
Journal of Fluorescence, Vol. 7, No. 4, 1997

Role of the Carbohydrate Moiety and of a-L-Fucose in the
Stabilization and the Dynamics of the Lens culinaris
Agglutinin-Glycoprotein Complex. A Fluorescence Study

J. R. Albani,1,4 H. Debray,2 M. Vincent,3 and J. Gallay3

Interaction between the fluorescent Lens culinaris agglutinin-fluorescein complex (LCA-FITC) and
two glycoproteins, lactotransferrin (LTF) and serotransferrin (STF), was studied. The two glyco-
proteins have the same glycan structures, with one difference: the lactotransferrin glycans contain
a fucose residue a-1,6-linked to the N-acetylglucosamine residue involved in the N-glycosylamine
linkage. Fluorescence intensity quenching of the LCA-FITC complex shows that affinity between
LCA and lactotransferrin is 50 times higher than that between LCA and serotransferrin, the fucose
playing a major role in this high affinity (Ka is equal to 9.66 and 0.188 (uM-1 for the LCA-LTF
complex and LCA-STF complex, respectively). Time-resolved anisotropy decay indicates that the
rotational correlation time of LCA (20 ns) does not change to a large extent whether the glyco-
proteins are bound to LCA or not. This suggests that there is no extended physical contact between
LCA and the glycoproteins. The interaction between LCA and the glycoproteins occurs likely only
via the carbohydrate chains, the STF and the LTF rotating almost-freely in the vicinity of LCA,
with the glycans as an anchor.
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INTRODUCTION

Lectins are proteins that play an important role in
immunology and hematology and they are used as spe-
cific probes for membrane glycoprotein structures. They
recognize and bind specific carbohydrate structures.(0,2)

The binding constant of the specific free sugar with a
lectin may be several orders of magnitude lower than
that of a glycoconjugate containing this sugar.(3)
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Lectins can be regarded as model systems for
studying the molecular basis of protein-carbohydrate in-
teractions since they are involved in cell-cell recognition
events (for a review, see Ref. 4). Although lectins dis-
play extensive variations in chemical and physical prop-
erties, a structure-function relationship has been
demonstrated among related lectins from leguminous
plant seeds.(15)

Composed of two a and two B chains (MW = 5710
and 20,572 Da, respectively), the lentil lectin Lens cu-
linaris agglutinin (LCA) is a a2 B2 tetramer with a mo-
lecular weight of 52,570 Da.(6) LCA is specific primarily
for a-mannopyranosyl residues(7) The lectin recognizes
a-mannopyranosyl end groups or those substituted at the
0-2 position.(8) Additional requirements for strong bind-
ing involve the presence of an L-fucose residue a-1,6-
linked to a N-acetylglucosamine (GlcNAc-1), which is
linked to the protein via a N-glycosamine linkage.(9,10)
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Up to now, experiments related to the interaction
between LCA and glycoproteins have been performed
with isolated glycoprotein fragments. Therefore, the as-
sociation constants between LCA and the glycoproteins
were not yet determined.

Serotransferrins from blood plasma and lactotrans-
ferrins from mammalian milk are among the glycopro-
teins that bind to the LCA. Besides their role in iron
transport and in the inhibition of the growth of micro-
organisms, human sero- and lactotransferrins share the
following common properties: (i) their molecular mass
is about 76 kDa;(11-15) (ii) they are constituted of a single
polypeptide chain of 679 and 691 amino acid residues
for sero- and lactotransferrin, respectively, organized in
two lobes originating from a gene duplication; (iii) each
lobe reversibly binds one Fe3+ ion; (iv) the protein moi-
ety presents a high degree of homology (about 62%);(16)

and (v) they are glycosylated (6.4%, by weight).(17)

The two lobes correspond to the N-terminal and C-
terminal halves of the molecules and are tightly associ-
ated by noncovalent interactions.(18) Also, both are joined
by a connecting short peptide of 12 and 11 amino acids
in sero- and lactotransferrin, respectively. The three-di-
mensional pictures of the two proteins are perfectly su-
perimposable, with very few differences.(19)

Human serotransferrin contains two glycans of the
.N-acetyllactosaminic type, located in the C-terminal lobe
of the polypeptide chain. The two glycosylation sites
(Asn-413 and -611) may be occupied by bi-, tri-, and
tetraantennary glycans.(20,2)

Glycans of human lactotransferrins are located in both
the N- and the C-domains, at three glycosylation sites
(Asn-137, -478, and -624).(22,23) (For more details on the
glycosylation of lacto- and serotransferrin and the spatial
conformation of the glycans, see Refs. 24 and 25.)

Glycans of human serotransferrin are not fucosylated,
while those of human lactotransferrin have an a-l,6-fucose
bound to the N-acetylglucosamine residue linked to the
peptide chain and an a-l,3-fucose bound to the ,N-acetyl-
lactosamine residues. Since strong binding between the
transferrins and the LCA requires the presence of the a-
l,6-fucose,(9,10) the affinity between the lectin and the lac-
totransferrin should be more important than that between
the lectin and the serotransferrin.

Fluorescence spectroscopy is currently used as a
tool to study the interaction between proteins and to de-
termine the stoichiometry and the binding constant of
the complex(26-29)

In this work, we studied the interaction between the
fluorescent LCA-FITC complex and lactotransferrin
(LTF) from human milk (LTF) and serotransferrin (STF)
from human plasma. The interaction between the LCA

and the two glycoproteins was performed following flu-
orescence intensity change of fluorescein bound to LCA.
Our results indicate that the association constants (Ka)
are 9.66 and 0.188 (uM-1 for the LCA-LTF complex and
LCA-STF complex, respectively. Therefore, the affinity
between LCA and lactotransferrin is 50 times higher
than that between LCA and serotransferrin, the fucose
playing an important role in this difference.

Fluorescence spectroscopy with polarized light al-
lows us to follow the dynamics of proteins.(30-37) In the
present work, we studied the dynamics of the LCA-
FITC complex in the absence and in the presence of LTF
and STF. Fluorescence anisotropy decay indicate that
the rotational correlation time (20 ns) of LCA is iden-
tical whether or not the glycoproteins are bound to
LCA; i.e., there is no tight physical contact between the
lectin and the glycoproteins. The interaction between the
proteins involves only some amino acids of the lectins
and a flexible region of the glycoproteins, the glycan
moeity.

MATERIALS AND METHODS

The LCA-FITC complex was purchased from
Sigma. Its concentration was determined spectrophoto-
metrically using an extinction coefficient of 132.996
mM-1 cm-1 at 495 nm. Two molecules of fluorescein
are bound to one molecule of LCA.

Lactotransferrin and serotransferrin were isolated
and purified as described previously.(38) Their concentra-
tions were obtained spectrophotometrically at 280 nm,
with an absorption E1%cm = 14.3 and 14.0, respec-
tively(39)

Absorbance data were obtained with a Perkin-El-
mer 555 spectrophotometer using 1-cm-pathlength cu-
vettes.

Fluorescence intensity quenching experiments were
performed with a Perkin-Elmer LS-5B spectrofluoro-
meter. Bandwidths used for excitation and emission
were 2.5 nm.

The quartz cuvettes had optical pathlengths of 1
and 0.4 cm for the emission and excitation wave-
lengths, respectively. The observed fluorescence inten-
sities from fluorescein (Xex = 495 nm, tcm = 515 nm)
were corrected for the dilution. Correction for the ab-
sorption at the excitation and emission wavelengths
was not necessary, since optical densities did not ex-
ceed 0.01.

Steady-state anisotropy was measured with the
same Perkin-Elmer fluorometer used for fluorescence in-
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Fig. 1. Fluorescence intensity quenching of fluorescein bound to Lens
culinaris agglutinin, as a result of serotransferrin-LCA (a) and of lac-
totransferrin-LCA (b) interactions. [LCA] = 0.7 uM,

tensity quenching. Bandwidths used for excitation and
emission were both 5 nm.

Anisotropy values were obtained from parallel and
perpendicular intensities after substracting the Raman
signal of the buffer.

Fluorescence lifetimes and fluorescence anisotropy
decays of fluorescein bound to LCA were obtained by
the time-correlated single-photon-counting technique,
from the polarized components VV and VH, on the ex-
perimental setup installed on the SB1 window of the
Synchrotron Radiation machine super-ACO (Anneau de
Collision d'Orsay).(40) The storage ring provides a light
pulse with a full width at half-maximum of about 500
ps at a frequency of 8.33 MHz for a double-bunch mode.
The excitation wavelength was set at 495 nm and the
emission at 515 nm (bandwidth = 10 nm). Cumulation
was stopped when 105 counts were stored in the peak
channel for the total fluorescence intensity decay. The
instrument response function was automatically moni-
tored in alternation with the parallel and perpendicular
components of the polarized fluorescence decay by
measuring the sample-scattering light of the emission
wavelength.(41,42) Analysis of the fluorescence intensity
decay data as a sum of 150 exponentials was performed
by the Maximum Entropy Method (MEM),(43) using the
commercially available library of subroutines MEMSYS
5 (MEDC Ltd. UK) as a library of subroutines.(40-46)

All experiments were performed at 20°C in 10 mM
phosphate, 0.143 M NaCl buffer, pH 7.

RESULTS

Binding Parameters of the LCA-LTF and LCA-
STF Complexes

Binding of serotransferrin or lactotransferrin to the
lectin-fluorescein complex induces a decrease in the flu-
orescence intensity of the fluorophore (Fig. 1). The de-
crease is important when lactotransferrin binds to the
lectin, while it is not significant in the presence of ser-
otransferrin. The concentration of LTF at saturation was
determined by drawing the asymptote to the curve. The
stoichiometry of the lectin-lactotransferrin complex is 1:
1 (Fig. 1b), while that of the lectin-serotransferrin com-
plex is not reached (Fig. la). These results indicate
clearly that the affinity of lactotransferrin to the lectin is
higher than that of serotransferrin.

Binding of either lactotransferrin or serotransferrin
to the lectin does not change the anisotropy value of the
LCA-FITC complex (the anisotropy, measured in par-
allel with the fluorescence intensity, was 0.159 ± 0.003
in the absence and in the presence of the glycoproteins).
This result is in good agreement with the finding that
the mean fluorescence lifetime (T) of the fluorescent
complex does not change significantly in presence of the
glycoproteins «T) is 3.27 ± 0.803 and 3.1 ± 0.125 ns
in the absence and in the presence of 0.25 uM of lac-
totransferrin). Thus, a large part of the fluorescence in-
tensity decrease has the nature of static quenching, and
the observed mean fluorescence lifetime in the presence
of the glycoproteins is the weighted average from the
remaining free LCA-FITC complex and from the LCA-
FITC-glycoprotein complex.

The dissociation constant of the complex was de-
termined by fitting the data to Eq. (1), obtained from the
balance of the total fluorescence:

where AF, AFmax, F0, Lb, and P are the fluorescence
change for a concentration L of the glycoprotein, the
maximum fluorescence change at saturation of the pro-
tein with the glycoprotein, the fluorescence intensity of
LCA-FITC in the absence of glycoprotein, the concen-
tration of bound glycoprotein, and the total concentration
of LCA-FITC, respectively. The concentration of bound
glycoprotein can be calculated from the root of the quad-
ratic Eq. (2) arising from the definition of the binding
constant:
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Fig. 2. Double-reciprocal plot of the LCA-FITC-LTF fluorescence
intensity variation vs the LTF concentration.

Fig. 3. Double-reciprocal plot of the LCA-FITC-LTF fluorescence
intensity variation vs the LTF concentration. The data are obtained
from the linear part (low concentrations of LTF) of the graph in Fig.
Ib.

AFmax was obtained by plotting 1/AF as a function
of 1 /L. For the LCA-LTF complex, we found a AFmax

Fig. 4. Correlation-time profile of the FITC-LCA complex (open cir-
cles) and of the FITC-LCA-LTF complex (filled circles) at 20°C ob-
tained by the Maximum Entropy Method. Xc,, 495 nm; Xcm, 515 nm.

equal to 69.2 (Fig. 2). Since the data for STF binding
on LCA does not show a curvature, it is not possible to
calculate the AFmax of the STF-LCA interaction by plot-
ting 1/AF as a function of 1/[STF]. In fact, plotting the
inverse of the linear region in Fig. 1b. (Fig. 3) does not
allow the determination of the AFmax calculated from the
inverse of all the data (Fig. 2). Therefore, we take 69.2
as the value of the maximum fluorescence change for
both LCA-LTF and LCA-STF interactions. Equation
(3) yields values of Kd equal to 0.1035 and 5.3 uM for
the LCA-LTF and LCA-STF complexes, respectively.
The equivalent association constants are 9.66 and 0.188
u M ~ i .

Rotational Correlation Time of LCA

The rotational correlation time (<J>P) of a hydrated
sphere is obtained from Eq. (4):(47,48)

where M is the protein molecular weight ( = 52,570 Da)
and n is the viscosity of the medium. At 20°C, the <I>p
value of LCA is 20 ns. In the presence of the LTF-LCA
complex and if the two proteins rotate as one resulting
spherical entity, M and <t>P would be 128,570 Da (52,570
+ 76,000 Da) and 49 ns, respectively.

The fluorescence anisotropy decay of the LCA-
FITC complex shows three rotational correlation times:
0.36, 2.0, and 18.8 ns (Fig. 4). The value of x2 is 1.00.
The shorter correlation time (360 ps) describes the mo-
tion of the fluorescein. This value does not exceed that
measured for a completely mobile probe (0.1 ns).(41,50)

The correlation time of 2 ns can be attributed to the

Replacing Eq. (2) in Eq. (1) gives Eq. (3):
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segmental motion of the binding site of the fluorescein.
The value of 18 ns corresponds to the rotational corre-
lation time of LCA. This value is close to that (20 ns)
calculated theoretically for a globular protein [Eq. (4)].

In the presence of lactotransferrin, the fluorescence
anisotropy decays with three rotational correlation times:
0.63, 2.50, and 24 ns (Fig. 4). The value of x2 is 1.030.
The presence of the short rotational correlation time
(0.63 ns) indicates that binding of LTF to LCA does not
hinder the motion of the fluorescent probe. The value of
24 ns corresponds to the rotational correlation time of
LCA and not to that (49 ns) of the LCA-LTF complex.

DISCUSSION

The affinity of LCA to LTF is more important than
that observed for STF as shown in Fig. 1 and by the
values of Ka. Thus, as established previously by either
inhibition of agglutination or by interaction of complex
oligosaccharides with the immobilized lectin,(9,10) the ct(l
-> 6) fucose present in the glycans of LTF plays an
essential role in this high affinity.

The fact that no changes were observed in the flu-
orescence anisotropy of FITC with the glycoprotein con-
centrations indicates that the physical contact between
the protein parts is very weak, even nonexistent; other-
wise, the anisotropy would increase with the size of the
complex.(5)

In the present study, fluorescence anisotropy decay
experiments show three rotations: (i) local rotation of the
fluorescein, (ii) rotation of a larger segment of the pro-
tein, and (iii) rotation of the whole molecule.

In theory, a fast local motion of the fluorophore
would make measurements of the global rotation of the
protein difficult, especially if the fluorescence lifetime is
short (in our case, (T) = 3.2 ns) and if the rotational
correlation time of the protein is very large compared to
the fluorescence lifetime.(52,53) However, the difference
between the two times was not really defined. Some ex-
amples follow.

(a) The rotational correlation time of the yG-im-
munoglobulins was measured using 1 -dimethy-
laminonaphthalene-5-sulfonyl (DNS) as a probe
((T) = 9.5 ns), by steady-state anisotropy as a
function of sucrose (<£P measured = 86 ns)(54)

and by fluorescence anisotropy decay (4>P mea-
sured = 97 ns).<55)

(b) Lakowicz et al. measured a rotational correla-
tion time of 44.6 ns at 5°C for human serum
albumin, following fluorescence anisotropy

quenching with oxygen of Trp residues ({T) =
5.4 ns).(56)

(c) Vincent et al. measured rotational correlation
times of 63.4 and 46.5 ns at 10 and 20°C, re-
spectively, by fluorescence anisotropy decay of
the Trp residues «T> = 1.76 and 1.56 ns at 10
and 20°C, respectively).(41)

Thus, one can measure a rotational correlation time that
is 10 to 30 times higher than the fluorescence lifetime.
In our case, as the fluorescein lifetime is 3.2 ns, it is, in
principle, possible to measure a rotational correlation
time of 50 ns (=16 times the fluorescence lifetime).

The long correlation time (18.8 ns) measured from
the anisotropy decay (Fig. 4) is close to that (20 ns)
calculated theoretically for LCA alone or to that (18.6
ns) measured with the TNS as a probe.(57) When LTF or
STF is bound to LCA, the long correlation time (24 ns)
is still in the same range as the theoretical value (20 ns).
If the lectin-glycoprotein complex rotates as one entity,
the rotational correlation time would be expected to be
49 ns. As this is not the case, our results suggest the
absence of any strong physical interaction between the
protein part of the glycoprotein and LCA. Thus, the pos-
sibility of a strong interaction between the glycans of
LTF and STF with some amino acids of LCA has been
established. In fact, X-ray diffraction studies have indi-
cated that Tyr B 100 and Trp B 128 make Van der Waals
contact with a-L-fucose.'6' These interactions increase
the affinity between LCA and the glycoproteins.

X-ray diffraction studies on the complex Lathyrus
ochrus isolectin II-glycosyl fragment of human lacto-
transferrin have indicated that the oligosaccharide adopts
an extended conformation, suggesting that the peptide
part of the glycopeptide has no influence on the bind-
ing (58,59) Thus, as we did not observe any significant in-
crease in the rotational correlation time of LCA or in
the anisotropy of the fluorescein in the presence of the
glycoproteins, we may conclude that there is no rigid
contact between the protein parts. This may be the result
of the extended conformation of the carbohydrate moiety
of LTF and STF.

X-ray diffraction and fluorescence studies per-
formed on LCA have indicated that the carbohydrate
binding site is flexible.(6,57) The carbohydrates in LTF
and STF are highly flexible.(60) This flexibility is main-
tained when the glycoproteins are bound to the LCA. Oth-
erwise, the carbohydrates will not conserve their extended
conformation and we observe a more compact structure
between LCA and the glycoproteins; i.e., we observe an
increase in the rotational correlation time of the LCA-
glycoprotein complex. Thus, if the a(l —» 6) fucose in-
creases the affinity of the glycoproteins to LCA, it does
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not hinder the global motion of the carbohydrate and does
not modify their spatial conformation.

From the results obtained in our work, we suggest
that the LTF rotates freely in the vicinity of LCA, with
the carbohydrates as an anchor.
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