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We describe a new member of the human Factor H protein family, termed Factor H-related protein 4A (FHR-
4A). The corresponding cDNA sequence was isolated and encodes a secreted protein of 559 amino acids,
with a predicted molecular weight of 63.2 kDa. Apparently, this novel cDNA is derived from the human FHR-4
gene. Genetic analysis shows that the human FHR-4 gene is composed of 10 coding exons, and two distinct
mRNA transcripts are derived from this gene by alternative splicing. The short FHR-4B form represents a
truncated variant and encodes a secreted protein of five domains (previously termed FHR-4). The long
transcript encodes the novel FHR-4A protein that is composed of nine complement control protein (CCP)
domains. A unique feature of FHR-4A is the tandem arrangement of four CCP domains forming a ‘natural
dimer’ of the short isoform. The FHR-4A protein is identified in human plasma as a 86kDa protein. The
difference between the predicted and observed molecular masses is explained by glycosylation. Comparison
of the deduced protein sequence of FHR-4A with peptides from a 86kDa apolipoprotein described by us
earlier suggests that the long form, FHR-4A, represents this apoprotein. In summary, FHR-4A is a new Factor
H-related protein with a unique domain composition, that is, an internal duplication of four CCP domains. To
our knowledge, FHR-4A provides the first evidence for alternative splicing among Factor H-related genes.
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Introduction
The human Factor H protein family consists of seven

related plasma proteins: Factor H, Factor H-like protein-1

(FHL-1) and five Factor H-related proteins (FHR-1, FHR-2,

FHR-3, FHR-4 and FHR-5). All members of this protein

family share structural and most likely functional simila-

rities. They (i) represent secreted plasma proteins, (ii) are

exclusively composed of conserved protein domains

termed complement control protein modules (CCPs), (iii)

are synthesized primarily by hepatocytes and (iv) are

immunologically related to each other and to Factor H.1

The five FHR proteins share sequence similarity of their

individual CCP domains, and based on this similarity the

proteins can be divided into three distinct subgroups: (i)

FHR-1 and FHR-2, (ii) FHR-3 and FHR-4 and (iii) FHR-5.

Factor H and FHL-1 are both derived from the human

Factor H gene by alternative splicing.2 The FHL-1 protein
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Data presented in this paper strongly suggest that the previously

described FHR-4 protein is the short isoform deriving from the FHR-4

gene. To avoid confusion we suggest that this protein should be termed

FHR-4B, and the newly described long isoform FHR-4A. The nucleotide

sequence of FHR-4A is available in the EMBL database under accession

number AJ640130.
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represents the first seven CCP domains of Factor H and has

four unique amino acids at the C-terminus. All FHR

proteins are encoded by separate genes, which similar to

the Factor H gene are located in the regulators of

complement activation (RCA) gene cluster on the long

arm of human chromosome 1 (1q32).3 – 6 With one

exception each domain of the Factor H family members

is encoded by a unique exon, indicating exon shuffling and

duplication events as a basis for the diversity of this gene

family. The structure of the FHR-4 gene has not been

analysed so far.

Factor H and FHL-1 act as important complement

regulators, however, the biological function(s) of the FHR

proteins is currently unknown. The structural similarity

and the sequence identity of individual protein domains

suggest overlapping function(s) of FHR proteins and

activities shared with the complement and immune

regulator Factor H.7 FHRs and Factor H bind the same

ligands, as demonstrated for C3b (FHR-1, FHR-3, FHR-4 and

FHR-5),8 – 10 heparin (FHR-1 and FHR-3, FHR-5),8,9,11,12 C-

reactive protein (FHR-3 and FHR-4)13 and some subtypes of

the streptococcal M protein (FHR-3).14 FHR-1, FHR-2 and

FHR-4 as well as Factor H are present in plasma lipoproteins

and FHR-5 has been found in kidney glomerular comple-

ment deposits.15 FHR-3 and FHR-4 enhance the cofactor

activity of Factor H, most likely by changing the con-

formation of C3b.9 A relatively weak cofactor activity has

been reported for the FHR-5 protein.12 FHR proteins are

conserved in evolution and are present in other verte-

brates.16 – 20 The conservation in evolution suggests an

early and important role at least for some FHR proteins.

Recently, a 86 kDa human plasma and apolipoprotein

was identified, purified and the sequence of six tryptic

peptide fragments was determined.21 The derived peptide

sequences showed high similarity but not complete

identity to the FHR-4 protein. The recombinant FHR-4

protein has a molecular mass of approximately 42 kDa and,

based on the peptide match and the crossreactivity of

polyclonal antiserum raised against the 86 kDa lipoprotein,

it was hypothesized that FHR-4 forms a homodimer in

plasma and represents the 86 kDa lipoprotein. However,

differences in sequence and in mobility were observed and

explained by polymorphic variations or by different

glycosylation patterns of the recombinant versus the native

protein. Based on these discrepancies, we hypothesized

that the 86 kDa apolipoprotein might be a distinct protein

that is highly related to FHR-4. Here we identify a new FHR

protein of nine CCP domains, that is identical to the

86 kDa apolipoprotein.

Materials and methods
Library screening

A human liver cDNA library (Stratagene) was screened with

a probe representing the FHR-4B cDNA. This probe was

labelled with 32P-dCTP (Amersham) using the High Prime

DNA Labelling kit (Roche). The library was plated on LB-

agar plates and filter lifts (Hybond-N membranes, Amer-

sham) were performed according to standard procedures.

The labelled probe was added O/N in 10�Denhardt’s,

1 � HEPES solution containing 100mg/ml herring sperm

DNA (Sigma) at 651C with shaking. The filters were

extensively washed with 2 � SSC containing 0.1% SDS,

dried and exposed to Kodak XAR-5 films (Sigma) at –701C

using intensifier screens. Positive clones were isolated, re-

screened, and the cDNA inserts were sequenced as

recommended.

PCR

For amplification of FHR-4A fragments, a human liver

cDNA library or HUH7 cDNA was used. Total RNA was

extracted from HUH7 human liver cells and cDNA was

synthesized using oligo(dT) primer with the Supercript II

RNase H� Reverse Transcriptase kit (Gibco). Specific FHR-

4A fragments were amplified using the following primers:

(SP) 50-ATGTTGTTACTAATCAATGTC-30 for the signal pep-

tide, (4BR2) 50-CTGGTACTCGACTCTTGACCA-30 for CCP

4, (R6SCR1F) 50-CAAGAAGTGAAACCTTGTGAG-30 for CCP

5, (R6CCP3) 50-TTGGACTATGAATGCTAT-30 for CCP 3,

(R6CCP6) 50-AATGCAAATTGGTTGTGC-30 for CCP 6,

(R4SCR5R) 50-TTCGCATCTGGGGTATTCCAC-30 for CCP 9

and oligo(dT) primers. The PCR conditions were 33 cycles

of denaturation at 941C for 45 s, annealing at 551C for 45 s,

extension at 721C for 75 s, final extension of 10 min. For

the amplification of the full FHR-4A coding sequence, two

additional primers were used: (R6F1) 50-AAGATTT-

CAAACCCCAAACAG-30 and (R6R2) 50-TCAGAAGC-

TATCTTTGCAAGC-30 with the Expand Long Template

PCR System (Roche) according to the manufacturer’s

recommendations. Amplified fragments were subcloned

into TOPO TA vector (Invitrogen) and the inserts

sequenced. The primer pairs and the amplified fragments

are shown in Figure 1a.

In silico analysis

The sequences of the clones obtained from the library

screening and from the PCR reactions were compared to

database sequences via blastn (National Center for Bio-

technology Information, http://www.ncbi.nlm.nih.gov).

The individual CCP domains of FHR-4A were aligned using

the ClustalW program at the European Bioinformatics

Institute (http://www.ebi.ac.uk). The sequence compari-

sons were performed using the blastp program to compare

individual CCP domains to each other. For sequence

analysis and handling the GenoDB program was used.

The protein sequences used for comparison were from the

National Center for Biotechnology Information (http://

www.ncbi.nlm.nih.gov) protein sequence databank, Factor

H (CAA68704), FHR-1 (CAA39666), FHR-2 (CAA60375),

FHR-3 (CAA48639), FHR-4 (CAA66980), FHR-5 (AAK15619)
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and the mouse FHR protein (sequence originally compiled

from clones 3A4 and 5G4, AAA37415). The nucleotide

sequences were FHR-4 (X98337) and the mouse FHR

protein 3A4/5G4 (M29010).

The molecular mass and pI value for FHR-4A were

calculated using the relevant programs at the Expert

Protein Analysis System (ExPASy) proteomics server of the

Swiss Institute of Bioinformatics (http://us.expasy.org/).

For genomic analysis three contigs were used from the

Human Genome database (http://www.ncbi.nih.gov/Gen-

omes). The chromosome 1 fragment BX248415 contains

the N-terminal part of FHR-4A (exons coding for signal

peptide, CCPs 1–5). The chromosome 1 sequence

AL139418 begins with the C-terminal part of the FHR-4

gene (exons coding for CCPs 5–9 and 30 UTR) and overlaps

with the previous sequence. The genomic contig

NT_004671 was used to confirm the FHR-4A sequence

and to analyse the exon–intron structure of FHR-4A. The

chimpanzee chromosome 1 sequence was downloaded

from http://genome.ucsc.edu.

Western blotting

Human plasma (1ml) was separated by SDS-PAGE under

nonreducing conditions and transferred to nitrocellulose

membrane. The membrane was blocked in 3% skim milk

and developed using rabbit polyclonal FHR-4B antiserum

(1:1000 dilution)21 or Factor H-specific goat antiserum

(Calbiochem) with the corresponding HRP-conjugated

secondary antibodies (DAKO, diluted 1:1000) by the

addition of 0.3% (wt/vol) 4-chloro-1-naphtol (Sigma-Al-

drich) as chromogen. To study the N-attached glycan chains

in FHR-4A, human plasma was incubated with 1 U of N-

glycosidase F (Roche) overnight at 371C, then blotted and

developed with anti-FHR-4B antibody as described above.

Results
Identification of a Factor H-related cDNA

In order to identify new Factor H-related protein(s), a

human liver cDNA library was screened with a probe

representing FHR-4B. One clone termed 8/I was isolated

and sequenced. The sequence of this clone was highly

similar to, but clearly distinct from the 50 region of the

FHR-4B cDNA. The remaining part of the novel cDNA was

amplified by specific primers (Figure 1a). In addition, a full

coding sequence was amplified using primers specific to

the 50 (primer R6F1) and 30 (primer R6R2) untranslated

regions. The full-length cDNA sequence is 2030

Figure 1 cDNA and protein sequence of FHR-4A. (a) Schematic representation of the FHR-4A cDNA and of the various PCR
fragments. (b) cDNA sequence and translated amino-acid sequence of FHR-4A. The borders of the CCP domains are indicated
by vertical lines. The polyadenylation site is underlined.
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nucleotides long (Figure 1b). It includes a translational

initiation site (TCT AAC ATG) at positions 61–69 and a

poly(A) signal site (AATAAA) at positions 2007–2012. Two

overlapping genomic fragments (BX248415 and

AL139418) include this cDNA sequence.

The FHR-4A protein

The nucleotide sequence encodes an open reading frame of

578 amino acids. The deduced protein sequence includes an

N-terminal hydrophobic signal peptide that is identical to the

signal peptide of FHR-4B (residues 1–19), thus indicating that

the encoded protein is expressed via the secretory pathway.

The predicted molecular mass of the secreted nonglycosy-

lated protein is 63.2 kDa, with a predicted pI value of 4.85.

The amino-acid sequence includes seven consensus sites for

N-linked glycosylation (NXS/T) at positions 127–129 (NSS),

186–188 (NTT), 206–208 (NSS), 374–376 (NSS), 433–435

(NTT), 453–455 (NSS) and 557–559 (NTS).

The secreted protein has a length of 559 amino acids and

is exclusively composed of nine CCP domains. Each

domain has the four essential Cys residues and includes

additional conserved amino acids (Figure 2a). Homology

comparison of the individual domains to each other

reveals an internal duplication of four CCP domains

(Figure 2b). Domains 1–4 (repeat A) display striking

similarity to domains 5–8 (repeat B). These CCP domains

show a strong similarity to other FHR proteins, particularly

to FHR-4B and to Factor H. Thus, we conclude that the

sequence represents a novel FHR protein, which, based on

the strong sequence similarity and genetic analysis (see

below) is termed FHR-4A. On the amino-acid level, CCP

domain 1 of FHR-4A shows 98% identity to domain 1 of

FHR-4B, these domains differ in five nucleotides and one

single amino acid. CCP domains 6–9 of FHR-4A are

identical to domains 2–5 of the FHR-4B protein. The

individual domains of the repetitive motif of FHR-4A

protein show the strongest homology to domains 6, 8, 9

and 19 of Factor H. Domains 8 and 9 of FHR-4A show

strong similarity (i.e 63 and 39% identity) to the two most

C-terminal domains of Factor H, that is, CCP domains 19

and 20 (Table 1).

These analyses indicate that FHR-4A is highly related to

FHR-4B. Therefore, we examined whether FHR-4A might

represent the 86 kDa plasma apolipoprotein that was

originally isolated from human chylomicrons.21 Six tryptic

peptide fragments of the 86 kDa plasma apolipoprotein21

show a complete match with the sequence of the predicted

Table 1 Homology comparison of individual domains of FHR-4A to other members of the Factor H protein family on the
amino-acid level

FHR-4A CCP1 CCP2 CCP3 CCP4 CCP5 CCP6 CCP7 CCP8 CCP9

Nucleotide 9797
98 92 93 88 85

95 92 92
Amino acid
FHR-4B CCP1 CCP2 CCP3 CCP4 CCP1 CCP2 CCP3 CCP4 CCP5

72 62 67 63 72 63 64 63 39
FH CCP6 CCP8 CCP9 CCP19 CCP6 CCP8 CCP9 CCP19 CCP20

45 63 47 63 38
FHR-1 CCP1 CCP4 CCP1 CCP4 CCP5

43 62 45 69 48
FHR-2 CCP1 CCP3 CCP1 CCP3 CCP4

73 91 86 73 100 98 93
FHR-3 CCP1 CCP3 CCP4 CCP1 CCP3 CCP4 CCP5

45 66 47 66 58
FHR-5 CCP1 CCP8 CCP1 CCP8 CCP9

100
100 100 100 100

10010099

Individual domains of FHR-4A were compared to CCP domains of related FHR proteins (identity shown in %). Domains of FHR-4A that are identical or
most similar to domains of FHR-4B are indicated by boxes.

Figure 2 Structure of the FHR-4A protein. (a) The
secreted FHR-4A protein is composed of nine consecutive
CCP domains. The conserved Cys residues are shown
inverted and potential N-linked glycosylation sites are
underlined. (b) The FHR-4A protein contains two homo-
logous repeat regions (A, B), as indicated by the arrows.
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FHR-4A protein (Figure 3). Peptide I spans from position

265 to position 286 linking CCP 4 (homologue of domain

19 of Factor H) to CCP 5 (homologue of domain 6 of Factor

H). Peptide II (positions 156–168 and 403–415) and peptide

III (positions 175–181 and 422–428) match to both CCP 3

and CCP 7 of FHR-4A. Peptide IV matches positions

182–192, peptide V to positions 229–248 and peptide VI

to the C-terminus of the FHR-4A protein, positions

568–578. Based on the identities, we conclude that the

FHR-4A protein represents the 86 kDa apolipoprotein.

Figure 3 Sequence comparison of FHR-4A domains with the related domains of Factor H and FHR proteins. (a) The nine CCP
domains of FHR-4A (FHR-4A/1–FHR-4A/9) are aligned with the most related CCP domains of other FHR proteins and Factor H.
Identical residues are indicated as dots. Above the CCP domains six peptide sequences (labelled with Roman numbers) are
shown that are derived from the 86 kDa plasma apolipoprotein.21 The amino acids in these peptides that match specifically to
the FHR-4A sequence are shown inverted. ‘X’ indicates an unidentified residue. Note that peptide I spans CCP 4 and CCP 5.
(b) Vertical alignment of the related domains of FHR-4A, FHR-4B and Factor H. The domains of the individual proteins are
numbered consecutively and are aligned to the most similar domain in Factor H/FHR-4B. The CCP domains of FHR-4A that are
identical to domains of FHR-4B are shown in black.
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Expression of FHR-4A in human plasma

Expression of the FHR-4A protein in human plasma was

analysed by SDS-PAGE and Western blotting, using a

polyclonal antiserum raised against recombinant FHR-4B.

Under nonreducing conditions a band of 86 kDa represent-

ing FHR-4A was identified (Figure 4a, lane 1). The smaller

band of ca. 45 kDa most likely represents the monomeric

native FHR-4B protein. To prove glycosylation of the FHR-

4A protein and to explain the difference between the

observed and the calculated molecular masses, a serum

sample was incubated with N-glycosidase F (PNGase).

Upon PNGase treatment the mobility of FHR-4A was

increased and the protein appeared as a doublet

(Figure 4a, lane 2). FHR-4A is the dominant FHR-4 isoform

in plasma (Figure 4b, lane 1). As a control, a Factor H-

specific antiserum that identified the 150 kDa Factor H

protein, FHL-1 and the two forms of FHR-1 was used

(Figure 4b, lane 2). This antiserum reacted weakly with

both FHR-4A and FHR-4B. Levels of FHR-4A and FHR-4B

vary in plasma derived from different individuals

(Figure 4c).

The human FHR-4 gene: in silico genomic analysis

The FHR-4 gene is contained in a contig derived from

human chromosome 1 (NT_004671, GI 29793399). The

FHR-4 gene is positioned within the RCA gene cluster

between the FHR-1 and FHR-2 genes (Figure 5a). The gene

is organized in 10 exons (shown in black in Figure 5),

representing the signal peptide and the nine CCP domains

that all show a phase 1–1 organization (Table 2). Appar-

ently, FHR-4A and FHR-4B share six exons and are derived

from the same gene by alternative splicing. The one amino-

acid difference in CCP 1 might be due to polymorphism as

in the genome no additional exon variant or related gene

can be found. Exon II was sequenced from 10 individuals

and the sequences were identical (data not shown).

A detailed analysis of the intronic regions revealed

between exon I and exon II a sequence homologous to

CCP domain 5 of Factor H. Similarly, within the introns

spanning exon II and exon III and between exon VI and

exon VII sequences homologous to CCP domain 7 of Factor

H were identified. However, these three exons are noncod-

ing since on the protein level they each lack one of the

essential Cys residues characteristic to CCP domains and

necessary for proper disulphide bridge formation and

folding. These sequences are indicative of the duplication

event which gave rise to the FHR-4 gene. The sequences

related to CCP 5 and 7 of Factor H are also identified in the

human EST clone Hs1 4828 33 43 1 (Figure 5b).

The FHR-4 gene is conserved in evolution. The CCP

composition of a mouse FHR protein identified on the

cDNA level (clone 3A4/5G4)17 shows a rather similar

domain structure as the human FHR-4 gene. The mouse

transcript includes the two CCP-related sequences that are

found in FHR-4 introns, but represents a monomeric form

prior to the internal duplication event (Figure 5b). In

addition, CCP sequences almost identical to the CCP

domains 1–3, 5, 6 and 9 of FHR-4A are found in the

chimpanzee genome (Figure 5c).

Discussion
In this report, we show that the human FHR-4 gene codes

for at least two proteins. The long isoform described here is

a novel member of the human Factor H protein family and

is termed FHR-4A. The previously described FHR-4 protein

represents the short isoform and is now termed FHR-4B.

Figure 4 FHR-4A is a plasma glycoprotein. (a) Human
plasma treated with (lane 2) or without (lane 1) N-
Glycosidase F (PNGase) was separated by SDS-PAGE under
nonreducing conditions, followed by Western blotting and
developed with an antiserum raised against recombinant
FHR-4B. (b) Western blot of human plasma developed with
anti-FHR-4B (lane 1) or anti-Factor H (lane 2) antibodies
shows that FHR-4A is the prominent plasma protein. (c)
Variation of FHR-4A levels in plasma of different individuals
(lanes 1–8). The blot was developed as above. The
mobility of the markers is indicated on the left. Albumin
affects the mobility of the proteins in the 45–60 kDa range,
therefore distinguishing between FHR-4B (ca. 45 kDa) and
the cross-reacting FHR-3 protein (multiple bands of ca.
45–56 kDa) is not possible.
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M Józsi et al

326

European Journal of Human Genetics



The FHR-4A cDNA is expressed in the liver and the protein

is composed of nine CCP domains (Figures 1 and 2). The

individual domains show high similarity to each other and

to other FHR proteins (Table 1 and Figure 3). The internal

similarity of the FHR-4A CCP domains reveals a duplica-

tion of two consecutive motifs, each of four CCP domains

in length (Figure 3). This is the first example of a tandem

repeat motif in a Factor H-related protein.

The FHR-4A protein is a plasma glycoprotein as con-

firmed by Western blot analysis (Figure 4). Six tryptic

peptide fragments (described earlier21) derived from a

86 kDa apolipoprotein show a perfect match with the

predicted FHR-4A protein sequence (Figure 3), confirming

the existence of FHR-4A. The perfect match of these

peptides with the FHR-4A protein and the mismatches

with the FHR-4B protein indicate that the FHR-4A cDNA

Figure 5 The human FHR-4 gene. (a) The human regulators of complement activation (RCA) gene cluster is shown
schematically (based on the data from the human genome sequencing, build 23 at http//www.ncbi.nlm.nih.gov). The Factor
H family members represent one gene cluster which is separated from the other RCA genes, in good accordance with their
evolutionary relationship.16 The FHR-4 gene is shown in black. The structure of the gene is shown below (drawn to scale). The
FHR-4 gene is organized in 10 exons coding for the signal peptide and nine CCP domains, which are shown in black. (b)
Schematic representation of the FHR-4 gene. The coding exons are shown in black and are indicated by Roman numbers,
while non-coding exons are white and labelled with letters a, b and c. The two repeat regions (A, B) are shown by the arrows
above the exons. A human EST sequence having different exon combination is also shown. The mouse FHR cDNA clone (3A4/
5G4) shows similar exon arrangement to that of the FHR-4 gene. Exons coding for CCPs related to Factor H domains 6–9 and
19 (internal homologous repeat) are duplicated in FHR-4 but not in the mouse FHR protein. (c) Alignment of FHR-4A domains
from human (hs) and chimpanzee (pt). Identical residues are shown as dots. Due to gaps in the available chimpanzee genomic
sequence, domain 4 is not complete and CCPs 7 and 8 are missing.
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encodes the 86 kDa apoprotein (Figures 3 and 4 and Skerka

et al21). In addition, the apoprotein appeared as a 63 kDa

band upon extensive reduction,21 in good agreement with

the predicted molecular weight of nonglycosylated FHR-4A

(63.2 kDa) and with the size of PGNase-treated plasma FHR-

4A (Figure 4).

FHR-4A is considered a natural dimer of the FHR-4B

protein. It is therefore expected that FHR-4A shares the

binding characteristics of FHR-4B (binding to C3b and to

C-reactive protein)9,13,22 and functions. Due to the domain

duplications, FHR-4A has probably double binding sites for

at least some ligands and most likely binds these ligands

with higher avidity and, consequently, may display

enhanced biological activities. Similar to FHR-4B, also

FHR-4A may enhance Factor H-mediated cofactor activity.9

The human FHR-4 gene was analysed using a bioinfor-

matics approach. This gene has 10 exons (Figure 5 and

Table 2). Both FHR-4A and FHR-4B are encoded by the FHR-

4 gene and their transcripts are derived by means of

alternative splicing. The FHR-4A and the FHR-4B cDNAs

share six exons (I, II, VII–X) and the protein products share

CCP domains 1 and 6–9 (shown in black in Figure 3). Exon

II was sequenced from genomic DNA of 10 individuals and

no sequence variations were observed (data not shown). In

the human genome sequence only this exon is identified

by database search, confirming the model of alternative

splicing. Therefore, the five nucleotide differences in CCP 1

of FHR-4A compared to the previously reported FHR-4B

cDNA sequence are likely due to polymorphism.

Within three introns of the FHR-4 gene, sequences that

are homologous to CCP 5 and CCP 7 of factor H are present

and are indicative of a duplication event (Figure 5). These

sequences show relatively weak similarity (ca. 40%) to the

corresponding sequences in Factor H. Using specific

primers incorrectly spliced transcripts of the FHR-4 gene

that contain these CCP-related sequences and intronic

sequences of various lengths have been amplified from

liver cDNA (data not shown). Likewise, in EST database a

sequence that includes CCP 5- and CCP 7-homologue

sequences is present (Figure 5b). A splice variant of FHR-4A

which lacks the first 24 nucleotides of CCP 1 was also

amplified by PCR. This eight amino acid-long deletion is

due to the presence of a cryptic splicing site in CCP 1 (gtg

aaa cct tgt gat ttt cca gaa att).

The human FHR-4 gene is highly related in structure and

sequence to a mouse protein encoded by two cDNA clones

named 3A4 and 5G4 (Figure 5b).17 This mouse cDNA codes

for domains homologous to CCP domains 5–9 and 19–20

of Factor H. The signal peptide of human FHR-4 is more

similar to the signal peptide of this mouse FHR protein

(58% identity) than to the signal peptide of mouse or

human Factor H (both 42%). The structural and sequence

similarities between the mouse and the human FHR

proteins indicate a conservation and evolution indepen-

dent of Factor H. In addition, a homologue of the FHR-4

gene is identified in the chimpanzee genome (Figure 5c).

Expression of the FHR-4A mRNA was previously

shown by Northern blot analysis of human liver mRNA.21

An FHR-4B fragment hybridized to mRNA species of

1.4, 2.2 and 3.5 kb, demonstrating expression of three

distinct FHR-4-related transcripts.21 The 1.4 kb mRNA

represents FHR-4B, and based on the length of the

FHR-4A cDNA it is suggested that the 2.2 kb species

corresponds to FHR-4A. The nature of the 3.5 kb species is

yet unknown.

In summary, by combining experimental data with data

mining, we identified and characterized FHR-4A, a novel

member of the Factor H protein family. In addition, the

structure of the FHR-4 gene was analysed and shown to

code for two FHR-4 isoforms, providing the first evidence

for alternative splicing among the FHR genes.
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Table 2 Structure of the coding exons of the human FHR-4 gene.

Exon Nucleotide position Splice acceptor Splice donor Type Amino-acid position Protein domain

I 1–58 CAA Ggtaag 0–1 1–19 Signal peptide
II 14268–14465 acaagAA GTG CTC Agtaag 1–1 20–85 CCP1
III 16958–17140 tttagGA ACA ATT Agtaag 1–1 86–146 CCP2
IV 18711–18887 ttcagAA TTT TAT Agtaag 1–1 147–205 CCP3
V 19166–19348 ttcagAT TCT ATA Tgtaag 1–1 206–266 CCP4
VI 22131–22328 acaagCA ATG CTC Agtaag 1–1 267–332 CCP5
VII 24590–24772 tttagGA ACA ATT Agtaag 1–1 333–393 CCP6
VIII 26345–26521 ttcagAA TTT TAT Agtaag 1–1 394–452 CCP7
IX 26806–26988 ttcagAT TCT ATA Cgtaag 1–1 453–513 CCP8
X 30060–30256 ttcagAT CCA 1–0 514–578 CCP9

The amino-acid positions and the coded protein domains refer to the long isoform, that is, FHR-4A.
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