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FETHIE, - -

() FE500 koOWED, BRPLOFWET CHEED D DIE LR 2 2,
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(2) ek, OoPheftHBOHETEIBYORT I L, B OHELIFE
WA, BELIERbR0RLERETLII L,

REShiw)

s DS CTEED

3) WERBETBHAE, LF [HLTA] THAES 20 L5 KESIHT 2L,
BEOMIE-7:, [ | 0XH ML YR LA, B
BT BB RO HIERT A Lo |

4) g, TOMFR0ELEY Lenk), FICEERT LS L,
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MO nwdo LTHBET 2k, 2720, REPSRERAEEOD 0 LIS ERE
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fi 91

3
2

AR A BT, 1 mol/LKRIET F ) 7 2 OB R OBEIE T O X
CHRESRTwA, COMBELTBREICHETSRED ) B, ELVvOE &,

DA

el AL F P Y A 420 FABOML D L. SRS LR

N B KR ERIEE IS 1P E LR 2 T TMML. % &
CIRETER L, UMSMEHE LB FERAEST 2, LEF T A58
P (G3NIEGA)Y #HWTABL, ROEEZITH,

=y (BHERE) 270 7r—7— (BE. YU B7N) TR 48 IR

R A

€5

WL, 20815g% A4 IRy, FHACEBLTHHLK B mL <
B Ly B Lk LYY SETHEL, 77y —REET A (8
FEE TUEFE-NT MR 2. LREMEBEL. 2720, R
SEOWEORIEREEETHLLE LT 5,

ETRBOTEL LR, WA AThb,

7 JieAsoiR, (73 FHR] Th b

A JwABor. TERE] Thb,

W TR ODOEBEIZEAAENY MWL,

W, 77 77 —A50.970~1.030 OEBHIZH 5 X 5 ITHRT 5,

Bo BIRSCHMRLZ L mol/LAKBILT b U Y AREEELARE 775 — i
1.025 Thotzo HARMATEK Y VB - (CHO, 1 192,12, TH) #HE% K50 mL
WAL, COEEREHVTHELLAE BERE7.HmL Tho7 (iR
BT )T I LA YR L) TOK, Ak ZVBORE (ng) HWIb

i))o' 1 O%/\‘:O

HO COuH
HO&L\/><V/COﬁ1

I 4.905 X 10°
5.03 X 10°
5.15 X 107
1.51 X 1¢°
1,545 X 10°

(52 SR - N 75 S
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BUMERBIIDTOLI) CHRESRTOS (—IBEM) . = ORI ULE
BT A0 ) b, ELwoikihd, 228

Tt sliR

(1) Fan3mg il 2mL ZMA 5 & &, WEQONEROOELT I

L. BACHEO LB TEREICEDL L, ZOHITENRE TS L
X, BROBREOREERT L, TOWICEZELTAKIOML 22 % &
S, BREEIOEEEICEDD, RGO ERE L, HmEafiioR
W EEL 5,
(2) W
BEWE AN 2Pmgrlh, A¥ - 10mL 2EMICHZTHEIL. &
BEEE T4, llCE FRansF Yy 2Bmgr e, A% —

10mL ZIEREICIMA TE? T, 2O 1lmL 2 EEICED, A5 /) —

NAEMATERIZS0mL & L, BHEEEE T2, SRHOHICD
5, BEZOT M5 74— R ) RBEITD o SERETLM DRI
WUl FokMBru~ sy - T | (EGKIAY) &
FACCHB L2 SERIC AR Y b2, KiCzunkns /28 ) —
Ao(99.5) /FMRE (150:10:1) ZREEABREL LTH 10cm B
BILt BRNAREY 2, JCRI (ERE] A |nm)
FIET AL X, SMENAD SEEARY FUSMDORAR Y i, 4
WD BB AR Y P E YRS R,

i

[ 2 SR N € N A

HARBIL, ABICE TN AR ORIED 5 VIEEE AL RBRETH
2o ., |
WERABDIZ, A7 04 FOMIAKISTH 5,

T 7 kB0, [YUAFV] Thh

FERBTE, BRATOL FOREFFHINLIMEIS % TH 5.

[ A4 oAz BMEE. 450 TH 5.



94 HAERAFICBWT, L FRAVFVYANTBRIATVOEREZDTO X | 1 FREBOO XS [#] 220k, BRSO + 3 % ORI 2 Bk
JIHEEN TS (—HEM) . SOEIRICHETARB0) b, ELvory T5o | | |
N, 208 - s - 2 [ 7 TABOR, My X Qr / Qs Th Ao

3 FRHMOOMEBIZHWANEIX, YV ITRT IV TTHb
4 THEQOBBMFOTE = M) VORGEEHPT L, FaarFyra
IR 27 L ORRRMEE L b

5 [ 4 [weAsoir, [HRBEK] Thb,

EEE ABROE FOOVFY Y Ins B AT VEESEERL. 208
0mg FTOEHBEKCED, ThEhe Ay / —ViZEDP L. EHIC50mL
LY b, COWSML YO TEMICEY ., 2N IR S mL % I
BEWCIR 72t A5/ —VEMATE0mML & L. BRI E ORI &
FHo REEMROBEEBER 0L TOE, KOG THAEI I LT
74 =2 X Y RBE TV, NEEREO Y — s THRICHT 5L Fuansy
YIANTBIAF VO -7 HEOW Q@ R Qs KD B,

EFTINF VY ANIBERAT N (CuHyu0y) D8 (mg) =| T |

Ms: e FRIVFV Y any B A7 VIEERORIE (mng)
PR - ST F Y E%?%W@}&/~wﬁﬁ(14%m)
RGP |
pifthids @ HEABOWEREET (MEEE : 254 nm)
5L HNE4Amm, BEE0mOAF y VAFBIC 0pum OEAE I b7
GIA4—RA T FINTI M AT TET B,
7T LIRE 25 CHhE O — EiRE
GBI pH 4.0 OFFRE - BERRS b 1) v LARME / T b P Y VR (3:2)
FE LN OMF Y Y I BT AT VORI A 5 a5 & ) 1CH
35,
7 LA |
AT BOVERE BB 0L 120 &, RROEGTRET L L X, B PR
ANFV VAN RIAT N, NAEERRONRICER L, €
o[ 4 RN ETH 2,

7o ORIERY B

v A
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7974 —REEAERRIIBI L MRS RETLNTERD, TIZ320

73/@@%ﬁﬁap&ﬁ%%¢o:mg®73/%®%
BOGH, ELVWDIZEND, 228

E L BT AR

A B C
H3C\ HN—CH2“C§"§2*CH2*?H*COZH HOZC*CHQ*CHZW?H;COZH
)](ﬁj‘ig:it /CH'—-(;HE_?H—COQH CoNH NH, NH,
| HsG NH, | NH,
pKy | 2.36 2.17 1219
P& 9.60 9.04 9.67
KL — 12.48 4.25

% pKy ld @ RBIEHEAELTWA I NVEREFVED pK,, pK.ld a ik %L#Awa57

25D pKyy pK IZHIEEERT D pK, TH S,

L

[ B < N

TI/EAO I, 598 ThbH,
TIJEBO I, #5.61 Thb,

T3/ MAL. pH2.33 ORI T

1B 2D,
73 /EBIE. pHS5.61 ORERPCIIIEEN 2 ED,
73 2BCIE. pH 3.22 OREEE T I IEERE B,

Mo Mo nva—A0EREE LT, KOX D BERXSEMNHLIZFTENS
Bo ZOHETIR, HEMOnm OBKE,L IV ADREZRD L, ZDF
CEBET ARSI B, ELwoliEhir, 208

~AFYFF—E
N — A 4 ATP ety 7 )2 — A 6= VR + ADP

A —A-6-1) B
ﬁw:~2ﬁJL¢&+NAme252:S6+x%7w3/@+$MDH{+H+
MBI A AR BB B ROBIEE ZREN L, T B L

log(I/I) TEENZ, |

2 340 nm OHEOEREIL, T ORMIEOTL L EET 22T,

3 240 nm D5 400 nm FTORIARY PIVEZBET AHAIICIE, A8 ot
WA B IS, |

4 340 nm OWNUL, NADPH ICHET 5,

54l T — AR 340 nm OWLEE D" I 2.
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7275, BARERIZ8.314] K rmol T & L, KBEBROLEIXL EEVTESD

DET S,

STREBEAR TE2AALTMA LA TE B, MAE 1.0%7 LT — 2

(518 180) KRBWOEFE ST, KOEVEE M FERE 1.86 K - kg - mol™
Y3 aE#] T KRB —F, 1.0% 8 ¥ 57 H (578 18,0000 KEHD
BEARTIEG] A KEzb, WEMMELY, 220 BB 7 %
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WRIEF T XL RN F— NG OEOHAEE LTELV O ENd, 1 DA,
22750, 77 T3 1.0 X 10°Comol ™ ORIV S Z 2 L B,

1/20, + 2HY + 2% == H0 = E' =408V (1)
NAD' + H' + 2% == NADH  [E°=-—0.32V (2
/20, + H' + NADH — — IO + NAD' (3)
Emf" (V) | A,6° (k] -mol™)

11 +0.50 ~50

2 1 10.50 100

3 +1.14 —110

40 +1.14 230

5 +1.32 ~130

5 4196 | —260

100 LIToOREXEIZ, EHRECBI RS TRIBRZEST I V7 I 27 O

gEA (R 1) OFRIONTOIOTHE, LEFD | T |RU| 4 |IHT
FEAROELWEAHIE D, 1 D8, |

R, Lk

KC o
1+ KC

-3

G
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F%=1m

WEEDREE O, BEBROBEF 1 bOKE I WAEEFEEL T 2K
EFALNOBAET 3 2, LHTH, I™ =10, I'=5OH&%RT. WHFHIC
H3 2B E QW BROMEEHE by PARBOREEHE by & L. WEF
AL LT, WS RIS L BE RIS LA L, [ 7 OBBRSRY

ll.&fﬂﬁ%t\ﬁlﬁ BNbe FHEL. K= ...T%U\u®
i&%%k%%%@ﬁﬁﬁ%&L\ﬁ%wi&ﬁﬂﬁ#

7 1
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2 £ C= kT .
‘1 oo kl
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-1
o kwl
5 le(F - F) - k,1F T
1
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TWw b,
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2
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OH OH
/%‘CF:), < )X‘CH:;
O CF- H,G CH,
4
H3C\+/\
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3 _ T - :
2 FL— MNEKTH . % CO,H
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b 75 ) —ABPEITND, | ct
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K 1 | o
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TL B ' C
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D

1 HEWEA L DIRBECTFHERICH B,

{LEWBIXTEIKTH B,
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FGR E I BRRIEE % 30,

fad

D1 W 2
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O
)
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c

1 A3 =i, EVVENEWIERTH L,

D WA a £ 0L HSHED 0, ML TELST =4 Y0
LRIBO pK, BN E W,

3 CH;NH, 1L, & LTihvwTwb,

4 V7 Hkik, BTHEMEETH D,

5 WETEALEMEECIE. Y7oV R b EEE O,
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SLOIZ N, 2DFN,

i

S SR B

5 _
:0@01
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CH,
HC0™ N
3 N—on
)

BA106 S EMLIC X ARIFMBORBEIGICBITS f-e FaFx 7V CoA»b -7 b
7 CoA ~DEHEBREZ LU TIORT, £OEEMPBICOWTHEE S NS S
BT ARLBEDH B, IELvoiRENRD, 208,

HO O B 7 0o 0
R/\/\)J\SCOA L RETET 73 CoA F{/\)]\)J\SCOA
B FuFs 7l CoA RAERE BT P70 CoA

B RFaFET7 il CoA kERSE

170 Glu 158 73 X

| B FO®YT YU CoA BARBEEOEF O 170 RO/ V¥ 3 ¥ BRLIR, 158
EO7 I I BREXOHIOA 3 57 LEDEEEE BT 5,

I8 HFDT I /BEREXB e AFVVEBRETH S,

WEE 713 FAD T 5.

WEEETIL 70 b2/ ke LTHREL TWA,

WBHETFTIICYI YV EHBE LD,

[0 ) TR = N 75 T =



R107 i, HBEAWO H-NMR 22 b (400 MITz. CDCl. HEWH 5 -
SAFNYTY) RELEDDTHS, ZOLEMORERERE LTIELWOEER
Bo 1B, BB, HAKA, B, COBARRENZTNESL L, £/, 90OV
FFVITEREBIRMTAZEICIDEET S,

%
T REA
7 12
1 2
rJ 1
T ]
7}‘ 2
7
.

C #. Tomk B qopk & TPBR

_J JL M
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#+ . 7

h l \
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M08 TEA~EIORLAERIIET LA L, ELvwolkEhdy, 128

1 ARF I TS UT, EREHEIE L TREBICRS S,

2 BRIV rIavT, BEHEEDLIEPRPEEMENEZIEL TREPRICESAS
m .

3 ClEH vy vT, MR EZSF L CEBRBCEA SRS,

4 DRENVFT BTN 2R L CEREBLBICEA SN,

5 By avEavT, ERERCRBANENELTAR TBIRE SN2,

~

7
o

— 21— | T | -2




5109 ROWBERXTRIMEWACHTZREDHI D, ELWVWolkEhd, 2208,

| OB R o TR SRR I UI A FTh B,
2 BB o TAESNABRNRTF FCh b,
3 ZEHBEO_HEEZ LD,

4 Eua—NVERE LD,

5 ANIThRy—LHESER LD,

B 110 MEESBRCET ARG B, ELuwoliEhd, 228,

| R, BB LTEG OERSNLE T, BRSO RE Lo TIET 5,
2 ﬁﬁﬁ%@m\Uﬁ%—A&E@%Eﬁ%E@%&?m?UyA%@A?ﬁ
b, AR E B SRR o,
3 WREENEICSHARMEWE (F—T 725> 1) 3. WRNORTE)
LSRR BROEEL . | |
o TR L AR OB S SR T 2B E 2 0,

§ MPRESEOMT X, HERDEOILFEZFR2RBL ., WS« EES

Lo

B TRILE b ORISR SR 2 AR L2 b0 Th b, HHod
~@IHT ARBOY B, ELVOREAS. 228,

jU/Tf%w

‘T“}C;f‘ﬂ/COA }7/7\7317 \.t “/“}'7’14\5@

@ FIVAKR—F—

b S

i WEOIE, B/ T IVEF VAR =0 X o THRERRICIN AT b,

2 WEDIE, TTRICABRT e AT D,

3 LEOMBREMRBIIBNT, WEOK Y 2ZEFRIMEH S L, K
F o ANAROLT, LﬂWﬁébéo

4 MRy VN7 EDIE, TI= X%Hﬁkiofﬁmﬁé@“%%mwmmﬂﬁ
r%f\/%7X¢%®I#J%4bm/xb%5?%o

5 MAERICIRES VX7 BEOERUELEL D OBESFREL. CORERFEMER
ey vy BEOXY HEw




112 EFMRICBIT2EEICHEHTLIEZRADI L, BoTWniDIE YN, 108

&o

1 BRARBENTFHE RNA BRI AT —EIE47 5 DNA A Yo E—% — &
Vg :

2 EEERENF 3SR E O DNA BANCHE L. B5%2MET %,

3 OmEVEHEEESE, e AT R R EERE HAT) EEMEMELT, 70w
T OERRERET 5,

4 TEE SR mRNA O 5 KB F v v THES, 3 RRICIER) T 5o R
HERBRANIE R D,

5 mRNA ORHBRT, 1> rardPRpEsns,

113 BAETIC BT S, HAMEYOTEL L7012, UT V¥ A A PCRER
FERL 720 DTICRTHIEFETITW, MIZLAER2EICRT, ZOEBIZET
AEADI L, ELVDIZEND), 228,

il =S
3o BRE1~3) 23 IV Fa—TFRAAICEERL, FRENLR
DNA W OMEENZ 5.
L _
M L7 DNA 2 %87 5,
!

CBDNA 2RHITREEEE, FAFYR 2 LAT FEAYW. 754 7— T,
BESRE AU IUSHA M A T, PCR 2 BT 5o

D _

SOLHIER BT 2 2 LT, RGBSR S Ty CEBBE BN R AT, PCR
#4040 4 2 E T ET,

— 25—

BREH S EBED DNA ZR4 DF 2 — 7B, 2NEROF 2 — T2k

1

B

10 20 23 26 30
_%47»&
“BME B L7 B AR Ol

| HIE T AME ORI BN RL S b 20, B3 ThH D,
S OMEFMET, #E, DNA Y { VAR RNA 94 VADWREBIETH L,
S LB 3 A ERAMENORE R, P10 BRE S LR SD.
KEREE D 54 2 VERBA BB 7D 6 MEAEI b1 % 5 E 4 FEE,

FHE YRS LA FOMIET B0 THD,

5 PCR BAAEHFL SIS I 2 % BEEC TR BE D b 0 & BV 5.

BN A




RS 114 cyyﬂygﬁ&%§¢<@¢@r%§wpemmmmw%7j:xrﬁ%ﬁ 115 MR OHSICET 25LE0 S b, ELv ol i, 208,
L. 6 CHIIPIC GDP - GTP M RUE AE = o 7o O, Gs ¥ ¥ 180 HEY | |
Tz b (e B y) RUENER (Mbo [MED oREr&Rd L(ELT
WAHDIXEND. 1 DEN,

i Y a—FYERARY)S—EOMBTARIGIZEY, FY o= Y PEIRG
KNTINT— R 1=V VEEHREL 5, |
2 @ﬂﬁ®%%%ﬁ®ﬁ&Vﬂ&gmﬁwfhmﬁﬁﬂ%ﬁ@iaLTUvy

| 2 | ? | RBAIEShD.
E 3 ARSI YAV, EFRHEE EOSEEEKRO YT VBRI ST
%

& CHOMig (Frv A =— AL RXF—JHEME) CELESYEETHIEZ T
J o= F VRIS AR, RICE b0l b,

B TR VRV FOAF BRIV ELBEEZ DRI 724 0 TH
Ao ' '

— 27— - — 28—




RS 116 WA BEE LTV2EE () 2SI, Wl L7 RiLske BT,
2 (R & S 2 IR EORE ), (%17 o722 25, MEER 100 LS
o e S50, HRAREE LT, BEOME A TH 2 (@) Ry M %
Todfes BEERT =707 ) VEREDERIZEL TRV, BEoEOMm
WAL ABRL (=) BTH 5, REGOREE, BHORBEOMEHIZHET 55
RO B, ELCOREND. 208 &, MEHOBERIE, X ¥ FVOEE
DERIZHED DD EF B, |

X 1
(a) Fik  wedE(l) miEfsE (ABO B FeAei) a2 (Rh AY)

BEF T BEY T
(5 ~10% AR Ek 7 HE ) (5 ~10% 7 LBk 30 )

{ z

/
HAILY  WBIE DM Rh= > h -

B WL RmEk (EMEEKTHRLZ5 ~10%iFEE) . 294
k275 2 LB O ) cidt A g & B B iy, MG TIE D i
BFERhavyru—A) ZESL, BORIL, BREOEFEEZRANS,

(b) ik W) - WoA{ii)
B0 A M 0B I3 BLD L Rha ¥ po—b
@ o 2
93 é,:sg: . fﬁffuﬁz;
R;%-‘::iﬁj : é’.%,ﬁ.fh _.;-
Bt L BED D BEDH D COBEAL
. 20—

B 2

() Akl oD ik (b) RO REE

ABIRIIR B“f@ﬁ A BRIk B A1 1 5%

D | (=) 4BE (+) ¥8%

& _,;__-«é-gs-:,

/ Q Q/ : —
" -

® | (1) 8l () g

BEF T (IE)

(+) BEdH Y (—) Btk L

BEREOMBELEATA FITF A
L @2y FZICA
#OFRMER, BEORMEEE
5L, B(RAL., BEoFE

&5

BMAEMOFE R X, 200Dk 25,

FAGORE R L, K200 E %5,

MRAGORRIZ. H2000 0L %5,
CHO ABO MiE#ANE, B ABEITH 5,
CEO ABO M ENL, OBITH L,

ZFO Rh fiiE AL, Rh () BITH 5,



117 REELAIRICET 25RO ) b, ELWORENr. 22085

BB - ML BAORET BN RS, SR Y SR
CHBILT. BB AR E % B |

2 BHRMIRRE, 2wy r—VERRY, MHC 7 7 ATIZ X AMERRE L
W, |

3 %9— THMEIE. MHC 7 9 X IC X D37 & neiilih T A7k X Y
Bk L. ABEEEL RS |

4 FFaINEFT—HBEERBEIZTHL U Y RT. SIREEIEEEETH

CR, A vy —7xury IFN-y) ##EAT 5,
5 CD8 4 % RENCHT 5 HH T MG, EET BHHNEFA L H 4 > O
PEIZE B Thl flf. Th2 #lfs. Thl7 $Ifeic 48 SR 3.,

B 18 W - B BT 2B B, FLLORERR, 208,

| AT S N AR B ERE S & P O BRI TR B
2 <4 aTSATRBET B BT, THRA AL A5 um DT 4 LI —T 5
B 5. |
3 WS 2 — 7 R IR T 5 X R 2,
4 FREBRLCOAE TR SNANEEE, V89— L CRENET B,
5 GO TABOLEONBEOID, REFY I— FElvb,

—32—



—fiERE CEFEREE) [EHE]

M9 TR EDvas=y (REHRIRAE) O ERE 160 4 & 55 I A
B ledil, 42007 Vv-T I BEBCHBELCHO M —= 27 (H b
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