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SUMMARY: Gangliosides inhibit the binding of 125I-labeled luteinizing hormone 
to rat testis membranes. The inhibition is the result of an interaction between 
the hormone and the ganglioside rather than the membrane and ganglioside, and 
the interaction with ganglioside can be detected by fluorescence spectroscopy. 
In both the binding inhibition and fluorescence studies, luteinizing hormone 
recognizes an oligosaccharide sequence on the ganglioside molecule distinct 
from that of thyrotropin, human chorionie gonadotropin, and cholera toxin. 

In previous reports we have suggested that the thyrotropin (TSH)* receptor 

on the thyroid plasma membrane is a complex containing both glycoprotein and 

ganglioside components (i); that the properties of the TSH receptor are derived 

from each of these components (1-4); that the functional transmission of the 

TSH message to the cell machinery requires the presence of both components (1-6); 

and that the role of the gangliosides in transmitting the hormonal message is 

analogous to their role in transmitting the message of cholera toxin to cells 

exposed to this bacterial product (1-12). In the course of these studies the 

existence of sequence analogies between cholera toxin, TSH, LH, hCG, and PSH 

were demonstrated (9, 13). These data (1-13) raised the following possibilities: 

all glycoprotein hormones have a similar receptor structure and a similar mecha- 

nism of receptor interaction; each target organ has in its receptor a specific 

or unique carbohydrate sequence, i.e., one which is different from that on other 

Abbreviations: TSH, thyrotropin; ~, N-acetylneuraminylgalactosylglucosyl- 
ceramide; hCG, human chorionic gonadotropin; LH, luteinizing hormone; FSH, 
follicle-stimulating hormone; GMI , galactosyl-N-aeetylgalactosaminyl-[N-acetyl- 
neuraminyl]-galactosylglucosylceramide; GDIa, N-acetylneuraminylgalactosyl-N- 
aeetylgalactosaminyl-[N-aeetylneuraminyl]-galactosylglucosylceramide; GDIb, 
galaetosyl-N-aeetylgalactosaminyl-[N-acetyl-neuraminyl-N-acetylneuraminyl]- 
galactosylglucosylceramide; GTI, N-aeetylneuraminylgalactosyl-N-acetylgalac- 
tosaminyl-[N-acetylneuraminyl-N-acetylneuraminyl]-galactosylglucosylceramide. 
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target organs; the interaction of the appropriate hormone with this oligosaccha- 

ride results in a conformational change in the hormone such that its a subunit 

is placed in a position favored for membrane interaction and adenylate cyclase 

stimulation in that particular target tissue. 

A recent study of ganglioside inhibition of hCG binding to testis membranes 

(14) provided preliminary support for these hypotheses. Additional support is 

provided by the present report which examines (i) the ability of various ganglio- 

sides to inhibit LH binding to rat testis membranes, (ii) the nature of the 

ganglioside-LH interaction, and (iii) the ganglioside composition of rat testis 

membranes. 

MATERIALS AND METHODS 

Rat testis membranes were prepared as previously described (14, 15). Bovine 
LH was a gift of Dr. John Pierce, University of California at Los Angeles; 12SI- 
LH was prepared by adapting procedures used to iodinate TSH (16). 12SI-LH bind- 
ing to rat testis membranes was assayed by a filtration technique already de- 
scribed (7, 16, 17). In addition to the agents tested for their ability to in- 
fluence binding, the assay contained in a lO0-vl volume 0.025 M Tris-acetate, 
pH 6.0, 0.6% bovine serum albumin, approximately 150,000 cpm (2 x 10 -9 M) 12sI- 
labeled LH, and 7 vg of membrane protein. The amount of plasma membranes used 
was within the linear phase of binding when evaluated as a function of membrane 
protein concentration; the incubation was carried out at 0 = for 2 hours. To 
insure that the binding and the inhibition of binding measured in these assays 
were specific, control incubations containing 1.5 x 10 -5 M unlabeled LH or no 
membranes were included in each individual assay. 

Gangliosides GMI , GM2 , GDIa, GDIb, and GTI were obtained as previously de- 
scribed (7, 8, 14, 18, 19). Each ganglioside used in these experiments was at 
least 99% pure after rechromatography. Gangliosides were quantitated by their 
sialic acid content using a micromodification of the resorcinol method of 
Svennerholm (20). 

Gangliosides were extracted from rat testis membranes by the method of Yu 
and Ledeen (21). Thin-layer chromatography and quantitation of sialic acid were 
carried out as previously described (19). 

Fluorescence measurements were carried out at 25 ° ± 0.I0 ° using the method- 
ology previously described for studies of ganglioside-TSH interactions (7). LH 
concentrations are based on their absorbance at 276.5 nm using an EM = 12,100 
liter/mole per cm. This extinction coefficient was calculated from the amino 
acid composition of LH (22) assuming a contribution of 1,500 for each tyrosine 
(23, 24) and 145 for each disulfide bond (24). Protein was assayed using a 
colorimetric procedure (25) including crystalline serum albumin as the standard. 

RESULTS 

Gangliosides Inhibit LH Binding--Gangliosides inhibit the binding of 

125I-labeled LH to rat testis membrane preparations (Fig. i). Their ability 

to inhibit LH binding (GTI > GDI b >> GDI a > GM 1 > GM2) is distinct from their 
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FIG. i. Ganglioside inhibition of IZSI-LH binding to rat testis membranes. 
Binding was for 2 hours, at 0 °, and in 0.025 M Tris-acetate, pH 6.0. 

ability to inhibit TSH binding to bovine thyroid membranes (GDI b > GTI > GMI > 

GM2 > GDI a) (7, ii, 12) and hCG binding to rat testis membranes (GDI b > GDI a > 

GDI b > GM2 > GMI ) (14). In addition, the pattern of inhibition is remarkable 

in that the gangliosides can be grouped into two classes, one with high inhi- 

bitory effect (GTI , GDIh) and one with low inhibitory effect (GDIa, GMI , GM2); 

this is quite different from the ganglioside inhibition pattern of TSH and hCG 

binding which appears more evenly spread (7, 14). Ganglioside inhibition of LH 

binding shares a greater similarity with ganglioside inhibition of TSH binding 

to thyroid membranes (7) than with the inhibition of hCG binding to the testis 

membranes (14). For example, GDI a is a poor inhibitor of LH and TSH binding and 
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TABLE I. Effect of preincubation of membrane and ganglioside on inhibition of 

125I-LH binding to rat testis membranes a 

Experi- 

ment Preincubation components 

% 

inhibition 

None . . . . . . . . . . . . . . . . . . . . . . . . . . .  82 

Membranes + 125I-LH .................... 82 

Ganglioside + 125I-LH ................... 81 

Ganglioside + membranes without centrifugation before assay 82 

Ganglioside + membranes followed by centrifugation before 

assay . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

a 
In the control experiment where no preincubation was performed (experi- 

ment i), all components (membranes, gangliosides, and 12SI-LH) were added within 
i0 seconds, mixed, and incubated for a total of 2 hours prior to filtration. 
In experiments, 2, 3, and 4, the noted components were preincubated in assay 
buffer for 15 minutes before the missing component, ganglioside, membranes, 
and 125I-LH, respectively, were added; the binding assay then proceeded for 
2 hours before filtration. In experiment 5, after the ganglioside and mem- 
branes were preincubated for 15 minutes, the mixture was centrifuged at 12,000 
x g for 15 minutes to sediment the membranes. The membranes were then resus- 
pended in buffer, and the missing component, 12SI-LH, was added. The ganglio- 
side preparation used in these experiments was a mixed preparation (from bovine 
brain) containing 47% GDIa, 25%o GTI, 16%o GDIb, and 12% GMI; 70 nmol were added. 
In addition to serving as a control for experiment 5, experiment 2 shows that 
gangliosides can "chase" bound LH off the membrane. Preincubation and binding 
were at 0 °. 

a potent inhibitor of hCG binding. Last, comparable inhibition of LH binding is 

achieved by lower concentrations of gangliosides than are necessary to demonstrate 

the inhibition of TSH and hCG binding [Fig. 1 and (7, 14)]. 

Ganglioside-LH Interaction--125I-LH binding is not inhibited by ganglio- 

sides when membranes are preincubated with gangliosides and gangliosides are 

subsequently removed by centrifugation (Table I), i.e., ganglioside inhibition 

of LH binding does not appear to be the result of a ganglioside-membrane inter- 

action. In contrast, 125I-LH is more rapidly eluted from Sephadex G-100 columns 

(data not shown) after being preincubated with mixed brain gangliosides. The 

implication of this experiment, that gangliosides can interact with LH, is 
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FIG. 2. Effect of gangliosides on the fluorescence of LH in 0.02 M Tris- 
acetate, pH 7.5, at 21 °. The final concentration of LH is 2 ~M. 

confirmed by fluorescence studies (Fig. 2) which show that the interaction of 

the gangliosides with LH is similar to the interaction of the gangliosides with 

TSH or hCG, i.e., as is the case for TSH (7) and hCG (14), there is a good corre- 

lation between changes in hormone fluorescence caused by individual gangliosides 

and the relative efficacy of inhibition. 

Ganglioside Content of Rat Testis Membranes --Rat testis membranes contain 

2.5 nmol of lipid-bound sialic acid per mg membrane protein, of which approxi- 

mately 15% is GM3 and the remainder is higher-order gangliosides (Fig. 3). The 

higher-order homologs include gangliosides with the chromatographic properties 

of authentic GM2 , GDIa, GDIb, and GTI. The ganglioside pattern of rat testis 

membranes is distinct from that of both rat (5) and bovine thyroid membranes (7) 

similarly extracted and analyzed. 

DISCUSSION 

The present report demonstrates that higher-order gangliosides exist in rat 

4 3 8  



Vol. 77, No. 1, 1977 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

GM3-"  " .... ~;~ 

GM2--" " ~  

GM1 

4 

" *--GDlb 

STANDARD RAT TESTES STANDARD 

FIG. 3. Thin-layer chromatogram of gangliosides from rat testis membranes. 
Preparation of rat testis membranes and extraction of gangliosides were performed 
as described (see "Materials and Methods"). Visualization is by resorcinol 
reagent (see "Materials and Methods"). 

testis membrane preparations; that gangliosides inhibit LH binding to testis 

membranes; that the efficacy of inhibition by each individual ganglioside 

correlates with its ability to cause a distinct perturbation in the intrinsic 

fluorescence of the LH molecule; and that the ability of gangliosides to inhi- 

bit LH binding is distinct from the ability of gangliosides to inhibit hCG 

binding to the same membrane preparations or TSH binding to thyroid membrane 

preparations. In short, the present study of the LH receptor presents evidence 

analogous to that which led to the suggestion that a ganglioside is a component 

of the TSH receptor (1-9, ii, 12) and that there exists within the receptor 
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structure a critical oligosaccharide determinant which, by imposing a unique 

conformational change in the hormone molecule, allows appropriate propagation of 

the hormonal message (1-9, ii, 12, 14). This report thus supports the hypo- 

thesis (i) that there is a structural relationship among the receptors for the 

glycoprotein hormones and (ii) that the oligosaccharide determinant in the 

receptor structure is a key element in the target organ specificity exhibited by 

glycoprotein hormones (14). 

Membrane preparations from different target organs appear to have distinc- 

tive ganglioside patterns on thin-layer chromatograms [Fig. 3 and (5, 7)] and 

have different amounts of the identifiable higher-order ganglioside components. 

Nevertheless, each membrane preparation contains ganglioside components with the 

chromatographic mobility of GDI b and GTI, i.e., the gangliosides most effective 

as inhibitors of binding in each case studied, LH, hCG, and TSH (7, 14). The 

question therefore arises as to how gangliosides contribute to target organ 

specificity. Several possibilities exist. First, there can be gangliosides 

which are unique to each target tissue, which are the key determinants, and 

which are structurally related to GDI b and GTI. This possibility has been 

raised by the identification of a minor component of the ganglioside fraction in 

bovine thyroid tissue with an even better ability to inhibit TSH binding (on a 

molar basis) than GDI b (26). Second, minor changes in linkages between the 

oligosaccharide sugar moieties or even sugar substitutions (27, 28) could in- 

fluence ganglioside-hormonal interactions and target organ specificity. These 

and other possibilities, i.e., differences in interactions between glycoprotein 

and glycolipid membrane components and differences in other membrane components 

which could influence these interactions or membrane fluidity, are under inves- 

tigation in order to define the role of the ganglioside in the message trans- 

mission process and in adenylate cyclase stimulation. 
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