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pH 154 % % 60 CA= 11. /£ 30 CuA F & pH 15 10~12 o, E 8 A A RF R L. £ 45 Coe pH
{511 4 F 58 o i = NADY 4 kM 89 K K E % K, £ % 4 0. 75 mmol/L # 0. 12 mmol/L.
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Purification and Characterization of Glycerol Dehydrogenase
from Klebsiella pneumoniae
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(1. College of Chemical Engineering, Tianjin University, Tianjin 300072, China; 2. Department of Bioengineering

&. Biotechnology, Hua Qiao University, Quanzhou 362011, China)

Abstract: Glycerol dehydrogenase from Klebsiella pneumoniae was purified to homogeneity by Q
Sepharose Fast Flow ion-exchange chromatography and Blue Sepharose CL-6B affinity
chromatography under aerobic conditions. A 32.61 fold purification was obtained with the
recovery of 5.83% activity. The subunit molecular weight of enzyme was 34 000. The optimum
temperature and pH of the enzyme activity were 60 'C and pH 11. Below 30 ‘C and at range of
pH 10~12, glycerol dehydrogenase was stable. At 45 C and pH 11, the K,, for glycerol and
NAD" were 0. 75 mmol/L and 0. 12 mmol/L, respectively. The enzyme oxidized other alcohols
such as 1,2-propanediol and ethylene glycol, besides the physiological substrate glycerol. The
enzyme was significantly activated by NH,* ,Na* .K* and Mg’*. Reducing agents enhanced
glycerol dehydrogenase
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R (DHA). RIF AL P =Y F 2 KK A
[Al,GDH W4k 3 #eR . 55 —F bk NAD* iy
GDH(ECL. 1. 1. 6), ¥ H M ¥ 46 DHA, DHA #
— SRR, HARBRRER, ERREIMEY
H KB4 ATP #1 NADH. x % GDH X EHF#H#TF
A& P, In Aerobacter aerogenes | Escherichia
coli \Bacillus substilis l Cellulomonas sp. %. 55—
R4k NADP* 1 GDH(ECL. 1. 1. 72 1 ECI. 1.
1.56), ¥ H &k » DHA = H B ,iX %K GDH
REFETBEANSTWAR . B=ZFAFHKH
R FTH M L& GDH, Wl ¥ H kR
DHA, R ME + X WA EXI GDHY . RRF &
i DHA #8445 ,GDH ZEE % 2 Wit R E
TR, G A AT i AR A B BhSh . RENE H T F AL
HLIF_BHEEMAEY M ERTFER T
BHERRRERITERE) EREH %~ GDH,
EE5HmBAR.1,3- W _BELEREARA R
1L,3-WoBHEEER. Hik, BFEXEX GDHRE
MRESHFEABBEZRER .

HEAFEEREREHE, BRE™ 1,3-W B
MEZEH, HATEA MR AR TEBEMH GDH
il R TEP BRI R R, RE
AFFE P H R AR TE B 9. 16 U/mgh.
¥ %t R F B AT B P 89 GDH #47 8463F
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1.1 EFENSEMEA

A4 53 BAE G RS AKTA Purifier
100.HiTrap IEX Selection Kit,XK16/20 & .
Q Sepharose Fast Flow #1 Blue Sepharose CL-6B
B4 B EAR T 4 F 5 & SDS & B Marker (14~
97 000) FI & AH %t 4 F R B 3F E# F B R Marker
(66~669 000) . B ZHFEH AT = MEEH
#3k Z4 Thermo EC120,# & Thermo EC250-90:
% E Thermo EC /A 7] #1 7% ;1 Y92- 1 #8753 40 M
Bl THHEZEYR RN A R E KA
A AT G 4> 6 06 B T UV-2401(PCYS RAB R K
WBE TB-85. HA S B AFA MG HERHEH L
¥l 3K30: fEH Sigma AFHE; HERAMNBWE £
2R 2 R L AT AT i s A 4.

1.2 EMFERAE

WE 8 F B (Klebsiella pneumoniae DSM
2026) : B E £ YA PO G L E LR

HRZEFMEARBERE ST ERLX
#RC6].
1.3 GDH FEAHAZE

%% Ahrens KU {77 #9438 % #& . GDH f§
HMREER _ZERN, #58B 1 NAD fEN2&
BE¥E A NADH,NADH 7£ 340 nm #9445k
THARRRK. REBERCEHEMEL, AWEE
i GDH M h. 1.5 mL R B & A 30
mmol/L (NH,),;S0,.0. 2 mol/L .2 mmol/L
NAD.1 pmol/L Fe(NH,);(S0,),.0. 1 mol/L B
BFEMBEB(pH 12. O LR E et in AME B
.45 CT . MAZEREERIE 31 KRB, T 340 nm &
KFWERNE, LN 6 min, B 6 s SEHREHE,
BEXKWOHEHE GDHHEWEX N . ELR
BT, B0 ER 1 pmol HMWEBRE N 1 18
fr. BOKBEINEZERBEAORTSHERAMYK
(U/mg). IEHBEARIMT :

WG 1 B A2 (U/mL) = (V2 X AAXK) /(e XVs)
)
HAF, Ve RMBBEBG Vs SR B RER; LA,
54 5h IR B AR AE K B B W REAR AL
€310 nmnapn = 6. 3 L/(mmol « cm)

1.4 BEARRERSHNE

St F Bradford B 2, L4 I 7 B B B AR
HE AT,
1.5 B&aHm

BHaERMAMSFRENERHAEL
PAGE.SDS-PAGE # & #47", %4 PAGE 4+ &
BB B 6 g/dL, SDS-PAGE 4 85 % i £ ¥ &
12 g/dL, ¥R4E MR B W E 5 g/dL.

2 #XREi®

2.1 HBBSEHOSEAL
2.1.1 Q Sepharose Fast Flow & T X #% &4 5

6 ml T B E H 50 mmol/L PBS

(pH 7.0,% 2 mmol/L “HARFHEED T/ P H Y
Q Sepharose Fast Flow 1 mL #i3kE, R A 10 M
AR 0~1 mol/L KCl £ 45 B ve it , AR & 1
mL/min, 4> Uk £ (1 mL/B), WELE GDH &
i%. GDH 7E KC1 ¥ B4 0. 2 mol/L 478 B e /i » ¥k
i3 oy 2% LI 1.
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B 1 HiTrap Q FF KCI £ ¥£ 5t % dh 8
Fig.1 Hitrap Q FF chromatoegraphy

2.1.2 Blue Sepharose CL-6B % # £# HHZ
BFRREBRAERREE I RBEBE, B3
Blue Sepharose CL-6B B4 (1. 6 cm X4 cm), A
10 MR T 0~2 mmol/L NAD™ £k #: &6 B Bk B »
ABH R 2 mL/min, 5 3 (4 mL/E), WEH
& GDH HgiE , vh B il £ WA 2.

—a— GDH

2.5

GDHE§ #%/(U/mL)

NAD'# B/(mmol/L)

0 et
1 23 456 7 8 910
i
2 Blue Sepharose CL-6B NAD™ % 14 % it i £
Fig.2 Blue Sepharose CL-6B chromatography

%3 LRSS E, 5 PAGE 1 SDS-PAGE &
R4 (B 3,4),GDH ik T e ik 4, At B
REHRERSHK GDH B HALRE 1. BH
Sk A BOM B R 4 51k 32. 61 £5 A0 5. 83%.

#®1 HBAHE GDHEAL

Tab.1 Purification of glycerol dehydrogenase from Klebsiella pneumoniae

e BEBRRK J5y. 3 EAREE Kt/ fBl i “hifk
RE/mg #H/U W E /(mg/mL) (U/mg) /% HE

HE® 80. 59 88. 97 13.43 1.10 " 100 1
BFXH®REN 5.62 32.45 0.94 5.77 36. 47 5.23
EHEW 0.14 5.18 0. 036 36. 00 5.83 32. 61

669000
440000
232000
140 000

66 000

M. #H%t4F & Marker; 1. Q Sepharose Fast Flow B T3 i
R BB FH s 2. Blue Sepharose CL-6B FFEHT EE FHF

3 HiWmB & PAGE Bk H
Molecular weight of glycerol dehydrogenas by
PAGE
2.2 HumBEmER
2.2.1 M9 FRE H SDSPAGE HRITR H
GDH T #4843 F F & 4924 34 000, 5B MB4EY
H PR GDH A x4 43 F B B 46 {8l (E. coli # GDH 2%
39 00082, Cellulomonas sp. H GDH 3} 42 0004,
Citrobacter freundii # GDH %43 00089),
2,22 RERBBEAKKEZE EPHMEILZH
T4 51E 28~65 CTHEMNIE N . ER A

Fig. 3

5. 60 CBEf GDH & 1 & K, 65 CHfBgAEXI & H
% 70%, 39 GDH BB EB R WBE T#H 1T
RIE.

97 000
66 000

45000

30000
20100

14400

M. #I%}4+F B Marker; 1. Q Sepharose Fast Flow B F 3 #t
BHiEBEH; 2. Blue Sepharose CL-6B 247 & H
B4 Hih B €8 SDS-PAGE ik
Molecular weight of glycerol dehydrogenas by
SDS-PAGE

S T % R 0 HURR 2 HE 4 BIE 30, 45, 50 C
WEBHBRRES ERAE 6. RBRERE &
RYES HEF R, W 30,45, 50 CEHE L EM S
2% 19.3,3.6,2.9 h , i8] GDH 7£ 30 CAA &K
R RS E . R TE SRR I R R, 5 BB A
R, R BB E K 30~40 C.

Fig. 4
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2.2.3 RERBpHMEARAAEZH 45 CTF,HW
ERMBAR pH ERERE N, ERAE 7. BiE
R pH &% 11. 7 pH 10~12 JE B N BRI 58 8
(45 C 2 ) (WA 8, FHFBREFEARF T B
BEHRST, AHRERERSFT  BERAMBEK, pH
BHHS HEMET . RRBEEN N 5K EH. GDH #
A 5B T SR B T 3% R VR BE L BB GDH R BRI
Tolk B .
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Fig. 7 Effects of pH on the activity of glycerol dehydro-
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Fig. 8 Effect of pH on the stability of glycerol dehydro-
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2.2.4 HHEL5HGME £ pH11.45 CT, W
ERFRIKE B —FIRY R RAEE T 85
¥EH,LL1/V #1 1/[SI4E Lineweaver Burk {8 %
B, B3] Kutrm » Kmnao* 45124 0. 75 mmol/L,0. 12
mmol/Ls Vit s Vinasnan® S5k 0. 23 ;HﬂOl/
(mL + min),0. 42 pmol/(mL « min), 4R L& 9,
10. Kpuw B /N F R B F Clostridium butyricu-
ma'™ [ Citrobacter freundii®® | Cellulomonas sp. "
S0 Kogw » W EHAFE 7 GDH X H H#93%
M AR Ko naot MR H BB HAE. X TFARNKE
s Ko want /NF Koo » 5 KB HOCERIREA R 3L
B GDH Xt NAD #9535 #17 K TH it » B 06 7T DAHE T
BRI TEER GDH %55 NAD" &4, R 5

BE5HMES R4 BRI
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B9 MBYEDN GDH R Ko yn
Fig. 9 Double reciprocal plot for K. gycera
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Fig. 10 Double reciprocal plot for K, nap*

2.2.5 EEsTRSHE—-M HEHWM.L-HIE
REEEWHEMHEELENRY, %% GDH B)K
YWE—EQUHMEE 18 100%) , R AE 2. &
F2WH,GDH N EHFHAARENBEERREY
LT, MR HEEERAR HKEL 2R,
Z_F.GDH M BB EYE—HESEFHK
%% GDH —%.GDH M ¥ EREN B . FE.ERN
E.REE.EXEMIEAHSEEN 1,3-T 2B,
1,4-T B8 1,3-F3 MR LA ROV M3 v TR 1%.
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®2 HBARESHRHEDE &
Tab. 2 Substrate specificity of GDH

K9 A BEIE/ %
Hil 100
1L,2-W-® 60
st . ¢ 47
s 5
3503 3
1,3-THB 5
1,4-T =8 4
1,3-H =8 2
ERE 0
RAR 0
ERE 0
PN 1. 0
226 AEEFNBHAYR EEAARE L
mmol/L -t . — M & BB FHELRMBE S, ZEHR

SRBETHMMELNER REBPETEHE 0.1
mol/L #H .2 mmol/L & NAD" #l 100 mmol/L
BB, S RRAE 3 BRI WA, NH, .
Na*%t GDH A ¥ EEAE NH " BEHRRRE
¥, X 5 Cellulomonas sp.", Aerobacter aero-
genesU" 1, E. colit $ §) GDH — 3. Mg?* % GDH
WA LT, Mn?* #1 Ca®* RILW 51%0~86 6/
#%T3% 1. GDH £ %3] Zn®* # F* By, 53
BR(5 1R B B9 Citrobacter freundii —3(. 5 CHR
Hl, WA GDH £ Z B HEBL S RF mxt 2
HeoRH IR Y IR ZUI H, IF 45 sb H#E B GDH B 75
HHOEERE EEEZRPMA 2 mmol/L Ay
AP F M DTT, # % & X GDH A 8 & ¥
EEA L BE R WA, # — W] GDH K

B % 3K :

PLEREREFZHT DITHREP, REAL

737 W
£3 gRABETHHMBEEBROEN
Tab.3 Effects of various metal ions on GDH

B¥ A B/ %
pugii: 100
NH,* 137
Na* 104
Li* 51
Mn?** ' 78
Mg** 100
Ca’* 86
Zn®* 20
Fer* 35
3 % &

TEA E 44 TF ,# B Q Sepharose Fast Flow &
FA2# 2 BT # Blue Sepharose CL-6B 3% #1 2 #7 £
ah B AT A H AR S, 5 K B RO IRE
B R ER AL, FEEME R, 5 TX
M4k, Eaifrad B ep, 8 X B F X H,EH pH
BEMAHRBER,FE85 GDH #EREREH 1,3-W
BEATRHFERHM GDH REEHXH
FL TS BB 4k iy GDH. B i 46 A% B0 E i
4R K 32. 61 %M 5. 83%. GDH BiE R KL
BB FBE R pH H 5% 60 CHM 11,7 30 C
TR pH 10~12, ZERE R F KR E . GDH
Pk 52 0% T S A T 452 R R B, U B GDH A K
Tl Bz R A L

[ 17 Yamada H, Nagao A, Nishise H, et al. Formation of glycerol dehydrogenase by microorganisms [J]. Agric Biol Chem,
1982, 46(9) . 2325—2331,

[ 2] Ameyama M, Shinagawa E, Matsushita K, ez al. Solubilization, purification and properties of membrane-bound glycerol
dehydrogenase from Gluconobacter industrius[J]. Agric Biol Chem, 1985, 49(4): 1001—1010.

[ 3 ] Ruzheinikov S N, Burke J, Sedelnikova S, etal. Glycerol dehydrogenase structure, specificity, and mechanism of a fami-
ly 111 polyol dehydrogenase[J]. Structure, 2001, 9. 789—802.

[ 4] Malaoui H, Marczak R. Seperation and characterization of 1, 3-propanediol and glycerol dehydrogenase activities from
Clostridium butyricum E5 wild-type and mutant D[J]. J Appl Microbiol, 2001, 90:1006—1014.

[ 57 Daniel R, Stuertz K, Gottschalk G. Biochemical and molecular characterization of the oxidative branch of glycerol utiliza-
tion by Citrobacter freundii{]]. J Bacteriol, 1995, 177 (15): 4392—4401.

[61BEX, 8. FMIL.& REAFEES L3R _BXBBRBAHHEL] E’BME%IE%?E 2004,18(5):621—

627.
(F#% 373D



#13

ATAF BRI REOBLAL ZHsn 37

2) Y S REB ST YR T, B3N
BB BER B R R K, S YRR LR 2 Bt
P BV IR BE . 0 o X A R R VR VR B Pt
AR R R YW BB AR . o0 1 89 A e,
BRKERTEFHHREEPHEYH SR

3) ARMBEBRM(SHMP) B R =H7E 35 C
FUHETHE 120 h, HEEABRFRL. XLHER

RN YEBREE 72 h EFRER . ER.

4 ANWBERR N S R Y A H R B T
HERMED RRAHBEERE A . BHE.
BE R BB TR AR — R Rt BR . of 5 18 RE 7.
SRR A BCSE ,  T RK ROK MR, T
REXGT ARG EER. GHBERER, &/
TR IR AT

SN OB A, B IR R A A 5 T R b O HE R

S

[ 1] Mosakira Maeds. Detailed exzamination of the branched structure of konjac glucomannan[J]. Agric Biol Chem, 1980, 44
(2):245.

[2] EXB - BEEFRINOMBEFHHEETERENTRD]. £R812,1994,(7) .3,

[3]RE. B¥HHRWE kRFREARMYHRI] A&P#¥,1992,(4).5.

[4]) B BFEEHEEHREBARNIE (D). RUKEER(BARIK ,1994,(3):101.

[SIRAE AN EREEHE RENET T EREEEOTFRD]. Tk, 1996.(1).86—092.

(6] M MEWHREMMEARMBRD] RAFTYWHRSHF L,1990,2(2) 8.

(7] %EBE FERENEYHH RBEEARTHRI] L2t F 1994, (2).83.

(8] #AF#. ENZERIRIIM]. JE3T - ST R Tl i iR Ak , 1988,

[oloEm. oA MEHHBRHRERKMALL FERH¥M.1998,2(2):58.

(107 Ph oA, XREE, ke k. BEF R H B LB W e (1), Y 328, 1991,27(3) . 219.

] EER.DER.GREE.S. ARG TEAREM LMEYDFREBOREGERDT SWITRL 2R, 2001,13(3):172,

(Fries%#% .2 9A)

(LR 5 )

(7 ] Ahrens K, Menzel K, Zeng A P, et al. Kinetic, dynamic, and pathway studies of glycerol metabolism by Klebsiella
Pneumoniae in anaerobic continuous culture: [I. Enzymes and fluxes of glycerol dissimilation and 1,3-propanediol forma-
tion [J]. Biotech Bioeng, 1998, 59(5):544—552.

[8] ERH. BARBAFMIMI b3 . B2 HARAL 2000, 42—47.

[ 9] Tang C T, Ruch F E, Lin E C C. Purification and properties of a nicotinamide adenine dinucleotide-linked dehydrogenase
that serves an Escherichia coli mutant for glycerol catabolism[J]. J Bacteriol, 1979, 140:182—187.

[10] Yamada H, Nagao A, Nishise H, et al. Glycerol dehydrogenase from Cellulomonas sp. NT3060: purification and charac-
terization[ J]. Agric Biol Chem, 1982, 46(9):2333—2339.

[11] Lin E C C. Magasanik B. The activation of glycerol dehydrogenase from Aerobacter aerogenes by monovalent cations[J].
J Biol Chem, 1960, 235(6):1820—1823.

[12] Tang C T. Ruch F E, Lin E C C. Purification and properties of a nicotinamide adenine dinucleotide-linked dehydrogenase

that serves an Escherichia coli mutant for glycerol catabolism{J]. J Bacteriol, 1979, 140:182—187.

(FAERH - FAW)



