
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Modulating the ecology and phenotype of in vitro oral biofilms

Janus, M.M.

Publication date
2017
Document Version
Other version
License
Other

Link to publication

Citation for published version (APA):
Janus, M. M. (2017). Modulating the ecology and phenotype of in vitro oral biofilms. [Thesis,
fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/modulating-the-ecology-and-phenotype-of-in-vitro-oral-biofilms(a7d2dd21-f10b-4b34-94e5-32248585c16c).html


78



79

Chapter 6

Final remarks6

Final Remarks



80

Chapter 6



81

Final remarks
Biofilm dynamics
Mature dental plaque is the main cause of most dental diseases. Thorough mechanical 
removal of dental plaque by tooth brushing is therefore the most effective remedy for 
these diseases. The formation of dental plaque is a dynamic process. Immediately after 
brushing, microbes re-inoculate the surfaces of the oral cavity and start forming a new 
biofilm. These young biofilms are ubiquitously present and considered commensal to 
the oral cavity, in contrast to more mature biofilms. Therefore, an alternative strategy 
to prevent oral diseases could be to suppress maturation of the biofilm to maintain the 
non-pathogenic, commensal state of the oral biofilm. Chapter 4 and 5 of this thesis show 
that certain compounds have a beneficial effect in keeping a non-pathogenic microbial 
ecology in vitro. The sugar alcohol erythritol suppresses maturation of the microbial 
composition (chapter 4). After nine days of biofilm formation under gingivitis-mimicking 
conditions, the control biofilms consisted of so called late colonizing bacteria that are 
linked to periodontal diseases. When erythritol was present, the biofilm harboured mainly 
so called early colonizing bacteria and concomitantly, the gingivitis phenotype (protease 
activity) was significantly lower compared to the control. Furthermore, presence of the 
quorum sensing inhibitor 3-Oxo-N completely abolished lactic acid accumulation under 
cariogenic conditions (chapter 5). The differences in biofilm composition, specifically the 
lower abundance of caries-related Streptococcus spp. in these biofilms, might partly explain 
this result. Although for both erythritol and 3-Oxo-N, the mechanisms that supresses 
maturation are not fully understood, these chapters show that it is possible to suppress 
biofilm maturation in vitro without a relevant decrease in biofilm formation. It therefore 
shows that it is possible to maintain dental plaque as commensal biofilm, which is less 
likely to cause dental diseases. 

Maturation
The dynamic process of biofilm formation was previously illustrated by Kolenbrander and 
coworkers (Kolenbrander et al. 2010). He proposed the now generally accepted concept 
of early and late colonizing species, based on their ability to adhere to the surface, and 
their co-aggregation with other microbes. Although this concept perfectly explains the 
maturation of dental plaque, it does not take oxygen gradients in the biofilm into account. 
Most late-colonizing species are anaerobic, and are therefore more likely to be found in the 
deeper regions of the biofilm. The sequence data of chapter 5, however, show that without 
re-inoculation the biofilm still maturates and becomes more diverse in species composition. 
This indicates that the initial biofilm already contains so called late colonizers, but their 
relative abundance is below the detection limit. These late colonizers can only proliferate 
when the environment becomes favourable, for example when the inner regions of the 
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biofilm become anaerobic. Therefore, I propose to redefine them late proliferators, rather 
than late colonizers. One method to maintain a commensal oral biofilm might therefore be 
to inhibit growth rather than adhesion of these late proliferators.

Ecology vs. phenotype
The Amsterdam Active Attachment model (AAA-model) is a medium-throughput biofilm 
model system that is relatively easy to work with. The model is very versatile and flexible; it 
allows for the use of different substrata as well as multiple growth and treatment conditions 
in a single experiment. Biofilms grown in this model can be characterized using an array 
of different phenotypic and ecological analyses. Versatility of this model was illustrated 
in chapter 2, describing adjustment of growth conditions in the AAA-model resulting in 
clinically relevant in vitro models. The relevance of the models is based on the phenotype 
of the biofilm. For evaluating the performance of the model to resemble two major oral 
diseases (caries and periodontal diseases), lactic acid accumulation and protease activity 
were determined respectively. Although these are not the only phenotypes that determine 
pathology of the biofilms, they are the most relevant ones for the pathogenicity of the 
biofilms. Also, they can be easily and rapidly determined on the same biofilm. Chapter 2 
also includes bacterial DGGE community profiles showing the ecological diversity of the 
biofilms.

In chapter 3, 4 and 5 one or both of the in chapter 2 defined phenotypical measurements 
was used, depending on the growth conditions. These chapters also include more extensive 
ecology analysis using 16S rDNA sequencing instead of DGGE community profiles. This 
sequencing technique provides a good overview of the bacterial species composition in 
high resolution. Ecological analyses describe which species are present, but not what they 
are doing. Phenotypic analyses on the other hand, describe what the biofilm is doing, but 
not who is doing it. The combination of both is more informative than each type of analysis 
on its own. In this thesis it allowed more mechanistic insights into the effect of erythritol 
(chapter 4) and 3-Oxo-N (chapter 5) and it also elucidated the effect of C. albicans in in vitro 
oral biofilms (chapter 3). Therefore, I recommend to always take both ecology and relevant 
phenotypes into account when drawing conclusions from in vitro biofilm experiments.
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