
found assembled with the petunia rbcL 
polypeptides, which are localized exclu- 
sively in the chloroplasts. 

Although the catalytic site of Rubisco 
resides on rbcL, rbcS is also required for 
both carboxylase and oxygenase activi- 
ties (41). The finding of hybrid holoen- 
zymes in transformed petunia suggests 
the possibility of altering the enzymatic 
activity of this important enzyme by the 
introduction of novel genes coding for 
the rbcS polypeptide. Furthermore, the 
regulatory regions and transit sequence 
of the rbcS gene, when fused to a foreign 
gene, may be used to effect its light- 
induced expression and to target the 
gene product into chloroplasts. After the 
completion of this work, Murai et al. (42) 
demonstrated the expression of a bean 
phaseolin gene in sunflower cells after 
transfer via Ti plasmid vectors. 
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(13); the receptor is autophosphorylated 
at a tyrosine residue (12, 13) and is 
regulated by phosphorylation at threo- 
nine and serine residues by the Ca2+, 
phospholipid-dependent protein kinase 
(14, 15). A critical question has been to 
identify the mechanism or mechanisms 
by which binding of EGF to the plasma 
membrane receptor alters the phenotyp- 
ic and growth properties of the cell. 

EGF and thyrotropin-releasing hor- 
mone (TRH) produce a rapid (within 
minutes) stimulation of prolactin gene 
transcription (16-18), and specific 5' 
flanking prolactin genomic sequences 
transfer EGF transcriptional regulation 
to other genes (19). These data suggest 
that rapid, gene-specific transcriptional 
regulation is likely to be one crucial 
determinant of EGF action. A series of 
genetic modifications of the EGF recep- 

( 5 4 ,  which has a protein core of about tor would be useful for further dissecting 
140 kD (9-11). The EGF receptor is a molecular mechanisms by which the 
phosphoprotein (12) with intrinsic kinase binding of EGF to its receptor regulates 
activity specific for tyrosine residues specific transcriptional effects. 
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Abstract. In order to further define the mechanisms by which polypeptide growth 
factors regulate gene transcription and cellular growth, expression cloning tech- 
niques were used to select human epidermal growth factor (EGF) receptor comple- 
mentary DNA clones. The EGF 3' coding domain shows striking homology to the 
transforming gene product of avian erythroblastosis virus (v-erbB). Over-expression 
of EGF receptors in A431 cell lines correlates with increased EGF receptor mRNA 
levels and amplification (up to 110 times) of the apparently singular EGF receptor 
gene. There appear to be three cytoplasmic polyadenylated RNA products of EGF 
receptor gene expression in A431 cells, one of which contains only 5' (EGF binding 
domain) sequences and is postulated to encode the secreted EGF receptor-related 
protein. 

The overproduction of EGF receptors 
by a line of human epidermoid carcino- 
ma cells (A431) (20) and evidence in 
these cells of chromosomal transloca- 
tions involving the region of the EGF 
receptor genomic locus in chromosome 7 
(21), suggested that characterization of 
the EGF receptor messenger RNA's 
(mRNA) and the encoding gene (or 
genes) might also give insight into specif- 
ic transforming events. The observation 
that a 105-kD secreted protein exhibiting 
EGF binding (but no tyrosine kinase) 

properties is coproduced in A431 cells 
(10) raised the possibility that this pro- 
tein might be encoded by mRNA distinct 
from EGF receptor mRNA. 

We now report the cloning of DNA 
inserts complementary to portions of the 
coding region of EGF receptor mRNA. 
Sequence analysis of these complemen- 
tary DNA (cDNA) clones revealed a 
marked homology of 3' coding informa- 
tion with a series of structurally related 
retroviral encoded tyrosine kinases (22- 
25), and extraordinary sequence conser- 

a b c 
lrnmunoscreen 

RNA sandwich 
hybridization screen 

RN A 
abundancy s c r e e n  

Fig. I .  Molecular cloning 01 u l v n  complementary to EGF 
receptor mRNA. (a) Immunoscreening of a cDNA library. 
Eco RI size-selected. linked cDNA inserts (more than 3 kb) 
were prepared with the use of po1yl.A)-rich RNA from A43 I 
cells as template for oligo(dT)-primed cDNA synthesis (29, 
30, 42, 43). The cDNA inserts were ligated into the Eco RI 
site of DUCR. and the chimeric nlasmid was used to 
transfec; competent Escl~erichia cd~i  (DHI strain); 1600 
ampicillin-resistant colonies were placed into an ordered 
library. and screened for the expression of a fusion protein 
containing specific immunoreactive epitopes with polyclo- 
nal antiserum to pur~fied EGF receptor protein from human A431 cells. Antiserums were 
affinity purified by adsorption to Sepharose-immobilized EGF receptor protein (10) with 
subsequent passage through a Sepharose column containing immobilized total soluble DHI 
protein extract. The procedure was similar to that reported (29) except that horseradish 
peroxidase-coupled antiserum to rabbit immunoglobulin G (IgG) was used as second antibody. 
The darkest of four positive colonies is indicated by the arrow. Direct screening of the library 
with this probe revealed only three additional colonies. (b) Filter hybridization screening by 
means of an RNA sandwich hybridization assay. One positive cDNA insert was labeled with 
( 3  x IOU cpmlpg) by nick-translation (441, hybridized to size-selected poly(A)-rich RNA from 
A431 cells (Rot = 0.7) and the DNA . RNA hybrids were then used as probe in the colony filter 
hybridization assay (45). After a 12-hour hybridization and stringent washing (65°C. 0.1 x SSC), 
40 positive clones were visualized (for example, colony indicated by arrow). (c) RNA blot 
analysis screening. Poly(A)-selected RNA (3 kg) from A431 clone 29R cells (8 x I O h  EGF 
receptors per cell, lane I), A431 clone I cells (6 x IOC EGF receptors per cell. lane 3) human 
fibroblasts (about I x 10' EGF receptors per cell, lane 3) .  human epidermoid "L" cells 
(1.5 x 10' EGF receptors per cell. lane 4); human epidermoid "M" tumor cell line (3.5 x loC 
EGF receptors per cell, lane 5 )  were separated by size under denaturing conditions, blotted. and 
hybridized to nick-translated cDNA inserts [in this figure the 760-bp insert of (pEGFRI). as 
previously described 0 5 .  4611. The radioautograph shows a 12-hour exposure: size standards 
were provided by the migration of a series of rat calcitonin mRNA species (42). 

vation compared to the avian erythro- 
blastosis virus (AEV) transformation 
protein from v-erbB (2628). The analy- 
sis of EGF receptor cDNA clones pro- 
vides independent confirmation of the 
relation between the sequence of the 
EGF receptor protein and the v-erbB 
gene product reported by Downward et 
al. (9). In genomic DNA restriction map 
analysis, there appears to be a single 
EGF receptor gene, but three polyaden- 
ylated [poly(A)] mature transcripts (3.2, 
6.3, and 10.6) are produced in A431 cells. 
While the 6.3- and 10.6-kb mRNA's con- 
tain both EGF binding and tyrosine kinase 
coding domains, the 3.2-kb mRNA con- 
tains only sequences hybridizing to 5' 
(EGF binding domain) specific probes. A 
series of A43 1 clonal cell lines that overex- 
press the EGF receptor protein 2 to 100 
times above that present in a normal fibro- 
blast exhibit a coordinate 3- to 110-fold 
amplification of the EGF receptor gene 
and a commensurate increase in the three 
structurally related mRNA's. 

Cloning of cDNA Complementary to 

A431 EGF Receptor mRNA 

The initial strategy used for the molec- 
ular cloning of DNA complementary to 
EGF receptor mRNA was based on the 
combined application of expression clon- 
ing techniques (29, 30), an RNA sand- 
wich hybridization method devised for 
filter colony hybridization screening, 
and the availability of mRNA from a 
series of clonal epidermoid cancer cell 
lines (A431) which exhibit marked differ- 
ences in EGF receptor content (31, 32). 
Poly(A) selected RNA prepared from 
one clonal A431 cell line (clone 29R, 
8 x lo6 receptors per cell) was used as 
template for avian myoblastosis virus 
(AMV) reverse transcriptase, and oligo 
deoxythymidylate was used as a primer 
(Fig. 1). Ampicillin-resistant transfor- 
mants (1600) were placed in an ordered 
library and screened with polyclonal anti- 
bodies to EGF receptor protein purified to 
homogeneity from A431 cells. These anti- 
bodies appear to be directed at determi- 
nants in the EGF binding (amino-terminal) 
region of the receptor and specifically bind 
both the 170-kD holo EGF receptor pro- 
tein and the 105-kD EGF receptor-relat- 
ed protein (ERRP), which lacks tyrosine 
kinase activity (10). Four colonies gave 
positive signals in this immunoscreening 
assay; an RNA sandwich technique per- 
mitted detection of additional potential 
positive colonies (Fig. 1). In this method, 
RNA is used as the probe to detect 
plasmids containing EGF receptor 
cDNA inserts, and the positive colonies 
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are visualized by hybridization of the 
RNA to clonal cDNA probes (for exam- 
ple, the immunopositive cDNA insert), 
such that noncontiguous cDNA clonal 
inserts can be detected. The criterion 
used to assess clonal inserts was their 
ability to differentially hybridize po- 
ly(A)-rich RNA from a series of cell lines 
producing EGF receptors at levels differ- 
ing by 2 orders of magnitude. All inserts 
tested hybridized two large RNA species 
(6.3- and 10.6-kb), and the relative hy- 
bridization was in general accord with 
the content of EGF receptor protein. On 
the basis of the predictions by Down- 
ward et al. (9), we used an internal 
Bam HI fragment derived from v-erbB 
as probe to screen the library. A subset 
of ten chimeric plasmids (referred to as 
pEGFR1) contained an identically sized 
(760 bp) insert, presumed to represent an 
internal Eco RI fragment present in the 
double-stranded cDNA's, and hybrid- 
ized to a v-erbB probe, suggesting that 
they represented cDNA's in the tyrosine 
kinase domain of the EGF receptor. The 
sizes of the two reactive RNA species 
are comparable to chicken embryo 
mRNA's hybridized by v-erbB probe 
(33). On the basis of these data the 
clones were further characterized as pre- 
sumptive EGF receptor cDNA's. 

The DNA sequence analysis (Fig. 2) 
demonstrates that pEGFRl represents 
the EGF receptor-tyrosine kinase do- 
main. The 762-bp fragment was found to 
have a single open reading frame. In 
accord with the data of Downward et al. 
(9), the encoded peptide has marked 
homology with the v-erbB transforming 
protein of AEV. In a region of 254 en- 
coded amino acids, only six differ from 
v-erbB, a difference as likely to reflect 
species differences as any true diver- 
gence of v-erbB from primary EGF re- 
ceptor sequence. This region spans the 
tyrosine residue thought to represent the 
autophosphorylation site in the kinase 
domain of EGF receptor (12/ 13). The 
sequences predicted by the cDNA clonal 
analysis include sequences of peptide 
fragments reported by Downward et al. 
(9), and these independent methods of 
analysis exhibit precise sequence corre- 
spondence. In contrast to the extreme 
degree of peptide homology with v-erbB, 
the cDNA clone shows about 15 percent 
sequence divergence, although generally 
conservative, from the corresponding v- 
erbB coding domain. Additional cDNA's 
corresponding to both further 5'- and 3'- 
coding domains, have been identified. 
One clone (pEGFR3 1.8 kb insert) en- 
compasses a portion of the EGF-binding 
domain and extends into the 5' portion of 
the EGF receptor tyrosine kinase do- 
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main. There is no cross-hybridization of EGF receptor reveals apparent struc- 
between cDNA inserts representing par- tural identity of the 3' portion of the gene 
ticular 5'-coding and 3'-coding domains. in all tissues, as judged by the use of 

Analysis of genomic DNA from cells probes within the coding region. When 
and tissues producing various quantities the pEGFRl insert was used as probe, 

5 5 2  
L y s  L y s  I l e  L y s  V a l  L e u  G l y  S e t  G l y  A l a  P h e  G l y  T h r  V a l  T y r  L y s  G l y  L e u  
AAA AAG ATC AAA GTG CTG GGC TCC GGT GCG TTC GGC ACG GTG TAT AAG GGA CTC 

G T T T A T T  T A T T 
V a  1 I l e  

6 0 6  
T r p  I l e  P r o  G l u  G l y  G l u  L y s  V a l  L y e  I l e  P r o  V a l  A l a  I l e  L y s  G l u  L e u  A r g  
TGG ATC CCA GAA GGT GAG AAA GTT AAA ATT CCC GTC GCT ATC AAG GAA TTA AGA 

G A G  T T T A G 
6 50 
G l u  A l a  T h r  S e r  P r o  L y s  A l a  A s n  L y e  G l u  I l e  L e u  A s p  G l u  A l a  T y r  V a l  M e t  
GAA GCA ACA TCT CCG AAA GCC AAC AAG GAA ATC CTC GAT GAA GCC TAC GTG ATG 

G T G A A T T 
7 0 4  
A l a  S e r  V a l  A s p  A s n  P r o  H i s  V a l  C y s  A r g  L e u  L e u  G l y  I l e  C y s  L e u  T h r  S e r  
GCC AGC GTG GAC AAC CCC CAC GTG TGC CGC CTG CTT GGC ATC TGC CTC ACC TCC 

T T T  T T T  T G A T 
7 58 
T h r  V a l  G l n  L e u  I l e  T h r  G l n  L e u  M e t  P r o  P h e  G l y  C y s  L e u  L e u  A s p  T y r  V a l  
ACC GTG CAA CTC ATC ACG CAG CTC ATG CCC TTC GGC TGC CTC CTG GAC TAT GTC 

T G C T T AT T C A 
T Y ~  I l e  

81 2 
A r g  G l u  H i s  L y s  A s p  A s n  I l e  G l y  S e r  G l n  T y r  L e u  L e u  A s n  T r p  C y s  V a l  G l n  
CGG GAA CAC AAA GAC AAT ATT GGC TCC CAG TAC CTG CTC AAC TGG TGT GTG CAG 

A G G C T 
8 6 6  
I l e  A l a  L y s  G l y  M e t  A s n  T y r  L e u  G l u  A s p  A r g  A r g  L e u  V a l  H i s  A r g  A s p  L e u  
ATC GCA AAG GGC ATG AAC TAC TTG GAG GAC CGT CGC TTG GTG CAC CGC GAC CTG 

T A C A C T T 
G l u  

9 2 0  
A l a  A l a  A r g  A s n  V a l  L e u  V a l  L y s  T h r  P r o  G l n  H i e  V a l  L y s  I l e  T h r  A s p  P h e  
GCA GCC AGG AAC GTA CTG GTG AAA ACA CCG CAG CAT GTC AAG ATC ACA GAT T T T  

T C T T G T A A  G A C 
9 7 4  * 
G l y  L e u  A l a  L y e  L e u  L e u  G l y  A l a  G l u  G l u  L y s  G l u  T y r  H i s  A l a  G l u  G l y  G l y  
GGG CTG GCC AAA CTG CTG GGT GCG GAA GAG AAA GAA TAC CAT GCA GAA GGA GGC 

A G  T G A T  G G T C  G 
A s p  

1028 
L y s  V a l  P r o  I l e  L y s  T r p  M e t  A l a  L e u  G l u  S e r  I l e  L e u  H i s  A r g  I l e  T y r  T h r  
AAA GTG CCT ATC AAG TGG ATG GCA TTG GAA TCA ATT TTA CAC AGA ATC TAT ACC 

G T T A G C T T 
1 0 8 2  
H i s  G l n  S e t  A s p  V a l  T r p  S e t  T y r  G l y  V a l  T h r  V a l  T r p  G l u  L e u  M e t  T h r  P h e  
CAC CAG AGT GAT GTC TGG AGC TAC GGG GTG ACC GTT TGG GAG TTG ATG ACC T T T  

T A T T T A A 
1 1 3 6  
G l y  S e r  L y s  P r o  T y r  A s p  G l y  I l e  P r o  A l a  S e t  G l u  I l e  S e r  S e t  I l e  L e u  G l u  
GGA TCC AAG CCA TAT GAC GGA ATC CCT GCC AGC GAG ATC TCC TCC ATC CTG GAG 

G T G C A T A  G T 
1 1 9 0  
L y s  G l y  G l u  A r g  L e u  P r o  G l n  P r o  P r o  I l e  C y s  T h r  I l e  A s p  V a l  T y r  M e t  I l e  
AAA GGA GAA CGC CTC CCT CAG CCA CCC ATA TGT ACC ATC GAT GTC TAC ATG ATC 

G G T T G  C T T G 
1 2 4 4  
M e t  V a l  L y s  C y s  T r p  M e t  I l e  A s p  A l a  A s p  S e r  A r g  P r o  L y s  P h e  A r g  G l u  L e u  
ATG GTC AAG TGC TGG ATG ATA GAC GCA GAT AGT CGC CCA AAG TTC CGT GAG T T G  

A T T  C C T C  T C 

Fig. 2. DNA sequence analysis of pEGFRl cDNA Insert. The 760-bp Eco RI excisable insert 
was mapped and found to contain one Sau 96 and two Bam HI sites; Eco RI, Bam HI, and Sau 
96 digests were subjected to 3' labeling with AMV reverse transcrlptase full reactions and 5' 
labeling with [ Y - ~ ~ P I A T P  and polynucleotide kinase (47). The sequence was confirmed by 
subcloning Alu and Eco RI fragments into an M13 vector (mp8) and the use of dideoxynucleo- 
tide DNA sequencing procedures (48). Nucleotide and amino acid divergences between the 
human pEGFRl and the comparable v-erbB sequences (shown below the pEGFRl sequence) 
are noted; the numbers used reflect the posltion in v-erbB sequence. The site of the 
autophosphorylated tyrosine residue is indicated by an asterisk. 
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three Eco RI and four Sac I reactive bp probe is analogous to the findings in 
restriction products (Fig. 3) are seen. the chicken genome, where cellular-erbB 
The identical Eco RI-generated bands (c-erbB) encompassed more than 20 kb 
are hybridized when an internal Bam HI (33). To evaluate the number of structur- 
restriction fragment of v-erbB is used as ally distinct EGF receptor genes, a small 
probe (data not shown). The number of Eco RI-Bam HI fragment (50 bp) from 
reactive fragments hybridizing to a 760- the 5' end of pEGFRl was used as 

Fig. 3. Restriction map analysis of EGF receptor genomic DNA. Total nuclear DNA's from 
human placenta (panel a, lanes 1 and 4, and panel b, lanes 2 and 4), or A431 cell lines (clone 1: 
panel a, lanes 2 and 5, and panel b, lanes 1 and 31, and clone 29R (panel a, lanes 3 and 6) were di- 
gested with Eco RI (panel a, lanes 1 to 3, and panel b, lanes 3 and 4) or Sac I (panel a, lanes 4 to 
6, and panel b, lanes 1 and 2). The fragments were separated by gel electrophoresis, transferred 
to nitrocellulose, and hybridized to nick-translated pEGFRl insert (49). The size markers are 
provided by Hind 111 restriction fragments (lane M). Radioautographs were exposed for 3 hours 
(a) and 76 hours (b). In (c), Eco RI digested A431 genomic DNA was analyzed with the use of 
pEGFRl (lane 1) or pEGFR3 (lane 2) as probe; sizes are based on the migration of lambda 
Hind 111 markers. 
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Fig. 4 (left). Characterization of EGF receptor 
cDNA-reactive mRNA's. Poly(A)-selected 
RNA (3 pg) from clone 29R A43 1 cells [cyto- 

plasmic poly(A)-rich RNA, panel a, lane I ; total poly(A)-rich RNA, panel a, lane 2, and panels b 
and c, lane I] or human fibroblasts (6 pg) (panels b and c, lane 2) was size-fractionated by 
denaturing, formaldehyde gel electrophoresis through 1.5 percent agarose gel transferred to 
nitrocellulose, and hybridized against nick-translated pEGFRl (panels a and b) or pEGFR3 
(panel c) probes. The radioautographs are exposed for 8 hours (a and b), 2 hours (panel c, lane 
I), and 20 hours (panel c, lane 2), respectively. Size markers were provided by the migration of 
rat calcitonin precursors (42). The smear in panel a, lane 2, represents nonspecific back- 
ground. Fig. 5 (right). EGF receptor gene amplification in A431 cell lines. Eco RI-digested 
genomic DNA and poly(A)-selected RNA, which were prepared from a series of A431 cell lines 
and human fibroblasts, were size-fractionated, blotted, and hybridized to nick-translated 
pEGFRl insert as described in the legends to Figs. 3 and 4. The radioautographs were scanned, 
and the sum of the densitometric scan areas under the 6.4-, 4.3-, and 3.6kb DNA restriction 
fragments and the 6.3-kb RNA were determined; fibroblast values were assigned 100 percent. 
The amount of EGF receptor protein was quantitated by attinity chromatographic purification 
and densitometric scanning of stained, electrophoretically separated EGF protein (10). The 
results are expressed as receptors per cell based on a protein molecular weight of 140 kD and 
using assumptions stated in (10). 
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probe. Because this probe hybridized 
only to the 6.9-kb Eco RI genomic frag- 
ment and hybridized to both the 6.3- and 
10.6-kb mRNA's, it is likely that there is 
only a single EGF receptor gene. These 
data argue against the existence of a 
second gene encoding a protein with v- 
erbB homology but without an EGF 
binding domain; therefore, the EGF re- 
ceptor gene would appear to represent c- 
erbB. The data do not exclude the exis- 
tence of a second gene containing re- 
gions homologous only to 5'-coding EGF 
receptor domains. 

Using clonal cDNA probes with differ- 
ent localizations in the EGF receptor 
coding domains, we analyzed the RNA 
products of EGF receptor gene expres- 
sion by hybridization of denatured, size- 
fractionated poly(A)-selected RNA. Two 
cytoplasmic poly(A)-rich mRNA's, 6.3 
and 10.6 kb in length, analogous to 
chicken c-erbB reactive RNA species 
(33), were detected with the clonal probe 
(pEGFR1) which was confined to se- 
quences in the tyrosine kinase domain 
(Fig. 4). Both mRNA's were expressed 
in fibroblasts, a series of epidermoid 
tumors, and in A431 cells (Fig. 1). When 
a clonal probe which contained se- 
quences encompassing both EGF bind- 
ing and the 5' portion of the tyrosine 
kinase domains (pEGFR3) was used as 
probe, a third poly(A)-rich RNA (3 to 3.2 
kb in length) was visualized in A43 1 cells 
(Fig. 4). This RNA species, which is the 
most abundant, therefore contains se- 
quences present in the EGF-binding do- 
main, but not in the tyrosine kinase (v- 
erbB homologous) region. This cytoplas- 
mic RNA might be expected to encode a 
protein with EGF binding, but not with 
tyrosine kinase activity, which is in pre- 
cise accord with the biological properties 
of the secreted EGF receptor-related 
peptide (10). The 3.2-kb RNA is not 
detected in human fibroblast poly(A)- 
selected RNA. Analysis of appropriate 
cDNA clones suggests that the 3.2-kb 
mRNA arises consequent to use of a 
potential poly(A) site at an exon proxi- 
mal to the sequences encoding the trans- 
membrane-binding region of the EGF 
receptor. In addition, a series of five to 
six less reactive RNA species are consis- 
tently observed in A431 cells. 

Amplification of EGF 

Receptor Gene in A431 cells 

The EGF receptor cDNA clones per- 
mit quantification of both putative EGF 
receptor mRNA's and of the EGF recep- 
tor genes in cells overexpressing the 
EGF receptor. In epidermoid cell lines 
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overexpressing E G F  receptor 1.5- to  3.5- 
fold, there is no alteration in gene copy 
number (data not shown); but E G F  re- 
ceptor mRNA does increase in propor- 
tion to increased receptor number (see 
Fig. 1C). In contrast, the A431 cells, 
which overexpress the E G F  receptor 2- 
to 100-fold, exhibit a commensurate in- 
crease in the putative E G F  receptor 
mRNA's and a 3- to  110-fold increase in 
the E G F  receptor gene copy number 
(Fig. 5). Levels of the 3.2 kb RNA vary 
in proportion to the observed gene am- 
plification characteristic of each cell line. 
Therefore, gene amplification could ac- 
count for the increased E G F  receptor 
production in these cells. Cytogenetic 
evidence suggests that translocations in- 
volving chromosome 7 occur in the re- 
gion of the E G F  receptor gene; however, 
neither homogeneous staining regions 
nor double minutes were observed (21). 
It is interesting that there are no appar- 
ent chromosomal rearrangements in 
some clonal cell lines exhibiting (eight- 
to tenfold) E G F  receptor genomic am- 
plification (Fig. 5, clone 40, and clone 1) 
(34) consistent with the known indepen- 
dence of genomic rearrangement and 
amplification events. Specific probes 
that represent 5'  and 3' genomic flanking 
regions will be required to  fully evaluate 
the question of gene rearrangement in 
A43 1 cells. 

Implications of EGF 

Receptor mRNA Polymorphism 

Several growth factor receptors, in- 
cluding those for EGF,  insulin, and 
platelet-derived growth factor (PDGF) 
have intrinsic tyrosine kinase activity (8, 
35, 36). The demonstration that known 
oncogenes with tyrosine kinase activity 
have considerable homology (22-24), 
and that they are structurally related to 
the catalytic subunit of cyclic adenosine 
monophosphate (cyclic AMP)-depen- 
dent protein kinase (37), suggested that 
the E G F  receptor would be structurally 
related to this group of molecules. This 
prediction was confirmed by finding 
strong protein sequence homology be- 
tween several cyanogen bromide cleav-' 
age fragments from human E G F  receptor 
and v-erbB (9). The E G F  receptor cDNA 
structural analysis presented above pro- 
vides additional evidence for strong se- 
quence homology with v-erbB as  well as 
considerable homology to v-onc genes 
encoding tyrosine kinases. We present 
evidence for the existence of a single 
gene encoding the holo E G F  receptor; 
therefore, the E G F  receptor is postulat- 
ed to represent c-erbB. In concert with 

the identification of homology between 
v-sis and PDGF (38, 39), these data 
support the notion that loss of regulation 
at any rate-limiting step in normal 
growth regulatory mechanisms could 
provide a growth advantage and initiate 
the process referred to  as  transforma- 
tion. 

From data on genomic DNA restric- 
tion map analysis, probes encompassing 
about 2.5 kb of coding region are repre- 
sented in a 33-kb genomic region; there- 
fore, the minimum size of the E G F  re- 
ceptor genome is larger than 40 kb. If 
there were a comparable organization 
across the entire gene, the transcription 
unit would be more than 100 kb, a tran- 
scription unit comparable to  develop- 
mental genomic loci in Drosophila, and 
permitting potentially complex patterns 
of transcriptional and RNA processing 
regulation of E G F  receptor gene expres- 
sion. Consistent with this prediction, the 
E G F  receptor gene appears to generate 
three discrete related transcripts in the 
A431 cell line. Two of the mature tran- 
scripts (6.3 and 10.6 kb) are present in all 
cells expressing E G F  receptor and con- 
tain sequences present in both the E G F  
binding and tyrosine kinase domains of 
the receptor gene. Although the molecu- 
lar basis for their diversity remains unde- 
fined, these RNA species appear to be 
expressed at variable levels in the cell 
types that we examined. Alternative 
transcription initiation site usage, RNA 
splicing events, o r  poly(A) site selection 
could account for their production. In 
this regard, it is interesting to  note the 
tissue-specific pattern of alternative 
RNA processing events in certain genes 
of the neuroendocrine system (40). The 
third polyadenylated cytoplasmic RNA 
species (3.2 kb) contains only E G F  bind- 
ing domain-related sequences, and is 
considerably more prevalent than the 
two larger mRNA species. We propose 
that this 3.2-kb mRNA is likely to en- 
code the recently isolated ERRP because 
ERRP contains E G F  binding, but not 
tyrosine kinase, activity and is produced 
in equimolar quantities with the E G F  
receptor. Although this mRNA is not 
present in fibroblasts, it could be ex- 
pressed in a tissue-specific or tumor- 
specific fashion. The 3.2-kb mRNA 
which apparently originates by alterna- 
tive RNA processing events in E G F  re- 
ceptor gene expression could result from 
an allelic rearrangement of the receptor 
gene in A43 1 cells. On the basis of clonal 
cDNA analysis, we have identified a 
potential use of alternative RNA pro- 
cessing events in the case of E G F  recep- 
tor gene expression involving a splice 
junction preceding by several amino ac- 

ids the putative tyrosine autophosphory- 
lation site (data not shown); therefore 
additional product diversity may be a 
feature of E G F  receptor gene expres- 
sion. A series of less reactive RNA spe- 
cies would represent processing interme- 
diates, the homologous product of other 
genes, or functional mRNA products of 
E G F  receptor gene expressions. 

Overexpression of the E G F  receptor 
protein in A431 cells reflects an in- 
creased E G F  receptor mRNA content 
resultant from amplification of the E G F  
receptor gene. Such an amplification po- 
tentially provides a growth advantage to 
cells under conditions of limiting EGF. 
Although E G F  inhibits growth of paren- 
tal A431 cells (41), in many clones and 
under most conditions, it potentiates cell 
growth (32). Doubling times of clonal 
A43 1 cell variants maintained in 0.5 per- 
cent calf serum are inversely related to  
the concentration of E G F  receptor pro- 
tein (data not shown). Although translo- 
cation of chromosome 7 in the region 
postulated to include the E G F  receptor 
gene has been reported (21), two A431 
clonal lines (40 and I),  in which no 
chromosomal translocations have been 
detected (34), still show at  least a three- 
fold amplification of the E G F  receptor 
gene amplification. 

The use of expression cloning and an 
RNA sandwich screening approach has 
made available E G F  receptor cDNA 
which permits experiments designed to 
evaluate structure-function relations be- 
tween receptor-ligand interaction, spe- 
cific gene transcription, and growth reg- 
ulation. 
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AAAS-Newcomb Cleveland Prize 
To Be Awarded for an Article or a Report Published in Science 

The AAAS-Newcomb Cleveland Prize is awarded annually 
to the author of  an outstanding paper published in Science. 
The 1984 competition starts with the 6 January 1984 issue o f  
Science and ends with the issue of  21 December 1984. The 
value o f  the prize is $5000; the winner also receives a bronze 
medal. 

Reports and Articles that include original research data, 
theories, or syntheses and are fundamental contributions to 
basic knowledge or technical achievements o f  far-reaching 
consequence are eligible for consideration for the prize. The 
paper must be a first-time publication of  the author's own 
work. Reference to pertinent earlier work by the author may 
be included to give perspective. 

Throughout the year, readers are invited to nominate papers 
appearing in the Reports or Articles sections. Nominations 
must be typed, and the following information provided: the 
title o f  the paper, issue in which it was published, author's 
name, and a brief statement o f  justification for nomination. 
Nominations should be submitted to the AAAS-Newcomb 
Cleveland Prize, AAAS,  15 15 Massachusetts Avenue, N W ,  
Washington, D.C. 20005. Final selection will rest with a panel 
o f  dist~nguished scientists appointed by the Board of  Direc- 
tors. 

The award will be presented at a session of  the AAAS 
annual meeting. In cases o f  multiple authorship, the prize will 
be divided equally between or among the authors. 
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