Journal of Fluorescence, Vol. 6, No. 4, 1996
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The fluorescence of 2-p-toluidinylnaphthalene-6-sulfonate bound to Lens culinaris agglutinin and
of the Trp residues of the protein was investigated. Red-edge excitation spectra and steady-state
anisotropy as a function of temperature indicate that the TNS is bound rigidly. Red-edge excitation
spectra, steady-state anisotropy as a function of sucrose and anisotropy decay experiments per-
formed on Trp residues fluorescence prove that the internal fluorophore presents residual motion
independent of the global rotation of the protein. Fluorescence anisotropy decay allows to calculate
the rotational correlation time (351 ps) of this local motion. Quenching resolved emission anisot-
ropy with iodide gives values equal to 0.257 and 0.112 for the anisotropies of the buried and the
surface Trp residues, respectively. This result indicates that the Trp residues present at the surface
of the protein have important local motions compared to those embedded in the protein matrix.
The results obtained from TNS and Trp residues indicate that the agglutinin has different dynamic
domains.
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INTRODUCTION

Lectins are proteins capable of recognizing and
binding specific carbohydrate structures.(-» They play an
important role in immunology and hematology and are
used as specific probes for membrane glycoprotein struc-
tures. Legume lectins have an important role in seed
maturation, cell wall assembly, and the defense mecha-
nism.

Composed of two a and two B chains (MW =
57106 and 20,572,® respectively), the lentil lectin,

! Laboratoire de Biophysique Moléculaire, Université des Sciences et
Technologies de Lille, B.P. 649, 59656 Villeneuve d’Ascq Cédex,
France.

Lens culinaris agglutinin (LCA), is a tetramer «,3, with
a molecular weight equal to 52,570.%) LCA contains five
Trp residues, three embedded in the protein matrix, and
two near the protein surface. Trp 53B is the most ac-
cessible to the protein surface, followed by Trp 128B.
Trp 1528, Trp 19a, and Trp 40« are buried in the pro-
tein core. Trp 19« is completely buried, with zero ac-
cessibility to the water surrounding the surface of the
protein (R. Loris, personal communication).

The fluorescence of intrinsic fluorophores such as
Trp residues and/or extrinsic ones such as toluidinylna-
phthalene-6-sulfonate (TNS) are used to study the mo-
tion of proteins. Dynamics of proteins are investigated
by fluorescence anisotropy decay, steady-state measure-
ments of emission anisotropy, and red-edge excitation
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shift experiments.®'» In a protein such as LCA, when
Trp residues are used as a probe, the local motion meas-
ured by the previous methods concerns both classes of
Trp residues and thus represents an average measure of
dynamics. The exposed tryptophans would be expected
to rotate much more freely than the buried residues. This
will heavily weight the average rotation observed and
will reduce the sensitivity of the quantitative determi-
nation of the rotation of the buried residues. In order to
study the dynamic behavior of each class of tryptophanyl
residues, steady-state measurements of emission anisot-
ropy under conditions of selective quenching can be car-
ried out.0?

In this work, red-edge excitation shift, steady-state
anisotropy as a function of sucrose, fluorescence anisot-
ropy decay, and quenching resolved emission anisotropy
are applied to the Trp residues of LCA. Our results in-
dicate that the Trp residues of the protein surface have
important residual motions independent of the global ro-
tation of the protein, while those embedded in the pro-
tein matrix are much less mobile.

TNS binds to LCA with a stoichiometry of 1:1 and
a dissociation constant of 8 uM.(® Red-edge excitation
and steady-state fluorescence anisotropy measurements,
as a function of temperature, of TNS bound to the LCA
indicate that the fluorescent probe is bound rigidly to a
hydrophobic site. Results obtained from Trp residues
and TNS clearly show that LCA has different dynamic
domains.

MATERIALS AND METHODS

Lens culinaris agglutinin was isolated and purified
as described in Refs. 14 and 15. The lyophilized protein
was dissolved in a 10 mM phosphate, 0.143 A NaCl
buffer, pH 7. Its concentration was determined spectro-
photometrically at 280 nm (£1*, = 12.5).09 In red-edge
excitation shift and in fluorescence quenching studies,
the concentration of the lectin was equal to 5 uM. In
steady-state anisotropy measurements and in fluores-
cence anisotropy decay, the protein concentration was
- equal to 10 uM.

The concentration of TNS (from Sigma) was de-
termined spectrophotometrically using an extinction co-
efficient equal to 18.9 mM~* cm™! at 317 nm.('7

KI was from Sigma. To the stock solution (4 M),
Na,S,0, (10~2 M) was added to avoid the formation of
I;.

Sucrose was from Janssen (Beerse, Belgium). A so-
lution of 60% sucrose was prepared by dissolving 10 g
of sucrose in 10 ml of buffer. Heating accelerates and
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facilitates obtaining a homogeneous solution. Once the
sucrose dissolved, we added buffer to reach a final vol-
ume of 20 ml.

Absorbance data were obtained with a Shimadzu
MPS-2000 spectrophotometer using 1-cm-pathlength cu-
vettes.

Fluorescence spectra were obtained with a Perkin—
Elmer LS-5B spectrofluorometer. Bandwidths used for
excitation and emission were 2.5 and 5 nm for studies
with Trp residues and TNS, respectively.

The quartz cuvettes had optical pathlengths equal
to 1 and 0.4 cm for the emission and excitation wave-
lengths, respectively. The observed fluorescence inten-
sities were first corrected for dilution, and then
corrections were made for absorption by the following
formula:(®

F

corr

= F,, antilogfOD_, + OD_}/2 4]

where F,, is the intensity corrected for dilution, F,., is
the intensity after correction for absorption, and OD,,
and OD,,, are the optical densities at the excitation and
emission wavelengths, respectively. Finally, fluores-
cence spectra were corrected for the Raman effect of the
buffer and for the fluorescence of free TNS in solution.
Steady-state anisotropy was measured with the
same Perkin—Elmer fluorometer used for the emission
spectra acquisition. Bandwidths used for excitation and
emission were both 5 and 10 nm for experiments meas-
uring Trp and TNS fluorescence, respectively.
Fluorescence lifetimes and fluorescence anisotropy
decay were obtained by the time-correlated single-pho-
ton counting technique from the polarized components
VV and VH on the experimental setup installed on the
SB,, window of the Synchrotron Radiation machine su-
per-ACO (Anneau de collision d’Orsay), which is de-
scribed in Ref. 19. 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 and emission bandwidths were set at 5
and 10 nm, respectively. In most experiments a Ham-
mamatsu microchannel plate R1564U-06 was utilized.
Data for I,(¢) and I,(¢) were stored in separate memories
of a plug-in multichannel analyzer card (Canberra) in a
DESKPRO 286E microcomputer (Compaq). Accumu-
lation was stopped when 10° counts was stored in the
peak channel for the total fluorescence intensity decay.
The instrument response function was automatically
monitored in alternation with the parallel and perpendic-
ular components of the polarized fluorescence decay by
measuring the sample-scattering light at the emission
wavelength. The automatic sampling of the data was
driven by the microcomputer.?%2) In the time correlated
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single photon counting, the detection system measures
the time between the excited pulse and the arrival of the
first photon. The distribution of arrival times represents
the decay curve.

Analysis of the fluorescence intensity decay data as
a sum of 150 exponentials was performed by the Max-
imum Entropy Method (MEM)@? using the commer-
cially available library of subroutines MEMSYS §
(MEDC Ltd., UK) as a library of subroutines.

With vertically polarized light, the parallel Z,.(f) and
perpendicular [,(#) components of the fluorescence in-
tensity at time 7 after the start of the excitation are

no=seo f [ fovesner @

(1 + 24e™'%), dv dd dA

0.4

1 e oo
wiz, 0 =2x0* [ [ [y coner 6
(1 = Ae~), dr ddp dA

where E (f) is the temporal shape of the excitation flash.
* denotes a convolution product and vy (7, &, 4) repre-
sents the number of fluorophores with fluorescence life-
time, T, rotational correlation time, &, and initial
anisotropy, 4.

The fluorescence intensity decay is obtained by
summing the parallel and perpendicular components:

H = E(@)* fo ofT) exp(—t#/T)dt. a(r) is the lifetime
distribution given by

0.4

wo= [ [ e e i @

In order to ensure that the recovery distribution
agrees with the data, the entropy S is maximized:

a (1)

m ()

§= fo [o(r) — m(7) — a(7) log 1 dt (5
where m(T) is the starting lifetime distribution flat in logt
space and a(r1) is the resulting distribution.?*2% The en-
tropy S is maximized under the condition that x? is min-
imized to unity,

IS E® - L@
NE L (k)

2

(6)

where N is the number of channels, and 7.(k), and I,(k)
are the calculated and observed number of photons in
channel &, respectively.??

When fluorescence anisotropy decay is measured,
and assuming that there is no correlation between T and
b, o) and B(d) are independent. 7,(¢) and I,,(¥) can be
written as

201

Lo =1 ewea [ mw e o)

Lo=1) «mera [ n-s@ea ®

The integrated amplitude B(¢) corresponds to the fun-
damental anisotropy 4,, and the time dependence of the
anisotropy can be described with the integral A(r) =

f o B(d)e " db.#7 In this analysis of the fluorescence
and fluorescence amisotropy decay, the entropy of the
cross-preduct a(t) - B(d) is maximized under the con-
straint of minimum x2,

a@) B@)

m (1)

§=- fo o(7) B () log 9)
where m(t) is the initial guess of the a(t) - B(d) distri-
bution.

The maximum entropy method can handle Laplace
transforms such as those found in pulse fluorometry,
without restricting the validity of the solution or suffer-
ing from any instabilities. It allows the recovery of the
distribution of exponentials describing the decay of the
fluorescence (i.e., inverting the Laplace transform),
which is, in turn, convolved by the shape of the exci-
tation flash. Also, it can determine the background level
and amount of parasitically scattered radiation.®»

RESULTS

Lifetime Data

Fluorescence intensity, I(\,f) of Trp residues ob-
tained at A, equal to 295 nm can be adequately repre-
sented by a sum of four exponentials,

T (N 1) = 0.7065¢006 + 0.0796¢ /0484
+ 0.1285¢71/16 + (0.0854¢ 14057

where 0.7065, 0.0796, 0.1285, and 0.0854 are the preex-
ponential factors, 0.016 = 0.007, 0.484 + 0.113, 1.600
+ 0.442, and 4.057 = 0.690 are the decay times (ns),
and A the emission wavelength (335 nm). The weighted-
average fluorescence lifetime 7, is equal to 2.912 ns. The
value of ¥? is 1.12.

?Ozzf,fr,. and fi= o T,,/Z QT

where o, are the preexponential terms and 7, the fluo-
rescence lifetimes.

At 315 nm, the mean fluorescence lifetime was
found to be 2.46 ns. This value was used to calculate
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Fig. 1. Steady-state fluorescence anisotropy versus tempera-
ture/viscosity ratio for the TNS-LCA complex. Data were obtained by
thermal variation of temperature. A, 320 nm; A, 430 nm.
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the rotational correlation time from the Perrin plot ob-
tained as a function of sucrose (Fig. 3).

The fluorescence intensity decay of TNS in the
presence of LCA can be adequately represented by four
lifetimes: 10.304 + 1.864, 4794 = 1.206, 1.728 +
0.407, and 0.414 = 0.093 ns, with fractional intensities
equal to 0.525, 0.355, 0.098, and 0.016, respectively.
The excitation and emission wavelengths are 295 and
425 nm, respectively. The lifetime equal to 0.4 ns cor-
responds to the free TNS in solution®?® and the longest
lifetimes correspond to the bound TNS. The weighted—
average fluorescence lifetime, 7, = 7.3 ns, was used to
calculate the rotational correlation time from the Perrin
plot (Fig. 1).

Dynamics of the TNS-LCA Complex

Red-Edge Excitation Shift

Red-edge excitation shift was used as a tool to
monitor motions around a fluorophore.@52%

Fluorophore molecules and the amino acid residues
of their binding sites (in the case of TNS) or of their
microenvironment (in the case of Trp residues) have di-
poles. The dipole of the excited fluorophore has an ori-
entation different from that of the fluorophore in the
ground state. Thus dipole—dipole interactions in the
ground state are different from those in the excited state.
This new interaction is unstable. The excited fluorophore
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reorients the dipole of the amino acid residues of the
binding site. The dipole reorientation is called a relax-
ation phenomenon.®® After relaxation, fluorescence
emission occurs. This is the case when relaxation is fas-
ter than fluorescence, i.e., the binding site is flexible and
the fluorophore can move easily. The emission maxi-
mum from a relaxed state does not change with excita-
tion wavelength. When the binding site is rigid,
fluorescence emission occurs before relaxation. In this
case excitation at the longer wavelength edge of the ab-
sorption band photoselects a population of fluorophores
that is energetically different from that photoselected
when the excitation wavelength is shorter. Thus excita-
tion at the red edge gives a fluorescence spectrum with
a maximum located at a higher wavelength than that
obtained when excitation is performed at short wave-
lengths.

The maximum of the fluorescence spectra of bound
TNS is a function of the excitation wavelength. At 360
nm, the emission maximum is located at 422 nm. It
shifts to higher wavelengths (430 and 440 nm) when the
excitation wavelengths are 380 and 400 nm, respectively
(data not shown). This is taken as direct evidence that
TNS exhibits restricted mobility on LCA, i.e., the fluo-
rophore follows the motion of the protein, suggesting a
rotational correlation time equal to that of the protein.

Steady-State Anisotropy as a Function of Temperature

The rotational correlation time (¢,) of a hydrated
sphere is obtained from the equation

&, = M(v + h/kTN (10)

where M is the protein molecular weight, v = 0.73 cm®/g
is the specific volume, 2 = 0.3 cm’/g is the degree of
hydration, and v is the viscosity of the medium. At
20°C, the ¢, value of LCA is 22 ns if the protein is
spheric.

Fluorescence anisotropy of the TNS—LCA complex
(\.. = 430 nm and A\, = 320 nm) was measured as a
function of temperature. The Perrin equation is®

1_ (__)Rro_l
A4, W 4,

— 1
" )2 o D
where 4 and A, are the anisotropy in the presence and
absence of rotational diffusion, respectively, and 7, =
7.3 ns, m, ¥, and &, are the mean fluorescence lifetime,
the viscosity, the fluorophore rotational volume, and its
rotational correlation time, respectively. Data for the
TNS-LCA complex are plotted in Fig. 1.
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Table 1. Information Obtained from the Various Methods Used to
Follow the Global and Local Dynamics of LCA*

Fluorophore

Method TNS Trp restdues

Red-edge
excitation
shift

Perrin method

Microenvironment of the Microenvironment of the
binding site is rigid amino acid is mobile

Rotational correlation
time of the protein and
mean rotational time
of Trp residues
(sucrose variation); ¢,
= 18.5 ns, ;. = 105
ps

Same information as the
Perrin plot; b, = 17
ns, o = 351 ps

Rotational correlation
time of the protein
{thermal variation):
b, = 18.6 ns

Anisotropy decay —

Quenching — Anisotrapies of Trp
resolved residues present at the
emission surface and of those
anisotropy buried in the protein

core; A, = 0.112, 4,
= §.257

“Rotational correlation time of LCA calculated theoretically from Eq.
(10) (see text) is 22 ns.

The value of 4, found from the Pervin plot is 0.305.
This value is close to that (0.317) measured at —35°C
and indicates that the extrinsic probe has a restricted
mobility on LCA. This result is in good agreement with
that found in the red-edge excitation shift experiment.

The rotational correlation time ¢, (18.6 ns at 20°C),
in the same range as that (22 ns) expected for LCA,
indicates that the TNS follows the global rotation of the
protein (see Table I). Thus, LCA can be considered
globular.

Dynamics of the Trp Residues

Red-Edge Excitation Shift

The maximum tryptophan fluorescence (330 nm) of
LCA is independent of excitation wavelength (295, 300,
and 305 nm). This means that the microenvironments of
the Trp residues are not rigid, i.e., the Trp residues ex-
hibit residual motions independent of the global rotation
of the protein. In order to separate the global and local
rotational correlation times, fluorescence decay anisot-
ropy and/or static fluotescence anisotropy as a function
of sucrose could be performed.
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Fluorescence Anisotropy Decay

For a fluorophore bound tightly to a protein, the
anisotropy decays as a single exponential,

A(t) = Age " (12)

where &, is the rotational correlation time of the protein
and A4, is the limiting anisotropy of the fluorophore at
the excitation wavelength.

When the fluorophore has segmental motions, the
anisotropy decays rapidly to

A, = A, (1 — o) (13)

However, the anisotropy continues to decay to zero as a
result of the overall motion of the macromolecule. Thus
time-resolved decay of anisotropy will be analyzed as a
sum of exponential decays:®"

A(t) = Ay [aes + (1 — o) e]  (14)

where 4, is the limiting anisotropy at ¢+ = 0 and at the
excitation wavelength (\.,, 295 nm), ¢, and ¢, are the
short and the protein rotational correlation times, re-
spectively, and a and 1 — o are the weighting factors
for the respective depolarizing processes.

1 1 1
- = — + JE—
d)s d)p 6 d>F

Fluorescence anisotropy decay of Trp residues in
LCA can be represented by A(f) = 0.036e~7131 +
0.226e~"7, where 0.036, 0.226, 1.874, and 17 are A,
A1 — a), &, and &, respectively. The steady-state
anisotropy 4, 1s equal to 0.262 at 295 nm (Fig. 2). The
value of x? is 1.082,

&, = 17 ns, a value close to that (22 ns) calculated
theoretically [Eq. (10)] and identical to that (18 ns) ob-
tained with the Perrin plot for bound TNS (Fig. 1).

The presence of the small correlation time (b, =
1.874 ns) indicates that Trp residues have segmental mo-
tions. This is in good agreement with the results obtained
by red-edge excitation shift experiments, i.e., Trp resi-
dues are mobile with respect to their microenvironment.
Two motions contribute to the depolarization process,
the local motion of the Trp residues and the global mo-
tion of the protein. It is possible to measure the relative
importance of the segmental motion (o) of Trp residues

A(0)A4y =1 — « (16)

(15)

and the average angular displacement 6 of the fluorop-
hore inside the protein,

cos?d=1—-2a/3 (17}
The values of o and 8 are 0.1374 and 18°, respectively.
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Fig. 2. Correlation—time profile of LCA at 20°C. A, 295 nm; A, 335
nm. The value of x? is 1.082. Two values were obtained, 17 and 1.874
ns. The long lifetime represents the global rotation of the protein and
the short one indicates the presence of a segmental motion of the Trp
residues.
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Fig. 3. Steady-state fluorescence anisotropy versus tempera-
ture/viscosity ratio for LCA. Data were obtained by variation of su-
crose concentration at a constant temperature of 20°C. A, 295 nm;
Aem» 315 nm. From the lowest 7/m values, we extrapolated to 4, =
0.262 (1/4, = 3.817). The value of the rotational correlation time &by
of the residual motion of the Trp residues, 105 ps, was estimated from
the extrapolated plot. The value of the rotational correlation time &,
of the global motion of LCA, 18.5 ns, was obtained from the experi-
mental plot at a high 7/m.

Equation (15) yields a value of 351 ps for &y, the
segmental motion of the Trp residues. This value is close

to that (100 ps) known for a free fluorophore in solu-
tion. (6:26:32:3%)

Albani

Steady-State Anisotropy as a Function of Sucrose

Residual motion of the fluorophore can also be de-
tected by measuring static anisotropy as a function of
sucrose concentration. A Perrin plot representation is
given (Fig. 3) [Eq. (11)],%% where T, = 2.46 ns for tryp-
tophany! fluorescence and the value of 4, is 0.262. Fig-
ure 3 shows the Perrin plot of Trp residues of LCA at
different concentrations of sucrose (A,, = 295 nm and
Aew = 315 nm). The rotational correlation time of the
protein (¢,) calculated at high T/m is 18.5 ns, a value
similar to that calculated theoretically (22 ns) and equal
to that measured with the fluorescence anisotropy decay
(17 ns). Also, the data suggest the existence of a sub-
nanosecond rotational correlation time.

Fluorescence Intensity Quenching with lodide

LCA contains five Trp residues; three are embed-
ded in the protein matrix and two are at the surface of
the protein. The fluorescence may originate from the two
classes together or from one class alone. Fluorescence
intensity quenching with iodide allows us to obtain the
spectra of the two classes of Trp residues. Selective
quenching implies that the addition of quencher induces
a decrease in the fluorescence observables (intensity, an-
isotropy, and lifetime) of the accessible class of fluorop-
hore. At a high quencher concentration the remaining
observables measured will reflect essentially those of the
embedded Trp residues.

Dynamic fluorescence quenching is analyzed by the
Stern—Volmer equation:

LII=1+ k7, [0] (18)

where I, and [ are the fluorescence intensities in the ab-
sence and presence of quencher respectively, &, the bi-
molecular diffusion constant, T, the mean fluorescence
lifetime, and [Q] the concentration of iodide added. The
Stern—Volmer plot (not shown) at 330 nm shows a
downward curvature, indicating selective quenching.®¥

The fraction of the fluorescence intensity that is ac-
cessible (f,) is obtained from the modified Stern—Volmer
equation,®>

L/AL = 1/f, + 1f, Ksy [O] (19)

where K, is the Stern—Volmer constant for the fluores-
cence quenching of the Trp residue(s) by I~ and

Al=1,—1T (20)

Figure 4 shows the plot of the modified Stern—Volmer
at 330 nm. In Fig. 5, the fluorescence spectra of LCA
{a) (\,..x = 330 nm), of the inaccessible Trp residues
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Fig. 4. Modified Stern—Volmer plot of the quenching of LCA Trp
residues by iodide ion at 330 nm. A, 295 nm.
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Fig. 5. Fluorescence spectra of LCA (a), of Trp residues exposed to

KI (c), and of Trp residues buried in the protein matrix (b). A,,, 295
nm.

ex>

(b) (i = 324 nm) obtained by extrapolating to [17]
= o, and of the quenched Trp residue(s) (c) obtained
by substracting spectrum (b) from spectrum (a), are dis-
played. The emission maximum of the accessible Trp
residues is located at 345 nm, a characteristic of an
emission from Trp residues near the surface of the pro-
tein. Figure 5 indicates clearly that both classes of Trp
residues contribute to the fluorescence spectrum of
LCA.

Quenching Resolved Emission Anisotropy

Red-edge excitation shift, fluorescence anisotropy
decay measurements, and Perrin plot as a function of
sucrose reveal that Trp residues in LCA have indepen-
dent motions. The results obtained contain contribution
from the five residues. In order to study the dynamic
behavior of each class of tryptophanyl residues, steady-
state measurements of emission anisotropy under con-
ditions of selective quenching were performed. This
method consists of quenching fluorescence parameters of
the Trp residue on the protein surface, thus, the remain-
ing fluorescence signal will reflect that of buried Trp
residues, i.e., Trp residues not accessible to the
quencher.!'? By following anisotropy and intensity var-
iation as a function of quencher concentration, it will be
possible to obtain information on the motion of each
class of the Trp residues.

In general, when anisotropy varies as a function of
quencher concentration, the Perrin plot can be written as

A

A4 64, @)

where [ and /, are the fluorescence intensities in the pres-
ence and absence of collisional quencher. When the flu-
orescence lifetime T, and intensity /, decrease by
collisional quenching, the anisotropy A(T) increases and
tends to the limiting anisotropy 4,. However, the exis-
tence of the residual motions will lead to an extrapolated
anisotropy 4(0) different from 4, and to a rotational cor-
relation time lower than &,. Thus plotting 1/4 vs I 7,/1,
will yield information concerning the motion of the fluo-
rophore.

Information obtained from Eq. (21) requires that the
quencher diffuses in all parts of the protein and collides
with the Trp residues, inducing a decrease in the fluo-
rescence intensity and lifetime. However, fluorescence
quenching of all Trp residues is not necessarily identical
because of different motions that can exist in the micro-
environment of the different classes of Trp residues.
Thus using a nonselective quencher such as oxygen will
yield information on the mean motion of all Trp residues
in the protein.®® In order to evaluate the contribution of
gach class of Trp residues to the global motion, selective
quenching is necessary.

Measurements of the emission anisotropy 4 as a
function of added collisional quencher are made with the
steady fluorescence intensity, which integrates the dif-
ferent weighted fluorescence lifetimes.

Anisotropy of each class of residue can be deter-
mined in the following way: at [(J] = 0 (at ), the an-
isotropy A measured is the weighted average,
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A =fA +h4 (22)

At [Q] = o, the remaining fluorescence intensity and
anisotropy are /, and 4,, that of the inaccessible class of
residues. The ratio

Lil, = f, 23)

the fractional intensity of the inaccessible residues at [O]
= (. Knowing 4,, f,, and f,, one can calculate 4, from
the value of 4 in the absence of quencher.

All quenching resolved emission anisotropy exper-
iments were measured at an excitation wavelength equal
to 300 nm to provide a high limiting anisotropy 4, and
to avoid excitation of tyrosine residues. Also, by exciting
at the red edge of the absorption spectrum, energy trans-
fer between Trp residues is eliminated as a possible de-
polarizing process.®” However, excitation at the red
edge of absorption spectra decreases the amount of light
absorbed by the fluorophore and increases the possibility
of contributions from scattered light. For this reason, we
corrected for the Raman effect of the buffer. In all in-
stances, Raman effects did not account for more than
5% of the total signal.

We performed our experiments at an emission
wavelength of 315 nm. At this wavelength, the fluorop-
hore present at the surface of the protein contributes
about 12% ( f, = 0.12) of the total fluorescence (Fig. 5).

Quenching resolved emission anisotropy plot of 4
vs I/l, (not shown) yields a value of 4, equal to 0.257
and that of 4, equal to 0.112. The value of 4, indicates
that the Trp residues embedded in the protein core still
have motions if we consider that the limiting anisotropy
known for Trp residues at an excitation wavelength of
300 nm is 0.3. The low value of 4, indicates that the
Trp residues present at the surface of the protein have
residual motions and may also indicate that the residues
on the surface have a shorter average fluorescence life-
time.

DISCUSSION

Structures but not internal dynamics of many lec-
tins and lectin—carbohydrate complexes have been de-
termined. @8 Lens culinaris agglutinin and concavalin
A from Canavalia ensiformis, a lectin with a high affin-
ity for a-mannose, show the same secondary structure™
as if the folding of the two polypeptides has been well
conserved during evolution.

Homologies in the amino acid sequences were
found between the two lectins, especially in the sequence
of amino acids, which plays an important role in the
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architecture of a hydrophobic cavity, surrounded mainly
by hydrophobic residues.®“*#" This may explain why it
18 very difficult to dissolve LCA in a polar solvent. The
saccharide binding site on concavalin A was found to be
20 A away from the hydrophobic cavity,*$» and X-ray
diffraction studies on LCA indicated that the carbohy-
drate binding site i1s flexible.®

Red-edge excitation shift experiments and the Per-
rin plot of the TNS-LCA complex indicate that local
motions around TNS molecules are nonexistent. Thus
the hydrophobic site of LCA is rigid.

LCA recognizes a-L-fucose. The affinity between
LCA and lactotransferrin, a protein that contains a-L-
fucose as a side chain, is high.®® The interaction occurs
mainly between amino acids of the LCA and the fucose.
Addition of lactotransferrin to a LCA-TNS complex
does not induce any decrease in the fluorescence inten-
sity of TNS (not shown), as would be expected for com-
petitive binding.®? Thus, the TNS binding site on LCA
is different from the carbohydrate binding site.

The red-edge excitation shift (18 nm) observed for
the TNS-LCA complex is in good agreement with the
results observed when the fluorophore is bound tightly
to other proteins, such as apomyoglobin,©? melittin, ¥
and «,-acid glycoprotein (orosomucoid).1%!V In fact, an
important red-edge excitation shift (8, 11.5, and 15 nm,
respectively) was observed when the excitation wave-
length was changed from 360 to 400 nm.

The fluorescence maximum of TNS bound to
LCA is located at 422 nm (X, 320 and 360 nm). This
wavelength is close to that observed for TNS dis-
solved in solvents of low polarity such as butanol (420
nm) and ethanol (425 nm).MY However, since a red-
edge excitation shift does not occur in these sol-
vents,59 the spectral properties of TNS in liquid
isotropic solvents and when bound to a protein are not
equivalent. In a solvent, the fluorescence emission of
TNS will depend mainly on the hydrophobicity of the
medium. On a protein, the fluorescence may occur
from a nonrelaxed and a polar state, from a relaxed
and a nonpolar state, or from a nonrelaxed and a non-
polar state. For example, TNS on orosomucoid (A
= 425 nm) is in a polar and a nonrelaxed area (the
surface of the protein),?%'" and TNS on apomyoglo-
bin is in a nonpolar and nonrelaxed region, the heme
pocket.®» Our results indicate that, on LCA, TNS is
bound to a rigid and hydrophobic site.

The rotational correlation time (18.6 ns) found for
the TNS-LCA complex with the Perrin plot (Fig. 1) and
the extrapolated anisotropy (0.305) confirm the red-edge
excitation shift experiment, i.e., the TNS binding site is
rigid on the protein.
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The protein fluorescence spectrum with a maximum
at 324 nm (Fig. 5b) originates from the three buried Trp
residues, while that with a maximum at 345 nm (Fig.
5¢) originates from the two Trp residues near the protein
surface. The maximum of the fluorescence spectrum of
LCA is located at 330 nm (Fig. 5a), with an intensity
close to that obtained for the buried Trp residues. Thus
the buried Trp residues are responsible for the major
component of LCA’s fluorescence.

The protein fluorescence is described by four life-
times. Since one Trp residue may have multiple fluores-
cence lifetimes, we did not attempt in this work to assign
the fluorescence lifetimes to any particular Trp residues.
The short fluorescence lifetime (0.016 ns) is probably
due to the existence of a resonance—energy homotransfer
between the Trp residues or scattered light. This energy
transfer can be put into evidence by measuring the ani-
sotropy decay in the absence of rotational diffusion, i.e.,
in glycerol solution and at a low temperature
(—40°C).@ In our work we did not study this possible
energy homotransfer.

The absence of red-edge excitation shift for Trp res-
idues agrees with the interpretation that emission occurs
from a relaxed state, i.e., motions around Trp residues
do exist.

The mean local motion of Trp residues was char-
acterized with the time-resolved decay of anisotropy and
with the static polarization as a function of sucrose. The
short rotational correlation time (351 ps) calculated with
the time-resolved decay of anisotropy (Fig. 2) may have
contributions from all five Trp residues. The long rota-
tional correlation time (17 ns) found for LCA from the
fluorescence anisotropy decay experiment is of the same
order as that (22 ns) expected for a globular protein of
molecular weight 52,570.

Quenching resolved emission anisotropy (QREA)
experiments reveal that this local motion concerns both
classes of Trp residues but indicate that the Trp residues
embedded in the protein matrix are more restricted by
the surrounding amino acid residues than those of the
protein surface. Loris ef al.® found that the lectin dimers
are packed in a very loose structure and the amino acid
residues facing the solvent (i.e., present at the surface of
the protein) are flexible. Our results obtained with TNS
show the existence of a rigid and a hydrophobic pocket
near the surface of the protein. This result is in good
agreement with that found for concavalin A. Thus, LCA
has at least three dynamic domains: a completely rigid
core, the binding site of TNS; a second partially rigid
core; and a third surface domain that has free motion.
The fact that amino acid residues of the surface are much
more mobile than those present in the core of the protein
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is in good agreement with the results obtained on other
proteins such as lysozyme,'? LADH,®® and orosomu-
coid.6®

In theory, QREA seems to be very simple. How-
ever, the measurements are difficult when using a selec-
tive quencher and when there is a small change in the
steady-state anisotropy values. The reason for this small
variation is that only a small fraction of the total fluo-
rescence intensity is quenched, thus limiting the ob-
served change in the steady-state anisotropy. This is not
the case when a nonselective quencher such as oxygen
is used. For example, fluorescence quenching of Trp res-
idues in LADH by oxygen induces an increase in the
steady-state anisotropy from 0.077 to 0.125 at 24°C.67
Also, it was found that oxygen efficiently quenches the
fluorescence of porphyrin—myoglobin. This quenching
induces an increase in the steady-state anisotropy from
0.037 at a 0.218 mM oxygen concentration to 0.0875 in
the presence of 88 mM oxygen.t®

As with concavalin A, LCA binds to various struc-
tures via hydrophobic interactions independently of the
saccharide-binding activity. We suggest that the lectin
acts as a bipolar component between the hydrophobic
membrane and the hydrophilic carbohydrate. This may
explain the multiple interactions of the exogeneous car-
bohydrate with cell membranes.
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