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SUMMARY: 125 I-labeled tetanus toxin interacts with the glycoprotein component 
of the thyroid thyrotropin receptor when this component is in solution or when it 
is incorporated into a liposome. Binding can be inhibited by both unlabeled thyro- 
tropin and tetanus toxin but not by unlabeled prolactin, glucagon, insulin, ACTH, 
or growth hormone; binding can also be inhibited by a purified fragment of the 
glycoprotein component of the receptor. Changing the phospholipid of the liposome 
matrix from dipalmitoyl phosphatid lcholine to dioleoyl phosphatidylcholine signi- 
ficantly increases the bindin 
receptor but does not affect f2g:-Letaks 

251 TSH to the glycoprotein component of the 
toxin binding. 

Recent studies suggest that the TSH 11 receptor on thyroid plasma membranes 

is composed of two components, a glycoprotein and a ganglioside (l-11) and that 

both components are necessary for message transmission. Other studies show that 

tetanus toxin interacts with thyroid plasma membranes (12) and that the properties 

of this interaction closely resemble the properties of TSH interacting with the 

TSH receptor. In addition TSH inhibits tetanus toxin binding to thyroid membranes 

(11); tetanus toxin does not bind to membranes of a thyroid tumor with a TSH re- 

ceptor defect (13); and tetanus toxin stimulates thyroid hyperfunction in mice 

(13). The implication of these results is that tetanus toxin has a receptor struc- 

ture analogous to that of TSH. 

In the present report we show that tetanus toxin interacts with the glyco- 

11 Abbreviations: TSH, thyrotropin; LIS, lithium diiodosalicylate; GM~, N-acetyl- 
neuraminylgalactosylglucosylceramide; GDlb, galactosyl-~-acetylgalactosaminyl- 
[N-acetyl-neuraminyl-N-acetylneuraminyl]-galactosylglucosylceramide; DNS, l-di- 
methylaminonaphthalene-5-sulfonate; PC, phosphatidylcholine; ACTH, adrenocortico- 
trophic hormone. 
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protein component of the bovine thyroid TSH receptor when it is incorporated with- 

in an artificial bilayer (liposome) or when direct interactions are measured using 

solubilized preparations of the glycoprotein component. In addition, we show 

that alteration of the fatty acid side chains in the major phospholipid compon- 

ent of the lipid bilayer, p hosphatidylcholine, can alter the expression of the 

binding activity exhibited by this glycoprotein component. The implications of 

these results are discussed insofar as they concern the structure and function 

of the tetanus toxin receptor and the ability of lipid components within the 

membrane to modulate receptor expression. 

MATERIALS AND METHODS 

Purified preparations of bovine TSH and 125 I-TSH were obtained as previous- 
ly described (14, 15) as were the bovine thyroid plasma membranes (5, 15), tetanus 
toxin and 1251-labeled tetanus toxin. (12, 13). 

Sialic acid residues on the glycoprotein component of the thyroid plasma 
membranes were tritiated by sequentially exposing the membranes to a mild perio- 
date oxidation procedure and to sodium borotritide (9). Solubilization of the 
plasma membranes with lithium diiodosalicylate (LIS) and tryptic digestion of the 
solubilized receptor preparation was as previously described (5-7, 11). Purifica- 
tion of the fragment of the glycoprotein component of the TSH receptor used a mod- 
ified procedure21 from that previously detailed (5, 6) but yielded a preparation 
with identical properties and characteristics, i.e. a singly banded component on 
disc gels with specific TSH binding activity. 

Liposomes were prepared by a procedure similar to that previously described 
(9, 16, 17).with the exception that the LIS solubilized receptor preparation or 
gangliosides were added in 0.02 M trisacetate at pH 7.0; control liposome prepar- 
ations were prepared by adding buffer alone. The final pellet was suspended in 
500 ul of 0.02 M trisacetate, pH 7.0, and stored at 4". Liposomes were quantita- 
ted using a Coulter counter, Model ZBl, with lower and upper thresholds set at 
10 urn and 100 urn, respectively; 
5 X lo5 particles per 50 ul. 

liposomes were diluted prior to the assay to yield 
The gangliosides used in this report were obtained, 

characterized and quantitated, as previously reported (7, 9). Synthetic dipalmitoyl 
DL-a-phosphatidylcholine, synthetic dioleoyl L-a-phosphatidlycholine and cholesterol 
were obtained from the Sigma Chemical Company. 

125 
I-labeled TSH and 

125 
I-labeled tetanus toxin binding to plasma membranes 

was assayed using a filtration technique previously described (9-16). In addition 
to the agents tested for their ability to influence binding, the standard incuba- 
tions contained in a loo-u1 volume 20 mM Tris-acetate at pH 6.0, 0.6% bovine 
serum albumin, 5O,ODO-100,000 cpm of 1251-labeled tetanus toxin or TSH (5-lOnM), 
and either the specially noted concentration of liposomes or a concentration 
previously described to be within the linear phase of binding. To insure the 
specificity of binding and the specificity of inhibition, control incubations 
contained unlabeled TSH (10 PM) or tetanus toxin (7 uM) with or without membranes. 

Dansyl-labeled TSH was prepared as previously described (18); dansyl-labeled 

21 Lee, G. (1978) Fed. Proc. 21, 1829. 
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Fig. lA Binding of 
125 

I-tetanus toxin to control liposomes (A-A) or to liposomes 
containing GDlb (a-0); the glycoprotein component of the bovine thyroid TSH recep- 
tor (em); or GM~ (U-U>. Liposomes were formed as detailed in Materials and Methods. 
The glycoprotein component was obtained by solubilizing bovine thyroid membranes 
with 0.l.M lithium diiodosalicylate (LIS) (5-7, 11); the LIS supernate was dialyzed 
against 3 changes of 0.02M tris acetate, pH 7.0 before incorporation. This prepar- 
ation contains less than 0.5 nanamole of gangliosides per mg protein (11). The 
liposome preparation is analogous to that described in Table 1 for dipalmitoyl PC 
liposomes, i.e. contained approximately 110 ug of the LIS preparation per 9.5 umoles 
of phospholipid; the liposomes contained no detectable gangliosides even when ana- 
lyzed using sialic acid labeled preparations (See Table 1). The GDlb and GM3 lipo- 
somes contained approximately 1.0 umole of ganglioside per 9.5 umoles of phospholipid 
(16) - Binding was assayed as detailed in Materials and Methods; 50 ul of liposomes 
contain 5 X lo5 particles. 
Fig. 1B Binding of lz5 I-tetanus toxin to the same liposomes as in Fig. 1A but in 
the presence of the noted unlabeled hormones or toxin. 
Fig. 1C Effect of unlabeled TSH on 1251-tetanus toxin binding to liposomes con- 
taining the glycoprotein receptor component (See Fig. 1A). Liposomes were made 
using dipalmitoyl phosphatidylcholine or dioleoyl phosphatidylcholine as the 
phospholipid "matrix" (see also Table 1 and Fig. 2). The dipalmatoyl PC liposomes 
would be analogous to those in Fig. lA 

135 
lB, and 1D. The insert demonstrates the 

effect of unlabeled tetanus toxin on I-TSH binding. All experiments used 30 ul 
of the liposome preparation containing 3 X lo5 particles. 
Fig. 1D Effect of a purified fragment of the glycoprotein component of the 
receptor on the binding of 1251-tetanus toxin (8-l) or lz51-TSH (o-o) to liposomes 
containing the intact glycoprotein component (see Fig. 1A). The fragment was pre- 
pared as described in Materials and Methods and references 5 and 6. Conditions 
were the same as in Fig. 1C. 
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tetanus toxin was prepared by the same procedure. As previously noted (17), 
dansyl-labeled TSH behaved in a fashion effectively identical to unlabeled TSH 
insofar as binding to membranes was concerned. Dansyl tetanus toxin also behaved 
like its native counterpart insofar as binding was concerned and had the same 
neurotoxic activity as the native toxin (unpublished data). Fluorescence 
measurements were made as previously described (18). 

RESULTS 

Tetanus toxin, like TSH, interacts with gangliosides when they are imbedded 

in liposomes (Fig. 1A). Tetanus toxin can also interact with the glycoprotein 

component of the TSH receptor when it is incorporated into a liposome (Fig. 1A). 

In both cases, the binding is specific in that it is not inhibited by insulin, 

glucagon, ACTH, prolactin or growth hormone (Fig. 1B) whereas binding can be 

prevented by unlabeled tetanus toxin. Unlabeled TSH inhibits 125 I-labeled tetanus 

toxin binding to the glycoprotein component of the TSH receptor (Fig. 1C) and 

unlabeled tetanus toxin inhibits 
125 

I-TSH binding (Fig. 1C insert). 

Tryptic digestion of the glycoprotein component of the TSH receptor yields 

a 24,000 molecular weight receptor fragment which retains specific TSH binding 

activity, (5, 6). As noted in Figure lD, a purified preparation of this fragment 

can inhibit tetanus binding to the glycoprotein receptor component of the thyroid 

TSH receptor when the component is incorporated into a liposome. 

When dipalmitoyl phosphatidylcholine is the phospholipid of the liposome, 

tetanus toxin binding is equal to or better than TSH binding (Fig. 2A). In con- 

trast, when dioleoyl phosphatidylcholine is the phospholipid component of the 

liposome, TSH binding is 2-3 fold better than tetanus binding (Fig. 2B). This 

apparent selectivity cannot be accounted for on the basis of a difference in the 

amount of the glycoprotein component incorporated in the liposome nor on the basis 

of any difference in the size of the liposome or the number of liposomes added to 

the assay (Table 1 and Fig. 2). In each case, binding exhibits the same specifi- 

city as noted in Figure 1B and 1C above. 

The interaction of tetanus toxin and TSH with the glycoprotein component of 

the bovine TSH receptor can also be monitored directly using dansyl-labeled deri- 

vatives of the toxin and hormone (Fig. 3). The interaction of dansyl-TSH with the 

glycoprotein component is specific in that it is not prevented by the presence 
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2 Fig. 1251-TSH and 1251-tetanus toxin binding to liposomes containing the glyco- 
protein component of the bovine TSH receptor (See Fig. 1A for details). In A, 
liposomes were made with dipalmitoyl phosphatidylcholine as the phospholipid matrix; 
in I& it was dioleoyl phosphatidylcholine. In each case, 50 ul of the liposome 
preparation contained 5 X lo5 particles; further characterization of each liposome 
is summarized in Table 1. 

of nondansyl-labeled prolactin, growth hormone, or insulin but can be prevented 

by nondansylated TSH. Of note, however, is that the dansyl TSH fluorescence 

change can be prevented by unlabeled tetanus toxin; that the dansyl-tetanus toxin 

change can be prevented by nondansyl-labeled TSH; and that nondansyl-labeled 

TSH can reverse the dansyl-tetanus toxin perturbation. In short, the interaction 

of the glycoprotein component of the TSH receptor with TSH can be prevented by 

tetanus toxin and, inversely, the interaction of the glycoprotein component with 

tetanus toxin can be prevented by TSH. 

DISCUSSION 

The present report shows that tetanus toxin can interact with a glycoprotein 

component of the thyroid membrane whether in solution (Fig. 3) or in a lipid bi- 

layer akin to a membrane (Fig. 1). In addition, the data indicate that the 
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Fig. 3 Effect of the glycoprotein component of the receptor (thryoid LIS prepara- 
tion) on the relative fluorescence of Dansyl(DNS)-TSH (0.6 uM) or dansyl(DNS)-tetanus 
toxin (1.3 urn) in the presence or absence of the noted nondansylated (unlabeled) 
hormone 

i? 
or toxin. Unless specified, the nondansylated effecters were present at 

5 x lo- M concentrations. Conditions are detailed in References 16-18. 

TABLE I. Incorporation of protein and carbohydrate from the LIS solubilized TSH 
receptor into dipalmitoyl PC and dioleoyl PC liposomes correlated with the ability 
of the liposomes to bind 1251-TSH and 1251-tetanus toxin 

LIS Tritiated Tritiated 
protein sialic acid sialic 
added to added to Protein acid 1251-TSH 1251-tetanus 

Phospholipid lipid lipid incor- incor- bound toxin bound 
in liposomes film a film b porated porated (per 3 x lo5 particles)o 

p9 epm p9 "Pm CPm cpm 
Dipalmitoyl PC 1,000 1,000,000 109 127,000 9,000 12,500 

Dioleoyl PC 1,000 1,000,000 111 125,000 37,000 8,500 

a See legend to Fig. 1 and "Materials and Methods" for procedural details. 
b Sialic acid-containing components in the membrane were labeled with tritium as 
detailed in "Materials and Methods." The tritiated membranes were solubilized 
with lithium diiodosalicylate as described; radioactivity was both TCA-pre- 
cipitable and neuraminidase-sensitive. The labeling procedure did not affect 
interactions with TSH or tetanus toxin. 

c Particles determined by Coulter counter analysis. Size distribution was the 
same, independent of the protein content. 
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tetanus toxin interaction is with the same glycoprotein component as is the TSH 

interaction since the two agents are mutually inhibitory in both liposome and 

fluorescence studies. Our conclusion, that tetanus toxin is interacting with 

the glycoprotein component of the TSH receptor, is supported by the observation 

that a purified fragment of the glycoprotein component of the TSH receptor is 

capable of inhibiting tetanus toxin binding. Last, the current report presents 

an important observation by demonstrating that receptor expression may be regu- 

lated by the phospholipid components of the membrane bilayer and even by the 

fatty acid component of these phospholipids. 

The implication of these observations is threefold. First, although current 

studies of tetanus toxin interactions with neural tissue implicate gangliosides 

(19-21) as a component of the tetanus toxin receptor, the possibility is raised 

that the tetanus receptor on neural tissue might also involve a glycoprotein 

receptor component. Second, membrane phospholipid content could regulate tetanus 

toxin sensitivity. Third, despite structural similarities between receptors for 

glycoprotein hormones, toxins, and interferon (l-4), the phospholipid composition 

of a membrane could modulate its sensitivity to a particular one of these agents. 

The possibility that the tetanus toxin receptor contains a glycoprotein component 

is not inconsistent with recent literature observations; i.e. membrane sialoglyco- 

proteins with oligosaccharide moieties similar to gangliosides have been observed 

(22, 23). The possibility that a glycoprotein component is involved in the tetanus 

receptor in neural tissue is under current investigation. 
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