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Expression of ATF2 Transcrlptlon Factor and the Interaction with AP-1 Factors : BATF, c-Fos, c-Jun.
Hye- Young Jang and Jae-Ho Kim'. Department of Biological Sciences, Kosin University, Busan 606-080,
Korea, 'Department of Biology, Kyungsung University, Busan, 608-736, Korea — ATF2 is a cellular
transcription factor which belongs to the CREB/ATF class and it is leucine zipper protein which
generally binds to DNA as dimers. This paper presents the procedure for subcloning the ATF2 gene
and the results of experiment used the expressed ATF2. The pET expression vector was used since
it produced 6xHis fusion protein for easy purification using affinity column. The Nickel chelating
chromatography was used for purifying the expressed-ATE2 from E..coli BL21. Subsequently In. vitro
binding pull-down assay showed the binding specificity of ATF2 with AP-1 family factors such as
BATF, c-Fos, c-Jun and ATF2 itself. ATF2 forms homodimer as well as strong heterodimer with BATF.
It also forms stable dimer with c-Jun but barely binds with c-Fos.
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Yzl AAE ] FAL YA 7 & AJol= A
AT WA AN B 5 Uk B e agol
H. 2 AAE RNA 8529 997} opydA A4S 2
Aohe ¢ A S A i AFAE A= oF 300
939 Be ANUAES] WA ATE519. BAAAE
< WAZ F kA9 7154 998 Za o 1 sue
DNAse] A& A8 Foola t& shte Hale 843}
£ A% Fgo|th(22). AARIASE 22 DNA Agdude
Helix-turn-helix (HTH), Zinc fingers, 18]35 Basic region-
leucine zipper (bZIP)2] 37}4] & oj d}itol] &&= do-
maing 7}3t16,17). o]# 3 domainE2-DNAY 45 &4
< 319 59 B major grooved 37 A 12
< minor groove®} &7 2ZHE-37|% 3TH(12).

tf £-3%9] proto-oncogene?] AHEEL ¥ W A3 AL
249 922 o ol B 279 AR A2l o)
Uehte 97139 238, & AdA o8 doll AH U
Bue 712k Al % E % 3?}"]717] A3 2Hg-ghot
(4,10). < c-Foss} cJuns} 2 2B proto-oncogenedt =
< AArIAd o] ¥HE R 0.1 (23) o] -2 bZIP T2 o|TH(12).
bZIP S A & dF WA oful ittt FAE X FEH o
Zo] 45¥ A& wkEste} gla A7) F
ZIP Qo] EA)st7) o] 87 o] Fojrt. bZIP g g e
FA RN 2588374802 oFAE HE $Hol3
| (homodimer)t} o] o] g (heterodimer)E F A3} o]
o g7]4H& DNAY grooved] AFate] AgH3rh(12,21).
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o o]F e A 2 flolx T8 98-S 8
oA BHAlY g 2Fog sl F olFA
(dimer)E o]H %Z%E o]Fo] o]H target gened) A3}
upo] whal A E fAAY] WAL SRR $A HAE o
A7 FH69). ol 2 A Bl - 54 &

7INEE AAsE HAARIAE] DNA €714 E& A48
o Ao 2A AYHTH20). o o] 2Fste F /A F
2% B9l AP-1/TRE N Q(2)% ATF/CRE Mg 2.9)o]th
(14,15). AP-1/TREM E(TGACTCA)= ¥ Activator Protein
12354 && phorbol 12-O-tetradecanoate 13-acetate

~(TPA).-responsive element (TRE)o|A. &2 34.0.9. c-foss}

cjun A el TFE AAEN JeiA A4ETt I
ATF/CRE M €(TGACGTCA)+= activating transcription fac-
tor (ATF) 259 3& cAMP responsive element (CRE)
A f# Rov) ATF 22 CRE 23 ¢ 2(CREB)E ] ©
A AAHTH25). ATF2= bZIP S A2 A A X9 stress
of e & ZHFTH7IL24). ATR2E F30|FAE 3
Aote AL 280l E}E bZIP G d &3 e oz of
44<Q) DNAXN g 23t 3
7 Y 2Ee é%‘lﬁﬁ}i <A ATH(18).
HARIAE L A3 o] A (dimer) 233} target gene
o 2% e B bt AE 7HAY AXE F
I 3 B A7 . & AFdAae
ATF2¢] A Z ] stresso]] thgh whg 29 7)21& ]33}
88t} ATF29| Jun, Fos, BATFS AP-1 familyd] £38& &
ApolAEs o] Ae A dimerd A AL o9 A%
Foto] Fs AT A
& ATF2&= ¢DNAE His tag expression cloning vector(26)

5 8-& pull-down binding assay & £



g ol838le] THAFH o FFE His tag sequencew Ni-
NTA (nickel containing nitrilotriacetic acid)E o] &&=
nikcel-chelate system(1)9] Al-g-2 2 a7 & 715
3HA stk

Al
=

o

Mz U
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gEA 2 DNA 444528 New England Biolabsol
A, QIAEXII= QIAGEN®] A, standard high molecular
marker (A Hind )9} low molecular marker (¢x 174 Hae
I1I), prestained SDS standard molecular marker+ Bio-rad
A FYsH Tk Plasmid pET-30a(+)His tag expression
vector= Novageno| M E. coli DH5%} BL21& Invitrogen®
28E 79 &4tk Plasmid pcDNA3.1-ATF2, pEM/c-Jun,
pEM/c-Fos, pEM/BATFS} AALelal @l A c-Jun, c-Fos 1
2]3 BATF= Dr. E. |. Taparowsky (Purdue University, IN)
2EE AF w3tk 6xHis -§-3F vl g o] o) QlAexpress
Ni-NTA Protein Purification System (QIAGEN)& A}-83} 91
1, In vitro transcription/ translation reactions-& TNT Quick
Coupled Transcription/Translation System (Promega)& A}
£3150 o). *S-methionine (1175 Ci/ mM)-& ICN (Irvine, CA)
oA At

2

=g plasmid M= ¥ transformation

Plasmide] Az 374 o) DNAGH 9] 222 QIAEX II
Agarose gel extraction procedured AL8- 3%t} Beadst 2
3 3 DNAE= Az217] ¥ Tris-Cl (10 mM, pH 85)2 7}
gt} 4EY s

DNA ©H 59 442 05 mMe] ATPE X383 T4 DNA
FZAEAG unit)E o} &3t oA 3087 F¢ A H
Ak ol pet-30a(+)Hisw 20 ng/ule] =&, pcDNA3.1-
ATR20| A B2j® 932 26 ng/ule) & & AHEHAT o
AEFY L competent E. coli DH 5% transformationdh=t|
AL E AT B A A= Mandatis ef al (13)9] Wi o) what
AAAZ1(4,000 rpm, 5%) E. coliv] S 5% DMSOE %
gt TSBo) =0 U 9o Fof DNAE +&8 & Sle
competent cell2 HEo] A}E-31HtE 0.1 ml2] competent
cell &4 11l (10 ng)9] DNAE #7}3te] A& 4+ <
o] 15871 x5 & 42°Colj A} 187} heat shockS FT)
Heat shock¥ 41434 @& <t 283 o BA¢ ¥ 1B
broth/kanamycin medium& ¢ o] 37°Co A 4587+ wj % 3§
At Al&ste] FAAGH E coli DH5 celle] 4L 93]
LB/kanamycin plateo] A 24A17F W= i) A A EH E.
clizRE pasmidE B 3 Hindlll 398 89
ATE-2 gened] 4tdirake] ek A2 plasmid 2 5
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H 6xHisZ 7} ATF2 fusion 9949 28 & ffMe &
o oz #olH plasmid 2 ul (20 ng)Z A E. coli BL21
(DE3) cell& thA] $19] WO 2 transformation AT}

ATF2 expression and Purification

6xHis2 g3te ATF29) w33 £+ IMAC (immobilized
metal affinity chromatography)el wl&& & QlAexpress
Ni-NTA Protein Purification System (QIAGEN, Valencia,
CA)S A48t A LB/kanamycin plate2 ] pET30/
His-ATF22 transformation® E. coli BL21 (DE3)& A3}
o} 5 ml LB/kanamycin 3l ¥ o 2 354k A g} 2
Hj ke 50 ml LB / 5 ul of kanamycin (30 mg/ml)<B &) &) 2]
o)l 4] o] Fo|xm 37°C, shakerel| A 2217} Wi & ATF29) &
8-S 98kl 30 g} IM IPTGE F7hebx 3083k sk )
A9tk 9 g Eo] §5H celle 941225000 rpm, 15
min, 4°C) & 2 ml®} His lysis buffer (8 M urea, 0.02M so-
dium phosphate, 0.5 M NaCl pH 74)2 resuspend & ¥
sonication (5x20 sec) Frh HH &4 AL (5000
rpm, 10min, 4°C) ¥ A5 H | His lysis buffer® & Ni-
NTA(nickel containing nitrilotriacetic acid) agarose beads,
200 ulZ o] 4°Col A 90E7F vt-& AJZ ) o} nikcel-che-
late chromatography (Fig. 1) 3% o] A polyhistidine (6xHis)
&3 WAL nitrilotriacetic acidel] A gH nickel iond] F
2ok, 4% ¥k & His lysis buffer2 A bead& vortexs}
o 53] ol AHF & 100 ul? binding bufferg 713t
-70°Co) A &psich Agehill Aol f2= 10 ule] beads sol-
utiong #3}te] SDS sample buffers Y1 95°Coll A 587
boiling & & SDS-PAGEZ 7] % 5} golsit}. ATR29
g2 9sjME 100 1l A E(-70°C) His-ATF2/Ni-
NTAagarose beads & 20 n19} bacterial protease inhibitorE
st e 1 mle] TBSEH 53] AAgch 43 F 1M
9] imidazole< ¥ 33k 100 plo) TBSE F25 ATR2E £3
gk 45 F TBST 2R d&9d Tt 454E A
3 2o #A4 L whEsle] g3k ATF2 4898 pull-down
protein binding assay’s o A+&3HHTh

In Vitro transcription/translation

HAAIAE 9] binding assayol] H Q3 WAty B4 @
A9 A48 A3 In vitro transcription/ translation reactions
= TNT quick-coupled in vitro transcription/translation
system (Promega)g A3l 2+ ©¥id 9] coding se-
quencesE X3 plasmidol] go] ATF29] A& T7
polymerase, c-Fos9} c-Jun®] 42 T3 polymerase, BATF
9] g4 o)) = SP6 polymerase 52 A& 3t} Zhzbel ol
2 AL 93A 1 uge DNAE 20 ul9] reaction mixture
o] 23 “S-methionine (1175 Ci/mM)(ICN, Irvine, CA)¢]
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Fig. 1. Nickel chelating chromatography. Nitrilotriacetic acid matrices can bind 6xHis-tagged proteins more tightly than IDA
(Iminodiacetic acid) matrices, allowing the purification of proteins.

24 3 30°CE 60%7} incubation 33T}

Pull-down binding assay

0.1%2] protease inhibitor7} H7}E o]z 500 ple] RIPA
(radioimmunoprecipitation assay) bufferol 10 pl¢] in vitro
transcription/translation W3- 3} 1 yge] His-ATF2/Ni-NTA
agarose beadsE $H7 Y1 4°CollA] 9087} incubation &}
t}. RIPA buffer= 150 mM NaCl, 10 mM Tris-HCl, pH 74,
1% sodium deoxy cholate, 1% Triton X-100, 0.1% SDS& ©]
Fol4 Bugel wEold AS YABT WS T AR
2 o S AL 500 yle] RIPA buffer 53] o] A Xy
o] AAH 1 agarose beadso] 2¢A G AL 15 pl9) 15
X SDS sample buffer 587F boiling $2Z A elute® )
A%E gl AEL 12.5% SDS-PAGEF autoradiography i
o3tel B,

o o g

=g Plasmid 2 7&

ATE29] 28L& 93 A 23 plasmide pET A28 S A}
£-3} | tH(Fig. 2). pET= cloning/expression ¥-%}7} T7 pro-
moter T}&-ol 7] W&ol E.coli®] RNA polymerasedl] 23]
M A EHA et kA coningZ g ol A b Hgk
oluyg} T7 RNA polymerase gened 7t BL213} & 4
9 hostol Mgk B HE o] o] itk ATF2 coding sequences
€ pcDNA3.1(-Myc-Hisol £F8 2& subclonings} %07
o] A& A& pCMV-ATF2 (T. Hai, Ohio State University,
Columbus, OH)e} 235 o] U™ AHolt}

Expression vectorq] pET30(+)Hiséx= BamHIC. 2 (37°C, 1

A1Zh) AeE t}e A£3le] CIP (Calf Intestine Phosphatase)
24 M99t 54 kbs] 2 44e] pET30(+HisoxE 1%
agarose gelold A7]495 ¥ QIAEX II Agarose gel ex-
traction procedure2A FZ3lo] Alg 3t} ¢ ATF2
AL} gened] coding sequencesE ¥ 35tE pcDNA31-
ATF2+ 6.9 kb2 A ATF2 ¢DNA 14 kbE& MCS9| £ &s}1
Atk pcDNA3.I-ATF2E BamHIC. 2 A2 (37°C, 147h H
o1 1.0 % agarose gel2 H7]%9F & st 5.5 kbs} 1.4kb
o] % band2 9l 3¢tk 2% 14 kb =7)9] fragmentt
Al X 7)% 5 QIAEX 1I Agarose Gel Extraction protocolZ
A %2 Aok A&sto] YAE vectorst insertd] ligation
mixture2 4] E.coli DH5S transformation A]Z t}.

Y
e
0=
00k
%
e

o

oli DH5 cell® LB/kanamycin plateo] A
A g9t} LB/kanamycin®] 2] o 4 }2}
Az plasmidE Zte= EE colonyE ¥
HAAGE T A insertd] ATF2 gene?)
o] 7}% 3k right orientation colonyiHg X
Fajolsly o] Ysle] AFEL HHE o] &8 Felo] B
23)t}, Fig. 3& LB/kanamycin platecjj A} A& % colonyd
A mini prep& E3to] 4-& DNA9 Hind ME A2 3 A
o]t} 1.4 kb9 insert= Hind TITo] ¢]3}e] 04 kbs} 1.0 kbE
o] Al pET30(+)His6xe] MCSe 9l& HindIlIe} 4 A 8
o AgEg e W JHHT DHL inserte] A4 YH Wl
u}g} 6.4 kbo}l 0.4 kbE vFEFY AL ol 58 kbs} 1.0 kbE
Ueh}Al 9tk Fig 39 lane 2, 6, 72 A2+¢] 7900 lane
3, 4, 5% FA}9] 7-$-o|t}. Expression vector pET300] ] T7
promoterE o] &3}o] 6xHisZ &39 ATF2¢] 23 g $%

LERERR
[o]
[}

o
r &

ok
=
)
H
v}
(d

[t H.u r

il

>
1A
I
1-’.
o
2.
o

— =

T



ATF-2

pCDNA3:1-ATF2
6.9 kb

Journal of Life Science 2005, Vol. 15. No. 6 931

Wrong
direction

6.8 kb
5.4

pET-ATF2
6.8 kb
54

Fig. 2. Schematic diagram of recombinant plasmid, pET-ATF2. The pet 30(a) expression vector carry an N-terminal His-Tag and
the cloning/expression region of coding strand is transcribed by T7 RNA polymerase.

Fig. 3. Hind Il digestion results of the recombinants contain-
ing ATF2 gene. Among the clones which contain the
1.4 kb ATF2 gene, the clones which has the correctly
oriented insert showed 5.8 kb and 1.0 kb DNA frag-
ments produced by digestion with Hind III restriction
enzyme (lane 3, 4, 5) whereas the clone which has the
incorrectly oriented insert showed 6.4 kb and 04 kb
fragment (lane 2, 6, 7), respectively. The bands of 1.0
kb fragment of lane 3, 4, 5 were so faint that barely
recognized but enough to confirm the size by compar-
ison with &y 174 / Hae 111 marker of lane 8. Otherwise
the bands of 0.4 kb of lane 2, 6, 7 were migrated with
the residual RNA contaminator. lane 1; standard high
molecular marker(A / Hind III), lane 8; low molecular
marker (dx 174 / Hae 1II).

right orientation®] 7A$% lane 3, 4, 59) #4924 E.coli
BL219] ¥ZHES 95t MUt H=E colonyd
right orientation?] &<l W& 57| HAe]Td = sequencing®
Z 7}ssiek 100 ul cell solution® & Purdue Genomics
Core Facility (WSLR-West Lafayette, IN, http://www.
genomics.purdue.edu)s A #13 A ATF2 FHAL ]
golgglen deduced® amino acid sequencing Z3}=
His 6 tagZ 7}7 4 &3k dlakd o) ATF2 fusion @23l o]
ZH ). AlLE ATF29] expression correct orientation
o] #g cloned mini prepg 3}l UL DNAZA
transformA| 7! E. coli BL21 (DE3)o| A =88 & ¢lc).

ATF2 2&izt MA|

ATF2¢] ¥& & E. coli BL21 (DE3)o] A o]0 F on ut
He ggetwiae Eule Ni-NTA Protein Purification
System© 2 3 ¥ Ut} E. coli BL21 (DE3)&= lambda DE3
lysogen©. 241 lacUV5 promotersle] T7 RNA polymerase
geneS LT QomZ pETU pRSETL o] §3}]
bacteriophage T7 promoterdte] clone® gene] Hdd] &
2 o]}, Sequencing® 2 correct insertiong Zte F o2
3918 E.coli DH5+ LB/Kanamycin mediumefl A 1 ks ¢}
o o7 %29 plasmidi= T E. coli BL21(DE3)S
transformation A]7]+=4 AF$-5 910 LB/kanamycin plate
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oA AeE colonyw SollA 7]&d Bid wel 5 mle
overnight AwWj¥E AA 50 ml LB/kanamycins) A} 2417t
Hl® & IPIGE =3 AT pET vector= lacl geneg ¥
et A9 IPTGO 9)3}o] repressor= Al AE 1 clone®
gz wye et @Y ATR2E N-terminald] 6
Aol &3¢l histidined ZHA| ¥ E nitrilotriacetic acid
o] 25 nickel ionoll F2r= o} ZelHt) Fig. 49 lane 5&
o|9} 7 A& A Hisbx-ATF2/Ni-NTA agarose beads
of imidazoleg A3t Fia dwids Bd F

(95°C, 5 min)Z denaturer]# 125% PAGER #7]9% ?'15}
Zolth. Brd " ATF2+= 89 kDa9] serum albumin®.t} OEZ_
] o] 3o 2 A dAEE 27](80-85 kDa)9} 9] F.
control 2 A] A}-23F BATF, c-Jun, c-Fos® % 2+t 31 kDa, 36
kDa, 53 kDa9] <)== X9 i

AP-1 MARIRtS 30| Zgt
bZIP %@HX—J% FA AHEAE olgsto Tl FA e
EEolS B 2R olBelPAS AT & YTk ATR
A3

9] AP-1 @A}%X}S’H 23k Aol A 493 pull-down
assay AAFd| w} transcription/translation ¥H-g-3} His-
ATF2/Ni-NTA agarose beads& A48t} S methionine
o2 ®AHY ATF2E B £3 AP-1 family$] BATF, c-Fos,
c-June A Zbz} 6XHis-ATF29} £3 5 0] pull-down® 305
olmf AHE-E WAlw E4 Ao 1/100] A7G5Y U=
2.8 87 AH% HlthFig. 5 lane 14). Fig. 5+ ATF29)

1/10 input

c- Fos ATF2

BATF c-Jun

91 kDa —»

Fig. 4. Expression of ATF2. The transformed cells were soni-
cated and 10 1 solution of the 6xHis ATF2 fusion pro-
tein bound to nickel agarose beads were boiled at
95°C for 5 min in the prescence of SDS sample loading
buffer. The expression of ATF2 was confirmed by SDS
12.5% PAGE electrophoresis. M; Molecular marker
(Bio-Rad prestained SDS-PAGE standards, Low range
(cat 161- 0305). lane 1; BATF, lane 2; c-Jun, lane 3;
c-Fos, lane 4; ATF2,

02 AARIAERe vdd 2F%EE BodFan Yok
lane 82 bZIP B A=A o 45+ homodimers] A&
BoZn & x99 heterodimer?) 3A& BATF99
Atole] 747w stth(lane 5). Junste] A2 WHlstAw

His-ATF2 pulldown

Fig. 5. Pull down assay between ATF2 and AP-1 factors. The 6XHis-ATF2 fusion protein bound to nickel agarose beads was in-
cubated with in vitro synthesized, [358]-labeled c-Fos, c-Jun, BATF, or ATF2. 1/10 volume of each labeled protein was

used as a control.
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EE AP1189 cJun, BATF S5 37 het-
erodimerE ©]Fo] AE A<l interfamily o] o] FAE A
FgozA A z2dd doA Thkd HAUE
¢ neaz. & A7) 23S vho s CRE 5& TRE
5 O%¢ target DNAE o] &3} Electric Mobility Shift
Assay (EMSA)= 8142l interfamily heterodimer &4 o]
AXA ALole] AR HE & 53 target gened] Fa
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T8 9%S b Axe FARIA ATR2: ATF/CRE
sited]] A3telv] 53] HHHQ interfamily o] Fo|FAE &
AEegN AAb - Sl kg HAYES ATE
4 Qth B A= ATF2 cDNAE 6xHisE 713 ex-
pression vectoro]] subcloning sF¢] E.coli BL21ol A &3 A| 7]
t}. 6xHis tag-> nickel-chelating chromatography 2 71353}
A Atk Bd " ATF2= In vitro binding pull-down assay
A FEOIFAE ol & Wt ol AP-1 259 AAEH
QAL o FoIFAE WAWS Rl T3 BATESE 7
A AgFon clundte AIE ol PAS FAA.
2%

=
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