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ABSTRACT

Cell adhesion kinase 8 (CAKpA) is the second protein-tyrosine kinase (PTK)
of the focal adhesion kinase (FAK) subfamily with large N- and C-domains in
addition to the central kinase domain but without Src homology 2 and 3 (SH-2
and SH-3) domains. In this paper, cloning and sequencing of a ¢cDNA encoding
human CAKg are described. A full-length clone (clone B) contained 4,157- base
pairs of human CAKpg cDNA including 243-base pairs of the 5-untranslated
sequence and 881-base pairs of the 3'-untranslated sequence with a polyadenyla-
tion signal (ATTAAA). The clone B of human CAKgB ¢cDNA has an open read-
ing frame encoding 1009 amino acid residues; the human CAKgB has the same
number of amino acid residues in the N-, C-, and kinase-domains as rat CAKg.
The amino acid sequence of human CAKg is 95.4% identical with that of rat
CAKpB. The species difference is most prominent in the C-domain. All three
previously-recognized, subfamily-specific residues in the kinase domains of FAK
and the rat CAKB are also found in the human CAKgB. The residues V52 and
A®%2 which have been considered to be characteristic to CAKg, are found to be
conserved also in the human CAKg. It has been postulated that CAKgS is
important as a docking protein. The autophosphorylation site and also the
ligand site to the SH-2 domains of the Src-family PTKs, Y*2AEI, are found to
be conserved in the human CAKg. The ligand sequence for the Grb2 SH-2
domain, Y®¥'HNYV of the rat CAKgR, is found functionally conserved in the human
CAKgB, Y®LNYV. The third ligand sequence, E"*?PPPKPSR, participating in the
binding to the SH-3 domains of ppl30%* and Efs, is also found conserved in the
human CAKpS. The extreme N-terminal 88 amino acid residues of the rat
CAKgB were previously found entirely different from FAK and found unique to
CAKpB. Ninety four percent of those 88 residues in the human CAKg are found
identical with the rat CAKgB. This high sequence homology strongly suggests

Abbreviations :
PTK, protein-tyrosine kinase FAK, focal adhesion kinase CAKSg, cell adhesion kinase g
SH-2, Src homology 2 SH-3, Src homology 3.
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that this region is involved in the specific function of CAKg different from FAK.

Key words: Cell adhesion kinase g (CAKg), Focal adhesion kinase (FAK),
Autophosphorylation site, Src homology 2 and 3 (SH-2 and SH-3)
domains.

INTRODUCTION

The protein-tyrosine kinases (PTKs) that do not span the plasma membrane
(the so-called nonreceptor PTKs) have been classified into different subclasses
(subfamilies) based on sequence similarities and distinct structural characteristics
(1). Cell adhesion kinase g (CAKgB) is the second PTK of the focal adhesion
kinase (FAK) subfamily (2), with large N- and C-domains in addition to the
central kinase domain but without Src homology 2 and 3 (SH-2 and SH-3)
domains. The cDNAs of the protein have been cloned from a rat and a human
by us (2) and from a human by Lev et al. (3); these results were published
almost at the same time. In the following two months, the cloning of CAKg was
also reported by two other groups of researchers (4,5). CAKp has been named
PYK2 (3), RAFTK (4), and FAK2 (5) by these other groups. The expression
of the protein is high in brain, intestine, kidney, spleen and lung (2) ; the CAKg
gene is less evenly expressed in a variety of organs than the FAK gene. It has
been reported (3) that CAKg is activated on elevation of cytoplasmic free Ca?*
concentration and its participation in neural plasticity is postulated (6). How-
ever, the signaling pathways where  CAKg functions remain largely to be
elucidated in the future. CAKZg has at least three characteristic ligand sequences
in common with FAK. The first one is the autophosphorylation site (residues
402-405), which participates in binding to the SH-2 domains of the Src-family
kinases. The second one is the ligand sequence to the SH-3 domains of ppl30<®
and Efs (7,8) (residues 712-719). The third one works as the ligand to the SH
-2 domain of Grb2 (9) on phosphorylation (residues 881-884).

In this paper, we describe the cloning and sequencing of a cDNA encoding
human CAKgS. A full-length clone (clone B) covering 243 base pairs of 5-
untranslated sequence, all coding sequence, and 3’-untranslated sequence with a
polyadenylation signal was isolated from a human hippocampus cDNA library.

MATERIALS AND METHODS

Isolation of ¢cDNA clones encoding human CAKB and determination of nucleotide
Sequence
Rat CAKgB cDNA fragments corresponding to the amino acid residues 81-319
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[@-**P] dCTP (Amersham) using a random primer labeling system (BcaBEST
labeling kit, Takara Shuzoh). A mixture of the labeled probes was used to
screen an oligo(dT)- and random-primed human (normal female, 2 years old)
hippocampus cDNA library constructed in AZAPII vector (Stratagene, catalog
No. 936205). Two positive phage plaques (clones A and B) were identified.
The nucleotide sequence of clone B was determined by the dideoxynucleotide
chain termination method (10) using the BcaBEST dideoxy sequencing kit
(Takara Shuzo, Otsu, Japan). The sequence of both strands was determined for
the derivatives of clone B, prepared by exonuclease III/Mung Bean nuclease
deletions.

RESULTS AND DISCUSSION

The human CAKgS cDNA was isolated by screening a human hippocampus
cDNA library in AZAPII vector with a mixture of rat CAKS ¢cDNA fragments
corresponding to the amino acid residues 81-319 and 735-1008 as probes. The
cDNA fragments corresponding to the N- and C-domains but not the kinase-
domain were chosen as specific probes for CAKS ¢cDNA. Two positive phage
plaques were identified. One clone (clone A) contained a human CAKgS cDNA
starting from the sequence corresponding to the base number 1827 (amino acid
residue 523) of rat CAKB cDNA ending at the poly (A) tail. The other (clone
B) contained a 4.15-kilobase human CAKgG c¢cDNA from the 5-untranslated
sequence to the 3'-untranslated sequence with a polyadenylation signal
(ATTAAA) but without a poly (A) tail (Fig.1). The nucleotide sequence of
clone B has been submitted to the NCBI (GenBank) nucleotide sequence data
base with the accession No. U43522.

The clone B of human CAKgS cDNA contained an open reading frame encod-
ing 1009 amino acid residues, a flanking 5-untranslated sequence of 243 base
pairs, and a 3’-untranslated sequence of 881 base pairs (Fig.1). The human
CAKp has the same number of amino acid residues in the N-, C-, and kinase-
domains as rat CAKgG (2) (Fig.2). The amino acid sequence of the human
CAKQg is 95.4% identical with that of the rat CAKg (Fig.2). The amino acid
sequences of the rat and mouse CAKpBs are 98.4% identical (the mouse CAKg
sequence was taken from Avraham ef al. (4)) (Fig.2). These species
differences are most prominent in the C-domain; the percentage of identical
amino acid residues in the kinase-, N-, and C-domains of human and rat CAKSs
are 97.7%, 96.7%, and 92.1%, respectively. In addition to our human CAKg
cDNA sequence, three other human CAKgB cDNA sequences have been reported
(3,4 and GenBank 149207 (5)); two of the cDNAs, the proteins encoded in
which are named PYK2 (3) and FAK?2 (5), were cloned from c¢DNA libraries
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~243 CGCMCTTCATAGACGGTTGTGMGRCAAGCTAGACGGC}\GATGJ\MGTTCTTGGCJ\CAGAGT -181
GAACACTT GATAAACIATATGGCAGCCACAGCCTCCGGAGCCGT TGCACACCTACC CCGGCCGACTTACCT GTACTTGCCGCCGTC -

1
CGGCTCAC CT GO CG TG CC CORG CRGT AGTOG OT GO AGTO 06 06 COTEC OF GG R GT GE AR TGY GG COAT CF TA G TG 26 GO TEROAG S -1
M s 6 vV S E P L S R ¥V K L 6 T L R R P E G P G X P M V V V P 30
AT GT CT GG GGTGTC CGAGC CCCT GAGT CGAGT RARGTT GG GC AC 6T TAC 6C CG GC CT GAAGGCC CT GGAGAG CC CATGGTGGT GGTACCA 50
vV D V¥ XK E P VR I L K VvV C F ¥ S8 N S8 F NP 6 K NTF K L V-X 60
GTAGAT GT GGAAAA GGAGGACGT GCGT AT CCT CARGGT CT GCTT CT ATAGCAACAGCTT CAATC CT GGGAAAAACT TCARACT GGTCARA 180
Sock crdr BacicoBackreReoEncir chr ol coSe chrokr chrad ce 8o et ce ke S acb celn el oo RoclircB crEa S cuk 90
TGCACT Gr cCEAGAC GGAGATC CGGGAGAT CAT CACCTCCATC CT GC TGA GC GG GC GG AT CG GGC CCARCATC CGGT TGGCT GAGTGCTAT 270
G L R L K HMEK S DETI K WL HP QM TV GEV g DIK Y E C 120
GGGCTGAGGCTGARGCACATGARGT CCGATGAGATC CACT GG CT GCACCCACAGATGAC AGTGG GT GAGGTGCAGGACARGTATGAGTGT 360
L EnclrcEanle cEact oo Rt arBackrrlankr cBaciachrch caBanBacks drcEac S o ke ka o acBacRacE col. 150
CT GCACGT GGARGC CGAGT GGAGGT ATGACCT TEARRT CCGCTAC GAAGACTTCI ARGGAGGACAGGACCACG 450
L L ¥ F ¥ 0 0 L R N D ¥ M 0 R Y A S K V 8 E G M A L @ L G C 180
CT GCTCTATT TTTACCAACAGCT CCGGRACGACT ACAT GCAGCGCT ACGCCAGCAAGGT CAGCGAGEGCATGGCCCTGCAGCT GGGETGC 540
L E L R R ¥ F K D M P H N A L D K K S N F E L L E K ® V G L 210
CT GGAGCT CAGGCGGTT CT TCARGGAT AT GCCCCACARTG CACT TGACAAGAAGT CCAACT TCGAGCT CCTAGAARAGGAACT GGGGCTC 630
D L F F P X 0 M o E N L K P X 9 F R K M I 90 0 T F 0 © X A § 240
GACTTGTTTTTCCCAAAGCAGAT GCACGAGAACT TAAR GCCCARAC AGT TC CGGAAGAT GATCEAGCAGACCTT CCAGCAGTACGCCTCG 720
IR ocEncEacinctochre i X ackr ofr clac Forkrc e cdacre b N acir BacfacEncE cotn cBecSor Eankrck 270
CT CAGGGACEAGGAGTGCETCAT GAAGTT CTT CAACACTCTC GC CGGCT TC GCCAACAT CGACE AGGAGRCCTACCGCT GT GAACTCATT 810
Q ¢ W N I T VY DLV IG P K G I R QPLT S Q DAIKTPT C L A 300
CA! ACATTAC CCTGGT CAT TGGC CCTARAGE GATCC GCCAGC TG ACTAGTC AGGACGCARAGCCCACCTGCCTGGCC 900
zrx&:nsxncnpnxzcgnvngnczzanpgn 330
GRGTTCAACEACATCAGGT CCAT CACGTGCCT CCCGCT GEAGTAGE GCEAGGCAGTACT TR AGC TGGGCATT GAAGGTGCCCCClAGGEC 930
L S I X T S 8§ L A E A E NMADTL I D G Y C R L @ GE H Q0 G 360
TTCT CCRT CAARAC CTCAT CCCTAGCAGAGGCTGAGAACATG GCTGACCTC AT AGAC CGCT ACT GCCGGCTGCAGGGTGAGCACCAAGGE 1080
SortrcirchreBarherRoc anlar SorEa ciacRecl ac e et colnchre Be Mack e a chreEn R ok acRs et call 390
TCTCTCAT CATC CATCCTAGGARAGAT GETGAGARG CGGAACAGCCTGCCCEAGATC CCCATGCTARACC TGGAGGCCCGECGGTCCCAC 1170
L 8 £ S ¢ 8 1 E S D I ¥ A E I P D E T L R R P G G P 9 ¥ T 420
CT CT CAGAGACGCTGCAGCATAGAGT CAGA CAT CT AC GCAGAGATTCCCGAC GRRACC CT GC GAAGGCC CGGAGGTC CAC AGTATEGCATT] 1260
A R E D V ¥V L N R I L G E G L ¥ G E V I £ G V Y T N H K G E 450
GCCCOTGAAGAT GT GOT CCTGAATC GT ATTCT TG GG GAAG GC CT I'T TTG GG GRGGTC TATG AAG GT GT CT ACACARATCAT AR AGGGGAG| 1380
K I NV AV K T €C K KD CT L DN KE X F M S E AV I M K N 480
ARRATCARTGTAGCTGT CAAGACCT GCARGAAAGACTGCACT CT GGACAAC AAGGAGAAGT TCATGAGCGAGGCAGTGATCAT GAAGAAC| 1440
L D H P H I Yy K L I G I I E E E P T W T I M E L ¥ P ¥ G E L 510
CT CGACCRCCCGCACAT CGTGAAGCTGAT CGGCATC AT TG AAGA GGAGE CCACCT GGAT CATCATGGAAT TGTATC CCT AT GGGGAGCTG] 1530
¢ H ¥ L E R ¥ XK N S L K ¥V L T L V L ¥ 8 L @ I € K A M A ¥ L 540
GGCCACTACCTGGAGCGCAACAAGAACTCCCT GAAGGT GCTCAC CCTCETGCT G ACTCAC TGCAGAT AT GCARRGCCATGGC CTACCTG| 1620
ES I N ¢ ¥ ¥ R D I A Y R N I L VY A S P E C ¥V K L G D F G L 570
GAGACCAT CAACTGCGT GCACAGGGAC AT TGCTCTCCGGAACAT CE TGGTG GC CT CC CCTGAGT GT GT.GAAGCT GGGGGACTTTGGT CTT| 1710
S R ¥ I E D E D ¥ Y KA § V T R L P I KW M S5 P E S I N F R 600
TCCCGGTACATT GAGGACGAGGACTAT TACRRAGCCTCTGTGACTC GICTCCCCATC ARAT GGATGTCCCCAGAGT CCATTARCTTCCGA| 1800
Rrrmnsnkurnvcuwz:Lsrexagprrwnz 630
CGCTTCACGACAGC CAGTEACGT CT GGAT GTT CGCC GT 6T GCAT 6T GGG AGAT CCTGAGCT TTG GG AAGE AGCCCT TCT TCTGGC TGGAG] 1830
N X D VY I 6 V¥ L E K G D R L P K P DL C P P V L Y T L M T R 660
BAACAAGGATCTCAT CGGGGTE CT GGAGARAGGAGAC CGGC TG CCCAAGCCT GATCTCTGTC CAC CGGT CCTT TATACCCTCATGACCCGC| 1980
cwn!nrsnkpnpmzz.vcsLsnvrgsznIA §90
TGCT GGGACT ACEALCC CRGT GACC 6GCC CCGCTTCAC CGAC CY GETGT GCAGCC TCAGTGACGTT TATE AG AT GGAGAAGGACATT GCC 2070
M E 9 E R N A R ¥ R T P K I L E P T A F Q E P P P K P 8§ R P 720
ATGGAGCAAGAGAGGARTG CT CGCT ACCGARC CCCCARARTCTT GEAGCCCACAGCCTT CCAGGARCCCCCACCCARGCCCAGCCGACCT 2160
KacEacRont coieriecRanieclack chr dBer Beakackr cBacd refaclrr EerEact arbr S arBe el el crBork ook 750
ARGTACAGACCCCCTCCGEARRC CARCCT CCT GG CT CCARAGCT GEACTTCEA GSTT CCTGAGG GT CT GT GT GCCAGCT CTCCTACGCTC 2250
T S P M E Y P S P V N S L H TP P L K RUHEKWNUYVTFKTERIUH S MR 780
ACCAGCCCTATGGAGTATC CATCTC CCGTTAACT CACT GCACACCC CACCT CT CCACCGGCACAAT GT CTTCAAACGCCACRGCATGCGG 2340
:znp:gpssnzzng&wanzkvanggxLnx 810
GAGGAGGACT TCAT CCAACCCAGCAGC CGAGAAGAGGCCEAGEAGCTCT GG GAGGCT GAARAGGTCAARATGCGGEARATCCTGGACARA 24 30
g 9 K 9 M VYV E D ¥ 0 W L R QO E E K 6§ L D P M V Y M N D K S P 840
CAGCAGAAGC AGAT GGT GGAGGACT ACCACTGGCTC AGGC AGGAGGAGR TEGRCCCC TTATATGAATGATRAGTCCCCA 2520
LTPEKEVG!LE!’TGPPgKPPRLGAgSI8APT 870
TTGACGCCAGAGARGGAGGTC GGCT ACCT GGAGT TC ACAG GG CC CCCAE ARG AR GCCCCC GRGECTGGGCGCALRGT CCATCEAGE CCACA 2610
AN L D R T D DL V ¥ L NV M ELVRAVTILTETLTUXKHNETLSC @ 200
GCTAACCTGGAC CGGACCGAT GACC TG GT GTACCTC AATGTC AT GGAGC TG GT GC GG GC CETGC TG GAGC TCAAGAATGAGCTCT GT CAG 27 00

L E P E G Y ¥V V V ¥V K N V 6 L T L R XK L I & S V D D L L P § 930
CT GCCCCCCGRGGGCTACGTGGT GGTGCT GARGAAT GT GG GG CT GACCC TG CGGAAGCT CATCGGGAGCGTGGATGATCTCCT GECTTCE 2730
L P S 5 S R T E I E G T 0 K L L N K D L A E L I N XK M R L & 960
TTGCCGTCATCTTCACGGACAGAGATCGAGCGCACC CAGAAACT GCTCARCARAGAC CT GGCAGACCT CATCARCAAGATGCGGCTGGCG 2880
gcgNAVTSLSEECKRgMLTI\SHTLJ\VDAKNL 930
AGCAGARCGCCGT GACCT CCCT GA GT GAGGA GT GC AAGAGGCAGATGC TG ACGGCTTC ACACA CCCT GG CF GT GGACGCCAAGAACCT G 2970
L D AV DO A K V L A N-L A H P P A E End 1009
CTCGJ\CGCTGTGGJ\CCAGGCCMGGTTCTGGCCAI\TC.EGGCCCACCCACCTGCAGAG'J.‘GACGGAGGGTGGGGCCACCTGCCTGCGTCTTC 3060
GCCCCTGCCIGCCATGTI\CCTCCCCTGCCTTGC'.l'GTTGGTCA‘.'L'GTGGGI‘CTTCCASGGAGAAGGCCMGGGGRGTCJ\CCTTCCCT'J.‘GCCA 3150
CTTTGCACGACGCCCTCTCCCCACCCCTACC CT GTACTGCTCAGGCTGCAGC TGGACAGAGGGGACT CT GG GC! 3240
GTGACGGTGACAAA GCTGCCTGGCCRCTGCTCCCTMGCCAGCCTGGTCCATGCAGG TGGG 3330
GGTGGGGAGGTGIC!\CATGGTGCCCCI'AGCTTTATATATGGACAT AA GCTMTCCT’I‘TCCCTI‘CCTC'J.'I’C 3420

CCTCAGATGTCCCTTGATGCJ\CAGAGAAGC T GGGGAGGAGCTT T@TTTGGGGGTCAG TGAGATGAGGGATGGGCCTGG 3510
CATTCTTGTACAGT GTATATT TTTMTGTGAGTT TGGT CTGGACT GACAGCATGTGCC CT CCTGJ\G CCIGGGGCAC 3600
I\GTCCAGGMCAAGCTARTTGGGAGTCC GT CAACAAACCAAGCAT CA SAGAGATGCGG 3690
CCAAGATAGGACCTTGGGCCAAATC CGCTCTC TT CCTGCCCCTC TTTCT CTTTCTTC CT'L'.[‘ACTTTCCCTTGCTTT TCC CT(.‘ITT TCTTA 3780
C'I'CCTCCT(.‘I'TTCTC.I.'CCC(‘J\ACCCCCATTC.[‘CATCTGC}\CC(_‘.ETCTZ[TTCTCRTG’.l'GTTI'GCATAMCATICTTTTMCTTCTTTCTRT 3870
TTGACTTGTGGT TGAATTAARATTGTC CCATT TGCT TG 3308

Fig. 1 Nucleotide sequence of human CAKgB c¢DNA (clone B) and deduced amino acid
sequence. Nucleotides and corresponding amino acids (single-letter code) shown
above are numbered at the end of each lane. The catalytic domain of the PTK is
indicated by a box. The translational stop codon is underlined. A variation of the
polyadenylation signal, ATTAAA, near the 3’-end of the cDNA, is also underlined.



Human CAKP
PYK2

FAK2

Human RAFTK
Rat CAKS
Mouse RAFTK

Human CAKfP
PYK2

FAK2

Human RAFTK

Rat CAKp
Mouse RAFTK

Human CAKf
PYK2

FAK2

Human RAFTK
Rat CAK
Mouse RAFTK

Human CAKf
PYK2

FAK2

Human RAFTK
Rat CAKp
Mouse RAFTK

Human CAKp
PYK2

FAK2
Human RAFTK

Mouse RRFTK

Human CAK$
PIK2

FAK2

Human RAFTK
Rat CAKf
Mouse RAFTK

Human CAKf
PYK2

FAK2

Human RAFTK

Rat CAKg
Mouse RAFTK

Human CAKf
PYK2

FAK2

Human RAFTK
Rat CAKP
Mouse RAFTK

Human CAKf
PYK2

FAR2

Human RAFTK

Rat CAKf
Mouse RAFTK

Human CAKP
PYK2

Mouse RAFTK
Human CAKfP
PYK2
FAK2
Human RAFTK

Rat CAK
Mouse RAFTK

Human CAKf
PYK2

FAK2

Human RAFTK
Rat CaAKf
Mouse RAFTK

Cloning of a ¢cDNA for Human Cell Adhesion Kinase 8

MSGVSEPLSRVKLGTLRRPEGPGEPMVVVPVDVEKEDVRI LKVCFYSNSFNPGKNFKLVK
—-A-

B Ty o [y Qe e
LHVEAEWRYDIQIRYLPEDFMESLKEDRTTLLYFYQQLRNDYMQRYASKVSEGMALQOLGC

41

60

120

180

240

300

360

420

480

540

600

660

720



42 H. SASAKI ¢t ql. Tumor Res.
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Fig. 2 Comparison of amino acid sequences of human, rat, and mouse CAKBs. The catalytic
domains are boxed. Identical residues to human CAKg in the 2nd-4th human
sequences and in the rat CAKS and mouse RAFTK are indicated by daskes. The
sequences used in the alignments were taken from the references indicated: PYK2(3),
FAK2(5), human and mouse RAFTK(4), and rat CAKB(2).

prepared either from a human fetal brain (3) or from an adult male
hippocampus (5) ; the other one, whose protein is named RAFTK (4), was
cloned from the same cDNA library as we used. These four sequences are
different only in 3 amino acid residues (Fig.2), but their 5- and 3’-untranslated
sequences are significantly different (Figs.3 and 4). The cDNA clones encoding
RAFTK, CAKB, FAK2, and PYK2 have 5-untranslated sequences of 293-, 243-,
180-, and 107-base pairs, respectively; each of these has a unique extreme 5
~terminal sequence of 7-120 base pairs (Fig.3). The cDNA clones encoding
FAK2, CAKg, RAFTK, and PYK2 have 3'-untranslated sequences of 882-, 881-,
301-, and 281-base pairs, respectively ; only the 3’-untranslated sequences of the
cDNA clones encoding CAKg and FAK2 extend to the polyadenylation signal
(Fig. 4).

FAK and rat CAKB have several characteristic residues in common in the
kinase domains (2). All these previously-recognized, subfamily-specific residues,
A%, 5%, and F®¢, are found conserved in the human and mouse CAKgs (Fig. 2).
The residues V*? and A®Z2 have been recognized as the residues characteristic to
CAKRg, not commonly found in other PTKs including FAK (2). They are also
found conserved in the human and mouse CAKBs (Fig. 2).
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CARP -243 ceCc -241
RAFTK =293 AACCACAAGTCAAATAGAAAGAAGTTAAAAGAATGTTTATGCAAACACATGAG

CAKf ARCTTCATAGACGGTTGTGAAGACAAGCTAGACGGCAGATGAAAGTTCTTGGCACAGAGT -181
RAFTK AARRGAAGGGTGCAGATGAGAATAGGGGTGTGGTTAACAACTCAGAGGAGGAGGGAGAAT

CAKP GAACACTTGATAAACTATATGGCAGCCACAGCCTCCGGAGCCGTTGCACACCTACCTGCC -121
FAK2 GAATTCCGTCAGCCCTTTTACT - —_—— -
RAFTK CTAACCTGTCAGCCCTTTTACT-- —_—

CAKP CGGCCGACTTACCTGTACTTGCCGCCGTCCCGGCTCACCTGGCGGTGCCCGAGGAGTAGT ~61

PYK2 -107 CGGTACAGGTAAGTCGGCCGGGCAGGTAGG -—
FAK2 s e e e e e e

RAFTK - - ———

CAKp CGCTGGAGTCCGCGCCTCCCTGGGACTGCAATGTGCCGATCTTAGCTGCTGCCTGAGAGG -1
PYK2 - —_— G —————

FAK2 - - - —_——
RAFTK e ————— e ——— - —_—

Fig. 3 Comparison of nucleotide sequences of the 5-untranslated portions of human CAKg
¢DNA and human cDNAs encoding the same protein as CAKgS. The sequences used in
the alignments were taken from the references indicated: PYK2(3), FAK2(5), and
RAFTK((4).

It has been shown that paxillin and talin bind to the C-terminal domain of
FAK (11,12). The postulated FAK sequence important in the paxillin binding
(11) is partly but not completely conserved in CAKBS. We have observed that
paxillin coprecipitates to some extent with CAKS when the immunoprecipitates
from brain- and WFB cell-lysates with anti-CAKg, directed against amino acid
residues 670-716, were analyzed (unpublished.). Further experiments are
required to clarify whether CAKg binds directly to paxillin or not.

In addition to its specific binding to paxillin and talin, FAK is important as a
docking protein. Three regions of the FAK sequence have so far been identified
as the ligand sequences (13). All these ligand sequences were found conserved in
CAKpB. The tyrosine residue of FAK corresponding to the residue 402 of CAKg
is known to be the site of autophosphorylation and also the ligand site to which
the Src-family PTKs bind by their SH-2 domains resulting in their activation.
The consensus amino acid sequence for this Src¢ SH-2 binding found in FAK,
YAEI and the preceding acidic residues are conserved in the human, rat, and
mouse CAKgS sequences (Fig.2). The second FAK sequence for a SH-2 binding
corresponds to the residue 881-884, YHNV, of the rat CAKg, which is the
ligand site for Grb2 (9). The consensus ligand sequence for this Grb2 SH-2
binding, Y°**ENYV of the mouse FAK, is also found functionally conserved in the
human, rat, and mouse CAKBs: Y*®!'HNV of the rat CAKS and Y®**'LNV of the
human CAKp (Fig.2). The third ligand sequence in FAK participates in the
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CAKp TGACGGAGGGTGGGG . CCACCTGCCTGCGTCTTC . GCCCCTGCCTGCCATGTACCTCCCC 58
G

PYK2 G C 60
FAK2 -G~ C- 60
RAFTK G -C —-_— 60
CAKP TGCCTTGCTGITGGTCATGTGGGTCTTCCAGGGAGAAGGCCAAGGGGAGTCACCTTCCCT 118
PYK2 - - ——— 120
FAK2 - - 120
RAFTK - - 120

CAKP TGCCACTTTGCACGACGCCCTCTCCCCACCCCTACCCCTGGCTGTACTGCTCAGGCTGCA 178

PYK2 180
FAK2 : - - = 180
RAFTK TG 180

CAKp GCTGGACAGAGGGGACTCTGGGCTATGGACACAGGGTGACGGTGACAAAGATGGCTCAGA 238

PYK2 240
FAK2  ———m—meeeo 240
RAFTK 240
CARKf GGGGGACTGCTGCTGCCTGGCCACTGCTCCCTARAGCCAGCCTGGTCCATGCAGGGGGCTC 298
PYK2 —— 281

FAK2 - 300
RAFTK - —_——— 300

CAKf CTGGGGGTGGGGAGGTGTCACATGGTGCCCCTAGCTTTATATATGGACATGGCAGGCCGA 358
FAK2 —— - 360
RAFTK G 301

CAKP TTTGGGAACCAAGCTATTCCTTTCCCTTCCTCTTCGGCCCTCAGATGTCCCTTGATGCAC 418
FAK2 -==~TC. —_—— 420

CAKﬁ AGAGAAGCTGGGGAGGAGCTTTGTTTIT . GGGGGTCAGGCAGCCAGTGAGATGAGGGATGG 4717
FAKZ  —emcmm—emmeee C - - - 480

CAKf GCCTGGCATTCTTGTACAGTGTATATTGAAATTTATTTAATGTGAG . TTTGGTCTGGACT 536
FAK2 - - G - 540

CAKf GACAGCATGTGCCCTCCTGAGGGAGGACCTGGGGCACAGTCCAGGAACAAGCTAATTGGG 596
FAK2 A-=-. 599

CAKpP AGTCCAGGCACAGGATGCTGTGTTGTCAACARAACCAAGCATCAGGGGGAAGAAGCAGAGA 656
FAK2 659

CAKf GATGCGGCCAAGATAGGACCTTGGGCCAAATCCGCTCTCTTCCTGCCCCTCTTTCTCTTT 716
FAK2 : 719

CAKﬁ C'1"I'CC'I'TTAC'I‘TTCCCTTGCTTTTCCCTCTTT'I‘CT'.[‘ACTCCTCCTCTTTCTCTCCCCAAC 776
FAK2 -— _— -C-— 779

CAKﬁ CCCCAT'I'CTCATCTGCACCCT’I‘CTTTTCTCATG‘I‘GTTTGCATAAACATTCTTTTAACTTC 836
FAK2  —-- _— - _— 839

CAKB TITCTATTTGACTTGTGGTTGAATTAAAATTGTCCCATTTGCTTG 881
FAR2  ccmmmmmmee ————— e A 882

Fig. 4 Comparison of nucleotide sequences of the 3’-untranslated portions of human CAKpg
c¢DNA and human cDNAs encoding the same protein as CAKAB. The sequences used in
the alignments were taken from the references indicated: PYK2 (3), FAK2 (5), and
RAFTK (4).
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binding to the SH-3 domains of ppl30°® and Efs (7,8). This ligand sequence in
FAK, EAPPKPSR, is functionally conserved in the human, rat, and mouse
CAKps and corresponds to the residues 712-719, EPPPKPSR, of CAKB (Fig. 2).
The binding of ppl30°® and Efs to CAKgB has been shown by the coimmuno-
precipitation of ppl30° and Efs with CAKg and by the specific binding of Efs to
a GST-fusion protein of the CAKB C-domain residue 670-792 (our unpublished
observation).

There is one more proline-rich sequence in the N-terminal region of the rat
CAKpB, PPEGPPEP of the residues 18-25 (2). The positioning of prolines in this
sequence indicates that the sequence cannot fold into a polyproline type 2 helix
structure, which is essential as a ligand for a SH-3 domain. The corresponding
region in the human CAKg is not proline-rich as a result of the replacement of
two proline residues with other amino acids (Fig.2), which confirms the
deduction on the function of this region described above. ,

It has been shown that the extreme N-terminal 88 residues of the rat CAKS
is entirely different from any portion of FAK (2). 94.3% and 98.9% of the
amino acid residues in this stretch of the human and mouse CAKps, respectively,
are identical with those of the rat CAKB. The high sequence homology in these
88 residues of the rat, human, and mouse CAKpBs strongly suggests that this
region is involved in a specific function of CAKg different from FAK. One obvi-
ous possibility how this extreme N-terminal region of CAKpA participates in the
CAKg-specific process is the recognition and binding of a unique transmembrane
receptor by this N-terminal region. It has been shown that FAK binds the
cytoplasmic region of S-integrins by its N- domain.
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