
INTRODUCTION

Sturgeon pituitary gonadotropic hormone (GTH) is a typical
member of the glycoproteine hormone family. It has been
shown that its carbohydrate moiety comprised up to 30% of
the molecular mass (26 kDa) (Çåíêåâè÷, 1992). The hor-
mone contains three asparagine-linked oligomannosidic and
hybrid carbohydrate chains, two in the �-subunit (�-GTH)
and one in the �-subunit (�-GTH) (Çåíêåâè÷ è äð., 1992 ).

Rather intensive investigations of the biological role of car-
bohydrates in mammalian gonadotropins have been carried
out about 20–30 years ago and the role of the carbohydrate
moiety in the specific biological function of the mammalian
GTH-s has been well recognised (Bahl et al., 1984). Similar
data were obtained by us for sturgeon GTH showing that
deterioration in the carbohydrate moiety influenced the mo-
lecular properties of the hormone and modified its biologi-
cal function (Çåíêåâè÷, 1992; Zenkeviès, 1994; Zenkeviès
et al., 2000). Our previous studies of the molecular proper-

ties of sturgeon GTH and its separate subunits showed that
�-GTH, due to its high conformational rigidity (six
S–S-bonds), serves as a core of the hormone heterodimeric
molecule and may impart receptor-specific three-dimen-
sional structure not only to the �-GTH (one S–S-bond) but
also to the whole �–� structure (Çåíêåâè÷, 1992). How-
ever, the effect of the �-GTH oligosacharide moiety on this
function is not quite clear so far.

The goal of this work was to use a two-level selective
chemical deglycosylation (dg) of the �-GTH to evaluate the
role of its carbohydrate chain in maintaining the function-
ally effective secondary structure and biological activity of
the hormone dimeric molecule.

MATERIALS AND METHODS

A highly purified preparation of sturgeon GTH was isolated
from acetone-dried pituitary glands of sturgeon using gel-
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filtration and ion-exchange chromatography on DEAE-cel-
lulose columns, according to the standard procedure de-
scribed earlier (Çåíêåâè÷, 1992).

Individual � and � subunits of GTH were isolated by
ion-exchange chromatography on SE-Sephadex C-25 in
0.025 M acetate buffer at pH 4.9, after GTH dissociation in
8 M urea according to Hennen et al., 1971.

Self-reassociation of subunits was carried out in saline
(12 h) at room temperature at a total protein concentration
of about 0.2%, using counterpart subunits at an equimolar
ratio. The GTH preparation was reconstituted from the na-
tive � and � subunits by means of reassociation and used
throughout the study.

Double immunodiffusion tests in 1% agar gel (Bacto-agar
Difco, U.S.A.) in veronal buffer (ionic strength 0.05, pH
8.6) were performed by Ouchterlony’s method (Ouchter-
lony, 1958) using polyclonal monovalent antiserum, raised
in rabbits, against highly purified sturgeon GTH.

The grass frog Rana temporaria L. oocyte in vitro matura-
tion test (Thornton, 1971) was used to assess the gonado-
tropic activity of the purified standard hormone and subunit
recombinants produced by the re-association of the counter-
part subunits. The gonadotropic activity was expressed as
the minimal dose of the hormone preparation that produced
50% oocyte maturation (D50) (Zenkevics et al., 2005).

The deglycosylation of the �-GTH (10 mg, dried under vac-
uum) was carried out by anhydrous hydrogen fluoride (HF)
(Fluka) (Manjunath and Sairam, 1982). The reaction was
performed at 0 oC for 1.5 h in a stoppered teflon vial (5 ml)
in 2 ml of HF condensed at 70 °C (dry ice and acetone).
When the reaction ended HF was removed by a vacuum-
pump, dg�-GTH was applied to a Sephadex G-25 column
(1.2 × 18 cm) in 0.02 M NH4 HCO3, pH 7.5 and
lyophilised.

Another portion of the �-GTH has been treated with
trifluoromethane sulfonic acid (TFMS, Aldrich) to achieve
deeper deglycosylation (Kalyan and Bahl, 1981). 10 mg of
the �-GTH was treated with 1.5 ml of TFMS and 1.0 ml
moisture free anisole as a scavenger. The reaction mixture
was incubated at 0 °C for 5 h under nitrogen in a screw cap
vial with occasional shaking. The reaction was terminated
by addition of 1.5 ml of pyridine in 2 ml water at 0 °C with
shaking. After dialysis against water dg�-GTH was desalted
on Sephadex G-25 and lyophilised. It has been shown for
gonadotropins that chemical deglycosylation does not affect
the polypeptide moiety (Manjunath and Sairam, 1982).

Carbohydrate content in the �-GTH was assayed quantita-
tively by standard colorimetric methods of carbohydrate
analysis using phenol-H2SO4 and Ehrlich’s reagent (Zen-
keviès, 1992).

Circular dichroism (CD) spectra were recorded using a
Jasco J-710 spectropolarimeter over the wavelength range
from 180 to 250 nm at 22–25 °C, in phosphate buffer, pH

7.0. The spectropolarimeter was calibrated by epiandroster-
one and 10-camphorsulphonic acid standards. For recording
of spectra, 0.1–0.01 cm Helma quartz cells were used. The
concentration of proteins in the solution was 10-3–10-4 M.
CD data are given in units of molar ellipticity per amino
acid residue of an average relative molecular mass 108. The
content of various secondary structures in the preparations
was calculated using the CDPro–CONTILL programme
(Sreerama et al., 1999; Whitmore and Wallace, 2004; Lees
et al., 2006). In our case CD spectra of 29–48 proteins were
used for calculation of the secondary structure elements.

RESULTS

Treatment with anhydrous liquid HF removed 65% of the
sugar moiety of �-GTH, while application of TFMS re-
moved up to 87% of the sugars. Thus, two deglycosylated
�-GTH molecular forms dg�-GTH1 and dg�-GTH2 con-
taining 35 and 13% of their initial amount of carbohydrate
units were obtained.

Using recombination or self-re-association of the standard
�-GTH with the deglycosylated �-GTH, two types of the
mixed �–� hybrid GTH dimer structures �-GTH+
dg�-GTH1 and �-GTH + dg�-GTH2 were reconstituted.
The mixed hybrids were prepared to evaluate the struc-
tural – functional importance of the carbohydrate moiety of
the �-GTH in sturgeon GTH �–� dimer structure, since the
native hormone molecule is built of two non-covalently
complementary bonded counterpart subunits.

Comparative assessment of the immunoreactivity and the
specific gonadotropic activity of the hybrid recombinants
and the native �- and �-GTH recombinant as a standard re-
vealed (Table 1) that removal of a relatively large part of
the carbohydrate moiety of the core �-GTH did not cause
any substantial loss of the ability of the hybrid dimers to in-
teract with the antibodies raised against standard GTH. As
evident from Table 1, immunoreactivity of both modified
dimers decreased on average only by 22.5% in comparison
with that of the standard. The in vitro gonadotropic activity
of �-GTH + dg�-GTH1 was lower by 50% while �-GTH +
dg�-GTH2 was completely inactive.

As is seen from the CD spectra (Fig. 1), a negative band
around wave length 193–197 nm and shoulder at 205 and
215 nm are well expressed for the standard dimer and for
the hybrid dimer �-GTH+dg�-GTN1. The shoulder (or two

T a b l e 1

BIOLOGICAL PROPERTIES OF STANDARD AND HYBRID DIMERS
COMPRISING dg�-GTH

Preparation Serum Hormon activity,
%

Immuno activity,
%

�-GTH +�-GTH GTH 100 100

�-GTH + dg�-GTH1 GTH 50 80

�-GTH + dg�-GTH2 GTH 0 75

dg, deglycosylated.
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weak negative bands) was not detected for �-GTH +
dg�-GTH2. The negative Cotton effect around 195 nm is
close to the well known negative band of the random coil at
198 nm, while the shoulder and the negative band (around
205 and 215 nm) could arise from the significant contribu-
tion of the �-structures, influenced by a minor amount of
�-helix (Lees et al., 2006).

The results of the calculations of the content of various sec-
ondary structures, shown in Table 2, allowed to conclude
that the spatial structure of the standard dimer and �-GTH +
dg�-GTH1 are quite similar, while that of �-GTH +
dg�-GTH2 is considerably altered-content of the �-type
structures drastically decreased (fourfold), and random coil

or disordered structure content increased by 52% in com-
parison with that of the standard.

DISCUSSION

The comparative investigation of the hormonal activity and
immunologic function indicated quite clearly that the re-
moval of a considerable part of the �-GTH carbohydrate
moiety (dg�-GTH1and dg�-GTH2) produced only a slight
decrease in the immunoreactivity of both hybrid dimers in
comparison with that of the standard (Table 1). Also, both
hybrid dimers revealed immunologic identity with the stan-
dard dimer and native GTH in double diffusion tests with
the antiserum raised in rabbits against standard GTH. This
clearly demonstrates that the carbohydrates of the �-subunit
are not involved in the association of the counterpart sub-
units, and also confirms that the antigenic binding sites (de-
terminants) are not located in the carbohydrates.

Unlike immunological properties, hormonal activity of the
dimers decreased drastically: �-GTH + dg�-GTH1 lost half
of its initial activity, while �-GTH + dg�-GTH2 indicated
no gonadotropic activity in the hormone-specific and sensi-
tive tests on frog oocytes (Table 1). As evident from Table
2, the three-dimensional spatial structure was highly disor-
dered by the substitution of the native �-GTH in �–� dimer
with its analogue dg�-GTH2, in which carbohydrate con-
tent was reduced by 87%. In this case the regularity of pro-

Fig. 1. CD spectra of standard �-GTH + �-GTH, repeated twice ( – –– –– ) and hybrid combinants �-GTH + dg�-GTH1 (————- ) and �-GTH+
dg�-GTH2 (–··–··–··–).

T a b l e 2

TYPES OF THE SECONDARY STRUCTURE (%) OF STANDARD
AND HYBRID DIMERS COMPRISING dg�-GTH AND OF INDIVID-
UAL STANDARD �-GTH AND dg�-GTH2

Preparation � � �t R

�-GTH + �-GTH 2.6 30.1 17.8 49.6

�-GTH + dg�-GTH1 2.6 34.4 17.0 45.9

�-GTH+ dg�-GTH2 2.6 8,5 13.4 75.4

�-GTH 7.0 44.0 12.0 37.0

dg�-GTH2 6.0 38.0 15.0 37.0

�, �-helix; �, parallel and antiparallel �-strand; �t, �-turn; R, random coil;

dg, deglycosylated.
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tein structure of the dimer was drastically lowered — de-
creased content of the �-type structures and considerably
increased content of the disordered structures which can be
considered as random coil. Nevertheless, this did not pre-
vent the formation of the dimer structure typical of the hor-
mone and recognised by the standard GTH antibodies (Ta-
ble 1). However, when dg�-GTH1 was recombined with the
standard counterpart �-GTH, the secondary structure of the
resulted hybrid dimer was quite similar to that of the stan-
dard dimer and showed 50% of the standard hormone re-
sponse level in the specific bio-tests. Apparently the
conformational features of the hybrid dimer required for re-
ceptor recognition and combining with the hormone spe-
cific antibodies are still present. This clearly indicated that
full integrity of the carbohydrate moiety is not required for
the subunit interaction, membrane receptor binding and the
hormonal signal translocation into the cell. It is relevant to
mention here that the same was earlier observed also for
mammalian gonadotropic hormones (Manjunath and
Sairam, 1982; Bahl et al., 1984).

The comparison of the secondary structure of the individual
standard �-GTH and dg�-GTH2 (Zenkevich et al., 1999)
did not reveal any considerable differences (Table 2). This
indicated that even the stronger deglycosylation of the
�-subunit did not cause any serious conformational trans-
formations in its protein structure. Thus, the removal of the
greater portion (87%) of the carbohydrate moiety by the
treatment with TFMS produced only slight conformational
shifts in the protein structure of the dg�-GTH2 (Table 2). It
seems improbable that the dg�-GTH2 with a slightly modi-
fied spatial structure of its protein part, being enclosed into
the �–� structure by counterpart subunit recombination,
might cause such a large conformational change in the pro-
tein moiety of the whole dimeric molecule, such as ob-
served in the hybrid �-GTH + dg�-GTH2.

It is evident that the slightly changed secondary structure of
the dg�-GTH2 as such may not be the decisive factor for
producing drastic distortions in the re-associated hybrid
dimer molecular structure. The massive carbohydrate chain
of the �-GTH may have a specific simultaneous interaction
with both subunits, lending stability to the �–� dimer and
maintaining the receptor-specific three-dimensional struc-
ture of the whole molecule. The treatment with TFMS led
to almost entire removal of the sugar moiety of the �-GTH
and to the total loss of sialic acids, eliminating the strong
electronegative charge. This probably may interrupt specific
stabilising interactions between the carbohydrate chain of
the �-GTH and the protein moiety of the hormone, produc-
ing in such a way the strong conformational shifts in spe-
cies-specific receptor-sensitive three-dimensional structure.

In conclusion, the above studies clearly show that the car-
bohydrate moiety of the �-GTH has a predominant role as a
direct stabiliser of the functionally effective secondary

structure of the whole sturgeon GTH heterodimeric �–�

molecule.
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STORES GONADOTROPÎNA CUKURU DAÏAI IR TIEÐA IETEKME UZ HORMONA OTRÇJO STRUKTÛRU UN ÎPAÐÎBÂM

Stores gonadotropâ hormona (GTH) �-subvienîba (�-GTH) tika íîmiski deglikozilçta (dg) ar bezûdens fluorûdeòradi (HF) un
trifluormetilsulfoskâbi (TFMS). Rezultâtâ tika iegûtas divas dg�-GTH formas – dg�-GTH1 un dg�-GTH2 ar samazinâtu cukuru saturu
attiecîgi lîdz 35 un 13% salîdzinâjumâ ar standartsubvienîbu. Reasociâcijas ceïâ ar �-GTH tika iegûti GTH hibrîddimçri
�-GTH+dg�-GTH1 un �-GTH+dg�-GTH2. To imûnreaktivitâte ar GTH antiserumu samazinâjâs vidçji par 22.5% salîdzinâjumâ ar
standartdimçru �-GTH+�-GTH. Hibrîddimçra �-GTH + dg�-GTH1hormonâlâ aktivitâte samazinâjâs par 50%, bet �-GTH + dg�-GTH2
gadîjumâ – pilnîbâ izzuda. CD spektroskopijas dati parâdîja, ka dziïâs dg gadîjumâ notiek krasas izmaiòas � tipa struktûrâs (samazinâs
èetrkârt), vienlaicîgi par 25% pieaugot struktûras neregularitâtei. Otrajâ hibrîddimçrâ struktûras izmaiòas nebija bûtiskas. Arî �-GTH un
dg�-GTH2 neuzrâdîja krasas otrçjâs struktûras atðíirîbas. Parâdîts, ka, atdalot 87% �-GTH cukuru, subvienîba vçl spçj specifiski saistîties
ar natîvo �-GTH un veidot �–� dimçru, kuru atpazîst GTH antivielas. Lai arî dg�-GTH2 telpiskâ struktûra nav bûtiski izmainîjusies, tâs
komplementâcijas ar �-GTH rezultâtâ veidojas hormonâli neaktîvs �–� dimçrs ar krasi izmainîtu telpisko struktûru. Secinâts, ka �-GTH
cukuru daïai ir stabilizçjoða ietekme uz hormona dimçrmolekulas otrçjo struktûru. Mijiedarbîbâ ar hormona olbaltumdaïu tâ nodroðina GTH
receptorspecifisko konformâciju un pilnvçrtîgu hormonfunkciju.
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