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A Translocation Fluorescence Cross—correlation Tool for the
Analysis of Protein—protein Interactions
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Abstract  Fluorescence proteins have become widely used molecular probes in the analysis of protein—protein interactions. There are
many notable advantages, such as celerity, direct visualization, and noninvasive. Green Fluorescence Protein (GFP) from jelly fish and
Red Fluorescence Protein (RFP) from coral are most important auto—fluorescent proteins in this field. A translocation fluorescence cross—
correlation tool is developed base on the GFP and RFP for testing protein—protein interaction. To overcome the distract caused by non—
specific spectrum permeation of two fluorescent proteins, the nucleolus localization signal sequence (NoLS) and nuclear export signal
sequence (ABL signal sequences) are attached to both pairs of the system accordingly. Therefore, the proteins can express in and/or out
of the nuclear which endues locomotion of protein pairs and their fluorescence tags. The dynamic protein —protein interaction of anti—
apoptotic protein Bel-2 and Bak—BH3 peptide is straightly and rapidly laid out in the translocation fluorescence cross—correlation tool.
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WK BE Aquoria victoria W 53 25 15 B B 4t 4208 Ot H
(GFP)YFI NI Discosoma sp. 73 5 15 2] 1) DsRed L .55
APPSO C R R EEMPIA A L0OLER ., B
SEFVREE A, R 11 A BT S AR AR 254, 5Ok
KIC AR AL T HIR 2548 0 19 o B8E 15, GFP el e
JeE H (RFP) A i K8 [ 70 502 359~509nm Hil 558~702nm,
HAT, &7 2 AT 400 etk SRS BE D (0 AE W) 40 i Fn 22 Fh
SN AN AR 9 A B X AN Y TG R AR IR B A
KU TEAN R A M R AR i e D 3R 38 4, DAL SCaE A B Al
AR R Ay T A ELAA T R T

20 P9 R 1A B AR I 2 2% N 4% 2 A0 HE A - I R
T e I A 2 R X R AR A T 2 AR Ak RN 25 il A
Yy fie i 52 AL il ZE AR R R B 1 R B o A VR FH Y 2 SR
PRA AN I S8 B (1 Jo =2 () (%) R AR R R ) 5 AN A ELAE
JHOF R B A PR BE YOG 222 Y T AR A Bk o R R Al R A i AR
[k Z — 3835 AW = 0 J7 SR R SR R 2
AHEAE HT, 2 I R v B BB X AR 4 H0 TR AR YT O k. NI,
R RA A 7 | R A R AR 2 D) BE XTI A 2 1R =2 TRD AR B A
FHIETE B W AR 26 97 ik, BB 12 R WF 5 fiil 25 1
Ml S5 G5 B i D R R DG

R8s b TR SN B 1 A B AR A 5 3 9 B
TV S, DA TE A R ZAET, RI4I LAY IE & 4 B3R
BE N A3 098 1 B0 25 R ATEPEHE B B R th B AT 2 H) B
SERAR ELAE I, T T EO6 8 BRI R e U R T
Kl 22 45 (luciferase system) 2¢ G PRAE 7t 7 B R 48 (FRET) |
WE N H AN 2 88 (BiFC)M 5% )t 3 5% v R 4t (fluorescence
cross—correlation spectroscopy) 58>, 7E FIR Jrgkth, 5OLIE
o 22 45 LA H: 220 T N 2 (O BA R, E 2 7EA A
Yy i) Z2 Fh 40 M 24 1 A 1 A BRI BFSE h A BT

DI TE A FR G 04 e A D DU K A A 2 1 X A
A2 W2 B O A A O R 6 1) G bR & IR Fr
o 0 2 6 22 T8 B AR AR T B AT A B B SO0 AR & T
MRS, A B SOt E N, 2Tk
R 9GHE A A YOLE M S AYO0E A E A0
H AR O W] ¢ 16 88 OGS ER A R 1930 L AR 200
PR G TS A 0 2 T S 09 X3, e v R & AR
FRME R 25 5 . ILAh V8 22 4ok i 26 1 78 40 Bt 9 19 A A I, 24
BTG A E I FR 2 A 1M P 3R 3k B BT AT R R A A B
EH BRI PO G MG . AT X AR I
YA AR = N B0t i ZRge b, DLk B &
G, P v R IR SR Y B Y

AP FF R —FE T GFP Fl RFP (W56l i R 4t
VIIUI Ay 25 1 5 AH BAE T A4 BIF 9 4 4t s i BB 1 vk . BF SR L
P T2 11 Bel-2 F1 Bak—-BH3 4 ik S 4 3% 2 42 1 & A1
X, AZAE LR S (NoLS ) B %A% 5 (ABL) 4331 4 % 4 1]
RFP I GFP , 9 K I 25 11 53 591 75 48 A A% o8 A48 B A% SR A~ IX.
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Wk, MR Az B A BRI R R B LA
PR SN E 5, S e A0 P 7= A 23 Tl o7 5 A8 fb, DA 4 HL
TN AR, HRFEYSER M, LH — 576 MR
BT 25 6 AR 40 A P 1 Sl A AR Al SR Ok

1 MES5F&
1.1 JRAE

W S 5 A BR 7 R T ) 037 45 EcoR T80 BamH I 9 NoLS Al
ABL (R 74, 1 514 PrimerO1n—Primer04C £ PrimerO5n—
20c B K EH A M (MR 1), GFP Rl RFP 43 5 H 3 2 4K
Wasabi-C F11 DsRedN1., Wasabi—C 1 DsRedN1 #1443 %4
Allelebiotech F1 Clontech A /], NoLS #% 4 #% 31| DsRedN1 fi N
Ut , ABL 94 3% B2 ] Wasabi—C (% C ¥fi . NoLS-DsRed /3 41
i PCR J5 i , - 514 Nov071n H1 Nov071c #7345 % (PCR Jx
B 454 94°C T S 5min, 94°C 30s,60°C 1min,72°C 1min
40s,4°C 10min, 30 MG ), P 1415 519 NoLS-RFP F4f i ki
Venus[1]-Zipper T Venus[ 115 Bt . Venus[1]-Zipper Fikr 25 14
FIN 52 RS REF IR K221 Stephen W. Michnick 184 204 | 7
Ut 5 75 BspEl A Xbal fif Y 037 55 1) Bak -BH3 %1 Jik (72GQV-
GRQLATIGDDINRS7 )i 12 5| ¥ VenusOln F1 Venus02c H iR k
MEAEA L (3R 2) , IF % 42 3 NoLS-RFP-Zipper [ C i , M1
45 NoLS-RFP-Bak , Bel-2 % K3k [ b 50 K24 4% wg Hh 4k o
Lo Bel-2 1) cDNA 2K il A B Y] 47 5 Xho I i EcoR T 1Y
5149 Bel2n 1 Bel2c #33 PCR #7455 31 (PCR W 4% 14 : 94°C
T W48 PE 5min,94° C 30s,60°C 1min,72°C 1min 10s,4°C
10min,30 4~ J& 34 ) , I-4d A 2 J5i ki Wasabi—-ABL 1,15 3] GFP-
Bcl-2-ABL.
1.2 ‘RBiEFHEEEL

Hela 40 i 5 35 T 37°C,5%CO, MM 5 3746 . Wi de s &
1 10% M5 25 1035 () DMEM #5374 (Dulbecco Modified Eagle’s
Medium, Hyclone ,USA) . #4Hffid 5% T 24 fLArh . 440 % B
KB 70% 45 A I 8 TR B I e A0, B Y ) i
Vigorous /A A £E 77 (1) PEL, W5 Fft STy % Yu ) | Jo0RE e e it 4y
5k 300ng., 24 FLAREEASFLEE G4 BT 9 JFORL S R 600ng,
1.3 W E A& MAN 5

W o] 360 Y S %) A0 ML B R R 3R 25 e AT L B E G LA
B e 24h J5 7 AR AT W SR AT FIZL G DG A UE . 20 T AL
ST B RE AT TR B & A S (O 5 S I (G 40 M, % YL iy
14 200 i 2 0 SR Mk B o8 AP AT , AL EE 3k, LR
i o A 3R A R A ] Ok B BN R RS . At
BACHF 194 W S B () R 200 B T D S AR 58 4 T AT . AL A T A Ay
S35 M 300 -4 4 it AT,

2 HFREIWE
21 WRAHEMRSEHFE

HT GFP H1RFP 119 3% 40 Jd P 1) 2 11 50 A BAE FH 04 A
AR R IV, B G H AN R G I IR AR 2 e B8 R GE A
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TGI8 7 R G2 BRI T v AN WA R LR R BRI 200 B Y
PR BT 27 4, Hoh U R A AR 5 e B A0 i 4R
1M P9 R Y Bl 7 2278 fh 2y L E HER

G EOBOLEARBNHR T ZHAREKILE
F L, EATH 6% 0 B E A 3 TS 0 X R, 7E 28 6 s
HH 5 (0 2T 00 58 G AR 75 5 325 3k St €6 B 1) 38 3 e W 52 391, 5% i)
SO TE T WAL . it FE 2SO E A R ge b
N B W20 8 AR S T o

AR5 19 ABL J3 91 FA% € 1% 5 19 NoLS J¥ 51 )\ NES
B PR AR A% ABL( 2 2L W27 51 > AINKLENNLRELQICPAT)
JFUAS S P50 J5U8E KL ABL1 19 ni809~nt826,, JEUJE J: [ ABL1
WA — MR EAM - EARRHOZED, S5
1k AN R 4324 AN 75 3% 0 40 X R 7 B 17 98 I A e, Y
GFP % | ABLJ¥HI 5, TEXC R M BT ,95% UL F (Rl &
GFP HH G &R B MMM Z 5, ¥ hifs 5 NolS KT
sirtuin—1 BRI R A8 . 1 T ni262~n1265 W) 4 AT R SR 1Y
B REA RS 1 A& A 93 MEERM NG B (FHE 1),
NoLS 19 DNA J¥ 5 %J % T sirtuin—1 DNA 3 %1 #% 2 1Y nt266~
nt544, R IE R NoLS BT LA SE {7 76 40 i A% v (4 AL il 72 Ry
Nol.S Al L) 55 4% 28 11 B23 AH BLAF HH i 7 2B A% 5 o 1 D™, 24
RFP 5 NoLS fil & F ik I \NoLS-RFP 23k 7E 41 i 4% M ., NoLS
ORI E DiAE 5 A RS2 A% A e ) fe SR ) e AR
5 NoLS TG TH Aric 8 [ A9 N ik C I, 40 BEE bR iC Y
B A S AN M Y, A 22 A0 i HR AT A A R A P,

W E A RGJE BN 1 TR, ABL (17 51 Bl 42
F) GFP B C R, FRINEE A A 84 AF] GFP-ABL. NoLS
AR AR RFP 1Y N R, Rl 2 1 B #5846 A 2] RFP 1Y C
i (B 1(a)), LLEATEER REP b GFP i B BRI | I 1 5
A VE R HEA AL AR . MR A FE B BT T
R R (S N T Sl e = I AN il v s = R g WA o
MIAZ N MR, MBE A IR E B Z MIAT HH BAE e &
A FIEE A B 234346 A0 MO AZ I RTAZ Ah 45 A 2R3k (B 1(b)) .

D ABL ]

Xhol EcoR 1 Hind 111
H[IB
Mot | BamH 1 EcoR 1 Clal BspE 1 Kha |
(a)

-®mF P
[@raz]
.
[(Fre=I o]
e omn—
)
©

(b)
B1 fBMIeaRttEMREEITRE
Fig. 1 lllustration of design principle of translocation
fluorescence cross—correlation tool based on GFP and RFP
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2.2 WU E AL R S 4 R gk

R T ik — 2B A SO S E A R G R R AR |, Bak—-BH3
S IR RTT M T8 1 Bel -2 BEAE R 6 I Z R 48 . Bak—
BH3 % K /E N A B #13% 4% 3 NoLS-RFP ¥ C % ,Bel-2 1E
N A BEHE S GFP-ABL, MAFZEES T LB & B, 24
X B ki GFP—ABL Fl REP-NoLS Jh 4% YL fly mf it | 440,58
LT 5,58 5 400 46 40 B A% 9 R A4S F 2R3k (BT 2(a)) o Y
JiRE GFP-ABL Hll NoLS-RFP-Bak , GFP-Bcl-2—ABL Hl NoLS—
RFP L4564 Hela 20 RS, SR EFCML QTG REZN
g 35 (B 2(b) M 2(e)), BEA LM M EES, 4
GFP-Bcl-2—-ABL #l NoLS-RFP-Bak : 4% 4L il i izt | 47 47 45t €8,
PECHRZE I Bel-2 #l A 1 (2 65 2 1Y Bak-BH3 & ik 2l
ET A0 MR R B T AR S A e 6 (8] 2(d)),

a5

ARG L]

(a) (b) (c) (d)
B2 WHAAHEEMRGKRUMBATES Bel-2
Bak-BH3 @ RL 2 5L Bl
Fig. 2 Fluorescent images of Bak-BH3 peptide and
anti—apoptic protein Bcl-2 in the system

2.3 HEACMAITE

NI ARG NoLS B 93 & AR 41 B, ABL H
18 ML IR AN, FEAVIRE T, AR A I & (o6 1 4y 7 &
AHAE AR PEA I 2R 580 R Bt 4y T 8 K/ NoLS-RFP-B £:f
GFP-A-ABL 5 A4 jiA% N, (E15 —$E 1 J&  FE AR o8
HHE R G TG, BE R RZIE K, —#B45 NoLS-
RFP-B a4 2 PNAHARAZ th kBl A% . XTI e T2 A il
EH B G2, B M A M ABL {55459k HoA B ThbE,
ATLAEE A A M B AR AR 59 4 —Fl i B NoLS—
RFP-B Rl fig 454 GFP-A-ABL (1) RNA J5 H 8% 8%, 28 ) b
B R ORE B A A DR DR P A A 3 AT A Y 2 A IXRE Y
MG, XFIG R HIA AT E i — P 5, (RZME A
SRS AR R GoA I R 1 AR B AR R S AR S

R T B AT FhDE S A AN Y B A B X D e 2 T
TOCIRE FRIC A AT ST T . SRR, MR GFP-
Bel-2-ABL Fl NoLS-RFP-Bak %% 4% Hela ZH M) ,95% 1 4
it S8 7 L G B e v, SRS R A RN TE R U 9 AR 2
5% (3 (a)). 7EJFi ki GFP-ABL #1 NOL-RFP,GFP-ABL #
Nol S-RFP-Bak L &% ABL-Bcl-2-ABL H1 NoLS—-RFP 4% U4 21
A ,80% L L AR R A e M B G, ARR R IREN
2 R TG ok PR e 67 B ARG T 20% (1 3(b),3(e),3(d)) .
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Fig. 3 Enumeration of co-localization and non—co-localization cells (* as P<0.01)
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Supplemental table 1  Oligonucleotides for annealing NoLS and ABL sequences

519 %= Oligonucleotides(5-3") baE 2o
PrimerOln  5-AATTCGGCAATCAACAAGCT-3"
Primer02c 5-TGGAGTTCTCGGAGATTGTTTTCCAGCTTGTTGATTGCCG-3" .
iR k& i AINKLENNLRELQICPAT
Primer03n  5-GGAAAACAATCTCCGAGAACTCCAAATCTGCCCAGCTACCTA-3"
Primer0O4c 5-AGCTTAGGTAGCTGGGCAGATT-3"
Primer05n  5~AGCAAACGACCACGACGTCT-3"
Primer06c 5-TTTCTTTGCCCAGTCGGCGCAGACGTCGTGGTCGTTTGCT-3"
Primer07n  5-GCGCCGACTGGGCAAAGAAACCATGGGCCGCGCATGCCGC-37
Primer08c 5-CGATGGCTGCCCAGATGCGCGCGGCATGCGCGGCCCATGG-37
Primer09n  5-GCGCATCTGGGCAGCCATCGCTGGCCGACCACATGCACCA-3-
Primer10c 5-GCGAGTGGTCGTGGTTTTGGTGGTGCATGTGGTCGGCCAG-3"
PrimerlIn ~ 5-CCAAAACCACGACCACTCGCGCGCGCCGCCGAAAACGCCG-3
Primer12c 5-TGCCCAGCCGGCGGCGACGTCGGCGTTTTCGGCGGCGLGC-37
Primer13n  5-ACGTCGCCGCCGGCTGGGCACCGAAATTACCTTTTGCAGC-3" i
iB KA A NoLS
Primerl4c 5~ATCAGGCTCAGTTTCATCACGCTGCAAAAGGTAATTTCGG-3"
Primer15n  5-GTGATGAAACTGAGCCTGATGGTGTTTATTCCGGTGAAAG-3"
Primerl6c 5-CGGTTCAATCCGGCGCATCACTTTCACCGGAATAAACACC-3-
Primerl7n 5-TGATGCGCCGGATTGAACCGCATATGCAGGCGCTGGTGAC-3"
Primer18c 5-TCCATGTCCCTGCAGTCCGGTCACCAGCGCCTGCATATG-3"
Primerl9n  5-CGGACTGCAGGGACATGGA-3"
Primer20c 5~CAGAATTCTG AGCAAACGACCACGACGTCTG-3-
Primer2In  5-~AGGATCCCGTCCATGTCCCTGCAGTCCGG-3~
Primer20c®  5-CAGAATTCTGGCCACCATGAGCAAACGACCACGACGTCTG-3"
Mk 2 PCRRESIH
Supplemental table 2 The primers for PCR
ElL/E Re2 Oligonucleotides(5-3")
VenusOln 5-CCGGAGGGCAGGTGGGACGGCAGCTCGCCATCATCGGGGACGACATCAACCGAT-3"
Venus02c 5-CTAGATCGGTTGATGTCGTCCCCGATGATGGCGAGCTGCCGTCCCACCTGCCC-37
Bel2n 5-CAATCTCGAGATGGCGCACGCTGGGAGA-3"
Bel2e 5-CGACGAATTCTCACTTGTGGCTCAGATAGG-3
Nov071n 5-CAATGCGGCCGC GCCACCATGAGCAAACGACC =37
NovO71c 5-ATGGTA ATCGATGAT CAGGAACAGGTGGTGGCGG -37
SEKRPRRLERERELGEETMOGERATCR
l ageaaacgeccgogecatetgepoopactgopeanaganaceatappecpogcatgeoge 60
A HLGS  HE WPTTOCTTUHERKTTTTR
4] gegeatctgggeageeatcgetggoegaccacatgeaccaccaaaaccacgaccactege 120
ARERKREREZERERRRELGTETITTEF
121 gegegcegeczaaaacgeczacgtegeczeogectegrpeacegaaattacetittzeage 180
vy KL SL MVFIPVEVMETERTIETEP
18] gteatganactgagectgatggtatitaticegateanagigatgegocggattgaaceg 240
EM Q3 AL VTGLGQGHAG
241  catatgeaggegetgotoaccggoctgeagggecatgge 279
FiE 1 NoLS By DNA s E i F 5 &
Supplemental Fig. 1 DNA and protein sequences of NoLS (%% ZBnmW)
I 26



