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Vitronectin is a multifunctional glycoprotein regulating the fibrinolysis, complement, and
coagulation systems in plasma, besides exhibiting cell-spreading activity. Porcine vitro-
nectin has an unusually small molecular mass among the vitronectins hitherto found,
which seems to make it hard for it to retain all the known activities. In this study, the
complete primary structure of porcine vitronectin was elucidated by cloned cDNA and
glycoprotein analyses. A coding sequence of 459 amino acids including a signal peptide of
19 amino acids was deduced from the ¢cDNA. The coding sequence showed 70.3% homology
with that of human vitronectin, but porcine vitronectin lacked 22 amino acids in the
connecting region. One amino acid substitution resulted in the loss of a potential glycosyla-
tion site in accordance with the finding on glycopeptide analyses that porcine vitronectin
contained two kinds of glycosylated sequences, while human vitronectin contained three.
C-Terminal analysis of porcine vitronectin indicated that an 80 amino acid fragment was
completely removed from the C-terminal end on proteolytic processing. Thus, porcine
vitronectin only exists in a truncated single-chain form representing the most compact
functional form of vitronectin, which suggests the lack of functional necessity of the

truncated C-terminal fragment.

Key words: ¢cDNA cloning, C-terminal analysis, glycosylation site, vitronectin.

Vitronectin (VN) has long been regarded as a cell-adhesive
glycoprotein present in plasma. Recently, it has been
considered to be a multifunctional glycoprotein that may
regulate a number of physiologically important cascade
processes (reviewed in Refs. 1-4). For example, VN may
regulate the fibrinolysis system by stabilizing plasminogen
activator inhibitor-1, and the complement system by in-
hibiting cell lysis with the complement terminal complex,
besides playing a role in cell adhesion via interaction with
various types of integrin on the cell surface. VN can also
bind to different types of collagen, the thrombin-anti-
thrombin III (AT-III) complex, and heparin-like glyco-
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saminoglycans, and through these interactions it may be
concerned in the constitution of the extracellular matrix
and the coagulation system. The biological activities of
vitronectin are based on its ability to interact with various
molecules, and several binding sites have been mapped to
functional domains of its peptide chain (1-4), but others
remain ambiguous. The characteristics of the primary
structure need to be clarified to establish the structure-
function relationship of VN.

c¢DNA sequences have been reported so far for human (5,
6), rabbit (7), and mouse (8) VNs. Human, rabbit and
mouse VN8 showed similar molecular masses (59, 53, and
56 kDa, respectively) on Ferguson plot analyses (9). Their
molecular masses are in good agreement with those calcu-
lated from their carbohydrate contents and c¢cDNA se-
quences, which exhibited high homology throughout the
molecule including the number of potential glycosylation
sites (10). The cDNA sequences together with those
obtained on amino acid sequence analyses indicated that
human VN (hVN) has two forms, single-chain (59 kDa) and
two-chain (50+9 kDa), the latter having a nick in the
C-terminal half but having the two chains linked with a
disulfide bond (11). The two forms of hVN are derived
through a DNA polymorphism of the VN gene, one form of
which codes a proteinase-resistant (single-chain) VN and
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the other a proteinase-sensitive (two-chain) VN (12).
There is 10% of the single-chain form in human plasma,
however, even when only the sensitive type of VN gene is
present, and conversely 11-29% of the two-chain form
when the resistant type of VN gene is present. Thus
individuals possess two forms of VN in their plasma in
various ratios. Many other species possess two forms of VN
too, but the functional necessity and significance of these
VN chain types remain unknown. On the other hand,
porcine VN (pVN) has been observed only in a single-chain
form and its molecular mass was unusually small (44 kDa)
among the VNs from the 27 species so far investigated (9).
Our previous studies showed that pVN had N-terminal
sequences homologous to those of other VNs (9), similar
carbohydrate contents (9%) (13), and complex-type N-
linked oligosaccharides as well as hVN (14, 15). Consider-
ing the conservative cDNA sequences hitherto isolated, it
cannot be explained how pVN exhibits heparin-binding
activity, because its molecular mass is too small for it to
contain a heparin-binding region (located at 48-50 kDa
from the N-terminal end of hVN). In this study, in order to
elucidate its complete primary structure and to answer the
above question, we performed ¢cDNA cloning, C-terminal
peptide sequence analysis and N-glycosylation site deter-
mination of pVN.

MATERIALS AND METHODS

Materials—PVN and hVN were prepared from porcine
and human sera, respectively, as described previously
(13). All restriction enzymes, T4 DNA ligase, M13 mpl8,
T4 polynucleotide kinase, alkaline phosphatase, and Es-
cherichia coli DNA polymerase (Klenow fragment) were
purchased from Takara Shuzo, Kyoto. The porcine and
human liver cDNA libraries in Agt10 were from Clontech
Lab., Palo Alto, CA, USA. [«-**P]dCTP and {y-**P]dATP
were from Amersham Int. plc, Buckinghamshire, UK. N-
a-Tosyl-L-lysine chloromethylketone-treated a-chymo-
trypsin (bovine pancreas) and diphenyl carbamyl chloride-
treated trypsin (bovine pancreas) were from Sigma Chem.,
St. Louis, MO, USA. Concanavalin A-agarose was from
Seikagaku Kogyo, Tokyo. The 2 Bondasphere 5 C18 300A
column (3.9 %X 150 mm) was from Millipore.

Preparation of Probes—For use as a probe, a hVN ¢cDNA
was screened and isolated from a human liver cDNA library
in Agtl0 using two 3P-labeled oligonucleotide probes,
[GGAACCGTTCTTGAGGTTGGTGAAGGCGTC] [com-
plementary oligonucleotide encoding the amino acid se-
quence from 143 to 152 (5)] and (GATGTCTGGGGCATC-
GAGGGCCCCATCGAT] (encoding the amino acid se-
quence from 179 to 188 (5)]. The cloned hVN ¢cDNA was
radiolabeled by means of the DNA polymerase (Klenow
fragment) reaction using a random primer and (a->?P]-
dCTP. Mixed oligonucleotides [ GAT(C)TAT(C)CAT(C)-
GAA(G)GAA(G)AC] coding for Asp-Tyr-His-Glu-Glu-Thr
(one of the sequences obtained from the digest of pVN with
endoproteinase Asp-N, see Fig. 1) were synthesized and
radiolabeled by means of the kinase reaction using [ y-**P]-
dATP.

Isolation and Sequence Analysis of pVN c¢cDNA—A
porcine liver cDNA library in Agt10 was screened by the
standard plague hybridization technique using two kinds of
probes (hVN ¢cDNA and mixed oligonucleotides). The phage
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DNAs of the resulting positive clones were prepared by the
plate lysate method, and the cDNA inserts were analyzed
by Southern blotting, then subcloned into the EcoRI site of
M13mp18. Sequence analyses of single-stranded templates
were performed by the dideoxynucleotide chain termina-
tion method after heat denaturation (100°C, 15 min) using
a 373S DNA sequencer (Perkin-Elmer/Cetus). The se-
quences were determined on both strands.

Preparation of the Glycopeptide Fraction— Digestion
with proteases: PVN was digested with three proteases, as
shown below. Digestion with « -chymotrypsin was perform-
ed as described previously (14), and with endoproteinase
Asp-N following the manufacturer’s standard protocol.
Digestion with trypsin was performed as below. VN in 50
mM Tris-HCI (pH 7.8) containing 1 mM CaCl, and 30 mM
NaCl was digested with trypsin (2%, by mass) at 37°C for
24 h. EDTA and phenylmethanesulfonyl fluoride were
added to the digest to 1 mM, then the mixture was boiled
for 10 min.

Concanavalin A Affinity Chromatography: The resulting
digest was desialylated by mild acid treatment to decrease
the microheterogeneity caused by sialylation of oligosac-
charides, as described previously (14). Then the product
was applied to a concanavalin A-agarose column (0.75% 3
c¢m) equilibrated with 0.1 M sodium acetate buffer (pH 6.7)
containing 1 mM calcium chloride and 1 mM magnesium
chloride. Glycopeptides were eluted with the column buffer
containing 0.1 M methyl «-D-mannoside.

Separation and Sequence Analyses of Glycopeptides—
Glycopeptides in the eluate were further separated and
purified by reverse-phase HPLC (¢ Bondasphere 54 C18
300A column) using three solvents, solvent A (water
containing 0.05% trifluoroacetic acid), solvent B (2-propa-
nol containing 0.05% trifluoroacetic acid), and solvent C
(acetonitrile). The column was equilibrated with solvent A
at the flow rate of 1.0 ml/min at 40°C. After injection of a
sample, the proportions of solvents B and C were increased
linearly to 42 and 18%, respectively, in 60 min. The
glycopeptides obtained were analyzed with an automated
protein sequencer model 476A (Perkin-Elmer/Cetus).

Isolation of the C-Terminal Fragment of pVN—The
experimental procedure followed that for the automated
C-terminal fragment fractionator (CTFF-1; Shimadzu)
used. Briefly, pVN (400 pmol) was digested with endopro-
teinase Lys-C (2 pmol) for 36 h at 37°C, then the product
was applied to the apparatus. The digested polypeptides
were covalently immobilized through their N-terminal -
and C-terminal &-amino groups on p-phenylene diisothio-
cyanate polymer beads. Only the C-terminal fragment with
no Lys residue was eluted on cleavage at the first peptide
bond of the immobilized peptides with trifluoroacetic acid,
and it was collected automatically. The sequence of the
fragment was determined with a protein sequencer
(Shimadzu).

RESULTS

Isolation and Sequence Analysis of pVN c¢cDNA—A
porcine liver cDNA library in 1 gt10 (about 40,000 phages)
was screened as described under “MATERIALS AND METH -
ODS,” two positive clones encoding the pVN open reading
frame being obtained. The sequence of pVN cDNA deter-
mined is shown in Fig. 1. Two clones had the same ¢cDNA
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GAATTCTGGGGCATCAGAACCTAGTTTACCAGACGTGAGGCCGGAGGTGCTGCCATGGCACCCCTGAGGCCC 72
M A P L R P
1
CTTCTGATGCTGGCCCTGCTGGCATGGGTTGCTCTGGCTGACCARGAGTCGTGCAAGGGCCGCTGCACAGAC 144
-13 L L M L A L L A W V A L A D Q E S C K G R C T D
GGCTTCATTGCCGAAAGGAAGTGTCAGTGTGACGAGCTGTGCTCTTACTACCAGAGCTGCTGCACTGACTAC 216
12 G_F I A E R K C Q C D ELC S Y Y Q SsS CCCcC T D Y
GTGGCCGAGTGCAAGCCCCAAGTGACTCGCGGGGATGTATTCCTTCAGCCAGATGATGAGTACAGGGCCTAT 28é
36 V AECTZ KZ®POQUVT[RGDVPFULOQPUDTEGTEYURA Y
GACTACCACGAGGAGACCAGACACAACACCAGCGTCCARGAAGAGCAGAGGATCCCTGTCCTGCTGGCCAAG 360
60 D Yy # FE E T R B N T S V Q F E QR I P V L L A K
ACTGAAGAGACTCCGGTTCTGAAACCTGAGGAAGAGGCCCCACCACCTGGGCCTCAGACTGATGATCTAGGG 432
84 T E E T P V L K P E E E A P PP G P Q T D D L G
GTCCCTGAGGAAGAGCTGTGCAGTGGGAAACCCTTTGATGCCTTCACCAACCTCAAGAACGGTTCCGTCTTT 504
108 vV P E E E L C S G K P F D A F T N L K N G § V F
GCCTTCCGAGGACTGTACTGCTATGAGCTGGATGAAAAGGCAGTGAGGCCTGGGTACCCCAAGCTCATCCAA 576
132 A F R G L ¥ C Y E L, DE XK AUVRP G Y P K L I Q
GATGTCTGGGGCATCAAGGGCCCCATTGATGCCGCCTTCACCCGCATCAACTGTCAGGGGAAGACCTACCTC 648
156 D VvV W G I K G P I D A A F TR I NCOQGIZ K T Y L
TTCAAGGGTAGTCAGTACTGGCGCTTTGATGATGGTGTCCTGGACCCCAATTACCCCCGCGAGATCTCTGAA 720
180 P K G § Q ¥ W R F DD GV L DP N Y P RE I S E
GGCTTCAAGGGTATTCCGGACGATGTGGATGCAGCCTTGGCCCTGCCGGCTCATAGCTACAGTGGCCGGGAG 792
204 G FP K G I p DDV D A AL AUL P AUH S Y S G R E
CGGGTCTACTTCTTCAAAGGGAAACAGTACTGGGAGTATGTGTTCCAGCAGCAGCCCAGTCGAGAGGAGTGC 864
228 R V Y F F K G K Q Y W E Y V F Q Q Q P 8 R E E C
GAAGGCAGCTCCCCGTCGGACGTCTTTGCACACTTTGCCCTGATGCAGCGGGACAGCTGGGAGGACATCTTC 936
252 E G § s P §$ DV F A H F A L M QR D 5 W E D I F
AGACTTCTCTTCTGGAGCCATTCCTTTGGTGGTGCCATAGAGCCCCGGGTCATCAGCCAGGACTGGCTTGGT 1008
276 R L L. F W 8§ H §S F G G A I E P R V I § Q D W L G
TTGCCTGAACAAGTGGATGCGGCCATGGCTGGCCAAATTTACATCTCAGGCTCAGCCCTCAAGCCCTCCCAG 1080
300 L P E Q V D A A M A G Q I ¥ I'"S G S A L K P s 0
CCCAAGATGACTAAGTCTGCACGTCGCAGTGGTAAACGCTACCGCTCACGCCGTGGCCGTGGCCGTGGCCGA 1152
324 P K M T K S A R R S G _ K. R _Y R S R.R.G R .G R G R
GGCCACAGCCGCAGCCAGAAGTCCCACCGGCAGTCTCGTTCAACCTGGCTGCCCTGGTTCTCCAGTGAGGAG 1224
348 G H S R §$ ¢ K S H R Q S R S T™ WL P W F S § E E
ACTGGCCCAGGAGGCTACAACTATGATGACTATAAGATGGACTGGCTCGTGCCTGCCACCTGTGAGCCCATC 1296
372 T G P G G Y N Y DD Y K M D WUL V P ATCE P I
CAGAGCGTCTACTTCTTCTCAGGAGAGGAGTACTACCGAGTGAACCTGCGCACGCAGCGAGTGGACACTGTG 1368
396 Q 8§ v Y F F S G E E Y Y R V NL R T QU R V D T V
ACCCCTCCCTACCCACGCTCCATCGCCCAGTACTGGCTGGGCTGCCCAGTTCCAGACCAGAAGTAAGAGTCC 1440
420 T P P Y P R S I A Q Y WL G C P V P D Q K *

440
ACACAGCTGAGTCTGAATCCACACAGCTGAGTCTCTGCTGCTGCCCTCTCCAGCCTCCCCCTCCCAGCCCAA 1512
TAAAGAGTCCTTGGCCCTGAAAAARRAAAAAAAAAAAAARA 1553

Fig. 1. The pVN cDNA sequence and amino acid sequence double line a potential N-glycosylation site, and the broken line a

deduced from pVN cDNA. The deduced amino acid sequence is
shown in a single-letter code beneath the nucleotides. The numbers on
the right are the positions of nucleotides, and those on the left the
positions of amino acids. The box represents a cell-attachment site, the

sequence, although the lengths of the 3’ end non-coding
regions of the inserts were different. As the N-terminal
amino acid sequence of the purified pVN was DQESXKGR-
XTDGFIAERKXQX, in a single-letter code (9), Asp at
position 1 in Fig. 1 was assigned as the N-terminal amino
acid residue. This result together with the amino acid
sequence of hVN (5, 6) suggested that the first 19 residues

heparin-binding consensus sequence (X-B-B-X-B-X, where B symbol-
izes a basic amino acid residue). The asterisk represents the stop
codon. The sequences obtained for digests with endoproteinase Asp-N
are underlined.

(amino acids —19 to —1 in Fig. 1) comprise a signal
peptide. The amino acid sequence thus deduced from the
pVN cDNA sequence was composed of 459 amino acids
including the 19 amino acids of the signal peptide, the
molecular mass of the deduced pVN polypeptide without
the signal peptide being calculated to be 50,525 Da. A cell
attachment sequence, Arg-Gly-Asp (amino acids 45 to 47),
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TABLE I. Amino acid sequences of glycopeptides obtained from VNs on concanavalin A affinity chromatography. X denotes an
unidentified amino acid. Underlining indicates the consensus sequence for N-glycosylation. Each fragment corresponds with a peak in Fig. 3,

A and B.
Enzyme Fragment Sequence Amino acids
pVN Trypsin Al HXTSVQEEQ 67-75
A2 XGSVF 127-131
hVN a-Chymotrypsin B1 TMPEDEYTVYDDGEEKNXATVHE 50-72
B2 DAFTDLKXG 143-151
B3 RFEDGVLDPDYPRXISDG 210-227

two potential N-glycosylation sites (Asn68 and Asn127),
and a tandem repeat of the heparin-binding consensus
sequence [XBBXBX, B is a basic amino acid (16)], amino
acids 334 to 349 and 349 to 354, were found in the
sequence.

DNA sequence analysis of the hVN clone indicated it was
the same as that Jenne and Stanley reported (5), although
substitutions were found only at the positions at which
single codon substitutions are known to frequently occur
(2). The substitutions found in the clone are indicated in
Fig. 2.

Alignment with the Amino Acid Sequences of Other
VNs—The amino acid sequence of pVN deduced from the
cDNA was aligned with those of hVN (5), rabbit VN (7),
and mouse VN (8), as shown in Fig. 2. Gaps were intro-
duced to achieve maximum sequence homology among the
four species. Comparison of the sequence with that of hVN
showed 70.3% homology, which is the lowest among known
VNs [homology between hVN and rabbit VN, 76% (7), and
that between hVN and mouse VN, 74%]. While the
polypeptides of hVN, and rabbit and mouse VN deduced
from the respective cDNAs were composed of 478, 475, and
476 amino acid residues, respectively, pVN was composed
of 459 amino acid residues, which is 16-19 amino acid
residues fewer than the other three VNs. Interestingly,
marked deletions were concentrated in the so-called con-
necting region (2), and such significant deletions were not
found in the VNs from other species so far reported (10).

The amino acid residue corresponding to Asn(223) in
hVN is replaced with Glu in pVN. Consequently, the
number of potential N-glycosylation sites in pVN is
decreased to two. The numbers and locations of cysteine
residues are almost completely conserved among the four
VNs, suggesting that cysteine residues are essential for the
conformational formation of VNs. The Arg-Gly-Asp se-
quence for cell attachment is also conserved.

Proteolytic Processing of pVN—A single pentapeptide,
His-Arg-Gln-Ser-Arg, was obtained from the purified pVN
with a C-terminal fragment fractionator. The sequence
coincided with amino acids 356-360. The fragment contain-
ing Lys(440), if present, cannot be obtained by this method.
On the other hand, the conventional C-terminal analysis
using carboxypeptidase B and A indicated the presence of
Arg, Ser, and Thr after digestion for 5-24 h, but not Lys at
the C-terminal end (data not shown). Thr might have
originated from the contaminants. Combining the results,
the C-terminal amino acid residue was determined to be
Arg(360), not Lys(440) deduced from the cDNA. N-termi-
nal analysis of pVN showed a single sequence of DQESXK-
GRXTDG (9) but not that starting with Ser(361). Further-
more, when pVN was eluted from heparin column without
B-mercaptoethanol treatment, it had the same molecular
mass on SDS-PAGE as that purified under the reducing

Vol. 120, No. 5, 1996

conditions (data not shown), suggesting that the truncated
fragment of Ser(361)-Lys(440) is not linked with disulfide
bridge in purified pVN. The molecular mass of the poly-
peptide from amino acids 1 to 360 was estimated to be
41,149 Da. The structure of the major oligosaccharide of
pVN is of the monofucosylated disialobiantennary type, its
calculated molecular mass being about 2.5kDa (14).
Therefore, the molecular mass of pVN calculated as a
glycoprotein having two oligosaccharides per mol, 46 kDa,
after consideration of proteolytic processing is close with
that, 44 kDa, obtained on Ferguson analysis.

As shown in Fig. 2, Arg(360)-Ser(361) of pVN corre-
spond to Arg(379)-Ala(380) of hVN, which is the cleavage
site of the two-chain form of hVN (11). The synthesized
polypeptide of pVN must be cleaved at the Arg(360)-
Ser(361) position by a trypsin-like protease during in vivo
biosynthesis, as suggested for the two-chain type hVN. In
the case of hVN, Thr(381) is essential for cleavage of the
polypeptide, while an allele having Met(381) encodes a
protease-resistant VN, but most people possess two forms
of hVN in various ratios due to unquantitative cleavage. In
the case of hVN, the cleaved 10-kDa fragment is linked
with a 65-kDa polypeptide via a disulfide linkage between
Cys(274) and Cys(453). In contrast, neither a non-trun-
cated long chain of pVN nor a cleaved C-terminal fragment
could be found in four different batches of pooled porcine
sera or even in fresh plasma under either non-reducing or
reducing conditions (data not shown). Both pVN ¢cDNAs
obtained in this study encoded Thr(362), a protease-sensi-
tive type, and only the cleaved form was found on C-termi-
nal analysis of pVN too. pVN was therefore considered to
be present only in a truncated single-chain form. Plasma
VN was reported to be synthesized in the liver (8). The
results obtained here suggest that the highly active enzyme
responsible for the C-terminal processing may be present
in porcine liver, or the deletion of the third glycosylation
site in pVN may increase the sensitivity against proteolytic
processing of C-terminal peptide. Cys(251) might remain
with a free sulfhydryl group in pVN as predicted for several
Cys residues in hVN (2, 11). In VN purified by denatura-
tion, however, thiol-disulfide exchange might have oc-
curred by urea treatment in the purification procedure. VN
purified under non-denaturing conditions is necessary to
determine the native states of the cysteines.

Determination of the N-Glycosylation Sites of VNs—
Ninety-six percentage of the total oligosaccharides of pVN
have been shown to be of the biantennary complex-type
(14), a suitable ligand for concanavalin A. The digest of
pVN with trypsin was therefore subjected to concanavalin
A affinity chromatography and the glycopeptide fraction
obtained on specific elution from the column was further
separated by reverse-phase HPLC. The elution pattern of
glycopeptides from the tryptic digest is shown in Fig. 3A.
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porcine -19:MAPLRPLLMLALLAWVALA
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....L.A..E....L...... N..E....GR.SD..R..Q
....L.A..E...MLH........ K....GRPS...RQ.Q
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Signal
peptide

Somatomedin
B domain

| L

Connecting
region

Hemopexin
domain I

* *

314:F..RN.H.V.GK....... R..VT..LSHSA.A.KQ..K...R.....-.~..HR.
315:F..R..H.V.GK....... | LTPSPSA.KQ..R...R..... -.=Y....
*

LR 2 2R 2R bk bk d ok * *

348 :GHSRSQKSHRQSRSTWLPWFSSEETGPGGYN
371:-N---_.N.R.P.RAT..SL..... SNL.AN.
366:5Q.-.-D.R.S...I.FSL..... S.L.TK.
368:5Q-~~-N.R.L...ISRL...... VSL.P..

* * *&

379: YDDYKMDWLVPA!

- w Tk wkE ARk hrd hhWE

Fig. 2. Comparison of the amino acid sequences of four VNs.
Dashes represent gaps to maximize homology. * denotes the same
amino acids residues through four VNs. Dots denote the same amino
acids as those in pVN; @D, cell attachment site; N, potential N-
glycosylation site; and boxes, conserved cysteine residues. Underlin-
ing indicates the heparin-binding region of hVN. [8 denotes the C-

PIQSVYFFSGEEYYRVNLRTQRVDTVTPPYPRSIAQ

AR h AN AR AR f A hb A A AR R AR E AN

Hemopexin
domain II

* * dhkh W

VPDQK 440
.A.GHL 459
.TSEK- 457
.A.GGQ 456

—

terminal amino acid residue of the 65-kDa fragment of the two-chain
form of hVN. Each domain was aligned according to Ref. 2. The
sequence of hVN aligned in this figure was of the clone screened in
this paper, the four substitutions being Ser206, Ala347, Thr381, and
Asp423.
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The sequences of fractions A1l and A2 were analyzed. Other
fractions in the pattern were also observed in the pattern of
the control fraction and thus were not further analyzed.
Two kinds of glycosylated sequences corresponding to
separate potential sites in Fig. 1 were obtained, as shown in
Table I. No sequence other than these was obtained from
the digests with «-chymotrypsin and endoproteinase Asp-
N. Similarly, hVN was digested with « -chymotrypsin, and
the glycopeptides produced were obtained by concanavalin
A affinity chromatography and separated by reverse-phase
HPLC, as shown in Fig. 3B. Sequence analyses indicated
that three kinds of glycosylated sequences corresponding to
three potential sites deduced from the ¢cDNA (5, 6) (see
Fig. 2) were obtained, as shown in Table I. These results
indicated that all potential N-glycosylation sites of pVN
and hVN were actually glycosylated. The two N-glycosyl-
ation sites conserved among the four species might play
important roles in the molecular conformation and/or
activity, though the third glycosylation site lost in pVN
might affect the polypeptide conformation and the C-termi-
nal proteolytic processing in consequence.

DISCUSSION

The domain structures of pVN proposed in this study are
summarized in Fig. 4A, in comparison with that of hVN (5).
The small molecular mass of pVN was ascribed to the
complete processing of the C-terminal fragment, the
decrease in N-glycosylation sites, and the deletion in the
connecting region.

In spite of its small size, pVN contained all known
functional domains, i.e., heparin-binding region, cell at-
tachment sequence, and N -glycosylation sites. The binding
sites for collagen, thrombin—AT-III, and 8-endorphin have
not been unambiguously identified. The function of the
C-terminal fragment has been proposed in several reports
(17-19). The results suggested that the C-terminal frag-
ment is not functionally important in VN, considering that
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Fig. 3. Reverse-phase HPLC of glycopeptides
from pVN and hVN. (A) Elution pattern of glyco-
peptides from a tryptic digest of pVN. (B) Elution
pattern of glycopeptides from an «-chymotryptic
digest of hVN. The materials in the peaks denoted by
asterisks had the same sequence as that of B1.

LHE}
(10

Elution Time (min)

(A)

PR """ o
porcine ’_“L/l [c P c
A A

cell attachment  highly acldic heparin binding site
sequence region (polycationic region)
w v 'H
human L c B cl
somatomodlnfB connecting hermtpexlnl hemopexin Il
region pe
(B)

native Inactive form

open active form

Fig. 4. Domain structure models of VNs. (A) v and Q repre-
sent nonfucosylated and fucosylated biantennary disialooligesacchar-
ides, respectively. HVN contains a high content of triantennary

oligosaccharides w (15) compared to pVN (14). In the case of hVN,
the oligosaccharide structure does not reflect site-specific glycosyla-
tion. (B) Hypothetic conformational transition of pVN. The model
illustrates the hypothetic conformational transition, with a denatur-
ant, from the inactive form to the active form. S, somatomedin B
domain; [} highly acidic region; HP I, hemopexin domain I; and
HP II, hemopexin domain II. (+) and (—) denote positive and
negative charges, respectively.
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C-terminal processing occurs at an early stage of peptide
processing of pVN. Rabbit and mouse VNs have been
hitherto detected only in single-chain form (9, 13), and
they have molecular mass closer to a heavy chain (50 kDa)
of the two-chain form of hVN. Considering that they
contain larger amounts of O-linked oligosaccharides than
hVN and pVN (9, 13) in addition to three and four potential
N -glycosylation sites for rabbit and mouse VNs, respec-
tively (7, 8), a similar truncated single-chain form can be
predicted though the actual cleavage sites are not clear for
these VNs. Porcine, rabbit and mouse VNs commonly
contain an Arg-Ser sequence at the cleavage site (possible
for rabbit and mouse), while hVN contains Arg-Ala at this
site. This may be related with the high susceptibility of
these VNs to proteolysis.

The connecting region of hVN contains possible impor-
tant functional sites: a highly acidic region (amino acids 53-
64), a sulfation site(s) (Tyr56 and probably Tyr59) (20), a
putative crosslinking site(s) (GIn93) (21), and one of the
collagen-binding site(s) (22, 23). In particular, a highly
acidic region and a sulfation site(s), together with the
somatomedin B domain, which has an overall acidic charac-
ter, may contribute to neutralization of the charge of
polycationic groups present in the C-terminal portion,
which can stabilize the native inactive form of VN. The
presence and contribution of the glycan moiety were not so
far considered in the working hypothesis of conformational
transition of VN (). Based on our observations obtained
here and before (14, 15), a schematic model involving
oligosaccharides on VN is presented for the conformational
states of inactive and active VN in Fig. 4B. All the acidic
residues responsible for the polyanionic site of hVN were
found to be conserved in the connecting region of pVN, even
though overall portions of it exhibit rather low homology to
those of other VNs. In addition, one potential N-glycosyl-
ation site was conserved among VNs hitherto studied in the
close vicinity of the acidic region, and was actually
N-glycosylated in pVN and hVN (Table I). Our previous
study indicated that the N-linked oligosaccharides of both
pVN and hVN were commonly of the sialylated complex
type (14, 15). The combined results suggested the possibil-
ity that bulky sialooligosaccharides may significantly affect
the conformational formation of clustered anionic charges.
The sialooligosaccharides seem to play essential roles in
conformational formation of the latent molecular form and
its transition to the active form: e.g., negative charges of
sialic acids interact with polycationic groups instead of, or
cooperatively with, clustered acidic amino acids. To con-
firm this hypothesis, the roles of oligosaccharides and the
connecting region are under investigation in our laboratory
using recombinant VN mutants.

We also thank Miss Tomoko Kuriki (Shimadzu Co., Kyoto) for her
kind support in the C-terminal fragment isolation.
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