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CE I MM R R
AT YL 0 9 B AR U A R ML S B R AR — AR T S R .

—. k&M (Photosynthesis )it

FOH TSR FR AR TR BORBBR EAE O, AR R LR S 3, B8 X
AL {ER (anabolism), XASEAERBEAR WAERMTHILA AR,

HaQ 4+ NADP?Y —j]ﬁ—a- NADPH - H¥*+1/32Gy

| ADP+Pi 2t s ATP
6 CO» + 12NADDH + 12 H* + 18 ATP—>1 havose + 18 ADP + 18 Pi + 15 NADP*
(288)
NEEN SEEH TSR NADPH R ATE; Sk b b, XM EHEZRER
VI A E IR, OO, #it n O, X RFRMER, T HoO 4> FERMRETDG# F &
FEV oA SN NADP indE 22, JE i NADPH + 17,

—. BB ERE A alcoholic fermentation)

WA AR TERE R T oWl h 2B 8w, XERAMEH (catabolinm), Wk E
RFE AP R THATH, BOVEE (glycolysis), BRI A AENHBHMERAEL, L
NAD™ ¥3, BR&F ATE (K, BHRIEDYYRARETEEAEETRR,

PULIENESINF,
[ hEPERL MM TFERRe T G ERE
(angbolizim )
(metah:h}lism) (metabolisin of subsiances) (encorgy metabolism)
RUER, RETFakoyhaT BAGER
 (catabolism)

=1 P RO

A {45 (inbermediary mebabolism) 3 (Rt i — R BHER W, WX SR WY, B
FEH IR A B, B A e L R R R R I R AV AR 1L

8 B35 1% (netabolic pelhway 2R AR B4k 2218 4 (Chemical pathways of mebabolisim)
BERNW S BR EAKER, BEKHRSREN—RA AL EERE,

PR N T — B R o e B X 8, BRECY LS (mebabolite), BN Z B A BEAH
T PERBEE, BRI PR E SRR B2 PEAE Y, RNEEBEYE
FERIRE B, '

« 2 .
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FE0Y RBEE Ti%

RGBT AT BB R OB T 3, R Ay R B A OR B
(isotopic traser technique), -

. FRUESYTERE | ,

A FE [ 28 9 B0 R LURY, 1904 43, 28 5 45 B 3% 733 B (Franz Knoop) F 3 W) ik F 1
722 B A 78R (benzoicacid and phenyl acebia acid) /B EE, WA EBUAREIER B8 LR
W GEHARENRK, A TENER S-Ee20. RTRTXZRETY RN ETS
MEE, SR P HEE I 3 R (hippurio acid ) W13k Z JR MR (phenylacebie acid), LI'F3
Hi 2 BUW K, RUIR R B-F 43,

O O O oonersom O

CITy BUH, —» COOH . — CONHCH,COOH
{ ]
CHg CH,
| {
a CHy
I.
COOH
FIRE .. EHE FHER 4+ ¢ HEEK - DR
{phenyivals~ (pheny! (benzoic 4+ {glycine) {hipparjc acid)
ria geid) propionic  acid)
1 _ acid)
PUERE AR AR IR B

HERUEZETR & S-HARBEZR, BN HERESE, R Z R,

= BRANEREE

- BACEGLAR R T P BN L 2R S L bR Y, BT AU R. R R Y
RE ENERTREAR WETRE FERANET, RETRBEEZENTME, TRY
B R REE W, % R W 4 %E A (deuterium, 452K °H & D), N #C
0, XERBERMEERARBRANGZHLAWT, |

1H/*H=99.98/0.02

14N /N =099 .63,0.37

120/ =98.9/1.1

190/150) = 99,8/0.2
TIN50 TR R X e e N RS FHE 2, 3R USRI A, B0 e-2K 4 B 1 oK
. B N RN o NH,, WA N R ES, SUBRMIET (mass spect rometor),

s 3 a




RAAC AR LR 28 MO 20 ("NUN) Wil 3z, BT B AN By s, B o
AREZNABYREE, WEFEK, DO,

=. HERMERRE

RSN R RS AR EYT M, BSERrETRATIIENSE, Bfa—
EAERER, REARERMRNAIE. WA R E 4 Oribinm Y0 5t SH) 8 14(H40) .,
B2 320°°P) B S4(HS)MPISL(™I), WS i — i X, VWA AT B S B L
fir ¥ -

—  EATER 140MCe), Heh FRL RS,

NG -+ g = 240+ 1H,
R SRR, o, B, N, BBV, T, MRF, D AR 14 W00, KA
MBI REfRZRY W+1=14 1, FI-FFE2Z MR T+0=0+1, “HBEHEN, X
BB AT AR A
N (n, pyMC
FE M Ny AT RAG V06 £ H T T, n, B, BB EER T, p, WEH,
G122 BN PRERE 82(%P5), H g R 86T,
“Clyrin, o) Py (o BN 848 tHey)
FI= Btk 3CIL, *Ty) o T il S HL R,
| “Tiy(n, ) H,
DL R — S0 B s B e IR S &, B2,

RS MR ER
o f _' e *OE W
HB0) g, YTy fi- 12,26 &
i 14 LY, e 5780 4
B 32 2L p- 14.3 %
I 131 1 feg - 8.07040.000 X
o =y B- 81.1K

U R BT R T SRR R B EE, I T.
Bl — ﬁ%?&ﬁﬁzf’i‘ﬁﬁ%%ﬂﬁfﬂ]ﬁ, Al MO RFRILZR. REMENDT,

CII,—COOE KPR R ER CH—COOH
Gﬂal_sld{_} e UD.EL -= »

O=C ~COOFL  (eitrate synthase) HG—{;!H—-{:{J@H + CoA
11— CHO0H
O ELHERE A RErZER _ FrHEBE N A
(oo oiplaaToAY  (oxaloeelio oeid) (cilric aeid) (CoA)
R R — A RER B 2R, BRI R o bk
Bl =g B AR A A b BEaE AR AE R A,
e 4 e

China




R Mﬁ—;_uﬁP-JrPi
W P R —4 IR R,

Nig
|
RPN
vy B . e N
O~ - O H [ |
- % ! | . LG (‘H
o L O—H—D—[‘Hi VA4
. O AN
. NH "/
‘a .I% 1
H H
.- OUH OH.

P . %ﬁmﬁﬁﬂﬂmﬁ“ > FrERICH ATP

E&ﬁ'ﬂﬁ% P il - R BN TR I B R BT R R

MM AW E ST BRI, %R B B % H K (Geigor—Miiller counter)
PRI ARH 388 (scinsillation counter), FI RSN MM BRI, KEHHERE,
SR THANRNER, . |

LW AR A R

ﬁnlﬁl{tﬁﬂﬂtﬂﬁlimﬁﬁiﬁﬂﬁm XHBIL TN B BEoL, A— AR T, in vivo,
RGN RR, BHRE, R Y ARB OB in vive, BT U4 % B BA
TN TIIRH, ﬁﬁﬁ?ﬁm‘mm% in vibro, # BN MM HE R 7,

ﬁﬁ%{ﬁnmpjﬂmmmm———k, 1 BBIEX R, %ﬁﬂ%ﬂ:ﬁﬁﬂ A2 B
ﬁﬁem&fﬂmMHma sapiens) t BT B ﬁy:ﬁﬁ P2 WA UL Y, ﬁﬁﬂﬁﬁ%ﬁﬁiﬂwﬁﬁ
ARE. RS, ETRFAB S ElER “iﬁﬂ'ﬂ?ﬂ?ﬂ.*ﬁﬁ-ﬁﬁ“ﬁﬁ” (major histocompati-
bility mmplax MHEO) iy BF 2, B4 ef B0 T mmwmmmr 2, ﬂ:ﬁunga BER

ﬁﬁ ﬂﬁﬁ#ﬁ%(ﬂatum 335:268, 1988}u|
TR NP S, FIZ R R £, ﬁﬂafwwm&sﬁﬁm

R 0 5 A P-4 B LI BB, e B a0 B HT B 2 i vibro S
ZRREE EABRRAL. ADRL. BHRELSRHASTE, NELROK. %%Fr'fﬂ&
MESAREAZIRTHARN —RABRLLE, IEETXXGEHFETRRES,
R 8 IR ML R ﬁ ﬁ’ ’( cynlnphnrase—mlﬁmhﬂndrml system) i & FF; FUHH LIS
ﬁﬁﬁﬁ%ﬁﬂg%ﬁ#%ﬁﬁﬂﬁﬁﬁmﬁﬁﬁa XL A R TR E LLASIT BE 49 38 4k
AR, BAETEAR T P FE 2 i, X PR in vibro F15,

EBEY R W A
ﬂﬁﬁﬁﬂﬂﬂ*fﬁﬂﬁ&{hﬁﬁ&ﬁﬁ XREFRWRDER, EE TS 02 R
" 5 .
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AR ( Trncel Baldwin) [i1“s &4 ¥4k 23 (Dynamio Aspects of Biochernistry 2nd ed.
1962) 53R T EM A& R R

S YT ARR SER T  R B B SR A NS ARG BMERS, THER
X — Il B A T Fee

£ E #E B (Rudolf Schoenheimer 1898—1041) F 1941 4 &8 “PLik i R ansh &7
(Ths Dynamie Stato of Body Const tuenls) SR T R R K 3R B4 45810 ) 5 I 2 D By
Vi LRI AP B in S R S I NEE, BRE, B R K. RRERRCH AR
SEAMT PHRENEE . FESS. NHESREN AR (Palmitio acid) F/M R, X
XA AU AN BUD RN R T Eo M B B R, -\ B8 (stearie neid) . + W B (myristio
acid) . 4 ZF (louric acid) 44 A4 A PG B4 BRI b5 4l ph R (palmitolele acid) , WM ER (oleio
acid) 1% BiM (linoleic acid), B EHEHRAGRBRH—ERERRER WP I K
BRTEES LB LREEE", BREERKEEEEN, BPEEN, REEEKg
17a |

BN AR Ay R |

ROREEN. ENBENEREMRETNEREREHAR, METERERELR
Ak, BT OEREEREMEL, PUSERE SRS, EEk, R8T RE
F, (R 3R R 0 B AR |

He M AR TR 1 The Cell Cyele) 17 2. MR 4 AR DNA BB, (DNA Synhlhesis)ﬁl}:% S
9 5 B4 R, AR R (Mitosis) B0l M . S B9 M 9.2 % B A I BRE  (Glap 1
1 Gap 2)FRN Gy BT o B, e XA B 47 gl e te, 2% DNA S 1, A BRI &
R E A RA R, BRI, DR DNA WEH . BARSRSERORNLE, B
B8 R R, R, B AR SR, |

M A3 A 35 T [ 4% AB (Prokaryobio cell) k46 30 7 4 41 2 (Bukaryotio cell), Ji i ik 3
B4 fE R AL Bl B A e B A R A 4. s DNA g3 b, BPREEL,
PRSI AL, 2%, XIFE R BRRBEEE RERARE.

TESXH

. SRR T LB, B F I 03, B R, 1959,

- Trroton J. 8. and Simmonds 8. General Biochemistry Wiley 1956,

. CGiroemberg 1. ML (editor) Chemical Pathways of Melabolism Vol. i, U. Californis 1054,
Maodeigiar J. ot al. Bivehemistry of Baeterial Growth Blackwell 1982,

. Biih 0. I ol al. Prineiples of Blochemislry: Geacral Aspeocts, MeGira w-Hill 1983.
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B4E & WM

N RSN RS
}*J rﬁ&@!ﬁﬁ% BB Tﬁwlﬂ?;ﬁ%ﬂm #ﬁﬁﬁﬁﬁﬁ#ﬁﬂlﬁu

o f

. KENEE HRORE

ﬁiﬂiﬁk*&ﬁﬁfﬂEﬁﬁ&%ﬂﬁﬁkﬂ(ﬂ?ﬂtﬂmmﬁﬁ(surroundmgs)a BRI RE
E‘E%E 77 22 BT 6 B R 8 B RAE BR 5T BT B R B 2 T B R, BN, WA
RSELAEEHEREHGAN . BREERSHEZANARXR, TRERS I ZHREL A

- SR IR AT OB A I 8 7R R O FF B (open system )y R BRHE R A 88

B e 0 R A Y B R e i ik ROy B PR R (closed eystem); N 5IRHEARE LEMER
E&F RN, SRR RBRITYRITEGRE, ﬁﬁﬁﬁﬁﬁ(ﬂﬂlﬂﬁﬁd syshem). &P
#ETﬁﬂﬁlﬂéa |

AR RAER SRR RTLRE HR, B, REERIFF. RAREZRHRER
R RRNR - RIT AR, SARNAHERBEZR XM ERERT THE
HRA, B2, ¥R RAREHREZR ETERHN S RO T RSHRE, 25
FEXMUERSREAMAEN B RXERAIREER, ~ T ERTEREFHBDEL, L
AREERSERMB/MEAS HEERRRE, REEHREALRHHRRRTELLREMEE
X, i SREEAWAR TR, | - *

_,ﬁMﬁﬁmﬂ-mmsm )

iﬂa"1%%*’1‘%%%4&§Eﬁiﬁzﬂikﬁ’-ﬁﬁﬁﬁfﬁﬁﬁﬁ&bﬁﬁ%ﬂn i&ﬁ&ﬂ‘iﬁﬁﬁﬁ?“
EREERERTR, WHHEERSANEFES, TREERTIFEEMES A —FBEX & T 3
B L BI UM R Ry, RE A U SR TGRSy, MO R ws, L — R EhaT
PERARBANENBI, XE—MBFFHFENES,

=. BENEHES

Wk (internal energy) 2 fk %R 13 3 R 53 B8 B 50 80 T, :ﬁﬁ’ﬁ 5 UK EJ #Zm. R
WETRANERESHERNER, &1, SHRERANEERFHAT X, BRARU
EHRA—ARERE, ABARSTHVIIE. RS RIS BT 8T SHAHEN
JERREE. S THALERNSBRESHAR, HiL ABNANEREERNEY, B
TRa iR A Bt BEN, SL RN BUE R AR W DI R Y, ' -
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BRI AN— NSRS, BREKRREESRERNIESD (P), BT REZA
# PG (enthalpy), f#04g, RS I R, BHARNTERNTF,
H=U+PV ey
P H U4 U REREE PREESD, V RERB,

W, Rh¥E—2EE

R AR —EHRAMNE TS X —mAE, - AR R R R
R, HHEEERY, X—aRimalNERN R E RN X,
A B A B RN UM AR RN T,
AU=Q-W (2)
TR AU REeme i, @ REELIBR PRI ®RE, W REKEFENHS, STREHN
BUNEAL T (2) RE RFR.
: dU =8Q ~3W (8)
MO SHEMNER URBRESEHYE, dU SHERRER, RNV HEERSERE
Ko
MF A ETR, R AR, RNEEMSY, T W =PIV, HE) R THS
.
A7 =8Q — PAV | (4)
A AU #R N RER) RN, 8@ R ARM MUNEL, P 2RIES, AV ZRKEK MM E
4, PAV B Z B s iR 3Tl |
A, RN T AR,
A7 =d(T +PV) =dl + PAV+VdP (B
B (4) RARA(BY R .
dH = (3@ -PAV)+P3V +VdP (6)
A A RE R RNEL, U BN P IRERS, V RE&E AV {REER AN,
P R RE R N E1,
F(6Q - PAV) 5 (DR dU {4,
B biat T RAE BTt R, W TRET.
dH —8(Q4-FAP | 7
TR () A (T e ap g 3, BT 22 AU R dTT B & 3,
X AR AR f L FE, AV =0,
Fir L,
U=8Q ® AU=Q, | - (8)
5T R AERERE, dP=0
dHF =30 | AMH~Qs (9)
XA B, B (RBIA L) WU ORI A R, R RS TR EAER SR, FER
» 5 .
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HER R GRE AREESTRRBNBES,

h E%ﬁ%ﬁ-ﬁﬁﬁﬁﬁwwﬂWWMLﬁﬁﬁﬁmﬁﬁﬁﬁﬁﬁﬁﬁﬂﬁﬁﬁwﬁi
¥ A B R A, E&%ﬁﬁiw,%k%ﬁﬂ_#{!{bﬂﬂﬁﬁﬁ%&&ﬁﬁfﬂ?l&m%#?ﬁiﬂﬂ,
JIT B0 53 2 A R o, AR R T R M R A ﬂmﬁﬁﬁﬁzw;mm{ T H ik Rt Y 2y
WRAEWARRE P LT, FFLURTUE AR, BRI A YL B M R RIE R
ﬁﬂﬁ WiP0¢W=GEmﬁH~MTiﬁéﬁﬁ”*ﬁéﬁﬁﬁﬁmﬁUW%ﬁ
ERSE—R ARG RERY, ~

H, (Mt

Eiﬁﬁ@¢,éﬁﬁﬁﬁHM%ﬁ£E%ﬁ?%% T
ﬁﬁ?ﬁﬁﬁm%%ﬁﬁ¢ T P A AT (L W T e P B R, A
SR IR 5T 2 R %%‘ﬁi#ﬁﬂeﬁﬂ}ﬁﬁhﬁﬁ%kﬁmﬁﬁ ARSI AR,

FRARSYREE FRNIL SN 2L RN, Sl RS BN RS, FIR
P DR SN R B 2 B 56 A AL I e R, A e PR e
B 5T X %ﬁﬁ%%ﬁ%ﬁﬁﬁﬁﬁﬁ#%ﬁﬁﬁ%ﬁﬁzﬁ ﬁ&ﬁﬁﬁmﬁﬁﬁﬁw
R AR, FB TR A R e R, A m R s B R, *

IS0 9 Y P S MR B B 688 -k (28687852 T8 /R | EEBH AR
BRI TR AL Sk s ﬁ&mmmﬁﬁﬁﬁmmﬂg%ﬁﬁﬁmmmmammﬁwm%m'
Eﬁ,ﬁﬁﬁﬁ}ﬁﬁﬁﬁrﬁﬁﬁ, ﬁﬁﬁamﬁﬁﬁﬁﬁ:&ﬂﬁﬂmm -

nﬁﬂﬂﬂﬂ Eﬁﬂﬁﬂﬁ%

ﬂm%ﬁ“%ﬁ%& ﬁ%%@ﬂ%ﬁ%ﬁ%@%ﬁﬁﬁ%% ﬁ%éﬁﬂﬁﬁ%@%
FRARI, %Sy SR U8 R ek AR R e R R

EESRERRN, FFSABRE—T&ETTUAERBET, HNAAEEDKED
BRICRTYE SRF SESATESRBREER - ﬁﬁm%ﬁﬂukﬁﬁﬁﬁﬁﬁT%
B R, TR B RN B R,
| ﬁﬁﬁﬁﬁ%ﬁ%&ﬁﬁﬁﬁﬁ,m%ﬁ%ﬁ$$ﬁmﬁﬁﬁﬁﬂﬁﬁﬂ%ﬁﬁﬁ§%
Frgbe XA, BT A MO TR S A0 R By R TR R T A R SR R AL B
B AR A MR R, 8 R B PYRPRE AT X S A R A
TS ORI e o AT L B B K o R R L R K o K L s A 5
BB LA LR, TER— R TER, XA Rk R RETIE L, %R RS X
., XTREREABE S UEENRERKBAE K Y (entropy), HHDTS £, HH
A PR B AR BT A B, MR R MR A RN, R
B0 AT 360 T AR WG, B RSS SR TR ABREARY, 4R
Hﬁ%ﬁ#ﬁﬂﬁ%ﬁﬁmmﬁﬁﬁ%mﬁ At & F AT ﬁﬁ@ﬁ%ﬁﬁﬁﬁﬁFﬁﬁ
e " S S A AL . ,




