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ABSTRACT: Human protein Z is a vitamin K-dependent plasma glycoprotein, deficiency of which leads to
a mild bleeding tendency. Protein Z appears to assist hemostasis by binding thrombin and promoting its
association with phospholipid vesicles. In this study, to characterize the gene for protein Z, its organization
and structure were determined by a combination of PCR amplification of leukocyte DNA and isolation
of phage clones from a human genomic library. The gene spanned about 14 kb and consisted of 9 exons
including one alternative exon. It was of note that the gene organization was essentially identical to that
of other vitamin K-dependent proteins, such as factors VII, IX, and X and protein C. The nucleotides in
introns at exon/intron boundaries for eight regular exons were the consensus GT-AG sequences. In contrast,
the sequence at an optional exon/intron junction was found to be GC rather than GT. The extra exon
inserts a unique peptide consisting of 22 amino acids in the prepro-leader sequence. A similar situation
was previously observed in factor VII, but not in other vitamin K-dependent plasma proteins. We also
assigned the gene for protein Z to chromosome 13 by PCR amplification of genomic DNAs from human/
hamster cell hybrids. Fluorescence in situ hybridization, employing a genomic clone coding for human
protein Z, further localized the gene to band q34, where the genes of three other vitamin K-dependent
proteins are clustered. These genes may have evolved via duplication of an ancestral gene at this locus.

Human protein Z (Mr ) 62 000) is a single-chain glyco-
protein that is synthesized in the liver and secreted into the
blood (1, 2). Its concentration in plasma varies widely
between individuals, with an average of 2.9µg/mL. The
protein’s half-life is reported to be approximately 2.5 days
(2, 3).
In this group’s previous study, the mRNA for human

protein Z was characterized as cDNAs and shown to be
approximately 1.6 kb in length (4). It codes for a leader
sequence containing the typical hydrophobic residues for
secretion, and a propeptide region for recognition of the
protein by the γ-carboxylase. The C-terminus of the
propeptide also contains an Arg-Trp-Lys-Arg sequence for
the processing enzyme (furin) which requires the-4 Arg
and-1 Arg residues for cleavage. Protein Z contains 13
γ-carboxyglutamic acid (Gla)1 residues (4-6) located in the
N-terminal region of the protein, and these residues require
vitamin K for their biosynthesis.

Mature human protein Z consists of 360 amino acids.
Starting with the N-terminus, there are a Gla domain, two
EGF domains, and a hinge region between the second EGF
domain and a homologue of the catalytic B chain for serine
proteases. Neither human nor bovine protein Z contains the
active site His and Ser residues in the catalytic triad, whereas
the active site Asp residue is conserved (4-6). The region
around the typical activation cleavage site is also absent in
both the human and bovine proteins. Thrombin treatment
of human protein Z results in a decrease of its apparent
molecular weight from 62 000 to 56 000 (2) and the loss of
a Gla domain (3). The Trp-Arg-Arg-Tyr sequence starting
at position 42 in human protein Z is the best candidate for
the cleavage site by thrombin (3).

The structural features of protein Z suggest that it binds
to phospholipid in the presence of calcium ions. In fact, it
has been reported that protein Z binds thrombin and promotes
its association with phospholipid vesicles in a calcium ion-
dependent manner (7, 8). It is likely that protein Z plays an
important role in vivo in hemostasis, since several cases of
protein Z deficiency have been identified in association with
bleeding symptoms (9, 10).

Since it has been documented that bleeding disorders
accompany cases of protein Z deficiency, it is important to
determine the structure and organization of the normal gene
to compare it with abnormal genes. Knowledge regarding
the protein Z gene could also provide some insight into its
regulation as well as its evolution in relation to other closely
related genes, such as those of factors VII, IX, and X and
proteins C and S (11).
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In this study, the gene for human protein Z was character-
ized, and its gene structure was compared to those of other
vitamin K-dependent proteins, such as factors VII, X, and
IX and protein C. We also localized the gene to chromosome
13 at band q34, where three other members of this same
gene family are clustered.

MATERIALS AND METHODS

Southern Blot Hybridization of Genomic DNAs.Genomic
DNA samples were prepared from the leukocytes obtained
from normal individuals by a standard technique (12). Ten
micrograms of genomic DNA was digested with 20 units of
eitherEcoRI orPstI restriction enzyme and applied to a 0.4%
agarose gel. The DNA fragments were transferred to a nylon
membrane (Stratagene, La Jolla, CA), and the membrane was
hybridized with a32P-labeled cDNA probe (4) or a 32P-
labeled amplified DNA fragment of 2.0 kb containing exons
Ib, II, and III and introns A2 and B (PCR7, Figure 1, top)
or 2.8 kb containing exons II, III, and IV and introns B and
C (PCR9).
In Vitro Amplification of Genomic DNAs Employing Gene-

Specific Primers.The gene for protein Z was first amplified
by PCR of genomic DNA obtained from normal individuals,
employing specific primers (Figure 2). These primers for
putative exons were designed from the appropriate regions
of the cDNA by hypothesizing that the gene organization of
protein Z is identical to that of other vitamin K-dependent
proteins (11). Genomic DNA, 0.1-1.0 µg was amplified
in a 50-µL reaction mixture as described (13) employing
2.5-5.0 units ofThermus aquaticusDNA polymerase (Taq
polymerase, Stratagene).
Nucleotide Sequence Analysis.The amplified DNA

samples were subcloned into M13mp18 or M13mp19

(GIBCO-BRL, Gathersburg, MD). The DNA sequence of
an insert was then obtained using the dideoxynucleotide
method (14) with deoxyadenosine 5′-[R-[35S]thio]triphos-
phate (Amersham, Arlington Heights, IL). The DNA
sequence of the phage clones isolated by genomic screening
was also obtained using the dideoxynucleotide method with
an ABI 373A sequence analyzer (Perkin-Elmer). Oligo-
nucleotides were synthesized as sequencing primers to obtain
the DNA sequence of the second strand. The nucleotide
sequence was determined two or more times, and more than
90% of the nucleotide sequence was confirmed on both
strands.
Screening of Genomic Phage Library.A cDNA coding

for human protein Z (4) was employed to isolate genomic
clones containing the gene for the protein by screening a
human lung fibroblast genomic library inλFIX (Stratagene).
To select the correct genomic clones coding for protein Z,
the isolated phage clones were first amplified by PCR
employing the gene-specific primers, as described above.
Several portions of the amplified DNA were then subjected
to DNA sequencing analysis. Genomic DNA inserts were
released by digestion of the phage DNA withSacI endonu-
clease, subcloned into plasmid pUC19, and then subjected
to sequencing analysis.
Rapid Amplification of 5′-cDNA Ends.To determine the

transcription initiation site of the gene for protein Z, rapid
amplification of 5′-cDNA ends (5′RACE) was performed
using the 5′RACE System, version 2.0 (GIBCO-BRL) and
total RNA from Huh7, HLF, HepG2, and Chang liver cells,
following the manufacturer’s instructions. The cDNA was
first synthesized from 500 ng of total RNA using Superscript
II reverse transcriptase (GIBCO-BRL) and an antisense
primer specific for protein Z (GSP-1 in Figure 2) at 42°C

FIGURE 1: Organization andSacI restriction map of the gene for human protein Z. (Top) The nine exons are shown with wide vertical bars
and are numbered with roman numerals, while the eight introns are depicted by capitals. The 5′ and 3′ portions of the gene were amplified
by PCR employing the specific primers shown in Figure 2. Two PCR products (PCR7 and 9) used for Southern blotting are indicated by
arrows with asterisks, and those (PCR 4 and 6) used for chromosomal assignment are indicated by arrows with “+” symbols. (Middle) Two
λ phage clones with DNA inserts coding for protein Z are also shown, and narrow vertical bars depictSacI restriction sites. Closed and
hatched bars represent subcloned plasmids forλLF1 andλLF2, respectively, containing individualSacI fragments. (Bottom) Capitals in the
restriction map stand for restriction sites: B,BamHI; E, EcoRI; H, HindIII; M, SmaI; P, SphI; S, SacI; T, PstI; X, XbaI. The polymorphic
PstI fragment is shown by an arrow.
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for 60 min. The cDNA was used in the TdT-tailing, and
PCR was then performed with a gene-specific internal
antisense primer (GSP-2 in Figure 2) and abridged anchor
primer (5′-GGCCACGCGTCGACTAGTACGGGIIGGGII-
GGGIIG-3′; I stands for inosine), followed by PCR using
the nested gene-specific antisense primers (III-AS and GSP-3
in Figure 2) and the nested adapter primer, abridged universal
amplification primer (5′-GGCCACGCGTCGACTAGTAC-
3′). PCR products were analyzed by 2% agarose gel
electrophoresis and by the dideoxy sequencing method after
subcloning into pBluescript vectors (Invitrogen).
Chromosomal Assignment of the Gene for Human Protein

Z by PCR Screening.Two DNA panels of human/hamster
somatic cell hybrids (PCRable panels 1 and 2, lot I-4, BIOS
Lab, New Haven, CT) were used to localize the gene coding
for human protein Z. PCR was performed under stringent
conditions (94°C for 30 s, 64-66 °C for 60 s, 72°C for 60
s) for 30 cycles, employing two pairs of PCR primers, Ib-S
& II-AS; V -S & VI-AS2 (Figure 2), synthesized using the
cDNA sequence for human protein Z (4). Amplified DNA
was applied to a 0.8% agarose gel and electrophoresed.
Buffer and water were also added as negative controls
without genomic DNA. The identity of PCR products was
confirmed by sequencing analysis.
Localization of the Gene for Human Protein Z by FISH.

Genomic phageλLF1 (Figure 1, middle), obtained by
screening a human fibroblast library with the cDNA for
human protein Z, was used to localize the gene by FISH, as
described previously (15). Briefly, the entire phage DNA
was labeled by nick translation with biotin-16-dUTP (Boeh-
ringer, Mannheim, Germany). The biotin-labeled DNA was
hybridized to normal metaphase chromosomes from phyto-
hemagglutinin (PHA)-stimulated lymphocytes synchronized
with bromodeoxyuridine and then incubated with fluorescein-
conjugated avidin (Vector Laboratories, Burlingame, CA).
Chromosomes were counterstained with propidium iodide
and 4,6-diaminido-2-phenylindole and then photographed.
Subsequently, the chromosomes were R-banded using the
fluorochrome-photolysis technique.

RESULTS AND DISCUSSION

Genomic Southern Blotting.Two EcoRI fragments of 19
and 7.5 kb from human genomic DNA hybridized with a
cDNA probe for protein Z by Southern blot analysis (Figure
3, left). When an amplified DNA containing exons Ib,2 II,
and III, and introns A2 and B (PCR7 in Figure 1, top) was
employed as a probe, only the 7.5-kb band hybridized (data
not shown). These data suggested that the 5′ part of the

gene for protein Z was present in the 7.5-kbEcoRI fragment
and that the remaining 3′ part resided in the 19-kb fragment.
Since there is only one internalEcoRI site in the cDNA (4),
it is very likely that the size of the gene for protein Z is less
than 26.5 () 19 + 7.5) kb.
Southern blotting analysis employing an amplified DNA

fragment coding from exons II-IV and introns B and C
(PCR9 in Figure 1, top) as a probe revealed that twoPstI
fragments hybridized (Figure 3, right); the band of 1.7 kb
was observed in common among all five individuals. When
the PCR7 fragment was employed as a probe, only this 1.7-
kb band hybridized (data not shown). Therefore, the
commonPstI fragment of 1.7 kb contains exons II and III,
and exon IV must be present on the remainingPstI fragment
(Figure 1, bottom). It was of note that the size of the second
PstI fragment differed (about 1.3-2.5 kb) from one to
another among the 5 individuals, indicating the presence of
extensive polymorphism around exon IV of the protein Z
gene. This hypothesis is discussed later.
In Vitro Amplification of Genomic DNAs.To determine

the gene organization of human protein Z, leukocyte DNA
obtained from normal individuals was amplified by PCR
employing specific primers for putative exons (Figure 2).
Altogether, nine overlapping DNA fragments (PCR1-9)
from the 5′ end of the gene and two fragments (PCR10 and
11) from the 3′ end were amplified (Figure 1, top). These
fragments covered approximately 7 and 2 kb of genomic
DNA from the 5′ and 3′ portions of the gene, respectively.
DNA sequence analysis of these fragments revealed that the
5′ portion contained the genomic sequence coding from the
signal peptide to the hinge region between the second EGF
and the pseudo-serine protease domains (including exons

2 This extra exon Ib encoded a 66-bp insert which was found in half
of the amplified products by PCR when the HepG2 cDNA library was
examined in the previous study.

FIGURE 2: Nucleotide sequence of the 5′ and 3′ flanking regions, the exons, and the intron/exon boundaries of the gene coding for human
protein Z. Nucleotides in the exons are shown in capitals and those in the introns and the 5′ and 3′ flanking regions are shown in lowercase.
The DNA sequences upstream from the A in the codon for the initiator Met listed as+1 are shown in the left margin with negative
numbers. The amino acids in the prepro-leader sequence are also shown with negative numbers in the left margin, while those in the mature
protein are shown with positive numbers, starting with the N-terminal Ala residue as+1. The 5′ and 3′ ends of each exon are enclosed in
brackets. The sequences used for the preparation of amplifying primers are underlined or overlined and labeled with their names at their
5′ ends. Putative regulatory elements in the 5′ flanking region and consensus sequences around the polyadenylation site are also underlined
(R stands for “reverse”). The sequences used for the preparation of first strand cDNA and amplifying primers in 5′RACE are also underlined
or overlined and labeled with their names at their 5′ ends. An apparent major transcription start site is indicated by an asterisk, and minor
ones are indicated by a plus sign.

FIGURE 3: Southern blot hybridization of genomic DNAs with a
radiolabeled cDNA for human protein Z (left) or an amplified DNA
fragment coding for exons II-IV (right). Each lane contains
genomic DNA from five normal individuals (1-5) digested with
eitherEcoRI (left) orPstI (right) endonuclease. Size markers (Size
Std) were purchased from GIBCO-BRL.

Locus and Organization of the Human Protein Z Gene Biochemistry, Vol. 37, No. 19, 19986841



I-VI), and the 3′ portion contained the genomic sequence
coding for the pseudo-serine protease domain (exons VII and
VIII). These results strongly suggested that the gene for
protein Z was coded by nine exons and interrupted by eight
introns.
A region corresponding to putative intron F was never

obtained despite repeated attempts at PCR under varying
conditions. Since the maximum size of the entire gene was
estimated to be 26.5 kb and the sum of the 5′ and 3′ portions
was 9 () 7+ 2) kb, the size of intron F could be up to 17.5
kb, which appeared to be beyond the limit of the PCR
technique available at the time these experiments were
performed. Accordingly, we carried out conventional screen-
ing of the genomic phage library in the following experi-
ments.
Isolation of Genomic Clones for Human Protein Z.Two

million recombinant phage were screened under stringent
conditions with labeled cDNA probes. Two positive clones
were identified and plaque purified (termedλLF1 andλLF2
in Figure 1, middle). Restriction mapping, Southern blotting,
and nucleotide sequencing analysis of amplified DNAs from
λLF1 andλLF2 by PCR revealed that these clones contained
portions coding for protein Z from the propeptide (exon II)
to the 3′ noncoding region (exon VIII), and the portions
encoding from the signal peptide (exon Ia) to the hinge region
(exon VI) that is present between the second EGF and the
pseudo-serine protease domain (Figure 1, middle and Table
1), respectively. These results indicated that the two isolated
clones covered the entire gene for protein Z.
Further characterization of the two isolated phage clones

and their subcloned plasmids by restriction mapping, South-
ern blotting, PCR, and nucleotide sequencing analysis
revealed that the size of intron F was 5.8 kb. Accordingly,
it was concluded that the gene for human protein Z spanned
14 kb.
It was of note that the two genomic clones each contained

aSacI fragment which differs in size from that of the other
clone by 0.4 kb (S1-2 and S2-4 in Figure 1, bottom). When
the S1-2 and S2-4 fragments were digested withPstI, unique
bands of 1.7 and 1.3 kb were generated, respectively (data
not shown). ThesePstI fragments corresponded exactly to
the 1.3-kb band and one band of the 1.7-kb doublet in Figure

3. These results were confirmed by a PCR-RFLP analysis
of the two genomic clones employing amplified intron C
(PCR5 in Figure 1, top) andPstI. Accordingly, there is a
0.4 kb insertion in intron C of theλLF1 clone. Since
Southern blotting analysis also demonstratedPstI bands of
about 2.5 and 2.2 kb (Figure 3, right), the size of this insertion
may vary among individuals. Alternatively, one or more
adjacentPstI sites could be absent.

Nucleotide Sequence of the Human Protein Z Gene.The
nucleotide sequence for each exon and its boundaries
determined from the isolated clones was consistent with that
obtained from the amplified DNA. The DNA sequences of
the gene for human protein Z obtained by these experiments
are summarized in Figure 2. The sequence of the nine exons
was in complete agreement with that of the cDNA for protein
Z (4). Exon Ia and a part of exon II encoded the prepro-
leader sequence (Figure 4) that is removed during posttrans-
lational processing by signal peptidase and furin to produce
the mature protein Z. The remaining part of exon II encoded
the Gla domain, and exons III, IV, V, and VI coded for the
thrombin-sensitive region (ThrSR), the first EGF, the second
EGF, and the hinge region, respectively. The pseudo-serine
protease domain was encoded by exons VII and VIII (Figure
2 and Table 1).

Nucleotide sequence analysis also revealed that all splice
donor and acceptor sequences are consistent with the GT-
AG rule (16) and the consensus sequence (17), except for
one at the junction between the extra exon Ib and intron A2
(GC rather than GT; Table 1). However, this unusual
dinucleotide has also been observed in a few other genes
including that for human prothrombin at the 5′ end of intron
L (18). The difference in the nucleotide sequence between
the unusual C and typical T leads to a difference in the
consensus values for splicing (17): 0.578 vs 0.752. Thus,
the GC dinucleotide is likely less favorable than GT for
recognition by the splicing machinery. This hypothesis is
consistent with the fact that genes containing the GC
sequence at the 5′ end of introns splice normally, but the
efficiency of splicing decreases. This may result in a much
smaller amount of the mRNA containing an extra exon and
a greater amount of the mRNA lacking it (19).

Table 1: Nucleotide Sequence and Type of the Splice Junctions and Size of Exonsa

aNC, noncoding; Pro, propeptide; Gla,γ-carboxyglutamic acid; ThrSR, thrombin-sensitive region; EGF, epidermal growth factor; Term, terminus.
The exact size of exon Ia (shown in parentheses) is not known. An unusual nucleotide C of an extra intron A2 at the obligatory GT sequence is
underlined.b Sharp (1981).c Senapathy et al. (1990).d 5′-end of the longest cDNA (Ichinose, unpublished data).
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It is worth noting that extra exon Ib (66 bp) inserts 22
amino acids between the signal peptide important for
secretion and the propeptide essential for recognition by
γ-carboxylase. The insertion of 66 nucleotides leads to a
change of Val to Leu at position-17 (Figures 2 and 5).
This position is also where 66 nucleotides coding for 22
amino acids are inserted in a cDNA coding for human factor
VII obtained from the same HepG2 library (20) as the cDNA
for protein Z (4). The 66-bp insert in the factor VII cDNA
is also coded by an extra exon in intron A of its gene (21).
Thus, the nucleotide sequence coding for the 22 amino acids
in both protein Z and factor VII has resulted from an
alternative splicing of the precursor mRNA. No alternatively
spliced product was detected in the HepG2 library by
extensive PCR for the human prothrombin gene (Ichinose,
unpublished data).
A similar insertion (termed theR-helical region) had been

reported in the genes for bone Gla protein (BGP) and matrix
Gla protein (MGP) (22, 23). Although the inserted region
of protein Z shares no homology with other proteins, that of
factor VII shows some amino acid sequence identity with
the R-helical region of BGP, but not with that of MGP
(Figure 5, bottom). To date, it is unknown how this region
functions in any of these proteins. It is interesting that
recombinant factor VII containing the insertion is reported
to be as active as the wild type (19) and that mature MGP
retains this region since its N-terminus is Tyr20 (24; Figure
5, bottom). Thus, the inserted peptide seems not to inhibit
γ-carboxylation of these proteins.

As described above, all discrete regions (or domains) in
protein Z were coded by separate exons (Figures 2 and 4),
and introns were inserted at positions precisely identical to
those in the gene coding for human factor VII (21).
Furthermore, the organization of the genes for human protein
Z, in terms of the locations of introns and the types of splice
junctions (25), was essentially identical to that for the genes
coding for other vitamin K-dependent proteins, such as
factors IX and X, protein C, 5 introns of protein S, three
introns of prothrombin, etc. (11; Table 2). In particular, the
exons in the 5′ portion of the genes in the vitamin K-protein
family encode highly homologous protein regions, e.g., the
signal peptide, the propeptide, the Gla domain, and the EGF
domains. Thus, homologies between the N-terminal half of
protein Z and the other family members including factors
IX, X, and VII, prothrombin, and proteins C and S are
strikingly high, 45%, 47%, 39%, 23%, 38%, and 26%,
respectively (4). These findings support the hypothesis that
these genes derived from a common ancestor through
duplication.
In contrast to the 5′ portion, the placement of introns with

respect to the serine protease domain in the 3′ portion of the
genes is somewhat diverse. For instance, the genes for
proteins Z and C and factors VII, IX, and X have only two
exons for the serine protease domain, while this domain is
encoded by four exons in the prothrombin gene (18). The
latter situation has also been observed in a number of other
genes which contain the serine protease domain, such as the
genes for plasminogen and apolipoprotein(a) (26, 27).

FIGURE 4: Location of introns in the structure of human protein Z. The positions of the introns (A-F) are indicated by solid arrows at or
between specific amino acids with numbers in parentheses. Numbering starts with the N-terminus Ala residue and resumes at Ala142.
Small and wide open arrows depict the sites of cleavage by furin and thrombin, respectively. Residues at positions for the active sites His,
Asp, and Ser for serine-proteases are highlighted, although two of these are replaced by other amino acids. Gla,γ-carboxyglutamic acid;
ThrSR, thrombin-sensitive region; EGF, epidermal growth factor.
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Differences in the number of introns may be attributable to
insertions and deletions during evolution. Homologies
between the C-terminus of protein Z and the other family
members are lower than those of the N-terminus, 25%, 24%,

22%, 16%, and 26% for factors IX, X, and VII, prothrombin,
and protein C, respectively (4). Since the sizes of 3′ exons
are somewhat diverse when compared with those of 5′ exons,
mature proteins of this gene family differ slightly in their
overall sizes. For example, exon VI coding for the hinge
region of protein Z is smaller than those of factors VII, IX,
and X and protein C, which results in its having a shorter
mature polypeptide chain than that found in other proteins.
Overall homology of protein Z is highest to factors IX, X,
and VII among the members of this gene family.
The striking degree of similarity in length and sequence

between the exons of the genes encoding vitamin K-
dependent proteins is in contrast to the lack of resemblance
not only between the nucleotide sequences but in the sizes
of the introns of these genes as well (Table 2). Accordingly,
there is no correlation between the gene size and the size of
the synthesized peptide chain. At present, it remains
unknown why most of the intron sequences have not been
maintained through evolutionary selection.
5′ and 3′ Flanking Regions and Transcription Initiation

Site. The 5′ flanking region of the gene for protein Z
contained a cluster of putative regulatory elements, including
a TATAA-like sequence, a GC box (SP-1 site), and a reverse
CAAT box around a region 300 bp upstream from the
initiator Met codon (Figure 2, underlined). A sequence
homologous to the HNF-4 element (TGAACT/CTTGCC)
was present 47 bp upstream from the Met codon; this element
has also been found in the genes for factors X, IX, and VII
(28). At present, it is not known whether either of these
sequences functions as a promoter/enhancer element.
Rapid amplification of the 5′-cDNA ends was performed

to identify the transcription start site of the gene for protein
Z. A single major band and several minor bands were
observed in both HepG2 and Huh7 cells (data not shown);
no PCR product was visible in HLF and Chang liver cells.

Table 2: Comparison of Intron Location, Splice Junction Type, and Size of the Genes for Vitamin K-Dependent Plasma Proteinsa

intron gene
location

(amino acid)
junction
type

size
(kb) intron gene

location
(amino acid)

junction
type

size
(kb)

A protein Z -17 I 1.3b D protein Z 85 I 1.5
factor VII -17 I 2.6b factor VII 84 I 1.9
factor IX -17 I 6.2 factor IX 85 I 7.2
factor X -17 I 5.0 factor X 84 I 1.8
protein C -19 I 1.3 protein C 92 I 0.1
prothrombin -17 I 0.4 protein S 75 I 4.4
protein S -16 I ?

E protein Z 129 I 0.4
B protein Z 38/39 0 0.8 factor VII 131 I 1.0

factor VII 37/38 0 1.9 factor IX 128 I 2.6
factor IX 38/39 0 0.2 factor X 128 I 2.9
factor X 37/38 0 7.4 protein C 137 I 2.7
protein C 37/38 0 1.5 protein S 116 I 0.1
prothrombin 37/38 0 0.7
protein S 37/38 0 ? F protein Z 151/152 (10/11)c 0 5.8

factor VII 167/168 (15/16) 0 0.6
C protein Z 47 I 1.7 factor IX 195/196 (15/16) 0 9.5

factor VII 46 I 0.1 factor X 209/210 (15/16) 0 3.4
factor IX 47 I 3.7 protein C 184/185 (15/16) 0 0.9
factor X 46 I 1.0
protein C 46 I 0.1 G protein Z 191 (50)c I 1.0
prothrombin 46 I 0.2 factor VII 209 (57) I 0.8
protein S 46 I >10 factor IX 234 (54) I 0.7

factor X 249 (55) I 1.7
protein C 224 (55) I 1.1

aOnly common parts among all members of the gene family are included.b Exon Ib and its 5′- and 3′-introns are treated as a single intron A.
cNumbering restarts at Ala142 as+1 in protein Z, and at the N-termini of the B chain in other proteins.

FIGURE 5: Alternative splicing of intron Ib in the genes for human
protein Z and factor VII. (Top) Exon Ib and introns A1 and A2
may be spliced out together, resulting in exon Ib skipping. (Bottom)
A short stretch of amino acids is inserted in the prepro-leader
sequence of human protein Z and factor VII. (*) Symbols: identical,
(+) similar amino acid, (-) gap. Numbering is relative to the initiator
Met residue and is shown in the right margin. Gla residues are
underlined (13 in protein Z, 10 in factor VII, 3 in BGP, and 4 in
MGP). Arrows above the amino acid sequences indicate the location
of introns in the genes for protein Z and factor VII, while those
below the sequences demonstrate the positions of introns in the
genes for BGP and MGP.
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Sequencing of the resulting transcripts revealed an apparent
major transcription initiation site starting at an A nucleotide
located 13 nucleotides upstream from the translation initiation
codon (position-13, Figure 2), in 11 subclones. In addition,
minor transcription initiation sites started at the C of position
-18 and the C of position-68 in HepG2, and at the T of
position-28, the T of position-34, and the C of position
-68 in Huh7, in two or three subclones for each. It is
unusual that the major transcription start site is located at
only 13 nucleotides upstream of the initiator codon. Since
the 5′RACEmethod tends to underestimate amounts of larger
fragments but not those of smaller ones, the apparent minor
start sites upstream from this major site may be utilized much
more. The C at-68 bp is a good candidate since it is
adjacent to the putative HNF-4 site. These results will likely
be confirmed in a future study on the gene regulation of
protein Z.
The 3′ end of the gene contained a polyadenylation signal,

AATAAA, and a T(A) polyadenylation site. The consensus
sequence of YGTGTTYY (GT cluster), which is required

for efficient formation of the 3′ terminus of mRNA, was
present 64 bp downstream from the AATAAA sequence. No
other sequences, such as CAYTG, that commonly surround
transcription termination sites were observed.
Localization of the Gene for Human Protein Z to 13q34.

A PCR product of the expected size (0.6 kb) was generated
using a pair of primers (V-S anf VI-AS, Figure 2) when
human DNA and those of hybrid cell lines containing
chromosome 13 (867, 423, 1006, 968, 750, and 1099) were
used as a template, while no bands were observed with
hamster DNA or those of other cell lines (Figure 6, panel
1). The same band was obtained only from the human DNA
and those of the 1006, 756, 867, and 750 cell lines, all of
which contained chromosome 13 (Figure 6, panel 2). A
hybrid cell line (423) did not contain chromosome 13, since
no band was detected when two other lots (107, 145) were
examined later (data not shown). Nucleotide sequence
analysis justified the finding that this DNA fragment
contained exons Ib and II of the protein Z gene. These
results were confirmed by similar experiments employing
another set of primers (Ib-S and II-AS, Figure 2), which
produced a 1-kb fragment for exons V and VI (data not
shown). Thus, the gene for protein Z was localized to
chromosome 13 with 0% discordance (0 out of 25 cell lines).
The genes for factors VII and X were also localized to
chromosome 13 by PCR employing their gene-specific
primers (data not shown).
FISH analysis was next carried out using the genomic

cloneλLF1 coding for the protein Z gene (Figure 1, middle),
and the results are shown in Figure 7. In 26 metaphases
examined after FISH, chromosome 13 showed specific
signals on both chromatids in a total of 25 cells (Figure 7,
top). Thus, the protein Z locus was mapped to 13q34. No
other bands hybridized with the protein Z probe. These
results were consistent with those obtained by PCR, indicat-
ing that the locus of protein Z is 13q34, where three other
vitamin K-dependent protein genes, factors VII, X, and
GAS6, have been mapped (29-31; Table 3). These genes
may have evolved via duplication of an ancestral gene at
this locus. In contrast, the loci of the genes for the vitamin

FIGURE6: Chromosomal assignment of the gene for human protein
Z. The PCR amplified products of genomic DNA samples from
human, hamster, and human-hamster hybrid cell lines were
electrophoresed in a 0.8% agarose gel. The lanes labeled None and
H2O are the negative controls without added DNA (buffer or water).
Panels 1 and 2 contain different combinations of genomic DNA
samples obtained from various cell lines, as indicated by the
numbers. Cell lines 423, 750, 756, 867, 968, 1006, and 1099 contain
chromosome 13 (shown in boldface).

FIGURE 7: Fluorescence in situ hybridization (FISH) for the gene
for human protein Z. Partial metaphase spreads were hybridized
with the genomic cloneλLF1 coding for human protein Z (top).
The same metaphase was counterstained with propidium iodide and
4,6-diaminido-2-phenylindole (bottom). Specific fluorescent signals
and the locus of 13q34 are indicated by arrows.
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K-dependent proteins other than these four are found
randomly dispersed across chromosomes (Table 3). The
gene for protein Z may exist adjacent to those for factors
VII and X, which are separated by only 2.8 kb (32).
The results obtained here will directly contribute to future

studies, including characterizing the genetic defects of protein
Z deficiency and investigating regulation of the protein Z
gene, plasma concentrations of which vary widely among
individuals. The RFLP ofPstI around exon IV of the protein
Z gene will be useful also for determination of haplotypes.
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Table 3: Comparison of the Genes for Vitamin K-Dependent Plasma Proteinsa

gene size (kb) exons introns chromosome authors

protein Z 14 8b 7b 13q34 present study
factor VII 13 8b 7b 13q34 Scambler and Williamson (1985)
factor X 27 8 7 13q34 Royle et al. (1986)
factor IX 34 8 7 Xq27 Boyd et al. (1984)
prothrombin 21 14 13 11p11-q12 Royle et al. (1987)
protein C 11 8c 7 2q14-21 Kato et al. (1988)
protein S >80 15 14 3p11.1-q11.2 Watkins et al. (1988)
GAS6 ? ? ? 13q34 Saccone et al.(1995)
BGP 1.2 4 3 1q Johnson et al. (1991)
MGP 3.9 4 3 12p Cancela et al. (1990)

a The genes for GAS6 (growth arrest-specific gene-6), BGP (bone Gla protein or osteocalcin), and MGP (matrix Gla protein) are also included.
b An extra exon (Ib) and its 5′- and 3′-introns (A1 and A2) are treated as a single intron (A).c An extra exon for the 5′ noncoding region that is
present in the protein C gene is not included.
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