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6:2 A EF LM ARL £ (6:2 CI-PFESA, F-53B) & —Fiiilis udy, fEMEEh 204, AT
PR IR R S it ok, (H F-53B BB ERINLE] MR 8. AHE TS IR TT F-53B
XA Re E AR IR, H SR T V-ATPase-AMPK 15 S5l UA/EH, N F-53B B4
PR B P fe B AR o
T
fH F-53B (0. 2.5, 5.0 A1 10.0 uMD AEF/NRETEILBT4H (mouse astrocytes, C8-D1A) Fl
N REAH iR 41 i Chuman neuroblastoma cells, SH-SYSY) , RSP LaEfEAl, @id CCK-8 £
e PG I AR IEGEAR I ATP /KF. Mito-Tracker Green Fl MitoSOX Red R &1l 28 Fif A4 7%
45 (mitochondrial ROS, mROS) & &5 JC-1 $REHH I 2 R 44 ik H1.£7 ( mitochondrial membrane potential,
MMP) o T EART IR 2 A ARG 1 . BRI )% 1A I V-ATPase i& 14 . LysoSensor™ Yellow/Blue
DND-160 (PDMPO) 41 #MlVARFA pH: Lyso-Tracker Red 1 Fluo-3AM 44 H6 v B 1445 55 1
(Ca?) . BT HEENE: (western blotting, WB) Kl iABEAAH < AW H-ATP f§ B2 Wit
(ATPase H* transporting V1 subunit B2, V-ATPase B2) [} 52 /4 FLALIEE K5 85 7 1 (transient receptor
potential mucolipin 1, TRPMLI1)  ABERES 2 1940 HE@ 85 /85 U8 B A0 1 25 1 B i 2
(calcium/calmodulin dependent protein kinase kinase 2, CaMKK2) . & 71 & AR IR IG5 3
fifg CAMP-activated protein kinase, AMPK) J HA# 14 % 2\ (phosphorylated AMP-activated protein kinase,
p-AMPK) . it NADH i EE¢ Fe-S 28 1 (NADH dehydrogenase (ubiquinone) Fe-S protein,
NDUFS1) W B fiff O B8 85 11 6- T I SR W -2- B g/ SR W -2, 6- W& B 3 (6-phosphofructo-2-
kinase/fructose-2, 6-biphosphatase 3, PFKFB3) K&K -, b4, 1/ V-ATPase B2 i F ik I &4
BUZHL 48 h, F-53B 435 24 h M 7 FHUEA, JEid WB A IAB AR E E (V-ATPase B2,
TRPMLI1. CaMKK2) K p-AMPK #& 31k ; REFRMNARHA pH Ml Ca2t & & FRICAvki il v-
ATPase it WK IEIER I ATP K. flHH A (resveratrol, RSV) THALHEANNI 2 h, F-53B
JeRf 24 h AL A TR, dlid WB AR R ACEASCER A (p-AMPK.. NDUFS1 Al PFKFB3)
ik REMGI mROS M MMP; AR I B 2 A AR e E s A2 AOGIERI ATP /K-
ghR.
1. F-53B #:55 SEM NG 1 R SxTIRAIAHLL, C8-D1A Fl SH-SYSY 41fE 10.0 uM F-53B
AN VI TR (P < 0.05) o
2. F-53B # & S HM AL R 100 K ATP & &b SxHRAAMLE, C8-D1A Al SH-SY5Y
41 10.0 uyM F-53B 20 mROS & B (P < 0.05) . S5xtHEAML, PRI 10.0 WM F-53B
H MMP BEFFE (P < 0.05) o S5XREAMLL, PIF4IH 10.0 uM F-53B 241 ATP /KF- 2B (P



< 0.05) .

3. F-53B BEMHI LM AMPK F#GE I se &AW : SXTRRZA AL, C8-D1A F1 SH-SYSY
4 10.0 YM F-53B 41 p-AMPK. NDUFS1. PFKFB3 & HRE/KFEEFERMK (P < 0.05) . H5X&
HAHEL, PAFPZHAL 10.0 uM F-53B HIFIREE S A48 T SR E AL (P < 0.05) &

4. F-53B i TH P & 20 M IS B pH 0D i B ik Ca2 B SXTHRZHAHLEL, C8-D1A Fi SH-
SY5Y ZHffl 10.0 M F-53B 4 V-ATPase B2. TRPMLI1 F1 CaMKK2 & [#E XK FEERI (P <
0.05) o SXFTHEZHALL, PIAAIM 10.0 uM F-53B 41 V-ATPase i 14 2 K (P < 0.05) . 5XfH&
AL, PFRIA 10.0 uM F-53B 4LIEEHA pH BE 5 (P < 0.05) o SxTHB4AHL, FFglig
10.0 uM F-53B AN Ca2 S & B EH I (P < 0.05) .

5. V-ATPase B2 i R IA VK & 441 IR TR pH FIVABEIA Ca2 Bl 525#+10.0 yM F-53B ZHAH
tt, C8-D1A 1 SH-SYSY #fiffl V-ATPase B2 id#iA+10.0 uM F-53B 4 V-ATPase B2. TRPMLI Fl
CaMKK2 HHAFKIERET R (P < 0.05) . 528+10.0 uM F-53B 4L, #FPIHI V-ATPase B2
1 FIE+10.0 uM F-53B 2 V-ATPase iR ETHE (P < 0.05) o 5%%+10.0 uM F-53B A AL,
PIFh 4 V-ATPase B2 i % 1A5+10.0 uM F-53B 4 1A pH B E K (P < 0.05) « 57F#+10.0 uM
F-53B 41, Pifh4iifl V-ATPase B2 il %&i%+10.0 uM F-53B 4LiEBHA Ca2* & HFFE (P < 0.05) .

6. V-ATPase B2 iIRIAKEMZA4NE AMPK 51 & ATP & &: 52%+10.0 M F-53B 414
kb, C8-DI1A il SH-SYSY 4iffl p-AMPK & HRIEKFEZEFE (P < 0.05) . 5%#3+10.0 uM F-
53B 41AHLL, WRPYEM V-ATPase B2 id#ik+10.0 uM F-53B 4iERHAN Ca> S EEFH D (P <
0.05) . 5734+10.0 uM F-53B 41AHLL, PMAML ATP KFRE AR (P < 0.05) .

7. RSV K E M A4 M AMPK BB0E A sE =4 %1% 5 10.0 WM F-53B 4 AHLL, C8-D1A Fil SH-
SYSY 4flfiid RSV+10.0 uM F-53B 21 p-AMPK.NDUFS1.PFKFB3 & H# A /KT EEZ &P < 0.05),
510.0 uM F-53B ZLAHEL, PRI RSV+10.0 pM F-53B 4I5S TSR E T (P <
0.05) .

8. RSV kB #h & A2 b A ThfE I ATP & &: 5 10.0 yM F-53B ALk, C8-D1A il SH-SY5Y
4l RSV+10.0 uM F-53B 4 mROS K FFEK (P < 0.05) . 5 10.0 uM F-53B 4LAHLL, P4
RSV+10.0 uM F-53B 44 MMP F+& (P < 0.05) « 5 10.0 yM F-53B ZHAH LK, PiFh4ife RSV+10.0 uM
F-53B H ATP /KR #EThm (P < 0.05) .

ZEi8
F-53B il id #lifil] V-ATPase-AMPK 15 ‘5 4l LA R 10 i B4R « bR s, e ul K44 i ge &
UL, ATP &2/ . B V-ATPase e 11 EIA pH 1 Ca>Fa s, it AMPK 1k, Pk

2 ATP % &. RSV B HEE AMPK FIPk B e bifhkIhRE, ARG T ATP FIFFK. XL RN T
B VAT F-53B SR 55 PEFR AL T 5 iY SRS A LG
KA. F-53B; #H&LEE; V-ATPase-AMPK 5 %h; fes/Cigt



Abstract

Objective:

6: 2-chloroperfluorooctane ether sulfonate (6:2 C1 PFESA, F-53B) is anovel pollutant widely distributed
in the environment. Epidemiological evidence suggests that its exposure is associated with nerve damage,
but its neurotoxic mechanism is not yet clear. The aim of this study is to investigate the effect of F-53B on
neuronal energy metabolism, with a focus on the regulatory role of the V-ATPase-AMPK signaling axis,
providing a theoretical basis for the prevention and control of F-53B induced neurotoxicity.

Methods:

Mouse astrocytes (C8-D1A) and human neuroblastoma cells (SH-SY5Y) were treated with F-53B (0,
2.5,5.0,and 10.0 uM F-53B) to construct the infection model. Cell viability was measured by CCK-8 assay.
The levels of mitochondrial reactive oxygen species (mROS) were detected by Mito-Tracker Green and
MitoSOX Red. The mitochondrial membrane potential (MMP) was detected by JC-1. Microassay was used
to detect the activity of respiratory chain complex I. Enzyme linked immunosorbent assay was used to detect
V-ATPase activity. LysoSensor™ Yellow/Blue DND-160 (PDMPO) was used to detect lysosomal pH. Lyso-
Tracker Red and Fluo-3AM were used to detect lysosomal Ca?* level. Western blotting (WB) was used to
detect the expression levels of lysosomal associated protein vacuolar H*-ATPase B2 subunit (V-ATPase B2),
transient receptor potential mucolipin 1 (TRPMLI1) and lysosomal Ca?" efflux via calcium/calmodulin
dependent protein kinase kinase 2 (CaMKK2), the energy-related protein AMP-activated protein kinase
(AMPK) and its phosphorylated form (p-AMPK), NADH dehydrogenase (ubiquinone) Fe-S protein 1
(NDUFS1) and the key glycolytic protein 6-phosphofructo-2-kinase/fructose-2, 6-biphosphatase 3
(PFKFB3). In addition, a molecular intervention model was constructed by treating cells with adenovirus
overexpressing V-ATPase B2 for 48 hours and F-53B for 24 hours. The expression of lysosome related
proteins (V-ATPase B2, TRPML1, CaMKK?2) and AMPK pathway proteins was detected by WB. Probe
detection of lysosome pH and Ca?* levels. Enzyme linked immunosorbent assay was used to detect V-ATPase
activity. Chemiluminescence method was used to detect ATP levels. A chemical intervention model was
constructed by pre-treating cells with resveratrol (RSV) for 2 hours and exposing them to F-53B for 24 hours.
The expression of energy metabolism related proteins (p-AMPK, NDUFS1 and PFKFB3) was detected by
WB. Probe detection of mROS and MMP; Microassay detection of respiratory chain complex I activity;
Chemiluminescence method was used to detect ATP levels.

Results:
1. F-53B exposure resulted in decreased nerve cell viability: Compared with the control group, the cell

viability of C8-D1A and SH-SYSY cell treated with10.0 uM F-53B was significantly decreased (P < 0.05).



2. F-53B exposure caused mitochondrial damage and decreased ATP levels of nerve cells: Compared
with the control group, the mROS levels in 10.0 uM F-53B group of C8-D1A and SH-SYSY cells were
significantly increased (P < 0.05). Compared with the control group, MMP in 10.0 pM F-53B group of two
kinds of cells was significantly decreased (P < 0.05). Compared with the control group, the ATP levels in the
10.0 uM F-53B group of two kinds of cells were significantly decreased (P < 0.05).

3. F-53B exposure inhibited AMPK activation and energy metabolism pathway of nerve cells:
Compared with the control group, the expression levels of p-AMPK, NDUFS1 and PFKFB3 in 10.0 uM F-
53B group of C8-D1A and SH-SYS5Y cells were significantly decreased (P < 0.05). Compared with the
control group, the activity of respiratory chain complex I in 10.0 pM F-53B group of two kinds of cells was
significantly decreased (P < 0.05).

4. F-53B exposure increased lysosomal pH and decreased lysosomal Ca?" release in nerve cells:
Compared with the control group, the expression levels of V-ATPase B2, TRPMLI and CaMKK?2 in 10.0
uM F-53B group of C8-D1A and SH-SYS5Y cells were significantly decreased (P < 0.05). Compared with
the control group, the V-ATPase activity in 10.0 uM F-53B group of two kinds of cells was significantly
decreased (P < 0.05). Compared with the control group, the lysosomal pH of 10.0 uM F-53B group was
significantly increased (P < 0.05). Compared with the control group, the Ca?" content of lysozyme in 10.0
uM F-53B group was significantly increased (P < 0.05).

5. Overexpression of V-ATPase B2 restored lysosomal pH and lysosomal Ca2* release in nerve cells:
Compared with Ad-null+10.0 uM F-53B, Ad-V-ATPase B2+10.0 uM F-53B group in C8-D1A and SH-
SYSY cells, V-ATPase B2, TRPML1, CaMKK?2 protein expressions were significantly increased (P < 0.05).
Compared with Ad-null+10.0 uM F-53B group, the activity of Ad-V-ATPase B2+10.0 uM F-53B group in
two kinds of cells was significantly increased (P < 0.05). Compared with that of Ad-null+10.0 uM F-53B
group, the lysosomal pH of Ad-V-ATPase B2+10.0 pM F-53B group was significantly decreased (P <0.05).
Compared with Ad-null+10.0 puM F-53B group the lysosomal Ca?' levels decreased in Ad-V-ATPase
B2+10.0 uM F-53B group (P < 0.05).

6. Overexpression of V-ATPase B2 restored AMPK activity and ATP levels in nerve cells: Compared
with Ad-null+10.0 uM F-53B group, p-AMPK protein expression in C8-D1A and SH-SY5Y cells was
significantly increased (P < 0.05). Compared with Ad-null+10.0 uM F-53B group, the Ca*" levels in
lysosomes of the two cells with Ad-V-ATPase B2+10.0 uM F-53B group was significantly decreased (P <
0.05). Compared with Ad-null+10.0 uM F-53B group, the ATP levels of two kinds of cells were significantly
increased (P < 0.05).

7. RSV restored AMPK activity and energy metabolism pathways in nerve cells: Compared with
10.0uM F-53B group, the expression levels of p-AMPK, NDUFS1 and PFKFB3 in C8-D1A and SH-SY5Y
cells of RSV+10.0 uM F-53B group was significantly increased (P < 0.05). Compared with 10.0uM F-53B
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group, the activity of mitochondrial respiratory chain complex I in RSV+10.0 uM F-53B group was
significantly increased (P < 0.05).

8. RSV restored mitochondrial function and ATP levels in nerve cells: Compared with 10.0 uM F-53B
group, the mROS levels in RSV+10.0 uM F-53B group of C8-D1A and SH-SYS5Y cells was decreased (P <
0.05). Compared with 10.0 uM F-53B group, JC-1 staining results showed that MMP in RSV+10.0 uM F-
53B group was higher (P <0.05). Compared with 10.0 uM F-53B group the ATP levels in RSV+10.0 uM F-
53B group was significantly higher (P < 0.05).

Conclusion:

F-53B inhibits the V-ATPase-AMPK signaling axis and damages lysosomal and mitochondrial
homeostasis, ultimately leading to disturbances in neuronal energy metabolism and a decrease in ATP levels.
Activation of V-ATPase can regulate lysosomal pH and Ca?" homeostasis, promote AMPK phosphorylation,
and restore ATP levels. RSV effectively alleviates the decrease in ATP by activating AMPK and restoring
mitochondrial function. These findings can provide new strategies and ideas for preventing and treating
neurotoxicity caused by F-53B.

Key words: F-53B; neurotoxicity; V-ATPase-AMPK signaling axis; energy metabolism
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FERN AR iR

45 AR HSC AR

Ad Adenovirus S

AMPK AMP-activated protein kinase RREF IR TS AL B 1 B

AP Ammonium persulfate R

ATP Adenosine triphosphate 57 - =R IR IR

BSA Bovine Serum Albumin A 1fE H R E

CaMKKD Recombinant Calcium/Calmodulin Dependent 56 1R B A v B 1 TR
Protein Kinase Kinase 2 i 2

CCK-8 Cell counting kit-8 il kAR el

C8-D1A Astrocytes /I B T R o 4

DMEM Dulbecco’s modified eagle’s medium 2 R Y Eagle £555 3

FBS Fetal bovine serum a4 i

F-53B 6:2 CI-PFESA B 54 77

mROS Mitochondrial ROS BRARTE LA

MMP Mitochondrial membrane potential 53 R ENIAEER A

NDUFS1 1;1222 dehydrogenase (ubiquinone) Fe-S 1% L NADH L0 Fe-S 2 [ 1

p-AMPK Phosphorylated AMP-activated protein kinase Tl PR A Mo PR Vi A B 1

PBS Phosphate buffer saline TR SR 2% 1h 71

PFKFB3 6jphosphofructo—2—kinase/fructose—2 , 6- 6‘—13?%‘%? TWE-2-Flg/ R pE-2, 6-—
biphosphatase 3 TR i 3

PMSF Phenylmethyl-sulfonyl fluoride A FH i P

PVDF Polyvinylidene fluoride Tl — 9 L JF

RSV Resveratrol SE )i

SDS Sodium dodecyl sulfonate + b AR PR AN

SDS-PAGE Sodium dodecyl sulfate-polyacrylamide SRS T 4 T B Pk

gel electrophoresis
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45 AR HSC AR

SH-SY5Y Human neuroblastoma cells A2 BE2H 1 g 24
TBST Tris-buffered saline containing 0.05% tween-20 Bt 22

TEMED N, N, N’, N’-Tetramethylethylenediamine VOH 2 2, — %

TRPMLI Transient receptor potential mucolipin 1 B 2 AR AL IR ITE R R A 1
Tris Tris (Hydroxymethyl) aminomethane 1 = HIL L H e
V-ATPase Vacuolar H-ATPase W HE-ATP [
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L= BAFRFREFMIRN

1. 815

A B (perfluorooctane sulfonate, PFOS) T 2004 SE#E N (R TREAMES
BUS R RS IR BE A L) Z B YIBUE R, H 2023 43 H 1 Hi, EsSLEf (&
FUE PSS G WiE B (2023 SEfRD ) K5 PFOS BN 0 % 21, % PFOS [F1fi %%
FIFEREIR B, B 6:2 FE R/ BEIR L (6:2 CI-PFESA, F-53B) BN AN
7281, F-53B T 20 tH4d 70 R IRER, H 2013 SEE IR R T HEFFAM, SHEME
BRis g p kM, HAtO s AE ) 2 . PAKRY, F-53B AE T2 M AR
Barr, QKB Y5k TG YRR R, £ H R T AR T /K b ks BT F-
53B CHUZKFA3EK 20 0 A 43-78 1 65-112 ug/L) @, gh[E ) — IR SR, 7E 2012-2018
RN, RN F-53B & & RILIEE I IAEL, AR 1 22 e sl P A I 21 F-53B
PIAFAELL, BS503R 8 F-53B BA 48 LC50 (96 h, 15.5mg/L) , HA G BEEM.
AT 7T 3 BITE & FEAE TN ARSI 2 (1) F-53B K =14 5040 ng/mL, F£/< I F-53B
SEIES B NAR I A B B AE e A MR A 9UbE 254 L. (perfluoroalkyl substances,
PFAS) , UMD 58 4T BRI TE] 2 15.3 4E00-11, XL HK I, F-53B (175 42 i) @ CL7F 42
BRIGE NS HRTAZ TP REY F-53B A SEUMASIA MR, A K E U4
151, HURARZhRRNS, COAEREDT, FEREDhREDSIFI M RA TR ST HE 1091, Fitk, F-53B
(1 e PR I8 24 73| 2 AR P 1 BB DRV o

PR R G RIS YW B BB AR bR 2 — o AP A 4 R S8R FE A S5 R A L)
RESAT, JB TN A4, — BIET e DL AEROL, [RIULAR 78 F-53B X4 R
a2 7 A B . F-53B AT LA 283 - o 6 V0 B B S CE M B R AR 2R, PR DhRe = AR A
KGR, BT SR, B LB TR P F-53B IR 5 H Sk 5 0 2 i e 221, BA A
W R, F-53B MR HIRESEIL 6 N HBEEEIP 0 A A CR), pRAMIF AR,
ER A A FE S, F-53B & R ARic 36 IR i 28 08 52 i 404k 41 it F TS 25 0191,
7~ T F-53B AL TEM R B A i, AT ERM, F-53B K VS M n £
BRI A G EE, BEAIARG EE VAN T B AT e, &4 S
R IE SRR EAER 2, @) b Fgs R, RKI F-53B AT GEA77E L PFOS
FE R 15 RURIN0), B F-53B 8 FH B35 00, AOUMK 7RSS, S AR
ERBE AR BT HRTOAUESE T F-53B RA AN, HEKRRKSFILHTR5 R A0
Fo

KW NARTHFERE B 2 (48 B, W FE R IR A 20%-25% M N AR e FH T 4ERFEH
1B TAERS), 39 =M. (adenosine triphosphate, ATP) J& KM 7] DA B 4] FH 1R & %)



L= BAFRFREFMIRN

T, BT RNARERELE ATP, HXTREE R REBOR, BRI BE S 52 AR KRR BAR
RPN “Bh ) T ” RN, TR AR o= A 80 0 ATP, LR Z4ERr4H b5 D)
At. ZepifAn] DLd L S AL BERR (L= 42 K& ATPRO), [RI I, ZRRIAARFSAS KT 4E R & 40 i 1)
TIRE 28 O H 27 Y 2R AR 2 P, W2k R 14 4 (mitochondrial reactive oxygen species.,
mROS) 0. ATP A= i/l ZekifAfE A7 (mitochondrial membrane potential, MMP)
BEAIR . AR A I R AR BN b A b K PT RE A ph 2 i ik e A 2, 1T S By
LA B AT VR [ R AR Ak R 2829, B AR H T ISk = F-53B X 22 41 i i F A
SRR, (HAR N SEER I, PFOS 3@ o #1 il i H PR Vs AL B 1R ( AMP-activated
protein kinase, AMPK) AHICHME, 75K MR BIARJRE, fRAMSEEG I, PFOS 2 FEL
WEFRJZAIM ATP &8 T B SRR D REA 10 - e D ge, fe 2% T e ST PR
fFB1, AMPK {4l i e AU AN 2R AR Ra A B O B s i i, HAE4ERpRe B P R
HERCELEMIEM. AMPK #0E G2 IEM T8 ATP HERIE S5, RIS <40
il ATP WVHFEIEABY, BLAh, WHFRY F-53B ISR AR g5 M ThRe, fEdtis
PSR RN O 1283, T s AMPK SREE R AR AR 8L, B Rk RS
CAHAESE AT R3], R REE I S8 2 AMPK 7£ F-53B UM SR — i
1 AL i AR5 44 S0 72

YERZ Iy TE 5L &, RN 4ERr & Tias 2 0EE, JUHZ pH M
PFAASBe3s], Car fEA M gE =AM rh i iz O M (0, S sSiie KL, TBEIA Ca2hdid 45
/5 TR A M B S8 2 (calcium/calmodulin dependent protein kinase kinase 2,
CaMKK2) &A% A0S AMPK, s/ Wi 107 HEARBOL, 5 g A4 2 B 1 e B BH 5 1
THIE R Z AR AR ISR 1 (transient receptor potential mucolipin 1, TRPML1) 41 57 iff
PR BEAAR I N Ca U HE ), H A FRal I {5 ) TRPML 4 771 BR il V5 g A4 o Ca* HRE
T UEBE R AR Ca2* 2 5 T R ZHKPT40)l, TRPML1 & W30S b 1T 48 26 R A4 45 45 A
EALRIBE, RN B2 ThREREASE, 1 TRPML & A R IAZ BV REAR pH 15142, 3
B N I ERPEIRES (pH: 4.5-5.0) HI4ERR 2 A& il ™), Hor e (B AR S 2 v
A H*-ATP B (ATPase H* transporting V1 subunit B2, V-ATPase) 441, 5 57 3 BH i 1
B Z )2l ) V-ATPase HIVEVETHEVABHA pH, RZ&SEMZENIE T,
WHFEUESE T V-ATPase-1 77K F-AXIN-LKB1 & &4 1] LLEGE AMPK, 175 G AR 6],
2 S50 R L B S Ry M W] LA V-ATPase B IAA AMPK HUMUE, &4 CD4* T
S0 B (¥ 7 T 047 A BE R T LA TULP3-sirtuin-V-ATP ase-AMPK Jf 4 1E 2% 3% £ 48],
XERH T V-ATPase th2 AMPK iK%, V-ATPase-AMPK {5 5 il i AHHA Y2 4
Y B A A A 22 A BRI B AR A RBEEH . V-ATPase J2 — 2 RiKkE
HRE G, G VoM VI AR o VI BKE) VO BEAT BT RIE 3011, V-ATPase B2 1L
BEWAESEZ IR AR ISR . AR V-ATPase B2 1 314 A A2 i # ALY 5 20K



L= BAFRFREFMIRN

VA FEAARBRAL , Yol b 2 4 B R 1500, £E Lee J 25 NSURKTIT 5t % B V-ATPase B2 T %1k,
A BT A B ARSI, AT B 1k S84 B2 5 1 40 I B8 T 98 25 S 30 e s 452 475/ 41 4
tho R, F-53B XJIEBEA V-ATPase i& ISR A1, V-ATPase-AMPK 15 5 i1t
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