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ABSTRACT

Purpose: Periodontopathogenic biofilm structure is one of the most important factors in the etiology of inflammatory 
periodontal diseases. Quorum Sensing inhibitors (QSi) can inhibit biofilm development/maturation by inhibiting bacterial 
communication mechanism. In this study, we examined the effects of D-ribose (QSi) on the planktonic growth and bio.
film formation characteristics of Fusobacterium nucleatum, an important periodontopathogenic species that has a binding 
function on early and late colonization types for the development of periodontopathogenic biofilm. 

Methods: The strain of F. nucleatum (ATCC 25586) and two clinical isolated strains (AHN 9910 and AHN 9508) were used 
in all tests. Planktonic proliferation (measured as colony forming units) and established biofilm tests (measured as total 
biofilm mass) were performed in the presence of 50mM D-ribose.

Results: In planktonic growth tests, statistically significant increase was observed for F. nucleatum ATCC 25586 and AHN 
9508 strains (p<0.05). In established biofilm tests, a mean-based decrease was observed for all species, but a statistically 
significant difference was found only for F. nucleatum AHN 9910.

Conclusions: The fact that the presence of D-ribose can increase the planktonic growth of F. nucleatum and its inhibitory 
effect on biofilm development shows that it may have an adverse effect on biofilm development by disrupting the 
Quorum-Sensing system. 
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D-Riboz’un Fusobacterium Nucleatum’un Planktonik Çoğalması ve Biyofilm Olgunlaşması Üzerine Etkisi

ÖZET

Amaç: İltihabi periodontal hastalıkların etiyolojisinde periodontopatojenik biyofilm yapısı ana faktörler arasında yer 
almaktadır. Quorum Sensing inhibitörleri (QSi) bakteriyel haberleşme mekanizmasını inhibe ederek biyofilm gelişimini/
olgunlaşmasını engelleyebilmektedir. Biz çalışmamızda D-riboz (QSi) varlığının periodontopatojenik biyofilmin 
gelişiminde erken ve geç dönem kolonizasyon türlerini bağlayıcı etkiye sahip önemli bir periodontopatojen tür olan 
Fusobacterium nucleatum’ un planktonik çoğalma ve biyofilm oluşturma özellikleri üzerindeki etkilerini araştırdık. 

Yöntemler: Tüm testlerde F. nucleatum’ un tip suşu (ATCC 25586) ve iki klinik izole suşu (AHN 9910 ve AHN 9508) kullanıldı. 
Planktonik çoğalma (koloni oluşturan birim olarak ölçüldü) ve yerleşmiş biyofilm testleri (toplam biyofilm kitlesi olarak 
ölçüldü) 50mM D-riboz varlığında gerçekleştirildi.

Bulgular: Planktonik çoğalma testlerinde 50mM D-Riboz varlığında tüm suşlar için ortalama bazlı artış gözlenmesine 
rağmen istatistiksel anlamlı artış F. nucleatum ATCC 25586 ve AHN 9508 suşlarında bulundu (p<0.05). Yerleşmiş biyofilm 
testlerinde tüm türler için ortalama bazlı azalma gözlenmekle birlikte istatistiksel anlamlı farklılık yalnızca F. nucleatum 
AHN 9910 suşunda bulundu.

Sonuç: D-riboz varlığının F. nucleatum’ un planktonik çoğalmasını artırabilmesi ve biyofilm gelişiminde neden olduğu 
inhibe edici etki Quorum-Sensing sistemini bozarak biyofilm gelişiminde olumsuz etki yaratabileceğini göstermektedir.
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Periodontitis is a bacterial disease characterized by 
inflammation affecting the tissues around the to-
oth. Considering the periodontal diseases in terms 

of etiology, the biofilm structure with predominantly ana-
erobic gram-negative rods is the main factor in this regard 
(1,2). F. nucleatum is a gram-negative species that incre-
ases in deep periodontal pockets with a negative health 
status, which helps the periodontopathogenic biofilm to 
establish a link between late and early colonization types 
and accelerates the transition of the biofilm to pathoge-
nicity. F. nucleatum can also invade epithelial tissue and 
cause increased secretion of matrix metalloproteinases 
(MMPs) in the host tissue; this allows it to play a role in 
tissue destruction (2,3,5).

Biofilm can be described as self-organizing microbial com-
munities that adhere to living and non-living surfaces and 
produce extracellular polymeric matrix (4).  This organized 
structure allows bacteria to survive in an environment un-
der stress, to increase their colonization characteristics, 
and to increase the number of pathogenic bacteria (5,6).  

Quorum Sensing (QS) system, which has a major role in 
biofilm activity, contributes to the establishment of the 
biofilm order and maintenance of its continuity. Bacteria 
in the biofilm maintain their communication with each 
other with the help of the QS system. The LuxS/AI-2 
(QS) system can be observed extensively for both gram-
negative and gram-positive bacteria. The signal molecule 
Autoinducer-2 (AI-2) is acknowledged as a general com-
munication language for intra-species and inter-species 
communication (7,8). 

QS inhibitors (QSi) have the potential to significantly re-
duce bacterial virulence by preventing biofilm formation. 
Therefore, it can be an important factor for controlling 
bacterial infection; moreover, they can be an alternative 
for antibiotics due to this effect (9,10). Ribose compo-
nents, which are also included in the QS inhibitors, may 
have an effect on the QS system without toxic effects (11).  
Since ribose is structurally similar to AI-2, it is thought 
that it creates an inhibitory effect by creating competi-
tion with AI-2 within the biofilm QS system. (12, 13, 14, 
15). However, data about the effects of QS inhibitors on 
periodontopathogenic bacteria and the mechanism of in-
hibition is still quite limited in the literature. Therefore, the 
purpose of this study is to examine the planktonic growth 
and biofilm formation ability of F. nucleatum, a periodon-
topathogenic species commonly found in biofilm under 

both healthy conditions and periodontal disease conditi-
ons, in the presence of QSi (D-ribose).

MATERIAL AND METHOD
Bacterial Species and Cultures
The F. nucleatum type strain (ssp. nucleatum ATCC 25586) 
and two clinical isolated strains (ssp. nucleatum AHN 9910 
and ssp. nucleatum AHN 9508) were used in all experi-
ments. Strains were obtained from the Finnish National 
Institute for Health and Welfare (THL). According to the 
data from THL database, clinical strain AHN 9508 was isola-
ted from the gingival crevice and clinical strain AHN 9910 
was isolated from saliva. Before all experiments, strains 
were grown on Brucella agars supplemented with Hemin 
(5mg/l) and vitamin K1 (10mg/l) in anaerobic atmosphere 
(10% H2, 5% CO2, 85% N2 at 37°C, Whitley A35 Anaerobic 
Workstation, Don Whitley Scientific®, West Yorkshire, UK) 
for 5 days. Afterwards, colonies collected from agars with 
the help of sterile cotton swabs were transferred to Bacto-
trypton liquid medium supplemented with Saccharose 
(1%), KH2PO4 (25 mM) and MgSO4 (4 mM). In order to en-
sure planktonic growth in the liquid medium, these colo-
nies were kept in anaerobic conditions for 2 days, and the 
optical densities of all strains were adjusted to 0.5 (OD) at 
490 nm, and they were prepared for the tests. It was as-
sumed that this value was equivalent to 4 x 10⁷ CFU/ml 
(16, 17).

Preparation of QSi Concentration
After commercial purchase of D-ribose (D-(-)-Ribose, 
Tokyo Chemical Industry®, Tokyo, Japan), it was stored 
at +4°C until the day of use. D-ribose was prepared as a 
200mM stock concentration by dissolving it in liquid me-
dium on the test day in all experiments. In all D-ribose 
tests, the study groups were diluted with liquid medium 
to a final concentration of 50mM and the test phase was 
started afterwards (11, 18). 

Planktonic Growth Test
All bacterial strains were set to 0.5 OD (490nm). Control 
and test groups were prepared in triplicate with a total 
volume of 200µl. After a 24-hour incubation period under 
anaerobic conditions, the liquids in eppendorf tubes were 
diluted for CFU analysis and spread on agar with the help 
of cotton pellets. Colony numbers were recorded by direct 
counting after 3-5 days of incubation of the agars under 
anaerobic conditions. Each test was repeated with the 
same procedure on three different days.
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Covering of 96-Well Plates with Saliva for Stimulation of 
Biofilm Formation
Saliva was prepared as stock before all experiments. The 
saliva collected by the primary researcher with the sup-
port of paraffin use (Healthy individual, no antibiotic or 
any drug use in the last 3 months, no smoking) was trans-
ferred to a propylene tube and centrifuged at 4°C for 40 
minutes at 12,000 g value. Supernatant was collected and 
transferred to sterile tubes. After the pasteurization pro-
cess (60° x 30min), it was centrifuged again at 4°C for 40 
minutes at 12,000 g value and stored at 4°C until the day 
of use. The prepared saliva was spread on Brucella agars 
for sterilization control and incubated for 5 days under ae-
robic and anaerobic conditions. As a result of sterilization 
test, no colony formation was observed on Brucella agars. 

RESULTS
Planktonic Live Bacteria Growth Results
A statistically significant increase (p<0.05) was found for 
type strain F. nucleatum ATCC 25586 and clinical strain F. 
nucleatum AHN 9508 in the presence of 50mM D-ribose in 
24-hour planktonic growth tests. Although mean-based
increase was observed for F. nucleatum AHN9910, no sta-
tistically significant difference (p>0.05) was found for this 
strain (Figure 1). 

Biofilm Formation (Established) Results
In all established biofilm tests, a decrease in mean-ba-
sed biofilm mass was observed for all strains of F. nuclea-
tum. However, statistically significant decrease in biofilm 
was found only for clinical strain F. nucleatum AHN 9910 
among the strains (p<0.05) (Figure 2).

DISCUSSION
Pathogenic biofilm structure plays the leading role in the 
pathogenesis of inflammatory periodontal diseases. F. 
nucleatum, which is in a complex biofilm structure, is a 
gram-negative anaerobic bacteria species that acts as a 
bridge between early colonization species and late co-
lonization species and has important effects on the pat-
hogenesis of the disease. Autoinducer-2 (AI-2) signals, 
one of the communication signals of bacteria, are used 
by both gram-negative and gram-positive species within 
the Quorum Sensing system. AI-2 signaling system is also 
used by F. nucleatum (18).

Figure:1 Planktonic growth of three F. nucleatum strains in the D-(-)-Ribose 
concentration of 50mM. Asterix shows a significant difference compared to 
control (p<0.05)

Figure:2 Biofilm formation (established) of three F. nucleatum strains in the 
D-(-)-Ribose concentration of 50mM. Asteriks shows a significant difference 
compared to control (p<0.05)
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DISCUSSION
Pathogenic biofilm structure plays the leading role in the 
pathogenesis of inflammatory periodontal diseases. F. 
nucleatum, which is in a complex biofilm structure, is a 
gram-negative anaerobic bacteria species that acts as a 
bridge between early colonization species and late co-
lonization species and has important effects on the pat-
hogenesis of the disease. Autoinducer-2 (AI-2) signals, 
one of the communication signals of bacteria, are used 
by both gram-negative and gram-positive species within 
the Quorum Sensing system. AI-2 signaling system is also 
used by F. nucleatum (18).

D-ribose, which is one of the Quorum sensing inhibitors,
can create inhibition within the QS system by competing
with AI-2 signals. One of the most important advanta-
ges of D-ribose is that it has minimal toxic side effects
(11, 21, 22). Among quorum sensing inhibitors, another
frequently used compound in in vitro biofilm studies is
Furanone. However, it has been shown that Furanone can
have potential toxicity on fibroblasts and it was conside-
red that Furanone compounds may have harmful effects
in treatments for humans (19, 20). Therefore, we decided
to use D-ribose in the present study.

In this study, the effect of different strains of F. nuclea-
tum, which has an important role in the pathogenesis 
of inflammatory periodontal diseases in the presence of 
D-ribose, on the mass-based experimental biofilm struc-
ture was observed for the first time.

Type strain F. nucleatum ATCC 25586 and clinical stra-
ins (F. nucleatum AHN 9508 and AHN 9910) isolated and 
stocked from clinical cases were used in order to observe 
behavioral variances among different strains of the same 
species in experimental biofilm mass analyzes and plank-
tonic growth tests of F. nucleatum (17). We determined 
the D-ribose concentration we used in our experiments as 
50mM, which has been proved to be effective in QS inhi-
bition based on the current literature (13, 18). 

Analysis of living bacteria count with CFU, which has also 
been used in other studies, is acknowledged as the gold 
standard in the literature (3, 17, 23). We observed a statis-
tically significant increase in F. nucleatum ATCC 25586 and 
F. nucleatum AHN 9508 strains in the presence of D-ribose
as a result of the planktonic growth tests performed with
CFU. For F. nucleatum AHN 9910 strain, on the other hand,
we did not observe a statistically significant difference, alt-
hough there was a mean-based increase. D-ribose, which

is also included in the digestive system, may play a role 
as a carbon source for the bacterial microbiota (24, 25). 
Although ribose uptake and metabolic phosphorylation 
have been detected in many studies in the literature for 
many bacterial species, the presence of ribose in the envi-
ronment may also contribute to the increase in bacterial 
growth (24, 26). We think that D-ribose, a carbon-derived 
sugar that is abundant in nature, triggers bacterial growth 
due to an increase in its metabolic use. 

Its biofilm forming ability is very important among the 
virulence factors of bacteria. Therefore, factors that can 
inhibit periodontopathogenic biofilm formation are im-
portant in terms of the occurrence of periodontal disea-
ses and prevention of the progression of diseases (27, 28). 
In this study, we decided to apply biofilm formation tests, 
which were successfully applied in other studies in the li-
terature, for single biofilm tests of F. nucleatum (17, 28).

Although mean-based decrease was observed for all F. 
nucleatum strains in established biofilm tests, statistically 
significant difference was found only for F. nucleatum AHN 
9910 strain. In the studies in the literature, there are results 
showing that there may be biofilm inhibition in the pre-
sence of D-ribose (11, 18). In the study of Jang et al., it was 
shown that multiple biofilms formed with Tannerella forsy-
thia, Treponema denticola and Porphyromonas gingivalis, 
which are among the important periodontopathogenic 
bacteria, can be inhibited by D-ribose (18). In the study 
of Liu L. et al., it was shown that D-ribose can exert dose-
dependent antibiofilm activity on Lactobacillus paraplan-
tarum, a gram-positive microaerophilic bacterium (11). In 
the study of Jang et al., it was observed that D-ribose can 
inhibit dual-biofilm formation using Streptococcus gordo-
nii, which is a life-threatening oral bacterial species that 
can cause infective endocarditis and can coaggregate 
strongly with F. nucleatum (22). 

Studies examining the clinical effectiveness of D-ribose 
have also shown that it can reduce periodontal damage. 
For example, Ben Amara et al. (29) found in their in-vivo 
study that the presence of 50mM D-ribose may reduce 
periodontal damage. In the same study it was also found 
that the total bacterial count was significantly reduced in 
the group treated with D-ribose. In the study of Cho et 
al. (13), they found that the application of D-ribose may 
reduce periodontal bone destruction. 

We think that the presence of D-ribose may have an in-
hibitory effect on the biofilm formation capacity, which 
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is an important virulence factor for the occurrence and 
progression of periodontal diseases. The fact that in the 
presence of D-ribose can cause an increase in the plank-
tonic growth of F. nucleatum and can decrease its biofilm 
formation capacity, it strengthens the idea that it can dis-
rupt the Quorum Sensing system.  

Treatment strategies of periodontopathogenic biofilm-
mediated diseases focus on eradication of biofilm by 
scaling and root planing procedures and sometimes fol-
lowed by adjunctive use of antiseptics and/or antibiotics. 
However, chlorhexidine is characterized by discoloration 
of teeth, bitter taste, and more rarely, mucosal irritation. 
On the other hand, antibiotics can have various systemic 
side effects, as well as antibiotic resistance can develop 
after prolonged use (1, 30). Considering the results of this 
study and literature data together, D-ribose could be con-
sidered as promising alternatives for the adjunctive treat-
ment of biofilm-associated infections. Clinical studies inc-
luding toxicity analyses as well as multiple biofilm studies 
with multi-species are required in order to fully explain 
the effects of Quorum Sensing inhibitors on periodonto-
pathogenic biofilm. 
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