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A novel elastin-binding protein, EBP-37, was recently identified and purified from human
plasma. Its partial ami no acid sequences showed significant homology to porcine ficolins,
which were originally purified from porcine uterus membranes as multimeric proteins
with fibrinogen- and collagen-like domains. Here we report the presence of ficolins in an
elastin-binding fraction of porcine plasma and the direct binding of recombinant porcine
ficolin-a to elastin. In addition, a cDNA encoding a human counterpart of porcine ficolins
that is composed of 319 amino acids and is different from EBP-37 was cloned and named
human ficolin-1. Northern blotting of various human tissues revealed that human ficolin-1
mRNA is highly expressed in peripheral blood leukocytes. These data suggested that there
are at least two kinds of ficolin-related proteins in both pig and human, and they may
function as plasma proteins with elastin-binding activities.
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Elastin is a predominant protein of mature elastic fibers
and is one of the major components of the extracellular
matrix of various tissues, including artery wall, lung and
skin. Various constituents of blood are known to interact
with elastin, and their disregulated interactions may play
significant roles in diseases of human aorta, such as arterio-
sclerosis (1) and aneurysm (2). We have previously iden-
tified and purified a novel elastin-binding protein (EBP-37)
from human plasma (3). Amino acid sequencing and im-
munoblot analysis revealed that EBP-37 is highly similar to
porcine ficolin- a and -yS that were originally identified as
transforming growth factor-£l (TGF-ySl)-binding proteins
with fibrinogen- and collagen-like domains from porcine
uterus membranes (4, 5).

Recently, a novel human serum lectin with fibrinogen-
and collagen-like domains, termed P35 (6), was molecular -
ly cloned and characterized. Comparison of the amino acid
sequence of EBP-37 with that of P35 indicated that these
proteins are identical. In addition, a novel corticosteroid-
binding protein, termed hucolin (7), was purified from
human plasma, and its amino-terminal amino acid se-
quence was found to be identical to that of EBP-37 and P35.

1 The nucleotide sequence reported in this paper has been deposited in
the DDBJ, EMBL, and GenBank nucleotide sequence databases
(accession number D83920).
2 To whom correspondence should be addressed. Phone & Fax: +81-
3-3918-0342.
Abbreviations: 36-kDaMAP, 36-kDamicrofibril-associatedglycopro-
tein; LTBP, latent transforming growth factor-/? binding protein;
MFAP4, a human microfibril-associated glycoprotein; MTN, human
multiple tissue northern; PAE, porcine aortic endothelial; PVDF,
polyvinylidene difluoride; TGF-/3, transforming growth factor:/9.

Thus, EBP-37/P35/hucolin appears to function as a human
ficolin, and may play important roles in view of its binding
activities to diverse substances including elastin, sugar, and
corticosteroid.

In the present study, we found that a large amount of
ficolins (or ficolin-like proteins) is present in the a-elastin-
Sepharose-binding fraction of porcine plasma, and that
recombinant porcine ficolin-a-, as well as EBP-37, binds
directly to elastin. Moreover, we obtained a cDNA that is
closely related to, but different from, EBP-37/P35/hucolin
by screening a human uterus cDNA library with porcine
ficolin-a cDNA as a probe. Since the cDNA encodes a
protein which is equally similar to porcine ficolin-<* and -/?,
this clone was termed human ficolin-1. Northern blot
analysis of various human tissues revealed that human
ficolin-1 mKNA is highly expressed in peripheral blood
leukocytes. Taken together, these observations suggested
that there are at least two ficolin-related proteins in both
pig and human, which may have important roles as plasma
proteins, and binding activity to elastin may be a common
feature of the ficolin-related proteins. The structural and
functional properties of ficolins and related gene products
are discussed.

MATERIALS AND METHODS

a-Elastin-Sepharose 4B Affinity Chromatography and
SDS-PAGE—a-E\aBtin (8, 9) and a-elastin-Sepharose 4B
(ca. 5 mg of a-elastin per ml of hydrated gel) (9) were
prepared as described previously, a--Elastin-Sepharose 4B
affinity chromatography of various mammalian plasmas
was performed at 25°C as described previously (3, 9). The
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a-elastin-Sepharose-binding fraction was subjected to 
SDS-PAGE (8 or 10% polyacrylamide gel) as described by 
Laemmli ( 10). Gels were stained with Coomassie Brilliant 
Blue R-250 (Merck). 

Amino Acid Sequencing of a 40 ma Protein in a- 
Elastin-Binding Fraction of Porcine Plasm-Electroblot- 
ting of the a-elastin-binding proteins of porcine plasma 
from SDS-gel(10% polyacrylamide gel, nonreducingcondi- 
tions) onto a polyvinylidene difiuoride (PVDF) membrane 
(Immobilon-P, Millipore) was performed as described (11, 
12). The membrane was stained with Coomassie Brilliant 
Blue R-250. Peptide bands were then excised. Internal 
peptide sequences of the 40 kDa protein were obtained 
using the peptide mapping technique of Cleveland et al. as 
described previously (3, 13). The 40 kDa protein was 
digested with Staphylococcus aureus V8 protease (Boehrin- 
ger Mannheim). The amino acid sequences were deter- 
mined by use of a pulse-liquid-phase amino acid sequencer 
(Model 477A protein sequencer, Applied Biosystems). 

Inununoblot Analysis of Plasma F'icolins-The a-elas- 
tin-Sepharoae-binding fraction of porcine plasma was 
mixed with SDS-sample buffer, boiled at 95'C for 4 min, 
and subjected to SDS-PAGE (8% polyacrylamide gel) 
under nonreducing or reducing conditions. After electro- 
phoresis, the proteins were electrophoretically transferred 
to PVDF membranes. Irnmunostaining of porcine plasma 
ficolins was performed with an anti-EBP-37 antiserum as 
previously described (3) or an antiserum denoted ANlBOl, 
reactive with both ficolin-a and -8, that was raised against 
a synthetic peptide (5). Immunostainings of plasma ficolin- 
like proteins in a-elastin-Sepharose-binding fractions of 
various mammalian plasmas were performed with anti- 
EBP-37 antiserum. 

Assay for Binding of Recombinant Porcine Ficolin-a to 
Insoluble Elastin, a-Elastin-Sepharose and Gelatin-Sepha- 
rose-Metabolic labeling of the ficolin-a -transfected por- 
cine aortic endothelial (PAE) cells was performed for 12 h 
with [35S]methionine and cysteine as described previously 
(5). After labeling, the medium was collected and cen- 
trifuged for 5 min at 19,000 x g, and the supernatant was 
used for the binding experiment. Autoclaved insoluble 
elastin (from 4 mg of dried powder, Sigma) (9), a -elastin- 
Sepharose 4B beads (20 pl of wet gel, ca. 5 mg of a-elastin 
per ml of hydrated gel) (9), gelatin-Sephamse 4B beads (20 
pl  of wet gel, ca. 6 mg of gelatin per ml of hydrated gel, 
Pharmacia Biotech) and Sepharoee 4B beads (20 p l  of wet 
gel, Pharmacia Biotech) were incubated with 1 ml of the 
radio-labeled medium for 12 h at KC. Washing was per- 
formed four times with 50 mM Tris-HC1, pH 7.4, contain- 
ing 1 M NaCl and 1% Triton X- 100 and once with distilled 
water. Bound materials were eluted by boding for 5 min in 
SDS-sample buffer (100 mM Tris-HC1, pH 8.8, 0.01% 
bromphenol blue, 36% glycerol, 4% SDS) and analyzed by 
a 5 to 15% gradient SDS-PAGE under non-reducing condi- 
tions. Gels were 6 x 4  and subjected to fluorography. 

Screening a Phuge Library-Approximately 2 x  lo6 
clones of a human uterus AgtlO cDNA library (Clontech) 
were screened with porcine ficolin-a cDNA as a probe (5). 
3zP-labeling of the porcine ficolin-a cDNA was done with a 
Ready -To-Go DNA Labeling Kit (Pharmwia Biotech). 
Hybridization to duplicate nitracellulose filters (Hybond-C 
extra, Arnersham) was performed as described previously 
(5). Inserts of the positive clones were amplified by PCR 

using AgtlO forward and reverse primers, and subcloned 
into *EM-T vedor (Promega). Nucleotide sequencing was 
performed with a Sequenase Version 2.0 DNA sequencing 
kit (United States Biochemical). 

Anchored PCR-To obtain a full-length cDNA clone of 
human counterparts of porcine ficolins, anchored PCR was 
performed by Taq DNA polymerase using the human 
uterus cDNA library as a template. AgtlO reverse primer, 
AS15S- 1 primer (5'-CCCCCGGTCTAGCAGGTCCTT-3'), 
and AS15S-2 primer (5'-TGGCTGGGGAAATGGGGTG- 
AC-3') were used as PCR primers. PCR was performed for 
25 cycles of 94'C (45 s), 48 or 55°C (45 s), and 72'C (90 8). 
The PCR products were subcloned into pGEM-T vector and 
were sequenced as described above. 

Northern Blot Analysis-Human multiple tissue north- 
em (MTN) blot and MTN blot 11 (Clontech) were probed 
with 32P-labeled human Gcolin-1 cDNA fragment (nucleo- 
tides 262- 1194) as described previously (5). 

RESULTS 

Identification of Ficolin-Like Proteins in the a-Ekrstin- 
Binding Fraction of Porcine Plasma-To identdy a -elastin- 
binding proteins in porcine plasma, plasma was passed 
through a Sepharose 4B column and then applied to an 
a-elastin-Sepharose 4B column at 25'C. The a-elastin- 
Sepharose-binding fraction was subjected to SDS-PAGE 
and analyzed by staining with Coomassie Brilliant Blue 
R-250. Figure 1 shows the migration patterns of these 
proteins in SDS-PAGE (10% polyacrylamide gel) under 
reducing (Fig. 1A) and nonreducing (Fig. 1B) conditions. 
Several bands with different molecular sizes, including 27, 
37-40,54,62, and 76-88 kDa, were observed under reduc- 
ing conditions, and two major bands with sizes of 37-40 and 
250 kDa were seen under nonreducing conditions. The 
doublet band of 40 and 37 kDa was found only in the eluate 
from the a-elastin-Sepharose 4B column, but not from the 
plain Sepharose 4B column under reducing and nonreduc- 
ing conditions (data not shown). The migration profile of the 
doublet band of 40 and 37 kDa was similar to that observed 

Fig. 1. SIB-PAGE analyeie of a-elaeHn-Sephamee-binding 
proteins of porcine plasma Ahquota (15 g I) of a-elastin-Sepha- 
rose-binding fraction, which had an absorbance at 280 nm of 1.2, were 
subjected to SDS-PAGE (10% polyacrylarnide gel) unde~ reducing (A) 
and nonreducing (B) mnditione. The gels were stained with Coomassie 
Brilliant Blue R-250. The arrows indieate the 40 and 37 kDa proteins. 
The positions of the molecular weight markers are shown on the left. 
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in immunoprecipitates of recombinant porcine ficolin-a 
(5). In the case of human plasma, only a single band with an 
apparent molecular mass of 37 kDa was observed (3). As 
described below, sequencing studies indicated that the 
upper 40 kDa protein of the doublet band under nonreduc- 
ing conditions is identical or closely related to porcine 
ficolin- a. However, two-dimensional gel electrophoresis 
revealed that several isoelectric variants appear to exist in 
unequal amounts in the 40 and 37 kDa proteins (data not 
shown). 

Immwroblot Analysis of Porcine Plusma Ficolins and 
Distribution of Plasma Picolin-Like Proteins in @-Elastin- 
Sepharose-Binding Fractions of Various Mammalian 
Plasmas-The a -elastin-Sepharose- binding fraction of 
porcine plasma was subjected to SDS-PAGE under non- 
reducing and reducing conditions, and then immunoblot 

EBP-37 antiserum AN1801 antiserum 

Fig. 2. Immunoblot analysis of porcine placrma hl ins  and 
a-elastin-Sephuoee binding finctions of various mnmmnlian 
plrrsrrrrm. Aliquota (7 pl)  of a-elastin-&pharoee-binding fraction of 
porcine plaema, which had an ahorbatwe at 280 nm of 0.5, were 
eubjected to SDS-PAGE (8% polyacrylamide gel) under MlIUBducing 
(A, C) and reducing (B, D) conditions followed by transfer to WDF 
membranes. The membrnnea were incubated with the EBP-37 
antisarum (A, B) and AN1801 antiserum (C, D) and immunoreactive 
proteina were visualized ueing honreradish peroxidaee-conjugated 
aemmky antibody ae described previou~ly (3). The arrows indicate 
monomer and dimer of fimline, and the bracket, multimeric forms. 
The poeiti- of the molecular weight markere are shown on the left. 
Immulloblot analyaeu of a-elastin-Sepharose-binding f rac thn  of 
various " plasmas were performed with the aame method 
under reducing conditions by ueing the EBP-37 antiserum (E). 

analysis was camed out by using anti-EBP-37 antiserum 
(3) (Pig. 2, A and B) and AN1801 antiserum (5) (Fig. 2C 
and D). As shown in Fig. 2 (A-D), similar pattern were 
obtained with both antisera. High-molecular-weight com- 
ponents of more than 200 kDa and 3 Merent molecules 
with sizes of about 75,40, and 37 kDa reacted with the anti- 
EBP-37 antiserum and AN1801 under mnreducing condi- 
tions; the high-molecular components were all converted to 
40 and 37 kDa molecules upon reduction. A similar im- 
munoblot pattern was obtained with recombinant ficoliu-a 
(5). Thew results indicate that the ficolin-like molecules 
exist as disulfide-linked multimers and dimers as well as 
monomers in the a-elastin-Sepharoae-binding fraction of 
porcine plasma. Most of the 4OkDa molecules found in 
porcine plasma were converted to 37 kDa molecules by N- 
glycosidase F (Boehringer Mannheim) treatment (data not 
shown). Similarly, human EBP-37 was ehifted from 37 to 
34.5 kDa by N-glycosidase P treatment (data not shown). 

We investigated the plasma ficolin-like proteins in 
a -elastin-Sepharose-binding fractions of various mam- 
malian plasmas by immunoblot analysis. As shown in Fig. 
2E, strong signals were detected in porcine and human 

Fig. 3. Amino acid mequencing of the 40- protein from 
a-elaetin binding &action of p o r c h  plasma and ~ u e n c e  
comparieon between the 40 kDa protein and porcine ficoline. (A) 
Amino-terminal amino acid sequence (N-term.), amino acid E- 

quencea of V8 proteclile digestion fragmente l (Vl) and 2 (V2) of the 
40 kDa protein are shown. X denotes an unidentified residue. The 
eequence ehown in mnall letter code involvea m e  ambiguity. (B) 
Comparison of the amino acid nequencea of fiwlin-a (I) and -p (11) 
with those obtained from N-term., V1 and V2. Identical amino acid 
residues are boxed. 
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plasmas, but no signal of ficolin-like proteins was detected
in the a-elastin-Sepharose-binding fractions of plasmas
from sheep, rat, bovine, and goat.

Amino Acid Sequencing of the 40 kDa Protein in a-
Elastin-Binding Fraction of Porcine Plasma—Determina-
tion of the amino-terminal amino acid sequence of the 40
kDa protein revealed that it is identical to that of porcine
ficolin-a* (Fig. 3, A and B, N-term.) (5). The internal
amino acid sequences of the 40 kDa protein (VI, V2) were
determined after V8 protease digestion. The sequence of
peptide VI was also identical to that of ficolin- a except the
4th amino acid residue, which was Pro instead of Thr as
reported in a previous study (5). There are at least two
possible reasons for this difference: one is that the sequence
of peptide VI may come from a ficolin-like peptide chain
other than ficolin-a and -p, and the other is that this
difference may reflect protein polymorphism or difference
among the porcine race. The sequence of peptide V2 was
identical to both ficolin-a- and -/3 (5). These results strongly
suggested that the 40 kDa protein identified in the a •
elastin-binding fraction is porcine ficolin-a- and/or closely
related molecules.

Elastin-Binding Activity of Recombinant Ficolin-a—We
reported previously that EBP-37 from human plasma
bound most efficiently to a1-elastin, compared with gelatin
(derived from type I collagen), type II collagen, fibronectin,
and fibrinogen (3). In order to study whether porcine
ficolin-a- interacts with elastin, binding assay was perform-
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ed using metabolically labeled porcine ficolin- a which was
produced from the cells transfected with the ficolin-a
cDNA. As shown in Fig. 4, recombinant porcine ficolin-a
bound to insoluble elastin as well as a-elastin-Sepharose,
as a 37-40 kDa monomer, 70-80 kDa dimer, and several
higher molecular weight multimers. It also bound to
gelatin- Sepharose, but the amount was much less than that
recovered from the insoluble elastin or a--elastin-Sepha-
rose. Ficolin-a- did not bind to the plain Sepharose beads.
These results further suggested a direct interaction of
recombinant porcine ficolin- a with elastin. Furthermore,
we found an efficient association of partially purified EBP-
37 from human plasma with a- and x-elastin, and laminin,
and to a lesser extent with gelatin, but only marginally with
types I, II, Ell, and TV collagen, fibronectin and vitronectin

CTGAGTGGAGCCACCATGGCCCGGGG6CTCGCTGTCCTGCTAGTCTTGTTCCT6CATATC 60
H A R G L A V L L V L F L H I 15

AAGAACCTGCCTGCCCAGGCTGCGGACACATGTCCAGAGGTGAAGGT6GTGG6CCTGGAG 120
K H L P A f l A A D T C P E V K V V G L E 35

GGCTCTGACAAGCTCACCATTCTCCGAGGCTGCCCGGGGCT6CCCGGGGCCCCAGGGCCA 180
G S 0 K L T I L R G C P G L P G A P G P 55

AAGGGAGAGGCAG6TGTCATTGGAGAGAGAGGAGAACGCGGTCTCCCTGGAGCCCCTGGA 240
K 6 E A 6 V I G E R 6 E R 6 L P G A P G 75

AAGGCAGGACCAGTGGGGCCCAAAGGAGACCGAGGAGAGAAGGGGATGCGTGGAGAGAAA 300
K A G P V 6 P K 6 D R G E K 6 M R 6 E K 95

GGAGACGCTGGGCAGTCTCAGTCGTQTGCGACAGGCCCACGCAACTGCAAG6ACCTGCTA 360
S D A S Q S Q S C A T G P R N|C K D L L 115

GACCGGGGGTATTTCCTGAGCGGCTGGCACACCATCTACCTGCCCGACTGCCGGCCCCTG 420
D R G Y F L S G W H T I Y L P D C R P L 1 3 5

ACTGTGCTCTGTGACATGGACACGGACGGAGGGGGCTGGACCGTTTTCCAGCGGAGGATG 480
T V L C D H D T D G G G W T V F 0 R R U 1 5 5

GATGGCTCTGTGGACTTCTATCGGGACTGGGCCGCATACAAGCAGGGCTTCGGCAGTCAG 540
D G S V D F Y R D W A A T K Q G F G S 0 1 7 5

CTQGGGGAGTTCTGGCTGGGGAACGACAACATCCACGCCCTGACTGCCCAGGGAAGCAGC 600
L G E F I L G N D N I H A L T A Q G S S 1 9 5

GAGCTCCQTGTAGACCTGGTGGACTTTGAGGGCAACCACCAGTTTGCTAAGTACAAATCA 660
E L R V D L V D F E 6 N H 0 F A K Y K S 2 1 5

TTCAAGGTGGCTGACGAGGCAGAGAAGTACAAGCTGGTACTGGGAGCCTTTGTCGGGGGC 720
F K V A D E A E K Y K L V L G A F V G G 2 3 5

AGTGCGGGTAATTCTCTAACGGGCCACAACAACAACTTCTTCTCCACCAAAGACCAAGAC 780
S A G N S L T G H N N N F F S T K D Q D 2 5 5

AATGATGTGAGTTCTTCGAATTGTGCTGAGAAGTTCCAGGGAGCCTGGTGGTACGCCGAC 840
N D V S S S N C A E K F O G A V W Y A D 275

T6TCATGCTTCAAACCTCAATGGTCTCTACCTCATGGGACCCCATGAGAGCTATGCCAAT 900
C H A S H L N G L Y L M G P H E S Y A N 2 9 5

GGTATCAACTGGAGTGCGGCGAAGGGGTACAAATATAGCTACAAGGT6TCAGAGATGMG 960
G I \T\ I S A A K G Y K Y S Y K V S E H K I 315

GTGCGGCCCGCCTAGACQGGCCAGGACCCCTCCACATGCACCTGCTAGTGGQGAGGCCAC 1020
V R P A * 319

ACCCACAAGCGCTGCGTCGTGGAAGTCACCCCATTTCCCCAGCCAGACACACTCCCATGA 1080

14.3 — CGCCCACAGCTGCCCCTTTGCCCCCAGCTCAGTCAAGCCGCCACATGCCCACAACCTCAC 1 1 4 0

Fig. 4. Binding of recombinant porcine ficolin-a to elastin.
Control PAE cells (none) and PAE cells transfected with ficolin- a {a)
were metabolically labeled with ["S]methionine and cysteine. The
media were then subjected to the binding assay (see text). Specific
bands present in the medium of transfected PAE cells are indicated by
arrows and brackets. The migration distances of molecular weight
markers are indicated on the left.

CAGAGGGAGAATTATGTTTCTAAATATGTTTACTTTGGGACAGAAAAAAAAAAA 1194

Fig. 5. Nncleotide and deduced amino acid sequences of hu-
man flcolin-1 cDNA. The deduced amino acid sequence of human
ficolin-1 cDNA is shown below the nucleotide sequence. The putative
signal sequence according to the rules of von Heijne (15) is underlined
with a thick line. The collagen-like domain is underlined. The
fibrinogen-like domain (arrows) and a potential iV-linked glycosyla-
tion site (box) are shown.

J. Biochem.
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Fig. 6. Northern blot analy-
sis of human flcolin-1. Human
multiple tissue northern (MTN)
blot and MTN blot II (Clontech)
were probed with the human
ficolin-1 cDNA fragment. Each
lane contained 2 fig of polyade-
nylated RNA from the indicated
tissues. Size markers are in-
dicated on the left.

by using an ELJSA method (our unpublished data). Thus,
elastin-binding may be a common feature or function of the
ficolin and EBP-37 group.

Cloning of a Human Ficolin cDNA—A human uterus
cDNA library was screened with the porcine ficolin-a
cDNA as a probe. The primary screening yielded 33
positive clones. Three of the longest clones, denoted 15S7,
8S, and IIS, were sequenced entirely. The sequence of
15S7 clone was found to encode an incomplete amino acid
sequence of human ficolin-1 (Fig. 5, cDNA sequence corre-
sponding to nucleotides 262-1194). The sequences of other
clones (8S, IIS) were found to encode a human microfibril-
associated glycoprotein (MFAP4); the gene for MFAP4 is
deleted in Smith-Magenis syndrome (14). To clone the
complete amino-terminal fragment of human ficolin-1,
anchored PCR was performed. The largest PCR product
was found to encode the amino-terminal part of human
ficolin-1 (Fig. 5, cDNA sequence corresponding to 1-369),
and thereby the complete human ficolin-1 cDNA was
obtained (Fig. 5). A 1,194 bp nucleotide sequence has an
ATG start codon at position 16, followed by a 957 bp open
reading frame which encodes a peptide with 319 amino
acids. A hydrophobic signal sequence was observed after
the ATG start codon; the 3'-untranslated sequence contain-
ed a poly(A) tail.

The primary structure of human ficolin-1 has two distinct
features, i.e., a collagen-like domain following a short N-
terminal peptide sequence, and a C-terminal fibrinogen-
like structure. A potential iV-glycosylation site was found
at Asn-298.

The overall amino acid sequence of human ficolin-1
showed 74.3% identity to porcine ficolin-d', and 78.1% to
porcine ficolin-/9 by using the Clustal computer alignment
program (16) of the Lasergene program (DNASTAE).
Amino acid sequence comparison did not reveal whether

the human ficolin-1 is a human counterpart of porcine
ficolin-a or ficolin-/?. Therefore, the human clone was
termed ficolin-1.

The deduced amino acid sequence of human ficolin-1 was
essentially identical or closely related to that of the human
ficolin which was very recently cloned from a human uterus
cDNA library (17). Two amino acid residues at 126 and 280
are different from those of the reported sequence, i.e. Thr
at 126 and Asn at 280 in the present study were Asn and
Ser, respectively, in the reported sequence (17). The
cDNA sequence differences were observed at nucleotide
positions 264, 392, 393, 852, 854, and 1121, i.e. A at 264,
C at 392, C at 393, A at 852, A at 854, and C at 1121 in the
present study were G, A, T, G, G, and T, respectively in the
reported sequence (17). Moreover, the cDNA sequence
(5'-TTTGGG-3') corresponding to residues 1174-1179 in
the present study was TTTTGGGG in the reported se-
quence (17).

Expression of Human Ficolin-1 mRNA—The distribu-
tion of human ficolin-1 mRNA was investigated using
poly (A)+ RNA obtained from various human tissues (Fig.
6). The human ficolin-1 probe (15S7 clone, nucleotides
262-1194) hybridized to a 1.4 kb mRNA in peripheral
blood leukocytes, spleen, lung, and placenta, suggesting
that blood cells may be a major source for human ficolin-1.
Two additional larger transcripts of 3.7 and 3.0 kb were
also observed in the same tissues, which might represent
alternative splicing variants or cross-hybridization to other
related gene products such as MFAP4. The liver expressed
a 1.3 kb transcript, which is slightly smaller than the major
1.4 kb transcript in peripheral blood leukocytes. Since P35
was mainly expressed in liver with various sizes of tran-
script including 1.3, 3.0, 3.2, and 4.0 kb (6), the 1.3 kb
message may be a cross-hybridized signal to P35.

Vol. 120, No. 4, 1996
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DISCUSSION

In this study, we found ficolin-like proteins in an a-elastin-
Sepharose-binding fraction of porcine plasma. As described
previously, we have identified and purified EBP-37 from
human plasma as a human homologue of porcine ficolins
(3). Two other candidates for the human ficolin gene
products have recently been identified. One is P35, a novel
human serum lectin that functions as an opsonin (6). The
other is hucolin, which was isolated as a corticosteroid-
binding protein from human plasma (7). The partial amino
acid sequences obtained from the purified EBP-37 (3) and
hucolin (7) matched the deduced amino acid sequence of
P35 (6), indicating that EBP-37, P35, and hucolin are
identical. In contrast, human ficolin-1 in this report is
closely related to, but different from, EBP-37/P35/
hucolin. Thus, there are at least two kinds of ficoUn-related
proteins in human, as in the case of pig.

Porcine ficolin-like proteins and human EBP-37 are
present in a-elastin-Sepharose-binding fraction of plasma.
In addition, human ficolin-1 was mainly produced from
peripheral blood leukocytes. The deduced amino acid
sequence of human ficolin-1 has the features of a secreted
protein, starting with a hydrophobic signal sequence (Fig.
5). Human ficolin-1 may be secreted into the circulation and
other body fluids. These results suggested ficolin and
EBP-37 group may function as plasma proteins with an
elastin-binding activity. We could not detect ficolin-like
proteins in a-elastin-binding fractions of sheep, rat,
bovine, and goat plasmas by immunoblot analysis. The
reasons for the negative results are currently unknown;
however, plasma ficolin-like proteins might exist in signifi-
cant amounts only in porcine and human plasmas, as in the
case of conglutinin, which is a serum lectin that is present
in significant amounts only in members of the Bovidae (18).
Alternatively, anti-EBP-37 antiserum might have species
specificities in its epitope recognition.

We found that recombinant porcine ficolin-<* as well as
EBP-37 interacted directly with elastin, which is a core
protein of elastic fibers together with surrounding micro-
fibrils, a complex of glycoproteins (19). Bovine 36-kDa
microfibril-associated glycoprotein (36-kDa MAP) has a
fibrinogen-like domain (20) and shares a high sequence
homology with MFAP4, which is encoded by a candidate
gene responsible for Smith-Magenis syndrome. MFAP4
shows 51 to 52% amino acid sequence identity to porcine
ficolins in their fibrinogen-like domain (14), and the 36 kDa
MAP is 41 to 42% similar to ficolins in the 127 amino acid
sequence available for the 36 kDa MAP (14). cDNAs for
MFAP4 were isolated by screening the cDNA library using
a ficolin-a- cDNA probe in the present study. Thus, the
structural relationship between ficolins and the 36-kDa
MAP and MFAP4, and the binding activity of ficolins to
elastin suggest that ficolins may also associate with elastin-
microfibrils in vivo, and function as one of the extracellular
matrix constituents.

Large glycoproteins of 350 kDa, called fibrillins, are also
major components of elastin-associated microfibrils (21).
Fibrillins are composed of two types of cysteine-rich repeat
sequences, Le., an epidermal growth factor-like motif and
an eight-cysteine motif (22). Abnormalities in the fibrillin
genes result in certain connective tissue disorders, such as

Marfan syndrome (22-24). The overall structures of
fibrillins are similar to those of latent TGF-/J binding
proteins (LTBP) (22, 25), which bind to the N-terminal
precursor parts of TGF-/9 via a disulfide bridge. Among the
three isoforms of LTBPs, LTBP-1 and -2 have been shown
to be components of microfibrils (26). Interestingly, bovine
LTBP-2 was immunolocalized to the elastin-associated
microfibrils (27). In view of the fact that ficolins were
identified and purified as TGF-/?1 binding proteins and
possibly colocalize with LTBPs, they may modulate the
activity of TGF-/3 in vivo.

Moreover, recent evidence has suggested that TGF-/9 in
blood may regulate atherogenesis (28) and it was proposed
that TGF-/9 is a key inhibitor of atherosclerosis (29). To
understand the functions of porcine ficolin-like proteins and
EBP-37 in blood, it is necessary to investigate the interac-
tions of porcine ficolin-like proteins and EBP-37 with
TGF-/9.

Another important function of ficolins has been suggested
by the recent cloning and characterization of P35 as a
human serum Ca2+-dependent lectin (6). P35 was shown to
enhance phagocytosis of Salmonella typhimurium strain
TV119 by polymorphonuclear neutrophils. It was suggest-
ed that P35 recognizes a large number of nonreducing
terminal GlcNAc residues exposed on the surface. How-
ever, since such oligosaccharides are not present on elastin
and the binding of EBP-37 to the a-elastin involves
hydrophobic interaction (3), the binding of ficolins to
elastin may occur via a different binding site. Together, the
current data suggest potential important functions of
ficolins in vivo; Le., they are produced by blood leukocytes
and bind to elastin, and they may function as an opsonin.
Identification of the functional domain that mediates the
binding to elastin and comparison with the binding site to
GlcNAc may be important for understanding the in vivo
function of ficolins.

There could be microheterogeneity in porcine plasma
ficolin-like proteins and EBP-37, based on the results of
two-dimensional gel electrophoresis (data not shown). It is
possible that the alteration of a peptide portion and the
post-translational processing of ficolins alter the structure
of the whole molecule. In order to understand the in vivo
functions of the ficolin and EBP-37 group, it will be impor-
tant to analyze the related gene products and the mecha-
nism of polymerization, and to investigate the localization
of the molecules in the extracellular matrix.
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