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ACBP 1 5-F2 g3t EiE FSiE & )
10- B E-2- BB 220

HIET Kw# ERF Fzw M BT OBXET

(B R GRS A A i SE e 2, Ol R BE s T 5B, bRt 100093 )

i E [BH] AUMREEEREEEMEN A% 5EA (ACBP) AERGSHT s-BEaM (5-HT) X
B BRI W 10-23E-2 220518 (10-HDA ) B9, [ Ak ] DUAREAERE R dsRNA FK N
XFRE, Sl achp FEFPERIRUE RNA (dsRNA ) Bl T8 achp MR XL A BREE AN REZH 435
AT SRR AR I A LSRN e M e 22 7 3£ R ( P-adjust<0.05 ); X2 R M AT GO Ml KEGG
EHEIHT; SEA R TR A I A€o 2 I 1) SR I PR e TR R 225 SR DA B R 10-HDA &5 = (R 45 5,
REW5T ACBP Ml 5-HT % T8 [ %R 10-HDA A A, [ R ] acbp Wi T3 %R 10-HDA & &
BE TR 20%; #2422 BOMT S R L 488 N EFIEN, TS 5RIRRIEAE . PPAR {5 538 M
LR SRR R . AR, OEMRICHEMKI amd, aldh %% 53 K K7L AT BE S50 5-HT R E,
SRIG BT ANIR S-HT G MR A s, &P FSWURAY 10-HDA A7 i 8 T2 30%. #MR 5-HT 515E %R
B 5-HT1. 5-HT2a. 5-HT2B ZARGRIEILFE FIRFIE, I 035 00 SR it g i s iz i 2 1 SRk cpe2
i ALY R abed3 BIFR5 . [ 538 ] ACBP 22234 i 17 8 R i A 2 6 1R 8 1 0y T 52 L S AR AN 1
MR B, JF5 EMEES4F S-HT fER A ¢ S-HT M6 SRS 6L 10-HDA, I H i 2
S0 40 L N PR BRI % o Bl ( CPTs )

REIR  EWE; LW, 10200 Beordl; BEEEERE A S5AEA; S-ROM; AR B
B ity

The effect of ACBP and 5-HT on the synthesis of
10-hydroxy-2 decenoic acid

XIE Zi-Han"~ ZHANG Xiao-Jing XIA Zhen-Yu LI Yun-Chang
HAO Yue = PENG Wen-Jun'

(State Key Laboratory of Resource Insects, Institute of Apicultural Research, Chinese Academy of

Agricultural Sciences, Beijing 100093, China)

Abstract [Objectives] To explore the role of the ACBP protein and the amine signaling molecules 5-HT in the secretion of
10-HDA from the mandibular glands of Apis mellifera. [Methods] The treatment group of worker bees was fed achp dsRNA
to knockdown expression of the achp gene, whereas the control group was fed sugar syrup. The morphology of the mandibular
glands, transcriptome sequences, and the enrichment (KEGG and GO) of differentially expressed genes (P-adjust<0.05, DEGs)
was compared between the treatment and control groups. The function of ACBP and 5-HT on the synthesis of 10-HDA in the
mandibular gland was inferred based on the expression of the core gene in fatty acid and tryptophan metabolism according to
transcriptome data, and the level of 10-HDA in the mandibular gland. [Results] Knockdown of acbp led to a significant,
20% decrease in 10-HDA. 488 DEGs were identified from the transcriptome data, most of which participated in fatty acid

degradation, the PARP signaling pathway and multiple amino acid metabolism. Interestingly, altered DEG amd and amdh from

*YE BT H Supported projects: %% HARIER A1 FIH (32072800 ); i E K AF#BERHE A1H TR ( CAAS-ASTIP-2022)
**JL[5] 25 —A4E# Co-first authors, E-mail: x18513977600@163.com; 15624955894@163.com

L [A]3H THAE#H Co-corresponding authors, E-mail: pengwenjun@caas.cn; haoyue0l@caas.cn

WeHS H ) Received: 2023-04-06; %3 H W Accepted: 2023-05-04



- 784 - R B 244k Chinese Journal of Applied Entomology 60 &

the tryptophan metabolic pathway may cause the accumulation of 5-HT. The feeding of exogenous 5-HT to nurse bees led to a

significant, 30% decrease in 10-HDA in the mandibular gland. Exogenous 5-HT increased the mRNA expression level of the

5-HT1. 5-HT2a. 5-HT2p receptors in the mandibular gland, and significantly inhibited the expression of cpt2 and achp3.

[Conclusion]

ACBP influences the synthesis of unsaturated fatty acids in the mandibular gland through fatty acid

degradation and amino acid metabolism. Tryptamine signaling molecules, such as 5-HT, are also involved in this metabolic

process. 5-HT inhibits the synthesis of 10-HDA in the mandibular gland, and influences intracellular Carnitine palmitoyl

transferase (CPTs).
Key words

S5-hydroxytryptamine; carnitine palmitoyl transferase

T B SR Y e o A g AR R Y
REIVITR , 1 LC R im0 7 & o i IR AR 2R 2l
LR 80%-90% , Fh o 10- 58k -2- 28 0 IR

( 10-Hydroxy-2-decenoic acid, 10-HDA ) [5i5
5 8 2 ) — 2 LA L ( Sabatini et al., 2009 ),
10-HDA J&—Fh i i i S AN AR TR, A
{HE R E Y I EEE SR, I RA T
LR . BRI RIBT IR A A AR TE M, R A KA
He ELA B /EH] ( Cornara et al., 2017 ), 10-HDA
TE AR T HA T8 BSIRa] LAG A, Rt s e |
S AT e B IR B B 0T ER A R LR

[] 37 28 B 10 52 3 T ZH 2 L3 o3 BT 45 SR 48 7R
T SR AN ERRT AR 17 R B AR A R A
FEUUTILAEZLER . OB A L BN
IS B IURI B B SE AT i 18 e ) < i i D)7 12

(REARIR ); 7E CYP450 AT, MARERIMN o
B kAR SO 5 FR S A B A g R 38 o AN 58 4
B- LI b s R AL IR IR 5 LA K g D R 2
11 ( Plettner et al., 1998; Malka et al., 2014 ),
Horpr, R EERR IR 1% AL iz i Bl
KHOPYR, RITEBEEGNE A WFE TR b aE
N WYL A N 7 R ot Bl A ( LCACOAs ),
Fa o WESLAHRE A 255 8 ( Acyl-CoA binding
protein, ACBP ) iz % ZI 20 il N 155 o 40 o f it
1R R AL S5 A #2( Yurchenko er al., 2009;
Lei et al, 2010; Arya et al., 2013; Bouyakdan
etal., 2015 ),

ACBP, f 911 S Hb 75 2 45 & 10 il 5

( Diazepam binding inhibitor, DBI ) #{ A& ¥
(Iversen, 1977), J&—Fh) ¥z ik HAEYFhA]
BA®ERSMHEMNENA (Burton er al, 2005;

honeybee; mandibular gland; 10-hydroxy-2-decenoic acid; transcriptome; Acyl-CoA binding protein;

Bouyakdan et al., 2015 ), ACBP 7EZ [ N & 4754
T RPN EEAEN (Alquier et al., 2021 ),
KB ACBP WAL I LCACoAs XfZhi
PRI A &8 . B A R IR 1Y
MEIVER], JF Bl LR LCACoA f T /K fift,
F£4 LCACoAs HYZH A PNt IE Bifs( Wang et al.,
2021 ). ACBP o n] LIJUIESLAAE A AT PEAN
G AN TREE ( Gaigg et al., 2005 ). 2t
% ( Ferreira et al., 2017 ) 12 [& % ( Boujrad et al.,
1993 ). B T XARHTR & BB, ACBP ifn]
PIHF LCACoAs HHEHRHELS PR LA L FE B 1

( CPTL), T3 3R 2 LA B-4A4k( Hostetler et al.,
2011 ), WHFLSh WAL R AR ACBP R
fRER R 2 2 PR RAR TR Y 484k (Harris et al.,
2014 ), [FIRY, FAZAPIH) ACBP b &—FhEH
oy izt )43 8 H ( Anjard and Loomis,
2005; Bouyakdan et al., 2019 ), 1F 2 IKATIA,
ACBP 153 WAIRI 1 F W75 5 254 Al TORC1 5%
R, o3 WA AL AR AR T AN i 2 L A )

(Pedro et al., 2019 ), 5% ACBP 1) 32 IJHE
P, — R TEAR B Th 456 iz i K e A
R R BERL4#H T A (Neess et al., 2015); — 25 A
B y-HIETERZAR (GABAL) 458 IF B
RO ML VG PE, 7 PR R Oy kR AR

( Christian et al., 2013; Farzampour et al., 2015 ),
RITTER B LK ACBP A] AEHA £ /R 34 X
THEhEE (Pedro et al., 2019 ),

A5 R A RNA T3 (RNA interference,
RNAi ) FARFBAR L FAR acbp MIFRIE, T MARIA
A4S, HIELFER, 10-HDA i, ZFIEHNK
TRESE T H AT T R Geo0 0T, K ACBP ANMHEFY
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M- %5 R A 177 PR AR 1) T L3 B ——PPAR {5 %5
0 S T i O T G fp L %, 35 22 Fh s SRR A AH
Ko AWM, acbp WRRMESE T 5-HT Al
ORI G T 05 8. FATE & IANE
5-HT 151 A S 30 & 9] 1% 10-HDA A A
F IR, XnlBES CPT Ml ABCD S5k AT
AR T A %) M P T B s o B P A K

1 MB5ERE

1.1 RIEdEH

B RKHE W Apis mellifera ligustica & H
LBz P R T 116 (ZREE 116°E,
JLZE 40°N ), HEWERE A T 2021-2022 4E 19 5-8 H
B ROl B2 B 2 A ST BT A 1L i S Y 3
A e AT

12 BHRRESHE

M3 BRI 4 e v CRDKE s B 1 3 25 T
W CREREIRC 2-3 gk, Rlds 509 B RgsEse ), &
NEREREFRAA D (R 34.5 C, AHXHEEE
60% )o 12 h JFUEE H Pr T ThRic s #RE
T3 MRFE AT ¢ FRLHAL FRAE A 3-5 PREE M,
BREFE 50 H, KRR o TS e
HERE Y S0% M REMER IR, AF 3 d RE{
TR R M A IE £ 90 i

dsRNA TaME . ¥ acbp FEHFEFME dsRNA
(acbp-dsRNA ) FIHEHF 1% dsRNA ( ns-dsRNA )
ST S0%MRERIA T (dsRNA 2Lk
60 pg/mL ), M 0 H#SHEAFRIERZ 10 H i, P
B E T WA, IHARAEAE - 80 °C YkAET
B A URE

S-HT T VB EE D 4 1 i brid
IR mR R . 4 d JRIEMRICHYE Y, JRREG
SPECEIMTE . KBRS 5S-HT WA BER] 50%
AOREMEAIR (5-HT Z9K)E 43510 10 mmol-L ™'
20 mmol-L™ "), 7EMFEhIAMERE 8, 24 h
JE AR B O DO B e TUACD, IETR
FEAE - 80 'C VKA 1 2 fift 0 BURE o

SRR A A VKRS A, AR AR

I 5 P AR L o 7 AR S fole 5 T A o B %1
B R LT Bob e il iy, SRR 1S, AR
Ja N L SR BGE 1SR o

1.3 2 RNA HEBRfRERN

KM TRIzol #%:%f [ FURAYE RNA B4
B, F Nanodrop2000 ( Thermo, USA ) X4z
RNA (14 B2 AN 2 B - AT A, BOREA 6k e Dk
KMl RNA 52 2% ¥, Agilent2100 ( Agilent
Technologies, USA) illl%E RIN fH. Bt
/2 0D260/280 > 2.0, 0OD260/230 > 1.8 X
RIN > 8.0,

14 ERAWRFF*

SCPEEA A B AL T 5B s A
NEBNext” Ultra™ RNA Library Prep Kit for
Ilumina® ( NEB, USA) #EfTH# &k . 54 Oligo

(dT) AIREERS mRNA 9 ployA #E4T A-T Bt
XF MM RNA Hr B mRNA, T 704
R dfE R . B mRNA R Bkl 300 bp
e /N B, I DL Z AR AR G i 5 AR —
#E cDNA, FRfiJ5 & 5E 55 . Wk cDNA i F
AMPure XP beads #474lifk . 4lifk 1% BUEE cDNA
FRAN R N A R 307435 i PCR
WA, HH 2%IEREEER M H 1 S . 15
F Y cDNA CFE 45t TBS380 /i, HHUiE e
iR 4 F#L, F Illumina novaseq 6000 ~F 5 i
T o

N et o 42 0y 91 LU X 2B T T 2

AN T E A 2ok fastp BRI UE ( REREEL TS,
LRI A R T i, KBRS N R
10%) reads, & FH£L Ll LB EKE/NT
50 bp HYFH ), ARAF I 5 Kds o FHARF TopHat2

( http://ccb.jhu.edu/software/tophat/index.shtml )
B EE s S B RS H WA (Amel_
HAv3.1 )i 7 X, P95 223 HTHY mapped reads.,
i %4 Cufflinks ( http://cole-trapnelllab.github.
io/cufflinks/ ) #f mapped reads #1720 2 PF% .

15 ERREKEEEFHMERSH

H B A RSEM ( http://deweylab.github.io/
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RSEM/) THREENFRIBKF-, ity TPM
( Transcripts per million ), H # 4 Deseq2
( http://www.bioconductor.org/packages/release/bi
oc/html/DESeq2.html ) #EF7HEAS (] 3 (K] 1) ik 2=
S48 (P-adjust<0.05 )

1.6 10-HDA Hyi&iml

RIS 8 MEE, BAEEMNS 3 H
B OB EIE IR P URESR] 1.5 mL B0,
JIA 100 pL 0.03 mol-L™" AYELERFI 200 pL A4l
Ko FEVK 384 WF B 5 IR = B 0 (12 000
r/min, 4 C) 15 min, ¥ FiEEH%ZE] 5 mL
R . B 1 mL JOK ZEERRRTUE, HIK
I I 0 1 B O T e B B B A L. JInJeok
OB FELEIHT , M 15 min, FFRARTRE
ERERERG AR FRRZ 0.22 um JERS 185
ML

FH AR SRR A (43512 ( Agilent 1290 Infinity
T ) H#3E = PUHL T ( Agilent 6495B ) (LC-MS)

XIHESL Y 10-HDA & 5 A TR 0 >R Ff ZORBAX
Eclipse XDB C18 column (5 um, 4.6 mm x
150 mm ) #A7 A5, WEIHHH ZIER 0.1%
HR K 4% AR RLEE 10 1 4L, Wk N
0.5 mL/min, #FFERN 5 uL, 10-HDA BRI
4 210 nm,

1.7 PR EERE PCR ( Quantitative real-time
PCR)

i A NovoScript® Plus All-in-one Ist Strand
cDNA SuperMix ( gDNA Purge )
( Novoprotein, China ) a7 & 4T 5 515 2
cDNA, SRJGHiFE 10 £i5, HL 1.5 uL fEF qPCR
ML, qPCR S50 ff A7 & NovoStart” SYBR
gPCR SuperMix Plus ( Novoprotein, China ),
AR 3 M EARTER . SN FA R 274
i1 (Livak and Schmittgen, 2001 ), i
B-actin( LOC406122 )N S H [ . ¢ it PCR
B 5175 W 1,

synthesis

x1 AZWEASIYFT
Tablel Primersused in thisexperiment

2 SR NCBI 3 R 2 45 519 (5-37) PH A BER/N (bp)
Gene name Entrez ID Primer sequence (5'-3") Product size (bp)
actin 406122 F: AGGAATGGAAGCTTGCGGTA 180
R: AATTTTCATGGTGGATGGTGC
Amd 410639 F: TGGGATCGAAGGTATCCAAA 172
R: TCGATCGATAAGCTCCTTGG
5-HT2o. 411323 F: CGGAGAATATCGGCCGTGAA 168
R: CCAACACCTTGCTGGCTTTC
5-HT2p 552518 F: ACGTACTGAACGACACCGTC 237
R: GCATTACAAGCACGGCTACG
5-HT1 410435 F: TCGCGGTCGACAGATATTGG 191
R: ATCCTGCGACACCAGACAAG
5-HT7 726702 F: CCTGCATTAGTCTGCCACCA 219
R: AATGGCTCTGCGCTCTTCTT
aldh 550687 F: TGGATGCTTCTCAACGAGGT 155
R: TCGCAATGTGGCTATACTGC
srebp 413422 F: TCTGTTACACCAGCACCCAC 185
R: ACTAACAGCTTGCGACCCTC
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43R 1 (Table 1 continued)

2 ISP NCBI JEHE N 95 15 (5-3") P34 BRI (bp )
Gene name Entrez ID Primer sequence (5'-3") Product size (bp)
abcd] 411685 F: CACGCGCCACAATATGCACTA 183
R: AGTCCAACCACCTTCTCCATCG
abcd3 552495 F: TCTACATTCCTCAGCGTCCT 195
R: CATCCCAACCTTGTCCTTCG
E75 410309 F: GTGAACTCGTTGCGGTTGTC 238
R: GTTTCTCCGAGTGGAGGGTG
acbp 411272 F: AGCGTCAGATGCTGATTTGC 150
R: GCATCTTGACTCATACCCTTCCT
kat 724239 F: AGAAAGCTGTCCGGGAAGAA 176
R: ACCTCCTCGAAGTGCAAGAA
cptl 550695 F: CTCCATCTCCTGTACGCCTCC 170
R: TGCATCCGGTGACATTGAATT
cpt2 411473 F: ATTAGATGATGTTTGTGTTGGCA 163

R: AGCTACTCCATCTCCCCATGA

F: LUF51%; R: TU#51%. F: Forward primer; R: Reverse primer.

1.8 EB®ZEENE ( Western blot )

P b BREHFIXT FRZH B 10 H ) 5 s A
— I TRIzol 42 HUEE 1, FH BCA 4G
DR BB MR BE . B 15 pg 2B FRE S 5 2 AR
EA FREZE R (& 5%BME ) IR4, 95 Chifi
10 min AN, REEEERE. HH 12%
1) SR TR M T i 8 S AL UK 3 S B 1 . LR R
0.45 um [ PVDF BRI N . SRS il &
20% H LAY Tris-glycine %W ; #5414 100 V,
15 min, 200 mA fEE L 30 min, FE)55E
FHA 5% IR WK i TBST IR == IRES A 1 h,
RIGIMA—HE (1: 1000 Fike) 4 Crb s .
F TBST 22 tPf il AP 10 min, 3 K, SAJE M
AZHL (1:5000 #ike ) EiIEF 1 he iF—
FH TBST e 3 W, KM ECL B (F
FI3E, P1020-25)% i, fb2% & L AE{X( Tanon,
5200 ) XHRAR . SEm AT HPUAG BWE
ACBP ( ImmunoWay, YT0073 ); PB-tubulin
( Abcam, ab6046), HRP #i/& ( Proteintech,
SA00001-2 ),

1.9 HIEST

X T AS F s 1 Je il o IE AR K ( Normality
and lognormality tests ) I % 4 FC XF ¢ i 5%
( Independent samples t-test ), A EHEHIFF A
m A B 2288 551, BB A SR
BN BRI ORF QRT-PCR 1A 27847
( Livak 3% ) ( Livak and Schmittgen, 2001 ),
MEER (Ot R, 10-HDA, 5-HT) (4l 2
SOTR A ¢ K I HEAT R SMAT, P<0.05 3R
ZR W, P<0.01 FREFWEE,

2 BRESH

2.1 ACBP &5 Ii& I S0B3 A5 R Be i

iR 4R 10-HDA FE P (1 2 Fhrb e 4%
FRILARIG R 0 A i AR 4 R, B AR
e (BEER N 16) B9 MK A RN AE A Sk B g
fi (BREEREEHR 18), GEASERAIFEIIL AR RAL
BEWABR AN SE 4 B-48 1 o i I R 15 Ak A B i B
it A JERRIRRICI A EL IR, Hp, d sk
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JEIFER (BREEKJENT 14-22 Z 18] ) 16 fL)a e &
Lh ACBP S # AR HET 740 M N i iz o e 2 K A
BENER E kit 2, 752 ACBP il CPT, ABCD
BN O] R M L TR LN BUR R IR /[ TZEN

(Kl 1: A)o acbp SERILE T 8% [ SRAR M FRIKHLE

#IF1 B #Y ( Burton et al., 2005 ), FMpIEHFAAH 6
A achp FER, EIEFER LA il 1 1> achp FEH
(LOC411272 ), #W . N2 /NRFILR B ACBP
AT —B s R R BN ACBP 5
WHFLEYH B % ACBP U 1155 B AH

H. 2y [ 4+ — Py AN
Pt (Bl 1: B, FEFR A1 1 o0 A7 45 2R S s B 1 B R M o7 A A
A > M | o P
FHMESIY) ACBP MM/ =25 LA, T AL SOLSES M mERS (Bl 1: C).
A A Acetyl-CoA B 1000 - 15
| 8 900 - m=m FPKM g
MalonylCoA @ gPCR gz
— g 800} 8
i Lc s £
Peroxisome A-Cy, A > 700 10 ©
-oxidation % 110 ¢
B & 600 |- =
[a W <
/ncycle (_; & 5001 =
(A & i = e
Acyl-CoA o CPT2 ,610"04? \ 400 - i
N, | %2 300 0.5 K
CPT1 O QG Uy m B
Ny 0 2 7 #®
Uncompleted N 200 - =
B-oxidation 4o 100 L =
Vi,
OA 0 1 1 1 0
10-HDA 5 NEB THHMENB REK FB
H ¢ Age
20 40 60 80
L-H.sap MS - QAEFEKA AEEVRHLKTK PSDEEMLF 1Y GHYKQATVGD INTERPGMLD FTGKAKWDAW NELKGTSKED AMKAY INKVE ELKKKYGI-- g7
B-H.sap] MALQADFDRA AEDVRKLKAR PDDGELKELY GLYKQAIVGD INIACPGMLD LKGKAKWEAW NLKKGLSTED ATSAYISKAK ELIEKYGI-- 88
A.mel MTLDEKFKKA AEEVKELSAP ASDADLLELY SLYKQATIGD CNTSKPGMLD FKGKAKWDAW DKRKGMSQDA AKEQYIHKVE ELISIIG-KK 89
D.mell MSELQEFNQA AEDVKNLNTT PGDNDLLELY SLYKQATVGD CNTDKPGFLD FKGKAKWEAW NNRKGMSNTD AQAAY|TKVK ALIAAVGLKS 9¢
D.mel2 MV - SEQFNAA AEKVKSLTKR PSDDEFLQLY ALFKQASVGD NDTAKPGLLD LKGKAKWEAW NKQKGKSSEA AQQEYITFVE GLVAKYA--- g¢
D.mel3 MV-S--FEEA TELANKFTKK PTDAEFLEFY GLFKQATVGD VNIEKPGALA LKDKAKYEAW SSNKGLSKEA AKEAYVKVYE KYAPKYA--- g4
D.mel4 MV-S--FEEA AELAKNFSKK PTDSEFLEFY GLFKQATVGD VNIDKPGILD LKKKAMYEAW NAHKGLSKDA AKEAYVKVYE KYAPKYA--- g4
D.mel5 MA- - -DFNA| LEKTKAFSKK PPTEVYLEFY GLYKQFQEGD INIEKPA--D AEGAAKYDAW LSRKGLSVDD AKAAYVALYE KYNPIYG--- g2
D.mel6 MPT - - -FEE|l VEKAKNFKNL PSKEEFLEFY GYYKQATVGD CNIEEPE--D EEKKARYNAW KSKAGLTADD AKAYYIEVYK KYAPQY---E g
Consensus MV -S--FEEA AEKVKNLXKK PSDEEFLEXY GLYKQATVGD XNIEKPGMLD LKGKAKWEAW NSRKGLSKXD AKXAY|XKXE KLXPKYG- -

100%

Conservation Hnnnmnﬂﬂmﬂ HHHHHHHHITI

Hﬂﬂmﬂﬂﬂﬂﬂﬂ HHHHHHHHHH e HHHHHHHHHH necl il Hﬂmﬂﬂﬂmﬂﬂﬂ ﬂﬂmﬂﬂﬂﬂnm

*% % % % * * %

1 ACBPEEMBRREIRERDFIINEEMLSST
Fig. 1 Analysis of ACBP fatty acid metabolism and protein sequence functional sites

A. ACBP 25 T34 I SR Ag iR 11 ; B. achp ZEHATEH 7l (NEB ),
FPKM fH: F&EHMF e R (H#8 ek &3 ); C. ACBP BYE H BF I ThREN & o

#: ﬁﬂzlg/nn{l’]j *:

A Hsap (L% NP_001073331.1; B %,

HE¥ (NB) %u%%@% (FB) FRyFEEE,
s FEARREEN A

ZHHA ., WX ACBP JF5) ID WF ;. 2 A.mel (XP7006564597.1 );
AAH29526.1 );

S A D.mel (1. NP_609187.1;

2.NP_729218.1; 3.NP_648083.1; 4. NP_648081.1; 5. NP_648255.1; 6. NP_648082.1 ),

A. ACBP is involved in various steps of fatty acid biosynthesis, elongation and B-oxidation; B. Comparison of acbhp gene
expression in newly-emerged bees (NEB), nurse bees (NB) and forage bees (FB); C. ACBP protein sequence alignment. %
represents for important for ACBP stability, # represents for ligand binding site, * represents for both. The sequence used
for alignment are: A.mel: Apis mellifera (XP_006564597.1), H.sap: Homo sapiens (L-type: NP_001073331.1;
B-type: AAH29526.1), D.mel: Drosophila melanogaster (1. NP_609187.1; 2. NP_729218.1; 3.NP_648083.1;
4. NP_648081.1; 5.NP_648255.1; 6. NP_648082.1).

2.2 BHK acbp #DHI T ESAR 10-HDA &K

R ACBP 7E LS/l 10-HDA Rl Y

VER AR il 1 1 MR achp H5 57 VERBUEE RNA

MUK achp FEDI ARG . E SRR 527 W4
iR BRI (etrl) MEHEREF M dsRNA

AbERA (ns) ML, achbp dsRNA 4bH 5 A9 %
b SR AR AR SEOE AT (K 2: A). [H]
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i) dsRNA b BT 86 (7715 R BA B 25 5% P>
0.05 (& 2: B), qPCR #1 Western blot SZ5i 4%
R BN acbp AP achp FEDRI R FIEE H /K

o
&
v}

—
(=)
T

NERM (K 2. C, D), #8005
REMENSHE 10-HDA &, RIEUE acbp
FEA 5, 10-HDA 75 & B E K2 20%( K 2. E ),

3k

AR RSB R
Relative expression
o
W

ctrl alcbp

ns
XTERAH R FA acbpH
434 Group

B
100
:\3 80
= &0
-
@E 40t
.].u: 7] 20+
0 1 1 1 1 1
acbp 0 2 4 6 8 10
RE( Days
Eqor
3
ns acbp ﬂmé 60 T
Q5 . P
< 9 ®e® ®
Q E 50 i oo
s e
(=]
—-A
= 40
S
30 ctrl ns acbp
YRR ARREFAE achpti
414 Group

2 K acbp Xt LSRR, THEFEZER. ACBP RIAELUK 10-HDA S EHIFIT
Fig. 2 The effects of acbp RNAi on the morphology of mandibular gland, the survival rate,
the expression of acbp, and the content of 10-HDA of the worker bees

A R R FIRAIEAS s B, LA RT; C. achp FEPIFRGK = M9EEE i PCR 4347
D. ACBP # FIK I S BN 73415 E. 10-HDA &0 Hro ctrl: XTI, SO%REMEA W ns: ARFEFIE dsRNA;
acbp: acbp ¥iFPE dsRNA, FREFE ., AR =1 mm, *Fm P<0.05, ** P<0.01 (¢#% ),
A. Mandibular gland morphology under anatomical microscope; B. Survival rate analysis of worker bees; C. Fluorescence
quantitative PCR analysis of achp gene expression; D. Western blot analysis of ACBP protein; E. Content analysis of

10-HDA. ctrl: Control, 50% sucrose solution; ns: Nonspecific dsSRNA; acbp: acbp specific dsSRNA. Scale bar=1 mm.
* P<0.05, ** P<0.01 (#-test). The same below.

23 BERAFERBTAIK acbp 3t LERREE
3wy :ub AUo]

KFENT acbp FHePRXF 155 AE A 5 R AR A9 52
i, FRATX A achp dsSRNA HIALFEZH (acbp )
X HRA Cetrl ) #EAT THSRAM T . sk &
FE&h clean data #4753 6.54 Gb L4 |, Q30 HifidE
HA AR 92.8%L) I, 5S% R KA T L%
M\ 93%3F] 95% A, Kl FIRHERA 11 557 4,
FE RN T2 T8 R R acbp AEFRLH 5%t
R AH 7] 1) 25 S R A 488 1 (( P-adjust<0.05 ),
b BZ AR X R PR AR DL A 152
AR, TIHMELL ERSA 40 DA ( P-adjust<

0.05, E3: A). acbp MFREAEALIRL
26% ( P-adjust<0.01, K& 3: A).

Xf 25 HE AN (P-adjust<0.05 ) ¥E4F GO IhiE
HRT, KI acbp 5 ctrl 22 A1 25 53 A
HEES 35 4~ GO KH LB, WiEEYLRE
BP) J¢H 11 4, 4l
A% ( Cellular component, CC ) 28H 13 %, 41
€ ( Molecular function, MF ) 25H 11 %5, A
3 (B) HRAREANDET BEEHARTILAN GO
% H (FDR < 0.05). AfZHs2m & F5iiiE
TR A B OB R 5 R -, FRATE SR T “F%
SEETFIEYE” &H (K 3: B, FRIZk ). i%%&H

( Biological process,
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T 11 A A SRR (R 2), .
C/EBP., COUP-TFII, RFX7. DI, Pokkuri. Slpl.
Omb . DDB_G0282963 . Cycle . Maf .
XP_006562667.1 ( i LOC100576878 %4ifi%, &4
FEAR S R P BE LS IR bzip ). HiP RFX7 .
dorsal, LOC100576878 7 acbp AL T
( P-adjust< 0.05); Ay 8 il 5% K+ i g fith 3
RIFETE acbp Kb FRZH v 2 3 1 ( P-adjust< 0.05 ),
R KEGG i A7 B, Pokkuri J&¥E “i5 HE 4l
JERL”; Pokkuri A1 Omb =5 MAPK 5518 % ;
DI 25 TOLL {55 #%; Cycle 7 “T5” 4%
hREEZEH (£2),

il KEGG WIREE £, AW 2ER AN
WS 2 R B s X IR, CBRIAR

A 65¢
o 3% 1 Significant up (152)

6.01" ¢ 7R 5.3 No significance (10 905) |
5.5 e .3 T4 Significant down (40) ¢
%

S FifR

W, AR i el (2 6 2
SENEERZAH), FEEKARE “PPAR
R, NI, DR I m s
B, W CEERR . SR AR R AR, A
ARFIH AR . “H &R . 2228 R
R, AR 55 (K 3: C), H “f5
WitRIEfE” A1 “PPAR {5 5% X TRRNR
R FESEE . achp MUKSE, “PPAR {55l
" R R ATR G A ( acsbg2, acs ). %3z (acbp,
fabp, fatp). EWA (deltall ). A4k (acadm )
GRNFIRRAEREZEZM (£ 3). “IeIimkE
fife” 38 % R 2% SR AR S N okiik B Ak
FEH, 2 D RIWR T AL EE P A — A SRR A
(F4),

AL S AW IR

Cellular component organizationor biogenesis

S Localization
H: 4335 Biological regulation

B
8
£
g
— )
T 5.0F é 5272 Metabolic process
-03 4.5 A 4iffg3 72 Celular process
= 4.0 g # H & A% Protein-containing complex
HE 35t s L3S} Organelle part
Qo = E
S5 30l 28 42§ Organelle
Sg — &2 YIS Cell part
g 2.5¢ 3 JEE#E 43 Membrane part
o 20r § 5% A5 1% M Ranscription regulator activity
S 1.57 » E 4T hEEHF Molecular function regulator
1.0 i E 5 #5535 1 Transporter activity
' S %54 Bindin
. FH achpRNA 2 HE g
02 L Xc]‘t.’] a.c"pfbli 3 1ALIE M Catalytic activity
0 051.01.52.02.53.0 3.5 4.0 45 5.0 5.5 6.0 0 50 100 150
Logl10(cbp_normalized+1)
X R4
C PPAR/E i@ % —log10P-adjust D i OHKAT %ﬁa:! !
xylation [o]
PPAR signalingpfxathway i ® Hydroxylatior ALDH o -
. ,dﬂéﬁﬂﬁw%ﬁ I o 28 HO NH, X
atty acid degradation
ST RIS R | o 24 SRR o YN p| | smem  sxmmen
Valine, leucine and i*%)g_‘gine B%e%r%d?%i% 2.0 o <« amm yptamine 5 Ao
gl i . .
Ar;%‘ngiﬁ and é{gne %r_lg:ag}%sg r Ge%lﬂﬁﬁ{; ?Q\GOKAT Tryptophan - -
pea FNT vl ne number LR %
Glycine, serine and threonine metabolism e . 6 "o OH non-Hydroxylation
AR | . ° meﬁzin » I am
Tryptophan metabolism e 8 uremic ack o © Tryptamine
. . A A 9 g oA
Longevity regulating pathway-multiple species ® 10 GCDH. ACAT2 4 GODH. ACAT2
0.20 0.24 0.28 0.32 > T

‘HH K F Rich factor

3 achp EEMIKE LFRHESEE RS
Fig. 3 Functional analysis of DEGsin the mandibular gland after the knocking-down of acbp gene
A, FERFGARE2ZFHONE . NERIR T acbp FEF R FPKM {H; B. 25 3EH M GO B EMMIZER (Hrp iy
M ZAEHATLHER); €. ZRFERMN KEGG B4l ; D. R ICHhmes iy2s i H,
A. Scatter plot of DEGs. The small window showed the expression (FPKM) of acbp gene in treatment group and control

group; B. GO enrichment analysis results of DEGs (underlined terms indicate transcriptional regulatory activity);
C. KEGG enrichment analysis of DEGs; D. DEGS in tryptophan metabolism pathway.
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F2 ERFENHFRETF
Table2 Differently expressed transcription factors

o & LA i -
L G ER a8 (ERET) B E ke
Gene ID Gene name (transcriptional factor) Fold change P-adj Regulation
P (achpletr) J &
LOC411207 CCAAT/enhancer-binding protein (C/EBP) 1.72 3.11x10* ¥ Up
LOC408872 COUP transcription factor 2 (COUP-TFII) 2.12 1.34x10° -3 Up

LOC100576369 ets DNA-binding protein pokkuri, transcript variant X1(Pokkuri) 2.33 229%10° ¥ Up
LOC726165 fork head domain transcription factor slpl, transcript variant 2.09 897x10° I Up

X1(Slp1)
LOC726842 optomotor-blind protein, transcript variant X1 (Omb) 1.73 2.84x 10" i Up
LOC100577795 probable serine/threonine-protein kinase DDB_G0282963 2.63 2.84x10* F# Up
(DDB_G0282963)
LOC725614 protein cycle, transcript variant X1 (Cycle) 1.59 7.18x 10" _Fi# Up
LOC724861 transcription factor Maf, transcript variant X1 (Maf) 2.53 1.13x10° 38 Up
LOC724622 DNA-binding protein RFX7 (RFX7) 0.67 2.60x 10> Fi Down
LOC406086 dorsal, transcript variant X3 (D) 0.71 1.32x10° F% Down
LOC100576878 uncharacterized LOC100576878, transcript variant X1 (XP_ 0.74 9.70x 10> T Down

006562667.1)

®3 PPARESHEKEHMERER
Table3 DEGsin PPAR signaling pathway

[y
RS HHA (WA e R g
Gene ID Gene name (symbol) Metabolic process ((ch b; /;I;lg)e P-adj  Regulation

LOC408567 probable medium-chain specific acyl-CoA g5z p AL 0.69 1.28 x 10° T & Down
dehydrogenase, mitochondrial (acamd) FA B-oxidation

LOC411272 putative acyl-CoA-binding protein (acbp) NEEL 4T A ¥is 0.74 5.42x10° T & Down

FA-acyl-CoA transporter

LOC408689 fatty acid binding protein, transcript variant  J|g Jijj 235 % 0.55 3.51 x 10* & Down
X1 (fabp) FA transporter

LOC408564 long-chain fatty acid transport protein 4, g I TR 3z 2.43 6.15x 10" [ Up
transcript variant X2 ( fatp) FA transporter

LOC409261 glycerol kinase, transcript variant X1 (gk)  Himft i 1.69 2.11x10* 13 Up

Glycerol metabolism

LOC412166 acyl-CoA Delta(11) desaturase, transcript He iR =11 0 3.66 1.06 x 10" _F3# Up
variant X2 (deltall) FA desaturation

LOC551527 acyl-CoA Delta(11) desaturase, transcript HE iR =1 0 2.64 5.00 x 10" |34 Up
variant X2 (deltall) FA desaturation

LOC551837 long-chain-fatty-acid--CoA ligase ACSBG2, FA activation 2.46 3.86x 10° |3} Up
transcript variant X1 (acsbg2)

LOC409515 long-chain-fatty-acid--CoA ligase 4, FA activation 1.58 4.96%x10° i Up

transcript variant X1 (acs)

FA: JRNiTA Fatty acid.

W CERARH” MARESHESENE  amd WY 68 b 42 oF & & A8 & f%
achp WA i, G¥E amd, kat, acat ( Tryptamine ) Fl 5-2 % ( 5-HT ), kat 11 3.54
M gedh (3: D, %5), amd B3 FiH 4.19 1%, W, HoAR A A W AR O KR vk R
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Table4 DEGsin fatty acid degradation pathway
LT EH 4 4 Cigh SR g e
52 It (HRHZ) AW/ [Pug:s Fold ehange W E M fE
Gene ID Gene name (symbol) Metabolic process (achplctrl) P-adj  Regulation
LOC408567 probable medium-chain specific acyl-CoA B &1k 0.69 1.28 x 10° F ¥4 Down
dehydrogenase, mitochondrial (acadm) B-oxid. (1)
LOC408291 3-ketoacyl-CoA thiolase, mitochondrial (thiolase) B %k, 0.64  432x10° Tif Down
B-oxid. (4)
LOC411697 short-chain specific acyl-CoA dehydrogenase, B &1k 0.76 3.25x 10> 1 Down
mitochondrial (acads) B-oxid. (1)
LOC550687 aldehyde dehydrogenase, mitochondrial (aldh2) YR -Yiw)i) 0.49 5.23x10° T Down
alcohol metab.
LOC409515 long-chain-fatty-acid--CoA ligase 4, transcript RE iR 15 1k 1.58 496%x10° i Up
variant X1 (acs) FA activation
LOC551837 long-chain-fatty-acid--CoA ligase ACSBG2, SR G AL 2.46 3.86x10° A Up
transcript variant X1 (acsbg?2) FA activation
LOC410254 glutaryl-CoA dehydrogenase, mitochondrial (gedh) B % fk 2.16 339%x10° A Up
B-oxid. (1)
LOCS551395 acetyl-CoA acetyltransferase, cytosolic (acat?2) B &1k 1.69 883x10* LA Up
B-oxid. (4)
=5 BEBRAHERETNERER
Table5 DEGsin Tryptophan metabolism pathway
AR A A3
EHHE A4 (EHA) BHAE gy g
Gene ID Gene name (symbol) Fold change P-adj Regulation
(acbp/ctrl)
LOC725529 kynurenine/alpha-aminoadipate aminotransferase, mitochondrial, 2.04 9.03x10° I Up
transcript variant X1(kat)
LOC551395 acetyl-CoA acetyltransferase, cytosolic (acat2) 1.69 883x10* I Up
LOC410254 glutaryl-CoA dehydrogenase, mitochondrial (gcdh) 2.16 3.39x 10> M Up
LOC724239 kynurenine/alpha-aminoadipate aminotransferase, mitochondrial (kat) 3.54 1.94%x10°  FiA Up
LOC410639 alpha-methyldopa hypersensitive protein, transcript variant X1 (amd) 4.19 2.03x10* i Up
LOC550687 aldehyde dehydrogenase, mitochondrial (aldh) 0.49 5.23x10° T Down

( Kynurenate ) Fl1# 2 ( Xanthurenate ), aldh
FEK it A, AT — 20 5-HT B4k
5-F2FES|E Z R ( 5-HIAA ), 1E acbp AbH4 | &
ZTH 245 (K 3. D, £5), acat il gcdh B3
LAYy 2 A, RHFEZRRAE AR AR 3-
PRI KR ( 3-hydroxy-anthranilate ) i
LA SRR A, S ABERERIRAE (3R 5),

2.4 5-HT #P# T 5515 B B &R 4K 159
HIE 3 (D) 45584, 7E achp AR H,

amd FERE FVEM aldh FRA T 9# 7] 58 S 2
S-HT SR S-HT S a0 s =4,
R —MEENE S HEIUE S-HT 255
i) S AR R AR, FRATUCEEMF M (5
Hi% ), Hi (8 Hi) Frdstl (12 HIg) W
T8, 3 SEME 54 10 pmol- L™ #1 20 pmol L™
5-HT AYRERHAR (L S0%REMHATR A XIE, 12
H By T HEAT 7 XA 20 pmol- L™ f4b
), 24 h JEWCEERE SR SRR A 10-HDA &
i (AN TGN 100% ). il 4
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(A) B, 5 HIBM T #2 5-HT 485,
10-HDA % #4351 i 2 T B 34.8%F0 28.7% ( P<
0.05); 8 HIRHMI 12 HRM T L) 5-HT AbH
J5, 10-HDA & A TREas, HRRAA30
¥ (P=0.14, P=0.38 ),

IR E SR 5-HT A2 442 75 Wi 1 AP
S-HT AL, FRATTAR I T % 06 I DR 24 440 3 1)
5-HT ZARBEH RN E, W4F 5-hel . 5-hi2a,
5-he2B R 5-ht7. HA 5-htl, 5-ht2o K 5-ht2f )
FERFRIATEAL TR v W TS (P<0.05, & 4:
B); S5-ht7 FEXF BB L AL BEA] ) 2k B A AR
(CT>30, AR ER ),

qPCR Z5 54510 5-HT 4bHJ5 , acbp, e75 Fil
srebp WFRBBEAH KD EDL (K 4. C)s

FATHE— 2K T AL T LR A S RN PN BEE Y
CPTI F1 CPT2 LKA i ALYy R S 5 1)
ABCDI1 ( ATP-binding cassette, sub-family D
member 1) 1 ABCD3 ( ATP-binding cassette,
sub-family D member 3 ) BYZiiSIERH RIE, &
BUAE 5-HT AbBREHH, cptl Rl cpe2 WK EET
5 abedl WFRIBEE B, T abed3 HRIE W,
ETH (E4: C).

WAL, bR R A B A e
FI5-HT (R amd 1A, & R FRIR R
JRBRI kat T ( P-adjust<0.05) (& 4: D),
aldh JER GRS R E 50 F S-HT dE— A0, 78
S-HT RIS, A RB LA R E T (K
4: D),

A B
1.5 -L! g10
2 * ; (I)JanI lLL‘l 2 B (0 mmol-L!
- N = 20 rnmol L g g | 1 10 mmol-L™
i [ mmo % EE 20 mmol-L! ,L|
= ‘s 1.0 o |
E3 g 6
<3 =
23 A 00s *
2505 @ — —
? o2t
2 =
= =
0 : £ 0
5 8 12 5-HT1 5-HT2a 5-HT2b
C Hi#: Age D Z KA Receptor type
.§ 257 mm 0 mmol L . .§ 20 - B (0 mmol-L!
g 5oL ' 10mmolL™ 1 8151 2 10 mmol-L" —
& °7 | =9 20 mmol L™ Z == 20 mmol-L!
10 -
2 15¢ . £
= * T = 5L
& 1.0 i o 3
I i * *
) HN2r *
7 'L
£ o E o
acbp srebp ppar cptl cpt2 abcdl abed3 kat aldh amd
JE PR A QU AR G TR A BERNBASIEN

Genes related with fatty acid metabolism Tryptophan metabolism related genes

4 5-HT T8 ESARAERA BRI AN & SRR SR #
Fig. 4 Theeffect of 5-HT on the fatty acid metabolism in the mandibular gland of worker bees
A. 5-HT I & #0031/ 10-HDA B4 )8 ; B. 5-HT #4035 T8 E%ilR 5-HT 24K 5-hel, 5-ht2o F
5-he2p BFik; C.5-HT S0 cptl, cpt2, abedl T abed2 WA ; D. 5-HT AL #E amd =ik,
W aldh F kat 335, *3Fam P<0.05, ** P<0.01 (¢ K% ).
A. 5-HT inhibited the 10-HDA production in young nurse bees; B. 5-HT receptor genes in mandibular gland were activated

by the feeding of 5-HT; C. 5-HT affected the expression of ¢pt!, cpt2, abedl, and abed3 significantly; D. 5-HT promoted the
expression of amd and inhibited the expression of aldh and kat. * P<0.05, ** P<0.01 (z-test).
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3 g

T EWRAEBEDREZ — AL
10-HDA AR s AN IR TR . — A
S B SR A RR IR ok AR 4 B Ak, Bl
BERRMITR , — AR/ \BRERF R AR, E AL
koS SRR, E A . KA A
FBR AR B B4 o o H AT, L SBUNR G 1 R A i
F LA AN TS S . ACBP 2 ELAZ A 9 41 i v
JZAFAER LCACOA 58 E M, 1E4NE PRy
FE 5 A AERR R , T BE R A ML BAT F Bk
FH. ACBP ¥ LCACoAs M iz 1% 324 ki {4
Al AL R SIS BT, £ F L R 52 B B R
e (1. A), 75T 8 FSIRR, achp B9 K
SEHEIL 900%RY LA (K 1. B), HAmSHEMF
IR ERSE (B 1: C), fEE¥h, XT ACBP
FE LSRR AR B mR A b R I VE R AN 2 A
WG LM achp JP 557 dsRNA, mfik I
WA achp R (K 2. C), MIREFES LT
WHHR(K2: A, B), FEIENR SR (K 2: D),
FERFIRMFE (& 3, K 4; F2-F£5) %)
AT T RG0 (E2),

W ACBP 7F LS AR Wi B At A e
FIVEFT, FRATXTEESEALUEAT T g dr, R
achp WIARJG T %% F9WiARA 488 2R IHEN

( P-adjust < 0.05 ), fI4% 9 42253 W35 (5 S A
T (£ 2), AW EHE T sh P h iR
5 40534k ( C/EBP) ( Linhart ef al., 2001 ), 4
R WiR B-%4k (Coup ) ( Ashrafet al., 2018 ),
e 45 R o AR Y O B A sk R 4 I 7 (SIpl )

( Zhang, 2020 ), {BFE R Ak dil/DAH SCHY 52 56
A

ML) BE & FE R AR E , acbp BRI
FEE AR MR R fE K, “PPAR {55 ",
VLI Z R SRR, (&1 3: C ). 7EMiFLah
Yivh, PPAR (i %A fb WA 34 5 W 0 32 44 )
2 IR I R B HAT A= i e A R 2 1Ak, T 5
RXR & 5F 4K (Poulsen et al., 2012 ), HX
FIE IR AR T S ) ERATI AR B | R
FHH 4% 5 PPAR/RXR [A] 6 (19 F — Ik

E75/USP ( Ament et al., 2012 ), acbp £ BB
T3 PPAR {5 Sl AR Z R 2= F R0k, 1
¥5 acbp, fatp, fabp, acsl, mcad F deltall
(% 3), TEWIIPT, acbp WIFEREEEH
PPAR Fl SREBP ###% ( Neess et al., 2006 ), ZA<Hf
FELIN B S-HT A o] WA ] e & 04 b SRR 1Y
10-HDA &% (K 4: A), (HEEA KM acbp
P HE SR dmt 3L R srebp 1 e75 1Y 0357284k
(Kl 4: C). BEAH 5-HT % b % B As b7 e A 55
S ] BRI R PPAR 13 53 % DL AN H B
B,

ACBP [i] 28 ki 4 Al 3 S 1k ¥ 1 1R % 3%
LCACoA, JfWhE CPT 254 (s B KBk
J5 R 5 IR 3 A 2 fiti s ( Hostetler et al., 2011 ), A%
WK ackp WiAR)G, KBS H5LRA p-E Ly
W3 “PiE” (ACADM, ACADS) DJR&4sm
# “Bifift” ( Thiolase ) MYFLH B3E Tl ZmAR
WHHSC ) ALDH W35 TR s BRI IR 1% AL 3L K ACS
Fl ACSBG2 .3 [ (£ 4), ACS Fl ACSBG2
MR g s 8 A ICHHEE” (£ 5), ¥
OERIT AN 3-8 3L Q0 & HoR R 45 itk —
AR, AR RS . DA 2SR achp
(1) g A1 2 B ) SR A i R 2 S AL W A ) B-
Ak, FIRHMEEA YL T RARME ™4 ATP,

MR, e B o S 9 Fha
Fi A 6 Tl 78 224 46 4 BT 8 AR S A 1 4 ( 46
AR, KEmR, WEm, HEmR, Z2ZRAINE
iR ); —Fh ] I iR AR (S ); PIFPRE AT
ABE AT AR, A s E R AR . Ui
achp  F R I 41 ) o) 2 356 i ok Y 1) B AR 2R
TR,

bR T AR BT, shAEY) R S LR I A
HETHTREER, Bz, (Mot
T (GABA), KNZAMR, MAmR, AR
(Hausler et al., 2014 ), ZRARIERFETHTE
PP A %5E ( Benstein et al., 2013; Locasale
and Jason, 2013 ), GABA &M & mfpdlFl, 5
FE IR A KRR 5% F1EH (Olsen and
Sieghart, 2008 ), i RIHAEILIR, WAEARNE
M2, Wi, tEReEFs o ik, RNER
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2RI Rl o /0 N [ W 7 i TR e

(DCG ), FEMYIThEEMEHRENIER,; &
FEPVEEBERE (HCAA ) UG IR F e SRR R 2
XHEGRICSE, S 5PN ( Liu et al.,
2022), HAEkF #7415 5T (Facchini
et al., 2002 ), ARG KB achp F&DH Al 73K
“AE RSB IR | amd, kat FEILNFEE I,
Al REPEHE (O SR ATAE MRS A Y 5-HT, i
HEfE9nT (K3: D).

B S-HT AR5 520 F 1 2R A 3R T
A33#2 ( Blenau and Thamm, 2011 ), 7F# % ( Lai
et al.,2020), WY (Josens ef al., 2021 ) S ikix

( Cooper and He, 1994 ) &L Fi L di b & 3 5-HT
PRIT HE B ARG R o A B e R b e IR S
) S-AHT Smrrihbt, BEHR, F5 AR i0105%

( Blenau and Thamm, 2011 ), 5-HT £ R B Ay
ANTREF & A2 AR R S0 7 T 0 SR
d, ATEBL 5-HT1, 5-HT2, Ml 5-HT2; 521400
N S-HT T (& 4B ), 1fi 5-HT7 2Rk &
WAk (qPCR CT>30, HdiAB/R ). &KFhzik
DIfe S ENTX G-ER ML X 5-htl 3240k
4 Gilo T, M cAMP W94 5, T 5-ht2 3214k
Wl Gq/iy & I PEME N85 5 17K F( Blenau and
Thamm, 2011 ), ZEMIFLENYIH T4 KB 5-HT I
FERFRE, EIER i, B s i an i ig 2548
DL S LA A BE 24035 ( Martin et al., 2017,
Choi et al., 2020 ), fER BT, CHMZERE(E
ST, Bt ILP Al AKH, Ems2tising
FIE(E ST (Toprak et al., 2020 ), WF5EiR
5-HT o] Be &2 m B2 09 A 28 A0 ) 2

( Alves-Bezerra et al., 2010 ), {H 2 SAE MHZE(E
ST IR, WA IR T o AT
PR T T8 FSURAY 3 B 5-HT 244K 0 ZME
5-HT {55 (&l 4: B), FWEEENZME S50 T X
R T W) B 1) L S A s T S A 0 o 4

(K 4: A), EHHMEN 5-HT X5 505 R AR
W TEEE AT RE A 8 ik ACBP K HURH 6 i it
M 5L T AR AR SN EFI A RS ACBP
M CPT A% (Kl 4: C), XT ACBP &%
5 i A A A S I AR 1 RV R A SOk

i, (HIRATHLIEIR KDY ABCD 1 gufih 1
HIAE 5-HT fsem F &4 T B35 (K 4. C ).
AN 5-HT 5| AES 5-HT G R amd
Fik R, PR aldh FIRIRER, BIRIERAY
BN EE T (K 4. D). 4550 EarTe
IHEMAME S-HT nl Rt —25 51 T SR 40 i Y
5-HT MR, IBHRIERBES . AR
A5 T4y T B AR AR 8 98 s R
TR, MM PO fRiE— 2 K0E
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