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K8t

Rl (metbolism), 7 4 sk BF A7 4222 AL 0 SR, 85— Ay M B,
AT A4 SRR ST S 4 900K AR AR R, o DA BB BTIEH B R
d’u, 'fﬁ%ﬂi@'ﬁﬁo

B ﬁiﬁa‘ﬁf?’iﬁ@ﬁﬁiﬁ%

AR TR ITIE 400 R T A 2 ﬁiﬁﬁ?%%?ﬁ%ﬁ@%%ﬁ%%& B AR A i
89, 3k B % 4iMEY; 3 LA BiE%E (virus) WP 4K (bacteriophage), 1A T A4 H
FEYZE, REFETEYARS, TEEARBEFEFTAR,

T — B B R PR B R, MR T 4.

1) X E (Escherichia ccli)

(2) KIBFF AW R 227 %k ( Bactemophage-Lambda A)

(8) KW HFH LB & T4(Bacteriophage Ty)

(4 B EFFH (Bacillus substétss)

(8). 14 jit B (Tetrahymens thermophila)

(6) W (Baccharomyces cerevisias) .

(1) @ afE 1% (Neurcspora crassa)

(8) /J\i;}%ﬁ (Chlorella vulgaris)

9) EX(Zea mays)

(10) R 48 (Drosophila melanogaster

(11) ¥ P (Arbacia pthulata)

(12) JR#% (Xenopus laevis)

(13) 48 (Oclumba livia)

(14) /B (Mus musculus)

(15} kB (Rattus npreegicus)

(16) % (Lepus californicus) -

(17) BAE (Pan troglodytes) :

NRERER ARG, BXEEAER E@ﬁﬁﬂﬁ EXRBEREEAERRIS N, B REH
TR B, WERK RGP R E T (branspobons),, L6 H QER A LBILH TR
Bo MEMBRAKELEHHZRIIY., KRAMERBPITERNZRY, HAKH
RWHRN R, EUBEEPEEIIE, XBER-—~—NHT, ‘
« 1 .



BETAY YA AR B A
FHARM DB AR MR R LSRR R —R20, FSmskim,
—. &R (Photosynthesis ) gy A

6 COy + 6 H,0 —2t 5 G H,04 4 60,
A M85 ARG, X6 T &Y, 8RR AL Sy, OF, X
FEFMGAEH (anabolism), XAEAEREAAR, THENHTHILA2 K,
H,0 + NADP* 2% 5 NADPH + H*+1/20,

ADP+Pi ¢ 5 ATP

6CO, + 12NADPH + 12 H* + 18 ATP—>1 hexose + 18 ADP + 18 Pi + 12 NADP*
(285

JEREZEMH R IR T3 R NADPH 1 ATP; SRfR# by fbopfE, OB 8 Wl g R A
YiIBtRUE DI R, CO: Befb i O, XRFMLAER, T HeO 5 T7anh s f G e my &
T NS 200y NADE™ Bréas, JE i NADPH + H*,

—. EEEEREAE (alcoholic fermentation)

WA RS R T 2B S, X F LM (catabolism) , WK R
EERAE SR A T AT, FROV R (glycolysis), MBW R A SWHBMERNEL, Ak
NAD" #%, B4&H ATP WEH, @ﬁ@ﬁﬂ#‘%)ﬁﬁﬁﬁﬂﬁﬁﬁﬂﬁ%’ﬁlﬁﬁo

HAAENGWT,

FMLPER: N FRERKSF HERR

(anabolism)

e A

(metabolism of substa.nces) (energy metabolism)

AWER, KOToMINT T BRIEGER

(catabolism)

R
(metabolism)

C S I L I AV

o ] {815 (intermediary metabolism)$% R H I — RV MBS B, WX LR R,
YR A B A, R A PR R R R BT R AR R ~

i 312 (mebabolio pathway) 2 4R ¥4k 2% 2 (Chemical pathways of metabolism)
BRI JER . BAR.ER, U KERSRBH—RTILEER,

RUEE RL AR — SR b R s 74, #F 0 R (metabolite), BN ZEE A BEL A
AR, B R E -+ R R 2R B R AR, ﬁI‘Fg RE AR, FN SRR
FERIRE Ao

. 2 .



Y RSB
R HBFIEIT L TR BRSO BT IO Mo ST RORIRL 0 (7 B0 D 38 R B 24

{isotopie traver technique),

T *ﬂ“tu%'fﬁé‘f

R [ 2 4 52 A LAY, 1904 48, %E%%Eﬂm 736 & (Franz KnOOP))ﬁ@%TFJE*‘Uﬁ
HIZE B BR 13K 2. B8 (benzoicacid and phenyl acebic acid)fE7R 1L, MW EIIEH M MNIRILE
YRIFIE, A BKBEWNR, JHEW TIRR 8- Rk¥it, XPRMEXZRESYHRNEBHTE
. & 530 FE R i 3 PR R (hippurio acid ) 3 Z JR B (phenylacebio acld)o LR
- MR R, ZBEBHRK B-EHAER,

( <> Q +NH,CH,000H ()

(JHQ BLH9~—> COOH ‘ — CONHCH;COOH

CH, %Hg
|
BL{)Hg — COOH

a (lJHQ )
COOH o -
KRB . FFR  EFR O+ HER - BR®
(phenylvale- (phenyl (benzoic +  (glycine) (hippuric acid)
ric acid) propiopic  acid) . ¢
‘ acid) ) ) . .
Uﬁﬁﬂiﬁﬁ »—UQ ‘ ' R HEM IR B

HRRUETR, & B-HABBELR, EEPKWH”ﬁ@—n A, R ZIRR,

a-s %EH&%K&TI*

ﬁjﬁt‘?ﬁ?“ﬁ?ﬁﬁﬁﬁﬁ Em?ﬁﬁﬂ%kﬂ@ﬁzmﬁ Rt RRE, BRETREY
FoF; bﬁ]%ﬁ%%{ﬁ*ﬁﬂ.ﬁ’#%ﬁﬁ FHEBWETF, XMOEBRFLEDRME, XKL
R AR MR, % A R W A2 8 2 (deuterium, /5% °H & D) 5N 0
MO, XEREFAMFEERABRUATEGLHANT. ‘
YH/*H =99.98/0.02
N /N =99.63/0.37
120/130=98.9/1.1
160/180 =99.8/0.2
RMEETEREX BB PBEFRLE, FHAURSAAY. A a2 5 B oK
3, B PNRIEN o-"NH,, WEEHF “NREE, FUHRBIME T (mass spectrometer),
e 3 e



RFAL Y Ak, BURE 28 (N NO IR B 29 (CPNMN) B i, X F 78 20 W e e 0T B o, M 45
AEANREYWMREE, WEEK, DO,

=, MEHERLE R
HOH 40 488 H B P B R T B, RO e 7R A T b b, A —
RFERES, RARE KRG, %R R G0 A (beitium OT 8 SED)BR 14(40),
B 52(°7B) g 34(US) MGk 131D, WLLAL Y — ST B, 4 09T BB BB B b
%, o
Bl BB 140900, i T R,
: N7 +Mny =10+ 1H,
AR AR T, 0o, B, “Ne, BELK, Hy WHT, p MR 18, 400, ZARK
KRB ARFRZMA U+1=14+1, BFFHFHEZME 7+0=6+1, ZHFBEHEEH. X4
BB fi R,
“Ny(n, p)“Co
U N TR O S T, . iy, UM P42 00F, , B
BIZ OIS 320P), JH sk T2 i SRS,
_ ¥C0lir(n, )% Py (o T AN *Hey)
BIZ S BCEL, ) o T Eil e,
“Lis(n, «)*H,y
L TR — S B (0 30 RSSO BB R 2%, UM%,

TRBSMERLER
CRRTE 7 o BT * B M
H3(%) SHy, *Ty 8- 12.26 4
W14 1 B 5730 48
] Py B- 14.3 %
B 181 525 8~ 8.070+0.009 &
fr o4 M6 8- 87.1%

S RGBT 8 BT b LR BB ST, % B130 T

Bl— ATERBRE ZARILARERE, TH 10 RRIBZR, REMRENERNT,
CH,—CO0OH RS B CH,—COOH
CH;}C“ONCOA -+ l —_—
O0—=C—CO0OH (citrate synthage) HO—CH—COOH + CoA
C‘ Ho-—C*00H
LR A FREZRR _ FrER R kg A
(arelyl~ToA) (oxalacetic acid) (citric acid) (CoA)
EREUFBRE AN REKE LR, XRICHREE o piE L,

BI=  ZBMRMCE P AR R B AR R R R AR B,

« 4 o




N - AT#@AJ:;HH
WH “P RRE—1 RiE MR,

. A
: a i L -
'5- 0~ - HC | [
}L - o \ ¢ CH
—0—P"? —Q-—~P—0—P.—0—CH, oL N VAN T4
b (/ |
]
; ; \‘ . 1/,: :
H H
| vy, OH OH.

e r%?é?ﬁiﬁﬁﬁﬂﬁ&“”ﬁﬁﬁﬂ%ATP |

vmmm, P IRIT A - B AR R E W RR T RS,
BSERAEN MR S0 R WS, % %% 5308 (Geiger—Miiller counter)

H 10T 4% H- 8% (seintillasion counter), ‘ﬁ%‘*‘“ﬁ%’.%ﬁﬁ)‘%%%%ﬂf%, J& 3 F PR B bk

m&%wn$m%mmﬁwmo,s;;,¢_, |

LS A R A SRR B

*Hﬁﬁmﬁﬁmiwﬁﬁiﬁﬁlﬂfﬁm SCHBRAL B He B, W—ARTE, in vivo,
BELEMHN R, B E, KON ARB TSI n vivo, ET UK R R RE
Yﬁ%:ﬁf%ﬁﬂ. ﬁﬁm%m‘mﬂﬁ% in vitro, £ B b Ab “Eﬁﬁp\]” R

E%E(Knoop)ﬁlﬁﬁﬂ%méb%*—k, HEHTIX R, SRR 5~ aﬂ:;u@mmo
%ﬁc%%mmmmo samens)fzmﬁmaﬁ %m& VIS LA, ﬁ?ﬁﬁﬁﬁ%&ﬁimlﬂm‘,
AR RS, §T§&?ﬁ.i§ﬁﬁé§lﬂf9¥: “i%éﬁéﬂfﬂffﬁﬁﬁﬁ“ﬁt” (majot histocompati-
bility oomplex MHO) HyH#3E, Mgk theh ik T- mlﬁ%ﬁﬂf'ﬁ%ﬁ%ﬂ% ﬂ:ﬁk%ﬂ%@&%
He &Egﬁ:ﬁfﬁ‘,(}hture 335268, 1988)° "

RN RRMARLR B, fmfrgnmmwwmﬁm, ﬁmﬁmm%w@m
BESR U BRST L B SR T U S MO, S I ST R i vibro BT,

ZRMUET AR L PR S RECSR A AT, WL, R
SESFBEARLT ARG - RABRLLE, ZEHTXEBE GETREEP, L
ﬁ_tgﬁ“ﬂiﬁbaﬁﬂiﬁ, ”(cyo]ophorase—mltoohondnal system)ﬁgzﬁ ﬁiﬂ)}ﬁﬁ{’j;&ﬁt}a
zﬁﬁmﬁgmww%mm%%wﬁ&o XOUMEBE A BRI LGS BE 49 % 45
o b B BT, ﬁﬁﬁﬁmmﬁﬁwm Jzasmmﬁ in vitro zafa:o

%ﬂw mﬁmu' N

Mﬁﬁﬁﬂﬂﬁ*%'—‘%&@h%&%, BREURBRBDEN, EEABKLEDLERY
« &



#HiER (Brnesh Baldwin) f“sh & Q‘%ﬂg %" (Dynamic Aspects of Biochernistry 2nd ed.
1982) #5527 B T & R YR MR C

WP ATE AR T LR, EE AR E B AR RN ER, 4 HR
X ] LA R

L E Yy (Rudolf Schoenheimer 1898—1941) F 1941 %28 4k “ULKH R A Eh B°
(The Dynamic State of Body Constituents) SUR T M ] K R R R0 i HE FE R/ B
W& LRI 3 RIS 0 R R S NIF I, BB, BLN Rk @ KBUARCH R ER
PN F P ERE A A EEA%S. BAEZRITH H AR (palmitio scid) /MR, %
XSS PN Rk iF 2 MBS H®, o+ /\ @R (steario acid) | f [ MR (myristio
a0id) | -+ ZFR (laurio acid) T4 A1 152 15 BR A0 54 AR (palmitoleic acid) | T &R (oleio
acid) B (linoleic acid), M EHFEALRE BB — LR ERB &R, ZWHYH F ik
B KA J‘%ﬂf’]xﬁi_%%“’fﬁ%” EREERKBEREY, BRAEEN, REEGFEKRHE
7o

FNT ﬁﬁﬁﬂﬁzﬁﬁ?)‘i% o

EARRERN. SIANABENAEBTNRERTHRAE, MHAFTEEEREEN
Hk, REXE G LML, URERTER G, BIEUR, R R BT b
R, AR R AR R E Bk,

2 M 40 B F 373 (The Cell Cyole) ¥t A2 41 MafYy & i DNA B #, (DNA Synthesls)ﬁkﬁj s
3, R A B, gRHL A 20 a4 (Mitosis) B M g, S B M %éﬂﬁﬁf\ﬂﬁﬂi%@apl
1 Gap 2)BRh G: 397H1 Go 81, 2 X T A-B B A gAY o 24 DNA S a3, %V&W%
SRR B AR, ARERARE, LIk DNA AR, BEARA RS ﬁ%ﬂ@ﬁﬁiﬁ.ﬁo ﬁﬁfﬁﬁ
A58 RN REAR, R E SRR,

B At 4t 5 B B 4 (Prokeryobic cell) 4631 K #% 41 13 (Eukaryotio cell), Ji namz
W e LB R MR RN B R E R, M4 DNA M2k, ﬁﬁﬁﬁg:&ﬂ.
AR R, B8, XA RALBHRBEFRERNREK,

EESFH

o AL BB TR TR 4, < B IR R A AR, B iR, 1959,

Trrnton J. 8. 2nd Simmonds 3. General Biochemistry Wiley 1956. .

Greenberg D. M. (editor) Chemical Pathways of Metabolism Vol. I, U. California 1954. -
Mandeistam J. et al. Biochemistry of Bacterial Growth Blackwell 1982

Spith 18, L. et al. Principles of Biochemistry: General Aspects, McGraw-Hill 1983.

[S VU

LC AN 2D
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E R

L BT ARBHFRRM SRS
%JT%&%ﬁE"%%‘M@iETﬂ @ﬁ%ﬁ%#iﬂﬁﬁﬂ@%dﬁ&ﬁo .

A : e
e o

e ﬁ%mmeﬂﬁmﬁ*:'fg'”

Mﬁﬁ*&ﬁﬁmmm&gﬁﬁwaﬁwmmm%ﬁ@mmmmw@dwﬁlwwﬁﬁ

ﬁwgo#w#ﬁﬁwW§#mEEM%¢m$&me%%ﬁmaw,ﬁﬁRWﬂﬁ,ﬁm
REGREEHEERGNR, BEFRETEZRORALR, WEKRSHZHED, |
SRR ZEFWRERAER RN RN T PR (open system); LGSR H 2 MAFE
B A5 T AR 2 0 R M R B 3 R (closed system); L5 SFHUR 88 LUEATTB R
BEAER, BRI R BUTYRII T, FEWRIE R (solated systom). Ltk
BRTFRER.
o —AMRNERAEES B BE R, . RERSSS, DASERRKRR
Rt AR R~ R ERRE, BHRBEHERREZR, ETERUEET THE
HRE, B2, Y~ MRRRRSHEZE, XAKRR SR URE TREREE, 2
SR P R SRS B RO BN B AR R S M, —MERP AR SR, #0%
AT RS Eﬁmﬁ¢§%omﬁimﬁ,ﬁﬁ&ﬁ%&%ﬁﬁ%%ﬁﬁ&%%%xﬂ%*
A% WERBEL MRS,

| = wemaR

%%m%~Aﬁ§%&¥Eﬁ&EkﬁE%ﬁi&%EMWﬁﬁﬁom%m?ﬁﬁﬁﬁ
BMEREBTR, EOMERANERED, WRARSFEN S —FREZ & 7 R,
B R A1, RER U BRE RS, B SHR B TR
wfwﬁﬁﬁ%ﬁﬁﬁwoﬁ% AT,

= ARTRNES

Pa B (internal energy) & b 7 M 3B A B R B A, ﬁ#iﬁﬁ% U(E‘i E)%To ER
WENFEAWERBEEROER., &1, SHRERAMDEAESHAFTX. BRABT
RERN —DREER WEBRHA TR PHE. HHB. BB BT R AT SR
RS FRAME RN SUSSHTAR: i, Viﬁﬁﬂﬁﬁﬁﬁ%%%‘waﬁ@, B4
FaR BTN, RA BN SER IR TUNEN,



AR RN — AN RS T, TREKRNNESRERRIES (P). BT REZ A
N B4 (enthalpy), f{#0E. TS H %R, KA R IF, \
H=U-PV ; ®
Kb H RERE, U REWHE P REES, V REKE,

. BRNEE-ER

TS — AR SR A, X — SR AR, B — ATk R e M AR R T B
TR IR A, X— R L AR AT SR SRR T AT A R AT K,
A 2 0 — T MO0 2 ikt LRI TR % R R0 T
AU=Q-W (2)
LR AT RAEMBIER, Q RAETRERIHRRE, W REBETRE . TR
BUMEMTH (2)RE R F.
dU =3Q - W - (8)
A BBNEN LT U RRAEY, AU SEARBRL, BQMWRKEBEEARE
HT—ASELR, KWERBERD, RYFRMET, TR OW =PV, i@ ATHS
AU=8Q - PaV 4
Reft AU 7R A BB BUNE 1L, 5Q ZR BB MMAEL, P ZRES, AV aaru:amﬁt/m
fo PAV ELAKZ A BN AT,
R, R T T A |
AH =d(U+PV)=dU +PAV +VdaPrP ' (B)
¥ (4) AN (5) R |
=(8Q - PAV) +PdV +VdP (6)
Kb AH R HNE, U RN, P REIES, V REKE, AV REKBRBUNELR,
AP £ %K H1 8 BN A6 |
I (5Q ~ PAV) > (4) 2 dU {4,
B LU T R R, LR T T RER,
dH:SQ-i—'VdP . (D
ST (4) 70 (7) o AT A B, R T A1 AU A A 1 B e
-1 R S B R, A O,
B LA, -
AT=5Q ® AU=@Qy " o (8)
5T B 7 % i 128, AP =0
dH-3Q ® AT—Q» 9)
SRR A L0 A BT S ) AT R A 4, B R S TR R R B, AR
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MBS R AR, ARE ST RRSHEER,
: &%¢§E~A%ﬁW§®mnWWM)ﬁﬁ#%%%ﬁﬁ#ﬁﬂﬂ@%ﬁ%ﬁ%mﬁ
BOUR RS, AP, Bk S R R R R I RN R AT R A,
mu&gwa&*w&mm&jmmmﬁﬁm%vwgwgzmﬁ%kzmgww%ﬁﬁ
WRAEWERE F 70, BB LR, R TR Y KB R R
B, B AP—0, dV=0, Wi AH=AT, m&wm ST e AH B AU W25 T
PHSR-REEEREREL R
R, feSemmgE 0 o o0

mﬁﬁmﬁw,gwwmﬁmw%§$§%ﬁ$ﬁ% oAt Ay Aok g 36
tﬁ?ﬁAmmw¥%ﬁ¢oﬁﬁé%ﬁﬁﬁﬁﬁﬁ%%%%ﬁ*tﬁmﬁiﬁm$¥,m
BURHLR BT A R . ok R BN PR A B o e . & IR e AL D I,

*ﬁm%wm:ﬁmmw, AR (REDR, LSRN, AR
BE R BEIE S0 R ARA HLAL A W5 A O e T R ey m e, BT e AR B 2
BEFX— %ﬁ%%%%%ﬂ%%ii&#%ﬁ%ﬁ#ﬁ%i%oH&E%E%gﬁﬁﬁ%
RAARBRBER, SBERLARERG R, Rl s S g R,

PR A Y S M T 1 B 686 -k (2868 852 )/ ER; a&wwwﬁ
§M%##amwxﬂ_ﬂm&MMﬁﬁm#mﬁﬁ ﬁ%ﬁﬁm¢mmamWﬁ~mx&'
a@m%ﬁﬁwgm&& Eﬁﬁﬁ%%ﬁﬁ%ﬁ%ﬂﬁ&&%o o »

o ?’U’l —1% Eﬁﬂ’ﬁﬂ‘lﬁ%

S AL kxR ﬁ&&@ﬂ%@ﬁﬁ%ﬁ%ﬁﬁﬁ%ﬁ %mé&ﬁﬁmwaﬁ
mwwmo%_%ﬁm%ﬁ&mwﬁﬁ?ﬁzmﬁﬁﬁuﬁmﬁﬁMzaﬁmmnﬁm

EEARERRN, FESSRE—S&ETTUHEZRBT, MORMRYK L
R IGRAS SR TRHTIEA BRREE AR, LW RR IR
ﬁtmﬁﬁoﬁwﬁﬁaﬁﬁ T RN o AR,
".ﬁﬁaﬁﬁ%¢ﬁﬁﬁﬁ%ﬁﬁ,Wﬁﬁ%%*?ﬁmﬁwmﬁﬁ%ﬁﬂ%ﬁmﬁzw
S R, BB B K MR T B R T A R R b SR R B
MR R AR AR A BRI, & R S FRE AT A e R I
BRI BT SRR BB R R e KRR AR 45 7
B G AR, TRB—HER R XA R R R AT R, R R R SR
¥, XATREERERHBBREWRERRBAEB BN M (ontropy), RS S R, M
HTUBERE-ARAMADF OB, ~ AR S ERAN MM, FiY
AL RILAS R T AB SFEA, BTHES SR TR AREKRE, — R
Rﬁ%%ﬁ%ﬂ%%%ﬁ%ﬁﬁaﬂ%mﬁ ﬁ%akﬁﬁcﬁﬁwgwm¢1wrFﬁi
I L LI R S £ R AR



