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SUMMARY

HOLLENBERG, M. D., AND H. GREGORY. Epidermal growth factor-urogastrone:
Biological activity and receptor binding of derivatives. Mol. Pharmacol. 17: 314-320
(1980).

We have examined the receptor binding (cultured human fibroblasts) and biological
activities (stimulation of human fibroblast thymidine incorporation; inhibition of canine
gastric acid secretion) of both human and mouse epidermal growth factor-urogastrone
(EGF-URO) and of derivatives of these 53 amino acid polypeptides lacking up to six of
the C-terminal amino acid residues. Both the human and the mouse polypeptides are
biologically equipotent, although human EGF-URO possesses a two- to threefold higher
human fibroblast receptor affinity than does mouse EGF-URO; binding kinetic methods
designed to assess the receptor affinity of the unlabeled peptides indicate that the ‘9-
labeled peptides exhibit a lower fibroblast receptor affinity compared with native peptides.
Whereas the shortened peptides (EGF-URO 1-47) are equipotent with the intact molecule
(EGF-URO 1-53) in inhibiting gastric acid secretion, both mouse and human EGF-URO
1-47 are only one-tenth as potent as EGF-URO 1-53 in stimulating fibroblast thymidine
incorporation; human EGF-URO 1-52 is equipotent with the intact peptide. Neither the
human C-terminal hexapeptide (EGF-URO 48-53) nor the 48-52 pentapeptide interacts
with the receptor. The reduced carboxamidated intact polypeptide is likewise inactive. In
the presence of an excess of the C-terminal EGF-URO 48-53, EGF-URO 1-47 does not
exhibit an increased biological potency. The reduced biological potencies of the shortened
derivatives (EGF-URO 1-47) in fibroblasts are paralleled by reduced fibroblast receptor
affinities, compared with the intact peptides. The data demonstrate the importance of
the C-terminal sequence for the enhancement of receptor binding and biological activity

in fibroblasts. Further, it appears that the structural requirements (and thus the receptor)
related to the acid inhibitory activity differ from those related to the mitogenic activity
of these polypeptides.

INTRODUCTION

Epidermal growth factor-urogastrone (EGF-URO), a
53-residue single-chain polypeptide of about 6000 dal-
tons, found in the mouse (1, 2) and in man (3-8), is both
a potent stimulant of cell growth and an inhibitor of
gastric acid secretion. A number of other biological ac-
tions of these peptides have been documented; there is
also evidence to suggest the presence of similar polypep-
tides in a variety of species other than the mouse and
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man (summarized in Refs. 8 and 9). Specific membrane
receptors for EGF-URO have been characterized in a
variety of tissues from several species (10-13). Although
the sequences of the mouse and human polypeptides
differ at 16 positions (Fig. 1), previous work has demon-
strated that both polypeptides can share the same recep-
tor site in human fibroblasts (3, 14). The polypeptide of
human origin has been termed urogastrone (URO) and
that from the mouse has been termed epidermal growth

factor (EGF), a distinction which will be retained for
purposes of this communication. The term EGF-URO
may be used to refer to the family of polypeptides that
undoubtedly occurs in many species.

In the course of structural studies of the human poly-
peptide (5, 6), it was possible to obtain derivatives of
both EGF and URO lacking up to six of the C-terminal
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FIG. 1. Amino acid sequence of mouse epidermal growth factor

(upper sequence) and human urogastrone (lower sequence)
The sequence differences are emphasized by the enclosed residues.

amino acids. The studies we describe here were done to
evaluate the biological activities and receptor binding
properties of these derivatives in comparison with obser-
vations with the intact polypeptides. The data amplify

other studies performed with several derivatives of the
mouse polypeptide (15) and extend our preliminary ob-
servations (16, 17).

MATERIALS AND METHODS

Studies with fibroblasts. Human fibroblast monolayer
cultures (mycoplasma free), derived from normal adult
male skin biopsies, were routinely propagated in 75-cm2
plastic T flasks as previously described (10, 14) in anti-
biotic-free Eagle’s minimal essential medium, with
Earle’s balanced salts, supplemented with 10% (v/v) fetal
bovine serum and 2 mi�i L-glutamlne. Cells were subcul-
tured also as previously detailed (10, 12, 14) as 1.5-cm-

diameter monolayers in 24-well multiwell trays (Linbro,
New Haven, Conn.). After subculture from T flasks into
multiwell trays, monolayers were refed twice at 3- to 4-
day intervals with growth medium containing 5% (v/v)
serum and were used 4 to 12 days after reaching con-
fluency. Measurements ofthe binding of ‘9-labeled poly-
peptides and of the stimulation of [3H-methyl]thymidine
incorporation (1 �.tCi/ml; sp act, 6 Ci/mmol; Schwartz-
Mann, Orangeburg, N.J.; counting efficiency, 13%) were
performed in multiwell trays as recorded earlier (10, 12,
14) with minor modifications. Binding measurements
were done at 24#{176}Cin Earle’s buffer (18), pH 7.4, contain-
ing 25 mM Tris-HC1 and 0.1% (w/v) crystalline bovine
albumin (Pentex, 5x recrystallized, Calbiochem, La Jolla,
Calif.). At this temperature, the degradation of ligand is
minimized, and the affinities measured are in accord with
those estimated in the presence of proteolysis inhibitors
(10-13). Samples were allowed to equilibrate for 50 mm,

at which time cells were rinsed four times with ice-cold
albumin-free buffer, solubilized for 10 mm at 70#{176}Cin 0.1
N NaOH, and neutralized with 0.1 N HC1, and the radio-

activity was measured by crystal scintillation counting

(85% efficiency). The protein content of monolayers was

determined with the Folin-Ciocalteu reagent (19). Where
appropriate, the specific binding was calculated by sub-
tracting from the net radioactive uptake, the amount

bound in the presence of an excess (1 .tg/ml) of unlabeled
peptide (always less than 15% of the total binding).
Measurements of peptide-stimulated thymidine imcor-
poratiom were determined at 37#{176}Cover a 3-h period
begun about 21 h after the addition of the peptide to the
medium in which cells had reached confluency.

Preparation of peptides. Mouse EGF was prepared
from frozen submaxillary glands (20). Intact human URO
and the derivative lacking the C-terminal arginine resi-
due (URO 1-52; also termed -y-urogastrone) were isolated
from human urine (6). Derivatives of both URO and

EGF lacking the six C-terminal amino acids (URO 1-47

or EGF 1-47) were prepared by limited enzymatic diges-
tion of the intact peptides (5, 21, 22) followed by isolation
of the cleaved peptides by gel filtration. EGF 1-47 was

prepared by trypsin treatment of the intact peptide to
yield EGF 1-48, isolated by Sephadex G-25 chromatog-
raphy, followed by carboxypeptidase B treatment of EGF
1-48. The final product, EGF 1-47, was also isolated by
Sephadex G-25 chromatography. URO 1-47 was pre-
pared by digestion of the intact peptide with Armillaria
mellea protease, followed by gel chromatography on Bio-
Gel P6; this procedure also yielded the fragment URO
48-53. A synthetic sample of URO 48-52 was provided
by Dr. J. Gormley of ICI. The peptide derivatives ex-
hibited the expected changes in mobility upon analysis

by acrylamide gel electrophoresis and yielded the correct
compositions when subjected to amino acid analysis. The
concentrations of peptides, redissolved for study after
lyophilization, were determined from the absorption at
215 and 225 nm, according to the formula: (E�m

E�m) x 155 = pg/ml (23).
Measurement of inhibition of acid secretion. The p0-

tencies of samples were determined in dogs with dener-
vated fumdic (Heindenhain) pouches as previously de-
scribed (24, 25). Briefly, gastric acid secretion was stim-

ulated by a continuous infusion of histamine to give a
plateau at 50-70% of the maximum output in each dog.
The output was determined by collecting secretion at 15-
mm intervals to measure volume and also total acid. Test
samples were given by iv injection and their potencies
expressed as the percentage by which the plateau volume
is reduced at maximum inhibition-usually observed in
the second sample following administration. The amount
of inhibitor of the urogastrone type which is required is
dependent upon the level of secretion evoked and varies
from dog to dog. In any one day, two active samples can
be tested in a given dog; dogs can only be used on
alternate days.

RESULTS

Biological activity in fibroblasts. In keeping with pre-
vious observations (8, 12-14), all ofthe peptides examined
were potent stimulants of thymidine incorporation in
human fibroblast monolayers (Figs. 2-3). However, the
intact polypeptides (URO 1-53 and EGF 1-53) and the
human peptide lacking the C-terminal arginine (URO 1-

 at U
niversidade do E

stado do R
io de Janeiro on D

ecem
ber 6, 2012

m
olpharm

.aspetjournals.org
D

ow
nloaded from

 

http://molpharm.aspetjournals.org/


4
:�

pp; 8C
2

9 6C

�

,t

0 EGF -53

#{149}br -47

x

4

� 00

�
� 60

� 40
I-

,�: 20

0 to 20 30 40

CONCENTRATION. ng/mI

‘ , ‘ ‘ ‘

0 URO -53

#{149}URO -52

s5 IJRO .47� ��“i
U Q�5 �Q IS 20 2.5 3.O�O5O

CONCENTRATION . ng/m I

FIG. 2. Dose-response curves for stimulation of human fibroblast

thymidine incorporation by derivatives of urogastrone and epidermal

growth factor

Response curves for each peptide were determined in separate 24-

well multidish trays by the addition of #{227}ncreasing amounts of peptide

to the depleted growth medium in which monolayers had reached

confluency. The incorporation of 3H-thyn*dine (1 pCi/mi) into trichlo-

roacetic acid-insoluble material was measured during a 3-h period

begun 22 h after the addition of peptide. Values representing the

average of triplicate measurements that varied less than 10% are

expressed as a percentage of the maximum incorporation above base-

line; when compared simultaneously in a single monolayer tray, all

peptides at high concentrations caused the same maximal response.

Upper: Response curve for intact epidermal growth factor (EGF 1-53;

0) and the derivative lacking six C-terminal amino acids (EGF 1-47;

Lower: Response curve for intact urogastrone (URO 1-53; 0) and the

derivatives lacking either one (URO 1-52; #{149})or six (URO 1-47; L�) C-

terminal amino acids.

52 or y-urogastrone) were about 10-fold more potent than

the derivatives lacking the six C-terminal amino acids
(URO 1-47 or EGF 1-47; Fig. 2 and Table 1). URO 1-47
and EGF 1-47 are approximately equipotent (Fig. 3 and
Table 1). Importantly, all derivatives at comparatively
high concentrations are capable of causing the same

� �

CONCENTRATION . ng/mI

FIG. 3. Comparative dose-response curves for derivatives of epi.

dermal growth factor and urogastrone lacking six C.terminal amino

acids

Dose-response curves for EGF 1-47 (A) and URO 1-47 (�) were

determined in separate monolayer trays as outlined in the legend to

Fig. 2. The data are corrected for the incorporation measured in the

absence of peptide (2960 cpm for URO 1-47; 140 cpm for EGF 1-47).
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TABLE 1

Comparison of receptor binding and biological activities of

derivatives ofEGF. URO

The binding and biological activities were determined both for intact

human and mouse EGV-URO (URO 1-53; EGF 1-53) and for deriva-

tives lacking either os�e (URO 1-52) or six (URO 1-47; EGF 1-47)

carboxy-terminal amino acids. The dissociation constants and ED�o’s

for 3H-thymidine incorporation were determined in human fibroblast

monolayers as illustrated in Figs. 2, 7 and 8. The acid inhibitory

potencies determined in vivo are representative of values obtained in

one experimental series. Values represent the mean ± #{189}range of two

observations or the mean ± SD for the number of estimates indicated

in parentheses.

Compound Binding KD Bioactivity

3H-Thymidine Acid inhibi-
ED� tion ED�

ng/ml ng/ml pg/kg

URO 1-53 0.57 ± 0.11 (5) 0.27 ± 0.05 (5) 0.5-0.6

URO 1-52 0.48 ± 0.10 (3) 0.13 ± 0 (2) 0.5-0.6

URO 1-47 6.3 ± 2.0 (4) 3.2 ± 0.7 (2) 0.5-0.6

EGF 1-53 1.6 ± 0.4 (4) 0.24 ± 0.11 (10) 0.5-0.6

EGF 1-47 7.2 ± 2.3 (6) 2.1 ± 0.5 (3) 0.5-0.6

maximal biological response. The C-terminal hexapep-

tide, URO 48-53, was inactive on its own and did not
affect the potency of the shortened peptide, EGF 1-47
(data not shown). Synthetic URO 48-52 was similarly

inactive. As previously noted (10, 12, 14), the shapes of
the dose-response curves (as illustrated in Figs. 2 and 3)
were highly reproducible, irrespective of either the rela-
tive or the absolute stimulation of thymidine incorpora-
tion observed; reproducible values of the ED,o were thus
obtained from such dose-response curves (Table 1).

Inhibition of acid secretion. Precise assays of stimu-
lants of gastric acid secretion are difficult to achieve.
Furthermore, since inhibitors are measured against such

a stimulant, an additional set of variables is introduced.
Thus, given the inherent difficulties of the bioassay and
the limited amounts of peptide derivatives available for

studies in vivo, it was not possible to obtain antisecretory
data with anything like the precision of the thymidine
incorporation assay. Urogastrone-mediated inhibition of
acid secretion gives a sharp dose-response curve as
shown for an individual dog (Fig. 4). Thus, samples giving

a low level of inhibition (e.g., 30-40%) give a high level
- merely by doubling the dose. The potencies of test sam-

pies were determined using single doses on different days,

ei but using the same dogs throughout. For comparison of
different samples in an individual animal, the potency

can be expressed as the dose causing 50-70% inhibition.
Unfortunately, this bioassay does not permit a meaning-
ftil statistical estimate of the interassay experimental

error. Nonetheless, despite these drawbacks of the assay,
VP the use ofthis method over a prolonged period (6) showed

that twofold differences in potency were clearly observ-
able. Thus, although only representative values of po-
tency can be given (Table 1), � the limits ofthis test
system, the abilities of URO 1-53, URO 1-52, URO 1-47,
EGF 1-53, and EGF 1-47 to inhibit gastric secretion were
indistinguishable.

Evaluation of methods for measuring the binding
affinity of unlabeled polypeptides in fibroblast mono-
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Dose (�gIkq)

FIG. 4. Dose-response curve for inhibition of histamine-mediated

gastric acid secretion

A representative experiment is depicted for the inhibitory action of

single intravenous doses administered to a dog on different days. The

actions of URO 1-53, URO 1-47, and EGF 1-47 are indistinguishable

in this assay.

layers. In previous work (3, 10-14), the receptor binding
affinity of ‘9-labeled EGF or URO has been measured.
The insertion of iodine into EGF is known not to alter
the biological activity appreciably (13, 26), and the same
may be assumed to hold for URO. However, the locations
of the tyrosine residues, at which sites iodine may be
incorporated, differ considerably between EGF and URO
(Fig. 1). Thus, for comparative purposes, it was thought
to be an advantage to measure the receptor affinity of
the unlabeled polypeptides. Given the limited amounts
of peptides available for these studies and the limited

2F

�� #{149}

� 0N

, :t �#{176}�‘��-------.,

0 I 2 3 4 5

UROGASTRONE, ng/mI

FIG. 5. Estimate of the affinity of unlabeled urogastrone: Dixon

plot of binding inhibition data

Confluent fibroblast monolayers (41 �g cell protein per monolayer)

in a 24-well multidish tray were incubated at 24#{176}Cwith two concentra-

tions of �I-labeled urogastrone (539 cpm/pg; S, 1.9 ng/ml, and 0, 0.95

ng/ml) in the absence and presence of increasing concentrations of

unlabeled urogastrone. The specific binding of radioactive urogastrone

was determined and the binding-competition data (upper) were used to

calculate the Dixon plot (lower) so as to yield from the intersection

point, a value for the dissociation constant of unlabeled urogastrone.

TABLE 2

Comparison of binding affinities of unlabeled EGF and URO

determined by several methods

The dissociation constants for native EGF and URO were estimated

as detailed in the text from data like those depicted in Figs. 7 and 8

(binding competition), Figs. 5 and 8 (Dixon plot), and Fig. 6 (dose ratio).

Values represent the mean ± #{189}range for two estimates or the mean

± SD for the number of estimates indicated in parentheses.

Compound Method of assay K,

ng/ml

EGF Binding competition 1.6 ± 0.4 (4)

EGF Dixon plot 1.7 ± 0.2 (2)

EGF Dose ratio 1.0 ± 0.3 (3)

URO Binding competition 0.57 ± 0.11 (5)

URO Dixon plot 0.63 ± 0.09 (3)

URO Dose ratio 0.34 ± 0.14 (3)

number of tissue samples in a 24-well multiwell tray, it
was necessary to determine the most economic and reli-
able measure of unlabeled peptide affinity.

Determinations of binding-competition curves (e.g.,
Fig. 5, upper) yield the most precise data with the largest
number of replicate data points. A single curve (Fig. 5,
upper), yielding the concentration of unlabeled poly-
peptide (IC�) at which the binding of radiolabeled pep-
tide is 50% of maximum, can be used to determine the
dissociation constant of unlabeled peptide (K1) according
to the equation (27):

K1 = (ICw)/[1 + (L*/KD*)].

For this estimate, it is necessary to know accurately both
the dissociation constant of the labeled peptide (KD5)

and the concentration of labeled peptide (L *)#{149}Fortu-
nately, the measured KD*�S for ‘25I-labeled EGF and URO
have been quite reproducible in this laboratory, both for
a number ofdifferent preparations of ‘25I-labeled peptides
and for a variety of human fibroblast samples: K�, EGF

= 4.3 ± 0.7 ng/ml (N = 10); K�, URO = 1.4 ± 0.2 ng/ml
(N = 5). A reliable calculation of the affinity of the
unlabeled peptide was thus possible (Tables 1 and 2),
based on the previous formula.

Two other approaches were used to estimate the re-
ceptor affinity of unlabeled URO and EGF. First, data
from two binding-competition curves, measured in the
same multiwell tray at two concentrations of ‘25I-labeled
peptide were analyzed according to the equations for
enzyme inhibition (e.g., see Ref. 28); the unlabeled pep-
tide is considered the “inhibitor” for binding of the
labeled peptide “substrate.” A Dixon-type analysis yields,
from the intersection point, the affinity of the unlabeled
polypeptide (Fig. 5, lower). Second, a variant of the
“dose-ratio” method (29) was used, whereby the binding
of ‘25I-labeled polypeptide at increasing concentrations
was measured in both the absence and the presence of

several concentrations of unlabeled peptide. The in-
creased concentration of ‘9-labeled peptide, yielding the
same amount of radioligand bound as that observed in
the absence of competitor, is used to calculate the dose
ratio and hence the binding constant for unlabeled pep-
tide, as outlined in Fig. 6 (29). Neither the affinity of the
labeled peptide nor the absolute concentration of labeled
peptide need be known accurately for this estimate.
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FIG. 6. Estimate of the affinity of unlabeled urogastrone by the

dose-ratio method

The specific binding at increasing concentrations of ‘251-labeled

urogastrone (378 cpm/pg) to fibroblast monolayers (29 �sg cell protein

per monolayer) was determined in the absence (0) and presence of

three fixed concentrations of unlabeled urogastrone: #{149},0.56 ng/ml; 0,

1.12 ng/ml; and , 2.24 ng/ml. From the three upper binding isotherms,

dose ratios (DR) were estimated, as indicated by the arrows, and a plot

of [urogastrone]/(DR-1) versus 1/DR was constructed as shown in the

inset, to yield as the Yintercept, the dissociation constant for unlabeled

urogastrone (29). The inset shows data calculated from two independ-

ent experiments.

Unfortunately, the small sample size of the multiwell
tray and the inability to achieve sufficiently high concen-
trations of radiolabeled peptide severely limit the useful-
ness of this approach. For instance, at the highest con-
centration of unlabeled URO, it was not possible to raise
the concentration of ‘9-labeled URO sufficiently to
measure an accurate dose ratio (Fig. 6). Nonetheless, all
three methods yielded values for the K1’s of unlabeled
URO and EGF that were in quite good agreement (Table
2). The binding-competition method provided the largest

number of replicate data points with the best interassay
reproducibility; this method, using a single competition
curve (e.g., Fig. 7), was, therefore, chosen to study the
other polypeptides.

Binding of derivatives of URO and EGF to fibro-
blasts. In accord with the measurements of biological
potency in fibroblasts, the intact polypeptides (URO 1-
53 and EGF 1-53) possessed much higher binding affin-
ities than did the derivatives lacking the C-terminal
hexapeptide (Figs. 7 and 8; Table 1). Similarly, URO 1-
52 (or -y-urogastrone), which is equipotent with URO, in
the fibroblast bioassay possessed an affinity equal to that
of the intact peptide (Table 1), while the biologically
inactive C-terminal hexapeptides (URO 48-53 and URO
48-52) were devoid of receptor binding activity (data not
shown); reduced, carboxamidated URO 1-52 was also
inactive.

DISCUSSION

It is remarkable that despite 16 differences between
the amino acid sequences of human URO and mouse
EGF, both polypeptides are equipotent in the fibroblast

and dog bioassays, and both bind to the human fibroblast
receptor with similar affinities. The binding studies that
we report here in greater detail than previously described
suggest a slightly higher receptor binding affinity for the
unlabeled polypeptides compared with the iodinated
polypeptides.

The data for the binding affinity of both labeled and
unlabeled EGF and URO also indicate a two- to threefold
higher binding affinity of the human polypeptides for the
human fibroblast receptor. Such an increased affinity
may have been anticipated. It is more striking, however,
that the affinities of EGF and URO are so similar, rather
than that they differ slightly, given the many sequence
differences distributed widely throughout the molecules
as noted previously. It may be of significance that in the
first two interconnected ioops of the molecule (residues
1-31), the amino acid substitutions (e.g., mouse -� hu-
man) comprise changes (e.g., neutral -* basic or acidic
residues) that would markedly alter the chemical mi-
croenvironment of the two peptides. In contrast, the
differences between EGF and URO in the sequence 33-
53, comprising the final “loop and tail” of the peptide,
represent chemically “conservative” changes in the mol-
ecule (e.g., lle� -p Val �; Asp�#{176}- Glu�#{176};Arg� -� Lys�).
This relative sequence conservation between EGF and
URO in the sequence 33-53 may point to its importance

in the receptor interaction so as to account for the
comparable binding affinities of EGF and URO.

The studies with the derivatives that we report here,
along with other data that appeared during the course of
our work (15), have focused principally on the C-terminal
portion of the molecule. In accord with Cohen and col-
laborators (15), who observed that EGF 1-51 is equipo-
tent with intact EGF, both in receptor binding and in the
human fibroblast thymidine incorporation assay, we ob-

0
z
D
0

N

100 200
URO -47. ng/mI (#{149})

FIG. 7. BindIng of URO 1-53 and URO 1-47 to fibroblast mono-

layers

The competition for the binding of �I-labeled urogastrone (0, 1.44

ng/ml; #{149},5.74 ng/ml) by intact urogastrone (URO 1-53; 0) and by the

shortened peptide (URO 1-47; #{149})was measured for increasing concen-

trations of unlabeled peptide. The unlabeled peptide concentration for

which the binding of labeled ligand was reduced to 50% of the amount

bound in the absence of competitor (IC�o) was used to calculate the

inhibitor dissociation constant according to the equation (27): K1 =

IC�/(1 + V/K), where L and KR represent, respectively, the con-

centration and dissociation constant of ‘9-labeled urogastrone.
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120

;:

0 20 40 60
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FIG. 8. Estimate of the fibroblast affinity of unlabeled EGF 1-53

and EGF 1-47

Upper: Binding-competition curves and peptide affinities were de-

termined as outlined in Fig. 7 for EGF 1-53 (0) and EGF 1-47 (#{149})
using either ‘WI-labeled epidermal growth factor (17.1 ng/ml; #{149})or
labeled urogastrone (1.9 ng/ml; 0).

Lower. The affinity of unlabeled EGF 1-47 was determined in the
presence of ‘�I-labeled epidermal growth factor using a Dixon plot as

outlined in Fig. 5.

serve that URO 1-52 is equipotent with intact URO. In
contrast, there is a marked reduction in fibroblast recep-
tor affinity and in the fibroblast biological potency of
derivatives (EGF 1-47; URO 1-47) lacking the six C-
terminal amino acids. Nonetheless, these derivatives can
cause the same maximum biological responses in fibro-
blasts as do the intact peptides, which are about 10-fold
more potent. Our results can be compared with those of
Cohen et al. (15), who observed that at 50 ng/ml, EGF
1-48 caused about the same stimulation of fibroblasts as
did 0.5 ng/ml EGF; EGF 1-48 was also reported to be 5%
as effective as the native molecule in competing for the
fibroblast binding of ‘9-labeled EGF (15). Because of
the enzymatic methods used to prepare the derivatives,
alterations in the molecule other than the loss of the C-
terminal portion cannot be entirely ruled out. For in-
stance, trypsin might also cleave EGF at residues 41-42
and 45-46 and the armillaria mellea protease might open
the interconnected loops comprising residues 14-31.
However, when URO 1-47 was reduced and reoxidized,
biological activity was regained; thus little significant
cleavage at Lys 28 of URO appears to have occurred.
Further, the similarity in the reduction in receptor bind-
ing and fibroblast potencies for the derivatives of EGF
and URO, prepared by enzymatically dissimilar methods,
argues in favor of the changes being attributable solely
to the loss of the terminal hexapeptide.

On the whole, the reduced biological potencies of the
derivatives in fibroblasts are paralleled by a concomitant
reduction in fibroblast receptor affinity. Taken together,
our data and those of Cohen et al. (15) indicate the
importance of the C-terminal sequence 49-51 (Trp, Tip,
Glu) for the enhancement of receptor binding and con-
sequently the biological activity in fibroblasts. Signifi-
cantly, the terminal hexapeptide (URO 48-53) alone is
inactive in fibroblasts, does not compete for binding at
the receptor site, and does not possess sufficient affinity
for the complementary N-terminal sequence 1-47 to en-
hance the potency of EGF 1-47 in the flbroblast assay.
Thus, although the terminal hexapeptide is important
for receptor binding, the intrinsic biological activity of
the molecule resides elsewhere in the sequence.

400 A somewhat surprising finding of this study concerns

the equal biological activities of intact URO and URO 1-
47 in the acid inhibition bioassay in vivo, as opposed to
the 10-fold lower potency of URO 1-47, compared with
URO 1-53, both in receptor binding and in the fibroblast
thymidine incorporation assay in vitro. It is possible that,
in vivo, URO 1-53 is rapidly cleaved to URO 1-47, such
that the activity of the intact peptide is not truly meas-
ured. This possibility has been suggested to explain the
apparently equal activities of EGF 1-48 and intact EGF
when assayed over the relatively long-term period of the
mouse bioassay in vivo (15, 30). However, it is unlikely
that this possibility explains the equal potency of URO
1-53 and URO 1-47 in the acid inhibition bioassay, which
monitors a rapid response to either an intravenous bolus
or a constant infusion of peptide; the urinary excretion of
large amounts of URO and URO 1-52 and the lack of
evidence for significant amounts of URO 1-47 in urine
(4-6) argue against a degradative mechanism to explain
the equal potencies of URO 1-47 and URO 1-53. An
attractive hypothesis to explain the different relative
potencies of URO 1-53 and URO 1-47 (in vivo versus in

vitro) is that the receptor involved in the inhibition of
acid secretion may differ from the one involved in fibro-
blast stimulation. It will thus be of considerable interest
to examine other analogues of EGF-URO, particularly
those modified in the sequence 33-42, to determine if the
two principal intrinsic biological activities ofthe molecule
can be selectively altered.
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