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Kinetic mechanisms of glycerol dehydrogenase and
1,3-propanediol oxidoreductase from Klebsiella pneumoniae

Hongwen Chen, Jinfeng Nie, Guo Chen, and Baishan Fang
Key Laboratory of Industrial Biotechnology, Fujian Province, Huagiao University, Xiamen 361021, China

Abstract: The kinetic mechanisms of two key enzymes in the biotransformation of glycerol to 1,3-propanediol (1,3-PD) by
Klebsiella pneumoniae, glycerol dehydrogenase (GDH) and 1,3-propanediol oxidoreductase (PDOR), was characterized. Kinetics on
initial velocity and product inhibition revealed that GDH and PDOR follow an ordered Bi-Bi sequential mechanism. Kinetic models
for GDH and PDOR showed that the oxidation reaction catalyzed by GDH was the rate-limiting step in coupled enzymatic reaction
when the GDH/PDOR was 1:1, and the NAD" was the main form of coenzyme in the reaction. Knowledge about the kinetic
mechanisms will be helpful to understand how these enzymes is regulated, which will be useful for further enzyme catalysis and

metabolic engineering studies.

Keywords: glycerol dehydrogenase, 1,3-propanediol oxidoreductase, ordered Bi-Bi mechanism, kinetic model

13- B¢ (1,3-PD) s&—Fh i ZA91L T 50K}, (SR (ESE7RY 11| INIE AL B2 3 i il IRV 7 11 IO R

Received: September 25, 2009; Accepted: November 2, 2009

Supported by: National High Technology Research and Development Program of China (863 Program) (No. 2006AA020103), National Natural
Science Foundation of China (No. 20676048), Natural Science Foundation of Fujian Province (No. D0810015), New Century Excellent Talents in
Fujian Province University (No. 07FJRCO03).

Corresponding author: Baishan Fang. Tel: +86-592-2185869; Fax: +86-592-2184822; E-mail: fangbs@hqu.edu.cn

FRABARVAR WK (863 ¥&]) (No. 2006AA020103), [FZK AR R ETNH (No. 20676048), # A4 H AR FREETH (No.
DO0810015), #a g4 &5 S L0 F5 A A LRtk &l (No. 07FJRCO3) %28,

© PERZERMEVARTATIKSHES http://journals. im. ac. cn



178 ISSN1000-3061 CN11-1998/Q

Chin J Biotech

February 25, 2010 Vol.26 No.2

FUALFI R A BUORE, W a] IR . Al i Fn il 2
Al Bl EE R EAE BB RN (40 PTT),
I ok A0 R 2 g Y 2R, 1,3-PD AR A R
SRR A . AR, AW AR DU A
AR X PR A A S R H 5 2 B AT
W, BERH ML R 1,3-PD BYGHAE W) BASE v TR
AFFEE . AP R SR ZF AT R 45

Hihpi S B (GDH, EC 1.1.1.6) il 1,3-P4 %
AL R EE (PDOR, EC 1.1.1.202) J&HiM (Gly)
Ak 1,3-PD iR SCHERE, AN S
1,3-PD M= R UM, 72 H a1k 1,3-PD (1
R K Bt , M NAD ) GDH #2125 Hih 21
ZRENER (DHA) HEALRY, K NADH 1y
PDOR ¥l 3-F2FLNEE (3-HPA) #| 1,3-PD if
SRV o T T AP AR FNF-fiiE i GDH Fl PDOR
4 AU I D S B OB AR I 48 2 R B B9 HHIm K
fiff (GDHt, EC 4.2.1.30) ##% Hih#] 3-HPA A%
fk. HRTE A —%%%T GDH Ml PDOR fITLf. #
ik Rt e BT A BESE . M OC T GDH Rl
PDOR AL 1 ER A5 B N AN Hi il . A
FLE C M v A A P e B 44k T GDH Al
PDORPH, HAYLA R 3-HPAPY, 5l J12# L
WFFEAT T BLfil . AWFEim LR BT 5T, it
T GDH 1 PDOR WYRURIHEA 2 1 2= 458, 3l )
{5 B SR UEA B T IR B R A I P 00
W N RGE, KA EERE G 1,3-PD. A T2
WFE AL B
1 MHEA T
1.1 ##

5B AT Klebsiella pneumoniae DSM 2026 Hi
TEE R HAR PO 2P 11 B . DHA 3
BDH A&7 5. Hil. 1,3-PD, NAD(H) 504 H b
AR A T, 3-HPA ARSI = A H1P),
1.2 GDH #1 PDOR Byt {k

F VR T 72 TE 1A FT B9 GDH #il PDOR 451 DEAE
Sepharose (2§ Fast Flow Q Sepharose Fast Flow) &
FAZ e 2 M1 A Blue Sepharose CL-6B 3% Fll)Z A 15 3]
B AL,

Journals.im.ac.cn

1.3 GDH #1 PDOR H1& 1k & iz

GDH. PDOR i Jj ) B2 ik e, =%
Ahrens 2 I EE M B W, 1.5 mL GDH B /1
AT A 30 mmol/L (NH,),SO4. 0.2 mol/L
. 2 mmol/L NAD", 1 umol/L Fe(NH4)2(SO4), .
0.1 mol/L ARFRERZZ AW (pH 12.0). 45CHKMATF,
TATE f5 BB SR N, 54066 BT 340 nm %
KN E WS 2L (NADH JE %), PDOR fiff i
FIME LA 1,3-PD A IRY) (BRBREH 2% v W pH 9.5),
HA YRR GDH B )0 Jrids o BTG 058 SOR -
TE LR, B4 E R 1 pmol JEEA) BB = R 1
ASEAA

B 2R LR A A o B — AL RS Y
%) B B 528G, X T GDH, 43 BiIEE Gly e
(0.025, 0.5, 0.1, 0.2 mol/L), 3k J& ¥l & A [A]
NAD'¥EE (0.2, 0.1, 0.067. 0.047 &% 0.04 mmol/L)
TP E ; X PDOR, 4r5lE & 3-HPA ¥kJE
(0.01, 0.025, 0.05, 0.075 mol/L), #J3s J ¥E: & A
[f] NADH ¥ 2 T () 3R B2 55 — 20 g =y il 52 40,
XtF GDH, 7E & AN[F =4 NADH (2 DHA) ¥ Y
MR, [FE/M Gly (8 NADY) BIHE, &
AR NAD (2 Gly) #eBE, 0 5E B A S vy ) 3
XIF PDOR, 7E% A =# NAD' (2 1,3-PD) ¥KkJ¥
AR5 A4 25 v ] %2 i AT 3-HPA (2 NADH) 9%,
ALY NADH (5 3-HPA) ¥, 5 Wil e S 1L 4]
WEE . BT Eh 1S g AT 3k, TR SERR R Y
AT U D 25 7E 0.5% ~1.5% 36 Fil N .
1.4 FHHFEHESH

U P A 52 Ry AL 224 A FPpL] . REALBL
il A EE E AL o A AL RO Y BEALAIL R
PIRR T ) A T A2 S v 5 0 b R SE L 2 A
T RAES A = e A . RN RO T ASTE =
TEEY, TEE_AIRYEE EEZA, H—DIK
YC &5 AL B W)t G E BRI K o I SR EEAE S
BAA T BiBi SO SCHRE - Y BEAL BiBi S,
) L ST 90 B0 A B AN 1 0 S Ty R R O B A
(RS R 4 S 1 L Jr (6.

- V max[S1][S2]

Kuns: [ S1]+ Kns[S2]+ Kisi Kns: +[S1][S2]

)

© HERERHBEVHARAATRSHER htto:

journals. im. ac. cn



Wi 75 SCAE: B R 0T T E I B R A 1,3-79 e UMb A DR Y B ) AL 179

P w0t @

Hp, 8 NS G ME—IKY, S Na5
BEZE G ZIRY, K. 1 K,s, 302D S0 S8
JEMIHIK CH R, Kis 25— IRV B H R, Vinax
NIRRT HEE . 25025 [ i 19 3-HPA A7 5842
$e4li, X T PDOR (1) P K5« Ko, 73012 LL S
So R R WK TQH 5K

TR A2 SO S b e BiBi S, DS 96
IVLAF T T )00 3 R AR RN AR Ky AR

V man[S1][S2]

V= 3)
Kinso[ S1]+ Knsi[S2]+[S1][S2]

1 _Kes 11 (HKWJ @

V Vmax [Sl] Vmax [SZ]

Horp, £f5758 R E o R A~ 74 L
AT — SR B LR A, W il e LA s
FEHL BiBi S i HIL i -

2 SRk

2.1 VLEREWMR

NEFEYHRE T, 5T GDH Al PDOR AR
Wsh 1% . T IERAS 4 PDOR, SE56 AT 1
PDOR it &/ GDHY. GDH XAz Bk b JiE ) H
A B A A SRR SR M B B & — 1k, (HX R
FRILM 3-HPA FEAEMIABFEILM 1,3-9 . (PDOR
it {2 S I R RS RN = ) A5 T R DUARAIR ), A Ik GDH
T PDOR Ll 48 5 F 50 7722 A 52 0 i) 200 . )33
JEE I E AR XY NAD(GDH) A1 NADH (PDOR)
I F OB , 4 ~ AlD*] (i AIDH]) e
B, 53R 1 fE 2 s, s R ag ih g oh—
A TH L RAHL , iX &Y GDH 1 PDOR i
SN A P RGH T B AL BiBi SN . AN Ry B
e BiBi O, W —#E AT AT, RPRAE .
BRSNS AR AS B BiBi SN, TIBU{R %5 ] 2 R
getkny, XeEgE R WU GDH il PDOR Ei i )
PR Z AT, PR & 5 EIE R =t 2 &
Yo 5oh, BB — R A e X b
b BRI S A S I S HE R

2.2 A

Jitk— A4 GDH 1 PDOR AL, 4 5I7E
PSR R, E GDH Fil PDOR F A 2 i 7]
£ WEEER SRS R N, T GDH, NADH
XF NAD™H ARG I TCAEREERY, (B 3A), B
7 NADH X NAD' il B 5 e 4 il i
Y DHA XI NAD'W#I LB AR g et am bl (&
3B), XF Gly fMHIHLE LIRS RME (& 30).
PDOR M2 itz GDH 25, /=¥ NAD*f
NADH 3 R 5 fbEdmdl (&l 4A), 729 1,3-PD Xt
NADH F1 3-HPA F9#I I IR A T &l (& 4B, C).

[Glycerol]
L 0.025 mol/L
16 | /
0.05 mol/L
)
Et X 0.1 mol/L
-
£ 0.2 mol/L
£
£
=
L 1 1 ]
-10 0 10 20 30

1/[NAD*](L/mmol)

1 GDH &L EH K RE
Fig. 1 Double reciprocal plots for the oxidation reaction of
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Fig. 2 Double reciprocal plots for the reduction reaction of
PDOR.
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Fig. 3 Double reciprocal plots for product inhibition on GDH.
(A) Product inhibition by NADH on GDH. (B) Product inhibition
by DHA on GDH. (C) Product inhibition by DHA on GDH.
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Fig. 4 Double reciprocal plots for product inhibition on
PDOR. (A) Product inhibition by NAD" on PDOR. (B) Product
inhibition by 1,3-PD on PDOR. (C) Product inhibition by
1,3-PD on PDOR.
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Fig. 5 Ordered BiBi mechanism of GDH (A) and PDOR (B).
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Fig. 6 Model values of variation of glycerol and DHA in batch
mode.
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Fig. 7 Model values of variation of 3-HPA and 1,3-PD in
batch mode.
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