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The Biological Functions of NuMA Protein
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Abstract

Nuclear mitotic apparatus (NuMA) is a nuclear mitotic apparatus protein with high molecular

weight. It has been more than 30 years since it was discovered at the first time in 1980. It has been found that

NuMA plays important roles in mitotic spindle organization and maintenance, as well as post-mitotic nuclear

reorganization. Moreover, overexpression of NuMA was closely related to the occurrence and development

of multiple malignant tumors and the degradation of NuMA could lead to abnormal cell division and the

decomposition of nuclear scaffold. In current paper, the expression and localization, alternatively splicing isoforms

and interaction proteins of NuMA, as well as the progress in functions of NuMA in mitosis, asymmetric division

and early development of nuclear transfer embryos were systematically reviewed.
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isoforms), H, £, FAINUMAIN-FIC-RIGLEH  SCERIF LG R, RAEANUMALEER L. FA
W8, HOS5H20REZEMMBRPRTE Rk LIS NBER(aFEME &V LR,

& (motif), I BEAT(E SRNABI V) KA 22 53 24 M 52 1)

Do T 48 U NuMAR G Acoil-coiled XC-3 45 1 NuMARIEEFEZH

S5, AN 2 A A 1 T A SR, I L T BEAT o i N ENUMA FH 35 RINuMA 13355, NuMATZ—A
JEANH T ThRe(E DT, BeAh, TR SR, 7EM LGN S L H AR S R Y B A
NuMAETEA KT AR 240 IR R i KM S 2 MR K L2} 10404 DL, Z &L K e A F11q13, 4
NEPRF R T BEAEH . ASCHKEIA KZR77.7 Kb, mRNA4K:7 183 bp, AE4uil /T

P Do
(A) \&‘ﬁ' ~ Long NuMA @a‘*j’ p3dse (C)
& Rael binding S consepsus sites - -
N- c NuMA N- Coiled-coil ~ C- Localization
1 233\\ b isoforms terminus  domain  terminus Interphase  Mitosis
« Medium NuM P e —
) Racl i | \%&‘* consensussis Long (2) + + & Nuclear Mitotic asspratus
N-E """"""" - -C Medium (2) + = + Nuclear Mitotic asspratus
/N 21158
«Q«pp“ LGN binding Short (3) + - - Cytosol Cytosol
C’\ Rael
. Short NuMA
1213
(B)
Plm P2= P3=
Exonl2345678091011121314 15 16171819 20 21 22 2324 25 26 27
HHIOC OO H - — o
Exon 15 (3 366 bp) Exon 16 (42 b b Long NuMA
s
Exon 16 deletion
sa{I00000O0000 THICHHTH T HOH O C
Exon 15 deletion Middle NuMA
“ﬂﬂﬂﬂﬂﬂﬂc}ﬂﬂﬂ? Fron T2 and 1 cletion IO OO — d
Exon 14 differs
(135 bp)
e
00D — | ShortNMA
PSm
== e—
Po=

A RIGIA SCHRIRTE, NuMABI A7 K. R =28, o, KAYNuMAGHR UL BRE AR i« FREEBR Y A i [ 8] coiled-coil 25 435, 7Y
NuMAGRZ> 7[R coiled-coil 45 #J5K, % T NuMA L IFE G SR A S 45 #445; B: A FINuMABTIAR i AN FINuMA T SR A FoR k. K NuMA
e s AR afIbfe Fe3RIE, PG A Z A XA 42 bp(S 165 4ME )P 41 72 5, Hh BUNUMA B 6 e AR M d % e R IE, PG s A 2 TR 42 bp 741
ZE 5, HA SRR AU B #7 % 5 0§ 5 A (UCSC Genome BrowserFINCBIEE 4 K10 %K), 8 HINUMA 4k Re. fRlghkskRIE, =AM
AAURAES UTR X IAT 7 91 22 3, JT GRS AE 76 42— B, St i) — AR F, H 5 KRAAI T RUNuMAA EE, exonl447135 bpl¥1f3 41 7% 5+, P1-P3514)
Xof T AGE I e 3 Ak afilb, P2-P35140%S HI T-Rr e e A e A1, PA(PS/P6)-P751 4% 43 I F T AL S ARey /g, T UIAFRIAE T s b 2 11 1)
ST, HoAth B SR AR TR R S B3 AERI R X A 27 C: AN RINuMA B H AR (¥ 040 i 52 A [l o AR BYNUMATE A 22 55 24 8] {9 il 73
ZEW I3 AL T AR MIAZ AN 2273 5585, 11 6 B NuMAZE REAN 20 o S8 o T4 5T, 3R 0 B NuMA AN R (K AR 927 D e

A: based on existing literatures, NuMA isoforms could be divided into three categories: long, medium and short NuMA, of which long NuMA
comprised of N-terminus, C-terminus and coiled-coil domain; medium NuMA lack of coiled-coil domain and short NuMA only contains N-terminus
domain. B: different NuMA isoforms are transcribed from different NuMA1 transcripts. Long NuMA is transcribed and translated from the transcript a
and b (only 42 bp sequence bias between two transcripts); Medium NuMA is transcribed and translated from the transcript ¢ and d (only 42 bp sequence
bias between two transcripts); Short NuMA is transcribed and translated from the transcript e, f and g, among which these transcripts have the same
open reading frame encoding identical protein while they differ in 5'UTR region sequences. Moreover, compared with long and medium NuMA, 135 bp
sequence bias in exonl4 is reported. P1-P3 primer pair is designed to detect transcripts of a and b; P2-P3 primer pair is designed to detect transcripts of
¢ and d; While P4 (P5/P6)-P7 primer pairs are designed to detect transcripts of e, f and g. * represents a novel identified transcript which is not recorded
in UCSC Genome Browser and the NCBI database. Rectangulars filled with yellow represent exons for protein encoding and rectangulars filled with
other colors represent 5’ or 3" untranslated regions; C: NuMA isoforms have different localization patterns. Long and medium NuMA were distributed
in nuclear during interphase and translocated to mitotic apparatus in mitosis, while short NuMA localized in the cytoplasm during the whole cell cycle,
suggesting that short NuMA could have different biological functions from long and medium NuMA.

Ell NuMATREISHZFRER SR E K I R85 7 (IR ESE SCRR[6]11E20)

Fig.1 Gene structure schema and subcellular distribution of NuMA isoforms (modified from reference [6])
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2958240 kDalf )8 i 1%L R 7E AR YL 3ERE
DS LR, B AT R 7R JEM U o 245 52 HINuMA A5
HHEX-NuMA, # H -5 NENuMAFFIAHLE R
37%™M, NuMA 3 240 5 — BRI L EB(N-3ii), —MEK
TE B B (C-3) B o TE) 40,251 5007 52 B 1R 1) A E i 4 4
S5 ZH (LA ZEC-S L VR 2 545 2243 24
AR SRR, LLAINTEL 971~1 991 aali B -&H —MLIE
{715 5 (nuclear localization signal, NLS)', &%} FNuMA
TEAT 2257 Z4 (A 1 52 A0 T 40 P AZ AR & K 8. NuMAfY
PSR 1% 58 AL AE 5 AT AR BT B4k, EATITE R 25
Z I E AL B A MIAZ™ . £E1 900~1 971 aafi B
A B AR, NuMAGH i 12 4R 55 1 R &5
&, HFEME & AR IS IER T T 20244
AT AR I, 25 20355 95 AR R 4 5 R 1
FasE I REM, fE1 878~1 910 aafy B 1, & LGN[
- AGPMS2(G-protein signaling modulator 2)]H45 &
Bk, LGNJELGN/Pins R FIEM R 8 2 —, BAE
o Z R S NuMA C-ui S5 MRS &, hiX NS5 6
ME I SMES SN SES SMERSESS
NuMA, #4597 R 1R 1 20 2509, LGNS fE A 5
T A IR PG T A4 PN R A A S U R Bh A
PHTEICEE, ££2 000, 2 040412 091 aafi B H =
NARERERRALAL S, 762 072 aafi B A —MLE R
R ER AL AL 1O 3 DU A7 B 119 2 JRE R 1 A2 A p 34
BERR AL 11, B AT IR Bl T A A 1 X T NuMARE N IS
T ey AR E ., L EE M S R E
RA A2 T ENuUMAA G & 17 2 97 B, Toik b
iR RS, T e AL B, 2 5 AR it
P2 MbAb, 72 AN BRIY R o 25 46 d 4, 7 — LS i 45 2
FURRE IR SF RS/ TPXX, IX 88751 F A T-45 4
DNA', 3 H., fEcoiled-coil [X 2 f) i 2 #5(325~829
aa) & A — ME RNAK H K 7 Rael (145 & 25 14 3,
Rael = A S NuMAZ FE i 5 WUE AH 45 &, X T4
ok ita g R EE, IR RY, RNAIEGE %
ikRael #4 F 850G fR 0k 1B 2 I %, I HLAT DAAS
BNuMA i 323K BERN A1 5% Rae 1 (1) G 50

2 NuMARIZRIEFENL

AT SR 50 26 1, NuMA %R £ 5 76 IO, 00,
N0V 1 4y AT, SR LT A N . WG
I 25 441 A 1 1, NUMLA 7 FEE B 2 0 5 o7 39 40
5 P9, FEAE R AR BRI B, T4 A 44 43 B ol

SEEH VIR TR . AA 2257 245 1,
NuMA 7 A T 43 B i Qe R 4l . NuMATE 4 i
22 43 R I G AR 3 OB A I T4 B P, I EE
SENLTAAAZ N . SR 1T, NuMAJIE7E BT A 282440 i
HHHERE FIA, WS FAIM. Rgip. e s
b R A AN B LA B S AR A T BINUMA SR ISR,
AT 4 40 WA 2243 22 (] BA 4 2R IUNuMA F) Rk,
FE NI T HOPh 4 A7 AENuMAGR 4 R B 5,
Bt NS MIMCE-7. % B2 MR 4. ks
S AN — S R 22 SR RIS NuMA SR (5 B2 R AT
RE FH TR TR PRI 5 i 2 R 2 1 P A 55 S R I 3
A1, Tang 5527E 19934F B AR 7 14 I HTNUMA
PUPRBEAT G g BN S B0 R ) HE = A 4, AR 2 T
BB R/ANREX = AN 70 7l i 44 W NuMA-1(230 kDa).
NuMA-m(195 kDa) fl NuMA-s(194 kDa). FfiJ5, fil
IR 73X =M BY 422 44 (isoforms) 1) M. 2 A 52 o7.:
NuMA-L7E A 18 07 T 40 k%, 72480052 A7 T Gy fA
Pk, NuMA-mAINuMA-s7E A 22 5354 8] 1A %€ 7 T 41
MR, BT AR X, 4 2L E AL AR g7 A
PRI, A S5 = {T A 7T K O, NuMAZE B B4
Koo ORI =SB A, Ho, KA RUNUMATE
LB b= VA a1 1k s 3 - el A RO N 1532
TUNuMA 7EHEAN 2 i J 3380 58 0 T 20 s (BT C) 7

3 NuMAMEERNEER

AT F 98 5K % B} XU 2% 28 (yeast two hybrid,
Y2H). #3% JTiE (immunoprecipitation, IP)5% &5 [ 5
FEEAT BRI — L 5NuMAM BAEH K&
Ho #ikH AT, C2uEsk SNuMAM BA/EH H5 4
M AR E EA =2 MER D, A, NuMA
RES — S PIR AR R B B EAE . R R4
Jd A Protein 4.1 B $ f&Protein 4.IN5NuMAAH H.
E FH 3k T 384 5 i 28 2R K TR IO o 3G BV PR CS28 o
HR A S NuUMA B A BAEH, I HAER 2297 3
N AL ILE AL AR UM R AR i 1 s 2 i
B, NuMA 5 ¥ 3 2 32 R ot i & 5 DR, I 3R 14 b
# H EHNuMA-RARo, ILREE 8 H % 5 KX Z Ka
FHEAEF FE4E T2 2 DR/ B I 40 P A o & i
FEPY, b Ak, 5RO R B ER AZ M B 1P S NuMAAH H
VER IR A 22 73 297 EER B 20 0 s XU P 1)
ANFL PR 5 M 8 1 16E7 SNuMAM BEAE R K2 5
BUA 2257 20T R G AR HE B S WP B 1 ES
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Table 1 Summary of NuMA interacting proteins

I AR HIELAE H B A i L NuMA 1.1 X 5k 275 R

Stage Interacting partner NuMA interacting region References

Interphase Importin NLS in C-terminus [34]
GAS41 (glioma-amplified sequence 41) C-terminal coiled-coil [35]
MARS (matrix associated regions) S/TPXX motifs in N- and C- termini [17]
Aurora-A Thr'$* [9]
P53 NA [36]
SNF2h NA [37]

Mitosis Dynein/dynactin NA [11]
Microtubules Residues 1 900-1 971 in C-terminus [15]
Rael Residues 325-829 in N-terminus of coiled-coil [18]
Emil Binds NuMA/dynein complex [38]
LGN Residues 1 878-1 910 in C-terminus [15,39]
PARP-5a Coiled-coil [31]
PARP3 Coiled-coil [40]
ACRBP NA [41]
Kinesin Eg5 N-terminus and C-terminus [33]
Nup188 NA [42]
CDK1 Thr?* [43]
SUMO-1 Lys'7 [44]
Rb LSCEE sequences in C-terminus (1 727-1 731) [45]
Tankyrase NA [29]
BRISC NA [46]
Astrin NA [47]
Katanin p80 NA [48]

Asymmetric division LGN?, GPR1/2", Pins® NA [49-51]
Dynein NA [52]
ABL1 Tyr'™™ [53]
Aurora-A Ser'*® [54]
Dvl 1-3 NA [55]
Phosphoinositides NuMA MBD (1 981~2 060) [56-57]

av by PR LR RN — FINuMAAR EAT 8 H R R YIRS 225 SCIR[6] 12 150); NA: R %

a, b and c represent homologs of one of NuMA’s binding paeterners in human, C. elegans and Drosophila melanogaster respectively (modified

from reference [6]); NA: not available.

Kt ik B AEgSRENE E 4 22 47 Z4HI1E Ye AR It T
5 NuMAA HAE R 3 Hd i 8 5NuMA ] 5 A7 52 1
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4 NuMARYR] BT K

H &7, X TNuMAE A 75 A 22 4 2t 72 1) 1)
BEAEFHI T ARARXT @, (BT H T AR B BRI 50
AR D, RAEECR SCHRRE . 19934F, TangZ5RY
97 FH 45 S P 1R ONUMA BT A 33 47 4 928 B 28 S 56 1
Sl = AN 2%, A ATTARAE 7 F 2 KNI X =N 5k
43 9 fiv 4 WNuMA-1(230 kDa). NuMA-M(195 kDa)
HINUMA-S(194 kDa). Jf H, NuMA-L7E [d] 1] 5& fir
T AR, o 20 5 A7 T 95 A4 9 1) NuMA-MAI
NuMA-STE G 22 57 2410 ¥ 2 A T- 40 f iR, R 24T

O AR X 3, 4 B4R 58 1 78 97 AR A, 1994
4, ZengfH S 7% 3 A HINuMA TR RS BAK Y
NuMAEAT g8 0 . Hgs B3k K% f 38 FLBE 55 T e
SIS, WU B, NuMA AT AR B4R AL FLET 22 () 2H A%
By . WA, A — L2 R 2 PINuUMARE = 1%
PR BEAT G 9% BIIZE S 56 BN, 43+ B ££180~240 kDa
AN AU T IR AR R R INuMA &
1 B £ G2 0 N ILIE AT S B dE S 88 K, 1%
PUARRE IR 180~240 kDaff]3~41 264715

Ak, F AT HT HE 38 ;T UCSC Genome Browser
NCBIZ £ 45 2 1) 73 A1 & W, NuMATE Wi 7L 3h ) 48
Jf e ] B A AN [ ) e AR B K AR R NuMA
mRNAZ T 5 7] DL 1% L6 ] AR BY A7y il = 2 KA
NuMA(2). A U NuMA(1)F1 i T NuMA(3). X — K

o~
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BYERRRIA B (1 AH B 43T 59240 kDa. 110 kDa
JA47 kDa. & S0 it — Dk sk, K AINuMAGL 4
PSR, AR NUMA SR AS KR, B NuMA
FEEARAEwGEE ). KA NuMA T
Y E A — 2, FANUMA 5K, I RINuMA (1 1.4
e A7 e A —HE(EN), I B AT REHAT T 58 A R
(1) Dy B ——3& 75 B g F 1 R 00

5 NuMAIRSEYIZEThRE
5.1 NuMAZEBZ 53 EHIRIEAH

NuMAE [ 76 [ 3 0 T4 iz, 1T flis S
ML E A A FE T RE. FE19744F, Berezney
SEEISOLER T M M A R R PR MR, AN PR A R T 4R e
Y P AZE RN G 057 J5 AN T VAR 1) R B = 4 AR 45
IR E RSy . IR BB A EE A% P 3 — s X
I, I B AL T M B 40 i R s e 2 . R
BIXAMESIRG WG] F1, F AT 7404 1T 5%,
{2 40 A% R R M 45 M oy B RTIE AR RiE 2.
FNuMATF{E T 15 B A b B A 22 4y 4 45 0 a I 4
A% R, AN N R A A% T S I B LR B T T
FELERI Ay 2 — 10, gbah, kT A INUMA ) Zh
REA T R AEI: (1)NuMAZEN 4 A% R A i 2 58 i
Y1 AZ X AN B T N R i S IR S I 45 s (2)
NuMA ] REXT T 2293 3477 A 1 14X 41 ff 25 D] 2
R I VE F; 3)NUMATE & B 444 1 40 g
Rt E 5H 20 RARMER. B, NuMAE
SR AT A R 24 R 4 T R A A — S TR A2
%6, NuMAHL & — /N B K [ coiled-coil 45 14 3, 1R
T BE T B 22 S5 4. IR, NuMAGE it C-#icoiled-
coil 25 H 48k J K /1N 9200 nm 1 [7) — SR AR v 4
G 2R G5 o TR, NuMAJS RITE 40 i L ik
FRER &, AR S 21004 8 DL, I B (5 4
YA AZ (KR AR . B 5, NuMA S 41 B % 1 1
PRAESG, AEERTE (40 P A% R A BINuUMA SR 1A,
I BB G & R BINUMATEZ LR 22 -
Rk, REEEA WYL R B, NuMAZ 41 i
W JE 5 LR 2y, {E ENUMA B 28 %N B B 5
JIHMGE I AR HOAZ S5 I RSy . A R R W, S RNAG
B NuMA 1% [R] 1) 22 316 4 ek 5L e 40 SR MCF 711
L AZ R T B AR B ab, A P R A 52 56 2 7,
NuMA e % -5 41 i i% 4 1) 85 91 R 748 LR F B

LRI T B, A0 A S L ) 43 AT DA

EINUMAZ 54 22 5) R 1R 2036 15 7 2410
1, /NG FRanF: 241 TUKRNAF 8 B N 8%
HAl A% . EXA R, %\ & E (importins) % T
HEEE AR E LA 5 R A 2 & 0 AL B A R R
&, TPX2(targeting protein for Xklp2) FINuMA S5
gh6 B LR B X AN S L] O\ ZH B AR R EAs
FiAk, — 4 RAZ IS B L] ) By Rae L 2 s 2
MM 22 521 ThEe. Rael/&—PmRNA% H [
T, BENS 45 S FINUMA N-3i [ coiled-coil 45 /445K,
B 9% 5| [k B 3 0 3R iR Rae | #1085 2095 B 1R 7> 2 7
W, N E i . o R EE JTEANUMA R R IA
e % T 52 27 B4R (1) D) e, $¢ 7" Rael FINuMA . [8] 47
FE A7 1) P [ 90 R 1Y
52 NuMAZEBLSRSFEANER

NuMAYEA 22 53 Z B AT B 2 1) A=) 2 Dy dg .
L b, NuMATEGT AR AR H A, 58 A £ H O AR
EEARH X 3, A B 5O IRHEES S, NIXA
JZ THHE, NuMAX T 97 AR 7 25 16 48 R7 A 35 15 > J7
[ — RO T RO AR, i S S B A AR A
O I8 B O R AR R IR A A R ANV T G
i, BB RS S AR I, 4 47 EEA 1) 45
MFaE M. BT, X FNuMATE 9 8 AR 48 £F 5208
PERTHRENLHIE AN 55—, NuMA — Rk 53 )&
Fl (dynein) A& &5 &, FFAEBIEN 18 8 B3R 3 114
T A7 i 32 A 1) 7 B A AL TV S — AT LE IR 45 4
TR IE R, 25—, NuMA-Z) 1E A B AR H
HH 5 S 25 A AR S IO TR I 25 5 R T
B SRAEAE YT . AN NuMAXT 975 F 45 114 2H 256 1
e g ARG AR W OB RO E Y, LB IR IR XS T 41 i
BB 2R AR F EE . G, I 46
R %, NuMAREp34<i i B R Ak, SR 5 15 B3 /)&
H A5 s f L) A A% e 7 2 g7 B A, B3
225734 J5 3, B+ Cdkl(cyclin-dependent kinase 1)%%
IEE BN B, NuMAK A LR A, I 2T g Al .
NuMA YA BR AL AL s W R4 I, SR—ANH], AE
— AL iR AR AR ER RS T EINuM A TGV 8 AL TE I,
T A2 E Ar 25T B0, 55 Ak, 724 R 25 T, A 22
72 5 B i3t & A ¥ (anaphase-promoting complex,
APOC) R4 25 F Emil [t i NFBXO5(F-Box protein
SIE YT AL TNuMA K 8 J1 s AT — N E A
Y, FLIREAE BRSO, A N 22 0 R N
J&, B TcyclinB B J Cdk 1411 8 [ (1 E B 3Rk,
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Cdk 18R 35, NuMAR & i, 581 hEA
JEmil sy . fi#f 5 5 FIEmil i i # f] APC/CE
GV ThRe, A T R
53 NuMAZEAXNRIHPHIER

NuMATE A% BR 73 245 F2 o ke 2 % 25 22
IER . TEAXTRR 2 2 F2 o, — 307 NuMA ff
U b 4 55 B 41 B8 7 )2 (cell cortex) Y i — 8 43 [X
1, NS YRR E . PR LT TR 5 PR
Wl I 5 T 7 I T B R A A R B T 7 A AN K R
(R 2 e 5700 i AT 7E 3R B, 76 28 HURT IR i
H, NuMA A Y5 2 [ Lin-5. Mud5 32 444 i (1) = 44
G (G AT L 3 5 8 F1(GPR-1/2/Pins) I i B &
YI(LIN-5/GPR-1/2/GafIMud/Pins/Ga), 4R J& # 1 5%
BN 20 B Rz 28 1 7 R RS X BR E ALY, B IR G R
FECE LT (A S B RS R, SRR
Gl L 1 5 28 2 A0 FR gl B 43 24 95 4 A 52 A A
SO R B R R . SRR, B
H, NuMAfiE 5 GatGaifl %5 8 HLGNJE it & &9
(NuMA/LGN/Ga), 1715 95 B AR IR E A1

TEA 225y 241 3, LGNE AL T4 B i, 440 g
HEN 241, LGNIE T 5NuMA C-Jit— B &5 i) 3 AH
AR AR G . LGNS ] LU 5 5 A
H H GV 1 AH AR F B SEAE Al e 2007, sk
I, LGNS NuMAH 25 & 1 X 38 7] 7l i 5 NuMAZS
A1 X IE b A, LON S50 58 4 M 45 &' NuMA,
5 O 1R A R 5. LGN 5 NuMA 45 & 1K
3T NuMABE B AR A, o SR N B 1 g 0 1) 71
IR R, ¥ MHIELGNSNuMAM 45 &7, Bhah,
LGN5NuMA%4: & B8 9% B 1 — &8 2 NuMA %> T 2
SARN R iR 2 A, IF H, LGNT] LU H &
N-5ii FHC-3iiy K IR S5 1047 A%, N6 B & 1
Feak o X PPN H] RN AT DL GaFINUMA L ‘& N-it
RNC-ity 25 ¥ 3 1) &5 5 i 1 Bk, S EL Ik o 00 B A LA
H, BB/ SNuMAR 12 8] . 55 F I A NuMA
FILGNRIB T 45 R, 1R AT B A7 LE XA — PR F AL,
5 5 M U NUMA — AN 308 T LA BRI A7 A, K i
A NuMA 5 LGN AH HAFE F O¢ &, #E 1M 52 T NuMA
JE L B 2 JZ, LGN T NuMATE R 2257 245
FEFNAKRR 3 2 AT DI RE 70 T 0% RAE W
Wb, T 9 B A G e R B ) A R WL IR R KT
. ARTETCIRGE, L BT, 31718 A RIESE
VER—FhE R & O R TR —F R E K30 J1E

TEARMED ., 256 AT 7L, E4 ] gefe
TEIXAE—FPHLH], NuMAJRJE & [ Lin-55GPR-1/2(G
protein-coupled receptor-1/2)FGaJ i & &4 € fir
BIPTRE, ot B AL BhZh ) 8 AR AR FHATL R —
GiEER I B 7 1 77 1) B A T T AN X PR 1 7
WE AN SR A FBLE 3 A 8 R FI R 1
FIESE, B KX S g 42 1 A IR, FEA
FA R 1, NuMAFIMud i 7] 58 2 38 i X Fi e H
BUHITEAT 2253 ZERNANXT TR 53 85 12 o R 75 975 A (1)
ELDAS
5.4 NuMAZE AR HI1ER
LI RNuMA TR H 5B 7T & B, NuMA R —
B 5 B G2 A B S U ET, &R G 40 R
I (systemic lupus erythematosus, SLE). X ¥ P ¢ 75
#¢ (theumatic arthritis, RA)S5 . J5 220 5T i i, NuMA
W RE T2 WMYTEARTE KR, SEARRR
i, AN S I K A OG . AINuMAZE R E A T
11qI31X 3, 75 S0Pk F 4k 41 g [ 1% B, NuMA 5
PR R 2 Aot Gt & BE PR, I 2Rk fib & 2 FINuMA-
RARA(retinoic acid receptor alpha), XMl &8 FRERS
52X kot BAE R, FF3EEIAE T3 N B E
ISR A AR & 7 SRR, NuMASE 79407 2 2L R AE
i LR AZATIAGHS 2 8 25 34 0 & 7L B e (4 R
PCRA1Sourthern blot4h 5 & 7%, 7E #2815 )i 983 41 o
U-251HAFENUMA 2 NS oA Y QU ZL BN R 5
AE R AINUMA 1) I35 55 % 43 9577 Briggman2& 78
T30 86451 25 iy e K MG 7249 S 1 W R
MLIE - 8OBIA i & 8 Jad XU 1) S8 2 17 S 141451 4
W HH DT C 1) 48 BR N ILTE HNuMA K- 247 0 A, DA
IR NuMATE R 25 g 5 2 W i s br 54 . Bt
FL45E FR W, NuMAXS T & & 82 1 BRI =
T 7 — 12 Wikr EYICEA(carcino-embryonic antigen).
Hasholzner%: ™53 41 1507151 £ 5 i & & 1fL7% F1418
il FRe N ) IMLIE NuMAZK -, 45 1R, HA A&l
RAH KA . NJEASPM[abnormal spindle microtubule
assembly, tHFRAHMCPHS5(microcephalin 5)]3& K &g
e ] DL BUR G PR o 1 Sk /INBE T i, B
BURHLER LA R ARTE 2, (R AL R, ASPM-17]
PLEE A NuMA [F)J5 & F Lin-5 70K T 38 55 21 ) 504 24
V140 277 B A1 PR 30T 428 1) 2 A A 1) 58 Y, 1 T DAAE,
FENFEH/N R, 3 20 5FNuMA 2 oo 44 it
T G (1) 2 AL BT 7L R B, NuMA [
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i ANMP22(nuclear matrix protein 22)]7E [ bt J8 5
2 PR Rk, HNuMA AT A 1355 e i yed
1;/-]-\‘1:&‘:;4;@[83-85] R
5.5 NuMAZEZBESHIER

NuMA g [ 53T Se 4 78 IR G #% 46 7 T 1R S 43
FIPUE R . H 19974 B 5] 4 40 i 3 47 oF 22 i
HBL HIASIIRBEEARCE R ETRE, W5
WAERA PR IR T DD, (AR RS MR, JF HL
e AR SR U 1%~5% . TEA B A FE A,
NuMA ) 73 A7 0 128 18 D) ZR AR SRS, 5
FRM, AN R AR M AZ A 16 i — A
2 HINuMAGR K BKE) & FEg5 ) A 2 il & 91
RIS i S LR (B A SR IE, NuMATE
R0 53 M~ RN 2 A 240 W A% % A WS s v T 3R,
It H.g7 4 15 22, [A) 4375 ANuMA 25 2k 52 i)
R R 2001, 4k, NuMA R B 7 2 (K #
P R, MBI K E iR R A7
FENuMA X J PR 2 25 (1) 5 0 (v G AH G &P

6 HESRE

ENuMA# R I 24 304K 4E, HITReH &
B AR A g BN 7 77 T, W ZE R R . B2y
. ORXR R AE T IR RS A AT R K
AR RS, H ARSI NuMA B AR AE FIHLA] AR 1
AGIRN, TCHXF T NuMATE (7] A48 B AZ A i 4E
TEAETE AN kK 7> R AR B AR 4 RE . W]
AR BTRARI 73 8 S DI Re S5 07 A it — BT . %
NuMA RN R Z A R T B4 7 ENuMAR D)
Re, JUHXTTIRIaREAE . P S e Ok R L, K ik
— PR AL RS AR G I, SRR R
R, ek N0 T7 P ve B I R S (R 24K, FEXET
N RO R 2 ¥R e BB SR AN 7 )
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