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[ ZE] BH. R T se Sou /N B BF 401 GC-2 8k JE TR S5 W, B B 1 o 5 J2 75 RE 51k A
AR T DR RN GC-2 00 I BRG] Gl iR 0) . K50 B s Al (0.8 pmol-L'H
) . PR E Al (1.6 pmol- L H W) AE AR E A (2.4 pmol- LT H B . AT H
LA B 24 hs, SRTWEMERE (MTT) AS IR [ 57 i se /e R GC-2 Mt o4, JC-1 Zeobi {4 i
A7 A 03 790 6 G W A% A GC-2 40 v SR AR B F 137, B R AR AR (SOD) 1 4 4G I 3t 751 6 A6
FHGC-241H SOD P, T8 (MDA) K iliatHR] £ 46 I 45 41 GC-2 4l il th MDA JKF-, i JR A 73
BEHBE (GSH) AT GSH (GSSG) Al ) &5 k5 I 4 41 GC-2 4 il v GSH M GSSG K F-, Ifit
B GSH/GSSG HAH; Western blotting ¥ K il 4% 40 GC-2 41 i rp L 4L H A &1 (HO-1), BREH ERE
(FTH1) MIGSHidHE/LYEF4 (GPX4) HARBKT . GE: SXBALE, dRfiGE=1.0pg L'
FA GC-2 40 PE AL (P<<0.01), WEHAL., hAMEFESHIN0.8, 1.6 F12. 4 pmol-L "H L.
JC-1¥:, S M4 ke, of s 70 & 7 s 4] GC-2 40 i 28 ki A i g 7 SRR A . 5 0 IR e %, I,
rh R R R A B2 GC-2 4 T SOD WG PRI BE IR (P<C0.01), MDA JK-FFHiE (P<<0.01). 55Xt
M g, K. hoRTE R A oA GC-2 41 i b GSH K- AL (P<<0.01) . GSSG K37 &
(P<<0.01), H GSH/GSSG HAEYIFEML (P<<0.01). S5 s, ik, &R A GC-2
AP HO-1 B M R AR B A m (P<<0.058 P<<0.01), FTH1 M GPX4 & [ 3 ik K0 8 AL
(P<<0.058( P<C0.01). %#: A Bnetsifs e/ B B4 GC-2 k3t 1,

[kggR] Gl DRKBAME, Bt AMHBGS S g 4; S0
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Induction effect of pesticide pyraclostrobin on ferroptosis of
spermatocytes GC-2 of mice
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ABSTRACT Objective: To discuss the effect of pyraclostrobin on ferroptosis in the spermatocytes GC-2
of the mice, and to clarify whether pyraclostrobin can cause male reproductive toxicity. Methods: The

mouse spermatocytes GC-2 were divided into control group, low dose of pyraclostrobin group (0. 8 pmol-L ™"
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pyraclostrobin) , medium dose of pyraclostrobin group (1.6 pmol-L ™" pyraclostrobin) and high dose of
pyraclostrobin group (2.4 pmol:L ™' pyraclostrobin). After being treated with pyraclostrobin for 24 h,
methylthiazolyldiphenyl-tetrazolium bromide (MTT) method was used to detect the proliferation activities
of the GC-2 cells after treated with different doses of pyraclostrobin; mitochondrial membrane potential
detection kit JC-1 was used to detect the mitochondrial membrane potential in the GC-2 cells in various
groups; superoxide dismutase (SOD) activity detection kit was used to detect the activities of SOD in the
GC-2 cells in various groups; malondialdehyde (MDA ) assay kit was used to determine the levels of MDA
in the GC-2 cells in various groups; reduced glutathione (GSH) and oxidized glutathione (GSSG)
detection kits were used to detect the levels of GSH and GSSG in the GC-2 cells, and the ratios of GSH/
GSSG in various groups were calculated ; Western blotting method was used to detect the expression levels
of heme oxygenase-1 (HO-1), ferritin heavy chain 1 (FTH1) and glutathione peroxidase 4 (GPX4) in the
GC-2 cells in various groups. Results: Compared with control group, the proliferation activities of the
GC-2 cells in various pyaclostrobin dose =>1.0 pg:L~' groups were decreased (P<C0.01). The low,
medium, and high doses of pyraclostrobin were 0.8, 1.6, and 2.4 pmol-L~'. The results of JC-1 method
showed that compared with control group, the mitochondrial membrane potential of the GC-2 cells in
medium, and high doses of pyraclostrobin groups were decreased. Compared with control group, the SOD
activity in the GC-2 the cells in low, medium, and high doses of pyraclostrobin groups were decreased
(P<<0.01), and the MDA levels in the GC-2 cells were increased (P<C0.01). Compared with control
group, the GSH levels in the GC-2 cells in low, medium, and high doses of pyraclostrobin groups were
significantly decreased (P<C0.01), the GSSG levels were increased (P<C0.01), and the GSH/GSSG ratios
were decreased (P<C0.01). Compared with control group, the expression levels of HO-1 protein in the
GC-2 cells in low, medium, and high doses of pyraclostrobin groups were significantly increased (P<C0. 05
or P<C0.01), while the expression levels of FTH1 and GPX4 proteins were significantly decreased (P<C
0.05 or P<C0.01). Conclusion : Pyraclostrobin can induce the ferroptosis of the spermatocytes GC-2.
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AW, Tz T/NE . KE L ERKRESZ
VR 0 TR A . AR, LR B AR B A
UH 25 51 OCTE o 78 36 B I 4R e R 4R 1Y 828 F0
I REA R, SRR A R R s 100% . ]
BF L A AN [ b DX R K AR, i A v B
3 d JE I ) B e K AR B MR T Ak 17, 24 pge L1
BEE A e BOTE 1 AR K PR RN £ W b Bl A i,
X AR 25 FR G0 RN 2K At B ) v AR XU o o B A
g R . T SO B AR RN BE T SR A B )
HA B EWRERN, iESIRE TR EE. O
BEPE . MR R o R, X 4 AL |
1 BAH D RE e AR R RS e e N S
O R T B e R R R R O L SR
M, T E O NEATE RS, Rl e i v A 5
T BE 4 V8 76 52 W) 1 R A5 2 e 40 A5 . BRAE TS —Fib
BRI R P A M SE TR S, HARE A H
JIK (glutathione, GSH) #& ¥ Fl GSH i & 1k ¥ i 4

(GSH peroxidase 4, GPX4) &ML, FEUE K
AR R R IR R R AR T iR e
EZMMEREF (Fe') MMt T &RV N, 7~
RS (reactive oxygen species, ROS),
LGl RBRIET Y AR T R ZMAEE
15 YLy ] T L 5 S AR T IR AR R AR B AR A . AR
M, A SCEUR A 8 L 280 T 5 e A AR 5E 2 g H T
WA BT, AW B TEIR D A e A R e
338 o 5 TR B A0 IR BT TIN5 B BRUME P 2E 5 R
PE, DA A PEAl o R A A £ B U B2 48 i Bt
AR

1 MREFE

1.1 i 22X XMNFMNE DRI EHE GC-2
W [ 32 [ R 55 5% 4 0% 8 P 0 (American Type
Culture Collection, ATCC) 4l % . = 4 5% 57 Jk
% K Eagle 5 3% 3£ (Dulbecco’s modified Eagle
medium, DMEM) HiJit 4= i vE W B 8 0 A=Y
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PHECA WA, Wyt (1% F-HE5%R) WA TN
TRAEVPEARAE, Awian BigmtELEy
BrEABRA R, M (methylthiazolyldiphenyl-
tetrazolium bromide, MTT) W B b 5 [ A # Bl 4%
AMRA R, JC-1 Lok A B e A7 6 50 & . 4R Ak
Y AL (superoxide dismutase, SOD) i 1A ]
W H & . A B (malondialdehyde, MDA) #5
M & . GSH M % ft # GSH
glutathione, GSSG) il 7 & W A L3 = K
HEVHARGIRA R, HAREE AR 0 L350 % TgG MR
FREEARIC I P/ B 1gG g B db st k2 S LR W 3
ARABRAF, MAEAEH 1 (heme oxygenase-1,
HO-1) #1 GPX4 g H  [E Proteintech 2 &), £k
FHE#% 1 (ferritin heavy chain 1, FTH1) 4 B W #p
EREAE W AR A PR 5L 7l . Centrifuge 5804R Y
T B V2 R S0 AL A 42 E Eppendorf 24 W), Fluor
Chem HD2 B!k 5 % 06 & e A8 & 52 A 56 [
Protein Simple /A #], Synergy H1 £ £ T G % Ot i
PRAL M A 22 E BioTek 24 A, NIS-Elements % 8
R AR BT H H A Nikon 28 A .

1.2 PEAMF@EGC-2¢3AiFra RASH
1025 M2 L3 A0 100 75 -8 % R (1) DMEM & 4 5 77
B, T 37°C, 5% CO, MY E I WA b 55 97 /N UK £F
MM GC-20 Hab T XA K GC-2 i £ 2 4%
Tl 7E 6 FL 40 ff 55 72 AR b, 24 hJ5 W88 4t IR 25
P GC-2 41 i 43 X B4 . IRF) i B se il . )
o BOCZH RN ) A S A . X R 4 R
T3 G IR A A 24 b, I rPORE T A v B2 4
M 45T 0.8, 1.6 M2, 4 pmol-L " sT i ab 1,
24 h 5 WA A0 ML AT T — 2 SC IR 4R A .

1.3 MITXEMNARRANEETLEMERTGC-2%
REE ST XA GC-241 /1, ¥4k
M 24 SLANM I SRR, CE T 37 °CL 504 COLME
IRFFE TP R R . SRR E R SRR INAE g,
Ky R 0.5, 1.0, 1.5, 2.0, 2.5, 3.0, 3.5,
4.0F14.5 pmol-L ' W3 24 FL 40 M 55 5% b b il 1%
FEHE, X B I AR S A A e e R AR A
SEER AN B S A AN ER A s R R AL, THE
AR T 3G 97 24 h G R AL A S0 pL ¥k EE R 5 g- L
BIMTT# W, & THEEMA AR E4h, WS
24 L 41 L 15 7% B v 9 15 3% 5L OF 1) Fodhohn AL 550 pL
B AL (dimethyl sulfoxide, DMSO) &,
AR R R B IR Y 10 min, bR X AE

(oxidized

P 570 nm 4b (S He P 630 nm) ) H O
(A) A, JFiTBE Mg E. s tE= (LK
AH-—ZFHAAMHE) / (FHEAAHE A4
AfE) X100%.,
1.4 RAXRANERMNGC2MB P EB KRB B 42
AL T 05 B A KA B GC-2 41 il 2 51 8 7 T 6 FL
MR SRR, BT 37 °CL 5% COLTE IR A v 8
IR UMY R R RS BG4, % B 4L A
BRI AR YOI G L R R A Y S R
Ab 3R 24 ho WCHBORE S B IR 5 R 3R Bk TR R 2% vh
7 (phosphate buffer saline, PBS) Wk 1k, ¥ 5
ERFERGIC 1Y TAERL 1 1Bl 70 iR
S Ja, AL 2 mLR AW, T8 R A e
B 20 min, F#E LW, HIC-1H A% (1X)
W20, BN 2 mL 584 85 5% 5 5 1 o6 3t
RAE DB TS . 560258 03R4 h 2ok (K
FEEFL A7 A AT, T €058 D't 3 7R A L v R AR B L A7
EH
1.5 RAEAMNERMN X4 GC-2m M+ SOD &K
P IR 147 e A0 A 2 AR RN 43 2y SOk A i
FAb 3, W 3 35 B S 0 1Y PBS 2% WS Uk
LIk, A SOD # 5 il & W, WAT 2 mani, T
4 °CH B DAL 12 000 g B0 3 min, BU_E 1 W AE
SRR i o FE 96 FL AN R B IR AR P 43 BN A 20 pL
B 25 0T BB S RRR A, BEAL A 160 pl 1Y
WST-8/Hl TAEWIRS), FINA 20 pl B ) i J5 30
TAEW, T 37 C&MTME 30 min, FEHR (UK
I HAE PR K 450 nm AL AY A (B . WH R = (=8
X IAME—HSAME) /[ (ZSAXNEIAE—%
HXTIE2 AfH) X100%, SOD@EME(U-pg ')
HIE 5323/ (L= 53 3) X (CouX V) o Col
FEAREAWE, VAR
1.6 KXARXAMNE#® A LM GC-2mHIF MDA
P S 3 < B W G S 5B 0 £/ S B R s W e
JfLE AT b B P R A R TRUORE S, o R R
(bicinchoninic acid, BCA) ¥ & & H W E, 7F
1.5 mL B0 A 100 pl 2@ W AE M 28 (X IR
FTA 100 pLL AN [6] e B 09 A o i T i 4 s ofie i 4%
JIA 100 pL # 5 H F 00, 848 H m A 200 pL
MDA £ il T AE W1 51 )5 T 100 °C #9367k i #4
15 min, KBR I EZFE G 1000 g # .0 10 min B
A, FE 96 FL A M B R AR oA 200 pL B, O
il A 4SO 5 G AE U K 532 nm b B A, KR 4 R v
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28T 50 FE i MDA ZKSF-, FEAR 8 28 1k 3o 3
BRI MDA K.

1.7 RARXNER ML A GC-2% K+ GSH F
GSSGARF  HZHE “1.47 w4 B 3 d Aoy 2 Jr =X
X 40 B AT A0 R . P PBS 2% ik vk U A0 I 1 Ik,
B0 Ja B A A M TR R R, 5 —
3 2 R A A8 0 U8 AR BRI 3 A% o Y AR 1 B
MW E 4R 5, R FHWCER 37 “CoK it X B b #E 47
2 PR R, 4 CTRCE S min J5 T 4 CCTE Y
B LA 10 000 g B 0> 10 min, We4E BWE TS
2L 5 GSH M GSSG myill 2 . & GSH AR . 7E 96 4L
20 B 8% 75 A RO A KR HE SRR S, i A 150 pL &
GSH K TAEW IR 21 IF % I 5 5 min, A 50 pL
0.5 mg- L~ " i J5E 75008 Pk i g W2 e — A% 1 TR Wl T2
(nicotinamide
NADPH) IR A), g HAE 412 nm K 4b A {H;
GSSGE : #5218 100 pL 5L INA 20 pL. GSH 5 bk
BENARS), BN 4 pl GSH W B TAERR 5T,
FREHE 60 minf5, &M AR E S GSH W %
e A o B doer BEARVE 2 H BAE A b S GSHR
GSSG 7K, F I 5 15 2 1 2 (1 BT T3 0
2y E PR GSH R GSSG /K-, Ja 2 X
81 GSHAY K. GSH= 4 GSH—GSSG X2,
GSH/GSSG=GSH/GSSHX100% .

1.8 Western blotting # # @ & 48 GC-2 &8 f& ¥
HO-1.FTH-14% GPX4 & & 2 X K F % “1.47
B 7 B AR 4 2 o BEFLINA 200 L 40 Bf 24 A Vi
JCETE VK 2% 30 min G I E NI R, T4 °C
A B9 B AL BL 12 000 g 850 20 min, BR L3 i
FHBCA LI 5 £ i i 28 ik B o I A5 1) 28 P v
JEEHEATRE S A EC L, A N 1 24 A TR 5 X 8 o
VORE BRSO AR R B R L — BOF AT AR, H
12.5% + = bt B B IR 40 - 3 TN U Ik B R RS H UK
(sodium
electrophoresis, SDS-PAGE) Xt & (A 17 0 &,
ZIE BV TR, BMEARER M WO
(polyvinylidene fluoride, PVDF) f& I, F 5% B
N WMy AE = IR & 1 h, 4% HO-1. FTH-1,
GPX2 #l B-tubulin (I HTAEAEE IR T E 2 h, &k
& TrisZZ iR AW (Tris buffered saline with Tween-
20, TBST) Mk 3%, MM —HifE%E R T
EE 1h, TBSTHWHUE3 R, 4ifFR%. RH
Image J ¥ A 43 B #5450 K EAE, THBE B MEN

adenine dinucleotide  phosphate,

dodecyl  sulfate  polyacrylamide  gel

FRKF. BHIWEARIBKF=HEA KW KE
{8 /B-tubulin £ [ 45517 K BEEAHE -

1.9 %3t ¥4 # K GraphPad Prism 8§k {1 1k
TG00, &4 GC-2 MGk, 44 GC-244
Mt SOD W . MDA JKF-. GSH/KF-. GSSG K
V- FI GSH/GSSG W fH, 4 41 GC-2 4 g HO-1,
GPX4 M FTHIL & 1R B K EGIES S, U
xS Fon, Lo AIRE AR 5 R H BRI R T 22
ST, 2 TRIREAS RO P L 3R T LSD-2 K 55 . LA
P<<0.05 M ZRA G FE X

2 & B

2.1 FRANEZFTABMEATEAGC2@EE MR

XA g, A BN &= =>1. 0 pmol- L' & 41
GC-2 i Jf1 1% MBI RE AR (P<<0.01) . W3 1. JEgkst
5 L2k % il ¥k BE (half maximal inhibitory
concentration, 1C;,) VE N A SO Ay & fl &, i
HAR . PRI FIE 0.8, 1.6F12. 4 pmol-L ',

#£1 AENBERSIEHTEAGC-241HTE N
Tab. 1 Activites of GC-2 cells after treated with different

doses of pyraclostrobin in various groups (n=3, x%5)
Group Cell activity
Control 1.00£0.02
Concentration of pyraclostrobin (gmol-1. ")

0.5 0.99+£0.00
1.0 0.85+0.01"
1.5 0.800.04"
2.0 0.720.00"
2.5 0.620.04"
3.0 0.60-0.03"
3.5 0.560.01"
4.0 0.57+0.01"
4.5 0.54+0.01"

"P<C0.01 ws control group.

2.2 BHGC2mtREkEEE SXTHAL
B, AR ORI R e AL R GC-2 4N i SR 558
JER B YR e, R OB R GC-2 41 il
SRESEE R RN AR VA R 10 AN
2.3 &% GC-2 4 F SOD 7% K = MDA K
XA i, K. PREFEE s GC-241
Jfl  SOD 1% &A% (P<<0.01), MDA KT8
(P<<0.01). W2, SXMALE, SHEGE
i GC-2 41 SOD K- F R 78.63% , MDA /K
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Low dose of
pyraclostrobin

Control

JC-1 aggregates

50 um

JC-1 monomers

50

Merge

50 um

Medium dose of
pyraclostrobin

High dose of
pyraclostrobin

50 um 50 pm 50 pm

50 pm 50 pm

50 pm 50 um

B 1 4 GC-2 40 H LR IR B A 15 B

Fig. 1 Mitochondrial membrane potential in GC-2 cells in various groups

TR E 167.00% .
2.4 A GC-2@mM P GSHF GSSG A+ & GSH/
GSSG e SxHaA tbds, JmE R & H s

#£2 KHGC-241f1 SOD TEH M MDA K F
Tab.2 SOD activities and MDA levels in GC-2 cells in

various groups (n=3, x+ts)

Group SOD [2,/(U-mg )] MDA [w,/(pmol-g )]
Control 70.1345.11 1.00+£0.07
Pyraclostrobin

Low dose 35.69+6.08" 1.56+0.11"

Medium dose 18.3640.58" 1.6640.02"

High dose 14.98+1.69 2.674+0.91"

"P<<0.01 ws control group.

GC-2 40l vh GSH /K EREA (P<<0.01), GSSG K
TR (P<<0.01), GSH/GSSG ik (P<<
0.0, W3, SxfHE4A i, & aE wid
GC-240 i GSH/K VTR 62.88% , GSSG KT+
i 47.02% , GSH/GSSG AR 74.95% .

2.5 Z2#GC-24 % HO-1.FTHI #= GPX4 % 9§
FAEARPE SRR AL, AR R R e
GC-2 4 g b HO-1 & (A F kK FTHm (P<<0. 055
P<C0.01), FTH1 M GPX4%E A EEKFEEE (P<
0.058( P<<0.01)., WK 2FF 4. H5XF R4,
i A S A GC-2 4l i HO-1 8 1 % 35 7K
Hn281.00% , FTHI & KK PR 83. 00%,
GPX4 25 13k K FEAR 54. 00% .

#£3 BHGC-2H4HH GSHF GSSG 7KK GSH/GSSG HAE

Tab.3 Levels of GSH and GSSG and GSH/GSSG ratios in GC-2 cells in various groups

(n=3, x=+s)

Group Level of GSH [w,/(pmol-g )] Level of GSSG [w,/(pmol-g )] Ratio of GSH/GSSG
Control 23.49+2.12 4.7040.05 4994041
Pyraclostrobin
Low dose 14.72+0.76 5.33+0.18 2.76+0.05"
Medium dose 9.00+1.14" 7.36+0.39 1.22+0.17"
High dose 8.72+2.64" 6.9140.32" 1.25+0.32°

"P<C0.01 ws control group.
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1 2 3 4 M,
HO-1 e — —— 32 (00

FTHI1 - 21 000
GPX4 . 17 000

B-tubulin  SEE—G—— 5 (00

Lane 1: Control group; Lane 2: Low dose of pyraclostrobin
group; Lane 3: Medium dose of pyraclostrobin group; Lane 4:
High dose of pyraclostrobin group.

A2 £4GC-241fH HO-1.FTHI M GPX4 £
KA
Fig. 2
FTH1, and GPX4 proteins in GC-2 cells in various

Electrophoregram of expressions of HO-1,

groups
3 % i

T S Qol 2% B Al i i RUAC R, A
AT R AR B AR TR S P T AR A R AR R T

B o R, SRR IR B A T (4 KR RTR
SO BB, HA S TSRO B 25 5] © AT
BORTE L W Y R A s O 2 A AR AR A
Y OKAEWR LS ERESY) BA BEN S
BEVE A P BRSO, SR, XL sh R A &R
G5, R0 R M A 5 R A T e AR R R AT
BLEM S = RGEESE . N TR E iR & BA 4
FEEEVE, BT LN RS BRI GC-2 g iR SMEE AL
FHAFF A (0.5~4.5 pmol- L") Y & 72 f b
P24 ho AUMOTEPERS IS R WOR . Y H SOHUR A
=10 pmol-L'HF, GC-2 41 A4 36 1 2% B A% .
HE— Wk . H SR RSB GC-2 41 iR
SOD ¥ PEFI GSH K F- AL, MDA ZKF-FI GSSG 7K
F-TbE, 9 H GSH/GSSG Wil B F WAL, ks
R S O IR GC-2 4 Y AR Ak A R
fads, WS AALRLIR N, AT AT AR X M 1 A 5 R
Goik ARG, T LR R, AW — LR
W T ESCAE R A S GC-2 4N K A Bk AT

#4 FAGC-241ah HO-1.FTH1 #1 GPX4 EHFE XA

Tab.4 Expression levels of HO-1, FTHI, and GPX4 proteins in GC-2 cells in various groups ~ (n=3, x74s)
Group HO-1 FTH1 GPX4
Control 1.00+0.21 1.00+£0.15 1.00£0.15
Pyraclostrobin
Low dose 1.86+0.33" 0.31+0.07" 0.45+0.17
Medium dose 2.76+0.21" 0.28+0.07" 0.45+0.19"
High dose 3.8140.41" 0.174+0.02" 0.46+0.08"

"P<C0.05, " P<C0.01 ws control group.

BRAE T2 — MR O 0 AR P v A0 M A T
3, HRRIE AL A5 AR B S A W i i B2 AR R At 48 4k
By A0 2R ST A A D5t HLRE A% 36 o R 47 A B 4 i )
M, S5 TREBEE . 2wk 1z shfe
ZRERET), TER T RSB RECEEN Y.
SR, BRAE T b A 00 5 6 ] S BONS 1 A AR B AS, E
gl & BHART 2, GPXA &AL T 1Y bR & 43
T, HA R S A AR I RE, RSB/
ik ALY MG o A AR, R BRAE T R G
SEVER] . B BN . 293000 1A S T
FHREW P GPX4 8 F R KK B BT, JF HAe/D
BT B 40 P o S R BR GPX 4 4 3 BOKS 7 8
FW A O T ) RN T4k S A B
Zo ARG RER: DEEHHRGC-2 2T
[ ifn, GPXAE A RBKFRFE T, e

SO G d A A T REZ B, N T GC-2
MK A RAE T . FTHIME Mk, HEE
e RE S AW, FREMBEANERS .
TE XU F s S /N B2 58 455 R S SO0 2R JE 40 40
FTHI BB A 525 RS 40 i P kP8 T, I LR i 3L
M F S i B s a0 . AR, GC-241 i
RBET G, FTHIEAERIKAKFZE T,
A RE S 040 M i R OK TR, R Rk A Y
Fenton 2N FIAG ik Ak, i — 2B R i RAE T 1 &
A S — i, HO-1 G898 38 i 40 fift 1l 41 28 Bk
TE sk, WEInAn o g P E a, fRUEERIE TS
L HO-1 1 3k BE 006 23 36 ROS # g 5
A, XK . ST RE A R KOS R
s . EARRE B, GC-2 4188 A HO-1
B R AKOF R AT AR HE— B R AR SE T R . B
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F LRSS R, AR R A AR R/
KRN ML GC-2 KA BRAE T, 1 X AR 5 R 58 77 AR
AR .

T B T L ) 2 RO T A R A
FEb5cl ZH M AL, BT LR IR0 55 5 5
PRI/ Ty BE ., AT A ] = 8% B2 B (adenosine
triphosphate, ATP) (4 i, T4 52 1A 196 =X
WHEER , B ZRIEMEAER % AR AU 4
Jfu e mE AR A RO A A ERRSE TR v R G
BEAE . ME AR R ROS 4 i i £ 83 07, 4
LA b 28 55 20 M N SR IR RS S R 2 S At T Y
VEECRUR I N IS E 7 S TS NN E R o
U GC-2 4 g 4k (A B i A7 0 3 R AIG, R T Sl
A BRI o T 4R A T AR 5 e AR AR Y g e AR
P X — R B — 20 B S RO S R AE T
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