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Tab.l Primers and their sequences
Primer Primer sequence(5'—3") Length (bp) Function
ASF1 TTACGGCTTTGGGCTTG 17 1
ASRI1 TGCTGAATTACAGGGACACA 20
ASF2 CGAAGAAGGTGAGGAAAATGATGC 24 2
ASR2 CCATTTGGTTCTGGTTCTTGGAGT 24
ASF3 TCAGGGCATACTCAGTCATCGC 22 3
ASR3 TACATCTGCCTCCGCTTTGC 20
ASF4 TCGCTCTTATTCCTTTGGACTTGG 24 4
ASR4 GCATACTGACCAGCTCGTTTACCC 24
3ASF1 AGAACCAGAACCAAATGGCTCTTC 24 3'-Full RACE
3ASF2 CTCCTTATGACGACCTTTGTTCCA 24
SASRI1 CGCTTTCCATAATCCCACCC 20 5’-Full RACE
SASR2 TGACTGAGTATGCCCTGAACCC 22
QASF1 GAAAGGACGGCCGTACTAGGA 21 PCR
QASRI AAAGCTGCGATGACTGAGTATGC 23
Actin F TATGCACTTCCTCATGCCATC 21 PCR
Actin R AGGAGGCGGCAGTGGTCAT 19
ContigExpress cDNA [-actin
3’ 5 AST cDNA 3 , 3
cDNA cDNA ,
NCBI AST cDNA BLAST BIO-RAD iQ5
;  DNAStar , prAac 25, 26] mRNA
; SMART ; SPSS13.0
; ClustalX ; Turkey (P<0.05
DNAStar MegAlign )
; MAGEA4.0
(Neighbour-Joining) AST 2
2.1 AST cDNA
PCR (gRT-PCR) cDNA ,
3" RACE 5" RACE AST cDNA
6 RNA, BIO-RAD  iScript cDNA , 3’ 5
Synthesis Kit cDNA AST ContigExpress ,
cDNA QASF1 AST cDNA 2995 bp, 242 bp
QASRI(  1); p-actin 5’ (Untranslated region, UTR), 2106 bp
cDNA Actin F Actin R( (Open reading flame, ORF) 647 bp
1) qRT-PCR 25 uL: 0.5 3" UTR, 3 AATAAA
uL, Super Mix 10 pL, ddH,O 13 pL, cDNA 1 pL ATG
( 50 ng) BIO-RAD SsoFast TAG, 701
EvaGreen Supermix 1 95C 30s; 95C 5s; G-K/R-R, 35
60°C 10s; 35 BIO-RAD iQ5 , AST , 6—18 ,
cDNA 3 , 3 C Y/FXFGL-amide

E
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A -AST AST cDNA
GenBank, JQO014170
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(Penaeus monodon) (Panulirus
interruptus) (M. rosenbergii) AST
: (2
clustalx ~MEGA4.0 s
(Drosophila melanogaster) (AF263923.1)
(Spodoptera frugiperda) (AJ508906.1)
(Bombyx mori) (AF309090.1) (Blattella
germanica) (AF068061.1)
punctata) (U00444.1) (Supella longipalpa)
(AF068063.1) (Aedes aegypti) (U66841.1)
(Reticulitermes flavipes) (FJ668632.1),
(Panulirus interruptus) (AB245091.1)
(Procambarus clarkii) (AB106899.1)
(Macrobrachium rosenbergii) (DQ088626.1)11

(Diploptera

AST AST
, AST
100%,
95% ,
85%—95%(  3)
MEGA4.0 NJ 7,
Bootstrap 1000
) (D
2.3 AST
PCR AST
, AST
> > > > > ( 2 qRT-
PCR ,
) T P>0.05,
, AST
5 (**P<0.01),

5 (P>0.05)

F2 FUNAST ZIRETRRIMAE. EE RN RBER R EDR
F3l

Tab. 2 AST and amino acid sequences of M. nipponense AST
peptides, as well as their copy numbers

AST Sequence Copy number
1 HNDYVFGL-NH, 1
2 SPGYSFGL-NH, 1
3* DRAYSFGL-NH, 1
4 EGLYAFGL-NH, 1
5 SGTYNFGL-NH, 1
6 GQYAFGL-NH, 1
7 SKTFSFGL-NH, 1
8* VRLYFFGL-NH, 1
9 SQQYAFGL-NH, 1
10 PRHYAFGL-NH, 1
11 PSSYAFGL-NH, 1
12 PKNYAFGL-NH, 1
13 DSDIQTRPGQYAFGL-NH, 1
14 PQHYAFGL-NH, 4
15 PQQYAFGL-NH, 1
16* PHHYAFGL-NH, 1
17 AQQYAFGL-NH, 1
18 ASSYGFGL-NH; 1
19 AGQYAFGL-NH, 1
20%* GGHYAFGL-NH, 1
21 SPYSFGL-NH, 1
22 PDAYSFGL-NH, 1
23 SRTYQFGL-NH, 1
24%* AGPYTFGL-NH, 1
25 ENQYAFGL-NH, 1
26 AGHYSFGL-NH, 1
27 SSPYAFGL-NH, 3
28 SRPYAFGL-NH, 1
29 SGSYSFGL-NH, 1
30 VPGSYGFGL-NH, 1

Note: The conserved amino acids are marked with bold letters.
AST marked by asterisks are specific peptidesin M. nipponense

3
3.1 AST
AST cDNA 701
, 35  AST
, AST-14 4, AST-27 3,
30 AST
, 29, 20
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0.1 R R 25 AST
| I
AST-19, 26
1 AST NJ . AST-29
Fig. 1 Neighbor-Joining phylogenetic tree analysis of M. nippo- AST
nense AST protein with related crusteceans and insectas vertebrate
AST proteins
AST * M. nipponense AST is marked with asterisk
3.2
7001
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% 2 200} ,
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~ 0 L N , I -_l
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RFEI£H 4 Different tissues ,
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(P>0.05) ,
Fig. 2 Expression of AST mRNA in M. nipponense in different
tissues by qRT-PCR (P>0.05) ’
) 3, 40 3.3
39 35 , AST
R AST AST
AST [7, 36, 34].
AST C R AST
[35]: AST C [9] [37]
Y/F-X-F-G-L, (12] (1] (Cancer borealis)** >
A -AST; AST R [38] ,
C W(X(6)), AST R AST



122

37

[24]

AST

AST

(1]

(2]

(3]

(4]

, AST

[12] [22, 23]

AST

39] AST ,

AST ,
AST ,
AST

[40]

AST

PCR AST

AST 6

, AST

AST
cDNA s
PCR

Stay B, Woodhead A P, Joshi S. Allatostatins neuropeptide
inhibitors of juvenile hormone biosynthesis in brain and
corpora allata of the cockroach Diploptera punctata [A]. In:
Men J J, Kelly T J, Masler E P (Eds.). Insect Neuropeptdes
[C]. ACS Symposium Series 453. Washington DC: American
Chemical Society. 1991, 164—176

Duve H, Wren P, Thorpe A. Innervation of the foregut of the
cockroach Leucophaea maderae and inhibition of spontane-
ous contractile activity by allatostatin neuropeptides [J].
Physiologica Entomology, 1995, 20: 33—44

East P, Tregenza K, Duve H, et al. Identification of the dip-
teran Leuc-allatostatin peptide familiy: characterization of
the prohomone gene from Calliphora vomitoria and Lucilia
cuprina [J]. Regulatory Peptides, 1996, 67: 1—9

Veelaert D, Devreese B, Schoofs L, et al. Isolation and char-
acterization of eight myoinhibiting peptides from the desert
locust Schistocerca gregaria: new members of the cockroach
allatostatin family [J]. Molecular and Cell Endocrinology,
1996, 122: 183—190

(3]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Martin D, Piulachs M D, Belles X. Allatostatin inhibits
vitellogenin release in a cockroach [J]. Annals of the New
York Academy of Sciences, 1998, 839: 341—342

Martin D, Piulachs M D, Belles X. Inhibition of vitellogenin
production by allatostatin in the German cockroach [J]. Mo-
lecular and Cellular Endocrinology, 1996, 121: 191—196
Donly B C, Ding Q, Tobe S S. Molecular cloning of the gene
for the allatostatin family of neuropeptides from the cock-
roach Diploptera punctata [J]. Proceedings of the National
Academy of Sciences of the United States of America, 1993,
90: 807—S811

Belles X, Graham L A, Bendena W G, ef al. The molecular
evolution of the allatostatin precursor in cockroaches [J].
Peptides, 1999, 20: 11—22

Meyering-Vos M, Wu X, Huang J, et al. The allatostatin gene
of the cricket Gryllus bimaculatus [J]. Molecular and Cellu-
lar Endocrinology, 2001, 184: 103—114

Vanden Broeck J, Veelaert D, Bendena W G, et al. Molecular
cloning of the precursor cDNA for Schistostatins locust alla-
tostatin-like peptides with myoinhibiting properties [J]. Mo-
lecular and Cellular Endocrinology, 1996, 122: 191—198
Veenstra J A, Noriega F G, Graf R, et al. Identification of
three allatostatins and their cDNA from the mosquito Aedes
aegypti [J]. Peptides, 1997, 18: 937—942

Dircksen H, Skiebe P, Abel B, et al. Structure, distribution,
and biological activity of novel members of the allatostatin
familiy in the crayfish Orconectes limosus [J]. Peptides,
1999, 20: 695—712

Abdel-Latief M, Meyering-Vos M, Hoffmann K H. Type-
Allatostatin from the fall armyworm Spodoptera frugiperda:
molecular cloning, expression and tissue-specific localization
[J]. Archives of Insect Biochemistry and Physiology, 2004,
56: 20—32

Davey M, Duve H, Thorpe A, East P. Characterisation of the
helicostatin peptide precursor gene from Helicoverpa ar-
migera (Lepidoptera: Noctuidae) [J]. Insect Biochemistry
and Molecular Biology, 1999, 29: 1119—1127

Lenz C, Williamson M, Grimmelikhuijzen C J. Molecular
cloning and genomic organization of an allatostatin prepro-
hormone from Drosophila melanogaster [J]. Biochemical
and Biophysical Research Communications, 2000, 273: 26—
31

Secher T, Lenz C, Cazzamali G, ef al. Molecular cloning of a
functional allatostatin gut/brain receptor and an allatostatin
preprohormone from the silkworm Bombyx mori [J]. Bio-
chemical Journal, 2001, 276: 52—60

Belles X, Graham L A, Bendena WG, et al. The molecular
evolution of the allatostatin precursor in cockroaches [J].
Peptides, 1999, 20: 11—22

Ding Q, Donly B C, Tobe S S, ef al. Comparison of the alla-
tostatin neuropeptide precursors in the distantly related

cockroaches Periplaneta americana and Diploptera punctata



cDNA 123

(19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[J]. European Journal of Biochemistry, 1995, 234: 737—746
Duve H, Johnsen A H, Scott A G, et al. Allatostatins of the
tiger prawn Penaeus monodon (Crustacea: Penaeidea) [J].
Peptides, 2002, 23: 1039—1051
Mangerich S, Keller R, Dircksen H. Immunocytochemical
identification of structures containing putative red pigment-
concentration hormone in two species of decapod crusta-
ceans [J]. MedSci Entry for Cell and Tissue Research, 1986,
245: 377—386
Mangerich S, Keller R, Dircksen H, et al. Localization of
pigment-dispersing hormone (PDH) and coexistence with
PMRF-amide immunoreactivity in the eyestalks of two de-
capod crustaceans [J]. MedSci Entry for Cell and Tissue Re-
search, 1987, 250: 365—375
Skiebe P, Schneider H. Allatostatin peptides in the crab
stomatogastric nervous system: inhibition of the pyloric mo-
tor pattern and distribution of allatostatin-like immunoreac-
tivity [J]. Experimental Biology and Medicine, 1994, 194:
195—208
Jorge-Rivera J, Marder Y E. Allatostatin decreases stomato-
gastric neuromuscular transmission in the crab Cancer bore-
alis [J]. Experimental Biology and Medicine, 1997, 200: 37—
46
Kwok R, Rui Zhang J, Tobe S S. Regulation of methyl far-
nesoate production by mandibular organs in the crayfish
Procambarus clarkii: a possible role for allatostatins [J].
Journal of Insect Physiology, 2005, 51: 367—378
Peng J X, Yin Q, Cui L. Molecular cloning of /itopenaeus
vannamei tcp-1-beta gene and analysis on its relationship
with cold tolerance [J]. Acta Hydrobiologica Sinica, 2011,
35(4): 604—609 [ , ,
TCP-1-Beta

, 2011, 35(4): 604—609]
Liao S, Chen Y, Du F K, et al. Resistance of siGCRV trans-
genic rare minnow (Gobiocypris rarus) to grass carp reovirus
[J]. Acta Hydrobiologica Sinica, 2010, 34(4): 837—842 [

. , 2010, 34(4): 837—842]

Sun Y, Zhang Y C, Liu Y C. Cloning and expression analysis
of molt-inhibiting hormone gene (Es-MIH) in eriocheir
sinensis [J]. Acta Hydrobiologica Sinica, 2011, 35(2): 210—
217 [ s s

cDNA
35(2): 210—217]

Duve H, Thorpe A. Distribution and functional significance

, 2011,

of Leu-callatostatins in the blowfly Calliphora vomitoria [J].
MedSci Entry for Cell and Tissue Research, 1994, 276(2):
367—379

[29]

[30]

[31]

(32]

(33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

Lange A B, Chan K K, Stay B. Effect of allatostatin and
proctolin on antennal pulsatile organ and hindgut muscle in
the cockroach Diploptera punctata [J]. Archives of Insect
Biochemistry and Physiology, 1993, 24(2): 87—92

Dircksen H, Skiebe P, Abel B, et al. Structure, distribution,
and biological activity of novel members of the allatostatin
family in the crayfish Orconectes limosus [J]. Peptides, 1999,
20(6): 695—712

Skiebe P. Allatostatin-like immunoreactivity in the stomato-
gastric nervous system and the pericardial organs of the crab
Cancer pagurus, the lobster Homarus americanus, and the
crayfish Cherax destructor and Procambarus clarkii [J].
Journal of Comparative Neurology, 1999, 403(1): 85—105
Stay B, Zhang J R, Tobe S S. Methyl farnesoate and juvenile
hormone production in embryos of Diploptera punctata in
relation to innervation of corpora allata and their sensitivity
to allatostatin [J]. Peptides, 1990, 23: 81—99

Bendena W G, Donly B C, Tobe S S. Allatostatins: a growing
family of neuropeptides with structural and functional diver-
sity [J]. Annals of the New York Academy of Science, 1999,
897: 311—329

Garside C S, Koladich P M, Bendena W G, ef al. Expression
of allatostatin in the oviducts of the cockroach Diploptera
punctata [J]. Insect Biochemistry and Molecular Biology,
2002, 32(9): 89—99

Zeng H M, Huang J S. Advances of research on insect neu-
ropeptide allatostatin [J]. Chinese Bulletin of Life Sciences,
2003, 15(3): 168—191 [ , .

, 2003, 15(3): 168—191]
Aguilar R, Maestro J L, Vilaplana L, ef al. Allatostatin gene

allatostatin

expression in brain and midgut, and activity of synthetic al-
latostatins on feeding-related processes in the cockroach
Blattella germanica [J]. Regulatory Peptides, 2003, 115(3):
171—177

Yin G L, Yang J S, Yang W J. Molecular cloning and charac-
terization of FGLamide allatostatin gene from the prawn,
Macrobrachium rosenbergii [J]. Peptides, 2006, 27: 1241—
1250

Duve H, Johnsen A H, Maestro J L, et al. Isolation and iden-
tification of multiple neuropeptides of the allatostatin super-
family in the shore crab Carcinus maenas [J]. European
Journal of Biochemistry, 1997, 250(3): 727—734

Francisco Martinez-Perez, Belunda S W Chang, Stephen S
Tobe. FGLamide Allatotatin genes in Arhtropoda: Introns
early or late? [J]. Peptides, 2009, 30: 1241—1248

Laufer H, Borst D, Baker F C, ef al. Identification of a juve-
nile hormone-like compound in a crustacean [J]. Science,
1987, 235: 202—205



124 37

CLONING, CHARACTERIZATION AND EXPRESSION OF FULL LENGTH cDNA
ENCODING ALLATOSTATIN (AST) IN MACROBRACHIUM NIPPONENSE

BU Xian-Fei', LI Zhen-Zhen?, QIAO Hui’, FU Hong-Tuo" *, WU Yan®, GONG Yong-Sheng?,
JIANG Su-Fei® and XIONG Yi-Wei’

(1. Wuxi Fishery College Nanjing Agricultural University, Wuxi 214081, China; 2. Key Laboratory of Freshwater Fisheries and
Germplasm Resources Utilization, Ministry of Agriculture, Freshwater Fisheries Research Center, Chinese Academy of
Fishery Sciences, Wuxi 214081, China)

Abstract: Allatostatin (AST) is a type of neuropeptide, it is made up of a few to dozens of amino acid. In crustaceans,
AST has a significant stimulatory effect on MF synthesis, which involved in moulting and reproduction, so it is sug-
gesting that AST in crustaceans has a positive effect on moulting and reproduction. However, 4ST gene cloning and
expression of crustaceans is rarely reported. To investigate gene cloning and expression of AST c¢cDNA in Macro-
brachium nipponense, we cloned AST gene in M. nipponense and used quantitative real-time PCR (qRT-PCR) to detect-
ing the expression of AST gene in various tissues. The cloned AST cDNA was 2995 bp in length containing a 242 bp 5’
untranslated region (UTR), a 647 bp 3’ UTR and a 2106 bp open reading flame (ORF). The ORF encoded a AST pre-
cursor polypeptide 701 amino acid residues, which can be hydrolyzed into 35 allatostatins at dibasic cleavage sites.
These 35 allatostatins had a C-terminal Y/FXFGL-amide in common, which is the characteristics of A type-AST. On the
basis the comparison of the amino acid sequences, five amino acids including Tyr, Ala, Phe, Gly and Leu were consid-
ered as conserved amino acids during evolution. According to the phylogenetic tree, the insects and crustaceans were
divided into two branches through the comparison between different insect and crustaceans. M. nipponense had a closest
relationship with M. rosenbergii. The result of qRT-PCR revealed that AST gene was expressed in all the tested tissues.
The tissue’ expression levels of AST were in the decreasing order hepatopancreas, intestines, testis, brain, heart, and
ovary. Our research on AST gene clone and expression contributes to further researching of the function of AST in M.

nipponense.

Key words: Macrobrachium nipponense; Allatostatin (AST); Gene clone; Gene expression



