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The NMD escape mechanism and its application in disease
therapy
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Abstract: Nonsense-mediated mRNA decay (NMD) refers to the degradation of mRNA due to the presence of
premature stop codon (PTC) on mRNA under pathological or physiological conditions. NMD is widely considered an
mRNA-specific quality control process. Recently it was discovered that some PTCs do not trigger NMD in a variety of
diseases — a process known as NMD escape; however, its exact mechanism remains unclear. At present, there are two
widely accepted mechanistic hypotheses during NMD escape. The first is PTC read-through, in which protein translation
undergoes PTC until the normal stop codon is encountered, producing a full-length protein. The second is translation

reinitiation, in which protein translation recommences at the potential start codon downstream of PTC and terminates at
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the stop codon, producing an N-terminal truncated protein. Currently, an increasing number of drugs or small molecules

that use PTC read-through have been successfully applied to treat nonsense variation-associated diseases. In this review,

we summarize the NMD mechanism and discuss the application and progress in our understanding of NMD escape in

disease therapy. This review should provide a useful framework to advance current understanding of the research and

application of NMD escape.

Keywords: NMD escape; nonsense mutation; premature stop codon (PTC); PTC read-through

TE XA 51 mRNA [ fi# (nonsense-mediated mRNA
decay, NMD)&—F ] {Z -7 F EEZAY mRNA
Fr i WS PEALE, R PN T B A S A R A R %
15 (premature termination codon, PTC)/#J mRNAM,
] NMD L2 LA 42 B R SRR i B2 )7 Nz —
EIEH BT, mRNA R AR5 4 | FEo iR
s PR R EHE ] 24 PTC, ik NMD &2 fil
HCREfE, ITBH IR A 35 A 2 A A, TR B
TEOUT , LhJG SCRIRS A2 S5 hy 32 114 Bk PR 58 28 A m] 7
4z PTC, J@idfil % NMD F&f# mRNA SEUEHE 1%
KRR KR>3, 2 13 B AN 1 A8
L2 ph L R 228 7= A Y PTC RS,

TEFLE A, AR mRNA #5942 )5 72 R
BAMNE T 5 40 BT % 2 45 (exon-exon  junction, EEJ)
2y 20~24 DAL IR AN E AL 2SI I — b 7
A 5T 7% 45 15 5 5 W) (exon-exon  junction complex,
EJC). TEIEW MR, AN E mRNA
o, BN WENTA B BIC FRAEIE W &k S T Ab
fFIEEE, A2 KEN . A mRNA HIETE PTC,
BIRRORHA 7E PTC Ab% 1R, 554 UPF1, SMG1
FPA™ BHPE B i K7 (eRFL 1 eRF3)JE i SURF & &
Yo ZE AP X R BIC fR, f NMD i
B 414r-UPFL, UPF2 fil UPF3 M E AR, &S
0 UPFL RAEBERR AL . BERR T UPFL — Jy 1 2 ) £
T RPER G F elF3 M T~ —4®IEm i, 7
— 7 W i — 204 5 oA AR N U) I FAZ TR A0 D) il
WP SMG R4 F 45 mRNA HFf#P, NMD
BRI [ Sie A | At B R 2H B DL e AR (7]
VIEAE iz s sk, WA EFE R A LA NDM,
BIF=4: T i ) NMD #E3i% (NMD escape) i 4L . A%
SCKF NMD #2639 (4 AL T B2 AR I R A g o 2R A7 1

1 NMD

WE, M PTC WEi)5—1 EE] KT
T 50~55 ML TR HI AT fili & NMD, #%5 NMD %44
[ 50 31 FHLINOT SRT, BIFSEH & B LE PTC AR
FFERXAFN, HREHEA K4 NMD T3 mRNA
IR, “FEFRXAMIME Sy NMD ki i 74
Tfie 3 R 2l A 508 R R AT 52.7% M AN BEHR DLy JC
NAERLZAET NMD gkl #f 55 % WX s % A
NMD kiR sfA, H PTC S THE B B 4h
PLSEGIT R X, Fin—2ef; T A B BREE LR 4
1R PTC 3 A fil & NMD Tii 520 mRNA 1 5
Halr X PTC M5 A 5EFAERL B BRE T mRNA
i SEAKOEAR S, XA B AR “AUG 4B 4k
AN PP <2y | =B EF N v e Pu R o LI N2
BT RR4S 4 5 1 1 (PABPCL)E T 5 A% R IR T
elFAG F1 elF3 Z [ MAHEAEH, HEiE 40S AT
I, M IRIREEH . PABPCL R 4B IT AUG #2146
T, BEE BHIRLE MR T bR, XA A I IRR S
¥yffi PABPC1 517 T AUG fftiit PTC FIWZ&IEE S
YREE AR, It PABPCL se4 MEf 5L B &Y
i eRF3 A EAEH, MIiHISS T eRF3 5 NMD ¢
S UPFL [RIAFEAT, 404 NMD i&4%

FSR NMD ik it IR AR L A7 4l , P
BEAE AT R R Ge v o B DI AIL] i R 14 4
H Al AN 20 A A4S . PTC 38 32 A B0 1R 1)
Bla sl e B T BH IR AR AR T LA Sy B R 1 Ak
TR RRBERGZEMR | BRI Z R AR B IR L e A
TASZ 55 0 1 i A A2 M A %) 4 2 1) P A B B
F T NMD 5 8 151 B 05k, Rk NMD #k it
R A=A IESUREISYST I
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1.1 PTCi&iE

PTC i TEEAMIF R, HT tRNA
Ao T A A A i i Ok B A5 D R SO 35 T LA
Wid PTC, B EMBFIER AR Bl st
RIMF, PTC WM ELRORLA N IE# 2 L% 1571 10
5, DR T il 27, 20 4 440 e v 38 52 B4 ) F & AR A PTC,
T X T I £ 1 5 1 30 352 DU Al o 2 O L ARG

EAEBIEOT, FEAY PO TR R
T BRI/ | 4G t(RNA (Met-tRNAY)FI
IR LGN T (eIF1 . elF2 Fl elF3)ZEN AL+ H
HFS 5, ERR mRNA Fifi% X [ 5560 B b
R-mRNA-EE I tRNA 259, I8 H 0 2R i A%
BRI P Ao

EAMBERGE, MHE T — 25 m b 2 k-
tRNA (AA-tRNA)Iz % ZIZ A A i, TEIRIEF 5
B AL T, 50T P 7Y b — AR IR A R
IREEAS DAAWIIE K o [ B B A AL 17) mRNA B4k i
3 7 [ B A B B — ST, mRNA AR A%
F e T F AA-tRNA REgss 558 A i b 4
2B (UAG . UGA 1 UAA) H BLFERZ BRI A
il YA FHR ) AA-RNA BE 52454, BUmftz
MR R o B FREIR N Z LB F IR 5 2
i, KR P EZIKEES tRNA Z A1 e,
W HEA GTP fyiEt:, Midffb GTP /KM, Mk
SRR AR B . FEEAZAN T, BT eRFL
PUNZ ST, HEAHT & L 2 BREE N P ALY

"'—’

E1 PTC&EE#HH
Fig. 1 Mechanism of translational read-through

tRNA Tk R ok s TEA GTP S M i B
¥ eRF3 75 2 ik B US Hl 3% eRFL MAZARIA A fi7
fif s, ZUILE AR A A

R, 25 H A B R 28 1 E b 2 4k 2 e T 1
R F AR T tRNA 22 [R5 4 S5 R0HA A 7
MSHAEE R, MBS PTC I SRR A KT
M A NS AR, WEEEZOE, &k NMD 1%,
MRNA %A i B IR AN PN A7 AE 2 RS IE ML) LA
0% mMRNA L2585+ m] DAgk IE a0, (H 2 e
FABSRIA AT 100% ., 7 FFR LR ) AE R T
tRNA S5RHA A RBREES, [0 USR5 3
WAL A BRI T-, PTC %% 5LmR rgut, &
VRARZE AT, BEIRINH T tRNA 55300 PTC
WA 1A), ISk, WE SO AT mRNA %
fF B TR 2 R RS B B T B VT 5 2 3V T I
— - AEBIZOEHN T, A E s, B
PRt AR v R 2 iz SR R D8 A% B AR FE mRNA FE
SE A A5, b BB AE T LA & A R R B — A s s &
AR RRIG RS BHIR , 1X— I AR R kA% B A
% 1i B 1% K Bk BR (ribosome  frameshifting/jumping)
(B 1B)M, M RTA Bkt T PTC, MBI &M T
bR BRER S 8000 PTC a3, (HJ2 H i B Mok
el

Zi bk, B PTC iy | &/ NMD ki, H
AULUFBARRS: B, iTFARMA NMD &g,
R HE PTC 3 s A 1 e Sk 5 WA AR Y 5
W, T PTC B mEt, HBIFLIETIERM

@ — \
A

A: tRNA 45T, T t(RNA 5L, {f PTC Bt oA ST, A a3k (ar ), ®gakslm Tt fr, &4 PTC @ik, Bk
BEIR o BT MRNA F5 58 O L P E & AR TR P R 3, BV P PR AR IR RS A sl A b IR Bk R, MR a 158kt T PTC, 5|
K TAZAHABR 53000 PTC @i, PTC: ATA LS T, Stop: & IL%IT; eRF1. BIFBIMET 1; eRF3: BIPFRINE T 3;

DAL A e~ dh 2 7 AR WWSE | L g sk ke 35 1
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LR, WM A RKlE AR, BARR
PTC Y& LR 1] BE 55 1F H 25 F1AH R 7 B 1) 2 R AN
), ER AN SR AN B P 0 B ) BE X, R
BT A B A AT R L O A 1E R T AR . L,
X — Lt H AT FEZ T E T NMD BH
EVER . IR REER 00 FEak TR [R5 Y7 s A5
PG o3 TR TS, (i A ST & | Rt
WEREPUAER L NG Y PTCL24) Ll AT 5
PTC Z54 1 tRNA R LM% ¥ AT % S PTC Y 20,
Menkes ZEAEJE—Fh 1 ATP7A LR 248 S 5L
s BEiR G iR 2 Rz By X ERiR kL
i, B EE RN AE RGNS 4 H L 7w
ATP7A 2F{F Xq13.3, f1# 23 MMNET, FifS
1500 MEEFR M E 7 ATPTA, Kaler 25051 51
T 1 fil Menkes Zi & fiF B #F #45H c.746C>T
(p-Arg201Ter) Jo LAR S, %7 SHAE ATPTA LIRS
34MNE TR E—4~ PTC, Hi#% cDNA [ Sanger il 5
TERA AL BT LB C>T MBI il , 3Ry
PTC 1 mRNA %A K & A b 2 1 RE A i
Western blot F1 6352 404k 43 A7 F LR L, 34 ] A 3]
DK ATPTA HH . VU LRI 5 574 i
BEHLH S50 NMD skald . Rk, fE#HEmTE
HF c.746C>T (p.Arg201Ter) & LA I AR KT
T NMD Bk, O T 325 B0
BT (RNA F5IC, 1EE BRI =50 75, 5t
FEAYJE UL B NMD IR AR AR S, REEL
OB MALE Y, (RS, BRI ANE R R
R RIE N E IR B A T 2 TiRe, 42
/R PTC W=t 8 73R Thbe . Iz iZmEAE
ARG A RIE2 W f 34T 80 1 a7, HRYT
FORE, JCU A2 RGUER B,

1.2 BEFENEFRBN

EAEELILE, BT —1H mRNA, i F
P {71 R BEIL-tRNA R HE AL 1 B L1k S5 A%
WA S, BT, 76 ATP B ABCEL. #IAIN T
elF3. elF1. elF1A LI} elF3j WythRIVEF T, #1i%
LA E B WA mRNA . ZEfL-tRNA
TIAZ W A B Bl LT ST g R 5 B0 A AR 0 A
— AR A

BE A EB S Sh R 8 7E PTC M Rl 1E S

AUG, RIEFEMBIZELG S, T Met i —ER& D
[ AUG HRIGHEM FHIF, HIa{EN PTC T
e B EE T e Sh VB e b o5 . BHIR RIS, AN
RE AWK &M E AT, WENE
MRNA 4kZa0 2, 245 38 SV 7 (14 B 46 AR
BT BT AR,

LA HRIE 408 BRI S 119 PTC, HT7E
HOR WA 8 T A SO B S B X PTC 1)
MRNA AR ET NMD #bif, 045 #2598 AH
FeHE N SMARCBLM F| g A1 6 5L [ BRCAL . LQT2
LU o B BRER RIS BRI R
FH A ST REAFAE G AR, IR PTC
A 3E o B B ik B NMID, i B4 PTC
WRRE; BeAh, AN AN ER s, Hil
FAgEARTE, BE RS VIR o I B BRHE 3%
PRI 2 N I

Jagannathan %EUVRIFIAE M5 26 D7 00T TN
BEh AR RS S R 50 AN BTN RS, AF5E R
5 R AR A, Met 7806 XA S R iiE Y 50 425
W NAERENESE: ST%FEILF 85%AYH Il
T AR S e H R 50 A B T N AEAE Met, RV TE
(R AG A5 T A 52% Y [A] X AR SEAFAEIZ R4
Hix— & I GAUTE G iS55 AT 10% %7, DA
SR, AR BRI S B 5 R R R iR
i PTC FIVEAE R IR % 3 Z M B B A ¢,
e, BHRRLLJE MAZRRIR S IE R R G B T L
e Rz, ke PTC 75 BEEET IE 7 1) B RS b 25
T HK PTC FE B Rl e 4n S g, (8
R AR T LR X 5 e ) 3 ) e 7 ot B B

UGB E R 23— HA N & NMD ki
M ZL RN, (HH & A i ELARML ] v A+ i 4
HA 6 uORF 5 52 1) B 128 5 538 it 3 2 LA 1oy X
WAL I N R R Rz — . TP R B
FESRARTERIRZL ARG, A RO AR 1 I 35 i 2 1k
fE tRNABEAE PR F-A T, /NI 364754 B 7E mRNA I,
HEA RN & A B E S o . E— AR
TRERZAE YR GA F elF3, 7E BN 4E (i FI 2% | it
TR A SRR K A R 4 A 0020 elF3 AR
Fasg /NS, [EHAEIEER, (AR elF3 MAZIRIARE
gk SEn N RS S, R PTC R i AT e AL 0f 25 5
FHEFIAHFFEE 2). L LR, FERENEN
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Fig. 2 The reinitiation mechanism

PTC: R %% ; Stop: ZIL%i%T; eRF1: EHIFEE T 1; eRF3: BIIFRMA T 3; AUG: BIAHINT; elF3: HEEL

AT 3.

51 &1 NMD #3%, [FIAE i TR fill % NMD i&4%,
5T PTC e SRAS 17 SR /KAl 5 B 2R AR Y 5 LR,
B E RS sh k4T PTC Tl ts &, Nl
A=A N A R .

BRCAL S A 5 2L 1 & AL m BEAR G, %k A
R GRS A 75 T e AR LR R RN B B L IR
LT 17921, &4 23 AT, 76 DNA 8% |
o0 B R s L R Bz R AR Y o 5 0 R4
FEAME AP, Buisson 255t 4 1 BRCAL ZE iy
%t 5 5 185delAG (c.68_69delAG) F1I 188delll
(c.71_81del), 4rHITESS 36 13 (Ter36) Il 39(Ter39)fi
RO E A PTC, HIN T4 3 4 FHie b
%/ iZfil % NMD, {H2 Northern blot #6:il &k 75 #577 5¢
AR R S AR 5 B A A Rk B A 24 5 Western blot A
KIN Ter36 5 Ter39 48 ki Al LAy~ A N s it &R
F o DA R IS5 R AT 5 el 8008 19 3587 15 3 i 30y
NMD 3kt . i — 73 BF BRCAL K 41 75 76 PTC
Ui 22(Met48)Fll 262(Met128)4% 1k 1 17 & 7 47
e Met, BITETERYBHIER LG0T B Bk
TR EARALE, P A HE SRR R 53
K Ter36 15 Ter39 2875 1A 1) Metd8 1 Met128 28745
F 45 R T YL 4 M, Western blot & 124 Met48 5875
NERZ LI, Ter36+Met48Val 5 Ter39+Met48Val %
AR A R A 55 Metd8 A8 Z T —3L;
1124 Met128 2748 M A MR, Ter36+Metl28Val 5
Ter39+Met128Val ZEARRMIA 4 N Sl 2 1
i #E 9 185delAG(c.68_69delAG) Fil  188delll
(c.71_81del) 5 5 & 4= NMD 3k & )5 T-76 PTC F il
) Met128 i & &4 T B EHE 3.

1.3 HiEm NMD ik E =

W PTC @i MBI B H S shah, b AE7E Hofth
—BU R 2 A] BB S 2 PTC 9 NMD #6324 41 mRNA
B BT HZ . 24 mRNA BYEEPE BT K 61 PTC Y48 ik

TG SEA P 2B, WA &4 NMD. [alkE, i
PTC TN — A& FPHEREILT, PTC T
A BEIC Sk & H NMD 155, N Ifii Jo i fisk % NMD.,
HAthsZm NMD BRI HREA 3HERIEIX (UTR)
P FIRZE , —SE&F K 3° UTR i mRNA Hiff
L ME NMD IS/ ook, BFsE Z BT
TRAM1 JEPA mRNA i 3'UTR Hij 200 TR A7
B DI R O, S TSN T
U7 BRI IE T LA NMD 59 % AE 291 e 4h , i T NMD
AN RO R, S R I A A
A A F R34 0T LU I NMD 925 5

2 NMD

Bl XF NMD B H6 R 5 IR A, I JLARE 42
RV Z 40X PTC MR IR T SR ME , BF £ %
G AEXT PTC @ S A A, Bl 3t foff FH 25 4 0
B Hy PTC KA, FIHAIREMERRE, M
MAPHEEEEYE NMD BA FEEH . BRI 4wk
UEBRIRYT JC AR AR CBRIR MBI T %8, O
PP AL . AR L FE A K (Duchenne muscular
dystrophy, DMD) . Il A& . fRMEEHL . MR Bt % PR
3 IR RE S50 HH IO R 974K

PTC il IRYT M A& LR TR 20 4t il
W5 & I — e b B W REE AL T 51 b 5| A —Fh K AR
SETRUR PTC, M 2 Az i 3527 AE S8 3 1) 22 Jik s
WG I i % NMD 23219 mRNA F&f# Bl BT
IR, R 22 18 25 W ot e (35 1) HATHE
BORIIIRIT ik EEA WL, W21 4
2T, HTFIRIT PTC 51 MBI

21 SEBEER

FIEMEH SR N B — R E R, W
TR AL TE AR P80 OB A B i i e 2 T
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Table 1 Current research status of drugs

i i 5 ) R

PP 4L (CF) . H:ICHLEFRA B (DMD)., i
LEAAE(RTT) ., FEHF AR JAM: B AN Y IR AE (AT) |
B BL% (Fabry) | Jé 2 T 73 5iE A/B %I (NPA/NPB) .
42 By PR 2 AT HE BRI A (Gangliosidosis 1), #5Z
i EFE 1 B(MPS 1) . MPS I-H, MPS 1B,
MPS VI, Iii/A%% A Fil B(HA Fl HB)., JGRk% %
JiE (Choroideremia) . 5K M BB (LCA type 2)., I}
{45 (Ocular coloboma )# Usher Zx&1iE 1 %Y

VLT AL (CF) . BfFZE A IE(RTT) . A2 Hl
ZBUE 1-H(MPS 1-H) Fi75 86 50 L2846 5 | 20

FEVEA YL A E T LZE 4R 0E | B (SMAT)

ML AL (CF) . FLIRHLE S A B (DMD)
AR A AE (RTT) . Jolik 44 B 4E (Choroideremia) .
K 22 B ZAAE 1-H(MPS I-H) . R Bfeft (Ocular
coloboma )#l Usher £ &1 | %1 (USH1)

FPEA A (CF) . LR GAE(RTT) . ¥R
PEB AN AT TRAE (AT) . K5 285 BEUE 1-H(MPS
I-H) . BAHERINLZESE | BI(SMA L), JoR Ik B
(LCA type 2) . &2 AL i 4% (RP)Fl Usher £ &

HRERLZE L AE | BU(SMAT)

GRS AT | B (SMA 1)

ML YL (CF) . FifFLR B AE(RTT) Usher Z5&
fiIE 1 I (USHL) AL 22 55 B FUE 1-H(MPS 1-H)

P YL (CF) . #LERNIEFRA R (DMD), fZ
B ZAEUE VI BL(MPS V1), #1205 RE 848 B UL
FHUE(NCLs) . Il 3% FCJ% (Batten disease) . (A&
FRR B 42 (RP) . Usher ZEAAE | B (USHL)FISE R
4 JE T Ji5 (Congenital aniridia)

HE IR HLE T A R (DMD) i 5 2% 18 44 =6 4 1

i 2 S gy A5 A i PR 46 LB
ST
PN =1 HYREE A
(USH1)
B oK 5L ¥ FEIL7RE )
(SMA 1)
ARG R Y ¥
B R gl 1) P
G418 EIL/EIE )
fiIE 1 2 (USH1)
AN AT EY
BiaE RATEY EIL/E I R
(TC003 71 TC0O07)%!
FIRERAEY
(JL023)[
ERER MY EIL/E I R
(NB30. NB54.,
NB84 7l NB124)!
JE AT
PTC124 HYREE A
RTC13, RTC14 #il  #ijifg Jc
RTC229

" TRAE (AT)

BIME B2 . B
AN B R 1

A WU AR A B
T B R AR
B Y A A A 5

SR, AT S i A
FBE, JEH AR

iiif 52 1 RLAF, TG )™ H Al
fEH

Xb 3 A AT L A T
AR

1k o IEWEH IS 245 Wy Ve BV 55 AR A B4 A ) s
4%, SEEIERBENLTIA, AT e IR EE T A
PTC, KA, Hlan, PR R —F Ly
FHMERYUER, WS BEERHRL & R

SR, PRV PTC thg ]l AL, {H

AFMIE R LT EERHEREY, KRRKER
AR R T tRNA SAZ B A 55 025 & i
MR R, (B SR L REAR, IR BOR
Fi/ag, PTC i) B,

Hurler Z5-A 1EBEIA Sk 2 d5 ™ 5 1438 4% P 7 il
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WA, AR PR ER G . T IDUA JEH
5 FEOT A o-L-3SCAEBERE IR H RS =, WG
TN R Z2 4 (GAG) N BE IEH B ff, 51 KK Z B
U . IDUA EHEAT 1 SYeik, p.GIn70Ter A
p.Trpd02Ter BRI Hurler 54 1F £ 3 b UL Y
WG S 5 B8 2001 4, Keeling 5B i Hurler
CRAIE AT AN M R AT T IR KB 2% IDUA HE A
p.GIn70Ter Fl p.Trpd02Ter 28 S AU HIIGE M, AMZ
RKEEZF A BE AT DL 8Tt a- L-SOROME 2 17
MM . ER TR R K& R = AR mIEH
O e R e N e WS R SR A L AN E =S Rt
F2hy, Horh—Fh S WE T AT A H-NB84, 1EYTAL
AR o-L-SCRDBERE R TG, BLTRA
,@[3110

2.2 Ataluren

Ataluren (JEFK PTC124) 52 —FhIk & B350y
INTTFALE YD, REWSTE mRNA 452K 1) PTC {3 & bifi
MR AR ILTR, A5 PTC L, MR IE R &
1% B8 DMD g e LS 45 8 11 A 3 R 58 A
gli, & FERI TR mILA TS, 23
A RIXE | A e Ao LA B B 24 1) W W R U 5 g %
o I AR S A PTC 8ol & sl & Ty
ez 215 DMD W5 (1 13%. Ataluren J& il i3 254
%) e 3 £ O S AL 2R AR AT B A BRI, BT LA S
AL PTC, MAZIER ML IEEW T M7
J6 L5 7R 1) DMD /N EUESERS rh iR, Ataluren 7]
ALK ETIIESH E A . EM/Er A DMD
SR A IA S T A K I RIS 4 8 1 B,
BT PTC124 259950, 2017 4 PTC124 5@t
TR %, HAED, PTC AnlIEE#HIT—1
BEHLXUE | 2RFI R EBR 2 o iy i Rk
¥, DA#E—ESE PTC124 K WA YT 0 L AE F 1
DMD 35 YRR 2 2 . izl R g 0 B s A4
A% 250 A, EAZG AL 50 A, T 2021 4%
N A 25 HE (https://clinicaltrials.gov; http://www.china-
drugtrials.org.cn),

2.3 #l#lF tRNA

T AP F 2 —Fh t(RNA 954y, Hox %
FHEMLIR G PTC, 4kMMifE PTC &b A ZE LW, P74

SRIBEEA, PiEBFEE AL, MEH T T
- DA B, P DAk S B AR
WEIE T % A B 2 BE-tRNA HEJR, PR o] LA 280 il
PTC. W55, ikl 5 tRNA o] JI T A4 iy JC 78
S5 BB 1 PR 0 3 PR YT o i AR PR TR T
J#(HDGC) & — PR 281 . ok @ 8w, 2k
CDH1 BRI LA G, FEEEN E-F5R5E
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