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Abstract: [Objective] Apis mellifera ligustica is one of the subspecies of Apis mellifera. Ascosphaera
apis exclusively infects bee larvae and leads to chalkbrood. In this study, we predicted the conserved
motifs and analyzed the phylogenetic relationship of naked cuticle (Nkd) protein in 4. mellifera.
Further, we employed RNA interference (RNA1i) to study the effect of nkd gene on the larval body
weight of 4. m. ligustica and the immune response to 4. apis stress, aiming to enrich the information of
A. mellifera nkd gene and reveal the role of nkd in A. m. ligustica larvae. [Methods] The conserved
motifs of Nkd proteins from A. mellifera and nine other species were predicted by MEME. MEGA X
was used for the phylogenetic analysis of these Nkd proteins. RNAi of the nkd in the guts of the worker
larvae of A. m. ligustica was carried out by feeding dsRNA-nkd. The larvae were weighed via an
electronic balance. RT-qPCR was employed to determine the relative expression of nkd and immune
response genes. [Results] The nkd proteins from 4. mellifera, Apis cerana, Papilio xuthus, Bombyx
mori, and Papilio machaon contained three conserved motifs (motif 1, motif 2, and motif 3), which

indicated that the Nkd proteins from the above-mentioned five insect species were highly conserved.
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The Nkd proteins in A. mellifera and A. cerana shared the same clade, showing the closest genetic
relationship. Compared with the dsRNA-egfp group, the dsRNA-nkd group showed down-regulated
expression of nkd in the guts of 5- and 6-day-old larvae (P<0.001), with the interference efficiencies of
49.60% and 56.40%, respectively. Additionally, the body weights of all the larvae in the dsSRNA-nkd
group were significantly lower than those in the dsRNA-egfp group. The expression of abaecin,
apidaecin, birc5, defensin-1, and PGRP-S2 was activated in the guts of 4-day-old larvae. In the guts of
5-day-old larvae, the expression of abaecin, apidaecin, birc5, and defensin-1 was activated, while that
of PGRP-S2 was inhibited. In the guts of 6-day-old larvae, the expression of abaecin was activated,
while that of apidaecin, birc5, defensin-1, and PGRP-S2 was suppressed. The results suggested that the
expression of above-mentioned five genes varied in response to stress and were involved in the host
immune response. Moreover, there was a negative regulatory relationship between the expression of
nkd and that of abaecin and apidaecin. [Conclusion] A. mellifera Nkd protein contains three conserved
motifs (motif 1, motif 2, and motif 3). The Nkd proteins from 4. mellifera and A. cerana shared the
closest genetic relationship. The interference on nkd in the larval guts of A. m. ligustica workers could
be achieved via feeding dsRNA, and nkd affected 4. m. ligustica workers in terms of larval body weight

and immune response to A. apis stress.

Keywords: Apis mellifera; Apis mellifera ligustica; Ascosphaera apis; RNA inference; naked cuticle
protein; function; immune response
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defensin-1 Fl PGRP-S))W IG5, 6 EH W
N gl P RS E AR . HAT, &
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(XP_001120899.3) . #s J7 % & (Apis cerana ,
XP_016911964.1) . Bt # R W8 (Drosophila
suzukii, XP_036672123.1) , JA I8 S (Drosophila
melanogaster , NP_001262029.1) . 1= I f}
(Aedes aegypti, XP_021701833.1) . ZZ & (Bombyx
mori , XP_004930158.1) . M 15 X 88 (Papilio
XP_013177440.1) . 4 X\ W (Papilio
machaon, XP_014368363.2) . %élJ\%ﬂ(Mus
pahari , XP_021075829.1) 1 /v 1 Bl (Mus
musculus , AAK57483.1)[#) Nkd & H & FE IR ¥4

FIFH MEME 54450000 7 28 e A H A
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9 MY Fh B Nkd 28 1 LR ST 27 (motif) , 2408
motif #t Hi& R 3 1>, RSFALEFEE N 6-50 aa,
{557 5 1 AT ARS8 1 MEME #PF S8, DL
S/NFKBRA/INA BRAE AN, it MEGA X %k
4R F 4B $2 1: (neighbor-joining)# 2 FiA 10 4
PR i) Nkd 2 (R G SR, SRR BRIA
1.3 dsRNA &8

A RNA FEHGAF] & (Promega)Hit HUE 1
T 6 Hidah d izl & RNA, FFi 1 NanoDrop
2000 (Thermo Scientific)Kill RNA Ay 2 Fl 4l
J& o I SR s R A R R A W R (i)
U347 BRAFI 1A L cDNA 25 1 4%, 5 A iEfT
PCR ¥4, S WAE T100 PCR {¥(BioRad) -
1o JNAKZ (50 pL)f2 45 : 17 pL ddH,0, 25 uL
2x Phanta Max Buffer, 1 pL dNTPs Mix, 2 pL
FI#514(10 pmol/L), 2 uL R 5 [4)(10 pmol/L),
1 pL Phanta Max Super-Fidelity DNA
Polymerase Jiff (g 5% i ME 8 A= W Rk A A BR 2
F]), 2 L Btk DNA, W AT 4 : 95 °C 3 min;
95°C30s, 58°C30s, 72°C30s, 25-30 M
¥ 72°C 10-15 min, B3R PCR =¥ Fi1iid
Mix [ 3% AR YR (E ) B0y A R\ 144 IR
L:LIRAIE A 70 °C 4@ 44 15 min PCR
PHE )28 1.5% e MR EE R HL Uk A I, SR 05 il
F FastPure® Gel DNA Extraction Mini Kit (T':ﬁ}_%’?
T MERE A YRR R A R wl) [l H B R B,
J5i % 4% pESI-T #idk , RAFHEAT nkd FEH 7 Be iy
Y TR pESI-T-nkd.

WAL egfp B9 BT 9 3 5
Yy, Lk pET28a-egfp Jivhr (BN #k R A VB A
BR 2N D) A B BEFT PCR, K H Y B e b ik
pESI-T Gk, 15315 egfp H:H A BeAYH 4Lk
pESI-T-egfp.,

53 9ILL pESI-T-nkd F1 pESI-T-egfp JFHi(He
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R 10 ng/pL)y AR, VA& T7 J8 8174
(5'-TAATACGACTCACTATAGGG-3") 1 ¥ 5 4
51¥1(# Dt T PCR 18, SR)5MHH FastPure®
Gel DNA Extraction Mini Kit (Fg 54 MERE2E )
BB et A BR A iR & B B i By, 7Bk
K Ah % 5% dsRNA MBIt . 2 B T7 RNAI
Transcription Kit (F5 50 MEREAE P RL B I 0 A
BRA FDEIDL B E T dsRNA BRSNS .
F NanoDrop 2000 £ dsRNA B9 ¥ B A2l i
IR 1.8% M BEAEHEEE R HL UK A DI dsRNA 1)
SEREERE , KA dsSRNA 4 25 )5 -7 T
—80 °C AR I VKA 25 H
1.4 dsRNA (@R H K nkd FHEZERT
2 B AE S T T 4 e kL . DT
PR ) R R PR M R s, A
KNI 2 HIBL R (n=48)% Z & A k1Y)
48 LA MR IR AR PR 5RO R IR TE N S FR A
TE(35+0.5) °C, 90%AH X J& (relative humidity,
RH) &AM N3, 3 HE, fkgh dueimm

*1 AMRERABSIER

5 pL dsRNA-nkd (2{ dsRNA-egfp) (&SN
200 ng/uL) R 45 uL fAkl A 12 h 5142 fa] i
1R, ESEAME 6 IRE 6 HiIlS ., RIREH LIS
BB ARG, AR 4, S R6 H
W i, &3 RIBEE T 14 RNA-free &
O, SWRARTRE 5 -80 °C MR IKAE
(E e

FIFH RNA $h$2 5] & (Promega)#iE Bt iA
W% i FE & B9 A RNA . RT-qPCR J2 W 7E
QuantStudio 3 Z¢)EE i PCR {L(ABI) L 47,
W AR ZR (20 uL)fLFE : SYBR Green Dye (313%)
10 uL, DEPC /K(¥13%) 7 uL, E RS 1)
(2 pmol/L) % ¢cDNA #5451 pLo KW A4 R «
95°C 3 min; 95°C 155, 58°C 305, 72°C 15 s,
40 MEA . LN &E A2 actin (GenBank 1D:
NM_001185145) 1 K 4 2101 A s 1 ik 47
3WHEHARERM 3 WATELE ., FIH 27409825t
85 nkd WRAXTFRIA & . R GraphPad Prism 8 {4
AT EAEIFEIE, Bl T Student’s ¢ K.

Table 1 Information about primers for used in this study

Name Sequence (5'—3") Purpose
abaecin-F CAGCATTCGCATACGTACCA RT-qPCR
abaecin-R GACCAGGAAACGTTGGAAAC

apidaecin-F TTTTGCCTTAGCAATTCTTGTTG

apidaecin-R GCAGGTCGAGTAGGCGGATCT

birc5-F CTTCTGACAATTCGTGCAATCC

birc5-R GGGTTCTTTCTTACCACCCACTAC

defensin-1-F TGTCGGCCTTCTCTTCATGG

defensin-1-R TGACCTCCAGCTTTACCCAAA

PGRP-S2-F TTGCACAAAATCCTCCGCC

PGRP-S2-R CACCCCAACCCTTCTCATCT

nkd-F TGTACAATGTAAAAGTCGTGCAAGAGC

nkd-R AGCTAGTTGCCATACGTACTCCTTTG

actin-F ATGCCAACACTGTCCTTTCTGG

actin-R GACCCACCAATCCATACGGA

nkd-F TAATACGACTCACTATAGGGCGCGCTTATGTTCAACCTCAAGT RNAI
nkd-R TAATACGACTCACTATAGGGGGTCGCGTGTTTCAAATGATGC

egfp-F TAATACGACTCACTATAGGGGCAGCACGACTTCTTCAA

egfp-R TAATACGACTCACTATAGGGGACCAGGAAACGTTGGAAAC
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1.5 HHREESIT

Z: i Borsuk S L, FE 4. 5 6 HibAT
M\ dsRNA-nkd 21 dsRNA-egfp 2053 HIBEHLIEES)
L, PBS ZZ MR R4 L 3 R AP AR TR R 1R
SR T g 40/ N R Gy iR Rl i . A
FA2004 5% HL TR ISR AR PRI AR PR A
R)FREL iR, A H PR 5 Skghdik
H, ARSI T 3 Y EEA
1.6 TBEXMMEEKEENENREER
B RIE SN

Z MR F S0 = BT AR AR
FWEPRBE AT ML 150 2 Hig
4 (n=30)%% =B A T4k 48 FLAN MBS 37
Me, HHEF A TSR, 3 HIRE, 76 B4 10 X}
BASL A MR R 5 uL B M BRI T (R
J& A 4x10°4~/mL), 13 i X B3k 4y B e A W 5 ul
dsRNA-nkd (&%, dsRNA-egfp) (&M 200 ng/pL)
FRARIME 45 uL ik, BEJE 5 12 h % By idm
M1k, ELLENR 6 IRE 6 HilR,

2 MR 2E B S0 OO B R AR Py
A4, 5 R 6 Hidghdigia, 43 HipiEE
T 11~ RNA-free B0, G AR5 54 2
—80 °C MR IKFRAEE M. UL dsRNA-egfp
HRZ M, R SYBR Green ¥ i Il 4 m2
dsRNA-nkd 2H 751 T4 IR N 5 Ak
I AR eIk 1, AP KEEN abaecin T
apidaecin , Bi V% 3L [H defensin-1 K 20 M8 1= 3
birc5 F1RK T I 51 & H (peptidoglycan
recognition proteins, PGRP)%:[H PGRP-52!'"171
K F GraphPad Prism 8 #4434 -2
B4 E1 T Student’s £ K5 o

2 X504

2.1 Nkd EBWFRTFEFRRGHLSTHT
MEME A4 25 3R B os, P KEN T
29-41 MEIEERR, FFHHEHAN T 1-3 ~E 1);
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VOr e | R B | A XU . R A4 X
W) Nkd 2 1354 3 MRESF I R AR
B30 S e P B SR Nkd 2 IS 2 AR
SF 37 (motif 2 Fl motif 3), /NE R 4 /NEK
B Nkd 22 FTCE A 1 AR T (motif 1)
(F 1)o bR 25 5L 3 B VY Jy 28t Fn LAt B2 L i)
Nkd AR B —E iR, EAH
Wy i 6 5 B DR ST L P B B R R A 25 5

Rtk s e, W ERS AR
B ) Nkd 2B RN —A53 3, T S |
NG RE  BR I, KA A R4 R
W) Nkd 8 1R N 75— 100 32 (F 2).
2.2 dsRNA BIAR SN

R HL Pk &5 R B, il PCR 473
Ky 235 bp M B 3 A), FFETIAR/N, Wl
ELH BN dsRNA-nkd [0 1 838.81 ng/uL,
ArsolArso N 2.11 5 dsRNA-egfp 10 ¥ B Ky
1 799.13 ng/pL, Azeo/Arso M 2.10, HATKAS R &
7~ dsRNA-nkd Fl dsRNA-egfp 55 8 — | 15T
HR/INFE (2 275 bp Fl 470 bp). VA 4%
UL RSN A5 2 A dsSRNA WA | i
R4, nli e dk—4 RNAL 19752 3B).
2.3 nkd BT RGN

RT-qPCR Z5R Ex, MHE T dsRNA-egfp
2, dsRNA-nkd 750 T 0 4 Hik4h A iniE N
nkd WFRIk RN R #E FIEP<0.01) (Bl 4); 5 H
Wah i miE N nkd B E K EWR S E T A
(P<0.001), THEHER 49.60% (Kl 4); 6 Hi®
4 B iE N nkd B F A RN R ET A
(P<0.001), THLACFEILEE] 56.40% (& 4).
2.4 T nkd M EHETEYHAENFZN

+j dsRNA-egfp A, dsRNA-nkd 4 4 H
W4 4 B A TR B 2R [ (P<0.05), 5 H g4 diiA s
W 3 T (P<0.01), 6 HIR4) ik B % T
(P<0.05) (K 5), ULEITHE nkd X 5w T 44 1
A B 3 A S S
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P value Motif locations I Motif' 1
. I Motif 2
Aedes aegypti 3.75¢-72 [ [
@ Motif'3
Drosophila suzukii 6.97¢-73 [ [
Papilio xuthus 1.51e-120 [ [ /0
Drosophila melanogaster 5.83e-73 [ [
Bombyx mori 3.12¢-116 [ [ [
Papilio machaon 1.51e-120 _ [ [ /0
Apis cerana 2.97e-102 [ [ [
Apis mellifera 2.98¢-102 [ [ 0/
Mus pahari 1.49¢-27 [
Mus musculus 1.49¢-27 [
4
A i
2‘3 Al 4"" |
g - |
or B 1
Motif 1 g 2 u Ll" S S ‘ |£ Hfu V Q
T vy ¥ v l V g K
5 TSLL DTLDA IN-S TSVIIILK
011121314 1516171819202122 23242526272829 303132333435363738394041
Position/nt
4 ﬁ?
3 \{7(
oy
AL NE T TN me
S f
Motif2 g L ‘&Q
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1 ?LJ;/"_“J | K ' \ l‘s’
[ - C ':D
JNTG AR| ¥, oEEoIo]
1 2 3456 7 8 910111213 14 15 16 171819 20 21 22 2324 25 26 27 28 29
Position/nt
i J,
>3 [l
g i
Motif 3 5,2 .ﬂ
e I"
= 1 {t
0 u, (el
3 4 78 91011121314 1516171819202122 23242526272829 303132333435363738394041
Position/nt
1 EES5HAM 9 MIME Nkd EAMRTEFLLER
Figure 1 Comparison of conserved motifs in Nkd proteins in A. mellifera and other nine species.
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10— Apis cerana (XP_016911964.1)
[ Apis mellifera (XP_001120899.3) ®

100 Drosophila suzukii (XP_036672123.1)

100 Drosophila melanogaster (NP_001262029.1)
Aedes aegypti (XP_021701833.1)
97 Bombyx mori (XP_004930158.1)

Papilio xuthus (XP_013177440.1)
100 Papilio machaon (XP_014368363.2)

Mus pahari (XP_021075829.1)
100l Aus musculus (AAK57483.1)

100

2 WHEESHM I NI Nkd EEHNRFHLKA 000 XES)

Figure 2 Phylogenetic tree of Nkd proteins from A. mellifera and other nine species (1 000 replicates). The
internal node is the support value, which represents the reliability of the branch; the value is between 0%—100%;
the higher the value, the higher the reliability. GenBank accession number of Nkd protein was marked in
brackets.

(A) s & ® s

& & &

& \u ¥
Yv
bp S & 3

3
500 750
250 500

100 250

B3 dsRNA-nkd 71 dsRNA-egfp 97 BE 8 Bk AQ
Figure 3 Agarose gel electrophoresis for dsSRNA-nkd and dsRNA-egfp. A: electrophoresis for amplified
product from nkd; B: electrophoresis for dSRNA.

1.4 -
50 dsRNA- -
201.03% M ds egfp B dsRNA-egfp ,
40 == [] dsRNA-nkd 12 1
-n
30| T ~ [ ] dsRNA-nkd
290 L 8 10}
g- 49.60% 56.40% -
= 1.0+ o kK 0.8 L %
o 10T =1 o |
Z =
5 08T 5 0.6 |
& 06 r T A i
04 204 L
02 M *
0.0- 4-day-old 5-day-old 6-day-old 0.2 i
4 AR dsRNA FEE T ¥4 H &N nkd HY 0.0

X RIE SN 4-day-old 5-day-old 6-day-old
Figure 4 Detection of relative expression of nkd in 4.

m. ligustica workers’ larval guts after feeding dsRNA.
The experimental data were expressed as mean+SD; 5 FH nkd EREEETENHNEESRT

data were subjected to Student’s ¢ test; ns: P>0.05; *: Figure 5  Statistics of body weight of 4. m.
P<0.05; **: P<0.01; ***: P<0.001. The same below. ligustica workers’ larvae after interference of nkd.
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U BRAE TR 1PN I8 Y R S B, 4 H gl i
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o 30+
2
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o ng
So10L L
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% 6 skksk ns *
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2 *
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456456

456 45 645 6
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Figure 6 Determination of relative expression of
five immune genes in A. m. ligustica workers’ larval
guts after interference of nkd. gene 4, 5 and 6 on
horizontal axis indicate 4-, 5-, and 6-day-old,
respectively.
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FHIEA 3 MRS (motif 1 motif 2 A motif
3) (K 1), Uil Nkd & ALE Lk 5 AR R yfp
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Ah 3B Ul (5 S AP L et S SR e R AR
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2, dsRNA-nkd 4 4 H &G 5B N nkd 3 H
P RIA R D E B, BLUIEME dsRNA-nkd 7E
24 h WRBEARTIRMEN nkd S, X 5T
NAETG 2222 /NS Mk (Plutella xylostella)'™
ARG e P B A AR S5 AL . LA
SRR, @i dsRNA X Lt 5L R 36 ik iF
AT E—ERR, 76 BAras e sk 4i 4!
H BB —E i, AN AR 4L 2T B AN R
FHIA

W5 R nkd FENS 5T R AR L
BEY, AW KB T dsRNA-egfp 4,
dsRNA-nkd 41755 4.5 F1 6 Hitgh ik HE G
EREAREL 5), VLW T4 nkd JEKAT 520 40 H iR
., Wnt {5538 BRI L sh P A R Ak
B ORI ARy RS 2 S A A AU Wnt {5 538
B2 HRERWIERE L . 3 ARG il
FOUR 2500 & B VAP nkd ZEAVE R Wt (55
A A R P R 7, B EIE SEREE 1 Wnt {5518
S/ ORISR A KRR 70, H I,
M nkd JE PR3 o JH 42 Wnt {5 5 38 [ 52 1) 725 g
Tl MR, (HAH AL EE i — B TRA
5T o

B o 3l a5 i 23 WA TR IR HRAE S
SRR . I F SN 4 FhURIIK, Horh
abaecin JE=—Fh) TEDT RN ZIR = 4 PHE IR
HEH apidaecin 2 DN TV H 70 B A5 B A A
FasE . ARIEERTRL, X R A T 2/
PUETER"; BN defensin-1 )5 F-HM 5.52 kDa,
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