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1. Introduction

-Lectin [1] are proteins which can bind to specific
saccharide sites on the cell snrface membrane. The lec-
1in concanavalin A {(Con. A) [2], which binds to glu-
cose b1 mannose-like sites [3], can activate Iympho-
cyies to undergo DNA synthesis and the formation of
biast cells [4—6] . On the other hand, wheat germ ag-
ghatinin (WGA) [7,8] and sovbean agglutinin {SBA)
[9] , are lectins that bind to sites containing N-acetyl
glucosamine and /N-acetyl gaiactosamine, respectively,

‘and fo not induce lymphocyte activation [6]. Activa-
tion of lymphocytes by Con. A is asspciated with m@-
bility of Con. A binding sites on the surface membran

[10—13] . which allows their oross-linking and redlsiri- ]

bution to form caps [10, 11, 14].

’I‘he psesent study was underiaken 1o directly deter-
mine the degree of mobility. of Con, A, WGA and SBA
bound to the surface membrane of normal lymph =~
node lymphocyies, by flvorescence polarization of
fluorescein isothiocyanate conjugates of the three lec-

1ins {F-Con. A, F-WGA and F-SBA). We have defined

a quantitative term for the ﬂegree of miobility that eXx-
ﬁmds from O, the immsiilized state, to 1, the fully

mobﬂe state. Our 7esy. it show that the degree of mo- ~
,“bihty of F-Con. A, F-"GA and F-SBA, are 0.83, 0,37 o

and 0343 respechvef y. F-WGA and F-8BA;incon-
trast to FCon. A, én: 01 induce the formation of
"7 caps. Our resu]ts ~.~zzfore, support the aﬂ:su*mptmn
“that iectm acnvat, ot lymphocytes is associated-
“witha rdynarmc re & i ibation of memba'ane compo-
nents “upon bmdux 0. “the lectm:_"f 3
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7 " 2. Maturials and methods

The norma! lymmphocyies were obiained from -
lymph nodes of 6—8 week-old male CR/RAR rats.

. ‘The cells were collected by iearing the tissue apart in

phosphate-buffered saline, pH 7.2 (PBS) and allowing

_ the pieces to sediment. The cells were then suspended

and washed three times in PBS. Fluorescsin isothio-
canate conjugates of purified Con. A, WGA and SBA
were obtained from Miles-Yeda and were stored in
PBS at —20°C. The concentrations of cells and lectin
used for the experiments, were chosen to give a maxi-
mum fluorescent signal with a minimum contribution
of scattered light. One ml of the cell suspension {5 X
107 cells/ml) were saturated with 1 ml fluorescent lec-
tin solution diluted in ¥BS {500 pg/ml) and incubaied
for 15 min at 37°C. The cells were then washed three
times and diluted in PBS to give a final conen. of

2.5 X 107 cells/ml. The formation of caps on the cell

~surface membranes was observed with a Leitz-

Oriholux fluoreseenss microscope. :
Fluorescence polarization and ﬂumascence lmensn-
1y were measured with an instmment which was de-

.~ scribed previously [15]. A 436 nm band of 2 500 W
" mereury arc, which 'was ’nassed through a Glan— .
i Thompwn polatizer, was used for excitation. The

‘ernission was detected in two mdepemiem channels

after passing through a C]an—’ﬂlompson polanzer
and a 20% sodium blcbromate solution used asa cut-

‘off filter. The emission imtensities polarized paraliel ~

{1y and perpﬁndicu}ar (I ) to the @irection of “polanza-'

ST tion of ﬂle excitation beam, were obieined by a simul--
RS 1aneous measuemem of Z{m]l_1 and 1. ’I’he “}uorescence,_
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anisotropy r, and the fluorescence intensity, F, relates

a B 1)
r=m; leﬂ]+2]i {1
Prior to each reading with the cell suspension, the sol-
ntions were gently mixed. Correction for scatiering
artifacis were carried out with flnorescein free sys-
tems as previously described [16]. Excited state mean
lifetimes, 7, were measured with a pulse sampling in-
strument [17] using a convolution analysis of the flu-
oprescence decay gurves.

3. Resnlts and discussion

In agreement with previons results [10, 11] the fi-
nal distribution of F-Con. A on the surface membrane
of Iymphocytes, observed with the fluorescence mi-
eroscope, showed that 30% of the single stained cells
had a polar fluorescence cap 'which covers abont half
of the cell surface. However, nearly all F-WGA and F-
SBA stained cells display a ring of fluorescent clusters
over the cell periphery and there were no caps. Cap
formation with F-Con. A, but not with B-WGA and
F-SBA, suggests that the degree of mobility of Con. A
binding sites is greater than that of the WG A or SBA
sites. In order to obiain direct evidence for this as
sumption, the rotational relaxation times of the flno-
rescent lectins bound to lymphocyies were deter-
mined.

The relation between fluorescence depolarization
and Browmnian rotation is given by the Perzin equation

To_,, {3z ‘
r-—]-?(p) )

where ry, is the fluorescence znisotropy when no rota-
tions take place during the excited state lifetime, 7,
and p is the rotational relaxation time [18]. For non-
spherical structures, @ is an harmonic mean of the re-
laxation times about the symmetry axes {18, 19].
The apparen? vaine of p in fluorescence labeled pro-
teins results {rom a combination of inteTnal rotations
of the fluorescence probe about the bonds which at-
tach it to the protein core, and the rotations of the
“protein molecule [20,21] . pis proportional to the
viscosity, 77, and inversely proportional to the absohate
temperature, T. ' '
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Fig. 1. Perrin piois for F-Con, A {(a—a—a), F-WGA
{o—o—a) and F-SBA (#—»—®) in PBS at 24°C.

xT{nsec.)

To evaluate the relaxation times of F-Con. A, F-
WGA and F-SBA in the absence of cells, the values of
¥ and + were measured siymaitansowsly in a series of
solutions containing 20 ug/ml lectin and increasing
amounts of sucrose (D to 70% w/v) in PBS at 24°C.
The results are given in fig. 1 as 1/ versus ng7in. ng.
the vizcosity in PBS without sucrose, was introduced
in order to relate the data to rotational diffusions in
PBS. The non-linear Perrin plots of the three lecting
are typical of cases where both the internal rotations
of the fluorescence probe and the rotations of the pro
tein molecule can contribute to flnorescence depolar-
ization [18,20,21]. By an appropriate mathematical
analysis of the non-linear Perrin plot the relaxation
time of these rotations can be evalnated {20,21].
However, because of the large difference in molecnlaz
dimensions between the probe and the lectin mols-
cules i1 is reasonable 1o assume that for all three lee-
tins the rotational relaxation time of the protein cors
is mmuch longer than that of the flucrescein moiety
This difference permits the division of the Perrin v ot

- into distinct regions [18]. At low ny7/n values the

protein molecule retains its orientation during the -
cited state lifetime and fluorescence depolurizatics is

" caused almost exclusively by rotations of the fha res-
.cence probe relative to the protein. As ny7/n ir 7
“creases the fluorescence depolarization resultin, <rom

internal mi:a:tib_ns of the probe approaches its 1 per
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] Table 1
Flacrescence polarization characteristics (A, = 436 nm) of fluoreseein Izbeled lectins at 24°C.

1s om 3:. PBS ) Bound {o Iyinphocytes
L r o Po r P Polp
{ 158} {nssc) {nsec)
1.0 0.174 0.209 58 0.179 70 0.83
.1 0.124 D.1%83 22 0.160 59 06.37
S 0.695 0.114 53 0.105 123 0.43

'+ is the excited s.i72: Hetime, r is the flnorescence anisoTopy; pg and p are the estimated roiational relaxation fimes of the lsctin

molecule in PBS and when boungd to Iymphocytes, respectively.

Himit and rotation: of the protein molecule stait to
sontribute 1o fluc :scence depolarization. Thus, at
relatively high vai- es of 5g7/% the Perrin plot is ex-
peeied to be linexr since it relates to the rolations of
the protein only. For the three lectins this region iz 2t
Np7/m > 2 and is displayed by the siraight lines given
in fig. 1. These lines extrapoiste to the values of 1/7g
which correspond 1o situations where during the life-
times of the excited staie, the fluorescein label rotates
freely but the protein molecule stays fixed. By substi-
tuting in eq. 2 the values of 7 and 7 in PBS and #, the
corresponding relaxation times, pg, were evaluated.
Practically identical pg values are obiained from the
slope of the lines. These and other fluorescence polar-
ization parametess of the fluorescein conjugated lec-
tins in PBS are summarized in table 1.

Addition of 0.1 M a-methy] mannoside, M-acetyi
glucosamine and N-acetyl galaciosamine to 20 pgiml
F-Con. A, F-WGA and F-SBA, respectively, in PBS re-
sults in 2 1—2% increase in relaxation time. This in-
crease can be accounted for by the change in molecu-
lar weight of the lectin—saccharide complex, and it in-
dicates that the binding of ligands to these lecting has
no effect on the internal rotations of the fluoreseein
moiety {7 is unchanged). Moreover, since 7y was de-
duced from solutions containing high concentrations
of sucrose, this value cooresponds io the lectin—su-
grose complex. It was therefore assumed, that npon
binding of the lectins to the surface membrane of
lymphocytes the values of 7, and 7 remain unaliered
and that the thermal mobility of the bound lectin is
directly reflected in the determined value of 7.

" The corrected 7 values of the fluorescein labeled
lectins bound to lymphocytes and their corresponding
p values in PBS at 24°C are given in 1able 1. In order
1o compare the motional freedom of leciins bound to

the cell surface membrans to those iree in solution,
we have defined the parameter pg/p, the ““degree of
mobility”, which extends from O (immobilized state™
to 1 {fully mobile state). The data given in table 1
show, that F-Con. A bound to Iymphocytes has a
high degree of mobility close to that of free Con. A
in PBS, and that this is about twice thai of F-WGA
and F-SBA.

Previous studies have shown that aciivation lym-
phocy tes, esulting in thymidine incorporation and
the formation of blast cells, is induced by Con. A but
not by WGA or 8B4 [6]. In the present study we
have obzerved that in contrast to F-Con. A, F-WGA
and F-SBA do not induce cap formation on lymph
node lymphocytes, and that there is 2 higher degree
of mobility of the Con. A binding sites compared 1o
the binding sites for WGA and SBA. It is suggested
that a high mobility of sites is also required for the
activation of lymphocytes by antigens.
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