
The aim of this study was to compare the biological activity of lipopolysaccharides (LPS) 
purified from Fusobacterium nucleatum and Porphyromonas gingivalis strains, both 
isolated from primary endodontic infection (PEI) in the levels of IL-1β and TNF-α released 
by macrophage cells. Moreover, LPS was purified from F. nucleatum and P. gingivalis 
American Type Collection (ATCC) and its biological activity was compared to respectively 
clinical isolates strains. F. nucleatum and P. gingivalis strains clinically isolated from PEI had 
their identification confirmed by sequencing the 16S rRNA gene. LPS from F. nucleatum 
and P. gingivalis and their respective ATCC strains were extracted by using Tri-reagent 
method. Macrophages (Raw 264.7) were stimulated with LPS at 100 ng/mL for 4, 8 and 
12 h. Secretion of IL-1b and TNF-α was also determined. Paired t-test, repeated measures 
ANOVA and one-way ANOVA were employed. All LPS induced significant production of 
IL-1β and TNF-α, with the former being secreted at higher levels than the latter in all 
time-points. F. nucleatum induced a higher expression of both cytokines compared to P. 
gingivalis (p<0.05). No differences were observed between clinical and ATCC strains, as 
both presented the same potential to induce pro-inflammatory response. It was concluded 
that F. nucleatum and P. gingivalis LPS presented different patterns of activation against 
macrophages as seen by the IL-1β and TNF-α production, which may contribute to the 
immunopathogenesis of apical periodontitis. Moreover, clinical and ATCC strains grown 
under the same in vitro environment conditions presented similar biological activity. 
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Introduction 
Apical periodontitis is an inflammatory disorder of 

the periradicular tissue caused by bacterial infection 
of endodontic origin and characterized by periapical 
bone resorption (1). Primary endodontic infection is a 
polymicrobial infection caused predominantly by Gram-
negative anaerobic bacteria (2, 3), which activate different 
intracellular signaling pathways culminating in soft tissue 
breakdown and, later, in bone resorption (4).

Fusobacterium nucleatum and Porphyromonas 
gingivalis, both Gram-negative anaerobic rod-shaped 
bacteria, are highly detected in root canal infection, playing 
a critical role in the endodontic disease (5, 6). Both species 
possess a large number of putative virulence determinants 
(7-9). However, accumulated evidence indicates that 
the pathology of endodontic infection is remarkably 
due to the actions of host-derived cytokines induced by 
lipopolysaccharide molecules (4, 10), also known as LPS, 
being the major components of the outer leaflet of the 

outer membrane of Gram-negative bacteria (11). 
LPS has been shown to interact with toll-like receptors 

(TLRs) through its greater affinity to TLR4 (12), leading 
rapidly to the activation of different pathways responsible 
for the production of pro-inflammatory cytokines, such as 
interleukin (IL)-1β and tumor necrosis factor (TNF)-α, the 
latter controlling the tissue remodeling in pathological 
conditions (4).

LPS structure shows considerable heterogeneity among 
different bacterial species (13), thus activating host cells in 
different ways. Previous studies showed that bacterial LPS 
structure could be modulated by environmental conditions, 
such as hemin concentration, temperature, pH, among 
others (14-16). 

Although previous investigations have revealed the 
effect of selected bacterial LPS on different cell lines (1, 
8,17), none compared the biological activity of LPS clinically 
purified from F. nucleatum and P. gingivalis strains to 
that of ATCC strains, especially to determine their ability 
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to induce the release of pro-inflammatory cytokines. 
Macrophages are the primary defense line responsible for 
initiation and maintenance of the inflammatory process 
(18), which amplifies the immune response, recruits immune 
cells, activates immune and non-immune cells, and may 
cause significant tissue damage by inducing collagenase 
production in fibroblasts and activation of osteoclasts 
(4,19,20). 

In order to better understand the inflammatory process 
involved in apical periodontitis, reflected by the response of 
macrophages to LPS, the aim of this study was to compare 
the biological activity of lipopolysaccharides (LPS) purified 
from F. nucleatum and P. gingivalis strains, both isolated 
from primary endodontic infection (PEI) in the levels of 
IL-1β and TNF-α released by macrophage cells. Moreover, 
LPS was purified from F. nucleatum and P. gingivalis 
American Type Collection (ATCC) and its biological activity 
was compared to respectively clinical isolates strains.

Material and Methods
Bacterial Strains and Growth Conditions

F. nucleatum  and P. gingivalis strains were clinically 
isolated from primary endodontic infection in patients 
with apical periodontitis who attended the Piracicaba 
Dental School, Brazil, for endodontic treatment. The Human 
Research Ethics Committee of the Piracicaba Dental School 
approved the protocol describing sample collection for this 
investigation, and all voluntary patients signed an informed 
consent form. The clinical strains were grown at 37 °C in 
anaerobic conditions (80% N2, 10% H2, 10% CO2), examined 
for purity and primarily identified by using the Rapid ID 32A 
test (BioMérieux SA, Marcy l’Etoile, France) for phenotypic 
identification, which was further confirmed by sequence 
analysis before LPS extraction. F. nucleatum (ATCC 25586) 
and P. gingivalis (ATCC 33277) strains were purchased from 
the American Type Culture Collection (Manassas, VA, USA) 
and grown under required conditions in enriched trypticase 
soy broth (TSB) supplemented with yeast extract, hemin and 
vitamin K (menadione) (TYHK). The TYHK medium consisted 
of trypticase soy broth (30 g/L), yeast extract (5 g/L), hemin 
(0.005 g/L), and vitamin K3 (menadione) (0.001 g/L) at pH 
7.2, with the material being autoclaved. Bacterial growth 
was monitored by following the optical density at 600 
nm, with cells being harvested in the stationary phase of 
growth and the final bacterial yield being determined by 
wet weight after centrifugation and washing.

DNA Sequencing 
Before LPS extraction, the isolates as well as the ATCC 

bacterial strains were sequenced and analyzed. The DNA 
of all bacteria tested was extracted by using the QIAamp 
DNA Minikit (Qiagen, Valencia, CA, USA), according 

to the manufacturer’s instructions. After extraction, 5 
µL of template DNA were used in 50 µL amplification 
reactions consisting of 1 µL Platinum Taq polymerase 
(Invitrogen, São Paulo, SP, Brazil), 5 µL buffer (10X), 3.0 
mmol/L MgCl2, 4.0 µL dNTP solutions (25 mmol/L each), 
and 1.0 µL of 16S rRNA bacterial primer (0.5 mmol/L) 
(UnivF [5’- GAGAGTTTGATYMTGGCTCAG-3’] and UnivR 
[5’- GAAGGAGGTGWTCCARCCGCA-3’]). Genomic DNA of P. 
gingivalis (ATCC 33277) (Table 1) and water were used as 
positive and negative controls, respectively. Polymerase chain 
reaction (PCR) was performed in a DNA thermocycler (MJ 
Research, Waltham, MA, USA) adjusted to initial denaturation 
step at 94 °C for 4 min followed by 30 cycles at 94 °C for 
45 s, 60 °C for 45 s, 72 °C for 90 s and a final step at 72 °C 
for 15 min. Two independent PCR reactions were performed 
for each sample. The 1500-bp fragments were revealed after 
electrophoresis in 1% agarose gel and purified by using 
QIAquick Gel Extraction (Qiagen, North Rhine-Westphalia, 
Germany). The purified PCR products were sequenced by 
using an ABI 3730 DNA Analyzer (Applied Biosystems), with 
Big-Dye Terminator Cycle Sequencing Kit using primer 533R 
(5’- TKACCGCGGCTGCTG -3’). The phylogenetic position was 
obtained by comparing it to sequences obtained from the 
GenBank database by using the Basic Local Alignment Search 
Tool (BLAST) algorithm at a 98% similarity level. The DNA 
sequences from ATCC strains were aligned respectively to 
the clinically isolated strains by using the WineHQ – BioEdit 
for Windows 7.0.9 (Carlsbad, CA, USA).

LPS Extraction and Purification 
Each LPS was prepared according to the Tri-Reagent 

procedure, as previously described (21). Following the final 
ethanol precipitation, LPS was lyophilized to determine the 
yield and then re-suspended in distilled water to 1 mg/
mL. The LPS was further purified by the following steps: 
1 mL of lyophilized LPS was suspended in 1 mL of cold 
(stored at 20 °C) 0.375 M MgCl2 in 95% ethanol (EtOH) and 
transferred to a 1.5-mL tube. After complete mixing, the 
suspension was centrifuged at 2300 g for 5 min. This step 
was repeated twice. The second supernatant was decanted 
and 1 mL of 100% EtOH was added, with the suspension 
being thoroughly mixed and centrifuged at 2300 g for 5 

Table 1. Inventoried TaqMan primers and probe (TaqMan Gene 
Expression Assays, Applied Biosystems)

Target gene Assay ID Acession #
Amplicon 
length (bp)

GAPDH Mm99999915_gl NM_008084.2 107

IL-1β Mm 01336189_m1 NM_008361.3 63

TNF-α Mm 00443258_m1 NM_013693.2 81
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min. This process was repeated twice. The final pellet was 
re-suspended in 0.1 mL of endotoxin-free water. Limulus 
amebocyte lysate (LAL) was used to determine the amount 
of LPS extracted. The phenol-purified LPS preparation 
was submitted to sodium dodecyl sulfate-polyacrylamide 
gel electrophoresis and stained for protein by using the 
enhanced colloidal gold procedure, as described previously 
(22). As expected, the colloidal gold procedure revealed 
a 0.1% protein contamination in either of the LPS 
preparations based on both amount of LPS loaded into 
gel and intensity of major protein band relative to that of 
a known bovine serum albumin standard.

Cell Culture and Cytokine Expression 
Macrophages (Raw 264.7) were cultured in 100-mm 

culture plates containing Dulbecco’s modified Eagle’s 
minimal essential medium (DMEM) and supplemented 
with 100 IU/mL of penicillin, 100 µg/mL of streptomycin 
and 10% heat-inactivated fetal bovine serum before being 
maintained in a humidified atmosphere at 37 °C and 5% 
CO2 up to 90% confluence. All tissue culture reagents were 
obtained from Invitrogen (Carlsbad, CA, USA). Macrophages 
were released from the 100-mm plates with 0.25% trypsin-
EDTA and counted in a Newbauer chamber. A total of 104 
macrophages were grown for 48 h in each well of the six-
well plates, de-induced by incubation for 8 h in culture 
medium (DMEM) containing 0.3% fetal bovine serum, and 
then stimulated with LPS at 100 ng/mL after 4, 8 and 12 h 
of incubation. Subsequently, the supernatants were stored 
for cytokine analysis.

Assessment of IL-1β and TNF-α Cytokines by Enzyme-
Linked Immunoassays (ELISA) 

The amounts of IL-1β and TNF-alpha released into the 
culture media following LPS stimulation were measured 
by enzyme-linked immunosorbent assay with a Duoset kit 
(ELISA; R&D, Minneapolis, MN, USA). Briefly, standard or 
sample solution was added to the wells, which had been pre-
coated with specific monoclonal capture antibody. After 
being gently shaken for 3 h, polyclonal anti-IL-1β and anti-
TNF-α antibodies conjugated with horseradish peroxidase 
were added to the solution and incubated for 1 h. Substrate 
solution containing hydrogen peroxidase and chromogen 
were added and allowed to react for 20 min. The levels 
of cytokines were assessed by using a micro-ELISA reader 
(Ultramark, Bio-Rad, CA, USA) at 450 nm and normalized 
to the absorbance of standard solution. Each densitometric 
value expressed as mean and standard deviation (SD) was 
obtained from three independent experiments.

Statistical Analysis
Data were tabulated into a computer spreadsheet and 

statistically analyzed by using the Stata software 12.0 
(STATA Corp., College Station, TX, USA). As data presented 
normal distribution, they were analyzed by using the 
paired t-test and repeated measures ANOVA to evaluate 
the cytokine production in different time-points. One-
way ANOVA and post-hoc Bonferroni’s test were used 
to compare the cytokine production between the groups 
(clinical versus ATTC samples) according to a specific 
time-point (4, 8 or 12 h). p<0.05 was considered to be 
statistically significant. 

Results 
Bacterial sequence analysis

The bacterial identification of F. nucleatum and P. 
gingivalis isolates, which had been obtained from clinical 
strains by using phenotypic assay (Rapid ID32A), was 
confirmed by sequencing the 16S rRNA gene. Accession 
number and percentage of similarity with sequences of 
GenBank database (BLAST) are NR 042755.1 and 99% of 
similarity for F. nucleatum and NR 040838.1 and 99% of 
similarity for P. gingivalis. The DNA sequence alignment of 
F. nucleatum and P. gingivalis isolates with their respective 
ATCC strains revealed few altered regions in the DNA 
sequence, as shown in Figure 1.

Measurement of IL-1β and TNF-α secretion 
All LPS from F. nucleatum and P. gingivalis isolates 

induced significant production of IL-1β and TNF-α (Table 
2). Secretion of IL-1β occurred at higher levels than that of 
TNF-α for all incubation times (4, 8 and 12 h). The levels of 
IL-1β and TNF-α secretion increased with incubation time 
(4, 8 and 12 h). At 4 h of incubation time for IL-1β and 8 h 
for TNF-α, F. nucleatum demonstrated a relatively higher 
antigenic activity compared to P. gingivalis. No differences 
in macrophage activation were observed between clinical 
and ATCC strains for all time-points (Table 2).

Discussion
Our findings indicated relative differences in the 

production of IL-1β and TNF-α in response to specific LPS, 
which may significantly contribute to pathophysiology of 
the infected site and process of repair. Both proteins are 
primarily related to the bone resorption process present in 
the chronic apical periodontitis in humans (2). Martinho 
et al. (2) reported a positive correlation between higher 
levels of IL-1 β and larger area of bone destruction. Thereby, 
higher levels of these cytokines are intimately involved in 
the pathogenesis of endodontic infection.

Particularly, the ability of F. nucleatum and P. gingivalis 
LPS to induce higher production of IL-1 β and lower 
production of TNF-α possibly indicates that the expression 
of these two inflammatory cytokines might be regulated 
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by a single gene (23). It is believed that LPS-response 
elements control a cluster of genes involved in the initial 
inflammatory reaction (24). Holtmann and Wallach (24) 
reported that IL-1 decreases the number of TNF receptors. 

F. nucleatum LPS was found to be relatively more 
stimulatory of IL-1β and TNF-α secretion compared to P. 
gingivalis LPS, as indicated by the ELISA assay. Differences 
may be explained by the variation in composition of the 
LPS molecular structure among the bacterial species (13), 

which can possibly facilitate the recognition of the LPS 
receptor-dependent mechanism (25). This variation includes 
differences in the number of phosphate groups as well 
as in the amount and position of lipid A fatty acids (13). 
Particularly, the endotoxic activity of P. gingivalis LPS has 
been suggested to be due to the unique chemical structure 
of its lipid A, which is easily modulated by levels of hemin 
in the environment (13).

Lipid A structure is determinant for the degree of 

Figure 1. DNA sequences alignment from clinically isolated F. nucleatum (A) and P. gingivalis (B) with their respective ATCC strains. (Location 
of non-matched pair bases between ATCC and clinical strains are indicated by different peaks).

Table 2. Mean values of interleukin1-beta (IL-1β) [pg/mL] and tumor necrosis factor-alpha (TNF-α) [pg/mL] production from macrophages (RAW 
264.7) stimulated with different bacterial LPS strains for 4, 8 and 12 h

IL-1β TNF-α

4h 8h 12h 4h 8h 12h

F. nucleatum clinical 669.45 (58.13)Aa 992.15 (56.95)Ba 1459.39 (171.27)Ca 31.71 (6.91)Aa 43.16 (5.88)Ba 59.67 (7.34)Ca

F. nucleatum ATCC 662.74 (55.47)Aa 972.68 (56.49)Ba 1454.33 (176.43)Ca 33.27 (6.97)Aa 40.02 (5.55)Ba 57.16 (6.98)Ca

P. gingivalis clinical 433.75 (19.50)Ab 951.07 (45.85)Ba 1467.32 (308.49)Ca 28.78 (3.00)Aa 30.48 (2.47)Ab 56.02 (3.95)Ba

P. gingivalis ATCC 425.24 (31.70)Ab 948.15 (46.25)Ba 1409.39 (184.89)Ca 26.99 (5.68)Aa 30.35 (8.50)Ab 51.17 (9.28)Ba

Uppercase letters indicate statistical difference in the row (p<0.05). Lowercase letters indicate statistical difference in the column (p<0.05).
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inflammation observed after TLR4 binding. A main group 
of phosphorylated diglucosamine with a number of fatty 
acid side chains composes this structure. These side chains 
attach to a hydrophobic pocket of the MD2 co-receptor 
and the complex associates with a TLR4 monomer (26). At 
the same time, the diglucosamine group binds with TLR4. 
Many studies showed that differences in both number 
and length of side chain groups are relevant not only for 
the signaling strength of TLR4, but also for the release of 
cytokines and chemokine (11,27).

In addition, phosphorylation of lipid A affects its 
ability to engage TLR4. In general, the lipid A structure 
presents two phosphates at the glucosamine halves. 
An unphosphorylated lipid A is unable to activate 
TLR4 (11,28). Thus, each loss of phosphate decreases 
the production of pro-inflammatory cytokines. Lipid A 
structure/phosphorylation can be influenced by different 
environmental conditions, such as hemin concentration, 
temperature, pH, among others (14-16).

Even though TLR4 has been implicated in the 
recognition of the LPS from Gram-negative bacteria, the 
other member of the TLR family, TLR2, is also a signaling 
receptor for bacterial cell wall component.  TLR2 recognizes 
a wide variety of PAMPs (pathogen-associated molecular 
patterns), such as lipoproteins and peptidoglycans from 
both Gram-positive and Gram-negative bacteria, as well 
as lipoteichoic acid from Gram-positive bacteria (29). TLR2 
has also been shown, by structural and functional studies, 
to heterodimerize with either TLR1 or TLR6 (30).

Until recently P. gingivalis was thought to stimulate 
TLR2 by its LPS and lipid A variants, fimbriae, the lipoprotein 
PG1828 and phosphoceramides (13). However, a recent work 
by the same group (30) has shown that TLR2 activation 
is independent of lipid A structural variants. Instead, 
activation of TLR2 and TLR2/TLR1 by LPS is in large part due 
to copurifying molecules that are sensitive to the action 
of the enzyme lipoprotein lipase.

Overall, F. nucleatum and P. gingivalis LPS presented 
different patterns of activation against macrophages as 
seen by the production of IL-1β and TNF-α. Apparently, 
there were no differences in the LPS characteristics and 
in the cell activation by clinical and ATCC samples. These 
findings are of interest for researchers in the field, since the 
access to ATCC samples is easier and more practical than 
the access to a clinical isolated. However, it is necessary 
to keep in mind that strains can differ in several features 
therefore results from a strain are not always transferable 
to other. For instance, whenever possible, it is advisable 
to work with both clinical microorganisms and those 
purchased from collections in order to compare their 
patterns. Further studies should focus on the molecular 
characterization of F. nucleatum and P. gingivalis LPS to 

create an inert molecule which can compete for TLR, reduce 
the proliferation of bacteria in root canal, and slow down 
the progression of the disease.

It was concluded that F. nucleatum and P. gingivalis LPS 
presented different patterns of activation of macrophages 
as seen by the IL-1β and TNF-α production, which 
may contribute to the immunopathogenesis of apical 
periodontitis. Moreover, clinical and ATCC strains grown 
under the same in vitro environment conditions presented 
similar biological activity.

Resumo
O objetivo deste estudo foi comparar a atividade biológica de 
lipopolissacarídeos (LPS) purificados a partir de linhagens de 
Fusobacterium nucleatum e Porphyromonas gingivalis, ambas isoladas 
de infecções endodônticas primárias (IEP) nos níveis de IL-1β e TNF-α 
produzidos por macrófagos. Adicionalmente, LPS foi purificado de F. 
nucleatum e P. gingivalis “American Type Collection” (ATCC) e sua atividade 
comparada às respectivas linhagens clinicamente isoladas. Linhagens de 
F. nucleatum e P. gingivalis isoladas clinicamente de IEP tiveram sua 
identificação confirmada por sequenciamento do gene 16S rRNA. LPS de F. 
nucleatum e P. gingivalis e das respectivas linhagens foram extraídos com 
o uso do método “Tri-reagent”. Macrófagos (Raw 264.7) foram estimulados 
com LPS a 100 ng/mL por 4, 8 e 12 h. A secreção de IL-1β e de TNF-α 
foi determinada. Foram usados os testes t-pareado, ANOVA de medidas 
repetidas e ANOVA de um fator. Todos os LPS induziram a produção 
significante de IL-1β e TNF-α, sendo o primeiro secretado em mais altas 
concentrações que o último em todos os tempos avaliados. F. nucleatum 
induziu uma maior expressão de ambas as citocinas comparativamente ao 
P. gingivalis (p<0,05). Não foram observadas diferenças entre as linhagens 
clínica e ATCC, uma vez que ambas apresentaram o mesmo potencial de 
indução da resposta pró-inflamatória. Conclui-se que F. nucleatum e 
P. gingivalis possuem diferentes padrões de ativação dos macrófagos, 
como visto pela produção de IL-1β e TNF-α, o que pode contribuir para 
a imunopatogênese da periodontite apical. Ainda, linhagens clínica e 
ATCC mantidas no mesmo ambiente in vitro apresentaram ativação 
biológica semelhante.
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