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SUMMARY: !lhe desialylated human chorionic gonadotropin a- and B-subunits 
were combined with their native complementary subunits and the thyrotropic 
activities of the recombinants were compared to those of native and desia- 
lylated human chorionic gonadotropin using human thyroid membranes. All 
the combined forms interacted with the thyrotropin receptor-adenylate 
cyclase system, but only those with sialic acid residues present on the 
a-subunit were able to activate the enzyme. These data support the concept 
that the a-subunit contains the domain through which this hormone activates 
adenylate cyclase. 

INIRClWCTIcN: The combination of two dissimilar, noncovalently linked subunits, 

designated a and 6, makes up the structure of the human chorionic gonadotropin 

(hOS)l molecule. Eoth subunits are glycosylated (1,2); the a-subunit contains 

two Asn-linked oligosaccharide chains, whereas the B-subunit contains two Asn- 

linked and four Ser-linked oligosaccharide chains, the latter being in the 

carboxyl terminal region. Sialic acid residues are present in both the aspa- 

raginyl and the seryl oligosaccharides. By interacting with membrane receptors, 

hG stimulates not only gonadal function, but also thyrotropic function (3). 

Purified hOS inhibits the binding of thyrotropin (TSH) to thyroid membranes and 

stimulates the adenylate cyclase therein (4,5). While it is well established 

that combination of the two subunits is required for the several biological 

activities intrinsic to hCG (6-8), relatively little is known of the structural 

kbbreviations: hCG or a:6, human chorionic gonadotropin; 'ISH, thyrotropin; 
a, native hOG *subunit; 6, native hG B-subunit; asa, desialylated hCIS 
a-subunit; as6, desialylated hCG b-subunit; asa:asg, desialylated ha;; 
a:as6, native a combined with desialylated 6; asa:6, desialylated a combined 
with native 6. 

0006-291X/82/210146-06$1.00/0 
Copyrighf 0 1982 by Academic Pres, Inc. 
All rights of reproduction in any form reserved. 146 



Vol. 109, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

domains that elicit its biological effects. Sialic acid residues are not essen- 

tial for the gonadotropic activity of hCG (9); in contrast, their removal greatly 

enhances the affinity of this hormone for the TSH receptor (10) and leads 

to a molecule which behaves as a qtitive antagonist of ?SH at the ISH 

receptor-adenylate cyclase system in human thyroid membranes (11). Thus, 

while the intact hG molecule (a: 6) contains a structural domain(s) that 

activates thyrotropic function, the desialylated hOG molecule (asa:asg) does 

not. This observation indicates that the carbohydrate moieties of ha play a 

key functional role in the interactions yielding activation of thyroidal 

adenylate cyclase. We performed the present study to determine which of the 

hG subunits contains the carbohydrate domain that determines the ability of 

hG to activate thyroidal adenylate cyclase. 

MAmIALs Alal METHa: Desialylated a (asa) and desialylated B (asB), 
obtained by neuraminidase treatment (12) of the highly purified hcG subunits, 
were recombined with each native ccnnplementary subunit by incubation in 0.1 M 
NH4HCO3 (pH 7.9) for 24 hr at 4OC. The recanbinant hCGmolecules, (asa:b) 
and (a:asg), were purified based on their testis receptor binding activity 
(13) by gel-Hl?I.C using one TSK-SW 2000 and two TSK-SW 3000 columns (Beckman 
Instruments, CA) in series. Amino acid composition analyses of the reccmbi- 
nants were in close agreement with those of native hG. Crude plasma memb- 
ranes were prepared from human thyroid tissue( 14) and adenylate cyclase 
activities were determined as previously described (15). 

RESDDIS AND DISCUSSICN: The a: f3 molecule activated thyroidal adenylate 

cyclase in a dose-dependent manner, while the recombinant asa:b molecule 

produced no activation of the enzyme (Fig. 1). Similarly, a:asg stimulated 

adenylate cyclase activity in a dose-dependent manner; while asa:asg did not 

(Fig. 1). Hence, the presence of sialic acid residues on the a-subunit is 

necessary for thyrotropic activity whichever B-subunit is present. Dowever, 

such activation requires combination of subunits since the uncombined a and 6, 

either native or desialylated, were inactive (Fig. 1). 

Like a: 6, a:asg activated thyroidal adenylate cyclase; whereas 

asa:p, like asa:asB, did not; thus, the presence of sialic acid residues 

on the K-subunit is neither necessary nor sufficient for the activation of 

this enzyme. At a concentration of 2 x 10B5 M, a:asg elicited 22% of the 

maximal stimulation observed with bovine TSH (7.1 x 10-9 M), while a:K 
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Fig. 1. Stimulation of adenylate cyclase activity by hCG and its 
derivatives. hzyme activity was measured in the presence of various 
concentrations of intact hG (a:@), desialylated hC?S (asa:asg), 
hG a-subunit (a), hCG B-subunit (I$), desialylated hC.3 a-subunit (asa) 
desialylated hG B-subunit (asg) and the reccrnbinant molecule (asa:B) 
or (a:asg). Each point indicates the mean of four replicates with an 
overall coefficient of variation of 1%. The data are expressed in 
terms of percent of maximal activity (7.1 x 10eg M bovine 'ISH). 

elicited 10% of maximal stimulation (Fig. 1). !Lhis suggests that a:asS iS 

intrinsically more active than a:S, and therefore that the removal of 

sialic acid residues from the S-subunit enhances the intrinsic thyrotropic 

activity of hG. Ran-oval of several amino acid residues from the carboxyl 

terminal region of the b-subunit is also associated with an enhancement of 

thyrotropic activity (16). These observations indicate that alterations in 

the B-subunit structure can bring about conformational changes in the dimer 

that modulate its function (17), but that neither the sialic acid nor the 

several amino acid residues of the carboxyl terminus are required for thy- 

rotropic activity. 

Qlr observation that the recombinant asa:S molecule did not stimulate 

adenylate cyclase activity does not imply a lack of interaction with the TSH 
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Fig. 2. Inhibition of TSH stimulated adenylate cyclase activity by 
hGti its derivatives. 
dose of mzp activity stimulated by a submaximal 

bovine TSH (2.3 x 10 M) was measured in the presence of 
various concentrations of intact hCG (a:B), desialylated h05 (asa:asg), 
ha; a-subunit (a), hCE B-subunit (B), desialylated ha; a-subunit (asa) 
desialylated hC?S B-subunit (asg) and the re&inant molecule (a:asg) 
or (asa:@). Each point indicates the man of four replicates with an 
overall coefficient of variation of 7%. The data are expressed in 
term of percent of initial activity obtained with bovine TSH alone. 

receptor-adenylate cyclase system. Indeed, asxasg does not stimulate 

adenylate cyclase, but nevertheless interacts with the TSH receptor and thereby 

produces competitive antagonism of adenylate cyclase activation by TSH (11). 

Accordingly, we examined the effects of increasing concentrations of hOS and 

its various derivatives on adenylate cyclase activity as stimulated with a 

submaximal dose of bovine TSH (2.3 x 10mg M). Wa found that TSH stimulation 

of adenylate cyclase activity was inhibited in a dose-dependent manner by the 

ccinbined subunits, regardless of the presence or absence of sialic acid (Fig. 2). 

Ibus, all of the combined forms of hOG, but none of the uncombined subunits 

interacted with the TSH receptorklenylate cyclase system, and those combined 
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forms lacking sialic acid residues on the a-subunit exhibited no intrinsic 

activity. The fact that the agonist mlecules, a: 8 and a:asg, are capable of 

inhibiting TSH stimulation of adenylate cyclase activity is anticipated from the 

relatively low intrinsic activities exhibited by these two hormones (Fig. 1); 

that is, they behave as typical partial agonists (18). 

The asa:ase, asa:B and a:asg molecules were more ptent than the a:@ 

molecule in inhibiting !tSH stimulated adenylate cyclase (Fig. 2), suggesting 

that the removal of sialic acid residues from either subunit actually enhances 

the affinity of the interaction of hOG with the !lSH receptor. 01 the other 

hand, the uncombined subunits, either native or desialylated, did not inhibit 

!EH stimulation of adenylate cyclase (Fig. 2). Thus, the ability of the 

hormones to interact with the TSH receptor-adenylate cyclase system is confer- 

red by combination of the two subunits , and does not require sialylation; 

while the ability of the hormones , once interacting with the receptor, to 

bring about the conformational change in the receptor that results in acti- 

vation of adenylate cyclase is dependent on sialylation of the a-subunit. 

previous modifications of the a-subunit have resulted in a loss of thy- 

rotropic activity, but the effect has been attributable to a decrease in 

binding of hormone to receptor (19,20). Cur data clearly show, for the first 

time, a modification of the a-subunit which affects the intrinsic activity 

without decreasing the binding to the TSH receptor. That the effect is brought 

about by such a subtle change in the a-subunit structure argues for the concept 

that the a-subunit rather than the B-subunit contains the domain through which 

hG activates thyroidal adenylate cyclase. Bvine !EH and human luteinizing 

hormone, both of which stimulate thyroidal adenylate cyclase (5,15), have been 

reported to contain contain terminal sulfate, rather than sialic acid, on 

their a-subunit carbohydrate side chains (21); Qznparison of the structures 

of these various agonists suggests the hypothesis that activation of thyroidal 

adenylate cyclase by glycoprotein horn-ones might involve negative charges and 

that these can be carried by either sialic acid or sulfate groups in the 

carbohydrate chains of the a-subunit. 

150 



Vol. 109, No. 1, 1982 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

ACKNCWLEIXZIENIS: We wish to thank Dr. B. Weintraub for his helpful comments 
concerning this manuscript. 

REFERENCES 

1. 

2. 

3. 
4. 

5. 

6. 
7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 
16. 

17. 

18. 

19. 

20. 
21. 

Kessler, M.J., Reddy, M.S., Shah, R.H. and Bahl, O.P. (1979) J. Biol. 
Chem. 254, 7901-7908. 
Kessler, M.J., Mise, T., Ghai, R.D. and Bahl, O.P. (1979) J. Biol. &em. 
254, 7909-7914. 
Nisula, B.C. and Ketelslegers, J-M. (1974) J. Clin. Invest. 54, 494-499. 
Pekonen, F. and Weintraub, B.D. (1980) J. Clin. Endocrinol. Metab. 50, 
280-285. 
Carayon, P., &fort, G. and Nisula, B. (1980) Endocrinology 106, 1907- 
1916. 
Pierce, J.G. (1971) mdocrinology 89, 1331-1344. 
Nisula, B.C., Morgan, F.J. and Canfield, R.E. (1974) Biochem. Biophys. 
Ws. Ccmnun. 59, 86-91. 
Iouvet, J-P., Harman, S.M., Nisula, B.C., Ross. G.T., Birken, S. and 
Canfield, R. (1976) Endocrinology 99, 1126-1128. 
lxfau, M.L., Catt, J.K. and Tsuruhara, T. (1971) Biochem. Biophys. Res. 
axnmun. 44, 1022-1029. 
Amir, S.M., Sullivan, R. and Ingbar, S.H. (1981) Endocrinology 109, 
1203-1211. 
Carayon, P., Amr, S. and Nisula, B. (1980) Biochem. Biophys. Res. mun. 
97, 69-76. 
Van Hall, E.V., Vaitukaitis, J.L., Ross, G.T., Hickman, J.W. and Ashwell, 
G. (1971) Endocrinology 88, 456-464. 
Catt, K.J., IXlfau, M.L. and 'Rsuruhara, T. (1972) J. Clin. Endocrinol. 
Metab. 34, 123-132. 
&rayon, P., Guibout, M. and Lissitzky, S. (1979) Ann. mocrinol. (Paris) 
40, 211-217. 
Amr, S., Carayon, p. and Lin, M. (1982) Arch. Biochem. Biophys. 218, 8-13. 
Carayon, p., Amr, s., Nisula, B. and Lissitzky, S. (1981) Endocrinology 
108, 1891-1898. 
Ward, D.W. (1978) Structure and Function of the Gonadotropins, pp. 31-45. 
Plenum Press, New York. 
Ariens, E.J., Beld, A.J., Rodrigues de Miranda, J.F. and Sim%is, A.M. 
(1979) The Receptors, vol 1, pp. 33-86. Plenum Press, New York & Iondon. 
Cheng, K.W., Glazer, A.N. and Pierce, J.G. (1973) J. Biol. Chem. 248, 
7930-7937. 
ParSOnS, T.F. and Pierce, J.G. (1979) J. Biol. Chem. 254, 6010-6015. 
Parsons, T.F. and Pierce, J.G. (1980) Proc. Natl. Acad. Sci. U.S.A. 77, 
7089-7093. 

151 


