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S 7B G H 25T Wilson J iR Al
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HEX"? Fae"? H2H KKK F R OB B2

HWE HHW WEFZL73AF 5K Wison 5% (WD ) AR IFIE4R5e a9 dph4E R . ik Akie
AW (DL) NREAEFA, Fadm (TX) MRS AL, FeHa, FHEEARTLHIK
SHERM, 548 A, EFARMAAET L 0.9% fMER 02mL/ (10g-d), AFamm., FEkA
Fo T AR F BIAS AT I AR %R 02mL/ (10g-d), HEK 019/ (kg-d), FFE7Kk% ik
02mL/(10g-d) A HEMO019g/ (kg-d), #4#F 30 K, KAAIE, WEABEEFETFIK-R
%% (ICP-MS), HE & . #£4 w4, Fafsc ke % PCR, Western Blot kA= % 9% 20 2340 52 ik o im] &
2 R i FIAFAITIEAR S F . RERE ., KEABREN ., A THX AR RO ARAFER (LA)
g RART, R HEFAKER, BAMAMFRRRALSESH (ALT), RARRALSEHE (AST)
K, SLERBLEES (LDH), BAMYHEALHE (SOD) FHAAFAs4mAE 3 (P<0.05), I kg3
KRR, KHmiesoitd (P<0.01), ZEARGREE, ArTHALR mRNA, &A% G, AFit
&G LA ZEKFFH (P<0.05), —SFF8 4 Lk i (DLAT) —Rihfe itk 5% G 70 (HSP70)
KK E (P<0.01), HEA ML, X655 Ahik ALT. AST &K-F, LDH. SOD &M & AT 414248
A F T (P<0.05), MR G Rz, EEmidiEik (P<0.01), ZBEAWEMRE, MeT—miik
B mRNA., %k # 4 % & . lipDLAT. lipDBT. lipDLST. LA % ik K4 & (P<0.05), DLAT — %K F ¥
(P<0.05), 5 & FEmrbiz, I a#mib A Ema ALT, AST K -F FH% (P<0.05), 40404 % EK
(P<0.01), PDHB mRNA %% | ks % G . sLFBRALEG k75 (P<0.01, P<0.05), DLAT —% 4k,
HSP70 #i5 T (P<0.01), &it M2 ABEF Fh TSR T Lif LA 22X R G0 £E,
% WD BARFRE4RL =, A 2 F F et WD B A M B3 2 A .
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Inhibitory Effect of Gandou Decoction Combined with Penicillamine on Liver Cuproptosis in
Wilson Disease Model XU Le-wen' ?, DONG Jian-jian" >, GAO Man-li®, XU Chen-chen®, LI Bo?,
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of Neurology of Anhui University of Chinese Medicine, Hefei (230038 )

ABSTRACT Objective To investigate the inhibitory effect of Gandou Decoction combined with
penicillamine on cuproptosis in the liver of toxic milk ( TX ) mice, which serve as a model for Wilson's disease ( WD ).
Methods Using dilute lethal (DL ) mice as the normal control group, and TX mice were randomly divided
into the model group, Gandou Decoction group, penicillamine group, and Gandou Decoction combined with
penicillamine group, with 8 mice in each group. The normal control group and the model group were given 0.2 mL/
10g™" - d” of 0.9% NaCl solution, while the Gandou Decoction group, penicillamine group and Gandou Decoction
combined with penicillamine group were separately given 0.2 mL - 10 g” - d” of Gandou Decoction, penicillamine
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0.1g - kg" - d" and Gandou Decoction 0.2 mL - 10 g" - d”' combined with penicillamine 0.1 g - kg™ - d” by gavage
for 30 consecutive days. Biochemical methods, inductively coupled plasma mass spectrometry ( ICP-MS ), HE
staining, transmission electron microscopy, real-time quantitative PCR, Western Blot and immunohistochemistry
were used to determine the serological indexes and hepatic copper content, pathological changes, mitochondrial
ultrastructure, cuproptosis-related genes and proteins, and the expression level of lipoic acid (LA ) in each
group of mice. Results Compared with the control group, the model group exhibited elevated serum ALT and
AST levels, LDH and SOD activities, and hepatic tissue copper content ( P<0.05) . Additionally, the model
group showed localized fragmentary necrosis of the liver, an increased number of inflammatory cells ( £<0.01 ),
significant mitochondrial damage, decreased expression levels of cuproptosis-related genes mRNA, iron-sulfur
cluster proteins, thioctanoylated proteins, and LA(P<0.05) . Furthermore, the expression levels of dihydrolipoic
acid transacetylase ( DLAT ) dimer and heat shock protein 70 ( HSP70 ) increased ( P<0.01 ) . Compared with the
model group, the treatment groups exhibited a decrease in serum alanine aminotransferase ( ALT ) and aspartate
aminotransferase ( AST) levels, lactate dehydrogenase ( LDH ) and superoxide dismutase ( SOD ) activities,
as well as hepatic tissue copper content ( P<0.05) . Additionally, there was a reduction in hepatic pathological
injury and a decrease in the number of inflammatory cells ( P<0.01 ) . Moreover, the mitochondrial structure was
restored, and there was an elevation in the expression levels of cuproptosis-related genes, lipDLAT, lipDBT,
lipDLST, thioredoxin, and LA mRNA (P<0.05) . Conversely, the expression levels of DLAT dimer decreased
(P<0.05) .Compared with the penicillamine group, the levels of ALT and AST decreased in the Gandou Decoction
combined with penicillamine group ( P<0.05 ), the copper content in liver tissue decreased (P<0.01), the mRNA
expression of PDHB, iron-sulfur cluster protein and lipoylated protein increased ( P<0.01, P<0.05), and the
expressions of DLAT dimer and HSP70 decreased (P<0.01) . Conclusions The combination of Gandou
Decoction and penicillamine demonstrates enhanced copper excretion and increased expression of LA pathway-related
proteins, leading to the mitigation of hepatic cuproptosis in a WD model. Furthermore, Gandou Decoction exhibits an
auxiliary potentiating effect when used in conjunction with penicillamine for the treatment of WD.

KEYWORDS Wilson disease; Cuproptosis; Gandou Decoction; penicillamine; integrative medicine;
Chinese herbal compound

Wilson % ( Wilson disease, WD) X FRHFEAR  HAHEH, 8 EHAG 06 M0 . (22 -5 D se %k 2 97

¥ 725 1% ( hepatolenticular degeneration, HLD ), J&
Hilfs iz ATPTB LK 28748 S 801 Y o R B ast 4 Pk
BACEEEE I, L I R ERAE A 54 . P2k
REAR . AR K-F BREE T R4 0 b e B 17 3 B
ATP7B FEAEFNE Rk, S & 04 5a 2 i i
HEM = RSN, g B Hfa S PR EROER 2,
TSR IR, AR P I A ] 5 =R IR A B b
WAL AR AR m 255 P BOLSE R, SEmiEEn etk
)5 | e 28 B PR L BN AERE T, SRR 1 20 A 5t
T A MHIZET P HABET AT B WD AR
VS5 ) = ZLR EAL

WD &/ T iA T g i 2 —, AT R
AT 1 4 JEAS A VIR TR T R A i B IRIT
Jrik, BRI 30% 1 A 0P AN | s ) T 45
2 47,0 4 70 4F AR, MR Hi 4t R G0
o EEHEIE, A T T R SO R RN 3 v 2 T
S, AN RN /NSRRI HE R R iyt

¥ IRPRBEIE R, T B 4 A RN T RCR
TR FHVEGIRIT , REARUFRAR WD g iR
FET I, AT R AR I GBS T A
FETHY TN, 0T E B AT X WD AR
4475 (toxic milk, TX) /N B IE A9 PRAP 800 AL
RTINS RIOVARINIZYT Jr 4

M5 7%

1 LR E SRRSO (dilute
lethal, DL) /NEL8 H, 45 M TX /MR 32 H,
P, 2~3 %, 1A 20~25 g, DL /INEFT TX F R
[ Jackson L EHULAIHE, BHEETE TREPE
RISy, BRI 24~26 C, HXE
JE'45%~55%, {REREAG 12 h 6iR, AbSEes ik
Ko SEEEPERFIES : SYXK () 2048-005,
B RS . 3198342; 57 4 2B 5 2K 22 5L 1 o
YIHE IS b 23t i (No.AHUCM-mouse-2022025 ).
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2 24y MEmdlk: K& (W) 20g &
5 (fgt)24g ¥ (PU)I[)20g A8 ()7
R)24g Fw (WI)20g =k (mF)3g (4
T 23 A B B2 R e 2E s BT, R
LR B2 KA 2y B AR I AR 2 € ). el
LR R 25 R 2E P 2 I B R, A ZE IR K
1000 mL, 2130 min J5, KAEE, FHK
HIZ 30 min, 20 i8fa R8I 250, kb o
AZEME/K 1000 mL, A BIEREGIE. ISR
KR WA FF, VISCKE R 2 150 mL, FFF
A 10 min A K# (B4 259 F 0.1875 g/mL ).
AATIRZT, WHIGTAET 4 Cukf. F8hk (1
i E2E R A FRA W], 41t 601220802 ),

3 FEEH MALE PiRIRE & 1 70 (heat
shock protein 70, HSP70) ik ( sy 24 R4 W)
RHEA A, 5. GB11241) 5 Hii ¥k (lipoic
acid, LA) ik, gk & ik & 1 1 (ferredoxint,
FDX1) ¥i #& ( ¥ [& Abcam /A #l, #tt 5 2> % A
ab58724, ab108257 ) ; i — &l fi + MR % £ W 5L il
( dihydrolipoyl S-acetyltransferase, DLAT ) #iffk ( 2
Cell Signaling Technology /A 7], 5. 12362 ) ;
W2 & G (lipoic acid synthetase, LIAS) $ifk
( £ [H Proteintech 4w, it*5: 11577-1-AP ) ; 7020
2 A8 AP H A H 37/ Al; NexION 350
D AU iy B A % 3 TR B (inductively coupled
plasma mass spectrometry, ICP-MS) {¥. 3£
PerkinElmer /7 ; Power Pac Basic B IKAY : 35 [H
fASR/A T ; Fine Do X6 Kl4: H shik2f & U 0 &
4. L RAERHE A FR/A ] ; CFX Connect %46 2
PCR 1 EREMARAT] .

4 W g LLDL/NECHIER 4, DU
afi A TX /NEAE R Wilison et Bz, BEHLA K
BRI | A HERA . N EGE SR,
S AL TSR, B S REAIER 5 H A
DR A A AR B R A, DMRIEHAR RS S R 5
2, SN, WA 2 S EERIGIR
TR SN S ARG RS R B B3 R 8
B, WEARITARMEE R, IR AR
HTFLL0.9% FAbéhiEw 02 mL/ (10 g - d), &
WA HREMRARN A E R BT UG
IR 02 mL/ (10g-d), HEHZ 0.1g/ (kg-d),
IF 5 g 46 W 0.2 mL/ (109~ d) Bk & % I
0.1.9/ (kg - d), Y TIGKRAHFER 95, T8
H15: 00 ELEHEH 30 K. RIS G, 1% KE LT

TR/, R SR, BUFFH L TR

5 KailldEds Ky ik

5.0 I A= A A /I B2 e S S8 Ak e
bro M FshPKEUM 300~400 wL, £l FEE T
2 h, FEEE.CHL3 500 r/min .0 15 min JFEL LT .
it 7020 4 [ 3 A Ak A AT AR i 3 D RE R R TN
AMRBEL W (alanine aminotransferase, ALT ).
KA RMRAIL % E (aspartate aminotransferase,
AST) FEAL 4 Ts bl A e fL I ( superoxide
dismutase, SOD ). Z. i & [ (lactate dehydro-
genase, LDH ),

5.2 ICP-MS LA/ NEUFHE TR & it
rn RO T A - R4S 8 /N 60 mg 2247 HFIEZH 2
FXFHAATRE AR . A 6 mbL IRASER, Fuii 4
AR IIHE . B WE RN SEUE TR
fift THMEEHIS, I 130 THIHERZ 20 min, 1§
FEARR NG T 20 5 RE, ALK . AR IS,
TR, MREO TR T AT RN S &

5.3 HE ZJ& kg I /Iy U RS B~ 00 AE R
A B3 HUNRUF IR 2, Ay R, BEER
6~8 pwm, Wil EKE, RUGHTHRARRYE ., et
yeta, WOKEREEET x 200 WAL/ NHES &R 5E
B OFARIEE S 5HEY), JRERIER. B—HEA
PIBERLIE RS 5 A HLEF N Image J #0017 R M40 it
T

5.4 i P I TR LSS T 2 21 4k AR
gk BT mm® 24 KO NIFIEALZY, BT S R
i 2 W T E 12 h Js, EK, TR 812 AL | =
1143, Rk, HEDI AL 60~80 nm DI,
3% M B Bl - MR R A WL G 8, BT HLBE x 1 500,
x 600 il x 12 000 54 F W%, k.

5.5 SZIUOGE R PCR AN 4%4H /N BU£H 2
HARET- A JE 3L LIAS, FDX1, DLAT. 4Bk
Ji = ( dihydrolipoic acid dehydrogenase, DAD ),
AR E1 W& B ( pyruvate dehydrogenase
E1 subunit beta, PDHB). 7 Fil & il & i o1
( pyruvate dehydrogenase o1, PDHA1) [ 3&ikK
B RNA H2UG R RNA M B K 4l i, 6 e B
1A RNA fi B2 200 ng/p L. it f2 % sl &
B RNA S 58 cDNA, iR F&: 20 pL, w4k
#. 25 C, 5min, 42.%¢, 30 min, 85 C, 58, T
PG R PCR A LSS 1 . 45 RALEE . LIGAPDH
YERNZ, #°2CUHETHE H YRR MR LR, 5
PIF L2 1
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x1 519F5
BEHEZFR 5I9FS) (5 -87) 3B (bp)
LIAS Ll CGTTAAGACCGCAAGAAATCC 122
“Fifif CCACATCATCTCGATCCACC
FDX1  [iif ACAGACAGGAACCTGGAAGACC 132
Tl GAGACAATCTGTATGGGGTGGTT
DLAT it TCACAGACATCCCCATCAGCA 136

i TTAAGTTCCTTCCGTACCAACAG
DLD i TAGAGAAGATGATGGAGCAGAAGCA 173
Tif TTTGGTATCAATAACCTGAGTGCTG

PDHB  Lji¥ AAGAAGTTGCCCAGTATGACGGT 184
T it GCTTGCATAGAGAAATTGAAGGTCA

PDHA1 _Ljif ACCAGAGAGGATGGGCTCAAGT 173
it AGGTGGTCCGTAGGGTTTATGC

GAPDH [-}if CCTCGTCCCGTAGACAAAATG 133

Tt TGAGGTCAATGAAGGGGTCGT

5.6 Western Blot 72546 Il 4541 /)N B 2H 2140 4t
ToAHDGEE I ERIA/KF FREUIIEZHZ 50 mg, finA
495 p L RIPA Z24#W M 5 wL PMSF ¥, Foor-iFEs
J&, UK EFRRAZYE 30 min, 4 °C 13 000 r/min, &
L 30 min JFEEE, IMAEA LHEZ W, 100 C
LB 8 min, FEATEHT -20 Tk, Hl4 12% B
P TR BE e, MUKk, B, B, s Bm ARt
GAPDH. LIAS, FDX1, SDHB. LA £ 7 [ it 14 il
Bt DLAT ZsabEdiil, R VvemE, 45l A B
A EERRIC L AP 19G AR i A L B il
WEHNER 1gG 15 F 1.5 h, BEME, SEmt. M
Image J 3o prEE, THEREEA

5.7 B LUL AP AN A4/ N B2 LA 1
FhKF AR 3 FUNRIFEALZ, JEFTI
KL EE . A, YR AR T R K
PR, TN 3% i AL A =R E 10 min,
PBS ¥k 3 ¥k, LA B = i A 10 ming —
bt 4 CidwE, PBS 3k, —HIEEMF 30 min,
PBS ¥t 3 ¥k, DBA a5 FWEE 3~10 min, Z -
eft, KEIEHRAREEYL, BikE R, W% FHmR
RERG . H—FEARHEHLEES: 5 A PLEF N Image
J AR 0% B, A & A/ BRI R 4L 20
LA [ R35KF .

6 SiiteEdry:  SRA SPSS 23.0 Siitdk il
Gt b, AL R X + s Foom, MR
FFEIES AR, Z AR ECR R R 2= 7
2557 M 4 18 WA EL 3R FH Bonferroni K 55, #7 AN
FFRIESAN, ZHARBEZ RN Kruskal-
Wallis H #: F1 5%, % Nemenyi #4175 )5 75481,

Pl «=0.05 1E K56 K ifE, P<0.05 N2 RA5 1T

#H R

1 H4U/NEUFDIRE S B AL R s br e (1)
HIEwA e, BAIALME ALT, AST /K-, LDH,
SOD M THE (P<0.01, P<0.05), SHiRIZ [k,
JH .74 LDH & PE T B (P<0.05), %5 M4 ALT
KF-LAK LDH, SOD it Tk (P<0.01, P<0.05),
W 7B B0 ALT . AST JKF#1 LDH, SOD
TEPE T (P<0.01, P<0.05), SAF G A4 i, BF
T Bk T B M4 ALT . AST /K SF #il LDH, SOD
T PR A AW AR B B AR (P<0.01, P<0.05), 5
R M R, WA IR T 41 ALT . AST JKF T %
(P<0.05),

ALT(U/L)

2000

- oy
5 E
I 1500 2
= L #
He fries
1000 5=

= a
S AN N o
500 48 7]

0
C & & & ¥
¥ S Qoo"qo
&

e A AU ALT K HL#; B 4541/ UL AST 7K
FEH; C A 4H/NEULTE LDH TE 1 LA s D 44/ Ry SOD
PEHLES; NC HIEHR 41, MOD M#ifigl, GDD MiFEi#n4l, PCA N
M4, GDD+PCA NIF Gz A E a4l 1 2~6 i) SIEHR 4,
*P<0.05, **P<0.01; SHEI LA, ©P<0.05, “*P<0.01; ST &%
ZHILH, *P<0.05, **P<0.01; 5E&EMA IR, ©P<0.05; n=8

5 I I AN Pt 9 &= R A A € [ iy m

2 HKHNRIFHLWTR S ELE (K 2)
H5IE® A g, SATH /DR FHSH S TS
(P<0.01), SR e, 75 8 M4/ U 2H 24
FEREIL (P<0.05), N SimBA T B /N U4
AU L (P<0.01), S, Fos
A B/ N U 2340 & I (P<0.05);

3 HA/NRNEARRE RS R e (K 3)IE w4
NI/ INTF 25 5888, IFAE S IE S, MoK,
P g g Jhk Sk e 1) S8 RO IR P RS . A2 )
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FE: 5 OE W 41 L B, P<0.01; 5B R 41 b #E, “ P<0.05,

42 P<0.01; 5FE 74 E:, *P<0.05; n=8
B2 SNPGRS

AT WLAE A RIRIE, KiE KRR, AL ] W,
TR, S5IERE AR, RAELMET
(P<0.01), 74 S5EGRMHMN MM,
Bt R, SRR, NSRRIk, Rtk
YRR (P<0.01), JHifiA I RiksE ., o

Ko T R MU A S I R RS e 5, S
Fe, SRR B S 4N R e A e — 2D UG

8

kAN S (cellsimm?)
N s ®

Vs B ST AT IR FORERAE s 5 IE 4L R, "P<0.01; 15
FETIZH g, “© P<0.01
B3 A4UNEUFIR SR e (HE, x 200)

4 BN RUFIEZOR AR S Lo (181 4)
TEH 4/ BUIFIE SR A5 I 5 RS 2ok OB 25
KL, A, D, BRI, SRR

NC MOD

e TR

B itk
&2 &2

GDD

ALK B PRk h 5 -
X6 000, FATEIA MR Hcd x 12 000, FAFEIH 4 L

E4 %zﬂzjé%ﬂ&zﬁ*mmﬁzm A

Fbd, FRyr kiR i, B a G 5%
Jre LR P ek f oy BH

5 4L/ BRI R B0 T AH O 3 R R G8 t E
(K5) HIEW4IE:, A4 LIAS, FDX1, DLAT,
DLD. PDHB. PDHA1 mRNA % i5 T & (P<0.05,
P<0.01), S5#HH LH, IS LIAS, FDX1,
PDHA1, PDHB mRNA % ik 7+ & (P<0.05), # %
JHe 20 e i WL Bk A B4 LIAS. FDX1. DLAT.
DLD. PDHA1 mRNA ik Tt (P<0.01, P<0.05).
S5 EHda i, WEmks s %4l FDX1, DLD
mRNA FATHE (P<0.05)., SHEEMA L, I
A T T e 2H PDHB mRNA #ikF4E5 (P<0.05 ),

6 HA/NEMETHCEARBILEK (K6)
5 IE R 41 tde, AR 41k % B 11 LIAS . FDX1,
SDHB, #i It 4k # 11 lipDLAT . lipDBT. lipDLST.
lipGCSH, LA % ik T % (P<0.01, P<0.05), DLAT
TRIR A 5L HSP70 % 1k TH R (P<0.01),
BB g, KR 9T 4L B 7% 5 . lipDLAT .
lipDBT. lipDLST. LA 5 it Ft & (P<0.01), DLAT
TRIETR (P<0.05), SHFEd®, e
B¢ & 7 % M 41 LIAS, SDHB. lipDBT. lipDLST,
lipGCSH # ik (P<0.01), DLAT ik EILT
B (P<0.01). SHEMALLE, Fonbks s e
HPRBRE N BB E A FRETHE (P<0.01),
DLAT /A&, HSP70 #£iA F[% (P<0.01).

Wit

iV 22 SRR T Y B R T, 40 SOD. 4i il
0, Z %A 1L ( cytochrome ¢ oxidase, CCO ). 4
% 11 (ceruloplasmin, CP). #fi % [t % 1L i (lysyl
oxidase, LOX) 4%, S5 fCf. it 2R

GDD+PCA
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A WA/ LIAS mRNA 3235 1A B 4540/ FDX1 mRNA ik He#e; C 4540 /)N B, DLAT mRNA ik H
D 45 2H/NE DLA mRNA ZEik V5 E 441/ PDHAT mRNA 35 1AL 5 F 441/ PDHB mRNA 323k 108 5 iE# 4 LR,
*P<0.05, **P<0.01; S LEE, ©P<0.05, ““P<0.01; STz e, *P<0.05; SHE&MALE:, ©P<0.05; n=3

5 FUA/NEUITHLRSET AR CEE R mRNA ik AL

AR I B T SR AR R AT B DT R,
(H )i A4 R e b 1, T R S
UREAET-RIMLE], RS A DT LA, LSS S
HIJAT- . caspase AEMKHPEAIMIAET . B IGEAM
A AIIHNZ & - EAEHA RS ", 2K Tsvetkov P
2 PR THISET X — B st 2, HAIA S
ATEE R W RTE WD B9 R AR TX /N A AR
W, SERR R L S BRI A G I RARR G, 5
AT A0 T A B R R IE A A, (E R X TX
/NI S4BT 2 18] e R AT R G 9T . A
S EE R R, WD B TX /N U o 4 n]
SRR BB B R 45 A IR SR, IRl
PR AR B, DAL PR IR K AT RE I RS
BB, W FEOF AT ke, R
A — & HER VR F BT 3 R B A 0 5 BRI R
TX /N IEARSET -], s, $niise
T AT RESE WD JHH545 1A% O BRI

B F Tk Ak A2 — i B R <7 1Y) 960 2 R 2 )
PE T, 3 A P P B L TR A W I ) 2 P
fRf % L, e Mt M Ee Ra
DLAT. DBT “DLST #1 GCSH, Jf HZR 2 7 R i A
ARG E A A T EE A GRS, X AN A RS
BT BT R A B B E T LIAS J& T4
FAVLIAS 55, AL L8185 BUR 3 R 1Y) B Jg ==
AT MR LIAS sHEL 15 IR F FDXA ISR

BELUST LA A B, AT A S BEAL 8 ik 0 A
FERI, BRIV /N LA @240 56 B9 3£ A 2L & PDH
2 ARFIEHEN mRNA 235 R, fiy Bk iz
FH T LIAS. FDX1 &E ik, LA LEEmiL
FEHERIBKE TR, Hit, ZEHENHZET - HHHL
Tl BR AR F IE A A 1 5 SR AR T o8 A i 1 o g R 4
DA ) 28 o B SR B AR P 2 b LA B s AR b
i = 2B BELE Bk, 115 PDH 25140
R IEE M ARTIRE, BIRZORARRE AR AT
S 2 B 5, FT BE R WD AR AR AE T 09 S B ML
Z—
F 20 fitad 70 4R LK, iR REL S KINM
AR, LM ZE WD B B rw O s HEk
BRI HAEERAER, 455 (NG)
iz Ao b, WE T “HEIRE, BET
W27, I WD LA R N 3, IR AN Z, TF
B PRI LA T S ", Hils A SRk
84.2% ", ST LA HES AR HRE T N
WEmR . H R M EVEIRYT, A MFIL 93.06%,
REME E WD 35 HFI AL I IE D RE A i, 42 s AR
LIS R O IRBERRS P TS L BT S ]
i 55 ATP7 B H M@ 3 T 5 Il e JR SE AR )k
ST R A HEEE T, DAk ERAYT WDBIRR .
IR PGS B, T s 2 oLl i 5
6 7 ] JH A 1 E2 A 52 K F 2 ¢huclear factor
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A NC PCA GDD+PCA
- s D e
—_— = ‘42 kD

LIAS‘ — — -

FDXI‘ a a» O & -‘mko
SDHB‘-----‘ssz
GAPDH‘-----‘%kD .

MOD GDD

w

m N\C
m= MOD
= GDD
0O PCA
4 E GDD+PCA

~

B #% 55 HIGAPDH

LIAS FDX1 SDHB
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