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Interaction of Flightless I with Nup88 and Importin 3
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Abstract: High expression of Fightless I (FLII) is associated to multiple tumors. Based on our previous study that FLII
might be involved in the nuclear export, we assessed the possible interaction of FLII with the nuclear envelop associating
proteins Importin B and Nup88. We first constructed GST-FLII, GST-LRR recombinant plasmids and transformed them into
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the Rosetta strain to produce GST-FLII, GST-LRR fusion protein. After purification of these proteins, GST-pull down, as

well as co-immunoprecipitation, were used to test the interaction of FLII with Importin f and Nup88. FLII interacted with

Importin B and Nup88, and FLII LRR domain is responsible for these interactions. Thus, FLII may play a role in nuclear

export through interaction with Importin § and Nup88.

Keywords: molecular biology, RNA traffic, GST-pull down, CO-IP, Flightless [, Importin 3, Nup88
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Iyl o AR BRI T3S & Invitrogen 23 Ao PRl
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PrimeSar HS DNA Polymerase, DNA marker Il4
T TaKaRa 23 7] o &I RIS & . Boki e U
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&I F Santa Cruz 23], HRP {BEE — 91T
Protein Tech Group A wl. Mfi 4 MLy W 72 =
PAA % F] .DMEM 58 485 57 2 T Gibeo 247
GST BifE 2k 5 F GE Healthcare A H . IPTG,
iYL 25 H marker A1 R250, G250 G055 &
SREEREy/ NI
1.2 FH&
121 pGEX-4T-1-FLII. pGEX-4T-1-LRR &
2 JRE Y 1 R

M NCBI %dfi bR 2 A Flightless T &[]
CDS ¥4, #) H Primer 5.0 # {41511 Flightless |
2K 5 LRR 458 R Beg 1. il B9 340 4y
Mri % Birs | Y0 sioh BamH 1, TiF514)
MU s Sal 1. 5I¥FslmE 1 s, |
Invitrogen 23 7l A5 i« LA FLII cDNA ZE {4 k1t
A% PCR §71% FLIT 3£ & LRR H B, #
Pya B BamH 1 5 Sal T W) G wibE =
[ FEAG D)1 pGEX-4T-1 #ifkr, JH T4 DNA i#
el B Bo S Uk, &b R buik it
PEBAE e pE , I DS UIVE AT 280 o IR
W) 1 A 9 BH P SE B3 2 Invitrogen 23 F] .
# 1 GST-FLII % GST-LRR E&HE5I4F5

Table 1 PCR primer sequence for GST-FLII and
GST-LRR

Primer name Primer sequence (5'-3")

. ATAGGATCCATGGAGGCCACCGGG
Primer-F

GTGCTG

FLILR ATAGTCGACAGGCCAGGGCCTTGC
AGAA

LRR-R ATAGTCGACAGTCCTCCGTGAAGA

ACTCGGA

Restriction sites were underlined. F: forward primer; R:
reverse primer.

1.2.2 GST MEEHNBERRELMEEAN
4lifk . Western blotting % 5€

% GST @il & 2 1 B0k 2 35 GST 1958 344k
B4 2 RIAFFIE Rosseta B2 54 rh, 7654
FRPAE R ERIZ, 37 Colpids g ndk
BURTEVE , B HAEF T 10 mL LB KR,
37 CHRGEFRAR, 2 K, #2112 100 1 H A
AT 100 mL LB AR SR, 24 ODgoo K
HEEE] 0.6-0.8 B, MA IPTG BZLWKE N
0.2 mmol/L, AT 4-6 h; BOIERIK,
A A B A EIEIF Y EBC 2R vk 3
ff AR 10 min, FEEAT RS A% 20 min, 4 CE
ODUEE B, A DTT EZLWE 1 mmol/L. %
B8 GE 7~ H) GST Fusion Protein Spin Purification
Kit JiBA45, 0.5 mL B9 GST BRFEHl, HE
30 min, TFHSERTIEE, 10 f5ARA PBS i
VRAEARAT, KRR LA, 10 IR T R
GEPBARTRAEAAT, RS 3 A IARBRE B SE vh
W& H, A SDS-PAGE M5 221 Western
blotting 4317 2 1 Y 24K T
1.2.3  GST-pull down % FLII. LRR 5
Importin . Nup88 HIAHE/EH

H1299 ZiiffiZ: EBC Z4f# W (7% 0.5 mmol/L
PI. 1 mmol/L PMSF) #K I-%f# 30 min J5, 4 °C .
12 000 r/min B5.0> 30 min, Y& i3 BCA
P E R AR, KAk GST AAERYS
H1299 &M IR S, 4 CHREME LK,
F EBC 2 E VEEEF 5 W, 10 TSR b
A 2xSDS EFEZZMW, AW 10 min 51T
Western blotting #5455 2 1 .
1.2.4  HEEILPiiE LR

H1299 Zi it fin A EBC 2L vk b 24 4
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Jif 30 min, Z# J5 12 000 r/min .4 ‘C &5.0> 30 min,
WefE FiE R A 1gG Fl Protein A/G plusAgarose
HEATHIPE, BCA VA & 8 VR B Jo oK H1299 21
MRS R 2 0y, B 1 mg AR, DL IgG
PUAAE R BHPEXT IR, Importin B PUAR N SLEG2H ,
MBRRR S 4 ChleWBEEn, 18 hin
Jil Protein A/G ZEJEWHERIFE 4 h, A EBC 2@
W VRER T 5 W, MR TPInA 2xSDS EAESE
P, Wk 10 min J5#E T SDS-PAGE. Western
blotting f il 45 & & 1 .

2 ZR

2.1 pGEX-4T-1-LRR. pGEX-4T-1-FLII £ {&
pEfES

PCR 1 H 1y v BOW Y] ) vi b 2 pGEX-4T-1
Bk, 20 e A SR D BRI e BH I SOk, H
PR e B SR A T AU 5808 o 1% SR W i
JEEHL UK it 7 LRR B U] 7 B 24 1 500 bp, FLII
00 F B ) 3800 bp, DL 1 AIE 2, EHH
H A9 F B LRR (& 1) F1FLII (K 2) & sk

bp 1 2 3 4 5 6 7

10 000
7 000
4 000

2 000

1 000

500

1 pGEX-4T-1-LRR FHANEEEE

Fig. 1 Identification of pGEX-4T-1-LRR by enzyme
digestion. 1: DNA marker; 2: pGEX-4T-1 plasmid
digested with BamH [ and Sal [ ; 3: LRR fragment
amplified with PCR; 4-7: pGEX-4T-1-LRR positive
clone digested with BamH [ and Sal [ .
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6 7 8 9 10

2 pGEX-4T-1-FLII A WA % E

Fig. 2 Identification of pGEX-4T-1-FLII by enzyme
digestion. 1: DNA marker; 2: pGEX-4T-1 plasmid
digested with BamH [ and Sal I; 3: FLII fragment
amplified with PCR; 4-7: pGEX-4T-1-FLII positive
clone digested with BamH [ and Sal T .

ZHAK pGEX-4T-1 ., EBPOWEFYIIEHf A LRR
JFkE 15 K FLID oKL 2 S b4 7y, W p 25
5 NCBI %45 )% Flightless [ F:[H K2 LRR F Bt 5¢
4 UL, JIEB] pGEX-4T-1-LRR . pGEX-4T-1-FLII
JERLAE S B

2.2 GST. GST-FLII. GST-LRR EAWIES
RIER L

AT GST AR 254k 3] Rosetta
AR E, IPTG 5 WAk K1k GST M58 1, 1K
B TR AR P R S A i, 28l o A A v
L iR SDS-PAGE ¥ il 4fi Ak 38, &
HLUKE Bl gL g5 R IR 3. 4. 4 IPTG 5
S5, FIREYIAE 26 kDa L T — 4 B9 GST
EA&AH (K3, Vi 2), FFRIks GST A4k
b (3, JkiE 5). FIFEMZ IPTG iR, £ik
FEHILE 172 kDa il 83 kDa 2351 38 T B A9 GST
e EEAAT (84, VKIE 2 F110), JRgataif
LGP K GST-FLIL (& 4, JKiE 6) #
GST-LRR (& 4, Jkif 14) @iEE A4k, £
GST J¢ GST @& & 1 & lhifs S Itaift.
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Fig. 3 Purification and analysis of GST protein. 1:
non-induced recombinant optimization strain; 2: induced
recombinant optimization strain; 3: precipitation from cell
lysate; 4: eluent; 5: purified GST protein; 6: protein
marker.

GST-FLII GST-LRR
kDa 1 2 3 4 5 6 7 8 9101112131415

170— r' H!

130—

95— & : yoist-1 IO |
72|} e ~B i'Tz
35 = i:: =2
.- _ B-BE |
eyl fod 4 g EEEET B

4 GST-FLII 5 GST-LRR EAHIESFRIA

Fig. 4 Purification and analysis of GST fusion protein. 1:
GST-FLII non-induced recombinant optimization strain; 2:

GST-FLII induced recombinant optimization strain; 3:
GST-FLII whole-cell protein, 4: supernatant from
GST-FLII cell lysate; 5: precipitation from GST-FLII cell
lysate; 6: purified GST-FLII protein; 7: eluent; 8: protein
GST-LRR  non-induced recombinant
optimization strain; 10: GST-LRR induced recombinant

marker; 9:

optimization strain, 11: whole-cell protein; 12:

supernatant from GST-LRR cell lysate; 13: precipitation

from GST-LRR cell lysate; 14: purified GST-LRR protein.

15: eluent.

2.3 GST-pull down I&3JF LRR., FLII 5
Nup88. Importin p B9 E1EF
JEIE GST-LRR. GST-FLII 5 Nup88.

Importin B /25 HAEA EAEH, 41k R GST
EHM GST-LRR., GST-FLII Fit&7& A4 3
H1299 (1) 4> 4 M 2L T A TR TR 5 0 1
WU EAMEERNRESESS, K15
GST-LRR. GST-FLUI #HEAEHMEALZ Y,
FFHE1T Western blotting 4347, i | Nup88 ik
K25 5 8 7%, 76 GST X B8 fhJC Nup88 & 11 4%
WAELE, Ti7E GST-LRR . GST-FLII Ff A B 4 i)
Nup88 & 145 A-7E , {4 FH Importin B HTAA K I

2t R G R TEXT B A Importin B & 14507, 78
GST-LRR 5 GST-FLII $1#54 Importin B EE/«
M, WK 5. 45 %W GST-LRR 5 GST-FLII fi
5 PEHL 5 Nup88. Importin B 2 1455 - ﬁﬂi’,
I FLIT A1 Nup88. Importin B & FIA7- 7585+

IB: Importin B (97 kDa) | - - - |

IB: Nup88 (88 kDa) |_.
kDa

170 — Ly
130 —
95 — T

72— ]
55—
40—

35 —

5 -

E 5 GST-pull down I&iF LRR. FLII 5 Nup88.
Importin p B E1ER

Fig. 5 Identification of interaction by GST-pull down.
H1299 cell lysate was incubated with GST and GST
fusion protein, after separated in SDS-PAGE, protein was
transferred to PVDF menbrane and incubated with
anti-Nup88 and anti-Importin f antibody.
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PERAHEAER, I H LRR 25 84E A B AEH
Shitbsg, RBIHAT LIS # 5 Nup88. KPNBI
EAMEANEM.

2.4 GREHIESLINIEIE Importin 5 FLII
IR ER

Tk — 20 BN TE 4 OE R AR RS T
FLII 1 Importin B fAA7EAH BAEH , 1z S e 3Lt
VE LIS AT R E . A Importin B HTIASES T 22 3t
ULVESEH, 1gG NFATEXTRE, 20005 H1299 4
20 0 2RI T, AT Protein A/G IR BE
WUEM BEAEE A G, IF#E1 T Western
blotting 73 #H7. Kl 25 SR an&l 6 iz, Importin B
PUAAS I 3] G e HTE H BA Importin B 21T, U
BH 42 UCHE Importin B S50 1E A, [RIESFH FLII
PUARTE R DIIE Importin B AYAE 5 AN 24
B0 L0 TE FLIL 35 1 55 FE7E, 45 REBHIN
J§ Importin B 5 FLI F7EFF R EERH, 5
GST-pull down %5 % AH—35 .

C oS
Ny
& ¢
IB: Importin B (97 kDa) | & -

IB: FLI[ (144 kDa)

Heavy chain . !
6 SiEHLESLIS IS IE Importin B F1 FLIT A948

E{ER

Fig. 6 Identification of interaction between Importin f3
and FLII by co-immunoprecipitation. H1299 cell lysate
was immunoprecipitated with control mouse IgG antibody

or anti-Importin B antibody, after separated in SDS-PAGE,

protein was transferred to PVDF menbrane and incubated
with anti-FLII and anti-Importin § antibody.
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