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Research progress of diversity and function of symbiotic microbes in the gut of
termites™

SUN Xinxin, NING Na, TAN Huijun & NI Jinfeng™
State Key Laboratory of Microbial Technology, Shandong University, Jinan 250000, China

Al Termites are important contributors to carbon and nitrogen cycling in tropical ecosystems. Termites depend on gut
microbes for digesting food, and these gut microbes include protists, bacteria, archaca and fungi. Here, the recent advances in
microbial diversity of termite gut is summarized and the roles of gut microorganisms are described. There are many different
kinds of termites. According to the presence or absence of protists in the hindgut, termites are conventionally classified into
two groups: lower termites and higher termites. Different termites have different feeding diets and the composition of the gut
microbes also varies. Gut microbes play important roles in nutrition and energy metabolism of termites. They help the host in
decomposing lignocellulose, producing acetic acid, methane and hydrogen (intermediate). In addition, humus mineralization
of the soil-feeding termites in the tropics is also helpful to the nitrogen cycle. Currently, the relationship between termites and
symbiotic microorganisms has been a research focus. The studies on gut microbes not only facilitate our understanding of the
symbiotic relationship between termites and microbes, the interaction among microbial communities, but also offer potential
means for industrial production of cellulosic ethanol. With developments in the isolation methods and high-throughput sequencing
technology, the structure and function of symbiotic microbes in the gut of termites will be further researched.
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JEBET ] (Firmicutes) | Z8JE # ] ( Proteobacteria) . 12 i
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Length Polymorphism, TRFELP) %54 #4445 R,
DL T R ORS it 22 5 40 TR A B 3 b o0 A A 0 2 6 IR 2% 38

(Fluorescence in situ hybridization, FISH) 773", X #t47 R
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Table 1 The isolated and identified microbes from termite gut
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%55 WU 38 T AE 7 R IR AR AR, TR A sh i e R
it 47 2 Z AN A Y F b R E R EAERLY. A At
A HEE 8 T R AR 3l ) B il E X (Zoomastigophorea)
g3 H, BB EE (Trichomonadida) | M ¥R H

(Hypermastigida) F1%{3i% 4L H (Oxymonadida) . 18774F,
Leidy 5 5c ik 38 T 78 B% 5 8L A W Reticulitermes flavipesi B N
AMiERZE, AT 2GR E N LB T Z i
E A, Yamin (1981) B U M8l J5t (80 2358 21 s i B 22 B

(Trichomitopsis termopsidis) MERTE P & B ( Trichonympha
sphaerica) . Wil HL AN ( Reticulitermes speratus) Jifpiti N 2 /0
AR g1, G5 FL AW (Coptotermes formosanus) g N
A 3PP s A B R A UG W A7 AE B E A 12 R s Y
S8 P A= R e AR T 2T 4 25 I A b & 1 EE AR
TS H 2 SRS A S LA A R BT UKL Y RE T, I AR
WER WAL EN, SABA SR EREMEAE,
A HETE A XTI A7 0 —n A g R T R G, AT B
BI—ICTH L RS, e Ry E 5. RS A eh, 5 R
A AR 3 A WEAE R K A N JB SRR AR R IR IR 4T 4k 2. E
J A A 0 T e /N R T 3 S R ORE Y B 9 Tl LA
MR TR A A AR MERG 35, BT LL/INA B ) e 2 25 m) R
B RIS A SRR R T LLET 4 2R B B S5 S A
ZIRIME TR R, RGBS AW, ISR

15 3 Host species

["] Phylum

Bl Family

Ff Species

M B (Y Reticulitermes chinensis '™

ik IR SCM B Mastotermes darwiniensis "

Wilb M Reticulitermes speratus (4
WAL BL L Reticulitermes speratus "™
WM K P Macrotermes barneyi™

WA TR FB Zootermopsis nevadensis ')
FEHRHRA W Reticulitermes santonensis '
Nasutitermes exitiosus "
Wood-feeding higher termite *”
Nasutitermes sp. "

Nasutitermes hainanensis
23]

[22]

Termes comis

2.
Thoracotermes macrothorax *

ik IR SCML A B Mastotermes darwiniensis ™"

BB LA Coptotermes formosanus **)

BIEFLE W Coptotermes formosanus

EJJ L 45 4 A R (0. Heterotermes indicola 7

BB LA Coptotermes formosanus **)

PP IR KL Macrotermes natalensis ™
BB WL Reticulitermes flavipes ™

Nasutitermes nigriceps B

SE IR SCM MY Mastotermes darwiniensis

Isoptera 3
Incisitermes tabogae B4l

WL Reticulitermes flavipes ™)
BB L Reticulitermes flavipes ™

T 1] Actinobacteria
T ] Actinobacteria
AT B ] Bacteroidetes
JUUFF TR 1 1] Bacteroidetes
AT B 1] Bacteroidetes
W EE T ] Elusimicrobia
JELEE ] Firmicutes
JEEER ] Firmicutes
JEBERE ] Firmicutes
JELEETE ] Firmicutes
JEEEE ] Firmicutes
JEBERE ] Firmicutes
JELEETE ] Firmicutes

75 1% 7] Proteobacteria
AR JEH ] Proteobacteria
75 1% 7] Proteobacteria
ASJE ] Proteobacteria
AR TH 1] Proteobacteria
75 1% 7] Proteobacteria
A5 JE ] Proteobacteria
T2 HE{A ] Spirochaetes
H2iE4A ] Spirochaetes

T2 fiE{A ] Spirochaetes
PEEE ] Verrucomicrobia

] #17] Buryarchacota

AT Bl Microbacteriaceae

JE/N U I B Promicromonosporaceae
$UFT B BF Bacteroidaceae

42 11 1 Bl Porphyromonadaceae
L8 0 ity 1 B} Porphyromonadaceae
Endomicrobiaceae

ZEHIFT TR &L Bacillaceae

2 Bl Clostridiaceae

K2 FT 1 B} Paenibacillaceae
2 ZF fU AT # Bl Paenibacillaceae
i BRI F Streptococcaceae

F 72 Bk Bl Veillonellaceae

9 BK % Bl Veillonellaceae

i 4% 9N & B} Desulfovibrionaceae
%41 7% Bl Enterobacteriaceae

17 AT # £l Enterobacteriaceae
ATl Enterobacteriaceae

%41 % Bl Enterobacteriaceae
1A £l Enterobacteriaceae

25 BE LA Bl Neisseriaceae

K398 T Bl Rhizobiaceae

W2 ER PRl Spirochaetaceae

I iEA Rl Spirochaetaceae

B2 g /A Bl Spirochaetaceae

FAi Bl Opitutaceae

H1 45 7% £} Methanobacteriaceae

Gryllotalpicola reticulitermitis
Cellulosimicrobium variabile
Bacteroides reticulotermitis
Dysgonomonas termitidis
Dysgonomonas macrotermitis
Endomicrobium proavitum
Bacillus subtilis

Clostridium beijerinckii Nel
Paenibacillus macerans 11 PSP3
Paenibacillus nasutitermitis
Lactococcus nasutitermitis
Sporomusa intestinalis
Sporotalea propionica
Desulfovibrio intestinalis
Citrobacter sp. TM1522
Enterbacter agglommerans
Enterobacter cloacae
Klebsiella pneumoniae
Trabulsiella odontotermitis
Stenoxybacter acetivorans
Ensifer adhaerens strain M3A
Spirochaeta coccoides
Spirochaeta sp. strain JC202
Treponema isoptericolens
Opitutaceae bacterium strain TAV5
Methnobrevibacter cuticularis and
Methnobrevibacter curvatus
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5 ARG B, 8K &5 H B 7 E A R
M AR R e R iR i FASHWE R, EAREEA
WHR B AV 22 I R TR R 4 R B A T Y R A
o, OB A IR TR B 1] (Spirochaetes) | £F ZE AT B # [

(Fibrobacteres) MITG3H ] (TG3 phylum) , iX 32t A=) 78
A e 8 P g 2 B 42 330 s SR 1 I Nasutitermes
takasagoensisHIN. walkerif5 1 B A TR () £F 4k Z 1515, 5
A — A~ G FUCJE 0 P72 3 IR 2L 00 A e BRAAE 22 1 &1 4 K T
-2 2 ZE Tl L R, I FL 2 A= ) 22 B0 0 AL 43 AT 15 I 5k 2 L
DR A V5T B E T AT D 0 A A R T 11O R SR, v
P 3 P9 B8 W R T AR T AT 4 2 W i S TR, N TT R R

R2 FEEMHNSEEUMERLBHBEWANR

JH B 25 T R A S T 4 25 A e 0 1 B S
22 BXEEEREERWMNREDHERK

B A U T8 B T pH. SR A IR SO H A 4 HE S
BRI A B A DX 43 BE I R g 3 Sl 2 P 3 116 TS TR Y
PREET. FEPUX LAERER TN T, Bl i3l ), JERE B 1
A 7 e = 1 = D5 & | M R - Y A R LA QU R SR R
EAWCAER MR ICE, WA A Y AR A
R 2K, T A B v A T 3 A i B e AR
AR A R BRI, & R S A £ e
RORR A, [H I HLORAVE S AR BA G, Nl g5 20 W w7k ik 25
P AT . 38 33 X 4 i 25 I (Amitermes wheeleri) & %2
F PR 21 R 7% 7 s A e R AR TR R A S Tt 2R K i
FEN, 1T HAR B A A R R R I, T LA R A
AR, L EEAN A E Y PR R4 RS 1
B I ARG, T LA 7 8 134 A 0 0 2T 2 25 1% fie
fiE 77 L A AR P B R f e B
23 BESEFEWNMNMEDHRK

15 A5 O IR O R (Macrotermitinae) B % 76 1 [#
PR IR A, ME NS IR IR, X WOCRR ) R T L,
T 1P 6 3 T B 2 AN A SR, R T i
AR H B DAUAT BT TR B e o £, X5 A
A P 34 s A= 0 A AR K 25 57, T B R B TR 0 2k
51 YOO T P 2 4 O i R TR 45 AL RLARL,
DLABUAT: T8 T8 1T 3 B B9 Alistipes clusters 11, TIT F1 IV A4
PTEBE, (H S Alistipeskt (180 ELAAE RIS 52 A A" 5518
P A A B G R A AT AR R - s i T i B R
JoT e ]S, AR TR I S A SR AR, B AE
A FF AR HE (o, X 69 T % B Tl ( Fungus gardens¥ fungus
comb) 35 FE LB RIS T BGA B 3 2 i oM A T 4R
4 2275 (Fungus nudoles) . 1= % T 08 3= B2 A 14 181 45 22 19

Table 2 Abundance of dominant bacterial phyla in the gut microbiota of higher termites with different feeding diets

fii £ Host species 1k Diet Tk A= ¥ Microbes
Z i 1 Odontotermes yunnanensis ™! H.TA Fungus Bacteroidetes (48.65%), Firmicutes (21.72%), Proteobacteria (14.55%)
Macrotermes michaelseni™ HL# Fungus Bacteroidetes (58.3%), Firmicutes (27.5%)
Odontotermes sp. ") H.I4 Fungus Bacteroidetes (53.8%), Firmicutes (23.7%), Spirochaetes (10.9%)
Odontotermes sp. H.H# Fungus Firmicutes (31.97%), Bacteroidetes (24.31%), Proteobacteria (10.48%)
Macrotermes sp. ") JHL# Fungus Bacteroidetes (38.45%), Firmicutes (33.35%), Proteobacteria (12.28%)
Macrotermes subhyalinus H.I4 Fungus Firmicutes (34.36%), Bacteroidetes (33.32%), Proteobacteria (9.93%)
Microtermes sp. ! H.# Fungus Bacteroidetes (40.1%), Spirochaetes (36.5%), Firmicutes (17.5%)
[ B 11 Neocapritermes taracua™ J& % 5t Humus Firmicutes (48.73%), Bacteroidetes (12.81%)
Termes hospes ** J85 4 J& Humus Firmicutes (45.5%), Bacteroidetes (14.18%)
Syntermes wheeleri 4759 Litter Firmicutes (76.65%)
Cornitermes sp. ") 7% W) Litter Spirochaetes (39.88%), Firmicutes (23.25%)
Nasutitermes takasagoensis " A+ Wood Spirochaetes (69.33%), Firmicutes (12.85%)
Nasutitermes corniger™” A B Wood Spirochaetes (55.51%), TG3 (13.05%), Firmicutes (9.97%)
Microcerotermes sp. **! A4t Wood Spirochaetes (70.9%), Fibrobacteres (13.4%)
Microcerotermes sp. " A ¥ Wood Spirochaetes (65.01%)
Microcerotermes parvus ™ A B Wood Spirochaetes (41.75%), Firmicutes (18.84%)
Cubitermes ugandensis'™" +3 Soil Firmicutes (52.31%), Bacteroidetes (21.21%), Spirochaetes (10.67%)
Alyscotermes trestus"” +4 Soil Firmicutes (44.36%), Bacteroidetes (21.16%)
Ophiotermes sp. + 3 Soil Firmicutes (68.65%)
VR T 1 A 1 B Amitermes meridionalis 7 NR Firmicutes (56.56%), Spirochaetes (13.32%), Actinobacteria (10.94%)
Mironasutitermes shangchengensis ™" NR Proteobacteria (51.73%), Fibrobacteres (14.11%), Firmicutes (13.86%)

EHBEY: R TF10%89 1 1 T; NR: KA.

Dominant bacterial phyla: the percentage is more than 10% of the bacterial phyla; NR: Not reported.
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