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Abstract This study aims to explore the relationship between mitochondrial tRNA™ 15943T>C and 12S
rRNA 1555A>G mutations and non-syndromic hearing loss, and the molecular mechanism of mitochondrial muta-
tions in deafness. Immortalized lymphoblastic cell lines carrying mitochondrial tRNA™ 15943T>C and 12S rRNA
1555A>G mutations (double mutation group), the same haplotype (R9) with only 12S rRNA 1555A>G mutation

(single mutation group), and a normal control group were established. Analysis of the clinical data of this fam-
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ily showed that when the family members of the drug-induced deafness using AmAn (aminoglycoside antibiotic)
were included, the penetrance rate of deafness in this family was 26.3%; when the deaf members who used the
medicine were excluded, the penetrance rate of deafness was 10%; in contrast, in the reported 14 deaf families with
m.1555A>G, the average penetrance rates were only 13% and 6% separately in the treated and untreated conditions.
Northern blot and Western blot separately were used to detect the expression of mitochondrial tRNA and poly-
peptide. Compared with the normal control group, the steady-state level of tRNA™ was significantly lower in the
double-mutation group, but there was no significant change in the single-mutation group. Meanwhile, there was no
significant difference in the steady-state level of other tRNAs in the three groups. The expression of CO2, CO3, and
A6 in the double-mutation group was significantly reduced, but their expression had no significant difference in the
single-mutation group. The expression levels of other protein polypeptides had no significant difference in the three
groups. The m.15943T>C mutation reduces the steady-state level of tRNA™. It results in a decrease in the expres-
sion of some mitochondrial polypeptides, which affects the function and stability of the mitochondrial respiratory
chain complex. Eventually, it leads to mitochondrial metabolism disorders, suggesting that mitochondrial tRNA™
15943T>C may be related to the deafness with m.1555A>G.
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Table 1 tRNA probes labled with DIG

REF 2R AT HI(5'—3")

Probe name Nucleotide sequence (5'—3")

tRNA™ CCTTGG AAAAAG GTT TTC ATC TCC

tRNA™ CCTTGG AAAAAG GTT TTC ATC TCC

tRNAM® GCA TCA ACT GAA CGC AAATCA GCC ACT TTAATT
tRNAMY GGT AAAAAG AGG CCT AAC CCC TGT CTT TAG
tRNA®* AAG CCC CGG GTT TGA AGC TGC

tRNAP® CAG AGAAAAAGT CTT TAA CTC CAC CAT TAG

5S RNA GGG TGG TAT GGC GGTAGA C

1I

1 D

’ 1

8

iSRRI RRFTRIET, BT SRR ) e R B s BN R I 25 .

Arrow denotes proband; slash indicates death; hearing impaired individuals are indicated by black symbols; * denotes the individuals who have a his-

tory of aminoglycosides exposure.

Ell — /N EIRHETmM.15943T>CHm.1555A>GREN EE R ERRE
Fig.1 A Chinese families with hearing loss carrying m.15943T>C and m.1555A>G mutations
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Table 2 Summary of the clinical data of part members of a Chinese family carrying m.15943T>C and m.1555A>G mutations

Pl K
i 5 5 REHHZ R Wy 335 g 1 Average pure tone audiometry level
Code Sex Use of AmAn Level of hearing impairment - H/dB 1 H/dB

Left ear /dB Right ear /dB

11-2 Female No Severe 74 79
11I-2 (A2) Female Yes Extremely severe 98 94
111-8 Female Yes Extremely severe 90 95
IV-1 (Al) Female Yes Extremely severe 91 94

IV-1 (A1)

I11-2 (A2)

V-2 (A3)

E2 SCISEERSY AL SIKE WM E BB RS E

Fig. 2 Morphology of immortalized lymphoblastic cell lines in some subjects in experimental group
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Table 3 Mutation summary of mitochondrial DNA coding region of maternal members in mutation group families

[ RAFRL R T/ TR ) 54 PRyt brHE P71 RERE
Gene Mutation position Base/aminoacid change Conservation (H/M/X/B)* rCRS Previously reported or
not®
12S rRNA 709 GtoA G/A/-/A G Yes
750 Ato G A/A/-/A A Yes
1438 Ato G A/A/G/IA A Yes
1555 Ato G A/A/AJA A Yes
16S rRNA 2706 AtoG A/A/AIG A Yes
3107 deIN N/T/T/T N Yes
NDI1 3434 Ato G (Tyr to Cys) Y/Y/T/Y A Yes
COl 5913 G to A (Asp to Asn) D/N/T/N G Yes
ATP6 8860 A'to G (Thr to Ala) T/A/T/A A Yes
10320 G to A (Val to Ile) V/M/I/L G Yes
CytB 14766 Cto T (Thr to Ile) T/T/S/S C Yes
15326 A'to G (Thr to Ala) T/I/UM A Yes
tRNA™ 15943 TtoC T/T/T/T A No

a: N(H)~ /MM~ AEMUTUE OO (B) KU AL 2L ) 2 B AR DR 1 1 b: 2578 Lo PRI IR A s P (http://www. mitomap.org); - KR «
a: conservation of amino acid in human (H), mouse (M), bovine (B), and Xenopus laevis (X); b: refer to the mitochondrial genome database (http://

www.mitomap.org); -: loss of site.

(A) (B)
15155 15?43 A A
C C
AACCT TTATCCAAGG c ¢
A A
G-C G--C
U--A U-A
WL008 C-G 15943U c-G 15943C
C--G C -G
U--A T U=A
U--A U-A
G--C G=-C
uUu U
AGAGGAGEICAAGTCG aAaccTT TMTCCAAGG AA AU cyuy C AA AU cy UC
A" Yaua GAARA ¢ At Yava GAARA ¢
c UAC A C UAC A
AT T A AG AT A AG
NB079 VA e A e
C-G C--G
A.C A«C
G--C G-C
AGAGGAGRECAAGTCG AACCTT T[ITCCAAGG CU"AA CU AA
U A U A
UGU UuGgu
Control
tRNA™ (wild type) tRNA™ (mutant type)

A: mtDNA 155507 £UR115943 007 £ (10 50 1] B: 7 A BRI 8 A BRURNA™ ) 45K 1] . WLO08 A — AN I 45 5 m. 15943 T>C HIm. 1555 A>G 58
AR 5 NBOT9N R 54 m. 1555 A>GRAEHIZX £ Control Ay [A] AR X IR AL 5K 2R

A: sequencing peaks of mtDNA at 1555 and 15943 sites; B: secondary structure of tRNA™ in the wild type and mutant type. WL00S is a Chinese family
with hearing loss carrying m.15943T>C and m.1555A>G mutations; NB079 is a Chinese family with hearing loss carrying m.1555A>G mutation; Con-
trol is a normal sample with same haplotype.

B3 SkE L E AL A 12S rRNAFIRNA™ B I B FItRNA™ [ — 4 4544 &
Fig.3 Sequencing peaks of mitochondrial 12S rRNA and tRNA™" in immortalized lymphoblasts
and the secondary structure of tRNA™

2.6 mISY3T>CREX AR ZIRMERMRM TG0, JFHI A SRERL RS K 4 b5 1) 22 ik o
Grth MR R IR AN TRR IR P LB XURAZ AN

NTIRFEm 15943 T>CRAE B R MARR  BRAR A 7 ) 5 15 X AT L 1) 2 ik R 3K K1
Z R R IE AL AR 2 BRI 2= e MR K B A, BOARHE AT T AT HE . B 64 RR W], MLt T
ATV BORL R T R G b 1) 700 2 IR SR B K YT RRZHA0 A, RURAR 2 1) 2 ik e iR e ik /K1 Wt 35 [
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Northern blot7 BRI ZEKIAARNA™, (RNA™, tRNAM, (RNAY, (RNASHIRNAMMFRIA R, 35LL5S RNAN N ST EE.
The expression levels of mitochondrial tRNA™, tRNA™, tRNA® tRNA™, tRNA®* and tRNA"™ were detected by Northern blot, and 55 RNA was
used as an internal reference for quantification.
El4 ZERARNARR K TGN LR
Fig.4 Results of mitochondrial tRNA steady-state detection

160r

T15943C+A1555G A1555G Control 2 IS TAIINITI AN T AT IS T g A
S 8L 82 3zt €8 =& AR 88 m B
- L 1 210 S S S5 S Ss S e
2 9 2 F 8 2 5 8 89 g 44 44 Ld Ld L 4L 4d wa C
= 1204
CcCOo2 s e e e —— — 5
£ 1007
A ——————— — - 807
ND] T — | | — — e at— — L;a 60" 1
NDd o — o o — — — o — E 40-
o
ND5 2
5 204
| — - - i
Actin e — i S ST em———

CO3 A6
Western blot 73 J f il £ Rk 2 fECO2. CO3. A6+ NDI. ND4. NDSFICytBIf )KL&, H LLActin y N ST & & .
Western blot was used to detect the expression of mitochondrial peptides CO2, CO3, A6, ND1, ND4, ND5 and CytB, and Actin was used as an internal

reference for quantification.

ND5 CytB

El5 Zohifh % ARaRIA7K PRI

Fig.5 Results of mitochondrial peptides expression detection

T15943C+A1555G A1555G Control
140- v LI ) LI J L]
P=0.048 9 P=0.6187
1204
1004 M

PP P PP
MR W FEAR (1P 32K

The dotted line indicates the average level of the samples within the group.

Elo XfLcRiihE EgADRI 7R % RS R RIAK TR 4

Fig.6 Analysis of the overall expression levels of 7 polypeptides encoded by mitochondria gene
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Table 4 The ratio of threonine in the polypeptides encoded by human mitochondria genes and the expression levels of

polypeptides in each experimental group

LIk i AL R AL TR TR LA 0] 2 R FIE A UL
Pol tid Number of coded amino ~ Number of Threo-  Proportion of Threo- ~ Comparison of peptide expression between groups
olypeptides . . .

v acids nine nine Group A/group C Group B/group C
CO2 225 21 9.3% 57% (P=0.007 8) 97% (P=0.8529)
CO3 261 24 9.2% 33% (P=0.001 3) 70% (P=0.167 1)
ATP6 227 25 11.0% 41% (P=0.012 3) 92% (P=0.610 6)
ND1 318 35 11.0% 92% (P=0.623 9) 103% (P=0.833 6)
ND4 459 48 10.5% 98% (P=0.908 2) 99% (P=0.983 7)
ND5 604 65 10.8% 114% (P=0.298 0) 103% (P=0.787 6)
CytB 380 30 7.9% 106% (P=0.666 0) 90% (P=0.685 5)

i (P<0.05), fEHRAHF TR ENEZER; WREA
ZHRP AR SR, RIHAEES NPT R
EMEER, MCO2. CO3. A6H R A E 77l
N 225, 261F1227/, @ik FND1. ND4, ND5FI
CytBH1[)318. 459. 60413801~ (F4).

3 g

N 2 s A 38 A 2 90 (R BPF 9 — L 5% 381 9 i A
RURIBR ) o A AL Ik B 20 PR AR B e i MR AR
AREUE RAS R, R RRE AR, S
AN LKA p° 20640 B Rl G 3145 B HH I AX 1 5
(P2 L A T TR S AR 2 PR ASE B o AP i Io i) 2 455
m.15943T>CHAE I m.1555A>G 548 17Kk A ALk B
BEA R, 7570 T 7K FERL i AT A, 23 b %
BHEFM I SR RIGIKERIEAT 58, K
LB ) BE R R R R R N E B E ) H
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m.1555A>GRAF it L RIE (14 B RigtfE 24
Wit B () — A 2 UM 5 1520 m. 15943 T>C
GG JEAE AR S0 1Y BT BRI FL Ik R o R B — AN )
KA 5o LRRIRIRNAFRAS KA 25 SR B, X
AEAERNA™ [P /K 225 P PR, DB m. 15943 T>CR
AL T (RNA™FRAS K, —2eiF 70K L, (RNA
RAZW] e T B A B AR P2 AT K &
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N RNA™ F BA & BEAR ST PR STA-63UBHIE XS, 1M
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o kiR EE H R IR, CO2. CO3A
AGH I ZE VERRAIK, 456 N FRZRRL A I (K 2 5 1) 22 JIK

s =

HH 1) 5 S R L 181 B B i 1) 45 SR (R 22 ik R 5
IR () L T B 2 1 22 7, {HCO2. CO3. A6 175
RAIRAIFR T/ T NDI. ND4. NDSFICytB), %
B m.15943T>CRAZE L 52 m (RNA™FaES, i —
BRI T CO2. CO3. A6MIFEIX.

2z ERTR , BATIN N m. 15943 T>C 5488 i A
N RNA™ FBA & BEARSFPE ) STA-63UBRIE XS, 14
AZ T RNA™R) e 4514, FRAK 7 IRNA™ AR A K,
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