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Table 1 Systems for the regeneration of reduced-state cofactor
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- STRESHENAD . BRENAR AMANREE: AABOBRARE WRIEE
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FREWBEYE NADIP)HH — 1T HBM W E: G, H ADH R EEFE £ NaD* ™,

Escherichia coli JM109 { pGDA2) i1 B ik 3k E T Bacillus mega-
terium IWG3 MBI AR AEF , K124t NADP" HE & AT,
E . coli IM109(pGDA2) HE 85 fE 39 NADPH (4 4. FIHM
NADPH B4 A4, THAL B RFEZEEFEN E. coli IM109
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Table 2 Systems for the regeneration of oxidized-state cofactor
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3.1 NAD{P)H @{L B4 NAD(P)"

MR, HA AT ERME 7584 7, NADH K HE
FAHBERTHE, HX - EHIABRAERBENE
RPN IR TEEEALARITIZENHI B
ARERATHEIHAEERESHHBAARRE XY 1V RE
B, IFAALFRMF N LR EEE R LG, MR
ALEREMREGER . BEEEEEUESRARITAH,
B oA REARTEBIEREE BHERIES TN
K.

ECTRHLRENNAT-RFHBEEERYESHN
HEEZGEWEMR NADH S MER S FEHLEAkB iR
0~ 200mV(Ag/AgCl), X—FEMBRARAF MRS ERES
WEZEEFHENY—EE. S—TRAATERHR
PHEERYE EZR B FHRBAENBR SRS pH
HME, KERXENTFEREFRETHRARE, ROEEH
2 1 2 1 £ A B Y R E R

B-EABEEERFEBRREE, B ABTS (2,2 -azi-
nobis(3- ethylbenzothiazoline-6-sulfonate } ) . X 35 # 4k B 2% — A%
BEEEMEFEG S BORE FAAT NADH E£4468 45
o, B, X REBLATAHRRAE, STEERLS TH
WY HAEREERI KN, R0, ABTS JABTS- X F A ME
MEHAR-MERMNTH . BANEERERFT MK
EEMEETFRAFENTMNREHE, ARTSEEAMRER
FIER R MBS Lo i, R A ABTS' fE e T e 4
PRl LA S bk B L b 4L NADH 9 H #9, X — @i 4
b FEHAERETO RS R EMEAREE=
AR FHABNEMPHEBEE L B EE 03.5%, 4
ik 99.5% Lt ™,

by BESL, T R R AN E AR
it EE MR LERESE, Tayhas et o HETRR/ES
BE i, AR ERAEONESELHEEE. BT
EERELAPRY - HARNOESETE NAD ¥8, L0
FREE O P E B (methyl vinlogen) fiE 4L 3 NADH # £k 24
NAD" ,SL¥E [ NAD® P4 .

3.2 NAD{P)' ERME % NAD(P)H

BHHEIE NAD(P) * 3 J 37 NAD(P)H iE H; NAD(P)H # it
A NAD(P) B ENEHE HEEERAGL¥FEFE
NAD(PHREHSAER. EMB RS EZNER,
BABMK. RARBAEBREEFEER NAD' £74
BAHFEEMN _FEA NADH Rk M H RN EER, & HF
#HE A -THAREEFEREMNRMAERY  ERA L
EHHIR R,

HTRGERE _BE REREMNESEL  RATEHME
EEMHE R EEREER R TR, LA RN S
# , Alcaligenes eutrophus H16 i S 88, 0 WL % 8§, 2% & lipoamide
BMEAE™, KEELRRARAEBam T kEahEs
PEEBEERE TR, AW, EAXXHRSRRAEED
HAERPHEREE, XFEERESEBAERNFES

AR RBRENOE- RN EORT, e BER
BERALPFEXENEESH,. H—E . IR BEELS
BEOMNSARBATENER. £ hiFEERES
KEuEd, AR nBeEEi v 258K NOER
A FREMEEMRK, AN THERAR AEEMES
EHBREOAD TESAOSR B, BERRB L TEN
BEAEBERTmLE. B2 NRABEARBHTESRLE
RuSthEsSFtEeSiaE AR hiEER
MARALTHH - E— b rNRE NN EAN.E
EHERT BREBEEEZBBEETD FEBESL
MEEREF, A FEEAFABERNEEN - F& . &
REEERNOBSREE. BT, 5—HEF 8",

AW B TEAGEBO IR ERR hERRTEE
PR s TR AR EEE . A ERE
TR EEEN, B8 THEMN NADH B4 i, A8ME
A AR RN R, EEKNTFENBSEE
B X ERBEE L, NAD B89 E [F 655 75 # 49 NADH,
FRFW, 4 -0.75V, 251 2h 35 NADH %% 829%™,

AR R R REMEES MWt
FARE I NAD(P)* Wil R P A A A B = b . X 77 i B8R
FREEEPEIRSENE, AT R B P
HMTMAEEES NAD", PREERTUHENBERM
NAD(P)" iR [A MG [ A fk. R, PRERMTHELUESR
S F0 NAD(P) WEBE T & FHEBHERAHM, HTH
SRR FERERLEERS LD ™, RIL2 54,
BERMESHES TP FHX—FEFENRTEENE
MR, AN BIREHFET ELDEBAM(Cp* Rh
(bpy)(H,O)]*  AHEEHMRTFAREAES . AR AR~
Mo MR LSS, 0 NAD(P) BT FAD %5 A F H A T ke
EIFEAEA™,

4 HHALHFRANKETH
G & A 00 0 M 2 T e L A -

SRR AMEZUREMNNERER,

AEHEFEARGEERE METEREIE KRR
RERRYWE _MEARER IR EA R EAERA
W HEAETEERESUEEONR KD B -8, HX RS
BHRESFERMN TN, X FagErk AREg
AR At S k8, b TR ORI R AR M, B
REAFHEBRHMEARBRBERA LB A, 5
BEWMAZRRYE ARAEROESNRARNTERSE
MARR. WRETRRBN, BELAETFRSERRL
AL AR o) BT B R Bl .

AEARFEANEBRE ML PRI LERTT
B ) BEFEAIRAOBEARERREEERR
BERRAN EREEEEHNHHEARER., THTRE
MEMTE AR ENNERAERLCASHRK, Bd
T A0 B AR e — SR R S I A0S R, L R MR A A
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WEEWBITE. RSP FTERFTERRMNLEHERER
HEE R R TR, TREEF RIS,

BrEfWMBEELEER RELEIRERFER,
Ty B 5 A 0 S A T Ok A, ) T R TR PR E T 1
EZER-MEOREEEHEBERXTIR . EEE SN
MEM, AN-BEEARRE-5-—%E (CMP)-REBE S B 86/
2 3BT B NIRRT 88 (UDP)-H W B &k 5 R/
ol I BFMH BT, WA, MTMEDEAKE, B8
HEAF—AEANTFERS KRR - ARATER
BHUERALLEEAXETL. IRBESED THES
HEEHBHER, HADMARERXSHFRETEAS
P ATP HIIE#E ATP WP B R ER AR 40 IR 2 1l RO A8 & R B
ATPHAME A, B & GIP B Tk fb 4 7~ @R,
E-BHRESEHERLERANARER A PLR—1HEH
EHAEAMAEN TR, BEEFENTREAATR N FIO
ET—-BHREATEYDHISN., SRRAHNERATAEDER
EHBRES HXBETFREFERNBMNER A, NADH/
NAD LB EEMERT B EHE. X THABNNRK
HREEE=SBITE. HW O EL K% 2 558 NADH
MESETEX, MRAMEEZHANENRARE, RS
TR NADH PR &, M E FERBENIE
BT MRS NADH M E A B S, AT b P S
WM EL TR NADH, X —BBMER B ARNERA
ARl R M- S8, REXEEWHAaEMmyEE, A
BT, 247 1674 A% 3 56 19 7 ) A PAC7IE 40 Rl % P R 400 PR
Mk, AT RE M NADH AR RS R ™, RE-HH
WHELSAHENHLBE LR WU E N EHHE S LB
NADH S B P A R 8t 7T A0, 3 863 BT 52 9 M 2 NADH
SFEFAERERETER.

h TSR EREYEDEAIRNENER, BR
AREHREMEMEE RS, WEE AN DS
FHATR AMUTE . ZECYFSHNSIABAHRNER,
SEMBHEGAN ERMT LA X

LBIFRSCEERTIENECIREHNEERE,
AHERAREWEMEFEENN R, s Hg Rt
B R EATEAVNDEENWEECERTES,

DL HAREHERANARERBAR UBRTHE
RRAf#E. A EMRA e . AR SETIE . &
T PR B3 %, 32 B LA O N A O T B 4 B P
AR Bl AR AR ENERF A AREAHMELE R
B, ERAAREBEAR T EAXA IR TR WBINIGBE S
MEER. SRR ERSEREE R,

NV XHEHEMAME, TR NAD (P) H,
NAD(P)™ ,ATP, #E# ,PAPS ZHIMENNELRZE, AT
EIEMEEREERER,
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Research Progress in Cofactor Regeneration Systems

ZHANG Chong XING Xin-Hui "
( Departmens of Chemical Engineering , Tsinghua University , Beijing 100084, China)

Abstract Cofactor regeneration system is the key step for the biocatalysis and biotransformation of chemicals by oxidoreducta-
ses. Among the methods developed for the cofactor regeneration, two of the most important methods, enzymatic regeneration and
electrochemical regeneration, were reviewed in this paper. In the enzymatic regeneration of NAD(P)H or NAD(P) , development
of an efficient enzymatic system is the focus of researches. For use of free enzymes in the cofactor regeneration, finding new enz-
ymes and the functionally coupling of the enzymatic reactions are important. While for using the whole cells in the enzymatic re-
generation system, reaction engineering such as the use of membrane reactors js also indispensable. Efficiency of the electro-
chemical regeneration of the cofactors is closely dependent upen the electrode modification and selection of the electron medi-
ators. Moreover, perspectives of new regenerating methods such as fusion proteins with multi-functionality, “cofactor engineer-
ing” by the metabolic manipulation of whole cells, and multi-species microbial coupling system were also discussed. With the
progress of microbial genomics, proteomics, metabolic engineering and systems biology, the cofactor regeneration will achieve

breakthroughs and become a feasible tool for the industrial application.
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