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Bacillus amyloliquefaciens NAD+-dependent
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Sirtuins are NAD+-dependent deacetylase that are broadly conserved throughout bacteria, archaea, and eukaryotes. The
members of sirtuins are important in regulating diverse biological pathways, including gene silencing, DNA repair, genome
stability, longevity, metabolism, and cell physiology. Sirtuin from Bacillus amyloliquefaciens (BaSrtN) is a particularly
interesting bacterial Sir2 homologue. In this study, to further understand the function and mechanisms of this protein,
BaSrtN was successfully expressed and purified using Ni-NTA affinity, Q anion-exchange, and gel-filtration chromatography.
Purified BaSrtN was crystallized and diffracted to the resolution of 1.45 Å. The preliminary crystallographic analysis
suggested that BaSrtN crystal belongs to the trigonal space group P31 or P32, with unit-cell parameters of a = b = 90.115
and c = 86.306 Å. Size-exclusion chromatography suggested that BaSrtN prefer to exit as monomers in solution.

INTRODUCTION
Deacetylases of sirtuin family are an evolutionarily conserved
family of nicotinamide adenine dinucleotide (NAD+)-dependent
deacetylases that NAD+ as a cofactor to accomplish
deacetylation in the complex chemical reactions within protein
targets to regulate diverse biological functions (Dang, 2014).
Sirtuins are key enzymes in many organisms, including bacteria,
mycobacteria, yeasts, protozoa, plants and even in invertebrates,
such as Caenorhabditis elegans, Drosophila (Gerdes et al., 2002)
(Balan et al., 2008) (van der Horst et al., 2007) (Vrablik et al.,
2009). The proteins within the sirtuin family were named after
the founding member discovered from this family, the yeast Sir2
(silent information regulator 2). The protein was first proposed
as a NAD +-histone deacetylase (HAD) in the silencing of the
mating-type loci through a genetic screen in Saccharomyces
cerevisiae (Braunstein et al., 1993). Three additional sirtuin genes
were subsequently discovered in S. cerevisiae, the products of
which collectively act along with Sir2 to silence transcription
at silent mating-type loci, telomeres, and the rDNA locus (Bryk
et al., 2002). The mammalian genome encodes seven different
sirtuins (SIRT1-7) (Mimura et al., 2013), with varying subcellular
localizations and chemical activities. The direct human homolog
of the S. cerevisiae Sir2 is SIRT1 (Howitz et al., 2003). SIRT1
deacetylates a wide range of substrates, including p53, NFκB,
FOXO transcription factors, and PGC-1α, with key roles in a large
number of cellular processes linked to where sirtuins regulate
mitochondrial biogenesis, fat oxidation, urea cycle, insulin
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secretion, glycolysis, acetate utilization and gluconeogenesis
(Davenport et al., 2014). As such, SIRT1 is implicated in a wide
range of human diseases and is a prominent therapeutic target
(Davenport et al., 2014).
Both CobB and SrtN in Gram-negative bacteria and Grampositive bacteria, respectively, have been characterized as NAD+dependent deacetylases that activate acetyl-CoA synthetase
(Acs) by specifically hydrolyzing the acetyl group from an active
site acetyl-lysine of Acs to promote its activity (Starai et al.,
2002). The mechanism for CobB activity has been extensively
studied at both structural and enzymatic level (Zhao et al.,
2004) (Starai et al., 2002). The crystal structure of CobB from
Escherichia coli was first determined as a bacterial Sir2 homolog,
and its substrate specific binding properties were characterized
(Zhao et al., 2004). E. coli CobB shares low sequence identity
with the archaeal and eukaryotic sirtuin homologues (Zhao et al.,
2004). Biochemical and structural studies suggest that substrate
specific binding by CobB involves contributions from the zincbinding domain of the enzyme and substrate regions distal to
the acetyl-lysine-binding site, implying a conserved catalytic
mechanisms (Zhao et al., 2004). Recently, Elizabeth A et al. first
discovered that CobB and SrtN act as lipoamidases in E. coli
and B. subtilis, respectively (Rowland et al., 2017). These results
point toward a broader role for CobB and SrtN than just as a
deacetylase.
The structures of prokaryotic and eukaryote sirtuin family
protein have been revealed (Zhao et al., 2004) (Zhao et al.,
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2003) (Min et al., 2001) (Avalos et al., 2005) (Davenport et al.,
2014). However, the crystal structure, molecular function, and
mechanism of action of SrtN, the sirtuin homolog in Grampositive B. amyloliquefaciens, remain largely uncharacterized.
Moreover, the molecular function and the action mechanism of
sirtuin negatively regulate the lipoylation levels and activities
of PDH and KDH remains mostly unclear. We reasoned that
establishing the three-dimensional structure of SrtN from B.
amyloliquefaciens could possibly allow for an understanding
of the function of SrtN. Here, we report the purification,
crystallization, and preliminary X-ray analysis of the intact form of
SrtN from B. amyloliquefaciens.

RESULTS AND DISCUSSION

Protein molecular weight was assessed by 12% SDS-PAGE,
showing a single band about 28 kDa (Figure 1), consistent with
the molecular weight calculated from the amino acid sequence
(247 amino acids with a total mass of 27 485 Da). Protein
homogeneity was analyzed by size-exclusion chromatography
and BaSrtN eluted from the Superdex 200 10/300 GL
column at 17.56 ml, which is between the elution volumes of
chymotrypsinogen A (molecular mass 25 kDa) and albumin egg
(molecular mass 45 kDa), indicating that BaSrtN is most likely to
be a monomer in solution (Figure 2).
The protein sample was successfully crystallized under several
conditions by the sitting-drop vapor-diffusion method in the initial
crystallization screening trials. Crystals of BaSrtN were grown in
the presence of 2.0 M Ammonium sulfate, 0.1 M HEPES (pH 7.5),

In this study, we provide the first protein characterization of the
sirtuin family in Gram-positive bacteria B. amyloliquefaciens.
Recombinant BaSrtN was expressed and purified with a yield
of 10 mg ml-1 from one culture of LB medium using the several
protein purification methods described in Materials and Methods.

FIGURE 1 I SDS-PAGE of purified BaSrtN. Analysis of BaSrtN on a 12%
SDS-PAGE gel. Lane M, moleculor-weight markers (labelled in kDa); lane 1,
purified BaSrtN.

FIGURE 3 I Crystal of BaSrtN.

FIGURE 2 I Elution profile of BaSrtN on size exclusion chromatographic column. BaSrtN was eluted in a single peak at 17.56 ml (Black solid line), and each
fraction is shown on a 12% SDS-PAGE gel showing a single band about 28 kDa. The lanes (1~12) indicate the fractions eluted from the single peak. Elution
positions of albumin egg (black dotted line, molecular mass 45 kDa) and chymotrypsinogen A (red dotted line, molecular mass 25 kDa) are shown.
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and 0.25 M NaCl, under which diamond-shaped crystals were
obtained. After subsequent refinement of the initial conditions
resulted in the production of larger crystal (Figure 3). After
soaking in a 10 μl droplet of cryoprotectant solution prepared
by adding 25% (v/v) glycerol to the optimized crystallization
conditions for 3-5 s and then flash-cooled in a liquid-nitrogen
stream. This crystal was exposed to X-rays on the beamline 7A
of the Pohang Light Source (PLS, Pohang, Republic of Korea).
The intensity data were processed and scaled using the HKL2000 program. Preliminary diffraction analysis suggested that
the crystals belonged to the hexagonal points group P31 or P32,
with unit-cell parameters of a = b = 90.11 and c = 86.30 Å. The
diffraction data set had a high-resolution of 1.45 Å (Figure 4)
with 100% completeness at the remote wavelength. For more
information, the complete data statistics are provided in Table 3.
Similar structures have been reported, and it is expected
that the structure of BaSrtN will be determined by molecular
replacement using these similar structures as search models.
Saccharomyces cerevisiae Sir2 (PDB entry 4TWJ) may be useful
as a search model as it shares 43.24% sequence identity with

BaSrtN. The asymmetric unit is expected to contain two BaSrtN
chains based on Matthews coefficient of 2.48 Å3 Da-1 (Matthews,
1968) and a solvent content of 50.5%. Model building and
structure refinement are under way.
In this study, we fortuitously obtained the single crystal of
BaSrtN and subsequently collected a data set from it to atomic
resolution, providing a good opportunity to determine the
BaSrtN structure of the putative sirtuin family protein. Structural
information on BaSrtN is expected to provide mechanistic
insights into the ligand specificity and the role of BaSrtN in
chemotaxis, and will likely facilitate our understanding of the
biological roles played by sirtuins in the metabolic pathways
involved in cell-envelope formation.

TABLE 2 I Crystallization
BaSrtN
Method

Volume of reservoir ( µl )

Plate type

24-well plates

Temperature (K)

287

Protein concentration
(mg ml-1)

10

Buffer composition of
protein solution

20 mM Tris buffer (pH 8.0) ,150 mM NaCl,
2 mM β-mercaptoethanol

Composition of reservoir
solution

1.57 M Ammonium sulfate, 0.1 M HEPES
(pH 7.5), and 0.28 M NaCl

Volume and ratio of drop

2 µl (1:1 mixture of protein and resevoir
soution)

Volume of reservoir ( µl )

500 µl

TABLE 3 I Data collection and processing
BaSrtN
FIGURE 4 I X-ray diffraction pattern of a BaSrtN crystal.

TABLE 1 I Macromolecule production information

Diffraction source

7A , PLS

Wavelength (Å)

0.9793

Temperature (K)

100

Detector

ADSC Q315

Crystal-detector distance (mm)

120

Source

Bacillus amyloliquefaciens

Rotation range per image (°)

1

DNA source

Genomic DNA

Total rotation range (°)

360

Forward primer

GGGCCATGGATATGGAAGCGTTTATGACATTGAT

Exposure time per image (s)

0.3

Reverse primer

GGGCTCGAGTTATGTCGCGGCGCTGATTCGTT

Space group

P31 or P32

Cloning vector

pPROEX-HTa

a , b , c (Å)

90.11, 90.11, 86.30

Expression vector

pPROEX-HTa

α , β , γ (o)

90.00, 90.00, 120.00

Expression host

BL21 (DE3)

Mosaicity (°)

0.30

Resolution range (Å)

1.45 (50.00)

Total No. of reflections

136823

No. of unique reflections

6773

Completeness (%)

99.3 (100.0)

Redundancy

10.2 (10.0)

Average I /σ (I)

2.58

MSYYHHHHHHDYDIPTTENLYFQGAMDMEAFMT
LINQAERIVVLTGAGMSTESGIPDFRSAGGIWTEDT
SRMEAMSREYFERRPREFWPKFKQLFQMKMSGGY
Complete amino
EPNAGHTYLADLEKRGKQVDIFTQNIDGLHKKAGS
acid sequence of the SSVYELHGSIQTAACPRCGARYGLSHLLKDEVPECT
construct produced AEIGDHAVCGTVLKTDVVLFGDLVQHFETLYEKLD
KADLLLVIGTSLEVAPARFVPEDAGRIPGLKQVIINL
EPTYCDHLFDLVIHEKIGEFAKRISAAT
(Underlined residues are cleaved off by the TEV treatment)

The NcoI and XhoI restriction sites underlined. The vector residues are
underlined.
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*Values in parentheses are for the highest resolution shell.
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METHODS
Macromolecule production
To construct a plasmid expressing BaSrtN (residues 1-247), we amplified
by PCR from the genomic DNA of an B. amyloliquefaciens strain using
the primers shown in Table 1. The PCR product was cloned into the
expression vector pPROEX-HTA (Invitrogen, USA) between the NcoI and
XhoI restriction sites, and the resulting pPROTEXHTA-SrtN plasmid contain
a hexa-histidine tag (Met-Ser-Tyr-Tyr-His-His-His-His-His-His), a spacer
region (Asp-Tyr-Asp-Ile-Pro-Thr-Thr), and a TEV protease cleavage site
(Glu-Asn-Leu-Tyr-Phe-Gln) at the N-terminus. The pPROTEXHTA-SrtN
expression plasmid was identified by restriction-endonuclease digestion
and was further verified by DNA sequencing (Sangon Biotech, Shanghai,
People’s Republic of China). The recombinant plasmid for BaSrtN was
transformed into E. coli strain BL21 (DE3). To produce a sufficient amount
of protein for structural studies, cells were grown in 1 liter of Luria-Bertani
(LB) broth containing 100 μg ml-1 ampicillin at 37°C until an OD600 reached
0.8. Protein expression was induced by adding 0.5 mM isopropyl-β-dthiogalactoside to the medium and incubating the culture at 30°C for 8
h. Cells were harvested by centrifugation at 5000xg for 10 min at 4°C,
resuspended in lysis buffer (20 mM Tris-HCl, pH 8.0, 150 mM NaCl and 2
mM β-mercaptoethanol) and stored at –80°C until use.
For the purification of recombinant BaSrtN, the harvested cell pellets
were defrosted, suspended in lysis buffer and lysed by sonication. The cell
debris was removed by centrifugation at 45000xg for 30 min at 4°C. The
supernatant was mixed with Ni-NTA affinity resin (GE Healthcare, USA) that
had been pre-incubated with Tris buffer, and the mixture was mixed for
40 minutes at 4°C. The resin was washed with lysis buffer supplemented
with 20 mM imidazole and the target protein with the hexa-histidine tag
was eluted with 30 ml of a lysis buffer including 250 mM imidazole. The
eluted fractions were analyzed by sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE). The hexa-histidine tag was removed by
digestion with TEV protease at 25°C overnight, and the protein was diluted
using a 4-fold with buffer containing 20 mM Tris-HCl (pH 8.0) and 2 mM
β-mercaptoethanol and then loaded onto a Q anion-exchange column
(HiTrap-Q; GE Healthcare, USA) for further purification. The protein was
eluted from the column using a salt gradient up to 1 M NaCl in 20 mM
Tris-HCl (pH 8.0) and 2 mM β-mercaptoethanol. The collected fractions
containing the BaSrtN protein were pooled, concentrated using Centriprep
columns (Millipore, USA), and separated on a HiLoad Superdex 200 gelfiltration column (GE Healthcare, USA) that was pre-equilibrated with
lysis buffer containing 20 mM Tris-HCl (pH 8.0), 150 mM NaCl and 2 mM
β-mercaptoethanol. The purity of the final protein was monitored by SDSPAGE on a 12% gel and Coomassie blue staining. The purified protein was
stored frozen at –80°C until use.
Crystallization
Prior to crystallization, the pooled sample of purified BaSrtN was
concentrated to 10 mg ml-1 using a Vivaspin centrifugal concentrator
fitted with a 10 kDa molecular-weight cutoff filter (Millipore, USA). The
initial crystallization trial was performed in a 96-well format using a 1:1
ratio of well solution to protein solution by screening at 14°C using Crystal
Screen HT, a high-throughput sparse-matrix screening kit (Hampton
Research, USA). Crystals of BaSrtN were grown in the presence of 2.0 M
Ammonium sulfate, 0.1 M HEPES (pH 7.5), and 0.25 M NaCl, under which
diamond-shaped crystals were obtained. To improve the crystal quality,
optimization of the crystallization condition was performed using the
sitting-drop vapor-diffusion method in 24-well plates with 2 μl sitting drops
consisting of 1 μl protein solution and 1 μl reservoir solution consisting
of 1.57 M ammonium sulfate, 0.1 M HEPES (pH 7.5), and 0.28 M NaCl.
Crystallization information is summarized in Table 2.
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Data collection and processing
For data collection under cryogenic conditions, crystals were removed
from the drop, soaked for 3-5 s in a 10 μl droplet of cryoprotectant
solution consisting of the mother liquor supplemented with 25% (v/v) ( final
concentration) glycerol and then flash-cooled in a liquid-nitrogen stream
at –173°C. X-ray diffraction intensities were collected at a wavelength
of 1.0000 Å using an ADSC Q310 CCD detector on beamline 7A of the
Pohang Light Source (PLS, Pohang, Republic of Korea) at -173°C using a
nitrogen stream (Wang et al., 2016). A total of 360 diffraction images were
recorded from a single crystal. The complete diffraction data sets were
subsequently processed, merged, and scaled with the program HKL-2000
(Otwinowski and Minor, 1997).
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