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Co-expression of glutamate dehydrogenase and alcohol
dehydrogenase for preparation of (R)-2-chloro-1-phenylethanol

CHEN Shaoyun*, LI Hongyan

School of Life Sciences, Zhejiang Chinese Medical University, Hangzhou 310053, Zhejiang, China

Abstract: [Background] Alcohol dehydrogenase AdhS can produce (R)-2-chloro-1-phenylethanol by
catalyzing asymmetric reduction. However, due to its insufficient ability to regenerate coenzyme
NADH, coenzyme regenerator is needed to assist NADH regeneration. Glutamate dehydrogenase can
regenerate coenzyme NAD(P)H with glutamate as substrate, and has the potential of coenzyme
regeneration. [Objective] This study aimed to clone and express glutamate dehydrogenase gene gdhA,
and construct the co-expression system of glutamate dehydrogenase GdhA and alcohol dehydrogenase
AdhS in Escherichia coli,
preparation by AdhS. [Methods] Gdh4d was cloned from Bacillus subtilis 168 and expressed in

for improving conversion efficiency of (R)-2-chloro-1-phenylethanol

Escherichia coli BL21(DE3) for the analysis of coenzyme regeneration activity. Then it was co-expressed
with alcohol dehydrogenase AdhS to optimize the co-expression condition. Finally, the influence of
different coenzyme regeneration schemes on conversion efficiency for (R)-2-chloro-1-phenylethanol
preparation was studied. [Results] Specific activity of glutamate dehydrogenase GdhA to regenerate
NADH was 694 U/g. The conversion efficiency for (R)-2-chloro-1-phenylethanol preparation reached
465 U/L through co-expression of AdhS and GdhA and optimization of expression conditions. By
comparison, the conversion efficiency for (R)-2-chloro-1-phenylethanol preparation by AdhS was
improved to about 3 times with NADH regeneration assisted by GdhA. [Conclusion] Glutamate
dehydrogenase GdhA can be used for highly efficient regeneration of NADH, and through its
co-expression with alcohol dehydrogenase AdhS, the conversion efficiency for (R)-2-chloro-1-

phenylethanol preparation by AdhS have been enhanced significantly.

Keywords: glutamate dehydrogenase; alcohol dehydrogenase; co-expression; (R)-2-chloro-1-phenylethanol;
NADH

AN AL RS A XS FRAE BN i TR B A SOV, SRR OE AN, Ok RE
AR | SRR, BRI, PRI RORFEARB N AT, 2 ik R I 552 s L2 FH L 25
YIS, TIZE TR A T A MEE B, HETH 0% NAD(P)H fFA4:

it A5 4 5 W EUBE Y BRI EUED) . EE A
014 REMNAM(EC 1.4.1.2-1.4.1.4)8E4#
A IERR A AR AR , [RIEHE4: NAD(P)H!Y,

SR T A A 300 1L it A 22 MRS 30 1t T 08 P i Ji W e
T AT FRBE R (nicotinamide adenine dinucleotide

phosphate , NADPH) & 4 5% 7Y 4 15 fliz it 15 0%

¥ M (nicotinamide adenine dinucleotide,

NADH), %2> W& 7™ 2 i) A O iH#8, (B
NAD(P)H {1 e AR BELAT T H R R AR 0,
it i o P A R TR SR A i Bl A L AR R s | A

B A BRI A W2 NADPH #5878 TR
BRI N R £, e Hi T NAD(P)H
Az Hp i L HRGE

U BE AdhS [ VR T R FAT
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(Lactobacillus kefir) DSM20587]% NADH 4 #fi
A O U BB A R BRI R
(R)-2-F-1- 2K L EEM | Hp=H)(R)-2-F-1-K L1
HPTIIAR 25 ) FVG 7T ) G R AR, FTHADESE
TN B AR R DL S TN R O R A A
NADH, {H /T4l AR08 18, Aaen 2 5L
AKX RIS S X NADH 53K, R 5 251
Nl T A Tt 1 B HC 58 Sl T B P A

AAIE DA B 2F #AF R (Bacillus  subtilis)
168 FRyEERIA T A MM AW GdhA , I 5B
it 2 AdhS LRk, M FE(R)-2-5-1-K L
BE IR A AL A ZR (18] 1), Rl A ek 26 45 A
MR R, DU S AL AR

WEERE

1.1 EELFIFOMEE
JiUkE pET-30a(+) . 4 FUk pCDFDuet-adhs |

KM FF 1 (Escherichia coli) BL21(DE3) . KzFF
P& DHSo A B ZE AT B (Bacillus subtilis) 168
WAL = AT

PrimeSTAR® MAX DNA Polymerase, PR i
e VI EE(Bgl T1 Fl Xho 1) % T4 DNA &,
FAY TRECKIE)A PR Al s AxyPrep it DNA
sl 2R TR A AL AxyPrep DNA SER I

Cl

AdhS

Chloroacetophenone NADH

£, B Axygen Biotechnology /3 r) ; Competent
Cell Preparation Kit. $i/E % (Kan #1 Sm). =N
FARAC-B-D-2EFLHEF(IPTG) &2 NAD, NADP,
et A E ARG BRTEA R ; PCR 51¥&
BRI DR PP 2 4 1 SR e A R A R
A); HPLC (el s . HilE . ZEANEC
Bt BRECEGIA ] AR A2y a4 o i 0
G ES VR T [

FARWAR TS, AN B SR A BRA A
TEAHVE AR TS, W TLAR A o3 A A PR |
PCR 1, HREE AT AXES A2 | 5 BERE BUSAY
ARG A R A F] . AL, 7
W 2R ST
1.2 BEHFRERXKBTEIESR

LB }iFi st (g/L): BEEHEEW 5.0, EAMk
10.0, NaCl 10.0, /I 5 mmol/L (¥ NaOH i
pH HZ 7.0-7.2. il [5 14 55 57 5 6 hn B B
¥ 20.0 g/L.

KIAFE BL21(DE3), DHSo 545 25 A1
168 HIEFER A LB Kidt, B R
37 °C, ¥R %% # N 180 r/min.

K AF D B 4 F I TR B A SR, e
HE T4 OB U S A D BT AR 2. IR
FHER S0 mg/L, #ERZEHEN 50 mg/L,

OH

Cl

NAD*
(R)-2-chloro-1-phenylethanol

a-ketoglutarate M Glutamic acid

f GdhA
NH,*
B1 #H&R-2-8-1-FZENBEBRELXKR
Figure 1

Coupling catalytic system for preparation of (R)-2-chloro-1-phenylethanol.
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&1

1.3 EREBwE
H:H gdhA 1) NCBI J¥41]°5 24 NC_000964,

P82 A A PCR 519)°8 FE_gdhA (5'-GAAGA
TCTCATGTCAGCAAAGCAAGTCTCGAAAG-3')
(¢ Bgl 11 B§HI47 )1 RE_gdhA (5-CCGCTCG

AGTTAGACCCATCCGCGG-3") (i Xho 1 B
A, DIM R ZEAAT# 168 B9 LB K595 PCR
FEAR . FEIN adhS ) NCBI £ 4154 EUS77965,
A adhS BE K PCR 5|#1°4 FC_adhS (5'-CGC
GGATCCGATGAAATCAACCATTTTTGTAAAA
C-3") (ii7 BamH 1 MY 55.)F1 RC_adhS (5'-CCC
GATATCCTATTTTTGAGCGACAACCAACG-3')
(itf EcoR V VI 55, VLB pCDFDuet-adhS
AL IS B T AR B LB B335 PCR Bifik .PCR
WK Z : PrimeSTAR® Max DNA Polymerase
25uL, F. FHSI#(10 umol/L)4% 1.5 uL, #
Mg 1 uL, ddH,O 21 pL., PCR Wi &fF: 95 °C
5min; 98°C 10s, 55°C15s, 72°C 10s, 30 />
¥R ; 72 °C 1 min, SHEMEERHIKE, &
TBRE I G A I E S TR A 5
1.4 FHFRNAMITERLE

W 10 W i B bR R gdhd S5 R R
pET-30a(+) %3 %1 Bgl 11 F1 Xho 1 WY, 35
PEWHGE R LUK 24k B AR 550, R SR DR
Y15 ORI BEE o E  A R A RT
P DHSo B2 540 M, PRE 41717 PCR HiiE
(PCR 1A R RN 45 TR] gdhA FEH wi k), B U R
MELFH A LB ARG 57 5L, 37 °C. 180 r/min
Bi9% 12 h JEHR USR8 TR S T,
P45 R ERR R AT VR 2 Bk KT TR
Z AN £ R Competent Cell Preparation Kit.

HH Tkl pET-gdhd 1 pCDFDuet-adhS /3
BIEAL K IHATH BL21(DE3)&Z 4, F4 PCR
BiE(PCR R R A R A s b)), Bl Al
P FH:A LB WA #: 5L, 37 °C. 180 r/min

BiFR A ODgoo M 0.8—1.0 BN (H M &k B 4
20%), —80 °C ML AF, B A T #2% BL-GdhA
Ml BL-AdhS., H:H', pCDFDuet-adhS " adhS
R A AR B N BamH 1/EcoR V Z [,

T ik pET-gdhA 1 pCDFDuet-adhS It
A K AT B BL21(DE3) &2 A 41, M4
PCR %3 1 5631E gdhA F1 adhS FE IR (PCR 4 £ 1 4%
PRIRIE R Sep ), 36 TF AR 2 9 EE 4 -0 AR AR
17, BRIl THEH BL-GdhA-AdhS.
1.5 ITEEMIFSRIEERMKL
1.5.1 #¥XRIFEEHRIE

W TRE R R 3] LB 55 2 2 (A PR )
Hi, 37°C, 180 r/min iH{LEEFE 2 ODgoo M 0.6,
fn 0.5 mmol/L ) IPTG, 18 °C. 180 r/min /5
12 h, 5000 r/min &.0> 10 min WK, FL
T — AR FH ) 50 mmol/L BEER 4N pH 7.0 Z% v
WEEIEE A RE KR, FAKERES), ILAE
iR, &H.
1.5.2 FEREEHMK

(1) 1T

DI BE AR 5, ik 4 DK, Bl 18
24,30 1 37 °C, K53% & ODgoo M 0.6 HE1TET,
S8 E N IPTG 0.5 mmol/L, 5 S WF 8] 4 12 h.

(2) B HLAY S e

DLE BB AR i A3 s 4 N KF,
ODeoo 5394 0.3, 0.6, 0.9 Fl 1.2, IFFIREN
24 °C, FESE N IPTG 0.5 mmol/L, i S}
6] 12 ho

(3) 5T uiR BE  5E e

DLS o o AR el i & 4 KR,
IPTG 43514 0.2, 0.5, 0.8 #1 1.1 mmol/L, i
SRR 24 °C, FEFRZE ODegoo N 0.6 B 17175
F, FREECY 12 he

(4) 53 B[] 1 52 i

PAZs S (R AR 4 il 4 KF, RIS
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12,16 120 h, WS 24 °C, 555 E ODgoo
4 0.6 BFiES, SR EE K IPTG 0.8 mmol/L,
1.6 ZFERRAI4 K& SDS-PAGE 734

i = SN IR O A R R
(225 W IR M FSERRE 5 min, 2 30 K, HUGH
FREEE 3 s, [HEK 7 s), SRJ5 12 000 r/min &0
10 min, B FIEVE R FHBER . FHZ2 i A (50 mmol/L
pH 7.0 BEFR AN ZE v, 500 mmol/L NaCl, 10%
Hl, 20 mmol/L WKME) - dt . HOM B
DL 0.2 mL/min _FAf 50 mL, FHZE vl A o
UE 10 MR 2 ODyso fH AR FERANE, F%E
M B (50 mmol/L pH 7.0 WM& 4M 28 ik,
500 mmol/L NaCl, 10%H 7, 40 mmol/L BKmE)
Yk 10 MEARTRZ ODy ETe ETERARME . T
Mk C (50 mmol/L pH 7.0 WEERENZE ik ,
500 mmol/L NaCl, 10%H i, 100 mmol/L PKM)
VEMEEAREE T, fF ODaso {H T - IR AR Bk
R, B ODogo fEFEBVEARKH S RIS . w)a
JH 20 kDa 2 I #REAEDLER , #5450 mmol/L %
fREH pH 7.0 Z MR E &, B4R, &
K 15 SDS-PAGE ¥ iE 5 1 4t . >k
o RN EEA RS, UEARE
(/L) AR AEDR , ODsos WG AN AR, AT
EERYETTTE N y=0.475 5x, R*=0.999 (LtEiE
fil: 0<x<1.0 g/L).

BCHL EG W 10 000 t/min BS.0> 2 min, BUH B
B, VIEPINSEEBUKES, REMUITEEE
W H 535 A SDS-PAGE Loading Buffer, #fifif
W] HHEM A SDS PAGE Loading Buffer, 7E
99 °C P AFE 10 min. MM H BTHIKFES, &
fHl. 5 SDS-PAGE R 12%43 B I 5%
Wi, miME S pl.
1.7 BEEENHINE
1.7.1 NADP)H BEFE WO

A AMA A 50 mmol/L pH 7.0 fif

M2 41 2% M 600 pL, 5 mmol/L NAD(P) 100 L,
07 TP A IS0 (100 mmol/L 4 4 iR 100 pL 8 5+
NI 20 pl), B 100 pL, 340 nm P K3
=i, LL0-2 min MEHRIIA LM TR, iZ T
RlZ S A R*, $x10%6 250=NAD(P)H F4: i %
[umol/(L-min)], H:H 6 250 REE/RFIEREL,
HA A L/(mol-cm),

172 SCEBERFAFNBADH

S 1 LA 824 1 pmol 7290 1 U
AL FN(R)-2-5-1-2K 2, T 35 FH R AH WA €2
A

HPLC 774644 34 E 8 Welchrom® C18,
UF-AA (250 mmx4.6 mmx5 pm); WAL
Ji5:0.1%H B AK (AT LA 6:4); ¥4 0.8 mL/min;
K4 254 nm; R 20 pL. A OMER
IRt [A] 24 8.2 min, (R)-2-5-1-7K £ T H W Asf (]
24 6.265 min,

AW E A EM A Ny y=6.286 2x,
R*=0.998. x: HARELAYMRE (mmol/L); y: H
PRIGTRIBL/10° (ZRPEVE R : 0<x<2.5 mmol/L).

(R)-2-FA-1- K EE brfEthZ . y=7.907 3x,
R*=0.997. x: HAMELAYHRE (mmol/L); y: H
PRIGTRIRL/10* (ZRPEJE R : 0<x<10 mmol/L).
1.7.3 BERIE R

FWARZ . B 70 uL, A% R 20 mmol/L
o SEEE 20 L, SLMER 10 mmol/L, NAD'
1 mmol/L, F 50 mmol/L pH 7.0 B2 &4 2% il
FMAE 700 pL o S0 S5 AT : 428 30 °C 400 r/min
fERIRY 1 h s, F 3 A5 B B L ok J i,
12 000 r/min &[> 2 min, B EF, AR,

A GdhA BRI RRET, B S A
VI EIR)HRE 53 5. 10, 20, 40, 80, 150 Fl
250 pmol/L, HEALIA R Hrfilas I B 0.023 g/L.

1.7.4 F=¥RIE
TR L Bs N AR R P ZERG=Y), W%
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&1

Wedn, Pl AR 2Tk raifk . O NMR
FAE =Y (R)-2-5-1- LRI 4846 o FH IE AR AR
T RAE =) (R)-2-F-1- 28 e T4
2-5-1- K ZFE ) NMR f#i%54E . 'H NMR
(400 MHz, DMSO-ds, 25 °C): & (ppm) 3.713 (m,
2H; CH,), 4.782 (m, 1H; CH), 7.341 (m, 5H;
Ph-H). *C NMR (400 MHz, DMSO-dg): & (ppm)
50.680 (CH,Cl), 72.762 (CHOH), 126.737,
126.737,127.824,128.405, 128.405, 142.602 (Ph).
HPLC Z#rcft: ai%kk, CHIRALPAK®
AD-H 250x4.6 mm; i 844 1E O b £ (R R
ok 96:4); 3 1.0 mL/min; K534 224 nm;
HERERE 5 pLo (R)-2-4-1-7K C B ) Wi i) ] 24
16.67 min, (S)-2-58-1-78 Z 5 H IR [E] 24 18.55 min,

2 X504

21 AREHRSEE GdhA HEERIE

% GenBank ##EFEK %, 44 Bacillus
subtilis 168 K&K 2H v & G 47 2 1R M = il Ak
gdhA, FH)'5 K NC 000964, H:[H K/NK

A B

gdhA

2 EWH gdha BixE(A)REH KRR pET-gdhA B (B)

1 275 bp, 1EtLET S Bacillus subtilis 168, L)
B W A M .FE_gdhA/RE_gdhA 5|4 PCR
PouGaZ I, BNE B R R R UK I TE R K
AN, I 2A B, KOS IR RS
AT S TR I A ML N gdha FHEA 28 3% FOk:
pET-30a(+), T HE ATk pET-gdhd, K&
B 2B . FKE 4k pET-gdhd 51k
Escherichia coli BL21(DE3)EZ A 40, 15 T.7¢
B BL21-GdhA. X T F2E BL21-GdhA #1711
i IPTG Wgik, HABKIXEHT SDS-
PAGE #ll, 4N 3A iz, Ko 4% 2 BRI A
fiff GdhA BRI AEMRK, A0
AR o VST 10 i ARV i, 1L R A 4 fk , SDS-PAGE
R 25 S an &l 3B firas, R i Ol R 4T
AL 73 2 R i A GdhA 43 51460 NADH
M NADPH #4215 J1 , 14 M1 2 B2 I & GdhA
4= NADH ®Y G J1oh 694 Ulg, T4
NADPH [ Hi% 710 0.48 U/g. ATAEH, &
MR i E 8 GdhA & NADH G A BF, FE
NADPH #i§ /125 % .

Xho 1
f1 origin Lt
gdhA
Bgl 1l
oz

ET-gdhA
P= 8 T7P

6621 bp

M: Marker; 1 2. FE[H gdhA

Figure 2 Electrophoretogram of gene gdhA (A) and diagram of recombinant plasmid pET-gdhA (B). M:

Marker; 1 and 2: Gene gdhA.
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Akpa M 1 2 3 B kDa M 4
07.2 — w— 970 —
66.4— W 66.4 —
443 — L - e — GdhA 43— e — GdhA
20.0 — w—e
29,0 —

20.1 — .

- 20.1 —
143 — s

- 143 —

M3 AEMBEE GIhA RS RANEEARSKE
BL21(pET30) s 2: BL-GdhA @Ml 7% 5 3: BL-GdhA EMITLTE;

fBIE Ik . M: Marker; 1:
4. #ifb)5 1) GdhA HEH

A: GdhA FIREFAFHEIKE; B: GdhA 4l

Figure 3 Protein electrophoretogram of glutamate dehydrogenase GdhA expression and purification. A:
Protein electrophoretogram of GdhA after expression; B: Protein electrophoretogram of GdhA after
purification. M: Marker; 1: Extract of BL21(pET30); 2: Supernatant extract of BL-GdhA; 3: Sediment extract

of BL-GdhA; 4: Pure GdhA protein.

DL GdhA ZlG R R Ak, A [F] 4 2
MR e B (L 1.7.3)A% NADH F2E 30K, 14
KK HFE, GdhA 47 F 4% 46.64 kDa it,
Ky=(19.450+2.636) pmol/L, ke=(0.546+0.097)s ',
22 REMESE GdhA 5B SES AdhS
B HRIERFIEFHMMK

4 Fk. pET-gdhd 1 pCDFDuet-adhS
4y Escherichia coli BL21(DE3)EZ 2541
Jfl, 5 T P2 BL21-GdhA-AdhS. F¥% T.FE
BL21-GdhA-AdhS #47{ IPTG 55Kk, &
S1E LA 5k SDS-PAGE £ . 4n &l 4A s,
GdhA il AdhS F AT PER B G O R 4T, GdhA
HL AL, T AdhS R WALRA; (BT
DI FEH, AdhS SRR EERE D, 2 4
filf 0 ek AN . AN, A fEARTE 1,
591 T ¥ BL21-GdhA-AdhS 7] LIRS 2
WE2E, K NiAFE](R)-2-F-1-78 LW, EAkTE )

195 U/L, SZABOREE Y, WUEWYE, i
EHr 4L, 5 NMR Bl = 2-F-1-2K 2
B, 7] B OE AR WA ik R AR LT, 137
ee fH°H 93.5%.

# &3] TR BL21-GdhA-AdhS )R IF
SRR, AdhS F1 GdhA IR AR RIEF
REFIIVCEC, SEm TR ARk, R X
TR F AT

(1) EXE R, R T
18, 24, 30 Ml 37 °C iX 4 /K-, K4
L& LBFE R (R)-2-F-1-FR LRI J1 . Wi
SA 7R, 24 °C BPE SRS iR s T
# T 30 °C BHAR MG JJ B B R, FIRE
AT EES R TEE AR ERITS, 5
AL TS J1 T R 24 °C B RIMEALTE J1E T 18 °C
IFAOHEARIE 1, TTRES AdhS RIETE LA .
MIE 4B FIE Y, T 3 24 °C Ff AR fif AdhS
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E 4 BRESE GdhA S5ERSEE AdhS EREMKAITIEHERRBIXE
BL21(pET30) #:#e ; 2: BL21(pCDFDuet) B fi¥ i ; 3:

M B: LG MRATEN . M: Marker; 1:

— GdhA
— s — AdhS

BkDa M1 2 3456

972 —eu
66.4—

- — GdhA
443 — = p——Ath

29.0 —==

20.1—
14.3 —

A ARARHT IR IK T

BL-GdhA-AdhS %/l 1% ; 4: BL-GdhA-AdhS #}Z903E; 5: BL-GdhA fi#%¥; 6: BL-AdhS i/l 1%
Figure 4 Protein electrophoretogram of co-expression of glutamate dehydrogenase GdhA and alcohol
dehydrogenase AdhS before and after optimization. A: Before optimization; B: After optimization. M:

Marker; 1:

Extract of BL2I1(pET30); 2: Extract of BL21(pCDFDuet); 3: Supernatant extract of

BL-GdhA-AdhS; 4: Sediment extract of BL-GdhA-AdhS; 5: Extract of BL-GdhA; 6: Supernatant extract of

BL-AdhS.

S N B T A R R NS N BT =B S 7
TREEXT AdhS By R B A A

(2) L XE RT3 5
ODgoo 1 4 17K, BB 0.3, 0.6, 0.9 fil 1.2, 4r
SRS I e Ak S S ER N (R)-2- 34 -1-K L BE R
J1. WK 5B Fr7n, ODgyo iy 0.3 BfiFs S, 3R
AR RIS T B AIK, FTREH T B A 4
P BE R AR 255 2 ODgoo M 0.6 B AR B A9 A=
KA B, B S RO R br, AT
F1H5 55 5 1M ODgoo KT 0.9 B SAURMEA T %%
FATIN Ry, X2 P T 200 T e B v i 200 T 4
i Pt B S P AR, W0 T ok &
I YRR o SRR T XUBUR. R IE R GE, ok &K
A IR A B 3l i T B SO R GA R GE . I, R
WP 3 AR BSOS A 1) 235 B HL(ODeoo M 0.6)
A

(3) X T 5E B (PTG Wk ) 471
b, 5 31% 58 IPTG WL 4 A~KF, RIO0.2.
0.5, 0.8 Al 1.1 mmol/L, 43 MK I%HE1k 5 2 Bk

A (R)-2-F-1-K L BEMNE 1 N SC AT
TE IPTG W A#IT 0.8 mmol/L B}, %S5 At
A3 71 Bl A 15 S 0 B3 R T -, B IPTG W
JE 0.8 mmol/L WfikF|imy; 1Y IPTG WA N
1.2 mmol/L B, 75 AEALTE I TR, 2
JRPRE, 24 IPTG W BEH S I IPTG X 4t 3 4 g
PR RE PR 25X 4 AT A A R 3 A D S P 5

(4) ML XTI RIHEAT O, 73 0075 5605
A 4 K, BP 8. 12, 16 120 h, 4
SRS I e Ak S S EAR N (R)-2-3A-1- K S BE
J1o il 5D fon, JESEIEA 8 h #] 16 h,
SMEALTE B # BT, 20 h FESHE TR, M
FiESE A, 400 KR A
S, ARSI 2 TR

LEGFIBAMAAL I EE R, A4
EHh . BRIEE 24 °C, BHSEHL ODgo M 0.6,
WS IPTG 0.8 mmol/L, #5-5:WFE 16 h, It
A S REARTE 1R 465 U/L, HLARAL AT fEAL
W 195 ULERZE2M4L, AHENRE. N
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Influences of co-expression condition on enzyme activity. A: Influences of induction temperature;

B: Influences of induction opportunity; C: Influences of induction intensity; D: Influences of induction time.
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Figure 6 Influences of different coenzyme
regeneration methods on catalytic activity of AdhS.
Coenzyme regeneration substrate: 1, 2: Isopropanol;
3: Glutamic acid; 4: Isopropanol+Glutamic acid.

Catalyst: 1: Extract of BL21-AdhS; 2, 3 and 4:
Extract of BL21-GdhA-AdhS.

% . 51 GdhA 5 AdhS HEFE ik, K
B E A AERY, ST AdhS HiEE L
T 2K A (R)-2-51-1- 2K W1 B g /e 1) 1 48 R 1)
VPR . HBT SR 1 M % 3 BYHEARTS 1,
M 156 U/L #2555 465 U/L, & EL4 3 %5, 18
Xf BL21-AdhS (5 79 Bk % i 75 A= I 90 ) i
BL21-GdhA-AdhS (¥ 24 2 0 i 526 W) o7
S SN, ROV 3 h JEEUREREFT HPLC
Fril , & UK 7 Fias, BT RAE Y, BL21-GdhA-
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0] A d TR
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fEALE J1 TCE A2 5 1 pH 6.0 PRAF 1 h, %
PR (R A AL TS 1A AE T R pH 5.0 A1 pH 9.0
A7 1 h, IZER RS ) T R ; pH<4.0
5 pH 10.0 /A7 1 h, ZER LTS J1 LN
%, LK% E, pH 7.0-8.0 &y BL-GdhA-AdhS
FY 2 i pH {H -

3 & #

o B PR i A A A ) R s R T2 A
1, FELERNSS T L5 2R -l
BRI AT SN, HH 4 R, RO
B4y FEAE 10-120 kDa Z [A]U3 Horpr, o DL
T VAR P 7 2 TR I 0 Tt B IV 3 43 1 - £ 7E 30 kDa
DA, ERIR A 2R S s F e s
K —48(>40 kDa), 1 1 Froml'™, A0
Bacillus subtilis Y54 & R A B GdhA HV JE
Iy T2k 46.64 kDa, 15 [FZR R JE G- & T
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Figure 7 HPLC diagram of conversion reaction from chloroacetophenone to (R)-2-chloro-1-phenylethanol.

A: TIsopropyl alcohol for coenzyme regeneration, extract of BL21-AdhS as catalyst; B: Glutamic acid for
coenzyme regeneration, extract of BL21-GdhA-AdhS as catalyst.
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Table 1 Glutamate dehydrogenase from different
microbial sources

Microbial sources Subunit molecular weight

(kDa)
Escherichia coli 25
Bacillus subtilis 25-27
Pseudomonas aeruginosa 28
Salmonella typhimurium 28
Halobacterium halobium 14-22
Saccharomyces cerevisiae 45
Candida utilis 46
Neurospora crassa 48

KK AP LTS, A E R A
FEAT PR D, Wb T
NAD(P)H A UL G AN R, %
FERE BRI T ol R AL R R
OFYTE =R A R AR

it = 1 S AUE 9 B HE o, A AR R i AT
GdhA 5/ NADH Wy {& /18 694 Ulg,
Ku=(19.450+2.636) pmol/L , ke =(0.546+0.097) s ',
AL GdhA FRILH T NADH =0 FAE 1 RE
SRIMH 4 NADPH (1) HLig J1{Ch 0.48 U/g, AT
L322 it A A A A TR A A 0 2 S5 17 B4R 8 7 At
fitih NAD", i SCHRHR B ) 22 504 2 e ot U g
¥k NADPH {K#iR™, 541, GdhA B K. fH
[(19.450+2.636) pmol/L1AH%E T SCHR[9]H &
18 28 M0 18 (Pseudomonas putida) i W4 2 TR i
AW GluDH i K, f8(0.3 mol/L)EARIR £, i
GIuDH ) ke fH N 6.33 s, A GdhA B koo
{E[(0.546+0.097) s '1ZIIKF GluDH. X,
HRZEEEAH I, GdhA 5 RIR R4 =R I 5%
AR, SRS AR NI AN

AT GdhA FIEEN EEF AdhS 3k
ik, M T BL21-GdhA-AdhS, T #4k
A LTI (R)-2-5-1-HK L FEW U, WA AL
16170 195 UL, 454G 6 Hi%ds, AdhS H#
M FIRIE 103K 156 U/L. GdhA HURREMSAL i
NADH il A, (HEE WAL R A FE T
AdhS KX E M TR, ULE TR HE
WA R TE . SR L B LRk SR AR M AR 47
Hifde T AdhS FKixREMMM, fidiitl, &
R RIRFZA N B 24 °C, FHFHHL
ODgoo 1 0.6, S5 F IPTG 0.8 mmol/L, %S
IFA] 16 ho MBS ALTE 1o 465 UL, H
ALTTRHEAL TS /7 195 UL IREmE 2 5%, %
FARFHE; 5 AdhS B FEIKIE J1(156 U/L)
LR 2L 3 A% FICE xRk 72 KA
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HusE ) 5y — A R IR WO . AT, EA
BB IR R (E 48R, 285 Rk R
fb., AdhS BFRIXEH RIS, MILE GdhA 1Y
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2 N REB R RIVLE, Aok TR
L& L5

3 A R AR R LR S W T LR
e, DI IR P e i 1 B iR s, i
HAEI AL & B2 5 P A S N I N2 F
HEARTE JT . XULH], AAR AR GdhA )
TP SRR SR AdhS AR &R T IRk
YEH, T H GdhA $2 AL 4G A 5 1 AT LA
f& AdhS XS NADH 975 3K o i SC#2 %), AdhS
B B S T AR NADH AORCR B, A fE
T AR I &A TS N X NADH 753K
R T 24— 2 R B AL 2 Al 9
LR, S A ) 2 A AR s #1020 R R
Jphnit, i GdhA #2141t NADH F§4:, PrBl AdhS
SERARXS FRIB S SN, A2 A ik %

W HFSEIREE A pH X BL21-GdhA-AdhS
HEALIRZ IR, A5V G A 40 °C, R
il pHAEL K 7.0-8.0, 1ZOW i 1R R AE IR 40 °C.
pH 7.0-8.0 MM TR E YRR . BT BUEEHA
R KH 2 DB EGE A AR ENE, RATE
2 AN ERECIE H PR A R R PR AT A AL
ROR DR R 3 S5 A R AR A L B il 1 A

ISR AR

AR T T AR AR GdhA, JHTE
Escherichia coli BL21(DE3)H ] it 33k . 14
DI R Y, 7 sn FAE R NADH, Lt
TG JIATE 694 Ulg. KA 2RI GdhA 5
P = AdhS TE Escherichia coli BL21(DE3)
bR GE, 153 TR E BL-GdhA-AdhS. &
BL-GdhA-AdhS WYRIRSFMLA, TEFE IR
24 °C, B MAL ODgoo 9 0.6, P55 % IPTG
0.8 mmol/L FIiFE i a] 16 h IS J1 R,
A3k 465 U/L, 4 tb#, GdhA PrBIFA GG
NADH 1] ffi AdhS il £ (R)-2-5-1-7E L EE 1554k
&S E SRR
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