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Abstract: The anti-exercise-fatigue effect of active peptides derived from fish nicotinamide adenine dinucleotide Dehydrogenase (NADH)
was investigated by simulating the hydrolysis of NADH Dehydrogenase protein subunits in five common fish species in China using computer
simulations. The oligopeptides obtained through simulated hydrolysis were docked with lactate Dehydrogenase (LDH) and creatine kinase (CK)
to identify the oligopeptides with ultra-high affinity for both enzymes (docking fraction <X -160), whereas Pymol and Ligplot+ software were
used to display and analyze the mechanisms of interaction for molecular docking. The results showed that a total of 72 oligopeptides with
ultra-high affinity were obtained from seven different NADH Dehydrogenase protein subunits of five fish species after computer-simulated
hydrolysis and molecular docking. There were 36 oligopeptides with ultra-high affinity for LDH and CK, among which the oligopeptide with
the highest docking score and the most frequent occurrence was PTIW (-198.762, -204.400). These results establish a theoretical foundation for
improving the high-value utilization of fish protein and developing functional foods for anti-exercise-fatigue.
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Table 1 Selected fish species and their protein types and serial numbers
RS BTH% Pl & & 5305
NADH Dehydrogenase subunit 3 AY(099432.1
NADH Dehydrogenase subunit 4 AY099434.1
¥#&  Ctenopharyngodon idella NADH Dehydrogenase subunit 4L AY099433.1
NADH Dehydrogenase subunit 5 AY099435.1
NADH Dehydrogenase subunit 6 AY099436.1
NADH Dehydrogenase subunit 3 AHF96346.1
NADH Dehydrogenase subunit 4 AHF96348.1
fit Engraulis japonicus NADH Dehydrogenase subunit 4L AHF96347.1
NADH Dehydrogenase subunit 5 AHF96349.1
NADH Dehydrogenase subunit 6 AHF96350.1
NADH Dehydrogenase subunit 4 QJT42861.1
wa Trichiurus lepturus NADH Dehydrogenase subunit 4L QJT42860.1
NADH Dehydrogenase subunit 5 QJT42862.1
NADH Dehydrogenase subunit 3 YP_006280901.1
NADH Dehydrogenase subunit 4 YP_006280903.1
=X & Oncorhynchus keta NADH Dehydrogenase subunit 4L YP_006280902.1
NADH Dehydrogenase subunit 5 YP_006280904.1
NADH Dehydrogenase subunit 6 YP_006280905.1
NADH Dehydrogenase subunit 3 QQY84821.1
NADH Dehydrogenase subunit 4 QQY84823.1
FAss Collichthys lucidus NADH Dehydrogenase subunit 4L QQYs4822.1
NADH Dehydrogenase subunit 5 QQY84824.1
NADH Dehydrogenase subunit 6 QQY84825.1
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Table 2 Degree of hydrolysis of fish proteins obtained by

simulated hydrolysis

Bx Eak KAFEI%
=X # NADH Dehydrogenase subunit 4L 54.00
F#%  NADH Dehydrogenase subunit 3 47.86

¥ &  NADH Dehydrogenase subunit 4L 46.46
F#%  NADH Dehydrogenase subunit 4 45.65

# &  NADH Dehydrogenase subunit 4L 45.45

i #  NADH Dehydrogenase subunit 4L 45.45
FH##&  NADH Dehydrogenase subunit4L 4545
=X &  NADH Dehydrogenase subunit 4 45.44

& NADH Dehydrogenase subunit 3 44.44
F##&  NADH Dehydrogenase subunit 5 4418

Fa NADH Dehydrogenase subunit 4 43.95

wa NADH Dehydrogenase subunit 4 43.68

Fa NADH Dehydrogenase subunit 5 43.29

Wa NADH Dehydrogenase subunit 5 43.06

Fa NADH Dehydrogenase subunit 3 4274

#t &  NADH Dehydrogenase subunit 4 42.68
=X #  NADH Dehydrogenase subunit 5 42.42

s NADH Dehydrogenase subunit 6 40.34

it & NADH Dehydrogenase subunit 5 39.46
=X &  NADH Dehydrogenase subunit 6 38.64
=X &  NADH Dehydrogenase subunit 3 38.46
FH##&  NADH Dehydrogenase subunit 6 38.07

i & NADH Dehydrogenase subunit 6 36.93

A R G A MEH T

FIF 3 Ml Bl (HEOR. o R EEETL
FAM) XT 5 Fhta 2% NADH Dehydrogenase 2 fi
HEEWIIAT KM, S5R0E 2 s, Fra&EEmRT
TDH 7E 30%~50%7EH P, K= 20 LA
SR (B 2~5 DNEIERIREN/N T, 5
RNEMK (B 5 AU EEIERRRIEIMO . 2R ETR,
Firi% FH i) NADH Dehydrogenase 122 ik (4 31V 17K
fA =) BN RKEE K BELE 2~5 AN FERR TR < 8] 5
Jik. o, TDH % ¥) NADH Dehydrogenase 2 [
FeAE = b NADH Dehydrogenase subunit 4L

(54.00%). FHfa ) NADH Dehydrogenase subunit
3 (47.86%). #fiH[) NADH Dehydrogenase subunit
4L (46.65%).

21.2 Iy IRARE LDH #9456 o tt

fif | HPEPDOCK # #& F #f % NADH
Dehydrogenase (14 133K A3 R4S /N T S5 IE 5
LDH (PDB f{fi%4 7TEPM) 50 FX 4667, 215t
o E<<-120 BN BRI, X4 4=<-160
PN NREBE AR, F AT T2k
PE5THNE T, EBESEA IR A F E R 3~7
B e

ER IR, g NADH Dehydrogenase subunit
6 1) FAERK (0.06), HIXFREIN FEHEKIA T
1+ ) NADH Dehydrogenase subunit 6 (0.04), A
1) NADH Dehydrogenase subunit 4 (0.04). [F#f,
Al DLALEE B4 DU Fh 8 K A 5 A 15 B0 o B <
-160 B ESEM I Z K, A5 bt ) NADH
Dehydrogenase subunit 4L, = 3 1 7 ) NADH
Dehydrogenase subunit 3 1 NADH Dehydrogenase
subunit 4L, PLA T ) NADH Dehydrogenase
subunit 3, FHARHE I SRR SR H I A8
£ 0.01~0.03 [¥I7E P -

% 3 B&BEFRMNEMLES LDH BFFIFISHER
Table 3 Sequence and frequency of lactate Dehydrogenase binding by ultra-high affinity oligopeptide in Ctenopharyngodon idella

P e A B F A TR I (1<KE<6 FORTREHFAN
4 A <-160) 5 LDH 34435 FRETE (F)

NADH Dehydrogenase subunit 3(52)  AY099432.1 PTGTF[-175.65] 0.02
IPTIM[-175.75]; VIQY[-164.96]; TAVWI[-167.18]

NADH Dehydrogenase subunit 4(213) AY099434.1  ITTL[-167.17]; PTIW[-198.76]; IITR[-168.36] 0.04

IQTPWI[-185.63]; ITAGY[-174.47]

NADH Dehydrogenase subunit 4L(48) AY(099433.1 ESTSF[-182.13] 0.02
. QAVIY[-184.41]; ICTH[-161.94]; TGTPF[-162.42]

NADH Dehydrogenase subunit 5(277) AY099435.1 IITSN[-160.01]; PAVIH[-163.13]; QTW[-17183] 0.02

NADH Dehydrogenase subunit 6(74)  AY099436.1 PTPY[-163.93]; PEAW[-181.18] 0.06
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* 4 REBSFMNTES LOH HIFFIFISHZER
Table 4 Sequence and frequency of lactate Dehydrogenase binding by ultra-high affinity oligopeptide in Engraulis japonicus

, o R 27 F RN FIRFI S (1<KE<6 EORFRZHFRA
BAREH GEAR] sH4E240<-160) &5 LDH xH&i%5r FRAFE (F)
NADH Dehydrogenase subunit 3(54)  AHF96346.1 TVSF[-160.12] 0.02

TATW[-164.56]; IITTM[-164.51]; PPY[-169.35]

NADH Dehydrogenase subunit 4(208) AHF96348.1 PTIW[-198.76]: IITR[-168.36]; ITAGY[-174.47] 0.03
NADH Dehydrogenase subunit 4L(47) AHF96347.1 0.00
NADH Dehydrogenase subunit 5(253) AHF96349.1 PATVH[-17043];  QAVIY[-184.41]; ICTH[-161.94] 0.02

TGTPF[-162.42]; QTW[-171.83]
NADH Dehydrogenase subunit 6(67)  AHF96350.1 PEGWI-186.91]; PAPY[-161.87] 0.03
x5 HREBESFRMNFKES LOH HFFIFISHZER
Table 5 Sequence and frequency of lactate Dehydrogenase binding by ultra-high affinity oligopeptide in Trichiurus lepturus

P . REHFRNFMAIS (1<RAE<6 FORTREFA
AN H<-160) 5 LDH #3450 FIKEGIRE (F)
NADH Dehydrogenase subunit 4(210)  QJT42861.1 ITAAY[-171.62]; PPH[-161.29]; PDIIF[-174.56] 0.01
NADH Dehydrogenase subunit 4L(47)  QJT42860.1 VATCR[-160.50] 0.02
NADH Dehydrogenase subunit 5(279)  QJT42862.1 QAPSF[-164.49]; TGTPF[-162.42] 0.01

* 6 N BBEFRMNEMRES LDH BIFFIFISHE
Table 6 Sequence and frequency of lactate Dehydrogenase binding by ultra-high affinity oligopeptide in Oncorhynchus keta

. RS FAN FIREF5 (1<KE<6 EARFREZHFRA
e )% N 5 S 5 4 =
EAREA IS A3 <-160) 5 LDH #3235 FEREGAE (F)
NADH Dehydrogenase subunit 3(47)  YP_006280901.1 0.00
. PTIW[-198.76]; NITR[-168.36]; 1QTPWI[-185.63]
NADH Dehydrogenase subunit 4(220) YP_006280903.1 ITSM[-164.97]); ITASY[-176.75] 0.02
NADH Dehydrogenase subunit 4L(46) YP_006280902.1 0.00
. IITH[-161.02]; PAIIH[-162.62]; DQTWI[-179.60]
NADH Dehydrogenase subunit 5(271) YP_006280904.1 QAVIY[-184.41]; ICTH[-161.94] 0.02
NADH Dehydrogenase subunit 6(70)  YP_006280905.1 PAPY[-16187]; PESW[-184.92]; ETSW[-174.46] 0.06

IACAW[-190.26]

R7 FIBEBSFRMNERES LDH BIFFIFSHE
Table 7 Sequence and frequency of lactate Dehydrogenase binding by ultra-high affinity oligopeptide in Collichthys lucidus

, o R F AN FIRFF 5 (1<KE<6 EOARTARZFAA
G s %424 <-160) 55 LDH tHiE A4 SHIE (F)
NADH Dehydrogenase subunit 3(58) QQY84821.1 0.00

IPTTW[-195.61]; SETGW[-169.42]; ITAGY[-174.47]

NADH Dehydrogenase subunit 4(220) QQY84823.1 IQTPW[-185.63] 0.02
NADH Dehydrogenase subunit 4L(47) QQY84822.1 VATTRI[-164.76] 0.02
. PDPR[-165.07]; GPDWI-161.94]; ICTH[-161.94]
NADH Dehydrogenase subunit 5(282) QQY84824.1 TGTPF[-162.42]; TAIY[-160.31]; PAVIH[-163.13] 0.02
NADH Dehydrogenase subunit 6(70) QQY84825.1 AAEPY[-162.23]; VSGQY[-165.90]; VISAW[-181.45] 0.04
213 T HEMKE CK 69258 A 5T SYH<-120 BN REFRAIII, 5 $<-160

[EREH, {8 HPEPDOCK ¥ FERF7T NADH IR SRR IE, F AR TN T F P
Dehydrogenase 4 F VK RSSO Nr T3k S S 1, HEEER IR A FEHIER 8~12
CK (PDB f{H5A 1I0E) [14rF X488 71, S56X4% iR
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% 8 BaBEFMNEMKES K HIFFIFISaZER
Table 8 Sequence and frequency of high affinity oligopeptide binding creatine kinase in Ctenopharyngodon idella

B i RS FANTREINF (1<KE<6 FORFRZHFT
e #4430 <-160) 5 CK x5 5 FIEIE (F)
NADH Dehydrogenase subunit 3(52) ~ AY(099432.1 ITTIL[165.89]; PTGTF[-174.37] 0.04
IPTM[-175.02]; VIQY[-165.20]; TAVWI[-167.53]
NADH Dehydrogenase subunit 4(213) AY(099434.1 PPF[-164.42]; PTIW[-204.40]; IITR[-172.36] 0.04
IQTPW[-180.93]; ITAGY[-175.59]
NADH Dehydrogenase subunit 4L(48) AY(099433.1 ESTSF[-167.01] 0.02
PEW[-172.00]; QAVIY[-168.75]; ICTH[-164.09]
NADH Dehydrogenase subunit 5(277)  AY099435.1 TGTPF[-177.74]; IITSN[-171.91]; PAVIH[-179.26] 0.03

QTWI[-180.39]

PTPY[-166.62]; PEAW[-172.68]; SVVGY[-173.41]
EGSW[-167.30]

R 9 REBSFMNERES K UFFIFISHER
Table 9 Sequence and frequency of high affinity oligopeptide binding creatine kinase in Engraulis japonicus

NADH Dehydrogenase subunit 6(74)  AY099436.1 0.05

o B2 F RN FIKFIN G (1<KE<6 FaRtRHF T
FaREA I *H 4 <-160) 5 CK *H#4 EMSE (F)
NADH Dehydrogenase subunit 3(54)  AHF96346.1 0.00

TATW[-180.95]; IITTM[-167.02]; PTIW[-204.40]

NADH Dehydrogenase subunit 4(208)  AHF96348.1 IITR[-172.36]; ITAGY[-175.59] 0.02
NADH Dehydrogenase subunit 4L(47)  AHF96347.1 SGVAF[-165.53] 0.02
GQWI[-161.49]; GTPR[-160.95]; PATVHI[-169.03]
NADH Dehydrogenase subunit 5(253) ~ AHF96349.1 QAVIY[-168.75]; ICTH[-164.09]; TGTPF[-177.74] 0.03
QTWI[-180.39]
NADH Dehydrogenase subunit 6(67) ~ AHF963501 ~ CoVI'161-18]; PEGW[-175.45]; VVCY[-169.54] 0.09

SGDWI[-173.68]; GVDR[-161.41]; PAPY[-170.50]

F 10 HEBSFMNERES CK HIFFIFSHE
Table 10 Sequence and frequency of high affinity oligopeptide binding creatine kinase in Trichiurus lepturus

E4E 5 B REZHFAAFIFINF (1<KE<6 FORTRGHFT
e 454 4<-160) 55 CK 24135 FEREFE (F)
NADH Dehydrogenase subunit 4(210)  QJT42861.1 ITAAY[-169.61]; PDIIF[-182.40] 0.01
NADH Dehydrogenase subunit 4L(47)  QJT42860.1 STAPM[-165.39]; VATCR[-192.39] 0.04
. QAPSF[-164.07]; STW[-160.83]; 1IAF[-162.03]
NADH Dehydrogenase subunit 5(279)  QJT42862.1 TGTPF[-177.74] 0.01

xRN ZXEBESFMAOBTRES CK HIFTIFSHER
Table 11 Sequence and frequency of high affinity oligopeptide binding creatine kinase in Oncorhynchus keta

E A4 e REHFANFIKAINF (1<KE<6 TORYREHFAN
4 AT 4<-160) 5 CK 24435 FEARGIE (F)
NADH Dehydrogenase subunit 3(47) YP_006280901.1 ATISF[-163.16] 0.02
. PTIW[-204.40]; INTR[-172.36]; IQTPW[-180.93]
NADH Dehydrogenase subunit 4(220) YP_006280903.1 ITASY[-171.00] 0.02
. EATGY[-184.08]; SVAPM[-164.78]
NADH Dehydrogenase subunit 4L(46) YP_006280902.1 VATAR[-166.48] 0.07
NADH Dehydrogenase subunit 5(271) YP_006280904.1 " HL-179.53]; DQTW[-166.27]; QAVIY[-168.75] 0.02
ICTH[-164.09]
. PAPY[-170.50];PESW[-190.82]; ETSW[-164.43]
NADH Dehydrogenase subunit 6(70) YP_006280905.1 IACAW[-191.32] 0.06

210



MK EmBHL

Modern Food Science and Technology

2023, Vol.39, No.9

* 12 FEEBSEMNERES CK FFFIFSRE
Table 12 Sequence and frequency of high affinity oligopeptide binding creatine kinase in Collichthys lucidus

ALK Vel

REFFRDERFI T (1<KE<6
SHESH<-160) 5 CK x5

EQRTRZHFA
FAREGIAFE (F)

NADH Dehydrogenase subunit 3(58) QQY84821.1

AIVSF[-165.07]; PDH[-164.88] 0.02

IPTTW[-197.57]; SETGW[-174.34]; IITSL[-161.30]

NADH Dehydrogenase subunit 4(220) QQY84823.1 ITAGY[-17559]; IQTPW(-180.93] 0.02

NADH Dehydrogenase subunit 4L(47) QQY84822.1 VATTR[-176.66] 0.02
. PDPR[-167.79]; GPDWI-174.22]; SIIF[-178.32]

NADH Dehydrogenase subunit 5(282) QQY84824.1 ICTH[-164.09]: TGTPF[-177.74]; PAVIH[-179.26] 0.02

NADH Dehydrogenase subunit 6(70) QQY84825.1 VSGQY[-172.90]; VISAW[-184.36] 0.03

#EREIR, 6 NADH Dehydrogenase subunit
6 Z 11 F &K (0.09), HIKIGFEIN) FAEBCRMA
— ) NADH Dehydrogenase subunit 4L (0.07),
— ) NADH Dehydrogenase subunit 6 (0.06),
i H () NADH Dehydrogenase subunit 6 (0.05). A
DA R oA 2 Bhvis FK e JF A 15 20 70 4
<-160 [E RS2k, BT A 62
NADH Dehydrogenase subunit 3 145 4] NADH
Dehydrogenase subunit 4L, HAXE (A SR 115
RIS EILE 0.01~0.04 [T FE A .
214 EAFEILE LDH. CK 8945468 /) oot
7 13 JCEME IR E IS
Table 13 The occurrence frequency of high peptide in both

parents
REAR IS | BRE AR BIUISL | BRE AR B ILINAL
ICTH 4 IPTIM 1 PESW 1
PTIW 3 VIQY 1 ETSW 1
HITR 3 TAVW 1 IACAW 1
IQTPW 3 ESTSF 1 IPTTW 1
ITAGY 3 IITSN 1 SETGW 1
QAVIY 3 PTPY 1 ITAGY 1
TGTPF 3 PEAW 1 PDPR 1
PAPY 2 TATW 1 GPDW 1
PAVIH 2 HTTM 1 VSGQY 1
QTW 2 ITASY 1 VISAW 1
ITAAY 1 PAIIH 1 PTPY 1
PTGTF 1 DQTW 1 IPTM 1

TV EZR, 5 MmKM 7 F NADH
Dehydrogenase 25 [V, ZA548L /K ff A1 431X 422 5 4t
123 72 AN ESEA IR, AAEIRAS TNGER AN ) 5K
f’) NADH Dehydrogenase subunit 6, {H{/5H /b & A
IR G HBA 1R BNy H0<<-160 5Lk, Has
SRR I T PR RSO CK IS/ EE LDH 1
VAT

SNTREL, X LDH. CK 4 it B F 1 i Sk
A 36 Fl, Mo, X LDH. CK 4 X455 $u = i)
YN PTIW (-198.76, -204.40) HyZEAk, HkR
AN IPTTW SERE (-195.61, -197.57), JF4IH
IACAW [FJZEfk (-190.26, -191.32), J#%A IQTPW
fFIZERK (-185.63, -180.93). 74k, 5 R 7 FiiE
HA KRG NG FSEO6 LDH. CK 5247
FoR Ay, JF H Ik B iR 2 1 5 k2 ICTH

(-161.94, -164.09), Fifa, =L F-FHEA T
NADH Dehydrogenase subunit 5 LLJ%fiff ] NADH
Dehydrogenase subunit 5, X 4 FiiE /KRG 15 2] T
JFHIICTH BIZERE, 5 I 3 IRINSEIA PTIW

(-198.76, -204.40). IQTPW (-185.63, -180.93).
QAVIY (-184.66, -168.75). ITAGY (-174.47, -175.59).
TR (-168.36, -172.36). TGTPF (-162.42, -177.74).

27 EFriR, 5 LDH. CK Xt s BBk
B2 MBS PTIW (-198.76, -204.40). HKJ5T
i, figfs, =3 NADH Dehydrogenase subunit
4, FITIUAL PTIW 5 LDH. CK Wb %2z fn
1. 2 fizn (2D 589/ LigPlot+ i EHIfE, FRAS:
V2.2; 3D 5t Pymol BAFHITE

Kl 1a 5K 1b 737l &7~ 7 LDH. CK 5 PTIW it
UL 73 X A . i E - 1c %0, LDH 5 PTIW
TERR T =X, Hodr, 78 LDH 2SR 751+ Arg270

(E#K 2.27,3.19)5 PTIW JERL T 2 XTEH#, 5 Ser256

(HR 3.20) TR T 1 ATEEE. thAh, F 14 Aa
BRI 2 5L T BiKIER 71, 4002 Argl72,
S04405. Arg270. Thri84. Pro183. Thrl84. Trp189.
Val271. Pro273. His272. Asp259. Asnl65. Serl68.
Alal69.

A, P 1d B7, CK 5 PTIW g T 4
X, 0 MR LR 7 ) 2 Leul93(2 X, fEEKC 2.87,
3.23), Arg292 (K 2.40), Argl30 (i 2.80). 12
ANFREEVS KBk Hefil, 73 A2 Glu23l. Aspl9s.
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Trp228. Arg236. 11e238. Met240. His296. His191. Pymol B Extefa g & 1048, nTLUOREREIF 51

Ser128. 11e188. Phe194. Arg132. PTIW 1R4FH83E N LDH. CK HISZAkLER T, 5
P 2a 5 2b 4l R T LDH. CK 5 PTIW 7E BRI SRR AL Y T R o FAHEAE R
a

S (A

4 c GBL Va7l
NE f o o So4d05
£, & A =
cB Lcp Y.
Serl68 & 5 T

o §\>'m“/ §§m273
330 Asp259 His272
, PC/ cp
Ala:f% AN
o En
Asn165

C
Ser256

PTIW-7EPM PTIW-110M

Hi5%¥ Non-ligand residues involved in hydrophobiccontact(s)
o Corresponding atoms involved in hydrophobic contact(s)

o—e Ligand bond

0—@ Non-ligand bond

@ -® Hydrogen bond and its length

(& 1 ZLB5 PTIWFN LDH, CK PRFHEGAIXTHEEI&AN 2D L4544
Fig.1 Docking image and 2D structure of oligofetal PTIW with lactate Dehydrogenase and creatine kinase enzymes
JE: ar FEPTIW 5 LDH Baast42 A%, b: ZR6 PTIW 5 CK Beagstia A%, ¢ RTF6 PTIW 5 LDH B455-69 2D 44
d: Z=EM PTIW 5 CK Bi:4-49 2D 44,

&2 FHa PTIWFILDH, CK FRFHERAYFTHEEIRAY 3D A& O%%
Fig.2 Oligofetal PTIW and lactate Dehydrogenase, creatine kinase two enzymes docking image of the 3D binding pocket
E: ar ATEMPTIW S LDH# 3D &40 48; b: ATEBPTIW S CK# 3D &40 %,

22 i N: BEIVEITT e NARING IR ) BRE sh B —E By

Behi DU AE B . 0 T HAR AN, H AT

221 EBEHREG R AREEVIFUHAE A B HERUEZE U, TRy
IBAE ST SR R T LR, 1982 4 A2 0,

5 1w [ PRI sh BV 2 2 WO S s 57 42— € X FF =, AW FOEI B IE RS L
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RES A AN RE B IIEAE, D =Y RS ZE DL
B H X AR () CRAP PR I HTE 3% 55 /N FiE P
FKo TEJEA H] mnEiashnt, AR A2,
WEIEACHTHE I, Mg AER. CK A=t .
M LDH M2 /=4 FLRA & i ocken, HAib
PIEARR AL LR s AT 5 RS AL RIS A R [ 528
e, G LDH 5 X 8 o R 2 A
BENA I R A A B . ASCE S,
I F M 125 NADH Dehydrogenase 25 [ 17k H %2
FKE LDH. CK #7418, Bie Lkt BAH)
il LDH. CK y& 7GR, AR B T35 T30
SRR PRI SEEG SR IR RS 55 D Re TS TR
PRI AEERTE 5 .
222 BREWEGHHRIM
K= A B AR A5 2 1) 2 KRR T NI B L

K, WEER NI I TheE, X—HLCEMa T
V2 B R FEF TR, IXRINEeME 2 Ik 3 ZoRE T3
kK %, BT HSEWSHRMZERM, Fit, A
AR RS Z MR, FlinprEimtE. &
PV BUPESE . UM . AR I R AT B I [ o O
AT I, LA 40 B N 7 14 45 (Reactive Oxygen
Species, ROS) 74z [ 3= B AN A A 1 HT HE4H g
2%, Zekifk DNA (mtDNA) %5185 ROS Ml 32
TN S JE A NADH it U & Z R, T4
R eERE, H2 ROS FEARM B A, ZRkifA
DNA % 15 4 i NADH il & B 1 7 AN 5 A7

(ND1-ND6, ND4L) P9, Merlo %:PY. |de 22,
Piruat 25 255004 25 P A JF R NADH it SR
A AEBEEAE TFFT, —EEENHLA AT DL 52w
mtDNA 235, AT NADH i S5 20 B 7 S
FORIE M RE AR R ZE LU ROS /S 14H234H
Hod5f5, SRkl NADH Bt Sl A prEtbimtt. 5
Ab, KPS Z IR S BAUEAENE, HAsE
Bo AR P L, R GRS R D8 G,
I W s R AT B 1 2 IR & R Y AN
His-Gly-Pro-Leu-Gly-Pro-Leu™, Hiafbid ki, B
TR A5 27056} 2 £ 22 Sk A0 B0 M S5 B0 55 1 3
1T WAL, KISRECH R Z IKEAPtElL. Puk
. Qian 5PV ST AT IG R (A 2 Ik IE B 20 Bt
— PR A TR IR, TR TS E LA R E .
PRI, S S Hb e 3k T F S URE AL 9k HS ok B £ 2k
NADH Dehydrogenase [T =2 1 1S PER PTIW (2
FEBZ 514 Pro-Thr-1le-Trp), A rl fe[ERE R E DT
AAIEYE, (HRAS AP SR,
223 MAZFAN IR

AWFFEIL T T oRIET 5 P NADH
Dehydrogenase [1] 7 MIEA, 3t 23 FiA RIS 1) &
H, K a8 4 RS 72 AN A ESE RS
WK, BAXGE R A SR 36 Fho o404
Y7£-180~-160 FISERLILA 31 A4N4r10h DQTW.
ESTSF. ETSW. GPDW. ICTH. IITR. ITSN. lITTM.
IPTM.ITAAY.ITAGY.ITASY.PAIIH.PAPY.PATVH.
PAVIH. PDPR. PEAW. PEGW. PTGTF. PTPY.
QAPSF. QAVIY. QTW. SETGW. TATW. TAVW.
TGTPF. VIQY. VISAW. VSGQY: X/ Hs7E
-200~-180 HIFEMILA 54>, 73419 IACAW. IPITW,
IQTPW. PESW. PTIW, Jrxf4e 5 $dm i i Ak &
PTIW. HRAE IR, GBI XGE =i A LR R 22
PF5r FEAE-180 F1J-160 2 [H], X4%1F4r-200 F1-180 4
B2, REERA NS T & H B AR ReE T
PRk, B REFHIEYMRINEE, 5 T miE g s
IhRE, HEREAIXS LDH. CK B FS e I 1)
AEPIEVERR, XSRS R 2R R KT RE A B
95 57 DHREME & R R (g Tt () B L U
224 FHHBKZF AN FK

23 FhAS[E) 454 ) NADH Dehydrogenase 5 (40,
KRG BISGER =R AN SEICA 36 Fitt 143 2K, H
o, ICTH 2 EE HILIREL (470 mEMSEIK, HIk
JEZEME PTIW. TR, IQTPW. ITAGY.QAVIY . TGTPF

(HEE I 30O, PLEEZIRECH 2 MISERK, 737
& PAPY. PAVIH. QTW. 7EHHLE & X0k &l
JIKH, QTW NEHR 3ANEEERIT VRIS SA 5
NIRRT SERRZ, A 6 T, 25l TR,
IQTPW. ITAGY. QAVIY. TGTPF. PAVIH; &F 4
MNRAFEIRIMZENL 3 F, 2742 ICTH. PTIW. PAPY.,
H R IIXGE R I SERER B, ARSI E
JRK A5 0] LAFS AR ) R SR A D SRR T 41, i B
IXHE LR (i S R ISR, &SR B
KA B E A%t

3 g

LDH 1 CK i&PERIMHIA Bh Ti22h i 57 Tk A,
HAEA BRI 57 5 AR BRI DR S . ASHFFEF
FTFEAUB K 5 PR E % W25 1) NADH
Dehydrogenase V.2, 153 1) /N1 5K 50 5l 595 57 7=
AFHSRH) LDH F CK PIFPEEEAT 70 X 8e, kg
2 AN ESER ISR, Fo, 5 LDH. CK ¥ EA#
SRR SERR L 36 b, X240 Hids v H B U
ZMFEMZ PTIW, BFFELE S R A i
EARIH LA HT R PuE 55 DhRe & a2
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