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Abstract ;[ Objective | To study crystallization and X-Ray diffraction of ectoine hydroxylase from Bacillus pseudofirmus
OF4. [ Methods] We cloned the gene BpectD from B. pseudofirmus OF4 with a His, tag and overexpressed it in E. coli
BL21(DE3). Then, we purified protein BpEctD by Ni** -chelating affinity and size-exclusion chromatography. After that,
crystals were grown by the sitting-drop vapour-diffusion method at 289 K and diffracted at 100K using an in-house X-ray
source. [ Results] Protein BpEctD was expressed and purified successfully. We obtained well diffracting crystals of about
360 pwm X240 pwm X 60 wm in size using a solution consisting of 0. 2 mol/L. magnesium chloride hexahydrate, 0. 1 mol/L
bis-tris pH6. 5, 25% (W/V) polyethylene glycol 3,350 at a protein concentration of 6.5 mg/mL, and collected X-ray
diffraction data to 2. 40 A resolution in the anorthic space group P1, with unit-cell parameters a =45. 18A, b =58. 874,
c=68.81 A, a =77.48°, B =86.03°, y =66.97°. The asymmetric unit contains two molecules of BpEctD with a
Mattews coefficient of about 2.44 A’/Da and a solvent content of 49.53%. [ Conclusion] According to the X-ray
diffraction data, the three-dimensional structure of BpEctD from B. pseudofirmus OF4 soon will be analyzed, and it will
provide insights into the biochemical properties of ectoine hydroxylase.
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Ectoine [ (S)-2-methyl-1,4,5,6-tetrahydropyrimidine- S) -2-methyl-5-hydroxy-1,4,5, 6-tetrahydropyrimidine-

4-carbonic acid] and its derivative 5-hydroxyectoine [ (S, 4-carboxylic acid ] are closely related in chemical
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structure and both function as compatible solutes which
serve as prolective substance by acting as an osmolyte
and helps organisms survive in extreme osmotic stress,

such as salt stress and

[1-4]

stress , temperature

dehydration Ectoine is synthesized in three
successive enzymatic reactions starting from aspartic -
Three
biosynthesis  are  L-2,
acetyltransferase ( EctA; EC 2.3.2.178), L-2, 4-
( EctB; EC

semialdehyde. enzymes involved in the

4-diaminobutyric  acid
diaminobutyric  acid  transaminase
2.6.1.76 ), and L-ectoine synthase ( EctC; EC
4.2.1.108 ), addition,  5-
hydroxyectoine is catalyzed by the ectoine hydroxylase
(EctD; EC 1.14.11) and yielded from ectoine

through a stereo-specific hydroxylation"*’.

respectively.  In

Since the influence of 5-hydroxyectoine is usually

superior to those of ectoine in stresses protecting of

[1,6] 7-8]

, protein-stabilizing capacity' ,

9-10]

microorganisms
and melting temperature of DNA' , it makes the
research of ectoine hydroxylase more attractive for its
fundamental investigation and practical application.
However, there is few research work focusing on the
ectoine hydroxylase, and the crystal structures of only
two EctD from Virgibacillus salexigens ( VsEctD, PDB
entry 3emr and 4nmi )" "' and  Sphingopyxis
alaskensis ( SaEctD, PDB entry 4mhr, 4mhu, and
4g50) " have been deposited in the PDBs. Based on
the crystal structure analysis of VsEctD and SaEctD,
the iron and the co-substrate 2-oxoglutarate binding
sites were clearly distinguished. However, several
amino acid residues, which might involve in the
substrate binding site, were still ambiguous.
Alkaliphilic Bacillus pseudofirmus OF4 with high
optimal pH of 10.5 were isolated from limed garden
soil ', The of B.

pseudofirmus OF4 reveals that there are the compatible

genome sequence  analysis
solute synthesis and uptake systems for synthesis of
ectoine (the ectoine biosynthetic gene cluster, ectABC)
and hydroxyectoine ( ectoine hydroxylase gene, ectD),
which are part of a conserved response system of

[5,16]

alkaliphile in stress In order to elucidate the

biochemical properties of BpEctD and its substrate

recognition sites, a structural investigation was initiated.
Here, we report our progress on the crystallization and
preliminary X-ray diffraction data analysis of the
recombinant BpEctD protein carrying a Hisgtag.

1 Materials and Methods

1.1 Cloning, expression and purification

The gene encoding ectoine hydroxylase BpEctD
( GenBank accession No. ADC50530. 1) was amplified
from B. pseudofirmus OF4 genomic DNA by PCR using
the sense primer 5'-GCATATGCAAGATTTTTACCC
TTC-3" and the antisense primer 5'-GCTCGAGTTT
AAGTACGGTTTCCT-3",

sequences represent Nde 1 and Xho I restriction sites,

where  the  underlined
respectively. The PCR product was digested with Nde 1
and Xho I and subsequently inserted into the expression
vector pET-22b ( + ) USA ). The
recombinant pET-EctD plasmid was transformed into
Escherichia coli B1L21 (DE3) cells ( Novagen, USA).
The transformed cells were incubated in 800 ml. LB

( Novagen,

medium containing 100 pg/mL ampicillin at 310 K.
The culture was induced with 0. 5 mmol/L isopropyl-p-
D-1-thiogalactopyranoside (IPTG; final concentration)
at 310K for a further 6 h incubation when the ODy,
reached 0. 6 - 0. 8.

The cell pellet was harvested by centrifugation at
8600g and 277 K for 30 min and resuspended in 30 mL
lysis buffer [ 50 mmol/L HEPES pH7. 0, 200 mmol/L
NaCl, 5% (V/V) glycerol]. Cells were disrupted by
high-pressure homogenization ( JNBIO, People’ s
Republic of China) and cell debris was removed by
centrifugation at 48400¢g for 30 min at 277 K. The cell-
free extract containing crude protein was subjected to a
Ni** -chelating affinity chromatography column ( GE
Healthcare, USA) and washed with 100 mlL wash
buffer [ 50 mmol/L. HEPES pH7.0, 200 mmol/L
NaCl, 5% (V/V) glycerol, 50 mmol/L imidazole | to
remove  unbound

proteins. The  Hisq-tagged

recombinant protein was eluted with 8 mL elution
buffer [ 50 mmol/L. HEPES pH7.0, 200 mmol/L
NaCl, 5% (V/V) glycerol, 200 mmol/L. imidazole ]
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and dialyzed against 50 mmol/L HEPES buffer pH7. 0
with 5% (V/V) glycerol, and further loaded onto a
size-exclusion chromatography column ( Superdex 200
10/300 GL column, GE Healthcare, USA) and eluted
using 50 mmol/L. HEPES pH7.0, 50 mmol/L NaCl,
5% (V/V) glycerol (flow rate of 1.0 mL/min). The
protein fraction was collected, and dialyzed against 50
mmol/L. HEPES buffer pH7.0 with 5% (V/V)
glycerol and concentrated to 20 mg/ml at 277 K using
an Amicon Ultra centrifugal filter device (30 kDa
molecular-weight cutoff, Millipore ).
BpEctD was analyzed by 12.5% SDS-PAGE and the
protein concentration was determined using a molar
extinction coefficient of 34380 1./ (mol+-cm) at 280 nm
with a NanoDrop device ( Thermo Fisher, USA).

1.2 Crystallization

The purity of

Initial crystallization screening was carried out at
289 K by the sitting-drop vapour-diffusion method in
96-well plates using the commercial kits including
Crystal Screen, Crystal Screen 2, Index Screen, and
PEG/Ion Research ). For

crystallization screening, the drop composed of 1 pL

Screen  ( Hampton
purified protein solution (5 or 10 mg/mL) in 50
mmol/L. HEPES buffer pH7.0 with 5% (V/V)
glycerol and 1 pL reservoir solution were equilibrated
against 100 pL reservoir solution. Based on the initial
screening results, the optimization of crystallization
obtained by

conditions  was adjustment of the

precipitant concentration, the protein concentration and
the buffer pH.
1.3 X-ray diffraction data

processing

collection and

For the X-ray diffraction experiments, the crystals
were soaked in reservoir solution supplemented with
25% (W/V) glycerol as a cryoprotectant for 15 s.
Then the crystals mounted in nylon loops were flashed-
cooled in a nitrogen stream at 100 K for data

collection!'” 1%

. The X-ray diffraction data collection
was performed at 100 K using a Rigaku MicroMax-007
HF desktop rotating-anode X-ray generator with a Cu
target operated at 40 kV and 30 mA [ Tianjin

International Joint Academy of Biotechnology and

Medicine (TJAB), People’s Republic of China] and a
R-AXIS HTC (IP) detector with a 200 mm crystal-to-
detector distance at a wavelength of 1.5418 A. The
720 diffraction frames were collected with 0.5°
oscillation per image. All diffraction data were
processed and scaled using the HKL-2000 program

suite'®’. The data quality was appraised using
SFCHECK'™' and the solvent content was calculated

using MATTHEWS_COEF from CCP4 "',

2 Results

A 909 bp DNA fragment from B. pseudofirmus
OF4 was successfully amplified and cloned into the
expression vector pET-22b ( + ). The recombinant
BpEctD with a Hisg tag was overexpressed in E. coli
BI21 (DE3) and purified by Ni’*-chelating affinity
and size-exclusion chromatography. The molecular
mass of BpEctD was shown about 35 kDa by 12. 5%
SDS-PAGE analysis ( Figure 1), which is consistent
with the calculated molecular weight of 35.6 kDa for
recombinant BpEctD with a C-terminal Hisg tag.

kDa M 1

72—

66.4—

443 —

S <— 35 kDa

20.0—— —

20.1—

Figure 1. 12.5% SDS-PAGE analysis of purified protein BpEctD. lane
M, molecular-mass standards ( labeled in kDa); lane 1, purified

protein BpEctD (35 kDa).

During initial crystallization screening, crystals of
different shapes were obtained in PEG/Ion Nos. 4
[ thombuses; 0.2 mol/L lithium chloride, 20% (W/V)
polyethylene glycol 3350 ], 40 [ plates; 0.2 mol/L
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ammonium phosphate dibasic, 20% (W/V) polyethylene
glycol 3350 ], and Index Screen Nos. 81 [ rods;
0.2 mol/L. ammonium acetate, 0.1 mol/L tris pHS8.5,
25% (W/V) polyethylene glycol 3350 ], 83 [ lumps;
0.2 mol/L magnesium chloride hexahydrate, 0.1 mol/L
bis-tris pH6.5, 25% (W/V) polyethylene glycol 3,
350]. Condition No. 83 of Index Screen was further
optimized to obtain crystals suitable for structure analysis.
By optimization of the crystallization conditions, well
diffracting crystals of about 360 wm x 240 pm X 60 pum
in size ( Figure 2) were obtained using a solution
consisting of 0. 2 mol/L magnesium chloride hexahydrate,
0.1 mol/L bis-tris pH6.5, 25% (W/V) polyethylene
glycol 3350 at a protein concentration of 6.5 mg/mL.

0.3 mm

Figure 2. Typical crystals of BpEctD (about 360
pm x 240 pm X 60 wm).

Crystallographic data statistics are shown in Table
1. The best BpEctD crystal were diffracted to a
resolution of beyond 2.40 A in the anorthic space
group P1 with the unit-cell parameters a =45.18 A,
b=58.87 A, c=68.81 A, a=77.48°, B =86.03°,
v =66.97° (Figure 3). The data set has 95. 1%
overall completeness and 72.3% completeness in the
merge Of 4. 0% . The
asymmetric unit contains two molecules of BpEctD with

a Mattews coefficient of about 2.44 A*/Da and a
2]

highest resolution shell, with an R

solvent content of 49. 53% !

MOLREP was used to carry out the initial phases
using the structure with PDB code 3emr as a search
model. Using the data in the resolution range 50 —
2.40 A, the best resolution was refined to an R, of
23.74 % and an R, of 29.80 %.

free

Table 1. Diffraction data statistics (values in parentheses are

for the highest resolution shell )

Data collection

Diffraction source Rigaku MicroMax-007 HF

Wavelength (A) 1.5418

Temperature (K) 100

Detector R-AXIS HTC(IP) detector
Crystal-to-detector distance ( mm) 200

Rotation range per image (°) 0.5

Total rotation range (°) 360

Exposure time per image (s) 60

Space group P1

Unit-cell parameters (A, ©)
a=45.18, b =58.87, c =68.81
a=77.48, 3=86.03, y =66.97

Mosaicity (°) 1.1
Resolution range (A) 50 -2.40(2.44 -2.40)
No. of observed reflections 90592 (3545)
No. of unique reflections 23840(933)
Completeness (% ) 95.1(72.3)
Redundancy 3.8(3.8)
Average I/o (1) 39.6(14.7)
Roperge (%) 4.0(8.8)
No. of molecules in the asymmetric unit 2

Vy (A3 Da™l) 2.44

Solvent content (% ) 49.53

Overall B factor from Wilson plot (A%) 37.50

Riperge = S Zp | L, (hkD) = (IChEL) ) |/ 33 3, 1, (kL) , where I,
(hkl) is the intensity of the ith measurement of reflection hkl and (I

(hkl) )is the mean intensity of all symmetry related reflection.

3 Discussion

which

ectoine to 5-

(EC 1.14.11),

conversion from

Ectoine hydroxylase
catalyzes the
hydroxyectoine, is a member of non-heme-containing
iron (II)- and 2-oxoglutarate-dependent dioxygenase
superfamily. Since the derivative 5-hydroxyectoine

possesses superior stress protecting and function

preserving properties than its precursor molecule
ectoine, EctD has attracted considerable attention and

). Based on the analysis

are found widely in bacteria
of crystal structure and catalytic mechanism of SaEctD
(PDB entry 4mhr, 4mhu, and 4q50) and VsEctD
(PDB entry 3emr and 4nmi) , the iron (II), the co-
substrate 2-oxoglutarate, substrate ecotion and the
reaction product 5-hydoroxyectoine ligands were clearly

SLB Alignments of the amino  acid

determined
sequences of SaEctD and VsEctD have revealed that

residues binding with iron and the 2-oxoglutarate are
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Figure 3. Typical X-ray diffraction pattern from BpEctD crystal. The frame edge is at 2. 40 A resolution.

3EMR 1 E LQNNQPKL KPIAYT|Y|T D)
4Q50 1 QPILP$EFIORADAEMRPREILIIAYVIHIS E
BpEctD 1 Q FVSDKPQT KPR I/H|T D)

RSKDNQESAT TIKE[®ILD S|Y E K|N[¢/F" LIQ|T|K N F|38:1E DAY
WT . .NDESIT SIAR[CAAAFDRD(EY I VILIED I}3¥1AD|AY
RRLDHELSYL SKKE[SLDF|Y E KIN[e]F' LIQ|T|E N LigE]E K|2AY

i
I

3EMR 61 TpMEIEVIFEQDSIKDVAS T EENDEEXE336[VH QDD N Y F Q DVEINGJKEIT TJp[T VIR HER

4Q50 59 AL @NAGNALADP AALDANT|T VT N/ IRSIFE'A~D-R' AIRFA

BpEctD 61 AMSNTFEPIODSNKHTQS|K|I T DEIDERS P83 SVIDQDDE YF KN IEIGEIL LIK| N Hp#
A ! x x v v

KISV PR 1. RV Y[jHO SRENYKP GF INWHSDFETWHYEDGMP RMRARSHSHALEEN EIINGP L

4Q50 119 pRED/ENAY TR LIRS STy MWHSDFETWHYEDGMPRMRAMSHIS\AL I NI INGE L

BpEctD 121 [ReS/DNAYVETIN TR S XIS WHSDFETWHRED GMPRMRAMS Y SIRALESINFESINGP L,
° oo

3EMR 181 [UT TLXREIN Y[FV s[hZk33 0N NfK EEFAK KRk LEZIEEFFAREFATR I GISP INGERTbS

4Q50 179 [0V IIAERRIRT'Y L T[eAUERBaD D HNL SERAK K[S\E Y[EAR 2+ E = SR AA EFJA HR H[E . | T/V|2P PlET VT

BpEctD 181 UL VINERRiIN Y[Y V S[Aeb b rN Np4K 0TIk VIR A 2N D LR K WEAV E K GlEIG LISV AT IlT

v x ¥ \ v

3EMR 241 [LIYE[SPTEEIGE T SETESE Y IBANNLIdMEA SN SIKIRIMVE|BAS GGEKEILAEY TE\VEIEKQPVYSAVN

4050 238 [L{aD/Cl Lt |GG TERar A A L RS IANASI I RIME KI2 G VEKPIagwE LIAREIGEPAALRVER

BpEctD 241 |1jgle/sPTANART s{MEge v IIN[I LIV S SKAEL KL EfRYS GAGKINFE Y IIWVK TTEP LGKE T

]
3EMR  eeeeeeen.
4Q50 298 GPLVETVPA
BpEctD 301 VLK......

Figure 4. Multiple sequence alignment of ectoine hydroxylase from V. salexigens (3EMR) , S. alaskensis (4Q50)
and B. pseudofirmus OF4 (BpEctD). The stars ( % ) and arrows ( | ) indicate the iron-binding residues and 2-

oxoglutarate binding residues. The triangles ( ¥) and closed circles ( @) indicate the putative substrate binding

sites of 3EMR and 4Q50, respectively.

fully consistent with each other ( Figure 4), however,
the ectoine/5-hydoroxyectoine binding sites in two
proteins are varied somewhat. For SaEctD, the possible
5-hydoroxyectoine binding site is composed of GIn-127,
Thr-149, Trp-150 and Arg-280""*’, whereas the ectoine
ligand in protein VsEctD might contact Gln-129, Trp-
152, Ser-165, Phe-242 and Phe-263""/.

that all these residues binding with the substrate are

It is notable

highly conserved in members of EctD protein family' "’ .

In the present study, we have reported the

cloning, purification, crystallization and X-ray
diffraction analysis of ectoine hydroxylase ( BpEctD)
from alkaliphilic B. pseudofirmus OF4. Based on its
deduced amino acid sequence, the recombinant protein
BpEctD with a C-terminal Hisstag (LEHHHHHH) has
a calculated molecular mass of 35. 6 kDa, close to its
apparent molecular mass of 35 kDa estimated by SDS-

PAGE (Figure 1). From the diffraction data statistics
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calculation of a Matthews coefficient of 2.44 A*/Da
implied one biological dimer per asymmetric unit,
which is consistent with the dimeric state of protein
VsEctD and SaEctD""*’. The protein BpEctD displayed
high sequence
hydorxylases in Protein Data Bank ( PDB) from V.
identity 72.8% ; PDB entry
3emr) " | S. alaskensis ( SaEctD, identity 48.3% ;
PDB entry 4q50 )", and carried all conserved
residues binding with iron ( His-146, Asp-148 and
His-248 ), 2-oxoglutarate ( Phe-95, Arg-131, Asn-
133, Phe-143, Ser-250 and Arg-259) , and ectoine/5-
hydoroxyectoine ( putative binding site; GIn-129, Thr-
151, Trp-152, Ser-165, Phe-242, Phe-263 and Arg-
283). The three-dimensional structure of BpEctD will

homology to the known ectoine

salexigens ( VsEctD),

provide insights into the biochemical properties and the
substrate binding sites of ectoine hydroxylase from B.

pseudofirmus OF4.
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FERZNTE G F-HEBH g 2l fb B 11,289 K R &I VA R4 T S AR 0 2 Al 4%, ZEA3R 100 K Fid L X-
AT HHMY (Rigaku MicroMax-007 HF ) AR it IR TG . [ 458 ] it A% e ik S alifb s o kA5 T 16 & i
RAK MR A BpEetD,, 38 i i e i ATE R I EE R 6.5 mg/mL K4 0.2 mol/L MgCl, -6H,0, 0. 1 mol/L
Bis-Tris pH6. 5, 25% (W/V) R 83,350 M2z 0Pl rh3iAs 17 BRAR A 2L (AR, HoR/INGS R 360 um x 240
pm x 60 wm, I 100K TSI T ATH B , SIRAT ST 3R 2. 40 A, S BN = AR R PL, RS
B a=45.18 A, b=58.87 A, c=68.81 A, a=77.48°, B =86.03°, vy =66.97°, FpMAKFREA FEA 2 4
BpEctD ¥k Dhgil 2800 2. 44 A3/Da  IGHI S EA N 49.53% , [ 458 F7 5806 00 T o4 S I 5 2 4t
FFIR OF4 DU MERE 2 (LB — AES5 R MAHT 29 T HTUISEERN e A7 B T ) B DU S ms e A B i i AR
R BB ZE AT I OF4, DU S Ms e SR L , 205 i, XS 2R AT
RESES:Q936  XE4S:0001-6209(2015)11-1468-07
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