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1. Introduction 

Vitamin D, exogenous or endogenous, must be trans- 
formed to an hydroxylated metabolite (e.g., 25-OH-D3, 
24,25-OH-D3) to become an active metabolite of the bone 
tissues or to participate in the regulation of phosphocalcic 
metabolism [l-4]. This hydroxylation must necessarily 
be performed in the liver and in the kidneys. The 

various stages from the synthesis or ingestion of 
vitamin D to its arrival and metabolism in the target 
tissues are dependent on the existence of a plasmic 
binding protein: the vitamin D-binding-protein (VDBP) 
This globulin was shown in [5] to be identical to an 
olz-globulin already known as group-specific compo- 

nent (Cc). The heterogeneity of this protein is due to 
a large genetic polymorphism [6] (3 genes GclF, 
GclS, Gc2 and 26 known variants). Here the gene 
nomenclature is GclF, GclS or Gc2 with the corre- 
sponding Gc 1 F-l F, Gc 1 S-l S, or Gc 2-2 for the homo- 

zygousphenotypesandGc2-lF,Gc2-1S or Gc IF-1S 
for the heterozygous phenotypes. After electrophoresis, 
the Gc2 gene product was observed as a single band 
(the Gc 2 protein) while the GclF or GclS gene 
products (the Gc 1 F or Gc 1 S proteins) were each 
characterized by a set of two bands: Gc la for the 
anodal band;Gc 1 c for the cathodal band. The presence 
in the serum of the Gc 1 a protein band was considered 
as the post-transcriptional transformation of the 
Gc lc protein in relation to its metabolism [7,8]. 

Thus it seemed interesting to investigate the rela- 
tions between the genetic differences responsible for 
its heterogeneity and the affinity of the proteins for 
the 25-OH-D3. Usually any investigation in this field 
requires the preliminary step of the preparation of a 
highly purified protein. The main difficulties encoun- 
tered in these procedures are related to the low con- 
centration in the serum (-0.3 mg/ml), the time 
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required and the cost if a good quality protein is to 
be obtained [3,9,10], and the biological properties of 
the protein must also be preserved. The methods were 
poorly adapted to the research we have undertaken. 
For these reasons we chose the analytical electropho- 
resis procedures such as two dimensional electro- 
phoresis on PAGE (polyacrylamide gel electrophoresis) 

and IEF (isoelectrofocussing). 

2. Materials and methods 

2.1. Hectrophoretic techrliques 

Electrophoresis on polyacrylamide gel was as in 
[ 1 l] using a system of discontinuous buffers (Tris, 
EDTA, boric acid), a running buffer (pH 8.28) and 
a gel buffer (pH 8.9 1). This technique was the most 
appropriate to separate the protein bands of the VDBP 
from albumin and other globulins. The verticalelectro- 
phoresis was on acrylamide plates 13 X 8 X 0.3 cm 
(Pharmacia GE 4). The spacer gel was acrylamide 2.5%, 

bis-acrylamide 0.62% (Eastman Kodak) and the migra- 
tion gel was 6.6% acrylamide and 0.2% bis-acrylamide. 
Both gels were polymerised in the presence of Temed 
and ammonium persulfate (Merck). The migration 
lasted 3 hat 10°C and 15 V/cm. 

IEF was done on a polyacrylamide gel (4.85% 
acrylamide, 0 .15% bis-acrylamide), 1 mm thick (Multi- 
phor LKB). The gel contained an ampholyte solution 
(pH 4.6) (Ampholines LKB) 2% and a riboflavine 
solution which allowed photopolymerisation. The con- 
ditions of the electrophoresis were: 1200 V max; 
15 W max; 20 mA max; for 4.5 h. The temperature was 
maintained at 1 O’C. Strips of Whatman 17 were soaked 
with 1 M H3P04 at the anode and 0.2 M NaOH at the 
cathode. The serum samples were applied on the gel 
1 cm from the cathode with Whatman paper 3MM. 
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2 2. Tuloilirllensic)rlal clrctropl~orcsis 
The first dimension was performed on PAGE, the 

second on IEF. After the first dimension, using as 
reference the position of serum albumin, a band of 
4 X 0.5 cm was cut out from the gel, and placed on 
the surface of the IEFgel 1 cm from the cathode (fig.]). 

? .3. Ii?ln2utlqfbatiol1 procedure 

After the IEF, the VDBP electrophoretic pattern 
could only be detected by a specific method such as 
print-immunofixation [I:!] using 3 monospecific 
antiserum anti Cc (Dakopatts). The cellulose-acetate 
bands were stained with Coomassie blue solution 
(R-350). 

I! .4. pH ~~~eas~~r~t~~er~ts 
In these experiments the pH values were obtained 

with an Ingold surface electrode (type lot 403/30) at 
the migration temperature across the surface of the 
gel from the anode to the cathode. At least 3 mea- 
surements were made to estimate a mean value for 
the pH [13]. 

0 I It II I 

3.5. Test jtir saturatiorl oj’thc T’DBP 0~1 2S-OKD, 
The solutions were prepared by successive dilutions 

of an ethanol solution of 35-OH-D3. The amount 
theoretically necessary to obtain the saturation of the 
apoprotein form of the VDBP was calculated on the 
basis of the protem concentration and to a mole to 
mole reaction with the lipand. The affinity constant 
obtained by the Scatchard method is high for this 
vitamin D3 derivative: Kit I--? X 1 OS M-’ [ 11 ,I ‘1. 

3. Results and discussion 

When increasmg concentrations of 35-OH-D3 were 

added to a serum there was a progrcsslve saturation of 
the protein and a transformation of the free form 

(apoprotein) to the bound form (holoprotein). These 
two forms could be separated by PAGE, the holo- 

protein having a more anodic mobility than the apo- 
protein [14,15]. Fig.1 shows the two-dimensional 
electrophoretic patterns obtained with a serum pheno- 
type Cc 7-I (i.e., Gc Z-IF or Gc 7-l S) in the presence 

0 

Gc *a holo. 

Gc la apoSr Gc tc holo. 

Gc IC apo. 

Gc 2 apo. 

Fig.1. Twodlmensinoal electrophoretic pattern of a Gc 2-l sample partully saturated with 25-OH-D, (I &ml serum). The band 
positions after the t dimension (PAGE) arc’ (arrow 1) Cc la holoprotein: (arrow 2) Gc la apoprotein, Gc lc holoprotein; 
(arrow 3) Gc I c apoprotem, Gc 2 holoprotein; (arrow 4) Gc 2 apoprotein. Each holoprotcln form presents an anodlc mobility 

while the excess of the protem bands in the apoprotein form shows a cathodic mobility. Durmg the second dimension (IEF) the 

protem-l&and exchange takes place to the detriment of the Gc 2 holoprotem. 
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of a non-saturating dose of 2.5~OH-D3. After the first 
dimension in PAGE (running buffer, pH 8.28) 6 differ- 
ent bands were expected [3,14]. Based on [7,9] using 
homozygous phenotypes, the proteins corresponding 
to those bands were determined, The most anodic 
was the Gc la haloform (arrow l), then a set of 
2 bands hardly separated and corresponding to the 
Gc I a apoprotein and the Cc 1 c holoprotein (arrow 2). 
Another set of 2 bands (arrow 3) was composed of 
Gc 2 holoprotein and Gc lc apoprotein. The last and 
sixth band is represented by the Gc 2 apoprotein 
(arrow 4). Under these conditions, there is no affinity 
difference of any protein band for the 25OH-D3. 
This is in agreement with [ 161. During the second 
dimension (IEF) an extremely fast exchange occured 
between the different apoprotein and holoprotein 
bands. After IEF the Gc la holoprotein remained as a 
single band (fig.1). ~orrespondin8 to arrow 2 we 
observed the presence of the Gc 1 a apoprotein and of 

the Gc 1 c holaprotein, but also of the Gc 1 a holopro- 
tein and the Cc 1 c apoprotein; after the first dimen- 

sion the Gc 1 a holoprotein could not be present in this 
position. It was generated during the second dimension 
to the detriment of the Gc Ic holoprotein by the 
following mechanism: 

Part of the Cc la apoprotein picks up the 
25-OH-D3 of the Gc lc holoprotein and moves to 
the position of the Gc la holoprotein giving there- 
by rise to the Gc lc apoprotein. 

An identical exchange (Cc lc apoprotein and Gc 2 
holoprotein together after PAGE, arrow (3) takes 

place to the detriment of the Cc 2 band. In these con- 
ditions, the Cc 2 holoprotein band whose position 
would be between the Gc lc apoprotein and the Gc la 

apoprotein, has completely disappeared. These 
exchanges cannot affect the Gc I a holoprotein and 
the Gc 2 apoprotein bands separated in the first 
dimension. They remained unchanged during the 

second dimension (IEF). 
These results show under IEF conditions the pref- 

erence of the ligand for the Gc la band and later on 

for the Gc 2 band.To confirm this, an experiment was 
performed to study directly the exchange between 
the Gc 2 holoprotein and the different Gc 1 S apo- 

protein bands. In fig2( 1) (right sample) the Gc 1 S 
apoprotein sample was applied over 3 mm. After a 
pre-fo~uss~g migration step, the Gc 2 holoprote~ 
sample was applied (fig.2(2)) at the same piace as the 
previous sample but over 10 mm. This sample could 
be represented as divided into 3 parts: (a$) represent 

the Cc 2 holoprotein not submitted to the exchange 
with the Cc 1S bands and focussed at its isoelectric 
point (4.90-4.95); in (b) the Gc 2 holoprotein first 
moves to its isoelectric point (arrow 1) where the 
Gc lc apoprotein band has focussed. Then when the 
two bands were together, the Gc Ic band carried off 
the 25OH-D3 on the Gc 2 holoprotein. The Gc Ic 
apoprotein was transformed into its holoform while 
the Cc 2 holoprotein returned to its apoprotein form 
and migrated back to the pH 5.10 zone correspond- 
ing to its new pI (arrow 5). The Gc 1 c holoprotein 
migrated towards its pl (arrow 2) and when it reached 
the Gc la apoprotein band a similar exchange occurred 
between the Gc 1 a apoprotein and the Cc 1 c holo- 
protein. The Gc la apoprotein was transformed into the 

holoform and migrated towards the anode (arrow 3; 
pI 4.75), while the resulting Gc 1 c apoprotein returned 
to its isoelectric point (arrow 4). Fig.2(3) shows the 
result obtained after such exchanges of 2%OH-D3 
between the Gc 1 and Gc 2 proteins. The isoelectric- 
focusing pattern of the Cc I S-l F proteins is presented 
as reference on the left of each diagram in fig.‘.?. We 
were thus able to see that the protein-l&and complex 
as studied after IEF does not correspond to denatura- 
tion. The ligand transported by the holoprotein 
remained permanently exchangeable. These reactions 
of binding and dissociation took place under condi- 
tions of pH close to the isoelectric points. 

The results obtained in a third experiment are 
shown in fig.3 _ In the presence of increasing concen- 
trations of 25OH-D3 added to a Gc 1 F-l S serum, the 
Gc laholoprotein produced by the GclF gene present- 
ed first the anodic shift corresponding to the appear- 
ance of the Gc la holoprotein form (sample 3), and 
until this band was transformed into its holoprotein 
form, the homologous protein synthesized by the 
GclS gene was not affected (sample 4). The anodic 
shift of the Gc la protein was complete in sample 5 
(0.5 pg ?5-OH-D3/ml serum). From sample 6-l 1 it is 
possible to follow the different steps of the anodic 

shift of the Gc 1 c proteins. The Gc I c protein pro- 
duced by the Gels gene is the last to present the ano- 

die shift. 
These exchanges of the ligand between the holo- 

protein and apoprotein bands as observed in fig.l,2 
are not an artefact due to the IEF conditions but 
correspond to affinity differences between the pro- 
teins for the ligand. These affinities seem to be thus 
closely linked to the different p1 of the protein bands. 
The lower the p1 of the protein the greater the affinity 

109 



Volume 111. number 1 FEBS LETTERS February 1980 

sample 
appticat ion 

c3 

1_1 Gcle b&I 

_ GCIC kola 

1 2 3 
Ftg.2.The 2 schematicrcpresentations of this figure outline the steps of the experiment performed to show that the l&and remains 

exchangeable between the proteins with different affinities. The 4 bands located on the left of each of the 3 parts of the figure 

correspond to the electrophoretic pattern obtained with a Gc lF-1S serum sample used as reference for the mobilities of the apo- 

proteins. (1) First a sample of Gc lS-1s is applied on the cathodic side of the gel with a small (3 X 0.5 mm) Whatman 3MM paper 

strip. After migration (1 h), the Cc bands are focussed, giving the Gc 1Sc apoprotem on the cathodic side, and the Gc 1Sa apo- 

protein on the anodrc side. (2) This diagram shows the second step of the experiment. After accomplishmg the first step, a sample of 

theGc 2 holoform isapplied on the same position aswasapplied the Gc lS-1S sample (diagram 1) but with a longer (10 X 0.5 mm) 

Whatman 3MM paper strip. A second IEF is then performed for 3 h. During this time the ligand carried by the Gc 2 holoprotein 

is exchanged between the different Gc la and Gc 1 c apoproteins (arrows l-3) as explained in the text. The dotted arrows 45 

show the cathodic shifts of the holoproteins after exchange of the hgand. (3) This shows the final result obtained after ligand 

exchange between holoproteins and apoproteins as presented in diagrams (1,2). 

t 
I.E.F. 

t 

0 

PM 4.76 

px 5.10 

123456789 10 11 12 

Fig.3. Here a Gc IF-1S serum is used to demonstrate the importance of the pI differences between the proteins in their affinities 

for the ligand. A progressive saturation with the 25-OH-D, solution is obtained. In samples I,1 2, the 3 bands obtained after IEF 
correspond to a Gc 2-1F serum. The most cathodic band corresponds to the Gc 2 protein. In the anodic zone the set of 2 bands 
corresponds to the Gc 1 F protein. In sample 2 the electrophoretic pattern obtained corresponds to Gc lF-1 S serum. Four bands are 

observed. The Gc 1Sc and Cc 1Fc protein bands are the more cathodic bands while the Gc 1Fa and Gc 1Sa protein bands are the 

more anodic bands; samples 3-11 show the results of the progressive addition of 25-OH-D, (0.25,0.33, 0.5,0.7, 1, 1.4, 1.8, 
2 and 3 J.I~ 25-OH-D,/ml serum, respectively) to the Gc lF-1S sample. 
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of the protein for its l&and. These protein activities 

which are extremely sensitive can only be demon- 
strated under IEF, i.e., when the proteins are at a pH 
which is almost identical to their isoelectric point 
and not in a buffered system as with PAGE. 

References 

[l] Haussler, M. R. and McCain (1977) New Engl. J. Medic. 
297,974-983. 

[2] Holick,M.F.andClark,M.B.(1978)Fed.Proc.FASEB 
37.12,2561-2574. 

[3] Bouillon, R., van Baelen, H., Rombauts, W. and 
de Moor, P. (1976) Eur. J. Biochem. 66,285-291. 

[4] Imawari, M., Kida, R. and Goodman, de W. S. (1976) 

J.Clin. Invest. 58,514-528. 

[S] Daiger, S. P. and Cavalli-Sforza, L. L. (1977) Am. J. 
Hum. Genet. 29,593-604. 

[6] Constans,J.andViau,M.(1977)Science198,1070-1071 

[7] Constans, J., Viau, M., Moatti, J. P. and Clavere, M. 
(1979) Proc.4th Workshop Vitamin D, pp. 1433147, 

Walter de Gruy ter, Berlin. 

[S] Cleve, H. and Patutschnick, W. (1979) Hum. Genet. 47, 
193-198. 

[9] Haddad, J. G. jr and Walgate, J. (1976) J. Biol. Chem. 
251,4803-4809. 

101 Kida, R. and Goodman, de W. S. (1976) J. Lip. Res. 17, 
485-490. 

111 Kitchm, F. D. (1965) Proc. Sot. Exp. Med. Biol. 119, 

1153-1155. 

121 Constans, J. and Cleve, H. (1979) Hum.Genet. 48, 
143-149. 

13) Viau, M., Constans, J. and Bouissou, C. (1977) Sci. 

Tools LKB 24,25526. 

[14] Constans, J. and Viau,M. (1978) CR Acad. Sci. Paris 

287.8099812. 

[ 151 Svasti, J. and Bowman, B. H. (1978) J. Biol. Chem. 
253,4188-4194. 

[ 161 Kawakamr, M., Imawari, M. and Goodman, de W. S. 
(1979) B1ochem.J. 179,413-423. 

111 


