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 E: B WIS SCHENT I E0R /N B IR AR BT A BRS04 0 25 S, ERTMIRR T o AR TE
SAEWH R LW ER . Ak s T SO T CABR) Al 2 7 il K 12 7 % CS7BL/6J /N R W 1,
454 L ZEFRiC AR 5 46 %0 2 5 (iTRAQ) 1 Q Exactive ik K A= W15 827 55 2 AR /3 b Wi 21 =2 [a) FR i 2 2 5
EH, &R WAPLILEER] S5 919 MEH T, 39 269 4 — KB, ??A?%Ji?éfﬂj@(ﬁﬂ: 1.2 PEL P<0.05
TR RERR R 22 RRBE A 70 4>, Hop B FREEN 44, FRERFBEA 26 1, iTRAQ &
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iTRAQ-based quantitative proteomic analysis in the cochlear nucleus
of mice with age-related hearing loss

HE Jing'?, PENG Bin®, YI Bin'
(1. Clinical Laboratory, Xiangya Hospital, Central South University ,Changsha 410008 , China; 2. Department of Otolaryn-
gology, the Second Affiliated Hospital, Hunan University of Chinese Medicine, Changsha 410005, China)

Abstract: Objective To study the changes of cochlear nucleus proteomics with age in C57BL/6J mice with age-
related hearing loss and to explore the role of lower auditory centers in the pathogenesis of presbycusis. Methods Auditory
brainstem response ( ABR) was used to detect the auditory thresholds of C57BL/6] mice aged 2 months and 12 months,
and isobaric tags for relative and absolute quantitation (iTRAQ) and Q Exactive plus and bioinformatics were adopted to
analyze the cochlear nucleus differential proteins between the two groups. Results A total of 5,919 proteins and 39,269
unique peptides were identified in the two groups. There were 70 differentially expressed proteins that met the screening
criteria of P value (t test) less than 0. 05 and whose expression difference multiple was greater than 1.2 times (up-down).
Among them, 44 were up-regulated and 26 were down-regulated. Conclusion iTRAQ-based quantitative proteomics can be
used effectively for tissue proteins identification and relative and absolute quantification. The differential expression profile
of cochlear nucleus protein can be obtained by this technique. Further studies on the molecular mechanisms of these
proteins will help to elucidate the pathogenesis of senile deafness, especially central senile deafness, and identify potential
markers, thus providing new molecular targets for the diagnosis and treatment of senile deafness.

Keywords : Age-related hearing loss; Proteomics; Cochlear nucleus; Isotope labelling; Quantitative technique
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Al A A AERRE ST 0 RGR /N BVH R A ITRAQ S 4 2 1 BT 2B 5

RHufEHE THNEWT T, A U % A
Bl BT BB, A N T AR RS
B BN T HIR R AARAA K583 T ANEUT 1 R 450
M SR, T34 R I AF Ik 2 AR A B W
(R BN T H S A AR 5 U BEWT 2 M 5, {H T
ATERE” P E R A wE . R
HORXAE HL P i T E 2 AR {0, BRI X (cochlear
nucleus, CN) Jy W g 4% e % b ARG X, B2 W
o HAK B R 2= A AT A SR TR W 8 2R e P A 1
MZRME—C R H A, HW {5 A B, 2
HRORT T RE 5 B AL B e e — 3 o BRHES2 HE 15
G R R IE S MO S 5 R S5 B — P X
TRFFEDINIR R o B H AR I AR PR 22 S A
SR AR AT B TR IRGT 5 rp AR AF A A A
T PR o

1 #R5H®

1.1 S23hY)

1.1.1 s kk A om 2 A 12 AR
C57BL/6J F45 10 H, MERE 4. SCm s Wi e
W R K D 3 e SR LI B A IR A AL . SR/ IVR
ERTEHDEI, A HYOK R, R 18 ~25C i
FE40% ~50% , 3@ sk, FF R, s
TC25 )il 1] R M 75 2 i S, W7 Sk AR AR B 2 T v R
1.1.2 9t FiFA i g a2 (ABR) =
FEFSCHIMIITE Y o S e R RN R
DT 25 SR TWT 15087 o

1.2 ik

1.2.1 Fiele %M Georage %5 15 i Iy
o FRURAZ AL T S 8 W 0 o 11 5 S T, B4 )
AREMRZ . B MIAZ 5220 T8 RS /0N il 2 0 A iy
O, B R A W 45715, 58 A gl /Nl A o, L
0]t i 380 5% G A =2 1 00 2, HC 0 3 8 S 5 71 T[]
JE A g N fef %, 5 R A AR S 22 . IR A TR IR 38
N T B Ot = SRR 2 R R R T, S A%
AHIE I 38 43 1 15 O A% 22 36 B W A2 BCHA A7 5 A
1,

1.2.2 F@iazBoa #&M1.2.1 A EFARLE
TR T o7 B A%, I G0 5 T 0N - A% B T
0.01M PBS ¥ (PH7. 4) Pk ML 5 , AR VR A
IE P B TR A PG R AT

%

| VAN = UATTRER TE 23 e G SURVE PSR e KA )

1.2.3 #H&dl& R e SDT 24 in A H- 45
BRHLR D SR 22 TP B A 3 B A S b (AR i 5
SMIA L 1/4 5P B REER MP 6 540 —424) (92 ml
B N MP SJASGHA T S R (24 %2, 6.0
M/S,60 5,2 ¥R) . #KJ5 8 A 2L B K %5 15 min,
14 000 gB5.0» 15 min, HCE 35 CR FHO. 22 i fi i
UE MR UEW . 1B BCA 3 TR A RUE . 4
B IMy, - 80 CLRAF

1.2.4  SDS-PAGE w3k Jirf3 &4 i 43 3l U
5T 20 g #E4T SDS-PAGE Hi ik, % Dhilfisg i e,
1.2.5 FASP &/ I8 Wisniewski'' | JIk Bt i &
FH (Nano Drop 2 000) ,,

1.2.6 iTRAQ #5328 AB SCIEX /A7 iTRAQ
ERFI & B4 4 100 g BREBGHTHRC.
1.2.7 HIGH PH RP 44 ffi il Agilent 1 260 in-
finity IT HPLC REGEXHR G5 SR ARIC S 10 BRBLEA T
3. WOHEVEBLZH I3, R 1 min AR PRI A ), 3
TSR VEL 4 53 29 36 1y K FEikR T /5 1 0. 1%
FA G T

1.2.8  FEasy nLC &% %0y B & R F 94 T i
Easy nLC RGEHT/E . M A W 0. 1% IR
KW, B WA 0. 1% WL G KIEW (LGN
80% ). (AifiHELL 100% Y A WP, Bt i B 2l ik
Fegs ERER] 0 #r4E (thermo scientific , acclaim pepmap
RSLC 50 um X15 cm, nanoviper, P/N164943 ) /3 &,
W A 300 nl/min,

1.2.9 Bt %z 8 Q-Exactive Plus 3FfT Jfiji%
I3

1.2.10 Gene Ontology (GO) zh 4& PER -SRI W =|
R B Gz Blas2 GO #E4T GO THRET:RE, i
TR ¥ 5 HEXT (Blast) (GO 2% H #2 X ( mapping) GO
13 B (annotation ) 1 #p 7, 7 & ( annotation augmenta-
tion) 8¢ 4 AILBE, it — 0 S I RACR, R 2t
InterProScan 182 EBI (4l & b 5 H Fr & [ J& VC it
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A PRSFHE 7 (motif) , F44 motif A5G /Y D REAE B TE
g BbnE 1 B p 91 JFia 47 ANNEX X R B
HE—2PAN ST FFAEARFY GO K Z M R R, L
P v T R TER I o
1.2.11  KEGG i#ss x4 i KAAS #fE 35K
HFrsE A B 25 a5 R
1.2.12 GO &5 KEGG &g £obr it
Fisher #5561 GO {1 # 5 KEGG TR & %
S3AT PR A A AR A B K
1.3 GeiteEinik

K SPSS 16. 0 i i 22 B A 47 20 A, SR H
Proteome Discoverer 2. 1 Fil Mascot 2. 5 {4 ' 25 J%
YE MoE T, ABR BIESS R » £5 FO, BI{H
45 A 2H ] B S 9 ZHA: (it 18] 1) 2 1 SO AR N SRk Y
GEIlAT ¢ Kul, P <0.05 2 R HA G L,

2.1 ABR R

2 HiA 12 Hi#E C57TBL/6] B 8 KHz Wy 3 {8 43
BoA(31.00 £9. 66) dB SPL. (63.50 + 18.26) dB
SPL, A 4L, 22 5 B G it 7 L (P <0.05) .
2.2 EHRUEREEL

Zeat 8 5 iITRAQ R ZE 5 Easy nlC {451 Q-
Exactive Plus Fi3E0#7, 76 2 A #3112 AW
it MusMusculus %54 P 6L 3 5 08 31K B 8 4
54 0174, M — Bk B B %k 39 269 . E B %K
59194, FF8 22 2 E R 0 Ir A 22 3R 0k
BEHAT0 A4, Hrp BiE 44 4 FH 26 4~ 45510
#£1.2,

F1 12 A#52 AR C5TBL/6) B L2 R 3068 T Hik

HEBUE RS HHBUE B AA 12 Aik/2 Ak r
Q9ESM3 Hyaluronan and proteoglycan link protein 2.073770492 0.000285003
AOAOF7QZE4 MADb 110 heavy chain 1.797202797 0.017111881
AOA075B6A0 Ig mu chain C region ( Fragment) 1.676628011 0.018174475
Q60771 Claudin-11 1.640123185 0.017915066
Q62059 Versican core protein 1.590241796 0.007808444
Q61282 Aggrecan core protein 1.586890901 1.55493E-05
Q52164 ENSMUSG00000076577 1.574002574 0.002261563
Q02105 Complement C1q subcomponent subunit C 1.556028973 0.001000147
Q65711 Anti-HIV-1 reverse transcriptase single-chain variable 1. 555366269 0.005261235
E9Q8B5 Uncharacterized protein 1.548428207 0.035313227
Q58E56 Igh protein 1.497918401 0.001818837
G3XA35 MCG116562, isoform CRA_a 1.481803143 3.82085E-05
P60202 Myelin proteolipid protein 1.480976013 0.015075117
Q8VBX5 Palmitoyl-protein thioesterase 1. 46872428 0.000968189
089023 Tripeptidyl-peptidase 1 1.463054187 0.000203047
Q3UKH3 Putative uncharacterized protein 1. 422285022 0.017214936
P98086 Complement C1q subcomponent subunit A 1.406738869 0.002610474
Q9QUP5 Hyaluronan and proteoglycan link protein 1 1.398481215 0.000338978
F6RT34 Myelin basic protein ( Fragment) 1.394810379 0.031461016
G3X9Q2 Guanine nucleotide-binding protein subunit gamma 1.382446386 0.002203886
P40240 CD9 antigen 1.362741237 0.009337434
P14106 Complement Clq subcomponent subunit B 1.348336595 0.001469587
P70271 PDZ and LIM domain protein 4 1.337879969 0.044758425
F6TYB7 Myelin basic protein ( Fragment) 1.333722287 0.036298617
Q917ZJ)5 UTP--glucose-1-phosphate uridylyltransferase 1.3196753 0.015239085
Q14DP8 Slitrk2 protein 1.305032655 0.034227981
Q8BME9 Cerebellin4 1.283105023 0.008440343
Q99JRS5 Tubulointerstitial nephritis antigen-like 1.272727273 0.01400175
AOA1LISVG6 Choline transporter-like protein 2 1.27014756 0.008969628
Q3TNO7 Putative uncharacterized protein 1.263773585 0.008451343
Q8R275 von Willebrand factor A domain-containing protein 1 1.263773585 0.007851463
Q8C243 Putative uncharacterized protein 1.262066365 0.00042691
Q6P1B9 Binl protein 1.260361718 0. 022798069
P51910 Apolipoprotein D 1.254791432 0. 000609567
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Rl

B RS A BUE SR 12 Hiig/2 Ak P

Q3TSZ4 Aldose 1-epimerase 1.251407129 0.005776625
Q3V449 Nicotinamide-nucleotide adenylyltransferase 1.243364486 0.016528085
Q3TXR9 Beta-hexosaminidase 1.23509687 0.000546635
Q8VHP7 Leukocyte elastase inhibitor B 1.224323322 0.016326842
Q3UERS Fibrinogen gamma chain 1.215657312 0.025729515
Q9D2P8 Myelin-associated oligodendrocyte basic protein 1.21402214 0.021562678
Q9ES93 Cathepsin F 1.208762887 0.021662131
Q1XG79 UbiEl 1.202643172 0.019447301
Q9JJE4 Progestin and adipoQ receptor family member 4 1.201393984 0.013212168
Q6NZNO RNA-binding protein 26 1.201027146 0.005531629

- EA RS RS  EHBUFSIEIRE A (FASTA database) HFAYHE F B 5 5 8 1 BA5 B IA - 35 T4 1 BUF 1) 89 800 2 v i 2R 1
W12 /2 AR F A S TR BT GRIBZRMAROCT L2 A5, BUEBRE 58K P <0.05 ﬁ?ﬁaﬁ%/tfﬂ@%fiﬂﬁuﬁiﬁﬂél_
)ﬁo e

R2 12 AR5 2 Ak CSTBL/6) BT 2 S+ RIBH A i AL

HH RS HH TR B AA 12 Hilkr2 H i P

Q8BHI7 Elongation of very long chain fatty acids protein 0.831196581 0.013355382
E9PWES Dihydropyrimidinase-related protein 3 0.830079317 0.000210809
Q9CON6 Transmembrane protein 14C 0.82790131 0.018279553
Q8BR90 UPF0600 protein C5orf51 homolog 0.824817518 0. 028769842
Q80YX1 Tenascin 0. 824262694 0.007003432
Q66JR8 Ptms protein 0. 821493625 0.027369275
Q330P7 SCF apoptosis response protein 1 0.811594203 0.03992012
Q3TLI9 Putative uncharacterized protein 0.811594203 0.009442369
A6H648 Ankrd35 protein 0.804753309 0.041043695
AOAOR4J093 UMP-CMP kinase 0.800180018 0.036748194
Q91XV3 Brain acid soluble protein 1 0.799640072 0.005723936
G5E8G5S Prominin 1, isoform CRA_a 0.796407186 0.001241792
Q546G4 Albumin 1 0.780712166 0.045622583
E9QOH6 Fatty acid-binding protein 0.778535428 0.013543105
P62071 Ras-related protein R-Ras2 0.773802484 0.00160048
Q3U9K6 Interferon regulatory factor 3, isoform CRA_a 0.77282127 0.032414812
B2RSN3 Tubulin beta chain 0.758721782 0.011146777
COHKE6 Histone H2A type 1-1 0.752848379 0.030504102
Q9ES70 Serine/threonine-protein kinase Nek6 0.739130435 0.014203418
Q08331 Calretinin 0.737040255 0.014574552
QOVGZ0 Gtf2al protein 0.721871412 0.037214269
Q76LL6 FH1/FH2 domain-containing protein 3 0.703093954 0.005853975
Q4V9X0 Ppp3ca protein 0. 685585839 0.040601856
054879 High mobility group protein B3 0.668334723 0.014967953
P59648 FXYD domain-containing ion transport regulator 7 0.608310992 0.044310709
F7A0BO Myelin basic protein ( Fragment) 0.517067004 0.000374513

HARIIGE GO ERWK 2, ZREXREAR WK 3, ERFKBEA KECC @ i & L0 3%
GO WM /R BERNEFEN FREPE A LY 2l TR MR ST 5
JEANXI . AN YRR AR T A BRI G R IR U B IR TR AT
SNBSS & AN I RIS DR, R ERSE, WK 4.
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FRA e AP AR VR e d Zm i B Y as
MIE A2 T7 MWL 2 , S5 K i R BEAF 7S 42 i
AR X AL R T A ARG A2, KBy
R EZI Va4 A~ NG NGB U A K RN L
AR R S A R S 25 o FRATT RS X S A R B
YU R SR AT S 7 S SR ER G e b
AR E A R A BT SR E AR D o AR SOMAF i
FSCHEWT 0GR C57BL/6J /I B H- M A% 1 22 57 2 1
JRZH A 25 FAF S A H0E , A Bl TR 2 IR 583X

SE 9% SR ] DUAR B — 20 5 rp X AR P RO A
KHYHE i it iITRAQ FEARFA] K B AF H- W %
T BRI R BRI 28 T AR DG R AR T

EW8 14 25 1 (myelin basic protein, MBP) 18 & T
2T 7 ( domain-containing ion transport regulator 7 ,
FXYD7) 4540 M i 45 4 25 [ ( calretinin2 , CALB2 ) |
22 F R/ T BB E 1 L fF 6 ( serine/threonine-protein
kinase ,NEK6) . T fie I 2 A9 25 19 O < 378 B 0 R 2
H 2R ¥ 1% $: 25 A (hyaluronan and proteoglycan link
protein 2, HAPLN2) AzEHEMEEE (A BR AR S 1 ( palmitoyl-
protein thioesterase , PPT1) | = K LIk 1 ( palmitoyl-
protein thioesterase , TPP1) ,
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EE R B 2 11 R 6 5 A E1 RIS 82 B (proteo-
lipid protein, PLP) |37 £ 7F T/ 58 I Jia 4t e v, 2
G A M R A AR R o D G TR S v R e
2R I RS BY 32 AN, X T 4E R o0
25t R Re A HEVEN . PLP J8 /b & 15 2352
I A v 1 20 8 G T A4 s 28 B A BB o 8 2 A B 1
TV BT 5 S50 8 £ 248 110 A% 3 W i 1 52 Rl T 7,
AREE— P58 . FXYD G5 SE —Fh/ N3+ B i
EHE, 25 AIERRELBRA 12 4, B8 nE
1 FUfEZE 7, Fl Na K-ATPase it 45 ¥4 Fl1 3 E 25 1) 41
5 ,Na K-ATPase £— N2 WIE AR, i a W3 B
WFEAN FXYD . FXYD &AM Na K-
ATPase 2 ZVFE S PR B 36 o 2 2 37 40 i 5 1 &b
Na® K* B FHE M FER " . FXYD &A KKK
HR B 3 A S Feih 45 A AR ] FXYDT 338 T i
P, FEURAEMETT, FEE R R B A . 7
JTCHE BB 40 g o FXYD7 #] DL Na, K-ATPase al-
Bl, a2-B1 J¢ a3-B1 Z5G5(HAHEF a-B2 i #H B.1F
Mo 76 4 20 B AU A al-B i A 5 7E H.
FXYD7 J&—Fh g Y (4 2 255 574 Na  K-ATPase ]
), AT RETE B 2 T I S A TR R E T A
CALB2 LHHIE TSN MmN el
DA 40 PN B 2 1R P 1 85 8 - VA B, 97 L 4t e
PIAGES TS0 THE S o B8 T S A e
2 R S AL I TR R T . BARNT T RS
/NERE IR AZ e CALB2 B g 0 /D 1] BE 8 75 #h 22 41 g
RS B AR ST B, Y 2R T R RS
2R ) LA SOAS RE DN 125 1 11 g H K SRS, 4 i
PN 22 (1) R 2 5 - DUDX e 280 LA BV R skl
e AT " . HAPLN R F A 4
B, 40 ) R i 3 2K 11 M HAPLN2 HAPLN3 %
HAPLN4, HAPLN1 2#&&EE G, HAPLN3 £4
MESh )iz 43 A, HAPLN2 fil HAPLN4 H 33k 7F
KRIGAI PR A2 R4 . A RaE 2 s HAPLN2
Al RETE AN 4 AR R E M B AT AR e R . B
AT UL AZ 1 1 7 A A ok e 2 S FRIR B S iR
FrEAR B I A O, (H X P R A T AR S TP A A B
EALEE R B TS NER AR M o she A
L ST 2 W e T RK ) b 2R AR AT e AR ) Bl R
FHMA Z AT MA . A5 TRATRE Bt I IR
ABIFFE , DA oo M 2 AP B8 1 & s ML 7
RSP

S 30k
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