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Advances in the Research of Human Charcot-Marie-Tooth II Disease
Using the Drosophila

YU Linggqi, XIE Jiayu, YUAN Yao, LING Sheng’an, CHEN Wenfeng*
(College of Biological Science and Engineering, Fuzhou University, Fuzhou 350108, China)

Abstract CMT (Charcot-Marie-Tooth) is a common family-genetic peripheral nervous system disease
usually caused by mutations in certain protein defects in neurons, which are characterized by defects in distal sen-
sory and motor neurons. CMT patients show insufficient mobility and severe cases can lose mobility. According to
clinical and electrophysiological characteristics, CMT is mainly divided into primary demyelinating lesions CMT1,
primary axonal lesion CMT2, secondary demyelinating and axonal lesions DI-CMT. More and more researches are
using the Drosophila models to simulate various aspects of human disease and human health related processes. Dro-
sophila has no axons surrounded by myelin, so it is not suitable for establishing a demyelinating CMT model, and is
more suitable for CMT2 researches. Here, this review mainly analyzes CMT2, summarizing the related pathogenic
genes involved in human CMT2, and describes how to use the Drosophila for CMT2 model construction and patho-
logical analysis. This will be of great significance for the biological and medical researches of CMT2 diseases.
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FEHOD A, IR RR SR . W BE A
BRI, e 5 R, WA REAEAE b I R . 1£45
CMT4325 (CMT1. CMT2MIDI-CMT) = B Hk T4
& S ENCV (nerve conduction velocity) A Il #ff & 173
A2 LN ARSI CMT 1 E UNCV<35 mis, il
ZHICMT25E X ANCV>45 m/s, H1 A1 BIDI-CMTE X
AINCV=35~45 m/s. BFRERFIARAE LR, 250
A KIS, R R B LT, CMTIE X
FRAE T B 5 #95 2Y (hypertrophic type), TS
A o s i it 4 L ) R 5, DR o e S B AR
CMTHE S A A ER ., CMT28Y S Fx #il 2% Y (neurnal
type), MLRAUE G7E R R @ A . DI-CMTIE T
“HF M AN EIEAM. H AT A i@ 100N CMTHH
IR TR B 1 B ), CMITHR s 2 250 2 5 et Ak I P 0t
&, WA /D HON R G R i B XL B CMT X
X B HHZ R T HL R CMT2 7 R UL 25 48 i 3k 47
WRUE, FEMEFGFH SCBUR ZE Rl Ak, A 48 dn {4 2
CMT207 I FE MR 0o A4 3855 B FR ARt 1
M, T BE R 2 R T ARG

1 CMT2EI(GHRE!, B LR 48

CMT2 /7 8 4L 2212 Wi ICMT 583 1120%, %
PR G g B AL AR 2, R 2 B 1 HL A7 I M
iX, Pl TR IER (RREW ). CMT2H)F
AEAE T Eh A AR 8 PE 1Y) 38 ) UK i e 8 A8 1 5 i
()1 1tk B AT M T 7 Rz o SR AR L 2 47 1. CMT2
WG Z MR, W R EZAEER . il MEN2 5]
[ A8 5 8 98 2R AL CMT2A24 % 1. CMT2B
MK RAB7. LMNA. MED25% £ J5 A8 i s 7,
CMT2CH 5K TRPV4S T . CMT2D & H GARSHE:
R 247 i ) 1. CMT2F &2 H HSPB 13k [K 2845 5]
), T SEE RIS, CMT2K 2 HGDAPI
FAF 5] 1) CMT2L 2 i A7 T HSPBS [ 4 t 44
FAFFRECI M, AN, AARS. MARS. HARSI) 5
HHECMT2R A %, REMEMEEBE MRS
JIE S 1 ) LA 0 A T2 (I PR L &, H — T
T, R A AR I RO R R, Bz R
o, L ot 3 2 P 2 R D SR, CMT2 8
TR R — RERRTEESBMERE
AR, R OCEDIREG AR 2. fER1H
BATHESS 7 24 K PLTCMT2 3= U5 55 [H fix s
R ORI AR 2 T RE

2 REBCMT2HRBVEN J534

CMT2 5 8 322 953 4 2 KB0RT 4 = Folt, 7 9
F B R H Gald/UAS — Je R IE Z G, Af F A [F] (1
Gald#H AT H VR PR B I BRIk sh 3Rk, &
TR CMT2 S0 25k DR A 2 34 5 DR 40 B e o SR e /N
U5 RV R DR, 55 =M e A 5 R i A R R DRSS ADLRY o
HICMT2%745
2.1 FIECMT2EUREE

%77 1038 B 20 R S M (38 5T 21 SR B 11
Gald#% 7 K fh R HUASEIE R i RT3+,
R YIRS UASERZ 1 H I BeRiA, HlnsRik—
Bt i AR SI(FIA). W] BABELEEIE R BRI TR
F095 25 R W) S U A S % HE TR TR, 4R 5 75 k5 2 4L 41
HHEAT RIE SR B R A . 3 n] LU Ik A\ JERT SR
(1 2 55 4 IR M B, R AR S A, SRS AR
W Xof N7 AT ) R ST A R N R R I PR R T R R
A AL U ASHE 5L PR SR i, 7E4F i 8 kAT 3R
TR SR EE R
2.2 EPERIBNIRRENRER

T4k, 160 LB T RNAT-HE (RN AL R B F b
PRFE R ] & CMT25 i i AL . il i A Gal4/UAS 5
811K K ERNA(ShRNA) B K XUEERNA(ISRNA),
AT DAAE RF i 2H 2R B840 B R A R S I 6 TR B
(E1A). HEl, A 242 3L 50 5 & oo nr POk
73 K3 43 HL b PN PR 3L K I UAS-RN A 5E A i &
(%2).
2.3 REFIBRIFEE R HRRLET

I PR - & 3019 388 A PECMT 9 K 22 B2 B4
B DRI R 1 S i R AR 3 B R R A AR A B,
A DA It SRR 0T S FR) PR Y R DRSS 400N SIS 35 [R] 1 A%
FA, IRIFATHRCMTRBERA . B0k, LR K
R EOR NSRS SR AL, $RBICMTAH G JE K R AE L
BT I SR s TR P AR S 1 (B 1B) . LK, FI A CRIS-
PR/Cas9/1 3 [ K g 4R A AR S U R i IR BL ], AR
520 % F CRISPR/Cas9 2 [K] 4 5 A 5 1) [F) Y5 2 41
Xof R YR R EAT A2 B (B 1O e, B4 B
28 R I IATP1ALR: R A7 7E 141 35 7> CM T2 800 54
(140 ATP1ATP72T ATPTATPA7T ATP1A1PPOT,
ATP1A1PPO AR /] 1 FL i [R] Y5 I K] ATPar
I JE IR G 7 VA T AR T ATPalf) CMT2
LY (41 ATPar 71T ATPar 7T, ATPoP 7T,
ATPoPP30F)
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Table 1 Genes involved in different types of CMT2 and the biological functions of these genes

AN 53 BY B A S HE R BURLEN SEDH I A D g SR [ P A i PRAH 9 S iR
OMIM 5 * Inheritance  Biological functions of genes Drosophila References
Classification and phenotype homologues
OMIM number
CMT2A1:KIF;Bf (kinesin family member ~ AD A motor protein that transports mito- CG8566 [12-13]
1B) chondria and synaptic vesicle precursors  (unc-104)
#118210
CMT2A2:MFN2 (mitofusin 2) AD, AR A mitochondrial membrane protein that CG3869 (Marf) [12,14-18]
#609260 participates in mitochondrial fusion
CMT2B:RAB7 (member RAS oncogene AD Endocytic and autophagic vesicle traf- CG5915 [19]
family) ficking, maturation, and fusion (Rab7)
#600882
CMT2B1:LMNA (lamin A/C) AR Structural protein components of the CG6944 (Lam) [20]
#605588 nuclear lamina CG10119

(LamC)
CMT2B2:PNKP (polynucleotide kinase AR Polynucleotide kinase 3’-phosphatase CG9601 [21]
3’-phosphatase)
# 605589
CMT2C:TRPV4 (transient receptor poten- ~ AD Cation channels mediate calcium flux CG5842 [22-29]
tial cation channel subfamily V member 4) (nan), CG4536
# 606071 (iav)
CMT2D:GARS! (glycyl-tRNA synthetase 1)  AD Glycyl-tRNA synthetase CG6778 [30-32]
#601472 (GIyRS)
CMT2DD:ATP1AI (ATPase Na'/K" trans-  AD Establishes and maintains electrochemi- ~ CG5670(A4pa) [2,33]
porting subunit alpha 1) cal gradients of Na" and K" across the
#618036 plasma membrane
CMT2E:NEFL (neurofilament light chain) ~ AD, AR Major components of the neuronal cyto- — — [34-38]
#607684 skeleton
CMT2F:HSPBI (heat shock protein fam- ~ AD, AR Acts as a molecular chaperone to facili- CG4167 (Hsp67Ba) [39-40]
ily B (small) member 1) tate proper folding of other proteins
#606595
CMT2GG:GBF1 (golgi brefeldin A resis- AD A guanine nucleotide exchange factor CG8487 [41]
tant guanine nucleotide exchange factor 1) that regulates the recruitment of proteins  (garz)
#606483 to membranes by mediating GDP to

GTP exchange
CMT21/J:MPZ (myelin protein zero) AD Major structural protein of peripheral — [42-44]
#607677 myelin
CMT2K:GDAPI (ganglioside induced dif- AD, AR Signal transduction pathways during CG4623 [45-50]
ferentiation associated protein 1) neuronal development (Gdapl)
#607831
CMT2L:HSPBS (heat shock protein fam- AD A superfamily of small stress-inducible — [40,51]
ily B (small) member 8) proteins
#608673
CMT2M:DNM?2 (dynamin 2) AD Involved in clathrin-dependent and -in- CG18102 [52-55]
#606482 dependent endocytosis and intracellular (shi)
membrane trafficking

CMT2N:44RS1 (alanyl-tRNA synthetase 1) ~ AD Alanyl-tRNA synthetase — [56-59]
#613287
CMT20:DYNCIH1 (dynein cytoplasmic AD A large (over 530 kDa) critical subunit CG7507 [60]
1 heavy chain 1) of the cytoplasmic dynein complex (Dhc64C)
#614228
CMT2P:LRSAM]I (leucine rich repeat and ~ AD, AR Regulates cell adhesion molecules with — [61-63]
sterile alpha motif containing 1) ubiquitin ligase activity
#614436
CMT2Q:DHTKD]I (dehydrogenase E1 AD Involved in the degradation pathway of CG1544 [64]

and transketolase domain containing 1)
#615025

various amino acids, including lysine
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ANTF 53 B B A Ok K] BUA LN LK AE A R SR [R] AL K] I PRAH % SR
OMIM 5 * Inheritance Biological functions of genes Drosophila References
Classification and phenotype homologues
OMIM number
CMT2R:TRIM? (tripartite motif contain- AR E3 ubiquitin ligase CG15105 (tn), [65-66]
ing 2) CG10719
# 615490 (brat)
CMT2S:IGHMBP?2 (immunoglobulin mu AR Helicase superfamily member CG3009%4 [67-68]
DNA binding protein 2)
#616155
CMT2T:MME (membrane metalloendo- AD,AR Membrane metalloendopeptidase CG5905 [69]
peptidase) (Nepl),
#617017 CGI761
(Nep2)
CMT2U:MARS! (methionyl-tRNA syn- AD Methionyl-tRNA synthetase CG15100 [70-71]
thetase 1) (MetRS)
# 616280
CMT2V:NAGLU (N-acetyl-alpha-glucosa- ~ AD Hydrolysis of terminal N-acetyl-D- CG13397 [72]
minidase) glucosamine residues in N-acetyl-a-D-
#616491 glucosamine to degrade heparan sulfate
CMT2W:HARS! (histidyl-tRNA synthe- AD Histidyl-tRNA synthetase CG6335 [73]
tase 1) (HisRS)
# 616625
CMT2X:SPG11 (SPG11 vesicle traffick- AR Proteins with roles in neuronal axon CG13531 [74]
ing associated, spatacsin) growth, function, and intracellular cargo
#616668 transport
CMT2Y:VCP (valosin containing protein) ~ AD Organelle biogenesis, ubiquitin-depen- CG2331 [75-76]
#616687 dent protein degradation (TERY94)
CMT2Z:MORC2 (MORC family CW-type ~AD Chromatin remodeling, DNA repair, and ~ — [77-80]

zinc finger 2)
#616688

transcriptional regulation

*OMIM(Online Mendelian Inheritance in Man): https://www.omim.org/about. AD: % 4 i i 5% ; AR: 7 YetofRpabtisifk .
*OMIM (Online Mendelian Inheritance in Man): https:/www.omim.org/about. AD: autosomal dominant; AR: autosomal recessive.
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4 O A HRE M CMT R B A 7, HAjE
EMNIEBhRE S IREARE . Fdr. DU s
5 THT A 973 ok SR 0 ) 520
3.1 BREMISFME

GMR-Gal4. ey-GaldJ i AT 75 HE #5045 5 1 UK )
UAS FlfEefFRIE. i BhixX e Gald7E S i HR G %
RO BT PR E R R, U % SR TR A e 2 T
PAPEAS s BB RS (B2 AR E2B) . b andff FT b S 2 1t
tRINA & 3 Ji AH 2 55 K] it CMT2 8 RY B3 FH % 7572
AT DL R 72 TR G 72 G €8 6] HHASE 7R SR g ) AR
Joi R BT 4 i R AR S AT 52 (B12C) 6
32 REREN

Elav-GAL4. OK371-Gal4. tubulin-Gal4 R i n]
FALNZ ARG BB TG, 2 RIEH 7 UK
BIUAS Pl eIk . 15 B € Gal4fE SRl ks e 4
ZArp RIS FUR R A BT R E B, WL IR R

773, B APl 75 B AR R (FE2D) . 3 L e BT R R
P A S A R0, A i 4y 1A A 4L, TIE
IZENBE ST 2R, T A CMT2 R %32 i 1 UL A 42 1)
R R v LG 7 SRR
3.3 A5

A G TR L L LR T o 4 A IR R Y, T
CAFH 2 AR R BV Fe 45 2 —(BI2E) . Felav-
Gald. tubulin-Gald%5 JX 3l 15 B0 & H BT E
FER, A AT AR SR 1 A
3.4 MRS

Xof SR 2 41 B REAT 20 A, AT DL KR B
X9 AR R HEAT I . ERACH TR R G5 4
22 LA #% 3k (neuromuscular junction, NMJ). %4J 1 %
WIREGEM A 0. R B A4S . NMIE—1
AL T R R B AT Ry, R
W4 RS A 30 LA, SEAE3IME WM& T
BB AE X LWL b B D42-Gal4 3K ZJUAS-nSyb-
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(A)  Tissue specific promoter-Gal4 UAS-target gene  (C)
- X
S m\
ﬂ N l Target site ; ?
Cas9 DngNA
N I
[Tissue specific promoter|  Gal4 | [ UAS | Target fragment |
ULy NENNNNRRRRRNNNITS
%O Overexpression
NS
]Hll\]\HH\\HHU\HH]\H\\HHHJHHH\HHHHH‘ Gene interference
) _ _ mology 2 omology ai
Tissue-specific drive of target fragment Donor DNA T T
NN RN NN NN NN NN NN NN RN
(B)

Human------ DAVGKCRSAGIKVIMVTGDHPITAKATAKGVGITISEGNETVEDTAARLNIPVSQVNPRDA -+ - -

Drosophila----+- DAVAKCRSAGIKVIMVTGDHPITAKATAKSVGITSEGNETVEDIAQRLNIPVSEVNPREA -- - - -«
2 +sobokok 1k

ok,

Homologous recombination,l

NN NN NN AN ARNRRR RN RNNNINNAnni,

Microinjection of

Nons-Cas9 nons-Cas9 zygotes

(Ovarian cell-specific Cas9 expression)
T U6-sgRNA plasmid -
i Donor DNA -

A: RIEGald/UAS “JCRIE R G, B: AN [FIVFFE A EEXT; C: CRISPR/Cas94 3 A S it N Y5ERE B 25
A: Drosophila Gal4/UAS binary expression system; B: Drosophila and human homologous gene alignment; C: CRISPR/Cas9-mediated endogenous

gene modification in Drosophila.

Ell CMT2REBRBIE 7%
Fig.1 Construction of Drosophila CMT2 disease models

#2 BRAMQHRERADD

Table 2 Commonly used public Drosophila stock centers

AFEIR e P - TR

Public Drosophila stock centers Websites Main stocks

Vienna Drosophila resource center https://stockcenter.vdre.at/control/main RNAI
https://thfc.zzbd.org/ RNAI

TsingHua fly center
Bloomington Drosophila stock center

Kyoto stock center

https://bdsc.indiana.edu/
https://bdsc.indiana.edu/

Multiple Drosophila stocks center

Multiple Drosophila stocks center

GFP#t 47 %% Y6 brid 8 F| FHRP. CSP. SYT. DLG
SEPURBEAT e A5 G bR n] I BT HOG N MY
BEAT B (BEI2F). B, A e 2 5L e B 2 vpmT DL
WS BINMIIE B #1128 T T 74 2 Fe, #0 2 LIA ) 5R
finh K A 2D, K T O3 S 4 R, 4y e
1A BE b F ppk-Gal4 3% 5 UAS-mCD8GFEPHE 1T ¢ )t bn
0T W 5% 3 2 i S B i 4 G(BI2G) . 1R T
TS CMT20 BEAR A, LE 4 38 X GARS I 2 AR 44
gl 7R RARTE 5 R E PRSI RS, Ak, H
S AE 50 R Rl L B R AT AT A %%, B B R 4T 4

s /MR R RA I A 22 o [l B, AT DAEAT 5 R 0
2 a3 AT H AR HE S (E2H) . LR A E B S GARSAH
KA ICMT245E 2 A g 2 FH 1 1232 280 [ 00 6571, A5
0 S 5 28 2 A i A 3 ) R A S i 5 R A R
FEVERRAC, JLARFE A B ORI B H 15 5 00 i L7
AR IR AN/ AR MR AN

4 RiEEFHICMT2EE!
4.1 SZ&piRHEXARIBECMT2HRE
LRI S = A A 4 B s, ST 4B 7.
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Time /d

Giant fiber (GF) of adult

(F) D42-Gal4>UAS-nSybGFP (G) ppk-Gal4>UAS-mCD8GFP (H)
A307-Gal4  Electrophysiological

analysis of GF
>
El_
o
1 ms A

!
|
I
1
1
1
!
!

A R IR R R I, B B F IR IR, C = g IR AL24B10F122C10PT AR e 4, D: S dUICAE e ik ill; B: SEbRK
HFF AR T =S SR 4 S UL PR AR 2 A SR Al K BE AR R G =S SRR 4l He 3 B I i A o BT R RIR T 2 1 b H: SR i
E B LT ik I (R 228 SCBR[86 1B 40

A: Drosophila compound eye stereomicroscope photography; B: Drosophila compound eye scanning electron microscope photography; C: third-instar
Drosophila larval eye discs stained with 24B10 and 22C10 antibodies; D: detection of the climbing ability of adult Drosophila; E: Drosophila adult
lifespan assay; F: detection of neuromuscular junction in third instar Drosophila larvae to quantify the length and number of synapses; G: detection of

epidermal sensory nerves in third instar Drosophila larvae to quantify the percentage of dendritic coverage; H: Drosophila adult giant fiber detection
(modified from reference [86]).

E2 RIBCMT2REE RN IEIR
Fig.2 Common pathological evaluation indicators of Drosophila CMT2 models

T 2RI L RE A T, 2R A 52 40 Bl ek /D 25 %) e WO AR M) CMT2A2. ESCHENBACHER%: )
AR A EOR RS, BT B A A RS T B LA S TR TN TS M 25 e AT, I MFN2
o SRR BAT AT AIIRIE TS, A5 S AETESE e A9 AR(M393IAIRA00Q) E AT ¥ 78 [ Bl R 1k,
(reactive oxygen species, ROS) = A& T fig. £k XL R AR [MFN2 2 78 SR g R v ) 304 3 3R
PRAS I B RS A 3, DA4ERF ARSI RE . 26 BT ARV /> . DEBATTISTIZR K B 5 i 28 s 4 2k
LR S 5w 5 ECMT2E 00 IE AN e 4 ii 2, H2 Bc VA 5 BRL 7 (Marf) (N Mfn2 (/) S w8 F5098 490 1) i s 4
JUANH T R RAR T RE H 5 CMT2H K1 4> T 28 R SR E)INHEREERICRE S ER), Rk
o HROEEAT T AR SR BT AR 5 A= Y i) AMFN21TT A & B A RI4QR A (HCMT2A

LRk Rl i 2 FhGTPEE 12 ), 45 1F T4 AH ) B L 5EAR 22— ) MEN2 A] DL #7284 44
KR AR FIMENTAIMEN2 B8, MFN2 I RE S8 S 5 Ivi) Al 5 07 Uiy ) s 2 P Ao kAR g AR R . 1X
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1 SR AR m) DLE AR A ) OCRE IR . FISSIARP AR SR
W 1 22 oG TP 2% ik B I MARFRE 4 £ 4> 5 5CMT2
) MFN22E45 (R94Q. R364W. T105MA1 L76P), fiff
FUANFIMEFN2 98 A8 5o 42 R A4 i 14 0 40 48 76 Th e 1 52
M. &I FT A FIMARFH JE 8 3 08 #1051 &k 5 0 4
JUL PR 422 Sk Ab 2807 AR KB 3B . SR A A U U 2 D 2 kT A
DNA(mtDNA)J 2% 38 N AH 2¢ {32 2h Sk B, (2 e AR
2R LR I T A5 FAH 2345 A [F 2 . fEMARF (1)
GTPase&h 14 (X T AMFN2H [FJR94QFIT105M)
PN 485 T SRR 1 SRR IR R il G R R AR IR R AP
FE MARF (/)2 A 1 45 #4) 45 O 82 5~ N MFN2H1 (1)
R364WAHILT6P) A 5 17 AL (1) HR e 22 30 L 1 9 1) 2k
AR A R B R ZR AR, fRAE X et ] A2
TR ZRLAR Rl G, ORI I B2 RG] B2 MFN2
RAF B ECMTAIEEAE, MFN2FERI AR S 2 ka1
DA S AEMMEN2 5842 5] 62 (IMFN2 3 1 % Fh 2 g
0] B S HCMT2A2 B H MEZE R TR A

GDAPIfEAE T SRR A b, S5 46 AL Bk
H K S-# #2 i (glutathione S-transferase, GST){H G
GSTV 1%, ) B8 7 & 0l 5 KCMT2K. GDAP1Z
SRR ASMINRE ST, (B2 Rz
fb. LOPEZZEPR I, mufik A i b NSEGDAPI [H]
AWAGDAP12: 5 U b B 155 AL IR £k, T A6
GDAPIIFRIET] AR ROX SR A2 g At Rk
dGDAPIY) T EUR M ZE NCRE T FAK, mi{RdGDAPIH,
SRR TP b = A KT K 2R fd .
4b, dGDAPIIE FKIAE TR R 2 S S RIBHEN
I 15 P A KA G AR S AR Jo 1 B- AR A 1
e, X ELFET-dGDAPII 45 R W, kAT fgfs
3 N R AR 2 4 T B S A AR AT PE R B D)
FHK

g i 4 3R AL B 4 2 K F 7 (cytochrome C
oxidase assembly factor 7, COA7)¥z il 11 51 EALBEIR
4 1) 42 R AR I T % 52 45 ) (mitochondrial respiratory
chain, MRO)FJZH%E . HAREOMIM L, COA7 5% i
ZIN R P S 5% R TR B i 9 1 4 4897 2 3 (spinocerebellar
ataxia with axonal neuropathy type 3, SCAN3)#HK
X, 1H 2 COA7H a1t T8 2 M1 39641 H AACMTEL
HoAd B AL 1 o 2 B R ORI . R SRS
N ZE[FYR f1dCOA7HE X, HIGUCHIZEPY % B1L, fli M
dCOA7P A A 2 7 H R RS 1) IR B R 28 L 23 o 4
1B B8 77 AT ANIE B A 48 0 Rl 73 S 4 4

42 S5FEME-(RNASKEEHEXARIBECMT2
=E
AW-RNAS LB 2 — RS 5B A LRSS
B F X B PRNA F 1), 2 7k N 2 AR B A R
() 5 4y, £ DR E-RNAS B T A 7 5
CMT2 5 2 VI A DG 10, PUFRAS [A] R &t -tRNA S
FSCH I TR F) i 14 R AR 23 77 42 CMT2:GARS(CMT2D).
AARS(CMT2N). MARS(CMT2U)MHARS(CMT2W).
P Pl S I - CRNA B R Ik A (1 4 8% 72 A4 DI-
CMT: & Z BE-tRNA G 75 B (YARS) Fl S 2 BBE-(RNA &
FRHE(KARS). 2/~ 5 S E-tRNA G OB AH G 1Y) S
BEA L g T, R tRNA B 8 i 4 D 356 [ 22
A7 5]k [ CMT2 5 g A5 2 FE I 1 CMT2 88 35 (1 11 IR
R, WIZENTREZ P FHRAB M. PR EME L
et R 9 figk 3y R B 515570 SR T E 1% LA Y Hh 32 Bl
MR R 8 AR I T 2 BE-tRNA S BB 1 Bl 5 1
CHIHARAZE PR B, B4 £ 0 h GARSII G
55 W) il SRR R R i A s R A PR RS 40 10 R0 B2 1,
HATTIE K B T T GARSIF) WA B0 5 AR (ET1G I
L219P)7E 5L i #2245 3 v () T 8. ERMANOSKA
SR B of 8 75 GARSIF) W5 /> 095 98 48 (G240R
P234KY) 4 CMT2E A . GRICEZ: PSI7E Bl b 3%
ik GARSEUR FE A8 (P234KY), ML HXIEF . F .
LA A 2 25 R B2 . NIEHUESZ5 94, %A GARS
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