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Recent advances in the study of insect symbiotic bacteria

DU Hui-Min LI Wen-Bin LIU RunJin" ( Institute of Mycorrhizal Biotechnology Qingdao Agricultural
University Qingdao 266109 Shandong Province China)

Abstract: There are a large number of bacteria colonized within the body of insects which forms
symbiotic systems between insects and these bacteria after a long cooperative coevolution and the
symbiotic systems play an important roles in the whole process of ecology substance conversion and
exchange the energy flow and use message transmission and regulation in ecosystems. Insect symbiotic
bacteria ( ISB) are rich in species diversity; insects and their symbiotic bacteria form symbiosis through
chemical physiological ecological and genetic mechanisms. Insects provide stable habitats for bacteria
and share specific metabolic pathways; bacteria provide nutrients lacking in food and promote insect growth
and reproduction by assisting host nutrient metabolism. ISB secrete antimicrobial peptides toxins and
other substances to enhance insect defense against exogenous parasites and disease resistance and expand
possible niche by adjusting insect resistance to non-biological factors and tolerance to pesticides. It is
considered that these ISB have broad application potential and development prospect in the safety and
sustainable production of agriculture forestry animal husbandry fishery and medicine.
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1

Table 1 Species of insect symbiotic bacteria

Insect type Insect species Generus and species of symbiotic bacteria References
Bemisia tabact Cytophagadikeorganism CLO  Weeks et al. 2003
Phytophagous Candidatus Fritschea bemisiae Thao et al. 2003
insects Candidatus Portiera aleyrodidarum 2006

Bemisia tabaci ( Gennadius) complex Candidatus Fritschea bemisiae

Cytophaga-ikeorganism

Wolbachia
Nilaparvata lugens Candidatus Arsenophonus nilaparvatae 2015
Sogatella furcifera Cardinium Zeng et al. 2018
Diaphorina citri Kuwayama Portiera sp. 2016
Diaphorina citri Kuwayama Wolbachia Cardinium sp.

Ricketisia sp.
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1 Continued table 1
Insect type Insect species Generus and species of symbiotic bacteria References
Sulcia  Vidania Sodalis
Ommatidiotus dissimilis Michalik et al. 2018
Wolbachia Rickettsia
Schistocerca gregaria Panioea agglomerans Dillon et al. 2000
Enterococcus mundiii
Spodoptera littoralis Shao et al. 2017
Arsenophonus
Klebsiella oxytoca
Bactrocera dorsalis Klebsiella pneumonia Shi et al. 2012
Raoultella terrigena
Enterobacteriaceae
Bactrocera dorsalis Enterococcaceae 2015
Bacillaceae
Procecidochares utilis Wolbachia 2016
Enterobacter cloacae
Bactrocera zonata Reddy et al. 2014
Klebsiella pneumoniae
Halomonas
Shewanella 2018
Empoasca onukii
Wolbachia ssp.
Sodalis sp. 2017
Cicadella viridis Sulcia muellert Michalik et al. 2014
Rickettsia Lian et al. 2016
. Bing et al. 2013
Buchnera aphidicola
Aphidid A h 2014
ididae spp. rsenophonus
p pPp P 2018
Aphididae spp. Hamiltonella defensa Simon et al. 2011
Regiella insecticola
Serratia symbiotica
Rickettsia
Ricketisiella
Arsenophonus
Wolbachia
Spiroplasma
Acyrthosiphon pisum Buchnera sp. Wilson et al. 2010
Rickettsiella ssp.
amiltonella Tsuchida et al. 2010
Serratia
Pseudococcus calceolariae Tremblaya Gatehouse et al. 2012
Scale insect Uzinura diaspidicola Sabree et al. 2013
Froghopper Sulcia muelleri Michalik et al. 2014
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1 Continued table 1

Insect type Insect species Generus and species of symbiotic bacteria References
Cytophaga
Holotrichia parallels yepnag 2014
Flavobacterium Bacteroide
Helicoverpa armigera Enterococcus faecalis 2012

Clastoptera arizonana Doering

Homalodisca vitripennis

Rhodnius prolixus
Riptortus pedestris

Cnaphalocrocis medinalis

Plutella xylostella

Plutella xylostella

Solenopsis invicta

Dendroctonus ponderosae

Hypothenemus hampei

Sulcia muellert

Zinderia insecticola

Sulcia muelleri

Baumannia cicadellinicola

Rhodococcus rhodnii
Burkholderia
Enterococcus faecalis

Enterobacter asburiae
Carnobacterium maltaromaticum

Enterobacter cloacae

Enterobacteriaceae
Pseudomonadaceae
Sphingomonadaceae
Xanthomonadaceae

Flavobacteriaceae
Streptomyces sp. DF-5

Pseudomons
Rahnella
Serratia

Burkholderia

Pseudomons adaceae

McCutcheon et al.
2010

Takiya et al. 2006

Eichler et al. 2002
Kikuchi et al. 2012

2012

2014

2014

2018

Adams et al. 2013

Ceja-Navarro et al. 2015

Sanitation Musca domestica

insects

Acinetobacter
Agrobacterium
Alcaligenes
Bordetella
Brevundimonas
Citrobacter
Delftia
Enterobacter
Enterococcus
Kurthia
Lactococcus
Lampropedia
Leuconostoc
Microbacterium

Myroides

2017; 2018
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1 Continued table 1

Insect type Insect species

Generus and species of symbiotic bacteria

Reference

S

Culicidae spp.

Aedes spp.

Aedes albopictus

Anopheles gambiae

Blattodea

Cimex lectularius

Glossina

Ochrobactrum
Proteus
Providencia
Pseudomonas
Raoultella
Sanguibacter
Sphingobacterium
Staphylococcus
Stenotrophomonas

Vagococcus

Wolbachia

Serratia

Enterobacter
Acinetobacter baumannii

Acinetobacter johnsonii

Enterobacter

Blattabacterium spp.

Wolbachia sp.
y—

An unnamed y-proteobacterium

Wigglesworthia glossinidia

2015

Gaio et al. 2011

Minard et al. 2013

Cirimotich et al.

2011

Sabree et al. 2009

Hosokawa et al.

2010

Snyder et al. 2013

Harpalus sinicus

Other insects Apis mellifera

Apis mellifera

Apis mellifera

Streptomyces venezuelae
Lactobacillus series

Y- Gamma proteobacteria
Lactobacillus acidophilus
Bifidobacterium

Acetobacteraceae
Bartonella
Lactobacillus
Gilliamella
Snodgrassella

Bacillus subtilis
v Gilliamella
Y2y
B Snodgrassella

Gamma proteobacteria

a- Bartonella

a2 Acetobacteraceae

Firm4 Lactobacillus

Firm-5 Lactobacillus acidophilus

Bifidobacterium

2018

Olofsson et al.

2008

2013

Sabate et al. 2009

Audisio et al.

2011
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1 Continued table 1
Insect type Insect species Generus and species of symbiotic bacteria References
Apis cerana Bacillus cereus 2012
Gilliamella
Snodgrassella
Lactobacillus acidophilus Liet al. 2012
Lactobacillus
Bifidobacterium
Bombus spp. Lactobacillus series Olofsson et al. 2008
Bartonella 2013
Bifidobacterium
y- Gamma proteobacteria
Lactobacillus
Lactobacillus acidophilus
Gilliamella
Snodgrassella
Nasonia vitripennis Arsenophonus Duron ei al. 2008
Philanthus triangulum Streptomyces Kaltenpoth et al. 2005
Harpalus sinicus Streptomyces venezuelae 2018
Odontotermes formosanus Streptomyces koyangensis Bi et al. 2013

Zootermopsis angusticolis

Treponema  primitia

T. azotonutricium

Rosenthal et al. 2011

OEB

2012) . Wilson

Buchnera

ISB

( Sabree et al.
(2010)

Buchnera

o

B12
v v ( Gilliamella) .

~

( Engel et al.

o

( Hehemann et al.

ISB

o o

2012; Engel & Moran 2013)

2010)
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rRNA o
FEB ( ( Ceja-Navarro et al. 2015) . FEB
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FEB N
3 .

( Hedges et al. 2008; Ghanim et al. 2009;
Oliver et al. 2012) .

. ISB RNA
; . ( Hosokawa
; et al. 2010) .
ISB
o ( Evans & Lopez 2004;
2013) .
: Crithidia bombi
o Snodgrassella
3.1 ISB ( Koch & Schmid-Hempel 2011)
ISB
Plutella xylostella
(Raj et al. 2013); .
( Dharne et al.
2008) ; ( 2014) .

( 2017) . ( 2014) .
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o ISB
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( Guo et al 2015) .
2014) . ISB
o Wang  (2014) 3 ( Martinez et al. 2014) .
ISB o
Enterobacter cloacae Citrobacter ( Wong et al. 2011; Rottschaefer &
freundii LB LB Lazzaro 2012) ;
2 ( Boissiere et al. 2012) ;
o Spiroplasma
ISB ( Herren & Lemaitre 2011) ;
Enterobacter  agglomerans Pantoea
agglomerans ( Graham et al. 2012) . ISB
( Lauzon & Potter 2012) ; . . . ISB
N ISB
( Gavriel et al. 2011) . ( Bukasik et al. 2013; Oliver et al. 2014) ,
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N : ( De Barro et al.
2011) . B
o ( McKenzie et al. 2002;
2004) . GroEL
( Forsgren et al. 2010; Vasquez et al. 2012) .
Bacillus cereus ( Akad et al. 2004) . B OEB
Bacillus subtilis GroEL
Ascosphaera apis ( Sabate et al. o Sulcia
2009; 2012) , Anopheles sp. ( RDV)
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GroEL
GroEL GroEL
GroEL
( Bouvaine et al. 2011) .
ISB
3.3 ISB
ISB
o OEB
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o OEB
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( 2014) . ISB
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( Kaltenpoth & Engl 2014) .
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( Florez et al. 2017)
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S_
(
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ISB o

: OEB
. OEB
FEB . ISB
+ + ISB
. + +
o Steinernema
Heterorhabditis
Enterobacteriaceae
Xenorhabdus
Photorhabdus o
ISB
o ISB
ISB
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