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Effects of imidacloprid on immune detoxification-related gene expression
and immune detoxification enzymes activity in nurse bees of Apis mellifera

ligustica
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Abstract: Honeybees, Apis mellifera ligustica are one of the most important pollinating insects in the
world. However, nurse bees are easily accessed to pesticides during the collection process. Previous study
documents have shown that neonicotinoid pesticides, imidaclorprid, affects the survival rate, dance and

collection behavior of bees. The purpose of the experiment was to investigate the effects of sublethal doses
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imidacloprid on the expression of immune detoxification—related genes, the activity of immune detoxification
enzymes, and the survival rate of nurse bees ( 8-day worker bees) . The results showed that the nurse bees
of 8-day were continuously fed with 50% sucrose solution containing 0. 1 ng/pL imidacloprid for 3 d and
9 d showed no significant difference; after 11 days of continuous feeding with 50% sucrose solution
containing 0. 1 ng/pL imidacloprid, the survival rate was significantly different from the control group ( fed
with sucrose solution containing the same amount of acetone) . The results of real4ime quantitative PCR
and double-antibody one-step sandwich enzyme-inked immunosorbent assays showed that nurse bees of 8-
day took sucrose solution containing 0.1 ng/pL imidacloprid for 3 d. The polyphenol oxidase gene
( PPOA3, GB43738) , Abaecin antibacterial peptide gene ( ABA, GB18323) , glucose dehydrogenase gene
( GLD, GB43007) and detoxification gene cytochrome P450 gene ( CYP450 642, GB49876) , cytochrome
B561 gene ( CYB561 2-ike, GB40148) , the expression of UDP—glucuronosyltransferase ( GB52179) and
the content of cytochrome P450 ( CYP450) in the body of the bees are all up-regulated. Superoxide
dismutase ( SOD) and Catalase ( CAT) had a significant downward trend; nurse bees of A. mellifera
ligustica fed with sucrose solution containing 0. 1 ng/pL imidacloprid for 9 d, then PPOA3, ABA, GLD,
CYP450 6a2, CYB561 2ike, the expression of UDP—glucuronosyliransferase and the content of cytochrome
P450 enzymes in bees were down—regulated. Polyphenol oxidase ( polyphenol oxidase, PPO) , superoxide
dismutase and catalase enzymes activities had a significant downward trend. This study provides evidence
at the molecular level that sublethal doses of imidacloprid can affect bees’ behavior by disrupting the bees”
normal immune system, in order to provide some theoretical basis for the maintenance of bee health.

Key words: Nurse bees of Apis mellifera ligustica; imidacloprid; immunity detoxifying enzyme; survival

rate; enzyme activity

EIEEHE W ER R, TS K
Az 7 45 D5 T K 5 A B AR ((Pots et al.
2010) o H 2006 4F A db 5 K & 1 B i 1ot 2% I
( colony collapse disorder, CCD) LL3f ( Cox—Foster
et al. , 2007) , HEFH B DO 4 H B8R B R
TR DA IE# M4, ( Norman et al. , 2010)
KRETE RN, 8RR I 5 0 J5 AT B A 45 3%
QU AR R HESFR R (Watson
et al. , 2016; Magal et al. , 2019) o FrAAmH IS B
R S R 2 1A, BT X R ik
IR ZEPE R LA R FE T2 b, R 42 BR S0y B
—EEWEA RN, R4 R R PR
BAY 44 (Pegg et al. , 2014) .

BB A R VR AL R S R
HUM 2 2 S A Y 2 Tt 1L 6L 1R il 5 4 52 AR5 G
A, BEIBTES b X ph 28 RGN IE 14 F ( Masaru,
2005) o Wik AT D SR A4 T AR B R SRR, LA
R ISR R A, BREE R EUE AR
AT BB IS AR i il A A1 ) AR A5 i)
Wi ( Armengaud et al. , 2004; Carolina et al. , 2015;
Zhang et al. , 2015; Raymann et al. , 2018); TF&
A 100 pg/kg nHk HURGRDRHR SR 5510 T SRR AR R 0

U T SR N 0 4 B AR T B 2 A AT RE H R
4 ( Ramirez—Romero et al. , 2005) ; W EHICH| &
bt S bk FE £% 3 A1 25 6 Y ML 58 R BME ( Tan et al.
2017) 5 5 W) % B 1) 2 57 T 8 A T 55 16 U9 55 BE )
( Tosi et al. , 2017) .

UEAER C A 58 TS [R] 571 S ik o bl ip 3 X6 5K
KR 25 AUTTIUE RS A ¢ X (155711 B4 1AL YU ) ST A
b G AL <1 S S N AR 1 VS IR /T = W A 7 IS S 7N
( Gong and Diao, 2017) . ¥#EZL5 d fa] MR K F % 1
4y Ho S itk B B EERE A WS, 4 AR 2 AL
fiff ( polyphenol oxidase, PPO) ik & I & I
( Tesovnik et al. , 2019) ; % %% fa] M2 B2 K F) 25 &
0.02 wg/kg ML 7 d 5, ¥ FIKPH CPY4GI,
CYP6ASI4 ik 2 T8 ( Chaimanee et al. , 2016)
A Mt H KSH% # B ( glutathione S-transferase,
GSTs) . & Bt AH %3 s B ( acetylchoinesterase,
AChE) . ZHijiift 2 P450 ( cytochrome P450) . PPO.
FRTIRNENE ( carboxylesterase, CE) #%{b¥E; {bTif
(SDS) %ML EE (CAT) Ji %R Py o 2 fi 25
By, 258 XS R HUN i B FE TR 2 4R e f
FETT A Z A {0 (Boas et al. , 2018) o X1 H
Tl D& T B0FE 511 S bk Hhe AR P 3 o) e K ) 2 e ol 7
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B 52 M) ) OF 5 iR 1 1 2L

ARSI 5 AR IR ST AR Rk Ak e R,
DR W 5 6 0 28 e 25 AT O 6 DR R 3 15 00 X i
JERRBERG Z 5 J7 o PRI M A IR £ ni L ok
BRI, VTP B e 3 A v R A s D
o W A R Y bt R R IR R, 0 R
WM M A 9 i BE A OC BRI PPOA3 . ABA,
GLD. CYP450 6a2. CYB561 2Hike. UDP-glucuron—
osyliransferase [ FRINTGEIL; LA SR S A ()
P4 b S AR R AR VA VR, X ) e e A
K P450 i W4 (LRl A A B AL AN it
AAL R BTG 1 5 R St — B 5T W 5K
B Fk Ak H bk R 8 0 {t BRE2 WR) 1Y 53 7 AILIR 4T R —
E SR -

1 HR5HE

L1 FERFSNE

M ek ali it ( Sigma) , PYER (24 4k 57 )
AIRAF) , PrimeScriptTM RT reagent Kit with gDNA
Eraser ( Perfect Real Time) if 3| & ( TaKaRa) ,
SYBR® Premix Ex Tag™ II ( Tli RNaseH Plus) {7
& (TaKaRa) , SEPHZBGLHE DEI0L (Jb5i4:
REeEYRH AR /A F]) , TaKaRa Bradford Protein
Assay Kit ( TaKaRa) , B HUAAMMI (3R P450 12050 &
m1036261- ( LMk e WA R A ) . Rl
Z 1 A AL PPO X5 £ m1062744-] (|- Vi g i o
FERMARA T, B Hd S AL S CAT {5 &
ml062687 ( LMK e A WA IRA A . Bl
AL AL SOD 1257 & ml036253 (I i Ik 4
P WA PR 7)) . NanoDrop 2000 A1 7351 56 2 1
( Thermo Scientific) , #f B PCR ¥ ( Applied
Biosystems) , #¢JGE & PCR {X ( BIORAD A #]) o
1.2 &

TR U ) B A AR A 2 W 2 2 B S
Wy o DA 3 IR IR 3 R ML, TICHERR
URREH, FEfE IR I SRAR R B IR (MR 34.5°C, A
XFRLEE 70%) , 4 KA ZOCARIC bR W 5 =
¥, FRica A SERE R AT IR IR

PO B (8 HiY) , 78 810 57 & i
I, e 20 SkEE, U6 &EK (XIRA. 4t
PR 3 &), B TEERRSFMA D (RE30C,
XFURSE 70% ) T4 32 ARG otk sk Ab B, 39T

W8 HigiEe 6 & (20 k), ISR E AL dumiab
B, ORI R RS TR, H T I E AR it
TR B B B AT R A SN o
1.3 {RFIS0t HmkabIE

ML 4 g 0. 02 g 3 T 50 mL P4 i A il A
400 ng/pL AL KRR, (] SO% FEME A B B
M AR B, AbPRZ SR 5 0. 1 ng/ L ML
WRIF) 50% REFEVE IR, X HRZH B e iR M 5 A SR TN
T 1) 50% TRV W o R B $8 SRR VA VRO T B A
T M. JELLAAPE3 d RO d 5, WA RSB ISR
A, IFIGEEARLA - 80°C VKA k7, TG &e
TP M BE DN Fak M G ) S
1.4 32EX RNA X cDNA BI& R

MO HRZE A BEZH A H IR A 2% 3 Sk
H e, ] TRIZOL ¥k 4 MU % & RNA. fif 1]
NanoDrop 2000 #5:1] RNA ¥ If- 45 BE 2 1 000 ng/ L.
RUE 5 IR MK Z (20 wl): 5 x eDNA Eraser
Buffer 2 wL; gDNA Eraser 1 pL; M RNA 1 pLs
ddH,0 6 pL; 42°C 2 [ 2 mino 4K [ 43 51 A0 A
PrimeScript RT Enzyme Mix I 1 pwL; RT Primer Mix
1 wL ; 5 x PrimeScript Buffer 2 ( for Real Time)
4 uL; ddH, 0 4 pL; JRA1H A PCR X 37°C,
15 min; 85°C, 5s; 4°CARAF-
1.5 wWHEE= PCR

7E 384 L PCR i b FC il 4R (% 52 W A &
SYBR Premix Ex Taq II ( Tli RNaseH Plus) (2 x)
5 pL; PCR _E¥F519 FHF51%) (10 pmol/L) 4%
0.4 pL ( = 1); DNA AR 1 pLs KEK3.2 pL,
10 pL PR ZR . I BETE K b kAT, BHE
A3 MEEARER . PCR RN 957C 30 s;
95°C 55, 60°C 30 s; 40 MEM; 4CHAF-
1.6 HRBHEEHRENNNE
1.6.1 EZRFHRIK

1 mL pKFi7e PBS FE70 G B IEAEA 2 YK, 500 g
5 min, F BV, WA 1 mL TPEB ( Total
Eo oK, K ERE
30 min, £EfE 10 min EHES—IK; 4°C, 14 000 g
B0 10 min, R B, DRAF T - BOC KA -
1.6.2 HHEWENE

JH PBS 2% ih K BSA Standard solution #1#E i
(2 mg/mL) FiBEH 1000, 750, 500, 250, 125,
25 wg/mL 55, W4 pL BRI B BSA AR i A R
FIAGIRE S BOM A E] 96 ALMR P, L&A

Protein Extraction Buffer)
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200 wL %2R AY Bradford Dye Reagent, JRZ5]JF7E=
RS ming #2896 GLFLAR AL A BRI 595 nm

58 N R I o R Y S-SR g i N S TR e = WO
WL o

®1 AXRBFAASIMNFIER
Table 1 Sequence information of primer pairs used in this experiment

HEA GenBank %31 5 F1FE (5 -37) 275 30k

Genes GenBank accession no Primer sequences References

RP49 GB47227 F: CGTCATATGTTGCCAACTGGT Lourenco et al. , 2008
R: TTGAGCACGTTCAACAATGG

Abaecin GB18323 F: CAGCATTCGCATACGTACCA Evans, 2006
R: GACCAGGAAACGTTGGAAAC

PPOA3 GB43738 F: ATGTGGATGGCCGCAACATA Li et al. , 2017
R: CGCCATATTTCCGGTGAGGA

CYP450 6a2 GB49876 F: CTGCCATTAGATGGAATATCGCC Liet al. , 2017
R: GCCAGCCGCGAAAAAGATAA

Glucose dehydrogenase GB43007 F: CCAGCCGAACAGGTGAAGAT Li et al. , 2017
R: TCGTAGGTGTGGAAGTTGGC

CYB561 2-ike GB40148 F: CGACGACCGATCGAAGGATT Liet al. , 2017
R: CAGACGTCAAACAGTCCCGA

UDP—glucuronosyliransferase 2C1 ~ GB52179 F: TCCCAACGCCGTCTTATAGC Li et al. , 2017
R

: TCGGCATAGGATTCGTGGTG

1.6.3  [igis Sl e

SR BT AR — 25 S0 00 125 T REK S 5 WA A 8 98 0
E IR CYPAS0 &6, PPO % /1, CAT RS
J170 SOD M 1, 225500 & 07 R AT BT 1 )
M5 -
1.7 HiESH

1] Origin 9.0 &K {22 il 4= 17 pK %L Kaplan-
Meier X SCHES R IEAT GV o007, WA R A0 A A7
Mk lE 2. ABFELL RPA9 NS ILH, R LR
Co¥E 113 H i 5L A A X E B ((H A9 BE P 3R A
HE=2700 L JRig ] SPSS ik ol ST AEAR T A
HE T A5 2 5 M 10 R DR R X 3 0k i S Wl ) R AT 22
SR FNE T

EREHMH

2.1 RAIEMEAWMNEAANEEBHETEEFETH
=AU

8 H &I A MM 5 0. 1 ng/ L Nk 2 Bhk i) FHE
WH3dMIdE S MAFHERLRE EER
(P>0.05), RUIFHEAHBRE3 dM dHE
0. 1 ng/ L Ntk HBHR ) RS RN AT 16 B B

2

—— 8 HIAXTEE4H 8-day control group

35

8 H A AL 8-day treatment group
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L
<
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W B e ) 717 252
Fig. 1 Survival rate of nurse bees of Apis mellifera ligustica

after exposed to 0. 1 ng/pL imidacloprid for different time
T 8 HUREUR E SR, AR IR S 0. 1 ng/plL it Hy
WREY) SO% HEMHA L, X IRALRIR S 0. 1 ng/ WL NARY 50%
HEPHA . K2 FIK 3 [6]. Note: The 8 day-eld adult bees
were caught and raised in cages. In the treatment group, the
bees were fed with 50% ( w/v)
0.1 ng/pL of imidacloprid ad libitum, while in the control

sucrose solution containing
group the bees were fed with 50% ( w/v) sucrose solution
containing 0. 1 ng/uL of acetone ad libitum. The same for

Fig. 2 and Fig. 3.
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WL d G X RAFFHRAREFERER (P <
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6a2~ Abaecin Glucose dehydrogenase. PPOA3 1] H
B EyE#a, Hd UDP-glucuronosyliransferase 2C1
Abaecin 5 Glucose Dehydrogenase 75 i & | 4 #4 3
(P<0.05); 8 HERMHHE ¥ H AR 0.1 ng/pL
Mt R R A ERVA R 9 d I S X IRALAH L CYBS61 2~
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T ®
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Fig. 2 Relative expression levels ofimmune and detoxification related genes in nurse bees of Apis mellifera ligustica exposed

to 0. 1 ng/pL imidacloprid for 3 d and 9 d

H: A, CYB561 2ike; B, UDP-glucuronosyltransferase 2CI;

C, CYP450 6a2; D, Abaecin; E, Glucose dehydrogenase; F,

PPOA3. PIRBUE NP8 = bR 22 (n=3) , BUEAE LR SFRRMARZREH (P <0.05, TKE) . K3 [A. Note:

Data in the figure are mean + SE ( n =3) . The single asterisk indicate significant difference ( P <0.05) between the two groups by

T-est. The same for Fig. 3.
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like  UDP—glucuronosyliransferase ~ 2CI1. CYP450
6a2. Abaecin~ Glucose dehydrogenase. PPOA3 1]
W, Hr UDP-glucuronosyliransferase 2C1
CYP450 6a2+ Abaecin 5 Glucose Dehydrogenase 4 .
#F LHESE (P <0.05) .
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THEHE (P<0.05); 8 HIdMiEM¥A MREE
0. 1 ng/pL ik RUMKAY FEREA TR 9 d J5 5 XFRRATAA L,
CYP450 & &, PPO, CAT 5 SOD fiffi& h¥f B
TS (P<0.05) .
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800 F
w
£ 2 600 N
& g
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BN T
42 400
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= S
= S
=
§ S 00 b
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Q E:
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Fig. 3 Specific activity of immune and detoxification in nurse bees of Apis mellifera ligustica exposed to 0. 1 ng/puL

imidacloprid for 3 d and 9 d

#: A, PPO; B, CYP450; C, CAT; D, SOD.

3 it

B A SR )z, R e 5 e 1) AH
KA B 22, 3% HURIAS L5 ) >R 42 06 ) fi
B, EEEREHEE, REAESEmL R, A
M. M FAfdERE ( Chaimanee et al. , 2016; Gong

and Diao, 2017; Tesovnik et al. , 2019) , WiH B1E
WERE R PR E A O, RIEE T F AR R R
FERYEAT, A e A BT G 2R B R A A 5
& ( Winston, 1991) o ARSZE 32 SR TR & i R
W IR X R 2 e R A M T B, SRR SRR
0.1 ng/pL ML RHKIEZL RN 8 Hit 3 d 59d
X R A R WE R, SR 11 d X
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BN RA B EEm, S5B85 (2019) X
T bt O P 0 Y SR A R AR . A SR i —
AULIATE S 2 JE T, BRI ik e vk e A
i3 X 0 T ) A A S R, R
TEX I I B A AT S R

SWFL AR, Bl AR R, 4
TR e A S e . —FTE R B R g h
P EE A A, R 3 AR X S e AR R K
MESNIEPEZOR A T (Kleino et al. , 2014) o B I
SUE- S E ST 4 SN 3@ e LRSS PO W SR P [
Y a8 ( Mohamed et al. , 2015; Cizelj
et al. , 2016) . CYB561 2ike /2 4fi Jfl {2, 2 b561 %
AR v — 51, R E e 2 5 40 i By 48 B )
TR 55 AL 2 ) B R ( Zamanian et al. |
2012) o UDP-glucuronosyliransferase 2C1 4t5 (B 7E
AL R, SRR w2 AR 7 Bk, (2t
R AR M, 2 5 1R N S 2 L -
( Goon et al. , 1992) , CYP450 3 [H 5 i 7 e Ak
K ZE LB b &5 HEAEN ( Derecka
et al. , 2013) , Abaecin TEIEAIRZS T REW i HEE
PURK, 2 A VR e 72 i DR 5 e v o 2 2 W o
( Evans et al. , 2006) ; Glucose dehydrogenase G2 %
TR 2 B o U, X BRRE S R AU IR, S5
WEAH M He 2 o #2 ( CoxFoster and Stehr, 1994)
PPOA3 i % st B 2 Wy A AL, TEE A K
PR EEE MM ( Tesovnik et al. , 2019) ; ZAEE
K4 R 0.1 ng/pL ik AUk IR RS 9 d 5
UDP—glucuronosyltransferase  2CI1, CYP450 6a2,
Abaecin, Glucose dorydrogenase ik E ¥ EA WE T
P, X1 Tesovnik & (2019) AHIWF5EHA A
HYZEIR o DKE PRI K - 45 75 M2 BUHE 7] £ nik 1 bk oy 32
T ATLAG | e e 2 AU AL DT A 2 A
W22 B T 532 W) 355 068 ) S0 8 R RE D RE L R TR I R
WA A R . DR, i HR Ok S L AR W O
DB L i) 28 s 9 s 3 o I BOOE 51 4
AN ST R N =N = 2 N R o C AR RS S T i
i, AR OKCF N B W (Judy et al
2012) o MEECHEH 5 it HOR P8 T, FOIE T e

FEsE B R @ L U I A it R da T e A
PEML ) 52 B 451 %, 2 T W S A T RE

( Tesovnik et al. , 2019) .

MR PASO il R 2L ALY
BeALRE (SOD) Flid AL &M ( CAT) JE#iElk
R AR, EHRUAR B B e b Ok 4

HHRHEINGE. ZWARES 507 B du& fh Ak
Wah, AEAESET REEILHSE.  ( Andersen,
2010) , 4fiffs 5 3R PASO filff & 2 5 % e A1 U5k 5F
ER MR R RF Mg #vh & 95 AR
(Igaand Kataoka, 2012) . # ALY B AL o 4
AU — 7 DI S 1 Bk B He A P oo R 60 T 1
PRAr BL AR S0 3 26 58 B 38 B /& 3 ( Mecord and
Fridovich, 1969; Bolter and Chefurka, 1990) , Li 4§
(2017) fdi FAEBOAEH S bk SRR AL F R 0, 7E 48 h
PRS0 At B T 2295 10 B 722 Ak, T A S0 4 ARG 1
R E] 9 d, JIfH 5% ARG DL L 4 B i v
YT, k0 B ZAE ) ik ok aE
TP e A RE T AR Y, O X i o Y
RHE T N RE, KA U & BRI A e S
S G ) AR R RN AT O e I o W A it e AR 38
IS NG 2 o) R G, [ I AT 5 A B 0 i S 4
e SR I A R ) 400 L TR A R B, X
AT AR D5 A A R, LU )
SyHC WA B A% 1 L AL 55 U R R A R
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