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Abstract: The effect of the potential environmental pollutant ionic liquid 1-butyl-3-methylimidazolium chloride
([Bmim]Cl) on the glucose metabolism of human liver cancer cells HepG2 was studied by using HepG2 cells as
experimental models in this paper. The survival rate of HepG2 cells, extracellular glucose consumption, intracellular
glycogen content, as well as the major glycometabolic pathway related genes of glycogen decomposition and anab-
olism, glycolysis, TCA cycle were investigated after the HepG2 cells were exposed to different concentrations of i-
onic liquid for 24 h. The results showed that [Bmim]Cl could inhibit the cell activity of HepG2 cells and induce
cell apoptosis, lead to a significant decrease in extracellular glucose absorption and intracellular glycogen content.
The results of real time quantitative PCR showed that the expression of the glycogen synthesis related gene, i.e.,
glycogen phosphorylase (PYGL) was up-regulated in HepG2 cells after exposure to [Bmim]Cl, while the expres-
sion of glycogen synthase 2 (GYS2) was inhibited after exposure to medium and low concentrations of [Bmim]Cl.

In addition, we found that the genes involved in glucose transport, glycolysis, gluconeogenesis and TCA cycling
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were also changed to varying degrees at different exposure concentrations. Overall, [Bmim]ClI can influence the ab-

sorption of extracellular glucose by HepG2 cells, affect the synthesis and decomposition of intracellular glycogen,

promote glycolysis, and inhibit gluconeogenesis. Exposure to high concentration of [Bmim]CI can cause glucose

metabolism disorder in HepG2 cells.

Keywords: ionic liquid; HepG2 cells; glucose metabolism
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B 2R L 3 W A0 e 2R S S B AR R Y R B, S
TS E

TIFFT 3 T, IR Al S 174) 85— YR A 2 410 il £ D SR 40
2 (CCO)FN M Ey 251988 41 i (HeLa) A4 384 51 HLHL AT 1
B R AR RS (E75 9 WS, Ranke 557D
FH 1575 20 AL (TPC-81) T 48 22 e S5 98 400 J (C6) g S 56
RN | 35 B LR AN ] i 4 %) DK e 28 88 —F VA4 R ¢
AN (IR 2 | FP SR PR BT S i) — e b A7
TR, e PR S R LR MR | I R B A K
MRAS B AA L B TR  E R mL 4
R, BR T IRANEES AR R ABE T f0 /N
N 451 45 2h 4, LA PR AR hy S 56 A5 D 08 A7 44 N 52
501 Dong UFIT S R, WK S 1) S TR A 2
V5 0T £ T P 42U(ROS) FIT AT 8 (MDA )i 1
FEA A I, 9 B4 S 30 f8 i) DNA 4,
BT IR AR A S B A R N S50 T AR B B0, 428
TR G R CD-1 /NRI B BE N & Z 5
Wi YR M A R A A P R E, Liu
R I [Cymim]Br £ N /N 1A VE B A
T S 2 A B

WEFE A BT B IR AR B B BL 67T T
%%, Cornmell 2513 35 FEL M- 2T ARG 2 B0 5 1T
TR GSE AN I A W B K SRR, 7 40 i o o
HIFFARA B T WM . Hartmann 25U F 58 % B, BK
IR 2AS 1) 88 YRR AR 4 5 A W A B A 9B a3 10 A 4 i
BN BT J2 T e SR HL 58 4 1, 5 5040 i P 0 o
M, A AN T, BLAh, MEE e 34 B 7y AR
URTE - A e TN IOE S 3 d NTIRS == Grgneil]i il
A R B B T & A AR Ak, DR I s g ) 2
BRI A R R, B, B A
2P0 PR3 ) R IR A 200 ) 235 6 38 o e ) 30

B VEAEAR IR i L HE T8 & ROS o i, 77 26 40 i 1
AR T R B RTRE T R N
LML) B 75 T R A, DT X A A QB3 18
W, BRI S A WA RE A Y R B R o), —
FLIRARIT ST AL, A, WA WF SR B, DRk
B T IR 2 10 LR W ST IE™ 15 HepG2
P THFREVE A AR o B TR MR A 20
FORE I O | SORBA TR LRI R L
TR Tl E 1 FH A5 o T2 1 K S 5 - 1A
HBE R B TP B/ 1T -3 T SRR DR S
Hh([Bmim]CH™™ | DA HepG2 S SR
TIBEATIRSNIZN: , B AER T8 T AT BEAC A 52
M S AL | i2E— 2 WYl K e 2K 8 7~ W AR A7 R B 5
TEME, A KAE AR AR BRI TS Y MR 0 1 o SR A AR

1 ##l57 % (Materials and methods)
L1 A2 iR

B AR[Bmim]Cl 14 [ 1 L T A BRA
A (P ), AR 99% |, SEI AR IO 7 R i A
TR AN ASE FR T ) BRI, AR 4l 52 50 75 SR Bk
W B R LT e e S AT R i S 3, S b i
A6 20 T st AR Y TR ST BT (b B R
), SYBR g8 28 56 YL KL | Bio-Rad 23 ], &
RNA HEH Trizol 7 Fl cDNA & — 55 2 A B it 71
AT Beyotime Biotechnology 73wl , 4 Hfg 15 77
AT B = H DMEM 85 37 5£ 06 F Thermofisher Scien-
tific 22 ], Ji 4 ML (FBS) W T e oM R b AE MRk A
PR AT (BTN ), HoAth Ak 2 i AR 2 1 T [ 24
R R A R (P E I ) s b B E R A
PR A (PR
1.2 ks

AR A R VT3 R RS 52 4 T AR 2 e
B2 Ra RN T i e i W) N SR i
MCET 37 C . &H 5% CO, KD h ik 47 1%
Fro WFRIEEL LN 10% (9 FBS 1% Y555 2 Al
B 7 LA 88% 1) DMEM s Fr ik . SEo % 77
0T HEBR FBS X525 19 20, FH 0.2% 19 4 1L
HHBSAYR HAE e,
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1.3 SCmnkTt

AL 5r 2R 2 AFR ST UL SRR G ) 2%
e IE UL IR R A W B T [Bmim]C1 X 24
PRI, TSI S 1 A2 (A4l 1 el
FEHEA (TN M) F 7 S [Bmim]|Cl A B 2H | H 2 55 vk
BEASIM1.2.4.8.16 F132 mmol-L™", BAb TX 4k
BRI R AN A 96 FLES I M (BE LA I & 1x10°
AP EESE 24 h W BE AR R R R 5 R
WML 22 vh i (PBS)HEYE 3 i, MIA 7 BSA FIAA]
W [Bmim]Cl (935 95 B2 15 9% 24 h J5 e B 52 A h
T 178 48 2 R 40 B 3% e o L R e A 1 2
TR LR e B W E N 1.2 .4 A1 8 mmol -
L7 e LR 2 B AR I O T 9 KR A B ik
A 6 FLAR P (BEFLAT M & 3x10° AT B R 505, B
TRPRAE S TS IO AR5 — 3K, 2 58 405 o X &5 T 48 b
HEATIAE
1.4 A0BEAF G 0

i FH MTT 75 I 5 2 58 5 10 20 i A7 3 o, B
PRAEANS 7E 2R 58 24 h R W RS SR AR O T E
HIZTHE), FH PBS WG UE 3 3, i A BC 4 i) 85 R 5
100 pL F110 pL 5% i MTT ¥, 15 37 C 135 5%
FETIEE 4 h 5, 3 1, A DMSO ) 150 pL
VoS i F B BRSO 5 FEAE 570 nm KR IO
FE HRAIMAATE A, A MUAE IS R % = (R #R L OD/
Xt BEFL OD)x100,
1.5 SEFREENIHAE R A0 O

R FR B NI FE A A R 0 E 2 R Yan
) 3 X6 5 % 5 PN ) 260 W T AR B R A T 0, AN T
J WS e sk R e AR B SO A R, B SRBE Y
R 2 W 3 R M P T A ) R
PR INAS T FE (% A0 7 i (mmol - L)
=&l 1% 57 HE 20 A 4 0 7 i (mmol - L1 - SEER 2 1 5%
FLA A (mmol - L"),
1.6 2R PBE IR A il

4 L A i ol R A e ] s a7
CRECTR) b 235 ) R0 S 8 1 D 1 7] 6 (BCA 35 TS
FELARBRAEINT o R 2 1 ol T i 25 5 e O AL, A
R #5605 1 000 r-s™' 250 3 min J5 32 A TCTE, I
A 0.5 mL PBS Z& i, M 75 20 i e i A koK T i
TR o IBCRBE AR I 1R Y 00 D, 0 LR
WRE R IR S AT A K AR TEAL
1.7 RT-gPCR

] Trizol J5 ¥ #2 B 4 [Bmim]Cl & 24 h 1

HepG2 4fififl RNA #E17HHSC L I #3500, $R IR
Je B RNA FH BN H K FITER i 55 Ao e BT T
Wi HooR Bk DNA FIEE 154, I F cDNA 5 —
Bl R SR 50 B (Beyotime) WEAT [ 5t . T s 5E WL
J& ,# SYBR Green 1(BIO-RAD)JH/E DNA 45 & Y
L, 36 B-WLEh & 11 (B-actin) FIVE N RS2 JL M, A
HH primers it 5190, 51933t 58 UG X H A 18 2%
RUEATIUE LU AR 5256 i v] SE 0 P AR P I
g AR 95 °C 30 s, 28195 °C 5 s, fE 52 ~57 C
Bk 10 5,40 ANEIR, 5o 22 w4 e il 28 DA 3R 2
AETEARRE R
1.8 SEitsthr

3 o B ) 5 22 40 BT R4 X BE 2 R [Bmim ] C1 2%
R Z A 1Y 25 5, 374 IBM SPSS Statistic 19(IBM
Corp., = E) X £ s 47 2 Wk LA, Fr A3 43 B
¥ITE P<0.05 KV T e ST 25 5

2 458 (Results)
2.1 2RI R AR I A
W prs  FEAS R BE B9 [Bmim]CLAEH 24 h
J& , B [BmimCl ¥ B2 i I &, A M AR I R 2 T
M, MH8 51t 53, [Bmim]Cl ¥ B2 4 16
mmol-L™" f1 32 mmol- L™ iYAbELH 525 X REZH 22
() P 1 LA 73 R A o 2 5
FERITAEBIE A E T [Bmim]Cl X 2 A1)

1001
80r
60r

401

Cell viability/%

AAMIAFTE /%

201

0—0 05 1 2 4 8 16 32
F i W /(mmol - L)
Exposure concentration/(mmol-L")

1 BF&A[Bmim]Cl Z5&/5 HepG2 MK FiE E
TE R FE AT 24 b BT A £l 3 LIF- 2 (B £4R 122 (SDYE R IR , n=6;
LXr A LE A BB VEZE S, *P<0.05 **P<0.01; T IF],

Fig. 1 Survival rate of HepG2 cells after exposure
to ionic liquid [Bmim]Cl
Note: The exposure time was 24 h; all data are expressed by average+
standard deviation (SD) value, n=6; compared with the control group,

there was significant difference, * P<0.05, **P<0.01; the same below.
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S0 VEHR 1.2 .4 18 mmol - L™ 4E iy &b 20 fiY ik
B VAR EE 5 AN AR R 35 56 b ) 1 AR A S 4
bR, 40T HepG2 40 oA A 28 1k, 25 SR n &l 2
INo 525 X IR AH EE , [Bmim|Cl %2 58 )5 TH #E i 49
e &4 TN B AR fL, fE R ER VR 2
mmol - L™ A5 H0 N 55 37 2 rh A A 4 B T A i 2D, R
LGP 2R 2 4 A0 L R A Qi PT BB A2 31 T B R
Wi, S5 1 20 A, fE[Bmim]Cl 2 F2KE 1.2 4
A8 mmol - L™ Asf, &4 i3 4 I 7R 32 21 01l BH . iy
il AEE I RE R A A A A T W AR

B W N ~ e
T

)
T

3k

TS FE 2/ (mmol- L)

Glucose consumption/(mmol-L")

0 05 1 2 4 8 16 32

FEFEWE (mmol- L)

Exposure concentration/(mmol-L")
2 BEF%&[Bmim]Cl £F/F HepG2 A
BEREDHERNEREE
Fig. 2 Consumption of glucose in HepG2 cell culture

medium after exposure to ionic liquid [Bmim]Cl

2.2 YA PIRE DR

HARFEAN [E M FE 1Y [Bmim ] C1 %F HepG2 4 it b
ARG FZ 05 T R AR e ) A A A A i R
ik, WA 3 FR 2R ER T AR BE A9 [Bmim]Cl H
24 hJ5 , ORI O A A TS PO IR A B
FEAR
2.3 S A R A S5 A O3 PR 11 B g

5% [Bmim]Cl X7 HepG2 4t ot AR 15 5% i 1)
HL, 2528 TR HP 5 2 A R 1 R S IR 3ok il 174 35
RO, e B3 R HAE R I 1 R,

ERRW AN GLUTI 7R 58 )5 #ihH
SRR X A BT RE R A A A R A A
SRR Y BB B, L OC B Y PR B i PKM
PFKL (138 3547 #H R Fa 34 ) A8 4k, 56 DR ) 28 35 i 2
2 VAR T TV R T T R R A A KT L 1 S 2
RIFOCH G6PC HRIB LT N, HEREZ
Ji W 55— T LY B A5 R 016 2 o B 1) BR B il IDH2

LT B SR AR A, 13 PR T R R TR A 8 mmol
L7 R T R Y L NI T S
JEE RS A A S 2 PYGL , GYS2 () 3R 35 1%
i, PYGL 12235 B s O =T, 1 GYS2 3
PRIAE A AVRSR) i R R B GR HR  NR (1A 4)

3 118 ( Discussion)

DK M IS B W AR R 32 8 FH A A LS 5]
FFEE BRI T AR A SE BRI BE S /MR /N2
NI A0 HepG2 55, WFFE T WRIESE 25 - AR 5 |
LI EBCARN | A A B s (L BP0 | i He A

0.201
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

WIS i/ (mg prot-mL-")

Glycogen content/(mg prot-mL™")

FEFEYRE /(mmol - L)

Exposure concentration/(mmol-L")

3 EFHE[Bmim]Cl 5 /5 HepG2 N HERESE
Fig. 3 Glycogen content in HepG2 cells after

exposure to ionic liquid [Bmim]Cl

8 —ck
7+ 21 mmol-L™!
£S2 mmol-L!
6 EX4 mmol-L™!
EEI8 mmol-L!
5_
o
HE 4
o
s
B
K= 3 X F
° N E
= 4 -
- N4 M H
5 TH H N
1+ . ACH AV ¢
:‘ :‘ﬂ H O
H <l CH H NE
0 AVH [N AV (AN A [V
GLUTI PYGL G. GYS2 PKM PFKL IDH2 PDK1 G6PC
HepG22E[H
HepG2 gene

B4 BEFRE[Bmim]Cl FEE HepG2 i
BEREHEXEERNREBR
Fig. 4 Expression of glucose metabolism-related genes in

HepG2 cells after exposure to ionic liquid [Bmim]Cl
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Table 1

®1 EREEXEENZBREER

Names and roles of genes related to glucose metabolism

HEA

Gene

ke

Function

RSB IR (GLUTI/SLC2AI)
Glucose transporter

(GLUTI/SLC2AI)

WA S 2(GYS2)
Glycogen synthase
(GYS2)

WH R A R B 38(GSK3B)
Glycogen synthase kinase
(GSK3pB)

WE IR MR LR PYGL)
Glycogen phosphorylase
(PYGL)

BRI G (PFKL)
Phosphofructokinase
(PFKL)

TN B R B4 M(PKM)
Pyruvate kinase

(PKM)

SR DL S i (IDH2)
Isocitrate dehydrogenase
(IDH2)

PRI 7 ot S A i (PDKT )
Pyruvate dehydrogenase kinase

(PDKI)

S FLEN Y E R PR A IS B, S (0 B 1 B SRS AE T A R R 2 3R
This gene encodes a major glucose transporter, and the encoded protein is found primarily in the cell mem-

brane and on the cell surface

S JFP IR D5 i, A e A D i e ) R 2 R A 80 M 1 DA UIDP ] 26 W 7 8 BB 40 O R 3
s

This gene encodes liver glycogen synthase, which catalyzes the rate-limiting step in the synthesis of glycogen
that the transfer of a glucose molecule from UDP-glucose to a terminal branch of the glycogen molecule
St 1 2 1 B S TR A A Y Rk 1) 22 SRR -0 R R, B R AR S M U A, 2
AEIL AR SEAE | P9 T I 38 2R AR T g e i AN T 3

The protein encoded by this gene is a serine-threonine kinase belonging to the glycogen synthase kinase sub-
family. It is a negative regulator of glucose homeostasis and involved in energy metabolism, inflammation,
ER-stress, mitochondrial dysfunction, and apoptotic pathways

ity —Fh ] "SRR E IR L - LAV RE RO 2 , M DT DA 7 4 v B A % - 1-
M2 , 2 1 BE i 22 RSk 15 iAW AL , N IETR PR BEIR L A B 8 A TR M MBI L il A

This gene encodes a homodimeric protein that catalyses the cleavage of alpha-1,4-glucosidic bonds to release
glucose-1-phosphate from liver glycogen stores. This protein switches from inactive phosphorylase B to ac-
tive phosphorylase A by phosphorylation of serine residue 15

S h 02 15 R T RE SR BTSSR 2,6 - SU IR IR 1145 B R 3 kA G, 12,63
TR PR TR 42 1) A A W I APk R0 0B 15 201, A 180 2 10 BT AL SR -2,6 - WU R (F2,6 BP ) 5 I Y 6-
T A SR 2- SR B PR AR IL F2,6BP A7 1) SR -2,6 - XUl o il 1 1

This gene encoded a protein that belongs to the family of bifunctional proteins, which is related to the synthe-
sis and degradation of fructose 2,6-bisphosphate. Fructose-2,6-bisphosphate is a regulatory molecule that con-
trols glycolysis in eukaryotes. The encoded protein possesses the activity of 6-phosphate fructose-2-kinase
which catalyzes the synthesis of fructose-2,6-bisphosphate (F2,6BP) and the activity of fructose-2,6-bisphos-
phatase which catalyzes the degradation of F2,6BP

ST 2 SRETE A A S 1 5T, 2 A% 1 2 190 S AR TR TR , e Tl T A A DA TR TR S I T T R e A B
ADP, A= Ji ATP FIPTHRRAR , %26 1 B /s 5 HUR BRI AE AR R, JF AT RE A 5l HUIRIRIR A 10 240
AR

This gene encodes a protein involved in glycolysis. The encoded protein is a pyruvate kinase that catalyzes
the transfer of a phosphoryl group from phosphoenolpyruvate to ADP, generating ATP and pyruvate. This
protein has been shown to interact with thyroid hormone and may mediate cellular metabolic effects induced

by thyroid hormones

S I A TR LR T NADP(+) RO S A7 R I Ut , & 7 vh Il Qi AN B ™ A e AR,
FUBAT Al S YR RR I 2R 52 6 W B 2 A s AR e e 0 e R B A e R B i

The protein encoded by this gene is the NADP(+)-dependent isocitrate dehydrogenase found in the mitochon-
dria. It plays a role in intermediary metabolism and energy production. This protein may tightly associate or

interact with the pyruvate dehydrogenase complex. Alternative splicing results in multiple transcript variants

PR BRI U (PDH) & — ROk A 2 WAL 540, mI AL PR R ) LA IR A T, OF HLJE: 5 5T 9 35 I L
BB G AN Y- ) S B — R T e B R AL/ 25 BB AL TR B AT, PDH. R AE 1 Y B R
JI50 S0 BEHE M (PDK ) B IR b5 UK 15

Pyruvate dehydrogenase (PDH) is a mitochondrial multienzyme complex that catalyzes the oxidative decar-
boxylation of pyruvate and is one of the major enzymes responsible for the regulation of homeostasis of car-
bohydrate fuels in mammals. The enzymatic activity is regulated by a phosphorylation/dephosphorylation cy-
cle. Phosphorylation of PDH by a specific pyruvate dehydrogenase kinase (PDK) results in inactivation
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Zi3k1
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Gene Function
HI#IHE 6 BERRBE(GO Pase) i N BT I 19 2 7 BEHE &5 AR 1, phy i AL W JE R GOP %128 55 11 JCAHLBE IR 14
HINELLU ; GOPC 3= NIRRT 3 A G i MM 6 i R MG HE L T HE 13K [N (GEPC, G6PC2 Tl G6PC3)Z— 3 i
HIHE o-BRIR G AL D-ATHE o-BRIR/K A N D-H 40 ME A IEBRIR , O LR 4R M A B N R S i 5K 4

HI#IBE 6 BERRIE(G6PO) it , TR S A TR 5L v AR R T

Glucose 6 phosphatase Glucose-6-phosphatase (G6Pase) is a multi-subunit integral membrane protein of the endoplasmic reticulum
(G6PO) that is composed of a catalytic subunit and transporters for G6P, inorganic phosphate, and glucose. This gene

G6PC is one of the three glucose-6-phosphatase catalytic-subunit-encoding genes in human: G6PC, G6PC2

and G6PC3. Glucose-6-phosphatase catalyzes the hydrolysis of D-glucose 6-phosphate to D-glucose and or-

thophosphate and is a key enzyme in glucose homeostasis, functioning in gluconeogenesis and glycogenolysis

I P E K A T RefSeq B4,

Note: The information in the table refers to RefSeq database.

I it BAE e T 200 B A s e 2 9o AR
1, RS4RI [Bmim]Cl 53 /0 4 55 L
HIEPHER S AE R [Bmim]Cl 22885 40 Mok 5 & i B
FRRE A bW L o i B DG ORI S A
SEAE AR L™ A 3 A0 , (TR PN %) i 7 Wk 3 AR
FEARZST ) HepG2 4 L vl J5E 43 fifk A= B 1) 46 265 4
S0 g DAL 47D I A ) e IR /L . 48 [Bmim ] Cl %
#5571 HepG2 A rf G S L DA A 3R A1 1
FERI A 12 B A Z %, GLUT1 & A Rt i A B
MR AR s B, & —Fh I bR, FLAE g 2
L P 28 TR 328 8 A 3 A0 rh e s AR
HepG2 4tiffl i 3R 35 16 AR AR KRR B I fig 3R 41 4t
XoF B 4TINS 2 A A R AT DL, TR 9 % B0 28 [Bmim |C1 2%
5 GLUTI B33k B ) T, A5 R 5
SN2 WE I FE 10 45 AR X N, RT-qPCR 1] %5 b
THFERY LI 25 AR AE — 3, 1 #1535 B [Bmim]C1
T S22 R0 Hep G2 24 0 XoF ) 26 AR Aty W WAL, 2 11 5% g
20 L P AR R

W JEr 2 T A W AE S AR D9 B A7 3 B R
B BRI A3 FAR AE AR TS B B A AR T
BRSO IR 3 i A 1 1 G A
B PYGL M4 MU Y S B L R GYS2, & BN
BT XA B ERVRE R 1.2 F1 4 mmol- L™ Ay AL 3!
4, PYGL W33k ETHM GYS2 (335 R, RISE
4 AR T L o T %) A S 0 )RR DA 5 e i
AR AR G, 3 50T O T A i PR DR A B 5
A A EIMEIS FER RIS HE X 2 B T 40 A M A1
W ASC ) T 2 AR Rk >, T B o0 1 B AR D L O
AEFEHUARAIREE . 117 8 mmol - L™ AY R FE 4 i Tk

R E T2 B T A LAY IS SRR R i i
WCRN o G AL EE . GSK3B 2 55 —Fh & 5 h R & i
1) B TR 8 S 5 1 TRl o 8 TR b W D G
(GS) RS i 1) G B, 12 FE PR 2R 38 19 b T A 55
— A7 THI R RE T M PO T D B R 0T

WETRE AR Ry 2 0 200 R[] 1% o) 2 4 o0 e A
2, Je M D A firR T S %) 2 3 0 L &/ 8% A 2 W
fRACH I S 2B B, M S A iR AR AR 0 5 Z AR S,
BUAAE AW () 2R AR ™ ARSI A T I
fif A I S HEG PRKL 119423418 O, i A A SR 0l
- IR In] SR WE-2,6- — B MR % 1k, A WF 52 & W], PFKL
OB | R i & v e A [ i 7 A E N TR NS M
R IBE S5 A O AR Y OC B R A S o W R
(GOPC)Bfi 5 Ve FE B N =3k T K%, f L AT, [Bmim]
Cl TS —EFEE AL IE HepG2 4 i) b 2 fit
DS S A= T LA 5 e 23 Bt R 8 1) v TS A

FPEE RGP XFR R = FRIRAE IR, S R oA
AR ) B L ACHE I, AR 28 W I A 5 A 1
PR , AR R 76 A 4R 0 28 PDKI i fiEfL S
AT CoA SR G #E AFFBERR R A, IR T
PDK1 LR P22 351 O, & B0 3R K il 7% 5 Vi 5 1)
FrmiZ e B, RN AR A T ) T i R
NF, B A AR AR G S5 R SC PFK2 (1) 3538 Al
WP, 1 TCA ¥R S5 B IDH2 1Y KA I A
B R A K XTI RE S TCA 32 2R
WS 52 A e, {H AT DL RE IR 2 7E e TR Y
[Bmim]Cl 258 [ TCA 1322 T 5 finBA i,

25 L Frik | [Bmim]Cl 2 8 2 % W HepG2 4l Jfd
FAVARE AT, LA R0 A U 2 200 i XoF e 71 5 728 i 178 T
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JAE4E B TR [Bmim|Cl % HepG2 20 MR 1 52 i) 329

W, 2 40 L PR TR e B D B 0 i R SR A
FRRAR AR, v ol S I 2 2 5 R M P R A
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