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TAET SR RBA M rh, IkBa 2 AR LAZE ML T
18 o JLA B8R (1 E A7 411X (ankyrin repeat domain,
ARD) Y NF-kB [ Rel [ X RHD (Rel homology
domain, RHD) Z5&EHE G, ] NF-kB HEA
A1 A% R AT S AR, AL DA—h e s R
BAFAET Mg b 03, IkBa 4% NF-kB ) AR e
+or 2%, H Ao LR 2 10 S 41 i R F TNF-a
HIIL- 19 B 52 (ROR A5 5 A% 33 2] NF-B 15 5
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1 #MR577E

1.1 SRIgdr

16 B (DHS o) B A6 350 5 B AP R R 57
fE 2w, kL pDsRed-Mit [ Tsuruta ™ 2 % 2
p53 cDNA (I TR b (BB g K27 252 e ) B
A4 IkBa ¢cDNA J& 2 K %8s /4 GenBank
A FENFES Sk AY033600, F1) A AEHE A
AT RAE (i4k: pRBO1-IkBa). pECFP-C1 # 45
T Clontech 2~ #]. it FH 5193 i A6 3 = iz 35 A A
A R AN R R G L (Qlagen A Fl) DI
[ ) (R T 2 W) 42 R AR R W AT A .
T BRAIPE Y DI & T4 8RR H TaKaRa A,

Plus Taq B0 T L iEA: TAEM TREA PR ). #E4L
i 7| Lipofectin Reagent 2K H Invitrogen /A . LMB
P51 Calbiochem 723 7.
1.2 FRAE

Jitki pECFP- IkBa (1~317) .« pECFP- IkBaM
(1~317, Ser32A, Ser36A N4 I#). pECFP- IkBa
243N(1~243)F1 pECFP- IkBa244C (244 ~317) (1) #)
444 pECFP-C1, BEVILL AL EcoR 1 F1 BamH I .
IR A i SR ANE S i =@ & W O VA= AN
pp53-DsRed (1 ~393 /™24 L 2 ) Al pp53/47C-DsRed
(47~393 MEIER), LL pS3cDNA X p53/47C HUAL
pDsRed-Mit H1] Mit, BUIAL A Nhe 1 F1 BamH T .
PR TR T 5 1 W3R 1. T E4L 740 Y]. PCR
S (E it T AR BARAT B 7)) S

Table 1 Primers and primer sequences

Primer

pECFP- IkBa FW

Sequence

5’ ¢ cgg aat tca ttc cag gcg gee gag cge cee cag gag tgg gee atg gag gge ¢ 3’

Amino acids

1~317

RV 5’ cge gga tee tea taa cgt cag acg ctg gec tee aaa cac aca gte 3

pECFP-IkBaM FW1

5' gag cgg cta ctg gac gac cgc cac gac gee gge ctg gac gee atg aaa gac gag gagta 3’

1~317,Ser32A,Ser36A

FwW2 5' g gag tgg gce atg gag ggc cce cge gac ggg ctg aag aag gag cgg cta ctg gac gac ¢ 3’
FW3 5" ¢ cgg aat tca ttc cag geg gee gag cge cce cag gag tgg gee atg gag gge ¢ 3’

RV 5" cge gga tee tea taa cgt cag acg ctg gece tee aaa cac aca gte 3’

pECFP-IkBa243N FW 5" ¢ cgg aat tca ttc cag geg gee gag cge cec cag gag tgg gec atg gag gge ¢ 3’ 1~243
RV 5’ cg gga tce tta tea atg gtg atg gtg atg gtg gac atc age ccc aca ctt 3’

pECFP-IkBa244C FW 5" gg aat tct aac aga gtt acc tac cag gge ta 3’ 244~317
RV 5’ cge gga tee tea taa cgt cag acg ctg gec tee aaa cac aca gte 3

pp53-DsRed FW 5" ctag cta gcg gaa gct tee ace atg gag gag ccg cag tca gat 3’ 1~393

RV 5" ¢ ggg atc ccg gtc tga gte agg ccc tte tgt 3

pp53/47C-DsRed FW 5" ¢ tag cta gcg gaa get tee ace atg ccg gac gat att gaa caa t 3’ 47~393

RV 5" ¢ ggg atc ccg gtc tga gte agg ccc tte tgt 3’

FW: Forward primer; RV: Reverse primer.

1.3 ZHAEEES

Jis U5 958 401 L ASTC-e-1 (% T K 27 = 2% [ 9 B
HWEE )R 5% T DMEM B 2, L4l h -
DMEM (GIBCO). 15%#7 4= 2= i i (B M DY 2= 2k
Yy TOREM OBEWE ST BT ). 2 mmol/L 4 % Ik % <
25 mmol/L HEPES. 100 U/ml % % % . 100 mg/L
B, 37C 5% CO, A M BE A0 AT 85 9%
80% /- 41 0 R M 4 e 5 Lipofectin Reagent
(Invitrogen 2~ m)) Fl—FP g Fl 0.5 g 1) F0RE 444
BVFMALFRIEE TR 10 h J5, 00 HOFT B R R B g
24~36 h 5, #ATAEE, L7 UKL pECFP-C1 AU
pECFP-IkBa i A % .

14 HAHBEERFHEIN

Rkl 40 i B T OC IR AR WA (HE 1 Zeiss
A7) ConfoCor 2) fHMA I IR & EREATIEE 37°C,
5% CO,). H. %l ) DsRed Hi 543 nm ¥ 6 ¥ K&
(HFT488/543. NFT545. LP560 nm) M %
p53-DsRed Hl p53/47C-DsRed () 3k Hplf) CFP
HH A 25 1O S RO I 458, 488, 514 nm)
458 nm & (HFT458 nm. NFT545 nm. BP470~
500 nm), Ml CFP-IkBa K¢ H:587% 4k CFP-IkBaM.
CFP-IkBa243N FlI CFP- IkBa244C 75 48 Jifd 1) 5E 7.+
CFP Fl DsRed [f) FRET, [ 458 nm %, [A]I W
M CFP (HFT458. NFT515. BP470 ~500 nm) fll
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DsRed (HFT458. NFT515. LP560 nm) P/ il i
(IR e R F2 M IE, FRET i), DL ratio
K% (I Zeiss Rel3.2 EG A BEFR A1 552 R B
I LAE A PEZ B 4. UV S (150 mI/em?) Ji 52 I
W22 41 g DsRed/CFP ¥ LL A2 k. LMB (10 pg/L)
PEFTT W80 40 B P 4% 2 A 1 1R 0 A S R AR
1.5 ZHREAXE

W 543 nm SR IBOE A IR N — e X I
DsRed HFATIE 1, 15 FZ 4L interation (100), 2 Ji5
ML X P4 4h CEP A1 DsRed 9 /N3 18 9% 6 48 &
A4k, # Ml DsRed ¥ R, DL A CFP i [ %¢
DR E 5 AT L A .

P

2.1 pS3 EMAREPEIFRIZIER

LT p53-DsRed M H 9848 1A p53/47C-DsRed
AN MR 36 h Jm, HIBOE LR A WA s Wi
Zi WKW, p53 FE I/ An T ML T, p53/47C Kk
= N ¥iit 46 MRIEBR I p53 RARA, HAi 5 ps3
AHAEL (K 1).

p53-DsRed

p53/47C-DsRed

Fig. 1 Microscopy of p53 and p53/47C in living cells
ASTC-a-1 cells transfected with p53-DsRed or p53/47C-DsRed revealed

a predominant nuclear localization.

22 IkBa K I T K IxkBaM.
IkBa244C 7R A B FTRIEIF R

FH 06 S 2R £ BB W 4% & T pECFP-IkBa
(IkBaM. IkBa243N. IkBa244C) )5 ki (K40 i, 45
R B RN, T i CFP-IkBa ( 4 K IkBoa).
CFP-IkBaM (5 32 1 36 {7 22 2 R 58 7% 0 IN 2 TR~
/& CFP-IkBa243N (F AR A EE 741, (Hik
Z C uiff) PEST X)), 753 14 40 1l 1) M S A oAz Ay
WHENM, MEZESMTRESD, MW
CFP-1IkBa244C (%1 C uiff) PEST [X) 75 Ml k% 1) %
R R TR (1 2).

IkBa243N #A

CFP-IkBa

CFP-IkBaM  CFP-IkBa243N  CFP-IkBa244C

Fig. 2 Localization patterns of IkBa and its mutants in
living cells

Cells were transfected with CFP-IkBa, CFP-IkBaM, CFP-IkBa243N,

and CFP-IkBa244C respectively (from left to right panel). CFP-IkBa,

CFP-IkBaM, and CFP-IkBa243N mainly existed in cytoplasm, while

cells transfected with CFP-IkBa244C revealed a predominant nuclear

localization.

2.3 A FRET W% p53 5 IkBa BIHHEEFR

L Y258 p53-DsRed Ml CFP-IkBo B H: 58
AR, AN R R 3R 0K o A (B 3). dLEE g
p53-DsRed/CFP- IkBa 1% p53-DsRed/CFP- IkBaM
AN, 2OER A F AT K, HiZn
A Fr AR KT R iE, ratio PG (R i Zeiss
Rel3.2 EGAL A AF V5t (10 52 AR UG S AR B R
) be B ) A FH M. SR 3 G p53- DsRed FH
CFP-IkBa243N [ 41 i, CFP-IkBa243N - %) Afi
R, I ) DsRed 3 & (FRET 3 i&) i 3¢
KMo WA 9 5, ratio IR A I, 2 5 3k
1 458 nm A1 543 nm 46 5 Bl Kk St e
p53-DsRed I CFP-IkBa243N [I4IHE, 5 F a1l 4,
PRIETE L T A2 501, p53-DsRed 247
TN, 1 CFP-IkBa243N 8550 41 T 0 3¢

Acceptor- Donor- Ratio Overlay

filter filter image

p53-DsRed/
CFP-IkBa

p53-DsRed/
CFP-IkBaM

p53-DsRed/
CFP-IkBa243N

p53-DsRed/
CFP-IkBa244C

Fig. 3 Interaction of p53 and IkBa in static cells
The characters on the right showed different co-transfected cells. From
the left to right panel were the images of DsRed-channel, CFP-channel,
ratio, and the overlay of the former two. The ratio images represent the

division of the acceptor filter images by the donor filter images.
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IkBa243N FHAGESEI pS3 HIElr, A 3 LE%
J¢ p53-DsRed/CFP-IkBa243N (41 g, I FRET
W IE IG5 5 H W RE A T CFP 1 9% i 2
DsRed i i Al DsRed i % 11 DsRed B4 4% K 1)
9. L YL p53-DsRed/CFP-IkBa244C f1) 41 il ,
FL 2 Bl R G H R o3 AR S HTTH 3 R 3 B
AW, MK KM W YA p53-DsRed F
CFP-1IkBa244C ()i, HEZNA TRz T, M
WA R IR IA, ratio FUG W BHTE. 4 B AR TH
(1) IkBa 7555 p53 MEATHLEL YL, S0 T
ANTF 45 5. Horh IkBa243N I ASBE AR p53 1R 4l
MW IERL. Fi4b, (3L 4L p53/47C-DsRed Fil
CFP-IkBa 41 s N, p53/47C-DsRed 1 A7 (L T
Mz, CFP-IkBa U 225040 Tk b (] 5).

pS53-DsRed CFP-IkBa243N Overlay

Fig. 4 Localizations of p53-DsRed and CFP-IkBa243N in
living cells

Cells were transfected with p53-DsRed and CFP- IkBa243N. The cell

was excited by 458 nm and 543 nm lasers respectively. From the left to

right panel were the images of p53-DsRed, CFP- IkBa243N and the

overlay.

p53/47C-DsRed

CFP-IkBa Overlay

Fig. 5 Location of p53/47C-DsRed and CFP-IkB« in living
cells

Cells were co-transfected with p53/47C-DsRed and CFP- IkBa. The cell

was excited by 458 nm and 543 nm lasers respectively. From the left to

right panel were the images of p53/47C-DsRed, CFP- IkBa and the

overlay.

24 ZHRAZEFAMR pS3 5 IkBa HHEEIER

DL b Sz 45 B350 9] IkBa T IkBaM 20748 B 5%
W T pS3 Mg A7, X AT REE i T e ps3 HEEk
AETHEAER, ¥ pS3 sEfire Mg, R
Re e ER T pS3 (55 msh E—E i, )

B8 T pS3 A, A TR AR 5, Al
P N 52 A G E BRI — AP 56 I 552 I 0
FIX N p53 5 IkBa MIAHEAEH, 45301 6a. ¥
11X 4 p53-DsRed )58 G BERMRE TR, iy
P, XA pS3-DsRed [9¢ 65 il 2
Brf%, (HSEAX AL, N BRIRE RN, 3
EE AL FE s, ©AF p53-DsRed 73 TAETE X Y
ShH YL 11 CFP-IkBa 7E p53-DsRed #4725 4 ) »
T CFP [ 8 & A 11 [7) 452 (1 1) DsRed # %,
A X W56 P, iS5 CFP-IkBa
()58 6o B2 XA P BRAK, RWE O X AN K
CFP-1kBa 75 ] A4 5, [R) B Bt A5 358 1 DX L ()
p53-DsRed & #i it N A X, 52 4 &1
CFP-IkBa 4" K, X5 p53 - IkBa B A &
i, g 2T LLA CFP [ DsRed #8511, X

(a) 150 I

120 |

_ &

!

%4-
i
¢

f#

Intensity

(o)
S
T

(98]
(=}

I o P WL L T ¥

0

| | | 1 1 |
0 212 710 922 113.4 134.6 1558 177.0
t/s

(b) 150+

““-ﬂ"wn‘-‘-—"‘wﬁl——-—“‘f‘—ﬂ"‘-w-ﬂ-

120}

g iy S » .

9 0 |-
"-“-.““-x.-“,.w._,-.'.,_ N e e T S

60:‘“"‘““" At a gt R B s L TPV, *

Intensity

0—’-_ 1 1 1 1 1
0 217 699 91.6 1133 1350 156.7 1784

t/s

Fig. 6 Interaction of p53 and IkBa studied by acceptor
photobleaching
Cells co-transfected with p53-DsRed/CFP-IkBa (a) or p53-DsRed
/CFP-IkBa243N (b) were bleached with 543 nm high intensity laser.
Photobleaching time was 29.7~60.4s and 29.7~58.4s respectively. The
changing of the intensity of DsRed and CFP was studied. —#—: DsRed in
the bleaching area; —=—: CFP in the bleaching area; —#—: DsRed out of
the bleaching area; -« CFP out of the bleaching area; —: DsRed of

background; — : CFP of background.
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Ah CFP-1kBa [5Gt BE AT T, AR IRATILE
EEERET, A ps3-IkBa EHMEEHXNINE
Hy L. B N R, R T IA R —
SE -, BE— DK UFE T 5K (1) pS3-DsRed Al
CFP-IkBa [0] /2 47 AH B 1E H M & 4. JL 5% 4
p53-DsRed Fll CFP- IkBaM 75 ZHIBL 45 5. iy 3
# Yt p53-DsRed Fl1 CFP- IkBa243N K40, 1E M
F 543 nm OB TR A 5, OOk AR R AW
BARA(E 6b). T TE iE 440 i 4 1R EDOWHbE B T
IkBa 5 p53 M EHEZAH AR KA.
25 UV #i#fE ps3 5 IkBa HHEEAR T
HEARSZH BN UV RO ot i s
AP, S 52 A4 5 A LB AR A0,
Rl DsRed/CFP {H {1742 4k.. JG it DsRed/CFP [¥E 4
hZ /b, WRAT FRET (R4, WIAESNFERIER,
b5 W E E T4 B, CFP 98 A 1)
DsRed# %%, DsRed i # N [f1 %€ )6 5% & 2 F %,
CFP 1 i W 07 650 508 7, DsRed/CFP LU{E
SRESBRAR. BT IxBo 1] LAY AR, Py DAFRATT N
5 32 Fil 36 . 222 IR K AE AR I IkBaM. 7E UV i
UG VHEA A DsRed/CFP LR ARk, 45 Bt &l 7
Jfi7n, DsRed/CFP LUAR 2 8 FEAR AT, A H LS
SR BRMIING, IX AV T 8 1) 20 2 ok 7

CFP-IkBa 0 min

10 min

30 min

FFARE LI IR, T2 R w) 3 R R R AT UV
SN PR 20 A A A AT R A AR A

1.30F
1.25
1.20

115

DsRed/CFP

1.10

1.05F

1.00

0 1092 2184 3276 4368 5461 6553 7645 8737
t/s

Fig. 7 The changing of DsRed/CFP under UV stimulation
Cells co-transfected with equal amount of p53-DsRed and CFP-IkBaM,
were or were not exposed to UV (150 mJ/cm?) and then cells were
observed using the appropriate filter sets. After FRET experiments, the
ratio of the DsRed/CFP emission was calculated. li—M: UV; A—A:
without UV.

2.6 p53 5 IkBa IZRFRIE

i P IkBo 40 A T ISR T, AHAE RS
B ERE, £ ER ML b RO A% 1 5% i
Jo, SRR, SR AL R L R AT AR KT 1)

45 min 60 min

Fig. 8 Translocation of CFP-IkBa from the cytoplasm to nucleus following
treatment with LMB
Cells were transfected with CFP-IkBa and images show successive sections of CFP-IkBa transfected

cells taken 0. 10. 30. 45 or 60 min after addition of LMB (10 wg/L).

0 min 30 min 60 min 90 min 120 min 150 min

...... o
..---. o

Fig. 9 Shuttling of p53-DsRed and CFP-IkBa between cytoplasm and nuclear
Cells were co-transfected with p53-DsRed and CFP- IkBa constructs. Images show consecutive sections of
p53-DsRed and CFP- IkBa transfected cells taken 0, 30, 60, 90, 120, or 150 min after addition of LMB (10ug/L).
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IkBa [1RIA. T-7& Y H T 4] CRM-1 1 #254%  th
IR R R R LMB, #3300 1K 8 o (1) &
3, Bl LMB w512 CFP-IkBa [l B N AR (]
8), A LMB 1hJ5, IkBa EENAT#H. 4
JLE YL T p53-DsRed 1 CFP-IkBa (1) 41 il 4 LMB
RS, WHIILT p53-DsRed fil CFP-IkBa 4% %
RISHE (K 9).

39 #

POt R A A 1L (fluorescence resonance
energy transfer, FRET) [F3EAJHHEE: £ A
PFEHE B T, R — A9 M (44 donor) 1)
RIS HCTEFN T3 — AN EE ] (24K acceptor) HIUR G
H—xWES (overlap), 41X N2 H 0] 1R
B A (— N T 100 nm), 5T ELE] HOkfE
AR I 2 AR AR IS, R AT — P T 5
KW, TS R JE — B S R S 1 9 .
FRET T ) V2 3 HH -1 8 11 o - & 1 [l A B A
PIRFFE A, AN ARG W7k, W R
WAAE S Sy ILPTie 4, HAA T Tl LAAE
AR AR AR R SEI L e . R
T - B I B AE BT S A e, AR
SN T CFP fl DsRed ¢ YRl &8, KA
BRGSO E A IE, T DU — XL )
RLDN B (5 - 8 T (DA FCVE 4R 5 20

IkBa & NF-kB [0l & 1, FHADL kB HH
F L AE D g B34 TT LA NF-«B (#3624, 8
I 5 NF-xB 145 & ik 2o 8 1 2% i, 25 4
b, IkBo B8 N Ui (WG (T F P HIIX (ARD [X)
F1 C ¥ ) PEST [X. ARD [X 15 NF-kB-IkBa & &1£
ITERCAE G, IkBa (155 — AN 8 140 NF-xB ¥
PE R F S5 09, 8% 0 IkBae 2 5 9014 NF-kB 5
41 DNA 454, $25 NF-«B M AZ W 1) i 3% 1) 4
i

S 45 B IR, CFP-IkBa244C ()70 A 55 4R
i i 5 CFP-IkBa. CFP-IkBaM Al CFP-IkBa243N
AN, BV R e 2 B B (T E R X (ARD) A&
N Uity (P A3 H P A0 AT O, RIS BB 5 Py 5k
(1) NF-kB 4545, 1M 150 T A Re bl it 22 M .
mTfaE&EAamyFREH 2R,
CFP-1kBa244C (1) 5E A7 Bt W H AT W BRI AZ N I B
(K 2). A IkBa 58844 5 pS3 [/ HI B A AH
[, IkBoa 1 IkBaM 7] LL 52 Wi p53 [ 5E f7, fH
IkBa243N FABELL A p53 78 MIAX N 11 53 A Ak

IkBa244C Al p53 W F 2040 Tz, 54k, 5
JLHL p53 Fil IkBa 45 RARLE, IkBa HEARE 521
WANREELAE p53/47C-DsRed 143 A . M LA Hb 5
BT IxBa dl3t 3L C 3 1) PEST X 0] 5 p53 7E7G 4
AN R AEATHAE R, IkBo [ C 551 p53 1) N i
7t IkBa-p53 AR LA FH o2 R L,
G/ T IkBo ) C 3l p53 [ N i 23 DO & (1) 43
AR

Jid 3% P i pS3 - IkBa B A AR TE AN SEHRIBLCT
IkBa 7] LURE B MR, p53-IkBa &k K AR &,
1M p53 WIBEAN 2 40 futz b AR, 1 A 140
MU, IkBa % p53 78 7k B R L 40
SR A A% 53 B AR R AR . A — R 1)
B, LR 20 M N A7 — 0 R P i) ps3
IkBa A, AW, 1 i ps3 Bk
ANy MR FE — 8 7K1 1 40 e Dy g i M A% A 1)
p33 ¥EH Mdm2 454, B MR, bz &
b R0 B fif . B4 B ps3 X5 IkBa B H & 14,
VE 28 R A 4%

A IkBo F 250 A0 T, iz
W AR K IkBa I, ARSLIS TR N T wf
] CRM-1 W 45 K fir o ik 2 1) 4 k410 il 1) LMB
(leptomycin B), 5l IkBa 1] BB 1% P IRLZR (F 8).
IkBa HIAZ i NFE A7 T NF-kB 2 [ 2, kB )
5 ANV A S A S HAZ e A7 A KR, IkBa ()
AR, T IkBa BB 51 Wi £ 1) NF-«B
ity KAy R M b, LBk NF-B 2 71t
HIOE, 4ERFIAE TR RS, DI — el
() 5 Bl R DG I R R e s, n 4 it R U B
CYCLIND1 %5224 | Jif (45 5 B0 NIK Fl KK,
HAb Y IkBa FEMRAT GRS, Wiz /M. BEH
filg, WARAET MU A2, O fE R T IkBa 2 1R
()7 . HL#E e p53-DsRed Ml CFP-IkBo 40 i £
LMB 4 # 5, #HIL T p53-DsRed # CFP-IkBa
% M FE. B A IkBa 1% AR 1 2 I AL
76T 4% NF-xB 362, sk 5 pS3 mIfEHIAH
K IR BCP NG A% N R T A LR R R,
RSN IkBa 5 pS3 A EAEH. 554k,
p53 Ml IkBa # 2 % 2 (1) I K & 15 &5 IkBa
NF-«kB —#f, 2l TH AR5, &2
p53-IkBa B AR B2 AL IkBo FIBFAE 5 T
BT I EE PR R, (1 p53-1kBa H
BRI R T 5 B Tk B (A% 57 AR T8 3 A 22
ANZ, PORTAT, p53-IkBa 544 MR B 7T REAS
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Abstract Six fluorescent fusion protein plasmids were constructed, and the location and interaction of p53 and
IkBa (IkBaM, IkBa243N and IkBa244C) in living cells were investigated with cyan (CFP) and red fluorescent
protein(DsRed) fusion proteins by fluorescence resonance energy transfer. p53 interacts with the non-ankyrin C
terminus PEST domain of IkBa, and the N terminus in p53 plays an important role in the formation of p53 - IkBa
complex. The change of DsRed/CFP in response to UV-mediated DNA damage was observed in real time and the
balance between p53 *IkBa complex formation and dissociation was discussed. In addition, the shuttling of p53
and IkBa between cytoplasm and nucleus under LMB stimulation suggested that the relationship among NF-«B,
p53, IkBa, Mdm2, and WOXI1 is complicated and remains to be determined. IkBa has been an important
cross-talk protein between p53 and NF-kB, and this might expand the understanding of these two signaling
pathways considerably.
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