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Abstract: [Objective] To explore the structure characteristics and binding sites of transcription factors of miRNA-21 including
AP-1, STAT3, NFI1, CBP, EBP, TGF-B, BMP-6 and GFI1. [Methods] Physical and chemical characteristics, three-dimensional
structure, subcellular localization, and binding sites were analyzed using the bioinformatics tools for transcription factors of miRNA-
21. [Results] Isoelectric point of most transcription factors are greater than 7.0. Aliphatic index analysis showed that EBP protein was
hydrophilic and the others were hydrophobic. The instability indices revealed that most of transcription factors of miRNA-21 were
unstable. The secondary structures of corresponding all transcription factors were comprised of a-helix, random coil, and extended
chain.  Subcellular localization analysis implied that most transcription factors might exist in the nucleus. All transcription factor
presents a hairpin structure in the level of tertiary structure, and six transcription factors were predicted for binding site. [ Conclusion ]
Tr anscription factors of miRNA-21 have the typical characteristics of hairpin structure,  which may contribute to regulate the
transcription of miRNA-21. Our results will contribute to the development of cancer treatment and drug design based on the miRNA-21.
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PP 31 B RNA 54 il I e 53¢ 2R JR0 00 5% 7= W)
(pri-miRNA), #XJ5 7E Drosha fll RNA %54 % H
DGCR8 HYAE T BT YT B 24 70 M ZH IR IF R
HZEIRLER 1Y miRNA FifA (pre-miRNA), Pre-
miRNA 1£ Ran—-GTP R4 5/ 40 il o s B
Exportin5 BIVEHTT , DA B0 A2 1 26 2 241 ff S5 v, SR
J5 9% RNase Il -Dicer #% 12 N VI 54 55 U1 AY 21
~ 25 PR A AR miRNARS1 SR, H FiXS
miRNA FIRFEPATA IR Z Tk, 73 BimiRNA-
21 (miR-21) T B & BLAE 2 M Il 52 G2 F1 SR 2%
(EL OB e el @ LA o (B R R E 1 )
M ——FP A 2 Fh SR R (e 8 e T FLIR
TSN ] R S e N =
I 5 ) Mo AR SR (18 R b L A0 PR e B A
JE A bk LR 45 ) T e A B miRNA S 25—
ANFE IR R NI ORI Y miRNA, 7 AR
miRNA JRE“E AT SE AT 240, 20 B miR-21
(A2 8 S A AR g i 5 X P 81 B RNA 3R 4 Bl i
T MGG SR ) (pri-miRNA) | %1 72 3% 2]
1 SRR - (transcription factor) B UH¥E . 43 Bt miR-
21 (% gAY PR ] LAy SRy T ] i 5 PR A A ]
PR, A E) b SR gk R S Ri e T
G S 5 e DR AT BB 23 P 4% miR-21 A% s A
TAR L IE miR-21 UL, BEFERI, miR-
21 H IR R A transcription factor AP-1 signal
transducer and activator of transcription 3 (STAT3) |
NFT-nuclear factor 1 C—type isoform 1 (NFI1) CBP,
EBP  TGF beta—inducible nuclear protein 1 (TGF-3) |
bone morphogenetic protein 6 (BMP-6) .GFI1 &z[8-10]
MAEYIE B2 A R GT miR-21 5% 5 T 4544 45
fik, A7 BT BRAREE SR N T4 miR-21 ik 7
Pk, SR, HATEIN AN A RGEH T miR-21
SRR A5 MR E A G DRI, AR SN
miR-21 F sz A 5 A7 R Ge 4 # , A H IR P
Ji . TREEK . 5 miR-21 4547 5 S5y T R
miR-21 $ 5K FLHFHE, HLL miRNA B
FEIEIRIT T ARG 2G i e d (R0

1 #H#H57*
1.1 miR-21 BERF=EFHRFT I E&E

I [ [ ST A Y ARAE S A 3 (National
Center for Biotechnology Information, NCBI) (%

miRNA-21 & i T F P, fFh AP-1,
STAT3 NFI1 ,CBP EBP TGF-B ,BMP-6 GFII,
12 miR-21 ERFEEFEMNEERFESN

XF miR-21 F% s 42 K 7 2T AR W45 B 22 0y
Br, 45 FH ProtParam 7F £k T. H (http://web.
expasy.org/protparam/) T8 miR-21 %% 5 4% A
TRYBEAL PR, IR MR A H o 7 BB SRR
JoN s W S RCE S € IO = s o 4
ZEF 0 Hon Secondary Prediction Method PR T
I (http : //npsa—pbil.ibep.fr/cgi—bin/npsa_automat.
pl? page=/NPSA/npsa_hnn.html) ; 8 [ =225 #4 i
HI SWISS -MODEL 7£ £ Ik 55 #% %l il (http.//
swissmodel.expasy.org/). TMpredict #4755 H 5 ¥
H) 15 B X 43 A7 (http : //www.cbs.dtu.dk/services/
TMHMM/); H] ] SignalP v4.0 #1715 5 Jik 152
(http : //www.cbs.dtu.dk/services/SignalP/) ; ] H]
PSORT (http://psort.hgc.jp/form.html ) #£1 73V 41 i
VAT
1.3 miR-21 HREF5 miR-21 L&A

Vg3 S R IR 7 4 2 58 B AR L T DP-
Bind (http://lcg.rit.albany.edu/dp—bind/) , T 5%
KT 5 DNA M55 AL ¥ 5 s 1 2 R R 7
FIE2E 2 NCBI (3 PDB % PR 3E4 T PSI-BLAST
e, L3k A5 [ U M PDB-ID, A} SWISS-MODEL
FELR R 55 5 T miR—-21 5% 5% )i IR 7 1) 4 -4
AU (http : //swissmodel.expasy.org/ ) , ¥ HE 57 1) 73 F
FERUAE N G 284 M .pdb U, E 4% % Q-SiteFinder
£ T. H (http://www.modelling.leeds.ac.uk/
qsitefinder/ ) TN S R 25 G0 0, &5 G Wi IT
VE T2 SR W SIS B A

2 &% X

2.1 miR-21 HRIFIZEEFELERD W

M NCBI W& 3] 8 > miR-21 4 a4 K 1,
Gl 47 W3R 1, X% sk g N+ Bk v Btk AT 1
AT (1), S L (PL) 40 BT 7 - STAT3 45 L A5
INT 7.0, B RYE HoAy 7 MEERIHEIN T E A%
HART 7.0, 26PE; Hr TCF-B 5 M
(10.28) ,STAT3 Z5 Hi JS e Ik (5.94), BR¥ 454K
(aliphatic index) 43 #T {2 7~ :EBP 5 & f8 8O K T
100, J 3R KPR HE 1 5 oA 7 A4 Je sk i 2 1R DR
TEECI /N T 100, RMEKPEEE, AEE TR AL
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Table 1 Physical and chemical properties of transcription factors of miRNA-21

Gene GI No. aa PI Molecular mass/ku Formula Aliphatic index Instability index
AP-1 4758616 331 8.90 35675.5 CissHas00N 1190445 14 74.65 53.28
STAT3 21618340 770 5.94 88067.8 Cio10Hs161N 10610 1170541 83.45 48.22
NFI1 299758476 494 9.13 55180.5 CousoH306Nesi0731S16 65.69 62.73

CBP 3168627 923 9.13 101797.5 CazsoHeopaN 13260 133056 59.52 84.51

EBP 49457141 230 7.76 26352.8 CiassH15N310030057 108.87 38.81
TGF-B 119616155 260 10.28 30065.4 Ci3H2mNanO360510 74.19 40.32
BMP-6 119575623 513 8.39 57225.6 CosisHzo11N 739074552 70.57 63.15
GFI1 21618436 422 9.24 45297.1 CionH307N5060 580523 54.22 50.14

% 2 miRNA-21 BFRiFEREFH ZREN
Table 2 Higher structure simulations of transcription factors of miRNA-21
Transmembrane Secondary structure
Protein ID PDB-1D ) Signal peptide - ;
regions Alpha helix Extended strand Random coil

AP-1 1JNM_A 0 No 120 11 200
STAT3 4E68_A 0 No 372 110 288
NFT1 3IUU_A 0 No 116 48 330
CBP 4BHW_A 0 No 305 53 565
EBP 3FX3_A 5 No 128 25 77
TGF-B 3J20_) 0 No 95 49 116
BMP-6 2R52_A 0 Yes 157 61 295
GFT1 2KMK_A 0 No 52 54 316

(instability index ) 73 #72 B : EBP A E2E 5 80N T
40, MESE R HAy 7 DG s i AR e 48
BORT 40, AATREEHEN , MATREFEEIPrah
ST ER 3 S 4 P T AN ARE 1Y, H ]
DAHEN , miR-21 F% 5% 45 n] 68 32 S B3R 558 25 A
WS A

2.2 miR-21 HRIFIEEF ZREM T

X8 A~ miR-21 % s i 45 Kl — 45 o3
FW], IXBORE S T A - IR
(alpha helix) , JC L0 &: {i] (random coil ) FI1 Y™ Ji& 5%
(extended strand) %544 3 FIE A, Hd 6 4
miR-21 % 5¢ M # H 7 AP-1 STAT3 NFI1 .CBP,
TGF-B .BMP-6 Hh 45 24 Y HL 45104 . JCRIL I 455 >
o- B2 ESY JEAE  EBP 1Y LA - oo S5 TiE > TCHL I

# 3 miRNA-21 &R VF#E E F I 4B E L 2 #r

Table 3 Subcellular localization of transcription factors of miRNA-21

mitochondrial microbody lysosome endoplasmic reticulum
Protein ID" nucleus ) ) cytoplasm
malrix space (peroxisome ) (lumen) (membrane )
AP-1 0.940 0.425 0.300 0.186 - -
STAT3 0.450 0.100 0.300 0.100 - -
NFI1 0.700 0.360 0.300 0.100 - -
CBpP 0.300 0.100 0.300 0.262 - -
TGF-B 0.988 0.100 0.300 0.100 - -
BMP-6 - 0.100 - 0.172 0.650 0.000
GFI1 0.300 0.100 0.152 0.100 - -

1) In addition; EBP, endoplasmic reticulum (membrane) (0.300), plasma membrane (0.600), mitochondrial inner membrane (0.030), Golgi

body (0.400).
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Fig.1 The predicted tertiary structure of transcription factor of miR-21

Predicted active sites were labeled by the arrows

B2 miR-21 BREREFES AR TSR

Fig.2 The structure of binding sites of miR—-21 and its transcription factors
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Hli>PREE M GFI 1 EL Bk . TCH N4 >3-
JEEE>a—IRTE (F 2), BEAN, 5 I F T % B
EBP A 5 MEEREIX, HAY 7 4> miR-21 He g5 A
T TCEE L5 5 {555 IR0 &7 , BMP-6 HA (5
S, HAy 7 4 miR-21 #5500 Sk
45ty (R 2),
2.3 miR-21 HRFEEF=REHRH

i PSI-BLAST LEXT53#T, 3545 8 1~ miR-21
e R4 N AR M PDB-ID (3£ 2), LA PDB-ID
JBEA, R SWISS—MODEL 7EZ& Il %% 28 0 1 6
A miR=-21 J SR 7 1) = a4y, i s 45
K7 NFI1 Al EBP AREFUN ) =20 4548, Fmss
DL 1, 1 ATRIE Y miR-21 35 i 11
YR E B AR, R e B SRR AT
X ATREA BI T454 miR-21 KR gEF 75 St
2.4 miR-21 HFRFEEFILHME L5

X8 A~ miR-21 % s 8 45 PR - R 1 7 30 448 i o
B Hr (R 3), 45K KW . AP-1 STAT3 NFII
CBP [ TGF-B GFI1 754 Sl 4 R 70 T 20 g %
1 (nucleus); 1 BMP-6 13 T4l ifd it (cytoplasm)
i, EBP WA T 5% (plasma membrane) I, 4 A
5CUF ) T 25 S 2 S miR-21 %% St ¥ 7
BMP-6 F1 EBP 375 40 il Jot rp sl o L | 3 4
T SRR DR = i 25 S X miR-21 B S
FEDIRE , S — MESAS NEH R,
2.5 miR-21 BERIAEEFE miR-21 &M=
oL

X8 A miR-21 sk i A Fi#E 4T T miR-21
S5 G T 8 AE 26 T H DP-Bind #EA 7
PAF miR-21 Fsp PR K 15 miR-21 45500 5%
GIERFRIEUT

AP 2 537 5,

4K 47G 491 50K [ 92P 93T 94P 95T, 100P 101K ,154S |
165S,178P 1825 ,191G 194G [ 197F [ 199A ,200Q ,215M |
226K ,240P ,243S 258K 259R \261R ,262N ,263R ,265A |
266A ,267S 268K ,269C ,270R ,272R 273K

bone morphogenetic protein 6 A%k G137 &

6R \38A ,41G .48G 52R \ 72K \97H ,98G ,99L., 100Q , 183N |
191G ,234H 236K ,243S |253A ,264M ,2885,289D ,302E ,
304G . 311T,3220Q ,323H 324N 379R ,382Q ,385R .387R |
3885.389T,390Q,391S,392Q ,395A \396R 397V ,398S |
399S ,400A 414K 415H 437A (439N 454N 455A . 456T |

457N (458H ,472Y 476P 477C . 478C 479A 481T 482K |

483L.,511G 513H

CBP [Z5 47 5

5H,7W .8A . 10P . 11P 30K ,32K ,33R .35Q 70K . 101E .
108E . 109T , 145R . 153R 155K . 163R , 164R , 1655 . 166K .
167W . 168S . 177H 189N . 198R . 199W .200H ,216T 2650 .
266C .267R 270N 271C 2728 .273L 274P 2758 2770,
278K 280K ,281R 2840 .285H 288G ,289C 290K .291R .
292K 293T 294N 295G 301K ,310H 312K .313H ,320P .
323F 328K .331L.332R .341() 347R 348R .349R .350M ,
351A 352T 354N 357N 358V 3610 .374P .376Q 3770 .
378P 3795 380T ,381P ,382() ,383T ,384P 385() ,386P
387P,388A .3890Q .390P 391() ,392P 3935 394P 395V |
397M ,399P 400A 401G .402F 403P 4048 408T 411P
412T .413T 414V 4158 416T 417G 418K .419P 420T .
4218 4220 423V 424P 425A 426P 427P 4310 .432P,
433P 434P 435A 436A 438E 439A 440A 441R 442()
4431 444E 445R 447A 448(Q) 4490 4500 451Q 452H
4531, 454Y 455R 456V 457N 4581 459N 460N 461S
462M 463P 464P 465G 467T 468G 469M 470G 471T
472P 473G 474S 475Q 4T6M 477A 478P 479V 480S .
4811 482N 483V 484P 485R 487N 488() 489V 490S
491G .492P 493V 494M 495P 4965 .497M 498P .499P
500G ,501Q ,502W ,504Q .505A ,506P ,507L .508P 5090 ,
510Q.511Q.512P 513M ,514P 515G 5161 .517P 518R .
519P 520V .5211,522S .523M ,524Q) .525A 5260 .527A |
528A 529V .530A .531G ,532P 533R ,534M ,535P 5365 .
537V ,538().539P 540P 541R 5425 5431 5448 545P .
5465 547A 5481 .549() 550D 5511 552L 553R ,554T .
5551.,556K 5575 .558P 5595 5608 ,561P 5620 .5630Q
5640 .565Q .566Q .574N 575P 576Q) 5771 .578M ,580A
581F 583K .584(Q .585R .586T ,587A 588K ,589Y 590V
591A 592N .593(Q .594P 595G 596M ,597(Q .598P 5990 .
600P 601G ,602L .603Q .604S .605Q .606P 607G .608M
609Q .610P.611Q .612P 613G .614M .615H .616Q .617Q ,
618P 6195 .620L .621Q 622N 6231 624N .625A .626M .
627Q .628A 629G 630V .631P 632R .633P 634G 635V |
636P 637P 6380 .6390Q .6400Q .641A . 642M 643G 644G
6451 646N . 647P 6480 649G .650Q .651A 6521 653N |
6541 .655M 656N ,657P 658G .659H .660N .661P 662N
663M ,664A 6655 .666M 667N .668P .669Q .670Y .671R ,
672F .673M 674L 675R .676R .677Q .678L .679L 6800 .,
681Q) .682Q) .683Q 6840 6850 .686( .687() .688Q 6890 .
6900 .691Q ,692Q .693Q .6940Q .695Q .696(Q) .697Q 698G .
699S . 700A 701G . 702M ,703A 704G 705G . 706M . 707A .
708G . 709H 710G ,711Q . 712F . 713Q . 715P . 716Q . 717G ,
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718P 719G 720G 721Y . 722P 723P [ 724A [ 725M 7260 .
727Q,728Q . 729Q . 730R ,731M ,732Q .733Q ,734H . 735L.,
736P 737L.738Q 739G . 740S ,741S . 742M 743G . 744Q) ,
746A 7480 749M 750G \751Q . 752L 753G \754Q 755M ,
756G .757Q . 758P 759G . 760L 761G 762A . 764S ,765T ,
766P 767N 7681 .769Q .770Q 7721 .773Q .774Q .775R .
7761.778Q .779Q . 780Q . 783K . 784() .785() 7861 .787G .
7883 .789P 790G ,791Q ,792P 793N ,794P 795M 7965 ,
797P 798() .803S 804G .805Q ,806P 808A ,809S . 810H .
811L.812P 815Q 8161 ,818T 8195 8201 ,821S 822N,
8230 824V 825R 8265 .827P 828A ,829P 830V .831(Q) .
8325 .833P,834R ,835P ., 836() 8375 838 .839P 840P
842S 8433 844D 8458 846P 847R 8481, 849 850P
851(.852P 8533 ,854P 855H 856H 857V 8585 859P
863S.864P 866P . 871T ,872M .873A 8745 8761 8780
882G ,884P 8860 ,892(Q .893L 896P 8975 912T 915T

EBP AY45 A7 s

8L.9H 10P 11Y ,52R 56V ,57P 58L .59G 60T .61W 89D
110R ,111Y ,142R  144H . 145P . 146L 179L 209K 225A .
226K 2275 228K .229K 230N

GFI1 protein FY&5A A5,

3R .,57P.107P 115F (134H  135L 136V 137Q . 1385 . 139Y |
140R . 141P 143G 144A | 146E [ 147R 148G 149A 150G .
151L,152G . 161P 162G . 163H ,164P  165A . 166A 1671,
168Y 169G . 170P 171K . 172R . 173A [ 174A (175G 176G
177A 178G, 179A 180G ,182P . 189A 190G ,191A [192T
193A 194G . 195P 196G . 198G . 1991 200Y ,201G 202D ,
203F 204G ,205S . 206A ,207A ,208A 209G 210L 217A |
218A 219G 2201 222Y 223P 224F 225R 226G 227H
228G ,235A 236G ,237V 238K 239V | 240F 241S 242E
2431 2441 246T 247R 2481 249L 250L 251G 252G .
253G ,255Y 2615 262K 263V ,264F 2655 266T 267P
268H 269G 271E 273H 276R ,277S .278H ,279S 280G .
281T 282R 284F 291K ,292T 293F 294G ,295H 296A .
297V 2985 300E ,301Q ,302H 303K .304A 305V ,306H
307S.308Q .309E .310R 3118 312F 318G 319K 3208,
321F 322K . 323R 3248 3255 32613285 . 329T 330H
331L.,332L.3331,334H 3355 336D ,337T ,338R ,340Y .
347K \348R ,349F 350H ,351Q 352K 3538 ,354D 356K
357K ,358H ,359T 360F 3611 ,362H 363T 364G 365E
366K ,368H 375K ,376A ,377F 3785 ,379Q 3805 3818,
382N, 3841,385T ,386H ,387S . 388R 389K ,390H ,391T,
392G ,393F 394K .395P 396F 403K 404G 405F 4060
407R 408K ,409V 410D 412R 413R 414H 415R 416FE

417T [418Q ,419H 420G \421L 422K

nuclear factor 1 B—type isoform 1 [5G 15,

23H 25R 26A 271 ,28A 29Y 30T ,.31W 350 ,36A .37R |
38K .39R 40K . 41Y 58K .75R 79K .81R 82K 97T 114K |
150R (1691 ,170T 171V [172S 174K [195P 216G ,239F |
249Y 250Y ,252D 254N 2555 256G 257V (258N 2591,
260Q .261R ,262S 26312645 .265S .266P ,267P ,268S |
269S 270K \271R 273K ,274T 284S . 285P . 286T 287G
291P 292S 293P 2955 ,300S,301R ,302T ,303W ,313P
314T 315T . 316M 317K 318K ,319P 322P 3231, 324F |
327A 3285 ,329P . 334P . 335R \336L.337S .338T ,339F |
340P ,344H 345P 3471 ,348P 351A (352H 3535354V |
358R \359T ,360P ,365P . 367P 368F ,369P 372A 375P
376P 378P ,379S .380S,381Y ,386T ,3871,388R ,389Y |
390P 391P 410S ,411P 412Q ,415Q ,416P 418G ,419S |
420G ,421Q 422V 423V 425K 427P 428G .429H 430F |
4317 ,432P 433V 435A ,436P . 437S ,438P 439H ,440P |
441S 443V 444R 445P 446V 449S 450M 451T 4561,
464T 465A ,466S . 468T .470Q .479P . 480R 481D .482P
4835 ,489Q ,490S ,491W 492Y

signal transducer and activator of transcription 3 isoform 1 %}
EEE VA=Y

4W 379R 409K ,423R ,465S 466N 4671 ,468C 4690 |
511Q.512F 518R 5201 ,551K ,560S ,561F 581N 591K |
609R 6115 ,620T 679K 685K ,686Y ,689P [ 705Y ,727S |
728P [ 729R

TGF beta—inducible nuclear protein 1 F{%% &1 15

3Q.12K 13R | 14Y | 17R \23K \25R \26K ,27K ,30R \33H |
38K ,39A 40K 41K 46K 47A (48K 49L 52K 53Q .54R |
55H . 56A (58K 62K 63K 64T 66K 74K 99A (100K 101V |
103S, 107K \110R \ 113K 115G [ 116K | 117W [ 123K | 125R |
1361, 137R 139G [ 140K | 141R | 142K . 143K | 144K | 145A |
146W [ 148R ,149M [172R [174M (175G \177R [ 192F 205S |
206P 210T ,215T 216K 217G ,238W 240K ,241Y ,243Q |
244V 245T 246N 247N 255N

i 8 PSI-BLAST Lt 5341 , 3545 [] 544 PDB -
ID (55 2), I/ SWISS-MODEL F1 Q-SiteFinder 7£
L TR 2L 5347, 3845 6 4> miR-21 554
GG O S TR (& 2), 456 PR
IR miR-21 ¥R 15 miR-21 454
DS B R I XS PREE M RRE , 5 =gy
JEARFEARL . Wi st R I NFI1L A1 EBP =K BE il
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I BT AEIR ] fEAT A AR 25 5 00, A
FFTHE— P RABIE,

3 #

miRNA %% 53 i #2 32 3] % 5% [H ¥ (transcription
factor) NI FE . miR-21 FHCH: KT B A
AP-1 STAT3 NFI1 .CBP .EBP TGF-B .BMP-6.GFI1
4 Horp AP-1 .STAT3 . TGF-B K iF [a] 845 A+,
NFI1 .CBP EBP il GFI1 Ry [ &5 K77, 1fif BMP—
6 XF miR-21 Ji 21 DX Bl % 5% 5% J5 i 750 BE A 1 1) 9
A5, A G E 0 AR X X L S R B AL
PE M & B, EBP 1) IR 75 8 BUORUAS TR F5 £0Fn
HAh A S 7 B 0 25 57 A r K MR E R
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KR AR I A i R, A 7
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T 3 e 2 53 PR - 1T BB 37 1 A8 2 A iS5 R
BrEA 2 T LU miR-21 8P nl g%
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£ miRNA 7% 5 45607880 (binding site) ™,
XA GE A S AE miR-21 5 5% 8 30+ X8y
Ui i S IR 0 5, (transcription start site, TSS) #%6
W) PR STAT3 W] AR R 98 A V6 97 AF # A i 5
(A FARL2  ASHIFGE I A A TN miR-21 F% 54
HWFRVERL SR A, B ERNTAH 24
VR A5 (8] 2) , I HLS BN R A & e 5 R s
5 SRR S R —F, Ak, AR & B, miR-
21 Sk 3E N 1 1Y = 9 25t B A B i K R
P, PR e B ZE R RRAE , nT REAT BY T 5 miR-21
FER G5 G AT SR . X SE R A KA BT
TR 1R T M IAH IR 2 i i i
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