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Function and Regulation of the Alcohol Dehydrogenase E of
Thermoanaerobacter ethanolicus
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(1. National Key Laboratory of Food Science and Technology, Jiangnan University, Wuxi 214122, China; 2. The
Key Laboratory of Microbiology Engineering, Nanjing Normal University, Nanjing 210097, China)

Abstract: An alcohol dehydrogenase (AdhE) gene (adhE) from Thermoanaerobacter ethanolicus
was cloned and identified in Escherichia coli. The results indicated that the acetaldehyde
dehydrogenase reported previously was AdhE. To probe the function of AdhE, the recombinant
AdhE was characterized, and the expression of AdhE in different growth stage of T. ethanolicus
was analyzed. These data show that the AdhE is optimized for ethanol formation and not its
consumption. The regulation of the adhE gene was investigated by the accumulation of reducing
equivalents, When sugar alcohols such as sorbitol were used as carbon sources, the adhE
expression was obviously increased compared with expression when glucose was. the carbon
sources, whereas when oxidized sugar derivatives such as gluconate were used, the expression
was limitedly increased. The NADH/NAD ratio was suggested to be a signal for regulation of
adhE,
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BEF AR LHAEFERABEG AR AE 85

FE 7, BE#F ¥ Thermoanaerobacter ethanoli-
cus R—FEXRMASEHRREHAE, B8 21 LU
RO ABESOCHENRENEY AR, &£
IR R R NT 1 g/dL B =EZ M CO, N %
MRy, KPP BB Ti5 8 N, AFRFHN
TR RY, ZEPZERBEEREF R
A B CoA, RIGZ B CoA B ZBEERT
B, BRYEYERKEEDL 1 g/dL 6, HHKRE
RERAFEFARNRR, FRZEER T
B, XEATZERBNERARRE. BAKR
REBRE A TFHEEARER T L EFZEREH
BR,OWE T H 2 BRI AR AR BER A i B .

B /it & 8§ (alcohol dehydrogenase E, AdhE;
EC1.2.1.10, ECL L1 2)REEXRFEAKMB

EMFK. AE BREZRERHTMRFOEH

R AR, BP B AR S B 45 4 3 (aldehyde dehydrogen-
ase, Aldh) 8% i £ B 45 #335 (alcohol dehydrogen-
ase, Adh), EHIt AdhE 8] DA SE 4k Bt CoA il
HZEBERZE, RZEREHXEEC, BEF
LEZWEM AE £H 94 BHRKRRME. M
AXERZETEPHZEREOREPENZ
BHFERHEREEEBI—THY2>TFRE
100 000F9 BE L .5, Bt H AdbE RHRES . #E#H
FERRAZHRGAT ZRE A8, 5 KIEVE
HZETEPFAENEN AdE, F KT &
AdbE MIhEE S ABERR. F5MH H Bk AdhE
et REABRAETRERER—-ERHE.

1 M¥EL5H%

1.1 ##.NE58&F
g 3 Z, AT B JW200(ATCC 31550) th % H &

BUKEMEYER ] Wiegel TR ZEB,, KIHITH
JM109 # § Promega NTF]FRIEFER pTred9a W B
Novagen 2> ] ; fi 1 4% 4 V1 5§ . Pyrobest DNA &
E5f0 T4 DNA F8MIEEYAF & 28 CoA
.CoASH, NAD,NADH #1 NADP 5 § Roche 4
AHERMS N, B GC17TAKHAR
0 HSSH4A TR HHRE,
1.2 XBH%
1.2.1 “HZHmAAGRE BHEHFERLIAR
(2], #ATAR EAL® JF Ty i B 08 35 F 0, B B 4
FREWEERNO.02 g/dL. RERBHEF N 0.8 g/dL,
69 ‘CH#3% 6 h,
1.2.2 A ZHEAE IW200 ¢ adhE A B L%

s B IR A B )5 , 1R 4B GeneBank F B #H A 8

W Z A ATCC33223 2R HAMFZER. A
FAB AN 42 (5 8 . S8 A9 K/ & 100 000 FI3k I8 F
Clostridium beijerinckii PR BB ABMNRETHE
¥, 7€ 2 { B Basic Local Aligment Search Tool

- (BLAST) S} ¥ $4 Z B FF B ATCC33223 £ A

FFISAT T ot text. BA & 30800 o B8 IO 2 B8,

IR —IHENBELEEFHEBEARB"MF

G%%. BIEZERENBEHN CHFFIERITIY:
adhE-n; ATGCCTACCTTATTACAAG; adhE-c:

TTATTCTCCATAGGCTTTTC, Bl #% JW200

B3 DR 48 g M5, f 5 B AR X ) Pyrobest DNA

B4R T PCRY 1., PCR =Y #Y] /5 5 A Smal

B Y pTrc99a 82, 24 b pTrc-adhE, %

Bk b THIF ‘

1.2.3 AdhE #987&a &% XWIhBER AdhE fiEfL

ZHRM.1) #ILZ B CoA AR Z8:2) b

1 CoA R4 B Z Bt CoA;3) HLZBERT B,
Foh AT RN RO R B S B TR L B = A RN
PR A M IS . R pTrcadhE ALK&
IM109,IPTG R EKILfG, NE A, k. HM
W AE 65 CH AL 10 min,30 000 g B0 B EEH
7 65 CPE AdE 1% A KB A% & AdhE, %
HBAMENE-AIRMERNEERZEFER
HEET AdE S 8RN, MEELRESE
# NADH 7£ 340 nm &R EE. ZAXMBRHAF
ﬁi?ﬂﬁﬂi}‘%?ﬂ(ﬁﬁ CoA, BE{EE X LA 1 pmol/
min JEHEE L NAD H— M EEiE LN, BEb %
R3C#kE6,8],

1.2.4 ZaRAERAESRAZ H Bradiord 31
EEARRERED .UM OIFAEANREER
Bf. -

1.2.5 ZBFLHERESANET ASHEEBERNR
EAEEFRGHEE DBl KDBREHEH 30
mmX0.53 mmX1.5 pm; HiR:50 C; KAE:
140 °C; Ke i 88, FID, 250 °C ; &% :N,,5 mL/
min; TAZ5#% &, VIAL 75°°C ;SYPINGE 75 C ;
Cond Time 20 min; Anal. Tim‘e 5 min, A HFER
300 pL.

2 #£R5H#®

2.1 AJBE ¥R

W Z B FT B JW200 184 adhE 2 H 51 1
ATCC332223 FHMMEEN 95.9 %, BERF
AR 97.1 % . GenBank B[54 DQ836061,
Bk pTreadhE EXBHETHESLE 1. B4
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5 2 % K K % B

#) AdhE #0045 fb 89 X 8 AdhE X /M — B, K
100 000, #ALHEHAGHEARBREANED
FREHRALBNBEOR KRN 20%. HH
JERIKBHFER N EAFRE 65 CRAEKRME Ad-
hE FIBETE . AL IS 00 B 4 KW AT o A0 ML B W 72
65 CHBHIEEE 250 0. 38 U/mg(Z Bk CoA 4
BZEEM R 0. 42 U/mg(Z B CoA R4 B
ZBE CoAdF10.099 U/mg (ZBEERZE) ., BE
WRZWERZBMERE. ZEREH:DERZ
P T 80 ) L 0 7 S R IS BE B9 AJKE;2) AdhE
HEETEREAMEEER TR AEES
BAFIMEARRRATZMET4;3) LR
AR A T EER AdhE,
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LGHEEARMAXN S TFHRE: 2. RAeBERNKBEFHE

JM109/ pTrc99a; 3. #4bF 5 &Y X B #F 8 IM109/ pTre-ad-

hE; 4, #E4LHIXMR AdhE. :
EH1 EAAMEEXBHENHERE

‘Fig. 1 Expression of the recombinant AdhE in Esche-

richia coli

2.2 RREKMEMERZEFEP AJE 5%
=

LENRBESSTENLR, BEEKT
BoLBNTREERKNEKTZRE M., EE
AREY,.ZEHFERTHE AHZEEHR
RATFREUGE, ZEOBERERELTTE,
LENERSBARERERZNREE. Bk,
ROEZBRAE SR B Y RK N L RER B A B RIA,
FRAEBORBRERREL: SR BHBHR
BEAMAR. ERZEFET N AdE £RF
ARBHFHHMELRERLE 2, AMCE ZEHNAK S
BERARS HREERF. £ V&Y, AdE
MRBBEERERERTYM: EAFRYER
BERETRE. hIHER, AdhE W ERA I
ARERATIM™E.
2.3 FRASHKERNBEEFOERZEFED
AdhE i %%

W ZBEAT B FE B IR R BR BE /M TF 1 g/dL B,

%27 %
0030 112
E" 0.025|  -= AdhERgH J1.0
= -+ 0D
< 0.020 “ J0.8
4 g
i Jog @
# 0015 0.6 §
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KRiE
Fig.2 Expression of AdhE in different growth stage of

T. ethanolicus
NLFRFAR, BEERERBKRESD 1 g/dL )5,
EFEREAR, ZETETHR. FENKESR
FREHRRFE Z B CoA, ZB CoA BERES

~ ATP., R, AEMKEHILN Z B CoA, 274

K8 NADH, fTB & L& 5 1 09 F 45, 5l AR A
MP=BEEE L R BE. b T B 95 B AL B JE Ay %t v 4
ZEHED AGE WRERBFSFHEE WK™
EHARKE R EERETERERE. A
BRI T 53X R AR 7 22 (DR 75 B9 % 1R 43 1) 3% 5%
EHRZETE., X =ZMH1ERT AJE R 8
KAk,

WEAY R MLEE, BB TEEERE.
R BRI T RGOSR P, E 6 P~
A 34~ NADH ; i &4 P i % 20 7 0 B8 R, X0 388
HALAN B A S R4 8 NADH HE H B
HEROERN FIREBEZR, ERANFRER
MR, § 6 MER™4 24 NADH U9, Ffix 3
FYREE— R REAZEBTE, TUESR
AL SR Ay & A M R B AR AL

HAEBHE,3 HKEE TN AE RXE
AR 1% PR Bk U ) S 3 Tt 2 B 5 3 B 5
FAEFEEEPHEEHEIN AE R L EBR
&, 4(0.19310. 035) U/mg, 3B JEH: 4 1L L8 1
KR EERERAIN AGE XA B2 9K
(0.811%0. 042) U/mg #(0. 34710.051) U/mg,
BULAHEHER. DRAERNASERN 1 K5, X
SHERA BN LA A B M= 2

1:1.8, BEHEMLZEES4 M NADH & £,
#ER AE RIAMK R BRI, T E b0 m %5
M4 K NADH B/, e S AJhE 5w %
B, HERHER:D BAZEFEK AdhE £k
BEXBEATFE AR 2) AdE fEERZ
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$i% NADH # ¥ ¥ 8 # , Wi 7 88 2 2 3 NADH/
NAD WL Fly iR E. B 2B EhEE N AE
EOR.EEUERIMRERTE S BEAREN
REBOUBRED., GRER MEABEAFEREY
HEERKPESERE MBATERYE . REXE
2Tk, AME AEARFEKHPINREFSEHE
R EMB—TAEZRFT AE REZ I AL
JFhMEERNEL.

FEIRE, KB E M Salmonella typhimurium
F#) AdhE B3R KZ P B E HHE, AdhE %
PEEWREBE. GEERMEGERR Y KRR
Alo-il BRI AME RENESHREELR
BN BRERZEFE K AdE #2800 &%
S5KEGHEMS. typhimurium BR—B,

2. 4 BAZBHEERABELER WNBEES
THZE/ZH®IHLE

RYRBWENT 1 g/dL &, BB FEH L
HZEMPBZB., FRAKAKERAKEEZERER
EMZEETE R AR Z B/ 2R R A R IR
2 5.19 QLA 4. 83 (HEHD M 4. 85 (AR
B, WEBERNERAZETETH AdRE £33
BERE,HZB/ZBMLELES, XIEHT Ad-

2 % 3k (References) :

hE MERAHNBRAT LM~ 4£., HHEER
BFAMNEAIBIFANZE/ZROLENEERE
BAEMEER-B.THEMTHRERAE RN Ad-
hERZBNUMATHREEASH, BN ERL

B/ ZBHTEEMHERARE.
3 & &

1 REFATRIETERZETE JW200 &
— A B, BRI R EABEN
EER AdhE, ’ ,

DANIANMFERBRT AdhE BB IHEE,
AdE BB EHECERETERABEE, #A
BRAMEEFRERLIEBEERZBENELE;
AdE T EEBRAZBIFEAKIHRERL R
BAMEMEZIETUREZE/ZBROHEY
., BT R, AdhE ZZ A B RN T EEARE
REZB&E,

DAFFAEEREINKEEFIEFHER
ZEFHAD,AME RABERFEHEMLFEEF
HES  ZEAENEEERERNKZ , AEK
AFEERPOHEEE R RK. XRHW AdE
3 35% NADH/NAD W fE#E.
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