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ABSTRACT 

We describe here a simple, general procedure for the purification of a variety of 
lectins, and for the preparation of lectin4erritin conjugates of defined molar 
composition and binding properties to be used as probes for cell surface 
saccharides. The technique uses a "universal" affinity column for lectins and their 
conjugates, which consists of hog sulfated gastric mucin glycopeptides covalently 
coupled to agarose. The procedure involves: (a) purification of lectins by 
chromatography of aqueous extracts of seeds or other lectin-containing fluids over 
the affinity column, followed by desorption of the desired lectin with its hapten 
sugar; (b) iodination of the lectin to serve as a marker during subsequent steps; 
(c) conjugation of lectin to ferritin with glutaraldehyde; (d) collection of active 
lectin-ferritin conjugates by affinity chromatography; and (e) separation of 
monomeric lectin-ferritin conjugates from larger aggregates and unconjugated 
lectin by gel chromatography. Based on radioactivity and absorbancy at 310 nm 
for lectin and ferritin, respectively, the conjugates consist of one to two molecules 
of lectin per ferritin molecule. Binding studies of native lectins and their ferritin 
conjugates to dispersed pancreatic acinar cells showed that the conjugation 
procedure does not significantly alter either the affinity constant of the lectin for 
its receptor on the cell surface or the number of sites detected. 
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mucin peptides �9 lectin-ferritin conjugates 
conjugate binding characteristics 

Because of their high specificity of binding to the 
carbohydrate moieties of glycoproteins and glyco- 
lipids, lectins have proven to be powerful tools for 
examination of the architecture of the plasma- 
lemma, comparison of the surface saccbaride pat- 

terns of normal and transformed cells, and detec- 
tion of cell surface changes during development 
(15). For these purposes, a variety of lectins with 
different sugar specificities have been purified by 
either conventional procedures or by affinity chro- 
matographic (15) techniques applicable to individ- 
ual iectins. In addition, several general affinity 
adsorbents have been proposed for isolation of 
groups of lectins. For example, fixed erythrocytes 
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of suitable blood types (3, 23), concanavalin A- 
(ConA)l-Sepharose (4) and fetuin-Sepharose (26) 
have been shown to bind several lectins. However, 
ConA-Sepharose does not really constitute a gen- 
eral adsorbent, because not all agglutinins are 
glycoproteins and are bound by ConA, and not all 
glycoproteins which will be adsorbed are lectins. 
Fetuin is lacking fucose residues and therefore will 
not bind Lotus and Ulex lectins. Fixed erythro- 
cytes would appear more appropriate as a general 
adsorbent, although for each lectin to be purified 
one is required to determine the blood type that 
gives optimal lectin adsorption. 

In this paper we describe a simple, rapid, and 
general method for the isolation and purification 
of lectins with a wide spectrum of saccharide 
binding properties, and for the conjugation of 
these lectins to ferritin for use as electron micro- 
scope tracers. Central to this procedure is the use 
of an affinity adsorbent for lectins and their con- 
jugates which consists of sulfated glycopeptides 
derived from hog gastric mucin (21, 27) and is 
covalently linked to agarose beads. The sulfated 
glycopeptides (27) possess a wider complement of 
saccharides than other adsorbents previously used 
and therefore qualify as general affinity adsorb- 
ents for sugar binding proteins. 

For use as cell surface saccharide probes, lectins 
have been visualized by electron microscopy with 
a variety of markers, including hemocyanin, per- 
oxidase, polysaccharide-iron complexes, and fer- 
ritin. The attachment of the marker to the lectin 
has employed either noncovalent specific interac- 
tion between polysaccharide residues on the 
marker and residual saccharide binding sites on 
the target-bound lectin, as in the case of hemocy- 
anin, peroxidase, or polysaccharide-iron com- 
plexes, or covalent coupling of lectin and tracer as 
in the case of ferritin and peroxidase (for review, 
see Nicolson [16]). We report here on the prepa- 
ration of seven lectin-ferritin conjugates by a 
modification of the method originally described 
by Nicolson and Singer (19, 20). Our method 
results in conjugates of defined molecular compo- 
sition and of systematically quantitated binding 
properties which, to our knowledge, has not been 

1 Abbreviations used in this paper: BSA, bovine serum 
albumin; ConA, concanavalin A; PBS, 0.05 M K-phos- 
phate, pH 6.8, containing 0.15 M NaCI; RCA I and II, 
Ricinus communis agglutinins I and II; WGA, wheat 
germ agglutinin. 

previously reported. These conjugates have been 
used to examine the cell surface saccharides of 
dispersed cells from the mammalian pancreas as 
will be presented in the following paper (13). 

MATERIALS AND METHODS 

Mater ia l s  

Reagents and chemicals were from these sources: Hog 
gastric mucin, a-methyl mannoside, L-fucose, N-acetyl 
glucosamine, N-acetyl galactosamine, and glucose oxi- 
dase from Sigma Chemical Co., St. Louis, Mo.; horse 
spleen ferritin (twice crystallized and cadmium free) 
from Miles Laboratories, Inc., Miles Research Products, 
Elkhart, Ind,, papain and lactoperoxidase from Calbi- 
ochem, San Diego, Calif.; 8% glutaraldehyde from 
Electron Microscopy Sciences, Fort Washington, Pa.; 
Bio-Gel A5m (200--400 mesh) from Bio-Rad Laborato- 
ries, Richmond, Calif.; Sephadex G75 and GI00 and 
Sepharose 4B from Pharmacia Fine Chemicals, Div. of 
Pharmacia Inc., Piscataway, N. J.; cyanogen bromide 
from Eastman Organic Chemicals Div., Eastman Kodak 
Co., Rochester, N. Y.; Nal~I, cartier free, from New 
England Nuclear, Boston, Mass. All other reagents were 
of the purest grades commercially available. 

M e t h o d s  

PREPARATION OF MUCIN GLYCOPEPTIDES: Sul- 

f a t ed  glycopeptides were prepared from hog gastric 
mucin basically by the method of Pamer et al. (21), 
except that the starting material consisted of 100 g of 
hog gastric mucin rather than mucosal scrapes. This 
amount of mucin should yield ~1.5 g of lyophilized 
sulfated mucin glycopeptides. 

PREPARATION AND USE OF THE MUCIN GLY- 

COPEPTIDE ADSORBENT: Sepharose 4B (48 g wet 
wt) was activated with cyanogen bromide (30 g) (6) and 
reacted overnight at 40C with mucin glycopeptides 2 (t .2 
g) dissolved in 0.2 M NaHCOa, pH 9.5. The mucin 
glycopeptide-Sepharose was filtered, washed with 0.2 M 
NaHCO3, incubated with 1 M glycine for 30 min at 
23~ and washed extensively with distilled water. The 
adsorbent was then washed successively with 200 ml 
each of 6 M guanidine-HCl, distilled water, and 8 M 
urea, equilibrated with phosphate-buffered saline (PBS) 
which contained 0.02% Na-azide, and packed in a 
column of 2 x 40 cm. After each affinity chromato- 

z Recent experiments have shown that some batches of 
mucin glycopeptides possess higher contents of sialic acid 
than those previously used by us, resulting in affinity 
columns which bind WGA so tightly as to prevent 
desorption. We suggest that before coupling to Sepha- 
rose 4B, the lyophilized mucin peptides be desialylated 
by incubation in 120 ml of 1 N H2SO4 for 1 h at 80~ 
followed by neutralization to pH 9.5 with 1 N NaOH 
and addition of solid NaHCOa to 0.2 M. 

'70 THE JOURNAL OF CELL BIOLOGY �9 VOLUME 80,  1979 



graphic run, the column was unpacked, washed in bulk 
with guanidine-HCI, water, and urea as above, equili- 
brated with PBS plus 0.02%-Na azide, and repacked 
before use. The amount of glycopeptide covalently 
bound was usually found to range from 50 to 70%. 

The first steps for purification of all lectins involved 
PBS extraction of ground seeds or flour followed by 
ammonium sulfate precipitation (except for Ulex lectin) 
(9, 14, 24). The precipitates were resuspended and 
exhaustively dialyzed against PBS. The dialysates were 
clarified by centrifugation, adsorbed to the mucin-Seph- 
arose column, and eluted with 0.2 M of appropriate 
hapten sugar at flow rates of 15 ml/h. 

All lectins from the affinity column were dialyzed 
against PBS and concentrated to 5-10 mg/ml in an 
Amicon ultrafiltration cell fitted with a PM-10 filter 
(Amicon Corp., Scientific Sys. Div., Lexington, Mass.) 
and stored at -20~ ConA (Miles Laboratories, Inc.) 
was used without further purification or on occasion 
after repuriflcation on the affinity column. 

For all lectins purified by affinity chromatography by 
the above procedures, 100 g of crude starting material 
yielded 100-150 mg of lectin protein. 

IODINATION: The purified lectins were enzymati- 
cally radioiodinated by the method of Hubbard and 
Cohn (12). 100 mg of protein was incubated for 1 h at 
37~ with 0.1 M glucose, 0.05 M specific hapten sugar, 
0.3 U lactoperoxidase, 0.3 U glucose oxidase, 2 mM KI, 
and 1 mCi Na ~ I  in a volume of 10 ml. After extensive 
dialysis of the reaction mix against PBS to remove 
unreacted ~2~I and hapten sugar, active lectins were 
separated from those inactivated during iodination by 
chromatography on the mucin peptide column. 

F E R R I T I N  P U R I F I C A T I O N :  Twice-crystallized ferri- 
tin was further purified by centrifugation at 85,000 g for 
3 h at 5~ followed by gel filtration of the resuspended 
pellet on a BiG-Gel A5m column (2 x 180 cm) to 
remove polymers. The ferdtin pellet was resuspended in 
0.1 M K-phosphate buffer, pH 7.0; the column was 
equilibrated and run in the same buffer at 4~ with a 
flow rate of 15 ml/h. The fractions of monomeric ferfitin 
were pooled and concentrated to 100 mg/ml by pressure 
ultrafiltration. 

C O N J U G A T I O N  OF L E C T I N S  TO F E R R I T I N :  The 
iodinated agglutinins were coupled to ferritin by a modi- 
fication of the glutaraldehyde conjugation procedure of 
Avrameas (2) and of Nicolson and Singer (19, 20). 

Glutaraldehyde in a 200-fold molar excess was added 
to a solution of 2 x 10 -s M iectin and 2 x 10 -5 M 
ferritin in PBS containing 0.1 M hapten sugar. After 1 h 
of incubation at room temperature with stirring, the 
reaction was stopped by addition of 0.1 M NaBH4 for 
15 min. After this, any remaining aldehyde groups were 
quenched with 0.1 M glycine again for 15 rain. Excess 
reagents, including bound hapten sugar, were removed 
by dialysis against PBS. The conjugates were then 
purified by affinity chromatography and gel filtration as 
described under Results. The purified lectin conjugates 

were dialyzed against PBS, concentrated to 1 mg/ml by 
pressure ultrafiltration, and stored at 4~ under toluene 
vapors to retard bacterial growth. Before use, the con- 
jugates were centrifuged for 10 min at 48,000 g to 
remove aggregates. 

RESULTS 

Purification o f  the Agglutinins 

For most of the lectins used, the purification 
procedure involved three steps: extraction of the 
ground seeds, fractionation with ammonium sul- 
fate, and affinity chromatography on Sepharose 
4B to which mucin peptides had been covalently 
bound.  The ammonium-sulfate-precipitation step 
was omitted during purification of the Ulex lectin 
because this appeared to destroy activity. For  each 
lectin the bulk of the protein was eluted with the 
void volume of the column; no hemagglutinating 
activity was detected under  this peak. The lectin 
was then eluted with 0.2 M hapten sugar. No 
further purification of lectins was carried out 
except for Ricinus communis agglutinins (RCA) I 
and II. These lectins, sequentially eluted with 0.1 
M N-acetyl galactosamine and 0.4 M galactose 
(17, 18), were rechromatographed on Sephadex 
G100 to reduce cross contamination. Each lectin 
appeared to be pure by SDS-gel electrophoresis. 

Preparation o f  Lectin-Ferritin Conjugates 

To trace the lectins quantitatively during the 
conjugation procedure, they were first radioiodi- 
nated as described in Methods. After iodination, 
denatured lectins were eliminated from the radio- 
active preparation by an additional affinity chro- 
matography step. 

To protect the binding sites of lectins during 
conjugation to ferritin with glutaraldehyde, 0.1 M 
hapten sugar was present during the reaction. The 
conditions required to obtain maximal yields of 
monomeric conjugate were determined empiri- 
cally by systematically varying the concentrations 
of lectin, ferritin, and glutaraldehyde in the reac- 
tion mixture. These conditions were obtained 
when a 200-fold excess of glutaraldehyde was 
added to low (2 x 10 -5 M) concentrations each of 
ferritin and lectin. 

After  the coupling reaction, lectin-ferritin con- 
jugates were separated from unconjugated lectin 
and ferritin, and from iectin-lectin, ferritin-ferri- 
tin, and larger aggregates by two successive chro- 
matographic steps. In the first step, the conjuga- 
tion reaction mixture was applied to the mucin 
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peptide-Sepharose column, which should retain 
all active lectins and lectin-ferritin conjugates, but 
exclude unconjugated ferritin, ferritin oligomers, 
and denatured lectins. 

In the second step, lectin activity eluted from 
the affinity column was subjected to gel-filtration 
chromatography to select monomeric conjugates 
of lectin-ferritin. In both steps the elution profiles 
for ferritin and lectin were monitored by absorb- 
ancy at 310 nm and by gamma-spectrometry 
(Beckman Biogamma Counter, Beckman Instru- 
ments Inc., Fullerton, Calif.), respectively. 

Figs. 1 and 2 show typical examples of the 
purification of ConA-ferritin and wheat germ ag- 
glutinin-(WGA)-ferritin conjugates. Fig. 1A and 
B shows the chromatographic profile of the con- 
jugation reaction mixture applied to the mucin- 
peptide affinity column after dialysis to remove 
bound hapten sugar. Ferritin (monomeric and 
polymeric), which was not retained by the affinity 
column, carried little radioactivity with it. Hence, 
the majority of the lectin (conjugated, free, and 
polymeric) was bound to the absorbent, which 
suggests that there was little destruction of lectin 
binding sites by exposure to glutaraldehyde. All 
adsorbed lectins and lectin-ferritin conjugates 
were subsequently desorbed by the appropriate 
hapten sugar, concentrated by pressure ultrafiltra- 
tion, and sized on a Bio-Gel A5m column. As can 
be seen in Fig. 2A and B, a peak of polymeric 
conjugates characterized by a low lectin-to-ferritin 
ratio appeared in the void volume of this column, 
and was followed by a peak of mainly monomeric 
conjugates characterized by a lectin-ferritin ratio 
of from 1:1 to 2:1, depending on the preparation.'~ 
Conjugates with lower or higher molar ratios were 
regarded as contaminated with polymeric ferritin 
or lectin, respectively, and were discarded. An 
advantage of this procedure compared to that of 
others (16) is that the extent of cross contamina- 
tion of the conjugate by unconjugated lectin can 
be assessed, and conjugates essentially devoid of 
free lectin can be collected. 

Binding Properties of  Ferritin-Lectin 
Conjugates: Studies with Erythrocytes 

The binding properties of the conjugates were 

a We have observed that the recovery of ConA-ferritin 
conjugates after gel filtration is increased if the chroma- 
tography in the Bio-Gel A5M column is carried out in 
the presence of 0.1 M glucose. 
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FIGURE 1 A AND B Affinity chromatographic purifica- 
tion of lectin-ferritin conjugates. O-- -D,  absorbancy of 
ferritin at 310 nm;�9 �9 radioactivity of l~I-labeled 
lectins. Both lectin-ferritin conjugates were prepared as 
described under Methods, dialyzed against PBS to re- 
move bound hapten sugar, and applied to the mucin 
peptide affinity column. The unadsorbed material con- 
sists primarily of unconjugated ferfitin with a small 
amount of presumably denatured lectin. Lectin-ferritin 
conjugates and unconjugated lectins were eluted by the 
appropriate hapten sugar in PBS, i.e., 0.1 M glucose 
(Glc) for ConA conjugates and 0.2 M N-acetyl glucosa- 
mine (GIc NAc) for WGA. Fraction volumes were 10 
ml; elution rates were 15 ml/h. 

compared to those of the native lectins in a series 
of pilot experiments with guinea pig erythrocytes. 
In a typical experiment, 2 • 107 guinea pig 
erythrocytes/ml in PBS were incubated with in- 
creasing concentrations of radioiodinated ConA 
and ConA-ferritin conjugates at 4~ for 30 min. 
After three rinses in PBS, the amount of lectin 
and of lectin-ferritin conjugate bound to the cells 
was measured by gamma-spectrometry. The 
amount of nonspecific binding was determined by 
including 0.2 M a-methyl mannoside in the incu- 
bation medium. As shown in Fig. 3A,  the extent 
of nonspecific binding in the presence of the 
hapten sugar was higher for the conjugate than for 
the native lectin, i.e., 38 and 10% of total bind- 
ing, respectively. 
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FIGURE 2A AND B Separation of lectin-ferritin conju- 
gates from unlabeled lectins by gel filtration on a Bio- 
Gel A5m column (1.5 x 180 crn). -~ �9 absorbancy 
of ferritin in the conjugate at 310 rim; �9 O absorb- 
ancy of unconjugated ferritin at 310 nm run separately 
for column calibration; A---/X, radioactivity of lz~I- 
labeled lectin. The first peak from each column repre- 
sents polymeric conjugates characterized by low lectin- 
to-ferritin ratios. The second conjugate peak is charac- 
terized by a lectin:ferritin ratio ranging from 1:1 to 2:1 
(0.9 for ConA-ferritin and 1.8 for WGA-ferritin in this 
experiment). This conjugate peak contains mainly mon- 
omeric ferritin as indicated by its elution position in 
relation to free ferritin. The horizontal bars indicate the 
portion of the conjugate peak pooled for use. Fraction 
volumes were 2 ml; elution rates were 7 ml/h, with PBS 
as the eluting buffer for WGA-ferritin conjugate, and 
PBS containing 0.1 M glucose for ConA-ferritin conju- 
gate. 

The higher nonspecific binding of the conjugate 
could be caused by the presence of incompletely 
quenched aldehyde groups in the conjugate which 
could react with amino groups on the cell surface, 
or by nonspecific interaction of ferritin with the 
plasma membrane.  The first possibility is unlikely, 
because the conjugate had been incubated with 
sodium borohydride and glycine which we have 
found to eliminate residual aldehydes (unpub- 
lished observations). 

To test for the second possibility, ferritin alone 
was radioiodinated and tested for binding. Guinea 
pig erythrocytes were incubated with increasing 
concentrations of radioactive ferritin under  the 
same conditions as described for the conjugate, 
washed with PBS to remove unbound ferritin, and 
counted. As shown in the upper curve of Fig. 4 A ,  
saturable binding of ferritin was obtained which, 
when plotted by the procedure of Steck and 
Wallach (28) (Fig. 4 B, lower line), indicated that 
about 3 x 105 ferritin molecules were bound per 
erythrocyte with an affinity constant of 1 x 108 
M -1. On the basis of the long-standing observation 
that bovine serum albumin (BSA) reduces non- 
specific binding of a variety of ligands, we re- 
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FIGURE 3 Binding of l~zI ConA and its ferritin conju- 
gate to guinea pig erythrocytes. (A) -~ �9 mI ConA- 
ferritin conjugate; A - - - A  mI ConA; �9 O ~zI 
ConA-ferritin conjugate in the presence of 0.2 M a- 
methyl mannoside. Note the high level of nonspecific 
binding of the conjugate under these conditions. (B) 
Binding of lzsI ConA-ferritin conjugate in the presence 
of 1% BSA. Note that the level of non-specific binding 
is now reduced to 5% of total binding compared to 38% 
nonspecific binding in the absence of BSA (Fig. 3A ). 
O �9 ~sI ConA-ferritin in the presence of 0.2 M or- 
methyl mannoside; -~ �9 t~I ConA-ferritin conju- 
gate. 
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FIGURE 4A AND B Binding of l=5I-ferdtin to guinea 
pig erythrocytes. (A) A A, binding of mI-ferfitin to 
erythroeytes in PBS; �9 �9 binding of l=I-ferdtin in 
the presence of 1% BSA in PBS. The lower curve 
indicates that nonspecitic binding of ferritin is reduced 
by -85  % in the presence of BSA. (B)The same data as 
shown in Fig. 4A plotted by the method of Steck and 
Wallach (28). No. cells per liter/[Bound ferritin] is the 
concentration of erythrocytes/liter (2 • 10 ~~ divided by 
the molar concentration of ferritin bound to the cells 
calculated from bound radioactivity; 1/[free ferdtin] is 
the calculated free ferritin remaining in the binding assay 
after subtraction of the amount of ferritin bound. Ka = 
-1/[free ferritin] when number of cells per 1/[bound 
ferritin] = 0; extrapolation of 1/[free ferritin] to zero 
provides a value for 1/number of moles of ferritin bound 
per cell. Symbols as in Fig. 4A. 

peated the binding of labeled ferritin to erythro- 
cytes in the presence of 1% BSA. As can be seen 
in the lower curve of Fig. 4 A ,  the binding of 
ferritin was markedly reduced and was a linear 
function of the concentration of ferritin in the 
assay. The upper line in Fig. 4B indicates that 
BSA in the assay lowered binding of ferritin to 
about 7 x 104 molecules per cell without altering 
the Ka of nonspecific binding. Based on this 
experiment, all subsequent binding studies of iec- 
tin-ferritin conjugates were carried out in the 
presence of BSA. A representative experiment, 
shown in Fig. 3 B, indicates that nonspecific bind- 

ing of ConA-ferritin to erythrocytes is reduced to 
5% of total binding in the presence of 0.2 M 
hapten sugar plus 1% BSA. 

Binding Properties of Lectins and their 
Conjugates: Studies with Dispersed 
Pancreatic Acinar Cells 

As will be presented in more detail in the 
following paper (13), the lectin-ferritin conjugates 
were prepared for use as probes for cell-surface- 
saccharide topography on isolated pancreatic cells. 
Because populations of dispersed pancreatic aci- 
nar cells can be obtained in high yields and with 
reasonable homogeneity (1), we have used this 
cell preparation, rather than erythrocytes, to char- 
acterize quantitatively the binding properties of all 
iectin-ferritin conjugates described here. These 
data will be presented in the following paper 
where we will show that the binding sites for all 
lectins and their conjugates appear to be of a 
single class and do not exhibit cooperativity. In 
addition, it will be shown that both the number of 
lectin molecules bound per pancreatic cell and 
their average affinity constants are of the same 
order of magnitude for each lectin and its conju- 
gates. From this, we conclude that our conjuga- 
tion procedure does not markedly affect the bind- 
ing properties of the lectins examined. 

DISCUSSION 

We describe here a general method to purify large 
quantities of lectins of various specificities and to 
obtain well-defined lectin-ferritin conjugates. The 
purification procedure involves an affinity chro- 
matography step on sulfated glycopeptides from 
gastric mucin coupled to Sepharose 4B. These 
peptides, released by papain digestion of hog 
gastric mucin and purified by ethanol and cetyl- 
pyridinium chloride precipitation, appear to con- 
tain the full complement of sugars found on 
glycoproteins (27). The lectins ConA, W G A ,  
soybean agglutinin, RCAs, Lotus lectin, and Ulex 
lectin, previously mentioned in this paper, as well 
as lima bean agglutinin, Limulin (26), and a lectin 
from lobster hemolymph (10, 11), have been 
found by us to bind to these insolubilized glyco- 
peptides and can be eluted by their hapten sugars 
or by increases in ionic strength, as in the case of 
Limulin and lobster lectin (10, 11, 26). Other 
agglutinins have also been reported to bind to hog 
gastric mucin. Dolichos biflorus lectin binds to A- 
and H-blood-group. substances from hog gastric 
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mucin insolubilized by treatment with N-carboxy- 
anhydroleucine (7), and Sophora Japonica lectin 
is adsorbed to insolubilized A blood substance 
from the same source (22). 

A potential disadvantage of the mucin glyco- 
peptide adsorbent is the presence of sulfated 
groups on the peptide which may cause it to 
function also as an ion-exchange resin. This, how- 
ever, should not interfere with its use as an affinity 
adsorbent for lectins, because the ionic strength 
and pH of the eluting buffer are maintained 
constant, and elution relies exclusively on compet- 
itive displacement by hapten sugars. 

The conjugation procedure described here uses 
glutaraldehyde as a coupling agent (2, 19, 20). 
Besides glutaraldehyde, several other bifunctional 
reagents such as p,p'-difluoro-m'm-dinitrodiphen- 
ylsulfone (29), bis-diazotized 3,3'-diamethoxy- 
benzidine (5) and toluene, 2,4-diisocyanate (25) 
were tested for the preparation of lectin-ferritin 
conjugates, but usually induced extensive polym- 
erization of lectin-ferritin. Our procedure for 
preparation of lectin-ferritin conjugates differs 
from that previously reported by Nicolson and 
Singer (19, 20) in several respects. First, we have 
systematically explored the ratio of reacting part- 
ners in the procedure (ratio of lectin to ferritin 
and glutaraldehyde concentrations) and have 
found that, by reducing the concentration of lectin 
and ferritin by 5- to 10-fold, by maintaining 
ferritin and lectin in equimolar amounts in the 
reaction mixture, and by using a 10-fold higher 
molar concentration of glutaraldehyde, our yield 
of monomeric conjugates ranges from 6-12% of 
the lectin initially present. A further advantage of 
our conjugation procedure involves the use of 
radioiodinated lectins during conjugation, because 
it provides a convenient monitor for coupled 
lectins during subsequent purification and enables 
us to estimate and collect conjugates of defined 
molar ratios of lectin to ferritin. Further, because 
the conjugates are radioiodinated, binding studies 
can be carried out on cells before processing for 
electron microscopy, which enables one to corre- 
late number of binding sites as determined radi- 
ochemically with number of sites detected by 
counting ferritin molecules in thin sections of cells. 

Quantitative binding studies in which a compar- 
ison was made between native lectins and their 
conjugates with regard to affinity constants and 
number of conjugate molecules bound to cells 
indicate that the conjugation procedure does not 
interfere seriously with the binding properties of 

the lectins. To our knowledge, the effect of con- 
jugation on the binding of lectins to their receptors 
has not been evaluated quantitatively before. De- 
fined lectin-ferritin probes should be of general 
usefulness for precise analysis of membrane gly- 
coconjugates in a wide variety of cell systems. 

Addendum 

Nicolson, et al. (Nicolson, G. L., J. R. Smith, and R. 
Hyman. 1978. Dynamics of toxin and lectin receptors 
on a lymphoma cell line and its toxin-resistant variant 
using ferritin-eonjugated l~ZI-labeled ligand.J. Cell BioL 
78:565-576.), have recently described a technique for 
preparation of lmI-labeled ferritin conjugates. While 
their procedure is in some ways similar to the one 
described here (and previously published by us in ab- 
stract form [Mayli6-Pfenninger et al. 1975. Interaction 
of lectins with the surface of dispersed pancreatic cells. 
J. Cell Biol. 67:333a (Abstr.)]), it does not provide 
information on the molecular composition of the conju- 
gate or the equilibrium-binding parameters, and does 
not allow for separation of monomeric ferritin conju- 
gates from polymers. 
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