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ABSTRACT Factor VII is a precursor to a serine protease
that is present in mammalian plasma. In its activated form, it
participates in blood coagulation by activating factor X and/or
factor IX in the presence of tissue factor and calcium. Clones
coding for factor VII were obtained from two cDNA libraries
prepared from poly(A) RNA from human liver and Hep G2
cells. The amino acid sequence deduced from the cDNAs
indicates that factor VII is synthesized with a prepro-leader
sequence of 60 or 38 amino acids. The mature protein that
circulates in plasma is a single-chain polypeptide composed of
406 amino acids. The amino acid sequence analysis of the
protein and the amino acid sequence deduced from the cDNAs
indicate that factor VII is converted to factor VII, by the
cleavage of a single internal bond between arginine and
isoleucine. This results in the formation of a light chain (152
amino acids) and a heavy chain (254 amino acids) that are held
together by a disulfide bond. The light chain contains a
y-carboxyglutamic acid (Gla) domain and two potential epi-
dermal growth factor domains, while the heavy chain contains
the serine protease portion of the molecule. Factor VII shows
a high degree of amino acid sequence homology with the other
vitamin K-dependent plasma proteins.

Factor VII is a plasma glycoprotein that participates in the
coagulation process leading to the generation of fibrin (1). It
is synthesized in the liver where it requires vitamin K for the
formation of approximately 10 y-carboxyglutamic acid resi-
dues that are present in the amino-terminal region of the
protein (2). These amino acid residues bind to calcium ions
and are involved in the interaction of the protein with
phospholipid vesicles. One residue of B-hydroxyaspartic acid
has also been identified in bovine factor VII (3). The
biological function of the latter amino acid is not known.
Factor VIl is a single-chain glycoprotein (M, =50,000) that
is secreted into the blood where it circulates in a zymogen
form (4-7). Factor VII is converted to factor VII, by factor
Xa (5, 8), factor XII, (6, 9-11), factor IX, (11), or thrombin
(5) by minor proteolysis. This results in the formation of an
enzyme composed of two polypeptide chains (M, =~20,000
and 30,000) that are held together by a disulfide bond. The
light chain of factor VII, contains the y-carboxyglutamic acid
residues, while the heavy chain contains the catalytic or
serine protease portion of the molecule. In the presence of
tissue factor and calcium ions, factor VII, then converts
factor X to factor X, by limited proteolysis, and the latter
enzyme in turn converts prothrombin to thrombin in the
presence of factor V,, calcium ions, and phospholipid. Factor
VII, will also convert factor IX to factor IX, in the presence
of tissue factor and calcium (12). The relative physiological
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importance of the activation of factor X versus the activation
of factor IX by factor VII, is not clear (13).

Deficiencies in factor VII activity are rare, affecting
roughly 200-400 individuals in the United States (14). Factor
VII,, however, may be useful in treating patients who have
developed inhibitors to factor VIII (15). Accordingly, the
preparation of this trace plasma protein by the techniques of
recombinant DNA offers a potential source of this coagula-
tion factor that also would be free of viruses, such as those
causing hepatitis or acquired immune deficiency syndrome.

This paper describes the isolation and characterization of
several clones coding for factor VII employing two different
Agtll expression libraries prepared from poly(A) RNA iso-
lated from human liver and Hep G2 cells. The isolation of a
cDNA that encodes the entire factor VII protein sequence
makes it possible to express factor VII in a mammalian
expression system that synthesizes vitamin K-dependent
proteins (16-18).

MATERIALS AND METHODS

Human Agtll ¢cDNA Libraries. A Agtll ¢cDNA library,
containing approximately 14 million phage, prepared from
poly(A) RNA from human liver was kindly provided by Savio
L. C. Woo (19). A second Agtll cDNA library was prepared
from poly(A) RNA from Hep G2 cells by an adaptation of the
methods of Gubler and Hoffman (20) and Toole et al. (21).
Twelve million recombinant phage were generated from 5 ug
of poly(A) RNA. Approximately 99.7% of the phage were
recombinants based on B-galactosidase activity.

Screening of the Agtll cDNA Libraries. Human factor VII
was prepared as described (22), and rabbit antibodies (23) or
monoclonal antibodies (24) were prepared and affinity puri-
fied by the method of Canfield and Kisiel (23). The purified
monoclonal or polyclonal antibodies were labeled with 1>I
and used to screen filter blots as described by Young and
Davis (25, 26). The Agtll libraries were also screened with
nick-translated factor VII cDNA (27).

DNA Sequence Analysis. The cDNAs were sequenced by
the dideoxy chain termination method (28) using M13 uni-
versal primers and factor VII-specific oligonucleotide prim-
ers, and by the chemical degradation method of Maxam and
Gilbert (29). Oligonucleotides were synthesized on an Ap-
plied Biosystems (Foster City, CA) oligonucleotide synthe-
sizer.

Preparation of Human Factor VII for Amino Acid Sequence
Analysis. Human factor VII was partially purified through the
DEAE-Sepharose step essentially as described by Broze and
Majerus (6). Factor VII from the DEAE-Sepharose step was
then purified to homogeneity by immunoaffinity chromatog-
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raphy using a column containing murine monoclonal anti-
body to human factor VII coupled to activated CH-Sepharose
(Pharmacia). The affinity column was equilibrated with 0.05
M Tris-HCI buffer, pH 7.5, containing 0.15 M NaCl, and the
adsorbed factor VII was eluted from the column with the
same Tris-buffered saline containing 3 M NaSCN. Factor
VII, was prepared by incubating factor VII with human factor
Xa (1:1000, enzyme:substrate weight ratio) for 30 min in the
presence of 5 mM CaCl, and dilute human brain phospho-
lipids. Following complete activation, factor VII, was sepa-
rated from factor X, and phospholipids by immunoaffinity
chromatography under the same conditions used to isolate
factor VII.

Protein Sequence Analysis. Human factor VII, (2 mg) was
reduced and carboxymethylated by the method of Crestfield
et al. (30), and the heavy and light chains were separated by
HPLC (Varian C;3 Micropak column) employing an aceto-
nitrile/H,0 gradient containing 0.1% trifluoroacetic acid.
The light chain of factor VII, was then digested with
chymotrypsin overnight at 37°C in 0.1 M (NH4,)HCOs, pH
7.8, with an enzyme-to-substrate ratio of 1 to 100. The digest
was then fractionated by HPLC into about 12 peaks, as
described above, and each peak was subjected to Edman
degradation using a gas-phase protein sequenator, model
470A (Applied Biosystems).

RESULTS AND DISCUSSION

A radiolabeled monoclonal antibody to human factor VII was
used to screen 6 million phage from a Agt11 expression library
containing cDNA inserts prepared from poly(A) RNA from
human liver (25, 26). A positive clone (\HVII2115) was
isolated and plaque purified, and its cDNA insert was
sequenced by the dideoxy chain termination method (Fig. 1).
The cDNA insert was shown to code for factor VII by
comparison of the predicted amino acid sequence with that
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F1G. 1. Partial restriction maps and sequencing strategy for the
cDNA inserts in clones AHVII2115, AHVII1923, AHVII2463,
AHVIIS6S, and AHVII474. The extent of sequencing is shown by the
length of each arrow, and the direction of the arrow indicates the
strand that was sequenced. The heavy arrows indicate where Maxam
and Gilbert sequencing was performed. The hatched bars indicate the
5'- and 3'-noncoding regions in each cDNA insert. The nucleotide
numbers of the ends and break points of the cDNA inserts are
indicated.
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determined by amino acid sequence analysis of the human
protein (22). Also, comparison with the known amino acid
sequence of the amino-terminal portions of factor VII (22),
factor IX (31), and factor X (32) indicated that this cDNA
started with the DN A sequence encoding amino acid 36 of the
mature factor VII (nucleotide 321, Fig. 2) and lacked the
coding sequence for the amino-terminal region of the protein
and a leader sequence. This clone also lacked two nucleotides
(at positions 1005 and 1106, Fig. 2) that evidently arose from
errors by reverse transcriptase (33). These nucleotides were
present in other cDNA clones and in factor VII genomic
DNA clones (P.O., unpublished data).

One other factor VII cDNA clone (\HVII1923) was ob-
tained from the human liver Agtll library when 14 million
phage were screened with a nick-translated fragment of clone
AHVII211S. This probe included nucleotides 320-635 (Fig.
2). The cDNA insert in AHVII1923 contained nucleotides
515-2441 (Fig. 2) and did not contain the two nucleotide
deletions of clone AHVII2115.

To obtain the 5’ end of the DNA coding for factor VII, a
second cDNA library was constructed in Agt11 from poly(A)
RNA from Hep G2 cells. One million phage from this library
were screened with a nick-translated fragment from clone
AHVII2115 (nucleotides 320-625, Fig. 2). Three additional
clones were obtained from this library and characterized. The
phage AHVII2463 contained the largest factor VII cDNA
insert with the sequence of nucleotides 1-2463 (Fig. 2). The
other two clones contained sequences from the 5’ end of the
cDNA and lacked a stretch of nucleotides coding for part of
the factor VII leader sequence present in A\HVII2463. These
included nucleotides 100-165 for the insert in clone
AHVIIS6S, and nucleotides 100-179 for the cDNA of clone
AHVII474 (Figs. 1 and 2). These two clones were evidently
generated by an oligo(dT) priming event at the adenosine-rich
region at position 638-649 (Fig. 2) during the first-strand
synthesis of the cDNA. The deletion in \HVII474 results in
a frame shift for the remainder of the amino acids for factor
VII and does not represent an authentic coding sequence for
the protein. The absence of nucleotides 100-165 in clone
AHVIIS6S indicated that this clone coded for a leader peptide
of 38 amino acids rather than a leader peptide of 60 amino
acids that was predicted by clone AHVII2463. When com-
pared to the factor VII genomic sequence, these differences
in cDNA sequences appeared to result from alternative
splicing events (P.O., unpublished data). These analyses,
therefore, predict that factor VIl mRNA contains a sequence
coding for a leader peptide of 60 or 38 amino acids, 406 amino
acids of mature factor VII, 1026 nucleotides of 3'-noncoding
sequence, and a poly(A) tail.

The leader sequence predicted by clone AHVII2463 and
clone AHVIIS6S contained four arginine residues prior to the
sequence of Ala-Asn-Ala-Phe-Leu, which is the amino-
terminal sequence of human factor VII circulating in plasma.
Since the bond between arginine and alanine is an unlikely
cleavage site for signal peptidase (34), it is evident that factor
VII is synthesized with a prepro-leader sequence analogous
to the other vitamin K-dependent coagulation factors. Ac-
cordingly, it seems likely that signal peptidase cleaves the
newly synthesized polypeptide at a peptide bond upstream
from the Arg-Ala sequence. The bond between arginine and
alanine would be cleaved by an additional processing
protease(s) to yield the mature protein with an amino-
terminal alanine (Fig. 3). Two potential initiation methionines
are present in the prepro-leader sequence in clone AHVII-
2463. These occur at codon positions —60 and —26. The
methionine at codon —60, however, is the most likely start
site since only this methionine is followed by a hydrophobic
region typical of signal peptides. The deletion of 66 nucleo-
tides in clone AHVII56S removes amino acids —18 to —39. A
messenger with this sequence would code for a prepro-leader
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-60 -50
Met Val Ser Gln Ala Leu Arg Leu Leu Cys Leu
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-40
Leu Leu Gly Leu Gln Gly Cys Leu Ala Ala

TCMCAGGCA GGGGCAGCAC TGCAGAGATT TCATC ATG GTC TCC CAG GCC CTC AGG CTC CTC TGC CTT
20 30 60

40 50

=20

la Lys Ala Ser Gly Gly Glu Thr Arg Asp Met Pro ‘l’rp Lys Pro Gly Pro His Arg|Val Phe Val Thr

=30
A ]
T AAG GCC TCA GGA GAA ACA CGG_GAC AT AAG CCG GGG CCT CAC Al
1 1 140 150 16

+1 10

C TTC GTA ACC
1

20
Ala Asn Ala Phe Leu Glu Glu Leu Arg Pro Gly Ser Leu Glu Arg Glu Cys Lys Glu Glu GIn Cys Ser

GCC AAC GCG TTC CTG GAG GAG CTG CGG CCG GGC TCC CTG GAG AGG GAG TGC AAG GAG GAG CAG TGC TCC
220 230 240 250 260

40

270
50

280

Thr Lys Leu Phe Trp Ile Ser Tyr Ser Asp Gly Asp Gln Cys Ala Ser Ser Pro Cys Gln Asn Gly Gly
ACG AAG CTG TTC TGG ATT TCT TAC AGT GAT GGG GAC CAG TGT GCC TCA AGT CCA TGC CAG AAT GGG GGC
370 380 390

330 340 350

360

90
Leu Pro Ala Phe Glu Gly Arg Asn Cys Glu Thr His Lys Asp Asp Gln Leu Ile Cys Val Asn Glu Asn
CTC CCT GCC TTC GAG GGC CGG AAC TGT GAG ACG CAC AAG GAT GAC CAG CTG ATC TGT GTG AAC GAG AAC GGC
440 450 460 470 480 490 500

110

120

CT16
70

Gln
CAG

180

Phe
TTC

60
Ser
TCC

Gly

ly Gly Val
C GGG GTC
100

-1
Glu Glu Ala His Gly Val Leu His Arg Arg Arg Arg
GAG GAA GCC CAC GGC GTC CTG CAC CGG CGC CGG C6C
190 200 210

CTT GGG CTT CAG GGC TGC CTG GCT GCA
80 90

-10

30
Glu Glu Ala Arg Glu Ile Phe Lys Asp Ala Glu Arg
GAG GAG GCC CGG GAG ATC TTC AAG GAC GCG GAG AGG
290 300 310 320

70
Cys Lys Asp GIn Lev Gln Ser Tyr Ile Cys Phe Cys
TGC AAG GAC CAG CTC CAG TCC TAT ATC TGC TTC TGC
400 410 420 430

Gly Cys Glu GIn Tyr Cys Ser Asp His Thr Gly Thr

GGC TGglgAG CAG TAC TGC AGT GAC CAC ACG GGC ACC

520

530

130
Lys Arg Ser Cys Arg Cys His Glu Gly Tyr Ser Leu Leu Ala Asp Gly Val Ser Cys Thr Pro Thr Val Glu
AAG CGC TCC TGT CGG TGC CAC GAG GGG TAC TCT CTG CTG GCA GAC GGG GTG TCC TGC ACA CCC ACA GTT GAA
550 560 570 580 590 600

540

150 160

L4

Asn Ala Ser Lys Pro GIn Gly Arg'Ile Val Gly Gly Lys Val Cys Pro Lys Gly Glu Cys Pro Trp GIn Val
GGG
0

AAT GCC AGC AAA CCC CAA GGC CGA ATT GTG GGG GGC AAG GTG TGC CCC AAA
650 67 680 690

Tyr Pro Cys Gly Lys Ile Pro Ile Leu Glu Lys Arg
TAT CCA TGT GGA AAA ATA CCT ATT CTA GAA AAA AGA
610 620 630 640

170 180

Leu Leu Leu Val Asn Gly Ala Gln Leu Cys Gly Gly

GAG TGT CCA TGG CAG GTC CTG TTG TTG GTG AAT GGA GCT CAG TTG TGT GGG GGG
710 72 7 74 750

200

210
Thr Leu Ile Asn Thr Ile Trp Val Val Ser Ala Ala His Cys Phe Asp Lys Ile Lys Asn Trp Arg Asn Leu Ile Ala Val Leu Gly Glu His Asp Leu Ser Glu His
ACC CTG ATC AAC ACC ATC TGG GTG GTC TCC GCG GCC CAC TGT TTC GAC AAA ATC AAG AAC TGG AGG AAC CTG ATC GCG GTG CTG GGC GAG CAC GAC CTC AGC GAG CAC
8 84 860

760 770 780 790 800

220

810

820
250

240
Asp Gly Asp Glu GIn Ser Arg Arg Val Ala Gin Val Ile Ile Pro Ser Thr Tyr Val Pro Gly Thr Thr Asn His Asp Ile Ala Leu Leu Arg Leu His Gln Pro Val
GAC GGG GAT GAG CAG AGC CGG CGG GTG GCG CAG GTC ATC ATC CCC AGC ACG TAC GTC CCG GGC ACC ACC AAC CAC GAC ATC GCG CTG CTC CGC CTG CAC CAG CCC GTG
870 880 890

910
260

270

940 950

280

960 970

Val Leu Thr Asp His Val Val Pro Leu Cys Leu Pro Glu Arg Thr Phe Ser Glu Arg Thr Leu Ala Phe Val Arg Phe Ser Leu Val Ser Gly Trp Gly Gin Leu Leu
GTC CTC ACT GAC CAT GTG GTG CCC CTC TGC CTG CCC GAA CGG ACG TTC TCT GAG AGG ACG CTG GCC TTC GTG CGC TTC TCA TTG GTC AGC GGC TGG GGC CAG CTG CTG
980 990 1000 1020 1040

1010

290 300

1030 1050 1060 1070

310 320 ®

Asp Arg Gly Ala Thr Ala Leu Glu Leu Met Val Leu Asn Val Pro Arg Leu Met Thr Gln Asp Cys Leu GIn Gln Ser Arg Lys Val Gly Asp Ser Pro Asn Ile Thr

1080 1090 110

340

GAC CGT GGC GCC ACG GCC CTG GAG CTC ATG GTG CTC AAC GTG CCC CGG CTG ATG ACC CAG GAC TGC CTG CAG CAG TCA CGG AAG GTG GGA GAC TCC CCA AAT ATC ACG
1100 1 1120 1130

1140 1150 1160

350

1170 1180

360

Glu Tyr Met Phe Cys Ala Gly Tyr Ser Asp Gly Ser Lys Asp Ser Cys Lys Gly Asp Ser Gly Gly Pro His Ala Thr His Tyr Arg Gly Thr Trp Tyr Leu Thr Gly

1190 1200

0

GAG TAC ATG TTC TGT GCC GGC TAC TCG GAT GGC AGC AAG GAC TCC TGC AAG GGG GAC AGT GGA GGC CCA CAT GCC ACC CAC TAC CG6 GGC ACG TGG TAC CTG ACG GGC
1210 1220 1230 124 1250

1270 1280 1290

390

370 380
Ile Val Ser Trp Gly Gln Gly Cys Ala Thr Val Gly His Phe Gly Val Tyr Thr Arg Val Ser Gin Tyr Ile Glu Trp Leu Gln Lys Leu Met Arg Ser Glu Pro Arg
ATC GTC AGC TGG GGC CAG GGC TGC GCA ACC GTG GGC CAC TTT GGG GTG TAC ACC AGG GTC TCC CAG TAC ATC GAG TGG CTG CAA AAG CTC ATG CGC TCA GAG CCA CGC
1340 1350 1360

1300 1310

400
Pro Gly Val Leu Leu Arg Ala Pro Phe Pro STOP

1320

CCA GGA GTC CTC CTG CGA GCC CCA TTT CCC TAG CCCAGCAGCC CTGGCCTGTG GAGAGAAAGC
1410 1420 1460

TAGAGGAGGG CATGGGAGGE AGGGAGAGGT GGGGAGGGAG ACAGAGACAG AAACAGAGAG AgggAGkGAC

1430 1440 1450

1530 1540 1550 1560 1570 1580

TTCAAAGAGA CTAATAGAGA CACAGAGATG GAATAGAAAA GATGAGAGGC AGAGGCAGAC AGGCGCTGGA
1720

1660 1670 1680 1690 1700 1710

ACCTCCCTTC AGCCAAGCCC CACCTGCACG TGATCTGCTG GCCCTCAGGC TGCTGCTCTG ({gESCATTGC

1800 1810 1820 1830 1840

ACAGAGATAT GCACACACAC GGATGCACAC ACAGATGGTC ACACAGAGAT ACGCAAACAC AgggATGCAC
1950 1

1920 1930 1940 1960 1970

ATGCCAATGC ACGCACACAT CAGTGCACAC GGATGCACAG AGATATGCAC ACACCGATGT (ziCGCACACAC
2 206/ 2070 110

050 2080 2090 2100

CACACAGATG CACACACAGA TGCACACACA CCGATGCTGA CTCCATGTGT GgTGTCCTCT ggAGGCGGTT
2230

2180 2190 2200 2210 2220

GCATCACCAT GCATGGTGGC GAATGCCCCC AMCTCTCCC CCAAATGTAT TTCTCCCTTC GCTGGGTGCC
2310 234 2350 2360 2370

2320 2330

CCGCACACCT GTGGTGCCTG CCACCCAAAA
2450

AAAAAAA
2440 2460 2470 2480

1370 1380 1390 1400

CAAGGCTGCG TCGAACTGTC CTGGCACCAA ATCCCATATA TTCTTCTGCA GTTAATGGGG
1470 1480 1490 1500 1510 20

AGAGAGAGAC TGAGGGAGAG ACTCTGAGGA CATGGAGAGA GACTCAAAGA GACTCCAAGA
1600 1610 1620 1630 1640 1650

CAGAGGGGCA GGGGAGTGCC AAGGTTGTCC TGGAGGCAGA CAGCCCAGCT GAGCCTCCTT
1730 1740 1750 1780

TGGAGACAGT AGAGGCATGA ACACACATGG ATGCACACAC ACACACGCCA ATGCACACAC
860 1870 1880 1890 1900 1910

ACGCACATAG AGATATGCAC ACACAGATGC ACACACAGAT ATACACATGG ATGCACGCAC
1990 2000 2010 2020 2030 204

AGATATGCAC ACACATGGAT GAGCACACAC ACACCAAGTG CGCACACACA CCGATGTACA
2120 2130 2140 2150 2160 2170

GTTTAGCTCT CACTTTTCTG GTTCTTATCC ATTATCATCT TCACTTCAGA CMTTCAGM
2250 2260 2270 2280 2290 2300

GGGCTGCACA GACTATTCCC CACCTGCTTC CCAGCTTCAC RATARACGGC mcemcm
2380 2390 2400 un

F1G.2. Nucleotide sequence of the cDNA insert in clone A\HVII2463. Residues —60 to —1 represent the prepro-leader sequence for the insert
in clone AHVII2463. The boxed nucleotides and amino acids are those that are absent in clone \HVIIS6S, resulting in a prepro leader sequence
of 38 amino acids. Residues 1 through 406 represent the sequence of the mature factor VII present in plasma The apparent carbohydrate binding
sites are shown with solid diamonds, and the cleavage site for the conversion of factor VII to factor VII, is shown by a heavy arrow. The apparent
polyadenylylation or processing signal is shown with lines above and below the nucleotides.

sequence with a size and hydrophobicity pattern similar to
those of human prothrombin (35), protein C (36, 37), and
factor IX (38, 39).

The amino-terminal region of human factor VII contains 10
glutamic acid residues that are probable sites for carboxyla-
tion. These residues are located in positions analogous to
those for the y-carboxyglutamic acid residues in the other
vitamin K-dependent proteins and, therefore, most likely

constitute the y-carboxyglutamic acid (Gla) domain of factor
VII (Fig. 3). The Gla domain in the vitamin K-dependent
proteins is involved in calcium binding and, by analogy to the
other vitamin K-dependent proteins, the Gla domain in factor
VII is probably required for its binding to the phospholipid-
tissue factor complex during the coagulation process.

The Gla domain in factor VII is followed by two potential
growth factor domains (Fig. 3). The function of these do-
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F1G. 3. Amino acid sequence and tentative structure for prepro-factor VII. The prepro-leader sequence of 60 amino acids (numbered —60
to —1) or 38 amino acids is removed during biosynthesis by signal peptidase and a processing protease that cleaves the arginine-alanine (R-A)
bond between —1 and 1. The boxed amino acids are absent in the cDNA insert in \HVIIS65, resulting in a prepro leader sequence of 38 amino
acids. The Gla domain and potential growth factor domains are located within residues 1-152 and constitute the light chain of factor VII,. The
site of cleavage in factor VII by factor X, is shown by an arrow, and the amino acids where this cleavage occurs are circled. The serine protease
or catalytic domain of factor VII, contains 254 residues, including the three principal amino acids participating in catalysis. These three amino
acids [histidine (H)-41, aspartic acid (D)-90, and serine (S)-192] are also circled. Two potential carbohydrate binding sites are shown by solid
diamonds. The tentative disulfide bonds in factor VII have been placed by analogy to those in bovine prothrombin and epidermal growth factor.
v, y-carboxyglutamic acid; 8, B-hydroxyaspartic acid. The first amino acids in the light and heavy chains of factor VII, start with number 1 and

differ from the numbers shown in Fig. 2.

mains is unknown. They were first noted in factor X (40, 41)
and are also present in factor IX and protein C (36). The first
potential growth factor domain contains the sequence of
Gly-Ser-Cys-Lys-Asp-Gin-Leu (starting with glycine-59).
This sequence is nearly identical to that in bovine factor VII
in which the aspartic acid is present as B-hydroxyaspartic
acid (3). Furthermore, B-hydroxyaspartic acid is present in
essentially the same position in factor IX, factor X, and
protein C (3, 42). Thus, it is extremely likely that human
factor VII also contains B-hydroxyaspartic acid at residue 63
in the first potential growth factor domain.

The conversion of factor VII to factor VII, is due to the
cleavage of the bond between arginine-152 and isoleucine-153
by proteases such as factor X,, factor XII,, or thrombin. This
results in a new amino-terminal sequence of Ile-Val-Gly-Gly-
for the heavy chain of factor VII, (22) (Fig. 3). The heavy
chain (254 amino acids) is attached to the light chain (152
amino acids) by a disulfide bond. This bond has been
tentatively placed between cysteine-135 in the light chain and
cysteine-110 in the heavy chain by analogy to the other

vitamin K-dependent proteins. The heavy chain of factor
VII, also contains the three principal residues involved in the
catalytic activity of this serine protease, including histidine-
41, aspartic acid-90, and serine-192 (Fig. 3). These residues
are analogous to histine-57, aspartic acid-102, and serine-195
in the active site of chymotrypsin (43). Also, aspartic acid-186
in the heavy chain of factor VII, is probably located in the
bottom of the substrate binding pocket of the enzyme. An
aspartic acid residue in this position is characteristic of the
trypsin family of serine proteases that are specific for the
hydrolysis of peptide bonds containing a basic amino acid.
This sequence in the active site of factor VII, is also
consistent with the cleavage of a specific bond between
arginine and isoleucine in factor X and between arginine and
alanine and between arginine and valine in factor IX by this
enzyme.

To examine whether an activation peptide is released from
the carboxyl terminus of the light chain during the activation
reaction, factor VII, was reduced and carboxymethylated,
and the light and heavy chains were separated by HPLC. The
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light chain was subjected to digestion with chymotrypsin, and
the fragments were separated by HPLC and subjected to
amino acid sequence analysis. One fragment gave a sequence
of Glu-Lys-Arg-Xaa-Ala-Ser-Lys-Pro-Gln-Gly-Arg. This se-
quence is identical to that predicted by the cDNA starting
with glutamic acid-142 and originates from the carboxyl-
terminal end of the light chain of factor VII,. These data
provide strong evidence for the conclusion that the cleavage
of a single internal bond between arginine and isoleucine in
factor VII leads to the activation of the zymogen. Whether
additional cleavages occur in vivo, however, cannot be ruled
out.

The amino acid composition of human factor VII circulat-
ing in plasma as predicted from the cDNA was determined as
follows: Aspig, Asn;s, B-OH Asp;, Thry,, Serzg, Glu;;, Glny,
Glayg, Proy, Glys;, Alaz, Valy;, Mety, Ilej;, Leusg, Tyria,
Phe;s, Lysi7, Hisy, Argas, ¥2Cys,4, and Trpg. The molecular
weight for the protein free of carbohydrate was calculated as
45,512. This calculation assumes the presence of 10 Gla
residues and 1 B-hydroxyaspartic acid residue in factor VII,
as discussed. Human factor VII contains two potential amino
acid sequences for attachment of carbohydrate chains to
asparagine residues. These sequences (Asn-Ala-Ser and
Asn-Ile-Thr) occur at asparagine-145 in the light chain and
asparagine-170 in the heavy chain (Fig. 3). Addition of two
carbohydrate chains would increase the molecular weight for
the glycoprotein to about 50,000. Human factor VII is highly
homologous with the other vitamin K-dependent proteins,
such as prothrombin (25% identity) (35), factor IX (40%
identity) (38), factor X (40% identity) (44), and protein C (40%
identity) (36, 37). This is consistent with the concept that this
family of plasma proteins has evolved from a common
ancestral gene during evolution (45).
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