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Highlights

What are the main findings?

e Random EZ-Tn5 transposon mutagenesis of Aggregatibacter actinomycetemcomitans SA269
generated mutants exhibiting altered biofilm and aggregation-associated phenotypes.

o  Twelve transposon mutants showed reduced biofilm biomass, and selected mutants
demonstrated altered autoaggregation and coaggregation behavior with Fusobacterium
nucleatum.

What are the implications of the main findings?

e  The findings provide preliminary phenotypic insights into bacterial surface-associated
properties involved in biofilm development and interspecies interactions.

e  These observations establish a foundation for future transposon insertion-site identifica-
tion and molecular characterization of genes associated with biofilm-related phenotypes.

Abstract

Background/Objectives: Aggregatibacter actinomycetemcomitans is an important periodontal
pathogen whose biofilm formation and bacterial aggregation contribute to colonization and
persistence within the oral cavity. This study aimed to generate random transposon mutants
of A. actinomycetemcomitans and screen for alterations in biofilm- and aggregation-related
phenotypes. Methods: A transposon mutagenesis library was created in the serotype d
strain SA269 using the EZ-Tn5 transposon system. Transformants were screened in vitro
for biofilm formation, autoaggregation, and coaggregation with Fusobacterium nucleatum.
Biofilm biomass was quantified using a standardized microtiter plate assay, while ag-

gregation assays were performed by optical density measurements. Results: Among
W) Check for updates 44 transformants, 12 exhibited a markedly reduced ability to form biofilms compared
with the wild-type strain, indicating that disruption of certain loci compromises surface
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adherence and biofilm biomass accumulation. Five representative mutants were selected
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Although the disrupted genes were not identified, the mutant library provides a foun-
dation for future molecular characterization of genetic determinants involved in biofilm
development and microbial community interactions.

Keywords: Aggregaticbacter actinomycetemcomitans; transposon; biofilm; coaggregation;
periodontitis

1. Introduction

The aggressive form of periodontitis, which is now classified as periodontitis stage III-
IV, grade C, is a form of periodontal disease possessing multiple characteristics helping to
distinguish it from chronic periodontitis. It is a severe disease with rapid rate of periodontal
tissue destruction, often afflicting patients at a far earlier age than its chronic counterpart,
as it commonly begins during or after the circumpubertal period, and less commonly prior
to puberty. This disease is further characterized by a certain unique pattern of destruction,
involving a number of teeth, without any other systemic diseases afflicting the periodontitis
patient [1]. Although shown to have a relatively low prevalence, specific ethnic groups
seem to be more frequently afflicted, thus having a certain geographic distribution [2]. It
is often found in adolescents of African descent [3]. The reason for aggregation of this
disease in certain individuals has been attributed to a number of factors, including a genetic
predisposition (due to the disease having a familial nature of aggregation), as well as
infection with specific micro-organisms [1].

For many years, Aggregatibacter actinomycetemcomitans has been largely accepted as the
primary agent bearing responsibility for the etiological basis of aggressive periodontitis. It
is known to be only a very small fraction of the normal flora found within the oral cavity,
and has been found to act as an opportunistic pathogen in certain individuals. Despite it
being a certain minor proportion of resident flora, the specific A. actinomycetemcomitans-JP2
clone (belonging to the cluster of serotype b strains) [4] has been discovered to likely play an
important part in the pathogenesis of aggressive periodontitis in certain populations, with
very minimal data available on the possible role of other microbes in the development of
this disease [5]. This specific clone is prevalent in North and West Africa [6]. Not only is Aa
implicated in the field of periodontology, but it is also involved in a variety of other medical
pathologies such as infectious endocarditis, chest wall abscesses, and brain abscesses [6].

Research over many years has aimed to clearly elucidate the specific mechanisms by
which this microbe contributes to such severe periodontal disease. A. actinomycetemcomitans
has been found to be an early colonizer that colonizes at the same time as lactate-producing
bacteria, after which it upregulates dspB in order to migrate to a relatively more protected
subgingival domain, away from the stressful environment it was in. Despite a subgingival
innate host immune response aiming to defend the patient from the subsequent arising
pathology, A. actinomycetemcomitans functions to upregulate both complement resistance
genes, as well as the production of leukotoxin. The undermined defense response of the
host leads to the growth of an association of pathobionts, thus producing a myriad of
inflammatory cytokines. It is these inflammatory cytokines that contribute to connective
tissue loss, bone loss, and impairment of the periodontal attachment apparatus of the
host [3].

The available data suggests that mutations in major genes or multiple small-effect
genes and gene—gene—environment interaction effects have significant roles in the patho-
genesis of aggressive periodontitis. Recent studies showed that an autosomal mode of
transmission is more valid since the X-linked mode of inheritance is inconsistent with
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father-to-son transmissions of this disorder. Genetic markers are a significant diagnostic
tool to detect individuals at risk and enhance the early detection of disease, thus improving
treatment prognosis, as well as future approaches based on gene therapy [2].

Transposon mutagenesis is an important tool in discovering regions of the genome
that are required for the survival of bacteria in different environments [7,8]. There is a
lack of evidence regarding the set of genes that contributes in the virulence process of
A. actinomycetemcomitans.

Aims

The aims of this study are to create random mutants of A. actinomycetemcomitans by
using the transposon mutagenesis technique and investigate the effect of the mutagenesis
on important phenotypic properties of the species. This may lead to identifying novel
virulence factors.

2. Materials and Methods

A. actinomycetemcomitans SA269, a serotype-d strain which has a good transformation
efficiency, was cultured on tryptic soy agar plates at 37 °C in 5% CO, for 2 days.

2.1. Electroporation of Host Cells with EZ-Tn5 <KAN-2> Tnp Transposome and Selection
of Transposition Clones

Electrocompetent A. actinomycetemcomitans cells were electroporated using 1 pL of
the EZ-Tn5 <KAN-2> Tnp Transposome (Lucigen® ; Lucigen, Middleton, WI, USA). The
A. actinomycetemcomitans strain SA269 was expected to have a transformation efficiency of
>107 cfu/pg of DNA. The complete electroporation procedure was performed according to
the manufacturer’s recommendations (Eporator, Eppendorf AG, Hamburg, Germany).

The electroporated bacterial cells were recovered immediately after electroporation.
SOC medium was added to the electroporation cuvette to a 1 mL final volume immediately
after electroporation. The medium and the bacterial cells were gently mixed by pipetting
in and out. The mixture was then transferred to a tube and incubated on a 37 °C shaker for
30-60 min to facilitate cell outgrowth.

The recovered cells were diluted (1:10 and 1:100) and plated (100 pL) alongside
undiluted cells, with each cell dilution plated separately, on plates containing 50 pg/mL
kanamycin. After 2 days of incubation as above, the plates were observed for transformant
colonies.

2.2. Confirmation of the Transposon Insertion by PCR
2.2.1. DNA Purification

DNA was purified from the transformant bacterial colonies by using DNeasy kit
(Qiagen Inc., Valencia, CA, USA) according to the manufacturer’s instructions. Briefly,
bacterial suspensions were treated with lysis buffer and proteinase-K at 56 °C for 1 h. DNA
from lysed samples was applied onto a spin column, washed, and eluted with an equal
volume of elution buffer or sterile water for all samples. This DNA was used as template
for PCR and RT-PCR.

2.2.2. PCR and Agarose Gel Electrophoresis

For all PCR reactions, Ready-To-Go beads (GE HealthCare Biosciences, Bucking-
hamshire, UK) were used. When each bead was reconstituted to a 25 pL final volume,
the concentration of each ANTP was 200 pM in 10 mM Tris-HCI (pH 9), 50 mM KCI and
1.5 mM MgCl,.

The following are the primer pair used for detecting the Kan® gene in the transposon
inserted in the bacterial genome:
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Forward Primer: 5-ACGGATCGCGTATTTCGTCT-3/,

Reverse Primer: 5'-CGGGAAGATGCGTGATCTGA-3'.

The amount of template DNA used was 50-100 ng per reaction. PCR products were
visualized by electrophoresis through a 2% agarose gel after adding the dye ethidium
bromide to the PCR product. The gels were exposed to UV light on a trans illuminator and
pictures taken by the attached imaging system.

2.2.3. Screening the Transformants for Novel Phenotypes

The transformant A. actinomycetemcomitans colonies were screened for novel pheno-
types in biofilm formation, autoaggregation and coaggregation.

2.2.4. Biofilm Assay

Biofilm cultures were established using a modified version of a previously published
method [9]. Initially, an inoculum of ODgyy = 1 suspension for each test species was
prepared. Bacterial colonies were harvested from agar plates using sterile plastic loops
and suspended in sterile phosphate-buffered saline (PBS). Subsequently, the suspensions
underwent two washes in sterile PBS by centrifugation at 5000 x g for 5 min. After centrifu-
gation, the cell pellet was suspended in 1 mL of brucella broth. Adjustments to a standard
ODggp = 1 were made for each test species based on OD measurements of the suspensions.
Biofilms were initiated by inoculating 24-well plates with 900 uL of brucella broth, to which
100 pL aliquots from the ODggy = 1 stock suspension of bacteria were added. The plates
were then incubated in 5% CO, at 37 °C for 2 days.

2.2.5. Aggregation Assay

Auto- and coaggregation were quantified by an optical density (OD) assay [10]. Mi-
crobial cell suspensions of ODggg = 1 from each of the test species and the partner species
were mixed in equal amounts, and optical density was measured for 2 h with a 15 min
time interval at 600 nm on a spectrophotometer (BioPhotometer, Eppendorf AG, Hamburg,
Germany). For autoaggregation, cell suspension of single species was considered. A de-
cline in the OD of the microbial suspensions with time was used as a measure of auto- or
coaggregation and was calculated [11] as follows:

% Coaggregation or autoaggregation = (time zero value — sample value)/(time zero value) x 100.

2.3. Statistics

All biofilm and aggregation assays were performed in triplicate in at least three inde-
pendent experiments. Data are presented as mean =+ standard deviation (SD). Differences
between the groups were compared by non-parametric Mann-Whitney U test. A p value
less than 0.05 was considered statistically significant. SPSS vs. 22 for Windows was used
for all analyses.

3. Results
3.1. Screening and Confirmation of the Transformants

After electroporation and genetic transformation of A. actinomycetemcomitans SA269
with the EZ-Tn5 transposon, the colonies that appeared on the kanamycin-containing TSA
medium (Figure 1, panel A) were screened for the insertion of the transposon by using the
target Kan® gene in Tn5 transposon. As seen in panel B of Figure 1, a 510 bp KanR sequence
was amplified in all of the transformant colonies, confirming the insertion of the transposon
sequence, which contained the kanamycin-resistance marker.
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Figure 1. Confirmation of the transformants. Following transposon mutagenesis of the A. actino-
mycetemcomitans SA269 strain, transformant colonies on kanamycin-containing media (panel (A))
were subject to confirmation by PCR using primers specific for KanR gene of the Tn5 transposon
(panel (B)).

3.2. Biofilm Formation Ability of the Transformants

In order to study the phenotypic characteristics of the transformants, we chose biofilm
forming ability as the first choice due to the significance of the remarkable ability of this
species to tightly adhere to surfaces. Of the 44 transformants tested, 12 isolates displayed a
significantly reduced ability to form biofilms (Figure 2) (p < 0.001). While the wild-type
strain SA269 formed a strong biofilm, only two of the 12 transformants showed an OD
value of ~1 following crystal violet staining. The rest of the transformants were able to
form only poor biofilms.

3.3. Autoaggregation and CoaggQregation

From the biofilm formation experiments, we chose five transformants to study their
auto- and coaggregation behaviors. These five were selected based on representing the
range of biofilm phenotypes observed: two mutants with near-complete loss of biofilm
formation (OD < 0.2), two with intermediate reduction, and one with borderline reduction,
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to capture the spectrum of phenotypic alteration across the dataset. As depicted in panel
A of Figure 3, four of five transformants showed lower autoaggregation than the SA269
wild-type strain. F. nucleatum showed the highest autoaggregation (p < 0.05), showing 20%
autoaggregation at 30 min followed by a steady increase with 50% at 60 min and 70% at
120 min.

Biofilm formation
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Figure 2. Biofilm formation by A. actinomycetemcomitans SA269 transformants. Twelve randomly
selected transformants were tested for their biofilm formation ability. Standard monospecies biofilm
protocol was followed. After the biofilms were grown, crystal violet staining was performed for
crude estimation of the biofilm biomass. * p < 0.05.
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Figure 3. Autoaggregation (A) and coaggregation (B) of the transformants. From the transformants
that showed a marked reduction in the biofilm formation, 5 transformants were assessed for autoag-
gregation and co-aggregation ability. A standard optical density measurement protocol was used for
the assay. * p < 0.05.
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In the case of co-aggregation, four of the five transformants displayed a higher percent
coaggregation with F. nucleatum than the wild-type SA269 strain. The percent coaggregation
of these transformants was in the range of 20% at 30 min and reached ~50% at the end, i.e.,
120 min.

4. Discussion

The present preliminary phenotypic screening identified A. actinomycetemcomitans
transposon mutants exhibiting altered biofilm-related and aggregation-associated phe-
notypes. Among the 44 transformants analyzed, 12 displayed reduced biofilm biomass
compared with the wild-type SA269 strain, indicating that transposon insertion altered
bacterial surface-associated characteristics involved in biofilm development [12]. Random
transposon mutagenesis remains a valuable strategy for generating mutant libraries and
identifying genetic determinants associated with bacterial phenotypes [13,14]. However,
because the transposon insertion sites were not identified in the present study, the molecu-
lar basis underlying these observed phenotypic alterations remains unknown and requires
future genetic characterization.

Biofilm formation is an important colonization-associated characteristic of A. actino-
mycetemcomitans and contributes to its persistence within the periodontal environment [3].
Biofilms enable bacteria to adhere to surfaces and enhance their survival under environmen-
tal challenges [15]. The observed reduction in biofilm biomass among several transformants
suggests alterations in mechanisms involved in bacterial surface attachment, extracellular
matrix production, or other factors contributing to biofilm development.

The role of biofilm formation in bacterial colonization, persistence, and host inter-
actions is well established. Biofilms provide protection from environmental stresses, an-
timicrobial agents, and host immune responses, thereby enhancing bacterial survival and
persistence in the host [16]. In A. actinomycetemcomitans, known biofilm regulators include
genes of the tad locus, the apaH gene, surface adhesins such as apiA and emaA, and the
flp fimbriae [17-19]. Although the observed phenotypes may reflect alterations in path-
ways associated with biofilm formation and surface adhesion, the absence of transposon
insertion-site identification prevents determination of whether these known determinants
or previously uncharacterized loci were affected. These findings add to a growing body
of work investigating genetic determinants of biofilm-associated phenotypes in A. actino-
mycetemcomitans [20].

Autoaggregation and coaggregation are important processes in bacterial adhesion
and biofilm formation. Autoaggregation refers to the spontaneous aggregation of bacterial
cells, while coaggregation involves the aggregation of different bacterial species. These
interactions influence biofilm architecture and stability, as well as microbial community
dynamics within biofilms [21].

In this study, the autoaggregation and coaggregation behaviors of selected transfor-
mants were investigated. Three out of the five transformants exhibited lower autoaggre-
gation compared to the wild-type SA269 strain. This suggests that the genetic alterations
introduced during transformation may have affected cell-cell interactions and aggregation
properties. Conversely, in coaggregation assays with F. nucleatum, four out of the five
transformants exhibited a higher percentage of coaggregation compared to the wild-type
strain. This indicates that transposon-induced alterations may influence surface-associated
molecules involved in interspecies interactions [22]. Interestingly, the observation that some
transformants exhibited reduced biofilm formation while simultaneously demonstrating
increased coaggregation with F. nucleatum suggests that distinct mechanisms may regulate
attachment to abiotic surfaces and interactions with neighboring bacterial species. Alter-
ations in surface structures could impair stable biofilm accumulation while simultaneously
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modifying the accessibility or spatial arrangement of adhesins involved in coaggregation.
However, because the disrupted loci were not identified, these interpretations remain
speculative and require further molecular characterization.

The observed alterations in autoaggregation and coaggregation behaviors among the
transformants could have implications for microbial colonization and community dynamics
in the oral cavity. Changes in these processes may influence the development and structural
organization of polymicrobial oral biofilms and affect microbial community interactions
within dental plaque. Further studies involving additional strains, bacterial partners,
and more complex experimental models are required to determine the broader biological
significance of these observations. Further genetic and molecular studies are required to
identify the specific loci responsible for these phenotypic alterations and to determine their
roles in bacterial adhesion and biofilm development.

Study Limitations

Several limitations of the present study deserve explicit acknowledgement. First, the
transposon insertion sites were not sequenced; consequently, the specific genes responsible
for the observed phenotypic changes remain unknown. Second, the experiments were
conducted using a single serotype-d strain (5A269) and a single coaggregation partner
(F. nucleatum), which limits the generalizability of the findings to other A. actinomycetem-
comitans strains, including the clinically significant serotype-b JP2 clone associated with
aggressive periodontitis. Third, all assays were performed in vitro; while in vitro biofilm
formation and aggregation assays provide useful proxies for bacterial surface-associated
behaviors, they do not fully recapitulate the complexity of the subgingival environment.
Fourth, because only total biofilm biomass (crystal violet staining) was measured and base-
line planktonic growth kinetics were not evaluated, it is not possible to distinguish whether
reduced biomass resulted from impaired biofilm initiation, altered extracellular matrix pro-
duction, or differences in overall bacterial growth or fitness. Finally, the criteria evaluated
in the present study reflect adhesion- and aggregation-associated phenotypes rather than
virulence per se, and extrapolation to clinical pathogenicity should, therefore, be made
with caution. These limitations should be addressed in future studies through transposon
insertion-site identification, growth kinetics analysis, and validation in additional strains
and more physiologically relevant experimental models.

5. Conclusions

This preliminary, descriptive study demonstrates that random transposon mutagenesis
in A. actinomycetemcomitans SA269 can produce mutants with reproducibly altered biofilm
formation, autoaggregation, and coaggregation phenotypes. The study is limited by the
absence of gene identification, the use of a single strain and a single coaggregation partner,
and the strictly in vitro nature of all assays. These limitations preclude direct inference
about clinical virulence, and the term “virulence” has been used cautiously throughout
to refer to adhesion-related phenotypes rather than pathogenic capacity per se. Notwith-
standing these limitations, the transposon mutant library established here provides a useful
phenotypic platform for future molecular characterization.

Future studies should prioritize the molecular identification of disrupted loci through
inverse PCR or whole-genome sequencing, growth-curve analysis to exclude general fit-
ness defects as the cause of reduced biofilm, and extension of the phenotypic screen to
additional strains, including the clinically relevant JP2 clone [4]. Such mechanistic follow-
up is necessary to advance from descriptive phenotyping to a genuine understanding of
the genetic determinants of biofilm architecture and interspecies interactions in A. acti-
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nomycetemcomitans, with potential long-term relevance for the development of targeted
therapeutic strategies against periodontal disease.
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