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The antimicrobial resistance dilemma shows no signs 
of  reduction and can hamper the health-care systems in 
the near future as bacteria show resistance toward the 
aminoglycoside, penicillin, quinolone, sulfonamide, and 
tetracycline classes of  antibiotics which are mainly procured 
to amend the bacterial infections.[1] In the midst of  this 
global crisis, a potential discovery of  “Bdellovibrio” and 
other members has resulted in the birth of  a new research 
in identifying the potential value in clinical setup.

Therefore, the looming problem of  resistance to 
antibiotics in microorganisms is a global health concern. 
The drug-resistant microorganisms which originate from 
anthropogenic sources and commercial livestock farming 
have given rise to serious environmental and health 
challenges. The environmental “resistome” from the 
genes of  antibiotic resistant is transferred to human and 
veterinary pathogens. Hence, the transfer of  these genes 
into pathogens is extremely important for the development 
of  therapeutic interventions to curtail the infections to 
prevent the havoc of  microbial drug resistance.

Predatory Bacteria
Professor Robert Mitchell is developing a natural compound 
called violacein to tackle Staphylococcus, a group of  around 
30 different bacteria known to cause skin infections, 
pneumonia, and blood poisoning. Some Staphylococcus 

INTRODUCTION

Antibiotics are responsible for the sharp decline of  
infectious disease-related deaths caused by bacteria over 
the past 50 years. However, due to the overuse and misuse 
of  the antibiotics, the multidrug-resistant (MDR) bacterial 
infections have been rising which possess a serious threat 
to general public health.

The World Health Organization estimated that 20 years 
are added to each person’s life with antibiotics. However, 
this overuse of  antibiotics puts persuades the bacteria 
to develop resistance against such drugs, leading to the 
emergence of  untreatable superbugs. Researchers of  
South Korea’s Ulsan National Institute of  Science and 
Technology (UNIST) are planning to launch predatory 
bacteria which are capable of  attacking other bacteria 
without harming human cells, that is, “Bacteria eating 
bacteria.”
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Antimicrobial resistance is an economic and health crisis we are facing across the globe. With the rise of antibiotic resistance, 
the unconventional therapies are the new areas of research to meet the current needs for new therapies for the treatment of 
Gram-negative infections. One budding approach is the use of living predatory bacteria, known as “Bdellovibrio bacteriovorus,” 
a “living antibiotic” that demands the investigation in our health systems. We aim to review the science that supports the 
feasibility and future directions of predatory bacteria as an alternative to antibiotics and more research is needed to evaluate 
its full potential.
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bacteria such as methicillin-resistant Staphylococcus aureus 
are resistant to antibiotics which make infections harder 
to treat.

Violacein known as “bisindole:” A metabolite produced 
by bacteria from the condensation of  two molecules 
of  tryptophan (an essential amino acid used in many 
organisms to ensure normal functioning and avoid illness 
and death). Bisindole is vibrant purple in color and has a 
research future for its anticancer, antifungal, and antiviral 
properties. Researchers have discovered that it can stop 
the bacteria from reproducing, killing the MDR bacterium 
S. aureus.

The team is now collaborating with fabric manufacturer 
Yeejoo Co., the Korea Institute of  Ceramic Engineering 
and Technology, and research teams in Turkey and Romania 
to manufacture antibacterial fabrics infused with violacein 
that can effectively kill S. aureus.

The prime candidate predatory bacterium is known 
as “Bdellovibrio bacteriovorus.”[2] It is a Gram-negative 
deltaproteobacterium that expresses a single polar flagellum 
that is expressed as one of  the fastest moving organisms 
in nature usually found in soils and water.

B. bacteriovorus are free-living, harmless obligate predator 
of  bacteria harmless to humans. They are the group 
that includes Salmonella, Escherichia coli, and several other 
pathogens.[3]

Bdellovibrio were accidentally discovered in the 1960s by 
scientists hunting for bacteria-killing viruses in the soil 
known as bacteriophages (or, simply, phages). Viruses are 
usually non-motile and grow quickly, forming clear patches 
on plates of  bacteria. Bdellovibrio took longer to show up in 
cultures, but the patches created expanded as the predators 
swarmed over their sessile prey.

Kadouri[4] began studying Bdellovibrio in 2003 for breaking 
stubborn biofilms formed by Pseudomonas aeruginosa, a 
Gram-negative microbe causing infections in burns, 
wounds, the lung, eye, and other areas. During that time, 
antibiotic resistance was a concern mainly associated 
with Gram-positive bacteria. Bdellovibrios have also been 
recovered from the gills of  blue crabs and oysters, and 
more recently from mammalian feces and the mammalian 
gastrointestinal tract.

MECHANISM OF ACTION

Bdellovibrio are efficient killing machines which punches 
a hole in the membranes of  their prey, then enter and 

consume their contents, then burst out again to search 
for their next meal. The entire process is both quick and 
efficient and takes only 2–3 h for a single prey cell for the 
complete digestion. Researchers are evaluating Bdellovibrio 
and other similar predatory bacteria as a route for treating 
intractable, antibiotic-resistant infections.

Researchers are now beginning to evaluate Bdellovibrio 
and other similar predatory bacteria as a route to treating 
intractable, antibiotic-resistant infections.

Certain pills which are full of  predatory bacteria will not be 
able to replace antibiotics at pharmaceuticals. Researches 
on these microbes will help us prepare for the future when 
certain antibiotics fail to treat MDR infections.

Although free-living Pseudomonas are susceptible to 
antibiotics but biofilm acts as a protective shield and 
drugs are not able to eliminate them. In early experiments, 
Kadouri[3] found that predatory bacteria could penetrate 
biofilms and break them up, making pathogens susceptible 
to antibiotics. Bdellovibrio species are found to be effective 
against some biofilms whereas another group known as 
Micavibrio proved more potent against other bacterial prey. 
Unlike B. bacteriovorus, Micavibrio, and some other Bdellovibrio 
species have behavior similar to leeches, which usually 
sticks to the outside of  host cells and suck their contents 
inside out. Each bacterium has a different host specificity 
and some have different mechanisms of  killing their prey.

There is “Attack initiation mechanism” used by “predatory 
bacteria,” capable of  invading and killing harmful bacteria 
including E. coli or Salmonella.

These bacteria attack other bacteria by attaching to the cell 
exterior, then burrowing through and devouring the cell 
from the inside.

The predatory bacteria which attack the type of  cells 
are responsible for many infections that are resistant to 
currently available antibiotics. Gram-negative bacteria are 
surrounded by a distinctive double membrane which the 
predatory bacteria exploit by temporarily living between 
the two layers. In this private dining niche, the invaders 
thrive and consume the cell’s nutrients.

Therefore, these bacteria can be harnessed as a therapy 
against antibiotic-resistant bacteria. Usually, B. bacteriovorus 
creates a porthole in a host’s cell membrane to enter its 
body and once inside, the hole is sealed up and then the 
enzymes released are digested by the host’s contents. It 
then replicates within its prey and then reemerges to invade 
new hosts. This process wherein the host species’ contents 
never spill out has proven useful in therapeutic approach 
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because it avoids the spillage of  the pathogen’s innards, if  
released, it can trigger a damaging inflammatory response.

Sockett, Kadouri,[4] (2009), and others studied the 
mechanism of  predatory bacteria whereas another group 
of  researchers exposed a crisis in which they found out a 
severely ill patient’s infections which was caused by New 
Delhi metallo-beta-lactamase-1, a drug-resistant strain of  the 
Gram-negative pathogen Klebsiella pneumoniae. Researchers 
began to revisit phage therapy and other alternatives for 
antibiotics that were once considered too unusual to be 
useful clinically. The following figure shows molecular 
structure of  ‘Bdellovibrio bacteriovorus’ [Figure 1].

B. bacteriovorus lifecycle has long been described to be 
biphasic, divided into a free-living attack phase (AP) and 
an intraperiplasmic growth phase (GP) [Figure 2].

Rotem et al. (2015)[5] introduced a transition phase from 
attack phase to intraperiplasmic growth phase in which 
prey-derived cues is triggered by specific bdellovibrio 
transcription profile. In the AP, B. bacteriovorus collides and 
attaches to Gram-negative prey cells. A pore is created 
in the outer membrane in which the prey cells cross the 
peptidoglycan layer and establishes itself  within the prey 
periplasm. Collision with the prey occurs seemingly at 
random and the predatory cell remains reversibly attached 
for “recognition” period before becoming irreversibly 
anchored. Successful recognition triggers the transition 
to an intermediate phase that facilitates invasion into the 
host cell and forms an osmotically stable niche, which 
is protected from phage attacks, photo-oxidation and 
pollutants, called bdelloplast. B. bacteriovorus uses its type 
IV pili to pass through the membrane, sheds the flagellum 
and the pore is resealed after entering the prey. Second 
prey cue is facilitated by sensing transition to the GP and 
filamentous growing. Formation of  bdelloplast causes a 
distinct round up of  the rod-shaped prey cell, resulting 
from the modification of  peptidoglycan cell wall. This 
modification prevents self-competition between individual 

predators for the same prey and promote 1:1 predator to 
prey ratio. When the prey gets exhausted, the predator is 
divided into several flagellated progeny cells, followed by 
host cell lysis and progeny release, whereupon the cycle 
begins anew. The figure shows high resolution electron 
microscopy image B. bacteriovorus [Figure 3].

FUNCTIONING

Predatory ability of  B. bacteriovorus affected by indole, a 
metabolite produced by E. coli and many other bacteria 
regulates various biological functions in bacteria which stabilize 
small DNA molecules, as well as functioning as a signaling 
molecule, through which different communities of  bacteria 
“talk” and coordinate gene expression within a population.

Bacterial version of  a gladiator contest was put in the 
flasks face to face with B. bacteriovorus and then artificially 
added different concentrations of  indole and evaluated 
B. bacteriovorus predatory behavior. They found that 
B. bacteriovorus takes much longer to attack E. coli (a common 
bacterial strain that can cause food poisoning, infections, 
and fever) with indole. To make sure, the predator-prey 
relationship was not influenced by E. coli’s own production 
of  indole, they also tested the predatory ability of  
B. bacteriovorus on another bacterium called Salmonella (food 
poison causing bacteria), which does not produce indole.

The result was the same: Indole in high concentrations 
blocks and prevents the predatory bacteria from attacking 
altogether.

Ulsan National Institute of  Science and Technology found 
that B. bacteriovorus can be used to control the attack by 

Figure 2: Bdellovibrio— false-colour transmission electron 
microscopy image at 50,000× magnification—as a means of 

treating intractable, antibiotic-resistant infections. Image credit: 
Science Source/ALFRED PASIEKAFigure 1: Molecular structure of “Bdellovibrio bacteriovorus”
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specific bacteria which causes illness, while avoiding the 
'good' bacteria necessary for daily survival. This can further 
help in the development of  'living antibiotics’. A false-
colour transmission electron microscopy image is shown 
of  B. bacteriovorus at 50,000× magnification [Figure 4].

AREAS OF MEDICAL IMPLEMENTATIONS

1. The key health-care application of  predatory bacteria 
would be to treat ailments in which MDR organisms 
are the etiologic agents

2. The usage of  bacterial predators as anti-periodontitis 
agents in vivo is a grey area as of  now because their 
aerobic lifestyle (Rotem et al., 2014)[5]

3. B. bacteriovorus HD100 had the highest versatility 
as it was capable of  preying on four of  the six 
pathogens, that is, Aggregatibacter actinomycetemcomitans 
(A. actinomycetemcomitans), Eikenella corrodens (E. corrodens), 
Fusobacterium nucleatum (F. nucleatum), and Prevotella 
intermedia (P. intermedia)

4. Predatory bacteria have also shown the ability to control 
the overgrowth of  MDR bacteria in vitro from the genera 
Acinetobacter, Escherichia, Klebsiella, and Pseudomonas

5. Biofilms having susceptibility to predatory bacteria 
attack in vitro.

POTENTIAL ADVANTAGES

Efficacy to Control Infection
a. Predatory bacteria have the ability to be developed into 

novel antimicrobial agent as they were able to control 
a Gram-negative infection in vivo

b. Determination of  predation with the help of  live cell 
imaging in vivo and that the predators cooperate with 
native host immune cells to first decrease the bacterial 
burden, before being cleared up from the host by 
neutrophils and macrophages

c. Predatory bacteria treatment potentially could be 
effective for infections occurring at immune privileged 
sites, such as the urinary tract, as the predators could 
persist longer with less immune elements in their direct 
environment

d. Direct topical application on wounds due to its wide 
spectrum activity coupled with their non-toxic nature 
(secreted proteases against human cells)

e. Little or no effects on the gut microbial diversity as 
compared with antibiotics

f. Predatory bacteria may contribute to health by serving 
as an ecological balancer in normal gut flora, as 

Figure 3: Schematic representation of B. bacteriovorus life cycle

Figure 4: High-resolution electron microscopy
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B. bacteriovorus has been found in lower abundances in 
patients with chronic diseases of  the gut compared 
with healthy individuals.

Resistance to Predation
a. Development of  predation resistance of  current 

antibiotics in a normally susceptible bacterial species
b. A potential advantage of  bacterial cells can develop 

a transient, plastic resistance to predation; so, it 
was hypothesized that although the prey might 
evolve to avoid predation, the predator, being a live 
microorganism, might differentiate quickly to counter 
any emerging resistance

Novel Antibody modulating Tools
B. bacteriovorus is now an upcoming new source for the 
identification of  novel enzymes with biotechnological 
potential which is exemplified by the identification and 
characterization of  BspK and BspE with described 
enzymatic activities on human antibodies. BspK specifically 
hydrolyzes IgG1 (most common therapeutic antibody) 
in the hinge, enabling middle-down MS analysis of  the 
biological therapeutics.

Biofilm Formation and Degradation
Self-formation of biofilms
The presence of  nutrients and lack of  access to prey 
favoured the diversification, and it was speculated that 
this phenotypic change resembling a biofilm may benefit 
BALOs persistence in the environment having the 
ability to form biofilms. B. bacteriovorus forms biofilm 
as HI mutants in nutrient-rich environment.[6] Williams 
et al.(2009)[7] hypothesized that biofilms formed by HI 
cells have high importance for the long-term presence 
of  naturally occurring bacteria in certain environments 
of  biotechnological approaches serving as a reservoir for 
predators. Finally, the mutants reduce the ability of  other 
bacteria to form biofilms by preventing the coating on 
surfaces with HI.

Regulation of prey and non-prey biofilms
The vast majority of  Gram-negative bacteria within the 
sludge have sensitivity to BALOs in the biofilm.[6]

Potential Applications
a. Bacterial predators are effective antibacterial agents, 

do not induce a sustained immune response, and are 
rapidly cleared from mammalian hosts

b. Efficacy of  bacterial predators to kill keratitis isolates 
of  P. aeruginosa and Serratia marcescens (S. marcescens), a 
common cause for irreversible blindness

c. Bacterial predators could potentially be used to label 
infections due to Helicobacter pylori (H. pylori), a Group 
1 carcinogen because multiple strains of  Bdellovibrio 

have predation capacity against the pathogens in both 
viable and viable but nonculturable

d. Use of  bacterial predators for gastrointestinal ailments 
is limited

e. The natural resistance of  Bdellovibrios to β-lactam 
antibiotics has the possibility for treatments using these 
bacteria in conjunction with penicillin.

FUTURE DIRECTIONS

a. Even a single dose of  Bdellovibrio has broad-ranging, 
non-specific activities which seemingly have both pros 
and cons

b. Bdellovibrio consumes beneficial microflora
c. The use of  bacteria as antibacterial therapy poses 

manufacturing and regulatory challenges as Bdellovibrio 
grows only on other bacteria and carries its own 
LPS – a molecule that’s currently used as a marker of  
contamination in drug manufacturing

d. New standards have to be set for predatory bacteria-
based remedies

e. With the rise of  antibiotic resistance, the unconventional 
therapies should be more researched. The time has 
come to treat infectious disease the way we treat cancer 
with a combination of  immunotherapy, radiation 
therapy, chemotherapy, and more

f. Overall, B. bacteriovorus secretome has shown to be 
extremely dynamic, revealing cell cycle-dependent 
functions of  many proteins. Thus, in respect to its 
arsenal of  hydrolytic enzymes, B. bacteriovorus are to 
be considered an interesting biological source for 
identifying novel bacterial proteins with applications 
within basic research and the life science industry

g. B. bacteriovorus and Micavibrio aeruginosavorus have 
inability to invade mammalian cells, and no apparent 
pathological effects or signs of  cytotoxicity or 
reduction in cell viability, supporting the proposition 
that these two BALOs are inherently non-pathogenic 
to mammals.

ADVANCEMENT

A new research led by Dr. Andrew Lovering and others, 
University of  Birmingham’s, School of  Biosciences, 
investigated a new study published in nature communications 
which showed the initiation “trigger” from one common 
type of  predator called B. bacteriovorus.

Using a range of  techniques, the production of  a 
particular enzyme was described, called DgcB, when the 
bacterium encounters its potential prey. The enzyme senses 
modification of  its own floppy “tail” and then triggers 
production of  a messenger molecule, which switches the 
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bacteria from a cruising and searching mode into invasion 
mode. These types of  signals kickstart the invasion and the 
process of  killing is of  significance.

The next step for the research team is to build a bigger 
picture of  the bacteria’s signaling network, finding out 
more about how the DgcB tail modification is triggered, 
and what stimuli are important for this to happen.

CONCLUSION

B. bacteriovorus is among the best-studied BALOs and serves 
as a model organism for bacterial predation described 
as a highly motile, δ-proteobacterium that employs an 
endobiotic (periplasmic) hunting strategy.

The issue of  antimicrobial resistance needs to be addressed 
and bacterial predators offer a potential path forward. The 
present findings showed that predatory bacteria demonstrate 
impressive activity in vitro against multiple pathogens but are 
not indicative in vivo efficacy. Combinatorial therapy should 
be the preferred for the use as bacterial predators appear to 
function better as an ancillary therapy. Monotherapy could 
be suitable in specific conditions. Bacterial predators are only 
be effective against Gram-negative organisms. Therefore, 
efficacy on other Gram-positive organisms and intracellular 
organisms should be assessed.

The plethora of  hydrolases produced by predatory 
bacteria may act as a source for exploration of  new 
biotechnologically relevant enzyme. This area needs 
further research to evaluate its full potential. Although 
a number of  fundamental properties of  B. bacteriovorus 
predation have been explored, it is evident that still 
much research needs to be done before comprehensive 
understanding of  this ubiquitous yet a very versatile 
predator.
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