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A Preliminary Study of the Bioactivity and Crystallization of the

Recombinant Glycerol Dehydrogenase from Streptococcus pneumoniae
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Abstract  Glycerol dehydrogenase ( GldA) hydrolyzes glycerol to provide energy for some metabolic
process. GIdA regulates the expression of some pathogen proteins relating to the adhesion to host.
Consequently the pathogen GldA was considered as a potential target of novel antibacterial agent drugs.
The expression purification bioactivity determination and crystallization of the GIdA of Streptococcus
pneumoniae were reported. The recombinant protein of GldA was expressed by E. coli BL21 in supernatant
and purified by Ni-NAT-Sepharose Fast Flow DEAE-Sepharose Fast Flow and Superdex 200
chromatography. The recombinant enzyme exhibited as a homodimer in solution and could hydrolyze
glycerol to dihydroxyacetone. Initial crystallization screening was carried out using Hampton kits by the
sitting-drop method. Single crystal was obtained by using the hanging drop vapour diffusion method in 0. 1
mol /L Bicine pH 9.6 13% PEG MME 5000 0.2 mol/L KSCN and 4% Dioxone. These results provide
some key basis to study the relationship between the three-dimensional structure and bioactivity of GIdA.
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Fig.1 Amino acid sequence alignment Amino acid

sequences are shown for GIdA from Streptococcus pneumoniae
TIGR4 ( NP _344792)
(NP _593651) and Clostridium acetobutylicum ATCC 824
( NP_348253) .

Schizosaccharomyces pombe 972h

The residues at active sites are colored in
grey ( identical residues) and black ( species specific

residues)

1.4 PCR
TIGR4

PCR GldA 194 C 5 min

94 C 30 .58 C 45 .72 C 1 min

30 72 C 10 min 4 °C
1.5

(EcoR I+ Xho 1) PCR
pw28
E. coli DH5a PCR.

E. coli BL21
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1.6 GIdA 1.9 GIldA
BL21 50 pg/mL Hampton Index. Saltl. Salt2.
LB Agoo 0.6 PEGRx1.PEGRx2
0.2 mmol/L IPTG 20 C 15 h pH N
-80 C. N
1.7 GIdA
(20 mmol/L Tris-HCI 300 20 C.
mmol /L. NaCl pHS.0) N
4 C 3s 7 s 29% 10 2
min. (13 000 r/min 30 min) 2.1 PCR
1% PCR
Ni- 1 000 bp 1 086 bp
NTA -Sepharose Fast Flow column 200 mL ( Fig.2A) .
(20 mmol/L Tris-HCI 300 mmol/L NaCl 2.2 PCR
pH8.0 20 mmol/L ) PCR pw28
(20 mmol/L Tris-HCl pH8.0 300 mmol/L DH5« . PCR
) EcoR'1 + Xho | 1 000
DEAE-Sepharose Fast bp ( Fig.2B) .
Flow . (20 mmol/L Tris—
HCI pHS. 0) DEAE-Sepharose Fast Flow
0 ~500 mmol/L NaCI( 20
mmol /L Tris-HCl pHS. 0) (A)bP ®
Superdex 200
BCA
2000
-80 °C 1 000 1 086 bp) 1086 bp
1.8 GldA o
6812 250
100
1 3- NAD*
NADH. Ahrens
Fig.2 Agarose electrophoresis of GIdA amplification
GldA ) + 30 mmol /L and digestion identification (A) Gene amplification
(NH,) ,50, 0.2 mol/L 1.2 mmol /L. NAD " 0. 1 of GIdA. 1: PCR product M: DNA marker DL2000;
mol /L K,CO, pH 9.8. GIldA (B) The identification of the recombinant plasmid pw28—
(200 ~900 nm) GlAA by EcoR 1 and Xho 1. 2: GIdA (1 086 bp) and
340 nm  NADH pw28. M: DNA marker DL2000
30 C 340
nm 6 s 1 2.3 GIdA
6 min. . NAD *. SDS-PAGE 40 kD
GldA . B GldA 4 39.7 kD 6 his
GIdA 1 3- GldA Ni-NTA -
NAD* NADH. Sepharose Fast Flow column
1.0
( 1 6- . . DEAE-Sepharose Fast Flow
. . ) ( Fig.3) .
Superdex 200 GIdA
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Fig.3 Polyacrylamide gel electrophoresis of GldA

The proteins were separated by electrophoresis in 15%
polyacrylamide gel. M: Marker; 1: Total proteins of
induced E. coli; 2: Supernatant after ultrasonication of
induced E. coli; 3. Flow through after Ni-NAT —Sepharose
Fast Flow column; 4 5: Eluent washed by 20 40 mmol/L
imidazole; 6: Eluent washed by 300 mmol/L imidazole; 7:
Purified GldA after DEAE-Sepharose Fast Flow; 8: Purified
GIdA after Superdex 200 gelfiltration. GldA was showed at

molecular mass 39.7 kD

( Fig.4) .
GldA 67 mL
LogMW = -0.017 12Ve + 6. 056 67 ( R’

0.972 6) . GldA 20 mmol/L Tris-HCI
pH8. 0 200 mmol/L NaCl 79.4
kD GldA
GldA
90%
BCA 39.1 mg/mL
-80 C
2.4 GIdA
(200 ~900 nm)
340 nm NADH
340 nm
GldA
( Fig.5) .
2.5 GIdA

0.1 mol/L Bicine pH9.6 13% PEG MME 5000
0.2 mol/L KSCN 4% Dioxone 20°C 7d
0.05 x0.05 x0.1 mm
( Fig. 6A) .
( Beijing Synchrotron Radiation Facility BSRF)
GIdA C2(
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Fig.4 Purification after size exclusion chromatography
(A) Size exclusion experiment was carried out by Superdex
200 gelfiltration. The elution volume was 67 mL with elution
buffer (20 mmol/L Tris-HCl pH8.0 200 mmol/L NaCl) ;
( B) Standard curve of Superdex 200 experiment. Four
standard proteins were albumin bovine V  chicken egg

albumin  chymotrypsinogen A and lysozyme respectively.

The molecular weight was estimated to be 79.4 kD implying

that GldA formed homodimer in solution

©a=147.7A b =403.28 ¢ =313.384 « =90°
B=92.6° y=90°) (Fig.6B).

GIdA
GIldA
13
Ni-NAT-Sepharose Fast Flow
DEAE-Sepharose Fast Flow

GldA
Ahrens 12
GldA
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Fig.5 Activity and substrate specificity of GldA

(A) A wavelength scan. The specific absorption peak was
340 nm. ( B) The GIdA reaction mixture contained 0.2 mol
glycerol/L. 1.2 mmol/L NAD® 30 mmol/L ( NH,) ,SO,
and 0. 1 mol/L K,CO,( pH9. 8) . The assay was initiated by
adding 3 w mol/L GIdA and the absorption increase was
followed at 340 nm and 30 “C for 6 min. The control mixtures
were absented glycerol NAD® GIdA and added protein B
to instead of GIdA respectively. The results indicated that
GldA could catalyze the oxidation of glycerol. ( C)
Comparisons of the reactions between GIdA and different
substrates such as glycerol  ethanol 1  6-hexanediol

isopropanol methanol propylene glycol and isoamyl alcohol

implying that GldA could catalyze the oxidation of kinds of

alcohols

GDH2  GDH4

GIdA

Fig.6  Crystal of GIdA (A) GIdA crystals were
grown at 293 K in 0. 1 mol/L Bicine pH9. 6 with 13% PEG
MME 5000 0.2 mol/L KSCN and 4% Dioxone. The
crystals were obtained after 7 days in manually hanging drop
in a 24-well plate by the vapor diffusion method. ( B) The
protein crystal diffraction data were collected by Synchrotron

Radiation Facility at the BSRF
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