
terns are shown in Fig. 2 for two cells, one 
recorded on E18, the second on E20. The 
discharge patterns of most units were irreg- 
ular. Some units, however, showed periodic 
patterns of discharge when monitored for 
10 min (7). 

We report that mammalian retinal gangli- 
on cells are spontaneously active in prenatal 
life. In this time period the axons of gangli- 
on cells reach the superior colliculus and the 
lateral geniculate nucleus (4) and functional 
synapses are formed (8); during the same 
time period projections are refined and 
many erroneous connections are eliminated 
(4, 9). Impulse activity in ganglion cells may 
play a key role in these events. 
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Localization of an Arg-Gly-Asp Recognition Site 
Within an Integrin Adhesion Receptor 

Many adhesive interactions are mediated by Arg-Gly-Asp (RGD) sequences within 
adhesive proteins. Such RGD sequences are frequently recognized by structurally 
related heterodimers that are members of the integrin family of adhesion receptors. A 
region was found in the platelet RGD receptor, gpIIb/IIIa, to which an RGD peptide 
becomes chemically cross-linked. This region corresponds to  residues 109 to 171of 
gpIIIa. This segment is conserved among the P subunits of the integrins (76 percent 
identity of sequence), indicating that it may play a role in the adhesive functions of this 
family of receptors. 

TWO RECENT DEVELOPMENTS HAVE 

aided our understanding of the mo- 
lecular mechanisms of cell adhesion. 

First, a family of structurally and functional- 
ly related adhesion receptors has been iden- 
tified (1). This family of receptors, the inte- 
grins, can be separated into three distinct 
subfamilies in which members share a com- 
mon p subunit that combines with unique a 
subunits to create functionally distinct re- 
ceptors. Second, many of the adhesive pro- 
teins that serve as ligands for the integrin 
receptors contain the tripeptide sequence, 
Arg-Gly-Asp (RGD) (2).This sequence has 
been directly implicated in the recognition 
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of the fibronectin receptor of the VLA (very 
late antigens) subfamilv. Mac-1 of the leuko- 
cyte adhesion proteins,' and gpIIblIIIa and 
the vitronectin receptor of the cytoadhesin 
subfamily (3, 4). 

GpIIbIIIIa, a platelet integrin, is involved 
in the platelet adhesive response through its 
interaction with fibrinogen, fibronectin, and 
von Willebrand factor (5).An RGD recog- 
nition site mediates these interactions, be- 
cause RGD-containing peptides inhibit the 
binding of these ligands to either intact 
platelets or purified gpIIbIIIIa, and RGD- 
containing peptides interact directly with 
gpIIb/IIIa (3, 6).Activation of platelets with 
an agonist, an event necessary for binding of 
adhesive proteins to gpIIbIIIIa, markedly 
and selectively enhances the chemical cross- 

linking of small RGD peptides to gpIIIa (7, 
8). Here we have defined a discrete site 
within gpIIIa to which an RGD peptide 
becomes cross-linked. This region is con- 
served in the primary sequence of other 
members of the integrin family, suggesting 
that it could have a role in receptor function. 

The RGD peptide used, Fn-7, has the 
structure Lys-Tyr-Gly-Arg-Gly-Asp-Ser 
(KYGRGDS). When '25~-labeled Fn-7 was 
bound to stimulated platelets and then bi- 
functional reagents, such as bis(su1fosuccini-
midy1)suberate (BS~),  were added (8), Fn-7 
was cross-linked predominantly to gpIIIa 
(Fig. 1, lane 1). When the gp1IIa:Fn-7 
complex was digested with either V8 prote- 
ase or chymotrypsin, the radioactivity of the 
Fn-7 peptide migrated as two major bands. 
In the V8 protease digest, the major deriva- 
tives were 8 and 10 kD (Fig. 1, lane 3). A 
fainter doublet was variably noted at 18 and 
20 kD. Fn-7 does bind and becomes cross- 
linked to gpIIIa on resting platelets, albeit 
less efficiently than on stimulated platelets 
(8). The radiolabeled fragments obtained by 
V8 protease digestion of gpIIIa from non- 
stimulated and stimulated platelets had the 
same electrophoretic mobility (Fig. 1, lane 
5). With chymouypsin, gpIIIa: Fn-7 from 
stimulated platelets yielded a major band at 
23 kD and a less prominent band at 14 kD 
(Fig. 1, lane 7). Both proteases generated 
numerous proteolytic fragments; the V8 
protease digest, for example, contained 37 
peaks on a C 18 high-performance liquid 
chromatography (HPLC) column moni- 
tored at 212 nm. Thus, Fn-7 becomes cross- 
linked to gpIIIa in a systematic orientation 
such that only a limited number of radiola- 
beled fragments are obtained. Therefore, we 
undertook to localize the cross-linked Fn-7 
within gpIIIa. 

We cross-linked 125~-labeledFn-7 to 
thrombin stimulated platelets and isolated 
the gpIIIa: Fn-7 complex by SDSpolyacryl- 
amide gel electrophoresis (PAGE). The elut- 
ed product was digested with chymotrypsin 
or V8 protease and applied to a C18 col- 
umn. Radioactive peaks were pooled, sepa- 
rated on a 15% SDS-PAGE gel, transferred 
to polyvinylidene difluoride (PVDF) mem- 
branes, and subjected to NH2-terminal se- 
quence analysis. The 23-kD chymotryptic 
fragment yielded a single predominant se- 
quence (Fig. 2, step 3). At all of the deter- 
mined positions, the amino acids were iden- 
tical to the NH2-terminal sequence of gpIIIa 
(9). In the 14-kD chymotryptic fragment, a 
major sequence predominated for 22 cycles 
and coincided to residues 91-112 of gpIIIa 
(Fig. 2, step 3). A preferred chymotrypsin 
cleavage site, Leu, is in position 90 of 
gpIIIa. The 14-kD gpIIIa fragment should 
extend to residues 200-220 of the glycopro- 
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Table 1. Alignment of the RGD cross-linked site with other integrins. Deduced amino acid sequences (9,18) are aligned by the GAP and PRE'ITY computer 
programs (19). The consensus sequence requires exact matches of at least four of the five sequences compared. Residues that match the consensus sequence 
are in uppercase. 

Cytoadhesin (gpIIIa) : DYPvDiYY LM DLSYSMKDDL w s i qnLGTkL a tqMrklTSn lRIGFGaFVd KpV s PymYIS p pe 
Leukocyte adhesion proteins: g YPIDLYYLM DLSYSM 1 DDL r NVKkLGgcL 1 ra 1 nelTes gRIGFGSFVd KTV I Pf vn. . ThP 
VLA: DYPIDLYYLM DLSYSMKDDL eNVKsLGTdL mneMrrlTSd fRIGFGSFVe KTVmP. . X S  TtP 
Integrin (avian): DYPIDLYYLM DLSYSMKDDL e N V K s m a L  mreMeklTSd fRIGFGSFVe KTVmP. . YIS TtP 
Integrin (Xenopus): DYPIDLYYLM DLS SMKDDL eNVKsLGTaL mteMekITSd fRIGFGSFVe KTVmP. . n S  TtP  
Consensus: DYPIDLYYLM DLSYSMKDDL - NVK-LGT-L - --M--ITS- -RIGFGSFV- KTV- P- -ns  T-P 

tein, and the NH2-terminal 23-kD fragment 
should also terminate within the same re- 
gion. Thus, the Fn-7 cross-linking sites 
within these chymotryptic fragments are 
consistent with one another. 

The 10-kD fiagment produced by V8 
protease yielded a single NH2-terminal se- 
quence that extended for 16 residues (Fig. 2, 
step 4) and corresponded precisely to resi- 
dues 109-124 of gpIIIa. A preferred cleav- 
age site of V8 protease, Glu, is in position 
108 of gpIIIa. Although there was a strong 
signal for ~ e t ' ~ ~ ,  there was no signal for 
L ~ S ' ~ ~ ,  the next predicted residue. Thus, 
Lysl= is a candidate for direct cross-linking 

5 6 
on- Stim 
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Fig. 1. Cross-linking of an RGD peptide to 
discrete sites in the subunit (gpIIIa) of an 
integrin adhesion receptor. The 1251-labeled RGD 
peptide Fn-7 (20 pM) was bound to platelets 
(6 x 10' per milliliter) for 45 min at 22°C and 
cross-linked with BS3 (0.2 mM). The fragmenta- 
tion patterns after proteolysis were analyzed by 
SDS-PAGE (14) and autoradiography. (Lane 1) 
SDS-PAGE (7.5% gel, nonreducing conditions) 
showing the predominance of 1251-labeled Fn-7 
cross-linked to the p subunit (gpIIIa), with less 
cross-linked to the a subunit (gpIIb) on throm- 
bin-stimulated platelets. (Lanes 2 to 7) 
gp1IIa:Fn-7 was excised from gels, subjected to 
proteolysis, and analyzed by SDS-PAGE (15% 
gels, reducing conditions). Intact gpII1a:Fn-7 
complexes (lane 2) and V-8 protease digests (2 
mgtml) performed within the gel slice (15) (lane 
3) from thrombi stimulated platelets. Intact 
gp1IIa:Fn-7 (lane 4) and V8 protease digests 
(lane 5) from nonstimulated platelets. (Lanes 6 
and 7) Gp1IIa:Fn-7 (-18 pg) was extracted and 
digested with 20 pg of chymotrypsin for 1 hour 
at 22°C (lane 7) or nondigested (lane 6). No 
bonds within Fn-7 are known to be susceptible to 
V8 protease. If the tyrosylglycyl peptide bond 
within '251-labeled Fn-7 were cleaved by chyrno- 
trypsin, the radioactivity would remain cross- 
Linked to gpIIIa. 

of Fn-7. The 10-kD fragment extending 
from Asp'Og is predicted to terminate in the 
vicinity of residue 200. The sequence signal 
of the 8-kD V8 fragment was not as strong 
as that of the 10-kD derivative, but the first 
four positions were clear and identical to 
those of the 10-kD fragment (Fig. 2, step 
4). Thus the 8-kD fragment should termi- 
nate in the 170-180 region; two glutarnic 
acids occur within this 10-amino acid 
stretch. As the NH2-termini of the 8- and 
10-kD V8 fragments reside within the 14- 
kD chymoayptic fragment, these indepen- 
dent results are internally consistent. 

The above amino acid sequences indicate 
that the RGD cross-linking site may be 
conlined to a region as small as 63 amino 
acids, extending from residue 109 to GIu"~. 
The primary structures of this region among 
the beta subunits of the human, avian and 
Xenopus integrins were aligned (Table l ) ,  
and found to be conserved in all species. In 
the consensus sequence 48 of the 63 resi- 
dues (76%) are specified, which exceeds the 
overall identity among the integrins. Such 
conservation suggests that this region con- 
tributes to the common functions of the 
integrins. The localization of the RGD 

cmss-linking site is the first direct implication 
of this region in integrin function. A non- 
conserved region of gpIIIa, residues 129- 
149, is flanked by two very highly conserved 
regions. This nonconserved region could im- 
part functions to gpIIb/TIIa, such as its high 
athity for multiple RGD ligands, that distin- 
guish it from the other integrins. 

To correlate the cross-linking reaction of 
the NH2-terminal region to the function of 
gpIIb/IIIa, two additional sets of experi- 
ments were performed. First, '25~-labeled 
Fn-7 was cross-linked to thrombin-stimulat- 
ed platelets, and the intact cells were digest- 
ed with chymotrypsin. Chymotrypsin re- 
leases the NH2-terminal portion of gpIIIa, 
and a COOH-terminal fragment of 66 kD is 
retained by the cell (10). In four experi- 
ments, chymotrypsin released 50 to 70% of 
the cell-associated radioactivity. Moreover, 
the retained radioactivity was associated ex- 
clusively with undigested gpIIIa; none was 
associated with the 66-kD fragment (Fig. 2, 
step 2). Nevertheless, this fragment was the 
predominant gpIIIa species identified in im- 
munoblotting analysis with both polyclonal 
and monoclonal antibodies to gpIIIa. In 
addition, platelets were digested with chy- 

motryplic Frag 
of Isolated gpl 

nents 
Ila 

Fig. 2. Localkation of Step 
the RGD cross-linking NH2 i-- $200~ 1 
site within the p subunit 762 

(@a). The diagram il- 
lustrates the isolated Chymotrypl~c Cleavage NH,L-- -- - ----- ,' COOH 2 

66kD 
proteolytic fraglnents of of gplla from Platelets 34kD 

the gpIIIa:Fn-7 corn- MC( w n t x t r " G  3. -..- 
plexes, their NH2-termi- c$ 
nal amino acid se- 
quences, and their loca- 
tion within gpIIIa. In 
step 2, the NH2-terminal vs rrorease r r q r  mu= ,uRv 4 

0 1 P 1 0 1 "  - * 34-kD bcahati0n is of lsolaled gpl 

based upon the chymo- 
l o r n  

tryptic cleavage of intact 
platelets (see text). Gp1IIa:Fn-7 was extracted from gels in 1% SDS, phosphate-buffered saline,pH 7.3, 
and then digested with chymotrypsin at a 1:l (wlw) substratdenzyme ratio for 24 hours at 22°C. 
Samples were boiled and applied to a C 18 HPLC reverse phase column, equilibrated in 0.1% 
trifluoroacetic acid (TFA) and 10 @f dithiothreitol (DTT). The peptides were eluted with an 
acetonitrile gradient containing 0.08% TFA and 10 @f DTT. Radioactive peaks were pooled, 
concentrated, and separated on SDS-PAGE by a 15% gel under reducing conditions. The gels were 
transferred to PVDF membranes (16) and then autoradiographed. Radioactive bands, at 23 and 14 kD 
from the chymotryptic digest (step 3) and at 10 and 8 kD from the V8 protease digest (step 4), were 
excised and subjected to NH2-terminal sequence analysis in an Applied Biosystem Model 475A gas- 
phase sequenator. The sizes of the fragments and the position of the NH2-terminal residues of each 
fragment are drawn to sale relative to gpIIIa. The open triangles represent potential glycosylation sites, 
"X" in amino acid sequences indicates undetermined residues, and the heavy bar indicates the location of 
the RGD cross-linking region (17). 
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Fig. 3. RGD-ahity Un- 
-wphy of plate- digested Dioested 

lets incubated in the ab- - 
sence (lanes 1 and 2) and 

PI 
presen'ce (lanes 3 &d 4) 
+f ""OqJy "ei 
lncubaaon e platelets - (* m-luu 
were solubilized in oc- 
tylglucoside, and applied 
to an RGD-afhity col- 
umn (3). The flow- 
through (lanes 1 and 3) 
and the bound (lanes 2 and 4) materials were 
analyzed on SDS-PAGE (7% gels, nonreducing 
conditions), transferred to PVDF membranes, 
and then probed with a monoclonal antibody to 
gpIIIa. 

motrypsin such that approximately 50% d 
the gpIIIa was degraded to the 66-kD deriv- 
ative. The digested and control (undigested) 
platelets were then solubilized and passed 
over RGD &ty columns (3). After wash- 
ing to obtain a flow-through fraction, the 
columns were eluted with free RGD pep- 
tide. The flow-through and the eluate were 
subjected to SDS-PAGE, transferred, and 
immunoblotted with a monoclonal antibody 
(MAb) to gpIIIa. Intact gpIIIa was ob- 
served in the flow-through from the undi- 
gested platelets, and a mixture of intact 
gpIIIa and the 66-kD gpIIIa fragment was 
present in the flow-through fiom the chy- 
motrypsin-treated platelets (Fig. 3). In the 
RGD eluates from both columns, only in- 
tact gpIIIa was detected. Thus, the 66-kD 
fkagment was not retained on the RGD 
&ty column. This result is compatible 
with interpretation that the site to which 
RGD peptides bind and to which they 
crosslink coincide and reside in the NH2- 
terminal aspects of gpIIIa. 

In sum, our results indicate that the lysine 
residues within gpIIIa 109-170, particular- 
ly LYslz5, reside in close proximity to the 
lysine in Fn-7 when it interacts with the 
RGD binding site in gpIIbiIIIa. In addition, 
the NHz-terminal region of gpIIIa may be 
involved in the function of this adhesion 
receptor; and, on the basis of homology, the 
related sequences in the @ subunits of the 
other integrins may also be involved in their 
adhesive functions. This is also consistent 
with the inhibition of platelet aggregation 
by a MAb to the NHz-terminal region of 
gpIIIa (1 1). It must be emphasized, howev- 
er, that the identified region resides in close 
proximity but may not be the RGD binding 
site. In fact, the RGD cross-linking site on 
gpIIIa probably does not constitute the 
complete recognition site or sites involved in 
the binding of adhesive proteins to gpIIb1 
IIIa or other integrins. Clearly, the a sub- 
units play an important role in regulating 
the specificity of the integrins (12), and it is 
likely that the recognition site contains ele- 

ments contributed by both subunits. The 
localization of the gpIIb region to which 
RGD and fibrinogen y chain peptides cross- 
link (7, 8) may provide a means of identify- 
ing the sequences within an a subunit that 
may also contribute to the function of this 
family of adhesion receptors. 

Note added in prooj With a different pep- 
tide and cross-linker, Smith and Cheresh 
(13) have identified a similar region (61- 
203 of the @ subunit) in a vitroneain recep- 
tor h m  placenta involved in cross-linking. 
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tRmmet Functions in Directing the Scanning 
Ribosome to the Start Site of Translation 

The mechanism by which the scanning ribosome recognizes the first AUG codon 
nearest the 5' end of eukaryotic messenger RNA has not been established. To 
investigate this an anticodon change (3'-UCC-5') was introduced into one of the four 
methionine initiator ( W A F )  genes of Saccharomyces cereuisiae. The ability of the 
mutant transfer RNA t o  restore growth properties to his4 initiator codon mutant yeast 
strains in the absence of histidine was then assayed. Only the complementary codon, 
AGG, at the his4 initiator region supported His+ growth. The mutant transfer RNA 
also directed the ribosome to initiate at an AGG placed in the upstream region of the 
his4 message. Initiation at this upstream AGG precluded initiation at a downstream 
AGG in accordance with the "scanning" model. Therefore, an anticodon:codon 
interaction between W&- as part of the scanning ribosome and the first AUG must 
function in directing the ribosome to the eukaryotic initiator region. 

FUNDAMENTAL DIPPBRENCB BE- site (ShinelDalgarno sequence) that is locat- 
tween prokaryotic and eukaryotic ed 5' to a start codon. In eukaryotes, ribo- A organisms is the mechanism of initi- somal binding sites of the prokaryotic type 

ation of protein synthesis. In prokaryotes, are not present in mRNA (2). Instead, the 
the 30s ribosomal subunit binds the start ribosomal scanning model (3) proposes that 
site of translation in mRNA (1). This recog- the 40s ribosomal subunit in association 
nition pmess is predominantly mediated by with methionine initiator tRNA (tRNbmet) 
the 3' end of 16s ribosomal RNA, a compo- 
nent of the 30s subunit, which base pairs -cnt of Biolo Uni- 
with a complementary ribosomal binding versity Medial School, chicago,% 60611. 
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