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Fusobacterium nucleatum is a dangerous pathogen, and it has been linked to a variety of health problems, including
cancer, periodontal disease, and pregnancy complications. F. nucleatum butanol dehydrogenase (FnYqdH) is a group
of dehydrogenase enzymes that facilitate interconversion between butyraldehyde and butanol at the expenditure of
a cofactor NAD (P)H. In this study, FnYqdH was successfully expressed and purified using Ni-NTA affinity, Q anionexchange, and gel-filtration chromatography. The protein crystal was obtained and diffracted to a resolution of 2.0 Å. The
crystal belonged to the orthorhombic space group of I222, with unit-cell parameters of a = 64.77, b = 78.85, and c = 215.22
Å. The Matthews coefficient and solvent content were estimated to be 3.19 Å3 Da–1 and 61.49%, respectively, assuming
that the asymmetric unit contained only one recombinant protein molecule. Size-exclusion chromatography suggested
that FnYqdH prefers to exist as a dimer in the solution.
INTRODUCTION
Fusobacterium nucleatum (F. nucleatum ) is a gram-negative
anaerobic bacterium with species-specific reser voirs in
the human oral cavity, gastrointestinal tract, and elsewhere
(Brennan and Garrett, 2019). In the progression from oral health
to periodontitis, the proportion of F. nucleatum increases
substantially, implicating this species as a contributor to the
development of periodontal disease (Merritt et al., 2009).
Previous studies revealed that F. nucleatum can be mainly
related to colorectal cancer (CRC) (Shang and Liu, 2018).
Previous studies have shown that F. nucleatum promotes CRC
by several mechanisms: cell proliferation activation, cellular
invasion promotion, induction of chronic inflammation, and
immune evasion (Ganesan et al., 2019). F. nucleatum has
become a diagnostic marker anti-infective therapies of CRC
(Shang and Liu, 2018).
Biosynthesis of butyrate by gut microbiota plays a crucial
role in maintaining human colon health and, when altered,
contributes to emerging diseases, such as ulcerative colitis
and type II diabetes (Canani et al., 2011). The butyrate is
the preferred energy source for colonocytes and also has

www.bdjn.org

a mainly protective role in relation to colitis and colorectal
cancer (Salvi and Cowles, 2021). In the F. nucleatum , butyrate
is converted to butanol by several key enzymes, including
acetate CoA transferase (Fn1857 and Fn1856), aldehyde/alcohol
dehydrogenase (Fn0084), butanol-dehydrogenase A (Fn1415,
also name FnYqdH), and butanol-dehydrogenase B (Fn0092)
(Kapatral et al., 2002). Fn1857 and Fn1856, which produces
butyryl-CoA butyrate, are generated from carbohydrates
via glycolysis from two molecules of acetyl-CoA yielding
acetoacetyl-CoA, followed by stepwise reduction to butyrylCoA (Duncan et al., 2002; Kapatral et al., 2002). And then, the
butyryl-CoA is reduced by the Fn0084 to form butyraldehyde
(Kapatral et al., 2002). Eventually the final production of butyrate
is catalyzed by various FnYqdH and Fn0092 (Kapatral et al.,
2002).
The absence of BDH in mammalian species, together with
the fact that BDH is essential for butanol biosynthesis and
butyrate metabolism in many kinds of microbes (Kapatral et
al., 2002), indicates that FnYqdH is a potential antibiotic target
for drug design in anti-infective therapies. The structural
characterization of FnYqdH can provide valuable information
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for developing antibiotics against the F. nucleatum . However,
the structure and molecular mechanism of FnYqdH remains
unclear. In this study, we report the purification, crystallization,
and preliminary X-ray analysis of FnYqdH in the initial step of its
structural characterization.

RESULTS AND DISCUSSION
The recombinant FnYqdH was expressed and purified with
a yield of 10 mg from one liter LB medium using the several
protein purification methods described in the Methods. Protein
molecular weight assessed by 12% SDS-PAGE was about 40
kDa (Figure 1), similar to the molecular weight calculated from
the amino acid sequence (385 amino acids with a total mass
of 43.29 kDa). In the size-exclusion chromatography, FnYqdH
was eluted from the Superdex 200 10/300 GL column at 15.32
ml, corresponding to a molecular weight of approximately 59.2
kDa. Since the dimer of FnYqdH (43.29 kDa) is theoretically
86.58 kDa, our data suggest that FnYqdH forms likely a dimer in

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

solution (Figure 2).
In the initial crystallization screening trial, the hanging-drop
vapor-diffusion method successfully crystallized the protein
sample. After repeated optimization, we obtained better crystals
using the hanging-drop and seeding method by mixing 1.5 μl of
protein solution with 1.5 μl of reservoir solution containing 1.8 M
ammonium phosphate monobasic and 0.1 M HEPES sodium
salt pH 7.5 at 6°C (Figure 3). And then, high-quality crystals
of FnYqdH were gently removed from the crystallization drop
and incubated for 1 minute in a solution consisting of 25% (v/
v) glycerol. X-ray diffraction intensities were collected at a
wavelength of 0.9793 Å using an ADSC Q315 CCD detector
on beamline 5C of the Pohang Light Source (PLS, Pohang,

FIGURE 3 I Crystal of FnYqdH. The diffracted crystals were obtained
from the condition of 1.8 M ammonium phosphate monobasic and 0.1 M
HEPES sodium salt pH 7.5. The scale bar is shown at the bottom right
corner.

FIGURE 2 I Elution profile of FnYqdH on size exclusion chromatographic column. FnYqdH was eluted in a single peak at 15.32 ml, and each fraction is shown on a 12% SDS-PAGE gel showing a single band about 40 kDa.
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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).
Preliminary diffraction analysis suggested that the crystals
belonged to the orthorhombic space group I 222, with unitcell parameters of a = 64.77, b = 78.85, and c = 215.22 Å. The
estimated resolution was Figure 4, and the data completeness
was 99%. Several structures of proteins with substantial
sequence homology with FnYqdH have been reported thus it
is expected that the structure of FnYqdH could be determined
by molecular replacement using those structures as search
models. Thermotoga maritima NADH-dependent butanol
dehydrogenase (Protein Data Bank [PDB] code: 1VLJ) would
be a promising search model because it shares 40% sequence
identity with FnYqdH. The asymmetric unit contains only one
FnYqdH molecule based on a Matthews coefficient, and the
solvent content is 3.19Å3 Da –1 and 61.49%, respectively. Model
building and structure refinement are underway.
In this study, we report the purification, crystallization,
and preliminary X-ray analysis of the compound of FnYqdH.
We obtained the single crystal of FnYqdH and subsequently
collected a data set from it to atomic resolution, providing an
excellent opportunity to determine the crystal structure of the
compound of FnYqdH. Our results provide valuable information,
which enhances our understanding of the molecular me
chanisms of FnYqdH and its homologous proteins, and the
characteristics of FnYqdH provide potential drug targets for the
design of new drugs.

USA) between the Nco I and Xho I restriction sites to produce the

METHODS

TABLE 1 I Macromolecule production information

Protein production
The gene encodes FnYqdH (residues 1-385) was amplified
from F. nucleatum genomic DNA by polymerase chain reaction
(PCR) using the primers shown in Table 1. The PCR product
was cloned into the expression vector pPROEX-HTA (Invitrogen,

FIGURE 4 I X-ray diffraction pattern of a FnYqdH crystal. The diffraction image of a FnYqdH crystal. The black frame represent resolution
ranges.
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pPROEXHTA-YqdH plasmid. The protein expression constructs
in the plasmid contained a tobacco etch virus (TEV) protease
recognition site (Glu-Asn-Leu-Tyr-Phe-Gln) and a hexa-histidine
tag (Lys-Val-Val-Leu-His-His-His-His-His-His) at the N-terminus.
The correct insertion of the YqdH gene into pPROTEXHTA
plasmid was confirmed by restriction-endonuclease digestion
and was further verified by DNA sequencing (Sangon Biotech,
Shanghai, People’s Republic of China). The pPROEXHTA-YqdH
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 LB broth containing 100 μg
ml –1 ampicillin at 37°C until an OD600 of 0.8–1.2. Next, isopropylβ-d-thiogalactoside (IPTG) was added into the medium up to
0.5 mM to induce the expression of FnYqdH protein, and then
the culture was incubated at 30C for 6-8 hours. Afterward,
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 Tris-HCl, pH 8.0, 150 mM NaCl, and 2 mM
β-mercaptoethanol.
The recombinant FnYqdH was lysed by sonication for 20 min
in ice. The lysate was centrifuged at 13000 rpm for 30 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 20 min on ice. After that, loaded the protein-bound resin
slurry onto the column, then washed the resin with washing
buffer containing 20 mM Tris-HCl, pH 8.0, 150 mM NaCl, 2 mM
β-mercaptoethanol, and 30 mM imidazole. The target protein
was eluted with the washing buffer supplemented with 250 mM

Fusobacterium nucleatum

Source
DNA source

Genomic DNA

Forward primer

GGGC CATGG ATATGG ACA AT T T TA AT TATAAAAATGATAC

Reverse primer

GGGCTCGAGTTATTTTGCTAAATTTAAGATA

Cloning vector

pPROEX-HTA

Expression vector

pPROEX-HTA

Expression host

BL21 (DE3)

Complete amino
acid sequence of the
construct produced

MSY YHHHHHHDYDIPT TENLYFQGAMDMDNFNYKNDTKIIFGKDNYSEIGKNIKIFSKKTPKILLHYE ADGELIK K LGIYEK VISSLK EFDIEFIELG GV VPNPRLSLV YEGIKICKEENITFIL AVGGASVIDSAK AISLGAVDNGDV WDFF TAKRIPQDTLG I G V V LT I P G A G S E M S E S S I I T D E N K KQ K A V C D T E V N F P K FA I L N P E V C Y T I P D R L M A A G I V D I L S H L M E R Y F T K S I DTA L S D S L I E AT M KIVIKYGPLLMKDRKNYNYCSQIMWAATMAHNG M I A C G R VA D WA S H R I E H E I S G I Y D LT H G I G M A I I F PAW M K Y T K N I R P Q I F EK F F K E V F N TVNIDEGINKLEEFFKSLGINLKLSDYGITEE YFSLMAEK ALGNSETLGRFMQLNKQDIINILNLAK
(Underlined residues are cleaved off by the TEV
treatment)

The Nco I and XhoI restriction sites are underlined. The vector residues are underlined.
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TABLE 2 I Crystallization

Table 3 I Data collection and processing
FnYqdH

FnYqdH

Method

Hanging-drop vapor diffusion and seeding

Diffraction source

PAL 5C, PLS

Plate type

24-well plates

Wavelength (Å)

0.9793

Temperature (K)

279

Temperature (K)

100

Detector

ADSC Q315 CCD

Protein concentration
(mg ml-1)

20

Buffer composition of
protein solution

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

Composition of reservoir
solution

1.8 M ammonium phosphate monobasic,
0.1 M HEPES sodium salt pH 7.5

I222

Volume and ratio of drop

3 µl (1.5:1.5 mixture of protein and reservoir
solution)

Space group
a, b, c (Å)

64.77, 78.85, 215.22

Volume of reservoir (µl)

500 µl

α, β, γ (°)

90.00, 90.00, 90.00

Resolution range (Å)

1.98 (37.78)*

Total No. of reflections

39,065

No. of unique reflections

3,723

Completeness (%)

99.61 (96.53)*

Redundancy

6.6

Average I /σ (I )

2.61

imidazole. Next, we added TEV protease into the eluted protein
sample to remove the hexa-histidine tag at 22°C overnight.
T he p rotein s a mple wa s 4 -fold dilute d with buf fe r A
containing 20 mM Tris-HCl, pH 8.0, 2 mM β-mercaptoethanol,
and loaded onto a HiTrap Q column (GE Healthcare, USA).
The FnYqdH protein was eluted from the column using a linear
gradient of 0 to 1 M NaCl in 20 mM Tris-HCl, pH 8.0, and 2 mM
β-mercaptoethanol. Afterward, we concentrated the fractions
containing FnYqdH and loaded on a HiLoad Superdex 200
26/60 column (GE Healthcare, USA) equilibrated with the buffer
containing 20 mM Tris-HCl, pH 8.0, 150 mM NaCl and 2 mM
β-mercaptoethanol. According to the SDS-PAGE results, the
molecular weight of the final purified FnYqdH was estimated
to be approximately 40 kDa, which is similar to the molecular
weight calculated from the amino acid sequence (385 amino
acids with a total mass of 43.29 kDa). Finally, the purified
protein was cryo-frozen and stored at –80°C until further
crystallization.

Crystal-detector distance (mm)

250

Rotation range per image (°)

1

Total rotation range (°)

360

Exposure time per image (s)

0.5

*Values in parentheses are for the highest resolution shell.

(v/v) glycerol. X-ray diffraction intensities were collected at a
wavelength of 0.9793 Å using an ADSC Q315 CCD detector
on beamline 5C 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). The data collection
statistics are given in Table 3.
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