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ABSTRACT
Leclerque, A. 2018. Beyond Bt: new bacterial resources for insect biocontrol. Tunisian
Journal of Plant Protection 13 (si): 1-9.

The Gram-positive bacterium Bacillus thuringiensis (Bt) is the economically most important
entomopathogen for insect biocontrol, and for excellent reason a large part of the effort invested in the
development of microbial insecticides has concentrated on Bt strains and their cry genes. Hundreds of
cry gene sequences have been determined from nature, and molecular modeling has been used to create
artificial recombinant Cry proteins with potentially new properties. However, alternative insect
biocontrol agents are increasingly solicited. More recently, research efforts have concentrated upon
bacterial insect-pathogens as potential biocontrol resources as, e.g., non-cry toxins of Bt and other
bacteria of the family Bacillaceae as well as the bacterium Saccharopolyspora spinosa
(Actinobacteria). Moreover, several different y-proteobacterial entomopathogens belonging to the
species Serratia entomophila, Yersinia entomophaga or Pseudomonas entomophila as well as to the
genera Providencia or Rickettsiella are currently being evaluated for their biocontrol potential. The
present literature review gives a brief update on these entomopathogens and toxins.

Keywords: Bacillus thuringiensis, microbial biocontrol, Providencia, Pseudomonas entomophila,
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Introduction. Vega and Kaya 2012). Insecticidal Cry

Insects are associated with bacteria
in relationships ranging from obligate
endosymbiosis to pathogenicity. Among
the numerous entomopathogens that
infect and kill the respective host by a
diversity of mechanisms, the Gram-
positive rod-shaped bacterium Bacillus
cereus subsp. thuringiensis that is
commonly referred to as “Bacillus
thuringiensis” or “Bt”, is by far the most
studied, best understood and most widely
used for biocontrol (Roh et al. 2007;
Sanchis 2011; Schnepf et al. 1998;
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protein toxins produced by Bt during the
stationary growth phase are localized in
parasporal bodies and as a rule display
toxicity for a narrow host spectrum (De
Maagd et al. 2003). Hundreds of toxin
encoding cry gene sequences have been
described (http://www.lifesci.sussex.ac.uk
/home/Neil_Crickmore/Bt/), the general
mode of action has been elucidated in
molecular detail (Bravo et al. 2007), and
insect resistant transgenic crops carrying
cry sequences have been generated
successfully. However, emerging insect
resistance to Cry toxins has triggered both
a debate on Cry-based integrated pest
management (IPM) practices (Bravo and
Sober6n 2008; Pardo-L6pez et al. 2013)
and increased efforts to explore
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alternative biocontrol agents. The present
article reviews some of the principal
advances in research on alternative
bacterial insect biocontrol resources.

Non-Cry Bacillus thuringiensis toxins.

Besides Cry toxins, B.
thuringiensis strains produce three main
types of further insecticidal protein toxins
designated as Cyt, Vip, and Sip proteins
(Palma et al. 2014).

Predominantly dipteran specific
“cytotoxic” Cyt proteins display a general
cytolytic activity in vitro (Butko 2003).
They have been grouped into three
families, termed Cytl through Cyt3.
Importantly, besides being themselves
entomotoxins, Cyt proteins synergis-
tically increase the insecticidal effects of
Cry or Vip3 proteins and thereby hold
potential to counteract insect resistance
development against Cry  proteins
(Federici and Bauer 1998; Yu et al.
2012).

The terms “vegetative insecticidal”
(Vip) and “secreted insecticidal” (Sip)
proteins denote two different classes of
insecticidal proteins that are both secreted
into the medium by B. thuringiensis
during the wvegetative growth phase
(Palma et al. 2014). Vipl/2 forms a
binary toxin with insecticidal activity
against beetles (Coleoptera) and aphids
(Sattar and Maiti 2011). Vipl functions as
a receptor-binding domain that facilitates
entry of the Vip2 toxin into the host cell’s
cytoplasm  where it blocks actin
polymerization (Barth et al. 2004).
Single-chain  Vip3 proteins display
insecticidal activity against a wide
spectrum of Lepidoptera (Estruch et al.
1996; Maclintosh et al. 1990). As for Cry
toxins, formation of pores in midgut
epithelial cell membranes appears to be a
crucial step in Vip3 protein toxicity (Yu
et al. 1997). However, the mechanisms of
pore formation are different for both toxin
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classes (De Maagd et al. 2003), and insect
resistances against Cry and Vip3 are
largely independent from each other
(Bommireddy et al. 2007). Vip3 proteins
have therefore been proposed as
complements to Cry proteins in resistance
management programs (Mike et al. 2006).
B. thuringiensis Sip protein is toxic to
coleopteran insects as, e.g., the Colorado
potato beetle, Leptinotarsa decemlineata,
by a yet not deciphered mechanism
(Donovan et al. 2006).

Recently, the Bt zinc
metalloprotease InhA has been shown to
specifically  hydrolyze  antimicrobial
peptides that contribute to the humoral
response  of  Lepidopteran  insect;
combined application of InhA and Cry
proteins leads to a mutual increase in
toxicity (Dammak et al. 2015).

Insecticidal  toxins from  further
Bacillaceae bacteria.

Insecticidal toxins often, but not
always, homologous to the different
classes of Bt toxins have been described
from further bacteria belonging to the
taxonomic family Bacillaceae as, e.g., to
the species Brevibacillus laterosporus,
Lysinibacillus sphaericus, and
Paenibacillus popilliae (Ruiu 2015). The
latter species is best known as the
causative agent of “milky disease” of
scarabaeid larvae and is considered a
potential biocontrol agent for these
agricultural pests. P. popilliae expresses a
parasporal Cry-homologous protein of
still uncertain significance for
pathogenicity (Zhang et al. 1997).

B. laterosporus is both notable as a
versatile insect pathogen, infecting and
killing Coleoptera, Lepidoptera, and
Diptera, and as a producer of both
antibacterial and antifungal secondary
metabolites (Ruiu 2013). Mosquiticidal
activity of certain B. laterosporus strains
has been demonstrated to depend on the
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presence of parasporal inclusion bodies
similar to those found in Bt (Zubasheva et
al. 2010). However, a strain lacking
crystal proteins has been found highly
virulent to the house fly, Musca
domestica, and has been developed into a
commercially available biocontrol agent
(Ruiu et al. 2007; 2012). Moreover, a
different group of B. laterosporus strains
infecting larvae of coleopteran pests as,
e.g., corn rootworms, secretes binary
insecticidal proteins termed ISPs that are
related by primary amino acid sequence
to the Vip1/2 toxins of Bt (Warren 1997).

Actinobacterial macrolids as entomo-
toxins: avermectins and spinosyns.
Among the large variety of
secondary metabolites produced by
different  Streptomyces spp., several
compounds have been demonstrated to
possess insecticidal activity (Craveri and
Giolitti 1957; Kido and Spyhalski 1950;
Oishi et al. 1970). Probably best studied
is the class of “avermectins”, i.e. large
macrocyclic lactones produced by the S.
avermitilis that have been demonstrated
to impair neurotransmission in the insect
peripheral nervous system by gamma-
aminobutyric acid (GABA) receptor
binding (Turner and Schaeffer 1989).
Binding to neuronal receptors has
been proposed as the main mechanism of
action of the better studied members,
namely spinosyn A and D (Kirst et al.
1991), of a complex class of polyketide
compounds, collectively referred to as
“spinosyns” (Kirst 2010; Salgado and
Sparks 2005), that confer broad-spectrum
insecticidal activity to actinobacteria
belonging to the species
Saccharopolyspora spinosa (Mertz and
Yao 1990; Waldron et al. 2000) and S.
pogona (Lewer et al. 2009). Mixtures of -
both natural and semisynthetic - spinosyn
derivatives, marketed under the collective
name “spinosad”, display activity against
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a wide variety of Lepidoptera and
Diptera, but are considered safe for non-
target  organisms, particularly  for
vertebrates (Sparks et al. 2001).

Insecticidal TcABC toxin complexes.

A heterogeneous group of Gram-
negative  bacterial  entomopathogens
carries large “TcABC” toxin complexes:
component A displays the entomotoxic
activity that is under certain conditions
potentiated by the action of auxiliary
components B and C (ffrench-Constant
and Waterfield 2006). TcABC toxins
have been identified in Serratia
entomophila (termed SepABC), i.e. the
causative agent of "amber disease" of
Costelytra zealandica grubs in New
Zealand, in Yersinia entomophaga from
the same geographic and host origin, in a
further isolate of S. entomophila found
associated with larvae of the scarabaeid
Phyllophaga spp., an important pest of
maize plants in Mexico (Nunez-Valdez et
al. 2008), and in the nematode symbiotic
bacteria Photorhabdus and Xenorhabdus
(Blackburn et al. 1998; Bowen and
Ensign 1998; Bowen et al. 1998).
Moreover, PCR-based screening has led
to the identification of a homologous
tcABC gene cluster in B. thuringiensis
(Blackburn et al. 2011). Toxin encoding
tcABC gene clusters are localized on large
plasmids. Whereas the action of SepABC
from S. entomophila is highly specific for
the natural host, C. zealandica (Hurst et
al. 2007; Jackson et al. 2001), further Tc
toxin complexes have been described as
considerably less specific (Hurst et al.
2011a; Nunez-Valdez et al. 2008). V.
entomophaga, for instance, has been
shown to be highly virulent for further
Coleoptera as well as Lepidoptera and
Orthoptera (Hurst et al. 2011b).
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Proteobacterial fruit fly pathogens:

Pseudomonas entomophila and
Providencia spp.
The gamma-Proteobacterium

Pseudomonas entomophila (Mulet et al.
2012) perorally infects and rapidly kills
larvae and adults of D. melanogaster
(Vodovar et al. 2005) and has been
employed to develop an infection model
for bacterial fruit fly pathogens (Liehl et
al. 2006). P. entomophila has been shown
to produce both hydrogen cyanide HCN
(Ryall et al. 2009) and a novel R-pore-
forming toxin termed ‘“monalysin”
(Blemont et al. 2013; Leone et al. 2015;
Opota et al. 2011). Whole genome
sequencing of the specific type strain L48
(Vodovar et al. 2006) has led to the
development of a PCR-based diagnostic
approach for P. entomophila employed in
a broad screening of olive fly populations
around the Mediterranean
(Papagiannoulis et al. 2009).

Enterobacteria of the genus
Providencia are mainly of clinical
importance as opportunistic pathogens
typically causing dysentery (Galac and
Lazzaro 2012). However, Providencia
bacteria have been found associated with
wild-caught D. melanogaster and the
Mexican fruit fly, Anastrepha ludens
(Kuzina et al. 2001), and several species
as, e.g., Providencia sneebia and P.
alcalifaciens display pronounced
virulence to the common vinegar fly
(Juneja and Lazzaro 2009). The species
P. vermicola appears to be the insecticidal
agent carried by certain entomo-
pathogenic nematodes, and isolated P.
vermicola  bacteria cause elevated
mortality in Lepidoptera (Park et al. 2011;
Somvanshi et al. 2006). Moreover,
Providencia  bacteria  have  been
demonstrated to attract both male and
female fruit flies from several Bactrocera
species potentially facilitating infection in
IPM measures (Hadapad et al. 2016).
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Insect-associated Rickettsiella bacteria.

Bacteria of the taxonomic genus
Rickettsiella have been described as intra-
cellular pathogens of a wide range of
arthropods (Fournier and Raoult 2005)
including - besides both crustaceans and
arachnids - insects of agricultural or
medical importance as, e.g., scarabaeid
grubs (Leclerque and Kleespies 2008;
Leclerque et al. 2012), wireworms
(Leclerque et al. 2011; Schuster et al.
2013) or ticks (Kurtti et al. 2002;
Leclerque and  Kleespies  2012).
Moreover, a mutualistic relationship has
been described for bacteria of the species
“Candidatus Rickettsiella vidridis” and
their host, the green pea aphid,
Acyrthosiphon pisum, with the
Rickettsiella endosymbiont being
involved in host pigmentation (Tsuchida
et al. 2010; 2014) and providing
protection against aphid-pathogenic fungi
(Lukasik et al. 2013). Despite the
misleading genus name, Rickettsiella are
not closely related to bacteria of the
taxonomic genus Rickettsia
(Alphaproteobacteria), but instead belong
to the gamma-protecbacterial order
Legionellales (Fournier and Raoult 2005).
However, morpho- and cytological
development inside the host and
histopathology of infection resemble
those of both Rickettsia and Chlamydia.
In a generalized picture, Rickettsiella
bacteria typically multiply in cytoplasmic
vesicles within fat body cells or
hemocytes, and multiplication is typically
accompanied by the formation of crystal
proteins of  presumably  lysogenic
properties (Jurat-Fuentes and Jackson
2012 and references therein; Kleespies et
al. 2014). Currently, Rickettsiella bacteria
are under intensive evaluation as a new
source of insect biocontrol agents.
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Conclusion. future  intensified and  systematic

Past research has indicated several screening for new bacterial
promising approaches for the solicited entomopathogens  will likely reveal
complementation, not substitution of Bt- further novel biocontrol  resources.
based products by other microbial However, development of these microbial
insecticides for biological control and resources into innovative bio-insecticides
integrated pest management. Present and in most cases is still well ahead.
RESUME

Leclerque A. 2018. Au-dela de Bt: Nouvelles ressources bacteriennes pour la lutte
biologique contres les insectes. Tunisian Journal of Plant Protection 13 (si): 1-9.

La bactérie Gram-positive Bacillus thuringiensis (Bt) est l'agent entomopathogéne le plus
économiquement important pour la lutte biologique contre les insectes et pour une excellente raison,
une large partie de I'effort investi dans le développement d'insecticides microbiens s'est concentrée sur
les souches de Bt et leurs genes cry. Des centaines de séquences de génes cry ont été déterminées a
partir de la nature, et la modélisation moléculaire a été utilisée pour créer des protéines recombinantes
Cry artificielles avec des propriétés potentiellement nouvelles. Toutefois, des agents alternatifs pour la
lutte biologique contre les insectes sont de plus en plus sollicités. Plus récemment, les efforts de la
recherche se sont concentrés sur les agents pathogénes bactériens des insectes comme ressources
potentielles d'agents de lutte biologique telles que les toxines non-cry de Bt et d'autres bactéries de la
famille des Bacillaceae ainsi que la bactérie Saccharopolyspora spinosa (Actinobacteria). De plus,
divers entomopathogenes y-protéobactériens appartenant aux especes Serratia entomophila, Yersinia
entomophaga ou Pseudomonas entomophila ainsi que les genres Providencia ou Rickettsiella sont
actuellement en cours d'évaluation pour leur potentiel de lutte biologique. La présente revue de
littérature donne une breve mise a jour sur ces agents entomopathogeénes et ses toxines.

Mots clés: Bacillus thuringiensis, lutte microbiologique, Providencia, Pseudomonas entomophila,
Rickettsiella, Spinosad, toxine TCABC
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