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Preliminary research on the role of autophagy in rat liver regeneration
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Abstract: Autophagy affects the liver regeneration ( LR ). However, the detailed mechanism remains to be
elucidated. In order to explore the change and mechanism of autophagy in rat LR, we detected the expression
changes of proteins in the signal pathways which regulate autophagy and the proteins associated with autophagy
process by isobaric tags for relative and absolute quantitation (iTRAQ) combined with mass spectrometry ( MS).
The results indicated that the PI3K/Akt, mTOR and AMPK signaling pathways were activated. The ubiquitin-
proteasome-related proteins and the membrane proteins and hydrolases associated with lysosome changed
significantly. Autophagy up-regulated at the priming and progression stage in LR by the analysis from IPA. We
proposed the hypothesis that lysosomes and mitochondria might coexist and explore the possible mechanism about
that kind of coexistence.
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Fig.1 The clustering analysis of proteins associated with autophagy in LR
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Fig.2 The relationship of the proteins associated with autophagy

HRAE A 3IPA S5 5L 0] UL R A AR DG 5 28055
WA 4 559 RE T A B R, K2 40
PESER, BV AMPK 15538 2% 76 K BRI A4E 192 ~36 h

S SR G PERG SR | PI3K/ Akt {3 538 F& 7F K B 1

AR 12 .30 h 5556 RIG TG sR . 1 4R0E PR E 1
p33 5 Sl 7E K U B4R 9 2.6.24 30,36 h {55
FESUE PRI, 1 AR AEAS (RIS A] i i AR fE R ] B
mTOR {558 B AR BP9 2.6.30.36 h 5544
SETERR  FE 12 h 5 S5 SRS

= = = =
= S a4 3 o ©
. ) (o] O - [ 2] [sa]
AMPK signaling - -

mTOR Signaling

p53 signaling -

PI3K/AKT signaling

Sonic hedgehog signaling

autophagy .

B3 BREEXGFSEREXESRATERTHAE
g R A5 SHESE T
Fig.3 The comparison of canonical pathway and

signaling pathways associated with autophagy

VE AN H SN TG ST | W0 WSO SR 5
3 W 1w

TEIEH ZRAET , A MR R AR AL T 56RE K (H 2
FEPURR AR PR il AR P i R e =

AR, AW AR L TE, DA XS MY ATP R {4
AP Z P X AR, kR v A SR K
AR EEE i s AR ST S R
B BTEAR N SRR 2 A R R 2R B DL
o A W ATEBRAE T, B A RE 5 Y [R5 mT DL SR
FH—eii Ak i =4, dE e e e ™ . K 2/3
JFDIBRIG , ATP %t T GH AR, T 98 4% T U A et )
] P ] DA XA e AR A B A 2R AR 45
R (550 %S 55T LT Ira i AR
P FRERSZ B S

IPA J3Hr4h %Tu%if)u I E WEAH G 115 3 i
W& p53 WS4, T HAR AR50 % LT 2 AN R PR BE (1 B
WIS, AW S BTG S, pS3 Al AEE A PN I& AR
X AWEAAEVE, — e N R s - —
ﬂﬁ?ﬁéf*iﬁimfw T AR RN TR p53 A WY 5
ES e uFJ?‘T(ﬁ’?I? DRAM SL7E 1157 5]
— SR ,1_%[95 — W58, Hedgehog 7%
L%Wﬁﬂi@kﬂﬂ’ﬁﬂﬂ?ﬁi*ﬁ?@ﬂ’] Fi g, A
AL A ARG, EFHEAE —EEKR,
{HEAR A A 3 F AR

SRR A I [ b —Fh R R X AT DL SR
R T RERRERT LRI B AN JE R i BE AR 25 2 4
M55 FIFET . OPA1 (optic atrophy 1) J&4% 3% K %
TSR EE [, FEAERR N RIS Y 58 8 I B 1Y) 5
STy B AR VR R T3 R N AR A R 1l



160 4 #H

& % %15 A&

Az ATP AHSC, OPATL FERFHFZERY 6 /N If] 25 4E
KA B JUHR SR B, RRIA I OPAL X
SRR RS AR T 3t FT DAHED SR (AT A=
TR R RIE S MINRE, I A o i A B
b, TTERLAR R B XS A B 005 1Y, 3 N2 AT
A BOR R RE T R A BIRE R SCR, TEIEH
28 B K B H f7 F, PARL ( presenilin-associated
thomboid-like ) 23 Y] #| PINK1 ( PTEN induced putative
kinase 1) , —FhZRi{R 22 Z 1R/ 75 2 I B (Vs , (H7E
SR A R F 7 B AR B, PARL 0] 25 171 %] PGAMS
( phosphoglycerate mutase family member 5) , 1R
PARL 2ARIELRLAR B RSB R B DT FIR 42
W B — ol A R 8 T LR A4 L g ) B ek
PRBERRG Y . ASSC R, PGAMS 7E 2 .24 36 h R,
HARIS ] AR R A A X AT LLHED AL 5 J 2ok
IR B A B A5, B 2 1E

FUFF AR 5 LR A BUERAT O AR 14 P 3 i
[A-F- ALR (augmenter of liver regeneration ) 75 JH-FHA= 1)
AP BB ek R R B, IR
IRPEARBHLAS SRR A i, B2 L A T K
W23 HUIBRE 1 6 h N ATP — E A& T FE IR
AR A T R ATP RN A HLIA RE
YA L AR T BE H W ATP YN, ¥
fiff & B BE % 1 LAMPI ( Lysosomal-associated
membrane protein 1) 7542 i Fir A i) ] 55 1 30
IOV BRI 9 78 4, pHL I AERERTIE F AR 21 3E
WHEAEREMNERN, SNERE S 5FRSER
W B9 GNS ( glucosamine ( N-acetyl ) -6-sulfatase ) ,
GLBI ( galactosidase ) CD81 ( cluster of differentiation
81 ), INPP5B ( inositol polyphosphate-5-phosphatase
B ), CRAT ( camitine acetyltransferase ), GLB1
( Galactosidase, beta 1) , ACTB ( beta-actin ) £ iF F-4E
RSB BRI R Y R N KR LAY GAA
(glucosidase ) 7E 2,12 h & H: 43 Bif ] 55 % A2k
GAA = 7] 5823 PR Ry ¥ AR RN 200 i 5 22 () JE 12 i
FERRRE T S BOABHANN K, 17 GAA FEPH R /LA
WA, A WEDDRE S, T5 A 2, B B% L raptor
(mTORC1 5 5 Fr) o 07 i ) e DR i o/ Bl g 2 7
5 GAA JERAML  WUR P Z IR 7E [ W7 1 v /g
FATERSEIR R, VA A N LR KT R U S B0 H
Wil H'-ATP 5802, mTORC M AR BT 51 it
PRiERS ., AR, mTORCL _EWF BT 7 Rheb
SRV B b B, 32 A K PR T S
AR K T MY Rheb 35 PE AT LR 5 T 19
mTORCI FYZ£4E , 3L[F 3 mTORC1 BFE/HE AL,
I, B IEF] GAA mlR/ N R REA K , mTORCT 1Y

P T RE SR IE 8 BV BEHA DI BE e 2k i —Fh 2

i B b, SRR 1 WA R BRI P A R R
FEAEF EEMEH ., KEIHVIRE, & 805 s IE R,
T KEAIRERALY , FIfERAHSEAY AMPK 15538
BT AXTHUIX A ORI AT B W B AH O 1Y
BRI A AR R R MK R 18 R, kiR Ty
R DG AR I R0, B R BE IR Z B K
S KRG DL AT, A SRR H — AR AE, S AR
SRR LR A A, A PRI A RN [ A
ARG, TR R A A G M S AR 52 4 B T Ak, A%
T A AT S EAZ AN A W SR AR AR — |, 2o A
PR 5 ¥ A S MBS EAT X TGI8 M RE LAY 0 N
JF A3, TS AR B i e [, HAS G S —Fh G B
BIAEAE DT 2, R B R AR 4 (a) BT, HFR A7 HLER 4
B 4(b) FT7R, LRtk o 2 I R] Rk R 2005, T
A PR 2 PR 1 A, 3 S B AT A A7 3 i T T
fE . 2R AR P RS P T 3 AN AT i JEE ] R 1 Pl
FRAEL S ) R A R T PR X T R A A )
WEAEAE PR AS T /b 7K A 04 3 e s R AR
AT L R A R B T ) SR A 3 R Y [
AT LA ATP HEHUATE 22, X R AN HE A
2 2R AR A ARG (1 BRI (1 Sk A
HASMAE T H M FRRE, (A7ERZE GFER
FEHH ISR T AME R A HE A
R & AT AR RBF S A 6,

HhR ST B R B, BFYIRR)G 1S h A2 A I
B AR ESC AN AR AR B 38 0, R 2 A iR | MR
BB B8 i 9 B 22 R 30 g 3 e A 40
HRE A S TR, 4546 5T I, A A A s,
T BRI e g IR 25 AL | 12 A L 5 A A R R AR
PRI 7 58 o R v R R A A Y K 5
IR, IR i O A o 2RI 2 A Ak A B 11 3 375
PR T 4 i S A I Ak ke 3 N P A= TP Y B B R K
I FLER AT U B AN 7 3 R Sk iR D B, — %
AR S R LB FRIL A A (1 T = ATP
FERE (X ZSTHAEIR 2 ATP, 2 B 4EH T Rk
DA I, I e 55 ) i P S 45 00 2 s R PR i 1R Ak
FIRCR, AR S 2 FhHCRCA T, T 4ok AR B A
AP BT LU R X AN ) A, 30, 5 iR SN B
LRRAA S IR B AU L A I A AR | TS 1 T Tt A
B S Y PN I T L R SR A NS
T-EE AR AR DY RS T A LR (H R 3 A B2 R Ay
ST R BT AT IR BE D AN 25 GBI, T v R P 3
(A R PR BT B T DAL B ok BE BB E N ATP &5
it it A PUBRE, & B ATP, BT DL B e ATP R4 R
MKZ, a4 W) BEE IRERIIK R, ki ik



553

TV, A5 ¢ 1 WA E R BURT-PE A v 1 P B0 20 )

161

DIREZH IS WP BRI S IR . A SRS, il
T REAR pH AR B TR SR A 8 o ) — 4 ot Jo
SR8, RV D AL B A, L RE S R ATPY
AR RS K I, S Q10 AE TR AE R (I W
RAEHLR AR EAL IR (L T RE , ELSCR AR & IE AR

Out membrane
Tnner membrane

Endoplamic

3 & - @I

K, HA UL pH JF48 hi Wl i, AL fF e A=
I, ATP A= B B 37 14 S5 T 36 BE X ATP 92
BGER T EZRE I8 AT CoQ10 X S Ak ik
[t Aii A RN TE A Ve CRTE A Q=R S5 TR LN ST
BV ) B ASXERRAR T,

Endolysosome

A

) Mitochondrion Autophagosome
reticulum J coexisting status
= (Inner membrane is not digested)
e \—\ -
| i Wp TR Vo
S R\
N
Autophagolysosome
(a) ILAEMIE
H+
ADP+Pi = ATP
Hydrolase
w Out membrane
Hydrolase - H+l " - H* H H* H & (primary Autophagosome
o | ‘ . H* outer membrane)
& H H
Inner membrane
| ADP+Pi ATP (primary mitochondria
e = inner membrane)

(b) AL

E 4

BB AR T R AT REE

Fig.4 The hypothesis of coexistance of lysosome and mitochondrion and the mechanism of coexistence

of lysosome and mitochondria

1z -2 1 ¥ 1K ( the ubiquitin-proteasomes
system , UPS) I F W/ Ay FLAZ 40 B R Ao 6 B0 2R
HFER R G0, o AR SCR B UPS LB H KL R
AR BT T e A W R R A B R
T AR AR AR BI04 3~ 25 A2 5L 1R 5% i 1 25 Bk B
K, A B L MR AR TR R,
UPS #6550 AT LAS S A X AT RB 2 AR UPS R 40
A —FhAMEPE DS ™ At UPS R pt i, J6
A RIS R AR SN  RAFEEH RN,
FRELM A AR B = BUE A BTG 2 B, s & 25
AT, RS RV B 2552 W £ mTOR {5538
%, S BA MRS, PR, KR 2/3 FIEY)
45 ,PSMAL, PSMD2,PSMBS 7£ 0~36 h 8] & I J}
HZEJLERE, PSMC5,PSMD3 MI7E 0~36 h — B ]
SR, PSMA3 W7E 0~24 h B3R FF+,30~36 h
T, XERER 268 A MHATE KR 2/3 IR G
RYETEEAEN, X —J7 vl B85 Z U =4 K
AR T B bR A O, 53— 5 T AT e AU R

A ML A R 1 SR S R SR AT 6 Bt T i
2 SRR B it EE
4 5 ik

K BUFVIRR R , B e ) Kt SR AL 2L 0
F— TG | T 1 W T L — S R At A )
AR A BT R A KGRk, A
SCHR H AU RIZ R T AR A SR AR I, e MR
BRI 290k U4, 7 S AR L R B - 45
R T BT 20, SRR SO Lk
PRI B VAL A7 38 A7 46 % B 40 Y ) 5 o 4
PRI — I RAEH

2% ik ( References)

[1JALISON M R, LIN W R. Diverse routes to liver
regeneration| J |. The Journal of pathology, 2016,238(3) :
371-374.DO0I;10.1002/path.4667.



162 4 #H

& % %15 A&

[2]MIYAOKAY, MIYAJIMA A. To divide or not to divide:
revisiting liver regeneration[ J |. Cell Division, 2013,8(1) :
8.D0I.10.1186/1747-1028-8-8.

[3]LATH S, CHUNG Y C, CHEN W J, et al. Rat liver
regeneration after partial hepatectomy: effects of insulin,
glucagon and epidermal growth factor [ J]. Journal of the
Formosan Medical Association, 1992, 91 (7). 685-690.
DOI: 10.1016/50261-5614(13)60379-9.

[4]SAFTIG P, KLUMPERMAN J. Lysosome biogenesis and
lysosomal membrane proteins; trafficking meets function
[ J]. Nature reviews Molecular Cell Biology, 2009, 10(9) .
623-635.D0I:10.1038/nrm2745.

[5]GONZALEZ A, VALEIRAS M, SIDRANSKY E, et al.
Lysosomal integral membrane protein-2: a new player in
lysosome-related pathology [ J ]. Molecular Genetics and
Metabolism, 2014, 111 (2):. 84 - 91. DOI. 10. 1016/
j.ymgme.2013.12.005.

[ 6 ]NIKOLETOPOULOU V, MARKAKI M, PALIKARAS K, et
al. Crosstalk between apoptosis, necrosis and autophagy[ J].
Biochimica et Biophysica Acta, 2013, 1833 (12). 3448 -
3459.D0I:10.1016/j.bbamer.2013.06.001.

[7JCHEN Wenqgi, SUN Yinyi, LIU Kangyong, et al
Autophagy : a double-edged sword for neuronal survival after
cerebral ischemia[ J]. Neural Regeneration Research, 2014,
9(12): 1210-1216.DOI;10.4103/1673-5374.135329.

(8 HEPHE, X0, X5 20 B A e 5 g i A 6 &R Y F 0
JELI] p Bk ARl ,2015,45(6) :593-603. DO
10.1360/n052015-00107.

CUI Danrui, LIU Bo, LIU Wei. The role of autophagy in
tumorigenesis [ J |. Scientia Sinica Vitae, 2015, 45(6):
593-603.DOI;10.1360/1n052015-00107.

[9]WANG Kewei. Autophagy and apoptosis in liver injury[ J].
Cell Cycle, 2015, 14(11). 1631 -1642.DOI. 10. 1080/
15384101.2015.1038685.

[10] ERLSC, #2855, 4877, &5, A W AE A i fE

[J].38 1%, 2015,37 (11) ; 1116 — 1124. DOI; 10. 16288/
j.yczz.15-162.
WANG Qiwen, CHANG Cuifang, GU Ningning, et al.
Effect of autophagy on liver regeneration [ J ]. Hereditas
(Beijing) , 2015, 37(11) . 1116-1124.DOI: 10. 16288/
j.yczz.15-162.

[11]VARGA M, SASS M, PAPP D, et al. Autophagy is
required for zebrafish caudal fin regeneration [ J]. Cell
Death and Differentiation, 2014, 21(4) . 547-556.DOI.
10.1038/¢dd.2013.175.

[12]LIN C W, CHEN Y S, LIN C C, et al. Amiodarone as an
autophagy promoter reduces liver injury and enhances liver
regeneration and survival in mice after partial hepatectomy
[J]. Scientific Reports, 2015, 5. 15807.DOI; 10. 1038/
srep15807.

(13] B B e, 45, 1 Wi B G 70 T 47 4 A R

VIBRI 59 R B [T ], B B2 2 B 2 B 2 41, 2008,
30(4) :421-425.DOI; 10.3881/].1ssn: 1000 - 503x.2008.
04.012.
MAO Yilei, CHEN Rongrong, YANG Huayu, et al.
Autophagy in fibrotic and postoperative remnant liver in rat[J].
Acta Academiae Medicinae Sinicae, 2008, 30 (4):
421-425.D0I;10.3881/].issn: 1000-503x.2008.04.012.

[14]TOSHIMA T, SHIRABE K, FUKUHARA T, et al.
Suppression of autophagy during liver regeneration impairs
energy charge and hepatocyte senescence in mice [ ] .
Hepatology, 2014, 60( 1) : 290-300.DOI: 10.1002/hep.
27140.

[15] 2K B57E T, A8 %, 45 R BUITFHAE S i b GOk A

AT IR AL g I s [ ). o A B ek, 1999,
15(5) :398-401.DOI 10.3321/].issn: 1000-4718.1999.
05.005.
MIAO Mingyong, CAl Zailong, LIU Pengfei, et al.
Regulation of mitochondrial oxidation phosphorylation
during rat regeneration after partial hepatectomy [ J ].
Chinese Journal of Pathophysiology, 1999, 15 (5) : 398 -
401.DOI:10.3321/j.issn: 1000—4718.1999.05.005.

[ 16 ]SANDRI M. Protein breakdown in muscle wasting; role of
autophagy-lysosome and ubiquitin-proteasome [ J ]. The
International Journal of Biochemistry & Cell Biology,
2013, 45(10) : 2121-2129.DOI; 10.1016/j. biocel.2013.
04.023.

[17]SCHREIBER A, PETER M. Substrate recognition in
selective autophagy and the ubiquitin-proteasome system[ J].
Biochimica et Biophysica Acta, 2014, 1843 (1). 163-
181.DOI:10.1016/j.bbamer.2013.03.019.

[18]WOJCIK S. Crosstalk between autophagy and proteasome
protein degradation systems: possible implications for
cancer therapy [ J]. Folia Histochemica et Cytobiologica,
2013, 51(4) : 249-264.DOI;10.5603/fhc.2013.0036.

[19]SCHLOSSAREK S, FREY N, CARRIER L. Ubiquitin-
proteasome system and hereditary cardiomyopathies [ J].
Journal of Molecular and Cellular Cardiology, 2014, 71
25-31.DOI.10.1016/j.yjmee.2013.12.016.

[20]GENG Xiaofang, WANG Gaiping, QIN Yanli, et al.
iTRAQ-based quantitative proteomic analysis of the
initiation of head regeneration in planarians[ J]. PloS One,
2015, 10 (7). e0132045. DOI; 10. 1371/journal. pone.
0132045.

[21]DU TOIT A. Cell signalling: hedgehog puts a damper on
autophagy[ J ]. Nature Reviews Molecular Cell Biology,
2013, 14(1) . 3.DOI.10.1038/nrm3487.

[22]KIM J, KUNDU M, VIOLLET B, et al. AMPK and mTOR
regulate autophagy through direct phosphorylation of Ulkl
[J]. Nature Cell Biology, 2011, 13(2): 132—-141.DOI;
10.1038/nch2152.

[23]NAZIO F, STRAPPAZZON F, ANTONIOLI M, et al.
mTOR inhibits autophagy by controlling ULK1 ubiquitylation,
self-association and function through AMBRA1 and
TRAF6[ J]. Nature Cell Biology, 2013, 15(4) :406—-416.
DOT:10.1038/nch2708.

[24]NERI L. M, CANI A, MARTELLI A M, et al. Targeting
the PI3K/Akt/mTOR signaling pathway in B-precursor
acute lymphoblastic leukemia and its therapeutic potential
[J]. Leukemia, 2013, 28(4) . 739-748.DOI. 10.1038/
leu.2013.226.

[25]XU Xiuduan, WANG Hongli, LIU Shasha, et al. TP53-
dependent autophagy links the ATR-CHEK1 axis activation
to proinflammatory VEGFA production in human bronchial
epithelial cells exposed to fine particulate matter (PM2.5)[J].
Autophagy, 2016, 12(10). 1832-1848.DOI: 10. 1080/



5 3 4] FEWH , 45 ¢ F AR R SURFFFAE AR B0 2P ) 163
15548627.2016.1204496. 2009.12.012.

[26] &, BRSIHT, M B1.R &5 5 Bioconductor £ ¥ {5 B 2%
B[ M ] RHE R AL B4R 41,2014, 155,

[27]TAUB R. Liver regeneration; from myth to mechanism[J].
Nature Reviews Molecular Cell Biology, 2004, 5(10):
836-847.DOI:10.1038/nrm1489.

[28]MELENDEZ A, NEUFELD T P. The cell biology of
autophagy in metazoans ; a developing story[ J ]. Development,
2008, 135(14) . 2347-2360.DOI;10.1242/dev.016105.

[29]KIEL J A K. Autophagy in unicellular eukaryotes [ J].
Philosophical Transactions of the Royal Society of London
Series B, Biological Sciences, 2010, 365 (1541); 819-
830.DOI:10.1098/1sth.2009.0237.

[30] MRSCHTIK M, O’ PREY J, LAO L' Y, et al. DRAM-3
modulates autophagy and promotes cell survival in the
absence of glucose [ J]. Cell Death and Differentiation,
2015, 22(10) : 1714-1726.DOI;10.1038/¢dd.2015.26.

[31]ZHANG Xingding, WANG Ye, WANG Yan, et al. p53
mediates mitochondria  dysfunction-triggered —autophagy
activation and cell death in rat striatum[ J]. Autophagy,
2009, 5(3): 339-350.DOI:10.4161/auto.5.3.8174.

[32]O’PREY J, SKOMMER J, WILKINSON S, et al
Analysis of DRAM-related proteins reveals evolutionarily
conserved and divergent roles in the control of
autophagy[ J]. Cell Cycle, 2009, 8 (14). 2260 - 2265.
DOI;10.4161/cc.8.14.9050.

[33]MAIURI M C, MALIK S A, MORSELLI E, et al.
Stimulation of autophagy by the p53 target gene Sestrin2
[J]. Cell Cycle, 2009, 8(10): 1571 -1576.DOI; 10.
4161/cc.8.10.8498.

[34]CRIGHTON D, WILKINSON S, RYAN K M. DRAM links
autophagy to p53 and programmed cell death[J]. Autophagy,
2007, 3(1): 72-74.D01.10.4161/ aut0.3438.

[35]CRIGHTON D, WILKINSON S, O’ PREY J, et al
DRAM, a p53-induced modulator of autophagy, is critical
for apoptosis[ J]. Cell, 2006, 126(1) ; 121-134.DOI; 10.
1016/]j.cell.2006.05.034.

[ 36 ] JIMENEZ-SANCHEZ M,MENZIES F M,CHANG Y Y, et al.
The Hedgehog signalling pathway regulates autophagy[ ] ].
Nature Communications, 2012, 3. 1200. DOI. 10. 1038/
ncomms2212.

[37]LO RE A E, FERNANDEZ-BARRENA M G, ALMADA L
L, et al. Novel AKTI1-GLI3-VMP1 pathway mediates
KRAS oncogene-induced autophagy in cancer cells [ J].
The Journal of Biological Chemistry, 2012, 287 (30) .
25325-25334.D0I:10.1074/jbc.M112.370809.

[38 ] WANG Ying, HAN Chang, LU Lu, et al. Hedgehog
signaling pathway regulates autophagy in  human
hepatocellular carcinoma cells [ J]. Hepatology, 2013,
58(3):995-1010.DOI;10.1002/hep.26394.

[39]SONG Zhiyin, GHOCHANI M, MCCAFFERY J M, et al.
Mitofusins and OPA1 mediate sequential steps in
mitochondrial membrane fusion[ J]. Molecular Biology of
the Cell, 2009, 20(15) . 3525-3532.DOI;10.1091/mbc.
E09-03-0252.

[40]LANDES T, LEROY I, BERTHOLET A, et al. OPAl
(dys) functions [ J ]. Seminars in Cell & Developmental
Biology, 2010, 21(6) : 593-598.D0I.:10.1016/j.semcdb.

[41]LU Wei, KARUPPAGOUNDER S S, SPRINGER D A, et al.
Genetic deficiency of the mitochondrial protein PGAMS
causes a Parkinson“s-like movement disorder[ J]. Nature
Communications, 2014, 5. 4930.DOI;10.1038/ ncomms5930.

[42]GANDHI C R. Augmenter of liver regeneration [ J ].
Fibrogenesis & Tissue Repair, 2012, 5(1): 10.DOI. 10.
1186/1755-1536-5-10.

[43]ILOWSKI M, KLEESPIES A, DE TONI E N, et al.
Augmenter of liver regeneration ( ALR) protects human
hepatocytes against apoptosis [ J ]. Biochemical and
Biophysical Research Communications, 2011, 404 (1) .
148-152.D0O1:10.1016/j.bbrc.2010.11.083.

[44]FRANCAVILLA A, PESETTI B, BARONE M, et al.
Transient GFER knockdown in vivo impairs liver
regeneration after partial hepatectomy[J]. The International
Journal of Biochemistry & Cell Biology, 2014, 53. 343-
351.DOI;10.1016/j.biocel.2014.05.029.

[45]HAN Lihong, DONG Lingyue, YU Hao, et al. Deceleration
of liver regeneration by knockdown of augmenter of liver
regeneration gene 1is associated with impairment of
mitochondrial DNA synthesis in mice [ J ]. American
Journal of Physiology Gastrointestinal and  Liver
Physiology, 2015, 309(2): G112-G122.DOI. 10.1152/
ajpgi.00435.2014.

[46 ]SHEMESH A, WANG Y, YANG Y, et al. Suppression of
mTORC1 activation in acid-alpha-glucosidase-deficient
cells and mice is ameliorated by leucine supplementation| ] ].
American Journal of Physiology Regulatory, Integrative and
Comparative Physiology, 2014, 307(10) : R1251-R1259.
DOI:10.1152/ajpregu.00212.2014.

(47 ] iz, Bakam , A, 45, R BUITFR 20 DTSR I AT 4 i
PHERMARIE S Sh AR [ 1], FEEIEER =0,
1992 ,4.345.

HAN Shuyuan, HUANG Zhigiang, LIU Yongxiong, et al.
The dynamic changes of cellular morphology during rat
liver regeneration after partial Hepatectomy[ J]. Academic
Journal of Plan Postgraduate Medical School,1992,4.345.

(48 1B WK R FCZE EARIN, 45, K BUNT-FEAR I 2L 4% 18 15
PEFESA AR [ T]. 5 R B R %441, 2004, 25(3)
292-294.DO01;:10.3321/j.issn:0258-879x.2004.03.018.
MIAO Mingyong, ZHU Kejun, WANG Zhencheng, et al.
Changes of mitochondrial permeability transition during rat
liver regeneration[ J ]. Academic Journal of Second Military
Medical University,2004,25(3) :292-294.DOI.10.3321/
j-issn:0258-879x.2004.03.018.

[49]RACKER E, STOECKENIUS W. Reconstitution of purple
membrane vesicles catalyzing light-driven proton uptake
and adenosine triphosphate formation [ J]. The Journal of
Biological Chemistry, 1974, 249(2) . 662-663.

(50 1 FLLER OR/INIE SRR 2. Rl Qo % I BT AR 400 M
LR IB MR B2 [ ], )24, 2013,44(1)
44-48.D0I:10.3969/].issn;:0529-1356.2013.01.009.
ZHAI Xinhui, LAI Xiaohai, WU Qinghua, et al. Effects of
coenzyme Q,, on mitochondrial permeability transition of
regenerating hepatocytes in rats [ J ]. Acta Anatomica
Sinica,2013,44 (1) : 44-48.DOI; 10.3969/j.issn ; 0529 —
1356.2013.01.009.



