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PR B (quinoenzyme ) /2 LA BRI b & 497 T hk g s Rl (PQQ)
i AR-CEBER (TTQM 624 % DR (TPQ) /FHZA — K
EALTIREER SR, 80 FAULIR, B bR DX BB BT A — B A
VK. BEE X-STARLERATE EHSEHRA DNA BEASHORNE
J&, 2 H NI X KBRS SRR AR, BB ST SR A
TR B2, 70 SRR, FOIE S I A v A AU R A R
BHR T RE AR A2 (EMP) #EATHY . (HE 70 SRA0K, NIKRANE
KB T —FARTF NAD* (8 NADP)FI FAD(E FMN)#H
E-PQQ 5, A INREINIMH B HE R EMP 5h,38H —& 1K
BT PQQ KR %R I S AE AL M AR e AL B B R A 1R AR 5
S HZAFAE T IR A A B AR R P B 0 R AL B (RT AL
AHUE AR A Y RINE S AL RIS S D . 15 4F
H S LA ARSI B, 2% 5 EE AN BT RE A
PQQ, Xt T 5%, A BEHENREN TPQ. ITHALF B
i R SRR R TTQ BAR, AR .

EHENHEMEEHTT AT 80 AT, ML —PRAEL
ROIHBEPVA, LB AL xR 8 —F0 A T3 S ) Ve

—BRIBFIREIE AR ¢ By A= 40 & (symbiotic bacterium)SB,, 2@ H -

Pseudomonas sp SBir Fll Alcaligenes sp SBis 1%, 7 B A 145
HEFE PVA SEgdied, “EHRERBAERBE  ZEEIRE
BT RESE SR, U A KR, e BRI, X~
RE KA, RENAS PVA 9 8HB—PVA BiS B ME
PQQ MEFE H 4 Ay I F AN B El SBir B0 SBis W& M GEH
HAMHENEE SRS A5 . X T
LERATH EERARBEEEARB T, EMNT 00 FHR



WL IFRT HAE PQQ.TTQ M TPQ K IHAHCEg 2 py 41k 1
RN RIS, HEE T A OE B I B iR, 1996 4
10 A HERRB IS FATHEITH AR TR T = E 2 b 8%
Duine. J. A 4 GE—/MEREEHIE PQQ WAL E) , BT AT
A E M

G LRAE AL, B R JUEHT 3T LAE AR B RS R R 2 A ]
BHAA LB 4 B aTE A M0 FI Ve SERR , 7EL
BFATFREFRRITERE VR R F, ATERE fiX A8
A5 HESEAE L SERFEMTFRAEMS AN TREEFEES
wHEE.

B EER R IR X B RN E N, AR R E R
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RS R0 TR EHE, DR PQQ WY FIThEE 5 M %
W&, 2BEPINE, FPFRERERE, FESENE FES
SR, DMERE TRESEUAE.
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PQQ
TPQ
TTQ
NAD

FAD
PLP
GDH
MDH
EDH
AO
CAO
DAO
BSAO
MADH
AADH
PLAO
apo-GDH
BTB
NBT
PMS
PES
DCPIP
ESR
NMR

% 5 1§

(pyrroloquinoline quinone)  MLP&HEERKER

(topaquinone) 6-¥5FEE AR

(tryptophan tryptophylquinone) 85 ER- 4 K BLAR

(nicotinamide adenine dinucleotide) {HBEIZAIREN
“HHER

(flavin adenine dinucleotide) B EIFMEM "R

(pyridoxal phosphate) BEERI L B

(glucose dehydrogenase)  Hi%5 8 it (8

(methanol dehydrogenase) B EEH S B§

(ethanol dehydrogenase) ZBEfi S B

(amine oxidase) FFELEE

(copper amine oxidase) A E(LEE

(diamine oxidase) FFEIVEEF

(bovine serum amine oxidase) MLIFIFEVEE

(methylamine dehydrogenase) R ix S B

(aromatic amine dehydrogenase) 75l A B

(phenylethyl amine oxidase) #Z A E LT

(apo-glucose dehydrogenase)  iiliZE 2 ME I S B

(bromothyml blue) RE BB

(nitroblue tetrazolium) 2 W& POME

(phenazine methosulfate) HBEALER FH ES

(phenazine ethylsulfate) FyERHLER 208

(2. 6-dichlorophenol indophenol) 2,6-— & B #E

(electron spin resonance) B HJEdt:iF

(nucleon magnetic resonance) HZREILIR



RR (resonance raman) Ml & i8R

GC (gas chromatography) SAH&E

HPLC (high preformance liquid chromatography) BEX0K
FH

MS (mass spectrum) [

Su (sulfonamide) F#RE

Tc (tetracycline) PUIZE

Km (kanamycin) FIREBEER

Ap (ampicillin) HFEEZE

Asp (aspartic acid) REZBR

Asn (asparagine) RABEE

Tyr (tyrosine) BEEER

Lys (lysine) FREER

Glu (glutamic acid) AHEER

Gln (glutamine) ARBLIE

His (histidine) ZHEER

Thr (threonine) FH&EER

Ser (serine) Z2EBR

Pro (proline) FHEER

Gly (glycine) HE®E

Ala (alanine) FHEER

Trp (tryptophan(e)) fEER

Phe - (phenylalanine) FKHER

Met (methionine) HZ&AR

Leu (leucine) HHER

Ile (isoleucine) REFER

Val (valine) HER

Arg (arginine) FEHEER

Cys (cysteine) FPEEML
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BB (quinoenzymes ) & —FEL IR . SLIR R REE B2
FEEREEENE . EEEDRN FES IS EF &R
OB T EELR, IS A e R RS Y. T
IXREFEE A SR B H R TSR, RN A L
(MIHDHESHE G A BRI k. 70 F£RLIAT, A
SERTA YU T RR, BB A AR EES —FHR (NAD ) 80l
BERZ AR I NS 4% FER B B2 (NADPY ) F1 3% % IR V= ns T 8% 17 1R
FAD)SHEREHHEREMN), B SHXHREAWTE S, 4
B 5 XA Z AR MR P B EAL R IR S S5 R, T B P R
YEU, MEREMEIKER (pyrroloquinoline quineone,PQQ).6-3 5% (1
fi (topaquinone , TPQ) Fl {4 2 BR- &, & BE R (tryptophan-tryptoph-
ylquinone , TTQ) (ILFH 1-1)2 80 F LIS 4k LAY 58 = Fh
FAEVLEEDT, BIEE 11063, BT (mass spectrum, MS) Fl
S RTE (nucleon magnetic resonance , NMR ) &4 5T, LI K 4
Y BRI R R I R H Sy E AR Y, 3 E
& H AR 5 —— 4R ALBR (LS B L TE PE Ry S 50
), ENTEEE A4 & 8 F N AN R, S BRI
T NADP)YH FAD #ALIE R R a2 0 15, (7] Bt o0 58 A 57 4
F 50 W B O M B E AL R R B B BRI S, —FRERER
(quinoenzymes) . BR & H (quinoproteins ) 8, methoxatin HJ FRI1B{E
PN, BEAH , SRS BRES T4 8 =AJAE0 13,

IR I &Y, BRI A58 PQQ.TPQ 1 TTQR ™ (WLH
-1, AERHEAN FBIREEEE N PQQ.TPQ #1 TTQ MBI R
S Sy AaAR I B PN .



COOH 1 HH | HH |
HOOC HN *N-Cc NH- -N-G-C-NH- -N-C-C-NH-
CH, H.C {?,NH
D] s -
HOOC ( 0 @ 0 @@ \s o/~ ¢
\
OH le 0
~N~C-C-N—
HiI HH
0
PQQ. TPQ (&84 00 TTQ

1—1 PQQ.TPQ 1 TTQ W4
—% PQQ #RARHH

—. PQQ 8%

%T PQQ WE—IHRMETEPE 1959 4, EMRIE
BERR AL A R A A (— AR A A A Rl L A -6
BER R R AT OB, WM B 2 BR 4SS R 3 B ( Acinetobacter
calcoaceticus , 34 B FR Bacterium anitratum ) &8 —F AN T
NAD (P) #1 FAD Ky # %j % [l & B8 (glucose dehydrogenase,
GDHD) ., Hi/E Hauge® I\ IWEFB R —F 4 B0, e
SRR 248nm, STE 270~280nm (EALED , FHEWHX AN i
TTRER— R A . TR, X —EE L, KiERT]
EEE KRR, 2 E I A REAMEN SR TET
VR, HE ST A AT R S R L T LM R R A
KFEL) Ry i — BB SRR b X R AR HE T
MAEEEN R THELHE T A= HUREERAH
(methylotrophic bacterium Y1V H: FEEE fREESL R BE T A9 FR

. 2 .



¥ . B (B0 Pseudomonas sp M27)M R B B4 SC SR 2 PR B
B (methanol dehydrogenase, MDH) , SR ILBgET, /58] T 40 L
#® GDH —#r] 5 BRI AVIAE, ZHEERARE NADMP), R
& FAD, Anthony fl ZatmanPF 1967 FRIEFIEIIEMER,
BUOZAERE R — B BELE (pteridine) L EH) . WWEH
10 B, 3HZENTR—ELEHRE, 8 70 £S5, Duine
Zeho.12) g Ml 7 H fie 3547 Celectrons pin resonance, ESR) \NMR
1l MS FHAREFHHFR MDH MWLM, F 1979 4420, ZEEHH
EXRREE e, ME—NEF N RTINS YR, F
ER Hauge X3L#Y GDH &A1& MDH —H#ERAIFHRE, 5
I F B, salisbury ZE00 @ X-5F 40 AR ST AR XA FER
4R AE IR TS » B WA = SR BN T AR A4 o X
5 RGBT SRS, TRIAN G MR 4,5
ZE4,5 -TEA-E-ME I (2, 3D -2, 7, - =R R (L E
1—1),IAER PQQ MG EWER, FHI A methoxatin,

PQQ W R BB R L FH— M EESE . BEERRA
MTBANRT — 4 Fia s, i AERERER LI — a3
SC R, 4k MDH 25, Ameyama S KB TR BT E
( Gluconobacter sp YH] GDH WA HKHT NAD, M=ZLL PQQ 1E
WA IR, BEEXRB LU PQQ.TPQ A1 TTQ 1A EAT AR
BB EHGE  ERR 1-1,

—. PQQ K14 %

80 FERLUE  FEMRE K E PQQ fEHENEEE kB F]K
BAHE(G) e . fln LR E(8 GDH Al MDH 24515 B L&
LE N ENAFEUOF BB 38 2 (methylotrophic bacteria )11, Z, B2
Ji% & B (ethanol dehydrogenase, EDH)™MI 1 B8 7, 4 B il = B
(polyvinyl alcohol dehydroenase, PVDH)US B 3 B B B I B
( Pseudomonas sp ), %K B—Ff EDH(ERIZL BF A MMEER
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