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Summary. DNA sequence analysis of the polymerase
chain reaction products, including the coding region for
amino acids 416 and 420, of the vitamin-D-binding pro-
tein (DBP, group-specific component, GC) shows allele-
specific differences. The GC2 and GCI1F phenotypes
have an aspartic acid residue at amino acid position 416,
whereas the GC1S phenotype has a glutamic acid at this
position. In the GC2 phenotype, amino acid 420 is a
lysine residue, and in the both common GC1 pheno-
types, it is a threonine residue. The nucleotide exchanges
involve a Haelll (position 416) and a Styl (position 420)
restriction site: the Haelll restriction site is specific for
the GC*1S allele and the Styl restriction site is specific
for the GC*2 allele. We have tested 140 individual geno-
mic DNA samples for the Haelll site and 148 samples
for the Styl site by restriction fragment length polymor-
phism (RFLP) analysis with a DBP-specific direct geno-
mic DNA probe, and have compared these findings with
the GC phenotype classification, by isoelectric focusing
(IEF) of the corresponding plasma. The results of the
Haelll RFLP analysis and the IEF typing were in com-
plete agreement. By using our DNA probe, we could
disclose, in addition to the Styl site at amino acid posi-
tion 420, two further Styl site downstream: one was spe-
cific for the GC¥*18S allele and another for the GC*1F al-
lele. In 147 samples, there was agreement between the
IEF GC typing and the analysis of the Styl restriction
sites. In a single case, the observed result of the StyI-di-
gest differed from the result expected after IEF classifi-
cation: homozygous GC 1F-1F by IEF and heterozygous
by Styl RFLP analysis. We discuss this finding as a re-
combination event or a possible silent allele in IEF typ-
ing. The GC polymorphism revealed by Southern blot
analysis of Styl-digests provides an informative DNA
marker system for chromosome 4q11-q13.

Introduction

The group-specific component (GC, vitamin-D-binding
protein, DBP) is a polymorphic plasma protein discov-
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ered by Hirschfeld et al. (1959). There are three com-
mon alleles (GC*2, GC*1F, and GC*1S) and more than
120 variant alleles of the GC/DBP system in the human
population (Cleve and Constans 1988). GC is a globular
protein of the a,-fraction of human serum with a molecu-
lar mass of 51200 kDa (Schoentgen et al. 1986). Only
part of the GC*1S and GC*1F allele product is o-glyco-
sylated with a terminal sialic acid residue (Svasti and
Bowman 1978). Therefore, the GC1S and GCIF types
are characterized by a double-band pattern as analyzed
by isoelectric focusing (IEF), whereas the non-glycosy-
lated GC2 type is present as a single band (Cleve and
Patutschnik 1979). The interaction of GC with four other
biomolecules results in four apparently independent bio-
logical functions. First, GC binds vitamin D; and its
natural derivatives, with the highest affinity for 25-(OH)-
vitamin D;, the inactive precursor of the 1,25-(OH),-vita-
min Djs. In this function, GC is a transparent protein for
vitamin Dj; and its derivatives (Daiger et al. 1975; Had-
dad and Walgate 1976). Secondly, GC stabilizes mono-
meric G-actin in plasma, thereby preventing the sponta-
neous polymerization of G-actin to F-actin and, thus,
possible damage to the capillary blood system (Van Baelen
et al. 1980, 1988). Thirdly, GC binds to immunoglobulin
G and could therefore play a role in immunological re-
sponsiveness (Constans et al. 1981; Petrini et al. 1985).
Lastly, GC can serve as a co-chemotaxin for C5a and
C5a des Arg, thereby enhancing the chemotactic activity
and restoring the activity of these complement compo-
nents (Perez et al. 1988; Kew and Webster 1988).

At present, the molecular basis for the biochemical
differences of the three common alleles is known only in
part. Two published GC cDNA sequences have revealed
apparent nucleotide differences at 7 sites (Yang et al.
1985; Cooke and David 1985). Six differences are caused
by single nucleotide exchanges, of which three lead to
amino acid exchanges (positions 152, 416, and 420). The
seventh difference concerns amino acid positions 310
and 311. Four nucleotides appear to be inverted result-
ing in an amino acid exchange at position 311. The de-
rived amino acid sequence from the cDNA sequence of
Yang et al. (1985) is identical with the amino acid se-
quence determined for the homozygous GC type 2-2
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(Schoentgen et al. 1986). Therefore, it seems possible
that the other cDNA sequence could be specific for the
GC*1S or the GC*1F allele.

Reynolds and Sensabaugh (1990) have examined three
of the four different amino acid positions (311, 416, and
420) with the help of the polymerase chain reaction
(PCR). The DNA sequences for amino acid positions
310 and 311 were identical for the three common GC al-
leles. At position 416, they found, for the GC*2 and
GC*1F alleles, the codon for aspartic acid and, for the
GC*1S allele, the codon for glutamic acid. The nuc-
leotide exchange in the GC*1S allele results in a Haelll
restriction site. The codon for threonine in the GC*1S
and GC*1F alleles and for lysine in the GC*2 allele lies
at position 420. The corresponding nucleotide exchange
results in a Styl restriction site for the GC*2 allele. The
threonine residue is the possible site for the o-glycosyla-
tion of the GC*1 allele products (Svasti et al. 1979; Viau
et al. 1983).

In this study, we confirm, by DNA sequence analysis,
the nucleotide exchanges characteristic for the three com-
mon alleles as observed by Reynolds and Sensabough
(1990). In addition, we have examined samples of 144
and 148 individuals by RFLP analysis for the Haelll and
Styl restriction sites, respectively, in order to test the
uniformity of these allele-specific nucleotide exchanges.
We have constructed a genomic DNA probe by the PCR
method; it covers the nucleotide sequence comprising
the positions for the amino acids at 416 and 420.

Materials and methods

Preparation of genomic DNA

Genomic DNA was prepared from 10ml EDTA-treated blood
samples that were collected from unrelated healthy blood donors
from the blood bank of the Bavarian Red Cross at Munich, Bavaria.
" After centrifugation of the whole blood sample, the plasma super-
natant was preserved for GC-typing by IEF. The erythrocytes
were lysed twice in ice-cooled isotonic ammonium buffer (155 mM
NH,Cl, 10mM KHCOs;, and 0.1mM EDTA, pH7.4). The white
blood cells were resuspended in Sml 75 mM NaCl, 25mM EDTA,
pH 8.0, lysed with 250 ul of a 20% SDS solution, and incubated
with 150 pg pronase E (Sigma, Munich, FRG) at 37°C for 14h. On
the next day, the sample was vortexed with 1.5ml 5M NaCl for
10s and centrifuged for 10 min at 3000 g. The supernatant DNA
was precipitated with 20ml 100% ethanol and washed in 10 ml
70% ethanol. The precipitated DNA was resuspended in 0.5ml
10mM TRIS/HCI, 1 mM EDTA, pH 8.0.

PCR

For PCR, we used two exon-specific oligonucleotids spanning the
coding region 1201-1220 (5'-GACAAGGGACAAGAACTATG-
3') for the 5'end, and 1371-1390 (5-AATCACAGTAAAGAG-
GAGGT-3") for the 3'end. The Tag DNA polymerase was pur-
chased from Boehringer Mannheim, FRG. The total reaction vol-
ume of 40pl included about 1ug genomic DNA, 50ng of each
primer, 1.25 U Tag DNA polymerase, 200 umol of each dNTP,
and 1.5mM magnesium chloride. Each sample was subjected to
the following 30 amplification cycles: 1min at 94°C for denatura-
tion, 1 min at 53°C for annealing, and 2 min at 72°C for extension.

Ligation, subcloning and sequencing
of the allelic PCR products

The allelic PCR products were blunt-ended with T4-DNA poly-
merase (Boehringer, Mannheim, FRG) by elevating the mag-
nesium concentration after the PCR reaction to 10 mM and adding
0.5 U of the enzyme. After incubation at 37°C, the PCR fragments
were ready for ligation in the HindII site of pUC19 (BRL. Eggen-
stein, FRG). Ligation was performed with 1 U T4-DNA ligase
(Boehringer, Mannheim, FRG) at 15°C for 14h. Recombinant
plasmids were subcloned in E.coli MC 1061 and purified with
Quiagen midi-kit (Diagen, Disseldorf, FRG) according to the
manufacturer’s instructions. DNA sequencing was performed by
the dideoxy chain termination method (Sanger et al. 1977) using
the T7 polymerase sequencing kit supplied by Pharmacia (Frei-
burg, FRG). Sequencing electrophoresis was carried out with a
6% acrylamide 6 M urea gel in a DNA sequencing electrophortesis
unit (21 x 50 cm) from Biorad (Miinchen, FRG). The running con-
ditions were 2000V at 50°C for 2 h.

Restriction-digest and agarose electrophoresis

A 7.5-ug sample of genomic DNA or 10pl of each PCR sample
were digested with 10U Styl or Haelll (both restriction endonuc-
leases were purchased from Boehringer, Mannheim, FRG) at 37°C
for 1h. The genomic DNA digests were separated in 0.8% (StyI)
or 1.3% (Haelll) agarose gel with 0.35ug/ml ethidium bromide
and 35mM TRIS, 30mM NaH,PO,, 1mM EDTA as the electro-
phoresis buffer for 14h at 25V. The digested and non-digested
PCR products were separated in a 1% agarose gel with 0.35 pg/ml
ethidium bromide and 85 mM TRIS, 90mM boric acid, 2mM EDTA
as the electrophoresis buffer at 100V for 1.5 h. The separation was
directly visualized by UV fluorescence. For all agarose gels, the
1kb ladder supplied from BRL (Eggenstein, FRG) was used as the
size standard.

Southern blotting and hybridization

Before blotting, the agarose gels with the separated genomic di-
gests were soaked twice in 0.25 M HCI for 10 min, twice in 0.4 M
NaOH and 1.5M NaCl for 20 min, and once in 0.4 M NaOH for
S5min. The following DNA transfer on Hybond N* membrane
(Amersham, Braunschweig, FRG) was performed by diffusion
blotting in 0.4 M NaOH for 14h. The membranes were washed
twice in 0.3 M NaCl, 30 mM sodium citrate, pH 7.2, for Smin.

Radioactive probes were obtained by labeling the purified PCR
fragment with o-[**P]dATP according to the random priming pro-
cedure (Feinberg and Vogelstein 1983). Hybridization was per-
formed at a concentration of 5 x 10° cpm labeled fragment per ml
of hybridization solution (0.5M sodium phosphate, pH 7.2, 7%
(w/v) SDS, and 1% (w/v) bovine serum albumin (Fraction V,
Sigma, Munich, FRG) for 14 h. The membranes were subsequent-
ly washed three times in 40 mM sodium phosphate, pH7.2, with
1% (w/v) SDS for 10min. Autoradiography was performed on X-
ray 90 over 2—4 days.

IEF and immunoprinting

IEF for disclosing GC types was carried out in polyacrylamide gels
(0.5 mm thick) with a pH gradient between 4.5 and 5.4 on a Multi-
phore II unit from LKB (Freiburg. FRG). Saccharose (2g) was
dissolved in 2.8 ml 30% acrylamide stock solution [29.1g acryl-
amide (Serva, Heidelberg, FRG) and 0.9 g bisacrylamide (Serva,
Heidelberg, FRG) in 100ml twice-distilled water]. To this was
added 1.2 ml pharmalytes, pH 4.5-5.4 (Pharmacia, Freiburg, FRG)
and 0.3 ml ACES stock solution [18 mg ACES (Serva, Heidelberg,
FRG) in 5 ml twice-distilled water]. Hereafter, the gel solution was
degassed for 5min. Polymerization was started after addition of
Sul TEMED (Serva, Heidelberg, FRG) and 0.5 ml 1% ammonium
peroxodisulfate solution (Merck, Darmstadt, FRG). The gel solu-
tion was immediately transferred to a 0.5-mm casting chamber



(LKB, Freiburg, FRG). Polymerization was allowed to take place
for 1h at room temperature and overnight at 4°C. The electrode
buffers were: for the anode 1.0M H;PO,, and for the cathode
0.2 M NaOH. The running conditions were: 1900V, 25mA, and
20W at 8°C.

Whole plasma samples were applied to Whatman 3mm filter
paper (3 X 5mm}. The filter papers were soaked in whole plasma
and positioned at the top of the gel at a distance of 1cm from the
cathode.

The GC-specific bands were detected by immunofixation. For
this, cellulose acetate sheets (Biotec-Fischer, Reiskirchen, FRG)
were soaked in a 1:3 dilution of rabbit anti-human GC antiserum
(Dakopatts, Hamburg, FRG) and placed on top of the gel for
3min. After being rinsed in water for 30 min, the immunoprint was
stained with 1.8g Coomassie R 250 (Serva, Heidelberg, FRG) in
11 ethanol/acetic acid/water (25/8/67) for 10 min and destained in
ethanol/acetic acid/water alone.

Results

Characterization of the allelic DBP PCR products

By using the two DBP-specific exon primers described
above, we could amplify a PCR product of about 2.0 kb.
Sequence analysis showed that the PCR fragment in-
cluded 62 bp from the 3’ end of exon 10, intron 10, and
the 128 bp from the 5’ end of exon 11 in which the differ-
ences between the three common DBP alleles GC*2,
GC*1F, and GC*1S reside (genomic human DBP se-
quence, A.Braun et al., in preparation). Restriction-di-
gests of the allelic PCR products disclose a Haelll site
specific for the GC*1S allele (Fig.1A) and a Syl site
specific for the GC*2 allele (Fig. 1B). Furthermore, there
are two Haelll sites in intron 10; these are common for
all tested DBP alleles.

Fig. 1A, B. Haelll (A) and StyI (B) restriction-digests of the allelic
PCR products by using DBP-specific oligonucleotides that amplify
the region coding for amino acids 416 and 420. —, Not digested; +,
digested, in A
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Fig. 2. Sequence analysis of the three common DBP alleles in the
region coding for amino acids 416 and 420: GC*2, GC*1F, and
GC*18S. The Haelll restriction site (5'-GGCC-3') is marked (verti-
cal bar left) in the GC*18 allele, and the Sty restriction site (5'-C-
CAAGG-3') is marked (vertical bar left) in the GC*2 allele

We subcloned the PCR products of the three differ-
ent alleles in pUC 19 and sequenced them in the region
of interest, i.e., at the nucleotide position coding for
amino acids 416 and 420. Figure 2 shows the different
nucleotide sequences of the three common DBP alleles.
This result confirms the Haelll restriction site for the
GC*18S allele at amino acid position 416, and the Styl re-
striction site for the GC*2 allele at amino acid position
420.

Haelll and Styl RFLPs

We tested, in this study, 144 individual DNA prepara-
tions for the existence of the Haelll restriction site in the
DBP gene region coding for amino acid position 416.
The hybridization of Haelll-digested Southern blots
with the described RFLP probe disclosed two variant
DNA bands. For the GC*2 and GC*1F alleles, the band
lay at about 2.0kb, and for the GC*1S allele at about
0.95kb. In all cases, the RFLP pattern was concurrent
with the IEF-determined DBP plasma protein pheno-
type. Figure 3A shows the Haelll Southern blot of all six
common DBP phenotypes and two rare variants (1S-2A9
and 2-1C3). Table 1 summarizes the allele frequencies of
the DBP IEF phenotypes and the Haelll RFLPs from
our study in Southern Germany.

For the StyI RFLP (DBP gene region coding for amino
acid 420), we digested 148 individual DNA preparations.
The result was surprising. In these digests, all three com-
mon DBP alleles could be differentiated by Southern
blot analysis with our DBP-specific genomic DNA probe.
For the GC*2 allele, a 2.5-kb band was detected, for the
GC*18S allele a 4.75-kb band, and for the GC*1F allele a
6.2-kb band (Fig.3B). We could ascribe the difference
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Fig. 3. A Southern blot of Haelll restriction-digest and B Southern
blot of Styl restriction-digest with a direct DBP-specific genomic
DNA probe. C IEF of the appropriate plasma and immunoprint-
ing with a polyclonal anti-GC antiserum (Dako, Hamburg, FRG).
Lane 1 GC 1F-1F; lane 2 GC 1F-1F; lane 3 GC 1S-18S; lane 4 GC
2-2; lane 5 GC 2-1F; lane 6 GC 2-18; lane 7 GC 1F-18; lane 8§ GC
1S-2A9; lane 9 GC 2-1C3

between the GC*1S and the GC*1F alleles to the 3'down-
stream region of the triplet coding for amino acid 420,
since the next Styl site in the 5'upstream direction was
sequenced in exon 9 and was present in all three com-
mon alleles. The distance from this site to the site coding
for amino acid 420 is about 2.5 kb, which corresponds to
the length of the restriction fragment of the GC*2 allele
in the genomic Southern blot. A schematic representa-
tion of the allele-specific Sty site is given in Fig. 4.

In one sample, the result of the Styl-digest and the
IEF plasma protein phenotype did not correspond. In
this case, we disclosed the GC 1F-1F phenotype by IEF
(Fig.3C, lane 2) and the heterozygous allele bands for
GC*1F/GC*1S by Styl RFLP analysis (Fig. 3b, lane 2).
However, in the Haelll RFLP analysis, we could not see
the 0.95-kb band that is specific for the GC*1S allele
(Fig. 3A, lane 2). In 147 samples, there was correspon-
dance between the DBP plasma protein phenotypes and

Table 1. Allele frequencies of the DBP IEF phenotypes and the
Haelll RFLPs in Southern Germany

Haelll in RFLP GC IEF phenotypes
Bands nob- n Types nob- n
inkb served expected served expected
0.95 44 45.2 1S-18 44 45.2
2.0 25 26.1 1F-1F 5 4.6
2.0/0.95 71 68.7 2-2 9 8.8
2-18 41 39.8
2-1F 11 12.7
1F-1S 30 29.0
Total 140 140.0 Total 140 140.1
Allele frequencies Allele frequencies
Haelll *0.95 0.5679 GC*1S 0.5679
Haelll 2.0 0.4321 GC*1F (0.1821
GC*2 0.2500
Total 1.0000 Total 1.0000

Fig. 4. Schematic representation of the Styl restriction sites that
can be evaluated with our DBP-specific genomic DNA probe. The
StyI! site is present in all common DBP alleles. The StyI® site is in-
volved in the region coding for amino acid 420 and is specific for
the GC*2 allele. The Sty site is specific for the GC*1S allele, but
we cannot test for the presence of this site in the GC*2 allele, with
our probe. The StyI* site is specific for the GC*1F allele, but we
cannot test for the presence of this site in the GC*2 or GC*1S al-
leles, with our probe.

the analysis of the Styl-digests. Table 2 summarizes the
allele frequencies of the DBP IEF phenotypes and of the
Styl RFLPs.

Discussion

The two published GC ¢cDNA sequences (Yang et al.
1985; Cooke and David 1985) show several differences
when compared. Using PCR and RFLP analysis from
Southern blots of genomic DNA, we examined two of
these nucleotide differences coding for amino acids 416
and 420. The sequence analysis of the PCR products
from this region obtained from donors homozygous for
the three common GC alleles revealed the same differ-
ences as the published GC cDNA sequences (Yang et al.
1985; Cooke and David 1985), thereby confirming the
results of Reynolds and Sensabaugh (1990). Thus, at
amino acid position 416, the triplet GAT codes for an
aspartic acid residue in the GC2 and GC1F phenotypes,
whereas the GCI1S phenotype has a glutamic acid re-
sidue at this position determined by the codon GAG.
Amino acid 420 is a lysine residue in the GC2 phenotype
and is coded by AAG, whereas a threonine residue in



Table 2. Allele frequencies of the LBP IEF phenotypes and the
Styl RFLPs in Southern Germany

Styl RFLP GC IEF phenotypes
Bands nob- n Types nob- n
inkb served expected served expected
4,75 48 48.8 18-18 48 48.2
6.2 4 4.2 1F-1F 5 4.4
2.5 10 9.8 22 10 9.8
2.5/4.75 44 43.7 2-18 44 43.4
2.5/6.2 12 12.8 2-1F 12 13.1
6.2/4.75 30 28.7 1F-18 29 29.1
Total 148 148.0 Total 148 148.0
Allele frequencies Allele frequencies

Styl *4.75 0.5743 GC*18 0.5709

Styl 6.2 0.1689 GC*1F 0.1723

Styl *2.5 0.2568 GC*2 0.2568

Total 1.0000 Total 1.0000

both GC1 phenotypes is coded by ACG. Threonine at
position 420 is the putative site for the o-glycosylation
(Svasti et al. 1979; Viau et al. 1983). These nucleotide
exchanges result in new restriction sites for the endonuc-
leases Haelll and Styl, respectively. Their restriction-di-
gests confirm the sequencing data and exclude a Taq
polymerase failure manifested by the subcloning proce-
dure. The digestion of the PCR products was also per-
formed with two heterozygous individual DNA prepara-
tions (GC 2-1F and GC 2-1S) and led to the expected re-
sult for both restriction sites.

When 144 individual genomic samples were tested
with respect to the Haelll RFLP, the results corresponded
without exception to the GC classification in plasma by
IEF followed by immunoprinting. The disadvantage in
the RFLP Haelll system is that one cannot discriminate
between the GC*2 and GC*1F alleles. On the other
hand, a discrimination between all three common GC al-
leles is possible by Styl RFLP analysis with our DBP-
specific DNA probe. The 2.5-kb band of the GC*2 allele
is marked by two Styl sites in exon 9 and exon 11. This
band includes intron 9 and intron 10 (genomic DBP DNA
sequence; A.Braun et al., in preparation). With our
DBP-RFLP probe, we cannot test the next 3’ downstream
StyD® site (Fig. 4), which is present in the GC*1S but not
in the GC*1F allele. Moreover, we cannot test for the
GC*2 and GC*1S alleles at the StyI* site (Fig. 4), which
is specific for the GC*1F allele in our RFLP study. Nev-
ertheless, the use of this genomic DNA probe permits
the differentiation of the three common alleles at the
genic level.

The analysis of the RFLPs of the StyI-digests corres-
ponded to the GC plasma protein polymorphisms in all
cases except one. In 147 out of 148 samples, StyI analysis
permitted the classification of the six common GC types.
In the incompatible case, the homozygous type GC 1F-
1F was found by IEF, and a heterozygous type 4.75 kb/
6.2kb was observed by StyI RFLP analysis (Fig. 3, lane

405

2). We believe that another GC*1F allele might have oc-
curred by a recombination event between the normal
GCH*1F allele and a GC*18S allele: this event might have
taken place between the site coding for amino acid 416
and the Styl site specific for the GC*1S allele in our
RFLP study. If the GC*2 allele has the Sty site (Fig. 4),
it could also represent a recombination event between
the site coding for amino acid 420 and the StyI® site of
the GC*2 allele. Another possibility is that the DNA is
from an individual heterozygous for GC*1F and a silent
allele in the IEF.

The RFLP analysis of the rare variant GC*1C3 allele
results in a 0.95-kb Haelll band and a 4.75-kb StyI band
(Fig.3, lane 9). Both fragments are indistinguishable
from those of the GC*1S allele. Therefore, it is possible
that this GC variant has originated from a GC*1S allele
by mutation. For the variant GC*2A9 allele, we obtained
a 2.0-kb Haelll band and a 2.5-kb StyI band (Fig. 3, lane
8). These fragments were indistinguishable from the frag-
ments determined by the GC*2 allele. In this case, it is
possible that the GC*2A9 allele is descended from the
common GC*2 allele.

The conclusion of our study is not that the GC clas-
sification by IEF of the plasma protein polymorphisms
should be replaced by analysis at the DNA level: addi-
tional differentiation of GC mutants may be made in
rare circumstances, as evidenced by our observation of a
GCI1F-1S heterozygote typed as GC1F-1F by IEF. On
the other hand, the vast majority of the less common GC
variants as depicted by IEF will be missed by RFLP anal-
ysis of the Styl-digest. We should point out, however,
that the classification of the three common GC alleles by
Southern blot analysis provides an informative DNA
marker system for chromosome 4q11-q13 (Cooke et al.
1986).
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