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ANEMHERHEXEEEBRERA
¢cDNA B [ESThEE N1

RO EAMG FEBR K OK £ R A#R B o E¥TET

( TS A 2 A LR 5 BT T AN AF T %, JkE %t 100850)

WE NN E A HODCH EH T (N-RAP) A& CLAN0 55 LA 4 A e A7 DG 40 B i B2 8 11, RS, 5 0o o
()N 28 N-RAP JER (1 cDNA 55 L hfie— B AR, 9T W N- RAP JEBRAE A8 h e i 45 1, R 24
i 50T TSy A R, b o T N N-RAP JEP. A N-RAP JL[H ¢DNA JEF] 5454~ 5 088 bp
R TP HCEASHE, 5/ B N-RAP JERIAT 86% MMARAYE.  Be(a o fr 20T 2], A N-RAP JERGE A7 T 10925~ q26
20, gnts X 41 ASSh T4k, Y5 HABP2 FI CASP7 S il Wbl o, WLW . O . i .
AT FIRAT A N-RAP JER AN ACIE 19 cDNA JP#). A N-RAP 5/ Rl N-RAP & (5P 904 88% M AMLE, 5
A Nebulin 729 63% MIAEATE, 55 /N Nebulin 7745 59% RIANBAE.  Z5 00T R, N & LIM &5 0058, M
170 {7 28 BE MR TV, 34 H 0 40 > Nebulin H15CHE & 741, RT-PCR S48 W, A N-RAP JERIE e i« 7 di
LA BELH 0D #4720k, e itirh AL, WAMEMI R R, A N-RAP JERRIA TR, JE-T 5 5 M
PR SR BT SRR S BT R E AN E AL WE ST, BT BAHEM A N-RAP 5/ Bl N-RAP [ & Nebulin Z 0%, A7

LI ThHE.
XKHEIR A N-RAP JE[H, JLEF4esbpk, B4 B

ERAES 073

ANEUEEILED S B G 8 € 2 (Nebulin related
anchoring protein, N-RAP) A& 1997 4 A ML g 45
LEHHE 11 LIM 2 A, C % b Nebulin 426 57
5, WESGNIEVEAMKAE B (vinculin), N i
HLIM Z5Kgsk, TS ERERE (talin), RIS
N-RAP iy, wI4iG LA LIM 2 (muscle LIM
protein, MLP) FUILENdH, H5UL5)E AR 4
AEJIEE C oK 10 5. E& 1175 DR, 77
HEON 185 ku, FF 5 RIS TH#ALMO AR, 1
MLP i B tropomodulin % 35 [K /)y BRUBE Y [ K04
A, R A REAE N A sk O LR ( dilated
cardiomyopathy, DCM) 5 FRE. N-RAP #A 4
TEVEF A e R e R L, LT 4 3 1 51 K&
. %8, N-RAP 5 B integrin . talin F vinculin 55
28, RS GE G MG, Z R A A,
WA A #% N-RAP C 3t Nebulin 2% 852751 %
B, KimY Z R Ega, BRIl 53451k
fefh, N-RAP N iy LIM Z55k2 iRt 5 1, i
ST AR MBS RIS, AR Z At ¥

AT 5 MR LA B LI k2% 28 cDNA
IR T — B R IK S kRS (EST),
GenBank #5252 BQ091951. F/fl BLAST ( basic
local alignment search tool) X fF3E4T AHALL P 1 2R,

RIZIFH 5 /8l N-RAP 45 86% [IAHALLYE, W fig
RFE/ANEUN-RAP JEPRE N g Y. T W
fifi N-RAP FERI7E AN b Pl i/ HI, AWF SR
R 2 o A LRy AR, IR
L cDNA SCFEH e Th 5 B T A N-RAP ik [A]
cDNA 731, JEx LDy REREAT T WL 143 .

1 #REFIFEE

1.1 A N-RAP cDNA By [

KB N-RAP JE 4 K oDNA 741 5 A3k
K417 404F BLAST 4387 (http: // www. nchi. nlm.
nih. gov/blast ), RIVEH ALK 10 TR EATFHIH
AR RE, BN B SE A S /N BUN-RAP [+
PSR L L BN B N-RAP JE 4 K oDNA 5 A
EST J%4F BLAST 731, KA £ 4% EST oY
/N N-RAP B DA v B AH AL, R 408 6] 1 f 256 DR 441
5\ . EST J# 5 M IRATTIRAS 18 EST P51, ¥t 2
gl w: B UE 5l % Pl ( ATGAATGTGCAG-
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CCCTGTTC) . P2 ( TCATCGACCCTCTGCCG)
FURU751% P3 (AAGACTCAGTGGGCCAAGAA) .
P4 ( CGAAGATTACGCCAGGACTC), BL A %
WL eDNA CFE (Clontech 23 ]) Jy#iki, H R 2L
DNA 2B Pyrobest (TaKaRa 22 #]) 475§ 0 1Y
HBL B R By 89 K A Touchdown PCR H2AR,
FAFWIR: 94CHANE 3 ming 94 CAME 15 s,
60 CiR K 15 s, B2 3L — AN 2008 KL B PR AR
0.5C, 72 CHEAf 3 min, 2L 25 PMFEA; 94 CARE
155, S5CiBk 15, 72 CHEM 3 min, FL 10 M
¥y 72°C 5 min. PCR 4555, 4MI1 Bl rTaq 25K
fiff (TaKaRa A7) 72°C 20 min MIJE. RN B
&AW R 94 CHiAEPE 3 ming 94 CAEHE 15 s,
55 CiBK 15 s, 72 CHEM 3 min, L 38 M1 ¥
72°C 5 min. PCR £ J5, 40 1 vl rTaq £ il
(TaKaRa 2 7)) 72 °C 20 min MIJE. 0. 7% B/l HkE
JiEHL Uk 4 2 PCR P4, K 3% 85 ) [ ik ) &
(AEITHE R ZE e AW I R BRI PR ST A 7)) B
RERE SRS RIS H M B, H R BLBL 30 1 BEIR LR
5 pMDI& T #fk (TaKaRa A7) BEATERE. K
R WA K AT 1 M 109, Bk (1 (6 B8 4 0847
PCR Rl V) % 5e, PHYETOREE by 0 A R
AWARWF. 2 A BePi% G ] ESTBlast #2 )%
(http: //www. hgmp. mre. ac. uk/ ESTBlast ) #E1T
HFREA,  HEREN S P 51 5 N SR BE DR 20 Hdis AT
BLAST 43 #7 (‘http://www. ncbi. nlm. nih. gov/
BLAST ), #AICw SEtk. MRIWPHE ISP, &
it 2 w5l 451 PS ( TCAGCAAAGGA-
AAGTGGAAG) . P6 ( GATCTGGGATGGGCTG-
G) MWNGIY PT ( GAATTCGGATGAATGTGC-
AGCCCTGTTC) . P8 ( CTCGAGTCACAACAG-
CAGGGCCTTCTTC), W5l £ 51450 EcoR 1
M Xho | BEVINL AT (RHARIR), LMEHEAT S 8%
. ANEHEIL cDNA CFE (Clontech 22 7)) At
B, H Advantage II DNA 245 E ( Clontech 2 )
k5148 P5 . P6 HEAT B — % PCR, 41 F:
94 CTIAEYE 3 min; 94 CAEPE 30 s, 55 CiEk 305,
72 CHEA} 6 min, 3L 20 PEH; 72°C 10 min. 4§
PCR ¥ 1 25 85 F/KFRRE 100 £5, B 1 ul fERIARL,
HW514) P7 F1 P8 BEAT2E 4% PCR, &5 —
¥ PCR M. k4 2 PCR 74, RIS &EA
pMDIST #% &, $k ik PH % % f% (pMDI18&T/N-
RAP) ¥
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1.2 A NRAP EE#ZEBRIMNERRFIIOH

KEF A 3 BT B 36 JF O A AE (ORF) 74k .
S 2 G ioets o PRk, R
fE NCBI It %54% (http://www. ncbi. nlm. nih. gov )
LT, BIPSELGAL S TIIE NetStart 1. 0 Prediction
55 2% (http:// www. chs. dtu. dk/ services/ NetStart )
FiEAy. EABUFI T ARES RS S
MOESE B BRI MR R | RHIEE SR
MG R - BB S h dh a5k 7]« — 2%
it orpr . AR A, F-2EAE ExPASy 731
WSS &% (http: //en. expasy. org ) AT,
1.3 A N-RAP EE LMK A B R PRERIED

HI RT-PCR V&, 43550 AR NI« 1+ i i
LA HELLZA 1) ¢cDNA SCFE ( Clontech 22 7)) A
B, H5I1% PS. P6. P7 F1 P8 4T #i50 PCR, ¥
4N N-RAP JE[H 4 i3 X 5 088 bp (1) Jy B, [HIAC 4
SePE R B EN pM DI T A S 51 52
1.4 A N-RAP B[R %97 488 £ i

Hl EcoRT F1 Xho I Bt pMD18&T/N-RAP %
7k, [P N-RAP % 90X, BLAH [ 3% i HE 228 3% A
pCM V-myc ik, F)2 fl 5 R84 pCM V-myd/
N-RAP. H] Ji§ Jii #& Lipofactamine 2000 ( Gibco
AT G K pCMV-myc/ N-RAP 2% 44 %
I 5 Je 25 80% -4 1) COST 4, {f N-RAP &
cmychr Bl G RKIA, F Y 24~ 48 h JE IR 4%
2 5 W] 52 40 B2 30 min, HH 0.5% Triton X-100
AEEE 15 min, HI L AE LS 35 P 10 min, /N BB
Nemye ogBEPA (bRt i EWERAHRA
A) 37CHEF 1 h, ML %6 TRITC brid £ th
FPUhE 1gC (A=Y H ARG R A7) 37°C
7 F 30 min, J 50 mg/ L 4, 6- . LBEAE-2- F I
Wk (DAPI, Sigma 2 7l) 54 15 min, L[ H]
PBS YE¥ 3 K, BRI S min. G RIMEE LS AL
R (6 7 A, LU G pCM V-myc %K
PRI COST 41 Mg A oK #% BeJk (K i) COST 41 a1

2 4 B

2.1 A NRAP £[HA cDNA A7 [#

JIPCR J5i%, AN #5 UL eDNA S/ A,
SRR T 492 kb (LB R 1.8 kb (FUFA
B WAy, WP E g, RIDFRA SN
JF e I HE. D 0k, K 3R 293, 7 kb v BLE &
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N EST $dli FE, BEATH 7 2B, £35]495.4 kb
e =4, ittt 514 PS . P6 . P7 I P8,
AT 0 PCR, M H #8L cDNA SCPE Th 3k 43
T4 5.1 kb BFES 40 (B 1), WRPE REW K
IBRAR (1) 7 51 55 W ZE A 7= ) LA AN Sk ik A 22
5, Heses—8 FHlE 8t GenBank, #ifv %
NN N-RAP JEH, #5525 0 AY081943.

1 2 3 E 5

=5.1kb

Fig. 1 The expression of human N- RAP in several adult
tissues
I: bone marrow: 2: heart; 3: brain; 4: DL15000 marker; 5:

skeletal muscle.

2.2 A NRAP EFEZEANEBQRFINSH

N N-RAP JEH & 47—/~ 5 088 bp (166 ~
5253 bp) FITFIREEAGHE, 25 85~ 87 {4 [F] FH
M2 %S 1 TGA. & & /Nl N-RAP J¥ 51 Al
NetStart 1.0 P45 5, HEMSS 166 A7 T4 ATG
AR R I AL R, IR AU AR LR 4R R IR,
AN-RAP 3 K 5 /)y B N-RAP 3 [X 47 86% (1) #H L4

human NRAP
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e RN IR A B, KA N-RAP JE[A
SENLT 10925~ q26 2 11, X it 41 4141
B, 5 HABP2 Fil CASP7 B % &, 3wy
HABP2 fiBEH S, M4/ Bl N-RAP JE R 51 R 4
e A R, v DU e FAT 3R A3 1 DN A 7 414R
KT A N-RAP JE[H 4K, 73Rk 3% 40 1 2 BE,
AN N-RAP JE[K cDNA FEHRUE T LA
L T A RERET S IRAE 2L, 5 088 bp [ ORF
AR 1695 MNEUIEIR M B A i, T 4 1R
W4 193 ku, EHLAL pl B 9.7, TEHIKX, Aw]
IR E, A SRR A 55, 151~ 165
i (KSLGEEYTEDYEQPR) Wi/t PEST [X. %
425 fL AN 1 182 AL Thr Al fig & O AR IL AL AT
1, ATREAEAEZAS Ser . Thr A Tyr il BR AL A7 M.
HEABUFIAHLITES R ED], A N-RAP 5/l N-
RAP 17 88% I HHALLTE, 5 A Nebulin 74 63% 1)
ABIPE, 5/ B Nebulin 4525 59% AHRUYE.  FIH
SMART 5548 o M &iflad, AN S 5~ 57 1A
LIM Z5 #3580, S 170 f7 JF4h, & 2 L 40 A4
Nebulin HX T 4] (NEBU, [ 2). LIM 454
MRS EARR, 5 Zn BT 45A, A5 DNA 45
P, AT A & T A 0 S, T Nebulin
MRELFIIN S E LS, EAISERZ
R, 5T 7 5N 5 /343 B, 7T BA
HEI N N-RAP 5 /Nl N-RAP [ii] J& Nebulin % J%,
EATRA R I GE.

Fig. 2 The domain organization of human and mice N- RAP

2.3 A N-RAP EFH 7E /L i A LHER h 3=5E RYAE )

CABATT AT CASRAF (Rl A« B8 1 R JULRTC
EZHZA e DNA SCFE (Clontech 22%]) JAiH, H
5141 P5 . P6. P7 A1 P8 4T #i:X PCR, ¥ #% A N-
RAP JER gt [X 5 088 bp 11 Ee. B 1 IR, BR
HHEALZA, M« B URLC T 423 b X4 18 5
5.1 kb Jy B [FIGZ v BE, JEN pMDIST 244l
F, 45 SAIE S 5 B (4 5 v BE I A N-RAP JE A

AHN R B, S ah AR, O« B JULRC IR
LA IRIE N-RAP JE K. X 5 o7 RIK %40
I 45 S 2 — 30T
2.4 A N-RAP £[H A 891F 40/ E L

PR TBE F SR, B pCMV-myc # AR
COS7 Ay, v el dEAan s, K
GRIE R 40 M B A 98, % G pCM V-myc/ N-
RAP # AR 40 M, 2028604 T (K&l 3).
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DAPI 5 DNA ¥ &ifr, R A T RIEN
906, TR MU ARz, SEEGR B, A N-RAP

EMFESEMINEER

. . | . | l
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JENFRIE TR, X5 hE
HIZhEMI) &

T2 5 L 2F 4 A ik

Fig. 3 Subcellular localization of human N- RAP gene

Cellular localization of ¢mye fusion protein digplayed by immune staining of COS7 cells transfected with pCM V-mye/ N-RAP (a) and pCM V-myc (b).

The nucleus of the corresponding COS7 cell transfected with pCM V-mye/ N-RAP (¢) and pCM V-mye ( d) respectively was shown by arrow ( = 200).

"EYIME H Pt N T SHURE BB |« fif

7 ;}Hr R FEEE AR R, JF T DU R
"J i IHer“"H 7. MAVEwRE BT, T

535 PRk [ w 'ji)u EWFICI R, AN
ﬂJz‘J\?%ﬂ’] 8 EST Je#1 (42525 BQO091951)
ik, FMAEDERETE, UHJLIK PCR M,
Ak B Ty M v B B GGk 5 417 bp A N-RAP JFE 4.
AHEETT 5, AU RACE B FN 3T iifi 3 7 2 ) 22
WO, X, FRATHTHI I v B S A AL T
BRI EST 41 £ /s B A A0k B[R] U r“-_&lJ
IX—HTHEM, AR EAT N R U8, AR
A BLAE LT 58 1 i N 28 3k (K] 41 d‘JdJ K &t [f‘]
EST JFARI A KL, SRmg et R4 EST J#
FIRE NP BE D AL 4, FH 2 IR R B8R Genscan
SIAT AT REXT N R ERE IR, K B L R A1 5 N EST %
WEFEAE BLAST 434, <FHRXS NV EST Fe 51 k4T i
FIEA, AR i 9 EST 48514, Hl PCR
JHEY SR, AT Jﬂtmz’“i‘umrﬂ - ZE fifr

ez aiea—g, R bEsh s A
A, (HIXIFAEwH PCR #E17 5.

G B AT g R oR, ARG 5
/N N-RAP BT R (86%) « 2 JEIR
JP5 (88%) VAR 45Ky, FATIM S as Ly
SCHR AR R m, EATRA ML Rk K
IEHED A N-RAP JEA L /N B N-RAP [ [+ 5 3% A,
nJ He LA RN Thie. FATRILE — AN A2 bt

, AN N-RAP fER A it A3 Rk, W3Rk
ﬁHJ'r-'fuié WM . A N A iR S KL, I Luo

£08) 1 S8 IE 52/ Bl N- RAP 45 5 &35 T3 ik ULAn
DAL girh,

DA 40 i P 23850 (Rt o2 T DR S DRLIP T
WIS R A B, e, 40 bR aA Ik
n “é" RN A, A N RIA B AL AT g

SR o F. EERAE R R PUAR TR T, BT

5 bR (tag) KRERESIERIAY KL, pCMV-
myc BT EH 13 NEIERT cmye br2E, G
N BN AL, ATAE N H MR R TR A k.
T emye BN, BGEAEA RN E M H
WEERME. X, HP e mye A28 IPTA L AT
PRER H AL e i N )R IE. 3RATT) 1J11t')3':?'£{1fﬂ}i_’
N N-RAP JEN 23805 Ao, X5HLn[ES
S VAT 4 i B D RE S AHW 5 1. A N-RAP 2L [H]
5/ RUN-RAP SRS 75 LA L Thiig, B2
WS IEAERE T

2 % X W
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Cloning and Function Analysis of a Novel Gene:
Human Nebulirn related Anchoring Protein’

YUAN Hong Feng, WANG Dong-Mei, LI HarMin, CHEN Lin,
WANG Xiao, BAI CiXian, YUE Wen, PEI XueTao™
{ Department of Stem Cell Biology, Beijing Institute of Trangusion Medicine, Beijing 100850, China)

Abstract  Nebulirrelated anchoring protein ( N-RAP) is a 185 ku actirbinding LIM protein recently
discovered in skeletal and cardiac muscle tissues in mouse. It is proposed that N-RAP serves as a link between
the terminal actin of the myofibril and the protein complexes at the cell membrane and thus as an organizing
center in the initial phase of myofibril assembly. But in human, the sequence and function of N-RAP remain
unknown. By using bioinformatics tools, the full length of human N-RAP ¢DNA, which contains a 5 088 bp
ORF, encodes a protein of 1 695 amino acid residues, is successfully cloned. Human N-RAP is mapped to the
genomic region between HABP2 and CASP7 at chromosome 10q25~ 26, consisting of 41 exons and 40 introns.
Homology searches with the deduced 1 695 amino acid protein sequence reveal human N-RAP shares 88%
similarity with mice N-RAP, 63% with human Nebulin and 59% with mice Nebulin. Corresponding EST
sequences are found in muscle, heart, spinal cord and prostate tissue. The predicted protein contains LIM
domain (5~ 57), which binds two zinc ions, does not bind DNA, seems to act as interface for proteinr protein
interaction, and Nebulin repeats, tandem arrays of which are known to bind actin. RT-PCR reveals human
N-RAP is expressed in adult muscle, heart and brain tissue, not in bone marrow. In addition, subcellular
location study shows human N-RAP is expressed in cytoplasm. These results demonstrate that just like mice

N-RAP, human N-RAP is proposed to be crucial for myofibrillogenesis.

Key words human N-RAP, myofibrillogenesis, bioinformatics
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