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The Progress in the Roles and Mechanisms of Nonsense
Mediated mRNA Decay in the Development of the

Nervous System and Neurological Diseases
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('Institute of Neuroscience, Basic Medical College, Wenzhou Medical University, Wenzhou 325035, China;
*Institute of Aging Research, School of Medicine, Hangzhou Normal University, Hangzhou 311121, China)

Abstract Nonsense-mediated mRNA decay (NMD) is a common, highly conserved mRNA quality
monitoring system in eukaryotic cells, which prevents production and accumulation of abnormal proteins by rec-
ognizing and degrading mRNAs containing premature termination codons, long 3’ untranslated regions and up-
stream open reading frame. Recent studies show that NMD can regulate the stability of normal gene transcription,
plays an important role in neurogenesis, synaptic plasticity, and dysfunction of NMD involves in neurological
diseases of the nervous system. This article reviews the roles and mechanisms of NMD in the development of the
nervous system and neurological diseases, in order to provide a theoretical basis for the treatment of neurological
diseases.
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(172432 051, [ AT TRV F% B R 55 T B AT 28 o
B 37 0 v R B ES — SNMD R JE R G, K2 B
A= Hp ) — HEN MDA O = R A 4 B 4 e HE R
Ik — R B A WA A R S5 oy BT I U5 7%, NMD
B fife SEmRN A 1 4H 5€ R 7 RO AE F AL 28 12 BF
Fi, SR TINMD AR A= P 2 D REAT AN 48 . 8 It
I3 HT NI R S AR K8 P R IR, 29 12% 0 A% IR
RAZ 2 SEEHPTCHImRNA) = AEE, — g 58 Ax
5 N9 % U A 5, i Hb A i 3 1 ATDuchenne
RIWUE FEA RAEEY . Fiiff 7t KL, NMDZ 5 A
KMAERGMRE LR, WMHETARK L. R
fil IRTE i Bl R F 5, ANMD R 25l KT £
PRI, REERH, RATINMDIE & RS
KB R Z o R A T R WL HEAT T 5 AU AR,
DAHA N 5 NMD ) g 5 FH G IR #0208 500 AR 9T 32
LS IR

1 NMDHIER#LH
1.1 NMDHIEFFALH AL

TEM FLBh I, NMD LS A (1 B R UL 3 g
(PBBK)E & YI(SMG1. SMGSHISMGY). UPF# [ Ji

(UPF1. UPF2. UPF3AIUPF3B). EAZB A T-(eRF1
FleRF3). 4 ¥ 3% 2 & & P(exon junction complex,
EJC)A 7 (elF4A3. RBMSA. MAGOH F1 MLN51)#ll
SMGH F1(SMG5+ SMG6FISMG7). 1% £4NMDIJA T
FLEAE R, fil K mRNAF) PR, R GE [ iXey
NMDI| ¥ F HAEmRNA B ) = 2R .
1.2 NMDHERZ#2

NMDid I HmRNA H FIRFAE 1 2544, WIPTC.
3R A (upstream open reading frame, uORF)
F14:3'9EBH P X (3" untranslated region, 3'UTR)!"45 5k
FEEmMRNA. (EARZEER S, AT ANMDIR HI 5 %
fift & APTCHIMRNAR £ g F2(EI ). SEFR B, X
TRl —NMDJE ) 1) B fife, 1745 2 M o5 ik. Xt &
HPTCHIMRNAM MR, b LIAZ Hig sk, M
37 FUPF2. UPF3BEEJCIINMDZ; 116, H 171
mRNAW Y& E MR TIRN,
1.3 NMDHIB &AT

NMDA ¥ [JmRNAH H A 3'UTREORE, [A i,
NMD + H & th 7] DUE ANMDF AR B 5T K I,
TEV LN EIBENMD 1, 2 F:8— L HANMDA
FUIUPF1. UPF2. UPF3B. SMGIl. SMG5. SMG6

&1 NMDEFHEFIER
Table 1 Biological roles of NMD factors

NMD[H-F 75 (kDa) (itEcza) HAFNMDAE H
NMD factors Molecular weight (kDa)  Structure Functions in NMD
SMG1 410 Protein kinase Phosphorylates the N- and C-terminus of UPF1
UPF1 123 RNA helicase, Direct RNA binding; helicase activity; (phosphorylated) N- and C-termi-
ATPase nus are binding platforms for SMG5-7, PNRC2 and decapping factors
UPF2 148 Adaptor molecule Regulates UPF1 helicase activity; stimulates SMG1 kinase activity;
establishes a link between UPF1 and UPF3
UPF3A 55 Adaptor molecule Establishes a link between UPF1-UPF2 and the EJC; EJC-independent
function is unknown
UPF3B 56 Adaptor molecule Establishes a link between UPF1-UPF2 and the EJC; EJC-independent
function is unknown, functionally dominant over UPF3A
SMGS5 114 14-3-3 like domain, Forms a complex with SMG7; recruits PP2A for UPF1 dephosphoryla-
PIN like domain tion; provides additional binding affinity to phosphorylated UPF1
SMG6 160 14-3-3 like domain, Binds phosphorylated as well as nonphosphorylated UPF1; executes
PIN like domain endonucleolytic cleavage of the target mRNA
SMG7 122 14-3-3 like domain Forms a complex with SMGS; required for SMGS5-7 binding, and phos-
phorylates UPF1; recruits POP2 for mRNA deadenylation
SMGS 110 Subunit of SMG1 Regulates SMG1 kinase activity; leads to inactivation of SMG1 by
inducing conformational changes
SMG9 58 Subunit of SMG1 Regulation of SMG1 kinase activity; required for SMG1 complex forma-

tion
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FISMGT7HIMRNAZK - 5 2 3 s, X % BH: (1)NMD
PR 1~ ) e s ARt 2 NMD R, (2)NMDAELE S 15 1
LTS, FE HARY) Bl o, — 52 AENMD - 1)
mRNA, 148 55 I+ # (ISMG7FIUPFE3 L 2 5 i A 1)
SMGS, W44 2 N ENMDE#EAR, % BINMDI H & 7
TIHUIFERE L 2 PRy 22,

2 NMD7EH#EZ % B s H1E R &AL
2.1 NMDEWELEFHIER

22 - 41 Bl (neural stem cells, NSCs)& — F fiE
SR NEA = a1} IR N = A =Bo N b5 %))
VW& Ra e i g, e T4
S TCHIE RO A KA. & R AR A
AT IEE . . AT A3
PR T A M AT IR T A 2 b i 20 23839, 75 08 7L 3 9 i
TR B ) H 3, NSCsTE i % [X 138 K 2 W5, 77

T RAS RIS AL [ ThREPE AN 2 T, TR

NMD & FLAZ AE VDA o T2 A7 1E I mRNA R
BEREBERG, EMEREPRIEEEMEH. A4,
NMD & W] 22 5 28 e W ?
2.1.1 NMDZAHE A F 694E A AW IR B,
28 20 0 o 4k 7 EENMDIA 7 R B, UPF1.
UPF2. SMGI1HISMG6ImRNAK 354 7K ~F- 75 /)N &
NSCsAl A FH 240 41 iy (human nerve progenitor cells,
hNPCs) ¥ 7 4b i F2 Hp B A% . 7 K BRNSCs /1 i 72
o, UPFIFIUPF3BEIA i, b ZEHETR 58K
i, HRIL &SRB 2R 75 R 10%~20%. 1E
NSCsH # i UPF 1 5, UPF3B 1 %l ## K FANSCs 74k I
f i 2 T H 18 207 HNMDIE 1 B (FINMD
80 70 Ab B AINSCs t H B 2R %, F WINMD ]
DAHPHINSCs 1 34k, ik 5 3R .

NMDZE #2473 A 1 /E AL 2 4?7 miR-

ORZHE AR B R R PTC, B4 57 % 281k, M {2 3EUPF 1 RIeRF3-eRF 1 AR L4 FARO, il #H $2SMG1C(SMGS. SMGIFISMGI
JEBSMG1CE &4), ¥l SURF(SMG1C-UPF1-eRF1-eRF3) & 44242, @UPF2AIUPF3BAE NI R % H:SURF SEIC, L [HEMMF A S E &
¥)(decay-inducing complex, DECID)*". @DECID¥JE e #E UPF1 I BE R ALY, SMGOAISMGS-SMG75E & i 1t 14-3-3FF 45 1438 5 UPF 1 1 1
WAL T4, (R /8. eRF3-eRF 1A UPF 1 25127, (DSMG6 HIPINGS 438 1 A% R P 1) i 4 ST PTC IR AT FImRNA Jr B AT 5T 470512,
SMG5-SMG7H & )45 DCP2. XRNIFICCR4-NOT, 43712 SmRNAMIBLIE . 5'— 3% S DI AL BB E i 72, LA R o7 U R i s —3
ZRRANIIEE(LL <R o

(D Translation is abnormally terminated when the ribosome recognizes PTC, which promotes the interaction between UPF1 and eRF3-eRF12*%, The
SURF (SMG1C-UPF1-eRF1-eRF3) complex forms by recruiting SMG1C (SMG8, SMG9 and SMG1 form the SMG1C complex)?2?. (2) UPF2 and
UPF3B act as a bridge connecting SURF and EJC, result in the formation of a decay-inducing complex (DECID)®". ) The formation of DECID pro-
motes the phosphorylation of UPF1?*, SMG6 and the SMG5-SMG7 complex bind to the phosphorylation site of UPF1 through the 14-3-3-like domain,
promoting the dissociation of ribosomes, eukaryotic release factors, and UPF1 from the target’®>>%, @) The endonuclease activity of the PIN domain of
SMG6 cleaves the mRNA segment nearby the PTCP'=?, The SMG5-SMG7 complex recruits DCP2, XRN1 and CCR4-NOT, mediating mRNA decap-
ping, 5'—3" exonucleolytic cleavage and deadenylation. Unknown 5'—3' exonuclease is attracted in some way (indicated by “?”).

Ell ZENMDEERHILFIRTES S TE3311£20)

Fig.1 Molecular mechanism of classical NMD (modified from reference [33])
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128 &NMDIW Y Z —, TEPR AP Z o4k 1) 3o 72
o, HRIA BRI N, $ERNMD A JE I miR-128 41
TR . BEAh, miR-1287] DL E #4H]
UPF1[#) A0 UPF 123 4 T 18 £ #0 HINMD
T, 1 BINMDATmiR- 12875 I AH B3], s
TF-HHMI 3 AIRZS o TGE-B/BMPAE 53 4% 7] LA
M4k, BT R B, UPF1ZEIA ) R 18 410 5 NMD
WP, BRI HB A TGEF-B/BMPS 5 3 % 1) — L5411 41
T(SMADs). & # & [K 7 (SMAD7. Ascll)f11
FE AR F(p21. p27. MAPKO6)IZKIE LT, 4
PR T M 3G, (2 a3k 53 AP, T TGF-B/BMPA&
5 g 2N miR- 128 (IR ITE KT, TR 7% R %
(E2). DL ERIESER B, 40kt T R o RASR, B
HEINMDE M, 1 4h T RSB, B A IKNMDiE
P,

SR, AT — 5020 W 7R B, NMD{E gt £ 41
154k UPF3BIE 7% 1] /)N FRNSCs 73 Hb A7 175 B B
UPF3B 2k 5 30/ FRNSCsFI N 2 b 28 40 41 g 43
B8 770k 55, 1 3R T RE 73 me, Uk
P (Amlexanox)E{ 34 N UPF3B%E X 9375 1) J5 5 41 )
NMDiFE P, 7] LI HINSCs ] il 20 22 T8 1 40467,

BEAh, 78 JFAREKE 7% B4R 22 0 40 B Hp B s e N
25 [fJUPF1(human UPF1, hUPF1)8{UPF2(human UPF2,
hUPF2)#R 7] LA 2 O 470 3L 30 P 0 2 70 %052 TDP43
FOCEESE, ML 44 YehUPF1AThUPE2 5, JLAR3 1E
B 2, SR INMDALH AT DU FE R4 R4 1 FH

25 b ik, NMDTE ##h 48 & A2 R 28 AR 3 o
PR BAE ), HENSCsH A0 AT H 3 558 1 1
HAra 4. JR R 2 — Al g2, 4ifNMD 2 H
NMD A [FJmRNAFI & [ 51 £ 15 7K 1 7T 5g 3 A R
64 H S R MINMD I VE L AR B . 53 4h, TENSCss)
A [FIBY B, NMD AJ g i85 4 E IR A
B, AT (AN R D) B
2.12 NMDZLHEICA-F 894 H  NMD4IAFEIC
(exon junction complex)f] i% 72, WIRBMSA. Magoh#l
elFAA3 M AE PP 48 i A vh H AT 51 244 ¥, RBMSA
TE 37 42 7 2 00 8 R AR TF IR I R IE KF BT, (it
NSCsfy 3 58, B IENSCsid 5401k N & e, A
4h, RBMSAXT T ¢ JENPCs ) 18 5 Al 43 4k & 5% 5 %
RBMSA it 3% 14 il 3 JIR BENPCs 38 5 A1 01 1l 48 28 50 43
o AHIR, FiBRRBMSAEAS ¥ K J7 IFINPCs 14 5 ik /D>
HAE R e b . hAh, i RIEFIRBMSA R

— Promote

— Inhibit

\{ Proliferation
inhibitor
J- Pro-neural
factors
TGF-p/BMP

% Differentiation @ 3

Neural stem cell

Neuron
NMDHImiR-12815 AN F ], miR-128 77 LLE EAMHIUPF1, 1T UPF1414 () T P52 HINMDiE Pk, e # Pk — L5 TGF-B/BMP IR - {2
MR T STEANE] K T RKE BT, TGE-B/BMPIELE FT LU 4028 734k, B R 7 )b T o 2284 B Fr) 19 FREE
NMD and miR-128 inhibit each other, miR-128 can also directly inhibit UPF1, while down-regulation of UPF1 influences NMD activity, selectively
elevates the expression level of some TGF-B/BMP inhibitors, neurotrophic factors, and proliferation inhibitors. TGF-B/BMP pathway can inhibit neural
differentiation, and the upregulation of proliferation inhibitors inhibit neural stem cell self-renewal.

[E2 NMDZE#E LS FHER &S FHLEI(ARIESE SCRR(36]12250

Fig.2 The roles and the molecular mechanisms of NMD in neurogenesis (modified from reference [36])



LA A T8 A 5 A mRNA B ARLE #0282 28 50K B R 22505 b 4 F BOPLR i 7 ik e 1761

FF B2 JFINPCsE — /MG B AR ). MagohZk & KA
/INERNSCSTEHT 4 12 K B IS IR B e B it ) 1
Sy AT AR B FREEHT, 175 HT AR B 2 4 21 ) Thr2BH M
(1 Hp B 28 70 B AP 2 Ta b, 3E— D AR I,
X E B T AA KA FEH A oI TR e,
elF4A3 7% & RAL /) il £ 24 25 IRBMBA FIMagoh
HRABNR, ZFBRW AN KRG, —P
IEYE R, X =R RAA L LI HHRNAL &G E AR
BY B2, FEORBEICH MM FIRNATA 3T 9 25 7] BATK
VAR R Rk 12 i Ui 2 Rl p 5 3 1) 3 R R
T T = AEICRARR G R B /N KW T, 1X R p53
WOE R BICHI Jo 4 K 8 R ) 2 ZE5 £, EJICH
SR A F B 97 /)N BRURT LA Ik p 5 34 8 1 4 0
BRARREAPE R AE SR, BT AR EICAH A
i 25 45 A8 /N BRI T FNMD I 142, A 1k, NMD5
XA 22 22 G0 RIF ML Z [ R R AT s 4 .
2.2 NMD7EHHZRF[E) SRR AL A5 il 13
BI1E A R L

BT BT 9T R B, NMDS 5 %5 56 # 28 76 1 il
R F AW, Robo35Z 44 1) P4 Fh ml A8 BY 452 LAY ——
Robo3.1#1Robo3.2, 7E ¥ fifi #f & o il 58 5 1) (1) i #2
R E EIN AR, Robo3 2H N & T & HPTChHL
AL, T REANMDPVEERLARY . s & K
FUPF1. UPF2MISMGI#E [, i% % 1 filf FRUPF2H,
Robo3.2 mRNAFI & F/KFHE N, 5] & 54 [ 58 5
)T, b4, FENMD I RESZ 40, Robo 2 I (1) HeAth i
SV USLit2. Ephad4 flRobol 7K 7t 2 9 i i, #F
— PR BINMDTE 58 T ) o R HEAE B8,

NMDYE Zfilt J sl R ¥ B AR FH . SMG111)
SR 2 52 i 22 i 3% WL 42 2k (neuromuscular junction,
NMI)ZE A4 ) 56 3 1, S B0 2 T AR 980 DA K 49 S
TR el L, (R LE R E R A AT DA SMG I R
IR RO, X RIANMDZ: 5 S il S5 A4 ) 4. 7E
et PEM o0 R R 1 BRNMD | 4 7 R F-UPF2,
s T3 fih 5 B0 BE AR B LA FIPSD-95 5 18
Ah 5T BT RE, S EPSD-951) %K IE T [, th 4 imm
FRAE I AR BW). BAb, 18 JFAR K 7% 1 i 1 4
26, UPF3B-NMD)iE M FEIK 2 F B 4 7o 1) il
SRR 92 1) A2 A R 2B A AR AT

NMD [7] i 78 2R fith 4% 326 v 47 5 2210 /1 0. 3
I e SENMI ) % &y P S b 5 FELL, K ILSMGT 2% &
SEAR AR HL IR FE PR £150%, 28 ISMG1 I g 55 2>

BEAG S M A% 326 R 0K o 72 R AR T, SMG T Sk
Ko PR AMIEVR [RISCZ B, 15 RAMEL IE R T
F&1,NMD A -F-UPF2 FISMG6 ] F JE i R . FiEi (ethyl
methanesulfonate, EMS) 75 5 845 [6] #: [ 28 firh 378
TEIR AT b AL 361, A B 78 R B, BICHAF %0
PRl - eIFAATIT AT LA 75 5 firh 5 & A0 pif 42 e v B o
(1122355, Arc mRNASENMDIFEELR, FiRelF4AIIL
AL A 22 76 H Are mRNARIE (7 KI5, Fa-5
He-3-F2Hk-5-F -4 S L T IR 52 AR (AMPA) 52 A4 1)
FTH F ARG I, /N 26 A M 52 Ak J5 FLAL(mEPSC) i
JEE B 0P S fi AL 3 3G 5k . b4, NMDIA -FUPF3B
EMZ e A £ 8 MR, R AR T W9
I, $EIRUPF3B AT GE7E 4 17 28 filh HmRNA ) 3K Fl
Bée fift p R HE T REL Y
2.3 NMDZEME iR RAE R AL

NMD 5% 55 2 Ff i £ 5590 (1) & 4 5%, NMD
THfe I 2 1 e b 22 50005 1) 8 LI 40T HIL A
2.3.1 NMD#) k4 A T fE4d 22 5% Jd & A F a9 4 A
UPF3B/E 2 — Ml R I 5 N KM & K & B b5 AH
FKIINMDIA . XYtk FUPF3BIE N ) R4 S
FONEXGESE FIRERT . B E FURS #4324 RE 25 11
KA gk NS T I, 7E45HFUPF3B
T el e 1t RAZ R i &, 295% 1)k 4H
IKF 52 B maBY, UPF3BRI 942 6L TNMDH) —
2% 55 1%, 0 T B FPE UK g B AT, (R,
B B R AR E Y B, UPF3A SR IRk K
SRR . X T RER BT AR R )RR AS S , UPF3A
Al LLB 2> AR B2 UPF3B I RE (1 Bk 2k . BT LA, UPF3A
FTIB KPR, AT BRI, 4 ) 5 A5 2 2
Ew, A, AR IR B R, UPF2, UPF34.
SMG5. SMG6. SMG7. SMGS8. SMG9. RBMS8A .
elF4A3FIRNPSIZNMDAH ¢ 2 [R] & A= il Bk Fi/B% &2
i 9AR (M5 S 25 v T R A, i3 — 2B B TNMD
B )RR Iz A ) BB, R ikiE, NEw
Pt R Bt 2 B R 7 SR G R R 7] Rt 5SMGY
e R MR 5. TE/NR R FRSMGY, w] LA
A 52 3 8 BL ) 2 8 S K S R A B 32 EARAE .
T BA, SMGY& N AN RAP L R G0 IE T K B b 7
E]/J[Sﬁ]c

34k, NMD I R -1 23200 o 1) R AE A
—EMIFEIA . ClaireS5C8 1) 5258 B, R FF SRR
() 7N B 5 R, UPF1 A 8% 1R 16 FIUPF 1 (p-UPF 1)
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Table 2 The biological effects of NMD factors in the nervous system and related human neurological disorder

NMDH ¥ P R G0 B EY AR FASR NP5
NMD factors Biological function in the nervous system Human neurological disorder
SMG1 Maintains synapse architecture and synaptic ~ Not reported
vesicle cycle efficacy™"!
UPF1 Neurogenesis; neuronal activity!’” Not reported
UPF2 Axon guidance; Intellectualdisability™
neurite outgrowth*’!
UPF3A Unknown Intellectual disability!””
UPF3B Differentiation; Intellectual disability; autism; schizophre-
neurite outgrowth®! nial?"1-3
SMG5 Unknown Not reported
SMG6 Unknown Epilepsy™*
SMG7 Unknown Not reported
SMG8 Unknown Not reported
SMG9 Unknown A multiple congenital anomaly syndrome!>®!
elF4A3 Neuronal activity* Richieri-costa-pereira syndrome;
Intellectual disability
RBMSA Neurogenesis; neuronal activity!*! TAR syndrome; intellectual disability!");
altered brain size autism; seizures!”*7%
MAGOH Neurogenesis'* Not reported

HKT TR CERIH R A (1) B S V6 PR
T S5 VIR M S A, UPFL IR /K AR 2 25
o FEMK ZE N TESNMDH ] 7INMDI 14471 p-UPF 1
HAINMDYE P, KIS BB IR AR R 4 82 1 [] -
AR A BE T AR, AR 1 E R IR R AE A
SV A AR BRI B AR 2R 0980 DT, AR,
NMD A 1 SMG6 E A i) i il 1) DI RE - XoF 5t -k
(temporal lobe epilepsy, TLE)E & FI R H R 2 &M
TR, 1545239574 I GCRAZ GG, SMG6JH
BT BNENE T T 22%, HGGHR R & 1 K AE
AR RN 24 A2 20 0 3 TR A . ik — 2B i T KB, £
KRB , SMG6MRIA _E T,

2.32 NMD®EICA £ 47 2 7% Ja £ & F 6945 A
RBMSAZEICAHMFHIIZ Ty, RBMSAZR 5 RN
FEBT A B o B Ik R rp R L L /) Sk W TR A B 2= ) ik
BB A5 A 9T K B, RBMSA S TAR(thrombocytopenia
with absent radius)Zz & 1iF 1) £ 2% [K], TARZE & 1iE &
BRI SR A LR 2L, JF 5P K TG
(A R I3 2R 38 A <P, [F] A, RBMSA T PASE I /)N R,
17 25 17 125 s, RBM8ATE /)y R A IR [l H [ ik
KL= FHREMALZIES) . EREFEAT N AN
TR, A RARGE, BIE50%0 K B W G A
A B 14 352 4% 9% 95 (Richieri-Costa-Pereira) £8 35 17 15

5 5] FNTE T B AT, OX AT RE S BHEICH) ) — 4% 0 i 51
elF4A35'UTRN B 5 7 51 (1 47 15 38 o KR
BB R R SLIR R W, 1 S 22 TR R H [ eIF4A3
JH 5 Are mRNAKF, S5 2 0% 2d 2
06 X SEE dE B HEOR, elF4A3 S AT e 5 K B M
e R R IR AL o A e,
2.3.3 NMD#) R 6 FE {7 EANE R sk imZ
PRER KA NSRBI 2 it
FPTCH] AL, — S E R Hh & 4% B E T RE I
B TilE % A (INGABA), K42 5848 |5 77 HEPTCAE 4,
M i NMD I SE AR, 5 048 K 5 € mRNA K
A B, /D B R BNMDFE fif N mRN AR 128 BSOS 12 11
S H, FEAE N AR R B, X e T8
5 K VE 4= B 14 9 (idiopathic generalized epilepsies,
IGE)[f) 25 22 Ji [R5, 55 4b, ATP-45 4 & K % il A
ABCA7J5 A HIPTCHL iR £ R J&5, 2 F HPTCHL
MBI, 7= AR K R ImRNA, i fSNMDIG %
X AT 56 A S B AR, X T R A2 T B o AL ]
IR IR B 7 (Alzheimer's disease, AD)F 5 22 Jid [K]17),
NMD A] L4 5 3% 5 2 B U5 7 26 16 & Fl S A iR 1)
S, T R B ) S R A AN P4 T R AR 2 R
TR A 1) R L5 R 2 —, R EINMD ] g5 2 K PR Al
1 FH OR1S, SNRPBEE Rl | T 3 14 85 1), 2 {FPTC
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B AL T A BT A E AL B, 533N R I SNRPBH]
DItk A AR R IE 7K. SNRPBIF) G FE BT 4
0 S RN A RS IR A K. TINMDW] B 4%
SNRPBHIEFENE BT 12, FWINMD AT 58 5 ik &1 6 &
LRE LA KO, WEFLR W], DNA/RNAZL & 8 H 3
RIFUS/TLS i 41 85 57/ BY 12 B A 3R 5 I Rr 18,
NMDA] PLZ I — H B R . AR ZE 40 2 f
{¥.(amyotrophic lateral sclerosis, ALS) & # 1, FUSH] H
AR AT LAE IR Bop YEFUS 5 A A &, X 1B
KB, NMDH REEALS 1 4% — 2 DhRe,

3 RE

NMD 2 B AE W b P2 AR AR 0 AR SR 1
PR LR, B MR, SR KIS
R YR T RGNS 5 2 T 2 BRI B AR, 8 S
RIEHBENMEH. AT, B AT AEAE — L ) A
Feffvk. ()NMDIE T-7E M4 RS0 A K & W B
(1953 F BEHR 1 A3 . (2) 8 7 FONMDIA - % i1 2
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