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Abstract: To investigate the effect of the localization of oligonucleotides decoy (ODNs decoy) on the activation of nuclear
factor-kB (NF-kB) in TNF-a induced HeLa cells. The mercapto group-modified nuclear localization signal (NLS) peptide was
covalently conjugated to amino group-modified NF-kB ODNs decoy by Sulfo-SMCC cross-linker. The NLS-ODNs decoy was
transfected into HeLa cells by TransME transfection reagent. The intracellular distribution of fluorescent labeled NLS-ODNs decoy
was detected with a microscope. The cell viability was detected by MTT assay, and then the activity of NF-kB in cell nuclear extract
was assayed by electrophoretic mobility shift assay (EMSA). The results showed that NLS peptide was successfully conjugated to
ODNs decoy by Sulfo-SMCC cross-linker. The NLS-ODNs decoy effectively entered into nucleus with high rate of 17.9%. It was
observed that the cell viability of HeLa cell was not significantly affected by the transfection of NLS-ODNs decoy, while NLS-ODNs
decoy significantly inhibited the activation of NF-kB in TNF-a induced HeLa cells nuclear extracts. This experiment can provide a
new covalent conjugation of NLS peptide to ODNs can effectively drive decoy into nucleus, and thus improve its inhibitory effects
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on the activation a transcription factor.
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“HREH BR-S-H RSB (GST)-7 MRS MR 5% 5E-GAL4
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Jit GST FIZJik NLS 4r 5T, #77 ODNs Zf4i i
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W) REAS B FKE K o NH, 1847 1955+ ODNs Fl
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Table 1 Sequences and modifications of the NLS peptide
and ODNs
Name Sequences and modifications
Decoy ODNs 5'-NH,-AGTTGAGGGGACTTTCCCAGGC-3’
(DO) 3'-TCAACTCCCCTGAAAGGGTCCG-Cy3-5'
EMSA ODNs 5'-Bio-AGTTGAGGGGACTTTCCCAGGC-3’
(EO) 3'-TCAACTCCCCTGAAAGGGTCCG-Bio-5'
Competitive 5'-AGTTGAGGGGACTTTCCCAGGC-3’
ODNs (CO) 3'-TCAACTCCCCTGAAAGGGTCCG-5'
Ijoomn;gfﬁi‘f/‘: 5'-CGCTTGATGAGTCAGCCCGGAA-3'
ODNs (NO) 3'-GCGAACTACTCAGTCGGGCCTT-5'
NLS peptide N terminal-PKKKRKVEDPYC(SH,)-C

terminal

The specific binding sites for NF-xB included in the sequences are
indicated by underlining

1.2 At
1.2.1 WEEEE TR R 1

¥ #9)i, ODNs decoy K EMSA ODNGs [ % 45 5
I HANSER TR (W3R 1) 70 Bl¥E iR 7E TEN 22 i
(10 mmol/L Tris-HCI, pH 8.0; 1 mmol/L EDTA;
100 mmol/L NaCl) Hr, FRAEEE/RIES, 95C/KH
5 min, RFEEMEEER, ¥R TR
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(ds-ODNs), 4 CIAAE4H .
1.2.2  NLS-ODNs Z5 48191 4
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SMCC zgBIRF] (DA F SR LR HI A 30 mmol/L
MABAEIR) TR, FIR R RN 2 hy RH SMCC
it Nick R AEARR L . I ONDs decoy 5
NLS Z ik (ATCH K HI 2.5 mmol/L BIEFEIR) %
BT 210 BEZRBCHIR S, =R T RO SR, K’
DL HEAT 1.5% BRREWEBENL , [n i 2lifk NLS-ONDs
decoy S o LUK PR PSRRI HRREE A FL VARSI
1.2.3 5%

HeLa ZHIH S 10% (V/V) /NMEIMTE . 100 U/mL
HE & . 100 pg/mL 4475 K ) DMEM 852055+,
HFRAEIREE N 37°C, COMREN 5%, HANERA
JEIRF] 90% J5 , FEIEIEFRW, IR ER 22 v ik
(PBS) ¥E¥ 2 W, 0.25%/BmEs bR akse i %
1.2.4 NF-xB decoy ODNs J£ 20

FEYLHT 24 h, HUERARDL R 47 A9 HeLa 41,
2y RS R I B U= R £ U o
5x10*4~/mL, £fL 200 pL R T 96 fLA, CO, K5
FER PR 9233 7K o NF-xB decoy ODNss % Y 41 fits ¢ 1]
TransME % Y15 FH 156 B 647, £ JC 1A Eppendorf
gk 125 RFBILIEA TransME 320 R 1L v
DMEM 835, BHRWRITIRS), S FHUE 15 min;
¥4 TransME {5 WA decoy ODNs ¥ 22 23
& 0.5 pg/ul, ZEHCE 10 min, B o] F T 40 AL L
MABENL N 6 4, 43Ry REE YR B
TransME %444 (JC ODNs). decoy ODNs #44L2
(J& TransME) ., TransME/decoy ODNs #% 42 |
TransME/NLS-decoy ODNs #4944 ,

1.2.5  NLS-ODNs XA 4 (< HI 7 00

MTT 7K I 5 P e e Xoh 4 B A K R 52 il . &4 i
FeULJs 24 h HEHREEIRME, BALIMA 180 pL Toifil i
DMEM 1532 1 20 uL MTT (5 mg/mL), #k&:L; 5%
4h, BREWERFLNEE TR, BfLAA 150 uL DMSO
Vi B ER o AR G 570 nm A IKOGRE(E
(OD).

1.2.6  FEHME IHBEEE ODNs JH M 14 7+
%¥4x ODNs24 h )5, #ANMEH 4°CHive PBS U

W3 IK, & 4% Z W RE R € J5 1] DAPL G4 4, (i 7s 4
MR o FESENE AT T 43 AT Dot | St e
(550 nm) FIELAMEIEIE (358 nm) WAL A4 1R
Wk BEHLEIBCE TR, 735053 ODNs #% 4
S I A N A0 B A R AR
1.2.7  HeLa ZHHIFEF . 1K

HeLa 4 ffd%% 4% 24 h J5, A 10 ng/mL ) TNF-a
P53 40 min, 0.25% BREFHLIFICEES A0, L
4°CHIV% PBS TEUE 2 WK, 540 i 141 e dp & F T
400 pL 4°C TR W A (10 mmol/L HEPES, pH 7.9,
10 mmol/L KC1, 1.5 mmol/L MgCl,, 1 mmol/L DTT,
0.4 mmol/L PMSF) H, vk EMAK 15 min, FIA
20 pL 10% NP-40, &#dRE 10s, 12 000xg &0
30 s, F LW, VISR ERET 4CHRHE R B
(20 mmol/L HEPES, pH 7.9, 420 mmol/L NaCl,
1.5 mmol/L MgCl,, 0.2 mmol/L EDTA, 0.5 mmol/L
PMSF, 25% Glycerol) H, vKi&#E ¥ 30 min,
12 000xg 0> 15 min, % 13, Bradford &
B R
1.2.8  JEHH IRATEEFAE I 70 (EMSA)

10 ug HeLa ZHMiZ A5 EWE (Biotin) i
) dsDNA #4F (W3 1 EMSA ODNs, EO) 1 5 1%
DNA %54 22 s (50 mmol/L Tris-HCI, pH 7.5,
250 mmol/L NaCl, 2.5 mmol/L EDTA, 15 mmol/L
MgCl,, 5% Glycerol, 2.5 mg/mL BSA, 0.25%
NP-40, 0.25 mmol/L DTT) W, =iEMFHE 1 h, w4
PESCI Y, HeLa 4 MA% 2R 115 BT 75 $i0iE 1Y 56 4
dsDNA (3 1 Competitive ODNs, CO) M AE4F 517w
4+ dsDNA (¥ 1 Nonspecific competitive ODNs, NO)
RA, ERIFE 30 min 5, FIMALEDRERICH
dsDNA %, =l FAEME 1 he RN LF
T 6 %A VRN Mot e BEIKE , 100 V HEIK 2 ho B
Ji dsDNA HLFLENEN e B, Je Je 2 50 Ah sk | 1k
V. BPAAEE, (EHESEYIEE (HRP) dricnysE
FAFAHE (Streptavidin) & HRP fb2= &Y (ECL)
PEATAL2E R R X6 F i 45 T 2 Wi A%
KRG, T U K
1.2.9 ZiFE0%
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2.1 NLS-ODNs %R

NLS-ODNs # W 4l AL J5 i r Ik 25 R ULIE 1,
ODNs H T3 454 T NLS 2k, /- FaH K, i
AT HAEEE R P T R, it DNA B 4l ki
& El A S, T o8 AR LS ODNs Fl
NLS.

500

100

NLS-ODN
free ODN —,

1 Zh{L RIS A9 NLS-ODNs & 32 4 By 5 AR . Sk A i
Fig. 1  Gel electrophoresis of the NLS-ODNss ligation products
before and after purification. 1: ligation reaction of NLS
peptide, decoy ODNs and Sulfo-SMCC; 2: purified NLS-ODNs
conjugate.

2.2 NLS-ODNs & #4340 A 4 < rY 22 0

PLas A IHE R 4541 oD VR R 4 K
577, MTT L ESE R BR (B 2), 55X 44
A EE, 25 SES AL A A 106 ) TCGE T2 i 3
25t (P>0.05), 74 B 4L ab 3106 48 Jf % 0%
A WEW

08
0.7 r

0.6 L
05 r
04 r
03
02r
0.1 r
0.0

OD570

N T NT TD TND
Transfections

El2 &iFdiE T HeLafBEE 71 89 200

Fig. 2 Effect of transfection group on HeLa cell viability. N:
negative; T: TransME; ND: naked DO; TD: TransME+DO;
TND: TransME+NLS-DO.
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2.3 NLS-ODNs 7E£H R 89 5 %

A [ri) 2 G 2 40 e ) 1) 2 ' 8 T B R ¢ 45 2R L
Bl 3. B 4, SCIRZ5 R R UM ODNs 21 B2 Je 4
MR BCRARAE (K 3B, Kl 4B), ODNs Fifii ik
(TransME) 35, SYee i E8e e, (Hik A4
f) ODNs FEZ /A 7EA BT, 1240 M A% Hh i 53 A
AHA (& 3F, &l 4F). ¥ ODNs 4% 4 NLS Jik
J5, PSR 5L YL AR iR, NLS-ODNs K
HEAZAR, E 20 B T S A A A, {EL [ B 2
b B R A (181 30, [ 4)). BEHLEEHCE
FAREF, Geit2y 100 40 (5% 2), TransME Fl
TransME/NLS-ODNs ZH 4 ff % Y4 3 43l 535 100%
M1 97.2% , TransME/NLS-ODNs 21 ODNs 3 A 4 fifs
BWE % (17.9%) W% & THAMMA . 4558 BR
FHl NLS &1fi decoy ODNs 1 i #$25 decoy ODNs
HEA A MIAZ I R0R

£2 T EEEFT R 3TODNs# N\ HeLaff BE#% 3R 9 520
Table 2  Effect of transfection group on rate of ODNs
nuclear translocation in HeLa cells

Number Rate of Rate of nuclear
Transfection groups  of cells transfection translocation
(n) (%) (%)
ODNs 122 33.6 (41/122) 0 (0/41)
TransME/ODN5s 138 1007(138/138)  2.12 (4/138)
TransME/NLS-ODNs 108 97.2°(105/108) 17.9°(19/105)

* P<0.05
2.4 NF-xB BRI TEHBILE D

P BUAC T e A 3L R A5 T 2t % A L 200 B 110 A2 il 32
Y (BEA), HERITE LSy b
NF-xB W% PE, Hik EMSA #zs R ILE 5. & 6
3 Y EMSA Kl 25 B i B K FE G450 . 2%
H R NLS &4 decoy ODNs A i Z 1] TNF-a
175 519 HeLa 4 ffiA% 1 NF-xB 11936 4 .
3 ww

B SRR A IR TR R AN T A B 555 5%
R - HL A 1 58 A ) T R 3 PR 45 & SR I
T, HHSER SNEMILNESGE S, MK
SR B k18 Decoy FE AR BT 5T 5 5

MRS 10 T H,  [RIa S 3 A TT 11 PR
WAL T iR 120 Wi decoy ODNis 45 &5
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2 um

2 um

2 um

3 HBEH4A ODNs 554 HeLa A 24 h BRI A BRHME
Fig. 3 ODNSs transfection efficiency on HeLa cells after 24 h. (A-D) Naked ODNs. (E-H) TransME/ODNs. (I-L) TransME/
NLS-ODNs. (A, E, I) Cells under sunlight. (B, F, J) Fluorescence (exciting at 550 nm). (C, G, K) Fluorescence (exciting at 358 nm).

(D, H, L) Combination of the Cy3 and DAPI fluorescence.

A

4 FHLER ODNs #53 HeLa HA0 24 h 5 B9 B4 BI5C S BRI ER
Fig. 4 ODNs transfection efficiency on HeLa cells after 24 h with single-cell analysis. (A-D) naked ODNs. (E-H) TransME/ODNs.
(I-L) TransME/NLS-ODNs. (A, E, 1) Cells under sunlight. (B, F J) Fluorescence (exciting at 550 nm). (C, G, K) Fluorescence
(exciting at 358 nm). (D, H, L) Combination of the Cy3 and DAPI fluorescence.

PR Ranprh, LR, KEREE
& decoy FIARAYSCEE M, BFFTIESE, FEEAAR AN
AMENLAF 5 22 K AT LAWY b 803 AR i AR08
A 5T R HH 52 U5 D) BE S8 K57 (Sulfo-SMCC) Ht

W 3B A Ui 22 B HEAE M ) ODNs 2 %5 BEA& 1 1Y)
NLS ZEAk, DIFRFiiARE Y NLS-ODNs i #:4ik A
HeLa Zififl, 7E NLS /051, #&% ODNs i A4
FLAAAE 1o X A 2 S R IR T
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‘Hi b

NF-xB/DNA
complex

PWFIOTSIVI VTV IVTOe

5 B4R TNF-FS HeLa 41X A NF-xB &%
WS

Fig. 5 Effect of transfection group on activity of NF-kB in
TNF-o inducing HeLa nucleus. 1: negative; 2—4: nuclear extract
(NE) with 10x, 5%, 1x CO, respectively; 5: NE with 5x NO; 6:
NE; 7-10: NE from cells transfected with TransME, DO,
TransME/DO and TransME/NLS-DO, respectively.

400

350 L
300
250

200

150
100 | ﬂ
50 r
. ]
T D TND

Transfections

6 FEELAI TNF-a 55 HeLa 421K NF-kB &
BT

Fig. 6 Effect of transfection group on activity of NF-kB in
TNF-a inducing HeLa nucleus. N: negative; T: TransME; ND:
naked DO; TD: TransME/DO; TND: TransME/NLS-DO.

Integral OD

Sulfo-SMCC J& H i B4 1 4 W) K o+ 28 Bk
A, BT 2 ASRBER, TSR0 AR
PR FE A W A W K1 RO, MRS W Rk 2 32 15k
HR R TR 1 ] R 22 R AR s ) B A TR T Tl
BF, ZHAEIE 70 MTT e 25 R Ul , BT 3L pide 4
NLS-ODNSs ) SMCC i 4 i A= 4 oA 7= A= 8 2 il
Hit, SMCC nI{E Ml % NLS-ODNs % #5494
ZEMEF

DATERIF ST 35 22 2R FH 3R VA A4 Tk i o5 Jg b Kk 4 5 2
ft NLS-ODNs i##:41"Y, AT 2R A 1.5%
B i U P 9K 20 B 4/ NLS-ODNs 3324 . i T
NLS Z JIK7E TBE Ay H fff 03 119 B i W6 JC v AN 2 A= i
¥ (BdlEAWoR), BliFE NLS il NLS-ODNs
HEHYAE B h TR 53 1 o % FH DNA B8 [ml it
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F &, 2ok iy s e SOt o] A 4tifb i NLS-ODNs
Y.

JE AR TransME % 4% 3 7] 7% 3« 50 % &
TransME/ODNs #1f ODNs RAELEAMMIT, #EALH
T R 85 R AR , 1717 TransME/NLS-ODN s 2H ) ODNs
RN AR . (AR} TransME/NLS-ODNs £ 7¢
MM AAfEE R 2 a A, HRE K AR 2
NLS-ODNs i R AE IR Bk, R 2 H 7
PN, el iE—25 4 25 NLS-ODNs 1)
AR, AR5 e e EEAE ST Y )

(Importin a)
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