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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 34, 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 (M= 62 000) is a single-chain glyco- Mature human protein Z consists of 360 amino acids.
protein that is synthesized in the liver and secreted into the Starting with the N-terminus, there are a Gla domain, two
blood @, 2. Its concentration in plasma varies widely EGF domains, and a hinge region between the second EGF

between individuals, with an average of 2«8/mL. The domain and a homologue of the catalytic B chain for serine
protein’s half-life is reported to be approximately 2.5 days proteases. Neither human nor bovine protein Z contains the
2, 3. active site His and Ser residues in the catalytic triad, whereas

In this group’s previous study, the mRNA for human the active site Asp residue is conservde-6). The region
protein Z was characterized as cDNAs and shown to be around the typical activation cleavage site is also absent in
approximately 1.6 kb in lengthd). It codes for a leader  both the human and bovine proteins. Thrombin treatment
sequence containing the typical hydrophobic residues for of human protein Z results in a decrease of its apparent
secretion, and a propeptide region for recognition of the molecular weight from 62 000 to 56 00Q)(and the loss of
protein by the y-carboxylase. The C-terminus of the a Gla domaing). The Trp-Arg-Arg-Tyr sequence starting
propeptide also contains an Arg-Trp-Lys-Arg sequence for at position 42 in human protein Z is the best candidate for
the processing enzyme (furin) which requires thé Arg the cleavage site by thrombil)(
and —1 Arg residues for cleavage. Protein Z contains 13 g giryctural features of protein Z suggest that it binds
y-carboxyglutamic acid (Glayesidues4—6) located inthe y, hospholipid in the presence of calcium ions. In fact, it
N-terminal region of the protein, and these residues require 54 heen reported that protein Z binds thrombin and promotes
vitamin K for their biosynthesis. its association with phospholipid vesicles in a calcium ion-
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Ficure 1: Organization an&ad 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 capitalsamtie3%ortions 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 arrowswitiols. (Middle) Two
A phage clones with DNA inserts coding for protein Z are also shown, and narrow vertical barsSkpiestriction sites. Closed and
hatched bars represent subcloned plasmidélféil andALF2, respectively, containing individu&lad fragments. (Bottom) Capitals in the
restriction map stand for restriction sites: BanHlI; E, Ecdrl; H, Hindlll; M, Sma; P, Sph; S, Sad; T, Pst; X, Xba. The polymorphic

Pst fragment is shown by an arrow.

In this study, the gene for human protein Z was character-

(GIBCO-BRL, Gathersburg, MD). The DNA sequence of

ized, and its gene structure was compared to those of otheran insert was then obtained using the dideoxynucleotide

vitamin K-dependent proteins, such as factors VII, X, and

IX and protein C. We also localized the gene to chromosome phate (Amersham, Arlington Heights, IL).

method (4) with deoxyadenosine'§a-[3S]thio]triphos-
The DNA

13 at band g34, where three other members of this samesequence of the phage clones isolated by genomic screening

gene family are clustered.

MATERIALS AND METHODS

Southern Blot Hybridization of Genomic DNA&enomic

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

DNA samples were prepared from the leukocytes obtained S€duence was determined two or more times, and more than

from normal individuals by a standard techniqd@)( Ten
micrograms of genomic DNA was digested with 20 units of
eitherEcdRl or Pst restriction enzyme and applied to a 0.4%

90% of the nucleotide sequence was confirmed on both
strands.

Screening of Genomic Phage LibrarA cDNA coding

agarose gel. The DNA fragments were transferred to a nylonfor human protein Z4) was employed to isolate genomic
membrane (Stratagene, La Jolla, CA), and the membrane waglones containing the gene for the protein by screening a

hybridized with a%?P-labeled cDNA probe4) or a %2P-
labeled amplified DNA fragment of 2.0 kb containing exons
Ib, I, and Il and introns A2 and B (PCR7, Figure 1, top)
or 2.8 kb containing exons I, lll, 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

human lung fibroblast genomic library &#IX (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 wi#hd endonu-
clease, subcloned into plasmid pUC19, and then subjected
to sequencing analysis.

putative exons were designed from the appropriate regions Rapid Amplification of 5cDNA Ends. To determine the

of the cDNA by hypothesizing that the gene organization of
protein Z is identical to that of other vitamin K-dependent
proteins (1). Genomic DNA, 0.+1.0 ug was amplified
in a 50uL reaction mixture as described3) employing
2.5-5.0 units ofThermus aquaticuBNA polymerase Taq
polymerase, Stratagene).

Nucleotide Sequence AnalysisThe amplified DNA
samples were subcloned into M13mp18 or M13mp19

transcription initiation site of the gene for protein Z, rapid
amplification of 3-cDNA ends (5RACE) was performed
using the 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
Il reverse transcriptase (GIBCO-BRL) and an antisense
primer specific for protein Z (GSP-1 in Figure 2) at 22
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A K N E c H P E R T D G (o) Q H F o L P
---------- tettttteer cecttttcag [ CT AAA AAT GAA _TGT CAC CCA GAG CGG ACT GAT GGG TGT CAA CAC TTC TGC CTIC CCA

V-8
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GGA CAG GAA TCC TAC ACG TGC AGC TGT GCT CAG GGC TAC AGG CTT GGT GAG GAC CAC AAA CAG TGT GTG CCC CAC G ]
V-AS V-AS2
gtgagtgetc 8QaCCaCAPC v vvi ittt ittt e eee s aeeeeeeaa intron B ....... ... ... .. ..
VI-S$2

D QO ¢ A (o] G vV L T S E K R A P D L (0] D.
---------- tgttgctgce gcaaatgecag [ AC CAG TGT GCC TGC GGG GTG CTG ACC TCT GAG AAG CGT GCA CCG GAT CTA CAG GAC

VI-AS2 VI-S
L P W Q .
CTC CCG TGG CAG ) gtaacagaglC gCtCLCCOCT v vt ivnnr virrnnnnnenenns intron F .......... ... e
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VII-S2

Y K L I N S E G K D F C G G Vv I I _R.
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VII-AS
............................................................. intron G .......... .. ... iiaaaa..

Y F N R T S Q D P L M I K I T H V H v
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H M R Y D A D A G E N D L S L L E L E w P I Q C P G A G
CAC ATG CGG_TAT GAC GCG GAC GCG GGG GAG AAT GAC CTG TCA CTG CTG GAG CTG GAG TGG CCC ATC CAG TGC CCA GGT GCG GGG
VIII-AS
L P v C T P E K D F A E H L L I P R T R G L L S G W A R
CTC CCC GTG TGC ACC CCT GAG AAA GAC TTC GCT GAG CAC CTC CTC ATC CCA CGC ACC AGG GGC CTC CTC AGC GGC TGG GCA CGC

N G T D L G N S L T T R P v T L v E G E E C G Q v L N V
AAT GGC ACT GAC CTG GGC AAC TCG CTG ACC ACG CGG CCT GTC ACA CTT GTG GAG GGG GAG GAG TGC GGG CAG GTC CTG AAT GTG

T A T T R T Y C E R S S v A A M H w M D G S v v T R E H
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R Y s L 4 F K Q I M N STP
AGG TAC TCA CTC TGG TTT AAA CAG ATC ATG AAC TAA CTGAAACTCA GCTAGCCAGA ATGAACAACA CAACCGGAAG CGGGATTCCA

AGCTGGCACT GCCACTGTGG AGGGCGCTGA AACTTCATCA CACACTGAGA GGCCGTCACA GCCCCAGACC ACCCGCTTGG CCCACGCAGC AGCAGAGCCG

CCGTTTGCTG GGTTGTTTAC CGAGCACTGT GACCITTICTT TCCCTGGAAC TCTTTATCTC AATAGAGACC TTAAAAGAAA ACATGAGATA CGTTAAATAA

VIII-AS2 VIII-S2

TAAAATAAGA TAATCTGTCA GTCATA 1] aagcagcctg gtttccaaaa attctttect tectccaagte cagtgttcce tgtgetcagg gaata.......
GT cluster
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Ficure 2: Nucleotide sequence of thednd 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 ahdnide35lanking regions are shown in lowercase.

The DNA sequences upstream from the A in the codon for the initiator Met listetllaare 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 residdela¥he 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 thé&nking 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 prirtiRA<CR &re also underlined

or overlined and labeled with their names at theéiesds. An apparent major transcription start site is indicated by an asterisk, and minor
ones are indicated by a plus sign.

for 60 min. The cDNA was used in the TdT-tailing, and Pstl

PCR was then performed with a gene-specific internal E'ﬁh?m
antisense primer (GSP-2 in Figure 2) and abridged anchor

primer (B-GGCCACGCGTCGACTAGTACGGGIIGGGII- 23
GGGIIG-3; | stands for inosine), followed by PCR using a4
the nested gene-specific antisense primers (I1I-AS and GSP-3 B8

in Figure 2) and the nested adapter primer, abridged universal 4.4
amplification primer (5GGCCACGCGTCGACTAGTAC-

3). PCR products were analyzed by 2% agarose gel H
electrophoresis and by the dideoxy sequencing method after 14
subcloning into pBluescript vectors (Invitrogen). — 1.1

Chromosomal Assignment of the Gene for Human Protein
Z by PCR ScreeningTwo 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 Wasoperformed under stringent raqiolabeled cDNA for human protein Z (left) or an amplified DNA
conditions (94°C for 30 s, 64-66 °C for 60's, 72°C for 60 fragment coding for exons HIV (right). Each lane contains
s) for 30 cycles, employing two pairs of PCR primers, Ib-S genomic DNA from five normal individuals (15) digested with
& II-AS; V —S & VI-AS2 (Figure 2), synthesized using the eitherEcaRl (left) or Pst (right) endonuclease. Size markers (Size
cDNA sequence for human protein Z)( Amplified DNA Std) were purchased from GIBCO-BRL.

was applied to a 0.8% agarose gel and electrophoresed. . . i@
Buffer and water were also added as negative controls 96N€ for protein Z was present in the 7.5 | fragment

. ) X : and that the remaining art resided in the 19-kb fragment.
without genomic DNA. The identity of PCR products was (. : y o
confirmed by sequencing analysis. Since there is only one internBtaR| site in the cDNA 4),

o . it is very likely that the size of the gene for protein Z is less
Localization of the Gene for Human Protein Z by FISH. y y g P

; ; . . than 26.5 € 19 + 7.5) kb.
Genomic phagelLF1 (Figure 1, middle), obtained by Southern blotti Vsi lovi lified DNA
screening a human fibroblast library with the cDNA for outhern botling analysis employing an amprifie

. i fragment coding from exons-HIV and introns B and C
human protein Z, was used to localize the gene by FISH, aS(PCRY in Figure 1, top) as a probe revealed that Reb

described previouslylg). Briefly, the entire phage DNA " ; Y

was labeled by nick translation with biotin-16-dUTP (Boeh- &Z%rgggg’rvlﬁb;d;ergégf :rrﬁo%gnaglh ftiz/’eﬂi]r?di?/?;l?al?sf. l\'lzhlé?q
ringer, Mannheim, Germany). The biotin-labeled DNA was the PCR7 fragment was employed as a probe, only this 1.7-
hybridized to normal metaphase chromosomes from phyto- kb band hybridized (data not shown). Th'erefore the
hemagglutinin (PHA)-stimulated lymphocytes synchronized . 10npsi fragment of 1.7 kb contains exons Il and Iii
with bromodeoxyuridine and then incubated with fluorescein- and exon IV must be present on the remairfeg fragment ’
conjugated avidin (Vector Laboratories, Burlingame, CA). g re 1, bottom). It was of note that the size of the second
Chromoso_me_s were countgrstained with propidium iodide Psi fragr,nent differed (about 1:32.5 kb) from one to
and 4,6-diaminido-2-phenylindole and then photographed. ;e among the 5 individuals, indicating the presence of
Subsequently, the chromosomes were R-banded using the,ensive polymorphism around exon IV of the protein Z

12345 1234056

Ficure 3: Southern blot hybridization of genomic DNAs with a

fluorochrome-photolysis technique.

RESULTS AND DISCUSSION

Genomic Southern BlottingTwo EcoRlI fragments of 19

gene. This hypothesis is discussed later.

In Vitro Amplification of Genomic DNAsTo determine
the gene organization of human protein Z, leukocyte DNA
obtained from normal individuals was amplified by PCR

and 7.5 kb from human genomic DNA hybridized with a employing specific primers for putative exons (Figure 2).
cDNA probe for protein Z by Southern blot analysis (Figure Altogether, nine overlapping DNA fragments (PCRY)

3, left). When an amplified DNA containing exonsati, from the 3 end of the gene and two fragments (PCR10 and
and I, and introns A2 and B (PCR?7 in Figure 1, top) was 11) from the 3end were amplified (Figure 1, top). These

employed as a probe, only the 7.5-kb band hybridized (datafragments covered approximately 7 and 2 kb of genomic

not shown). These data suggested that thpabt of the ~ DNA from the 8 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.
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Table 1: Nucleotide Sequence and Type of the Splice Junctions and Size ofExons

Region Size(bp) Exon Boundary sequence Intron Boundary sequence Exon typeb
5'NC+Signal (88d) Ia ..GAGCCCTCAG GTAGGC... Al ...CACCAG CCACTTCACT.. Ib I
Extra 66 Ib ..CAGGAAAGCT GCAAGT... A2 ,..CTGTAG TATTTCTCCC.. IT I
Pro+Gla 164 II ..AGTAGTCACT GTATGT... B . .CTAAAG GATGAATTCT.. III 0
ThrSR 25 IITI ..CGATATAAGG GTAAGT... C . .CTGCAG GCGGCTCCCC. . Iv I
1lst EGF 114 IV . .TGCGAGCTGG GTGAGG... D .. TTTCAG CTAAAAATGA. . v I
2nd EGF 132 V ..GTGCCCCACG GTGAGT... E . .ATGCAG ACCAGTGTGC. . VI I
Hinge 68 VI ..CCCGTGGCAG GTAACA... F .. TTAAAG GTAAAGTTAA.. VII 0
AAHC Loop 118 VII ..GTAAAAACAT GTAAGT... G . .TTTCAG ATTTTAACAG.. VIII I
C-Term+3 'NC 788 VIII
C A T™T T
CONSENSUS® AAG GTGAGT- ~CCNCAG GT

aNC, noncoding; Pro, propeptide; Glacarboxyglutamic acid; ThrSR, thrombin-sensitive region; EGF, epidermal growth factor; Term, terminus.
The exact size of exon la (shown in parentheses) is not known. An unusual nucleotide C of an extra intron A2 at the obligatory GT sequence is
underlined? Sharp (1981)¢ Senapathy et al. (1990)5'-end of the longest cDNA (Ichinose, unpublished data).

I-VI), and the 3 portion contained the genomic sequence 3. These results were confirmed by a PORFLP analysis
coding for the pseudo-serine protease domain (exons VIl andof the two genomic clones employing amplified intron C
VIII). These results strongly suggested that the gene for (PCR5 in Figure 1, top) anBsi. Accordingly, there is a
protein Z was coded by nine exons and interrupted by eight 0.4 kb insertion in intron C of thelLF1 clone. Since
introns. Southern blotting analysis also demonstrasd bands of
A region corresponding to putative intron F was never about 2.5 and 2.2 kb (Figure 3, right), the size of this insertion
obtained despite repeated attempts at PCR under varyingmay vary among individuals. Alternatively, one or more
conditions. Since the maximum size of the entire gene was adjacentPst sites could be absent.
estimated to be 26.5 kb and the sum of tharkd 3 portions Nucleotide Sequence of the Human Protein Z GeFiee
was 9 (= 7+ 2) kb, the size of intron F could be up t0 17.5  y ,cjentide sequence for each exon and its boundaries
Kb, W.h'Ch appgared to be b.eyond the limit (.)f the PCR determined from the isolated clones was consistent with that
technique available at the time these experiments Were jpiained from the amplified DNA. The DNA sequences of
performed. Accordingly, we carried out conventional screen- . gene for human protein Z obtained by these experiments
ing of the genomic phage library in the following experi- .0 5mmarized in Figure 2. The sequence of the nine exons
ments. . . was in complete agreement with that of the cDNA for protein
.Is.olatlon of Genomic Clones for Human Protein Lwo Z (4). Exon la and a part of exon Il encoded the prepro-
million recombinant phage were screened under Smngemleader sequence (Figure 4) that is removed during posttrans-

conditions with labeled cDNA probes. Two positive clones |_.. : ; : .
: o o lational processing by signal peptidase and furin to produce
were identified and plaque purified (termgd1 andALF2 the mature protein Z. The remaining part of exon Il encoded

in Figure 1, middle). Restriction mapping, Southern blotting, the Gla domain. and exons 11l IV. V. and VI coded for the

and nucleotide sequencing analysis of amplified DNAs from ny o : )
ALF1 andALF2 by PCR revealed that these clones contained thrombin sen5|t'|ve region (ThrSR), Fhe first EGF, the SGCOF‘U‘
EGF, and the hinge region, respectively. The pseudo-serine

portions coding for protein Z from the propeptide (exon II) . )
to the 3 noncoding region (exon VIIl), and the portions grg;e;g,rzg;mle)un was encoded by exons VIl and VIIl (Figure
encoding from the signal peptide (exon la) to the hinge region '
(exon VI) that is present between the second EGF and the Nucleotide sequence analysis also revealed that all splice
pseudo-serine protease domain (Figure 1, middle and Tabledonor and acceptor sequences are consistent with the GT-
1), respectively. These results indicated that the two isolatedAG rule (16) and the consensus sequent®)| except for
clones covered the entire gene for protein Z. one at the junction between the extra exon Ib and intron A2

Further characterization of the two isolated phage clones (GC rather than GT; Table 1). However, this unusual
and their subcloned plasmids by restriction mapping, South- dinucleotide has also been observed in a few other genes
ern blotting, PCR, and nucleotide sequencing analysis including that for human prothrombin at theéind of intron
revealed that the size of intron F was 5.8 kb. Accordingly, L (18). The difference in the nucleotide sequence between
it was concluded that the gene for human protein Z spannedthe unusual C and typical T leads to a difference in the
14 kb. consensus values for splicing7): 0.578 vs 0.752. Thus,

It was of note that the two genomic clones each containedthe GC dinucleotide is likely less favorable than GT for
a Sad fragment which differs in size from that of the other recognition by the splicing machinery. This hypothesis is
clone by 0.4 kb (S1-2 and S2-4 in Figure 1, bottom). When consistent with the fact that genes containing the GC
the S1-2 and S2-4 fragments were digested ®ith unique sequence at the' '®nd of introns splice normally, but the
bands of 1.7 and 1.3 kb were generated, respectively (dateefficiency of splicing decreases. This may result in a much
not shown). Thes®@st fragments corresponded exactly to smaller amount of the mRNA containing an extra exon and
the 1.3-kb band and one band of the 1.7-kb doublet in Figure a greater amount of the mRNA lacking i9).
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FiGure 4: Location of introns in the structure of human protein Z.

The positions of the introng)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 Alal42.
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 agidsiri@layglutamic acid,;

ThrSR, thrombin-sensitive region; EGF, epidermal growth factor.

It is worth noting that extra exon Ib (66 bp) inserts 22 As described above, all discrete regions (or domains) in
amino acids between the signal peptide important for protein Z were coded by separate exons (Figures 2 and 4),
secretion and the propeptide essential for recognition by and introns were inserted at positions precisely identical to

y-carboxylase. The insertion of 66 nucleotides leads to athose in the gene coding for human factor VI21J.

change of Val to Leu at positior-17 (Figures 2 and 5).
This position is also where 66 nucleotides coding for 22

Furthermore, the organization of the genes for human protein
Z, in terms of the locations of introns and the types of splice

amino acids are inserted in a cDNA coding for human factor junctions 5), was essentially identical to that for the genes

VIl obtained from the same HepG2 librargq) as the cDNA
for protein Z @). The 66-bp insert in the factor VIl cDNA
is also coded by an extra exon in intron A of its ge@&)(

coding for other vitamin K-dependent proteins, such as
factors IX and X, protein C, 5 introns of protein S, three
introns of prothrombin, etc1(; Table 2). In particular, the

Thus, the nucleotide sequence coding for the 22 amino acidsexons in the 5portion of the genes in the vitamin K-protein

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

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

extensive PCR for the human prothrombin gene (Ichinose, protein Z and the other family members including factors

unpublished data).
A similar insertion (termed the-helical region) had been

IX, X, and VII, prothrombin, and proteins C and S are
strikingly high, 45%, 47%, 39%, 23%, 38%, and 26%,

reported in the genes for bone Gla protein (BGP) and matrix respectively 4). These findings support the hypothesis that

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 a-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 VIl containing the insertion is reported
to be as active as the wild typ&9) and that mature MGP
retains this region since its N-terminus is Tyr28(Figure

these genes derived from a common ancestor through
duplication.

In contrast to the Fportion, the placement of introns with
respect to the serine protease domain in thgoBtion 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 geh8)( The
latter situation has also been observed in a number of other

5, bottom). Thus, the inserted peptide seems not to inhibit genes which contain the serine protease domain, such as the

y-carboxylation of these proteins.

genes for plasminogen and apolipoprotein(&p,(27.
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Table 2: Comparison of Intron Location, Splice Junction Type, and Size of the Genes for Vitamin K-Dependent Plasm& Proteins
location junction size location junction size
intron gene (amino acid) type (kb) intron gene (amino acid) type (kb)
A protein Z -17 | 1.2 D protein Z 85 I 1.5
factor VII -17 | 2.8 factor VII 84 I 1.9
factor IX —-17 | 6.2 factor IX 85 | 7.2
factor X -17 I 5.0 factor X 84 I 18
protein C -19 I 1.3 protein C 92 I 0.1
prothrombin =17 I 0.4 protein S 75 | 4.4
protein S —16 I ?
E protein Z 129 | 0.4
B protein Z 38/39 0 0.8 factor VII 131 I 1.0
factor VII 37/38 0 1.9 factor 1X 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 | 2.7
protein C 37/38 0 15 protein S 116 | 0.1
prothrombin 37/38 0 0.7
protein S 37/38 0 ? F protein Z 151/152 (10F11) 0 5.8
factor VII 167/168 (15/16) 0 0.6
C protein Z 47 | 1.7 factor IX 195/196 (15/16) 0 9.5
factor VII 46 I 0.1 factor X 209/210 (15/16) 0 34
factor IX 47 | 3.7 protein C 184/185 (15/16) 0 0.9
factor X 46 I 1.0
protein C 46 | 0.1 G protein Z 191 (50) | 1.0
prothrombin 46 | 0.2 factor VII 209 (57) | 0.8
protein S 46 | >10 factor IX 234 (54) | 0.7
factor X 249 (55) I 17
protein C 224 (55) | 1.1

a0Only common parts among all members of the gene family are inclidexbn Ib and its 5 and 3-introns are treated as a single intron A.
¢ Numbering restarts at Alal42 asl in protein Z, and at the N-termini of the B chain in other proteins.
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FiGurRe 5: Alternative splicing of intron Ib in the genes for human
protein Z and factor VII. (Top) Exon Ib and introns Al 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.

22%, 16%, and 26% for factors IX, X, and VII, prothrombin,
and protein C, respectivelyl). Since the sizes of &xons
are somewhat diverse when compared with thosé exéns,
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 VI, 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 VIl 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 8 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, I1X, and VI

(28). At present, it is not known whether either of these
sequences functions as a promoter/enhancer element.

Rapid amplification of the 'scDNA ends was performed

Differences in the number of introns may be attributable to to identify the transcription start site of the gene for protein

insertions and deletions during evolution.

Homologies Z. A single major band and several minor bands were

between the C-terminus of protein Z and the other family observed in both HepG2 and Huh7 cells (data not shown);
members are lower than those of the N-terminus, 25%, 24%,no PCR product was visible in HLF and Chang liver cells.
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Ficure 7: Fluorescence in situ hybridization (FISH) for the gene
Panel 2 for human protein Z. Partial metaphase spreads were hybridized
with the genomic clonéLF1 coding for human protein Z (top).

" cellhybrid B The same metaphase was counterstained with propidium iodide and
E ———e— . B 4,6-diaminido-2-phenylindole (bottom). Specific fluorescent signals
B o g and the locus of 13934 are indicated by arrows.
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for efficient formation of the 3terminus of mMRNA, was
present 64 bp downstream from the AATAAA sequence. No

2027 bp other sequences, such as CAYTG, that commonly surround
603 b transcription termination sites were observed.
Localization of the Gene for Human Protein Z to 13934.
2027 b 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
605 b human DNA and those of hybrid cell lines containing

chromosome 13 (867, 423, 1006, 968, 750, and 1099) were

Eeo2FERRo s8R
-E"W*’E‘E'ﬂmh“"-gi I% used as a template, while no bands were observed with
= cell hybrid - = hamster DNA or those of other cell lines (Figure 6, panel

1). The same band was obtained only from the human DNA
Ficure 6: Chromosomal assignment of the gene for human protein gnd those of the 1006, 756, 867, and 750 cell lines, all of
Z. The PCR amplified products of genomic DNA samples from \ynich contained chromosome 13 (Figure 6, panel 2). A
human, hamster, and humahamster hybrid cell lines were . . . . ! .
electrophoresed in a 0.8% agarose gel. The lanes labeled None anfiyPrid cell line (423) did not contain chromosome 13, since
H,O are the negative controls without added DNA (buffer or water). N0 band was detected when two other lots (107, 145) were
Panels 1 and 2 contain different combinations of genomic DNA examined later (data not shown). Nucleotide sequence
samples obtained from various cell lines, as indicated by the analysis justified the finding that this DNA fragment
Qﬁgtﬁgzbﬁﬂlkgeéﬁg\?v’nnf]obzaﬁ’agg; » 968, 1006, and 1099 contain o ainad exons _Ib and Il o_f t_he protei_n Z gene. Th(_ese
results were confirmed by similar experiments employing
Sequencing of the resulting transcripts revealed an apparentinother set of primers (Ib-S and II-AS, Figure 2), which
major transcription initiation site starting at an A nucleotide produced a 1-kb fragment for exons V and VI (data not
located 13 nucleotides upstream from the translation initiation shown). Thus, the gene for protein Z was localized to
codon (position—13, Figure 2), in 11 subclones. In addition, chromosome 13 with 0% discordance (0 out of 25 cell lines).
minor transcription initiation sites started at the C of position The genes for factors VIl and X were also localized to
—18 and the C of positior-68 in HepG2, and at the T of chromosome 13 by PCR employing their gene-specific
position—28, the T of position—34, and the C of position  primers (data not shown).
—68 in Huh7, in two or three subclones for each. It is  FISH analysis was next carried out using the genomic
unusual that the major transcription start site is located at cloneALF1 coding for the protein Z gene (Figure 1, middle),
only 13 nucleotides upstream of the initiator codon. Since and the results are shown in Figure 7. In 26 metaphases
the BRACE method tends to underestimate amounts of larger examined after FISH, chromosome 13 showed specific
fragments but not those of smaller ones, the apparent minorsignals on both chromatids in a total of 25 cells (Figure 7,
start sites upstream from this major site may be utilized much top). Thus, the protein Z locus was mapped to 13q34. No
more. The C at-68 bp is a good candidate since it is other bands hybridized with the protein Z probe. These
adjacent to the putative HNF-4 site. These results will likely results were consistent with those obtained by PCR, indicat-
be confirmed in a future study on the gene regulation of ing that the locus of protein Z is 13934, where three other
protein Z. vitamin K-dependent protein genes, factors VII, X, and
The 3 end of the gene contained a polyadenylation signal, GAS6, have been mapped%-31; Table 3). These genes
AATAAA, and a T(A) polyadenylation site. The consensus may have evolved via duplication of an ancestral gene at
sequence of YGTGTTYY (GT cluster), which is required this locus. In contrast, the loci of the genes for the vitamin
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Table 3: Comparison of the Genes for Vitamin K-Dependent Plasma Proteins
gene size (kb) exons introns chromosome authors

protein Z 14 8 7 13q34 present study

factor VII 13 & 7° 13g34 Scambler and Williamson (1985)

factor X 27 8 7 13934 Royle et al. (1986)

factor IX 34 8 7 Xq27 Boyd et al. (1984)

prothrombin 21 14 13 11pHqgl2 Royle et al. (1987)

protein C 11 8 7 2914-21 Kato et al. (1988)

protein S >80 15 14 3pll.tqgll.2 Watkins et al. (1988)

GAS6 ? ? ? 13934 Saccone et al.(1995)

BGP 1.2 4 3 1q Johnson et al. (1991)

MGP 3.9 4 3 12p Cancela et al. (1990)

@ 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’5and 3-introns (Al and A2) are treated as a single intron (#\n extra exon for the '5Snoncoding region that is

present in the protein C gene is not included.

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 kBZ.

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 oPst around exon IV of the protein
Z gene will be useful also for determination of haplotypes.
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