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H—w e BRI E5RE

MEEM LR R R, “ 33 — WM EEARY B, RAFSIERL TR EE
B EERPAZN T, REAER AL, EREAMHESHE HES, AR TIER A
FRRAE TR, S5 sh s A M E, 3730 RS 353, s 3550 Bra
ERYF, WEFBESMHERFTEE. b TETE3 PR RGBS, Bz
LAz ghit B RE BB M4

F—1 #©/ &8

FHINT, A E BUR  FHINGE UL TEE B2 3R, LA s Bl s (875K, K
R0 BE T BR A R AE T sh %45 , AW 2 A BE O, S SR A i B AN MR B BN SO . LA
BERLIT= A BT AR AR L i AR Rk 26 55 ShA8 LISCBR R W TR At . PR 55 St RE BB
HR R Ry L, FIZ7 shint Wy AR A BE R OB BRI 18 R 07 3 Sl 4k, B R TR 55 97 3
BRFIRIZCE , e 7 sh BRI IT o881, AR B 55 shke . 5t A A Re B A B ol
1312 55 sh A B AN YN R B AS T R B IR

— B RAHHA

BT, AR B, RV A G s B ANRE , BAEVIEAHTHAREYLE
R BT R ERR , R RIS F A A R LA R AR TS R AL A B0l o HUIARTE AL TR ORE
BARE WS, RN R E S AR E A BRI, LORENUR S Fh A iE S I B8 317, 78
SrFARBHE AR P, B IR YR AR AL RR BRI L R, R BE S . X ek AR ad B4k, iR
AP R AEATESIEETR . AR RHEEMR SR, RREERNL, W, 7Y R
RS YR SRENRER EFRREN. HEY ARG K E BRI b
B R R M R4 AR R BT, RER MBI LY R = BB IR (adenosine
triphosphate , ATP) ,,

U AT TS S b B ARSI A 2 5T (B VR B R B ) I 77 BB BB R,
HBE ATP, ATPAERVUAA TGS EERE, KBS RN L&, a7 Ak
FHME B N%, EidU E B T RE R ML R Y B IR A5 B8, LA K ol AL 2 e 1) L
i R RE R AL, TPLREE AL B o

Z HHEHRBRAREN

— U AR A RE R AR . A fir AR, b2 BE T AR AL BUERRE L L B IR T RE BN
it TEMAHERERABE, TEIIA—NE, B A HGE, EREYLFHREANMI ¥R
. BHAERRL(AC) RIER RN RS EE T HTHMIRIR—H o teR, e HEEE
WA, —AN R RSE H BB EABUR T YK B e S R MY B B REZ 2, 5 M F
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REFH B GERF

AHBEIR. M AG <0 B, KN B Z#ATIHFERER % B d1RE, WL N AR I . AG >0 B,
RAERE B BB DA BEHEAT , WO DR W BB S R . TE A W14k N TR RE SR P 75 RE B 5 ey ATP
AL, YRR AR R R L 2 S A ATP IR R, Rk, A XERRB5H®
RYBER LB R ESE ATP AR RS M BEITH . ACY RFEARRA TR+ A 1k
RAEAL , BB AR WA 2 SR PP B AR RS B S R HIVR BE A 1.0 mol/L, pH 2 7.0 BPIRZS . 44
AR SR, SEBRE B R REE AL AG B 5B R NY), BN A FHEF BEARSHWRESR
K, EPREY AG ATRERTBUMT AGY',

ZEBBRRFLS RS Re

=ERRIRTT (ATP) (i BRIEERS AZHEAN 3 4 FREERTA AR, 3 4 FRERR Z R H A, 2 B RRETAZ
TEARTEMT AR ATP FIBERRETS/K AT # AG i —51.6 kI/mol, BIEEHH 51. 6 kI/mol HIEE
B, BV PIEsimie & YK e B M EER > 20 k)/mol 3, H AT & BERR PR N S RERERR
BL~PERRZ,

TEA MG SIS, ATP 7K % 0 — BB i1 (adenosine diphosphate, ADP) &8 (Pi) , B 14
HEREEFHEE MIRRGE et S %, ATP EEEE, YR d, ADP i3 )E
YK R AL S E AL B IR fL (B XS TE WSS ) & ATP, "I I, A WA N RE B BB fE fn
FIFAERLL ATP 0 (B 1-1),

L HUREE (LA )
Rl / BER (WREHHE)
~P ~p MFEE (SRR
\ e (B )
BRI e (A HRR )

Y
ADP

JRMIK B AL

B 11 ATP H4ERFNF B
(8318 :B#ZFE. i dba. ART A H R, 2004 152)

M%7 50 B AL B RO

5 St B ELHE R IGE I BE BRI R ATP, Tie AR 135 3d R 135 3, EEABIRYI IR
£ ATP, HUAHSRBRMEERBIF=E ATP, ATP /ENEERBAY R, MIEVIAEEE G
BB EHMBME, TR ekt S BT 5#%2%, Iy aesia s
HRESFRIFE AL, ATP RLULPY W8 i BER AT il — BLIRRE YR, B AR L ATP BORE & B R/, BT
FCIEHLA 4.6 ~ 6.0 mmol, BEAERF 0.5 s B HR BE ML YR4E BT s i BE &L .

B8 LR ( phosphocreatine , CP) JUI 2 = REBR IR SR 49— P B TETE X, R LA A BT LI 3 A
RBETRME & . BRI CP B RS, % 15 ~ 20 mmol/kg, y ATP YR 3 ~5 £, WP &
A& CP, CP 23 F BT & (1 BEBR PR B Al B 4R LAY & i Ak FELA R A0 AL 1L S IV BT 7 U RE

— 2 —



F—F FHHRERBLHSB

T 7E e B b i 3 FULBR 8B ( creatine kinase , CK) ¥ CP )= BEBEBREL % 5] ADP 431 BIE AR
ATP, CP I LB ( creatine, Cr) ,,

EEH ATP MRS FEANES N, U RRESBEEHTE. RITFERERMLEs+
ATP B& B B4 RKE 2 REE .

HEREAUAMEZERIE. Y, KA ey, KEA Y aaEsEsiws, F—
o R A e A T REA LA o WU IR 2 B B L b B B 7T A 3 P B I 45 BE TR, R R
WREEBRNERRRA THHRE., BOUERNHAREEREYE,

JEWT RN &R EEIRY BRI FEE, K AR B B BER L, EHRET,
ANEFTEFERIRERE Y b7 40% ~50% R B IR BN o

BRI SEL S EERTUNAR N, BERIER N S I & E e f B 1E
H, 1 5 R AR RS a2, AR SRS FT AR AL RE . A Se AR MR W] 5 A8 O AT SRR
RN, A THUAR EoT iR ERE & .

T, ATP RAUAST e i B HEREIR, CP R HL L PI BRI f) ATP {17, ATP BB AR TR R
BYHIBAAEY B MEAR=KREY R, = KEEYRENE L. RWE, X UHE
WA B RSE AR SRIRAE fELR T, =4 ATP LA SF SR FI A .

F-T HNEFSHREERHSERBIE

MNEFETFF BN, 25 B TAENIRBK R L #a R E R, X E A SR EFY R
HFE BN, A FUBT an —EAR FLRERE P REEE . AN MR TN S
BB TEE , MEE RGBT, WA 500 VPR B3R SRS RGBSR T RES
AERREHAT TS5 . B35 S PR 88 8 i 7 B v, (A3 4R fL e B i B R
MBS, U ABROK LS ey R SRS RERY UG , TR N o B 200 AR TR
S/ YL AE RN R R Y FEORIR B A BN TR ERE, KA EE
HFERS , 7 A T LM S SV RE R TR BB AL B 40, o ATP LR BRERSF , B LSRR
PIARRE AL E A BB B UL RE R O RAEFRILIA I SF AR TE B R, 55 BhEd LY
RERNEEG =MUERS HRE SRS WA R LA A MRS,

— RERAH=ANHERS

(—)BiERIRGteE R

ATP 1 CP 43 F o #8 & A W BEWEBR 2 , R LA B R B 1R AL AR B 48 AR LA, AT BB B AR
2y ATP-CP RS (BERIFHLRERSE) . BRIEAR G RERABRA 23 It it £ 7 5 3h etk
FIF Bt RE PR Akl D R B R RYHF 1

HUARBIZLZ AT, L 2 RIS , I #ERY ATP 7] 3K 6 mmol/ (kg - s) , L BT & IR YR
GALAE B ATP HE , 3XAT ATP fTHFERER i CP @b KR = AR R AN TR R0 . iz A
CP RELAB AR TR 7 NFFA B ATP, fff ATP (¥R BN 2 TRl RIRK , 4EFF IR P 2 45 19 ATP
YRBE K ATP/ADP WfH . CP WTHFERE KA TRBE SR KRE E 3+, Bk CP X T
LB B B S B s RE ) T B IREX B RE R (L RERTE TAEALE TR
KIBBETAES ~6 s 2P , A 18] 4932 3h b UK SE KA BLBE R B A ATP, o4 U 2

— 3 J—



EEZHEINELERS

H CP (&,

B SRS, T EIEE MR RR S A AR By ATP 7] 5 LERTE ILER B ( creatine kinase, CK)
AL T A BB AER , ML IR E i BRI LBR A ~ P LRI #8545 ADP,{ff ADP BHrH: 1§, ATP,

CP + ADP < ATP + Cr

(Z) MRS

ToE AT RBP4 LR BT R R M B AR . BB R AR R N AT 4 I B SR —
B R R S R BN ER R I AR, IR BB AR IR 1S, XSO R B AR A R AL T AR
BEBREENE_ I BEENIRE T AARASRE(E 1-2) . FBEAEN 2R N 7E K

FiH4T o
HOCH:
H © H
H
OH H T
HO OH CH0-®) $Ho
H ﬁ ATP B RN $=o - H—C—OH 3-BERSH v
CH,OH CHO—®
®-0CH; ADP Pi NAD"
o) NADH+H"
H/g H
c-BEHE 0=¢-0-®
Ho\PH  H/0n H—C—0OH 13-~ B H g
H OH CH0-®)
ADP
0 .
CH,OH (ITOO‘
(|:=o H-—C—OH 3-BEERH R
|
o CH,0-
HO—C—H - PR N ©0®
H—IC—OH
H_IC_OH Ccoo’
CH20-(®) | .
ATP H—?—0-® 2-BERH AR
KADP CH,OH
(I:H20—® ¢
C=0 .
[ ?00
HO=(H L6~ B Cm0.®)  BEAENEER
H—C~—~OH i
| CHa
H—C—OH ADP
CH:0-(®) ATP
Coo NADH+H" NAD' oo
| a2 f_ |
¢=0 > GHOH %18
CcH, WER CH;
1

H12 EBRERARETE

(518 AEF. £k e ARDA BRI, 2004 80)
1. BB R LA AR ATP SHUARE .. R H 1 mol HEE 0
4 2 mol B8, FL7=4: 4 mol ATP,

3-BERR H B R R A A A A R 1, 3- TBRRR H R B R BE B ARAT TR IR SRR



$—F FHNRERBLHES

BANREFRET N, B S IRE . XS REmBR KM AG®' = -61.9 kI/mol, A %%
45 ADP f=/E ATP, BEERMAEEEY N ERBR (M WEER 5 IR IR AR % , /KB AT AG®' = - 12.6 kJ/mol,
{ERERRY DY R B8 7 BP 4% A8 B ER N R B BR , % B 3 BB 1Y AG®' = - 40 kJ/mol, — 3% & it 3
-52.6 k]/mol, R LL{t#5 ADP BERR 1L sk ATP,

VEBE RIS TR e U A BRI RN ER . WEEEMRIR AR P [R] 7™ 4 W] % A8 B
Him, LA B, R 2, BRI 43 AR ok B H T Rk ABERR R R ik . WERBR Al 5T &R
MHEER,

2. R R-FEEERR AL ARG RS R AT LUE ), ADP MR IL 2 5 R E 1k
B (1, 3- R H TR ) 7K A L R B R M B 20U D R P /K ) (B R 1, X R 5 A A S Ak S B
BB ADP BEERILFR A TEYI/K BB IL . LA WA= ATP )i 12 R B A iR 12 P i B A
JRHIK - RR AL R R

3. AR EN HAMBNETFAERREMSREE XXPUARAREENEE., Hile
S RIZURIE ) 75 e, LRSS, RER I A B, AR 2 SRS, BB B F 2l I VB AR 2K
5.

VBT, 1 mol BATHEA MILERIF™ A 2 mol ATP, 1 mol 7% RME B BLFLERIY AG =
- 196 kJ/mol, WL ATP FEAELEEER 103.2 kI/mol , 0% >50%

(Z)EEHE RS

BEEREMMAE S B RALRRKPHITH . BMEBERERENHNBR. AERE B-A
b EERB ARSI ALRRS I ZRRIE, ER AR, RS RERB T RE
I HEBEERBERY ATP,

L. HHBAAENTETHRERLES AERAMEFEHE MR EZT, Zd R
A RERE, AT BT EERER. BEELKRES AR B EBAEEE
ZWEBE R IR A RS ; 55 — I BEINERBR 5% B A SRR NS L B ES A ( ZBE CoA) 5
FE=M B ZRRIEN 5B ER 1L

(1) vaBEfRIR AR  ILAT .

(2) AR AL LBk CoA: ZFE CoA RAEH TEM T R Y , R = MRS, I8 W R
AR KR Z BB RS — I KB LB CoA SR HEA =RRIEIF ., LBE CoA BTN
CH,CO ~SCoA , NERBRTEPNERRRIN B 2 SR L T LR AR L 25 R LBt CoA XL HY
AG°’ = =39.5 kJ/mol, B R

NHEARE + NAD* + CoA —> Bt CoA + NADH +H"* +CO,

(3) ZREEA MEALBE R AL . = BRIRIEIR A R LR AT A&l 1-3, RN 2 IR
THIZBE CoA 5 4 MRRIFETF R HBEZ BRYE A B 6 BRIE T RIFT R A iR, R B i S &L,
EHAEREB R, SER—RIER . St —RIE3F, 2B CoA 1y 2 MRIFE T #AIM CO,. TE
TEIRRA 1 WIRPIK B RR T S0 AR AL RE R R 48 ( ST MR =Bk MR, GTP) . = RRIRIEIAA S
HAREBINEERE AR ATP 19 B3R, HAERA TR 4 B (B4 8 NADH 0y ) , A
B ERmREEET, SBERTHEASSNTURLKRERE, EFYTHEMGER
B RTEX B BB kY o

“IRIRIEIA B NLA :

Z B CoA +3NAD " +FAD + GDP + Pi +2H,0 ——2C0, +3NADH +2H"* + FAD - H, + CoA + GTP
— 5 —



EFF 5L nd

coo- CH3;CO~SCoA (I:H2COO'

bo HO HO—C—COO'
' CH,CQO'
N HSCoA ﬁﬁéﬁz < QHO
Coo’ ~coo
2:?%&&@ c oo
? - IR £
HO—CH OO
|
CH,CO0 Het—coo
o | SR
CH,COO
H.O 2H
H—C—COO 0s
i 0=C—coo

‘e HSCoA /[
FE - H;
ZACHzCOO 0=C- W I

CoASH CH. 2H CH;COO
CHzCOO | co, o-F—R
WHR orF Gbe e
+ COOH
Pi ?Efﬂﬁ CoA
13 =Z$BEIR

(318 - ARME. £k Jim:. ARTA SRR, 2004. 87)

RIS N, SRR 5 5 A S A B T e e 120 — A% 8 (the oxidized
form of nicotinamide-adenine dinucleotide , NAD * ) B} # & I IEM4 — 4% ¥ %% (flavin adenine dinucle-
otide, FAD) . ENIELRZRMRIGH + S BEAHIE, YR B TIEE%MNE— Y, FFigs
T, AR, R —RIV BB R R RAR, HE RS EEF (BT RREEE
Ho XHEAMEAL G BUKNT=ERNERTUZR LB HE, ABOT S URBERERNE4, M
RERFR B M BT, B TR PR S A RE B 7T LUl T ADP BERR 4L R ATP, M T A5 B ML A
AUFAREERER . BT ADP WBERILE S S MES S ERUKHERE , S S5BRILE
RRRBRE— AR 1, B LAFR D EALBERR b, BR T = SRBRIB IR LLAL, Hofb AR 72 v A L
NADH & FADH, , t, ] # 1T &L BERR 1L .

NADH Wy EZiE 4550, AT LAE A 3 4~ ATP; FADH, S B AL R B4R 2 4~ ATP, [
I, B = RERIEI 1 0 F 2Bk CoA BJLIZERY 12 4 ATP,

(4) Jfi% & NADH B9%%i5  WERERR 1240 ALAY NADH 7Ef3 b, R BE B Bl 2 brik iy
BT AL, T EE S IR B AL HE A RPN, R G L T T S B b i
%o

—RiR o-BEER H M SR, B XL NADH M S Biia ELRRA NG , FAD (BN 25
1h&5 &SP AL FADH, , #E A B P8 ST b . UL IZPL M NADH 18 =4k
KREAER 2 1~ ATP,

A—MBERR-RLBRFR, MARERBTRILE . @i XA ML, NADH ) S g5
18 BERRANIRE , NAD " 18 2 Sk 45 & S8 il NADH, 3# A B8 F 1585 7 84k, B,

I AL ML P ) NADH 518 ZELORA T AR 3 4~ ATP,
— 6 —



