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Comparative analysis of dopamine levels and related gene expression
in the brains of honeybee (Apis mellifera) workers of different ages
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CHEN Zhuo SU Song-Kun' = XU Xue-Ling"

(College of Bee Science, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract [Aim] To clarify dynamic changes in the dopamine content, and related gene activity, in the brain of worker
honeybees (Apis mellifera) of different ages under natural conditions. [Methods] High-performance liquid
chromatography-electrochemical detection (HPLC-ECD) was used to determine the dopamine content of the brains of 1, 5, 10,
15, 20, 25, and 30-day-old, worker honeybees from normal colonies. Quantitative real-time polymerase chain reaction
(qRT-PCR) technology was used to detect the relative expression levels of the dopamine synthesis genes (7/ and Ddc) and the
dopamine receptor genes (Admdopl, Amdop2, Amdop3), in order to construct an age-specific profile of dopamine content and
gene expression. [Results] Dopamine levels in the brain underwent age-specific changes. Dopamine levels were relatively
high in 1-day-old workers, after which they decreased before rising significantly (P < 0.001) in 20-day-old bees (the critical
period when workers shift to foraging behavior), then declining again. The expression of the 7/ gene was highest in the brains
of 1-day-old workers and remained relatively stable with age. The expression levels of Amdopl, Amdop2, and Amdop3 were
low in 1-day-old workers and were generally upregulated during subsequent developmental stages. Amdop2 was relatively

highly expressed in 10, 15, and 20 day-olds. [Conclusion] These results not only provide key data for investigating the
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factors influencing changes in honeybee behavior, but also provide theoretical support for the association between

neurotransmitters and behavior in social insects.

Key words Apis mellifera; dopamine; day-old; synthesis; receptor

P Apis mellifera BA & EHLULRY
FEoxGER A 2 nT B8 55 Bl 4 T, 25T s
FEEAT IALH AT R R B Sy SR
¥ (Robinson, 1992, 2002 ), £ HAKKRET, ~
[F) % 1 T e e e rp R L R e W ST, A 3
RS FAT AR 2 A AR AR A o TR N
T3 MOPIERD I ) SN s L A0 I PRI 7 4)
q WSS, S EEATAMCRERY,
11 T3 WU 47 T R AR ROK BN EZE M R4 55
3 HE LA A WAL, 322 N BN i
SRR 6-12 HIRAL TS SiE 4 i,
I T ) SR R T B 2D K AT S
WEIK ;s 12-18 H S Y T I 00 i & B RLEA,
A LA I B 5T s 19 H 85 1) T 42 %2
HEATAM R B VLSS PR 55 Tign)
HRBE e 75 52 3| B 1 N VR 2 A 2 R D) R Sh Rt
A SRR, BAT T ARl 84 ( Free,
1987; Robinson, 1992; Seeley, 1995; Brodschneider
and Crailsheim, 2010; Johnson, 2010 ),

Z M ( Dopamine, DA ) 2 & A 40 K 1Y
sy, =LA ( Catecholamines, CAs )
i —Fp (RILAE, 2013 ), DA ZH KMk 2
CUE e e UK &R ( Tyrosine ), 7EM% & IR
¥4k R ( Tyrosine hydroxylase, TH ) WL 4
WiZelEZ2 L (L-DOPA ), TH J& DA (BRI,
Z IR AR E ( Dopamine decarboxylase, DDC )
R DA, X —& B 0 ) B Ol 2 i 22
EL B (7 A= LRI BE 5 T HeAitli (Noh et al., 2016 ),
A= LAY DA 7T o2 fil ey, Yooz 3|
PO, 3E L MR AR S M R B, 5 S e
L) 22 B Sz AR 255 AR T ( Gainetdinov
et al., 2018; Yaffe et al., 2018 ), FJ5, B [H]
B 1Y 22 L i 32 B P 2 i i B 1) 22 L i e as A

( Dopamine transporter, DAT ) FRHEHUA, H
AR B4 (Wang et al., 2015), ZE
Jie AR V5 K Z2 Al I VE R, G B e A Ak

( Monoamine oxidase, MAO ) FlJLZXHE}-O-H 3L
W ( Catechol-o-methyltransferase, COMT )
. MAO Al 2 [l s A 2 8 e, i — 20
FEAL N RR B ; COMT W 22 [ e A= 48 Ao P 2
s 5 HAY) R BT A8, XA R 1Y)
WA B T 548 22 TR AR 9 09 2 251 ] 75
MLl ( Eisenhofer et al., 2004 ), TEEHEshYIH,
ERMEZMEZ R ZK ( Dopamine receptors,
DARs), W1 DI, D2, D3, D4 fl D5 WA, Jf-4
o D1 Ml D2 B4~ DARs W IG5, 76 5 W g
E%El 3 M DARs, HZEMEZIK 1

( Dopamine receptor 1, DOP1 ) FIZ L3214k 2

( Dopamine receptor 2, DOP2 )j& T D1 # DARs,
Z B D2 #£3Z{K ( Dopamine D2-like receptor,
DOP3 ) J&F D2 %! DARs ( Verlinden, 2018 ),

ARk, BEE I AW AR 2R )2 ok
()R, o B i 20 B DX A 2 I 9 A T o
Jig, WETERMY, TTHEAN N e RS2 54 )0
FE BB 1 DG BE il DX AEAT S w28 TN 55 3 43
T RIEEEAE ; [N, A SR A5 R,
VR T 0 15 R B e 2 ) A7 A 25 ) I 0 i P R 3k
25, X B R IR | B AL BRI T R
AR, R OEEYER G TS S
T BN AT 55 m Ah R R AT O I R AR

( Wagener-Hulme et al., 1999; Whitfield et al.,
2003, 2006; Fahrbach, 2006 ), [AlitZ LA 25
S B T TR SO ISR T o Y N A A AN
FRIN, H 22 L R 7K T T v T PR e X A 11
JNE I, 5 B ) ) R B 5 SR AR AR

(Pankiw et al., 2001 ). SRTTE AR EFIRET,
PO e THE N 1-30 H IS 2 B & A8
PR FIAR DG SE R i Rk i, 154 e ot

AT BRI RGN ARRET 1. 5,

10, 15, 20, 25. 30 H A VE 7 8 e T 14 1) i
ZORS R AR | 2 RS R B R R
ki, WEHEHHRIAE, KR L ORAEV &
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1.1 EEH#

1.1.1 K SCIAR A R RO i
2 5 R PR 2l 2 e o st AR B AR S (R A
SR VY 7 b W IR 2 R 25 °C,
AR R R 60%-65%, JEFHAA 13 L : 11 D,
1.1.2 EZUEE  Acquity UPLC ORI (7
A ( Waters, 22 [E ); 2¢ € 7 PCR {Y(Bio-Rad,
FEHE); & #E® G L HL ( ThermoFisher
SCIENTIFIC, [ ); SCIENTZ-48 5 i 4!
s gs (SCIENTZ, [E ); CTHI-150B fe i {H
BIEFA (STIK ); G2 iMEE (Leica, fE[H);
NanoDrop ND-2000 436G ( ThermoFisher
SCIENTIFIC, [ ),

1.1.3  EIHAF  ONF (Merck KGaA, fEE );
KA ERR — 4 ( CNW Technologies, fH[E ),
LW Z B 4 (Aladdin, HE ). 1-kehk
RN ( Aladdin, T ); 2 [ R ( Sigma-Aldrich,
5[5 ); Eastep Super & RNA $&HULH & ( 11
IR A A A PR E], I ); 5xHiScript
I qRT Super Mix & (B MEREAE YR}
FAHMWAA, FE); 2xChamQ SYBR Color
qPCR Master Mix i1l & ( F st it e A= Y RHL
ARAWE], HE ),

1.2 ZBAH*

121 HREE MAKRRET 1S
FHECRDAE s ) st 3 T 5-6 #E, JFE T
T (34£1) °C, BB 75%+2% (#5401 [ SR it
NE TXIEE) i CTHI-150B 5 IR IEIR IS 46
(STIK) ", 24 h J5HNKE S EmmiCHH P
T8, FRICY RN 1 HES, Bhric/am 1 Hig
TSN 3 A A 3 AR IR RE f, ANt
ISR A 24 500 Hgihric T, 7R 2152 H
W, B 1, 5. 10, 15, 20, 25 fi1 30 HiR
B T (4, 2020; Xu et al., 2024 ),

1.2.2 ¥ cDNA K qPCR &M 1.5.10,
15, 20, 25, 30 HiAM T, MA55E 3 M
YrEE, BN EYFEEAY 5 DEEA
2, i E) SRS B H 2R AS (BTt A,
2014 ), HE RNA $EHGRH & ( RIS 2 i 4
Ve i A BR A A, ) RE IR ST RNA,
f# ] 5xHiScript Il qRT Super Mix [T {257 & F
i RNA SN cDNA, W &1F: 42 °C
2min; 50 °C 15 min; 85 °C 5s,
T 53R 2o B A G i R A VG 5 i T
A KRB Brh i 2 g Rk A, R
qPCR Hll 2 B 5 iR AZ AR LR ) e ik it o |
FH Primer Premier 6 it Th ( LOC408930 ). Ddc
(LOC410638 ). Amdopl ( LOC406111 ). Amdop2
(LOC406070 ). Amdop3 ( LOC408995 ) H:[H )
FRol¥, LIS A cDNA R#H, UL Actin
( GeneBank %55 : NM_001185146.1 ) KNS5
(£ 1), BMEESIHT 3 WEYFEL, 31k
FARER , WM 95 CHIAEIE 30s; 95 °C
B 10s, 60 °CiRk 30s, THH 40 1K,
123 ZERMREREEMESKRN KE
0.01 g Z Il Dopamine hydrochloride ), ] 1 mL
ML K AR 0.01 g/mL BB, 4B B
100, 80, 60, 40, 20, 10 F1 5 ng/mL HIHHEEE
W, 53 I 200 pL B EEVSIOINA S A 0.22 pm
PEMRE T IR B A T, SR O g R, TR
50 pL BB IR R AR T, A LFE
L, B P A7 22 TR Am o 5 () AR SRR A B 4K
UCHECE A s RE R
Fedefs | HEEMGZHZU0 1.5 mL B0 M

MR VKA B B T ok b A O O
A 32 mm EALEEERR 200 uL BERRER
AR, F 57 BV ] SCIENTZ-48 15 H 41 41
SRR (SCIENTZ, 5[ ) Bif 3 e 414 .
JER i R RE T 2B P AR 20 min , B i G iR 4H.
SRR AR 204 0.22 pm JERRE Y )8
%, T4 °C, 12000 r/min &.0> 10 min, )5,
W IBLIE BB A R Y, IR R, Ktk
FEUE T HshERESE (4 °C) HFFI, N=40 (&
2 40 HE G ),
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®1 5MER

Table 1

Primer information

F[H Genes

51975 (5'-3") Primer sequences (5'-3")

P44 | Bt B (bp ) Amplicon length (bp)

Th

F: CGGACAACTCGGTCAGCATCAAG
R: TCTTCAAGAACTCGCTCACCTCCT

Ddc F: GGATGTACGGCGTGGAGAAT
R: CAGACGAGCCCTAGAACGAC
Amdopl F: GTCGGTGCTTCTAGTTGGATT
R: TAACCAGGCAACCGACGAAC
Amdop2 F: CACCACCATCCAGCACAAC
R: GACGACGAAGAAAGGTAGCC
Amdop3 F: GCAGTGGGTATTCTGTGGCA
R: AACTCGGTGCTCTTGTCGTT
Actin F: CCTAGCACCATCCACCATGAA

378

130

167

190

169

87

R: GAAGCAAGAATTGACCCACCAA

Actin HNZIER , HA0 H AL
Reference gene is Actin and other genes are target genes.
Z MR IN 25 F R U 0.25 mL/min, A5
AT 450 mV, FERARIREE 10 °C, 121760 4V,
FEARIRIZ 10 °C, JBIAN 10% 2151 90%WE 2
RSN . AT 5 ul, B
PERE 2 UOTHUA{E o AR 22 L MR i 1) O B
[, i A B IR o o 22 L I O O B T T] PR
PSR, ARG 22 EL R it A 0 T A 53 1]
JiRe, DAITATEIRE Al 22 T e A AR X 25 6

1.3 BESH

K 278 Tk A b 4% B [N AE P4 )y 2 e Mk
LU P A ik o T SES R S8 LASE YA
bR 2R . MR SPSS 26.0 #AF#E4 148110
¥r, YEER M GraphPad Prism 9.5.1 3k, 7Euk
1225 BEMEPET, KA Shapiro-Wilk £ 5045
MG IESM:, R Levene #5046 77 225571
FEN R IES A AT 2255 M, SRR
FE 72501 (One-way ANOVA ) B[R H %
MR, IR Tukey HSD BH{TZH i/
Mro WEMKFEER P<0.05,

2 HREHGH

21 AEBHIEETEECERNSERN

BRI B 1 H S TN DA SR8,
AR PUEREAR . TR R RS
TEAT AR AR AR R BB B, TR DA &5 &

T 20 Hi® ks, BlETE 25 F1 30 H &
BEAK. Geitordr i, 1 B 20 H i T %0
DA S EWEEST S, 10, 15, 25, 30 Hi®
M (P<0.05) (K1),

6_
) a
~E&
[T\ b
5§ 4r C
g d
ﬂlﬂg od ¢ cd d
o
5 5 2f
g
0 " " " " " " "
1 5 10 15 20 25 30

H ##% Day-old
B1 AEBRIEKRAAFSERSETN

Fig. 1 Dopamine levels in the brains of worker
honey bees at different day-olds

FIR B A PR bR 2E , R PSR REROR A ] 22 5
3% (P<0.05, Tukey HSD £ A ). T &I,
Data in the figure are mean+SD, and different letters above

the broken line mean significant difference (P < 0.05,
Tukey HSD multiple range test). The same below.

22 AEABEHRZERERERRZEKE

Th &A1 H S T8 Bk A X 4 35 B de e
HEF®HT 5. 10, 15, 20, 25 F130 HIR4H (P<
0.05) (K 2: A), 5-30 Hitu Th FihTo i 5%
S (P>0.05), £ Th 7EBAE N B4 00 Fa
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FEIFRIR K o Dde FEPRTE 1 H I T8 i 14 A1
ik B ERT 5. 10, 15, 20, 25 130 A
W2 (P < 0.05); 5-30 Hid&4EZEFARE
(P> 0.05), XFEM Ddc 7By Be R4 5
AR e iRk K (K 2: B).

23 FARBREEBRZEEEREKF

1 HIE TREINE Amdop] FEDH BYFEXT 235 5
BENFHALH B T (P <0.05), 5. 10, 15,
20, 25, 30 HigdryRA R IC R E2 (P>0.05)
(Bl 3: A). Amdop2 FEHFE 10, 15, 20 HiA T
R ER A TA K R THE (P <0.05)( &1 3: B),
1 H & TIEIG Amdop3 BYFHNT 2k & i R T
5.10, 15, 20, 25, 30 HIRM T4, 5 Amdopl
HyZFE kR (P<0.05) (K 3. C).

157 A

AHXFRIX A
Relative expression level

1 5 10 15 20 25 30
H ## Day-old

3 Thig

AWFFEH ] RT-qPCR FEARXT [ SR IERE T ¢
P B JE AR & B B 22 T e AH OG5 1A
FeIR IR, HHLR B R AE -
A 2 RS I 7 X6 AN ) ) 30 11 )y 2 e T 0 i 5 22
EL e B B A T AT, S ek IR Ay [ B Y )y 2 e 22
S S ERPIE LA AR &

ARSLYGLER TR B G 1 H RS TS Th
FERFA R BERET 5. 10, 15, 20, 25, 30 Hip
TR, TH 2 LA A& s v
LR AN PR i, LR TH il i 2 S L
AR B A B T 1G58 (Nagatsu er al.,
1964; Daubner et al., 2011 ), Kt 1 H & T 8%
W Th SR RS, KSR B 9 LA e &

30r B

AHXFRIX A
Relative expression level

1 5 10 15 20 25 30
H# Day-old

2 ARBHRIENBEZERANEREXNREE

Fig. 2 Relative expression levels of dopamine synthesis genes in the brains of workers at different day-olds

A. Th #H; B. Ddc %M,
A. Th gene; B. Ddc gene.

§ 257 A § 2.5 _E 40, C
220 220} 2
.8 1 5 i 8 30
X% 1.5 X% 1.5 X2
® 5 ® & K E 2.0
75 1.0 ' 5 1.0 B
Ep €2 %210
£ 05 §05 h-a|
~ & 0 7
1 5 10 15 20 25 30 1 5 10 15 20 25 30 1 5 10 15 20 25 30
H ## Day-old H# Day-old H## Day-old

B3 ARBRIEMRTSERZEERNENREIE

Fig. 3 Relative expression levels of dopamine receptor genes in the brains of workers at different day-olds

A. Amdopl 5K ; B. Amdop2 F:H ; C. Amdop3 FEH .
A. Amdopl gene; B. Amdop2 gene; C. Amdop3 gene.
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BTG BhA TG IR . N T R A7 ROk E, 1 H
W4 T b e LIRS AN, MU R TIREA R,
fh2e st 240 (st ) F R 5e & B LATUIER N
SEE, LR MmmyREHNGFEERRES
( Verlinden, 2018 ), MZEGRERGF LS &
BRI vt 2 ) A% O o 1 3Tl ( Zafeirio et al.,
2009 ), 1 H#& T4 Th FEH Y& R B R LSS B
Fe P Bl B2 5 T B B A SR A 7 | X
AT REAT B 05 2 BT e S B U)ok, A
ISR R B B At o

S 85 SR 3R U T i S 22 T e B H %
AR B S, RRRIN | HIREEE, S,
10, 15 HA TR, 20 Hid W2 THm, 25 F130 H
WS FRRFEIR, 5. 10, 15 H I Tt 2 C e &
A TR, BB T B AE 1 I EE P i
MM E 4 A | 8 EF5AF (Free, 1987; Huang et al.,
1994 ), X —45R 50 AW —2: Huang 55
(2022) K LB WEAFAE Z AN F IR ECEE R
Grrp, SRAR I ) AR T IS 2 B KT
T T B SR EMAE (2019 ) U iE SR 7 4 ki
B2 TR AR TR AR g, SR IR 2 T K v]
fiE 55 5L E S N T R AR REAE G

220 HUERIE, TR 2 T e &t 1 25 7
W, HEE®T 5. 10, 15, 25 F1 30 Hid4;
51 HIRHAR L2 A B3 M BOIE & T 0% A
B 1) SN R AEAT R AR R S , X — & AR R
N2 BT AR O E SRR A S S T AT
SRR AR TR o I R AT M 2 22 EL i K
4 1 s i ( Bueno-Carrasco et al., 2022 ): 24
22 LM B T iR e, % S A il 1 2 I LA ki
G i Mt B . ABFFEH 5-30 H s TN Th 3%
R R i hasE , XFhRIABA T RE 5 2 1
Jiie ZR R B SR T A 6, TG B Tl e 2 B
Jie B 1 B 38 B

ZERA T TH 5 DDC BhRfEH, A&
W R IR 2 R IR ( Dde ) #E 5-30 Hid T
KRR AR E T 1 HiR, H 1 BB B 2K
FHRS A . N2 ERA R 0T ek
fitf , Ddc FEPR 1 = 2235 v] Bk 10 H 8 4 5k
T v 2 T e () - e it AL A o0 F B T

AT IS UEIZ B BE TH A1 DDC 1) S BRR
P, X — Pl — 2 A

1 H T ik 7R 22 18 il S AR B PR J Dde A
R0 1 18 0 AT A F e, X — R AT LU
i SMa LW, MihEmE, 1 H
i NP I B, B IRAT R ok o 4
S, X 22 A SRR R ORI, Ao T
AR ARG | WE SR T N MHAE K
BIEMHE , B2 EH 2R 325004 T B
T st . M SEAT RO H X (Blenau
and Baumann, 2001; Verlinden, 2018 ), 1 1 H ¥
THEPZTTR MR R SEE, PTREIE THER
GIKB RSB, ZAIERRIE A RGEFIUK-

FiE H K, Amdopl . Amdop2. Amdop3
f£5. 10, 15, 20, 25, 30 H#& T MR A
wEHREST 1 HE, HAE 10, 15, 20 Hig4E
RRRIKP——X — %Y 20 Hi TN 2
EL e B B TR B B R AIE o1 B 3G, /s 32 1A
K238 5 22 TR 5 ot 1) 728 Ak D[R] T T 98 A 4y
NEEAR TR ( Matsushima et al., 2019 ),

D1 # DARs ( AmDOP1, AmDOP2 ) 1 57 1
Eote BRI VAN AT EX WAV SN €L 8E € VN
*F- (Ichinose et al., 2015; Vinauger et al., 2018 ),
Hm A S0k 20 Hilk T4 o) R BE . 1E
I AMNEERSE; D2 A DARs (AmDOP3 ) 258
W IHAICZ BT R Sz B fe 1 9 #% ( Kruttner
et al., 2015; Pavlowsky et al., 2018 ), HFaE ik
] PR PR R A e 0 Bt S R S RSB B RE )
HE— 2D EHIE 2 Tl 52 AR R GE X T AT iR A8 1Y
PPN

WG E R GEHI E T VG )7 % 0 T
1-30 H & AR K E R, Wl 2 U e & 2 b H:
B AN SZ AR G R () Rk 3785 BFFR 4 R 3R B
2 UL 32 GeAE 10 A= i 1) AN (] JEL 30T b 4 i 2 AN
(] 71 € o 8P 30 1) 3045 B ) SR A 42
RYRHGHAE AT IR G B K2
B e K - IR 1 PN S e I B, B I 7 HRRE 1R N
B e S B ] I A, 22 U e R S B2 A
N Ik U R],  SCHE P Bl o) b B R AEAT O 3
P o WIPARI T s i A K b 22 D e 35 e FIAH
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TIEAREERAT e T LR SR 22 T X AT
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JEIT, #E— 2583 22 A B At AT o i
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INZEW, Plutella xylostella (Linnaeus, 1767)

B THEH H SR, A TR A, R ARG A E L R R 6-7 mm,
T 12-16 mm, SKEEE G, M, BEEKEC; ffeek, EREaa, MR ea e, s
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