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5 AL RFEHERH)JLFh 2R K
EME-tRNA & R ES

Bk EBZ
CPEREBE LR R Oiike, B SR ARSI, 2 TR E R S, L 200031)

WE AN -RNA G REE K ZIEAR, EREARED ST D RN, SR IE RN -RNA & it
ZHREMIM AR, M. (RNA PGS 528 . RNA FIBTY). AU 5268, BOammmrss e, Zonifde
FEWE -RNA 5 8 NP B VARG, NZORL RS 29 (RNA & R 2 5 A& 7 i — A R AR S BUZ R R
FeF AR BT, XU NIRRT A A NERLAR R & B RNA 5 MR _E (1 — R RAREE L mRNA Bl Rk B
fiff B R YRR IR IR R AT IO, T BUN T B TR AR S SLBE R . N R AR SR -tRNA A R DR A — > B
BHRZ A 2 WP R F VI G, IR EHETT 45 Ralk— DGR T AT T2 S Bt tRNA & g (K 2442 DRI, JF
HAEES HEORE ARSI -tRNA £ BT 5 R LR A0 A EUR HLEE LUK IR 7 7 I 7.

KR dokifk, EIEEE RNA A NEE, 20w
ZRPES Q71

4 M T -tRNA & i B (aminoacyl-tRNA
synthetase, AARS)/E il EMH H KR, i
1 (RNA (1) 20 3 W A6 e I, A2 B 28 25 T -tRNA
(amianoacyl-tRNA), A& [ iAW) A e it Jsopkn,
RN IS A 20 Bl AARS, 5 20 iR R
FER——XF Y, AARS X2 SR I A R Rl £
UE T 2R A R i R AR R A S N v
PR R S P SRR IE M 25/ 1E 5, AARS ] LA
Boy P, BRI 10 B, RE—FPA] DL % Fh
IR IS 3 =55 R 4 RS RoRPL AR
TR, TEEMIKRN, AARS B T HALE ST
tRNA ZEEIAL S N4k, AL 22 — R A K
T EZ Ak A2, i SRR R . RNA
MEIY]. (RNA A S s . RN AN S
&+ DNA 454 LA RAT AR 145 Dy e, FEbtiE
N R DR A TRl DA R At — 2R 51 o 56 DR 4 1) it
7, AARS [FHEACHLEI LA S HT IR 0l 2 2 5L 1R
(VRS TR A 2% U P BT i 1,

2 R4 (mitochondrion) A& FLAZ 41 i Py —Fb E 22
FUBRRE A 2, 3B A2 Dh e A T A AL
WERRAL, A ATP, 4 40 Ml A= )3 o)) S 1k L e fig

O (RN, SRR S A i N 25 2 52 B A ) —
AU A%, TR S S A A8 ) A )
e, MM FEURAS, FoRR AR 495 (mitochondrial
disease, MD) . ZERifAfT H CLRFER 4, AN rgeks
RIER 203547 16 569 BRFERT, 4wt 13 AN A
FU(CRI A B (55 by 40 (0 258 AR IR 1 3 /S 2
ATP B[] 2 AN JE LL K. NADH Bt &g 1) 7 AN 2
J). PR rRNA DL 22 B tRNA. 2R 4 147
FTUREPENLAS AL oy, SR AARS 75 2538 1
MG 5T e B S R A . Skl i tRNA ik
()5 FMD Z A [ 6 R &) 2 Bt iy
W IFTE OB R A AARS 5 MD Rk

1 ZAKFEEE-(RNA & KES(ArgRS)S i
N A= N

Fixi M 2N i & B AN 4= (pontocerebellar hypoplasias
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PCH) & —ZHAN R RR SR I E 0 » 3005 R Ik 3
NIRRT HATC 2RI T 5 FARSE AL
PE R G {5 44 B3 M 8t f£ 1Y) PCH (nonsyndromic,
autosomal recessive PCH)!". b 7 it 5 — K72
FVIRE AT G, ) S R VR L 97 A R (congenital

muscular dystrophies). “F* /i JE (lissencephaly

syndromes). 4 (& &K S % (chromosomal
abnormalities). 17 Hl & X ¥ /i (organic acid

disorders). & ¥ {4 WY W BE T fiE Bk [ (mitochondrial
respiratory-chain defects)=5'.
—RRNBIL RIS R AT 5 A 12, 3
i, 55 2(10-2)s 4(T-4)F1 5 AN(I-5)4% B R
A1 PCH, R I ™ =1 7K 1) JskiB (hypotonia), 7t
A EAASET O Sl R P AT R, X 3 N R
HINZRARIPIR B E AP 1, M, VIS
BEM R, MESY TS IEAEXER. BT E
EW T, M, VR EEFS 73 o Zoks i 5L P 41 2 i,
TS5 1T AT e e A BE R A ), XIS
AN T TR L MDML P HhE T -2 A
-4 B ET dedn e 10 -5 1R I 40 i ) 22 DR 4
DNA, Ik 0077 oK S0 5L P i A7 AR5 6 5 G (i 4k
(10— B A 103 AT IR B R A . eI A

A — A G B 26 KL Ak B2 1 5T ArgRS ¥ 36 ] ——
RARSL, FA7 20 /MG R FEu) FE ) I &5
BT LOBCR I, 15 3 ANEH Y RARSL 1 3 A~
FRAZRI K568K (aaa—aag). R291K(aga—aaa)ll
IVS2+5(a—g)(F gty 568 KL AT 291 {7 iz IR AN
IR AT 1 aaa R aga 73 5l 548 Ay G i 46 2 1R 1)
7 aag Fl aaa, 1M SN TFHRET
a B g 19 54, 8L ESEfinder!fl SIFT # 44
43T, K568K Fl R291K #AN A UM . [
PCR(RT-PCR)ffi 5 & R4 K 2 B S AR AT 5
TUGANE T, T RESR RN HL A% A AN AT AR
TG AN R A SO (g RS UL B A AT AR
TGN R A 1L D )52 B RNA B
(quantitative northern hybridization) & 2., £ &1
LR R, (RNAMe [ 5 SR B HL A0 ok 2k
(A IR S 1 I 5 3 S A P A TR Y 2 B ArgRS
FTfiEAl), 85 RN TR R T, KRR
TEAL IR (RNAMe JE5 R FRE 0. 2k, 1IVS2+5(a—
) 57 1) B0 ML 2 e 3 B ArgRS 1 fith 54
(frameshift mutation), AT B3 1) ArgRS 564
TR ST, AFL PRI REZ (A 1).

%
RARSL |
Fesx
A
Exonl Exon2 Exon3
LS ENERTIIY LR L  ILLLTTIIT] e LLLLLLLLLLY
LIES
A
Exonl Exon3
DNA I Jeeccecee

IEH ArgRS, S5 1K) T4

Fig. 1 Pathogenesis of RARSL mutation(*)™"
El1 RARSL RZE(*)BIBURALIEN

2 ZRIRRZEE-(RNA 5 HEBAspRS) S
T & 888 Fum T R FLHEE S E

T BE BN AR J FLOBE S i
(leukoencephalopathy with brain stem and spinal cord

involvement and lactate elevation, LBSL)iff i f# 4=
1% 1% (magnetic resonance imaging) Al i 3t 4= i

(magnetic resonance spectroscopy) M 1 (1) — 4 iy 5
FEAETE )05 A2 A3 DLRA 2 1, 2 o e 0 AR G 50
T LEIIRAE. B — A W e i /N AL
KW AL BLA A 2 AE 2K L (dorsal column
dysfunction)™.

FIHRA 30 NMFKEER) 38 M, ATH LR
P 4 A2 bR (microsatellite marker) £4) 8 73X — #
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R AR I, 781 5 et Rk i — BURE e KU
T BEUREE . X — X AT DNA W7,
RILT B0 R DARS2™. % Fk K 4 15 £ ki 4
AspRS, it BTk PRIk R it A% S0 (AT . AEIX
BE R M DARS2 R ILT — RIUAF I 547,
{2 At BEANA (1) 5% B4 (400~ 420 MK DARS2 *h
HIWATTATSAS, UESE TIZAEH M E0RTE. X2
RAAEG: a. LXRE, FEZINEEEBPEEr#
1E, AR A% B mRNA B PUE FEf#: b, B U5
A%, I AspRS LA FE LR 5 1) 28 Jk R o At
FERPT B (K 22); ¢. WETFIFAIRAE, 3
GAMNE TR AR BT 4, B AR ) mRNA 4B
B OE BB 2b). Ut — DA R IR R Gt
H IR T AR AspRS J JL i S5 A8 BT = A= 1)
AspRS F7AA, W I AASNSEIG R I, IXLETEAR A1)

RIEBEAL IS )R (17~ 400 £%), (HERYE
E. coli AspRS K055 t(RNAM (3L, X e 58 I
AN AspRS 5 (RNAM ({4, I T2
& AT ) T RRIE Y. A ARSI, 8
i Blue-native PAGE LI K ot i Ju & W &
(spectrophotometric measurement) &I, K H 311
JICET YRR LS R 2 A Y 4 SRR A
PERSEAT W R 34, A3 ¢ AN 11
RIEWARIEF M, [\)IN %A K I AspRS B AT T
TR e Rk, L, AR AR 8 LBSL
FIPEAINLEE H BEANE 2, HEDI T BE 2 78 %
AL RNA A5, A GEje i AspRS &
5 A ALY ThRE S A5 Fr S S (AR AspRS fE
i TS 5 R AL D) BEE A JE AR 2 )2,

@ C152 R179 R263 D561J L1626
gtk Asprs I
Q184 Y629
®) ST 3
l—b
25HNEF535 TCTTTT/CCCCCCCCCCCATTAATCAGGCA
ARk A
SR 1 ST 2
SHHEZL 1 4xT, 10xC 4xT, 10xC
WL 2 3xT, 11xC 3xT, 11xC
KB4 3 4xT, 10xC 3xT, 11xC
H¥E 7 4xT, 10xC 2xT, 11xC
B 20 3xT, 11xC 2xT, 11xC
B 33 3xT, 11xC 3xT, 5xC 1xA, 5xC

Fig. 2 Distribution of LBSL-related mutations in AspRS and IVS2™"
E 2 LBSL BJHERITE AspRS & 2 SHE T LH o™

3 ZKRIAZEE-(RNA SHEE (LeuRS)S
2 BUIER TR

B PR 2 7 o T R N A iy A R I —
AR, Bar, PR A LA 2 R
PRI (type 2 diabetes) k3, Aol FR 9 A FE T 90% LA
b 2 RURE PRI R AR O, vE R B R A
DAL 2 RN EA 58 DT 25 DA A e ATTT] PR AH A R

ST VA HRIE, 28R (RNAM(UUR)HE K] 5
A5 2 BUOBE IR WA M. T WF ST LeuRS (H
LARS2 JER ) & 55 2 BB R A %, AT

T 4 AT 22 RN AN [ R IE L T 2 B0 PR 3
YERFEAS,  FhI 40 g sl R IR 41 23 1) 5 RNA,
ik RT-PCR #4345 LeuRS 1) cDNA %1, 1%
J¥ 5 EL % LeuRS 4w 6i5% X DL J& 159 bp ¥ )5 3
X, J@ kil LARS2 cDNA J¥41, AATKRILT 8
AN HUZ AT IR 2 45 1 (single nucleotide polymorphism,
SNP), 4K 53 H7 (haplotype analysis) % HH H 1 5y
ML ATE(-109 g/a AT H324Q) R BETE L 520 H& [X] Ty
e, JITLUW XA 2 A& EAT T IR (A 3).

Gih R A R W], H324Q 5 2 AUBE R A
FERACBMEE L 1.40, 95% cI 1.12~1.76,
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P =0.004), 1fi-109 g/a 15 2 B pRps o & (— Mk
HHE 1,13, 95% C10.93~1.38, P>0.2)19,
AARS FERIETAL SN R, T ERAf H
WU LR A LRNA, tRNA J& K501, o] LAt
KEMFRAES:, BTl AARS X tRNA [R5 AH R
B, RGNy FEERN S, mTHRNA
20 i S R DA K AR 22 S SR IR 1) SR A A AR
Y, HEdt AARS BRSO b U 06 8 (1) 28 L R At
LER N AR, FEREfr, HEd8 AARS(f5] 41 LeuRS)
WAL T 2% &5 #4358 (editing domain), JH L “ XU

-109 g/a Y85Y

b

LARS2 cDNA
EE]S

H324Q A485A T661T

MLl (double-sieve mechanism)” >R 7K fift 1535 44 11 2
LR B # IR E LRI Y (RNA, M 5 4% 45 B 1
fl i BAT HERDRE B DS, A DI RE IR 2k 25 5 B
R IR 2 BE TR B N A ) 2 IKEE . 5 A e v
T2 R, 324 AL Z RN T LeuRS it &5
PSR 2R, AR SN R SRR Ak DL A iR 2 Ak 5K
KW, BFA:R LeuRS M LeuRSH324Q ¥ &
PR 2E 5, B LU TEAR R 2 BORE IR Z [A]f)
HARRRIEARARERE, T ZTT R 2 (RN Ak
AR SEH DLER B HLERN,

V786V

S S S

Gl T
L351L A723A

Fig. 3 Distribution of SNPs in LARS2 ¢cDNA™
B3 SNP 7£ LARS2 cDNA LHJ5#09

4 BHEE5RE

YR — KM EME A>T, AARS 24 A
PR LEE WIS . e RR—E AN TE
Yre UL A 2 (R o, 3 LRk, X T

AARS TEVUN RPN AR T 8RB 38086k
(PR I — 2 g M A Ak, i 5 54 o 3y B 1)
LML AR, — RV IAROE O IR R
AR i 5 A A G ah g A k. B, A
JH T 1% 24 R -tRNA £ BBl (TyrRS) BILL K (4 24 1R
-RNA 7 %5 (TrpRS) 2 B A7 40 Mu X 7 D g, M2
Ik -tRNA & % (LysRS)ZE HIV J55 55 1941 2% o g ik
FEE M AL AL B0 B B, N E (RNA A Bl
(AlaRS) i 1 45 ¥4 3 1) 5% A8 3 B/ i 5 o e
(purkinje) 4 B KPY, TyrRS Hr RE 8647 p4 () 5848
580 M R R e B VL2 46 5E C Y (dominant
intermediate CMT neuropathy type C, DI-CMTC)®),
H 2L tRNA & % EF(GlyRS) L 191K 22 5845 5 350k
H WIZE4EE 2D B (CMT-2D)>), 2545,

EARBCR B2 1 S BRI 1K) AARS SEAZ 1R Bl
RO, AHETIEOR NS IS A R IRIE R, T LAT
UL, R AARS MY FIhRE. BRELM
O AARS TR AR LA KRN HIATE 58 S AT ) 300 HL
PR ZAUE )R — LA Y [FRE, AARS

B IA Ok 2 BEAR K 2 ) e vt (R P, R N H A o
BB AL, B HRARRMER LS a. 158
Kb FErh, AARS BLER T K EM &5 2
PE, A7 BUHT T i A R e 1) A 1 77 (enzyme
inhibitor); b. JLP-&FEYA S A 20 T AARS,
EFD AARS 5] LA 7 b FH 300 550 A A5 9 5
c. AARS FATF & K74 45k Haml ] 15 2
v, B, YEMT LeuRS 14t 45 14 3511
SIS O TR AR, O SN BUR
09 d. AARS ARG A 2 5 HAb EEEHiE R
(antibiotics)/™ AE AL H P (cross-resistance); e. 11 1F
% KIRM) AARS AR AT L] A2 45 25 0y 2 00F &
LI =1 O S R oI 1 | LS R T N 2 )
AARS HEAT AR EGE 259 (TR Aot — BT R
Gk Z A L — . BEE AATTXE AARS (1)
INHBERBR N, AARS WK 2502 NATTVARTT S50
e A IR EWANE S
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Mitochondrial Aminoacyl-tRNA Synthetases Related to Human Diseases”

ZHOU Xiao-Long, WANG En-Duo™
(State Key Laboratory of Molecular Biology, Institute of Biochemistry and Cell Biology, Shanghai Institutes for Biological Sciences,
The Chinese Academy of Sciences, Shanghai 200031, China)

Abstract Aminoacyl-tRNA synthetase is a class of ancient proteins, catalyzing the first reaction of protein
biosynthesis. It has been found that they also participate in a lot of other cellular processes such as editing, tRNA
maturation and transfer, RNA cleavage and function as cellular factors. Recent studies showed that some
mitochondrial aminoacyl-tRNA synthetases are closely related with human diseases. A single point mutation in
intervening sequence 2 (IVS2) of human mitochondrial arginyl-tRNA synthetase gene causes abnormal cleavage of
its transcript, resulting in pontocerebellar hypoplasia. A series of mutations in human mitochondrial aspartyl-tRNA
synthetase gene cause rapid decay of its mRNA or alteration in protein primary sequence, leading to
leukoencephalopathy with brain stem and spinal cord involvement and lactate elevation. A single nucleotide
polymorphism in human mitochondrial leucyl-tRNA synthetase is significantly associated with type 2 diabetes.
These results further enhance our understanding about the cellular function of aminoacyl-tRNA synthetase and
promote studies toward the mechanism and therapy of aminoacyl-tRNA synthetase-causing mitochondrial diseases.

Key words mitochondrion, aminoacyl-tRNA synthetase, disease
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