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Introduction:-

Periodontal disease is amultifactorial infection whichis elicited by Gram-negative periodontopathogens. This is due
to the destruction of periodontal structures which include tissues supporting the tooth, alveolar bone and periodontal
ligament (1).The interactions between bacterial species with the host tissues cause damage to the periodontal
structures, resulting in periodontal disease. Gram-negative bacteria isolated from various periodontal periodontal
diseases includeAggregatibacteractinomycetemcomitans, Eikenellacorrodens, Fusobacteriumnucleatum,
Prevotellaintermedia, Porphyromonasgingivalis and Tannerella forsythia (2).The difficulty in eliminating these
bacteria within dental plaque has profound implications. Periodontal disease is now one of the most complex and
well-known chronic infectious diseases that occur in humans (3).

Conventional therapies that include a combination of mechanical and chemical plague control are constantly
evolving to arrest periodontal disease(1).The use of antimicrobial drugs face the uncertainty of losing its
effectiveness in view of pathogenic multidrug-resistant bacteria(4) as well as difficulty in penetrating thedental
plaque biofilm. Bacteria within biofilms are 1000 times more resistant (5, 6) towards antimicrobial agents than their
planktonic counterparts and therefore, an alternative approach is the need of the hour. Predatory bacteria that are
symbiotic with the human body and can combat pathogenic periodontal bacteria may be one such solution.

Predatory prokaryotes which belong to the genus Bdellovibriobacteriovorus are Gram-negative bacteria that are
well-known for their ability of feeding on other Gram-negative bacteria (7, 8).Bdellovibrio are used widely as they
have the potential to prey on a wide range of human pathogens that grow both planktonically and in a biofilm (9-11).
In a study by Dashiff et al in 2011, (12) the host specificity of B. bacteriovorus strain 109J was examined along with
its ability to prey on oral pathogens associated with periodontitis such as A.ctinomycetemcomitans, E.corrodens,
F.nucleatum, P.intermedia, P.gingivalis and T.forsythia. B. bacteriovorus 109J was able to remove metabolically
inactive biofilms, biofilms of E.corrodens as well as biofilms composed of A.actinomycetemcomitans that were
developed on hydroxyapatite surfaces and in the presence of saliva.(13)
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The bdellovibrio bacteriovorus:-

Bdellovibrio-and-like organisms (BALOs) are small, highly motile Gram-negative obligate bacterial predators found
in fresh and brackish water, sewage, water reservoirs, seawater (14-16), soil (7) and biofilms (15-17). BALOs form
the two different and internally diverse families known as Bacteriovoracaceae and Bdellovibrionaceaewhich are
classified under the order of Bdellovibrionales and cluster in the delta-protecbacteria class (18). The predatory
bacteria form a deep branch in the a-proteobacteria. Many of the host-independent predatory bacteria or BALOs are
pleomorphic, vibrio-to spiral-shaped cells that usuallymeasure across 0.3-0.4um and 1-10um width and length-wise
respectively. Typically, host-independent (H-1) Bdellovibrios have been found to have a cytochrome a andc
component that are sensitive towards both the oxytetracycline and vibriostatic pteridine. These components make
most Bdellovibriosresistant or susceptible to a particular antibiotic (19). B. bacteriovorus are smaller than their prey,
in contrast to protists (20). They are motile and uniflagellatedwith appendages situated on the non-flagellated pole
that help the Bdellovibriobacteriovorus to bond to their prey tightly. These allow the enzymes that are secreted to
burrow via their surface in between the outer membrane and the wall of peptidoglycan (8, 21-23).

By using energy metabolism intermediates, 11 amino acids that are required for synthesis of protein can be produced
by the B. bacteriovorus HD100, whilethe degradation pathway for 10 amino acids is absent. Yet, all the enzymes for
the production of the full range of activated tRNASs are present. These are associated with B.bacteriovorus’ability to
biosynthesize protein only while it has access to the prey’s amino acids (24).

The Bdellovibrio spp.are different from all other bacterial parasites as they have a biphasic growth cycle which
includes a free-swimming attack phase and an intraperiplasmic growth phase (25).B. bacteriovorus has proved to be
very effective in combating biofilms (26-28) due to its ability to penetrate deep within the biofilms of the prey and
terminate them effectively. These characteristics make them different from other biological tools such
asbacteriophages and protists (28). Bacteriophages are a group of viruses that are bactericidal and are capable of
infecting archae or single-celled prokaryotic organisms while protists, though associated with motility multiply
bybinary fission (29).

Mechanism of predation:-

The predatory life cycle of Bdellovibriocomprises of eight stages. In stage | or the attack phase, a single sheathed
polar flagellum allows the predatory bacteria to swim at high speed (30). At four independent loci, there are six
clusters of motility and flagella synthesis genes which are in combination with six copies of flagellin genes. The B.
bacteriovorusremains reversibly attached to the prey cell for a short time once it collides with a prey cell (31). In
stage I, it becomes irreversibly anchored through the pole opposite the flagellum. Once it enters the prey
periplasm,B. bacteriovorus, sheds its flagellum. This occurs in stage 11l and proceeds with cellular events such as
DNA replication and cellular biopolymers synthesis in stage IV. On entering the periplasm, there is a change in the
morphology of the prey which forms a bdelloplast that makes up the fifth stage. In stage VI,the filamentous cell
form septa and flagella to produce few offspring attack-phase cells. The mechanism is different though the gene
products for chromosome partitioning and septation are homologous to those encoded by known genes (mreB, mbl,
ftsZ, and smc). This is because a single long filamentous cell divides into many identically sized progeny cells (32).
These progeny develop into flagellated cells that are available for further attack in the exhausted prey protoplast
which occurs in stage VII. In addition to the development of flagella, B. bacteriovorusforms hydrolytic enzymes
(33), which dissolve the remaining peptidoglycan layer ofthe prey’s cell outer membrane. This constitutes the eighth
stage, where the release of enzyme is responsible for the release of progeny.

S. aureusis capable of contributing to the production of the biofilm, which in turn contains extracellular polymeric
substances or EPS that houses bacterial cells(34).The EPS matrix is produced by extracellular DNA,
polysaccharides and proteins which adhere strongly to surfaces, causing difficulties in removing biofilms. In order to
overcome the biofilm, hydrolytic enzymes such as proteases and DNases are used to eliminate the EPS (35-37).The
S. aureusbiofilm formation has been shown to be inhibited by Bdellovibriobacteriovorussupernatant as the
latterproduces several hydrolyticenzymes, particularly proteinase K (38). These enzymes are able to hydrolyze the
macromolecules of the prey, thereby allowingpredatory bacteria to work effectively against the biofilm (30). In
addition, various Yersinia strains are also affected by the predation. This is proven when the optical densities of the
strains were significantly mitigated by predation of Bdellovibrio bacteriovorus (39).
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Role in treating periodontal disease:-

BALOs are able to predate upon the Gram-negative human pathogens by using the secreted hydrolytic enzymes like
proteases/peptidases (26) and other hydrolases. Host-independent mutants are capable of growing within the
periplasmic space which is smaller and more turbid in comparison with those that are formed by wild-type B.
bacteriovorus (40). Host independent (HI) mutants of B. bacteriovoruscultures have shown extensive action of
extracellular protease (41). Various Gram-negative pathogenic bacterial strainssuch as Yersinia, Serratia,
Salmonellaand Acetobacterare capable of beingpredated and infected by the wild-type B. bacteriovorusHD100 (39).
Evidence has shown that A. actinomycetemcomitansis susceptible to B. bacteriovorusHD100 predation in an oral
cavity-like environment (13). The incubation of both microorganisms for 8-12 h showed an approximate 2.43log10
decrease in pathogen viability by using a 1.14:1 predator: prey ratio. In addition, the efficiency of the B.
bacteriovorus HD100 was not affected by different A. actinomycetemcomitans strains. Experiments aimed at
enhancing the biofilm removal aptitude of B.bacteriovorus with the aid of extracellular-polymeric-substance-
degrading enzymes, demonstrated that proteinase-K inhibits predation. Furthermore, A. actinomycetemcomitans
biofilms treated with DspB, a poly-N-acetylglucosamine (PGA) -hydrolyzing enzyme, increased biofilm removal.
The predation of B. bacteriovorus109J towards A. Actinomycetemcomitanswas very similar to that of B.
bacteriovorus HD100 towards the same bacteria (13). Predation Kinetics was conducted, combiningA.
actinomycetemcomitans with various Bdellovibrio concentrations. The results demonstrated a higherconcentration
of predatory cells with a great decrease in pathogen viability (42).

Advantages:-

The Bdellovibrio sp. hasbecome an attractive potential bio-control agent due to their intrinsic ability to parasitize
and lyse prey cells. Another advantage of using B. bacteriovorus as a predatory bacteria, is that they effectively
hydrolyze its prey’s macromolecules through a cache of 150 proteases/peptidases (26) together with other
hydrolases. Furthermore, they may be used as therapeutic agents as they are able to maintain their ability to attack
multidrug-resistant bacteria regardless of their resistance towards antimicrobial drugs. BALOs are generally
regarded as safe, unable to infect eukaryotic cells (43) and do not induce a strong immunological response (44).

Disadvantages:-

Even though Bdellovibrios have shown many benefits against microorganisms, they are not capable of predating
Gram-positive strains (7, 9, 26) that may be pathogenic (10, 12). Theyare also unable to prey on Staphylococcus
aureus, whichis one of the most frequent nosocomial infection-associated multidrug resistant pathogens. In addition,
B. bacteriovorusisunable to prey on P. gingivalis, P. intermedia, T. forsythia and F. nucleatum ATCC 10953when
used as host cultured both planktonically or as a biofilm (45). In the presence of high concentrations of glucose or
glycerol and in low pH, the activity of BALOs is said to reduce significantly (19). Furthermore, the presence of
other bacteria and the physiological status of potential prey is said to affect the activity of the predatory bacteria.
(19).

Conclusion:-

The evidence points to predatory Bdellovibriobacteriovorusas being effectively capable of attacking and reducing
the formation of biofilm which harbor drug-resistant bacteria. Their unique complement of proteases and other
hydrolyses provides a valuable reservoir of enzyme-based antimicrobial substances.They appear to be potentially
safe and may providea large spectrum of advantages to manage chronic infectious diseases. Bdellovibriomay soon
be considered as living antibiotics in future pharmacological applications due to absence of evidence concerning
invasion of mammalian cells byBdellovibrio.
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