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ABSTRACT: A human placenta cDNA library in Agt11 was screened for the expression of tissue factor antigens
with rabbit polyclonal anti-human tissue factor immunoglobulin G. Among 4 million recombinant clones
screened, one positive, \HTF8, expressed a protein that shared epitopes with authentic human brain tissue
factor. The 1.1-kilobase cDNA insert of AHTF8 encoded a peptide that contained the amino-terminal protein
sequence of human brain tissue factor. Northern blotting identified a major mRNA species of 2.2 kilobases
and a minor species of ~ 3.2 kilobases in poly(A)+ RNA of placenta. Only 2.2-kilobase mRNA was detected
in human brain and in the human monocytic U937 cell line. In U937 cells, the quantity of tissue factor
mRNA was increased severalfold by exposure of the cells to phorbol 12-myristate 13-acetate. Additional
c¢DNA clones were selected by hybridization with the cDNA insert of \HTF8. These overlapping isolates
span 2177 base pairs of the tissue factor cDNA sequence that includes a 5’-noncoding region of 75 base
pairs, an open reading frame of 885 base pairs, a stop codon, a 3’-noncoding region of 1141 base pairs, and
a poly(A) tail. The open reading frame encodes a 33-kilodalton protein of 295 amino acids. The predicted
sequence includes a signal peptide of 32 or 34 amino acids, a probable extracellular factor VII binding domain
of 217 or 219 amino acids, a transmembrane segment of 23 amino acids, and a cytoplasmic tail of 21 amino
acids. There are three potential glycosylation sites with the sequence Asn-X-Thr/Ser. The 3’-noncoding
region contains an inverted Alu family repetitive sequence. The tissue factor gene was localized to chromosome

1 by hybridization of the cDNA insert of \AHTF8 to flow-sorted human chromosomes.

Tssue factor is an integral plasma membrane glycoprotein
that binds to blood coagulation factor VII or factor VIIa. This
interaction increases the rate of activation of factor X by factor
VII/VIla, initiating blood clotting by the extrinsic pathway
(Straub & Duckert, 1961; Silverberg et al., 1977). In addition,
the tissue factor—factor VIla complex can activate factor IX,
so that tissue factor may also promote clotting by recruiting
the intrinsic pathway (Dsterud & Rapaport, 1977). Tissue
factor is found in many cell types that are not exposed directly
to flowing blood and is particularly abundant in the par-
enchyma of brain, lung, and placenta (Williams, 1964, 1966).
Thus, injuries that disrupt the endothelium will bring factor
VII into contact with tissue factor to cause blood clotting and
restore hemostasis.

The vascular endothelium does not normally express tissue
factor activity but can be induced to do so by stimulation with
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thrombin (Brox et al., 1984), phorbol esters (Lyberg et al.,
1983; Stern et al., 1984), phytohemagglutinin, endotoxin
(Lyberg et al., 1983), interleukin 1 (Nawroth et al., 1986),
or tumor necrosis factor (Nawroth & Stern, 1986). Conse-
quently, endothelial cells may be able to regulate clotting
reactions at their surface by modulating the expression of tissue
factor activity. Blood monocytes also express tissue factor in
response to many of these stimuli (Rivers et al., 1975; Jsterud
and Bjorklid, 1982; Lyberg et al., 1982). These phenomena
may contribute to the pathophysiology of disseminated in-
travascular coagulation and venous thromboembolism in some
disease states.

Little is known about the structure of tissue factor. It has
been purified to apparent homogeneity from bovine (Bach et
al., 1981) and human brain (Broze et al., 1985; Tanaka et al.,
1985; Guha et al., 1986). Human tissue factor appears to be
a glycoprotein containing a single polypeptide chain with an
apparent M, of 44000 upon sodium dodecyl sulfate—poly-
acrylamide gel electrophoresis (Bach et al., 1981; Broze et al.,
1985; Tanaka et al., 1985; Guha et al., 1986).

We report here the cloning and essentially full-length nu-
cleotide sequence of cDNA isolates for human tissue factor.
A preliminary report of this work has been presented (Scarpati
et al., 1987). The isolation of partial cDNA clones for human
tissue factor has been reported by Morrissey et al. (1987a).

EXPERIMENTAL PROCEDURES

Materials. Goat anti-rabbit immunoglobulin G (IgG)
conjugated to horseradish peroxidase was from Bio-Rad. RNA
size standards were from Bethesda Research Laboratories.
7-Deoxy-7-deazaguanosine 5/-triphosphate was from Boeh-
ringer Mannheim. 3?P-Labeled deoxyribonucleotides and
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deoxyadenosine 5-([a-3*S]thiotriphosphate) were from Am-
ersham Radiochemicals.

Antibody to Human Tissue Factor. Thirty micrograms of
purified human brain tissue factor (Broze et al., 1985) in
complete Freund’s adjuvant was injected into the popliteal
lymph node of each hind leg of a 2-kg male New Zealand
white rabbit (Sigel et al., 1983). After 3 weeks, additional
purified tissue factor (60 ug total) in incomplete Freund’s
adjuvant was injected into the thighs and into multiple in-
tradermal sites on the back (Vaitukaitus, 1981). Every 2-3
weeks thereafter, blood was drawn from the rabbit and po-
lyclonal anti-tissue factor IgG isolated with ammonium sulfate
precipitation and chromatography on DEAE-Affi-Gel Blue
as described by the manufacturer (Bio-Rad, Richmond, CA).
Anti-tissue factor activity was detected by using a specific
two-stage bioassay (Broze et al., 1985).

Isolation of cDNA Clones. The human placenta cDNA
library in Agtll, methods for screening with antibodies,
preparation and use of cDNA restriction fragment probes, and
preparation of A-phage DNA were as described previously (Ye
et al., 1987). The rabbit polyclonal anti-human tissue factor
serum was diluted 1/125 for screening of the cDNA library.

Characterization of cDNA Clones by Epitope Selection.
Recombinant proteins induced by isopropyl 8-thiogalactoside
from positive A-phage isolates or from control Agtll were
employed for the affinity purification of antibody from rabbit
polyclonal anti-human tissue factor IgG by the method of
Weinberger et al. (1985), with modifications described pre-
viously (Ye et al., 1987). The eluted and dialyzed antibodies
were tested for recognition of authentic human brain tissue
factor in concentrations from 0.1 to 50 ng by using the assay
employed for cDNA library screening.

Chromosome Localization of the Tissue Factor Gene. The
cDNA insert of \HTFB8 was labeled with [«-2P]dCTP by nick
translation to 210% cpm/ug and hybridized to spot blots of
flow-sorted human chromosomes (Lebo et al., 1984). The blots
were washed, and the signals were detected by autoradiography
as previously described (Lebo et al., 1984).

Other Methods. Preparation of RNA, Northern and
Southern blotting, subcloning, and DNA sequencing were
performed as described previously (Ye et al., 1987; Wen et
al,, 1987). Nucleotide and protein sequences were analyzed
and compared to the National Biomedical Research Foun-
dation Protein Sequence Database (Georgetown University,
Washington, DC, release 12.0, March 17, 1987) and the
Genbank Genetic Sequence Data Bank (BBN Laboratories
Inc., Cambridge, MA, release 48.0, Feb 16, 1987) as described
previously (Wen et al., 1987). Human brain tissue factor was
purified, and the amino-terminal protein sequence was de-
termined as described previously (Broze et al., 1985).

RESULTS AND DISCUSSION

Screening of a Placenta Agtl1l ¢cDNA Library and Char-
acterization of Recombinant Proteins. Approximately 4
million recombinant clones were screened with rabbit anti-
human tissue factor antibody to obtain three positives, \HTF8
(1.0 kb), AHTF15 (0.4 kb), and AHTF16 (2.0 kb). The cDNA
inserts did not cross hybridize, suggesting that these isolates
encoded unrelated proteins. The immunological relationship
between the proteins expressed by A\AHTF8, AHTF16, and
authentic human brain tissue factor was tested by the method
of “epitope selection” (Weinberger et al., 1985). Proteins
induced by isopropyl §-thiogalactoside in Escherichia coli
infected by these A phage or by AGT11 were bound to nitro-
cellulose filters and used for affinity purification of the rabbit
anti-human tissue factor antibody. Isolate AHTF8 yielded
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FIGURE 1: Restriction map of tissue factor cDNA isolates. The 5
and 3’ ends of the restriction map are labeled. Selected restriction
sites are shown: E, EcoRI; H, HindIIL; S, Smal. The thin segments
indicate noncoding sequences, and the thick segment indicates the
open reading frame that encodes tissue factor. The portion of the
sequence contained in each of the cDNA isolates, \HTF7, A\HTF3,
and AHTF12, is shown by the thin open bars. The scale is in kilobases
(kb).

antibody that could recognize as little as 1.5 ng of tissue factor
but did not bind to the other cDNA isolates. The antibody
eluted from AHTF16 or from Agtl1 did not detect over 50 ng
of tissue factor and also did not bind to the proteins expressed
by the other isolates (data not shown).

Nucleotide Sequence and Predicted Protein Sequence of
Tissue Factor cDNA Isolates. Additional cDNA clones were
isolated by hybridization with the insert of \HTF8. A total
of 35 positives were obtained after screening of 1.25 million
recombinant clones. Four of these were characterized by
restriction mapping and DNA sequencing (Figure 1). The
composite nucleotide sequence of these isolates was determined
completely on both strands and in most regions on multiple
independent isolates. Together they span 2.2 kb. The first
ATG codon occurs at nucleotide 76 in the sequence GA-
CATGG, which differs at two minor positions from the pro-
posed consensus sequence for initiation by eukaryotic ribo-
somes, ACCATGG (Kozak, 1986). This proposed initiation
codon is followed by an open reading frame of 885 nucleotides,
a stop codon, 1141 nucleotides of 3’-noncoding sequence, and
a poly(A) tail of 73 nucleotides. There is a single processing
or polyadenylation signal of AATAAA (Proudfoot &
Brownlee, 1981) 24 nucleotides before the poly(A) tail. The
¥-noncoding region is rich in A + T residues. This is a feature
of the RNA sequences of many other inflammatory mediators
that may promote the rapid degradation of these mRNA
species (Caput et al., 1986; Shaw & Kamen, 1986). There
is a complete inverted Alu family repetitive sequence within
the 3’-noncoding region (Deininger et al., 1981) (Figure 2).
The Alu repeat is flanked by 11 nucleotide palindromic direct
repeats, GAAAAGCTTTT, that contain HindIII sites.

Proof that these cDNA inserts encode tissue factor was
obtained by comparison of the amino acid sequence deduced
from the cDNA sequence with that determined by protein
sequencing. The discrepancy between the previously reported
amino acid sequence (Broze et al., 1985) and that shown in
Figure 2 is explained by heterogeneity at the amino terminus
of the protein isolated from brain (Table I). The low recovery
of PTH-asparagine for position 11 probably reflects glycosy-
lation. The low yields of serine and threonine are characteristic
of the reduced efficiency with which these PTH-amino acids
are recovered. Analysis of the repetitive yields obtained for
the first 19 cycles indicates that ~58% (64 pmol) of the
protein began with Ser-1 and ~42% (47 pmol) began with
Thr-3, with an average repetitive yield of ~87%.

The 32 amino acids that precede the amino-terminal Ser-1
of brain tissue factor appear to constitute a cleavable signal
peptide. The length of the charged amino-terminal segment
is longer than in many other signal peptides, but the length
and composition of the uncharged hydrophobic segment are
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GGGGAGCCTTCAGCCCAACCTCCCCAGCCCCACGGGCGCCACGGAACCCGCTCGATCTCGCCGCCAACTGGTAGACATGGAG
M E

ACCCCTGCCTGGCCCCGGGTCCCGCGCCCCGAGACCGCCGTCGCTCGGACGCTCCTGCTCGGCTGGGTCTTCGCCCAGGTGGCCGGCGCT

T P AV PRV PRUPETA AV ARTIULULILGU WUVFAOQV A G A

TCA+GGCACTACAAATACTGTGGCAGCATATAATTTAACTTGGAAATCAACTAATTTCAAGACAA'I'I'I'TGGAGTGGGAACCCAAACCCGTC

‘SG‘TTNTVAAYNLTVKSTNFKTILEVEPKPV
]

AATCAAGTCTACACTGTTCAAATAAGCACTAAGTCAGGAGATTGGAAAAGCAAATGCTTTTACACAACAGACACAGAGTGTGACCTCACC
N QVYTVQTIST KT SSGDU WIE KSI KT CT FYTTUDTET CTDILT

GACGAGATTGTGAAGGATGTGAAGCAGACGTACTTGGCACGGGTCTTCTCCTACCCGGCAGGGAATGTGGAGAGCACCGGTTCTGCTGGG
DEI VKDV VI KQTVYULA ARV FSYUPAGNUVESTSGSAG

GAGCCTCTGTATGAGAACTCCCCAGAGTTCACACCTTACCTGGAGACAAACCTCGGACAGCCAACAATTCAGAGTTTTGAACAGGTGGGA
E P LY ENSUPEVFTU®PYULETNILSGU QQPTTIU QST FEU QVG

ACAAAAGTGAATGTGACCGTAGAAGATGAACGGACTTTAGTCAGAAGGAACAACACTTTCCTAAGCCTCCGGGATGTTTTTGGCAAGGAC
T K VN VTVEDEIRTILVR RRNNTU FLSULIRDUVFGI KD
[ ] + ]

TTAATTTATACACTTTATTATTGGAAATCTTCAAGTTCAGGAAAGAAAACAGCCAAAACAAACACTAATGAGTTTTTGATTGATGTGGAT
L I YTULYYUWI KSSSSGI KU KTAIZKTNTNEZPFILTIDUVD

AAAGGAGAAAACTACTGTTTCAGTGTTCAAGCAGTGATTCCCTCCCGAACAGTTAACCGGAAGAGTACAGACAGCCCGGTAGAGTGTATG
K GENZYCVPF SV QAVIPSRTVNI REKTSTHDSZPVETCH

"

GGCCAGGAGAAAGGGGAATTCAGAGAAATATTCTACATCATTGGAGCTGTGGCATTTGTGGTCATCATCCTTGTCATCATCCTGGCTATA
G ¢ EKRGEU FPFREIITFYITIGAVAFVVITIULUVITILATI

TCTCTACACAAGTGTAGAAAGGCAGGAGTGGGGCAGAGCTGGAAGGAGAACTCCCCACTGAATGTTTCATAAAGGAAGCACTGTTGGAGC
S L]B K CRKAGV GQS VW KENSZPLNUVS *

TACTGCAAATGCTATATTGCACTGTGACCGAGAACTTTTAAGAGGATAGAATACATGGAAACGCAAATGAGTATTTCGGAGCATGAAGAC
CCTGGAGTTCAAAAAACTCTTGATATGACCTGTTATTACCATTAGCATTCTGGTTTTGACATCAGCATTAGTCACTTTGAAATGTAACGA
ATGGTACTACAACCAATTCCAAGTTTTAATTTTTAACACCATGGCACCTTTTGCACATAACATGCTTTAGATTATATATTCCGCACTCAA
GGAGTAACCAGGTCGTCCAAGCAAAAACAAATGGGAAAATGTCTTAAAAAATCCTGGGTGGACTTTTGAAAAGCTTTTTTTTITTITTTT
TTTTTGAGACGGAGTCTTGCTCTGTTGCCCAGGCTGGAGTGCAGTAGCATGATCTCGGCTCACTGCACCCTCCGTCTCTCGGGTTCAAGC
AATTGTCTGCCTCAGCCTCCCGAGTAGCTGGGATTACAGGTGCGCACTACCACACCAAGCTAATTTTTGTATTTTTTAGTAGAGATGGGG
TTTCACCATCTTGGCCAGGCTGGTCTTGAATTCCTGACCTCAGGTGATCCACCCACCTTGGCCTCCCAAAGTGCTAGTATTATGGGCGTG
AACCACCATGCCCAGCCGAAAAGCTTTTGAGGGGCTGACTTCAATCCATGTAGGAAAGTAAAATGGAAGGAAATTGGGTGCATTTCTAGG
ACTTTTCTAACATATGTCTATAATATAGTGTTTAGGTTCTTTTTTTTTTTCAGGAATACATTTGGAAATTCAAAACAATTGGCAAACTTT
GTATTAATGTGTTAAGTGCAGGAGACATTGGTATTCTGGGCACCTTCCTAATATGCTTTACAATCTGCACTTTAACTGACTTAAGTGGCA
TTAAACATTTGAGAGCTAACTATATTTTTATAAGACTACTATACAAACTACAGAGTTTATGATTTAAGGTACTTAAAGCTTCTATGGTTG
ACATTGTATATATAATTTTTTAAAAAGGTTTTCTATATGGGGATTTTCTATTTACGTAGGTAATATTGTTCTATTTGTATATATTGAGAT
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FIGURE 2: Nucleotide and translated amino acid sequence of human tissue factor cDNA isolates. Nucleotides and amino acids are numbered
on the right. Nucleotide 1 was assigned to the first residue of the cDNA sequence, and amino acid 1 was assigned to the amino-terminal serine
of mature tissue factor. The signal peptide is designated by negative numbers. The primary and proposed secondary signal peptidase cleavage
sites are indicated by filled triangles. Potential N-linked glycosylation sites are marked by filled circles. Bold underlining indicates the amino-terminal
protein sequence of tissue factor and also a potential polyadenylation or processing signal of AATAAA in the 3/-noncoding region. The proposed
transmembrane domain is enclosed in brackets. The stop codon is indicated by the asterick. The inverted Alu family repetitive sequence between
flanking direct repeats is underlined. The positions of several intron—-exon boundaries are indicated by arrows. The sequence represented in
AHTFS8 includes nucleotides 211050, in AHTF3 includes nucleotides 426-2078, in AHTF7 includes nucleotides 1-~1250, and in \AHTF12

includes nucleotides 361-2177.

typical of signal sequences (von Heijne, 1983, 1985). The
weighted matrix method of von Heijne (1983) predicts that
the most likely site for signal peptidase to cleave is before
Ser-1, and the second most likely site is before Thr-3. Thus,
the amino-terminal heterogeneity observed in natural tissue
factor may reflect the use of these two signal peptidase
cleavage sites.

The sequence predicted for mature tissue factor consists of
a probable extracellular domain of 219 amino acids that
contains only four cysteine residues and only one methionine.
This domain must contain a binding site for factor VII. The
next 23 amino acids are extremely hydrophobic and probably

comprise a transmembrane segment that is flanked by charged
residues. The carboxy-terminal 21 amino acids probably
constitute a short cytoplasmic domain. The structural features
of this domain resemble those of other transmembrane re-
ceptors such as the LDL receptor (Davis et al., 1987), in-
cluding a cluster of positively charged residues adjacent to the
plasma membrane, one cysteine residue, and several hydroxy
amino acids. These features may be important for regulating
the intracellular transport of tissue factor. The calculated
amino acid composition agrees well with that reported for
human brain tissue factor (Broze et al., 1985). The predicted
mass of 29.6 kDa for mature tissue factor is considerably lower
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Table I: Amino Acid Sequence of Human Brain Tissue Factor®

beginning with

Ser-1 Thr-3
from pmol from pmol Broze
cycle cDNA _detected  .pN,  detected oy

1 S <40 S T 17 T S
2 G <80 G T 10 T X
3 T - X N 20 N* N
4 T 16 T T 16 T g &
5 N 27 N* A" 28 Vv* A
6 T 1.6 T A 20 A* A
7 v 23 v+ A 25 A* A
8 A 22 At Y 14 Y* Y
9 A 26 A* N 26 N X
10 Y 14 Y* L 15 L* Y
11 N - X T 16 T X
12 L 10 L* W IS W L
13 T 1.6 T K 98 K* K
14 w 42 W S - X (S)
15 K 74 K* T - X K
16 S - X N 5.1 N* N
17 T - X F 53 F* F
18 N - X K 29 K*
19 F 44 F*

“Human brain tissue factor was purified and sequenced as described
previously (Broze et al., 1985) with ~190 pmol of protein. The amino
acid sequence predicted from the cDNA sequence is aligned with the
residues detected at each cycle of automated Edman degradation for
two major sequences and compared to the sequence reported by Broze
et al. (1985) in the last column. Residues marked by asterisks were
used to estimate the initial and repetitive yields by linear regression
analysis as described in the text.

than the 44 kDa estimated by sodium dodecyl sulfate—poly-
acrylamide gel electrophoresis (Broze et al., 1985), and this
difference probably reflects in part the contribution of gly-
cosylation to the mobility of the natural protein. Removal of
N-linked carbohydrate from brain or placenta tissue factor
has been reported to reduce the apparent mass by ~10 kDa
(Morrissey et al., 1986). The extracellular domain of tissue
factor contains three potential glycosylation sites with the
sequence Asn-X-Thr/Ser (Figure 2). Residue Asn-11 was not
clearly detected by protein sequencing (Table I), suggesting
that it is glycosylated.

Morrissey et al. (1987a) have recently claimed that tissue
factor consists of a 47-kDa glycosylated heavy chain di-
sulfide-linked to a 12.5-kDa light chain. The data presented
here indicate that tissue factor is probably synthesized as a
single polypeptide precursor with a typical cleavable signal
peptide before the amino terminus that is found in the tissue
factor protein purified from human brain. Therefore, a light
chain component, if present, would probably be derived from
a separate gene any may not be necessary for cofactor function
(Broze et al., 1985).

Comparison of Tissue Factor to Other Proteins. Searches
of the NBRF Protein Sequence Database and the Genbank
Genetic Sequence Data Bank did not find any previously
characterized proteins that might be homologous to tissue
factor. Three of the five tryptophan residues of mature tissue
factor occur in the tripeptide sequence Trp-Lys-Ser. The
tripeptide sequence does occur in several other proteins, and
the physiological significance of this observation is not known.
Aside from this structural feature there is no evidence for
internal sequence duplication in human tissue factor.

Size and Occurrence of Tissue Factor mRNA in Tissues
and Cultured Cells. A major tissue factor mRNA of 2.2 kb
was detected in brain and placenta (Figure 3). The agreement
between the length of the mRNA and the length of the com-
posite cDNA sequence (Figure 2) suggests that the cDNA
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FIGURE 3: Northern blot of RNA from brain and placenta probed
with the tissue factor cDNA insert of \HTF8. The lanes contain 10
ug of placenta or brain poly(A)+ RNA. The sizes of tissue factor
mRNA species were estimated by interpolation between the positions
of A\-phage HindlIl fragment markers and are indicated at the left.

sequence is essentially full length. A diffuse minor band of
~3.2 kb was found in placenta. The relationship between the
major and minor species is not yet known. The ~3.2-kb
species may arise from either incomplete or alternative RNA
splicing in placenta. Several additional cDNA isolates from
placenta have been characterized that appear to contain un-
processed introns with typical splice junctions and these may
correspond to the ~3.2-kb RNA species. Partial sequences
determined for these isolates suggest that the gene will contain
intron—exon boundaries between nucleotides 174-175,
666—667, and 826-827 (unpublished data). There is some
correlation between the placement of these splice junctions and
the domains of the protein. The first occurs at the boundary
between the signal peptide and the mature protein sequence,
and the latter occurs at the extracellular boundary of the
transmembrane segment (Figure 2). Whether these transcripts
give rise to different functional tissue factor protein sequences
is not known. Only the 2.2-kb tissue factor mRNA was found
in the human monocytic U937 cell line, and the concentration
of this species was increased severalfold by treatment of the
cells for 12 h with 1 uM phorbol 12-myristate 13-acetate.
Control hybridizations with a y-actin cDNA probe (Gunning
et al., 1983) showed that comparable amounts of RNA had
been transferred (data not shown). This parallels the previ-
ously reported induction of tissue factor activity in these cells
by phorbol esters (Lyberg et al., 1982).

Chromosome Localization of the Human Tissue Factor
Gene. The cDNA insert of \HTF8 was hybridized to human
chromosomes purified by fluorescence-activated flow sorting.
Two complete sets of 22 autosomes and the X and Y chro-
mosomes were examined, both of which gave signals only with
chromosome 1. A selection of these filters is shown in Figure
4. This assignment agrees with that made earlier by the
determination of tissue factor activity in mouse-human somatic
cell hybrid cell lines with defined complements of human
chromosomes (Carson et al., 1985).

The cloning of an essentially full-length cDNA for human
tissue factor completes the determination of the primary
structure for all known components of the classical intrinsic
and extrinsic blood clotting cascades. These clones provide
a foundation for future investigations of the biosynthetic
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FIGURE 4: Chromosome localization of the human tissue factor gene.
The characters (1-22, X, Y) indicate the human chromosomes present
in each spot. The positive signals obtained with DNA from chro-
mosome 1 are marked (+).

regulation and structure-function relationships of tissue factor.

ADDED IN PROOF

After acceptance of this manuscript, a partial cDNA se-
quence for human tissue factor containing the entire coding
sequence was published by Morrissey et al. (1987b). The two
reports agree except that their nucleotides 1-4 are not found
in any of our three independent cDNA isolates for that region,
and for amino acid residue 228 we find alanine (GCA) instead
of valine (GTA). This latter discrepancy is probably due to
a sequence polymorphism.
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