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The sialic acid residues of human chorionic gonadotropin, human lutropin and human 
follitropin were quantitatively modified by introduction of an amino compound. In 
radioreceptor assays, the modified chorionic gonadotropin, iutropin and follitropin satu- 
rated the receptors. However, in the low nanogram range, the gonadotropic binding was 
higher for the control compared to the modified sample. 

The hormonal activity of the chorionic gonadotropin was tested in  v i t ro.  The modified 
preparations were four- to thirteen-fold less stimulatory compared to the control but 
elicited the same maximal response. The biological activity of follitropin was determined 
in vivo. In this case, the modified preparations were four- to five-fold less stimulatory than 
the control. Both the modified chorionic gonadotropin and follitropin preparations were 
found to act as agonists. Modification of the gonadotropic hormones did not significantly 
alter the immune recognition of these glycoproteins. 

The apparent circulating half-life in rats of the modified chorionic gonadotropin and 
follitropin was increased six- to nine-fold compared to that of native hormones; this might 
be a consequence of resistance of the modified sialyl residues to sialidases and the resultant 
slower exposure of terminal galactosyl residues; the plasma half-life of modified lutropin 
remained the same as that of the native hormone. 

Abbreviations: hCG, human chorionic gonadotropin; hLH; human lutropin or luteinizing hormone; hFSF, human 
follitropin or follicle stimulating hormone; mala, methyl ester of alanine; hCG(ala, mala, etc.), human chorionic 
gonadotropin modified on sialic acid by reductive amination with alanine, methyl ester of alanine, etc.; IRP-HMG, 
intact rat prostrate - human menopausal gonadotropin. 
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The glycoprotein hormone family contains four members: chorionic gonadotropin (CG), 
lutropin or luteinizing hormone (LH), follitropin or follicle stimulating hormone (FSH), and 
thyrotropin or thyroid stimulating hormone. The pituitary synthesizes three of the glycopro- 
tein hormones, LH, FSH, and thyrotropin, while the fourth, CG, is produced in the placenta 
by syncytiotrophoblastic cells ]~1]. 

The gonadotropic hormones are structurally related. Each hormone consists of two non- 
covalently interacting subunits ( 0~ and ~). The 0~ subunit is identical and common to all 
hormones while the ~ subunit is unique and hormone specific. Both subunits are glycosy- 
lated and all amino sugars are N-acetylated [2]. In man, there are two important differences 
in the oligosaccharides of the pituitary hormones and CG. First, the pituitary hormones may 
contain a terminal sulfated N-acetylgalactosaminyl residue in their N-linked oligosaccha- 
ride, whereas CG appears to contain the unsulfated sugar residue only as the linking sugar 
in its O-linked oligosaccharides [3, 4]. Second, the gonadotropins contain varying amounts 
of sialic acid, with CG being maximum, FSH being intermediate and LH having less sialic 
acid [5, 6]. Bovine and ovine LH contain little or no sialic acid [7]. 

The carbohydrate portion of the gonadotropic hormones has been shown to be essential for 
their biological activity in vivo but to bear little or no relation to their immunochemical 
properties [8, 9]. In particular, the removal of sialic acid by sialidase treatment causes a 
marked reduction of biological activity in vivo without altering the immune response or 
receptor binding properties of hCG [10] and hFSH [11 ]. A relationship between sialic acid 
content and in vivo biological activity has been observed [8] and in a series of experiments, 
progressive desialylation of hCG and hFSH [9, 11 ] results in a decrease in biological activity 
to extremely low levels [9]. 

Similarly, the oligosaccharides of the gonadotropic hormones have been shown to be 
essential for full hormonal function [12, 13]. Generally, a variety of hormone-receptor 
interactions [14] involve the carbohydrate moieties of glycoproteins and sialic acid in 
particular. 

Sialic acid masks recognition markers and antigenic sites [15, 16], but may also function as 
a specific l igand. The former role was initially discovered and clearly established by Ashwell 
and co-workers [15, 17]. They showed that substitution with sialic acid masked the D- 
galactosyl residues of various serum glycoproteins protecting them from recognition, uptake 
and degradation by the liver. Modified sialic residues of glycoproteins have been prepared 
by mild treatment with periodate followed by reduction with sodium borohydride [17]. 
These glycoproteins retained the same plasma half-life as their native counterpart. 

The resultant aldehyde produced from NalO~ oxidation of sialic acid can also be subjected 
to a number of other modifications. Thus, the 7-carbon aldehyde analog of sialic acid can 
be reacted with various amino compounds in the presence of NaBH3CN to produce 
reductively aminated sialic acids [18-20]. We have demonstrated that such modified sialyl 
residues were resistant to various bacterial and viral sialidases [19]. 

A possible mechanism for regulating the activity of sialylated hormones would involve the 
action of target cell sialidase on the bound hormone. The resulting asialo product could 
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readily dissociate from its receptor and be rapidly cleared from the circulation by the 
galactose mediated uptake system in the liver. 

This paper reports studies on the modification of the sialyl residues of the gonadotropic 
hormones, hCG, hLH, and hFSH, and the effect of such on receptor binding, antibody 
recognition, biological activity (in vitro and in vivo), and apparent circulating half-life. 

Materials and Methods 

Materials 

Human chorionic gonadotropin and pregnant mare serum gonadotropin were purchased 
form Behring Diagnostics, San Diego, CA, USA. The pituitary gonado~ropins, hLH (AFP- 
0642B) and hFSH were obtained from the National Hormone and Pituitary Program and the 
National Institute of Diabetes and Digestive and Kidney Diseases, Bethesda, MD, USA. 

Aspartic acid and alanine were purchased from Behring Diagnostics and the methyl ester of 
alanine was obtained from Sigma Chemical Company, St. Louis, MO, USA. 2-(2-Aminoet- 
hyl)-l-methyl-pyrrolidine and 1-(2-aminoethyl)-piperidine were supplied by Aldrich Che- 
mical Company, Milwaukee, Wl, USA and glycine was purchased from Bio-Rad Laborato- 
ries, Richmond, CA, USA. NalO 4 (Matheson Coleman and Bell, Norwood, OH, USA), 
NaBH3CN (Aldrich), NaBH 4 and ethylene glycol (Fisher Scientific Company, Fairlawn, N J, 
USA) were of the highest purity available. The methyl glycoside of neuraminic acid was 
obtained from Boehringer Mannheim Biochemicals, West Germany. The liquid chromato- 
graphy column (AMINEX Ion Exclusion HPX-87H, 300 x 7.8 mm) was purchased from Bio- 
Rad. 

Receptor binding properties and antibody responses of the mofidied hCG preparations were 
examined using commercially available kits, Biocept G and PregnaZyme, obtained from 
Wampole Laboratories, Cranbury, N J, USA. 

Modification of Glycoproteins and Gonadotropic Hormones 

The following compounds were subjected to sialyl modification essentially as described 
[21]: hCG, hFSH and hLH. Human chorionic gonadotropic was dialyzed against distilled 
water, lyophilized and dissolved in cold buffer (0.1 M sodium acetate, pH 5.6 containing 
0~15 M NaCI), whereas the other hormones were directly dissolved in the acetate buffer. The 
concentration of all compounds was 2.12 mg/ml. In a typical experiment, freshly prepared 
ice-cold 0.012 M NalO 4 (a ten-fold excess in relation to the amount of sialic acid present) 
was added to the hormone solution and the mixture stirred at 0~ for 10 min. The oxidation 
was terminated by adding an excess of ethylene glycol and the solution was allowed to stir 
for another 10 min at 4~ The reaction mixture was dialyzed against distilled water to 
remove a!l the formaldehyde (from C-9 of sialic acid and from ethylene glycol) and the 
oxidized glycoproteins were then lyophilized. 

The NalO4-treated gtycoproteins and hormones were resuspended in 0.2 M sodium borate 
buffer, pH 7.8 and each divided into several equal fractions. To each solution, one of the 
amino compounds (alanine, methyl ester of alanine, aspartic acid, glycine + 10 ~Ci of 
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[3H]glycine, the pyrrolidine or piperidine derivative) was added. A fifty-fold excess of the 
amino compound was utilized in relation to the amount of sialic acid present in each of the 
glycoproteins. Immediately following the addition of the amino compound, a ten-fold 
excess of NaBH3CN was added. The solutions were stirred initially at room temperature for 
30 min and then at 4~ for 90 min. After 10, 20, 30 and 60 min, a ten-fold excess of NaBH3CN 
was added and after 90 rain, a ten-fold excess of NaBH 4 was added. The reduction was 
terminated after 2 h by neutralizing the solution with 0.04 N acetic acid. The modified 
glycoproteins were dialyzed agianst 1 M NaCI, distilled water and then lyophilized. 

Gel Filtration of the Modified Glycoproteins 

The [3H]glycine-modified glycoproteins were chromatographed on a Bio-Gel P-2 column 
that was equilibrated in 0.1 M pyridinium acetate, pH 5.0. The samples, also in 0.1 M 
pyridinium acetate were applied to the column (0.9 x 110 cm). Fractions (1 ml) were 
collected and analyzed for either radioactivity or sialic acid. The recovery from the columns 
was always 85 to 95%. 

Analysis of Radioactivity 

Liquid scintillation counting was performed on an Intertechnique Model SL-4000 spectro- 
meter equipped with a disintegrations/min calculating module. Aqueous samples (0.2 or 1.0 
ml) were mixed with 2 or 10 ml of ACS II counting scintillant (Amersham) in plastic vials. 

Assay for Sialic Acid 

Column fractions were screened for sialic acid by using the periodate-resorcinol assay [22]. 

High Performance Liquid Chromatography 

Chromatographic separations were carried out utilizing an AMINEX ion exclusion HPX-87H 
column (300 x 7.8 mm). The solvent was 0.006 N H2SO 4 and the flow rate was maintained 
at 0.1 ml/min. The solvent and the samples were filtered through a 0.45 nm Millipore filter, 
before use. Products were detected by absorbance at 206 nm. 

Gel Electrophoresis 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis was done according to the 
methods described by Laemmli [23] and Hass and Kennett [24]. Gels were run in the 
presence of 2-mercaptoethanol. Molecular weight markers were not included for gels used 
for autoradiography. 

Iodination of Gonadotropic Hormones and o%-Anti-trypsin 

Iodination of the glycoproteins was carried out using 12sl 2 by the chloramine-T method [25]. 

Circulation Studies 

The plasma half-life of the gonadotropic hormones was studied using Sprague-Dawley 
female rats weighing approximately 200 g as described by Morell etal. [17]. The iodinated 
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glycoprotein (3 x 106 cpm) was injected into the rat's tail vein which had been previously 
dilated using xylene and warm water. At indicated time intervals, the rats were bled through 
the tail (2001~1) into tubes containing heparin (10 units). The blood samples were centrifuged 
and the plasma was treated with trichloroacetic acid to determine the per cent of ~Sl- 
radio[abel associated with proteins. The reason for the apparent increase in some of the early 
data points is not clear but none of these differences is statistically significant; injection 
variables are one possible explanation. 

Receptor Binding Studies 

Ovaries from adu It female rats were isolated and the in vitro bioassays of hCG and h LH were 
performed as described by Dufau and co-workers [26]. In addition, 1251-labeled native and 
modified hCGs were examined for receptor binding [27]. Data from these experiments were 
also analyzed by Scatchard plots. 

Immunological Studies 

Antibody recognition of native and modified hCGs was determined by a commercial 
monoclonal enzyme immunoassay, PregnaZyme [28]. Antibody recognition of native and 
modified hFSH preparations was determined by radioimmunoassay using polyclonal 
antibodies specific for hFSH. 

In Vitro Bioassay 

Hormonal activity of hCG was tested in vitro using a sensitive bioassay that measures the 
testosterone response of collagenase-dispersed rat Leydig cells to gonadotropic stimulation 
[29]. These assays were kindly done by Dr. M. Dufau at the National institutes of Health, 
Bethesda, MD, USA. 

In Vivo Bioassay 

The in vivo bioassays for hFSH were kindly performed by Dr. Albert Parlow at Harbor-UCLA 
Medical Center, California [30] by the ovarian ascorbic acid depletion assay. 

Results 

The sialic acid residues of the gonadotropic hormones were modified by the described 
procedure [21] and the glycoprotein products fractionated on a Bio-Gel P-2 column to 
separate free amino compound and reducing agent that might still remain undialyzed. The 
specificity of the conversion to the modified product and the structural identity of the 
derivatized sialic acids are detailed elsewhere [20, 21 ]. Combined results from hydrolysis 
studies, amino acid analysis, thin-layer and high performance liquid chromatography 
showed that the modification was essentially quantitative. 

in the present study the reactions were routinely monitored by HPLC. The modified 
gonadotropic hormones contained neither native sialic acid nor any of the C7 analog; it can 
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Figure 1. Polyacrylamide gel electrophoresis of [~4C]glycine-modified hCG (lane A) and [~4C]glycine-modified 
hFSH (lane B!. The samples (about 60 000 cpm) were electrophoresed on a 10% polyacrylamide gel in the 
presence of sodium dodecyl sulfate and the bands detected by fluorography. 

be estimated that much less than 0.1% of the native glycoprotein is present. In all cases, the 
per cent incorporation of amino compound into the above glycoproteins was between 90 
and 95% based on sialic acid. 

Gel electrophoresis was performed to determine if any polymers of the glycoproteins had 
formed by intermolecular cross-linking since intra- and intermolecular reactions could 
occur between the sialyl aldehydes and the protein amino groups [21 ]. The hormones were 
labeled on their sialyl residues using [14C]glycine and, as seen in Fig. 1, one major band was 
detected by fluorography for the modified hCG and modified hFSH; estimates of possible 
cross-linking indicated values of 1-3%. Similar data were obtained in a model study with c~- 
acid glycoprotein [21]. Iodination was carried out with hLH before and after modification 
and the products were exami ned for cross-linking by SDS-PAGE gels followed by autoradio- 
graphy. There was no change in apparent molecular weight between the native and modified 
hLH. In this case, no high molecular weight bands were detected indicating that little if any 
intermolecular cross-linking had occurred. 

In separate experiments, comparable modifications were carried out on bovine serum 
albumin and bovine LH (which lacks sialic acid). In neither case was any radioactivity 
incorporated into the macromolecule nor were amino acid compositions affected (data not 
shown). 

Biological Properties of the Modified Gonadotropic Hormones 

The first set of experiments examined the circulating half-lives of the modified 12Sl-labeled 
hormones. Examination of the half-life curves obtained for hCG, hFSH, and h LH, shown in 
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Figure 2. Plasma survival time of native and modified hCG in the rat. 
The preparation of hCG was labeled with ~251. Each injection (0.5 ml) contained 2.5-3.0 x 106 cpm. Injections were 
made in the tail vein of Sprague-Dawley female rats weighing about 200 g. Blood was collected in heparinized 
tu bes at various time intervals, centrifuged, and the radioactivity in the plasma determined. 12~I-hCG (native, F1; lzsI- 
hCG(ala),�9 and 12Sl-hCG(mala), A. Half-lives were calculated from the curve by determining the time required 
for half of the initial hormone to disappear from the circulation. Each point was an average value from three rats. 
Per cent injected/ml of plasma = [(cpm of hCG in 1 ml of plasma/total radioactivity injected) x 100%]. 
Note that the data are expressed per ml of plasma. The average blood volume for the animals used in this study 
is 8 ml. Accordingly, the earliest time points account for up to 80% of the initial dose. 

Figs. 2-4, respectively, indicated that the removal of these hormones from the circu lation was 
multiphasic. There are several possible explanations for this, including the existence of two 
or more populations of the hormone with varying clearance times, possibly arising from 
heterogeneity in the saccharide moiety. The chemical data indicate that all sialyl residues 
were modified, however, and the cause is not known. Therefore, the clearance time was 
calculated from an operational half-life, defined as the time required for half of the initial 
hormone dose to disappear from the circulation. This does not resolve the problem of 
alternate degradative pathways but permits an overall comparison between the native 
hormone and the various derivatives. Thus, the obtained val ues represent apparent half-lives 
as defined. 

Data for hCG shown in Fig. 2 show no difference in T,/2 between hCG(ala) and hCG(mala) 
but a striking difference between the modified hormone and the control was observed, with 
the former showing a six- to eight-fold increase in the apparent circulating half-life. Similar 
results were obtained for hFSH. In this case, the differences from control were six- to nine- 
fold (Fig. 3). However, in the case of h LH, there was no significant difference in the apparent 
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Figure 3. Plasma survival time of native and modified hFSH in the rat. The details of this experiment were similar 
to those described in Fig. 2 with the exception that 2.5-3.0 x 1 0 6 cpm of ~251-hFSH were injected. ~2Sl-hFSH(native), 
rq; 12~l-hFSH(ala), & ;  and ~251-hFSH(mala), O- 
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Figure 4. Survival time of native and modified hLH in the rat. 
The details of this experiment were similar to those described in Fig. 2 with the exception that 2.5-3.0 x 10 6 cpm 
of ~2Sl-hLH were injected. 12Sl-hLH(native), [ ]  ; ~l-hLH(a/a), O; and ~2Sl-hLH(mala), A. 
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Table 1. Circulating half-lives (hours) of native and sialyt modified gonadotropic hormo- 
nes in the rat. 

Hormone Native Sialic acids modified with: 

alanine methyl ester of alanine 

h CG 2.5 + 0.48 a 21.7 + 0.9 15.2 + 0.8 
h FSH 2.0 + 0.2 19.0 _+ 0.8 12.0 _+ 0.9 
h LH 1.5 + 0.2 1.7 + 0.1 1.7 + 0.2 

a calculated from error bars on graph. 

circulating half-life as shown in Fig. 4. The circulating half-life data are summarized in Table 
1. Analysis of the data indicated a highly significant difference in the apparent half-lives 
between the native hCG and the modified hCGs [hCG(ala), hCG(mala), hCG(asp) and 
hCG(piperidine)] and between hFSH(control) and hFSH(ala) or hFSH(mala). 

No significant difference was seen between native and modified hLH [hLH(ala) and 
hLH(mala)]. From the half-life curves, it appears that hLH was cleared faster, accounting for 
the lower percentage of radioactivity after the first bleeding (20 min), than either hFSH or 
hCG. The fact that modification of sialic acid residues in hLH had no effect on the apparent 
circulating half-life suggests that other saccharide residues present on the unique subunit 
may be involved in clearance. This is consistent with other data in the literature which 
suggest that the sialic acid residues of glycoproteins are important for the masking of 
recognition markers and for in vivo biological activity [31 ]. 

it was of interest to examine the effect of R groups of differing charge introduced into sialyl 
residues on the plasma half-life. There was no apparent effect on the circulating half-life by 
hCG modified utilizing R = asp[-2] or R = pyrrolidine [+2], which suggests that the charge 
of the modified saccharide moiety has no effect on the plasma half-life. 

The modified preparations of hCG and hLH were examined for their receptor binding 
properties using ovarian receptors [26]. The results are illustrated in Fig. 5 and 6. It is clear 
that the receptors can be saturated by all of the modified hormones; however, the capacity 
of native and modified hCG to compete with ~2Sl-hCG for binding to the receptor is clearly 
higher for the native hormone. In both cases, ten times more unlabelled modified hormone 
was required to displace 50% of the 12Sl-hCG~hormone. Scatchard analysis of the data 
confirmed this interpretation and indicated a single class of high affinity sites for the native 
and mala-modified hormones with the former having a fourteen times greater affinity (data 
not shown). 

The immunological reactivity of the modified hormones was tested to examine whether any 
major alterations had occurred in the molecule after sialyl modification. Data for hCG 
showed that the native and modified hCGs react identically over a fifty-fold range with 
monoclonal antibodies specific for the [3-subunit. Similar results were obtained for hFSH by 
radioimmunoassay utilizing a polyclonal antiserum specific for hFSH. Since the immune 
recognition of these modified hormones was apparently not changed, major alterations in 
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Figure 5. Radioreceptor assay of native and modified hCG. 
The radioreceptor assay is based on the competition between hCG (native and modified) and T251-1abeled hCG for 
ovarian receptors. The receptors were incubated with hCG (native and modified) and ~251-1abeled hCG overnight 
at room temperature. The reaction mixtures were centrifuged and pellets assayed for radioactivity in a gamma 
counter to determine per cent binding, hCG (native),@, hCG(ala), I ;  hCG(mala), I .  
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Figure 6. Radioreceptor assay of native and modified hLH. 
The details of this experiment were identical to those in Fig. 5. hLH (native), �9 ; hLH(aIa), �9 ; hLH(mala), �9 
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Table 2. Immuno-potency and bio-potency of modif ied preparations of human FSH. 

I mmu no-potency ~ Bio-potency b 

Sample (IU/mg) 95% limits lambda (IU/mg) 95% limits lambda 

hFSH(control) 3916 3700-4143 0.041 1008 6754508 0.209 
hFSH(ala) 1798 16904910 0.045 230 119-352 0.140 
hFSH(mala) 1218 11464293 0.036 277 143-434 0.199 

a In terms of 2nd intact prostrate-human menopausal gonadotropin. (IRP-HMG). 
b In terms of 2nd intact rat prostate-human menopausal gonadotropin. These experiments were carried out 

by Dr. A. Parlow. 

the conformational features or in the structures required for antibody binding are not likely 
to have occurred as a result of the modification. However, a separate set of immunoassays 
with the modified preparations of hFSH showed decreased antibody recognition (Table 2). 
Bahl reported that immunological activity is unaffected by desialylation and to some degree, 
sequential deglycosylation of the inner sugars [12]. Immunological data from h FSH (data not 
shown) is not complete in the 1/500 to 1/1 00 dilution range, and it is possible that within 
this range a difference in antibody recognition could exist. Another explanation for this 
observed discrepancy in the hFSH results is a difference in antibody specificity. 

Key experiments involved determining the in vitro biological activity of hCG and the in vivo 
bio-activity of hFSH. The modified hCGs were four- to thirteen-fold less stimulatory than the 
control but were agonists and elicited the same maximal response (Fig. 7). The effective 
doses yielding 50% stimulation (EDs0) were determined to be 60, 21 0, and 800 pg/tube for 
hCG(control), hCG(mala) and hCG(ala), respectively. Similar results were obtained with 
hFSH (Table 2). Here the bio-potency for the modified preparations of hFSH was determined 
to be four- to five-fold less than that of the control but they acted as agomsts in vivo. 

Discussion 

The gonadotropic hormones, hCG, hLH and hFSH have been modified by introduction of 
an amino compound into their sialyl residues [20, 21]. These modified sialic acids are 
resistant to various bacterial and viral sialidases [21]. 

The apparent half-life data for hCG showed no difference between the hCG(ala) and 
hCG(mala), but a striking difference was observed between them and the hCG(controi) in 
that the modified compounds had a six-to eight-fold increse in the apparent circulating half- 
life. Data using various R groups suggests that incorporation of different charge moieties does 
not further alter the circulating half-life. 

Schengrund et at. [32] have shown that a sialidase activity is localized in the plasma 
membrane of rat liver cells. The increased apparent half-life observed here for the modified 
preparations of hCG may reflect the sialidase resistance of the modified sialyl residues, 
although we have not directly tested this. Modification is sufficient to alter the plasma half- 
life, but clearly structural features related to the amino terminal peptide sequence [33] must 
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Figure 7. In vitro bio-assay of native and modified hCG. 
Rat Leydig cells were mixed with various concentrations of native and modified hCG and incubated for 2 h at 37~ 
in an atmosphere of 5% CO 2 and 95% 02. Acetic acid was added to terminate the reaction and the production 
of testosterone was determined by radioimmunoassay, hCG(native),�9 hCG(ala), A; hCG(mala), []. Performed 
by Dr. M. Dufau. 

also play a role since the half-life does not extend to a period comparable to that for albumin. 
Endoglycosidase action [34] and intracellular trafficking wherein both mannosyl and N- 
acetylglucosaminyl residues are recognition elements [35, 36], may also be relevant. It 
appears that the clearance of glycoproteins may involve both saccharide and peptide 
moieites. 

Similar results were obtained for hFSH. In this case, the differences from the control were 
six- to nine-fold (Fig. 3). However, there was no significant change in the apparent 
circulating half-life of hLH as shown in Fig. 4. The saccharide residues in hLH are more 
sulfated and less sialylated than those on hFSH by a factor of 10 or more [7]. The observed 
differences suggest that residues on the unique ([3) subunit are involved in both clearance and 
recognition. These findings are consistent with previous reports on the possible role of sialic 
acid in these hormones [17]. Other workers found human ccl-protease inhibitor modified on 
sialic acid with ethanolamine to an extent of 78% to be cleared from rat blood circulation 
at the same rate as the native inhibitor [37]. 

Immunological studies done with hCG clearly indicated that the immune response remained 
unaltered after modification. The retention of immunological reactivity suggested that the 
major conformational features required for antibody binding were still preserved. These 
results are consistent with our findings that both native and modified 0~l-acid glycoprotein 
gave single bands of identity utilizing anti-0~-acid glycoprotein antisera [21 ]. In contrast, one 
immunoassay of modified hFSH showed that reactivity decreased after modification (Table 
2), suggesting that recognition by the antibodies employed involved the carbohydrate 
moieties and that the modification of sialyl residues altered antibody binding. 
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The biological activity of the modified preparations of hLH and hCG was initially examined 
by radio-ligand receptor assays. The results obtained for hCG and hLH demonstrated that 
the receptors can be saturated by both native and modified preparations. However, the 
ability of the modified and the control hCG to compete with 1251-hCG for the receptor was 
clearly higher for the control than for the modified sample. Although the sialyl residues of 
hCG and hLH are not essential for receptor binding [38], the oligosaccharide chains in the 
~-subunit apparently play a critical role in coupling the hormone-receptor complex to the 
adenylate cyclase system [39]. It seems likely that the altered saccharide units, although still 
able to bind to the receptor, do so less effectively, it should be noted that the individual 
subunits are biologically inactive when measured by radioligand receptor assays [12] 
suggesting that conformational sites result from subunit interactions [40]. 

The biological activity of hCG was determined using an in vitro bioassay which measures 
the testosterone response of collagenase-dispersed rat Leydig cells to gonadotropic stimu- 
lation. The modified preparations of the hCG were four- to thirteen-fold less stimulatory 
when compared to the control but were able to elicit the same maximal response. As 
previously observed for deglycosylated hCG preparations, the modified preparations were 
agonists [31 ]. The biological activity of hFSH determined in vivo by the ovarian ascorbic 
depletion assay system gave similar results. The modified preparations were four-to five-fold 
less stimulatory than that of the control but also acted as agonists. 

The described modifications of hCG and hFSH produce agonists with increased circulating 
half-life; further modifications to yield antagonists may be possible. It should be emphasized 
that the observed activity of the modified hormones cannot be due to residual, unreacted 
starting material and represents that of the structurally altered derivative. It is not known at 
this time if the modified hormones elicit an antibody response. 
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