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General methad for the study of cell receptor site-lectin interactions
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A gel filtration technique has been developed for the study of hormone receptor
sites (e.g., insulin, follicle-stimulating hormone, thyroid hormone)'—3. This method
allows the characterization of reversible complex formation between hormones and
their cellular receptor sites or carrier proteins. It has aiso been applied to the fixation
of drugs to plasma proteins*.

Similarities exist between some hormone receptor sites and the Iectm_ sites:
membrane localization, glycoprotein structure®®. For instance, it has been observed
that the binding of concanavalin A and wheat germ agglutinin to adipocyte insulin
receptors induces the same intracellular metabolic modificatiors as the hormone”.

Consequently, a2 method derived from hormone receptor studies has been
adapted to lectins. Some parameters of the lectin—receptor site binding have been
determined. Glycoprotein materizal, released and solubilized from the outer surface of
normal human lymphocytes was used so as to avoid all possible interacticns with the
vicinal membrane components. Some of these results are compared with those obtamed
with intact lymphocytes.

MATERIALS AND METHODS o

The studied macromolecules were obtained from normal human lymphocytes
as previously described®. Sephadex G-200 (Pharmacia, Uppsala, Sweden) was swollen
in two different buffers, namely: A, 0.05 M Tris-HCI, pH 7.5; and B, 0.05 M Tris—
HCI (pH 7.5) + 0.1 M lactose. The gel was poured into either an analytical glass
column (65 X 1 cm) or 2 preparative one (100 x 2.2 cm). The lectin Ricinus communis
(var. sanguineus) aggiutinin (RSA 120), prepared in the laboratory in @ homogeneous
state, was labelled with ['*Clacetic anhydride, according to the method of Miller and
Great’, and repurified by gel filtration on a Sephadex G-200 column (100 x 2.2cm)" -
in buffer A. After concentration the biological activity of the lectin, i:e., the erythrocyte .
agglutinating activity, is maintained. Aliquots of the labelled lectin were stored at -
--20° and thawed before each experiment. The homogeneity of the preparation was
contrelled by polyacrylamide gel electrophoresis with or without sodium dodecyl

sulphate according to Davis'® or Rodbard and Chrambach'?, r&cpectwely A specific
cotivity of 8 X 10° cpm per mg of protein was obtained.

The determination of the binding parameters on intact Iymphocytes was
¢ :rformed according to the method of Sharif ef al.*2
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The radioactivity content of the fractions was <ounted in an Intertechnique
spectrometer with ACS (Amersham-Searle, Amersham, Great Britain) as scintiilation
cocktail. Results were plotted according to the method of Scatchard®>.

RESULTS

Evidence for the presence of lectin receptor sites in a solution

A mixture of the solubilized membrane material and ['*C]RSA 120 was applied
on a Sephadex G-200 column and eluted with buffer A. The shift of a part of the *C
radioactivity towards higher molecular weights suggested the formation of a complex
between the receptor sites and lectin. The complex was eluted in the void volume of the
column, determined by blue dextran exclusion, while free lectin was rctained as the
lectin alone (Fig. 1).

cpm
500 BD RS A
] ¢
s
& \.
4 \
Nl
| A
\
300 H \
v/ \
- / \
. \."., \'\
-
.. \
~
.l .
/ LW
1004 &
o
40 60 80
Fractions

Fig. 1. Sephadex G-200 filtration (column, 65 X 1 cm) in buffer A of a mixture of ["“CJRSA 120
(7250 cpm) and solubilized surface material (120 ug protein). Fractions of 0.5 m! were collected and
counted for their *C content as described in Materials and methods. BD = Blue Dextran.

Study of the inhibizion of the lectin binding

When the same experiment was done in buffer B, the presence of lactose, which
is a haptenic inhibitor of RSA 120, prevented the complex formation and all the
[1*C]llectin emerged from the column within the normal elution volume (Fig. 2). The
formation of a specific complex between RSA 120 and lymphocyte-solubilized recepior
sites was thus demonstrated.

Determination of binding parameters

Since the specificity of the binding has been demonstrated, a series of zel
filtrations was performed using a constant amount of solubilized material :nd
increasing amounts [**C]JRSA 120. The amounts of bound and unbound radioacti: ity
determined from the elution patterns and plotted according to Scatchard allowed ae
calculation of the affinity constant and the amount of lectin bound at saturat-Hn



NOTES 401

cpm
4200
TS
3001 / \
H ~
! \.
200 i\
/ N,
{ «
100 »-,-".'\,-"“‘vm; M\/\j‘
20 60 80

Fractions

Fig. 2. The same experiment as described in Fig. 1 but carried out in presence of buffer B. Before
loading, the sample was incubated with 0.2 Af lactose.

(Fig. 3). The affinity constant of RSA 120 for the lymphocyte-solubilized receptor
sites at 4° was 3.5 X 10° M ~'. If we assumed that the ratio between the amounts of
teceptor site and lectin was 1:1, the amount of solubilized receptor sites could be
determined as 3.4 x 10" sites per ml. Since 2.5 X 107 cells were treated the trypsin
digestion released 1.3 X 10° sites per cell. The determination of the same parameters
with intact lymphocytes gave 2.6 X 10° M ~! for K, and 3 x 107 receptor sites per
cell. The trypsin treatment released only 49/ of the membrane receptor sites.
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Fiz. 3. A plot according to Scatchard of the data obtained from a series of Sephadex G-200 filtrations
re-iormed with a constant amount of solubilized lymphocyte receptor sites and increasing quantities
of “C]RSA 120. Bound (B) and unbound (U) RSA 120 were determined by adding the *C counts
it "7 respective peaks. On the abscissa axis, lectin concentrations are expressed in 10~° M. The data
W 2 processed by the least-squares method.
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The affinity constant for intact cells and solubilized material were similar; thus
the lymphocyte receptor sites exhibited the same behaviour in both cases, and would
react independently of other membrane components.

Purification of solubilized receptor site

This method can be used quantitatively with a large Sephadex G-20C ~<lumn
(100 x 2.2 cm). A pattern similar to Fig. 1 was obtained. The radioactive peak
containing the complexed receptor sites was easily separated from the nonactive mem-
brane components. The labelled lectin should be further removed from the receptor
sites by haptenic inhibitor competition.

DISCUSSION

The gel filtration technique has been widely applied to the study of complex
formation between various interacting components. [t seems to be a very convenient
method for investigating the binding of lectins to solubilized cell receptor sites and
appears more suitable than the usual cellular tests, i.e., haemagglutination, haptenic
inhibition, modification of cell growth, etc.

Some advantages and applications of this method are detailed here:

(1) Only very small amounts of the active compounds are required for these
experiments. About | ug of solubilized lymphocyte receptor sites has been used -for
each gel filtration experiment. This is 100-200 times lower than the quantity needed
for the haemagglutination inhibition tests, which are generally performed to check the
ability of a subsiance to bind to a lectin.

(2) This technique is quantitative and more specific than haemagglutination
tests. Since it is direct, it does not necessitate that the receptor sites studied share the
same carbohydrate determinants as the erythrocyte membrane.

(3) When lymphocyte cultures are performed some parameters are difficult to
handle and control, e.g., cultuie media, presence of calf or autologous sera, pH and
temperature. Moreover, in these cell techniques, large amounts of solubilized active
compounds are needed and limit the use of cell tests.

(4) The lectin—receptor site binding can be easily inhibited. As described, the
presence of a disaccharide inhibitor of the lectin!® in the elution buffer partially or
completely prevents the formation of a complex. Furthermore, the use of substances
labelled with different isotopes allows an investigation of the competition between two
lectins or any other ligand for the same receptor sites.

(5) This method can be used in conditions which are not suitable for cellular
tests: pH, non-isotonic salt concentrations, temperature, presence of detergents which
do not impede the gel filtration. Thus, interactions between RSA 120 and the surface
glycoproteins of Zadjela’s hepatoma cells have been studied in presence of a detergent
(sodium deoxycholate) using this method®>.

These examples demonstrate the simplicity and versatility of this method ‘or
the study of the receptor site-lectin binding. Only the preparation of a pure radio-
labelled lectin is needed. Comparison of the intact cell-lectin binding with the solubili-d
receptor site-lectin binding allows a definition of the nature of this interaction.



NOTES 403
ACKNOWLEDGEMENTS

The authors are very grateful to Drs. Reviron and Robert (Centre de Trans-
fusion Sanguine, Hopital Saint-Louis) and Drs. Masse and Vinci (Centre National de
Transfusion Sanguine, Courtaboeuf-Orsay) for supplying them with blood. They thank
Miss C. Goulut for her expert technical assistance.

This work was supported by grants from the INSERM (CRL No. 76-1-066-3),
the Faculté de Médecine Lariboisiére—Saini-Louis and the Fondation pour la Re-
cherche Médicale Frangaise.

REFERENCES

1 P. Cuatrecasas, Proc. Nat. Acad. Sci. U.S., 69 (1972) 318.

H. Abou-Issa and L. E. Reichert, Jr., J. Biol. Chem., 252 (1977) 4166.

K. R. Latham, J. C. Ring and J. D. Baxter, J. Bigl. Chem., 251 (1976) 7388.

H. Daterman, Gel Chromatography 1969, Springer, Berlin, Heidelberg, New York.

M. D. Hollenberg and P. Cuatrecasas, Fed. Proc., Fed. Amer. Soc. Exp. Biol., 34 (1975) 1556.

M. L. Dufau, E. M. Charreau and K. J. Catt, J. Biol. Chem., 248 (1973) 6973.

P. Cuatrecasas and G. P. E. Tell, Prac. Nat. Acad. Sci. U.S., 70 (1973) 485.

E. Turpin, J. Wantyghem, D. Neel and Y. Goussault, C.R. Acad. Sci., Ser. D, 286 (1978) 363.

T. Miller and H. Great, Biopolymers, 11 (1972) 2533.

B. ). Davis, 4nn. N.Y. Acad. Sci., 121 (1964) 404.

1 D. Rodbard and A. Chrambach, 4ral. Biochem., 40 (1971) 95.

12 A. Sharif, J. Brochier and R. Bourrillon, Cell. Immunol., 31 (1977) 302.

13 G. Scatchard, Ann. N.Y. Acad. Sci., 51 (1949) 660.

14 S. Olsnes, E. Saltvedt and A. Pihl, J. Biol. Chem., 249 (1974) 803.

15 M. Dodeur, F. Nato, M. A. Jacquet, Y. Goussault and R. Bourrillon, 4¢1 International Symposium
on Glycaconjugates, Woods Mole, Mass., 1977.

[SR-N- SN VA RN}

—



