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Functional analysis of a-Importin in Senecio scandens ,
based on sequence and putative structural domain
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(1. Department of Cell Biology and Genetics » Zunyi Medical University, Zunyi 563099, China;
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Abstract: Alpha Importin is located in cytosolic space and is an important part of nuclear pore complex (NPC). After
integrating with nuclear localization signal (NLS), it plays an essential role in mediating proteins” nucleocytoplasmic
transporting as a connector. In the current study, to systematically explore the properties of physicochemical, se-
quence structure, function and the relationships between structural domain and its function of a-Importin, its nucleo-
tide sequence was selected from a former constructed full-length cDNA library in Senecio scandens for probing its se-
quence features and composition, and gene’s function by applying a series of bioinformatics software. The structure
properties of primary, secondary, domain and tertiary of the amino acid sequence were analyzed, too. And the phylo-
genetic relationships among a-Importin of S. scandens with other species were also constructed. These exploration

found that this gene encoded a length of 529 amino acid polypeptide with the calculated molecular weight of 58.46
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kDa, and its theoretical isoelectric point was 5.08. It shared 84.0% identity with tobacco a-Importin gene (GenBank

1ID: ABMO05487.1) by amino acid sequence alignment. The structure analysis showed its secondary structure was

composed of a helix protein, a random coil and an extended main-chain. The function domain probing found the target

gene was composed domains of IBB and ARM. While its three-dimensional structure was mainly consisted of four

structural domains. In conclusion, this study found that the function of this o-Importin gene was regulation of hor-

mone secretion, a signal transducer, growth factor, transcription and transcription regulation with higher rank of

probability ratio. The current study also founded that this a-Importin gene could play important roles in many biology

processes such as non-apoptotic programmed cell death, defence response of higher plants against pathogens, hor-

mone receptor effect and gene transcription reactions and expression. According to the exploring of the properties of

gene sequences, structure and function of e-Importin in S. scandens , this paper would provide a reference for similar

analysis of the relationship between the structure and function of a-Importin genes in other species.
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TEEZAMEN .« I A H (e-Importin) 25 T
A K 2R H A e ({5 5 (classical nuclear locali-
zation signal, ¢NLS) I)fg & [ 1 i 4% it [H] % iz &
P IR A ) B e 15 1) 2 T HL AR 0B 1 R
A SR ALE G s i e B 2 AR — Fh g 4 R iR
TR AVE T B 7E 4 M BT 25 5 I B AR s BN
HEMRFRA =4 (DA G EEAE SR
TP R ERE A BB RN (O —
4l 19 =2 K (docking receptor), ZEA M i N 5
cNLS 455 AR5 R % 8 H s i B AL 2 & 1R 5
%NS s (OVER — R i 2 iR TEA I BT N 5
REEALS A, — R LR A TR R
RIGHFR BN, « AEHE N ZEDH 84
A B BRGE 73, Ak T A AT BE R 5 B AR B L T
LU =AAERGE R E A (ol a2 Fl a3), F
A ol 437 Importin o5, Importin a6, Importin o7;
WA «2 f1 4 Importin al Fl Importin «8; . &Y o3
4 Importin o3 A1 Importin a4, 3X 26 & H
50 0 B[Rl . A X T4 € I . A [ Y Importin
a MV RYAE B AT A% BT 5% 3 550 238 LA SN () 41 2 448 i
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thaliana) FIKFE (Oryza sativa) P EH R T o iy A
FHHIBE R IR 1B (Jiang er al.,1998; Bhattacharjee

et al.,2008) s (HTE HE @ S MW T o i AR
P AP o 45 4 Bl e S itk Ok R 9 F 5 Ak A BR .
T B (Senecio scandens) 22 BT BHOGJE Y . &
F ) — b A% G2 1 vh 55 25 A B B L IO b 22 2
AR RMEMY 2N =R T B (2K 24,
2009) . ABFFEMF R T B4 K cDNA UFEH
538 o-Importin, 43 A7 H 5 51 125 48 R AE S H T
e, IFAE 4> FKF X T BOG o fid AZE TS5 1
i A 3 Re A T BE AL By FE AL AT T RS, N «
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BN ae 2 i

1 #MEEF*

L1 w84

IR R A T B (SC-36) WU . R A IR 4]

SR F 5N 48 3 ST 8 P B Y AR A

1.2 ik
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555N 84.0% ;3843 ORF finder X H £ 5 51 i 17 4>
M. g5 R R W27 21K 1590 bp, W F— 1PN
CLRGHE , g 1 5 529 A HE MR AR B 2 k. R
Prosite 7T &8 « 5 A HA 1 4~ IBB(Importin B
Binding profile) #1 4 /> ®H & ARM ( Armadillo
profile) Bt & ¥ 51, iN5& 1 s,

LA JE AL RRAIE 7 970 R0 OR 57 27 8 T OB o
Importin 2 582 ¥ 5 7E GenBank B4l FE AT 4 &
JH MEGA #5745 £ ) # 8] 5 48 #E 46 B, Bootstrap
TR 5 5 & B 1 000, 8t AL B B AR R R
0.02, M4 R ER, THN « AEHEHSH
Tt R A [ ) b — A3 3, e 5 [ IR ik 87.0 %6, 5
PR ST VI RITABLL AT AT AR Y R B B (8 D)
22 0 MNEEELER

KRG B A Protparam T B o #iy A H LA
PR 4mas 4 529 2R T 9 B FE L A B 45 L s o B
ANEH B TR 58.46 kDa, FLIE 25 &5 pl Ay
5.085 1% H 1 20 Fh & FE R 41, Ala, Leu Hl Val
TmE, Hh Leu i f i i5 11.5% , A% Pyl

1 oWANEBSERFT

Table 1 Amino acid sequence of a-Importin
s VYA
SE R EEmirE
. . : Amino acid
Apellation  Amino acid sequence ..
position
IBB — 1~58
MSLRPSARTDVRRSRYK-VAV-
DAEEGRRRREDNMVEIRKTR-
REENLLKKRREGLQAQQF
ARM GVVPRFVEFLARED-
YPQLQFEAAWALTNIASGTS- 115~158
DNTKVVIDHG
GAVPIFVKLLSFPSD-
DVREQAVWALGNVAGDSP- 158~200
KCRDLVLSYG
PALPALAHLIHTND-EEVLT-
DACWALSYLSDGTND- 242~284
KIQAVIEAG
GIVSPLVALLQSAEF- 369~397
EIKKEAAWAISNAT ’ ’
100 |FTAT# ALPHA isoform 2 EOY11601. 1
60 AIAI#H Importin al isoform 1 EOY11600. 1
52| b———————TA[A[H ALPHA isoform 1 E0X95205. 1
ZAFCHA Importin a2 ABM05488. 1
100 FHHY Importin a2 AAK38727.1

——&F7+ AT-IMP XP_002882488. 1

100 Ft}lﬁé*ﬁ AtKAP a AAB72116.2
100 L$LAE 7T Importin a CAA75513.1

FEH Importin a SC-36

FEHh Importin subunit a
NP_001234006. 1

87
100 AEEHH Importin a1l ABM05487.1

—
0.02

BT o i AR 2 P 9 R LA 0 B

Fig. 1 Analysis of phylogentic tree of a-Importin

Hl Sec; JLF LA Cosso Hures Novz Orep Sy 5 417 671 HL 77
FREE (Asp+ Glw) B BE 73 >, 47 IE B ff 5% 2% (Arg
+ Lys) B4 58 A~ A RECH 46,60, KB o Hi
A FLREARTRE s I 45 50 99.53 5 BT BB K
8 %°h-0.203,
23 e NE R LA A E L

i FHAE 2 T 2 Psort 3T HL % o %t A2 H V.21
L E AT HEAT BT B RN 2 iR o AR (R E
JTER VAR RES % TR G 3 el T OF S YR N L 2 TR N
e 25 ] o
2.4 o MINE B IHEE T 2 47

FIH ProtFun 2.2 T T B % o % A 1)
RE.Z5 R LE 3, RS .« MAEAGERER
N AR i A AR AR R SR RN S 5 AR T
T (14 B B 1) M 38 8 s » MK IR A 0.632.,0.545,0.373,
0.261.0.261,
2.5 Z RN

FAE 2 T. L SPOMXT T Bt offfiy A 85 [ #F 17
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K2 oWANEQTHAMECTNELER
Table 2 Prediction results of subcellular

localization of a-Importin

W4 ML 5E 7 Subcellular localization #E# Odds
28 ki M 3 i 25 [3] Mitochondrial matrix space 0.849
A ffi#% Nucleus 0.844
2 ki /&2 Mitochondrial inner membrane 0.532

2R A B ] 25 5] Mitochondrial intermembrane space 0.532

x3 cHWANEBWRESN

Table 3 Functional analysis of a-Importin

TIfiE 4125 Gene ontology category frf/é fﬂﬁjs
{55 %5 Signal transducer 0.117 0.545
Z 4K Receptor 0.004 0.022
fif /R 5% Hormone 0.004 0.632
ZER) T M Structural protein 0.003 0.125
& # /K Transporter 0.025 0.229
# il Ton channel 0.013  0.220
B R[] 4% B il 1 Voltage gated ion channel 0.004 0.201
P ¥ i 38 Cation channel 0.010  0.216
%% 5% Transcription 0.033 0.261
528 ¥ Transcription regulation 0.033 0.261
Jp38 ¥ % Stress response 0.021 0.237
€ N % Immune response 0.013 0.153
4K B F Growth factor 0.005  0.373

TREER AT BRI 2, o H AR AR A
H, o BRE S F (Alpha helix) hy 52.17 %, & PE 4519
(Extended strand) & 14.37% . B ¥ & 45 4 (Beta-
turn) A 6.99 % » 4 #4544 (Random coil) 426.47 %,
FH LG T R 5 o BERTE 25 A4 I RHL U] s o R P 5 A R i
BT RE5 Y R ) .
26 c MINEASREN EE ST R EIhEE TN
TEZ T H Prosite 7T &AM « IAEHESA 5
AGE 1 A4S IBB Z5 M A1 4 A E Y ARM 4
(Bl 3:a);7F NCBI _L#]H Conserved domains T. H
HEATORSF XM s KB o i AN AT 4 DS
RES (] 3:b):1 4> IBB 4581 3 A HZ [ ARM 45
¥, @ T £ 45 #) 18 % % SRP1 (System Response
Patterns,SRP), IBB % #4184 % Importin o, Im-
portin B 2 & W HIIE 1L, B4 M i NLS(Nuclear lo-
calization signal, NLS) {4 & 1 it il & % L &2 & K 5
IR A A, ARM & — 2 40 A& R K
8y R BRSNS A R R AR A R SR b R L o
HEAER ARM g5t 4y T 8 -8 A o 2 AEH
WA GRS A &2, R Prosite 70 BT
PS4 2 C A 45 A LAl (81 3:cv D BRI o 0 AR

B TRAM A A REE, =R S B
T GTP A HEN o« MAEH TR FFH O o i
AR LR R A A

J T[] P54 R BR L 38 0 SWISS-MODEL #&
B3 o g AR A ) = 4EE R AL (E 3ee, D, 08T
oo M AE AN QMEANY BEEUEE (R 1), WN#E
4 LU A5 B A = 2 S5 AR HLA T AR

R4 aHMINFEHH QMEANY &
Table 4 QMEAN4 global scores of a-Importin

N A

1143 3iE Scoring function Vilior s 251
Raw score  Z-score

CR M E AEHBE C beta interaction energy -376.93 2.90

A JRF X B8 All-atom pairwise energy  -17 710.01 1.89

EHIMLHE Solvation energy -56.54 0.88
5 A fiE Torsion angle energy -41.02 -3.47
Qmean ¥4 Qmean score 0.633 -2.15

3 Wiw5H4Ew

FATEIR T B o fis A A PRSF 1R 5 1
79 R ) [R) JPE . ZRH RR T A L R T A
ST T HOG o fi AR F Importin o 54 [GMH 40
FAIT VB IT VA TG L 7T TR B, 7 o ) 2 R 1R
FEAN R EPEAR &, 7 82% LA s i T B o« 1A
B IEA A Wy B AL RN AR 1 B — A A T S«
HMAEABEMNSA 14 IBB A4 4 ARM FlE 5
F(F 1), Sundy et al.(2010) 1 Sachan et al.
(2013) A4 TE i o fin AR FI O [R) L 567 310 E o 4
LA A} Importin ol A1 Importin o5, B 57 & B X
M4~ R [RE Importin o R DI EE LW 22 R A ST
B E A BOE SR BB 4l A AL S U R Y
225, I UL, o B A BE A A AR R A [R] DR
PEM . MEGAS.02 BPFM 1 o i A2 1R Ge ik
A CEL D, i T HO% o i AR AR ST I BC 2T 5
Al 0 R HEARE AT LUE T 6 o B A
HH S AN Importin ol JE 5K R fIL, 57 A
MR B RE I 26 4% 6 R

¥ % AME 5 (nuclear import signal, NIS) 1§ §
B SV ) ey PR =R Nt TANEI R A R
S S UIfE . NIS —fei 4~8 M2 SRR A . %
AR B R AORS 2R, th 3R 1 v, T HOE «
B A ARM Z5M B0 S A PALPAL P31, K
QIERIT I 5T Z I 3~5 (L aE LM A2 LR
P, 45 Bk WA A T B ok AR H & A%
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Bl 2 o ABEA RN BMEREEMRAE; BEFT IRIE; 6FR LN EM,

Fig. 2 Analysis of secondary structure of a-Importin  Horizontal axis indicates amino

acid site; Blue indicates alpha helix; Red indicates random curl.

Importin o ' % a é (529 aa)

ARM ARM A ARM a
3 s 180 2 a0 s o .
Query seq, Protein binding surface AMk AN protein binding surface gah T — Y

——
protein binding surface FYYY AdRA RUST Y
Specific hits

ARM superfamily
ARM superfamily
Hulti-donains SRP1 b

Superfanilies (EETEE I ARM superfamily |

K3 o i A PRSI 5 2 AR a. ) Prosite 437 H B9 25453805 b. Ji] Conserved domains BUM 45 Hi8k s ¢. il Prosite 43
B il 0 A% Y 10 2 S 5L b 45 49 . Guanosine-5'-Triphosphate; Mg*™ ( Magnesium Ion) Gtp-binding Nuclear Protein Ran; Importin Alpha
Subunit; Importin Alpha Re-exporter); d. i Prosite 2387 4% Hi 125 e 45 #) AR BERL Y 5 e, RFELE MM AL; £, BRIE S5 F Al |

Fig. 3 Conserved domain prediction and advanced structure of a-Importin  a. Analysis of the domain of Importin « with Prosite; b, Fore-
cast of the domain of Importin « with conserved domains; ¢. Analysis of nuclear export assembly infrastructure of Importin « with Prosite: Guanosine-5'-
Triphosphate ; Mg"" (Magnesium Ion) Gtp-binding Nuclear Protein Ran; Importin Alpha Subunit; Importin Alpha Re-exporter; d. Analysis of nuclear ex-

port assembly infrastructure of Importin a helices model with Prosite; e.Helices model of Importin «; f. Ball model of Importin a.

AT, o MIAEA MMM AT ASETRNT RASE SR KE Y, 288 i 2 82 ik
(F 3:cod):o i AZE A Importin B ¥ 8, 58 &G 1K Y5 Ran-GTP 454, 45 & VR 0, Bl 8 38
NLS Z K& A s Y MZ IR 45 A Ik 5L E &1k ¥ ;5 Ran-GTP 454 1 Importin B, i 40 i A% , 78
AT IR LR LT RS G P e S i B2 2% AU Ran 45419 GTP 7K fi# , Ran-GDP i& [ 41
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A% B e 4 Ran-GTP; o fit A ZE FITE L N A% i
H & H S BY R i B 40 i B (Chang et al..2013),
o fi A EE XA 2 E AR S th B B T DG
1 o fi AR AR N 3 S A, n] DA IR A A RN 4
LT R DI 6E . HH A0 B 7 43 BT A5 R T R, T B
o iy AR 1 S AN T R A A i A% R A 2
KAk E i 2 (R 2) MM TR o AERS
AR RE B RE R R B AR A% D RE D K
VESR 73 7 AR HE 11 b B A% 4 8 2 11 0 AN GOR0AR 45 1)
REAHSCH DI . Wi DI BE 0 28 1Y 0 &5 21, #E DU it T B2
G o Fi A U RA R ROV AR5 T AR L
J e R P s A 455 32 38 110 T B8 1 mT BB 1 B v L 20 il
0.632.,0.545,0.373 Fl 0.261 (% 3), Rashid et
al (2011 K C2C12 ALY E47 H Rl o« iy AR
FUEE PR DR R o AR LR EA7 )R T & A
Tk PEHE 5 R T, Rachel et al. (2009) #F 55 % B Im-
portin o BIHA AT NLS 45 & 7776 B B 19 NR1-1a
i) NMDA (N-methyl-D-aspartic acid, NMDA) 5% {&
AL BT X RS A R AE R o A AR E 4
5 PSD (postsynaptic density, PSD) #H H./E Fi £
WA BT 5 B A [ 1) L 470 0 80 Ak o R o 1Y
JAAES . B AT T 5 o fAEASS
20 MR 5 A2 VAORE A T 5 B A T ) R0 L
B2 A VR H 5T B A il T R o 7E R R P Y
Ui 20 T A0 MG 5 3, 3 Ak T BTG IS AR R BRI 32 44
TR (9 28 0 0y fe i B & IR A B . Yoichi er al.
(2012) A1 Yoshinari et al. (2012) #F 5% & ¥,
Importin o 3 # — > 5% 5% P 19 14 B 2% , 1% 88 H R
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LA SRS, 580 STK35 1G58 ; 8 /8 1 il
SUREIR T VR N s S DN 1 R SR NS A
DA B ATP, N5 AR T st T,

H 5 20 45 A 45 A8 S0 i B HG T R TN 4% 2R mT
H,Conserved domains 7381 & BT B % o« i AEH
JEf 1A IBB 45 A1 3 A EE 1 ARM 4 A
Prosite T KT H N « BIAH A ZH 1 4 IBB
ZEf RN 4 A FEE M ARM 454 2 5 (E 3:a,b),
DN AT BE S o B A B A TE AL AT AL b 1 T RE 25 4 72
BN & o fi A (8] 22 IR P 91 AR 200, T HL 3
TG A A 25 UL E AW H P A 8
PEIE I RESE M A 2 % . AT RABIZEH C
Yt 5 Importin B A1 H./E F Al Importin B J& il [7] P& —
SR I ] 8 7 A% R 1 BT A T R AR Y A A

e ALAEBE O R W] DL T Y 2R R A D R R AR
F o U T B o g AR R 1 BSURR M 5 1 ke
240 5 0 e B A 2 7 | I % A B BR B 9 4 T
BEMI AT BEMEIR = . Kristoffer et al.(2005)WF5F &
o B AR 122 5 A Y AU R ST By 4 S Y A 25 2H
43 sKodiha ez al.(2008) WF5E R W], o fi AR S —
ety LA AR AR T 5 R A% R R B
R AW BEA AL R R BE B N s N
A FRE AWM, Furuta et al.(2004) #f
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132 B o PR 3 ROA% S5 490 5 3 410 1 3 b Bz ]
AE A2 40 M 17 b S B 2 AR ) T LA . el R
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Ml 3 55 o S AR AR B AR S 5 A0 R 1
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5G o i AT 81 L 25 2R DR 3 B A
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77 A0 S5 o R 2 R AR B RO, X 5 E A Y o Fi A
BRI A B X O o A E 0 T4 S
Re o B 4L 1 Y S
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