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Crystallization and preliminary X-ray diffraction
analysis of spermidine synthase from Helicobacter

pylori

Polyamines, such as putrescine, spermidine and spermine, are
essential for the regulation of cell proliferation and differentiation
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in most organisms. Spermidine synthase catalyzes the transfer of the
aminopropyl group from decarboxylated S-adenosylmethionine to
putrescine in the biosynthesis of spermidine. In this study, spermidine
synthase of Helicobacter pylori has been overexpressed in Escher-
ichia coli and purified. Two kinds of spermidine synthase crystals
were obtained. One belongs to the monoclinic P2, space group, with
unit-cell parameters a = 62.78, b = 58.24, ¢ = 74.28 A, B =90.9°, and
the other belongs to the orthorhombic C222, space group, with unit-
cell parameters a = 100.43, b = 128.55, ¢ = 143.60 A.

1. Introduction

The polyamines, such as putrescine, spermidine
and spermine, are found in significant amounts
in living organisms. Polyamines provide both
stability and neutralization for DNA and are
essential for RNA and protein synthesis.
Spermidine synthase (EC 2.5.1.16) catalyzes
the last step in the biosynthesis of spermidine
from arginine and methionine: the conversion
of putrescine to spermidine using decarboxy-
lated S-adenosylmethionine as the cofactor
(Tabor & Tabor, 1984; Pegg, 1986; Cohen,
1998). The polyamine-biosynthesis pathway
represents an important target for chemother-
apeutic application (Cohen, 1998). A decrease
in polyamine levels, especially levels of sper-
midine and spermine, is often lethal, resulting
in cell-cycle arrest or apoptosis (Schipper et al.,
2000; Nitta et al., 2002; Wallace et al., 2003).
Polyamine analogues have been used in the
treatment of a number of parasitic infections
(Kaiser et al, 2001; Heby et al, 2003). The
growth inhibition of Helicobacter pylori
by a multi-enzyme inhibitor of polyamine
biosynthesis has also been investigated (Takaji
et al., 1997).

Spermidine synthase was first discovered in
Escherichia coli (Tabor et al., 1958) and was
later purified from this microorganism
(Bowman et al., 1973). The enzyme has also
been purified from bovine brain (Raina et al.,
1984), rat ventral prostate (Samejima &
Yamanoha, 1982), pig liver (Yamanoha et al.,
1984), soybean axes (Yoon et al, 2000),
Trypanosoma brucei brucei (Bitonti et al.,
1984) and Sulfolobus solfataricus (Cacciapuoti
et al., 1986). The sequences of spermidine
synthases from mammals, bacteria and plants
are about 30-50% identical. However, H. pylori
spermidine synthase has less than 20%

sequence identity with them. The signature
sequence of the spermidine synthase family,
a glycine-rich conserved region V-(L/A)-
(L/IV)(2)-G-G-G-X-G-X(2)-(LIV)-X-E, has
been identified (Hofmann et al., 1999). Never-
theless, there is a significant difference within
this region in H. pylori spermidine synthases,
where the sequence is VLIVDGFDLELAHQ.
In addition, in H. pylori spermidine synthases
there is no ‘gatekeeping loop’ as in other
spermidine synthases for substrate or cofactor
binding (Korolev et al., 2002). There are about
ten residues in the ‘gatekeeping loop’, which is
missing between GInl47 and Glul48 in
H. pylori spermidine synthases.

Spermidine synthases have different oligo-
meric structures in different species. Spermi-
dine synthase orthologues from E. coli, rat,
bovine and human sources are thought to be
dimeric (Lakanen et al., 1995). However, the
enzyme from the soybean axes is a monomer
(Yoon et al., 2000). The crystal structure of
spermidine synthase from Thermotoga mari-
tima has shown it to be a tetramer (Korolev et
al., 2002). Here, we report the crystallization
and preliminary X-ray diffraction analysis of
spermidine synthase from H. pylori.

2. Materials and methods
2.1. Cloning

The ORF for the speE gene encoding sper-
midine synthase (HP0832) was amplified from
the genomic DNA of H. pylori strain 26695 by
the polymerase chain reaction. The forward
and reverse oligonucleotide primers were
designed using the published genome sequence
(Tomb et al.,, 1997). The amplified DNA was
digested with BamHI and Sall and then
inserted into the BamHI/Sall-digested expres-
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sion vector pQE-30 (Qiagen). The plasmid
was transformed into E. coli strain SG13009
for protein expression.

2.2. Expression

The transformed cells were cultured
overnight in 10ml LB medium with
100 pg ml™'  ampicillin - and 25 pgml™!
kanamycin at 310 K and 200 rev min—". This
culture was then transferred to 500 ml LB
medium under the same conditions until
ODsgs reached 0.7. Protein expression was
induced by the addition of 0.5 mM IPTG
(isopropyl-B-p-thiogalactopyranoside) and
the cells were then incubated at 310 K and
200 rev min~" for 3 h. Cells were harvested
by centrifugation at 6000 rev min~' and
277 K for 15 min.

2.3. Purification and characterization

The pellet was resuspended in 10 ml lysis
buffer (20 mM Tris—-HCI pH 7.9 and 300 mM
NaCl) and lysed using a high-pressure
homogenizer (EmulsiFlex-C5, Avestin Inc.).

(a)

Figure 1

Photographs of spermidine synthase crystals. (a)
Form A crystals with primitive monoclinic space
group P2,. Approximate dimensions are 0.1 x 0.1 x
0.05mm. (b) Form B crystals with orthorhombic
space group C(222,. Approximate dimensions are
02 x 0.2 x 0.2 mm.

The lysate was clarified by centrifugation at
14 000 rev min " and 277 K for 20 min. The
supernatant was then loaded onto a column
containing immobilized nickel resin pre-
equilibrated with lysis buffer. After washing
with ten column volumes of lysis buffer
containing 10 mM imidazole and then with
ten column volumes of lysis buffer
containing 30 mM imidazole, H. pylori
spermidine synthase was eluted from the
column using elution buffer (20 mM Tris—
HCI pH 7.9, 300 mM NaCl, 200 mM imida-
zole). H. pylori spermidine synthase used for
crystallization trials was concentrated to
20 mg ml™'; the buffer was exchanged to
stock buffer (20 mM Tris-HCl pH 7.9,
20 mM NaCl, 2 mM B-mercaptoethanol and
10% glycerol) using an Amicon Ultra-4
Centrifugal Filter Unit (Millipore).
Size-exclusion ~ chromatography  and
analytical ultracentrifugation were used to
analyze the assemblies of H. pylori spermi-
dine synthase. The size-exclusion chroma-
tography was performed on a HilL.oad 16/60
Superdex 200pg column (Amersham Bios-
ciences) pre-equilibrated with running
buffer (20 mM Tris-HCl pH 7.9, 20 mM
NaCl, 10% glycerol, 2 mM [S-mercapto-
ethanol). The column was calibrated with
chymotrypsinogen A (25 kDa), ovalbumin
(43 kDa), bovine serum albumin (67 kDa)
and aldolase (158 kDa). 0.5ml protein
samples at 20 mg ml~' concentration were
injected onto the column through a 0.5 ml
injection loop. Filtration was carried out at a
flow rate of 1 ml min~". The eluted protein
was detected by measuring the absorbance
at 280 nm. In analytical ultracentrifugation
experiments, protein samples of 450 pl at
40 pM concentration were centrifuged at
45000revmin~' in a Beckman XL-A
Optima analytical ultracentrifuge. The UV
absorbance at 275 nm versus radius distri-
butions was measured at 6 min intervals.
Data analysis was performed using SEDFIT
to determine the sedimentation coefficient
distribution (Schuck et al., 2002).

2.4. Crystallization

Crystallization trials of H. pylori spermi-
dine synthase were carried out using the
hanging-drop  vapour-diffusion =~ method
(McPherson, 1982). 1 pl protein solution was
mixed with 1 pl reservoir solution and
equilibrated against 500 pl reservoir solu-
tion in Linbro plates. Initial crystallization
conditions were obtained using Hampton
Research Crystal Screen kits (Hampton
Research, California, USA) and then further
optimized to obtain diffraction-quality
crystals.

Table 1
Summary of X-ray diffraction data statistics.

Values in parentheses are for the outer resolution shell.

Form A Form B

Wavelength (A) 1.5418 1.5418
Crystal system Monoclinic  Orthorhombic
Space group P2, C222,
Unit-cell parameters

a(A) 62.78 100.43

b (A) 58.24 128.55

c(A) 74.82 143.60

o (°) 90.0 90.0

B() 90.0 90.0

y (°) 90.0 90.0
Resolution (A) 22 2.7
No. reflections collected 101999 156162
No. unique reflections 27332 25373
Redundancy of reflections 3.73 6.15
Data completeness (%) 98.8 (98.5)  97.9 (99.8)
Tlo(I) 218 (42) 249 (53)
Runerget (%) 55(333)  63(33.9)

T Ruerge() = 25 >: 1 — 11/, 3" 1, where I is the mean
intensity of the i observation of reflection 4.

2.5. X-ray data collection

X-ray diffraction data were collected from
H. pylori spermidine synthase crystals
(Fig. 1) on a Rigaku R-AXIS IV"" image-
plate detector using Cu Ko radiation from a
Rigaku RU-300 rotating-anode X-ray
generator operated at 50 kV and 100 mA.
Crystals were mounted in a nylon loop and
flash-frozen in a liquid-nitrogen stream at
100 K after being dipped in immersion oil.
The programs DENZO and SCALEPACK
(Otwinowski & Minor, 1997) were used for
the X-ray diffraction data processing and
analysis.

3. Results

H. pylori spermidine synthase has been
overexpressed and purified. The enzyme is
262 amino acids in length, with molecular
weight 30 589 Da. The size-exclusion chro-
matography and analytical ultracentrifuga-
tion results reveal that H. pylori spermidine
synthase forms a dimer in solution. Two
crystal forms grew under different condi-
tions. Form A crystals grew to maximum
dimensions of 0.1 x 0.1 x 0.05 mm within
5d at 293 K using 25% PEG 3350 (Fig. 1a).
Form B crystals grew to maximum dimen-
sions of 0.2 x 0.2 x 0.2 mm within 2-5 d at
293 K using 20% PEG 3350, 0.25 M sodium
citrate (Fig. 1b).

Form A crystals diffracted to 2.2 A and
belong to the monoclinic space group P2,
with unit-cell parameters a = 62.78, b = 58.24,
c=T7482A, o=y =90, B=9090° and an
Ruerge Of 5.5% (Table 1). Vy (Matthews,
1968) was calculated to be 2.14 A>Da™},
corresponding to a solvent content of 42%,
assuming two molecules per asymmetric unit
in the crystal. The direction of the non-
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(a)

Figure 2

Self-rotation function plots of spermidine synthase crystals. () Form A crystal, k = 180°. (b) Form B crystal, k = 120°.

crystallographic twofold axis was deter-
mined using the self-rotation function
calculation in the GLRF program (Tong &
Rossmann, 1990) with data in the 12-4 A
resolution range. A plot of the self-rotation
function is shown at a « angle of 180° in
Fig. 2(a). The detailed diffraction data
statistics of a form A crystal are presented in
Table 1.

Form B crystals belong to the ortho-
rhombic space group C222,, with unit-cell
parameters a = 10043, b = 128.55,
c=143.60 A, o = B = y = 90°. The crystal
diffracted to 2.7 A resolution with an Ruerge
of 6.3%. Assuming the presence of three
molecules in the asymmetric unit, Vi is
242 A*Da”, corresponding to a solvent
content of 49%. The direction of the non-
crystallographic threefold axis was found
from self-rotation function calculation with
data in the 12-4 A resolution range. A self-
rotation function plot at a x angle of 120° is
shown in Fig. 2(b). The detailed diffraction
data statistics of the form B crystal are
presented in Table 1. Structure determina-
tions of H. pylori spermidine synthase using
the molecular-replacement method and
multi-wavelength anomalous diffraction
(MAD) methods using the SeMet derivate
protein are ongoing.
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