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Coccinia indica agglutinin (CIA) is a chitooligosac- (19), potato (20), and wheat germ (21).
charide-specific lectin with twobinding sites/homodiThough quitea few phloem exudate lectins havebeen
mer of M , 32,000. Quenching studies implied trypto- identified (10-15), only Luffa lectin (15) and Coccinia lectin’
phan involvement in binding activity, which was con- have been studied in any detail. We report here the thermofirmed by chemical modification experiments (A. R. dynamic parameters for the binding equilibrium of Coccinia
Sanadi and A. Surolia, submitted for publication). indica agglutinin (CIA)’ with 4-methylumbelliferyl chitooliBinding of 4-methylumbelliferyl chitooligosaccharides gosaccharides and thebinding kinetics and activation paramhas been carried out to study their binding by CIA.
eters of the binding of the chromophoric trisaccharide to CIA
Reversal experiments confirm the validity of the data by stopped-flow spectrofluorimetry. This study is especially
previously obtained (A. R. Sanadi and A. Surolia, submitted for publication) from intrinsic fluorescence relevant since a nonseed lectin with similar specificity has
studies. Surprisingly, unlike wheat germ agglutinin, been recently demonstrated to have antimicrobial activity (9).
there is no consistent thermodynamic effect of the
EXPERIMENTALPROCEDURES
chromophoric label on binding activities as compared
with the native sugars. From the changes in the optical
Materials
properties of the chromophoric group uponbinding to
Iodoacetamide,
Trizma
base,
P-mercaptoethanol, guar gum, and
CIA, it has been possible to confirm that the tryptophan (GlcNAc)z were bought from Sigma,
(GlcNAc)s from Seikagaku,
located in the binding site is closest to the fourth sub- Sepharose 4B from Pharmacia LKB Biotechnology Inc., and all the
site. Thermodynamic analysis shows that the binding chromophoric oligosaccharides from Biocarb. All other chemicals
of the labeled tetrasaccharide is very strongly entrop- were of analytical grade and bought locally.Coccinia fruits were
ically driven, with the terminal, nonreducing sugar bought from local greengrocers.
residue protruding from the binding pocket. The reMethods
sults of stopped-flow kinetic studies on the binding of
the chromophoric trisaccharide by CIA show that the
Analytical Methods-Protein concentrations were determined by
mechanism ofbinding is a one-step process.
the method of Lowry et al. (22) or a dye binding assay (23). Chrom-

Lectins are nonenzymatic carbohydrate binding proteins
that bind glycoconjugates with veryhigh specificities and
occur widely in nature (1-4). This property enables them to
be used as highly selective probes in glycoconjugate research
and medicine (5).
Seed lectins have raised widespread interest, since it was
discovered that some are mitogenic and some preferentially
agglutinate tumorous cells as compared with their normal
counterparts (1-5). Lectins occur in other tissues as well (6,
7), and recent studies show that they are involved in nitrogen
fixation (8) and antimicrobial activity (9). Phloem exudate
lectins have been identified and studied relatively recently
(10-15), and all have been demonstrated to be chitooligosaccharide-specific (12-15). They are therefore similar to the
lectins from rice germ(16), tomato fruits (17,18), thorn
apple
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ophoric sugar concentrations were obtained spectrophotometrically
(24) using e values (in M” cm”) at 316 nm of 12,800, 12,400, 12,300,
and 12,250 for the labeled mono-, di-,tri-, and tetrasaccharides,
respectively. All other sugar concentrations were determined by
weight measurements.
Purification ofCIA-CIA
was isolated from C. indica fruits and
purified by affinity chromatography using denatured soybean agglutinin coupled to Sepharose 4B as the affinity matrix.’
Fluorescence Spectra and Titrations-Fluorescence spectra were
recorded on a Perkin-Elmer MPF44A spectrofluorimeter with 3-nm
slit widths on both monochromators. Fluorescence titrations were
done with a Union Giken FS501 fluorescence polarizer equipped with
photon counting photomultipliers. Samples in quartz cuvettes were
placed in a thermostatted copper holder, and temperature was maintained ( f O . l “C) using a Lauda water bath. Samples were excited at
318 nm; emission was followed using a 360-nm cutoff filter and a
bandpass filter (X, = 6.5 nm) centered at 373 nm. Titrations were
performed under constant stirring by the addition of small aliquots
of a protein solution (71-316 p ~ in) PBS (20 mM sodium phosphate
buffer, pH 7.5, containing 0.15 M sodium chloride), to a solution of
the indicating ligand (2.25, 1.0735,0.5487, and 0.9007 p M for the
mono-, di-, tri-, and tetrasaccharides, respectively). Measurements
were taken 2 min after addition, an average of10 readings being
taken in each case. The association constants were determined according to the method of Chipman et al. (25), and a temperature
dependence study gave the thermodynamic parameters of binding.
A. R. Sanadi and A. Surolia, submitted for publication.
The abbreviations used are: CIA, Coccinia indica agglutinin;
(GlcNAc),, @(14)-linkedoligosaccharides of N-acetylglucosamine;
Umb(GlcNAc),, 4-methylumbelliferyl derivatives of the corresponding (GlcNAc),; WGA, wheat germ agglutinin; PBS, phosphate-buffered saline.

5072

This is an Open Access article under the CC BY license.

Umbelliferyl Glycoside Phloem
Binding
Exudate
byLectin
Reversal titrations were done by adding a defined quantity of
protein to the indicating trisaccharide (0.5487 p ~ )and
,
the fluorescence intensities were measured. Small aliquots of the native (inhibitory) ligand were then added, and the association constants for the
binding of the protein to both the indicating and inhibitory ligands
were determined (26, 27).
Kinetics Studies-Stopped-flow fluorescence studies were performed on a Union Giken RA 401 stopped-flow spectrometer working
in the fluorescence mode. Excitation was done at 316 nm, and the
emission measured above 360 nm using a cutoff filter. The dead time
of the instrument was determined to be 0.5 ms.The sample reservoirs
and the flow cellwere maintained at a constant temperature (?
0.1 "C) with a circulating water bath. The rate constant for a first
order approximation kappwas determined by a semilog plot of change
in fluorescence ( h F ) against time ( t ) (28) when CIA was mixed with
Umb(GlcNAc)a. The concentration of u m b ( G l ~ N A c was
) ~ fixed at
2.016 pM (after mixing), and the protein concentration was varied
from 26.12 to 208.97 pM (after mixing) in these experiments.
The dissociation rate constant was determined by monitoring the
increase of chromophoric fluorescence upon mixing a complex of CIA
(417.94 p ~ and
) u m b ( G l ~ N A c (2.016
)~
p ~ with
)
saturating amounts
of native trisaccharide (10-30mM) in the flow cell at 15 "C. The
dissociation constant was then determined from a semilog plot of AF
against time.
RESULTS

Fluorescence Titrations-The fluorescence intensities of all
the chromophoric glycosideswere substantially quenched
upon binding to CIA, except for the monosaccharide, where
there was no change at all (data not shown). The extent
of quenching was ligand size-dependent: 62.5% for
Umb(GlcNAc)* and 100% for both Umb(GlcNAc)3 and
0.254
umb(G1~NAc)~
(data not shown). There were also accompa0.1514
nying blue shifts (data not shown) of the emission maxima
0.1318
of the chromophore upon binding to CIA: 2 nm 0.0944
for
Umb(GlcNAc)2 and 5nm
for both u m b ( G l c N AND
~ )and
~
ND
Urnb(G1~NAc)~.
These effects of ligand binding are totally
ND
reversed on addition of sufficient native (inhibitory)ligand
to
the mixture of the indicating ligand and CIA. The addition of
lectin to PBS, the inhibitory ligand, to the indicating ligand
alone or to PBS did not change the fluorescence intensity.
The change in fluorescence was first plotted against protein
concentration (25) to yield the fluorescence intensity at infinite protein concentration that was then substituted in the
following equation,
log[(Fo - FA/(F, - Fd1
= log K a

+ 10gl[P]t - [Llt X
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FIG. 1. Titration of CIA with Umb(GlcNAc)3at 15 "C. The
1

fluorescence intensity is plotted as a function of the added protein
concentration. A 0.549 p~ solution of Umb(GlcNAc)a(2 ml) in PBS
was titrated with 75.9 PM CIA (protomer). Inset gives a graphical
representation of the association constant ( K , = 5.79 X lo5 M-'). See
"Results" for details.

TABLEI
Association constants for the binding of Umb(GlcNAc), to CIA
Data are expressed as lo-' X K. M-'.
Temperature

Umb(GlcNAc),

Umb(GlcNAc),

Umb(G1cNAc).

ND"
ND
5.79
ND
4.07

ND

"C

10.0
12.5
ND
15.0
3.87
17.5
ND
20.0
3.61
25.0
30.0
ND, not determined.

2.82
1.8

3.41
3.2

6.0/

(Eq. 1)
A F l A F m }

where Fo, F,, and F, arethe fluorescence intensities at
zero, infinite, and at a particular protein concentration, respectively. A F = (F, - F J , and AF,,,
is the change in fluorescence intensity when all the ligand molecules are bound to
the protein. A representative plot for the binding of
umb(G1cNA~)~
by CIA at 15 "C is shown in Fig. 1;the value
of K. obtained is 5.79 X lo6 M-'. Values of K, were obtained
at different temperatures (TableI), and the
AH values for the
binding were obtained from van't Hoff plots (Fig. 2, Table 11).
3.5
The following equations were then used to obtain AG and A S
values.
AG = -RT In K,,

(Eq. 2)

AG = LUI- TAS

(Eq. 3)

The binding of native sugars by CIA wasstudied by monitoring the increase in fluorescence of a mixture of the protein
and Umb(GlcNAc)p (or Umb(G1cNAcM on addition of the

3.4

3.3
1 0 ~ 1 ~

FIG. 2. van't Hoff plots for the binding of Umb(GlcNAc), by
CIA. 0, Umb(GlcNAc)*;0, Urnb(G1cNAc)s; A, Umb(GlcNAc)4.

native (inhibitory) ligand. The data were then analyzed as
shown (26, 27),
([Plt/[PW - 11 [ M L = (KL/KM)[LI~
+ ~ / K M 0%. 4)

0
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TABLEI1
Thermodynamic parameters for the bindingof Umb(GlcNAc),, to CIA
Ligand
-AH
-AG
AS
Umb(GlcNAc),
umb(Gl~NAc)~
Umb(GlcNAc),

kJ mol"

kJ mol"

J mol" K"

89.75
54.55
8.93

22.72
a1.78
30.8

-232.75
-79.07
+75.95

TABLE
111
Association constant W') and AH values obtained from intrinsic
fluorescence, umbelliferyl (direct) fluorescence, and competitive
titrations for the binding of (GlcNAc), (GlcNAc),, and
Umb(GlcNAc)r to CIA
K. x

Ligand and method

15°C

2O'C

lo-*
25'C

30'C

kJ
mol"

"1

(GlcNAc),
Reversal
Intrinsic fluorescence
(G~cNAc)~
Reversal
Intrinsic fluorescence
Umb(GlcNAc),
Direct
Reversal with (GlcNAc),
Reversal with (GlcNAc),

9.14
10.715
1860
1035
579
357
525

-AH

5.4 4.545 3.47 50.26
7.41 5.25 3.67 51.06
1380
631

933
403

616
269

61.47
64.62

407.5 281.9 179.9 54.55
167
303
52.65
125
398 281.8 160.3 51.06

vol. of (GlcNAcS added (PI)

FIG.3. Competitive binding of (G1cNAc)s to CIA in the
presence of Umb(GlcNAc)s at 15 "C. To a 2-ml solution of
Umb(GlcNAc), (0.549 p ~ ) 140
, pl of CIA (75.94 PM) was added. The
mixture was then titrated with 2.485 mM (G1cNAc)r.The fluorescence
intensity was plotted as a function of (GlcNAc), added. From the y
intercept (inset), the K. for Umb(GlcNAc), was determined to be
5.25 X 10' M-', and the slope yielded a value of K, = 18.6 X 10' M"
for (G~CNAC)~.
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FIG.5. Stopped-flow trace for the association of CIA and
Umb(GlcNAc)s at 16 OC. Umb(G1cNAc)~ (2.016 PM) and CIA
(417.94 PM) were allowed to mix inthe stopped-flow instrument.
Inset, a plot of In AF against time ( t ) yielded a straight line with a
slope of 185.7 s-' (kam).
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FIG.4. van't Hoff plots obtained from competitive binding
experiments. 0, (GlcNAc),; and A, Urnb(G1~NAc)~.
where [PI, is the total protein concentration, [PMj is the
concentration of the protein-indicator ligand complex,
and [L],are the concentrations of free indicating and free
inhibitory ligands, respectively, and KM and KL are the association constants of binding for the indicating and inhibitory
uersus [L],
ligands, respectively. A plot of ( [ P ] J [ P M-j l)[Mjf
gives a straight line, the intercept and slope of which yield
the association constants for the binding of the indicating
and inhibitory ligands, respectively. A representative plot is
shown in Fig. 3. van't Hoff plots were obtained from a temperature-dependent study to give the enthalpy values (Fig. 4,
Table 111).
Kinetic Stdies-The kinetics of binding of Umb(GlcNAc)2
to CIA could not be studied since the fluorescence change

[w,

observed was too small for the protein concentrations used
(not shown), andwe were unable to reach protein concentrations high enough to yield useful data. The decrease in
u m b ( G l ~ N A c )fluorescence
~
on binding to CIA provided a
convenient means to study the kinetics of the association of
Umb(GlcNAc)3and CIA (Fig. 5). The rateconstant for a first
order approximation, k.,,, was determined by a semilog plot
of change in fluorescence ( A F ) against time ( t )upon mixing
the protein and ligand solutions in theflow cell (Fig. 5, inset).
The kinetic data under pseudo-first order conditions could be
interpreted in terms of a single-step reaction.

where P and M refer to the protein and Umb(GlcNAc)3,and
k+l and k-' are theassociation and dissociation rate constants,
respectively (28). The values of k+l and k l were determined
from the slope and intercept of linear plots of kapp against
protein concentration (Fig. 6). Equilibrium association constants (Table IV) calculated from the k+' and k-l values
obtained at different temperatures correlated well with those
obtained from equilibrium experiments. The activation ener-
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ing to CIA. The interactions were sugar-specific, since addition of unlabeled ligand caused an increase in the fluorescence
intensity toits original value. The quenching was62.5%
for Umb(GlcNAc)z and 100% for Urnb(G1cNAc)s and
15c
Umb(GlcNAc)4.The unlabeled monosaccharide failed to bind.
c
CIA is thus very different from WGA, where Umb(G1cNAc)
u
and Umb(GlcNAc)zwere quenched loo%, and Umb(G1cNAc)~
was quenched only 44% upon binding (24). In the case of
10X
concanavalin A, the quenching was 100, 65, and 60% for the
a
umbelliferyl mono-, di-, and trisaccharides, respectively (29a
31). The ligand size-dependent quenching implies that the
Y
position of the indicator group in the protein-ligand complex
5depends on the length of the oligosaccharide it is linked to.
Among the factors that can cause this quenching of umbelliferyl fluorescence, anchored at or near the binding region as
a resultof carbohydrate-specific binding, is the polarity of the
1
I
microenvironment as sensed by the chromophore. The de200
100
crease in relative fluorescence of the three ligands as a func[P] x IO6 ( M I
tion of solvent polarity (in solutions of increasing concentraFIG.6. Determination of rate constant for the association
tions of p-dioxane, Fig. 9) is identical in all cases. In the CIAof Umb(GlcNAc)s with CIA at 15 OC. The kappvalues determined ligand complex, however, there is total quenching of the
were plotted as a function of protein (CIA) concentrationafter
mixing. The slope of the straight line gives a k,, value of 8.82 X lo5 fluorescence of tri- and tetrasaccharides, whereas it is only
62.5% for the disaccharide. Thus, the environment of the
M-' s-', and theintercept gives k-, = 1.5 s-'.
indicating group could be of lower polarity in the former two
and more polar for the last. It is also possible that in the
TABLE
IV
bound tri- and tetrasaccharides, less water is able to access
Activation parametersfor the association and dissociationof the
the indicating group for the former two ligands than in the
comDlex between CIA and Umb(GlcNAch
case of the latter, leading to the same effect. However, our
Temwrature
X k,.
k-.
lo-' x Kn*" lo-' x K.'
results from chemical modification studies (in the absence
"1
s-1
S-1
"1
"1
and presence of bound ligands), as well as from quenching of
10
6.67
0.75
8.89
ND'
tryptophanyl fluorescence,' show that thetryptophan residue
15
8.82
5.79
1.5 (1.63)d 5.88 (5.41)'
involved in binding is in the fourth subsite. This would
11.04
20
2.6
4.25
4.07
therefore imply that itis the polarity of the microenvironment
AH,,= 33.26 kJ mol"
AH-, = 89.92 kJ mol"
around the indicating group (because of the tryptophan) that
A S + 1 = 229.29 J mol" K"
AS-, = 315.59 J mol" K"
is responsible for the larger quenching for the tri- and tetraAG,, = -32.78 kJ mol"
AG-l = -0.971 kJ mol"
saccharides (also implied by the different shifts in the emisA H o = AH,,- AH-, = -55 kJ mol"
(-54.55 kJ mol")'
sion maxima).
A S a = AS,, - AS-, = -86.3 J mol" K" (-79.07 J mol" K-')'
The values of K, for the binding of the native sugars
AGO = A&, - AG-, = -31.809 kJ mol" (-31.777 kJ mol")'
increase with ligand size.' This increase is not related to a
a Obtained from the association and dissociation rate constants.
statistical increase in binding probability for the combining
Obtained from steady-state titrations (Table I).
site accommodating a single sugar residue, since the magniNot determined.
tude of affinities is much higher than can be ascribed to
Obtained from reversal experiments.
statistical effects (34). Hence, the increase in affinities with
e Obtained from k,, and k-1 (from reversal).
'The figures in parentheses (given for comparison) are obtained increase in ligand size can be explained by the fact that the
binding site is an extended one and consists of subsites, each
from steady-state titrations (Table 11).
of which accommodates a single sugar residue. From the trend
gies for the association and dissociation processes were ob- in -AH and -AS values (both increase with ligand size until
tained from the Arrhenius plot (Fig. 7), and they are 35.65 the tetrasaccharide and fall sharply thereafter with a further
and 92.314 kJ mol", respectively. The thermodynamic param- increase in ligand size),' it is evident that thebinding site can
accommodate a maximum of 4 sugar residues; the most cometers AG, A H , and A S for these reactions were then determined (Table IV).
plementary ligand is thus thetetrasaccharide.
It was observed that fluorescence of bound umb(G1~NAc)~ The K, for the binding of Umb(GlcNAc)2by CIA is about
increased upon mixing with large amounts of the native ligand 25% more than that for the corresponding unlabeled sugar;
(Fig. 8). The mean value for the dissociation rate constant the AG values are thusnot very different. The -AH value for
obtained from three experiments was 1.63 s-'. A representa- the former is much higher (Table 11) and thus compensates
tive semilog plot is shown in Fig. 8 (inset)with a kTl value of for the much more unfavorable entropy. For Umb(GlcNAc)3
1.28 s-'.
and Umb(GlcNAc)4,however, the values of K, as well as the
-AH values are considerably less than for their native counDISCUSSION
terparts, especially in the case of the tetrasaccharide.
The effect of the addition of the chromophore on the
Binding of Umbelliferyl Glycosides-4-Methylumbelliferyl
glycosides have been used to study the binding of labeled thermodynamic parameters of the binding is very different
mannooligosaccharides to concanavalin A (30-32) and labeled from WGA, where there is a consistent increase in K. with
chitooligosaccharides to WGA (24, 32, 33), with changes in an increase in the size of the chromophoric ligands, as well as
fluorescence intensity accompanying binding.
on addition of the label to the native ligands (24). In this
The fluorescence intensities of the 4-methylumbelliferyl regard, CIA is similar to concanavalin A, where the labeled
chitooligosaccharides were quenched considerably upon bind- disaccharide binds better than the labeled monosaccharide,

3
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FIG. 7. Arrhenius plots of the association and dissociation rate constants for the binding
of
Umb(GlcNA& to CIA.
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FIG.9. Relative fluorescence intensities of Umb(G1cNAc).
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Umb(GlcNAc)z;0, Umb(G1cNAc)a;and 0, Umb(GlcNAc),.
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FIG.8. Stopped-flow trace for the

dissociation of bound

Umb(GlcNAc)sfrom CIA (16 "C). A complex of CIA (417.94 PM)

and Umb(GlcNAc)s (2.016 PM) was mixed with 20 mM (G1cNAc)a in
the stopped-flow instrument. Inset, a plot of In LW against time ( t )
gave a straight line. The slope yielded a value of kl,1.28 s-'.

with the affinity for the labeled trisaccharide lying in between
(31).
As mentioned earlier, addition of the indicating group
causes the A S values to change considerably. For the disaccharide, there is a decrease of about 132 J mol" K"
(Table
11); for the tri- and tetrasaccharides, however, the A S value
increases by about 30 and 205 J mol" K-l, respectively. These
entropically favored contributions may be due to the perturbation or removal of the water structure aroundthe indicating
group of the ligand upon coming in contact with a hydrophobic
region in or around the binding site.
In viewof the results outlined above, it is possible to
schematize the modes of binding of the three chromophoric
ligands by CIA and assign positions to the indicating group
in thebinding site. There are three
possible modes of binding:
( a ) Scheme A, where the indicating group goes into different
subsites with an increase in ligand size (notshown); ( b )
Scheme B, where the indicating group goes into the same

TABLEV
Modes of binding of Umb(GlcNAc), to CIA
A, B, C, and D refer to the different subsites in the combining site
of the Drotein.
A
B
C
D
MeUmb
GlcNAc
GlcNAc
Umb(G1cNAc)ZGlcNAc GlcNAc GlcNAc MeUmb
Umb(G1cNAc)a
Umb(G1cNAcL GlcNAc GlcNAc GlcNAc GlcNAc MeUmb

subsite in all the three cases (not shown); and (c) Scheme C,
where the indicating group goes into subsite C in thecase of
the bound disaccharide and intosubsite D for both the bound
tri- and tetrasaccharides (Table V).
Scheme A can be ruled out, since the shiftsin the emission
maxima and the extents
of quenching that occur with binding
are identical for both the bound tri- and tetrasaccharides. If
Scheme A were true, the above factors would most likely have
been different in all three cases. Scheme B is also unlikely,
since if this were the case, the changes in theoptical properties
of the indicating group upon binding would have been identical for all three ligands.
The most probable mode of binding is thus Scheme
C, where in the case of the bound tetrasaccharide,
Umb(GlcNAc)4,the terminal, nonreducing sugar residue pro-

Umbellifeeryl Glycoside Phloem
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trudes from the binding pocket. This would explain the large
increases in AH and A S ( A S increases by 150 J mol" K-',
upon going from the tri- to thetetrasaccharide and becomes
positive: 75 J mol-' K-') because of the disruption of the
water structure, with a possible conformational change in the
protein. It must be noted that the chromophore of bound
Urnb(Gl~NAc)~
and Umb(GlcNAc), must be residing in the
fourth subsite, since the tryptophan residue involved in binding activity is in closest proximity (if not actually in) the
fourth subsite.'
Kinetics of Umb(GlcNAc), Binding to CIA-The formation
of a reaction intermediate within the dead time of the instrument can be ruled out, since the final fluorescence changes
observed in the stopped-flow traces (Fig. 5) are identical to
those observed in steady-statetitrations. The kinetics of
binding of umb(G1~NAc)~
by CIA is consistent with a singlestep reaction as is evident from linear semilog plots (Fig. 5,
inset). The linear increase in k,,, with an increase in protein
concentration (Fig. 6), corresponds to a bimolecular, singlestep binding process. The slope gives a k+' of 8.82 X lo5 "'
s" (at 15 "C); the intercept yields k-', equal to 1.5 s-'. The
dissociation rate constant from reversal experiments was 1.63
s-', which was very closeto thevalue obtained above.
Both the association and dissociation rate constants are
temperature-dependent and gave linear Arrhenius plots (Fig.
7) over the entire temperature range studied (10-20 "C). This
implies thatthere is no conformational transition in the
protein within this temperature range. The activation parameters obtained from the kinetic study are given in Table IV;
also shown are the equilibrium constants obtained from the
rate constants, and these correlate well with those obtained
from steady-state experiments.
Cross-linking of WGA molecules was proposed to account
for Umb(GlcNAc)3 binding-induced precipitation ofWGA,
with multiple configurations of binding (33);it was also shown
(33) that the mechanism of binding of the trisaccharide was
not a single-step process. We have not observed any bindinginduced precipitation in the binding of any ligand in our
studies on CIA.
The forward rate constants for the interaction of CIA with
u m b ( G l ~ N A c )are
~ about 10 times slower than could be
expected for a diffusion-controlled process. Such values are
characteristic of lectin-carbohydrate interactions asfound for
concanavalin A (35,36) and thelectins from castor bean (37),
Griffonia simplicifolia(38),peanut (39,40),winged bean (basic
lectin) (27), soybean (41, 42), and wheat germ (32). Several
mechanisms have been proposed to account for such slow
reaction rates (29). It is likely that there is a rapid, unobservable formation of the lectin-sugar complex, followedby a
slower, observable conformational change of this complex.
The slow kinetics of dissociation of the sugar bound by the
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lectin could be a favorable property for lectin-sugar interactions, allowing multivalent interactions with different cellsurface receptors and the topological reorganization of these
cross-linked receptors.
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