter,
10 g of Casamino Acids [Difco] per liter). After the culture
reached saturation (optical density at 660 nm of 10 to 12) (48
h in an air shaker at 30°C), the yeast conditioned medium
was dialyzed extensively against 1 M acetic acid in 3,000-
molecular-weight cutoff dialysis tubing. Usually 250 ml of
dialyzed culture was lyophilized, suspended in 10 ml of 70%
formic acid, and treated with CNBr (molar excess of 500) for
20 h at room temperature. The CNBr was subsequently
evaporated, and the samples were lyophilized. CNBr-treated
samples were suspended in 1 ml of 1 M acetic acid, loaded on
a Bio-gel P30 column (30 by 1.5 cm [Bio-Rad Laboratories]),
and eluted with 1 M acetic acid. Fractions of 1 ml were
collected. Aliquots were lyophilized, suspended in binding
buffer (minimum essential medium containing 1 mg of bovine
serum albumin per ml and 25 mM HEPES [N-2-hydroxy-
ethylpiperazine-N'-2-ethanesulfonic acid; pH 7.4]), neutral-
ized if necessary to pH 7.4, and tested in EGF-binding
competition and soft-agar assays, as well in radioimmunoas-
say.
Radioimmunoassays. The amounts of TGF-a secreted in

the yeast medium were determined by radioimmunoassay
with the immunoglobulin G fraction of a polyclonal anti-
body, 34D, raised against recombinant human TGF-a (4), in
0.1 M Tris (pH 7.5)-0.15 M NaCI-2.5 mg of bovine serum
albumin per ml. The amounts of partially purified TGF-a
present in the P30 column fractions were measured by using
the Biotope RIA kit with polyclonal antibody against human
TGF-a (a gift from W. Hargreaves, Biotope), under dena-
turing conditions, as recommended by the supplier.
EGF binding competition assay and soft agar assay. Both

EGF-binding competition and soft-agar assays have been
described previously (1).

RESULTS

Rationale for mutations in the carboxyl terminus of TGF-a.
Figure 1 shows the amino acid sequence of TGF-a in which
the residues that are conserved among all the EGF-like
peptides described thus far (EGF, TGF-a, and EGF-like
viral proteins) are enclosed in bold circles. Among the 11
conserved amino acids, there are 6 Cys and 2 Gly residues,
which presumably play essential roles in determining the
overall conformation of the molecule. We concentrated on
the two conserved amino acids in the carboxyl terminus,
Asp-47 and Leu-48. The Asp in position 47 is conserved
among the EGFs and TGF-a (human or murine), but not

1 2 3 4 5 6 7 8 9 10 1 1 12 13

H2N , 1
222 21 19 18 17 is

24>1

25

26 27 28 29 30 31 32 33 35 36 37 X

HOOC A
50 49 48 47 46 45 44 43 42 41 40

I,A,M S,A,N,E

FIG. 1. Mutations in the carboxy terminus of human TGF-a. The
amino acids conserved in all the family of EGF-like growth factors
(human and murine EGFs and TGFs, as well as the gene products of
the vaccinia virus [vaccinia growth factor], the Shope fibroma virus
[Shope fibroma growth factor], and the myxoma virus [myxoma
growth factor]) are enclosed in bold circles. The mutations of amino
acids at positions 47 and 48 are indicated. Symbols: A, Ala; C, Cys;
D, Asp; E, Glu; F, Phe; G, Gly; H, His; I, Ile; K, Lys; L, Leu; M,
Met; N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp;
Y, Tyr.

among the EGF-like viral proteins (vaccinia growth factor,
Shope fibroma growth factor, or myxoma growth factor),
whereas Leu 48 is conserved among all the EGF-like pep-
tides so far described. In both mouse and human EGF, the
two corresponding residues (Asp-46 and Leu-47) are located
near the surface of the protein (8, 22, 22a). We designed a
series of mutations in these two positions.
Asp-47 has been mutated to Glu, Asn, Ser, and Ala. Glu

was chosen because it has the same charge as and a larger
size than Asp; Asn has a similar side-chain structure, but is
uncharged; Ser is smaller but still polar; Ala is smaller and
nonpolar.
Leu 48 has been mutated to Ile and Met, which are both

large, nonpolar residues like Leu, and to Ala, which is
nonpolar but smaller. We introduced the chosen mutations
by site-directed mutagenesis of the cloned human TGF-a
gene, using synthetic oligonucleotides.

Construction of the yeast a mating pheromone-human
TGF-a plasmid. The TGF-a expression vector pyTE1 (Fig.
2) was constructed by using plasmid YEp7OaT (15) which
contains the 2,Lm origin of replication and yeast TRPI gene
for its replication and selective maintenance, respectively.
YEp7OaT also contains the yeast a-factor promoter, the
a-factor prepro sequence coding for 89 amino acids, and the
sequence for 3 amino acids resulting from the introduction of
XbaI and EcoRI sites. The human mature TGF-a sequence
(12) is contained in a 170-base-pair EcoRI fragment which
includes an ATG (Met) codon preceding the sequence of
TGF-a and a TAA (stop) codon followed by 8 nucleotides.
This TGF-a sequence was inserted in the unique EcoRI site
of YEp7OaT. Clones with the proper orientation were se-
lected, and DNA was isolated for yeast transformation.
Measurement of TGF-a secreted by S. cerevisiae. The

amount of total proteins secreted into the yeast culture was
10 ± 1 ,ug/ml for wild-type as well as mutant TGF-a as
determined by the method of Bradford (3). Before further
purification was attempted, we wanted to determine whether
the mutated TGF-a proteins were being secreted by the
yeast. The low pH of the yeast medium, as well as the acidic
proteins secreted in the yeast culture, precluded biological
assay of secreted mutants. Therefore, immunological meth-
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FIG. 2. Structure of the S. cerevisiae 8.2-kilobase shuttle vector
pyTE1. The secretion of the TGF-a gene is under the transcriptional
control of the yeast a-factor promoter and prepro sequence (a ).
The yeast 2pLm origin of replication (m~i) and the selective yeast
TRPI gene ( ) are indicated. The TGF-a gene, preceded by an
initiation (ATG) codon and followed by a stop (TAA) codon, is
inserted in the EcoRI site. Details are given in Materials and
Methods and in Results.

ods were used. Wild-type and mutant TGF-a's were se-
creted at a level of 100 to 200 ng/ml and 10 to 500 ng/ml,
respectively (as determined by radioimmunoassay with poly-
clonal antibody 34D). We thus estimate that the percentage
of TGF-a secreted in the yeast culture is at least 1% of the
total protein secreted. We cannot yet assess whether the
variations in the levels of secretion of different mutant
TGF-a proteins are real or whether one single-amino-acid
substitution drastically affects the recognition by the anti-
body. The latter hypothesis is the more likely, since the use
of another polyclonal antibody (Biotope) under denaturing
conditions enabled us to detect certain TGF-a mutants (such
as [Ala 47]-TGF-a, in which the amino acid in position 47 of
human TGF-a is mutated to an alanine) that were poorly
detected by 34D, under nondenaturing as well as denaturing
conditions. After the amount of TGF-a mutant proteins was
estimated, the medium was extensively dialyzed against 1 M
acetic acid and lyophilized as described in Materials and
Methods.

Partial purification of yeast-secreted TGF-aL. Although the
yeast shuttle vector was constructed in such a way as to
secrete TGF-a with 8 amino acids fused to the N terminus,
it was often observed that a significant fraction of the
secreted TGF-a was in a higher-molecular-weight fragment
corresponding to the size expected from an uncleaved (un-
processed) 92-amino-acid fusion protein. Since a Met had
been introduced at the N terminus of TGF-a and since
TGF-a contains no Met in its sequence, CNBr treatment
could be used to cleave either of these 8- or 92-amino-acid
N-terminal peptides and release the complete 50-amino-acid
TGF-a. Indeed, CNBr treatment of yeast-secreted proteins
resulted in the conversion of high-molecular-weight TGF-a
into the 6,000-molecular-weight species, as revealed by
Western immunoblot (data not shown).
CNBr-cleaved samples (see Materials and Methods) were

purified on a Bio-Gel P30 column. Figure 3 shows the elution
profile of the proteins, as well as the results of a radiorecep-
tor assay and a soft-agar assay performed on aliquots of the
column fractions. The A280 profile shows two major peaks of

FRACTION (1 ml), NUMBER

FIG. 3. Purification of yeast-secreted wild-type TGF-a. The pu-
rification procedure is described in Materials and Methods and in
Results. Aliquots of every other fraction of the Bio-Gel P30 column
were tested for their abilities to compete with '25I-EGF for binding
to the EGF receptor (A) and to induce colony formation (>62 p.m)
on NRK cells in soft agar in the presence of TGF-,B (1 ng/ml) (0).
The A280 profile of the proteins was determined ( ).

eluted proteins, one corresponding to the void volume and
the other one to proteins of molecular weight <3,000.
Aliquots of the column fractions were tested for their ability
to compete with 125I-EGF for binding to the receptor. The
fractions that were the most active in this assay were located
between the two major protein peaks, in an area where
relatively few proteins eluted. Although some activity was
found in the first protein peak (void volume), this was
considerably reduced on treatment with stronger CNBr (data
not shown).

Aliquots of each fraction were also tested for their ability
to induce anchorage-independent growth of NRK cells in
soft agar in the presence of TGF-P (1 ng/ml). The receptor
binding and colony-forming activity superimposed almost
exactly (Fig. 3). Analysis by polyacrylamide gel electropho-
resis with silver staining, as well as by Western blot, of the
column fractions shows that our purification procedure
(CNBr cleavage followed by P30 sizing column) eliminates
high-molecular-weight proteins (data not shown). Since pure
TGF-a migrates in a broad band on sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (32), this technique can-
not be used for proper assessment of the degree of separa-
tion of TGF-a from low-molecular-weight contaminating
proteins. Nevertheless, within our detection levels the
amounts of TGF-a present in the column fractions (detected
by radioimmunoassay using the antibody from Biotope)
correlated with the amounts observed on sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (data not shown).
Comparison of binding and colony-forming activity of

TGF-a partially purified from yeast media. It was important
to show that wild-type TGF-a secreted from S. cerevisiae
had the expected biological properties and that its activity in
soft-agar and radioreceptor assays was equivalent. For these
assays, the amount of EGF-competing activity present in the
most active fraction of the P30 column of wild-type TGF-a
was measured in terms of EGF equivalents. The dilution
curve had a slope that was parallel to that of the EGF
standard. This value was also used to measure the colony-
forming activity of the partially purified wild-type TGF-a
(with EGF as a standard in the assay). The colony-forming
activity of the partially purified wild-type TGF-ot corre-
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FIG. 4. Correlation between the activities in the binding and
colony-forming assay for the partially purified wild-type TGF-a
secreted by S. cerevisiae. The activity in the radioreceptor assay of
the peak fraction from the P30 column was determined in EGF
equivalent concentration. The value obtained was used for the
soft-agar assay. Colonies of >62 ,um (A) and the EGF standard (0)
are shown.

sponded exactly to that of EGF (Fig. 4). Thus, we have
partially purified a wild-type 50-amino-acid TGF-a showing
the expected binding and colony-forming activities, which
provides a reference substance for mutant TGF-as that
might show a dissociation of binding and colony-forming
abilities.

Biological and biochemical activities of the partially purified
TGF-a mutant proteins. Mutated TGF-cas were expressed by
using the yeast system and partially purified on Bio-Gel P30
columns as described in Materials and Methods. Mutant
TGF-as were usually obtained from two different clones of
yeast transformants. The CNBr-cleaved samples were puri-
fied through different Bio-Gel P30 columns for each mutant
protein to avoid any possible contamination from one pep-
tide to another. The purification profiles observed with the
mutant TGF-as were similar to those obtained for the
wild-type TGF-o. Aliquots of the P30 column fractions were
tested in radioreceptor and soft-agar assays. For all mutant
proteins, the highest activity in both assays was always
found in the same fraction of the Bio-Gel P30 column effluent
(peak fraction). Extensive purification of a series of mutant
proteins for screening purposes is not practical. Therefore,
we needed a quantitation system that would allow us to
compare mutant proteins with each other. Thus, the amount
of TGF-a present in the peak fraction was estimated by
radioimmunoassay with an antiserum to native TGF-oa (ob-
tained from W. Hargreaves), under denaturing conditions, as
described in Materials and Methods. All values given in
Table 1 were obtained from the peak fraction.
The controls done with the wild-type TGF-oa showed (Fig.

4; Table 1) that binding and transforming activity were
equivalent. The yeast vector without a TGF-a insert did not
secrete any EGF-like proteins, as determined by both radio-
receptor and soft-agar assay.
Two types of results were obtained upon assay of mutant

proteins having different amino acid substitutions at Asp-47.
In both [Ala-47]-TGF-a and [Asn-47]-TGF-a, binding abil-
ity was retained. Soft-agar and radioreceptor activities cor-
related for [Asn-471-TGF-oa; there was a lower value for

TABLE 1. Biological and biochemical activities of mutant TGF-a
proteins secreted by S. cerevisiae and partially purified

EGF equivalence (ng/ml) in: Amt of TGF-a
Insert in the yeast Ato G-
expression vector Radioreceptor Soft-agar (ng/ml) in

assay assay radioimmunoassay

Wild-type TGF-at 700 700 2,000
400 300 NDa

None 0 0 0

[Ala-47]-TGF-a 100 44 220
66 48 ND

[Asn-47]-TGF-a 80 72 180
75 72 525

[Glu-47]-TGF-a 3 3 42

[Ser-47]-TGF-a 10 4 60

[Ala-48]-TGF-a 0 0 16
0 0 220

[Ile-48]-TGF-a 4 12 470
2 7 490

[Met-48]-TGF-a 2 8 453
0.5 2 420

a ND, Not determined.

colony-forming activity than for EGF-binding competition
for [Ala-47]-TGF-a. [Ser-47]-TGF-a and [Glu-47]-TGF-a
appeared to have lower activities in both assays than either
wild-type TGF-a or [Ala-47]-TGF-a and [Asn-47]-TGF-a.
These results indicate that neither the carboxyl charge nor
the polarity of Asp-47 is essential for biological activity.
The effects of mutation of Leu-48, one of the 11 amino

acids perfectly conserved among all the EGFs, TGF-as, and
viral EGF-like proteins, are dramatic. [Ala-481-TGF-a to-
tally lacked binding and colony-forming activity. [Ile-
48]-TGF-a and [Met-481-TGF-a had very little biological
activity compared with wild-type TGF-a. Another substitu-
tion, [Met-48]-TGF-a, resulted in a truncated mutant lacking
the last 2 amino acids and having a substitution of Leu to
homoserine at position 48 following treatment with CNBr.
Alternatively, if [Met-481-TGF-a was not treated with
CNBr, fusion proteins of TGF-a (mutated to Met in position
48) with 8 or 92 amino acids attached at the N terminus were
obtained. Very low activities in binding and soft-agar assays
were found for these mutants, whether or not they were
cleaved with CNBr. Experiments on EGF and TGF-a have
shown that an N-terminal extension does not markedly
modify EGF-binding activity (12, 26). Therefore, the loss of
activity obtained with [Met-48]-TGF-a that has not been
CNBr treated was probably due to the mutation itself and
not to the N-terminally extended fusion protein. We do not
know whether the loss of activity observed with the TGF-a
shortened to 48 amino acids and having a substitution of
Leu-48 to homoserine is due only to the mutation or also to
the lack of the last 2 amino acids.
The data obtained by radioimmunoassay on the partially

purified wild-type and mutant TGF-a show that the amount
of TGF-a detected was always higher than the amount
determined by measurement of biological activity. This may
be due to the presence in the fraction of a certain percentage
of incorrectly folded TGF-a that might be recognized in a
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radioimmunoassay under denaturing conditions but would
not be biologically active. None of the mutant proteins
seemed to be present in amounts equivalent to those ob-
served for wild-type TGF-a in the partially purified fractions
(whether radioimmunoassay, radioreceptor, or soft-agar as-
say was used for quantitation). It is not clear whether
consistently less TGF-a was produced by the mutant con-
structs than by the wild type or whether the secreted mutant
proteins were simply less well recognized by the antibody.
Because of these uncertainties, the biological activities of
the different mutant proteins cannot be accurately related to
a known amount of mutant TGF-a protein. Even though
radioimmunoassay should be used with caution for a quan-
titative evaluation of mutant TGF-a proteins, a positive
reaction demonstrates that immunoreactive TGF-a was

present in the P30 peak fraction for each mutant. Therefore,
the fact that one of the mutant proteins ([Ala-48}-TGF-a) is
biologically inactive can be attributed to the mutation itself,
and not to the lack of production of the mutant protein by the
yeast or its loss through purification. However, if the mutant
proteins are in fact as immunoreactive as the wild type, then
[Ala-47]-TGF-a and [Asn-471-TGF-a are as active as wild-
type TGF-a and [Glu-47]-TGF-a and [Ser-47]-TGF-a are
less active; in contrast, [Ile-481-TGF-a and [Met-48]-TGF-a
are almost inactive. The differences between mutation of
Asp-47 and Leu-48 would then be even more striking.

DISCUSSION

TGF-a shows sequence homologies with EGF, and both
growth factors share the same cellular receptors (20). Even
though EGF was discovered 25 years ago (7) and its prop-
erties have been extensively studied over the years (5), the
binding site of EGF to its receptor has still not been
determined, and the relationship between structure and
function of EGF/TGF-a is still to be discovered. Particu-
larly, we do not know whether binding to the receptor and
signal transduction occur through one or more domains of
the molecule or through which amino acids. We approached
the question by performing site-directed mutagenesis of
TGF-a and focused our attention on two adjacent amino
acids, Asp-47 and Leu-48, located in the carboxy terminus
and highly conserved in the EGF-like family of peptides.
Unexpectedly, these two amino acids showed very different
sensitivities to mutation and particularly to a substitution to
Ala: [Ala-47]-TGF-a retained binding and colony-forming
activities, whereas [Ala-481-TGF-a completely lost both
activities. These data show that Asp-47 and Leu-48 play very
different roles in defining the structure and/or the activity of
TGF-a. The other mutations performed on Asp-47 were
substitutions to Asn, Ser, and Glu. [Asn-471-TGF-a, like
[Ala-47]-TGF-a, was active in binding and induction of
colony formation, but [Ser-47]-TGF-a and [Glu-47]-TGF-a
showed weaker growth factor activities. These results indi-
cate that neither the carboxyl charge nor the polarity of
Asp-47 is essential for biological activity. Interestingly, two
of the EGF-like viral proteins, myxoma growth factor and
Shope fibroma growth factor (6, 30), have Asn instead of Asp
in position 47; we have shown that [Asn-47]-TGF-a retains
biological activity.

Substitution of Leu-48 to Met and Ile led to mutant
proteins with very low activities, whereas substitution to Ala
led to complete loss of activity. We did not expect that a
mutation of Leu to Ile (which have similar sizes and polari-
ties) would cause such a strong effect. Thus, Leu-48, which
is conserved perfectly among all the EGF-like peptides,

seems to be essential, through its exact geometry, for the
biological activity of TGF-a.
The mutant proteins tested so far, when active, showed

parallel behaviors in binding and colony formation. Some
mutant proteins lost all activities, and we assume that the
binding capacity has been lost. We have not been able to
dissociate the binding and colony-forming abilities by using
any of the present series of mutant proteins, and it is
necessary to screen more of them in search of an antagonist
of TGF-a.

Results relating to the biological activity of EGF show that
derivatives of mouse EGF and human EGF (EGF 1-47)
lacking the carboxy-terminal 6 amino acids as a result of
enzymatic digestion are less potent than the intact molecule
in mitogenic stimulation of fibroblasts, but retain full biolog-
ical activity in in vivo assays (inhibition of gastric acid
secretion) (16). On the other hand, naturally occurring
truncated forms of rat EGF, which lack the carboxy-terminal
5 amino acids (rEGF 2-48) are as potent as mouse EGF
(mEGF 1-53) in receptor-binding and mitogenic assays (27).
We do not know whether the discrepancies observed are due
to the origin of the molecule (artificial or natural) or to the
type of bioassay used. In any event, all of these EGF-related
molecules, which are shorter than mouse or human EGF,
still retain Leu-47. We have shown that in TGF-a, the
corresponding residue, Leu-48, is critical for the biological
activity.
Recent data on the three-dimensional structure of mouse

EGF obtained by nuclear magnetic resonance show that
even though Asp-46 and Leu-47 (Asp-47 and Leu-48 in
TGF-a) are both solvent accessible (8, 22, 22a), their side
chains point in opposite directions in the beta-sheet struc-
ture. Therefore, the role of these adjacent amino acids in the
structure and, consequently, the function of EGF might be
very different. Our data show that the amino acids Asp-47
and Leu-48 of TGF-a are not equally important for the
biological activity of TGF-a, despite their conservation
among the EGF-like peptides. From the dramatic loss in
biological activity which is characteristic of mutation of
Leu-48, we also suggest that this residue is involved in
binding to the cellular receptors either by direct interaction
with the receptor or by providing the proper conformation to
the molecule.
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