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Endogenous lectins in both cellular slime molds and chicken tissues have been 
localized primarily intracellularly, in contrast with the predominantly extracellu- 
lar localization of the glycoproteins, glycolipids, and glycosaminoglycans with 
which they might interact. Here we present evidence that lectins in both of these 
organisms may be externalized and become associated with the cell surface 
and/or extracellular materials. In chicken intestine, chicken-lactose-lectin-I1 is 
shown to be localized in the secretory granules of the goblet cells, along with 
mucin, and to be secreted onto the intestinal surface. In embryonic muscle, 
chicken-lactose-lectin-I is shown to be externalized with differentiation, ulti- 
mately becoming localized on the surface of myotubes and in the extracellular 
spaces. In a cellular slime mold, Dictyostelium purpureum, externalization of 
lectin is elicited by either polyvalent glycoproteins that bind the small amount 
of endogenous cell surface lectin, or by slime mold or plant lectins that bind 
unoccupied complementary cell surface oligosaccharides. These results suggest 
that externalization of endogenous lectin may be a response to specific external 
signals. We conclude that lectins are frequently held in intracellular reserves 
awaiting release for specific external functions. 

Key words: lectins, slime mold lectins, vertebrate lectins, chicken-lactose-lectin-I, cbicken-lactose- 
lectin-11, chicken heparin lectin, Dictyostelium, secretion, muscle development, extra- 
cellular materials 

Lectins are defined as a class of carbohydrate-binding proteins that are not 
products of the immune system and that have no known enzymatic activities. Al- 
though most extensively studied in plant seeds, many lectins have recently been 
found in other organisms including vertebrate tissues. This wide distribution has 
stimulated interest in the function of lectins in the cells that make them [l]. 

them by immunohistochemical and biochemical techniques. The purpose of this 
report is to describe recent studies of the distribution of lectins in chicken tissues 
and cellular slime molds. In both systems endogenous lectins are found to be in- 
tracellular [I]. In contrast, many of the glycoproteins, glycolipids, and glycosam- 
inoglycans with which they might interact are localized on the cell surface or ex- 
tracellularly. In the present report we summarize some studies indicating that, un- 
der certain circumstances, lectins are externalized and become associated with the 

One approach to determining the endogenous role of lectins is to localize 
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cell surface and/or extracellular materials. Based on this and other evidence, we 
conclude that endogenous lectins are often held in an intracellular reserve, then 
externalized, presumably to make them available to substances with which they 
can interact. After externalization they apparently perform biologically significant 
functions by binding complementary complex heterosaccharides on the cell sur- 
face, in the surrounding glycocalyx, or at more distant extracellular sites. 

LECTIN EXTERNALIZATION IN CHICKEN TISSUES 
Properties of Endogenous Chicken Lectins 

quires detergent for solubilization, suggesting that such lectins are integral mem- 
brane proteins. A lectin of this type is believed to play a role in the uptake of par- 
tially degraded circulating glycoproteins by hepatic parenchymal cells [2]. The oth- 
er type of lectin can be isolated in soluble form without detergent. Such lectins are 
not integrated into membranes, although they may be bound to the saccharide 
components of membrane glycoproteins or glycolipids. Lectins of this second type 
are the subject of this paper. Three such lectins have been purified from chicken 
tissues [3-61. Two of these lectins bind lactose and are called chicken-lactose-lec- 
tin-I (CLL-I) and chicken-lactose-lectin-I1 (CLL-11) [5]. The other interacts strong- 
ly with heparin, but also shows a specific interaction with a simple sugar, N-ace- 
tyl-D-galactosamine [6]. It is referred to as chicken-heparin-lectin (CHL). 

All three soluble chicken lectins are found in more than one tissue [5-71, 
where their levels may vary strikingly at different stages of differentiation. For ex- 
ample, CLL-I is very prominent in developing pectoral muscle, and becomes vir- 
tually undetectable in the adult [7]. In contrast, the level of CLL-I in liver is much 
higher in the adult than in the embryo [7]. CLL-I1 is relatively highly concentrated 
in embryonic kidney, falling to much lower levels in the adult [7]. In contrast, it is 
at its highest levels in adult intestine [7]. CHL has been purified from embryonic 
muscle [6], where it undergoes changes with development [8]. It is also present at 
high levels in adult chicken liver [6].  A very similar lectin has recently been puri- 
fied from rat lung [9]. 

The function of these three soluble chicken lectins is not yet clearly under- 
stood. Based on the circumstances of their developmental expression and localiza- 
tion, they appear to play different roles in different tissues and at different stages 
of development [l]. In the present report we will not be concerned primarily with 
the endogenous functions of these lectins, but rather with evidence that all three 
may be externalized. 

Evidence for Lectin Externalization in Chicken Tissues 
The most extensive evidence for externalization of endogenous chicken lec- 

tins has been obtained in studies of the intestine. Using antibodies that are specific 
for CLL-11, and that do not cross-react with CLL-I or other proteins of chicken 
intestinal extracts [7], CLL-I1 has been localized to the secretory vesicles of the 
goblet cells of the chicken intestine (Fig. 1). Some lectin is also detectable on the 
mucosal surface of the intestine (Fig. 1). The lectin in the secretory vesicles is pre- 
sumably associated with intestinal mucin, to which it can bind [lo]. It is therefore 
inferred that CLL-I1 is secreted from these vesicles into the intestinal lumen in as- 

Two types of lectins have been purified from chicken tissues. One type re- 
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Fig. 1. 
tions of fixed intestine were reacted with rabbit antibody raised against highly purified CLL-11. Anti- 
body binding was localized either with the peroxidase-anti-peroxidase method or with rhodamine la- 
beled goat antirabbit IgG. a) Peroxidase-anti-peroxidase method. b) Fluorescence method. c) control 
for (b) in which the primary antibody was adsorbed with boiled highly purified CLL-11. The reaction 
product in (a) and (b) is localized in the secretory granules of the goblet cells and on the surface of the 
intestinal villi (arrows). Bar equals 1Opm. For details see [lo]. 

Localization of chicken-lactose-lectin-I1 in sections of adult chicken intestine. Thin frozen sec- 

sociation with mucin, and that it plays some role in the organization of the mucin 
during its secretion and/or its association with the intestinal mucosal surface. In 
this case, then, the externalization process appears to proceed through classical se- 
cretion in which products stored in vesicles are released by vesicle fusion with the 
plasma membrane. 

Direct studies of CLL-I1 secretion by intestinal mucosal cells support this hy- 
pothesis. As would be expected, some lectin can be eluted from the surface of the 
intestinal mucosa with lactose [lo]. This amount is significantly increased by beth- 
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anechol [lo], a cholinergic agonist known to stimulate mucin secretion. Coupled 
with the immunohistochemical evidence, it seems fairly clear that CLL-I in adult 
chicken intestine is a secreted protein. Whether or not it is secreted in other tissues 
where it is concentrated, such as embryonic kidney, has not yet been evaluated. 

Evidence that intestinal CLL-I may also be secreted is less complete. Al- 
though this lectin is found in intestine at only 0.5% the concentration of CLL-11, 
it can be studied separately with an antibody that shows no detectable cross-reac- 
tion with CLL-I1 [7]. Immunohistochemical studies with this antibody show that 
CLL-I is also localized in the secretory vesicles of the goblet cells (Fig. 2a). The 
antibodies against CLL-I that stain immunoreactive materials in the secretory 
granules of the goblet cells can be adsorbed completely with pure CLL-I (Fig. 2b), 
but not with much higher concentrations of CLL-I1 (Fig. 2c). This localization 
and the considerable affinity of CLL-I for chicken intestinal mucin [lo] strongly 

Fig. 2. 
tions of fixed intestine were reacted with rabbit antibody raised against CLL-I followed by reaction 
with rhodamine-labeled goat antirabbit IgG. a) Primary antibody was used without preadsorption. b) 
Primary antibody was adsorbed with boiled purified CLL-I. c) Primary antibody was adsorbed with 
boiled purified CLLII,  at  ten times the concentration of the purified CLL-I used in (b). Bar equals 10 
pm. For details see [lo]. 

Localization of chicken-lactose-lectin-I in sections of adult chicken intestine. Thin frozen sec- 
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suggest that it, too, is secreted in this tissue. However, unlike CLL-11, immunohis- 
tochemical localization of CLL-I on the intestinal mucosal surface and evidence 
for its secretion by bethanechol have not been achieved, possibly because of its 
much lower concentration in this organ [7, 101. 

Immunohistochemical studies also suggest that CLL-I in embryonic muscle is 
externalized [ 1 11. In relatively undifferentiated muscle cells the lectin is intracellu- 
lar in a fairly diffuse pattern (Fig. 3a). However, with further development, CLL- 
I is found in a pattern suggesting that it is associated with the intracellular tubular 
systems that run parallel and perpendicular to the long axis of the myotubes (Fig. 
3c). Based on immunohistochemistry with the light microscope, it is not possible 
to tell whether the lectin is on the cytoplasmic side of this tubular network or 
within the lumen of the tubules. The latter seems likely since, late in muscle devel- 
opment, the lectin becomes localized on the surface of the myotubes and in the ex- 
tracellular space (Fig. 3d, e). Taken together, these studies suggest that CLL-I mi- 
grates from its site of synthesis into the lumen of the intracellular tubular systems 
and then extracellularly. The initial step in externalization is presumed to occur by 
passage of lectin through the membranes of the sarcoplasmic reticulum. Move- 
ment to the cell surface apparently does not require fusion of vesicles with the 
plasma membrane. Instead, the localization studies suggest [ 111 that lectin mi- 
grates directly to the myotube surface via an intracellular tubular system, which is 
continuous with the plasma membrane. This is a different type of externalization 
than the vesicular secretion found in intestine, but the result, externalization, ap- 
pears similar in both tissues. 

CLL-I has also been found at an external site, the extracellular space, in a- 
dult pancreas, by immunofluorescence and immunoelectron microscopy [ 121. The 
process by which the lectin is transported to this position has not been studied. 
Since a number of other tissues contain binding sites for CLL-I in cell surfaces, 
extracellular spaces, and basement membranes [ 131, externalized lectin may parti- 
cipate in many types of interactions. 

Studies with CHL in developing muscle cultures also indicate externalization 
[14]. This lectin, which is prominent in developing muscle in vivo, is absent from 
the medium of chicken myoblasts and early myotubes raised in culture [14]. How- 
ever, after considerable myoblast fusion has occurred, CHL becomes abundant in 
the medium 1141. These results suggest processing like that of CLL-I. Unfortun- 
ately, specific antibodies for CHL have not yet been obtained, so that its histolog- 
ical localization is not known. 

LECTIN EXTERNALIZATION IN CELLULAR SLIME MOLDS 

Cellular slime molds are a class of organisms that have received increasing 
attention because they are extremely useful for studies of development and mor- 
phogenesis. They rapidly differentiate from an amoeboid form characteristic of 
their vegetative state to an aggregating colonial form within hours after starva- 
tion. One concomitant of this differentiation is the marked synthesis of lectins, 
which are present at very low or undetectable levels in vegetative cellular slime 
molds, but which comprise several percent of the protein of aggregating slime 
molds [15, 11. Like chickens, cellular slime molds contain more than one lectin. In 
one species, Dictyostelium purpureum, seven lectins have been purified and char- 
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acterized [16]. They are made from at least four gene products. Five of the lectins 
are the five possible tetramers that can be formed by random association of two 
of the subunits. The other two are each homotetramers of the remaining two types 
of subunit [16]. Whereas the role of lectins in cellular slime molds is not clearly 
understood, there is evidence that they may function in the development of cell- 
cell adhesion, during differentiation. Much of the evidence for this hypothesis is 
circumstantial, and has been reviewed recently [l]. 

ed that they would be concentrated on the cell surface. However, careful studies 
of the distribution of lectins in aggregating D purpureum cells indicate that only 
about 2% is present at this site [17]. Two methods were used to estimate the 
amount of cell surface lectins which, in this species, are collectively called 
purpurin. First, the amount elutable from the surface with lactose, a sugar that in- 
teracts with its active site, was quantified with a radioimmunoassay. Only about 
2% of the total purpurin could be eluted in this manner. In contrast, if the cells 
were disrupted by freezing and thawing, more than 99% of the total cellular pur- 
purin could be rendered soluble by extraction with lactose, and essentially none re- 
mained in a particulate form. Since all the cellular lectin can be extracted with lac- 
tose but only 2% can be eluted from the cell surface with this sugar, only this 
small fraction is inferred to be localized on the cell surface [17]. This conclusion 
was supported by quantitative binding studies with 1251-Fab prepared from immu- 
noglobulin raised against purpurin [17]. In some experiments the number of Fab 
fragments bound to the cell surface was actually lower than the number of mole- 
cules that could be eluted from the cell surface, but in other experiments these two 
closely approximated each other. When taken together, the results show that there 
are about 1 x lo5 purpurin molecules on the surface of a slime mold cell. This is 
only 2% of the 5 x lo6 purpurin molecules in each aggregating cell [17]. 

Although this limited externalization of slime mold lectins seemed puzzling, 
subsequent studies suggested that more marked externalization could be achieved 
in specific circumstances. The first evidence for this came from studies of the 
binding of intact 1251-IgG raised against purpurin. When measurements were made 
with this reagent, the number of specific 1251-IgG molecules bound to the cell sur- 
face of aggregating D purpureum cells was in the range of 1 x lo6 [17] about ten 
times more than with the univalent Fab prepared from this IgG. A number of 
controls were done to rule out the possibility that this might be an artifact. They 
showed that the IgG binding was specific, and that the IgG was not releasing lec- 
tin by breaking the cells [17]. 

The results of the IgG binding studies suggested that cross-linking of availa- 
ble endogenous cell surface lectin with antibody directed against it could be a 
stimulus to the externalization of more intracellular lectin held in a reserve. Pre- 
sumably divalent IgG directed against cell surface lectin could produce this effect, 
whereas the univalent antibody fragments could not. Were this the case, other di- 
valent or multivalent reagents that bound to the cell surface lectin and cross-linked 
it should have a similar effect, whereas univalent ligands like lactose should not. 
To test this hypothesis we used several polyvalent saccharide-containing molecules 
that were complementary to the lectin [18]. We first tried lacto-N-neotetraose- 
BSA, a neoglycoprotein, made by incorporation [19] of 31 moles of saccharide per 
mole of bovine serum albumin. As expected, this material bound well to purpurin. 

If slime mold lectins are important for cell-cell adhesion, it might be expect- 

CR:233 



240:JSSCB Barondes et al 

The neoglycoprotein elicited the externalization of additional purpurin molecules, 
whereas underivatized bovine serum albumin had no effect (Table I). Likewise, 
asialo-bovine submaxillary mucin and a bacterial polysaccharide, which are also 
polyvalent reagents that can cross-link surface purpurin, elicited the appearance of 
more surface lectin [18]. In the latter experiments, the amount externalized was 
measured by 1251-anti-lectin Fab binding to the cell surface. 

Since two types of reagents that cross-link endogenous cell surface lectins 
caused the appearance of additional lectin on the surface, we considered the possi- 
bility that other reagents that cross-link surface molecules might have a similar ef- 
fect. To evaluate this we studied the effect of concanavalin A, which is known to 
bind well to slime mold cell surfaces, and compared it with a succinylated concan- 
avalin A derivative, which would be expected to have less effect in cross-linking 
cell surface components. We found that Con A could, indeed, promote externali- 
zation of additional cell surface lectin up to a maximum of about twice normal 
[18]. In contrast, succinyl Con A had no effect. However, addition of anti-Con A 
that cross-linked the succinyl Con A bound to the surface produced an effect sim- 
ilar to that of native Con A. These studies showed that externalization of cell sur- 
face lectin may be produced by cross-linking cell surface molecules besides endo- 
genous lectins. Whether or not the effect of Con A requires interaction with mole- 
cules that are also receptors for the endogenous lectins is not known. 

We also considered the possibility that an excess of added purpurin could eli- 
cit externalization of endogenous purpurin. Added purpurin could presumably act 
by cross-linking available cell surface receptors. To investigate this we differentia- 
ted slime mold cells in the presence of 14C-acetate, which was incorporated into 
the endogenous lectin that was synthesized [ 181. We then reacted these labeled 
cells with an excess of unlabeled purified purpurin, and measured the amount of 
radioactive purpurin both on the surface and in the medium. We found that reac- 
tion of the cells with unlabeled purpurin caused externalization of about five times 
as much labeled purpurin as was found in the absence of this treatment (Table 11). 
Some of the externalized labeled lectin remained associated with the cell surface 
and was detected by elution with lactose. A substantial amount was also found in 
the medium (Table 11), presumably by exchanging with the unlabeled soluble pur- 

TABLE I. Externalization of Purpurin With Exposure of D purpureum to Lacto-N-Neotetraose-BSA 

Treatment 

External purpurin molecules per cell ( x 10-3 

Cell surface Medium external molecules 
Total 

BSA 7 2 9 
Lacto-N-neotetraose-BSA 12 6 18 
D purpureum cells, dissociated at the aggregating stage, were shaken for 15 min with 0.05 mg/ml of 
either bovine serum albumin (BSA) or this protein derivatized with 31 moles of lacto-N-neotetraose per 
mole. Cells were separated by centrifugation, and the amount of purpurin in the medium was deter- 
mined by radioimmunoassay [17]. Cell surface purpurin was eluted with 20 mM lactose as described 
previously [17] and measured by radioimmunoassay. For details see [18]. 
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purin. These results suggest that cross-linking of available unoccupied cell surface 
receptors on the surface of slime mold cells by exogenous lectin elicits the exter- 
nalization of additional lectin. This reaction could be functionally significant. 
Contact between slime mold cells might foster mutual cross-linking of unoccupied 
receptors on each cell and unoccupied binding sites of lectin on the surface of the 
other cells. This could lead to the externalization of more lectin, augmenting this 
or other cellular interactions. 

CONCLUSION 

Although far from complete, the evidence reviewed here suggests that lec- 
tins, both in chicken tissues and in cellular slime molds, may be held intracellular- 
ly in a reserve form as a prelude to their externalization. The cases considered in 
detail are each different. In chicken intestine, CLL-I1 is localized in the secretory 
vesicles of goblet cells, is found on the surface of the intestinal mucosa, and is ex- 
ternalized in response to administration of an agent known to stimulate mucin se- 
cretion. In this instance externalization appears to occur by fusion of vesicles with 
the plasma membrane, a classical secretory mechanism. In the case of the exter- 
nalization of CLL-I in developing muscle, a somewhat different mechanism is ap- 
parently used. As with CLL-I1 in goblet cells, we presume that lectin passes 
through an intracellular membrane in the course of its synthesis and processing. 
However, in muscle, externalization apparently occurs by migration in intracellu- 
lar tubules, which become continuous with the cell exterior, whereas in the intes- 
tine, externalization is achieved only after fusion of secretory vesicles with the 
plasma membrane. 

TABLE 11. Externalization of Endogenously Labeled '*C Purpurin From 
D purpureum With Exposure to Exogenous Purpurin 

Percent of total cellular purpurin 
Treatment Medium Surface Total external 

None 0 
Pumurin 2. I 

1 .o 
2.9 

1 .o 
5.0 

D purpureum cells were differentiated in the presence of I4C-acetate, dissociated at 
the aggregating stage and shaken with 1 mg/ml of either BSA or purified purpurin 
[16] for 30 min. Cells were separated by centrifugation, and the medium was 
saved. Cell surface purpurin was eluted with 20 mM lactose [17]. The medium, the 
eluate, and aliquots of total D purpureum cell extracts (prepared by freezing cells 
in 150 mM lactose) were each mixed with 5 ml of Sepharose 4B (Pharmacia Fine 
Chemicals, Piscataway, New Jersey) and dialyzed overnight to remove lactose and 
to facilitate purpurin binding to the beads. The dialyzed Sepharose samples were 
added to a small Sepharose column, and the purpurin bound to each was purified 
by specific elution [16]. The amount of endogenous purpurin purified from each 
sample was determined by counting in a liquid scintillation counter. Since total 
cellular purpurin is extractable by freezing in 150 mM lactose, the total radioactiv- 
ity in purpurin per cell could be determined and provided the basis for expression 
of the data on externalized labeled purpurin as percent of total cellular purpurin. 
For details see 1181. 
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The mechanisms of externalization in cellular slime molds have been studied 
by biochemical and immunological rather than histochemical methods. Immuno- 
histochemical studies of this lectin in aggregating slime mold cells have thus far 
shown no obvious localization of lectin in secretory structures, at the level of reso- 
lution of the light microscope. However, more definitive localization studies with 
the electron microscope are required before we can infer the mechanism of exter- 
nalization in response to surface cross-linking reactions. 

their various functions. The finding that lectins are intracellular might suggest an 
intracellular function. This inference could well be incorrect, however, just as the 
finding that neurotransmitters are intracellular might lead to the erroneous con- 
clusion that they function within a cell rather than in intercellular interactions. In 
the present study we have analyzed three cases in which intracellular lectins are ex- 
ternalized. The differences in these externalization reactions suggest that there 
may be a variety of controls regulating this process. These, in turn, would deter- 
mine the timing, localization, and degree of potential interaction of these carbohy- 
drate-binding proteins with the complementary cell surface and extracellular het- 
erosaccharides with which they are presumed to associate functionally. 

Awareness that lectins may be externalized should help in the analysis of 
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