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Protein and cDNA sequence data have shown human C4b-binding protein to contain eight internally homo- 
logous repeat units, each approx. 61 amino acids in length. Repeat units conforming to the same consensus 
sequence have been found in other complement and non-complement proteins. Southern blot analysis to- 
gether with isofation, ch~racter~~tjon and sequencing of genomic clones has allowed the study of ~ntron~ 
exon organisation in the human C4b”binding protein gene and the identj~cation of a BgIII restriction frag- 

ment length pofymorpllism. 

Complement C4b-binding protein 

1. I~TR~D~CTI~N 

C4b-binding protein (C4bp) is one of a group of 
regulatory proteins, which includes complement 
receptor type I (CRl), factor H and gp45-70 {l], 
within the complement cascade which m~ntain 
homeostasis of C3 levels. C4bp performs this 
regulation in the classical pathway of complement 
activation [2,3] by accelerating the decay of C3 
convertase (C4bC2a), through binding to C4b thus 
displacing C2a and acting as a cofactor for factor 
I which proteol~ically splits C4b [4,5]. These 
functions rely upon the ability of C4bp to bind 
C4b; similar dependence of C4bK3b binding is 
noted in the regulatory function of the plasma pro- 
tein factor H of the alternative pathway and the 
cell surface molecules CRl, DAF and gp45-70 [I]. 

C4bp is a serum glyc~protein of 550 kDa and is 
thought to be composed of 7 identical disulphide- 
bond-linked chains [6]. Each chain is composed of 
8 contiguous repeating homology units, each ap- 
prox. 61 amino acids long, making up the N- 
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terminal 491 amino acids while the C-terminal 58 
amino acids show no homology to the rest of the 
chain [7]. The repeating units conform to a consen- 
sus sequence having a framework of highly con- 
served residues consisting of one tryptophan, two 
proline and four h~f-~ystine residues and a 
number of other partially conserved positions in- 
volving glycine or hydrophobic residues. These 
repeating units are widespread being found in a 
number of complement proteins (C2, factor 13, 
C4bp, factor H and CRI) and non-complement 
proteins ~2-glycoprotein, IL-2 receptor; blood 
clotting factor XIII, haptoglobin-2 precursor) 
(review [g]). 

Two phenotypes of human C4bp have been 
identified f9] and have been closely linked to the 
loci for CR1 and factor H and thus form a recently 
described gene cluster of complement regulatory 
proteins [lo] which has been mapped to 
chromosome 1 ([1 I] and Solomon, E., unpub- 
lished). Use of the cDNA probes and Southern blot 
analysis has allowed the mapping of the C4bp gene 
and identification of a JjgfiI restriction fragment 
length pol~orphism. The isolation of genomic 
clones has alIowed the study of the intron/exon 
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organisation in the gene which will be informative 
with respect to understanding the evolution of this 
group of regulatory proteins. 

2. MATERIALS AND METHODS 

2.1. Enzymes 
Restriction endonucleases were purchased from 

New England Biolabs, Boehringer Mannheim and 
Amersham International. The nick translation 
‘kit’ and all radiolabelled nucleotides were also 
from Amersham International, 

2.2. Southern blot analysis 
Genomic DNA was prepared from whole blood 

1121; for analysis 8-10 pg was digested with 20 
units of enzyme for 20 h, electrophoresed in 0.7% 

a 
I II III IV V VI 

agarose and transferred to nitrocellulose (Amer- 
sham) [ 131. These were then hybridised with cDNA 
probes (fig. la), nick-translated to a specific activi- 
ty of =lO* cpmlpg of DNA [14] in buffer contain- 
ing 50% formamide and 6 x lo6 cpm/ml for 30 h. 
The blots were then washed three times at room 
temperature in 2 x SSC + 0.1% SDS and three 
times at 68°C in 0.2 x SSC. 

2.3. Ge~omic clone jsolatjo~ and characterisatjon 
Approx. lo6 plaques from a X phage library 

(constructed by A. Bentley) were screened by stan- 
dard techniques [15] using the nick-translated 
cDNA probes. XDNA was prepared [15] and par- 
tially characterised by Southern blotting. Restric- 
tion fragments from a PvuII digest of XDNA was 
subcloned into pATl53/PuuII/8 [ 161 and detected 

Vii VIII Repeat Units 
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T T T T Fig.I. (a) cDNA probes used in Southern analysis and 
isolation of genomic clones. Sl covers most of the 
protein sequence. A400 and A500 cover protein repeats 

9.8kb ,a, 4.4kb, 
III, IV, V and V, VI, VII and VIII, respectively. The 

, protein repeat VII, VIII and 3’ non-homologous 58aa 
-13.0kb are covered by Nl. (b) Initial positioning of restriction 

4 * enzymes within the C4bp gene; B, BgnI; E, EcoRI; H, 
HindHI; M, BornHI; T, TagI. B*, polymorphic SgfiI 
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by colony hybridisation with the A400 and Sl 
cDNA probes. Plasmid DNA was prepared by the 
alkaline-SDS method [17] and DNA sequencing 
carried out using the Maxam and Gilbert method. 

3. RESULTS AND DISCUSSION 

From initial genomic DNA blotting results it has 
been possible to construct a restriction map 
(fig.lb) using the four available cDNA probes 
which together cover most of the cDNA sequence. 
The overall size of the gene is approx. 30 kb as 
estimated by Southern blotting using 5 ’ and 3 ‘ 
cDNA probes. From Northern blots the C4bp 
mRNA is estimated to be 2.5 kb long [7] and a 
large proportion of the gene must therefore be 
composed of intron sequences. 

A restriction fragment length polymorphism was 
detected using the restriction endonuclease Bg/II 
and the Sl and A500 probes. A total of 18 genomic 
DNA samples (15 of which were a gift from A. 

Palsdottir) were then analysed with the same en- 
zyme and probes (fig.2). Using the cDNA probes 
available the BglII polymorphism was mapped as 
shown in fig.lb and is due to the presence or 
absence of a BgiII site 2.9 kb upstream of the 
5’-end of the 4.4. kb BgflI fragment. 

Of the 18 samples 3 were members of a family, 
in which the father is homozygous for the smaller 
fragments and the mother and daughter are 
heterozygous. Thus the polymorphism is inherited 
and in a Mendelian fashion. 

The polymorphism has been detected in 50% of 
the 18 samples tested and is therefore unlikely to 
show a simple correlation with the protein 
polymorphism which has gene frequencies of 0.981 
and 0.018 [9]. During this study no other restric- 
tion fragment length polymorphisms using 10 
other common restriction enzymes have been 
detected in the C4bp gene which suggests the C4bp 
gene, unlike the C4 and related MHC associated 
genes, may not be highly polymorphic although a 

F D 

Fig.2. Southern analysis of the BgfII restriction fragment length polymorphism using the A500 probe. Three different 
patterns can be seen, the 11.5 kb and 4.4 kb fragments being common in all. Samples marked SS have two extra bands 
at 9.8 kb and 2.9 kb (and are homozygous for the small fragments); LL, have one extra band at approx. 13.0 kb (and 
are homozygous for the large fragment). LS have all five bands (and are heterozygous). The samples marked M 

(mother), F (father), D (daughter) are members of one family. 
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number of differences between the derived protein 
sequence from the cDNA of an individual and the 
protein sequence of C4bp isolated from pooled 
plasma have been reported [7]. 

Preliminary sequencing data from one of the 
subclones of the 4 isolated genomic clones, clone 
BP/Pv.a, have determined the location of two in- 
tron/exon boundaries (fig.3) which from com- 
parison with the published amino acid sequence of 
C4bp [7] corresponds to the C-terminal of the third 
internal repeat, and N-terminal of the fourth. 
From these early data it can be speculated that 
each of the 60 amino acid repeats will be precisely 
encoded within one exon, as has been found for 
the three internally homologous repeats in the 
complement protein factor B [ 181. 

A number of complement proteins contain these 
internal repeating units [8], the N-terminal Ba and 
C2b portions of factor B and C2, both contain 3 
and the chains of C4bp and factor H [19] contain 
8 and 20 repeating units respectively; the precise 
number in CR1 is not known yet [20] but there 
could be as many as 36. Evidence for the encoding 
of the protein repeat within one exon in the three 
complement genes so far examined, C4bp, factor B 
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gcttcagCTGTGACCCCCGCTTCTCACTCTTGGGCCATGCCTCCATTTCTTGCACTGTG 
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Fig.3. The nucleic acid sequence of the C4bp gene 
showing the coding region from Cys 155 to Glu 187 and 
some intron sequence and coding region from lysine 188 
to asparagine 240. Amino acid 187 marks the end of the 

third protein repeat in C4bp. 

and C2 [8], would suggest that a mechanism of 
tandem duplication of a single exon has occurred. 
In factor B and C2 the repeat structure has been 
combined with a catalytic chain containing a serine 
proteinase domain [ 181. The evolution of these 
proteins can now be discussed in terms of exon 
shuffling as described for the LDL receptor [21]. 

The complement proteins containing the 
repeating units are all functionally, as well as struc- 
turally, related since they all interact with C3b or 
C4b [8]. However, the discovery of the repeat in 
non-complement proteins would imply that the 
presence of repeating units may be a general struc- 
tural feature of a superfamily of related proteins. 
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