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EAFEERYELQER AmTsf M HMEME THRIESHT

(R RITE R A dn b2 b A B R m R i 20 % RS AW R e % . R 401331)

WE.LTewYEA L EWEEFEFT E LT EAFNEE(Apis mellifera ligustica) # 4% & B (AmTsD) , o #1Z & & 7 % % # it
ZAB Ak EE TR RENEA, (7R T S &5 5 Xt o 47 AmTsE ty & L 8 5 7] 45 4F fr 45 A 38 41 6 A R
ELITATNZEamEN e EEEaNE M EDF I WEREHA A RO ZEANRZ A LI X
FiXAEHKAEEEPCREACLUBRANE LN ZE AN EDEE AmTsf £ EAF B HT % 5 b ok ok F A2 4
oy R A F e, (& RFIAMTSI AV BAREA B TI2AAEBRAEHAR M2 TFHEN 78.7 kDa,pl 4 6.77,
BSR4 EOEARRTINAERAE T Z AN THAREFEARE, TEANEN LR EESBRRERAE
BT G EAMb AR EE 24 hE PR B REELR WA F e Fe' S f, 5HBEARY EBEHX N AmTsf
EEREAB PN EINELETFEX L EREPp<0.05), (4 ®YAmTsf TiHAL B I HBARS 5 EAAFE £t
mh ok M Y R .

KPR BREOEWELFN M bk B AA B

FE S ES:QI66 XHKFRERD A XEH/S:1672-6693(2023)02-0034-09

Wikt bk — b 7 4 BR VU PR A P B Ry )™ 2 AR A A R DA R i A Oy A R R AR AR T
CERBGRSZ A IF B R 28 v AR 15 5 4% 5 KRR O R sl o AR it o WR7E 2% R N AT 5 B Ly T B R
T i G s AR AR S A B L, R R B (Apidae) ™ KIS B it bk R R i e T () A L e 4
AR R TR AE B AT O FR BRSBTS WL % U i ek 2 5 BORE K R B B (Apis
mellifera ligustica )PP tH B Fe' 5 ), BT fisd % 7™ 5 (9 S Ak B A0 R AE 20 MU R IR LIS 3 . DNA A9 5 i
SEAZ O AR R Th R 4R 3 R AT B G £E Y (S ) Fe® 2338 1 Fenton K2 AR I MR T EUE L
W R AR R N Y Fe T ik MO 32 B B A 7 TR T ORA S A T A

W Bk R VAR BRARI P ST 25 G RIS B Fe® ™ A By 1k Bk 20 DA 2k 45 20 2k AR A o B v R A OC T E AE
FARE . WEAE s A B AL AR W I TE v X P AR 2 B A N R R S SRR
e SRR AT S R B L AR AT R B AR 1 A% R A R 20 2 R O R D B
BRAR 7 L N SO W I Fe® o R I fi SR AR R B o R AR BRI L AR B BT K, R
U A BT M T R R S e e B 1 CAm TS D) B T RE 7 5 235 4 ik AT | 28 00 A 25 A W A JE 7 R AT, R T S i
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TR LU g B 3 i 52 2% HUR A 231 BIL T 5 £ (L SR Al DR

1 MBEFE
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AR R HARL, Trizol (50 57 NI \DEPC 7K\ JC7K Il AR AER SBVA TR . £ R - £ R 4 45 2 30 5] 24 W 1 o R Ak
A R A Al EvoM-MLV U 58875 & . RroTaqHS iR qPCR 247 & 4 W W T 5 R R R AE A A .
1.2 AmTsf WREBRFIFEMRGEHNL DT

AmTsf(GenBank 5% 5 : AAQ02340. DI EZERRIFSI T 2 A NCBI. ] NCBI & H <7 X fitill AmTsf
AR ST I RE 25 #4165 i i3 46 E 2 ExPASy ProtParam Chttp://web. expasy. org/cgibin/protparam/ protparam)
T 2 2 Y 2 R A A X o B RO A A U A R R R AR ST H SR KR BRI AN R E 8 A R
TEL R ¥ ExPASy Portscale Chttp://web. expasy. org/protscale/) 73 #F AmTsf 19 3£ | Hi /K ¥ i ; #] F SignalP
5.0 Chttp://www. cbs. dtu. dk/services/SignalP/) 43 #7 & 15 5 ik ; 18 F| GlycoMine Chttps://glycomine. erc.
monash. edu/Lab/GlycoMine/) Fl Il # 11 /) B 5 4k £ 5 ; 3 i NetPhos 3. 1 Chttps://services. healthtech. dtu.
dk/service. php? NetPhos-3. 1) il & 1 /4 8% iR 1k 137 £ s >R F Novopro 7E £k T. H Chttps://www. novopro. cn/
tools/secondary-structure-prediction. html) ¥ & H 19 — 2% 45 #4 ; 1l 13 SWISS-MODEL Repository Chttps://
www. expasy. org/resources/swiss-model-repository) # | £ H ) = % 45 # ; il i PSORT Chttp://psortl. hge.
jp/form. htmD FUM & 1 B9 P 40 i 52 17 FF1iE ; STRING Chttps: // www. expasy. org/resources/swiss-model-repository)
W E A EEMY, 4,78 NCBI B M EARFN (R D RFEERE A KA 75, Fl FH MUSCLE 84 # 174
B2 7 5 22 5T 5 LT 43 AT AR 57 2 FE TR DX RN 67 s bl X ) 285 S 3 8 MEGA 6. 06 5114 DL &R 322 1k 4 3R 45 it
(aR

F1 HABYHELEAN GenBank BR S

Tab.1 GenBank accession number of transferrin from typical species

s Wb GenBank #3535 | 45 WrFh GenBank % % 5
1 BRHEYA. mellifera ligustica)  AAQ02340. 1 14 W4 (Passer montanus) XP_039552802. 1
2 FRAR B (A pis cerana cerana) XP_016916447. 1| 15 LM B Y (Sturnus vulgaris) XP_014725911. 1
3 KE W (Apis dorsata) XP_006608191. 1 16 K H B (Rattus norvegicus) AAHS87021. 1
4 B RS (Taeniopygia guttata) XP_002192726.4 | 17 IR (Apis mellifera caucasica) KAG6800752. 1
5 INBR (Mus musculus) EDL21066. 1 18 BRI W (Apis laboriosa) XP_043789070. 1
6 KIS (Gorilla gorilla) AJA37252. 1 19 F M (Cryptotermes secundus) XP_023702706. 1
7 W34 (Bos taurus) AAA96735. 1 20 BAKHEMW(Zootermopsis nevadensis) XP_021919348. 1
8 fik: 1 (Salmo salar) AAA18838. 1 21 v [E B 3 & (Bombyx mandarina) — XP_028030847. 1
9 fife 6 (Miichthys miiuy) AFC68982. 1 22 & (Locusta migratoria) BBE27867. 1
10 fif 1 (Mono pterus albus) AHA05992. 1 23 YOS 1 (Schistocerca gregaria) QVD39381. 1
11 B RM (Drosophila melanogaster) NP_001285404.1 | 24 3 WA (Zerene cesonia) XP_038214229. 1
12 LR WG ( Drosophila simulans) XP_016039917. 1| 25 i JH K2FE (Apriona germari) AAW70172. 1
13 K& (Bombyx mori) XP_037875810. 1

1.3 MHEWRBEMFERSEIT

N T AL 35 BOHT B 0 7 ) B8 0 T, St s 0 358 7 d S C O, BRI, 23255 B 58 1 b gk 47 it sl mbl 2% 5% 7
PESZIG . ST E X BB 4] (CK 41) Rk d sk b B4 (IMT 41 , A4S 3 MEYSEE B EE a4 50 2
P i . IMI 4 09 R S B 2R 1 3 h 5, B3 ik sk BT & 43 B0 377 X107, e 3 PR 5k B8 5] ) 19 JRE b (o
B 50 Y0 W IRHEAT AR, CK 2 A5 2 0 DU) R 2 P9 IR (R AR 43 500 0,000 2 90) B TE B (5t £ 23 B0 50 Y0) ¥
AT AR R H R IR TR R 0 L R RV ORI N T AR K TR S A S0 HEAT 168 h, B 12 h BEBRIET-H - 45t
RN, FENE k2 58 24 h 5 BORE , VR R T VR 5 B B PR AR T — 80 °C 4% T AT GE # S A1 21k Fe? ™ %
B AmTsf FIR K,
1.4 Fe'EENE

SR FHABAE B 408 L (03 43 ) 00 7 A 3 R R 8 e Sk (I AT R B A 20 Fe® i HLAOD BRI T L i S I K
HHe R HAR TR RIG L mpg ¢ Ve =1 g ¢ 10 mL B HCAGIAN A LI B3 50h 0. 1 % RIARIE B SR IR W 5 & k-
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CTRENGE phs WA 1 = 1 Lo A8 TG 38 17 1 i) P R A T AR W . SR )5 B 70 Hz (951 KR BB 3 min, IF7E 4 °C
12 000 r « min " £ F B0 20 min, W FIER . IEWH 200 pL E3E® . E B AE 510 nm AbAY OD Y. #5
A2 22 B 27. 8 mg FeSO, « 7TH, O ¥ T/K , BL il vk B2 100 mmol « L1 19 FeSO, I ; BUE 5% %
W IR B 0.15,0.3,0.6,0.9,1.2 f1 1.5 mmol « L' B FeSO, ¥ ; B 20 pL FIRK W FE R FeSO, i
VT A0 A 180 p L &R AT T ARV . DL Fe MREE R 0 AL R X B L 43 51 22 OD {H (A =510 nm) . 2 il b5 1
2R . A o il 2 R A it e Sk RPN Fe® ' & (LUR T, 3447 :mmol « L)
1.5 AmTsf WILBTREEEEZ PCR 547

P B R e 1 Sk M R v i 2 2 20 2 ORI S B R S ST 0K . SR Trizol AR M4 40 41 E RNA, &
RNA ¥ B J5 R FH & 3 8000 126 0 Bl BEEE I F UKk 43 B RNA it . [F S, T2 OD260/0D280 fE , 43 #T RNA
aifg, DL RNA N5 — B & B cDNA . B L cDNA 4 # #i, L3 ] RP49 (5] ¥ RP49-F. 5'-
CGTCATATGTTGCCAACTGGT -3", 5% RP49-R:5-TTGAGCACGTTCAACAATGG-3") NN Z, % AmTsf (5]
Y AmTsf-F:5-TCCGACATCGGAAAACCCAG-3", 51 ¥ AmTsf-R:5-CAGCCCAAGTGCATGGTTTC-3")
PEAT S92 O 5 B PCR 20 M. FRBC#1 A9 20 pl PCR J MK & & A 10 pl. 2X SYBR Green Pro Taq HS
Premix.0. 4 pL E¥#51497.0. 4 pL FUHE5140 .1 pL cDNA Bt LK 8. 2 pl. oK, PCR WU F .95 CF
FiAEPE 30 5595 °C FAEME 5 5,60 “C FiB K /FE 30 s, —3k 40 NMEER . Bdl 20 B K CFX Maestro #4413
2 R B A A
1.6 HIESEIT

B A B Y TS S AR IR 7 R, B i GraphPad B8 %8 99 20 {1328 2 1) 25 i 19 B008 E AT -1 36 43
B4 p<<0. 05 B KR E5 R B A G X,

2 FERE5H5W)
2.1 AmTsf BEYE B FH1E
2.1.1 AmTsf BB L MR 3r

AmTsf B53F 3K Cyugs Hiirg Nugs O3 Sy » L7 712 2
AR IR IR IL A X 4 F Wit ol 78. 7 kDa, S5 L A pl Ky |
6. 77 4 1F L fif 24 3 IR 7% JE (Arg + Lys) AN 8k 90, # a
H A7 1Y) 2 35 82 5k i (Asp+ Gluw) DN ECH 89, AmTsf iy h
RT3 K B MO — 0. 39, HE 17 41 435 R HE 4 81, 38, o
PRI % 6 1M B KPR (B 1), AmTsf B9 5830 0 2
30 h,;f:f%fé%éﬁjﬂ 36. 73(<4O)° _30 160 260 360 460 560 660 760
2.1.2 AmTsf B & EF 5 LL 3¢ FEBIiL 5

NCBI ¥j G {37 /5 48 2 (conserved domain database) VE « 8 W1 36 7R B K IX ARG (1 927 K IX
A ZF0 T [FE A H 45 R 2R AmTsf 2 318 7 51 1 AmTsf B9 3%/ Bk HE BT 53 47 45 R
MRS, SR A2k SR MEAXNESGEHER Fig. 1 The prediction results of AmTsf in
JETF 25 H RO B0 AT LA B 2 195 1 25 hydrophilic/hydrophobic

i) 3L 1R 5% 3 (Ala, Cys., Asp. Leu. His., Gly Fl Pro) LA K& #k 45 & 1 M0 s 820 ik 2 7% L (Cys™ | Cys™' L Asp®' .
Cys' [ His'™®  Cys™ ,Cys™® . Cys®™® Hl Cys™) (& 2),
2.1.3 AmTsf B ThEE B 45 1E

AmTst A 20 4~ N-BEEEAL A7 5 .20 4 O-BEEEAL A7 SR 15 4> C-ME AR A7 45, B AMA AT 23 4~ Thr BER 1L N7
A5 (3R 2,8 3), PSORT W 40 Jfd 52 7 43 BT 285 S 2 W AmTsf 25258 0 T 40 Bk (AT ek R 34. 8 %) Rk ki & (AT fE
PER 30,496 T 58 57 T 4H M5 (4 T REPEAL Ry 8. 7%, AmTsf B N 3 A 55 ik, I B 7T fEJ8 T4 AL 4R 1,
2.1.4 AmTsf HE&EMTNEE/ERE QTS

SOPMA 7528 - 2 25 ¥4 W0 43 A7 45 5 7R - AmTsf (9 o258 (5 L oA 34. 83 %6, BT & i LRy 6. 04 %, JGHL I
B H Rl 44.24% . C BEIEfR 5 Lol 14.89% (& 4), SWISS-MODEL %: & Seqidentity {8 . GMQE 1A .
QMEAN {H M AmTsf & B = 4540 2l 69 4 o W2 .27 A B-97 8 R4 2 0 LN 2 h # k(71 5)
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ISGRDRYECIIEKVGKKEA VAVDPEDMYLAVKDNKLASNAGYNVIEQVRTKEEPHAPYRYEAVAVIHK----DLPINNVQGLRGLKS|CH|
VAVDPEDMYLAVKDNKLASNAGYNVIEQVRTKEEPHAPYRYEAVAVIHK----DLPINNVQGLRGLKS|CH

VAVDPEDMYLAVKDNKLASKAGYNVIEQVRTKEEPRAPYRYEAVAVIHK----DLPINNVQGLRGLKS|CH

IPHQDFTIFKEIRTKEE
~ANVDVLVINELRMRARP-

NGDNHFAVFKEIRTKEEPNEEFRYEAVAVIHK-
IPNQDFVVFQEYRTDEEPDAEFRYEAVIVVHK-

AHNGGEIAWTKVIYVKRFFGLPVGVTAAIP-
AHNGGEIAWTKVIYVKRFFGLPVGVTAAIP-
AHNGGEIAWTKVIYVKRFFGLPVGVTAARIP-

23.4CEH----PDICNYPDYYSGYDGALRC
24 MCEH----PDKCDYPDNFSGYEGALRC

25 YCEH----PDICDYPDNFSGYDGALRC
A AN |AA

TE SR T HE R BREE B IR AR L A R R SRR RSP A B IE TR IR S . 95 X BL A W) B 22 44 K GenBank B 5 WL3% 1.

B2 AmTst BIEERFIFLEM S EF LI

Fig.2 Amino acid sequence characteristics and multiple alignment of AmTsf

F2 AmTst G ESER

Tab.2 Modification site information of AmTsf

1B i a2 H 1B A A (CHIRNASE ¢
N-HE AR A7 13,18,171,208.247.315.349.,378,434 ,434,468,485.,492.551.,555,569.,621.679,693.697 20
O -l e AL 25 146.,149,189.,270,275.298.352,392.422 444,461,483 ,495.,498.,522.531.,533.,542.,654,658 20
C-H AR A7 17 8.201.,253,303.308.341.,342.,388.391.507.,623.674.696.699.702 15
WMk 74 18.55.81.102,118,123.,125,140,150,155,170,211.,230.231.,253.256.,284.,304.,312,329.,377.387 22

String TEZ D H HAEEE E I 0 A 25 R 2B (K 6) : AmTsl &5 H 58 HE H Fer2LCH(GenBank & &5 N
XP_624076. 1) F1 45 1 BBERERL IR AL 2 (H (PAPLN) (GenBank 5% 58 XP_006562242) 17 75 & B 15 JE WM 1
VERISE F . BRER (I M AR AR 1 5 32 B2 T 2 3 3k 17 i RIORE K 9 50 400 i P K ST o 2 435 400 i PR 46k 1 4 e 7
FAEMYY, HL, AmTsf 0 fiE 15 Fer2 LCH Al PAPLN 3t [d] 5 5 4 8 7 oy A3 A 8 45 .

2.1.5 AmTsf RSG5

SEA LS A2 S 2 R R R W R e R R R R P A1 Am Tsf Y &3 R 5 81 ik AT R 2 #r
ZERANP 7 R ARSI R R R A RO 1 S R R TR N R S B R 2 ) A R S, 7
BB E AT, AmTsf SEBE (Apis) FEREARMERN 1 L I H SR EEGREREAER R,
Ah, AmTsf 5[F 8 T3 H (Hymenoptera) I SR 88 ( Drosophila ) ¥ 42 3 H AU 5 853 B (Lepidoptera) B A 4
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(Bombyx) ¥ B8 FA & A B U Bk AT IR 2R R

Ir  TheRIEBRRRILLL

— HfH

0 50 100 150 200 250 300 350 400
FPHIL R
B3 AmTsf BBBR AL R BT LR
Fig.3 Prediction analysis result of phosphorylation site of AmTsf

Ll L 'ﬂ: : : ::E HHWHE!

il W WiLEAEE R B
0 0 400 500

100 200

T W O XIRTR o SR8, % (0 X IR RIS B3 % o A7 €0 DX SR 7R T LA il 4 €0 DX B 7R C B S A A A B 5 Dy R B
Ry 53E

4 AmTsf I ZREH D H

Fig. 4 Secondary structure analysis of AmTsf

Fer2.CH

PAPLN AmTsf

T P PR AR AR 2 8] R TR) 0 1 2R 4% 3005 IE 5% i A0 1A
FIAEAE RIS R 45, Fovb SRR AU AR 2 g O UE W A BRI, PR R AR R
IR ] SR A UL A 2 [ 3 A A SO A2 41 UE 435 3 1]
PR 2 R 5 28 010 HEL A0 2 75 A EL AR P A LA 00 58 . o b P R Y
2RS5BT W R IR TR T A B

Bl 5 AmTsf =25 45+ Fm B 6 AmTsf HE(EREERMNHN
Fig.5 3D structural model prediction of AmTsf Fig. 6 Prediction of target proteins interacting with AmTsf

2.2 MHEAWMBEETERFEENETE

B8 Bom 1) 7EHE ANk e pbk R 5 S0 56 A B v, CKO A At 30 28 0 1) A7 6 IR 0 38 e L o S0 560 465 A (g e b %
7% 168 h J5) R EIFEIGE R0 92% , AR RIAI A . 2) IMI ZH7E Mk Bk B2 5% 24 b J5 s JT 4 H B K 3k 3ot 2 06 2
TR IG5 B A N H bR A R 3t 8 e A P 1 0T, 72 A 5 06 1 B 1 230 5 T AR I L 7 ik O 2 R Ab P 108 h S5 A7 TS R
A FEA S TV 52 BN REIET . 7EL I 45 AT, IMI 4 I 2 W A7 16 Rk 26 %0,
2.3 WHMEETEAMNEEARALAHN Fe 28

ML L bk % 5 S 56 v A R R B e Sk I A R i A Fet T S BRI ZE AN 9 iR . 5 CK 4AH H . IMI
PR 2 e Sk R I R R Fe® S e b AR 5R 24 h S A BT RN, H 4 ) 25 R 3 B gt
X (p<C0.05), Foitdd CK ik IMI 4, (iR 2 8 L S A 38 10 Fe' ™ & W B e 41 4L Fe' ™ & i
m.HREENEZERYASITFE L (p<<0.05),
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77 fifita (M. miiuy )
JE fif:ft (M. albus)
fif: 4t (S, salar )
100 86 B2Y%Y (T guttata )

100 WAE (P. montanus )
S (S vulgaris )

71 —— 4 (B tawrus)
100 KPR (6. gorilla)
74 N (M. musculus )
100 KA (R norvegicus )

86 N (A mellifera caucasica )
100 |- rh 4% 1% (A. cerana cerana )
KEE¥E (A dorsata )
58 TT-HREYE (A. laboriosa )
B R4 (A. germari )

100 ML ( C. secundus )
91 99 {

MARE ( Z. nevadensis )

76 4[ RN (D. melanogaster )
100 USRI (D. simulans )

90{ BRAE R (A mellifera ligustica )

%0 EAERE (Z. cesonia )
r PRI (D, melanogaster )
100 - RN (D. simulans )
r %4z (B. mori)
100 ! FE BSR4 (B, mandarina )
0.10
P

A WP R 1Y GenBank &S IL#E 1.
7 ETHEENE AnTSf MEMMARREONESERFIINRGH LM
Fig. 7 Phylogenetic tree based on amino acid sequences of AmTsf and transferrins of

other species constructed using neighbor-joining method
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Fig. 8 Survival rate of A. mellifera ligustica exposed to imidacloprid

2.4 MAEWMBEERT AmTsf EEXNEERRAR/NRIE
SERHOLSE Bk PCR 455 578 (100,55 CK AU H L IV LB R 568 % BRI 414110 Am T £ 1) 335 76

Mt d ok 7R 5% 24 h S AW B, HAL 22 5 ¥ HA G E L (p<<0. 05) , S B G L, IMIT 41 {15 2 1
S AN R B Am Ts f (0328 15 1 3R g E 5 KL 4R ) 2 TMIT 21 B 38 e i R 41 20 Am Ts f MR Rk S CK 41
R T 1 4%,

3 it

ek E AR R —2
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XA, AmTsf B A 2 800 Tl % 83 A 2 A R <7 AL IR Gk 48 . G4 Cys BRAEE A5 Bk 45 & 9 Asp., His 5%
R EERG L AT SRBMWEREARN 1, RS P EEEEREARARENELEXR, X
R AmTsf J& TP A FEMA . W20 A 5 (7 70000 25 58 7R Am Tsf =5 278 40 A% A SR04 A7 D fiE L i
55 F A ) b B B B 1 SR R B B AR I E LR — B, A B AR O 2% T 45 R R W, Am T sf 5 Bk A 45
HHWMREH Fer2 LCH A MU EAE R MM BN AT I F S 5B ENHY LR, 82, AmTsf HA#
BRAR S0 A B LR B e B RS R R AIE L AT H U D e Bk AR R LR

0251 3.0r

L = (K
== JE :
~ 0200 — Ba sl e
".4 Ba
=] L 3
é 0.15 ) mi 2.0 B
: =]
Z 0.10 iy
2o / =15t
= =z
% x|
S 005t
= 0.0 el Lok
0.00
CK IMI 0.5+
Jeg A3
AR KRG R R F—HA N Fe' ™ & g4 i) 25 5 7 0.0 i‘*ﬁ Hﬁﬂ;’ﬁ rh‘%
0. 01 A 1 AT e M2 B S R [N 1 2%l — 41 ’ s
= SRR = [ NP . o X
Z:IE]?E?/D\E"J Fe EE%EFT’{P<O 05 7Kq:iﬁﬁfﬁ.tl’?m>(o Ij:“*”“**”%ﬁﬂi’%m%ﬁ(?}gE‘Jﬁﬁlﬂ%ﬁiﬁ:p<0.05ﬂ]
9 MEMREMBEAHNEEGEN FE SEBHHM p=0. 01 KF- A Geit R
Fig. 9 Effects of imidacloprid exposure on Fe’* B 10 AmTsf EARHEAFRIE
content in A. mellifera ligustica Fig. 10 Expression of AmTs f in different tissues

i Sy — Tl M O D o Wbk Rk 2 A T R I A0 AT g E T A R A ™ R I 2 R ST R e B
FETZ, He 55 NV R, S0P Bt (10 it bk 52 5% 23 175 5 2 0 0 M S0 Fe® ™ 302 048 50 o DA ok 2% 7™ 7 119
SEALNLHOT BRI T . TEARRIETE 3 R B e 7R PR AR R (B 70 B0k 377 X010 ") Mt BUsbk 2 % 24 h J5
TR R FAET , ML kB % 108 h J5 bl 8 19 £F 00 R 2 A I IR 22 . TRk kgt G St b 5
CK ZHAH b - IMIT 20 {3 58 O ) 2 0 Sk 3 M 38 0 v i 2 20 Fe® ™ 2 ik DR bt e ol 2 g8 1 B S 4 . %45 2R 5 He
2 NI g A R — B, 3 e T B R 5 e A ot R bkl £ T SO e T B 0 R R R S S A 4 R R AR
Az AT e 8 AT )k bt e bR 2 e P A

R R PR BRI 45 P A0 B T S 45 S RS i R A Fe ot S G 41 AU SR i A I L FE AR
5T, 5 CK 40 M L . 76 ik ROk 22 88 530 Fe® 2 0 A9 IMI 4 B8 KR e 41 U Am Tsf R B WU 8 E
W, X g SRR KGR R ZRE N 2 5 X 4 U0 T 52 M 0 W 58 408 — 2, 41 a0 - A S HUR) TR A T R i
T OREEB(Culex pipiens pallens) FEEERE PR F 225 LS5 1R 008 IO 45 185 28 2% BRI B Ho k2 s 4
YIR EAL2EY) R 2-+ = AL BRAR 45 L (Helicoverpa armigera)24 h J5 , Z¥ M FEHREHERNWELHE -
P R R A RNA T30t B B3840 1 ¥ KK 3% (Spodoptera littoralis) % B 2-+ = il (g U
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Animal Sciences

Expression Analysis of Transferrin gene AmTsf of Apis mellifera ligustica to Imidacloprid Stress

QIN Qigian, CHEN Lanchun, WANG Fei, ZHANG Yi,
ZENG Huini, WANG Yuedi, XU Jinshan, LI Zhi

(Chongqing Key Laboratory of Vector Insects, Chongqing Key Laboratory of Animal Biology, College of Life Sciences,
Chongqing Normal University, Chongqing 401331, China)
Abstract: [ Purposes ] To identify transferrin of Apis mellifera ligustica (AmTsf) by bioinformatics, and to analyze the role of
AmTsf in tolerance to toxicity of insecticide imidacloprid. [ Methods | The amino acid sequence characteristics and domain
composition of AmTsf were analyzed by multiple sequences alignment. Online tools predict the structure, cellular localization,
interacting protein networks and biological functions of the protein. Phylogenetic tree was constructed to analyze the
phyloclassification and evolutionary relationship of the protein. The response characteristics and functions of AmTsf to insecticide
imidacloprid toxicity in bees were analyzed by real-time quantitative PCR combined with iron homeostasis. [ Findings|Bioinformatics
analysis predicted that AmTsf protein was hydrophobic, consisting of 712 amino acid residues,with a molecular weight of 78. 7 kDa
and pl of 6. 77. A conserved amino acid residue of the signal peptide and transferrin family, primarily located in the nucleus and
mitochondria. Experimental analysis found that exposure to environmental concentrations of imidacloprid caused mass bee deaths.
Compared with the control group, 24 h exposure to imidacloprid resulted in excess iron ions in the head. thorax and midgut of bees.
Importantly, the transferrin encoding gene AmTsf, which is closely related to the regulation of iron homeostasis, was
synchronously up-regulated in all tissues with the increase of iron(p<C0.05). [Conclusions] The results suggest that AmTsf may
actively respond to imidacloprid toxicity tolerance in honeybees by regulating iron homeostasis.
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