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BWHLE. iS4, R RT-PCR 3¢ fE AR RN SURE . B8 JR B R 2 K cDNA. W7 IE#1) cDNA #
7o BRI AR pET-28a (+) _EIF7E KT BL21 (DE3) "hfasE #6ik . 55 0 00 3 afi b AF B (1 i, 38 3 46 00
FCAY 340 nm WRSCSSE(E A7 A0 BEAT BREGE PR 00 0 o SRAT (0 IO S0 45 i BRI, W WA Bl 5 2R 2 1% (PGA) SR
B, XM HPLC s AR R A ol @i, BB AR cDNA FA5EAEM, 100 Er Pk Rarmnf
RIS, 4 NPSERREAGS H & (AR T i vk, BA RIS TE. A ADH2 X i B2 (1101 B A
AP, AR S-MA, XF S-MA B BE ik . KRR ADH %t i MkER AT, AR B AKR 2K 2,
P e 34 JCAR T o T ACRK SR I Sl 88— S i P R Tk, SRAS i M R . X e 4 A T
UAFH - ph 1 RO 0 I R 8 — i 3 D A 5 1 2 AR 9

KR ORI ARG, M- R, PR, SLAREREIEARYES; TRl

FE 52K S: R63 SCRRFRIRAD: A X EHS: 0513-4870 (2009) 07-0778-07

Cloning, expression and the application of human, rat alcohol
dehydrogenase and aldo-keto reductase
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Abstract: This study is aimed to clone and express human, rat alcohol dehydrogenase (ADH) and aldo-keto
reductase. Then the enantioselective metabolism of mandelic acid (MA) was studied. Human alcohol
dehydrogenase 2, rat alcohol dehydrogenase 1, human and rat aldo-keto reductase 1A1 were amplified using
RT-PCR from human and rat liver samples. Then subcloned into pET-28a (+) and expressed in E.coli BL21
(DE3) stably. The protein was induced with IPTG and purified by affinity chromatography. Then the enzyme
activities were measured. MA enantiomers were incubated with rat, human ADH and phenylglyoxylic acid
(PGA) with AKR1A1, respectively. The metabolism was analyzed with HPLC. The proper genes were cloned
and purified and proteins were obtained. All of the proteins obtained showed good activity. Stercoselective-
metabolism of MA was observed in human ADH2, which favors for S-MA metabolism. The expression
plasmids are constructed and the recombinant proteins are expressed successfully. The recombinant alcohol
dehydrogenase and aldo-keto reductase have been employed to study MA metabolism.
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TR AR ] 4f S B (¥ TG, 2 A ik ) TR
AR E AR 2 —, TEAIfEA . AW 22 Ak 40
BEN)ZMNH . FZLL NAD SR 7, ReignT
T A T I ST e (B, 2 IR I o HE
A MR W F: CH;CH,OH + NAD' — CH,;CHO +
NADH + H'. ADH [7] i G865 {40 vl 306 (1) lig 55 e 5l
FE 52 [ ) HAR o R — MR, M T Il
(. AR & DNA/SR A FUTA) Bz, AR
ADH #4345 251, b 1 2% ADH 1 ADH1.ADH2
A ADH3 415k, {5 CEARCHh A#E EE4E . ADH
JETRAR, 3 PR EAT as By B, as By ST
tH ADHI. ADH2. ADH3 JEtR%mt%h. mNFEE B
BT RK. BRI ADH2 R ADH3 47 5 A7 AE S
DRl 22 2 1, AT A 3T 40 0 B A £ T ARG o 2 v R B
ANFE AR . KR 128 ADH {{H ADHI 41
e, FER R KR IE, WSR2 1 4E
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e — 3 B g A — R AT IR AR e R B T
PIEAA W) NADPH #4040 08 J i . 1VF 22 N
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Figure 1 Structure of mandelic acid (MA)

1990 4 Drummond 25BHRiE T MA 7F Wistar kX
SR AT R AR ST AR B AT L &2 S-MA — R-MA (1
FHEHAL . DI IER MA 425 )5, JRPHEHE MA &

46.8%, K LMR (PGA) h 46.3%; 1ML S-MA 42}
Ja, AP HEE MA T 15.6%, PGA N 79.8%. FTfkE
M MA 285058 T8 R AWud . ASi = ot
RILP, MA 76 SD K Bl P & A T AR SR IR ST AR e Pt
R, SD KELEIK 100 mgkg ' S-MA J&, AMUA,
PGA MHsK 2, SRHNMSIX 70.5%, B KETF
PEREAR, R R-MA 7 18.8%, S-MA 7 5.7%; 1M 1 il
R BN SE AR PGA [WRET 8059, BERHEM &
14 10.8%, I HARAETF VAL, FRYPARKILS-MA,
R-MA Y 46.5%.
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FN A H -

MA 75 FLAE B P 1) 7 AR R B AR AL 2
A AT R, AR MA 2154 R AR ST AR R
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S R R — I s Ji Il A P 2 A SR P A, L
A LI N FHANE o AN SCIR I A4 A v i e i K BRI
MG 1 (rADH1). BE-Fdit J B 1A1 (rtAKR1AL) FIA
P i 208 2 (hRADH2). [ -iit )57 B 1A1 (hRAKR1A1L)
SR it B TR P 3 A 3 6 P AU R T M e A LR
PRI AR MA - S ARGE R AR ATV A R AE A
J AL FEIHL .
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MRISKF KIAT R DHSa. % IATE 32 3 BL21
(DE3). #iA#ifk pET-28a (+) B AT E AT, vl
& pMD18-T 4 Hf Takara 2 7] . i £ 2 KOD-Plus DNA
AW TOYOBO Al r= i, FREIE A YIEE EcoRI.
BamH1 M1 Hindlll. T4DNA ZE#:/ 5 MBI Fermentas
] IPTG B IERE % B BBI A w5 PCR 5149t
AR AR TR BRI S5 A R A A AR G
DNA )% i b g 95 08 A= W) B R A PR A ) 58 1
Ni-NTA Agarose %M A #EL R Invitrogen 22 ]
77l JEAT Western blotting 3T His —$Hi. BRI 4
B FRAC L SE Pt/ B P Jackson Immuno
Research 22 7] 7™ i, TR Fl €877 5  DNA B[R
A B 2 B HE AR 2w, ECL B3 A
LumiGlo A%, f-NADPH. -NAD. PGA ¥  Sigma
A, MA R WAA VLR — ISR AL TAT PR 2wl e it
(ZE5>99.5%), AR RN i 120 2 43 T 4l

51BNt S &M 3N ADH2 mRNA J741
(PubMed ACCESSION: NM_000668) 1128 bp, # il
19, GBIy T BG4 Up-5' GGA
TCC ATG AGC ACA GCA GGA AAA GTA AT 3', ~
W5 1% Down-5' AAG CTT TCA AAA CGT CAG GAC
GGT ACG 3'c Hor B35 5" i 5| N\ BamHI B 17
w5 G I Hindl11 B VI 85

R 4 N AKRIAI mRNA J¥ %] (PubMed
ACCESSION: J04794) 978 bp, ¥t 514, A5l
YWrHn R L5148 Up-5' GCA TCC ATG GCG
GCT TCC TGT GTT CTA CTG 3', Fii5/4% Down-5'
GGCG AAG CTT TCA GTA CGG GTC ATT AAA
GGG 3" B3 514 5" 9 5| N BamHI MYIAL 5L, T
Wes |9 5 5| N Hind11 B V)AL

W H K Bl 4DHI mRNA J¥ %]  (PubMed
ACCESSION: NM_019286) 1131 bp, ¥ it514, &
B IFFn R B9 Up-5' GC GAA TTC
ATG AGC ACA GCT GGA AAA G 3, Fiigl¥
Down-5' AAG CTT TCA GAA CGT CAG GAC GGT
ACG GATA C 3'. Horp B354 5" 3 51\ EcoR1 1)
7 8%, TSI 5 g | N Hindl1 BV 55

4 K Bl 4KRIAI mRNA J¥ %] (PubMed
ACCESSION: NM _031000) 978 bp, ¥ it 5141, &
WEIEFIm N BS54 Up-5' GAA TTC ATG
ACG GCC TCC AGT GTC CTC 3', F¥¥5|4) Down-5'
GCG AAG CTT TC AGT ATG GGT CAT TAA AGG
3% Hp RS9 5 w5 N EcoRT BEVIAL A5, TiES|

Y 5" 551 N HindII1 BEY)AL 15

BRERRFEMT S REEFIIEE RINA
1 SD K RUHAEZH 2L mRNA, #E1T cDNA 4o
SR )G LA cDNA AR AT PCR 91 [ W

hADH2 Fl hRAKRIAI N AR R 100 pl: 10 2 3 2%
M 10 uL, MgSO, (25 mmol-L™") 7 uL, dNTP (2
mmol-L™") 15 pL, #iHR 5 pL, E3FF514 (10 pmol- L™
3 uL, RS54 (10 umol-L™") 3 uL, KOD-Plus 45
B 1 uL, #M/K% 100 pl, 23350 4 x 25 pL KR . §7
B4ATF: 94 °C 3 min, 32 MEH (94 C 45, 62 C
(hAKR1A1) 5 58.5°C (hADH2) 45 s, 72 °C 2.5 min),
72 °C 10 min,

rADH [ NAKZ 100 pL: 10x 2 S22 10 pL,
MgSO, (25 mmol-L™") 8 uL, dNTP (2 mmol-L™") 15 pL,
Bk 6 pL, 3519 (10 pmol-L™") 2 uL, Fif519
(10 pmol'L™") 2 pL, KOD-Plus 41 1 pL, #hK%E
100 pL, 7324l 4x25 pL AR R 145442 94 °C 3 min,
32 AMIEFR (94 °C 45 s, 58 °C 45's, 72 °C 2.5 min), 72
‘C 10 min.

rAKRIAL JSAEZ 100 pL: 10x 22l 10
uL, MgSO, (25 mmol-L™") 8 puL, dNTP (2 mmol-L™")
10 puL, #5AR 6 uL, 37514 (10 pmol-L™") 2 uL, Rt
1% (10 pmol-L™") 2 pL, KOD-Plus B4 1 uL, *b
JKZ 100 pL, 203 4x25 uL AR &R . 845442 94 C
3 min, 32 MEH (94 'C 455,58 'C 455,72 C 2.5
min), 72 °C 10 min.

# PCR W HIWe, SR J5 5 pMDI18-T #ifk 4 C
BRI, KEE WA CaCly J5 V45 (1)
DHS5o B2 241, i 2% 5 8 2 Prrk ik fnis o
i 6, Bk BH 1 v B 8 BOVORE S FH A B N Uk AT
D) S 5 o HX D) S IE A I e B EAT I, ARG
F CloneManager K F¥ ¥4 GeneBank ' ff)FE[El
HEATERAE, DA SE PCR 4736 1 45 1510

BHEIFHIE pET-28a (+) #H ik ayil 5 2%
B RiE  KEFEIHON T 600 = AL 8 A TR, FIAH
NN DR D) H v B Al s, ENT A IS 6
M Z BRI TR T 4 1Y) pET-28a (+) B4k, Atk
XA DHSa, A4 g (1) 23K JFURLAH I (1) fiy 44 A
hADH2-pET28a.hAKR1A1-pET28a.rADH1-pET28a.
rAKR1A1-pET28a. R % e 1EAff 5 IR TORL
WAL k15 = BL21 (DE3). FRIFH VLB kRLE &
MFEZE (15 mg L") BWLBREIRI T 37 CHRy L
A, IR H % 1% Help TORriE i 2 xYT 5982k, 37 C
PeHREFE 3 h BWE N 0.5~1, A 100 mmol-L™
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IPTG 245 4 0.3 mmol-L™",28 ‘C#%5% 7 h (hBAKR1A1
%S 12~16 h).

BMERRMFEMaESt JORNWEHT 4 C,
6 000 rmin”' B0 15 min, F W, JOEIGEZTH
R EH 50 uL UK 1) Native Binding Buffer (50
mmol-L™" NaH,PO,, 0.5 mol-L™' NaCl, pH 8.0) &,
SE R R A0 OB WA (French Press) BRRE R 14 3 K,
FLE YK B 5 10 min, 5 10 s[A]F% 5 s, 13 000 r'min ',
4 "C 50 15 min, 16 000 rmin', 4 ‘C &0 15 min, HX
WS PUEEREYT SDS-PAGE 43 M 3 7= K 1
5 R,

AL BAT IR PR AR B VA, 0.45 pm YN 98 JS
E7s . SV S N Y SN TR TR R SRR LY SN
4 C4iE 30~60 min J5KXH 20 mL Native Wash
Buffer 1 (50 mmol-L™' NaH,PO,, 0.5 mol-L™" NaCl, pH
8.0, 20 mmol-L™" BKM), Native Wash Buffer 2 (50
mmol-L™" NaH,PO,, 0.5 mol-'L™" NaCl, pH 8.0, 40
mmol-L™"' Bk), Native Wash Buffer 3 (50 mmol-L™"
NaH,PO,, 0.5 mol-L™' NaCl, pH 8.0, 60 mmol-L ™" B
My ek F, &JAH 12 mL Native Elution Buffer
(50 mmol-L™" NaH,PO,, 0.5 mol-L™" NaCl, pH 8.0, 250
mmol-L ™ WKIME) WEME H )4 19 o AR A — 20 (1 R,
SDS-PAGE 73 #1814 IR L o 2EAK B 1 28 M #h AT
2k, TG T-20 Co LLERAMIOLE T
M 2, SDS-PAGE 73 M4l Jiz

Western blotting ¥ 1/ = £H i &Y 48 X4 Tk K F
il BT A RS PR RE R I AL B L UUE R alitkiE 2
10% SDS-PAGE 43 &5 Ji5 e v2: ¥4 #% 2| PVDF JiE |, 5%/l
NEWIRE B A1, R LAZNERPT his AR2EHT4E (113 000)
YER —$0 B E Y Bl bRl (10 ~E B A
(1:5000) 7E4 —HrsbsE, ECL .

EEBBRFEMENE T AR 2% ph A
fiR )5, AR A TOH R I e 4% T Lowry 1:1MBEAT, BSA 1
bt 23 LA CWE IE YRR IE T A b B S
A, LR LML p-ir 5k oK AR DAy T — P50 D
(A, W5 340 nm P AR KCRE A8 4k DL s it iz
A& ZR T NAD (P)H SRR 95, A e Mot St A e — I
R RS TE . LAITE N S A L 4
.o

i it Ul e & A 2 U2 pH 7.5 9 100 mmol-L ™!
K,HPO, ZZ /1. 2.3 mmol-L™' NAD, % 500 pmol-L ™",
W 1 mgrmL ™", 37 ‘CH¥H 2 h.

il 3 i P 987 75k R B pH 7.0 9 100 mmol- L™
KoHPO, 22 . 180 umol-L ™' NADPH, Ji&# 1 mmol-L ™",

Fig i 1 mg-mL™", 37 CH¥H 2 he

MA 5EEREEEE PGA 58-HEiXEEE X
#BURE FILRNIFEER: 25 MA A
WA, W U8 & &, I pH 7.5 i 100 mmol-L™'
KoHPO, ZZ P Al AR Ry 250 uL, JEEM) 28 i i vk i
20 pgmL ™', BEZHEIKE N | mgmL ™, BA, T
37 CHeH/KBTIFE 5 min J5 32BN NAD" (&
% 2.3 mmol-L™") JABh RN . W 120 min J&, LLAAE4AK
R4 F R DO B 124 0B W, HPLC 2 MA R PGA.

W RN E AR IRYA PGA, B A - ik
JEE, 11 pH 7.0 ) 100 mmol-L™" K,HPO, £ i it
AR 250 L, 1 NADPH (29 180 pmol-L™") J3
BN, HAREAER 5 B AR R A . RV 120
min J&, LAAEPRRVA FBEIE B (1 460k )WV, HPLC
IE MA Fil PGA.

PGA SR SRR 17 ok kE
ADH  [F] i B A% b b w3 1 Fe 5 1 Bt 5 2 TR] 7
A, AT PGA HEEM ARG %: PGA
gy 5 N FOR BRUBE B A B 3L E, BRAT oA
NADH b, HAB3A/EL R MA 551 B S0 1) 4840 S
IFH AR, HPLC Kl MA (12 iR PGA 721k

HPLC 247 2% Laffon" ) 7 vE Al T M
gk, 2 #THFE: Dikma Platisil-ODS Cg £ (150 mm x
4.6 mm ID, 5 um), JiahAH: pH 2.5 BFR B0 i -
FEE (85 :15), Wi 1.0 mL-min™'; I K: 220
nm; JEFEE: 20 pL.

&#R
1 FRiEFRRIEE SN F

PCR 4 Hi K/N53Ji ok 978 bp. 1 128 bp. 1 131
bp MHESEME W, ST RN EAR—E (K 2). 4
ot 2 328 TR 68 A N XU D) S 25 2 AH B H R B (]
3), R/h5 PCR AT v Wr— 380 3845 F BH % v el
JPEE R 4 B 74105 GenBank ¥ H (19741
SEA—
2 BHWMEAMRESAK

AT H I EA TR E W4 IPTG T A,
SDS-PAGE £ R Wom i w AR AT — 4 W] B Rl & 2
Fik 44, ADH M, Jj 40 kD, AKR M,y 37 kD, ¥
FHR/INART o« H B 7R 2R S i e A B B v
TR Z, MytE TR, B RIGFFKESE. K&
LR AL NP SEM@iE 4k J5 76 SDS-PAGE
BoR AR (B 4. 5).
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Figure 2 PCR amplification of hADH2, hAKRIAI, rADHI,
rAKR1A41 gene. 1: PCR products of rat ADHI gene; 2: DNA
marker DL2000; 3: PCR products of rat AKRIAI gene; 4: PCR
products of human ADH?2 gene; 5: DNA marker DL2000; 6: PCR
products of human AKRIAI gene

1 2 3 4 5 6 7

~— 2000 bp

~<— 1000 bp
~— 750 bp

~— 500 bp

<~ 100 bp

Figure 3 Electrophoresis identification of recombinant plasmid
digested by double endonucleases. 1: Recombinant hADH2-
pET28a digested by BamHl and Hindlll; 2: Recombinant
rADH1-pET28a digested by E.coRI and HindlIll; 3: DNA marker
DL2000; 4: Recombinant hAKR1A1-pET28a digested by BamHI
and HindlIll; 5: Recombinant rAKRIA1-pET28a digested by
EcoRl and Hindlll; 6: PCR products of hADH gene; 7: PCR
products of hAKRIAI gene

Figure 4 Expression and purification of hADH2, hAKR1A1.
1: Supernatant of the blank E. coli BL21; 2: Supernatant of
the E. coli BL21 of pET28a-hADH2; 3: Purified hADH?2;
4: Supernatant of the E. coli BL21 of pET28a-hAKRI1Al;
5: Purified hAKR1A1; 6: Protein molecular mass marker

3 hADH2,hAKR1A1,rADH1, rAKR1A1 B Western
blotting #&

aifb J5 ) H R H 4 Western blotting f7il], 38
] 4 AH M ) hADH2, hAKR1A1, rADHI, rAKR1A1 &

EREEDB
4 BEERYTEIERI

DL L I DA I T B A Ay I it S 1) JEC 4,
37 CWEE 2 hJa, BLERAM OGN, 340 nm Ak
LT g . DIOK TR p-Ri 552K A S 1 -
ERBEEY), W E 2 h )5, 340 nm PR AR E R
NG A RN S N DN DN
R~ B B A ATV YE (R 1)

-—972kD
- =—66.4kD

~—443kD

<—29.0kD

Figure 5 Expression and purification of rADHI1, rAKRI1AI.
1: Supernatant of the blank E. coli BL21; 2: Supernatant of the
E. coli BL21 of pET28a-rADHI; 3: Purified rADH1; 4: Protein
molecular mass marker; 5: Supernatant of the E. coli BL21 of
pET28a-rAKR1A1; 6: Purified rAKR1A1

Figure 6 Western blotting analysis of hADH2, hAKRI1Al,
rADHI1, rAKR1A1. 1: Purified hADH2; 2: Purified hAKR1A1;
3: Purified rAKR1A1; 4: Purified rADHI1; 5: Positive control
(protein with His-tag)

Table 1 The activity assay of recombinant hADH2, hAKRIALI,
rADHI, rAKR1A1 (change of 340 nm absorbance)

Enzyme Substrate Zero time  Incubation (2 h)
hADH2 Ethanol 0.0129 1.320 5
n-Propanol 0.0158 1.2495
n-Butyl alcohol 0.020 1 1.284 0
S-MA 0.023 4 0.264 1
R-MA 0.0351 0.075 4
rADH1 Ethanol 0.033 3 1.974 6
n-Propanol 0.033 4 1.8522
n-Butyl alcohol 0.033 1 1.774 9
S-MA 0.022 3 0.025 4
R-MA 0.0215 0.026 7
hAKRI1A1 Phenylacetic acid 1.3613 0.5162
p-Nitrobenzaldehyde 1.780 5 0.541 9
PGA 1.2532 1.2389
rAKR1A1 Phenylacetic acid 1.651 6 14220
p-Nitrobenzaldehyde 1.780 5 1.5419
PGA 1.3547 1.3458
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5 MA iR SR & PGA FE-ER:E R Eg a0 R 5107 &

S-MA. R-MA 730l 5 NEE ARG (hADH2). K
B i U (fADH1) JL0 5, PGA 5 A\ FIA B -1
65l hAKR1AT. rAKRA1 JLHEE, HPLC A AL
oL, PLAMNRIEDE MA 5 PGA i, MA fIUERG S
7E 96.3%~100.1%2 1], PGA [IHERMIELE 96.5%~
99.9% 2 [i1], RSD #J/N T 7.6%. 45 e Z /R LEHH 7] I Jee
PIAREE S, WE AR RS, S-MA 75 B i &
AR R-MA 12, B PGA L2 (K 7,
 2)0 I MA X BRA 5K BURE AU, PGA 5 AR
B 2 — s D Al 7 A A DU B AR . s KR
ADHI1 AR MA XFBepR, AFTK R AKRTAT AR
i PGA.

A B

5 2 5

3

4 4

3 3

2 2

1 ! 1

1

0+ 04—
- -1 -1
270 2 4 6 81012141618 0 2 4 6 8 10 12 14 16 18
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< 8 & b

25 1

i 2

6 20

5

A 15

3 10

2 5

1

[
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-1

02 4 6 81012141618 -50 2 4 6 8101214 16 18
¢t/ min
Figure 7 HPLC chromatograms of 20 ug'mL™' MA incubated
with expressed human alcohol dehydrogenase 2 (ADH2). A:
S-MA incubated with hADH2; B: R-MA incubated with hADH2;
C: Blank incubation spiked with standard of S-MA; D: Standard
of PGA. 1:PGA; 2: S-MA; 3: R-MA

Table 2 Amount of MA remained and PGA produced after incu-
bating with human alcohol dehydrogenase 2 (n = 3, mean + SD)

Substrate /20 pg'mL " MA /pg'mL"’ PGA /ugmL"
S-MA 15.08 £0.13 3.79+0.16
R-MA 17.93 £0.16 0.48 +0.150]

6 PGA 5B SEERIMAEHRLE
HPLC 73 #r R W, MA A%, PGA 51D . 1561
AFUK BRI A S 5 PGA H AR 1 MA L F .

Wit

RSEIG R AE E.coli W o BRI EALE (10 fig
Bk K R G —pET &40 KA ) Ni-NTA 2 (148
ARG T HbsE  cDNA IR E i K 4ifh,
TEPE His-tag F 4 20k AR%E n DU T2 28 1 (G RE
FINANIE SR AT ZF AN VIR DB, JF H AT
PASEIR— D alifh, . 2R Wi D RTI, I Al Ak, 1) = 41 il
A R, A4 G iE— ot L Th g i
ARATL AR o ot S ) 3 i A 3 11 2 A B
S8 T ISR A .

L R WoR, MA fEARSMRER N BE A 2
(ADH2) 1R, Jf H HAT ARk S, ADH2 R5E4R
W S-MA, X S-MA A RE B, X R-MA 148
PSS, UEWIZE AR MA REWS S A Sr Ak ik 6k
R, RETE R S-MA [i] R-MA [f) TP 864k & A 40
. TR ADHI X MA LACH, X478 MA AR
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