
The Elastin Receptor: A Galactoside-Binding Protein 

The elastin receptor complex contains a component of 67 kilodaltons that binds to a 
glycoconjugate a5nity column containing f%-galactoside residues and is eluted from 
this column with lactose. This protein component is also released from the &ce of 
cultured chondroblasts by incubation with lactose, and its association with immobi- 
lized elastin is inhibited by lactose. Since lactose also blocks elastic fiber formation by 
cultured chondroblasts, the galactoside-binding p r o p e q  of the elastin receptor is 
implicated in this process. 

M ANY VERTEBRATE TISSUES CON- 

tain galactoside-binding proteins 
that are on the cell surface or in 

the extracellular matrix (I). These endoge- 
nous lectins are confined to speafic cell 
types, but their functions have- not been 
established. A 14.5-kD p-galactoside-bind- 
ing lectin was suggested to be a participant 
in elastic fiber formation in developing rat 
lung, since developing lung tissue shows 
concomitant increases in synthesis of this 
lectin and elastin (2). In addition, immuno- 
histochemical studies show that this endoge- 
nous lectin apparently accumulates in elastic 
fibers (3). 

In studies of the possible role of endoge- 
nous lectins in the organization of elastic 
fibers we have identilied an additional p- 
galaaoside+binding protein in developing 
bovine lung and in primary cultures that 
synthesize elastin. We show here that this 
67-kD protein is a component of the recent- 
ly charakerized elastin receptor (4). We also 
present evidence that the carbohydrate- 
biding function of this protein is important 
for elastic fiber assembly. 

Evidence that lung contains a 67-kD ga- 
lactoside-binding protein comes from asia- 
lofetuin-Sepharose a5nity chromatography 
of extracts of immature lung. When the lung 
protein that bound to this column was 
eluted with lactose, we obtained a 67-kD 
protein in addition to the prominent endog- 
enous lectin of 14 kD (Fig. 1). This 67-kD 
protein has the same apparent subunit mo- 
lecular weight as the largest component of 
the elastin receptor complex purified by 
a5nity chromatography on a column of 
immobilized elastin peptides (Fig. 1, lane 
B). To determine if the two proteins are the 

same, we reacted each with a monoclonal 
antibody specific for the purified elastin 
receptor (5). Both proteins reacted strongly 
with this monoclonal antibody on immuno- 
blots (Fig. 1, lanes C and D). Surprisingly, 
this monadonal antibody also reacted with 
the 14-kD lectin purified fiom lung (Fig. 1, 
lane C). Furthermore, a polyclonal antise- 
rum (6) to highly purified 14.5-kD rat lung 
lectin (anti-RL-14.5) that reacts with the 
bovine 14-kD lung lectin showed a strong 
cross-reaction with the 67-kD protein puri- 
fied by either asialofetuin a5nity chroma- 
tography or elastin a5nity chromatography 
(Fig. 1, lanes E and F). This immunological 
cross-reactivity raises the possibility that 
some of the antigen shown to be associated 
with elastic fibers in prior immunohis- 
tochemical studies (3) might be the 67-kD 
protein. 

In immunohistochernical studies, we 
found that anti-RL-14.5 bound to the sur- 
face of cultured auricular chrondroblasts 
that were producing elastin. To evaluate the 
nature of the immunoreactive material we 
eluted the surface of the chondroblasts with 
phosphate-buffered saline containing 50 
mM lactose and passed the extract, after 
dialysis, over an asialofetuin column. After 
elution with lactose, we found a prominent 
band in the eluate at 67  kD but no 14-kD 
protein, although extracts of the whole cells 
had substantial amounts of the latter protein 
on immunoblots. The 67-kD protein pre- 
pared from asialofetuin also bound to elastin 
and could be eluted with lactose. These 
results indicated that it was the 67-kD car- 
bohydrate-binding protein that was present 
on the surface of elastin-producing chron- 
droblasts and that it could be dissociated 
from the surface by lactose. 

From these expeexperiments it appeared that a 
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immobilized elastin peptide column was ex- 
amined by addition of a series of sugars 
includmg lactose, galactose, glucose, &d 
fucose. Lactose (1 mM) eluted this protein 
from the immobilized elastin column, and 
100 mM galactose was also effective in 
releasing it, whereas 100 rnM glucose or 
100 mM fucose had no dect. Bovine tro- 
poelastin has no sites for N-glycosylation 
(7), and in studies with radioactive sugars 
we have found no evidence for glycosylation 
of bovine tropoelastin (8). Therefore it is 
unlikely that the association between 67-kD 
protein and tropoelastin is mediated by 
binding of the carbohydrate-binding site of 
the former with a glycoconjugate-on the 
latter. Furthermore, purified tropoelastin 
does not bind to immobilized asialofetuin, 
confirming that tropoelastin is not a galacto- 
side-binding lectin. Therefore, it seems like- 
ly that the association between elastin and 
the 67-kD protein is by a tight (Kd = 8 n M )  
protein-protein interaction-(4), which is al- 
losterically inhibited by binding lactose to 
the 67-kD protein. These findings are con- 
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Fig. 1. Eluates from &ty columns containing 
either immobilized asialofetuin (ASF) (6) or im- 
mobilized elasdn peptides (EP) (4). Extracts of 
lung (L) from a 250-day bovine fetus pre ared as P described (3) and detergent extracts o plasma 
membranes (M) from auricular chondroblam (4) 
were applied to the columns and eluted with 
0. IM lactose in 0. lM sodium bicarbonate buffer, 
pH 8.0. The eluates were dialyzed against water at 
4"C, concentrated by lyophilktion, and electro- 
phoresed on polyacrylamide gels under reducing 
conditions in the presence of SDS, as described 
(4). Gels were reacted with silver stain (lanes A 
and B), or immunoblotted and reacted with 
monoclonal antibody (5) to the 67-kD compo- 
nent of the bovine elastin receptor (BCZ-67, lanes 
C and D), or with antiserum (6) raised to rat lung 
14.5-kD p-galactosidc-bmding lectin (anti-RL- 
14.5, lanes E and F). Gel A is 10% polyacrylam- 
ide. Gels B through F are 5 to 12.5% polyacryl- 
amide gradient gels that resolve the single 14kD 
band visible on the nongradient gel into a dou- 
blet. Identical m o l d a r  weight standards were 
run on both gradient and nongradient systems. 
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droblasts. ~ u r i &  chondroblasts 
from a 150-day bovine fetus were 
grown to confluency in eight-well 
multicharnber slides (Miles Scien- 
tific) in Dulbecco's modified Ea- 

I 
gle's medium (containing 9 mM -, 

gluck .  Elastin fibers; microfibrils, 
and fibronectin were visualized by 
irnrnunohistochemical staining 
with antibodies to bovine elasan 
(14, 15), bovine MAGP (16), and C 
human &ma fibronectin' (15), re- 
spectively. (A) The elastin network 
in control cultures grown without 
added sugar. The addition of lac- 
tose (B) disrupted deposition of 
elastin in the extracellular matrix 
but hcose (C) and glucose (not 
shown) had no effect. Extracellular 
organization of MAGP or fibronec- 
tin was not disrupted by concentra- 
tions of lactose that inhibited elas- 
tin fiber formation. (D) MAGP without sugar. (E and F) MAGP and fibronectin, respectively, with 5 
mM lactose. (G and H) Electron micrographs of extracellular elastin in auricular chondroblasts grown in 
the presence or absence, respectively, of 5 mM lactose. Cultures were dved in cacodylate-buffered 2% 
glutaraldehyde containing 1% tannic acid, postfixed in 1% osmium tetroxide in cacodylate buffer, 
dehydrated, and embedded in Spun's low-viscosity resin (17). Thin sections were stained with uranyl 
acetate and lead citrate. In cultures containing lactose (G), elastin was detected as small discrete globules 
that did not coalesce to form larger fibers characteristic of normal, mature elastin (H). Bars, 100 km (A 
to F); 100 nrn (G and H). 

immunoglobulin and then 
by fluorescein-labeled second antibody. (C) Localktion at the plasma membrane of cultured chondro- 
blasts of 15-nrn gold partides coated with BCZ-67 antibody is shown. Bars, 100 (A and B); 200 

(C). 

sistent with the observation that elastin pep- 
tides and the synthetic peptide Val-Gly-Val- 
Ala-Pro-Gly, a chemotactic sequence found 
in elastin (9), also block the association 
between the 67-kD protein and elastin (lo), 
presumably by inte;fering with a protein- 
protein interaction. A bifunctional lectin 
that participates in both protein-protein and 
protein-carbohydrate interactions has been 
described (1 I). 

We then determined if the carbohydrate- 
binding site on the 67-kD protein played a 
role in elastic fiber organization by cultured 
chondroblasts. Addition of 5 mM lactose to 
the culture medium blocked the formation 
of elastic fibers in the extracellular matrix. 
whereas comparable concentrations of fu- 
cose or high concentrations of glucose had 
no effect (Fig. 2). In contrast, lactose did 
not alter the extracellular distribution of 
fibronectin or microfibrillar-associated gly- 
coprotein (MAGP) (12). The principal ef- 
fect of lactose on elastic fiber formation 

appeared to be on fiber assembly since tro- 
poelastin synthesis was not altered (13). 

Further analysis with a monoclonal anti- 
body to elastin showed that, in the presence 
of lactose, some elastin accumulated in the 
extracellular matrix as numerous, small, ir- 
regularly distributed globules. Electron rni- 
croscopy confirmed the globular nature of 
elastin in the sugar-treated cultures (Fig. 
2G), and it is evident from these images that 
elastin globules in lactose-containing cul- 
tures did not coalesce to form the large 
elastin structures characteristic of normal 
extracellular matrix (Fig. 2H). The inhibi- 
tory effect was specific since extracellular 
elastic fiber formation was not altered by 
glucose or fucose. 

In addition to perturbing elastin accumu- 
lation in the extracellular matrix, the inclu- 
sion of lactose in cell culture medium altered 
the distribution of elastin receptor on the 
membrane of chondroblasts and smooth 
muscle cells. Irnmunofluorescence staining 

with a monoclonal antibody to the 67-kD 
protein showed the receptor to be organized 
in a fibrillar pattern on the surface of control 
cells (Fig. 3A) and in a puncrate distribution 
on cells treated with lactose (Fig. 3B). Im- 
munoblot analysis demonstrated 67-kD 
antigen in culture medium from lactose- 
treated cells but not control cells, confirm- 
ing that the 67-kD lectin is released from the 
cell surface by lactose. Localization of 67- 
kD protein to the cell surface was obtained 
by using immunogold particles coated with 
BCZ67 antibody (Fig. 3C). 

Our results indicate that the 67-kD com- 
ponent of the elastin receptor complex has a 
biologically sigdicant galactoside-binding 
site, which is involved in the macromolecu- 
lar assembly of elastin into elastic fibers. To 
our knowledge this is the first example of a 
role for a protein-carbohydrate interaction 
of thls type in macromolecular assembly. 
How the 67-kD protein functions in this 
assembly process is not presently clear. One 
possibility is that it presents tropoelastin on 
the cell surface in an orientation that leads to 
fiber formation. Another possibility is that 
the carbohydrate-binding site of the 67-kD 
protein interacts with the highly glycosylat- 
ed microfibrillar proteins that are critical for 
elastic fiber assembly (12). The change in 
association between the 67-kD protein and 
tropoelastin in the presence of lactose sug- 
gests allostcric regulation of this interaction, 
which could be important at the cell surface 
and in the matrix where elastic fibers are 
being formed. The precise way in which the 
67-kD protein acts in fiber formation and 
the function of 14-kD galactoside-binding 
lectin synthesized by cells that are making 
elastic fibers remain to be determined. 
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Selection of Amino Acid Sequences in the 
Beta Chain of the T Cell Antigen Receptor 

The incluction of an immune response in mammals is initiated by specifically reactive T 
lymphocytes. The specificity of the reaction is mediated by a complex receptor, part of 
which is highly variable in sequence and analogous to immunoglobulin heavy- and 
light-chain variable domains. The functional specificity of the T cell antigen receptor is, 
however, markedly different from immunoglobulins in that it mediates cell-cell 
interactions via the simultaneous recognition of foreign antigens and major histocom- 
patibility complex-encoded molecules expressed on the surface of various lymphoid 
and nonlymphoid cells. The relation between the structure of the receptor and its 
functional specificity was investigated by analyzing the primary sequences of the 
receptors expressed by a series of T lymphocyte clones specific for a model antigen, 
pigeon cytochrome c. Within this set of T lymphocyte clones there was a striking 
selection for amino acid sequences in the receptor p-chain in the region analogous to 
the third complementarity-determining region of immunoglobulins. Thus, despite the 
functional differences between T cell antigen receptors and imm~lnoglobulin mole- 
cules, analogous regions appear to be important in determining ligand specificity. 

ANTIGEN RECOGNITION BY T LYM-

phocytes is mediated by a mem-
brane-bound receptor complex, the 

T cell receptor (TCR), comprising at least 
eight polypeptide chains. Two of the chains, 
termed a and p, manifest a diversity charac- 
teristic of irnmumoglobulin (Ig) molecules 
(1, 2), and these two chains transmit the T 
cell specificity for antigen and major histo- 
compatibility complex (MHC) molecules 
(3) .The a-chain gene contains six exons, the 
second resuiting from the somatic rear-
rangement of a variable gene segment en- 
coding approximately 95 amino acids (V- 
region), and a joining gene segment encod- 
ing between 18 and 21 amino acids (J- 
region) (4, 5 ) .The P-chain is also encoded 
by six exons, the second resuiting from the 
somatic rearrangement of a variable gene 

segment encoding about 98 amino acids, a 
diversity gene segment encoding from 0 to 4 
amino acids (D-region), and a joining gene 
segment encodng about 16 amino acids (6, 
7).Additional amino acid residues, encoded 
by N-regions, are ofien present between 
each of the rearranging gene segments and 
originate from a template-independent addi- 
tion of nucleotides (8). 

Primary sequence analyses of Ig V-re- 
gions have shown three regions of sequence 
hypervariability resulting from evolutionary 
divergence and antigen-selected somatic hy- 
permutation (9, 10). Crystallographic stud- 
ies have shown that these hypervariability 
regions can roughly define the complemen- 
tarity-determining regions (CDRs) that 
constitute the antigen contact residues (11). 
Several distinct characteristics of the TCR 

make similar studies problematic. A compar- 
ison of TCR sequences has not clearly re- 
vealed hypervariable regions (5, 7),and this 
is due, in part, to a lack of somatic mutations 
found in TCR genes (12,13). In addition, T 
cells are alwavs s~ecific for MHC molecules, , 	 . 
in contrast to the diverse specificity of Ig 
molecules, and neither the TCR nor its 
MHC ligand can be readily isolated in quan- 
tities necessary for x-ray crystallographic 
studies. 

In this report we present an extensive 
sequence comparison of a - and P-chains 
expressed by T cells specific for pigeon 
cvtochrome c. The absence of somatic muta- 
tions implies that it is dificult to determine 
by primary sequence analyses which of the 
amino acids in the a - and @-chains are 
important in determining specificity. HOW- 
ever, if the TCR is analogous to Ig, then the 
highly variable V-(D)-J-region junction is 
predicted to encode the third CDR, and 
within a set of clones with a similar receptor 
specificity there may be a distinct selection 
of particular amino acids in forming a com- 
bining site. We show that for three different 
clonal phenotypes defined by antigen-MHC 
specificity, the V-D-J-region junction of the 
B-chain is selected for distinct amino acid 
sequences, whereas for the a-chain no such 
sequence selection is observed. 

Information concerning the clones to be 
examined in this report istabulated in Table 
1. The T cell clones are arranged into three 
groups based on specificity for cytochrome c 
in association with either BIO.A (MHC 
allele recognized is E ~ ) ,BlO.A(5R) ( E ~ ) ,or 
BlO.S(9R) (ES) antigen-presenting cells 
(APCs), and all but clone V1.9.2 respond to 
the carboxyl-terminal fragment of pigeon 
cvtochrome c (amino acids 81  to 104). 

The a -  and P-chain sequences from nine 
clones that express the Vp3 gene segment 
were analyzed together, and Fig. l a  shows 
the a-chain V-, J-region junction sequences 
of eight of the clones (14).The junctions of 
six of the eight clones are similar, with few 
N-region nucleotide additions, and this re- 
fleccthe average a-chain junctional diversi- 
ty (15). ~ m o n g  those expressing V, 11, one 
of the clones, C.F6, has a proline substituted 
for the more common alanine or threonine 
amino acids. and this substitution would be 
expected to alter the conformation of the 
CDR loop. Furthermore, quite a different 
junctional sequence was found in the a-
chain of 2B4, including two additional ami- 
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