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The pH-dependence of the chemical shifts of the imidazole CZproton resonances of the 4 histidine residues 
of human choriogonadotropin has been determined in the intact hormone and in its isolated cy- and fl- 
subunits. The single histidine of the &subunit and two of the histidines of the a-subunit show only minor 
changes in pK when the subunits recombine. However, one histidine of the a-subunit, tentatively identified 
as His(u83, has a very low pK (d 2.4) in the isolated subunit and increases markedly on recombination with 
the ,&subunit, strongly suggesting that a conformational change occurs. This behaviour is closely similar 

to that reported earlier for porcine lutropin. 
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1. INTRODUCTION 

Choriogonadotropin (CG) is synthesised in large 
amounts by the placenta during the first weeks of 
pregnancy, and acts to stimulate the corpus lu- 
teum. Like the pituitary glycoprotein hormones lu- 
tropin, follitropin and thyrotropin, CG is compo- 
sed of two non-identical subunits, cy and ,&. The cy- 
subunits of these 4 hormones are almost identical 
within a given species, while the P-subunits differ 
both in amino-acid sequence and in ohgo- 
saccharide structure, thus conferring hormonal 
specificity [ 1,2]. The principal biological activities 
of CG resemble those of lutropin, but it also shows 
thyrotropin- and follitropin-like activities [3,4], so 
that the hormonal specificity of CG is less strictly 
defined than that of the pituitary glycoprotein 
hormones. 

turally homologous region which interacts with a 
conformationally identical a-subunit in each case, 
or does the interaction with the &subunit alter the 
conformation of the G-subunit in a hormone- 
specific way? In a ‘H-NMR study of porcine lutro- 
pin [6], we demonstrated that the interaction bet- 
ween the subunits leads to a conformational chan- 
ge in the carboxy-terminal part of the a-chain, in- 
cluding His ~~87, Tyr tu92 and Tyr cu93. Further- 
more, we concluded that residues tu92 and fu93 
interact directly with testis receptors [6]. We descri- 
be here ‘H-NMR studies of subunit interactions in 
CG, designed to establish whether this change in 
conformation of the m-subunit is hormone- 
specific. 

2. MATERIALS AND METHODS 

Several experiments indicate that both subunits Human choriogonadotropin (10000 IU/mg) and 
of these hormones possess binding sites for the tar- its separate cy- and J-subunits were obtained from 
get cell receptors 15-71. In this context, the fact UCB Bioproducts (Brussels). Cross contamination 
that the a-subunit is common to all 4 glycoprotein of one subunit by the other was <2%. 
hormones raises some interesting questions. Do the The amide protons of the cy- and &subunits were 
receptors for each of the 4 hormones have a struc- replaced by deuterium by incubation in 2H20 (98.5 
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atom 070) containing 50 mM potassium phosphate 
(pH* 7.8) followed by lyophilisation. The notation 
pH* indicates a pH meter reading uncorrected for 
the isotope effect on the glass electrode. In order to 
exchange the amide protons of intact CG, a hor- 
mone solution (1%) w/v, in 2Hz0) was adjusted to 
pH* 2 with 2HC1 and incubated overnight at room 
temperature to dissociate the subunits. The soluti- 
on was then adjusted to pH* 7.8 with KzHP04 and 
incubated a further 24 h to permit reassociation of 
the subunits before lyophilisation. 

immuno-reactive as before the deuterium ex- 
change, while the recombined CG showed 60% 
(receptor-binding assay) to 75 % (radioimmuno- 
assay) of the activity of native CG. 

3. RESULTS AND DISCUSSION 

Both CG [9-121 and porcine lutropin [13,14) 
contain 4 histidine residues, 3 in the a-subunit and 
1 in the P-subunit; those in the a-subunit, but not 
that in the P-subunit, occupy homologous positi- 
ons in the two sequences. The imidazole C2-proton of the single histidine 

of the P-subunit was exchanged for deuterium by 
incubating a solution of &subunit (2 mM in 2Hz0 
cont~ning 50 mM potassium phosphate, 0.1% azi- 
de, pH* 7.8) for one week at 40°C. After lyo- 
philisation, the 2H-exchanged P-subunit was re- 
combined with a stoichiometric amount of (Y- 
subunit (amide protons exchanged as described 
above) by incubation of a l”io protein solution in 
‘Hz0 containing 100 mM potassium phosphate, 
0.02% azide, pH* 7.8 for 24 h at 37°C. All protein 
samples were lyophilised and redissolved in 2H20 
for the NMR experiments; final protein concen- 
trations were 30 mg/ml for the isolated subunits 
and 60 mg/ml for the recombined hormone. 

270 MHz 2H-NMR spectra were obtained using 
a Bruker WH270 spectrometer. All spectra were re- 
corded at a sample temperature of 4O”C, and pH 
adjustment during titration experiments was also 
carried out at this temperature, by addition of mi- 
crolitre volumes of 0.5 M Na02H or 2HCl in 
‘H20. A spectral width of 4.2 kHz was used, with 
quadrature detection; 1X0-2000 transients were 
averaged with a pulse interval of 0.5 s. When the 
water proton resonance became too large, it was 
minimised by saturation with a selective 0.4 s pulse 
immediately before the non-selective observing 
pulse. Dioxan was present in all samples at 2 mM 
as a chemical shift reference. 

After the NMR experiments, the protein samples 
were desalted on Sephadex G25 in 50 mM ammo- 
nium bicarbonate buffer and lyophilised. The inte- 
grity of the recovered proteins was checked by 
radioimmunoassay systems specific for human CG 
and for its IX- and &subunits and by the binding of 
recombined CG to particulate receptor from im- 
mature porcine testis [8], which was assayed by 
competition with ‘251[CGJ. After the NMR experi- 
ments, the cy- and ~-subunits proved to be as 

In the ‘H-NMR spectrum of the isolated CC cy- 
subunit 3 C2-H resonances from the 3 histidine re- 
sidues could be observed; the pH-dependence of 
their chemical shifts is shown in fig.1. Two of the 
histidine residues, A and B, show more or less nor- 
mal titration curves, with pK values and chemical 
shifts (table 1) in the expected range. (For CG, as 
noted earlier for lutropin 161, exchange broadening 
of the C2-H resonances limits the precision with 
which the pK values can be determined to t 0.1 
unit.) The third histidine residue shows an unusual 
chemical shift for its C2-H resonance in the un- 
protonated form (&A = 4.29 ppm), and an abnor- 
mally low pK (5 2.4; the resonance broadens mar- 
kedly below pH* 2.6). Very similar behaviour 
(aA = 4.28 ppm, pK = 3.3) was noted for His (r87 
of porcine lutropin [6], strongly suggesting that the 
‘abnormal’ histidine residue in the human CG cy- 

/ / / / ~- 
2 4 pH* 6 8 

Fig.1. pH-dependence of the chemical shifts of the 
imidazole CZ-proton resonances of intact human chorio- 
gonadotropin (ti), its isolated a-subunit (M) 

and its &subunit (O--O). 
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Table 1 

pK-Values and C2-H chemical shifts of the histidine 
residues of the isolated CP P-subunits of human 

choriogonadotropin and porcine lutropin 

PK &A+ _a 6A_= 

Choriogonadotropin 
His Ab 5.7 (+ 0.1) 5.07 (3.9)e 
His Bb 6.4 (k 0.1) 4.89 (3.135)e 
His a83 ~2.4 d 4.29 
His /3106 7.2 (k 0.1) 4.98 (3.9)’ 

LutropinC 
His (~83 5.4 (* 0.1) 4.97 3.96 
His ru87 3.3 (& 0.05) 4.84 4.28 
His (~94 6.0 (k 0.1) 4.86 3.88 
His ,&89 5.6 (k 0.1) 5.01 3.97 

a Chemical shifts in the protonated (&A+) and 
unprotonated (6~) forms of the imidazole 

b Histidines of the a-subunit not individually assigned 
’ From [6] 
d Not determined 
e Assumed for calculation of pK 

subunit is the homologous residue His ~83. In lu- 
tropin a-subunit, protonation of His ~~87 was 
clearly associated with a significant conforma- 
tional change [6]. The observation of small chan- 
ges in chemical shift of the C2-H resonances of 
histidines A and B at about pH* 2.4 suggests that 
this may also be the case in CG. If this conforma- 
tional change must occur before His cu83 can be 
protonated, then a difference in the stability of the 
protein towards this pH-induced partial unfolding 
could account for the difference in pK between the 
homologous His a83 (CG) and His (~87 (lutropin). 
Certainly the virtually identical, unusual C2-H che- 
mical shifts of the unprotonated form of these resi- 
dues argues that their immediate environment is 
closely similar in the two proteins. 

The single histidine residue of the &subunit, His 
p106, also shows a normal titration curve (fig.1); 
measurements were not made above pH* 7.4, but 
assuming 6A = 3.9 ppm, this residue has a pK of 
-7.2 (table 1). 

In intact CG, a number of amide NH resonances 
persist in the spectrum, in spite of the exchange 
procedures described in section 2. Together with 
the exchange broadening of the C2-H resonances 
noted above, this gives rise to some difficulty in re- 

solving individual C2-H resonances. At high pH, 
only two C2-H peaks were resolved; the lower field 

peak had the greater intensity, and as the pH was 
decreased it split into two components. Below pH* 
5, the hormone begins to dissociate into its subu- 
nits, thus limiting the pH-range over which 
measurements could be made. The partial titration 
curves obtained are shown by the dashed curves in 
fig.1. 

With a total of 4 histidine residues in the protein, 
the higher field (less intense) resonance must cor- 
respond to a single histidine residue with a pK of 
-5.7. The lower field peak then contains the reso- 
nances of 3 histidine residues. Comparison of the 
spectrum of normal CG with that of a sample of 
CG, reconstituted with P-subunit in which the imi- 
dazole CZ-proton had been exchanged for deuteri- 
urn, showed that one of these 3 histidines is His 
p106, whose pK had thus decreased by -0.4 units 
on interaction with the a-subunit. 

Since the histidines of the a-subunit have not 
been individually identified in the spectrum of in- 
tact CG, we can not describe the changes in their 
pK-values precisely. As far as histidines A and B 
are concerned, the simplest hypothesis is that the 
pK of histidine is unchanged and that that of histi- 
dine B increased by about 0.4 units on binding to 
the&subunit. It is quite clear, however, that there 
is no resonance in the spectrum of the intact hor- 
mone corresponding to that of the ‘abnormal’ 
histidine of the a-subunit, His (~83. The pK of this 
residue must have increased by at least 3.3 units on 
interaction with the P-subunit to form the whole 
hormone. 

A similarly large increase in pK on recom- 
bination with the P-subunit was observed for the 
homologous His ~87 of porcine lutropin [6]. The 
direction of the change, from an abnormal towards 
a normal pK, is such that it cannot arise simply 
from burying this histidine residue in the subunit 
interface, but must reflect a change in the con- 
formation of the a-subunit on combination with 
the P-subunit. The change in environment of this 
histidine residue of the a-subunit appears to be 
very similar, whether the P-subunit with which it 
combines is that of CG or lutropin. At least as far 
as this residue is concerned, the change in confor- 
mation of the a-subunit is not hormone-specific. 
In a study of glycoprotein hormones [15] the same 
conclusion was reached. 
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