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Epidermal growth factor (EGF) is a 53 control of growth and function of cells 
amino acid protein that has been isolated throughout life. 
from the submaxillary gland of the male Interestingly, E G F  stimulates phos- 
mouse and from human urine (I). It  phorylation of its own receptor by a 
stimulates the proliferation and differen- receptor-associated tyrosine-specific 
tiation of cells of ectodermal and meso- protein kinase which may be related to 

Abstract. The structure of the messenger R N A  (mRNA)  encoding the precursor to 
mouse submaxillary epidermal growth factor (EGF) was determined from the 
sequence of a set of overlapping complementary DNA's  (cDNA).  The m R N A  is 
unexpectedly large, about 4750 nucleotide bases, and predicts the sequence of 
preproEGF, a profein of  1217 amino acids (133,000 molecular weight). The EGF 
moiety (53 amino acids) is flanked by polypeptide segments of 976 and 188 amino 
acids at its amino and carboyxl termini, respectively. The amino terminal segment of 
the precursor contains seven peptides with sequences that are similar but not 
identical to  EGF. 

dermal origin. In addition, EGF,  which 
is presumably identical to the hormone 
urogastrone, is a potent inhibitor of HCl 
release from the intestinal mucosa. As 
E G F  exerts a number of effects on pre- 
natal and neonatal tissue growth includ- 
ing accelerated maturation of the lung, 
precocious eye-opening, and incisor 
eruption and is found in elevated levels 
in milk, it may play a role in early 
development. Moreover, since E G F  re- 
ceptors are present in various adult tis- 
sues, E G F  is presumably involved in the 

those encoded by the transforming genes 
of some retroviruses (2). Thus, the con- 
trol of cell proliferation by E G F  and 
retroviruses may share common fea- 
tures. 

E G F  is synthesized in the tubular cells 
of the submaxillary gland of the mouse, 
in the acinar cells of the human submax- 
illary gland, and in the human duodenal 
glands (3). Although the primary transla- 
tion product of E G F  messenger RNA 
(mRNA) has not been identified, E G F  is 
probably generated by proteolytic pro- 
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cessing of a larger molecule, as forms 
with molecular weights of about 9,000, 
and 28,000 and 30,000 have been report- 
ed in the mouse submaxillary gland and 
human urine, respectively (4). 

We report here the nucleotide se- 
quence of the mRNA encoding mouse 
submaxillary gland preproEGF. The 
mRNA which is at least 4750 bases en- 
codes an E G F  precursor of 1217 amino 
acids. The sequence of the precursor 
contains E G F  and seven peptides that 
possess structural similarity to  EGF. 

EGF-specific clones were isolated 
from a male mouse submaxillary comple- 
mentary DNA (cDNA) library (5) by 
hybridization with 32~-labeled synthetic 
oligodeoxynucleotide probes made as 
four pools of 64-fold degenerate 20-base 
oligonucleotides according to the nucleo- 
tide sequence predicted from the amino 
acid sequence of EGF(17-23) (6). Eleven 
of 5000 colonies hybridized with the 
probes of pool 4; one colony, pmegfl0, 
contained a plasmid with an insert of 
about 1700 base pairs (bp). This insert 
contained a continuous opening reading 
frame which included the sequence of 
mouse EGF. Hybridization of 3 2 ~ - l a -  
beled pmegflO (7) to male and female 
mouse submaxillary RNA indicated that 
the mRNA encoding E G F  is at least ten 
times more abundant in the male gland, 
as expected ( I ) ,  and is approximately 
4800 bases. Since the insert in pmegflO 
was not a complete copy of the mRNA, 
overlapping clones were identified by 
screening the original 5000 and 7500 ad- 
ditional colonies with terminal restric- 
tion fragments prepared from the insert 
in pmegfl0. 

This strategy was repeated with other 
restriction fragments to identify all colo- 
nies that contained a portion of the mRNA 
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encoding preproEGF. The composite se- 
quence of the overlapping cDNA frag- 
ments from pmegflob, 10, 1, and 44 (Fig. 
1) did not include about 1000 bases from 
the 5' end of the mRNA. Therefore an- 
other library was synthesized with the 
use of an oligonucleotide primer, 3'- 
CCGCTTCCTTCGGTGCGAAT-5' (8), 
complementary to nucleotides 1032 to 

1051 (Fig. 3). The sequence of the 
mRNA was deduced from the sequences 
of both sets of overlapping cDNA clones 
(Figs. 1 and 3). As none of the 3' cDNA 
clones contained a polyadenylate 
[poly(A)] tract, there could be additional 
nucleotides at the 3' end of this se- 
quence. However, there is a polyadenyl- 
ation signal (AAUAAA) 18 bases from 

EGF- 
5 l ~ k e  pept~des 1  2 3 4 5 6 7 EGF 3 

1 
1-1 pmegf 39 

-1 pmegf 35 

I i pmegf I O ~  

I 1 pmegf 10 

I ( pmegf 1  

1-1 pmegf 44 

Fig. 1. Schematic representation of mouse submaxillary EGF mRNA and protein. The box 
indicates the protein-coding portion of the mRNA. The positions of the seven EGF-like 
peptides and EGF are indicated. The thin line corresponds to the untranslated regions of the 
mRNA. The structure of the set of overlapping cDNA clones from which the sequence was 
derived is indicated, and the thick lines represent the region of each cDNA which was 
sequenced. 

the end of the sequence (nucleotide 4750) 
as well as another at nucleotides 4359 to 
4364. The 5'-untranslated region may be 
nearly complete because the size of the 
cloned segment in pmegD9, 1051 bp, is 
about the size ( k 5  bp) of the elongated 
primer determined from a sequencing 
gel. The RNA contains a single large 
open reading frame of 3396 bases begin- 
ning at the first Met (8) codon, nucleo- 
tides 354 to 356, and encodes a protein of 
1217 amino acids (molecular weight of 
133,000) which includes EGF (amino ac- 
ids 977 to 1029). There are termination 
codons in all frames upstream of the 
assigned initiating Met. The 5'- and 3'- 
untranslated regions of the mRNA are at 
least 353 and 746 bases, respectively. 
The sequence of the insert in pmegD5 
differs from that in pmegD9 at one posi- 
tion in the 5'-untranslated region and at  
three in the coding region, two of which 
change the amino acid sequence, ~ a l "  
to phelo and ~ s p ~ ~ ~  to These 
differences probably reflect sequence 
polymorphism since restriction mapping 

1 (357-399) G l u  Asp Val Asn G lu  Cys A l a  Thr  G ln  Asn H i s / G l y / ( C y s l ~ h r  r l  
2 (400-440) ~ l n M t i i s  G l u  Leu Val ~ e r u ~ r o  G l y  Asn Val Ser L y s M S e r  

~ h r m ~ h r  G I ~  m ~ e r  Ser P r o  Asp Asn G l y  G I ~  / C y s j ~ e r  G l n  

Lys  P r o  G l y  A l a  Asp P r o  Cys Leu T y r  A rg  Asn G l y  n 
5 (803-885) M e t V a l  S e r G l y  Met  A s n T y r  G l u  A s p ~ s ~ M ~ l y  P r o G l y ~ l y l ~ y s ( / ~ l ~ ~ ~ e r  H i s  

6 (886-925) Ser Asp m ~ r o  Ser 

7 (926-976) G l y  A l a  H i s  ~ s n m ~ l a  G l u  Asn 

EGF (977-1029) Asn Ser T y r  P r o  G I ~ ~ P ~ O  Ser Ser T y r  Asp G l y  ~ ~ r / C y s l ~ e u  ~ s n ) G l y l ~ l ~  Val 

~ r o m ~ e r / T y r j H i s  

Ser Asp G l y  P r o  Arg 

I  l e  1s Leu P r o  Leu Arg P r o  GI y  Ser T r p  G l u  n 
H i s  I l e  Cys G l n  G l u  Ser ~ e u / G l y ~ h r  A l a  Arg  Cys Leu Cys Arg G lu  G l y  Phe Val Lys  

A l a  A rg  Cys Val Ser Asp G l y  G l u  Thr  A l a  G l u  Cys G l n  Cys Leu Lys  G l y  Phe A l a  Arg  n I 1 1  
Ser G l u M T y r  G l u  G l y  

A l a  G l y  Arg  P r o  Ser Ser 

m ~ e t  H i s  l e  G l u  Ser Leu Asp S e r / I y y ( T h r ~ A s n ~ V a l  I l e ~ ~ ~ r  Ser G l y  

Fig. 2. Comparison of 
EGF-like peptides 1 to 7 
and EGF. The proteins 
were aligned at the com- 
mon Cys-X-Cys sequence. 
Identical amino acids 
shared by at least four 
members of the family and 
Cys residues are boxed. 
The boundaries of the pro- 
teins are indicated in pa- 
rentheses. Only the se- 
quence of EGF-like pep- 
tide 5 from amino acids 832 
to 885 is indicated. EGF- 
like peptide 1 is the top line 
in each group. 

Leu P r o  Asp G l y  L y s  

G l y  Arg  Asp G l y  L y s  

G l n  Ser Asp A rg  Lys  

A l a  T r p  1 Asp G l y  1 Lys 

I l e  Asp G l u  Cys Val Leu A l a  A rg  

H e  Asp G l u  n Cys G l n  Arg 

Ser Thr  A l a  P r o  Ser Leu Leu G l y  G l u  Asp G l y  H i s  H i s  Leu Asp A rg  

Leu A rg  T r p  T r p  G l u  Leu Arg 



AAAAAAGGAGAAGGGAUUCCUAUCUGUAUAUAGGGAAGGAAUCCUAUCUGCAUAUUUCGUUGUUAGCACCAUCCCUCAUCCCGGUGGGCUUGGAACUUUCCAUCAAUUCUUUCCUGUCU 

CGUUUCUCUUUCAUCCUUUGCCUGGUUGUGCCUGUCUCAGGGAGAAAUCAGUCACCUGCAGGCCUUGCAGGCUCUUAGGCUCUGGGAAAUUUGUCAUACGGGUGUCAGGUACUUCUUA 

M e t  
UUGCUGUCCAAAGGGAAAAAAAAAGUGAGACAAAGAACUCUCCCGGAGCCUUUCCGGCUGCACUCAGAGGCUCUCGAGAGGUGCAGGAGGACCUGGAAAGGCAGCUAAAUAAAAG AUG 

A 
10 20 P h e  30 

P r o  T r p  G l y  A r g  A r g  P r o  T h r  T r p  L e u  L e u  L e u  A l a  P h e  L e u  L e u  V a l  P h e  L e u  L y s  I l e  S e r  I l e  L e u  S e r  V a l  T h r  A l a  T r p  G l n  T h r  
CCC UGG GGC CCA ACC UGG UUG UUG CUC GCC UUC CUG CUB GUG UUU UUA AAG AUU AGC-AUA CUC AGC GUC ACA GCA UGG CAB ACC 

C U 
4 0 50 60 

G l y  Asn  C y s  G l n  P r o  G l y  P r o  L e u  G l u  A r g  S e r  G l u  A r g  S e r  G l y  T h r  C y s  A l a  G l y  P r o  A l a  P r o  P h e  L e u  V a l  P h e  S e r  G l n  G l y  L y s  
GGG AAC UGU CAG CCA GGU CCU CUC GAG AGA AGC GAG AGA AGC GGG ACU UGU GCC GGU CCU GCC CCC UUC CUA GUU UUC UCA CAA GGA AAG 

100 110 120 
L y s  G l u  A r g  L e u  T y r  T r p  V a l  Asp V a l  G l u  A r g  G l n  V a l  L e u  L e u  A r g  V a l  P h e  L e u  Asn  G l y  T h r  G l y  L e u  G l u  L y s  V a l  C y s  A s n  V a l  
AAA GAG AGA CUC UAU UGG GUG GAU GUA GAA AGA CAA GUU UUG CUA AGA GUU UUC CUU AAC GGG ACA GGA CUA GAG AAA GUG UGC AAU GUA 7 

160 170 A s n  180 
M e t  T h r  G l y  L y s  A s n  S e r  A r g  V a l  L e u  L e u  S e r  S e r  L e u  L y s  H i s  P r o  S e r  Asn  I l e  A l a  V a l  Asp  P r o  I l e  G l u  A r g  L e u  M e t  P h e  T r p  
AUG ACA GGG AAA AAU UCC CGA GUU CUU CUA AGU UCC UUA AAA CAU CCG UCA AAU AUA GCA GUG GAU CCA AUA GAG AGG UUG AUG UUU UGG 

A 
190 200 21 0 

S e r  S e r  G l u  V a l  T h r  G l y  S e r  L e u  H i s  A r g  A l a  H i s  L e u  L y s  G l y  V a l  Asp V a l  L y s  T h r  L e u  L e u  G l u  T h r  G l y  G l y  I l e  S e r  V a l  L e u  
UCU UCA GAG GUG ACC GGC AGC CUU CAC AGA GCA CAC CUC AAA GGU GUU GAU GUA AAA ACA CUG CUG GAG ACA GGG GGA AUA UCG GUG CUG 

220 230 240 
T h r  L e u  Asp V a l  L e u  Asp  L y s  A r g  L e u  P h e  T r p  V a l  G l n  Asp S e r  G l y  G l u  G l y  S e r  H i s  A l a  T y r  I l e  H i s  S e r  C y s  Asp T y r  G l u  G l y  
ACU CUG GAU GUC CUG GAC 1-1 CUC UUC UGG GUU CAG GAC AGU GGC GAA GGA AGC CAC GCU UAC AUU CAU UCC UGU GAU UAU GAG GGU 

250 2 60 270 
G l y  S e r  V a l  A r g  L e u  I l e  A r g  H i s  G l n  A l a  A r g  H i s  S e r  L e u  S e r  S e r  M e t  A l a  P h e  P h e  G l y  Asp  A r g  I l e  P h e  T y r  S e r  V a l  L e u  L y s  
GGC UCC GUC CGU CUU AUC AGG CAU CAA GCA CGG CAC AGU UUG UCU UCA AUG GCC UUU UUU GGU GAU CGG AUC UUC UAC UCA GUG UUG AAA 

280 290 300 
S e r  L y s  A l a  I l e  T r p  I l e  A l a  Asn  L y s  H i s  T h r  G l y  L y s  Asp T h r  V a l  A r g  I l e  Asn  L e u  H i s  P r o  S e r  P h e  V a l  T h r  P r o  G l y  L y s  L e u  
AGC AAG GCG AUU UGG AUA GCC AAC AAA CAC ACG GGG AAG GAC ACG GUC AGG AUU AAC CUC CAU CCA UCC UUU GUG ACA CCU GGA AAA CUG 

31 0 320 330 
M e t  V a l  V a l  H i s  P r o  A r g  A l a  G l n  P r o  A r g  T h r  G l u  Asp  A l a  A l a  L y s  Asp  P r o  Asp  P r o  G l u  L e u  L e u  L y s  G l n  A r g  G I  y A r g  P r o  C y s  
AUG GUA GUA CAC CCU CGU GCA CAG CCC AGG ACA GAG GAC GCU GCU AAG GAU CCU GAC CCC GAA CUU CUC AAA CAG AGG GGA AGA CCA UGC 

340 350 3 60 
A r g  P h e  G l y  L e u  C y s  G l u  A r g  Asp P r o  L y s  S e r  H i s  S e r  S e r  A l a  C y s  A l a  G l u  G l y  T y r  T h r  L e u  S e r  A r g  Asp  A r g  L y s  T y r  C y s  G l u  
CGC UUC GGU CUC UGU GAG CGA GAC CCC AAG UCC CAC UCG AGC GCA UGC GCU GAG GGC UAC ACG UUA AGC CGA GAC [-lUAC UGC GAA 

370 380 390 
Asp  V a l  Asn  G l u  C y s  A l a  T h r  G l n  A s n  H i s  G l y  C y s  T h r  L e u  G l y  C y s  G l u  A s n  T h r  P r o  G l y  S e r  T y r  H i s  Cys  T h r  Cys  P r o  T h r  G l y  
GAU GUC AAU GAA UGU GCC ACU CAG AAU CAC GGC UGU ACU CUU GGG UGU GAA AAC ACC CCU GGA UCC UAU CAC UGC ACA UGC CCC ACA GGA 

400 41 0 420 
P h e  V a l  L e u  L e u  P r o  Asp  G l y  L y s  G l n  C y s  H i s  G l u  L e u  V a l  S e r  C y s  P r o  G l y  Asn  V a l  S e r  L y s  C y s  S e r  H i s  G l y  C y s  V a l  L e u  T h r  
UUU GUU CUG CUU CCU GAU GGG AAA CAA UGU CAC GAA CUU GUU UCC UGC CCA GGC AAC GUA UCA AAG UGC AGU CAU GGC UGU GUC CUG ACA 

430 440 450 
S e r  Asp G l y  P r o  A r g  C y s  I l e  C y s  P r o  A l a  G l y  S e r  V a l  L e u  G l y  A r g  Asp  G l y  L y s  T h r  C y s  T h r  G l y  C y s  S e r  S e r  P r o  Asp A s n  G l y  
UCA GAU GGU CCC CGG UGC AUC UGU CCU GCA GGU UCA GUG CUU GGG AGA GAU GGG AAG ACU UGC ACU GGU UGU UCA UCG CCU GAC AAU GGU 

460 470 
G l y  C y s  S e r  G l n  I l e  C y s  L e u  P r o  L e u  A r g  P r o  G l y  S e r  T r p  G l u  C y s  Asp  C y s  P h e  P r o  G l y  T y r  Asp L e u  G l n  S e r  Asp  
GGA UGC AGC CAG AUC UGU CUU CCU CUC AGG CCA GGA UCC UGG GAA UGU GAU UGC UUU CCU GGG UAU GAC CUA CAG UCA GAC 

490 500 51 0 
C y s  A l a  A l a  S e r  G l y  P r o  G l n  P r o  L e u  L e u  L e u  P h e  A l a  Asn  S e r  G l n  Asp  I l e  A r g  H i s  M e t  H i s  P h e  Asp  G l y  T h r  Asp  T y r  L y s  V a l  
UGU GCA GCU UCA GGA CCA CAG CCA CUU UUA CUG UUU GCA AAU UCC CAG GAC AUC CGA CAC AUG CAU UUU GAU GGA ACA GAC UAC AAA GUU 

520 530 540 
L e u  L e u  S e r  A r g  G l n  M e t  G l y  M e t  V a l  P h e  A l a  L e u  Asp T y r  Asp P r o  V a l  G l u  S e r  L y s  I l e  T y r  P h e  A l a  G l n  T h r  A l a  L e u  L y s  T r p  
CUG CUC AGC CGG CAG AUG GGA AUG GUU UUU GCC UUG GAU UAU GAC CCU GUG GAA AGC AAG AUA UAU UUU GCA CAG ACA GCC CUG AAG UGG 

550 560 570 
I l e  G l u  A r g  A l a  Asn  M e t  Asp  G l y  S e r  G l n  A r g  G l u  A r g  L e u  I l e  T h r  G l u  G l y  V a l  Asp  T h r  L e u  G l u  G l y  L e u  A l a  L e u  Asp  T r p  I l e  
AUA GAG AGG GCU AAU AUG GAU GGG UCC CAG CGA GAA AGA CUG AUC ACA GAA GGA GUA GAU ACG CUU GAA GGU CUU GCC CUG GAC UGG AUU 

580 590 600 
G l y  A r g  A r g  I l e  T y r  T r p  T h r  Asp  S e r  G l y  L y s  S e r  V a l  V a l  G l y  G l y  S e r  Asp  L e u  S e r  G l y  L y s  H i s  H i s  A r g  I l e  I l e  I l e  G l n  G l u  
GGC [ 1 0 1 / A U C  UAC UGG ACA GAC AGU GGG AAG UCU GUU GUU GGA GGG AGC GAU CUG AGC GGG AAG CAU CAU CGA AUA AUC AUC CAG GAG 

61 0 620 630 
A r g  I l e  S e r  A r g  P r o  A r g  G l y  I l e  A l a  V a l  H i s  P r o  A r g  A l a  
AGA AUC UCG AGG CCG CGA GGA AUA GCU GUG CAU CCA AGG GCC 

640 650 660 
A l a  S e r  L e u  G l n  G l y  S e r  Asp A r g  V a l  L e u  I l e  A l a  S e r  S e r  A s n  L e u  L e u  G l u  P r o  S e r  G l y  I l e  T h r  I l e  Asp  T y r  L e u  T h r  Asp  T h r  
GCU UCC CUU CAA GGU UCC GAC CGG GUG CUG AUA GCC AGC UCC AAU CUA CUG GAA CCC AGU GGA AUC ACG AUU GAC UAC UUA ACA GAC ACU 



690 
L e u  T y r  T r p  C y s  Asp  T h r  
UUG UAC UGG UGU GAC ACC 

700 71 0 
H i s  P r o  P h e  S e r  L e u  A l a  V a l  P h e  G l u  Asp  H i s  L e u  T r p  V a l  S e r  Asp T r p  A l a  I l e  P r o  S e r  V a l  I l e  A r g  V a l  A s n  
CAC CCC UUC UCU CUA GCC GUG UUU GAG GAU CAC CUG UGG GUC UCG GAU UGG GCU AUC CCA UCG GUA AUA AGG GUG AAC 

730 7 40 7 50 
G I  n Asn  A r g  V a l  A r g  L e u  G I  n G I  y S e r  M e t  L e u  L y s  P r o  S e r  S e r  L e u  V a l  V a l  V a l  H i s  P r o  L e u  A l a  L y s  P r o  G I  y A l a  Asp  P r o  C y s  
CAA AAC AGG GUA CGU CUU CAA GGC AGC AUG CUG AAG CCC UCG UCA CUG GUU GUG GUC CAU CCA UUG GCA AAA CCA GGU GCA GAU CCC UGC 2606 

760 770 780 
L e u  T y r  A r g  Asn  G l y  G l y  Cys  G l u  H i s  I l e  C y s  G l n  G l u  S e r  L e u  G l y  T h r  A l a  A r g  C y s  L e u  C y s  A r g  G l u  G l y  P h e  V a l  L y s  A l a  T r p  
UUA UAC AGG AAU GGA GGC UGU GAA CAC AUC UGC CAA GAG AGC CUG GGC ACA GCU CGG UGU UUG UGU CGU GAA GGU UUU GUG AAG GCC UGG 2696 

790 800 810 
A s p  G l y  L y s  M e t  C y s  L e u  P r o  G l n  Asp  T y r  P r o  I l e  L e u  S e r  G l y  G l u  A s n  A l a  Asp  L e u  S e r  L y s  G l u  V a l  T h r  S e r  L e u  S e r  A s n  S e r  
GAU GGG AAA AUG UGU CUC CCU CAG GAU UAU CCA AUC CUG UCA GGU GAA AAU GCU GAU CUU AGU AAA GAG GUG ACA UCA CUG AGC AAC UCC 2786 

820 830 840 
T h r  G l n  A l a  G l u  V a l  P r o  Asp Asp Asp G l y  T h r  G l u  S e r  S e r  T h r  L e u  V a l  A l a  G l u  I l e  M e t  V a l  S e r  G l y  M e t  A s n  T y r  G l u  Asp Asp 
ACU CAG GCU GAA GUA CCA GAC GAU GAU GGG ACA GAA UCU UCC ACA CUA GUG GCU GAA AUC AUG GUG UCA GGC AUG AAC UAU GAA GAU GAC 2876 

850 860 870 
C y s  G l y  P r o  G l y  G l y  C y s  G l y  S e r  H i s  A l a  A r g  C y s  V a l  S e r  Asp  G l y  G l u  T h r  A l a  G l u  C y s  G l n  C y s  L e u  L y s  G l y  P h e  A l a  A r g  Asp  
UGU GGU CCC GGG GGG UGU GGA AGC CAU GCU CGA UGC GUU UCA GAC GGA GAG ACU GCU GAG UGU CAG UGU CUG AAA GGG UUU GCC AGG GAU 2966 

880 890 900 
G l y  Asn  L e u  C y s  S e r  Asp I l e  Asp G l u  C y s  V a l  L e u  A l a  A r g  S e r  Asp  C y s  P r o  S e r  T h r  S e r  S e r  A r g  C y s  I l e  A s n  T h r  G l u  G l y  G l y  
GGA AAC CUG UGU UCU GAU AUA GAU GAG UGU GUG CUG GCU AGA UCG GAC UGC CCC AGC ACC UCG UCC AGG UGC AUC AAC ACU GAA GGU GGC 3056 

91 0 920 930 
T y r  V a l  C y s  A r g  C y s  S e r  G l u  G l y  T y r  G l u  G l y  Asp  G l y  I l e  S e r  C y s  P h e  Asp  I l e  Asp G l u  C y s  G l n  A r g  G l y  A l a  H i s  A s n  C y s  A l a  
UAC GUC UGC AGA UGC UCA GAA GGC UAC GAA GGA GAC GGG AUC UCC UGU UUC GAU AUU GAC GAG UGC CAG CGG GGG GCG CAC AAC UGC GCU 3146 

940 950 960 
G l u  A s n  A l a  A l a  C y s  T h r  Asn  T h r  G l u  G l y  G l y  T y r  A s n  C y s  T h r  C y s  A l a  G l y  A r g  P r o  S e r  S e r  P r o  G l y  A r g  S e r  C y s  P r o  Asp  S e r  
GAG AAU GCC GCC UGC ACC AAC ACG GAG GGA GGC UAC AAC UGC ACC UGC GCA GGC CGC CCA UCC UCG CCC GGA CGG AGU UGC CCU GAC UCU 3236 

970 E p i d e r m a l  G r o w t h  F a c t o r  990 
T h r  A l a  P r o  S e r  L e u  L e u  G l y  G l u  Asp  G l y  H i s  H i s  L e u  Asp  A r g  Asn  S e r  T y r  P r o  G l y  C y s  P r o  S e r  S e r  T y r  Asp  G l y  T y r  C y s  L e u  
ACC GCA CCC UCU CUC CUU GGG GAA GAU GGC CAC CAU UUG GAC CGA AAU AGU UAU CCA GGA UGC CCA UCC UCA UAU GAU GGA UAC UGC CUC 3326 

1000 1010 1020 
A s n  G l v  G l v  V a l  C v s  M e t  H i s  I l e  G l u  S e r  L e u  Asp S e r  T y r  T h r  Cys  Asn  C y s  V a l  I l e  G l y  T y r  S e r  G l y  Asp  A r g  Cys  G l n  T h r  A r g  
AAU GGU GGC GUG UGC AUG CAU AUU GAA UCA CUG GAC AGC UAC ACA UGC AAC UGU GUU AUU GGC UAU UCU GGG GAU CGA UGU CAG ACU CGA 3416 

1030 1040 1050 
Asp  L e u  A r g  T r p  T r p  G l u  L e u  A r g  H i s  A l a  G l y  T y r  G l y  G l n  L y s  H i s  A s p  I l e  M e t  V a l  V a l  A l a  V a l  C y s  M e t  V a l  A l a  L e u  V a l  L e u  
GAC CUA CGA UGG UGG GAG CUG CGU CAU GCU GGC UAC GGG CAG AAG CAU GAC AUC AUG GUG GUG GCU GUC UGC AUG GUG GCA CUG GUC CUG 3506 

1060 1070 1080 
L e u  L e u  L e u  L e u  G l y  M e t  T r p  G l y  T h r  T y r  T y r  T y r  A r g  T h r  A r g  L y s  G l n  L e u  S e r  A s n  P r o  P r o  L y s  A s n  P r o  C y s  Asp G l u  P r o  S e r  
CUG CUC CUC UUG GGG AUG UGG GGG ACU UAC UAC UAC AGO ACU 1-1 CAG CUA UCA AAC CCC CCA AAG AAC CCU UGU GAU GAG CCA AGC 3596 

1090 1 100 11 10 
G l y  S e r  V a l  S e r  S e r  S e r  G l y  P r o  Asp S e r  S e r  S e r  G l y  A l a  A l a  V a l  A l a  S e r  C y s  P r o  G l n  P r o  T r p  P h e  V a l  V a l  L e u  G l u  L y s  H i s  
GGA AGU GUG AGC AGC AGC GGG CCC GAC AGC AGC AGC GGG GCA GCU GUG GCU UCU UGU CCC CAA CCU UGG UUU GUG GUC CUA GAG AAA CAC 3686 

1120 1 130 1 140 
G l n  Asp P r o  L y s  A s n  G l y  S e r  L e u  P r o  A l a  Asp G l y  T h r  Asn  G l y  A l a  V a l  V a l  Asp  A l a  G l y  L e u  S e r  P r o  S e r  L e u  G l n  L e u  G l y  S e r  
CAA GAC CCC AAG AAU GGG AGU CUG CCU GCG GAU GGU ACG AAU GGU GCA GUA GUA GAU GCU GGC CUG UCU CCC UCC CUG CAG CUC GGG UCA 3776 

11 50 1160 11 70 
V a l  H i s  L e u  T h r  S e r  T r p  A r g  G l n  L y s  P r o  H i s  I l e  Asp  G l y  M e t  G l y  T h r  G l y  G l n  S e r  C y s  T r p  I l e  P r o  P r o  S e r  S e r  Asp  A r g  G l y  
GUG CAU CUG ACU UCA UGG AGA CAG AAG CCC CAC AUA GAU GGA AUG GGC ACA GGG CAA AGC UGC UGG AUU CCA CCA UCA AGU GAC AGA GGA 3866 

1 1 80 1190 1200 
P r o  G l n  G l u  I l e  G l u  G l y  Asn  S e r  H i s  L e u  P r o  S e r  T y r  A r g  P r o  V a l  G l y  P r o  G l u  L y s  L e u  H i s  S e r  L e u  G l n  S e r  A l a  A s n  G l y  S e r  
CCC CAG GAA AUA GAG GGA AAC UCC CAC CUA CCC UCC UAC AGA CCU GUG GGG CCG GAG AAG CUG CAU UCU CUC CAG UCA GCU AAU GGA UCG 3956 

C y s  H i s  G l u  A r g  A l a  P r o  Asp L e u  P r o  A r g  G l n  T h r  G l u  P r o  V a l  L y s  AM 
UGU CAC GAA AGG GCU CCA GAC CUG CCA CGG CAG ACA GAG CCA GUU AAG UAG AAACUGGGAGUAGACAGAAGGUACAGAAGGGAAAAUAACAAACCAGGCUGAUGA 4061 

UGGUAGAGUGCUACAGACUUGGUACUCCAGUUUCCACGGCUAAUCACUGCUCGCUCAGGGUCCUGAAGAUAGCUGCACAGCUGCAGAGCUGCACAGCGGGAUAGCUGCGACUUUUGCUUC 4181 

UUGCUUUAAGCAGUUCCACUGAAGAUACUCAAAAGAGAAGUGGAGAAAAUCAUUAGAAACCAAAGUCAAGACAUUCAUAUAUAAGCUGUGUCUUCUUCACUGGACGGUUUGCCUCUUUUC 4301 

CUUUUGCCUCAGAAGGAGUGGGUUAAAGCAGGUGACCCCAUGCUCUGUCAACCCCUGUGAUGUGAUCUACAUAGAAGUCUUAGCUCACUCUCAGGAACGCUUGGAACACUAUAA 4421 

CUUUUGCUAUGAUAUACUGCCAAGUGUGGCCCAUGCUCAUAAUUGUGCCUUCUGAAUUGUGAUAAAUUAGUGAAAAAACUGUAACUUAGAAUCUGAUUUAUUCAGGAUUAGAUCAUCUUU 4541 

UUAUACUAUAAAAAUCUUCGAAUGAAAAUAUUUAACUUUAAAAACAUUACCUUAAUCAUUGUCUUUUCUUCUUGAAGUCUUUCCCAGUGAAAACGCUCAAUUCUGCUGUUUCCAUAGAAU 4661 

UUUUAAUUUAUUUUAAGACAUGAGAUUGUAAACAAAUUGCUUGAUUUAUUUUAUCCUAAUUAUUUA-AUCACCCUAAAGCAUCA 4750 

Fig. 3. The sequence of mouse submaxillary EGF precursor mRNA and protein. The predicted amino acid sequence of preproEGF is numbere 
by designating the first methionine as amino acid 1. The region corresponding to EGF is labeled and underlined. The positions of the seven EGI 
like peptides (ELP) are: ELP-1, residues 357 to 399; ELP-2, residues 400 to 440; ELP-3, residues 441 to 480; ELP-4, residues 745 to 784; ELP? 
residues 803 to 885; ELP-6, residues 886 to 925; and ELP-7, residues 926 to 976. Basic di- and tetrapeptides are boxed. The number of th 
nucleotide at the end of each line is indicated. The two AAUAAA sequences in the 3'-untranslated region are underlined. The DNA sequence ws 
determined (14) on both strands and across all restriction sites used to initiate sequence determination. 



of eight independently isolated clones 
indicated that four have Asp173 and four 
have 

In common with other secreted pro- 
teins, the EGF precursor probably has 
an amino terminal signal peptide of 15 to 
25 amino acids (9). The amino-terminal 
region of the precursor contains a hydro- 
phobic section, residues 7 to 19, which is 
characteristic of signal peptides. EGF, 
amino acids 977 to 1029, is flanked by 
polypeptide segments of 976 and 188 
amino acids, and its sequence is identical 
to that determined from the protein. 
Thus, its release from the precursor re- 
quires proteolytic processing at both 
ends of the molecule. In that EGF can be 
isolated in association with an arginine- 
specific peptidase, the EGF-binding pro- 
tein, and has a carboxyl-terminal Arg, it 
has been suggested that this esteropepti- 
dase activity might be involved in pro- 
cessing of the precursor (1, 4, 10). This 
concept is supported by the sequence 
since there is an Arg adjacent to the 
amino-terminal Asn of EGF. The precur- 
sor also contains 11 pairs of basic amino 
acids (exclusive of one in the signal 
peptide region), that are often sites of 
proteolytic processing in other systems 
(9). It is unknown whether this activity is 
present in the tubular cells of the sub- 
maxillary gland. Since the processing 
pathway is not obvious from the se- 
quence of proEGF, it is difficult to pre- 
dict the positions of the high molecular 
weight forms of EGF that have been 
described (4). However, EGF(9000) 
could correspond to EGF with a carbox- 
yl-terminal extension produced by cleav- 
age at Arg 1064 or 1066. 

ProEGF is unexpectedly large, and it 
seems unlikely that it is processed to 
yield a single biologically active entity of 
53 amino acids. However, comparison of 
its sequence with those in the National 
Biomedical Research Foundation data 
bank revealed homology to only mouse 
and human EGF. Nor is the sequence of 
the EGF-binding protein (11) present in 
the preproEGF sequence. Inspection of 
the sequence of proEGF revealed an 
apparently nonrandom distribution of 
Cys residues. In particular, there were 
several occurrences of the sequence 
Cys-X-Cys, one within EGF and seven 
in the region of the precursor amino 
terminal to EGF. Alignment of the re- 
gions containing this sequence (Fig. 2) 
suggests that there may be seven cryptic 
peptides of different sizes within the pre- 
cursor which are structurally similar, but 
not identical, to EGF. Besides a similar- 
ity in the position and number of Cys 
residues, other amino acids are identical 

or represent conservative replacements. 
Moreover, the homology is increased by 
insertion of gaps in the sequences. The 
boundaries of each EGF-like peptide can 
be defined by a basic amino acid and 
thus they could be released by a trypsin- 
like activity. However, the arginine-spe- 
cific esteropeptidase which releases 
EGF is probably not sufficient because 
several of the putative cleavage sites are 
Lys residues. The sizes of the peptides 
vary from 39 to 83 amino acid residues 
and five are about 40 residues. Six of 
these EGF-like sequences are tandemly 
arranged in two groups of three members 
each. EGF is at the carboxyl terminus of 
the second group (Figs. 1 to 3). The other 
solitary EGF-like protein is located be- 
tween the two tandem arrays and sepa- 
rated by a spacer of about 20 amino acids 
from the group containing EGF. Thus, 
proEGF may be a protein which is pro- 
cessed to yield a number of different 
peptides. Since the aggregate size of 
EGF and the EGF-like peptides, 390 ami- 
no acids, accounts for only 34 percent of 
the precursor, additional active peptides 
could also be formed from proEGF. 

Protein factors have a central role in 
regulating growth and differentiation. 
The submaxillary gland of the male 
mouse contains unusually high concen- 
trations of a number of growth factors, 
including nerve growth factor and EGF, 
which has facilitated their isolation and 
characterization (12). However, these 
growth factors probably have other 
physiologically significant and as yet un- 
determined sites of synthesis as well. 
Since growth factors, at least nerve 
growth factor (5) and EGF, are derived 
from much larger proteins, tissue or tem- 
poral-specific processing of the precur- 
sor could generate a family of proteins 
with different biological properties and 
novel effects on development. The pres- 
ence of several EGF-like peptides in 
proEGF suggests that each may have a 
distinct biological role. Whether they act 
through their own receptor is not known. 
However, the possibility exists that 
there may be a family of receptors which 
bind EGF and these related peptides 
with different affinities. 

The availability of cDNA probes will 
facilitate the unambiguous determination 
of the sites of synthesis of EGF. Since 
the sequence and organization of the 
EGF precursor is now known, polypep- 
tides can be synthesized and used to 
produce antiserums so that the process- 
ing of the precursor can be critically 
examined. It will then be possible to 
determine whether the EGF-like pep- 
tides identified in proEGF are present in 

the submaxillary gland and in other sites 
of synthesis of EGF. The antiserums can 
also be used to detect other proteins 
which can be generated from the precur- 
sor. Synthesis of the EGF-like peptides 
will facilitate an analysis of their physio- 
logical function. In particular, it will be 
interesting to compare their properties 
with the mitogenic and gastric-acid in- 
hibitory activities of EGF, as well as 
with the growth-promoting activities of 
the transforming growth factors (13), a 
poorly defined group of peptides, which 
bind to the EGF receptor. 
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