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Anaerobic gram-negative bacterium Fusobacterium nucleatum (F. nucleatum ) has long been found to cause
opportunistic infections and has recently been implicated in colorectal cancer. In F. nucleatum , YggS (FnYggS) is an
important part of bacterial cell walls and belongs to the COG0325 gene family. In this study, YggS from FnYggS was
successfully expressed and purified using Ni-NTA affinity and gel-filtration chromatography. The protein crystal was
obtained and diffracted to a resolution of 2.08 Å. The preliminary crystallographic analysis suggested that FnYggS
crystal belongs to the monoclinic space group P21 with a = 37.93 Å, b = 146.38 Å, and c = 74.13 Å, α = γ = 90.00° and β =
93.36°. The asymmetric unit contained approximately three monomer of FnYggS, giving a crystal volume per mass (V M) of
2.64 Å3 Da–1 and a solvent content of 53.50%.
INTRODUCTION
Fusobacterium nucleatum (F. nucleate ) is an anaerobic, nonsporing, non-motile, gram-negative bacterium (Carlier, 1990).
It is of considerable interest to oral microbiologists, because it
is oral commensal and an emerging pathogen associated with
a broad spectrum of human diseases (Han, 2015). Recently
research demonstrated that F. nucleate is associated with
colorectal cancer (CRC) (Sun et al., 2019). Scientist observed
that this bacteria has been found in approximately 30% of all
patients with CRC (Walker, 2020). F. nucleatum has become
a diagnostic marker anti-infective therapies of CRC (Shang
and Liu, 2018). The F. nucleatum promote CRC by several
mechanisms; promotion of cellular invasion, induction of chronic
inflammation, activation of cell proliferation, and immune
evasion (Wu et al., 2019). The antibiotic resistance of F. nucleate
has increased due to the overuse and misuse of antibiotics
(Bullman et al., 2017). The emergence of multidrug-resistant
strains and extremely drug-resistant strains further worsened
the treatment situation of the disease caused by this bacteria,
and also created a new challenge to fight against F. nucleate
(Bullman et al., 2017). However, we have little understanding
of the molecular basis of F. nucleate pathogenesis and the
resistance mechanisms against anti-bacteria drugs (Bullman
et al., 2017). Therefore, it is necessary to study the important
protein structure of this bacterium at the atomic level (Bullman
et al., 2017).
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The pyridoxal 5’-phosphate (PLP) is the active form of
vitamin B6, is an essential cofactor for dozens of bacterial
and hundreds of human enzymes that are involved in diverse
cellular processes, but it is also a highly reactive toxic molecule
(Prunetti et al., 2016). YggS is an important part of bacterial
cell walls and belongs to the COG0325 gene family (Labella et
al., 2017). The pyridoxine toxicity phenotype and amino acidrelated metabolic disorders are caused by the inactivity of YggS
(Prunetti et al., 2016). Several crystal structures of YggS from
Escherichia coli (Protein Data Bank (PDB) ID:1W8G, named
EcYggS), Synechococcus elongates (5NM8, SeYggS) (Tremiño
et al., 2017), Saccharomyces cerevisiae (1B54, ScP007)
(Eswaramoorthy et al., 2003), and Bifidobacterium adolescentis
(3CPG, BaPipY; unpublished) are currently reported in the PDB.
Aiming to define the role of YggS, we identified the protein
annotated as YggS in the F. nucleatum genome (UniProt
accession no. Q8RFW9); this protein has less than 35%
sequence similarity with the previously reported YggS proteins.
Therefore, we considered F. nucleatum YggS (abbreviated
FnYggS) to be a drug target. Understanding the potential
molecular mechanisms of the FnYggS protein is thus important
for the development of anti-F. nucleatum drugs. Although
considerable effort is being devoted to understand the action
mechanism of YggS proteins, research on the regulation of
PLP levels and the means by which PLP is transferred from
the product to the catalytic site is challenging (Prunetti et al.,
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2016). To increase the understanding of the molecular function
of YggS, In this study, we report the purification, crystallization,
and preliminary X-ray analysis of FnYggS in the initial step of its
structural characterization. The structural characterization of
FnYggS can provide valuable information for the development
of antibiotics against the F. nucleate .

RESULTS AND DISCUSSION
The recombinant FnYggS was expressed and purified with a
yield of 5 mg L–1 in M9 medium using several protein purification
methods described in Methods. The purified samples showed
a single band on Coomassie-stained SDS-polyacrylamide gel
corresponding to the expected molecular mass (26 915 Da,
Figure 1). In the size-exclusion chromatography, FnYggS was
eluted from the Superdex 200 10/300 GL column at 16.915 ml,
corresponding to a molecular weight of approximately 31.20
kDa. Since the molecular weight of FnYggS contain his-tag is
theoretically 26.92 kDa, our data suggest that FnYggS forms
likely a monomer in solution (Figure 2).
The initial crystallization of FnYggS was screened by the
sitting drop vapor diffusion method at 22°C. SeMet-derivatized
FnYggS crystals were grown in solution containing 0.1 M
sodium acetate trihydrate (pH 4.6), 0.2 M ammonium sulfate
and 20% (w/v) PEG 4000. Optimization of crystallization was
performed using the hanging drop vapor diffusion method, in
which 1.0 μl of the protein solution was mixed with 1.0 μl of the
reservoir solution containing 0.1 M sodium acetate trihydrate
(pH 4.8), 0.19 M ammonium sulfate, and 21% (w/v) PEG 4000
(Figure 3). The FnYggS crystals were immediately transferred
to cryoprotectant solution containing 20% (v/v) glycerol for 3–5
s and rapidly flash-frozen in liquid nitrogen. X-ray diffraction

datasets were collected using a nitrogen stream on beamline
5C at Pohang Light Source II (PLS-II, Pohang, Republic of
Korea) at –173.15°C; the data were then indexed, integrated, and
scaled using HKL2000 software suite. The intensity data were
processed and scaled using the HKL-2000 program. Preliminary
diffraction analysis suggested that the crystals belonged to the
monoclinic space group P21, with unit-cell parameters of a =
37.93 Å, b = 146.38 Å, and c = 74.13 Å, α = γ = 90.00° and β =
93.36°. The diffraction data set had a high resolution of 2.08 Å
(Figure 4). The asymmetric unit contained approximately three
monomers of FnYggS, giving a crystal volume per mass (V M) of
2.64 Å3 Da –1 and a solvent content of 53.50%.
In this study, we report the purification, crystallization and
preliminary X-ray analysis of the FnYggS. We obtained the
single crystal of FnYggS and subsequently collected a data set
from it to atomic resolution, providing a good opportunity to

FIGURE 2 I Elution profile of FnYggS on size exclusion chromatographic column. FnYggS was eluted in a single peak at 16.915 ml, and
each fraction is shown on a 15% SDS-PAGE gel that FnYggS is most
likely to be a monomer in solution about 31.20 kDa.

FIGURE 1 I SDS-PAGE of purified FnYggS. 15% SDS-PAGE of purified
FnYggS. Lane M, protein markers (labelled in kDa); Lane labels: lane 1,
flowthrough; lane 2, washing buffer; lane 3, elution fraction from an Ni–
NTA chelating column.
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FIGURE 3 I Crystal of FnYggS.
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FIGURE 4 I X-ray diffraction pattern of a FnYggS crystal.

determine the crystal structure of FnYggS. Our results provide
valuable information, which enhance our understanding of the
molecular mechanisms of FnYggS and its homologous proteins,
and the characteristics of FnYggS provide potential drug targets
for the design of new drugs.

METHODS
Protein production
The gene which encodes FnYggS (residues 1-223) was amplified
from F. nucleatum genomic DNA by polymerase chain reaction
(PCR) using the primers shown in Table 1. The PCR product
was ligated into the expression vector pET-28a(+) (Invitrogen,
USA). The correct insertion of the FnYggS gene into pET-28a(+)
plasmid was confirmed by restriction-endonuclease digestion
and was further verified by DNA sequencing (Sangon Biotech,
Shanghai, People’s Republic of China). The pET-28a(+)-FnYggS
plasmid was transformed into E. coli strain BL21 (DE3). In order
to produce a sufficient amount of protein for structural studies,
cells were grown in two liters of M9 medium supplemented with
glucose and an amino acid mixture, and VB1 (thiamine) was
added to the culture until the OD 600 reached 0.6–0.8. Next, 1
mM isopropyl-β-d-thiogalactoside (IPTG) and selenomethione
were added, and the culture was further incubated for 12 hours
at 20°C. Afterwards, We collected the cells by centrifugation at
5000 rpm for 10 min at 4°C, then resuspended the cells in lysis
buffer which contains 20 mM HEPES, pH 8.0, 150 mM NaCl, 2
mM β-mercaptoethanol.
Cell lysate was prepared by sonication and then centrifuged
to remove cell debris at 13000 rpm for 40 min at 4°C. The
supernatant of lysate was mixed with Ni-NTA affinity resin (GE
Healthcare, USA) and then incubated with mild rotation for
about 30 min on ice. After that, loaded the protein-bound resin
slurry onto the column, then washed the resin with washing
buffer containing 25 mM HEPES, pH 8.0, 400 mM NaCl, 2 mM
β-mercaptoethanol, and 30 mM imidazole. The target protein
was eluted with the washing buffer supplemented with 25 mM
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TABLE 1 I Macromolecule production information
Source

Fusobacterium nucleatum

DNA source

Genomic DNA

Forward primer

GGGCCATGGGCCACCATCACCATCACCATATGAGTATAAAAGCAAATGTTGAAG

Reverse primer

GGGCTCGAGTTATTTAAAAATTTTTGTTCCAAC

Cloning vector

pET-28a(+)

Expression vector

pET-28a(+)

Expression host

BL21 (DE3)

Complete amino acid
sequence of the
construct produced

M G H H H H H H M S I K T N V E E I L E D I K K Y S P YP E K V K LVAV T K Y S S V E D I E K F L E T G Q N I C GENK VQVIKDKIE YFKEKNKKIK WHFIGNLQKNKVKYIIDDVDLIHSVNKLSLAQEINKKAEQSSKIMDVLLEINV YGEESKQGYSLDELKCDIIELQNLKNLNIIGVMTMAPF TDDEKILRMVFSELRKIKDELNKEYFNNNLTELSMGMSNDYKIALQEGSTFIRVGTKIFK

The Nco I and Xho I restriction sites underlined.

HEPES (pH 8.0), 400 mM NaCl, 250 mM imidazole, and 2 mM
β-mercaptoethanol.
The fractions containing FnYggS were concentrated, injected
onto a HiLoad Superdex 200 column (GE Healthcare, USA) and
then eluted with 20 mM HEPES (pH 8.0), 150 mM NaCl and 2
mM β-mercaptoethanol. The peak fractions of FnYggS were
pooled and concentrated to 10 mg ml –1 for crystallization on
Centriprep columns (Millipore, USA). The fractions containing
the FnYggS protein with over 95% purity were pooled and
concentrated 18 mg ml –1 using CEntriprep columns (Millipore
USA) and stored at –80°C until further crystallization.
Crystallization
The initial crystallization of FnYggS was screened by the sitting
drop vapor diffusion method with a Crystal Screen HT TM Kit
(Hampton Research, USA) at 22°C. SeMet-derivatized FnYggS
crystals were grown in solution containing 0.1 M sodium acetate
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TABLE 2 I Crystallization

TABLE 3 I Data collection and processing
FnYggS

FnYggS

Method

Hanging-drop vapor diffusion

Diffraction source

BL5C, PLS

Plate type

24-well plates

Wavelength (Å)

0.9793

Temperature (°C)

22

Temperature (°C)

–173.15

Detector

ADSC Q315r CCD

Crystal-detector distance (mm)

250

Rotation range per image (°)

1

Total rotation range (°)

360

Exposure time per image (s)

0.5

Space group

P21

a, b, c (Å)

37.929, 146.375, 74.128

α , β , γ (°)

90.00, 93.355, 90.00

Resolution range (Å)

36.59–2.08 (2.08–2.12)a

Total No. of reflections

47026

No. of unique reflections

4283

Completeness (%)

96.10 (86.79)

Protein concentration (mg ml –1) 18
Buffer composition of
protein solution
Composition of
reservoir solution
Volume and ratio of drop
Volume of reservoir (µl)

20 mM Tris-HCl buffer (pH 8.0),
150 mM NaCl,
2 mM β-mercaptoethanol
0.1 M sodium acetate trihydrate (pH 4.8),
0.19 M ammonium sulfate,
21% (w/v) PEG 4000
2 µl (1:1 mixture of protein and
reservoir solution)
500 µl

trihydrate (pH 4.6), 0.2 M ammonium sulfate and 20% (w/v)
PEG 4000. Optimization of crystallization was performed using
the hanging drop vapor diffusion method, in which 1.0 μl of the
protein solution was mixed with 1.0 μl of the reservoir solution
containing 0.1 M sodium acetate trihydrate (pH 4.8), 0.19 M
ammonium sulfate and 21% (w/v) PEG 4000. Crystallization
information is summarized in Table 2.

Redundancy

6.0

R merge (%)b

27.1 (60.7)

a

Values in parentheses are for the highest resolution shell.
R merge = ∑hkl∑i │ Ii (hkl ) – < I (hkl ) > │ ∑hkl∑i │ Ii (hkl ), where I (hkl ), where I (hkl ) is the
intensity of reflection hkl , ∑hkl is the sum over all reflections and ∑i is the sum
over i measurements of reflection hkl .

b

Data collection and processing
For data collection under cryogenic conditions, FnYggS crystals
were removed from the drop, soaked for 3–5 s in a 15 μl droplet
of cryoprotectant solution consisting of the mother liquor
supplemented with 20% (v/v) (final concentration) glycerol and
rapidly flash frozen in liquid nitrogen. X-ray diffraction datasets
were collected using an ADSC Q315r CCD detector on beamline
5C at Pohang Light Source II (PLS-II, Pohang, Republic of
Korea) at –173.15°C. The data were then indexed, integrated and
scaled using HKL2000 software suite (Otwinowski and Minor,
1997). The data collection statistics are given in Table 3.
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