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A 220-bp fragment of PTK7 ¢cDNA was previously cloned from normal human melanocyte
RNASs by means of the reverse transcription-polymerase chain reaction [Lee, S.-T., Strunk,
K.M., and Spritz, R.A. (1993) Oncogene 8, 3403-3410]. We now report the cloning of the
human full-length PTK7 ¢cDNA and its characterization. The 1,070-amino acid PTK7
polypeptide deduced from the cDNA sequence constitutes receptor protein tyrosine kinase
(RPTK), but has several unusual residues in some of the highly conserved tyrosine kinase
motifs. PTK7 mRNA was expressed at the highest level in a human erythroleukemia cell
line among tested samples, and at relatively high levels in liver, lung, pancreas, kidney,
placenta, and melanocytes. Human PTK7 is 72% identical to chick KLG, suggesting that
PTK?7 is homologous or possibly orthologous to chick KLG, and that these represent a new
subfamily of RPTKs.

Key words: full-length cDNA, mRNA expression, PTK7, RPTK-like molecule, transmem-

brane receptor.

Receptor protein tyrosine kinases (RPTKs), a class of
cell-surface receptors, that transduce extracellular signals
across the cell membrane, play important roles in regulat-
ing cell proliferation, migration, and differentiation. Many
RPTKs bind secreted, soluble polypeptide ligands known as
growth factors, but some RPTKs are also activated by
membrane-bound proteins or extracellular matrix proteins
(for reviews, see Refs. I and 2).

The catalytic domains of both receptor and non-receptor
protein tyrosine kinases have been highly conserved
throughout evolution, and 11 highly conserved tyrosine
kinase subdomains have been recognized (3). Some mem-
bers of the RPTK family, often referred to as RPTK-like or
RPTK-related molecules, have unusual amino acid residues
in some of the highly conserved motifs known to be
essential for kinase activity. These motifs include the
GXGXXG motif within subdomain I, which acts as a clamp
anchoring the non-transferable phosphates of ATP (4), and
the DFG triplet in subdomain VII, which chelates the Mg?*
ion that bridges the #- and y-phosphates of ATP, thereby
helping to orient the y-phosphate for transfer (4). Exam-
ples of such RPTK-like molecules include Drosophila Dtrk
(5) and chick KLG (6), in which the DFG triplet is modified,
and human Rorl, Ror2 (7), and RYK (murine homologues
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RYK/MRK/Vik/Nbtk-1/Nyk-r) (8- 14), in which both the
DFG triplet and the GXGXXG motif are modified.

A 220-bp fragment of PTK7 cDNA corresponding to
tyrosine kinase subdomains VIb to IX was first identified
during an extensive survey of tyrosine kinase mRNAs
expressed in normal human melanocytes (15). In the
deduced PTK7 amino acid sequence the DFG triplet in
subdomain VII was replaced by the sequence, ALG. Here
we report the cloning of full-length PTK7 cDNA, its
complete nucleotide sequence, and its expression in various
tissues. We compare the deduced amino acid sequence of
PTK7 with peptide sequence databases, and we discuss
possible functional roles of PTK7.

To obtain full-length PTK7 ¢cDNA, we first screened a
Agt10 human SV-80 transformed fibroblast cDNA library
(16) using the 220-bp fragment of the PTK7 ¢cDNA (15) as
a probe and subsequently the 5-end fragment of the
isolated A PTK7 cDNA clones. Four overlapping A clones
which encompass the full-length PTK7 ¢cDNA were isolated
by screening approximately 6 X 10° phages. Inserts from
the A clones were subcloned into pUC19 and restriction-
mapped, and restriction fragments of the inserts were
subcloned into M13mp18 and M13mp19, and both strands
sequenced (17).

The full-length PTK7 ¢cDNA extends for 4,187 nu-
cleotides (Fig. 1). The ¢cDNA contains a long open reading
frame of 3,213 bp (nucleotides 150-3362) flanked by a
149-bp 5’ -untranslated sequence and an 825-bp 3’ -untrans-
lated sequence containing an apparent polyadenylation
signal (nucleotides 4169-4174). The deduced PTK7
polypeptide consists of 1,070 amino acid residues, with a
calculated molecular mass of 118 kDa (Fig. 1). The nucleo-
tide sequence surrounding the first methionine codon is
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AACTCCOGCCTOGGGACGCC TOGGGG TCOGAC TCCGGCTAOGACTGC TACTALGGCGCC 60 TGCAG TGCGAGGCCCAGGGGGACCCCAAGCCGCTGATTCAGTGGAAAGGCAAGGACCGCA 2040
G CEAQGDPKPL1{QOWKGIKTDR | 631
GCGCTCCGGTGCGTCOGCCTCCTGTGCCCGOCGCGGAGCAG TCTGOGGCCCGECGTGOGE 120 *
TCCTWC!CCA}GCTG&ACCC@AT&’IACATCUCCAGMT&CTCCCTGGTGA 2100
CCTCAGCTCCTTTTCCTGAGCCOCGOUGCGA TGGRAGC TGOGEGGGGA TCCCOGGECAGAL 180 LDP TKLGPRMH F N G S L v | 865
M G A ARGSPARTP H
> TCCATGACGTGGCCOC TGAGGAC TCAGGCCGC TACACCTGCATTGCAGGCAACAGCTGCA 2160
CCCGCCGGTTGCCTCTGC TCAGCGTCCTGC TGL TGCOGC TGE TGGGCGGTACCCAGACAG 240 HDY APEDSGRYT C I AG N S C N 671
RRLPLLSY LLLPLLGGTOTA 3
MATCAAGCACWG&C(ECCTCTATGTCGTWTGTG@GGAGGAGTCGG 2220
CCATTGTCTTCATCAIGCK)C(B CCTCCCAGGATGCACTGCAGGGGCGCCGGGOGCTGC 300 I KHTEAPWLYV K P Y P EE S E 691
| K PSSQDALOGRRALL 5
AGG}CGIT(I}C!GCCCTCXICCCCTACMGATGATCCAGPCCATT(I;GWGTCGGTGGSTG 2280
TTC(IITGTG!GGTTG’GSCTCQm:C(IiGTACATGTGTPCT(IX:TGCTCGATG}}G(IZC 360 GPGSPPPYKMNMI Q | L SVY G A Nt
RCEVEAPG HYYWwWLLDGAP T1
CCGZTGTGGCCTACATCATTCCCGTGCTGGGCCTCATGWCTACTGCAAGMGCGCTGCA 2340
CTGTCCWWWTWT TITGCAGCTGTGG 420 AV A Y | I AV L F Y CKIKRZCK 13
VAODTERRTFAQGSSLSFAAVD 9
AAGCCAAGCGGC TGCAGAAGCAGCCCGAGGGCGAGGAGCCAGAGATGGAATGCCTCAACG 2400
TWTMTTCC!GTGTGTG&TC@ATGATGTCACTG}AGAAG4SO AKRLOQKOOPEGETETPEMETCTLNG 75
RLOQOQDSG FOCVARDDVTGEEIII
GAGGGCCTTTGCAGAACGGGLAGOCC TCAGCAGAGATCCAAGAAGAAGTGGCCTTGACCA 2460
MMAGTWTGITTCAACATCAMTG}ATTGAGGCAGGTCCTGTGGTCC 540 GPLQOQNGQPSAEI QEEVALTS T
A RS ANASTFN K W | E AGP V V L 13
— GCTTGGGCTCCGGCOCCGCGGLCACCAMCAAACGCCACAGCACAAGTGATAAGATGCACT 2520
TGAAGCATCCAGOCTCGGAMGCTGAGATCC AGCCACAGACCCAGGTCACACTTCGTTGCC 600 LGS GPAATNIKARMHSTSDKXKMHF 19
KHPASEAEIOPOTOVTLRCHI5|
TCOCACGGTCTAGCCTGCAGCCCATCACCACGCTGAGGAAGAGTGAGTT TGGGGAGGTGT 2580
MAWGATMTWTKI}MTG}WCCGAGATWTWCTGBGO PRSSULQOQP |1 TTLGKSETFGEV F 81
{ DGHPRPTYQW¥WTFRDGTH®PLS 171 [ d . . *
TCCTGGCAAAGGCTCAG TTGGAGGAGGGAGTGGCAGAGACCCTGGTACTTGTGAAGA 2640
ATGGTCAGAGCAMCCACACAGTCAGCAGCAMNGGAGCGGAACCTGACGCTCCGRCCAGCTG 720 L AKAQGULETEG GV AETLUVL YK S 83
G Q SNHTVSSKEARNLTLRPAG 19
— S— TGCAGACGAAGGATGAGCAGCAGCAGCTGGAC TTCCGGAGGGAGTTGGAGATGTTTG 2700
GTCCTGKXZATAGTGGSCTGTATTCCTGZTWAGTGC TTGGCCAGGCTTGCA 780 L QT KDEOGOQOQLDTFRRETLEWMTFG 8
P G SC A HS AF GO ACS 21
GGAAGCTGAACCACGCCAACGT GGTGCGGC TCCTGGGGLTGTGCOGGGAGGC TGAGCCCC 2760
GCAGCCAGAACTTI TTGIGZATTGCTGATGMAGCTFTGGZAGGGTGGTCIZTGGCACBm K L NHANUVVRLLGLZ CREAEPH 87
S QNFTL A DESFARVVYL AP 23
———— ACTACATGGTGCT GGAATATGTGGATCTGGGAGACCTCAAGCAGTTCCTGAGGATTTCCA 2820
CCC.MEG.'CGTG}TAGTWTATGAGGAGGIATGTTCCATTGJCIGTTCTCAGCCC 900 M ¥V L EY VDLGDULUZKU GQFLR I S K 891
DV VV ARYETEAMEFH Q F S A Q 251
AGAGCAAGGATGAAAAATTGAAG TCACAGCCCCTCAGCACCAAGCAGAAGGTGGCCCTAT 2880
WTGCAGT@CTCTWMATGKMCTCCCATCACTAKZCCCAGTCSBU S KDEHKLIEKSOQOQPLSTHKGQKVY ALC 9N
PPPSLAQYLFEDTET®PITHNRSR RZN
—c— GCACCCAGGT AGCCCTGGGCATGGAGCACC TGTCCMCAMIXBC’I'ITGTGCATMGGACT 2940
WTCWWWTCTCTGCTGCTGA&CAGGIOZO T OV ALGMEU HLSNN F Vv H K D L 93i
P PHULULRRATVYEF N LLLTQGQYVY 29
TGRCTGCGCG TAACTGCCTGGTCAGTGCCCAGAGACAAGTGAAGGTGTCTGCCCTGGGEC 3000
TCWTWTCTWT&WWW@AIO@ A ARNCL Y SAQROQGVY KY SALGTL 9
R PR NA IYRC G QG QRGPP | 31 * o o
TCWTGTGTACMCAGTGAGTAC TACCACTTCCGCCAGGCCTGGGTGCCGCTGE 3060
TCATCCTGGAAGCCACACTTCACC TAGO\GAGATTGAKS:’CATMTTTGAGCCACHAO S D N SEY Y HFROQAWVPL R SN
I L E A TLHL E E P L F P R 33I
CCTGiATGTCCCCCGAGGCCATCC TGGA&SGTGACTTCTCTACCMGTCTGATGTCTGGG 3120
G;GTGTWACAGITMGAGGAGCGTGTMTCCCWCCCMT TGCCAG 1200 W M S Al LEGDTFSTK D v 991
TAGSETERVYT L PPKSGL 351
. CCTTC(BTGTGCTGATGTGGGAAGTGTITMACAT&AGAGATG&CCAT&TGGGCAGG 3180
AGCCCAGCGTGTGG TGGGAGCACGOGGGAG TCCGGC TGCCCACCCATGGCAGGGTCTACC 1260 F GY LNWEVFT G E M H G G O A 01
P S VvV ¥ WEHAGVYRLPTHGR RVYQ 37
CAGATGATGAAGTACTGGCAGAT T TGCAGGCTGGGAAGGCTAGACTTCCTCAGCCCGAGG 3240
AGAMGGGCCACGAGCTGATGTTGGCCAATATTGCTGAAAGTGATGCTGGTGTCTACACCT 1320 DDEVYVLADLOAGIKA ARLUPAO GGPE G103
KGHELVLANIAESDAGVYTC39I
GCTGCCCTTCCAAALT! CTATCGGCTGATGCAGCGITGCTGSGCCCT CAGCCCCAAGGACC 3300
GCCACGCGGOCAACCTGGCTGGTH CAGOCGAGACK}GATGTCAICATCACTGTGGCCACTG 1380 CPSKLYRLN R ¥ AL S P KD RIOS
HAANLAGA QARG RGO OD I T v A T v 4n
— GGCCCTCCTTCAGTGAGAT TGCCAGCGCCCTGGGAGACAGCACCGTGGACAGCAAGCCGT 3360
TGCCCTCCTGGC TGAAGAAGCCCCAAGACAGCCAGC TGGAGGAGGGCAAACCOGGCTACT 1440 PSFSEI ASALGDSTVYDSHKTEP 1070
P S ¥ LKKWPODSAQLEEGKZPGYL 4 -
GAGGAGGGAGCCCGCTCAGGATGGCC TGGGCAGGGGAGGACATCTCTAGAGGGAAGCTCA 3420
TGGATTGCCTGACCCAGGOCACACCAAAACCTACAGTTGTCTGGTACAGAAACCAGATGC 1500
DCLTQATPIKTPTUVYVY ¥ YRNUOGML 45 CAGCATGATGGGCAAGATCCCTGTCCTCCTGGGCCCTGAGGTGCCCTAGTGCAACAGGCA 3480
*
qrcgwgmgmpcgmmpc:murgm&nmma&g&c lf;gﬂ TTGCTGAGGTCTGAGCAGGGCCTGGCCTTTCCTCCTCTTCCTCACCCTCATCCTTTGGGA 3540
v N L R I v 1
Co— GGCTGACTTGGACCCAAACTGGGCGACTAGGGCTTTGAGCTGGGCAGTTTCCCCTGCCAC 3600
TMTGTAT&TMT&T@GWGTATWWATCG 1620
E C M S S TPAGS | E 491 CTCTTCCTCTATCAGGGACAGTGTGGGTGCCACAGGTAACCCCAATTTCTGGCCTTCAAC 3660
AGGGBCAAMTGTCCAAGTGZTGGMMT TTCACACCACCACCCCAGCCAC 1680 TTCTCOCCTTGACCGGG TCCAACTCTGCCACTCATCTGOCAMCTTTGCCTGGGGAGGGCT 3720
AQARY QVLEKLIEKTFT®PPPAOQPOQOQ SN
AGGCTTGGGATGAGCTGGGTTTGTGGGGAGTTCCTTAATATTCTCAAGTTCTGGGCACAC 3780
AGCAGTGCATGGAG TTTGACAAGGAGGCCACGG TGCCCTGTTCAGCCACAGGCCGAGAGA 1740
Q CMEFDKEA ATVPCSATGR RE K 53 AGGGTTAATGAGTCTCTTGCCCACTGGTCCACTTGGGGGTCTAGACCAGGATTATAGAGG 3840
-
AGCOCACTATTAAGT TGGGAGCAGCCTCCCAGAGTGGGTGACAGACA 1800 ACACAGCAAGTGAGTCCTCCCCACTCTGGGC TTGTGCACAC TGACCCAGACCCACGTCTT 3900
P T I KYWERADGS S SULUPEUWYTDN 5
CCCCACCCTTCTCTCCTTTCCTCATCCTAAGTGCC TGGCAGATGAAGGAGTTTTCAGGAG 3960
ACGCTGGGACCCTGCATTTTGOCCGGGTGACTCGAGATGAOGCTGGCAACTACACTTGCA 1860
A GTLHFARVYTRDDAGNYTTC 1 5N CTTTTGACACTATATAAACCGCCCT TTTTGTATGCACCACGGGCGGCTTTTATATGTAAT 4020
— &
WGACCEW?WQT@CATGTMTC?CTGT%UI lgg(ll TGCAGOGTAGGGTGAG TAGGCATGGGAGG TAGGGG TGGACCCTGGAGATGAGGAGGGTGG 4080
v
GCCATCCTTACCCCACACTTTTATTGTTIGTCGTTITTIGTTTGTTITGTTTITTTGTTTT 4140
WATCA@WTWTA&ACTGTUTWWTAC 1980
I TF K VY EPTERT YYQGHTALL 61 TGTTTTTGTTTITACACTCGCTGCTCTCAATAATAAGCCTTTTTTA 4187
Fig. 1
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Human PTK7 ¢cDNA Encoding an RPTK-Like Molecule

characteristic of translation initiation contexts found in
mammals (18). The initiating methionine codon was fol-
lowed by an amino-terminal signal peptide, an extracellular
domain, a transmembrane domain, and an intracellular
domain. The extracellular domain (amino acids 31-703)
containg seven immunoglobulin-like loops (19) and ten
putative N-glycosylation sites (NXS/T, X can be any
amino acid except proline). The intracellular domain
(amino acids 726-1070) contains typical structural features
of a catalytic domain of tyrosine kinase (referred to as “the
catalytic domain” below; amino acids 796-1061) (3).
However, 7 of the 40 consensus residues of typical tyrosine
kinases (3) are altered in PTK7 (Fig. 2). In particular, the
second glycine residue of the GXGXXG motif in subdomain
I (amino acids 803-808) was substituted by serine. In
addition, the aspartate and phenylalanine residues of the
DFG triplet (amino acids 948-950) in subdomain VII were
replaced by alanine and leucine, respectively.

The PTK7 amino acid sequence was compared with the
polypeptide sequence databases by BLAST analysis (Na-
tional Center for Biotechnology Information, USA), and the
sequences showing high homology were aligned with PTK7
by means of PROSIS software (Hitachi, USA). The com-
parison demonstrated that PTK7 exhibits maximum
homology with chick KLG (6); 72.0% identity over the
entire polypeptide (Fig. 2). The catalytic domain (83.8%
identity over the 266-amino acid overlap) is more con-
served than the extracellular domain (66.8% identity over
the 674-amino acid overlap) in the two proteins. Seven
putative immunoglobulin-like loops, and 7 of the 10 pos-
sible N-glycosylation sites in the extracellular domain of
PTK?7 are also found at homologous positions of chick KL.G.
In the catalytic domain of chick KL.G, 5 of the 40 tyrosine
kinase consensus residues are altered; the DFG triplet in
subdomain VII is replaced by ALS, similarly to the ALG
sequence in PTK7, but the GXGXXG motif in subdomain I
is conserved. Although chick KLG is more conserved in
structural features characteristic of active tyrosine kinases
than PTK7, no kinase activity was detected for chick KL.G
(6). PTK7 is thus also likely to lack tyrosine kinase
activity.

In addition to chick KLG, proteins showing limited
homology with PTK7 include (i) members of the fibroblast
growth factor (FGF) receptor family: FGF receptor 3
(identical amino acids, human 28.1% and mouse 27.5%)
(20, 21) and FGF receptor 2 (chick 26.3%, mouse 25.9%,
and human 25.8%) (22-24); (ii) members of the nerve
growth factor (NGF) receptor family: NGF receptor/TrkA
(human 27.0% and black rat 25.6%) (25, 26), TrkB (mouse
23.9% and rat 23.5%) (27, 28), TrkC (human 25.3% and
chick 23.3%) (29, 30), and Drosophila Dtrk (26.1%), which

Fig. 1. Nucleotide sequence of the human PTK7 cDNA and its
deduced amino acid sequence. Amino acids are shown in a single-
letter code below the nucleotide sequence. Arrowheads indicate the
beginning and end of the signal peptide determined according to von
Heijne (34); asterisks, cysteine residues involved in the formation of
7 putative immunoglobulin-like loops, identified according to the
criteria of Williams and Barclay (19); double solid lines, possible N -
glycosylation sites; solid line, transmembrane domain, determined
according to Klein et al. (35); arrows, the beginning and end of the
catalytic domain; closed diamonds, positions of glycine residues in the
GXGXXG motif; closed circles, position of the DFG triplet; and
dotted line, polyadenylation signal.

Vol. 119, No. 2, 1996

237

is a neural cell adhesion molecule highly related to mam-
malian NGF receptors (5). The catalytic domain of PTK7
(amino acids 796-1061) showed general homology with
many tyrosine kinases, the highest with Drosophila Dirk
(identical amino acids 40.9%), except chick KL.G. Interest-
ingly, the extracellular domain of PTK7 (amino acids 31-
703), which determines the ligand specificity, showed
higher homology with those of cell adhesion molecules of
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Fig. 2. Evolutionarily conserved residues in the catalytic
domain of PTK7, and alignment of the amino acid sequences of
PTK7 and KLG. The most highly conserved 40 amino acid residues
identified by Hanks and Quinn (3) in the catalytic domains of known
tyrosine kinases are shown over the amino acid sequence of PTK7,
and the amino acid residues in PTK7 and KL.G that are different from
these highly conserved amino acid residues are underlined. Colons
denote amino acid residues identical between human PTK?7 and chick
KLG, and dashes represent gaps introduced to achieve maximal
alignment. Other symbols are the same as in Fig. 1. In the chick KL.G
amino acid sequence, the positions of the signal peptide and the
transmembrane domain are indicated according to Chou and Hayman
(6).
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Fig 3 Northern blot hybridization analysisof PTK7 mRNAs.
Northern blots containing 2 g of poly(A)* RNA isolated from the
indicated human tissues (MTN Blot; Clontech, USA) and from two
cell lines, normal human melanocytes and HEL erythroleukemia
cells, were hybndized as described (36) The final washing of the blots
was performed at 60°C in 0.1 XSSPE, 0 5% SDS. Hybndized blots
were autoradiographed for 5 days for PTK7 and for 4 h for S-actin
Hybridization signals were quantitated by scanning densitometry and
normalized as to those of S-actin mRNA Top panel, PTK7 ¢cDNA
probe, and bottom panel, 8-actin cDNA probe The sizes of RNA
markers are indicated.

the immunoglobulin superfamily, such as Drosophila Dtrk
(26.9%), neural cell adhesion molecule L1 (human 26.2%
and mouse 25.2%) (31, 32), and chick axonin 1 (25.5%)
(33), than to RPTKs for growth factors per se.

We examined the expression of PTK7 mRNA 1n various
tissues and cell lines by northern blot analysis using a
37P.radiolabeled 3.2-kb PTK7 ¢cDNA (nucleotides 1010-
4187) as a probe (Fig. 3). As expected, the transcript size
was 4.2 kb. The levels of the PTK7 mRNA were relatively
low when compared with levels of S-actin mRNA as a
reference. In tissues, PTK7 mRNA was expressed at
relatively high levels in liver, lung, pancreas, kidney, and
placenta, at relatively low levels in brain and heart, and at
barely detectable levels in skeletal muscle. In cell lines,
PTK7 mRNA was detected at the highest level in a human
HEL erythroleukemia cell line and at a relatively high level
in normal cultured melanocytes.

Together, our results suggest that PTK7 is a member of
the RPTK family, but that it most likely lacks the catalytic
activity of tyrosine kinase. Such proteins are generally
called “RPTK-like” proteins. Among known RPTK-like
proteins, PTK?7 is most closely related to chick KL.G, whose
function is not known. Human PTK7 and chick KLG show
72% amino acid sequence identity. Considering that ortho-
logues of human and chick RPTKs exhibit an average
82.5+10.4% (mean+standard deviation) amino acid se-
quence identity (n=6), PTK7 and KLG are likely to be
human and chick orthologues, together representing a new
subfamily of RPTK-like proteins. However, PTK7 mRNA
was detected at a relatively high level in human liver, in
contrast to KLLG, which is not expressed in liver (6).

S.-K. Park et al.

Therefore, we cannot exclude the possibility that PTK7 and
KLG, although very similar, are not orthologous.

At present, we do not know the biological function of
PTK7, which most likely lacks tyrosine kinase catalytic
activity. It is intriguing that the extracellular domain of
PTK7 is more closely related to those of various cell
adhesion molecules than to those of RPTKs for growth
factors. In addition, both the extracellular and catalytic
domains of PTK7 are most closely related to those of
Drosophila Dtrk, a neural cell adhesion molecule (5),
except chick KL.G. Accordingly, we speculate that PTK7
may function as a cell adhesion molecule.

We wish to thank Dr. R.A Spntz (University of Wisconsin-Madison,
USA) for critical reading of the manuscript.
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