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Cloning and Expression a Dimeric Dihydrodiol Dehydrogenase of Human and

Zebrafish
FaBiE Al h2a gl dpE

F&

Fi* 2 4 F3F A NCBI ( National Center for Biotechnology Information )
¢ e F b 441 £ BLAST (Basic Local Alignment Search Tool ) » 3% - 44 5| -
BRI E b (YL BI326319) & 4 355 (%, NM_014475.2/NP_055290)
FamaAd ape ool L A3 45 cDNA 2 B 2xRF =% (Open
Reading Frame) z 7 1002 ll%&é%zl_xﬁ TS 299 BRAR o BiIASE
36.63kDa; m A #fe = pagkicx Ak ASp G g3 @ fF cDNA 2 B2 3§
1228 7 7 1005 Bdk A% > ¥ @3 334 BrefAph > B34 3 £ 36.74kDa -

%ﬁr} PQE 2 F a8 i v Rpa B o A s R AL a i dlai
% » £ 12 1296 SDS-PAGE 4 54 € 230 > S %78 d ok 5 30 A
F R AeTp T im b o

pLEEE A 2 & gh4 47 (Northern Blotting) @ 3 IR e+ BLeriy ~ oo~ W v 9
T oavep B % AR It pEF B 4§ 245 (Enzyme kinetic assay ) ]
WEEEF B B5F Ry xS 4 NAD' L # fF 0 12 Maltose ~ D-Glucose
D-Mannose ~ D-Xylose ~ D-Fructose ~ D-Arabinose ~ D-Ribose % D-Galactose & %
B BB w5 186~ 170 ~ 146 ~ 140 ~ 136 ~ 54 ~ 41unit/mg o F|pb > Ja #7pt
FEAT A GATH L AL AP

Abstract

In this study » the srarch tool BLAST( Basic Local Alignment Search Tool ),based
on NCBI ( National Center for Biotechnology Information ) was used against
nucleotide and protein database. The analysis found a Dimeric Dihydrodiol
Dehydrogenase ( dimeric DD ) of zebrafish ( NCBI accession number BI326319 ) and
human ( NCBI accession number NM_014475.2/NP_055290 ) .The dimeric DD ¢cDNA
of zebrafish and human were successfully amplified with a continuous open reading
frame of 1002 and 1005 bps encoding a protein of 299 and 334 amino acid with a
calculated molecular mass of 36.63 and 36.74kDa respectively.

Zebrafish and human dimeric DD were cloned and expressed with a 6-Histidine
tag for specific purification. The purified recombinant protein have mobility of 36.63
kDa and 36.74 kDa on sodium dodecyl sulfate-polyacrylamide gel electrophoresis.

Northern Blotting analysis showed that dimeric DD is expressed in the rat tissues,
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such as brain, heart, lung, liver, spleen, intestine, kidney, muscle, and testis. Following
expression, purification, and the kinetic studies, using Maltose ~ D-Glucose -

D-Mannose » D-Xylose * D-Fructose ~ D-Arabinose ~ D-Ribose * D-Galactose and NAD"
substrates, the specific activities of Ni2+ column purified recombinant zebrafish
dimeric DD were 186 ~ 170 ~ 146 ~ 140 ~ 136 ~ 54 ~ 41 unit/mg respectively. Therefore,

we renamed the enzyme Dimeric Dihydrodiol Dehydrogenase.

Key word: National Center for Biotechnology Information, Dimeric Dihydrodiol

Dehydrogenase, initial velocity kinetic study.

Introduction :

L e BPEs  A EaY iétﬁ‘r%ﬁ - F = & - f53 & fF(dimeric dihydrodiol
dehydrogenase)z. i 34 2 4 3@ i > & 8-2 § = g3 & fF (trans-Dihydrodiol
dehydrogenase ) (DD, EC 1.3.1.20) ¥ 2 NADP" 5 s -3t & “ £ @ % 5 2
# fs(catechol )end & fis; pt a2 » v udrd |k p % etk 3 © & F(polycyclic
epoxides) 4 F dihydrodiol 7= [1,2]; L i&— # > JagpsF» S22
KA § it TS HE ¢ [34] DDs frf fté-drcnmsid £ 54
A3 % 0 ¥ A 53 4+ 4 D monomeric v dimeric DDs < fRixinftF kp L fE
# I e fuds fr cnle B R monomeric 7550 0 £ ¥ @ GALAT T FE3a-~175-
and 20 ¢ -hydroxysteroid dehydrogenases ~ aldehyde reductase* ( £ ) aldose
reductase[5-10] ; = &_& >*aldo-keto reductase superfamily - ¢+ *t > dimeric DDs &_
d 39kDa =t H x> ¥ A F PRIECR S RE[10] ~ S F12,13], farFuRiEe
S [14] frfy SFH[15]7 ~ #d % 5 dimeric DDs ehift f e 56 K4 iveh o e &
7 [ >t monomeric %% > B]4e ¢ dimeric DDs# j# it hydroxysteroid m & #&£2
benzene {= naphthalene 7 (—)-(1R,2R)-trans-dihydrodiols?) ;% en% it 5 B - 4p ¥
¥ > monomeric fi%¥ % 4+ (-)-(1S,2S) 1somers[16] ¥ ¢t > monomeric ﬁi;;‘% ¥pE -
it % R A (dicarbonyl) * &4 3 3 R AR 4 > @ dimeric DDs # i~ 40§
*+ 2% A R Jn fF ( carbonyl reductase ) » #7142 J*t short-chain dehydrogenase/reductase
familys— F [17] - Bk & i & 4 (aromatic hydrocarbons ) ezt & it & 3=

(carbonyl compounds ) 1k ;%-= & = f% (trans-dihydrodiols ) 4 = & it
(biotransformation ) & # £2 DD ~ 5 /LB i f# (carbonyl reductase) % & 3 = "ﬁ
fEF i prand it AN A IE 5 M[10]; dimericf¥ % &2 & (dicarbonyl)
& 4 ( bl4-3-deoxyglucosone % methylglyoxal) #7ig = ehlm¥e & |2 & 5 f2 5 #
W [13,14] ;4 % d Zalded p Fand 24847 [3,10]

ATy 5 DD & carbonyl reductase 747 B cfi%E 4L A 48 5 aldo-keto
reductase % short-chain dehydrogenase/reductase #2%[18] ; & & & + PR3k K &
BB T BT ESR S g R A ) B [19]F 4 4ed % dimeric DDs
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wILT ﬁ B 7| 2 F >+ aldo-keto reductase - short-chain
dehydrogenase/reductase 7%= B » I ¥ fedkiT DNAR 7| FHE » @ e = ¥
a‘;q 7+ mutagenesis %% % — At o Aot 7 T B dimeric DDs fr+ 52048 4 F] &
%ﬁ*—%%ﬁ%}é?%?ﬁ:%&7”’%mi4%ﬁ$ﬁ%\ﬁ4?\%
:’v’vﬂ—%ﬁ%@ BRI A A % dimeric DDs (A #f0) % "ﬁ? DRSS - I gl |
%ﬁt»;' S %‘rﬂf » dimeric DDs § #t 5 # € D-A#% (D-Xylose) ¥ it » - A~ ¥
» B dimeric DDs®_J§ 3t iz 4§ NADP 4| D-4 %1 dehydrogenase [17] -
SFEL i 3P AFIE dimeric dihydrodiol dehydrogenase# % & ¥ v & dihydrodiol
hydroxysteroid ~ 3 a -2 11 8-217 -2 20 /3 -hydroxysteroid ~ monosacharide ~
benzene - naphthalene 3-deoxyglucosone fr methylglyoxal * 4= 2 pi72 4~ & 5
g o F) P k4 P 1 * ” dimeric dihydrodiol dehydrogenase” B 4&3# - NCBI
(http://Www.ncbl.nlm.mh.gov/) g FEPOREY BEHE - B ﬁT;TE A
2§ B RAEE 0 H %A 5 NP 055290 (- 4 fE3% % sdimeric dihydrodiol
dehydrogenase) » H B 7| e FEet > A F i A i JHPIH R T iy %‘FF R 3
M A By Fla APtz o3 i#f'&‘% = RIFPEE AL
T R mend o #a o
» 71@1’;1;2$‘r7§§~w Bz oo i TR A2 B AT and d oo A
B ERERE U oy

Foo~ APEREE R SE B S AR R R AR R
T2 PR
1. §1* PCR {# 3] > £ 2. cDNA ;
2. 1% LARFHMART B IL R
3. It EE AR B AR R L
SR U Y s WAL i EAVARTIE IS TR - 4SS R R

FHRNUT 2P AR
LA 2 R iR T2 2 2 2

2A41% & 2 BB TR R R Bl 2 A 0

341 s B d cria s SRR (T A RE N 2 B g PR o
SIS PR S SR S St b
J BLEAE (T AEIR o

S BT RS R S e Erh S



E A 0 2B ] Sambrook ( Sambrook et al., 1989 ) E 4 # “Molecular

Cloning: a Laboratory Mannul ¥ #7#5 2_ > £ £ {7 o

(D2& BAIREFEHF K
Fl* AFE e hEPFEFT U TR R F A RFAFEI I 4 SH (F 0
04| pF =8 BamH 1) 2 3738 (7 7 *A$pF =2 D Hind 1) & & £
33 (™ ) R e g5 & (PCR) e x #74RfF% 2 2 & cDNA -
Zebrafish

Forward: ATAGGATCCATGGCGCTCAGATGGGGGATA
Reverse: ACAAAGCTTTTGGCTGTCCTGCTGTAGCAC

Human
Forward: AATGGATCCATGGCGCTGCGCTGGGGCAT
Reverse: CGGAAGCTTGCGTTTGTCTTGGGGGAAGGT

PCR A4 Rld 1% T AR MBS Tik A4t > L4270 Gel-M Gel
Extraction System Kit 4 i* {5 » r2 S (7% 2 4, 16 % 32 {7 &3 - T Fi é7
ERUATR 3. A

QAT LT

g Pk 2B FE R E0H R DNA £ QIAexpress system 2. pQE-9 2 % i f
R0 E gy TAETH BEE - AR ER A B Bk
#-H gt ke PE 72 % ¢ > 3% 12 French Pressure Cells and Press 7
ACT FRAAWZ Sk i L~ 4L PEN % #r3 i T 72
NiNTA fde - 834 00= & § futif PEN 873 i g de - 52 2ok -
2 (non-specific) % & F=9 F o I* sfed R R H R (5-170 mM) #-F-v F
Ak o BT BB hid B A% 457 (Dialysis buffer) 4°C T2 715 &
H47 0 Jf kU e

3¢ ¥ A& P2 (SDS-PAGE)

12 SDS-PAGE .24k 30 FHMA T £ 3y Fen® i o

frZ &4 § 449

i % F s 2 U NAD" (2 NADP") » = g & (D-(+)-Glucose ~ D-(+)-Fructose -
3



D-(+)-Galactose ~ D-(+)-Mannose ) ~ T & pE (D -(-)- Arabinose - D-(+)-Ribose »
D-(+)-Xylose ) % g#: (Maltose) = < B » | * NAD & NADP" &4 £ 340 nm
?&%&%i%ﬁ’éﬁﬁ%®4%bﬁ’ﬁwé%NMﬂﬂﬁNMﬁH)ﬁ
3did o KRIBAEA AN RBMEF R RS Rl 2 R
ey o HiepiAl (U) 2 2L phFEadd Fasrsbiris (&
i} % )ehA 4 (ex: NADH) % £ (pmole )oF £ #-F i ¢ - BNAD (£ NADP")
ERFARMRFT-XFRREFF B 7 F- 25 BF i 52 &y
£ 1% 7 ENAD"E B £ 4 WHFR - FETEIT B (5X5=25 ) #y - &
A BEBERT LB REEEF R4 ER > ZOD/minz. B 2 o~ 50
#4718 #ehy 2 Erithacus Software 2> 7 #73k 3+ é7GraFit (Version 3.0) ##¥:E 7
R FpR A - RIS ATEREF LS BT A B o &HF R4 AR

TR

V=Vmax[A][B]/(KmB[A]+KmA[B]+[A][B])
2~ B
V=Vmax[A][B]/(Kia KmB+KmB[A]+KmA[B]+[A][B])

Sd BRI (s TV EEEF R4 # R (Vmax ; £.20D/minfE 4 7+ ) >
K (BmimM) PR EAEFEE X T2 8807 c A3 RAEHET T
FlKear > TPEEF ez PR EE S o HagH o505

Vmax = 0D/6.22x10~/min/mg/mL = pmole /min/mg
keat " Vmax /sec/mg =Vmax/60x100000” (¥ = &_l/sec) e t* i d-v F2 %
FReeht BKuZ Kefd » d A e Faptr b Piwz bd o
6. # % B ELA 47
#-e f‘ Xk A A AT (R AL F ) B Sk k0 4~ Trizol reagent4 dfttotal
RNA~RNAZE ~#i7 2 fe ¢ & J
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it

~ . t-GeneCardsi =- F#L L @ 455 4 #74 F] (NM_014475.2/
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http://www.ncbi.nlm.nih.gov/entrez/viewer.fcgi?db=nucleotide&val=20143980

NP_055290) ep B T3t > 4 Ryt X 5g v Fim 8 b (zebrafish)
= B (rat) feskws (fruit fly) 25825 FRipide (B- ) @ aBlasti%
Tt BHw (conserved domain) & * ¥t# i &7 > @5 4 2 £ #gdimeric
DD#v % %5 40k 2 %% > 5 GFO_IDH MocA (¥ i B f ¥ % %3 ) (B
= ) MNAD #NADP'i® 2 s o 012 S % Bm 0 ATH S h 2 HH
ARG > VA SR EET M T CRRIEY 2% (NAD'
& NADP & g {+) o
= ~mf g (Z-dimericDD) A FI A 7|2 EAE TS ~ v FLETHSHE
F1% PCR * A7 508 & fif % Z-dimeric DD 2. 2 & cDNA»3x < & $ 5 1002
b.p ¥ F 299 Breflpg o &5 129%SDS-PAGE it {7 % & 4 17 - SDS-PAGE %%
MG d BVERRINES d 2Bk o 30 FAF Eefhrd &4 4
+ & H3 5 36.630kDa (Bl= )-
= ~ %3 (H-dimericDD) A FI A 7|2 EAB TR/ ~ v TR EFTHMLEH
F1#% PCR =z + 4 %ffit% H-dimeric DD 2. > & ¢DNA » 2%+ A4 % 1005
b.p ¥ #EFS 334 Byt 0 5 129 SDS-PAGE it 7 % & & 7 - SDS-PAGE ##
AR SVREREINAFELE DI T A3 FAFI ZWifhrd 5] A4
+ & H 5 36.74kDa (Bl ) -
B R E A i
A DR TR LI LEERF BRI E PR EXTF B 7
tfEE F A TPE 0 P NADT (ANADP') 55 Bz 5- £ ¥ - X
Pl deip 5 pEag it & $ @ D-(+)-Glucose ~ D-(+)-Fructose ~ D-(+)-Galactose -
D-(+)-Mannose ~ D-(-)-Arabinose + D-(+)-Ribose » D-(+)-Xylose 2 Maltose - 1 *
NAD'( 2 NADP") t 340nmz =% & # {4 # jp] 2 & 2. & 3 NADH( & NADPH )
d3FF o Hixprd e (U) T RLFF Ty TAF L&A 4 ONADH
(&NADPH) ehfic¥ B #ceng o m 2% F R fpH 74 phph 8 3% 673 7%
(50mM ) ¥ &7 > LplES 4 AT T4 Fpx 2% % % B o1 > D-(+)-Glucose ~
D-(+)-Fructose ~ D-(+)-Galactose ~ D-(+)-Mannose ~ D-(+)-Arabinose » D-(+)-Ribose ~
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D-(+)-Xylose 2 Maltose 2 NAD" 5 & F Jig% > fjd £ 340nmex sk ™ 3 ¥ i o] 7
NADH# = » @ # ¢ 1 Maltose ~ D-(+)-Glucose ~ % D-(+)-Mannose 2. NADH i
BEB>H B PR E om A F BAUPFET 0 4r » NADPHR| 7 ac e d &
B o d £ 340nmrx kTR Pk B 2 E D HAE R K ORI &5

2R (SA) (R- )

o

7 ~Z-dimeric DD 7=+ &l z2_ 4 i 27 £ I

e

A i - NN LN SN N AN N

—i

oo a > R 24+ (Western blotting ) » #8344 #+48¢ Msa g 4
HE R Fend R E o A B ez total RNA » g {74
% 8L 45 (Northern blotting ) » ;%%' d B RNA # 3 2L %] > Z-dimeric

DD ffg > ~ I S BF N R B s B B g ot 355 2 (BT )-

AR RATHFER PR ST USRI B D B P REF AL A
WIS IR AF R EFD S A FIFE A ip’%ﬁﬁi‘z ¥y AR AR LUIE S RS
%4 dimeric DD z_ LY 2 B 2 $FAFPF > 4 i B E FCILC FE R eh LI B o e ik dp

b2 ek o S ATAR AR § A AR - H AT R
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Danio
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Zebrafish IAMILK.QQIIS.RSDV-\/-LEISR-N——AVIQIKL.D.A 156
Danio = = @@ —emmmmm -
Rattus M.T-K.QGI-S-M.QI\/I\/.——-L.A-R 158
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kDa M 1 2 3 4
113 - e—
S i =
Y ——
52.0 N = ——
O -
35.4 e . — : >
-
21.5 . r—

Fl= @ #7471 Z-dimeric DD f* v B eSDS-PAGE~ 17 -
pQE-9-Z-dimeric DD % # ) T E.coli M15 strain® » 37°C I§ & Fik 32 % »37°C M IPTG
(200pg/mL) 4 -9 F &R > SNIi-NTAF 4L it {5 » 12112.59% SDS-PAGEA 47 ©
M : SDS-PAGE standard marker
Lane 1 : M15strain # # #;pQE-9-Z-dimeric DD 5" 4 -
Lane 2 : pQE-9-Z-dimeric DD 3 ## #& 2 % E.coli M15 strain ¥
#IPTG# % -
Lane 3 : pQE-9-Z-dimeric DD # 4%} % E.coli M15 strain® » " IPTG#%# -

Lane 4: 5 Ni-NTA ¢ 4.4 1t 2. 3=d > % §Lkes theh3-0 F Z-dimeric DD
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kDa M | 2 3 4
113 S

92 -

529

— ‘
e —

315.4

29
215 »

Bz %‘r;ﬁH-dimeric DD/# it F-v 7 «:SDS-PAGE A 17 -
pQE-9-Z-dimeric DD} 4 # ) T E.coli M15 strain® > 37CH & Fik# % >
£37°C 2IPTG (200pg/mL) 3% 30 F & 3 » GNi-NTAF 45 1t (5 > 12
12.59% SDS-PAGE% 47 -
M : SDS-PAGE standard marker
Lane 1 : M15strain & # 4 pQE-9-H-dimeric DD 574§ -
Lane 2: pQE-9-H-dimeric DD " %8 4& 2  E.coli M15 strain® > & " IPTG % °
Lane 3 : pQE-9-H-dimeric DD " %8 # = & E.coli M15 strain® > "/ IPTG3 % -
Lane 4 : §Ni-NTA# 45 1 2 3=d F > # 345 #4735 F H-dimeric DD
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% — 1 Z-dimeric DD 3-v F % it £

Z-dimeric DD F-v B % it &

Substrate Substrate ) SA )
(specific activity; unit/mg)

o Maltose 186
> B D-Glucose 170
- B D-Mannose 146
I BRpE D-Xylose 140
- B D-Fructose 136
I RpE D-Arabinose 54

I RpE D-Ribose 41

> B pE D-Galatose 24

Coenzyme: NAD" 10mM ; Absorbance: 340nm
Substrate: 10mM
Enzyme: 100ng/ml

1 2 3 4 5 § 71 8 9
- e W e e 7o DD

mEeesmEREnm &

BT : Z-dimeric DD# * % g4 47 (Northern blotting )
AR e £ IR LN SN SR N L B4 vop g%km}n %‘rﬁr
RNA % ¥4 45 » Lnae 1~ Lane 94 %] & % ~ & ~ 3% ~ 35~ 9~ B2 4 5 v

R A
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