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e T WA AN [R] 2 2R RS ) & 1 S R B A o o 2 L PR AR e AT R
XEIW  VUEY; caspase-3 B ; AUMIIATT; ROTEWBMAMAT R, HEERER
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Abstract [Aim] To provide a reference and foundation for functional research on the Apis mellifera caspase-3 gene
(Am-caspase-3). [Methods] The CDS of Am-caspase-3 was amplified with RT-PCR and verified using Sanger sequencing.
The physicochemical properties, protein structure and protein interaction network of the Am-caspase-3 protein were then
analyzed with bioinformatics software. A phylogenetic analysis of caspase-3 was conducted by using MEGA software.
RT-qPCR was used to detect the expression of Am-caspase-3 in different tissues of adult workers infected with Nosema
ceranae, and in worker larvae infected with Ascosphaera apis. [Results] The CDS of Am-caspase-3 is 1 023 bp in length and
encodes 340 amino acids. The molecular formula of the Am-caspase-3 protein is Cj760H2703N4590530S,3, and its relative
molecular weight is 39 kD. There are 44 potential phosphorylation modification sites and no transmembrane structure or signal
peptide region. Am-caspase-3 is mainly distributed in the cytoplasm. Its secondary structure is comprised of 184 random coils,
90 a-helices, 46 extended strands and 20 B-turns. One structural domain and ten conserved motifs were identified. There is
73.00% homology between Am-caspase-3 and its template 1m72.1.A. There is an interaction network among Am-caspase-3
and 12 other proteins such as CytC. There is 81.23% homology between the caspase-3 of A. mellifera and A. cerana, with the
homologous genes of each species clustering within a single clade on the phylogenetic tree. Am-caspase-3 was differentially
expressed in different worker tissues. Expression was significantly higher (P < 0.01) in the midgut than in the other 6 tissues
tested, and significantly higher (P < 0.01) in 3-day-old larvae than in eggs, 7-day-old prepupae, 8-day-old prepupae or
12-day-old pupae. Expression of Am-caspase-3 in 2, 6, 15 and 18-day-old workers was significantly higher (P < 0.05) than in
1-day-old workers. Expression was significantly downregulated (P < 0.05) 1, 4, 7, 10 and 13 days, after infection with Nosema
ceranae. Conversely, expression was significantly upregulated (P < 0.05) 1, 2, and 3 days, after infection with Ascosphaera
apis. [Conclusion] The CDS of Am-caspase-3 was successfully cloned. Am-caspase-3 is a putative acidic, hydrophilic,
intracellular protein that interacts with 11 other proteins including CytC, Am-caspase-3 is most homologous to Apis cerana

caspase-3. Am-caspase-3 potentially participates in the developmental processes of different tissues and developmental stages

of A. mellifera workers, as well as in the immune response to infection by pathogenic fungi.

Key words Apis mellifera; caspase-3 gene; apoptosis; Nosema ceranae; Ascosphaera apis

caspase-3 & 3 ZE I A TR0 R e e K
ZEPRE AN, 1B caspase ZEH BB 219
T HATHZ—, SR TR ST, £%
T VI FIFE L 8 5, R AR AL rY EE L
MRSy, BAEENAEY=YI6E, TEEERSR
it 4552 513 (Porter and Janicke, 1999 ).

20 9 T 2 2 A A 0 A P R R
R R S DR | 3Rk ROR P S R A B 32
PEFE T #2, A8 R KR ALIA N B AR

(Newton et al., 2024 ), Z LA AL TR AR+
AR AN (WA IET 2RS4 ) FIZ
MINIERE (W SR . NS A A% Do 3X
PP R B IR SN, (AR A SR
A FRAT B B —— 8007 21 e 2 8 R 44 2 IR 28 11 il
2% ( Cysteine proteinases with specificity for
aspartic acid residues, caspases ), Bl Caspase K% .
caspase-3 1 T T3 FF IV 19 T ¥iie , 7 40 i
TR RO, — BEGE , TR

Al RE R, RULE REAR A (BT AT B
( Odonkor and Achilefu, 2009 ). & A\ Homo sapiens.
/I Mus musculus, % Sus scrofa #14F Bos taurus
SEHFLEIYIRY caspase-3 EL IS HUES IR A .

H ®r ., & 4 %K #k Spodoplera litura
( Vishwanathreddy et al., 2014 ). &3¢ %
Spodoptera exigua ( Shahidi-Noghabi et al., 2010 ),
245 . Heliothis virescens ( Parthasarathy and
Palli, 2007 ), KU Galleria mellonella ( Khoa
and Takeda, 2012 ) 55 Z Fp @ H B d (1
caspase-3 A 9 45 PR IE . 7R R HE

Gm-caspase-3 7E ARl & B I R4 Rk, (2 5 i
RN REmERER, VLERRET
Gm-caspase-3 [ FRB/KF- B, [RIINHRE RIS H
MM T-H &4 (Khoa and Takeda, 2012 ), %
R HR 201 PR 0 B E A e 401 OIS RS 108 h,

Hv-caspase-3 13Kkt ik F|IE(E ( Parthasarathy
and Palli, 2007 ). &% HE 34890 % B
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Dastarcus helophoroides ', Dh-caspase-3 7£ 4~ [f]
HAFAR R EH B a2 RRE, WA, &
IR 38 53 Dh-caspase-3 i mRNA 55 5K 75
B WL AR AR BB R E LT,
4578 Dh-caspase-3 LK A fE 2 5L,
AHEE . AL ETIRE . i v DL
AT (Vuetal.,, 2016),

caspase-3 T HIELFE LAY S 5%
FE &, B n e R i 9K T ( Vibrio
parahaemolyticus, VP ) /B4 T e Scylla
paramamosain 1 1] Sp-caspase-3 )71k , M4
7= 1 caspase-3 RHUIGPE, RN HIE Sp-caspase-3
IR T G 2 ek /D IS A S TR R I U 1) A
J81- (Cheng et al., 2021 ); 7w il s &
( Tomato yellow leaf curl virus, TYLCV ) {Z4%
J&i , MK El Bemisia tabaci { [N caspase-3 i) 31k
HEE TR, AR T KT PR 7 A Ul T4 5
(M, 2019),

VBN F AR S G Ry B I, M X A4 2R
PO TR RPNk 8 e o S ST U L <
Apis mellifera J&— M HAEZIL R A HRER
RN, ) TR A A 22 [ R Y SR e A
(BN, 2017), BEASREZEMWAES . RS
P T AR — 2=y, R
caspase-3 IR B AT f , 46 W AH DCRIF 9 T oy (82
Z o RPN P 7 % Amrcaspase-3 JE [
B 4A% 7 1) ( Coding sequence, CDS ) #17 7,
9% Am-caspase-3 £ [ BYHEULERM: . 0 FRFIE
G4k M Amrcaspase-3 7E T M AN [ 41 4 Hil &
BB AR IATE | TG B RN A AR S I AT
1 Nosema ceranae f= 443t # LA K T d 40 Ha f ¢
Wk W B Ascoaphaera apis & L ) #6515,
Jyit—L I Am-caspase-3 HULNRERT 5T $ LR
AR

1 #REFE

1.1 H@mE&E

S P FH VU 7 S e T 8 e Ay SR I A
AR 2 e 3 - S EL AR AL AT 5 1T A 114 572 5 8

Ho SHALKECO AR RE (RESE,
2023; XW/NESE, 2024) dil4 (1) 3 Hik4H
(n=3), 7 Al 8 HIAWEG (n=3) A1 12 H i
(n=3), (2) 1,2, 6, 12, 15 fil 18 HiEk T i
AR n=3),(3) T A n=3 ) B (n=30 ).
fi /i (n=10), WTHE (n=30). fii (n=20), &
2 (n=3) FRWIA (n=5). FREER S5 A
KM RNA-Free .04, WAEREHRFRE -

80 CHLIRVKAHIT& M. LRI E 3 Ik
W ER

Z AR S E E AT E #5775 (Chen

etal., 2019 ) HEATXF VY J7 % 0 T 06 (1) 7R 5 B e g
07 R A TR SR (1) JE R K
A A EREIC ) 50% (wiv) BEBHAW, AR
7 B WA T R Al At T I R R g 2% 1084
filF/mL PRI (2) SEEUGREEVY J # e
BUAE WM, SRR RS E, JRRA
SPX-250BIII fH i R AL A3 7748 (1R, Fifg)
[ (34£0.5) °C, 60%-70% RH], 24 h J5 &Pk
BN T, 35 /& A KF RS, LA
T 50% (wiv) JCR BERHA R AR RES (4 mL)

BT &R (3) H T4 (34.0£0.5)
°C, 60%-70% RH &4 FH5FE 24 hy SR HE4T0L
WRALTE 2 h, AbPRLH T4 AEL A 5 uL & 1004
filFREHA W, SRR T AL AN 5 uL RA
FF P RERA R, RERM TSR, BRMT
B 35 /BRI &5 (4 ) TR (1) TR MR 2 ( 266
ARG TR ERATR 3 mL ), & H g
W, IF KIHERIIEE . 7R 7 s A T R S
1. 4, 7, 10 1 13 dpi ( 1 day post inoculation ),

A3 I B BRAE A WAL T b i, B 3 Sk ig
FEMTA 14> RNA-Free B0, WA G
B2 - 80 CHMNIRIKAGIRAE. FALIL 1. 4.

7.10 F1 13 dpi T 7ERE G 50 3524 A AmT1 |
AmT4, AmT7, AmT10 Fl AmT13, XJHE4H 1. 4,
7. 10 F 13 dpi 1% g 18 A & 43 0l 4m 44 R
AmCKI1 . AmCK4 . AmCK7 . AmCKI10 #i
AmCK13. RS #kfT 3 IEY=EH A .

RYEA LI E AT O ik (RERES

SE, 2020 ) X 7Y 7 4 W T e &)y HUEA T R A TR
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LAY AN TARIFR - BRI 3 FEEERR A s A v
e (HPULTE AR, H4 PCR A 2
PE) MERSCHh e e, MG, K2 HIRZh it =
SIS 1000 uL fREHE) 6 FLANMRS et b, CA
SPX-250BIII E ¥R fE A= fb 35 7740 (R, i)
HEATIRSE, &R (35.040.5) °C, 90% RH.
24 /NBHE, B 3 HIBRL U 2 48 fLANREE 37
Mo Ak 2 2 R ] R e R A T 6T ) T
(fTLHRPE 1x1004/mL ), X HEZH D) 4] v S
TP R o IS AR H A B AR B AR R4
Fo L RL . Al B BT R BR AL 4. 5 R
6 Hik% iy (B E R IEME 1. 2 13
dpi), & 3 MHIEE T 11 RNA-Free &.0%,
WG AR - 80 °CHBAR IR VKA o ik 3
4 4.5 F1 6 HIRML R IR 0ldr 4 0
AmT1. AmT2 fl AmT3, XfHBZH 4. 5 F1 6 HiR
W AR S48 AmCKL, AmCK2 Al
AmCK3, FRSIEGIIE 3 AW ER

1.2 PCR ¥1#5 Sanger fllFF

i H SteadyPure Quick RNA Extraction Kit
e (R, HED) 424 Hidgh d)imiEn
& RNA, SSRGS —4E cDNA, YEAEAR
#AT PCRYMG, 51MS%R 1, RERSEF
RS R RS (2022) MYARIE B E . P4 1.5%
SRR B IS FRL VK S IR H ) B, #3647 TA T2
Bt . Ak KIAFFE DHSo B2 A4 (R,
) J5, PRBURREFEEME S A TR LB
WAARREFRH T, 28 12 h (1 37 °CHRG B %) b
HERIEST PCR %, FHYESRAYRBOL = I
WA T A TR AN A RS Fl 54T Sanger 7
I3

13 EWEREST

ffi Fi  ProtPram ( https://web.expasy.or
g/protparam/ ) B H BT ERAL BT . 430 ok
ProtScale ( https://web.expasy.org/protscale/ ) ,
SignalP-5.0 ( SignalP 5.0 - DTU Health Tech -
Bioinformatic Services ) , TMHMM ( http://
cbs.dtu.dk/servicess TMHMM/ ), NetPhos 3.1 Server
( http://www.cbs.dtu.dk/services/NetPhos/ ), Cell-

Ploc 2.0 ( http://www.csbio.sjtu.edu.cn/bioinf/Cell-
PLoc-2/ ), SOPMA ( https://npsa-prabi.ibcp.fr/ cgi-
bin/npsa_automat.pl?page=npsa_ sopma.html ),
SMART( http://smart. Embl-heidelberg.de ), MEME
(' https://meme-suite.org/meme/index.html ) Fl
SWISSMODEL 28/ ( https://www.swissmodel.
expasy.or g/ ) 43 M & 15T A LA BT RSB B K
P, NS K RS A S R R AL S5 4
AT ER A0 M A7, TR0 ER 1 BT A . R
A58 PRSF Y R = G s I 2548 . R A
STRING #(J& % ( https://string-db.org/ ) ¥4 K H
HAEM Y, ffi ] NCBI H' BLAST 7EZ /%4 74
FE W R (XP_394855.4 ), MK
Apis laboriosa ( XP_016920946.1 ). K% Apis
dorsata ( XP_043792908.1 ). /N Apisflorea
( XP_012345965.2 ). ELPGICHi|#% Tetragonisca
angustula ( XP_043519748.1 ) . ¥ & &
Friescomelitta varia ( CAL7952146.1 ), %5 K%
Xylocopa violacea ( KAK9297039.1 ), PUZr/N&&
% Melipona quadrifasciata ( KOX80590.1 ), 4%
% Habropoda laboriosa ( XP_017794868.1 ), ‘X
£1 fiE %% Bombus pyrosoma( XP_043595975.1 ),
7h A 40 9h B W % Eufriesea mexicana ( XP_
017762123.1 ), ‘k1li/h%%% Hylaeus volcanicus
( XP_053994453.1 ). 1 1& ¥I it #% Megachile
rotundata ( XP_012145510.1 ), 2 Ji 5 i 25 2 g
Leptopilina heterotoma ( XP_043473119.1). fifk
1% Ceratina calcarata ( XP_017880112.2 ), #R%E
& It W % J§ % Microctonus aethiopoides
(KAK0092038.1 ), 4:FE[Cfii% Belonocnema
kinseyi ( XP_033226618.1 ), 5+ fiJ% 1% Diachasma
alloeum( XP_015116488.1 ) AN il Mus musculus
(NP_031637.1 ) ) caspase-3 JF{ T2 HEMRF 1) %
Hm X, B MEGA ) T & R Gt
AL, K Bootstrap Neighbor-joining ¥, Jfi%
EEZUHCH 1000 K,

1.4 RT-qPCR ¥

A3 EEH 1.1 775 il £ 14 45 FE i B, RNA,
e S5 S — 55 cDNA E Wit , #Hf7
RT-qPCR, 51¥5%%K 1, LK Am-caspase-3
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TEARFHEMET BN ERERE, D
GAPDH 3£ ( GeneBank & 55 : XM_393605.7 )
YE N2, FIH QuantStudio 3.0 & PCR {Xik
1T qPCR i, &R (2023 ) MRIA K E
RNARZRGET . A B E 3 REARER
3 WA THEE . Amecaspase-3 [AHR ik %

A2 kit A Ak 5 . i GraphPad Prism
8 FRAF AT E I A AT S T Ak, TR A Y
FARZE T 2508 (One-way ANOVA ) 183 fii
SPSS 26.0 # AT, LA P<0.05 A EPERE.
W3t Tukey ik f1 B i E FRic ik PR LA
Sy HTSE R

®1 AHREANSIMER

Tablel Summary of primersused in thiswork

#F Name % (5-3') Sequence (5'-3") JH# Purpose
caspase-3-F CAGTATGACGGATGCC qPCR
caspase-3-R TGGTTTACCAGCCAAT
GAPDH-F CACCTTCTGCAAAATTATGGCG
GAPDH-R ACCTTTGCCAAGTCTAACTGTTAA
caspase-3-CDS-F GCAAGTTCAAGACTACAT PCR Al Sanger JlJ7
caspase-3-CDS-R ACTTGCCTAAATCCCATC PCR and Sanger sequencing

2 GRESH

2.1 Am-caspase-3 EE CDS KIS FrfE

mEl 1 (A) FoR, I8 R AR5 bR
/N (Z51023bp) BIHBY R B, Sanger Il 745
WoR iR B R BUY SIS GeneBank 4 RISk
i) Amrcaspase-3 [ T ¥ 51 58 4= —31 (100% )
(Kl 1: B ). LA &5 %8 Am-caspase-3 [} CDS
B TR o

2.2 Am-caspase-3 AR B E RS FIFLE

T 2E 5 7R Am-caspase-3 75 340 M2k
MR, 531N Cir60H2703N4500530823, 73 FH LN
39 kD, HHEAFHAL . ARUETsE. B, Jk
17 BRSO 24 256 K P53 0 6.12, 30.85, 30 h,
66.24, -0.538 (¥ 2: A); Am-caspase-3 N7
fEsik (1 2: B) MEgsEastgst (& 2. C),
AL E 13 DR RBERR AL 5, 23 S22 TR
FRAA 5 S 8 M AR IR LA sd (Bl 2: D).
AN, Am-caspase-3 &L T4t

ik 3 (A) i7n, Am-caspase-3 117 184
(54.12% ) DA, 90 (26.47% ) 1> a-

BRWE, 46 (13.53% ) FRAEfHEEFT 20 (5.88% )
B-FEff . B SA 14> CASc 253, (i T5
95-336 fu ARk HE (K 3. B). i, 7
Am-caspase-3 FEEF] 10 METHRSF . Motifl |
Motif2 , Motif3 , Motif4 , Motif5 , Motif6 . Motif7
Motif8. Motif9 I Motifl0 (& 3: C), =k
W ir gt R B8 Am-caspase-3 1Y B i Ky
1m72.1.A, 35 Z [a] i [a) 5 1 3k 2 73.00%
(Kl 3. D).

2.3 Am-caspase-3 EARNE/EM%

Am-caspase-3 5 HAL 11 MEH (CytC,
LOC724543 Fl A0a0S8ALK2 %5 ) 4 1 D HAE
M2, ML 1A SR Rk, L E 42 4k,
BT RIS BRCh 7.64, VR RERER A R BGA
£]0.897 (Kl 4),

2.4 Am-caspase-3 EAM RS

Am-caspase-3 574 7% % caspase-3 Y[R IR
e (81.23% ), HUCHEKRERE (78.72% ).
KW (77.97% ). /NEEWE (70.72% ) FIEPETG
fi#e (57.26% o REIHFITERE R, PHH
W SROTE N | RN R N
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bDNA marker Am-CaSp ase-3 rm TCG@&S KTGAG QE“TCR?(?TGTCW‘}IH Gmtx&uzcrrcrc‘i?mra amﬁormcrcr?pmmxw
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R
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J
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O e T e L
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Fig. 1 Agarose gel electrophoresis (A) and Sanger sequencing (B) of amplification product

caspase-3 RHh—3, ﬁ?ﬂ% R4 Kl

from conding sequence of Am-caspase-3 gene

Jo Hh ) 2 3 e B e ELARG R R T L R

e ERVYRMLIR HLMTE | RARHE | k2T RENE | 5
AR PUSLNE I B@%ﬂﬁﬁ@ caspase-3 &
H—3, GRS 27 A i | IR FE
ML i | S5 AR IR I 1Y caspase-3 RN — 3,
I & VI R/ VB caspase-3 43l A0SR
—3 (E5),

25 BAHEEITEARRAAP Am-caspase-3 &
E R REER

RT-qPCR 453 /% Am-caspase-3 £ T.#4%H

L TR R BRI AR KR (P<0.01),
Horpreiirp gk iRk (1816 ).

26 AFEETHEARLZENA Am-caspase3
EFEPREEX

1E 3 HiR4h i, Am-caspase-3 [ iA ik
FEAE H 2 3 T 0 A 7 BTG . 8 H i i
12 Higfrh g Rika (P<0.01) (Bl 7: A),
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Fig. 4 Protein interaction network of Am-caspase-3
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Fig. 6 Relative expression level of Am-caspase-3 gene
in 7 different tissues of Apis mellifera worker
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Fig. 7 Relative expression level of Am-caspase-3 genein different developmental stages of Apis mellifera worker
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B. Changes in relative expression levels at the adult stage.
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R Y% (0 VG Jr e T b iz 1 Rz A B R T AR ERIR
TARZAZYL ) T 0, FeUA 7R 7 8 0 At AL mT o)
HilfE AR IH T AR . Kurze 26 (2018) i
XF LU 7R W AT AR T R I S T A7
P 58 e v i AN [) X 3 0 7 40 B 50 1) AR At ik
SET AR W R RO e e R AR T
PIHIVER o ARWFFE R, R 5 B e T e
J&, VOO T R st Am-caspase-3 1Y
FIRIKFAE 1,47, 10 A1 13 dpi ¥ 2% T (&
8 )o 1R W AR Jy i M ffc gl s ) 1 P e T
Y iz Amecaspase-3 19 %1k . % JE 3| caspase-3
FEANMEIA T A T B, I AR T e A
T T FE Am-caspase-3 Yk K SEA I
DT T g R A p R T, R A 2
Y M A AEE B T DA F 2 385 . AbPsErh, %
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M2k KFAE 1. 2 F1 3 dpi 35 FiE (& 9),
U B W BR R TR R YL O T 15 £ Amecaspase-3
YIRS AT BN IR 9T A BRPG 7 % 0 T e 4y
IR BT Z WA B 22 A EAE L, IR R G
AT T A AR R MEEER (Ye et al.,
2022 ), M4l duE st Fi# Am-caspase-3 2614
R AN E T AR ek R W R s T —
AAGE T RNAL WIBA VY )y 8 i T 044y i - e 1R
P HAET Amrcaspase-3 194> T HIHE .
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