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Abstract

Introduction: Fusobacterium nucleatum (F. nucleatum) is an anaerobic, gram-negative
bacterium, morphologically an elongated bacillus with a sharp end belonging to the Bacteroidaceae.
It is the normal flora of the mouth that is present in other organs in some diseases. Given the role of
F. nucleatum in the creation and development of human diseases, it is very important to investigate
its characteristics and functions. However, due to the obligate anaerobic nature of F. nucleatum,
purification and long-term storage of the bacteria pose problems. The aim of this study is to find an
optimal method for the purification of F. nucleatum to enable a detailed study of the functions and
mechanisms of the bacteria to provide new therapeutic approaches to control or treat the diseases caused
by F. nucleatum for future studies. Materials and Methods: Samples were taken from deep periodontal
pockets of 16 patients using 40 size paper points with tryptic soy broth transfer medium (first method)
and Columbia agar culture medium with gas pack type A and anaerobic jar (second method). The
samples were then examined for the presence of F. nucleatum by macroscopic and microscopic
observations, biochemical tests, PCR and sequencing. Results: The results showed that the tryptic soy
broth transfer medium was not able to preserve and keep the bacteria alive, and the purified F. nucleatum
was isolated by direct transfer to Columbia agar culture medium with gas pack type A and anaerobic jar.
Discussion and Conclusion: Due to the obligate anaerobic nature of F. nucleatum, the use of transfer
medium is not efficient for isolation due to the greater exposure of bacteria to air oxygen, and the optimal
method for purification of F. nucleatum is the second sampling method.

Keywords:Fusobacterium nucleatum, anaerobic bacteria, periodontal pocket, gastrointestinal flora,
colorectal cancer.
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1-Introduction

The oral cavity is a warm, moist and nutrient-rich environment that harbors many different
types of microorganisms. More than 1,000 different species of bacteria can be found in an
adult's mouth. With advances in microbial detection technologies, an increasing number of
previously overlooked microorganisms are being discovered and found to play an important role
in human disease. Fusobacterium nucleatum (F. nucleatum) is a gram-negative, narrow-ended
anaerobic bacillus of the Bacteroidaceae family. F. nucleatum is one of the dominant species in
the oral cavity and is basically the flora of the upper respiratory tract, but it is also present in the
digestive and urinary tracts.

F. nucleatum is associated with a wide range of human diseases. One of the most important
of these diseases is periodontal disease. Periodontal disease damages the tissues that protect the
teeth (bone and connective tissue) and affects the quality of life of those affected. Although in
general etiology these diseases are caused by many factors, the data show that some
microorganisms present in the subgingival plague biofilm, such as Fusobacteria, play a major
role in the initiation and progression of periodontitis, and among the five species of
Fusobacteria commonly isolated from oral infections, the percentage of F. nucleatum presence
is higher, so that this bacterium can be considered the most important pathogen of this group. F.
nucleatum binds to all types of eukaryotic cells, including HelLa cells, epithelial cells,
macrophages, polymorphonuclear leukocytes, and cells of the gum tissue and periodontal
pocket, through the attachment of surface adhesion proteins to lactose sugar and leads to
numerous diseases. One of the diseases that F. nucleatum is involved in causing and developing
is gastrointestinal disorders (colorectal cancer, inflammatory bowel disease, appendicitis),
which is mediated by two major virulence factors, including FadA and Fap2. It has been shown
that FadA binds to lactose sugar on the surface of intestinal epithelial cells and activates the
beta-catenin signaling pathway towards tumor cell proliferation.

The role of F. nucleatum in the development and progression of periodontal and other human
diseases, in promoting tumorigenesis and in influencing treatment has made it the target of
many studies. Therefore, isolating and examining the exact characteristics of F. nucleatum is the
most important step in examining its characteristics and controlling disease. However, due to its
obligate anaerobic nature and the many problems of growing and maintaining this bacterium in
the laboratory, it is difficult to carry out such studies. Therefore, the aim of this study is to
investigate different methods to find an optimal method to purify F. nucleatum from the roots of
teeth with deep periodontal pockets and then to culture and store the bacteria at -70°C in order
to overcome the challenges in the field of isolating F. nucleatum and to provide the possibility
of obtaining this bacterium and using it in subsequent studies.

2-Materials & Methods
2.1. Sampling and microbial culture:

* In the first method, samples were immediately inoculated into the tryptic soy broth (TSB)
transfer medium and transported to the laboratory. The sample was then cultured on Columbia
agar containing 5% defibrinated sheep blood. The plate was placed in an anaerobic jar and the
jar was connected to the Mart system to evacuate the oxygen in the environment and produce
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10% Ha, 10% CO; and 80% N in the environment. Samples were incubated at 37°C for 48 to 72
hours and these steps were repeated until pure colonies similar in morphology and Gram
staining to F. nucleatum were obtained (Table 1).

* In the second sampling method, samples were cultured directly at the sampling site on
Columbia agar containing 5% defibrinated sheep blood and immediately placed in an anaerobic
jar containing type A gas pack. After transfer to the laboratory, the jar was placed in an
incubator at 37°C. After incubation, the colonies formed were passaged onto fresh Columbia
agar containing defibrinated sheep blood and again placed in an anaerobic jar. The jar was
connected to the Mart system and then placed in a 37°C incubator for 48 hours and cultured
until pure colonies were obtained (Table 2).

2.2. ldentification and confirmation of purified bacteria from the cultures obtained live and
pure bacteria, the following steps were performed to identify and confirm them.

A. Microscopic observation Several direct slides were prepared from each of the samples at
different passages and the presence and purity of F. nucleatum was checked by Gram staining.

B. Biochemical tests to confirm F. nucleatum were performed on all samples. These tests
included an antibiotic resistance test, an indole test and a lipase test.

C. Molecular testing to confirm isolated bacteria:

Extraction of DNA from bacteria: To extract DNA, the boiling method was used and the
concentration of DNA samples was determined using a nanodrop device.

After confirmation of the quality of the extracted DNA, a PCR test was performed to amplify
the 16s gene fragment.

o Specific primers for the 16SrRNA gene of F.nucleatum (Table 3), selected according
to the articles, were prepared and blasted in the NCBI database.

o The final volume of the PCR reaction was 10 pl, including 3 pl of distilled water, 1 pl
of sample with a concentration of 192.4 ng/ul, 5 pl of master mix and 0.5 pl of each of the
primers with a concentration of 10 pmol.

o The products obtained from the PCR were electrophoresed on a 1% agarose gel using
0.5% TBE buffer and the size of the bands was confirmed in the presence of a 50 bp ladder.
o The PCR products were then sequenced.

3-Discussion of Results & Conclusions
3.1. Bacterial culture, microscopic examination and Gram staining of purified bacteria

The samples that resembled F. nucleatum in terms of colony appearance and were seen on
gram staining as elongated pure gram-negative bacilli with narrow ends typical of F. nucleatum
(samples 1, 2, 5, 6, 7 in The second method of sampling) were selected for biochemical testing
and other samples were excluded from the study. (An example of a culture plate and gram
staining of F. nucleatum is shown in Figure A, B-1).
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3.2. Biochemical tests

Confirmatory biochemical tests were performed on all samples 1, 2, 5, 6, 7. These tests
included antibiotic resistance testing (vancomycin, penicillin, kanamycin and colistin), indole
test, and lipase test (Table 4).

o lipase test

After culturing the bacteria on the egg yolk agar medium, the growth of bacteria and the absence
of a halo on the medium indicates the presence of a lipase-negative bacterium in the medium, which
is one of the characteristics confirming the presence of F. nucleatum (Figure C-1).

o Indole test

After adding KOVACS reagent to SIM medium containing bacteria, a red ring was formed
in the upper part of the medium. This color indicates the presence of tryptophanase enzyme in
the bacteria and the decomposition of tryptophan into indole and alanine, which, after the
addition of KOVACS reagent and the reaction of this reagent with the indole produced,
produces a red color, confirming the positive indole test and the presence of F. nucleatum
(Figure D-1).

o Antibiotic resistance tests

After examining the 48-hour culture plate of the samples on Columbia agar containing the
antibiotics vancomycin, kanamycin, colistin and penicillin, a non-growth halo of more than 2
cm in diameter was observed around the wells containing the antibiotics kanamycin, colistin and
penicillin. However, this halo was not present around the well containing the antibiotic
vancomycin (Figure E-1). These results indicate the presence of F. nucleatum bacteria in the
culture medium, which grew around the well due to its resistance to vancomycin and was unable
to grow around the well of these antibiotics due to its sensitivity to kanamycin, colistin and
penicillin.

3.3. Molecular tests

Firstly, to perform the PCR test, the genome of 5 confirmed bacterial samples was extracted
by biochemical boiling method and the concentration was determined by nanodrop. After
confirming the quality of the extracted DNA, its 16SrRNA fragment was amplified and after
confirmation on an agarose gel (Figure 2), sequenced. The results of DNA sequencing for
sample number 5 using Nucleotide BLAST showed more than 85% similarity to F. nucleatum
(Figure 3).

After isolating and purifying the bacteria, we confirmed the presence of F. nucleatum by
macroscopic and microscopic examination, biochemical tests including indole test, lipase
production, antibiotic resistance tests, and molecular tests including PCR and sequencing.

It seems that creating anaerobic conditions for F. nucleatum using a type A gas pack and an
anaerobic jar immediately after sampling is very important. In addition, the antibiotics
vancomycin and norfloxacin and the supplements haemin and vitamin K1 can select and enrich
the Columbia agar culture medium for F. nucleatum and cause better bacterial growth. An
incubation time of 48 hours and a temperature of 37 degrees is also helpful for the growth of F.
nucleatum. The depth of periodontal pockets and bad breath are also important factors in
obtaining F. nucleatum from dental specimens. In addition, as the gut microbiota is influenced
by environmental factors such as geographical region and type of diet, studying the role of F.

http://dx.doi.org/10.22108/bjm.2024.140998.1589



https://doi.org/10.22108/bjm.2024.140998.1589

Purification of Fusobacterium nucleatum from periodontal ..../ Fatemeh Eskandari-Malayeri et al 109

nucleatum in different diseases using indigenous strains rather than standard strains will provide
more realistic results. On the other hand, the difficulty in obtaining the standard strain of this
bacterium increases the importance of using local strains. In this article, by investigating
different methods and techniques of isolation and culture, changing the type and amount of
antibiotics and nutrients that help the bacteria grow, changing the incubation time and changing
the number of passages to purify this bacteria, we were able to achieve an optimal method for
purifying F. nucleatum from teeth with deep periodontal pockets , provide a basis for purifying
the bacterium and investigating its role in the development and progression of various diseases
in future studies.
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Table 3. Primers used for amplification of the DNA fragment (16S rRNA)

PCR product size Primer sequence Bacteria name
27 Forward primer:
5’- AGAGTTTGATCCTGGCTCAG-3’
1458 base pair 1492 reverse primer: F. nucleatum
5’- GGTTACCTTGTTACGACTT-3’
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Figure 1. Cell morphology and Gram staining of Fusobacterium nucleatum. Dry and irregular circular colonies of F.
nucleatum on a Columbia agar plate (A). F. nucleatum is a Gram-negative bacterium with a long, thin and spindle-shaped
appearance on Gram staining (Bx100). The absence of a clear halo around the bacterial colonies indicates a negative lipase test
(C), the formation of a red ring on the SIM medium indicates a positive indole test (D), and the presence of a halo around the
antibiotics kanamycin, penicillin and colistin indicates the sensitivity of F. nucleatum and consequently the lack of growth
around these antibiotics, while the absence of a halo around the antibiotic vancomycin indicates resistance of F. nucleatum to
this antibiotic. (E) KM: Kanamycin, PCN: Penicillin, VAN: Vancomycin, COL: Colistin.
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Figure 2. Electrophoresis results of 16S rRNA gene PCR products from samples 1, 2 and 5 on agarose gel.
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purified bacterial genome sequence with F. nucleatum bacteria.
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