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ABSTRACT

A feature common to all members of the protein-tyrosine kinase (PTK)
family is a highly conserved catalytic domain which is characteristic of this
group. Degenerate oligonucleotide primers corresponding to two of the most
highly conserved regions of the PTK catalytic domain were designed to amplify
cDNA sequences of restricted subfamilies of PTKs from rat brain mRNA in the
polymerase chain reaction (PCR). A third degenerate oligonucleotide primer
corresponding to a highly conserved, PTK subfamily-specific sequence located
between the two sequences mentioned above was also used to amplify cDNA
sequences of PTKSs of novel subfamilies from rat brain mRNA. pBluescript PCR
libraries were constructed from the PCR-amplified cDNA. The PCR libraries
were then screened by DNA sequencing for PTK-related sequences. Several
sequences were identified that, on the basis of sequence comparison with known
PTKs in GenBank, may encode new PTKs.
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INTRODUCTION

The polymerase chain reaction (PCR) has been applied to the cloning of
cDNA sequences of the PTK gene family and has greatly facilitated the isolation
of previously unknown PTKs (1-7). Recent advances have indicated that there
are nonreceptor PTKs of previously unknown subfamilies such as ZAP70/Syk
PTKs and activated Cdc42Hs-associated PTK (8-10). An ever-expanding array

Abbreviations :
PTK, protein-tyrosine kinase ; PCR, polymerase chain reaction.
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of PTKs of Eph-and other receptor PTK-subfamilies, JAK-subfamily, and other
subfamilies are found by the PCR-based cloning strategy. In this study, partial
catalytic domains of several new PTKs were cloned from cDNA libraries con-
structed from PCR-amplified cDNAs derived from rat brain mRNA; degenerate
oligonucleotide primers were designed and used in reverse transcription and PCR
to amplify catalytic domains of novel PTK subfamilies.

MATERIALS AND METHODS

Template RNA

RNA was prepared by the method of MacDonald et 2. (11) from two brains
of adult rats of the Wistar strain. Frozen brains were powdered in liquid nitro-
gen by grinding in a mortar. RNA was extracted from the powdered brain in 20
m/ of 7.5M guanidine-HCI/0.1M Tris-HCI, pH 7.0/10 mM dithiothreitol by
mixing for 60 sec in a Waring blender at top speed. About 90 ug of RNA was
obtained by the procedure. The RNA preparation was used without further
purification.

Oligonucleotides

Oligonucleotides were synthesized on an Applied Biosystems 380A oligonu-
cleotide synthesizer using standard chemistry. The crude oligonucleotide prepa-
ration was purified by the use of Ohgonucleotlde Purification Cartridge columns
(Apphed Blosystems, Foster USA).

Redérse—tmnscription, DNA amplification, and construction of pBluescript PCR
libraries (

The first strand cDNA was synthesized complementary to rat brain mRNA.
2.26 ug of total RNA from rat brain in 11 x/ water was kept at 94°C for 10 min.
To this solution, 2 #/ 10XPCR Reaction Buffer (Perkin Elmer PJ5100), 1 ul 70
mM MgCl,, 1 ¢l each of dATP, dCTP, dGTP, and dTTP, 0.5 ¢/ RNase inhibitor
(Perkin Elmer 2310), 1 g/ 50 uM reverse primer (either PTK2-primer or PTK3-
primer), and 0.5 ! reverse transcriptase (Perkin Elmer 2610) were added and
the mixture was incubated at 42°C for 1h. After the incubation, 3 u/ 10XPCR
Reaction Buffer, 25.7 ul water, 1 x4l 50 uM PTKI-primer, and 0.3 ¢/ AmpliTaq
DNA Polymerase (Perkin Elmer 2531) were added to the mixture. PCR was
performed in a Model PJ2000 DNA Thermal Cycler (Perkin Elmer). The PCR
cycle was 1 min at 94°C (denaturation), 2 min at 55°C (annealing), and 2 min at
72°C (elongation). A total of 30 cycles was performed. After the reaction, min-
eral oil was removed by addition of 100 ! chloroform. The reaction mixture in
the upper phase was washed with phenol/chloroform (1:1). The amplified DNA
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was ethanol-precipitated, air-dried, and dissolved in 3.5 u/ water. To the solu-
tion, 1/ 10XBamHI buffer A M NaCl, 100 mM Tris-HCI, pH 8.0, 70 mM
MgCl,, 20 mM 2-mercaptoethanol, 1 mg/m! bovine serum albumin), 0.25 &/ (5
units) BamHI, and 0.25 ¢/ (5 units) EcoRI were added and the mixture was in-
cubated at 30°C overnight.

The DNA was then purified by electrophoresis in 3% NuSieve GTG agarose
(FMC Bioproducts, Rockland USA). An ethidium bromide-stained band at 180-
220 base pairs was cut out and the agarose gel containing the band was dissolved
at 65°C. Warmed Tris/EDTA buffer was added to reduce the gel concentration
to less than 0.5%. The DNA was extracted from the gel suspension by mixing
with phenol, and the extract was washed with phenol/chloroform and then with
chloroform. The washed DNA solution was concentrated by mixing with
butanol. The DNA was then ethanol precipitated, air-dried, and dissolved in 5
ul Tris/EDTA buffer. The DNA (1 xl) was ligated into 50 ng of EcoRI- and
BamHI-cleaved pBluescript II SK (+) (Pharmacia). E.coli XL1-blue compe-
tent cells were transformed with the PCR library by electroporation. Plasmid
DNA was extracted by alkali-SDS method from E. coli of g-galactosidase-nega-
tive white colonies. Only those plasmid DNAs which contain expected EcoRI/
BamHI fragment were subjected to sequencing. Sequencing was carried out by
the dideoxy chain-termination method (12), using a Sequenase kit (United
States Biochemical). In all cases [«-**P]dCTP (Amersham, catalogue no.
PB10205) was used. Sequencing was done from the 3’side of the inserts in
pBluescript by the use of T7 primer, and was not always completed up to the
sequence of the forward primer.

RESULTS AND DISCUSION

Selection of oligonucleotide primer sequences

Three regions of the catalytic domains of the PTKs were used to derive
oligonucleotide primers. PTK1I and PTKII, shown in Fig. 1, have been identified
as the most highly conserved amino acid sequences of the PTK catalytic domains
(13), and have been selected for the derivation of oligonucleotide primers. The
sequence -V/IHRDLA/RAR/AN- (PTK 1) defined the 5 border of the region of
the cDNA to be amplified, and the sequence ~-SDVWSFG- ( PTK II) defined the
3’ border in the first PCR amplification. Between these two sequences is a highly
conserved, subfamily specific sequence, -W (M/T/Y/C/S/A) (A/P/S/) PE-
(PTKIID, which also defined the 3’ border in the second PCR amplification.
The amino acid sequences of PTKs in PTKIII are conserved across the PTK
subfamilies to permit an assignment of any candidate PTK clones to the cytoplas-
mic or the growth factor receptor subfamilies, or, more recently, to new sub-
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VI VII IX
—| V/IHRDLA/RAR/AN — DFG SDVWSFG |—
PTK I PTKII PTK I

Fig. 1 Conserved regions of PTK catalytic domains used in the PCR amplification of PTK-
related sequences. Blocks of identity held in common between the catalytic damains
of PTKs are shown as boxes, with the conserved motif written in one-letter code
within the boxes; “/” in the amino acid sequence indicates “or”. Each conserved
motif is labeled above the boxes by the nomenclature of Hanks et al. (15). Degener-
ate oligonucleotide primers were derived from the -FI/VHRDLA- motif (PTKD,
-SDVWSFG- motif (PTKID, and ~-WYAPECIN- motif (PTKIID). The motif VIII
appears to be subfamily-specific: -R/KWMA/PPE- in receptor PTKs, -K/RWTAPE-
in nonreceptor PTKs of the Src subfamily and receptor PTKs of the Eph-subfamily,
-FWYAPE- in PTKs of the JAK subfamily, -KWYAPE- in PTKs of the ZAP70/Syk
subfamily, —~AWCAPE- in activated Cdc42Hs-associated PTK (10), -RWSPPE- in
e(lga)mmaglobulinaemia PTK (16), -KWCPPE- in- Tec (17), and -KWASPE- in Itk

18).

families of PTKs.

The oligonucleotide primers derived (Fig.2 and 3) were based upon the nu-
cleotide sequences corresponding to the three consensus amino acid sequences.
All three primers, PTK1-, PTK2-, and PTK3-primers, were designed to avoid
amplification of the Src subfamily of PTKs; these primers have mismatches at
the 3’ terminal base sequences with PTKs of the Src-subfamily. The PTK2-
primer targets to amplify PTKs of the ZAP70/Syk subfamily in addition to other
PTKs. The PTK1-, PTK2-, and PTK3-primers are mixtures of 128, 64, and 256
different oligonucleotide sequences, respectively. Each oligonucleotide primer
was additionally disigned to include a restriction enzyme-specific linker flanking
the 5’ end of the consensus PTK suquences facilitating the subsequent directional
cloning of the amplified fragments into pBluescript.

DNA Awmplification
Fig. 4 shows the PCR-amplified product of cDNA derived from reverse-tran-
scription of rat brain mRNA. After 30 cycles of amplification, an obvious eth-
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Human BGFR TTG GTG CAC CGC GAC CTE SCA GCC AGG AAC---68—-—-CAG AGT GAT GTC TEE AGC TAC GGG

Human Trk-T1
Human Trk
Human Trk-2H

Chicken FAR
Human FAK

Mouse Sek
Mouse Mek4
Human Hek

Rat Elk

Buman Eck
Ruman Eph

Rat Eek

TAC ATT CAC CGT GAC CTG GCC GCC CGC AAC-~-70~---GCC AGT GAT GTG TGE AGC TTT GGT

Human Ltk TTC ATC CAC AGG GAT ATT GCC GCC CGG AAC——-71-—-RAG ACA GAT TCC TGG TCT TTT GGG

Human JAKL-N CTG GTC CAT GGA AAT GIG TGT ACT AAA AAC---70-—-GCT GCT GAC AAG TGG AGC TTT GGA

Human Tyk2-N
Mouse JAK2-N
Buman JAR1-C

Human Tyk2-C TAC ATC CAC CGA GAC CTA GCC GCG CGC AAC~-——70-——GCG TCA GAT GIC TEE TCC TTC GGG

Mouse JAK2-C TAT ATC CAC AGG GAC CTG GCA ACA AGG AAC——-70-——-GCC TCA GAT GTG TGG AGC TTT GGA

Mouse Blk T < car AAC ATCw-~-67-——AAG

Rat Csk

Buman Cyl

Human Atk e arT
Mouse Itk GTC ATC CAC AGA GAC CTG GCA GCC AGA AAC———68———ARG TCA GAT GIG TGE TCG TTT GGT
Mouse Tec TTC ATC CAC AGA GAC CTG GCT GCC AGA "AAT-—-68———AAG TCA GAC GTC TGE TCG TIT GET
Human FER TGT ATA CAC AGG GAC CTT GCT GCA AGA ARC—--68——-GAG AGT GAC GTG TGG AGC ETT GGC
Mouse. c-Fes CGG AAC-~-69-—-GAG

Human c~Abl

Chicken

Human Fyn

e-Tkl

Mouse c-Src TAT GYG CAC CGG GAC CTT CGA GCC GCC AAT---68———AAG TCG GAT GYG TGE TCC TTT GGG

Human Lok TAT ATT CAT CGT GAC CTT CGG GCT GCC AAC-———-68———AAG TCA GAT GTG TGG TCT TTT GGG

Porcine Syk TTP GTG CAC AGA GAT CTG GCT GCA AGG AAT———70———-AAG AGC GAC GTC TGG AGC TTC GGA
Human ZAP—70 TTT GTG CAC CGT GAC CTG GCG GCC CGC AAC—--70-——CGC AGC GAT GTC TGG AGC TAT GGG
¥ v ®H R D L A s D v W s F G
Ecor I BamH I
5'.GGAATTC TTT GTG CAC AGN GAT CTG GC AGC GAC GTC TGG AGC TTC GG ATCC GA-3'
¢ TcC c T T T G T AT
PTK1-primer PTR2-primer

Fig. 2

Derivation of consensus nucleotide sequences for PCR primers. The nncleotide
sequences of various PTKs are aligned in the regions of the PTKI (subdomain VD
and PTK II (subdomain IX) motifs. Sequences were taken from the folowing sources:
human EGFR (Nature 1984, 309: 418-), human HER3 (Proc Natl Acad Sci USA 1989,
86: 9193-, ibd. 1990, 87: 4905-) , rat Trk (Proc Natl Acad Sci USA 1992, 89: 2374-),
rat Trk-B (Mol Cell Biol 1991, 11: 143-), human Trk-T1 (Oncogene 1992, 7: 237-),
human Trk (Nature 1986, 319: 743-), human Trk-2H (EMBO J 1988, 7: 147-),
chicken FAK (Proc Natl Acad Sci USA 1992, 89: 5192-), human FAK (Biochem Bio-
phys Res Commun 1993, 190: 140-), mouse Sek (Oncogene 1992, 7: 2499-), mouse
Mek4 (New Biol 1991, 3: 769-, and EMBL M68513), human Hek (Proc Natl Acad Sci
USA 1992, 89: 1611-), rat Elk (Mol Cell Biol 1991, 11: 2496-), human Eck (Mol Cell
Biol 1990, 10: 6316-), human Eph (Science 1987, 238: 1717-), rat Eek (Oncogene 1991,
6: 1057-), human Ltk (Oncogene Res, 1990, 5: 199-), human JAKI (Mol Cell Biol
1991, 11: 2057- and Oncogene 1992, 7: 895-), human Tyk2 (Oncogene 1990, 5: 1329~
and Cell 1992, 70: 313-), mouse JAK2 (Oncogene 1992, 7: 1347-), mouse Blk (Science
1990, 247: 332-), rat Csk (Nature 1991, 351: 69-), human Cyl (Oncogene 1991, 6:
2013-), human Atk (Nature 1993, 361: 226-), mouse Itk (Proc Natl Acad Sci USA
1992, 89: 11194-), mouse Tec (Oncogene 1990, 5: 1781-), human FER (Mol Cell Biol
1989, 9: 1587-), mouse Fes (Oncogene 1988, 3: 289-), human Abl (Cell 1986, 47:
277-), chicken Tkl (Proc Natl Acad Sci USA 1987, 84: 8778-), human Fyn (Proc Natl
Acad Sci USA 1986, 83: 5459-), mouse Src (Science 1987, 237: 411-), human Lck
(BEur J Immunol 1986, 16: 1643- and GenBank HUMLCKAA), porcine Syk (J Biol
Chem 1991, 266: 15790-), human Zap-70 (Cell 1992, 71: 649-). Degenerate oligonu-
cleotide sequences employed in the PCR amplification of PTK sequences are shown at
the bottom and are designated PTK1- and PTK2-primers for the formard and the
reverse primers, respectively ; alternative nucleotides are shown below the sequence.
The symbol N represents positions where all four nucleotides are present in an oligonu-
cleotide primer. The PTK2-primer sequence was reversed and complemented before
synthesis of the corresponding oligonucleotide. Restriction sites for EcoRI and BamHI
have been built into the PTK1 and PTK2 oligonucleotides, respectively. The nu-
cleotides underlined are those that are identical to sequences in the PTK1- and PTK2-
primers. Amino acid Sequences are shown in one-letter code above the sequences of
the oligonucleotide primers. The numbers of amino acids between the residues encod-
ed by the first nucleotide at the left and the last nucleotide at the right are indicated at
the middle of each nucleotide sequence. -N and -C attached to human JAKI, human
Tyk 2 and mouse JAK?2 indicate the sequences of the kinase domains at the N-terminal
and the C-terminal sides.
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Human EGFR GGC AAA GTG CCT ATC AAG TGG ATC GCA TTG GAA TCA ATT TTA
Human HER3 GCC AAG ACT CCA ATT AAG TGG ATG GCC CTT GAG AGT ATC CAC
Human FAK GGA AAA TTG CCT ATT AAA TGG ATG GCT CCA GAG TCA ATC AAT
Rat Trk ACC ATG CTG CCC ATC CGC TGG ATG CCT CCA GAG AGC ATC CTC
Rat Trk-B ACA ATG TTG CCC ATC CGA TGG ATG.CCT CCA GAG AGC ATC ATG
Rat Trk-C ACC ATG CTC CCC ATC CGC TGE ATG CCA CCT GAA AGC ATC ATG
Human Trk-T1 ACC ATG CTG CCC ATT CGC TGG ATG CCG CCC GAG AGC ATC CTG
Human Trk ACC ATG CTG CCC ATT CGC TGG ATG CCG CCC GAG AGC ATC CTG
Human Trk-2H ACC ATG CTG CCC ATT CGC TGG ATG CCG CCC GAG AGC ATC CTG
Human Ltk GCcc TTG CTC CCA GTC AAG TGG ATG CCC CCA GAG GCC TIC CTG
Mouse Sek GGC AAG ATT CCT ATC CGG TGG ACT, GCG CCA GAA GCA ATT GCG
Mouse Mek4 GGA AAG ATA CCA ATA AGG TGG ACA TCA CCA GAA GCA ATG TCC
Human Hek GGG AAG ATC CCA ATC AGG TGG ACA TCA CCA GAA GCT ATA GCC
Rat Blk GGG AAG ATA CCT GTT AGA TGG ACA GCT CCA GAG GCC ATC GCC
Human Eck GGC AAG ATC CCC ATC CGC TGG ACC GCC CCG GAG GCC ATT TCC
Human Eph GGA AAG ATC CCT ATC CGT TGG ACA GCC CCT GAA GCC ATT GCC
Rat Eek GGG AAG ATC CCT ATC CGA TGG ACA GCA CCA GAG GCC ATT GCC
Human JAK1-N TGS ATT GAA CGA ATC CCA TGG ATT GCT CCT GAG TGT GIT GAG
Human Tyk2-N CGG GTG GAG AGG ATC CCC TGE CTG GCC CCC GARA TGC CTA CCA
Mouse JAK2-N CTT CAG GAG AGA ATA CCA TGG GTA CCA CCT GAG TGC ATT GAG
Buman JAK1-C CGG GAC AGC CCT GTG TTT IGE TAT GCT CCA GAA TGT TIA ATG
Human Tyk2-C GGG GAC AGC CCC GTG TTC TGG TAT GCC CCA GAG TGE CTG AAG
Mouse JAK2-C GGG GAA AGC CCC ATA TTC TGG TAC GCA CCT GAR TCC TIG ACG
Chicken Tkl GCT AAA TTC CCC ATC AAG TGG ACA GCA CCG GAG GCT ATC AAT
Mouse Blk Gcc AAG TTC CCC ATC AAG TGG ACC GCC CCG GAG GCC ATC CAC
Mouse Src GCC AAA TTC CCC ATC AAG TGG ACC GCC CCT GAA GCT GCT CTG
Human Src GCC AAA TTC CCC ATC AAG TGG ACG GCT CCA GAA GCT GCC CTC
Mouse Lok GCC AAA TTT CCC ATT AAG TGG ACA GCA CCA GAA GCC ATT AAC
Human Arg GCC AAA TTT CCT ATT AAG TGG ACA GCA CCA GAG AGT CIT GCC
Human Hck aCC AAG TTC CCC ATC AAG TGG ACA GCT CCT GAA GCC ATC AAC
Human Lyn GOT AAG TTC CCT ATT AAG TGE ACG GCT CCA GAA GCA ATC AAC
Human Yes GCA ADA TTT CCA ATC AAA &G_ ACA E—':g_ CcCT GAA GCT GCA CTG
Human Fyn GCA AAG TTC CCC ATC ARG TGG ACG GCC CCC GAG GCA GCC CTG
Human Fgr TCC AAG TTC CCC ATC AAG TGE ACA GCC CCA GAA GCT GCC CTC
Human FER AAG CAG ATT CCC ATT ARA TGG ACA GCA CCG GAA GCT CITT AAT
Mouse Fes AGA CAA GTC CCT GTT AAG TGG ACT GCC CCT GAG GCC CIT AAC
Human Abl GCC AAG TTC CCC ATC AAA TGG ACT GCA CCC GAG AGC CTG GCC
Human Cyl GGC AAG CTG CCA GTC AAG TGG ACA GCC CCT GAG GCC CTG AGA
“Rat CSK GGC AAA CTG CCA GTC AAG TGG ACA GCT CCT GAA GCC TIG AGA
Mouse Tec GCC AAG TTC CCT GTG AAG TGG TGT CCC CCA GAA GTG TIT AAT
Mouse Itk ACC AAA TTC CCA GTG AAG _’L‘E ceca TCC CCaA GAG GTG TTC TCC
Human Atk TCC AAA TTT CCA GTC CGG TGG TCC CCA CCG GAA GTC CTG ATG
Porcine Syk GGG AAG TGG CCC GTG AAA TGG TAC GCT CCG GAA TGC ATC AAC
Human ZAP-70 GGG AAG TGG CCG CTC AAG TGG TAC GCA CCC GAA TGC ATE ARC
w Y A P B < I N
BamH I
PTK3-primer 5 -TGG TA% GCN CCN GA}é ’I‘Gg A’I‘g AA GGATCC TG-3'
Fig. 3 Derivation of a consensus sequence for the PCR reverse primer used to amplify PTKs

of the ZAP70/Syk subfamily. The nucleotide sepuences of various PTKs are aligned
in the region of the- PTK III (subdomain VIID) motif. Sequences were taken from the
following sources: human Src (Mol Cell Bio 1985, 5: 1122-), mouse Lck (Cell 1985,
43: 393-), human Arg (Proc Natl Acad Sci USA 1990, 87: 5802-), human Hck (Mol
Cell Biol 1987, 7: 2276-), human Lyn (Mol Cell Biol 1987, 7: 237-), human Yes (Mol
Cell Biol 1987, 7: 41-), and human Fgr (Mol Cell Biol 1988, 8: 259-). Other sources
of the sequences are described in the legend to Fig.2. Degenerate oligonucleotide
sequences used as a PCR reverse primer, PTK3-primer, are shown at the bottom;
alternative nucleotides are shown below the sequence. The symbol N represents posi-
tio_ns where all for nucleotides are present in an oligonucleotide primer. The amino
acid sequence is shown in one-letter code above the sequence of oligonucleotide primer.
The nucleotides underlined are those that are identical to sequences in the PTK3-
primer. The PTK3-primer sequence was reversed and complemented before synthesis
of the corresponding oligonucleotide. Restriction site for BamHI has been built into
the PTK3 oligonucleotide. -N and -C attached to human JAKI], human Tyk 2, and
mouse JAK? indicate the sequences of the kinase domains at the N-terminal and C-
terminal sides.
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idium bromide-stained DNA band of
the expected size (about 220 and 180
base pairs with the PTK2-primer, and
the PTK3-primer, respectively) was
detected. After BamHI/EcoRI diges-
tion of the PCR products, the DNA
was cloned into BamHI/EcoRI-cleaved,
phosphatase-treated pBluescript II SK
(+) DNA. The pBluescript clones
were sequenced by the dideoxy method
(12), and the nucleotide and encoded
protein sequences were compared with

" Fig. 4 Gel electrophoresis of amplified

PTK sequences. After 30 cycles
of amplification, one-tenth ali-
quot of the PCR product was
electrophoresed in a 3% agarose
gel and was detected by ethidium
bromide staining. Reverse tran-
scription and PCR were perfor-
med as described in Materials
and Methods. Rat brain total
RNA was used as a template.
The PCR primers were employed
in pairs: PTK1- and PTK3-
primers in lanes 2 and 3, or
PTK1- and PTK2-primers in
lane 4. The DNA size standards
in lane 1 were Hinfl digestion
products of pBR 322. Markers
at right point to approx. 220
-base-pair and approx. 180-base
-pair DNA fragments amplified

known PTK sequences by e-mail ser-
vice employing blastx and blastn search
programs against the GenBank nu-
cleotide sequence database. The
deduced protein sequences of represen-
tative clones are shown in Fig. 5, along
with related known PTK sequences.

Clones amplified by PCR with PTKI-
and PTKZ2-primers

All clones were amplified from rat
brain mRNA. TrK-B c¢DNA (Gen-
Bank M55291) was amplified most

in the PCR reaction. often by the PCR (data not shown).
Trk-C cDNA (GenBank L03813) was also amplified by the PCR (data not
shown). Clone Mar9-1 is identical in amino acid sequence to MMMPK6 (Gen-
Bank X57240), a 172 base-pair fragment of a mouse cDNA for a putative rece-
ptor PTK. The complete nucleotide sequence of the human equivalent of the
cDNA was recently described (14). The sequence indicates that the PTK has a
discoidin-like extracellular domains. Clones Marl8-4 and Marl9-31 were also
very similar to MMMPKS6. Clone Brainl5 is identical in both nucleotide
sequence and the translated amino acid sequence to rat Eek (GenBank X59290),
a receptor PTK of the Eph-subfamily, except for the sequence derived from the
primers. Clone 3Marl8-1 is identical in amino acid sequence to mouse Sek
(GenBank X65138), a brain receptor PTK of the Eph- subfamily. Clone 3Marl0-
4 is identical in amino acid sequence to MMM310 TKR (GenBank X69674), a 171
base-pair fragment of a mouse cDNA for a putative receptor PTK of the Eph
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FVERDLATRNCLVGENFTIKIADFG.MSRNLYAG. . .DYYRVQGRAV .LPIRWMAWEC ILMGKF TTASDVWSE

Discoidin-PTK FYHRDLATRNCLVGENFTIKIADEG.MSRNLYAG. . .DYYRVQGRAV . LPTRWMAWECITMGKFTTASDVWAR

MMMPK6 ATRNCLVGENFTIKTIADFG . MSRNLYAG. . . DYYRVQGRAV .LPIRWMAWECILMGRKFTTAS
Marl8-~4 FG.MSRNLYAG. .. NYYRVOGRAV .LSIRWMAWECILMGKFTTASDVWSE
Marl9-31 GENFTIg}AQEg,MSBNLYAG...DYXRVQVRAV.LPIRWMAWECILMGKFTTASDVWSF
Human Trk-2H FVHRDLATRNCLVGQGLVVRIGDEG.MSRDIYST. .. DYYRVGGRTM.LPIRWMPPESILYRKFTTESDVWSE
Human Trk FVHRDLATRNCLVGQGLVVE;GEEE:MSBPIYST...DYXBVGGRTM.LPIRWMPPESILYRKFTTESDVWSF
Humap Trk-T1 FVHRDLATRNCLVGQGLVVE;GEEEJMSBPIYST...DYZBVGGRTM.LPIRWMPPESILYRKFTTESDVWSF
Rat Trk FVHRDLATRNCLVGQGLVVKIGDEG.MSRDIYST. .. DYYRVGGRTM.LPIRWMPPESTITL.YRKFSTESDVWSE
Rat Trk-C FVHRDLATRNCLVGANLLVKIGDEG . MSRDVYST. ... DYYRVGGHTM.LPIRWMPPESIMYRKFTTESDVWSE
Rat Trk-B FVHRDLATRNCLVGENLLVK}GEEE:MSBPVYST-..DYXBVGGHTM.LPIRWMPPESIMYRKFTTESDVWSL
Marl9-26 BYLEDD.LEAGX?TR..GGKIPIRWTAREAIEYRKFTSVSDVWSY
3Mari0-4 FZEXDLAARNILINSNLVCgXSXEX-LSBYLEDD.PEAAZ?TR..GGKIPIRWTAPEAIAFRKFTSASDVWSY
MMM3 10TKR ARNILINSNLVCKVSDEG.LSRVLEDD.PEAAYTTR, .GGRKIPIRWTAPEATAFRKFTSAS
3Marisgs-1 ° 135§:MSBYLEDD.PEAAZFTR..GGKIPIRWTAPEAIAYRKFTSASDVWSY
Mouse Sek YVHRDLAARNITL.VNSNLVCKVSDFG . MSRVLEDD . PEAAYTTR. . GGKIPIRWTAPEATAYRKFTSASDVWSY
Human Hek YVHRDLAARNITLINSNLVCKVSDEG . LSRVLEDD . PEAAYTTR. . GGKIPIRWISPEATAYRKFTSASDVWSY
Human Eck YVHRDLAARNILVNSNLVCRKVSDFG . LSRVLEDD. PEATYTTS . .GGKIPIRWTAPEAISYRKFTSASDVWSE
Brainl5 FVHRDLAARNILXDGRXVCKYSEEE:LSBALEDD.PEAAXFTA..GGKIPIRWTAPEAIAFRTFSSASDVWDL
Rat Eek YIHRDLAARNILVDGRLVCKVSDEG.LSRALEDD.PEAAYTTA. .GGKIPIRWIAPEATAFRTFSSASDVWSE
Rat Elk YVHRDLAARNILVNSNLVCKVSDFG .LSRYLOQDDTSDPTYTSSL . GGKIPVRWTAPEATAYRKFTSASDVWSY
Human Eph YVHRDLAARNILVNQNLCCKVSDFG.LTR LLDD.FDGTYETQ..GGKIPIRWTAPEAIAHRIFTTASDVWSE
3Mar9-3 FYHSDLAVRNILVASPECVKLGDEG.LSRYTIEDE. ,.DYYKAS. .VIRLPIKWMSPESINFRRFTTASDVSSY
3Mar18-5 EXIEDE...DYZKAS..VTRLPIKWMSPESINFRSFTTASEVWSF
Chicken FAK FVHRDIAARNVLVSATDCVELGQEE,LSBXMEDS...TYX!AS.KGK.LPIKWMAPESINFRRFTSASDVWMF
Human FAK FVHRDIAARNVLVSSNDCVELGQEQ:LSEXMEDS...TYXKAS.KGK.LPIKWMAPESINFRRFTSASDVWMF
22Apreé FVHSDLAARNILVESEAHVE;AQEE,LAELLPLGK..DYXyVRDPGQ.SPIFWYVPECI

22A§r10 FVHRDLAARNLLLATRDLVE;GEEE:LMBALPQND..DHXYMQEHRK.VPFAWYAPECI

Cdc42Hs-PTK FIHRDLAARNLLLATRDLVRKIGDEG .LMRALPQND. . DHYVMQEHRK.VPFAWCAPESL

Porcine Syk FVHRDLAARNVLLVTQHYAKISDEG . LSKALRADE . . NYYKAQTHGK . WPVKWYAPECT

3May49 FVHSDLAARNVLLVNRHYA&;SQEEJLsgﬁLGADD..SYX?ARSAGK.LPLKWYXPECI

., Human ZAP-70 FVHRDLAARNVLLVNRHYAE;SEEQ,LS§ALGADD..SYX?ARSAGK.WPLKWYAPECI

Human JAR1 YVHRDLAARNVLVESEHQVg;GEEg,LT&AIETDK..EYZ?VKDDRD.SPVFWYAPECL

Mouse JAK2 YIHRDLATRNILVENENRV§;GEE§JLTEYLPQDK..EYXKVKEPGE.SPIFWYAPESL

Human Tyk2 YIHRDLAARNVLLDNDRLVﬁ;GEEE.LAKAVPEGH..EYXBVREDQD.SPVFWYAPECL

24Apr3s FVHRDLAARNFLVWENHVV§YA£§§,LSB}ITG....DTXIXHS.GAKFPIN

23Apr28 FLHRDLSARNFLEGENHLVEAPBE:-.SEIITG....DTX

Human c-~Abl FIHRDLAARNCLVGENHLVKVADEG .LSRLMTG....DTYTAHA.GAKFPIKWTAPESL

2May41 FVHSDLALRNCLLTADLTVEYGQXE.LAHCKYRE...D.X}VTADQLWVQLAWY PECTI

21AprilS FVHRDLALRNCYLTSDLNVEYGQXEJIGFSRYKE...D.X;bTDDKKIXXPEWYXPECI

Human IGF1R FVHRDLAARNCMVAEDFTVE;GEEE,MTBPIYET...DYXBKGGKG.LIPVRWMSPESL

Human INS.R FVHRDLAARNCMVAHDFTVE;GQEEJMTBPIYET...DYXBKGGKG.LIPVRWMAPESL

22Apri7 FVHRDLASRNVLVKSPNHVE;TQEB:LGgpLESRX...KKIQCXPG.KMPIKWYGXXEE

21RAprl3 FVHRDLAARNVLVKSPNHVE;TEEE?LAB}LEGD..EKEXHAD..GGKMPIKWYAPECI

Human EGFR LVHRDLAARNVLVKTPQHVg}TEEE,LA§LLGAEE..KE!ﬂAE..GGKVPIKWMALESI

Rat Neu LVHRDLAARNVLVKSPNHVE;TEEQ:LAELLDIDE..TEzﬁAD--GGKVPIKWMALESI

Fig. 5 Comparison of deduced amino acid sequences encoded by clones isolated from the PCR

libraries with amino acid sequences of known PTKs. Examples of each species of
clones isolated from the PCR libraries are aligned to maximize homology. The
conventinal one-letter amino acid code is used ; X denotes unidentified amino acid due
to an inaccuracy in reading base sequence. Conserved residues are underlined. Dots
correspond to gaps introduced to optimize sequence alignment, and each dot represents
one amino acid. Sequences were taken from the following source: discoidin-PTK
(14, MMMPK6 (4 and GenBank X57240), MMM310TKR (GenBank X69674),
Cdc42Hs-PTK (10), human IGFIR (EMBO J 1986, 5: 2503-), human INS.R (Nature
1985, 313: 756-), and rat Neu (GenBank X03362 and X03363). Other sources of the
sequences are described in the legends to Figs. 2 and 3.
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-subfamily. Clone Marl19-26 is similar but not identical in amino acid sequence
to Sek PTK and may represent a new recepotr PTK of the Eph-subfamily.
Clones 3Mar9-3 and 3Marl8-5 are similar to each other and were most related to
focal adhesion kinase (FAK) in the homology search; the homology to FAKs is
not high and may represent a new PTK.

Clones amplified by PCR with PTKI- and PTK3-primers

The PTK3-primer used in the PCR was designed to amplify PTKs with a
PTK III sequence of ~-WYAPEC-, which is characteristic of PTKs of ZAP70/Syk
and JAK subfamilies. All clones are amplified from rat brain mRNA. Clone
3May49 was identical in the translated amino acid sequence to human ZAP-70.
It remains unknown whether the clone was derived from mRNA of neuronal cells
or mRNA of brain lymphocytes. Clone 22Aprl0 was isolated 7 times, has a
unique sequence of ~AWXAPE-, and has no closely related PTKs at the time of
sequencing ; PSKs of JAK and ZAP70/Syk subfamilies gave the highest score in
the homology search on the clone. A complete coding sequence of the clone was
recently described (10) ; the results indicated that the clone represents cDNA of
a novel non-receptor PTK with specific affinity to activated Cdc42Hs, a Ras-
related Rho subfamily of GTP/GDP-binding proteins. Clone 22Apr6 was isolated
3 times and had no closely related PTKs in the database; PTKs of the JAK
subfamily gave the highest score in the homology search on the clone. No
sequence with high homology score was found for clones 2May4l, 21Aprl5,
24Apr35, 23Apr28, 22Aprl7, and 21Aprl3. For clones 2May4l and 21Aprl5, insu-
lin receptor PTK and insulin like growth factor receptor PTK gave the highest
homology score. Abl PTK gave the highest score in the homology search on
clones 24Apr35 and 23Apr28. For clones 22Apr 17 and 21Apr13, EGFR PTK
gave the highest homology score.
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