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, 1 1.8 RT-qPCR
R SHE T TRIzol - RNA cDNA,
Tab.1 Description of three agonistic behaviors HiFiscript cDNA
)  NCBI 5-HTIB
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’ primier5.0 PCR
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) ) Real-time qPCR
S-Actin Roche LC480
, 1 mL , Real-time qPCR
0.1 mL , 4000 r/min e SPSS 19.0
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RNA, —80 °C SPSS19.0
1.7 5-HT DA (one-way ANOVE), ,
Excel ,
(ELISA) , (P<0.05)
F2 REHARBSIMTIR
Tab.2 List of primers used in the experiments
(5'~3)
5-HT1B-qF CTGCTAGAGCGTTGCCAACT
S-HTIB-qR GACACCAGGAAGGACACCAC
5-HT2B-qF GGTCTTGCACAGCAGCTTCT
5-HT2B-qR CGCCTCTGTCATCTGCTTCT
5-HT7-qF CCTGGAGTACGGCGTGAA
5-HT7-qR CGGTGAGCGGGATGTAGAA
DAIA-qF TCGGTGTATGCGGAGAGTT
DAIA-qR CGCTCTTCGTGATGGTGTT
DA2-gF GGCCAGTACAACGGTGGAAT
DA2-qR CCTTCCACCTGGTCTGGTAA
Actin-F CGAAACCTTCAACACTCCCG
Actin-R GGGACAGTGTGTGAAACGCC
11.3%, 2
2 2.2 5-HT DA
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5-HT DA 3
10°mol/ 5-HT
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Fig.2 Changes in the levels of 5-HT (a) and DA (b) in the blood lymphatic before and after fight
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Tab.3 Influence of 5-HT injection and DA on the number of agonistic behaviors
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Fig.4 Expression of 5-HT and DA receptor genes in different tissues before and after fight
va: 5-HTIB,b: 5-HT2B, c: 5-HT7,d: DAIA, e: DA2
2.4 5-HT DA DAIA mRNA (P<0.05,
5-HT DA 5d), (P>0.05, 5d)
10° mol/ 5-HT 10° mol/ DA DA2 mRNA (P<0.05,
, Se), (P<0.05, Se)
10°mol/  5-HT , 5-HTIB 5-HT DA ,
5-HT7 mRNA (P<0.05, Sa,
5¢), 5-HT2B mRNA 3
(P>0.05, 5b) , 5-HT ,
DAIA mRNA (P<0.05, 3.1 5-HT DA
5d), (P>0.05, 5d) 5-HT DA
DA2 mRNA (P<0.05, Se), ,5-HT DA
(P<0.05,  5e) 10°° mol/ G- (cAMP) ,
DA , 5-HT1B mRNA (Momohara et al, 2013),
(P<0.05, 5a), Pang (2019)
(P>0.05, 5a) 5-HT2B  5-HT7 mRNA ,5-HT DA
(P<0.05, 5b, Sc¢), , ,

(P<0.05,  5b, 5c) DA 5-HT , DA



1 : 5- (5-HT) (DA) 173

18- OXVRE DAIREK m5-HTH mDALS 14 m] xjﬂ’ﬂgﬁ OAIBERKE m5-HT:H mDAZA
o 161 a g 12f b
K 4r T g0l
i 12 i
2 10t & 8r
o 8f q 6
= 6f X 41
0 2L
2+
: N T IS | ﬁm.L
EU?EBi ot
30r OXRA DLEIEEhKYE m5-HTH mDAH 25 OXRA D4IEEhKE m5-HTEH mDAS
| a c d
HEJH 25 c % 20l a )
1 20l b i<
L3 ; ; i’ 151
&5 151 a @
£ 10l < 10r b
T <
) 5L Q s} b ab ab
0 L O I ’—I—‘ l—I_l - -
AER e AN iy}
5r  a OXIREA OLEIBAKE m5-HTE mDAZR
e
W4T
|
# 3
7;
c
Q L b
1 m c ¢ ab g3
0 EmEE .
AN iz ]
5 5-HT DA
Fig.5 Expression of relative receptor genes in different tissues after 5-HT and DA injection
.a:5-HTIB; b. 5-HT2B; c. 5-HT7; d: DAIA; e. DA2
R 5-HT (Laranja et al, 2010)
DA R 3.2 5-HT DA
5-HT DA
10°mol/ 5-HT  5-HT DA
,5-HT DA
, 10°mol/ DA 5-HT DA
, (Yang et al, 2019)
5-HT , (2015) (Eriocheir sinensis)
DA 5-HT1  5-HT2 De Boer (2005)
, ,5-HT DA 5-HT 5-HTIB
, 5-HT24 , (Rattus
norvegicus) 5-HT DA
R 5-HT , 5-HT DA
DA , R , (Briffa et al, 2007)
, 3-HTIB 5-HT2B 5-HT7 DAIA
(Scylla serrata) (TRP) DA2

5-HT , , C 3 )



174

53

5-HT

DA ,
5-HT

DA ,

5-HT DA

5-HT DA G

(Weitekamp et al, 2017) 5-HT
DA 5-HT1B 5-HT2B
5-HT7 DAIA DA2 ()]
5-HT DA
, DA 5-HTIB
5-HT2B 5-HT7 (  5a,5b,5c),DA14
DA2 5-HT (  5d,
5e) 5-HT DA
5-HT DA
(2019)

(ketanserin)

5-HT2
[R(-)-TNPA]

, 5-HT2B

, : DA2

, Pang
DA2

>

Johnson (2009) (Drosophila melanogaster)
, 5-HT2B
Guo (2015)

DA?2 ,

DA2
iRNA

(Locusta migratoria)

5-HT2B DA2 ,

, 5-HT
, DA
, 5-HT DA

, 2020. [J1.
, 50(2): 31-36.
s , 2006. [J1.
, 6(8): 55-58.
s , 2019. [J1.
, 38(3): 428-434.
, , 2013. [J]. ,
34(3): 214-220.
s , , 2017. (DA)  5-
(5-HT) [J1.
, 48(3): 628-633.
, 2013.
[J1. , 25(10): 1027-1035.
s , , ,2015. CODEHOP
5-ht;  5-ht; [J].
,32(1): 1-5.
BACQUE-CAZENAVE J, CATTAERT D, DELBECQUE J P, et
al, 2018.
aggressiveness of crayfish, facing either a smaller or a larger

s

> s s

Serotonin has opposite effects on the

rival: alteration of size perception [J]. Journal of
Experimental Biology, 221(12): jeb177840.

BORTOLATO M, PIVAC N, SELER D M, et al, 2013. The role
of the serotonergic system at the interface of aggression and
suicide [J]. Neuroscience, 236: 160-185.

BRIFFA M, ELWOOD R W, 2007. Monoamines and decision
making during contests in the hermit crab Pagurus
bernhardus [J]. Animal Behaviour, 73(4): 605-612.

COSTA J R, DALOSTO M M, PALAORO AV, et al, 2016.
Contest duration and dynamics are affected by body size in a
potentially subsocial crayfish (Crustacea: Decapoda) [J].
Ethology, 122(6): 502-512.

DE BOER S F, KOOLHAAS J M, 2005. 5-HT s and 5-HTs
receptor agonists and aggression: a pharmacological
challenge of the serotonin deficiency hypothesis [J].
European Journal of Pharmacology, 526(1/3): 125-139.

GUO X J, MA Z Y, KANG L, 2015. Two dopamine receptors play
different roles in phase change of the migratory locust [J].
Frontiers in Behavioral Neuroscience, 9: 80.

HAMASAKI K, SUGIYAMA A, JINBO T, et al, 2018. The
influence of male size on competitive mating success in the
Japanese spiny lobster Panulirus japonicus (von Siebold,
1824) (Decapoda: Palinuridae): implications for broodstock
management techniques [J]. Journal of Crustacean Biology,
38(4): 393-400.

HUBER R, PANKSEPP J B, YUE Z, ET al, 2001. Dynamic
interactions of behavior and amine neurochemistry in
acquisition and maintenance of social rank in crayfish [J].
Brain, Behavior and Evolution, 57(5): 271-282.

JOHNSON O, BECNEL J, NICHOLS C D, 2009. Serotonin
5-HT, and 5-HTa-like receptors differentially modulate
aggressive behaviors in Drosophila melanogaster [J].
Neuroscience, 158(4): 1292-1300.

LARANJA J L Q, QUINITIO E T, CATACUTAN M R, et al,
2010. Effects of dietary _-tryptophan on the agonistic



1 : 5- (5-HT)

(DA) 175

behavior, growth and survival of juvenile mud crab Scylla
serrata [J]. Aquaculture, 310(1/2): 84-90.

LEE S H C, TAYLOR K, KRASNE F B, 2008. Reciprocal
stimulation of decay between serotonergic facilitation and
depression of synaptic transmission [J]. Journal of
Neurophysiology, 100(2): 1113-1126.

MOMOHARA Y, KANAI A, NAGAYAMA T, 2013. Aminergic
control of social status in crayfish agonistic encounters [J].
PLoS One, 8(9): ¢74489.

NORTHCUTT A J, LETT K M, GARCIA V B, et al, 2016. Deep
sequencing of transcriptomes from the nervous systems of
two decapod crustaceans to characterize genes important for
neural circuit function and modulation [J]. BMC Genomics,
17(1): 868.

PANG Y Y, SONG Y M, ZHANG L, et al, 2019. 5-HT2B, 5-HT7,
and DA2 receptors mediate the effects of 5-HT and DA on
agonistic behavior of the Chinese mitten crab (Eriocheir
sinensis) [J]. ACS Chemical Neuroscience, 10(11): 4502-4510.

RODGERS E W, KRENZ W D, JIANG X Y, et al, 2013.
Dopaminergic tone regulates transient potassium current
maximal conductance through a translational mechanism
requiring D1Rs, cAMP/PKA, Erk and mTOR [J]. BMC
Neuroscience, 14(1): 143.

SERRETTI A, CALATI R, MANDELLI L, et al, 2006. Serotonin
transporter gene variants and behavior: a comprehensive

review [J]. Current Drug Targets, 7(12): 1659-1669.

TIERNEY A, MANGIAMELE L, 2001. Effects of serotonin and
serotonin analogs on posture and agonistic behavior in
crayfish [J]. Journal of Comparative Physiology A, 187(10):
757-767.

TINA F W, JAROENSUTASINEE M, KEERATIPATTARAKARN K,
et al, 2018. Sex and burrow/chimney ownership affecting
time allocation for surface activities in Uca rosea (Tweedie,
1937) (Brachyura, Ocypodidae) [J]. Crustaceana, 91(1):
51-62.

WEITEKAMP C A, NGUYEN J, HOFMANN H A, 2017. Social
context affects behavior, preoptic area gene expression, and
response to D2 receptor manipulation during territorial
defense in a cichlid fish [J]. Genes, Brain and Behavior,
16(6): 601-611.

YANG X Z, PANG Y Y, HUANG G Y, et al, 2019. The serotonin
or dopamine by cyclic adenosine monophosphate-protein
kinase A pathway involved in the agonistic behaviour of
Chinese mitten crab, Eriocheir sinensis [J]. Physiology &
Behavior, 209: 112621.

ZHU F, FU Y Y, MU C K, et al, 2018. Molecular cloning,
characterization and effects of catechol-o-methyltransferase
(comt) mRNA and protein on aggressive behavior in the
swimming crab Portunus trituberculatus [J]. Aquaculture,
495: 693-702.

PRELIMINARY STUDY ON THE REGULATION OF AGONISTIC BEHAVIOR OF
PORTUNUS TRITUBERCULATUS BY EXOGENOUS 5-HT AND DA

WU Bo', ZHANG Shun', ZHANG Cheng', MU Chang-Kao', XU Shan-Liang"?, WANG Dan-Li'

(1. School of Marine Science, Ningbo University, Ningbo 315211, China; 2. Key Laboratory of Applied Marine Biotechnology, Ministry
of Education, Ningbo University, Ningbo 315211, China)

Abstract

behavior during culture and reproduction, contents of 5-HT and DA in hemolymph of P. trituberculatus before and after

To explore the behavioral mechanism of damage or death of Portunus trituberculatus due to agonistic

fight were determined by double antibody sandwich method, and the changes of 5-HT and DA receptor gene expression in
muscle, thoracic ganglion, and hepatopancreas before and after fight were analyzed. Meanwhile, the difference of agonistic
behavior and the changes of 5-HT and DA receptor gene expression in the three tissues were recorded and analyzed by
injecting exogenous 5-HT and DA. Results show that, after fighting, the content of 5-HT in hemolymph of P
trituberculatus increased significantly, while the content of DA decreased significantly (P<0.05). Injection of 10 °-mol
5-HT could significantly reduce the frequency and duration of agonistic behavior (P<0.05), while injection of 10 °-mol DA
could significantly increase the frequency and duration of agonistic behavior of P. trituberculatus (P<0.05). The expression
of 5-HT and DA receptor in muscle and thoracic ganglion changed significantly before and after fight, and different
receptors did not show the same trend in the same tissue. Exogenous 5-HT could also regulate the expression of DA7/4 and
DA?2 receptors, and exogenous DA could regulate the expression of 5-HTIB, 5-HT2B, and 5-HT7 receptors. Therefore,
5-HT can inhibit the agonistic behavior of P. trituberculatus, while DA can promote the agonistic behavior. In addition,
5-HT and DA receptor genes can participate in the regulation of agonistic behavior of P. trituberculatus through 5S-HT/DA,
interactively.
Key words Portunus trituberculatus; 5-HT/DA;

agonistic behavior; 5-HT/DA receptor



