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mutant group. Meanwhile, normal immortalized lymphocytes with the same G2al haplotype were selected as the
control group. Second, the steady-state level analysis of tRNAs, aminoacylation analysis of tRNAs, Western blot
analysis, mitochondrial ATP level detection and the level of membrane potential were performed to reflect the func-
tional of mitochondria. We investigated that cell lines carrying the tRNAM4435A>G mutation exhibited significant-
ly decreased steady-state level of tRNAM (P<0.05) and aminoacylation of tRNA* (P=0.023) as compared with
control group. The aberrant tRNAM" metabolism resulted in decrease of mitochondrial polypeptides in the mutant
group. And according to the results of Western blot, the level of CO2, ATP6 and ND3 in mutant group decreased
11.80%, 42.70% and 46.08% respectively when compared with control group. Furthermore, the m.4435A>G muta-
tion caused respiratory deficiency, markedly diminished mitochondrial ATP levels and membrane potential. And
combined with these two experiments, cell lines with tRNAM“4435A>G mutation did decrease 28.50% (P<0.001)
mitochondrial ATP level and drop 38.50% (P<0.001) level of membrane potential. Thus, tRNAM“4435A>G muta-
tion caused the decrease of steady-state level of tRNAM®, aminoacylation of tRNAM®, mitochondrial translation
defect, mitochondrial ATP level and membrane potential. These showed tRNAM*4435A>G mutation affected the

structure and function of tRNA, thus changing the function of mitochondria.
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R1 m.4435A>GRERBEYIS 15
Table 1 Restriction endonuclease digestion primer parameters of m.4435A>G
EIE/E2 S S HI(5'—3") S /bp Fr i v B
Name Sequence of primer (5'—3") Length /bp Position to be amplified fragment
4435F CCC ATT ACA ATC CAG CAT 18
4435R CGG GAA GGG TATAAC CAAC 19 4226-4466
#2 DIG FRICHItRNARR§F
Table 2 tRNA probes with DIG labled
PREF 2R BAFER T H1(5'—3")
Name of the probe Nucleotide sequence (5'—3")
tRNAM TAG TAC GGG AAG GGT TAT ACC
tRNAY* TCA CTG TAA AGA GGT GTT GGT TCT CTT AAT CTT
tRNALeuV® TGT TAA GAA GAG GAATTG AAC CTC TGA CTG TAA
tRNAAR GCA TCAACT GAA CGC AAATCA GCCACTTTAATT
tRNASUN CAA GCCAAC CCCATG GCCTC
tRNAY* TCA CTG TAA AGA GGT GTT GGT TCT CTT AAT CTT
tRNAT™ CCT TGG AAAAAG GTT TTC ATC TCC

I T Jie 8 Jie o FRLK, SRR 1< TBE, 285 H &R
R e el b5 M S bRl IRNAM, tRNAYS,
tRNALcu(UUR)\ tRNAAla;FDtRNAScr(UCN)E /% izi)ﬁ EP l‘ﬁ/ﬂt
I, EH T HIME B2,

1.2.4 tRNAZRABMLKFARR AR LR R
RNAYE %4 3 mol/L NaAc(pHS5.0)f) 7 mol/LJR % /10%
5 TR M T e B i R FEL YK, 0.1 mol/L NaAc(pH=5.0)
NG MR, R & 8 e I R 5 e S AR g
tRNAM, tRNADFIRNA™TE J4 38 4P HEAT 4452, 35
I RSN

125 ZafKFan CBEEREARET S
Jot it 0 SR TR A I e i v FRLIK, B, ¥ B R
4 2 PVDFIE It F 5% s ok &1 . 1 —
PLAFERPIND3. BHIMT-CO2(LA T #FRCO2).
PLATP6. HRBTATPSHITOM20, —Hi AT ik
kR0 L 2E P/ BRIgG(HAL) R B L A AL B b il
I 2E T IgG(HAL). 3 FIECL R Gi kGl 2 i 5
12.6 ATPA-FAm  AAGHHL R <100,
] %) W 2EL 1 240 M A ATPAR 4 S R N T mol/LF)
TR, 2- M0 AR -D-81 77 B 4 R 41 M 7E AT PR i J SR
JIH500 mmol/LF2-Jit 4-D-7 % #% F1500 mmol/L {1 74
WA R M, P 2H AR 40 i J5 5 78 0 3/t R AT —
LA 0 5, 4# F SpectraMax MSHLFLER % B il & .
127 AR AR BHIC-109¢ 6 4L R
(Abcam)FF 25 A i 2 4H A WU 248 6 28 Ak 1 H for

Ko K 110420 f i e 6 F LR, INAIC-105%
BHES% COav 37 °CE&AF N B30 mine FH XS
FE YL /T 75 HEAT TAL HE: #E5% CO,. 37 °C4 1T,
V67 BE 1k ZEL40 L FH 10 mol/L AR R B4 771 ik ok AL 3- U s
(CCCP) 530 min. %I BD-Accuri-C63it 4M i {X
W 5E Ex/Em>A490/590 nmA1490/530 nm ) %¢ ) 55 &
EE(FL590/FL530)7 7 40 i R S A Ak JIsE FL A7 7K
1.3 BUmMiTEs

R 4 YARHAMH BAUS120114F 58 35 ) S50 7 28
FEARRNA TR AL VE 7 2R GEAR X IRNAMY435A>GR
75 P 5007 T A B
14 ZiFFIEBFHE

S50 K4 34 R F 4 vt 2 BCPESPSS 17,047 3K
FArHT, P<0.05F %2 HA G .

2 H#FR
2.1 RESAIGEKRITEA

K1 m4435A>GRA K X 28, BH B
RIBALIREE . X BT RO HEAT I RS 25 5 (3R3) )
R ILFAD G, HERR 4k kP = U AT RE . 1t
FRZ3MR184, BERM TSN, Horp B R M K6
N, IR NTS%. Horh Jeiil 2 (11-3) & 08 54
%, IfiLJEA4190/100 mmHg.
2.2 RRAEREBRT ST

X A A AT SR AR A FE R A 4 3.
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Affected individuals are indicated by filled symbols; arrow denotes proband; slash indicates death.
Bl —fIhENERL S IERRE
Fig.1 The Chinese Han pedigree with essential hypertension

£3 —MEE mA435A>CRENTER AT TR RIEKRER

Table 3 Summary of clinical data for some members in a Chinese family carrying m.4435A>G mutation

. . 1fiH/mmH I35 A JE ] e/ RN / I LS

Gis PR RIERS  RREER H/mmHg PR R VR
blood pressure mmol-L mmol-L mmol-L

Code  Sex Age of test /year ~ Age of test /year - B -
/mmHg TC /mmol- L™ LDL /mmol-L™" CR /umol-L™

1I-3 M 60 54 190/100 5.22 3.24 64

II-5 M 58 — 135/88 3.25 2.18 52

1I-6 F 56 46 150/96 4.30 1.45 58

1I-8 F 53 43 150/100 5.68 2.97 55

14 M 35 — 138/97 2.87 2.32 49

-8 M 36 35 155/99 5.59 3.15 87

TCE IR ML S B AT, LDLAR R K TR & 1 CRERMFALET . 3P L (—) FOR AW E R AT

TC means serum total cholesterol; LDL means low density lipoprotein; CR meas serum creatinine. The horizontal line (—) in the table indicates that

the age of onset is unknown.
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I M N AR LR AAR AT G2a 11, [] i %o BE ZH A
[ B AR Y {H A 45 717 L4435 A>G 9 AR (1) 1E 5 40 I ik
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tRNAMUUUR RN AAHTRNAST VN 22 i 2

AR tRNAM ) G B AT bR dEf . IR 3A IR,
m.4435A>GRAZA (11-3F111-6) tRNAM [ Fa s /K
S 20 B AR T % BB ZH(C17A1C32). T E3BAT R,
253 tRNADS, tRNAMUVUR | {RNAMFT tRNA SN
PrAEAL 5, 2848 HRNAMT 1 7K 743 i)y xof B 40
TR 57.3%(P=0.012) 62.1%(P=0.006).
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& tRNA, 5 tRNAY, tRNAMUUUR RN AAA]
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(A) 4435 B) © A
Controls Mutants A--U
‘ r 1T 1 %g
Un-cut C17 C32 1I-3 1I-6 AU Acceptor arm
i A.G
252 bp—e ol ) | G--C
1I-3 207 bp—> & & DHU loop P Ceuuccty,
666 CCCATGCCCCG AAUCGAC G‘PfJGGUUA
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A: LRRLIEDNA443567 2 (/714 F; B: PCR-RFLPSE FEm.4435A>GIA%; C: t(RNAM I Z 454 .
A: the sequencing peak map of mitochondrial DNA 4435 site; B: quantification of the m.4435A>G mutation by PCR-RFLP; C: the secondary structure

of (RNAM,

E2 tRNAMEEm.4435A>CREMNLENEE
Fig.2 Identification and quantification of m.4435A>G mutation in the tRNA™* gene

AR ZH (RN AMC 1) 2 I Ak LU A5 2 31 A i B2 1 76.2% 22
63.8%, 1) 470.0%(P=0.023), MtRNA™FItRNA*
M IEA L) 22 7 oGt 5 =
2.5 EHBRKFERMLEER

FH Western blot#6; Il 2& ¥ 44 g 15 1) W WY 55 2
G AR AN Z KR IEKCE, 0 5o JE T 52 A AT
IND3W 5. & & RIVIICO2IE 2 J B & 1AV
ATP6AIATPSIE Z718, DATOM20N & # 17 4 —
b & 4 B0, S ES B FT R, m4435A>GA i
H1 CO2. ATP6MI ND3 [ 35 7K ~F- 43 i) ot B 4
Ji - 5141 1) 88.20%(P=0.04). 57.43%(P=0.01)F1
53.92%(P=0.03).
2.6 ATP/KFAGMEER

9T B m.4435A>G AR 15 4 B 45 R
EABE R A I RE 70, 43 AE BLT mol/LA %) H (1%
NAZ). 500 mmol/L 2-Hit 4-D-%i % ¥%(2-DG)
500 mmol/L A B iR (152 B 4H.) Bk 51 1 5% 57 S A% il
SREAR I RN N} HE 2 40 I ATP/K PR, dn &l 645 3 B,
TEAYL R, 9745 41 55 %t {8 4 41 R ATPOK - € &8 3 2
S, TEBALH, 20 BOBE B 7= Be A0 ), 20 M A e
T 2RI = AR ATP, I 5848 20~ 2 ATP = & 2 X R
HIM68%F175%, “F-¥ME HNT1.5%(P<0.001).
2.7 AR REEBRAIEMLE R

T RN HER 7T m. 4435 A>G AL X} 2 i T
[R5, A FHIC-10% Yo HRETAG I xof B3 28 N 9 AR 21 2%
oL A 5 EELAE, 3 3R AR B R 5 AR 4 1] ) 5%

5 % LLFL590/FL530 M 17T PF-fik 2 A A< B H 57 7K -2
SIS EE AT R, g5 G A i B (B 7AFTE 7B)
RE ELWLH B 20 AR 5 A KT 184k F7C TR,
574 S 1 Ak 4 B 1 i EL AT 43 ) A Sk 2L 119 78.5% AT
44.4%, “F14°961.5%(P<0.001); 1M 2B IE:77CCCP
A F JE (KTD), 2838 415 IR 4 ATPP & 6 5 2 1
#5(P=0.290).
2.8 HFEMESER

YR R GibnitE, (RNAV4435A>G A8 [ B
KPP N13(3RS), TR iz AR v] R 2 8um ™,

3 g

ZR R MIGR TR 8L f5> TR SRR R
AF G B AT B 22 10 A% JL 1 v L )R R, X AR,
LRI TE R AE Hoh RAEAE o RHiiEE KK & P
A BE Z 7 )RR A I R AT Y, R EBE R
RIHET M.4435A>GRAL . 15T m.4435A>GR
7 R [R] G2a 5 A B AN 5 A8 F I 5 448 7K A= e vk
LA, 8 — R A S Fim.4435A>G R 5
R e I PRI AH K1

M g 45 0 E(E20) 15 H, m.443567 &4 T
tRNA ST IR 33747, B R W pli s
T, T A AR B AL AR AR 374 B A
By T 5 0~ U0 (1 v R B E DA K D RE PEIRNAY &5
FATE BRI e g AT, e Ah, %A% i i ok 48 in g
T I BRI f) 32 7 R B 2 tRN A FImRNA 2 [8] i AH
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z4 -3FCITHILERIADNAE F 5347
Table4 mtDNA variants of II-3 and C17

S B WL (Rt (CRST 113 B

Gene Position Replacement Conservation (H/B/M/X)* Previously reported §
D-loop 73 Ato G A G G Y
152 TtoC T C Y
263 Ato G A G G Y
310 Tto TC T TC CTC Y
316 G to GG G GG Y
489 TtoC T C C Y
16223 CtoT C T T Y
16227 Ato G A G Y
16272 Ato G A G Y
16278 CtoT C T Y
16319 GtoA G A A Y
16362 Tto C T C C Y
16519 TtoC T C Y
709 GtoA G/A/A/- G A A Y
128 IRNA 750 AtoG A/A/A/- A G G Y
1438 Ato G A/A/A/G A G G Y
16S rRNA 2706 Ato G A/G/A/A A G G Y
3107 N to del N/T/T/T N del N del N Y
tRNAM 4435 Ato G A/A/A/A A G Y
ND2 4769 Ato G M/M/M/1 A G G Y
4833 Ato G (Thr to Ala) T//T/L A G G Y
4973 TtoC G/G/G/G T C Y
5108 TtoC T/S/A/S T C C Y
col 7028 CtoT A/A/A/A C T T Y
co2 7600 GtoA G A Y
8161 CtoT Y/F/FIY C T Y
8200 TtoC S/S/S/S T C Y
8701 Ato G (Thr to Ala) T/L/S/IQ A G G Y
ATP6 8826 AtoT M/M/M/L A T Y
8860 A'to G (Thr to Ala) T/A/A/IT A G G Y
co3 9377 Ato G W/W/W/W A G Y
9540 TtoC L/L/L/L T C C Y
9575 GtoA P/P/P/P G A Y
9966 G to A (Val to Ile) VIVINIV G A Y
ND3 10398 A'to G (Thr to Ala) T/T/T/A A G G Y
10400 CtoT T/T/T/A C T T Y
ND4 10873 TtoC P/S/S/S T C C Y
11719 GtoA G/G/G/G G A Y
ND5 12681 TtoC N/N/N/S T C Y
12705 CtoT I/L/L/T T T Y
13563 Ato G L/L/L/L A G Y
14034 TtoC /I/T/M T C C Y
ND6 14569 G to A (Ser to Thr) S/S/SIA G A Y
CytB 15043 GtoA G/G/G/G G A Y
15301 GtoA L/L/L/L G A Y
15323 G to A (Ala to Thr) A/A/A/S G A A Y
15326 Ato G (Thr to Ala) M/U/T/ A G G Y
%

AR LR, FEAMH) ANRM) @) FIEHEMRE) T, 2 RBRNARIZ RN ZIL IR IR . TrCRSFERAET (M S
www.mitomap.org and http://www.genpat.uu.se/mtDB/H 15 F L (5 5.

e

F 5. {fehttp//

*Data show the conservation of amino acid for polypeptides or nucleotide for rRNAs, in human (H), mouse (M), bovine (B), and Xenopus laevis (X).

FrCRS indicates revised Cambridge reference sequence. ICheck http//www.mitomap.org and http://www.genpat.uu.se/mtDB/ for more information.
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(A) B)
Controls Mutants 140 = & Controls i . Mutants i
C17 C32 113 11-6
1204 P<0.05 BB [RNAS
“ “ “ M | (RNAMe 2 100 4 RN ALeu(UUR)
“ tRNADs %\: 80 = K OIO  (RNASUCN
E v hi | {RNALeu(UUR) QZ‘ 60 = .
Z = = | E
- - b e N 2 h s
' 5 : g
‘ A 204 H
- - s
Cl17 C32 11-3 11-6

Az FER E A R IR R K2 pg ik R AR RNAGE 1 48 1 5 PR I Bl ke AT R IK, 4390 55 54~ M i 7 bR 0 B SEAZ T IR AR AT R 4T HL B AN 24 525 B:
tRNAZKF R AL, BURNADS (RNAR VO RNAMFIRNAS Ny 22 0 ZRARRNAN 1S HEAT Rt AL, B ot HEZL A0 TR 2 A A0 B F)
SR FHRNAM S 5
A: 2 pg of total mitochondrial RNA from various cell lines were electrophoresed through a denaturing polyacrylamide gel, electroblotted and hybridized
with five DIG-labeled oligonucleotide probes, respectively; B: quantification of tRNA levels. Average relative tRNAY content per cell, was normalized
to the average content per cell of tRNAY*, (RNA""VUN_ {RNA* and tRNAS ™) in the mutant and control cell lines.

E3 ZRAtRNAFEZS7KFHINorthern blot5) 4

Fig.3 Northern blot analysis of the steady-state levels of mitochondrial tRNAs

(A) (B)
Controls Mutants 1409 p=0.023 P=0.927 P=0.886 Cc17
I ' ' 1204 = C32
C17 C32 L = 113
g — b Met-t(RNAM 1004-Lga. . OID 116

tRNAM

80

e

Thr-tRNAT™"

Relative aminoacylation of rRNAs

e

o

60 ﬁ B

tRNA™ I:I E
404 ﬁ =

Lys-tRNAL —
{RNAD 201 E{ B

tRNAM tRNATH tRNAMS

A: TE4 °CEAF T, Fxt BN RAZH AL 12 ng it L RAARNATE 2767 mol/LIR 3 IERTE(pHS.0) 10% 58 P 7 Mok i i 112 v i ik, PR ENIZE J 43 1) 5
i AR LA SE R IR R EHRNAM . (RNA™FIRNAYHEATA42E; B: A IRALAN R AL AL RNAM Y & A AL EL ]«

A: 2 ng of total mitochondrial RNA purified from control and mutant cell lines under acid conditions were electrophoresed in 10% polyacrylamide gel
(pH5.0) containing 7 mol/L urea at 4 °C, and electroblotted as well as hybridized with DIG-labeled oligonucleotide probes for the tRNAM, tRNA™ and
tRNA™, respectively; B: aminoacylated proportions of tRNAM® in the mutants and controls.
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Fig.4 Aminoacylation assays of mitochondrial tRNA
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A: 25 pg mitochondrial proteins from various cell lines were electrophoresed through a denaturing polyacrylamide gel, electroblotted and hybridized
with 4 polypeptides (mtDNA encoded subunits of respiratory complexes) and with Tom20 as a loading control; B: quantification of CO2, ATP8, ATP6
and ND3 in two mutant cell lines and two control cell lines.
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Fig.5 Western blot analysis of mitochondrial protein levels
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A: ATP level in total cells.Cells were incubated with 1 mol/L glucose and were detected by spectramax MS5; B: ATP level in mitochondria.cells were
incubated with 500 mmol/L 2-deoxy-d-glucose plus 500 mmol/L pyruvateand were detected by spectramax MS5.
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Fig.6 Reduced level in mitochondrial ATP production
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A: represented flow cytometry images of cell lines C17 and II-6 without 10 umol/L CCCP ; B: represented flow cytometry images of cell lines C17
and II-6 with 10 pmol/L CCCP; C : the level of mitochondrial membrane potential without 10 pmol/L CCCP; D: the level of mitochondrial membrane
potential with 10 pmol/L CCCP. The mitochondrial membrane potential in mutant and control groups were analyzed by BD-Accuri-C6 flow cytometer
using a fluorescence probe JC-10 assay. The ratio of fluorescence intensities £x/Em=490/590 nm and 490/530 nm were record to delineate the level of
mitochondrial membrane potential of each sample.
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Fig.7 Reduced level in mitochondrial membrane potential
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Table 5 The Pathogenicity Scoring System of m.4435A>G mutation

WA R v BA K
Nucleotide change Score Classification of total score
More than one independent report Yes (2) 2 (1)=<6points—neutral polymorphisms
No (0) (2)7-10 points—possibly pathogenic
Evolutionary conservation of the base or base-pair One change (2) 2 (3)11-13 points (not including evidence
Two changes (1) from singlefiber, steady-state level, or trans-
Multiple changes (0) mitochondrial cybrid studies)—probably
Variant heteroplasmy Yes (2) 0 pathogenic
No (0) (4)=11 points (including evidence from
Segregation of the mutation with disease Yes (2) 2 single fiber, steady-state level or trans-
No (0) mitochondrial cybrid studies)—definitely
Histochemical evidence of mitochondrial disease Strong evidence (2) 0 pathogenic
Weak evidence (1)
No evidence (0)
Biochemical defect in complexes I, III, or IV Yes (2) 2
No (0)
Evidence of mutation segregation with biochemical Yes (3) 0
defect from single-fiber studies No (0)
Mutant mt-tRNA steady-state level studies or evi- Yes (5) 5
dence of pathogenicity in trans-mitochondrial cybrid ~ No (0)
studies
Total score 13
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