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I FAK FEDIAYEE SR IR0 S, IR FAK 28 mRNA 19 5'JEBIIRIX. (5'UTR) 784 Fagyiieat, X 4 Fasim
KBy 5575, ZBETIEAEIEH IS, (BRI mRNA FEIIER, B0, KR sh 50935 bp A BTL R
ARV R B S I HF IR AR pGL3 - Basic |7, R US4, WE S 3 F R HIG T, 8t 3 7751 &5
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Cloning and characterization of 5'UTR and promoter region of
chick focal adhesion kinase gene
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Abstract: To understand the mechanism of chick focal adhesion kinase gene ( FAK) expression and regulation, the transcription
start sites and four kinds alternatively spliced 5'end (5'untranslated region, 5'UTR) of FAK mRNA in chick embryo fibroblast
cells were identified by RACE. The analysis of the 5'end mRNA sequences showed that they all would not affect the encoded protein
sequence, they may influence the mRNA translation efficiency. The 935 bp fragment with FAK promoter was also cloned and placed
upstream of the luciferase reporter gene in pGL3-Basic vector and transfected into chick embryo fibroblast cells. Serial deletion con-
structs revealed that a 669 bp region ( =662 to + 7) was required for the maximal FAK promoter activity. The promoter sequence
showed high “GC” content and lacked TATA box. These results will provide a molecular basis for understanding the mechanism of
FAK gene expression.
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ML DR 3 53 SR SR JE N TP AT FAK ZE RS P Y kML . AIKER A 5'RACE (¢DNA R
Ui PR Y 4 rapid amplification of cDNA ends, RACE) J7ik, 7EXG IR RLET 4 4 A 1 oo e oA S ia 17
L, PEMERE T FAK FERE) 5/ AERIIEIX. (5 untranslated region, 5'UTR), Fi@id)5 shF 550G K
RN RIRR G, W& TGRS TFIX, Nt PARTHZ R R Rk PR FE A ML B8 BLAil

1 MH57%

1.1 IBERRF4EZHRE CEF B &

HRAESCHR [4], B 10 HIEXGIR, Jor B X IR, % MR I AN R AT, FH KT 59 J0RE X0 IR 57 1
| mm® AR, BREEIAAL, SrBCAfE, FETKEZ IR MER, IS 10% /MME LG ) DMEM, &
37 °C 5% CO, MEEFRAE PR,

1.2 RNA H9IREX

KGRI AN Trizol 1X7] (Invitrogen A H]) HEHANMLE RNA, MM 7S, MAMKER 1.5
mL B0, B 1w, 7 LR OEPIA 200 wL &5, RFHRA)EERFHE 2 min; Z.O050K
MRS —3 1.5 mL BOEF, A 500 pL SR, R TR 10 ming BLOF LR, A
75% CBEERDIGE, B.OF BIHW, TUEY TS T8 SRR — CERAE IR Bk b, OS5 280
FERIIAE Aoy 5 Any, HHT A 5 A O LG, 5 RNA 025 ik JFTEF B 2 v e P UK 45 2 RINA. 19
i, B =70 CIREE,

1.3 5'RACE =& 5' EiF 5 5= W sENRF

K H BD SMART RACE ¢DNA Amplification kit ( Clontech, CA) FafE FAK JE£[H 531 cDNA, RHEE A
R FAK B2 57 Bgip 404 it 2 A FWES 9 GSP, #1 GSP,, GSP, il GSP, #{L T 41X,
GSP, ; 5'-tagtgaaaaacctttaggactcget-3', GSP,: 5'-gtccacaatcttctg tattatgect-3', LA RNA Mt , L GSP, N
YT cDNA B, AT EC PCR Y1 (51920 GSP, ARl &bl FH 5 19) o K 84 i B
Bt5 pGEM-T Easy 8/ Hz, ¥4k Topl0 RS2 S ANE, HeFh T8 X-Gal, IPTG, 2% PR [ K 55 77
m, 37 Cid, PREAME, H PCR Y, BEM L5149 5 -tggactaaagaatatgacagatace-3", T iif5|
Y1k GSP, . HEPHE &% Invitrogen A FIIT . I NCBL AILEARE, ¥4 i 7547 BLAST 247 L
XF, WiE mRNA 5055 1 MR, BVEL IR A8,

1.4 B3hF Luciferase IR & BRI Rt

PCR 44 CEF 41} FAK JH 8T IX 928/ +7, L5190 Kpn | BEUIRLRL, FUESIHIN Sma 1 B
fisi, KEED) PCR ), SERERIZOLRBERILBUA (Promega) pGL3 — Basic I+, HAl FAK 3 37 #U
R BRI ok im A BE (-662/ +7, =351/ +7, —-208/+7, —168/+7) AR/ A, fi
PR L5180 (O Kpn 1 EEVIA; 0 FALFERS TR0 (0 Sma T BEVIN D) (51751 W45 2R
K)o MEY IS 32O R RS Bk 3 il i 44 p —928 , p—-662, p —351, p—-208 Flp 168, I
R 250 P S HE TE A
1.5 HHREsEFmEER

M ERTEA 10% /NEIMLTE ) DMEM  ( Dulbecceo’s modified Eagle’s medium) #5557, 7E& A
5% “SEACRRANM BSR40 T 37 CHATEFR . DL 2 x 10° mL ™" A% BE RPN 2= 24 fLB, /EK 24 h, ZE40
Jf % B2 1k %) 80% I, FIJH Lipofectamine 2000 % YL iR k% Y 5 2 1oL R M i B RB BOkL £k
firefly luciferase) FINZ: pRL-TK JiTki (%A renilla luciferase) , FEFEEI T 3 AT, 24 h R e
g, MTIOCRME T
1.6 NEXLRHEFEDW

A FAK BB PR B BeAYR & FORE I 2 pRL-TK kLg% BRI 55 4L 3] CEF 400, 24 h J5 ik
AN, FEVK b 20 B A VR 2 A 40 min B0 R TOOCRBEEE 0T, 20 BRI firefly
luciferase 1% P Fll renilla luciferase &1, A2 EZ B & [ Promega AW, i Turner Biosystems
RRFE TN 98 EImEE . A sl T AR G H fivefly luciferase 3% 75 N2 renilla luciferase 1 PEARELLS
LMD FAREALIE ) pGL3 — Basic MG FER
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2.1 #HBEE RNA RIIREX

K Trizol I HEHL CEF 4005 RNA 1Y A,y /Ay, N 1.95, BU1 wg RNA $EATHI AR MR L Ik, Wb
TNIEMTRY 28, 18S HI5.8S 3 4% RNA 4f7, ULEHFTIE RNA Ff i 5 2 Refig il 2§l %5 RACE ¢DNA 75
2.2 5'RACE &3k FAK EREH R IAAL=F 55 cDNA 351

FHE BRI 5'RACE i &, A—4e9 15 B CEF a0t bR T4 250 bp Z247 1% 5'RACE
FEY . R ILrEY) E A SRR R pGEM-T 2k rh | BENLEKE 14 A H @I TR KA S (KN ) . XTTi
BESEATIN, JFREF515 NCBI B B dE AT 6 Eb e b, 25 SR ULIE 1, K555 FAK 5/ 0038 56 K 41
DNA J7 51 (ref | NC_ 006089. 1) o4, KIAFLE 4 Fh 574 mRNA JE X, GenBank 1% 5% 751 K
AY916079 . AY916080, AY916081 F1 AY916082, J¥H4rHrkBNIX 4 Ff 5/ Sty i 517 51 #BAS 5 0 25 1 11%) 24
TEHE , 23944 3% 4 Ff mRNA R0 5 05 AEBIIFIX A «-UTR . B-UTR, y-UTR 1 8-UTR, N TR HI )5
i S 5 LIRT A Ar 44— 30, S A ARAER e HE R 4G B S 1 1AM B 240 exonl,  EUFAEGMAS AN B 4 H:
E%wéﬂﬂ’\]ﬁ?ﬁﬁiﬁ, R4 44 M exon — 1, exon —2 . exon —3. exon —4 Fll exon —5 . AN AN B F
F B RN & FR/NBRTERI 1~ A th, o-UTR, B-UTR F1y-UTR 3% 3 il UTR 2 H1 F A 138 & FLAY &1
T exon—1, exon—3. exon—4 F exon — 5 ﬂﬁ@@]ﬁﬁ?ﬂﬁi, 1M BAE 001557 B exon —Sa ., exon —
5b. exon —5c¢ FFH, % 8-UTR A% mRNA LLATGHRIE YRS FAK mRNA (NM_ 205435) F§4, M exon -2
AT, SRR LA, AR T exon—1., exon -2, exon—3 . exon —4 FIiE2 S YLK FAK

A ATG

Promoter 96 50 23960 27 16106 44 1439172 10933 v

YT — C3——( +—{ 1 Cm-- -
-5 -4 -3 =2 -1 Exonl  Exon2
- .-
GSP,  GSP,

a-UTR ( AY916080 ) T2 1 {1

—5a -4 Exonl

B B-UTR ( AY916079 ) L% & 1 - |

-5h -4 -3 Exonl

v-UTR ( AY916082 ) L3 —1 —1 1 {1

—5¢ —4 -3 -1 Exonl

& -UTR ( AY916081 ) I e e |

~ -2 Exonl

(M r. a
exon-5 (96bp)  GGAGAACGGGGCGGGCAGCGCTGCGGTGAGACCACCTTACGGCTTCACCE 50
b [
ATCTCCGGGCCGCCGGGGCAGGACAGGGGCGGCTGTCCGCAGCGCG 96
exon—4 (59bp)  ATTTCATG TTTCGTCTTATATCAAGCACCTACTGCTGAGAGCTGGAAAGT 50
CTACTTAAG 59
exon-3 (27hp)  AAATTTCAAGACATTCTTTGCCAGCAG 27
l—b

exon=2 (44bp)  GGAGAAGAGCGGCTGCAGCCCATTCCCGATG TGCTGGGCTAAAG +
exon=1 (72bp) GAAGAAGATG TCCGTGGGGACTGCATAG GTCAGCAAGACCACTGTGTGAG S0
GAGGTAGCTCAGGCACCGGGAG 72

v
exon-1 (227bp)  AATATG) ACAGATACCTAGCATCTAG,CAAAACCATGG CAGCAGCTTACCTT 0
GATCCAAACTTGAATCATACACCAAGTTCAAGTGCAAAGACGCACCTCGG 100
TACTGGGATGGAGCGTTCCCCGGGGGCCATGGAGCGAGTCCTAAAGGTTT 150
TTCACTACTTTGAAAACAGCAGCGAGCCAACGACGTGGGCCAGCATTATC 200
CGGCATGGAGATGCTACTGATGTTCGA 227
1 38 CEF #ifH FAK EE mRNA § 5'5 /5 51
Fig.1 Sequences of 5'end of FAK mRNA in chick CEF cell
Ao X8 PAK SN 5 SR N A S RSN B AL T ST AN A T BERVNEORTEMIBR 454 107 . B FAK SE[H mRNA # 4
s s, C. FAK BEH S'5i8METIEF, exon —5 Fl exon —2 PSR IAA AT Hi Sk Won. AR BAE AR IS ATG JIJ7HEN =
TR R,
A. Genomic organization covering the leader sequences of the FAK gene of chick is shown. The lengths of DNA fragments are shown on top of
each genomic gene structure. B. Schematic representation of the 5'end of four kinds FAK mRNA in chick CEF. C. The sequences of exon-1,
exon-2, exon-3, exon4 and exon-5. The position of the transcription initiation sites are indicated by bent arrows in exon-5 and exon-2. The standard

translation start codon ATG is indicated by box and triangle arrow.
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FLHZH DNA J3 3 —30, 1H exon — 5 5XG LR AL H XA —BOUFF, 33X 0] BE S X 114 5L 8 41 5000 2
AGER, HoT DA ARIE ) . HEN exon —5a, exon —5b. exon —5c AJRENL TRl — M4 Frr, H
MANFIL SR IR 5% . HA A A 8+ 5 U s FF 6 GT/AG BT EEN] , A exon — 5 TERERI2H |1
WY BT, M exon —5 Fll exon —4 ZEIMN & FR/MLARIE, BOboR7ER 1 - A
2.3 BIFHEEST

KT HRE exon —5 FEREK A FORAYINI S, XY FAK RN 5 S35 DR 2H A0 38 A DX 3, e s i3 1
Yy, LIS CEF $2HH)3E R 4] DNA ik, #E4T PCR §784, K PCR FP=#pilliy, & 2 FiRgs RaEs: T3k
IERAFERL, exon —5 BSEAEX AR E 2 M9ER S, exon —S5a, exon —5b . exon —5c & H A — M+
BRI SRR SR LY o exon —5 25 1 DIREEAE 240 +1, RIS Hium A9 5% s if 67 0, B I DX
FIABTFIX, exon —5 WAFE GT/AG (B YIEN, il S5IEHEA X, H—P 2 T exon —4 Hexon —5
Z AN B K/l 14 356 bp,

_62 GCGAGTG_AFCAAGCAGGGAAAGCAGCAGTTCCTCCCCTTCCTCCICACCCCQ_CA

a
+1 exon—5

-8 SAG “CGAGAACGGGGCGGGCAGCGCTGCGGTGAGACCACCTTACGGCTT

+46 ACCCATCTCCGGGCCGCCGGGGCAGGACAGGGGCGGCTGTCCGCAGCGCGIGTG
+99  AGTGCGTGAGGAGGGGGCACTGAGGAGCGGAGTGAGGCGGCCGCGACTTACAT
+152 AACGGGGAGGGGGCGTCCCTGAGGGAGGTTGGGCTGGGGGAGGGGCAGCGGT
4204 TTTCCTTCTATCCCCCCCCCATCCCCTCGGGGGTACGGCTGTGTGAGGGGAGGCT
+259 GCGCGCACACGGAGCCGCGCTGCGAGCGGAGGGCTCCGTCCGGCTGAGGGGGG
+312  GGGGGCGGGGGATACGGGGAGAGCCGTGCTGGGAGGCCACGGCTGAAAGGGAA
+365 AGGGGAGCTGCGGGCGTGCTGCATCCCGCTGCCCTCCCGGCCTCCCCTCCCTCC
+419 GCCCGGCTCCGCGGCTCGGCCGGGGACGGTCCCACCGGATGIGGAGCGGAGCG
+472  GAGCGGGACGGTCCGTCAAGTAAACAAAGGGGAAAGGGAAGGGGAGGGGGGGT

B2 3§ CEF fpar FAK EE EFERATS FINFSERERXTHEE

Fig.2 Sequencing the chick genomic DNA sequence upstream the FAK gene and mapping the transcription initiation

region of the FAK gene
MR RILFR 3 R 515, BISEEE 53 (0 17 51 Ji o PR 20 v oA I 58 4 1R 3 43, Al 5 HE B 4302 exon — 5 Wi Sk 7R B il R 45

Double underlined are primers used for PCR. Shaded are the gap that are not shown in the NCBI database. The exon-5 is shown in box. Bent arrows
indicate the transcription initiation sites.

h TS FAK FEH S iR h T IX AT, R T exon —5 Vi R FN R DN 7 371 26 S 2 gt 15 o
KL (&13). p—662 7E CEF A /R 1 @ iR s G 1E, 8 3h 8 Wi s i A Be i oot = et
PR p—351, p—208, p— 168, HIOGRMHG B W, MK 5 Bt Bk p — 928, HAHE
R EHETEATE I, X LEGIRUEY] exon -5 FIEMIEEFH — 662 B +7 XU E 2 F G PEAR OCHE, 2
Bt A s F X3, R TFSEARCH Il TRANSFAC BT A IS ity 4 S R 45 G, SRR TIRZ
T spl . AP1 SRZ5 500 . XANE BT AR TATA #E, Mi&A GC EFX, XAAR FAK ZEH
o, XWBEH T FAK JERAUAE GRS X RS, TEAE A i) P 42 WA TR DR SF I o
2.4 FAK fERABX ZREE/HHITRN

HARTEARIG FAK FEPIY 4 T mRNA JE 2 B AR E A B, 2T r3kiny 4 7 mRNA (1 5
Ui FE AN, R IRAEBAELEAERRUE A5 Y b I B AE , (H A ASSE MR exonl b AR AR A BR ME B IEHE . UEEH X 4 Fip
mRNA (IR E HE—EU, %5 H RNA structure *£1 3B FAK EF mRNA 5'EFEXR B S
WA 5 AR SRS IX AT — 2 &5 4 T , Ry Table 1 Analysis of 5'UTR of FAK mRNA in chick
FE) 5 MK MG SR TAGE IR SRR Kby LW A - ol

N \ T 5'UTR Length uORF Free ener

Sty R . A RERT U AL e o : oy
leckasE (£1), H o-UTR 1 y-UTR B9 H HfE B-UTR 143 2 ~124.8
AR, THEMEATRE, X ZEIRAE MR i B y-UTR 212 3 -233.2
5-UTR 76 1 ~68.7

T A A7 LR AR AN [ B2 3t 52 i) Bl P A AR A Y
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IR Sh AN B BEA T, R RETEDRSS B RO RCR R AR, X S g R U] FAK B R 7R R 5%
Je BT AE BTGT AN KRB A ERRAEE IR AR A
=930 AACGTCCCCT 1L tGCCATTGCATATCGTCATCATCTTTTATCAAGT
-874 GGCAAGTGATAGGACACAACAAAACTATCTCAAAAAGCTCCCAGAAAGAGTGGT
-820 AACGCATTGGAACAGGTGGTGCTGGAGTCACCAACCCTGGAGTTGTGCACGAAA
-766 TGCAGAGATGTGGCACTCAGGACCACGGTTAGTGGGCATGGTGGTGATGGGTCA
-712 ATGGCTGGACTAGATACATTCGTGGTCTTTGCCAGCCTTACTGATTGTACGATACC
656 CCACCGGCTGCAACCTCCTTTCAGATATGTGTAGAGAACAATGAGGTCTCCATCT
-601 CCTCCAGCATAAACAACCCCCATTCCCCCAGCTGCTCCTCATATGTATTGTCTCCA
-545 GCCCCTCCACCACTTCTGTTCCTATTCTCTTGCAGCAAGACATAGAGAACACGAG
-490 CTCGAGTGTGGAGAGCTGCCTCTGAGACACAAGGAGGAGAACGAGGCGTTAAG
-437 CTTCCCTCCTTCACGAGCTCCCCGCTCTTTCCCTCAGCCCAAAGGGATCGCGCCT
-382 CGGGTAAAGGAGCGAGGATGGATTCCGTGAGGCCGCCGACTCCTTCCGAACTGG
-328 ATCTGCACCCCCTGCCAGCACCGGAGGCGGCGGCCAACGGCTCCGCCACCTGAG
-2714  GCGCCTGCGCAGGCGGGGCGGGAGCTCCCACCTCCTCAGTGCGAGGGGCGGCA
-221 GCCTGACCCCCTCCCTCCTCCCCCGCAGCCATGTTAGTGCGGGGAGCGAGGGAG
-167 GGAGAGGGCAGCGCGCATCCCATGGTGCAGCGCGCCGGGAGGGCGGGGGAGCG
-114  GCCTGGAGTGGCCGGGGCAGGGAAGCTGGGAGGCAGGCAGGGAGGGAAGCGA

-62 GCGAGTGAGCAAGCAGGGAAAGCAGCAGTTCCTCCCCTTCCTCCICACCCCGCA

+1 exon=3
-8 GAGCTACCGAGAACGGGGCGGGCAGCGCTGCGGTGAGACCACCTTACGGCTT

—928 [q p-928 HES
E3
-662 —{L0Q p-662 ﬂ;é:,_ -
B 35— 0Q p-351 © #&E 3t
Wil
—208 —{CUQ p-208 -5 £
BE
—168—C0Q p-168 : .
p-928 p—662 p-351 p-208 p-168
FEEE Plasmid

B3 35 CEF #fah FAK EEZOBHFEHNTHE
Fig. 3 Identification of the core promoter region of FAK gene in CEF cell
A, M8 FAK JEPUR S FIXATH . 0N QIR AR R 28 43 5 2 m Al 8 s 271 P i BRI I 09 L5 1R Es 4, o kiR s
— SRR . B, & FAK R F AR B R B ok, C. FAK JA 3 TR [ BE R Be iy e JEORE I AR X T 14
A. The sequence of the chick FAK promoter region. Underline and double underline mark the primers used for promoter constructs. Bent arrow
indicates the first transcription initiation site. B. Schematic maps of FAK-luc constructs containing various length of FAK promoter regions. C. The

promoter activity of FAK-luc constructs containing various length of FAK promoter regions.
3 itit

FAK S FUEEWERN AT E R, BIHFC R, WA /ANEEERME | BRI R IE FF
e R AR A R A N FIBE St 2[RI AR LA AR SR AR S

J T HFSE FAK BRI R PENLE], IREUA K cDNA AR IIRERTSE AU AEAY . RACE FoRJEIR1G4
K cDNA ByER . AIAERY 2 % ARBFSE I RACE Hi AR B R TEFE SRS XS AY FAK FEH mRNA # 5/ 35
JEA . ARSCHRIE Y 4 B0 53 mRNA BP0 LR ZEHE 9 mRNA (NM_ 205435) #9 50 2K

ARFFEHIE T FAK FEH mRNA % exon — 5 TEFERHAN S, WFEZHIE T exon —5 FIFAYIE 3
FIXALEH, i 3072t R 35 R 3k ok 10 va b AU sh PG PR ORI, UER - 662 E1) +7 1)
XIS F I 2 F B M AR X, XGRS TR A0 5 A 8 7 AR, R TATA HE, 1 &
& GC B, XIMLT FAK 5858 sy,

FAK 3£ mRNA () Z Rl 25§ YL U 2 AR R 07 S AR, B 1 R 24 7 5 B Sk s T
ML, FEARSCHGE Y 4 B FAK P mRNA JEH, 3 PO R ATvm &R 7 T exon —5 H1, 155 4 F mRNA
1 5 S F exon —2 H, iX 4 Ff mRNA 2G5 H8H exon —5 FIFIE s F 5%, RG22 55 91 n T
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ME SR mRNA JEAWE, M RETE exon —2 BUHFAA 5 —Nash+, @it BUS 8h 7ok AR Y mR-
NA Wgo XA AR i — P o, A, TECHIEM A FAK ZEH ) mRNA 1Y 5" vt A7 2 Fh
AR YL, U FAK JERITESS S 5 AE e nl 28 B UI I HLHI 2 IR~ . 54, i mlid st ZFE
mRNA 3R BIR X R 91 45 FAK IR B !

M2, FAK RPN 2 A, EAEH S AR AR 55 | B SRR e BB IR 1k
1B, ASBFFEXT G IR LET AE R FAK JE DR S AT A% O3 i X B, S DS i — 2D o0 i s IR 7
XX FAK J PRI 3 Sy o 255 1 38l % 4 Rl 2285 PR 5'UTR B4t hy FAK BPE IR B IR A
WS ERAL TR AR
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