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Abstract [Objectives] The infrabuccal pocket is a special pouch-like filtration device located in the preoral cavity of ants.
During feeding, solid food particles and other solid materials are filtered and compacted in the infrabuccal pocket before
entering the alimentary tract. Any waste is later ejected from the preoral cavity thereby helping prevent the alimentary tract
from blocking. In this paper we explore the bacterial groups in the contents of the infrabuccal pocket and their potential roles
in digestion, cleaning and other aspects of ant biology. [Methods] The location of the infrabuccal pocket in the head of
Camponotus japonicus was identified with scanning microscopy, and the bacteria in the infrabuccal pocket investigated using a
culture-dependent method and 16S rRNA gene sequence analysis. [Results] (1) The infrabuccal pocket is a pouch-like
structure located in the posterior oral cavity containing a large number of solid particles. (2) The cfu/g of bacteria in the
infrabuccal pockets of ants from three colonies varied significantly, but all were greater than in their respective nest soil. (3)

Eleven bacterial genera were isolated from the infrabuccal pockets of ants from three colonies. These belonged to the
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Firmicutes, Actinobacteria and y-Proteobacteria respectively. Actinobacteria was the dominant bacterial group. At the generic
level, Microbacterium was the most dominant bacterial group in the 1st and 2nd colonies, accounting for 47.83% and 49.73%
respectively of the total. Acinetobacter and Microbacterium were the two dominant bacterial groups in the 3rd colony,
accounting for 37.27% and 30% of the total, respectively. However, Bacillus was the dominant bacteria in all three nest soil
samples, accounting for 49.69% 56.22% and 44.79% respectively. (4) All bacteria isolated from nest soil can be found in the
infrabuccal pocket but the bacterial composition of the infrabuccal pocket and nest soil differs within the same colony.
[Conclusion] The bacterial composition of the infrabuccal pocket of C. japonicas is diverse. All bacteria isolated from a
colonies’ nest soil can be found in the infrabuccal pocket of ants from that colony, but several bacteria isolated from the
infrabuccal pockets of ants were not found in samples of the respective colonies nest soil.
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Fig. 1 Vertical section and cross section of worker’s head of Camponotus japonicus

A. B. IBP C Phy
A.Vertical section of worker’s head; B. Cross section of worker’s head; IBP: Infrabuccal pocket; C. Content; Phy. Pharyngeal.
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Table 1 Comparison of bacterial cfu/g in content of infrabuccal pockets and nest soil from three
colonies of Camponotus japonicus

Colony . 10" cfurg 7 107 cfu/g  Nestsoil 107 cfu/g
Content of infrabuccal pockets 10’ cfu/g
1 1st colony 5.11+0.30Aa 1.36+0.11Ba
2 2nd colony 3.12+0.19Ab 0.78+0.15Bb
3 3rd colony 1.83+0.08Ac 0.45+0.03Bc

P <0.05
P>0.05
Different letters after data of each line indicate if the cfu/g of in same colony are significant difference at the 0. 05 level.
Different letters after data of each column indicate the cfu/g of infrabuccal pockets and nest soil in same colony are

significant difference at the 0.05 level. The same letters after data of each line and column indicate no significantly difference at
the 0.05 level, different letters indicate significant difference at the 0.05 level.
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Table 2 Bacterial isolation and identification from contents of infrabuccal pocket in Camponotus japonicus

GenBank Number of bacterial colony
Phylum ifggﬁ:ﬁ; Identification from closest I dezoti ‘ ! 2 3 Subtotal Total
match in GenBank Yoo st 2nd 3rd
colony colony colony
IPC1-11 Bacillus plakortidis (JQ895024.1) 99% 8 0 0 8 159
Firmicutes IPC1-9 Bacillus lehensis (NR 036940.1) 99% 9 2 2 13
IPC1-1 Bacillus sp. (JQ821382.1) 99% 47 11 15 73
IPC1-3 Exiguobacterium sp.(JQ977375.1)  99% 47 0 0 47
IPC1-4 Paenibacillus sp.(KC810827.1) 99% 3 10 5 18
IPC2-6 Streptomyces sp.(KC789736.1) 99% 40 5 2 47 446
Actinobacteria  pc]-5 Streptomyces sp.(IN969025.1) 99% 19 0 0 19
IPC2-7 Actinosynnema mirum (X84447.1)  99% 7 2 4 13
IPC2-8 Arthrobacter sp.(JX949856.1) 99% 0 3 0 3
IPC2-5 Kocuria sp.(HM172614.1) 99% 0 18 0 18
IPC2-3 Microbacterium sp.(KF923417.1) 99% 184 72 25 281
IPC2-9 Microbacterium sp.(KF054854.1) 99% 36 21 8 65
Y- IPC1-8 Enterobacter sp.(EU331414.1) 99% 6 0 0 6 152
y-Proteobacteria  pc3.4 Pseudomonas sp.(JX067668.1) 99% 4 5 8 17
IPC3-6 Acinetobacter sp.(EF195353.1) 99% 50 38 41 129
Total number of 460 187 110 757
bacterial colony
49.73% 2 C Arthrobacter
7 Enterobacter
2 E 37.27%)
30% 24 HEMRERE M
3 6
6 5 3 7 B GenBank
F 49.69% ClustalX 2.1
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3 3
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Fig. 2 Composition of culturable bacterial strains isolated from the contents of infrabuccal pocket and nest soil in
three colonies of Camponotus japonicus
A,B,C,D,E, F 1 1 2 2 3
3

A and B represent the bacterial composition isolated from the contents of infabuccal pocket and nest soil in 1st colony;
C and D represent the the bacterial composition isolated from the contents of infabuccal pocket and nest soil in 2nd colony;
E and F represent the bacterial composition isolated from the contents of infabuccal pocket and nest soil in 3rd colony.

*3 WAEEASEURTENSYURNELIZERHSH
Table 3 The distribution of bacteria in contents of infrabuccal pocket and nest soil in three
colonies of Camponotus japonicus

The distribution of bacterial strains

Genus 1 1st colony 2 2nd colony 3 3rd colony
Contents Soil Contents Soil Contents Soil
Bacillus V4 a4 a4 a4 a4 v
Exiguobacterium V4 Vv — — — —
Paenibacillus v — a4 a4 Vv —
Streptomyces a4 a4 a4 4 Vv —
Actinosynnema a4 v Vv — Vv Vv
Arthrobacter — — a4 — — —
Kocuria — — a4 a4 — —
Microbacterium V4 a4 a4 a4 a4 Vv
Enterobacter a4 — — — — —
Pseudomonas v — a4 — a4 Vv
Acinetobacter 24 a4 a4 a4 a4 v
ca /7> ce__=»

““+/””means present, “— means absence.
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Fig.3 Phylogenetic analysis for 16S rRNA sequences of cultured bacteria isolated from contents of infrabuccal
pockets in Camponotus japonicus
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The phylogenetic tree was generated using the Maximum Likelihood method with 1 000 bootstrap method and N-J model in
MEGAS software. The scale bar represents 0.01substitution per nucleotide position.



1 : - 171 -

IPC1-3  Exiguobacterium sp.
100% IPC1-4 Paenibacillus 3
sp. 75% 1
Actinobacteria 1
IPC2-6  IPC1-5  Streptomyces sp.
IPC2-3  IPC2-9

Microbacterium sp. 1PC2-7 cfu/g

Actinosynnema mirum
100% IPC2-8  Arthrobacter sp. 1

99% IPC2-5  Kocuria sp.
84% 2

v-Proteobacteria IPC1-8
Enterobacter sp. IPC3-4
Pseudomonas sp. IPC3-6
Acinetobacter sp. 100%

3 %it5itie

11

cfu/g
3 Eisner and

11 Wilson 1952

Palme etal. 2010 Yuetal. 2010

Eisner and Wilson 1952
2011

Camponotus

modoc Hansen et al. 1999



-172 -

Chinese Journal of Applied Entomology 53

Quinlan and

Cherrett 1978 Little et al. 2003

Escovopsis

attine

Little 2006

Escovopsis

Zettler 2002

cfu/g
19
2012
Eelen 2004
Monomorium pharaonis
1%
99%

(Amann et al. 1995
2003)

DNA
DNA

Sk (References)

Amann RI, Ludwig W, Schleifer KH, 1995. Phylogenetic
identification and in situ detection of individual microbial cells
without cultivation. Microbiol. Rev., 59 (1): 143—169.

Boulton AM, Jaffee BA, Scow KM, 2003. Effects of a common
harvester ant (Messor andrei) on richness and abundance of soil
biota. Appl. Soil Ecol., 23(3): 257-265.

Chen YY, Wei C, He H, Wang YG, 2012. Correlation of
physicochemical characteristics and microbial biomass among
nest soil of Camponotus jaonicus and Pachycondyla astute in
Qinling Mountains. Journal of Northwest Forestry University,
27(2): 121-126. | , , , , 2012.

2
,27(2): 121-126.]

Eelen D, Borgesen LW, Billen J, 2004. Morphology of a novel
glandular epithelium lining the infrabuccal cavity in the ant
Monomorium pharaonis (Hymenoptera, Formicidae). Arthropod
Struct. Dev., 33(4): 471-475.

Eisner T, Happ GM, 1962. The infrabuccal pocket of a formicine ant:
a social filtration device. Psyche, 69(3): 107-116.

Eisner T, Wilson EO, 1952. The morphology of the proventriculus of
a formicine ant. Psyche, 59(2): 47-60.

Hansen LD, Spangenberg WJ, Gaver MM, 1999. Infrabuccal
chamber of Camponotus modoc (Hymenoptera: Formicidae):
ingestion, digestion, and survey of bacteria. Proceedings of the
3rd International Conference on Urban Pests. Czech University
of Agriculture, Prague, Czech Republic. 9: 211-219.

He H, Chen YY, Zhang YL, Wei C, 2011. Bacteria associated with
gut lumen of Camponotus japonicus Mayr. Environ. Entomol.,
40(6): 1405-1409.

Holldober B, Wilson EO, 1990. The Ants. Cambridge University Press,
Harvard. 1-10.

Larkin MA, Blackshields G, Brown NP, Chenna R, McGettigan PA,
McWilliam H, Valentin F, Wallace IM, Wilm A, Lopez R,
Thompson JD, Gibson TJ and Higgins DG, 2007. Clustal W and
Clustal X version 2.0. Bioinformatics, 23(21): 2947-2948.



-173 -

Li H, Zhou YB, Chen BY, Hu JZ, 2003. Molecular techniques
applied in the studies of microbial genome. Journal of Hebei
University (Natural Science Edition), 23(4): 451-454. [ s

R s , 2003.
( ), 23(4):
451-454.]

Li XP, Nan XN, Wei C, He H, 2012. The bacteria associated with
Camponotus japonicus Mayr with culture-dependent and DGGE
methods. Curr. Microbiol., 65(5): 610-616.

Little AEF, Murakami T, Mueller UG, Currie CR, 2003. The
infrabuccal  pellet piles of
Naturwissenschaften, 90(12): 558-562.

Little AEF, Murakami T, Mueller UG, Currie CR, 2006. Defending

fungus-growing  ants.

against parasites: fungus-growing ants combine specialized
behaviours and microbial symbionts to protect their fungus
gardens. Biol. Lett., 2: 12-16.

Mankowski ME, Morrell JJ, 2004. Yeasts associated with the
infrabuccal pocket and colonies of the carpenter ant Camponotus
vicinus. Mycologla, 96(2): 226-231.

Palme O, Moszyk A, Iphofer D, Lang S, 2010. Selected microbial
glycolipids: production, modification and characterization. Adv.
Exp. Med. Biol., 672: 185-202.

Quinlan RJ, Cherrett JM, 1978. Studies on role of infrabuccal pocket
of leaf-cutting ant Acromyrmex octospinosus (Reich)
(Hymformicidae). Insect Soc., 25(3): 237-245.

Tamura K , Peterson D, Peterson N, Stecher G, Nei M and Kumar S,
2011. MEGAS: Molecular evolutionary genetics analysis using
maximum likelihood, evolutionary distance, and maximum
parsimony methods. Mol. Biol. Evol., 28(10): 2731-2739.

Wang HY, Nan XN, Wang YG, Wei C, He H, 2014. Seasonal

dynamics of culturable bacteria in honeydew of Cinara tujafilina.
Journal of Environmental Entomology, 36(4): 516-524. [ s
, 2014.

,36(4): 516-524.]
Wang ZG, Yang WJ, Liu CL, Zhu BJ, Wei GQ, Zou CR, 2011.

5 > >

Isolation and identification of the protease-producing bacteria
from gut of silkworm (Bombyx mori) and its suitable
fermentation condition. Journal of Agricultural Biotechnology,
19(1): 149-156. [ , , s > >
,2011.
, 19(1): 149-156.]

Wu J, Wang CL, 1995. The Ants of China. China Forestry

Publishing House, Beijing, China. 10. [ R , 1995.
.10.]

Yang QF, Li Q, Zhi YR, 2009. Anatomical study of the alimentary
canal of Xylosandrus germanus. Chinese Bulletin of Entomology,
46(4): 623-626. [ s s , 2009.

,46(4): 623-626.]

Yu C, Xu H, Huang G, Chen T, Liu G, Chai N, Ji Y, Wang S, Dai Y,
Yuan S, 2010. Permeabilization of Microbacterium oxylans shifts
the conversion of puerarin from puerarin-7-O-glucoside to
puerarin-7-O-fructoside. Appl. Microbiol. Biot., 86(3): 863-870.

Zettler JA, Mcinnis TM, Allen CR, Spira TP, 2002. Biodiversity of
fungi in red imported fire ant (Hymenoptera: Formicidae)
mounds. Ann. Entomol. Soc. Am., 107(3): 487-491.

Zhu ZL, Nan XN, Wang YG, He H, 2015. The isolation of anaerobic
bacteria from the gut of Camponotus japonicus. Chinese Journal
of Applied Entomology, 52(4): 1032-1039. [ , s

s . 2015.
, 52(4): 1032-1039.]



