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Progress in research on the characteristics and functions of trehalose
and the 7TPS gene in insects

TANG Bin'™ XU Qing-Ye! ZHAO Li-Na! WANG Shi-Gui' ZHANG Fan>*"

(1. Hangzhou Key Laboratory of Animal Adaptation and Evolution, Hangzhou Normal University, Hangzhou 310036, China;
2. Institute of Plant and Environment Protection, Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract Trehalose can be used as an energy source, plays an important role in stress tolerance and is found in bacteria, fungi,
insects, invertebrates, plants and a large number of other organisms. Trehalose-6-phosphate synthase (TPS) is a key enzyme in
trehalose synthesis that has been found and cloned in bacteria, fungi and plants but not in mammals. Trehalose is catalyzed in
the fat body by trehalase synthase and trehalose-6-phosphatase (TPP) is the insect sugar. The protein sequences encoded by the
TPS gene include two domains: TPS and TPP respectively, corresponding to the Ots4 and OtsB genes in yeast. The discovery
that TPS gene expression and enzyme activity changes are closely related to a number of physiological processes in insects
which may lay the foundation for TPS as a new target for pest control.
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Fig.1 The pathway of trehalose synthesis in insects (from Yu et al., 2008)
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Table 1 Characteristics of some insect trehalose-6-phosphasynthetase genes and proteins

GenBank
Organism Gene name GenBank Nu_mber 0 f Mw(ku) pl Number_ of . References
accession no. amino acids N-glycosylation sites
DanTPS1 JX681124 815 91.2 5.96 2013
Delia antiqua
. . HaxTPS FJ501960 805 90.58 6.15 2012
Harmonia axyridis
. SfuTPS JQO013797 807 90.372  6.08
Sogatella furcifera 2012
) NIuTPS ACV20871 807 90.5 6.14 2010
Nilaparvata lugens
. Tang et al.
. CpiTPS ACV32626 809 91.129  6.25
Catantops pinguis 2011
j ApiTPS XP_001944221 797 89.598  5.87 NCBI
Acyrtl?oszphon p _ . . From NCBI
pisum
Locusta migratoria LmiTPS ABV44614 813 91.685 6.12 2008 Xia and
manilensis Cui, 2009
. AaeTPS  XP 001657813 813 91.950 6.41 NCBI
Aedes aegypti - From NCBI
NCBI
j DmeTPS NP_608827 809 91.135 6.40
Drosophila me - From NCBI
melanogaster
Tribolium TcaTPS XP 975776 828 93.072  6.58 NCBI
From NCBI
castaneum
o . MiTPS XP 001603693 798 89.751 6.74 NCBI
Nasonia vitripennis From NCBI
) . AmeTPS XP_ 392397 764 86.383 6.19 NCBI
Apis mellifera - From NCBI
lexpipi CquTPS  XP 001850998 829 93.66 6.30 NCBI
Culexpipiens q _ . . From NCBI

quinquefasciatus
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SexTPS ~ ABM66814 826 92.65  6.69 3 Tang et al.
Spodoptera exigua 2010
Xu et al.
Helicoverpa ~ HarTPS — EU878265 826 9261 679 3 uzeo(;’g
armigera
. AgaTPS XP 317243 816 92.024  6.27 3
Anopheles gambiae
#53% 1 (Table 1 contiuned)
GenBank
Organism Gene name GenBank quber 0 f Mw(ku) pl Number. of . References
accession no. amino acids N-glycosylation sites
NCBI
From NCBI
formosanus
NCBI
Camponotus CfITPS GL441177 608 68.428  5.73 ¢
. From NCBI
floridanus
. MroTPS  XM003702367 790 89.111 6.45 4 NCBI
Megachile rotundata From NCBI
BteTPS XM003396060 803 90.728  6.34 4 NCBI
Bombus terrestris From NCBI
MiTPS XMO001603643 798 89.751 6.74 3 NCBI
Nasonia vitripennis From NCBI
NCBI
Ctenocephalides CfeTPS AFP67548 824 92.878  6.50 3
. From NCBI
felis
NCBI
) DpITPS AGBWO01002884 734 82.583  6.04 5 ¢
Danaus plexippus From NCBI
) BmoTPS  XMO004926755 829 98.586  6.83 2 NCBI
Bombyx mori From NCBI
NCBI
Pediculus humanus  PhuTPS XM002433015 800 90.923  6.28 2
. From NCBI
corporis
j ApiTPS XM001944186 797 89.598  5.87 4 NCBI
Acyrtl?oszphon p . . From NCBI
pisum
. . CcaTPS XM004536149 835 94299  6.53 2 NCBI
Ceratitis capitata From NCBI
o DsiTPS XM002078082 809 91.135  6.27 2 NCBI
Drosophila simulans From NCBI
DanTPS  XM001965203 809 91.180  6.40 1 NCBI

Drosophila
ananassae

From NCBI



- 1402- Chinese Journal of Applied Entomology 51

From NCBI
ponderosae
32 ROAGEREEMEENEARENRER pI 5~8 1
et 6 N 2

Thompson 2003 S. exigua

Tang et al. 2010 L. migratoria

2008
C. sapidus Shi
and Chung 2014 L. migratoria
TPS Signal P
2008
N. lugens RT-PCR
TPS TPS
2010
Ots4
TPS OtsB TPP
7PS
D. melanogaster T.
castaneum A. gambiae

Apis mellifera S. exigua  TPS
3 45 9 12

2008 S. exigua TPS 1
2 8 5183 bp
2684bp 1766 bp

33 RHBEEANBRAGHEAMNSHAS
MR

800
TPS TPP
Mw 90 ku

4 FEESHEENEYERINGE
4.1 BEESHEHFEE
Mariano et al.

2009 Steele 1961

Periplaneta americana

Friedman 1963

Blaberus discoidalis

Bowers

Hypertre-halosaemic

Hyalophora cecropia

Haruka 1986
Manuel 2013

Anastrepha ludens

A. ludens
-6- H.
axyridis TPS
2012

42 BRHABEESHBHYIIRTR

Elbein et al. 2003



6 : - 1403-

6- D.
melanogaster Chen Wyatt 1967
and Haddad 2004 Thorat 2012 TPS
2012 TPS 2012  Chen
TPS 2002

Tang et al. 2010
66 AccTPS(GL888262)

66" SinTPS(GL766449)
80]L HsaTPS(GL448433)
94| CHTPS(GLA41177)
MroTPS(XM 003702367) Ji&3# H Hymenoptera
99 L6~ AmeTPS(XP-392397)
77 BteTPS(XM 003396060)
L NWTPS(XM 001603643)
25 CfeTPS(AFP67548) > 2% H Siphonaptera
—— DpITPS(AGBW01002884)
BmoTPS(XM 004926755)
7 77 HarTPS(EU878265) 53 H Lepidoptera
05| SexTPS(EF051258)

55 SITPS(GU211889)
99 LmiTPS(EU131894)
CpiTPS(GQ389790)
PhuTPS(XM 002433015) - @\ H Anoplura
ApiTPS(XM 001944186)

67 87 SFTPS(JQ013797) 7148 H Homoptera
99 L NIuTPS(GQ397450)
97/ AgaTPS(XM 317243)

98] | AgaTPS(XM 317243)(2)
99 AdaTPS(ADMHO01000324)

{ AaeTPS(XM 001657763) 3248 F Diptera
99 CquTPS(XM 001850946)
929 ——— DanTPS1(JX681124)
————— CcaTPS(XM 004536149)
9951 DsiTPS(XM 002078082)
499[[ DmeTPS(NM 134983)
781 DanTPS(XM 001965203)
HaxTPS(FJ501960)
TeaTPS(XM 970683) #38 H Coleoptera
9 485: DpoTPS(KB740989)
DpuTPS(GL732550) > 54 £ HCladocera
CfoTPS(IN565076) -> 2539 HIsoptera

99

Orthoptera

95

0.15 0.10 0.05 0.00
2 TRRERESEESMEBHRENN

Fig. 2 Clustering analysis of trehalose-6-phosphate synthases in different insects
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1 NGenebank 23X 7515, TR HE 9 HIASInTPS: 4 K ilSolenopsis invicta; HsaTPS: Ell Bk I Harpegnathos saltator;
CAITPS: % Hik 5 W C. floridanus; MroTPS: VIMEM. rotundata; AmeTPS: B KF|ZE A, mellifera; BteTPS: BX
HENEB. terrestris; NviTPS: WHWENHEE S/ INEN. vitripennis; CfeTPS: Jili s & C. felis; DpITPS: KLLBIUED. plexippus;
BmoTPS: ZK#B. mori; HarTPS: 38 HH. armigera; SexTPS: FESEWIKS. exigua; SUTPS: RS Mk Spodoptera litura;
LmiTPS: ZRE KYEL. migratoria manilensis; CpiTPS: ZL#BERRIEC. pinguis; PhuTPS: /KE\P. humanus corporis; ApiTPS:
Bi G KEEF A pisum; STuTPS: HE KHES. furcifera; NIuTPS: #§ K&\ N. lugens; AgaTPS: [X|LLIE1%ZUA. gambiae;
AaeTPS: R KAFIA. aegypti; CquTPS: FH&EFEILC. quinquefasciatus; DanTPS: ZWLD. antiqgua; CcaTPS: Hirifgscilg
C. capitata; DsiTPS: fNHRUED. simulans; AdgTPS: 1A KL Anopheles darling; DmeTPS: g H 4 D. melanogaster;
DanTPS: FMERELBIED. ananassae; HaxTPS: FEIIHH. axyridi; TcaTPS: RIS ET. castaneum; DpoTPS: LA K
/NEED. ponderosae; DpuTPS: JR/KE; fi/K & Daphnia pulex; CfoTPS: SVEFR HULC. formosanus(Cfo).

The related letters represent the abbreviations of species name and gene name, such as AecTPS(GL888262) represents the 7PS
gene of Acromyrmex echinatior, the content of parentheses means the Genebank number from NCBI. And other else.
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