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Abstract [Objectives] To investigate the expression of the Apis cerana Niemann-Pick disease type C2b (AcNPC2b) gene,
an intracellular cholesterol transporter that can recognize and bind to the cell walls of several microorganisms. [Methods)
The AcNPC2b gene was expressed in a prokaryotic bacteria and the purified recombinant protein obtained used to immunize
mice to prepare polyclonal antiserum. The transcriptional and translational activity of AcNPC2b in various tissues were then
detected by fluorescent quantitative PCR and western blotting, respectively. Finally, the function of AcNPC2b was
investigated using a microbial binding assay. [Results] AcNPC2b contains signal peptide and ML domains with 3 disulfide
bonds. A phylogenetic tree shows that AcNPC2b and the DmNPC2b gene of Drosophila melanogaster cluster on the same
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sub-branch. qRT-PCR indicates that AcNPC2b gene expression is generally weakly down-regulated, then continuously

up-regulated, in CSBV-infected larvae. A recombinant protein of about 16 ku was obtained. Western blotting results indicate

that the AcNPC2b protein is most highly expressed in the head, thorax and midgut, followed by the antennae, Malpighian

tubules and fat body. Immunoblotting indicates that the AcNPC2b protein was slightly up-regulated in CSBV-infected larvae

compared to healthy larvae. The microbial binding assay showed that the recombinant protein rAcNPC2b protein binds

directly to Escherichia coli, Saphylococcus aureus, Bacillus subtilis and Beauveria bassiana, which suggests that it plays a

role in pathogen recognition and the immune response. [Conclusion] There were differences in both the transcription and

translation of AcNPC2b between healthy and CSBV infected larvae. A recombinant AcNPC2b protein was able to recognize

and bind to pathogenic bacteria. These results provide a theoretical foundation for subsequent in-depth study of the molecular

function of the AcNPC2b protein.
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ddH,0 7 pL, FA0A 1 uL MR cDNA JBA],
AR EE 30, JFEET 3 WA ER . R
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BRIl IR R pCzn 1 -AcNPC2b
5 AKRMFFEE Acrtic-Express™ Bz 254
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0.025 g A HLUTFHIEER I T B T FEEL,
A, $RECIE & g4l iU 5 Y CSBV i 4l H
FUEFE A, L Z U BEPIR Anti-AcNPC2b 5
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1.3 HiEE

W G TS BAR A 2724 Jr kst rp e g
1 %)) U AcNPC2b  ##E 47 AH X 2 & 40 A, fili
Microsoft Office Excel 2007 4bHi Cq H #1740
587, FH Excel YERI. {gtRE g4y g g
CSBV Hri&4hdirf AcNPC2b )45 /K FH g
Ei I 7E SensiCapture H A5 K B {H 5 F5-8
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BRI Megachile rotundata (XP_003706758.1)
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FRITE ¥ Apis cerana (AIB53030.1)AcNPC2a
EHE VI Megachile rotundata (XP_003705423.1)
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BEYIH & Megachile rotundata (XP_003707326.1)
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LTF¥PR. .VALVV KI
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LKKYP[VR. . TYD[L KI
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SKKFPAR. .TYD[L KL
SKKFP|TR. .PFDV| NT,
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PRV S|G. . VIVWA KA
GKK[LPB|TG. .NFE[E RL|

E 1 rhiezig AcNPC2b ZE 5Lt

Fig. 1 Multiple sequences alignment of AcNPC2b

I AAREF N T T NPC2 J7 8 v () R LR v — 30 ¥ e R m FIr A e A vh R BRAH DU 55 T 50%6
¥ 5 24 kv A0 A R AR TR 5 R (1R AR 25 1% ACNPC2b

Red frame indicates that amino acids of NPC2b from species analyzed shared highest identity; yellow frame

indicates that amino acids of NPC2b from species analyzed shared identity more than 50%.
The red word indicates AcNPC2b sequences analyzed in this study.
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) 3 4~ NPC2 #1114~ ML ZIGRIIEE 1 574
J5 % ¥ Apis mellifera ( RIFRPEHE ) BA—KE, Ui
A e e 15 ) Sy R 5 1 PG 948 119 NPC2 [R) 5% 91
bR i, % AcNPC2b 544 Drosophila
melanogaster DmNPC2b - h—A4~ ks (& 2),
R AT REA T AR A= 2= Dy hE

HERGE ACNPC2b H HE K5 CSBV R A
XK, WFIEH i) EFT T CSBV Sl I TN /8%
Yeseiy | 9 E B qRT-PCR #: & 31, AcNPC2b
FERTE IR H By s i 5% CSBV i RE iy H

AcNPC2b, JFFRHAW s 2 d 20 3RIK Bk pCzn
I -AcNPC2b Jf-5 A Acrtic Express JE5Z 25 4 g
T S35k, SDS-PAGE HLIKKG I L3, &
A FEUMMEYIERRE (B 4), kG
XFEAE I ACNPC2b HEf7 K EHS £k 4l
b, Bl b s i E AL 8 A b g B I i
/INER DA 5 AH R 1Y) 22 FEREDTAR Anti-AcNPC2b,
G B M KB, 7E 16 ku 22 A7 A0 K ) 3] B —
HZ (55 4m (B 5), I E 4 1 AcNPC2b
(1) 22 s BEPTAAR T 285 B )

WL RN A A (E 253 (13) 23 ACNPC2b B E7E LI & AL h Rk

22 hiEEiE ACNPC2h MEZRZRZZ=E £
k&

W PCR Ko, WYty E: pMD19-T-

Hh i s e 2 A SURVER BRI R I IET 6 B
N, EAKNBENERE . LZRETUE Anti-

100, Fi /7% ¥ Apis mellifera (XP_624310.2)
99 RIT B Apis cerana (XP_016905695.1) AcNPC2

48 EEYIM-#% Megachile rotundata (XP_003700172.1)
49 W LT R Microplitis mediator (XP_008557348.1)
41 MG R Drosophila melanogaster (NP_608637.1) DmNPC2a

A& Homo sapiens (AAH02532.1)

W B £ 2/ N#E Nasonia vitripennis (XP_001605578.2)

100 | MEBHHE 4 /N Nasonia vitripennis (XP_0016841539.1)

91 — % BLIX 5 WU Camponotus floridanus (BAO48214.1)

100 — 1% H 3K 5 &0 Camponotus floridanus (EFN63300.1)
ML B8 Drosophila melanogaster (NP_731880.1) DmNPC2b

F 4 Bombyx mori (AWL83211.1)
84l 1% B3R5 Camponotus floridanus (XP_011255277.1)
BTEYIM ¥ Megachile rotundata (XP_003707326.1)
T &1 Apis mellifera (XP_001120140.2)

99 | ZR T8 W% Apis cerana (XP_016912319.1) AcNPC2b
100 —— FRIERIE Drosophila melanogaster (NP-651823.1) DmNPC2g
L mpe B Drosophila melanogaster (AAF57082.1) DmNPC2h
TR I SE 4 /N Nasonia vitripennis (XP_001600606.1)
362 BIK S W Camponotus floridanus (XP_011265309.2)
B g VI % Megachile rotundata (XP_003706758.1)

P IF B Apis mellifera (XP_392711.3)

100: 7 & ¥ Apis cerana (XP_016922192.1) ML K R IR H
92 1S SR Drosophila melanogaster (NP-649976.1) DmNPC2¢
MG B8 Drosophila melanogaster (NP_731439.2) DmNPC2e
LT YA B Microplitis mediator (XP_008549104.1)

99 W B A £ 45 /INi% Nasonia vitripennis (XP_001600058.1)
44 TR MR UHEE 4/ N& Nasonia vitripennis (XP_016840331.1)
70 —— B &M ¥ Megachile rotundata (XP_003705423.1)

99 r?ﬁﬁ%ﬁ% Apis mellifera (XP_001120220.1)
100 “ZR 5 ¥ Apis cerana (AIB53030.1)AcNPC2a
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B2 rhieEiE ACNPC2b BiEEHRRZEH N O
Fig. 2 Phylogenetic tree of ACNPC2b proteins among different species
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ACNPC2bH NS ik B
Relative expression of AcNPC2b

3 QgRT-PCR #ill ACNPC2b 7£ 4L i
4 R N R RK T
Fig. 3 gRT-PCR analysis of ACNPC2b transcription
level in the larvae of Apis cerana cerana
CK R IE W T4 fi 4, CSBV Fern i g g th 4 d
JiTE CSBV 4], *FIRSIEWH R, AcNPC2b
TERRY: CSBV W4 SR 25 8% (P<0.05),
CK indicates the healthy larvae of A.c.cerana, CSBV
indicates the CSBV-infected larvae of A.c.cerana.
* indicates that the transcriptional level of AcNPC2b from

the CSBV-infected larvae is difference compared with the
healthy larvae (P<0.05).
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B4 EHEBR AcNPC2b iFF KL SDS-PAGE #&ill
Fig. 4 SDS-PAGE analysisof the expression of the
recombinant protein AcNPC2b

M: U TYE H marker; 1: B4R pCzn [ -AcNPC2b
RINIPTG S EEN; 2: H4LH pCzn I -AcNPC2b
JIPTG S 15 h YRR A ;3 FEZH pCzn I -AcNPC2b
JinIPTG %S 15 h =ik ja LIS A ; 4. 4L pCzn
I -AcNPC2b Jill IPTG 5% 15 h A @IS TLVE R 11
M: Pre-staining protein marker; 1: Total protein released
from the recombinant bacteria of pCzn [ -AcNPC2b which
was cultured without IPTG;2:Total protein released from
the recombinant bacteria of pCzn [ -AcNPC2b which was
cultured with IPTG inducing for 15 h; 3: The supernatant
protein from the recombinant bacteria of pCzn I -AcNPC2b
which was cultured with IPTG inducing for 15 h and
treated by ultrasonic; 4: The pellet protein from the
recombinant bacteria of pCzn I -AcNPC2b which was
cultured with IPTG inducing for 15 h and treated by ultrasonic.

kan M 1 2 3 4

65

45

20

5 ZEEHK Anti-AcNPC2b &4 ENilE 44
Fig. 5 Immuno-blotting analysis of ACNPC2b

M: ECL marker; 1: BRI XTI,
2-4: Anti-AcNPC2b 5EH 4 AcNPC2b 2432,

M: ECL marker; 1: Negative serum; 2-4: Anti-AcNPC2b
serum immuno hybrided with the recombinant AcNPC2b.

6 PEEERESHARER SDS-PAGE &il)
Fig. 6 SDS-PAGE analysisof total protein from the
various tissues of Apiscerana cerana

M: WETRYLE A marker; 1. HUgE TS
2: PSRRI 3 AR
4. g BEN; 5. PRDEREREN;
6: TERRMIAR ST, 7 PRl A R

M: Pre-staining protein marker; 1: Total protein of worker
bee; 2: The head protein of worker bee; 3: The thorax
protein of worker bee; 4: The mid-gut protein of worker
bee; 5: The malpighian tubule protein of worker bee; 6:
The fat body protein of worker bee; 7: The antenna protein
of worker bee.

AcNPC2b N—Hid TR s, 45 R Bonrhig
AcNPC2b FEFTEL . M 5l h i Ris s,
HY m s . SIESENIE (K 7). 14,
A ZUATE 20 ku A2 47 Ab 2428 31— 45 B S (9 £
kA, HEN T I hia A B NPC2 R R Y
HITEAE , IEH 5 CSBV Ay i b B 1
Kl 8 Fin, HASKWEEERL . FER.
Western blotting fr 455 7R, AcNPC2b [
FEIEH 5 CSBV sl didh g ik, H.
TEREGE CSBV (W igg)y b fgess il (K1 9),
AAREA BEM,
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7 REENITAM ACNPC2b ERTE

& HAPRIEKT
Fig. 7 Immuno-blotting analysis of ACNPC2b in
various tissues of Apis cerana cerana
M: ECL marker; 1: Hvi& T 515 AcNPC2b B#L
PRAeag; 20 kAR S AcNPC2b IIHLIRAL A 5
3. R R S ACNPC2b IR AL AS
4: Pigrhl B S ACNPC2b IR I3 ;
5. A B TS AcNPC2b MHiIAZE ;
6: TENRIIR B TS AcNPC2b HIHLIAZAC;
7 P fil SR 15 ACNPC2b IHTIAZLAE
M: ECL marker; 1: Anti-AcNPC2b serum immuno
hybrided with total protein of worker bee;

2: Anti-AcNPC2b serum immuno hybrided with the head
protein of worker bee; 3: Anti-AcNPC2b serum immuno
hybrided with the thorax protein of worker bee;

4: Anti-AcNPC2b serum immuno hybrided with the
mid-gut protein of worker bee; 5: Anti-AcNPC2b serum
immuno hybrided with the malpighian tubule protein of
worker bee; 6: Anti-AcNPC2b serum immuno hybrided with
the fat body protein of worker bee; 7: Anti-AcNPC2b serum
immuno hybrided with the antenna protein of worker bee.

kn M 1 2
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8 HfEETiEL) RN CSBY 4hH
BE A SDSPAGE &l
Fig. 8 SDS-PAGE analysis of total protein
in larvae of Apis cerana cerana
M; BTG marker; 1: J&Y CSBV 4B
2: IEHGRBEA,
M: Pre-staining protein marker; 1: Total protein of CSBV-
infected larvae; 2: Total protein of the healthy larvae.
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JREME (%) Gray value (%) &

0
JRYLCSBVE LG

EEYREER
EHSACNPC2b L5 AcNPC2bf¥
HITIR R RS W ES

Anti-AcNPC2b serum Anti-AcNPC2b serum
immuno hybrided with ~ immuno hybrided
total protein of with total protein

CSBV-infected larvae  of the healthy larvae

B9 HmEETEKN ACNPC2b ZEBEL AR
R CSBV 4 IR IAK T
Fig. 9 Immuno-blotting analysis of ACNPC2b in both
Apis cerana cerana larvae and CSBV-infected larvae
A. AcNPC2b LIRS (i FE 4y K S CSBV 4l U R
2438 ; M: ECL marker; 1: B4t CSBV %4 B&EH
5 AcNPC2b HBLiRARAE; 2. IEWAIREERS
AcNPC2b IHiIRZ%38 . B. ACNPC2b (1A 5 e 4l
R CSBV 40 IR 1A 0 IR pE (53
A. Anti-AcNPC2b hybrided with total protein of both Apis
cerana cerana larvae and CSBV-infected larvae. M: ECL
marker; 1: Anti-AcNPC2b serum immuno hybrided with
total protein of CSBV-infected larvae; 2: Anti-AcNPC2b
serum immuno hybrided with total protein of the healthy
larvae; B. Gray value analysis of immuno-blotting signal of

AcNPC2b in both Apis cerana cerana larvae and
CSBV-infected larvae.

24 ACNPC2h EHEMREMAEMESNE

T HF5E ACNPC2b 25 A2 75 16 -5 40 B AT EL
PR A BE A 25 6, B KIBHT TR . & B (0 i
BRTA | ZEFFF TR A S (B TR 4 FhBES S5 2 A
FITEZH A 11 AcNPC2b A TIF T, A6 2% SR 4 &
10 Fios, KIBHFE . SEEHERE . ZF0T
WU ER S AcNPC2b E AW 50 5w
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10 EHZEHA AcNPC2b 5HIEME & RE 180 % BN T
Fig. 10 Western blotting analysis of microbial binding ability of recombinant AcNPC2b

A. SYEEAE A AcNPC2b SDS-PAGE Kiill; M: ZOFUE N marker; 1-3: ZPEMEAEH AcNPC2b; B.HEAE
1 AcNPC2b 51t 4 & e 11 A S Be BN AG I . M: ECL marker; 1: AcNPC2 P55 KT H+AcNPC2b Ui iE i 44
A5 2: ACNPC2b HLiR 5 RMHT F+ACNPC2b LIFASC; 3: AcNPC2b HLif 5 & 8 (A A BRI +AcNPC2b TLIEH AL
A5 4: AcNPC2b HUMG 4 8 (A 45 BRI +ACNPC2b _BVHIRARAS; 5: AcNPC2b Hiifkg “ZFALFFIH+ACNPC2b” HiTE
WAAL; 6: ACNPC2b HLIRS ZFFIAT R +ACNPC2b L7 5C; 7: AcNPC2b HiLiA5 FfEH+ACNPC2b JIIERALALS ;
8: ACNPC2b LA 5 FIEE+ACNPC2b LI RAAL
A. Detection of renaturation protein of of recombinant AcNPC2b with SDS-PAGE; M: Pre-staining protein marker;

1-3: Renaturation protein of of recombinant AcNPC2b; B. Western blotting analysis of microbial binding ability of
recombinant AcNPC2b. M: ECL marker; 1: Anti-AcNPC2b serum immuno hybrided with the pellet of E. coli + AcNPC2b;
2: Anti-AcNPC2b serum immuno hybrided with the suppernatant of “E. coli + AcNPC2b”; 3: Anti-AcNPC2b serum immuno
hybrided with the pellet of S. aureus + AcNPC2b; 4: Anti-AcNPC2b serum immuno hybrided with the suppernatant of S.
aureus + AcNPC2b; 5: Anti-AcNPC2b serum immuno hybrided with the pellet of B. subtilis+ AcNPC2b; 6: Anti-AcNPC2b
serum immuno hybrided with the suppernatant of B. subtilis + AcNPC2b; 7: Anti-AcNPC2b serum immuno hybrided with the
pellet of B. bassiana + AcNPC2b; 8: Anti-AcNPC2b serum immuno hybrided with the suppernatant of B. bassiana + AcNPC2b.

FVTIERIIAE 16 ku Wb F A2 B Gy (5 5 40, I
H 5 LI L DTTER A3 M S e 5 5 ik, 3R
B g ACNPC2b 85 -5 240 T FHLEL T 1) 4 i B A
IYVIRE R RS, R AcNPC2b 28 (1 H g iR
e R G e R R B — e E R .

3 itig

HrEE Ry v A B P R e, ELA LAY
TR o SR TG 4 ) 5 | A e 11 43 A X2
JEIZE /N, U PG e A 2 R, e
B B E TP T A, T E R T g AR AR S
Zh . Horp, S ELgUb 0 A (o S v e AR 4
AR CSBV, HALREMEEN, L, —H
TEH e e P R e, (B S B e K TRTRBE T
JURE i e i K4 (TR EFRFSE, 2020 ),

NPC2 5 [ J— 2 5 o T 4 g 300 i Py 14/
VBRI P /N Pl st e, EE TR

] B 45 IR 2R B 45 & 5 %42 ( Storch and Xu,
2009 ), J&F ML K&, 7ER B b= (FREE,
2017 ). A X JE U DL R S e {5 538 fi rh
KIEEEVE (Shietal.,, 2012; Lee, 2014 ),
Hg L A4 i b 3 40 NPC2 JEH 731, BT
HIRX X 3 KIFHEET T M, KB
AcNPC2b, AcNPC2a fil AcNPC2 7£ /751 |- B 4%
HEA 6 ANRSF R , (P2 AR T 52
SR, ACNPC2 5 AcNPC2a F4AH LI 5 5
(33% ), AcNPC2b 5 AcNPC2a [IHFHIPE AR
(29% ). ARG ER, X 3 NMEAHSE
FVRE AR I—, BRX 3 MEA A RET Tl
ARITIAEE, 1M AcNPC2b 55 DmNPC2b R 1E
— AL, UL A E YRR LT RE R LT
DmNPC2b FIFEFT. Shi %5 (2012) HIBFsE %M
JRiE DmNPC2b 5 DmNPC2a Jy[a]l—/NE4H,
DmNPC2a & 5558 % Imd i@ RIEVER . 1
I, FRATHEN AcNPC2b A] REFE s i i v & ¥4
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YER . X FRBSMEIETTHHT, AcNPC2a
FEAE g TR R L RE A h ik (Lee
etal., 2014), SHURMERBIER K, AcNPC2
T2 T B 1) fih £ PN 3RS R R e, ORI
A, AcNPC2a WfgEA 5 RS & & A AHM
MIIhEE (BEEMNSE, 2020), iMisFi%E AcNPC2b
BEEATETIE TS . S r Rk it
g 3/ NPC2 8 19 7940 22 5 BRI 7 (13X
34N AR DIRe A A

HET ARSI E AT A, HigE AcNPCI
Al RS R R4 HURTE CSBV fEfE AR, T
NPC1 F1 NPC2 7 JH[EEE e ia rh W R /E
AcNPC2b EH R IEZT 2 2] CSBV BN 2
PG AR R, JBY CSBV M4 Bk N
AcNPC2b FEH A TE CSBV YL 48 h i) i &
3, JFH AcNPC2b & FH7EI& Y CSBV fyHig
Pl A RS B, X5 Hu 5§ (2006 ) &3
F &Y BmNPV Ji5 NPC2 [a] 54 F BmPP % 5%
IR EE R —E, H#EM CSBV R REE S T
AcNPC2b FEH AL . Ry T if — 25 W 5% v i
NPC2 & [ 7EM [ e B R, AR S i
JA% ek T ACNPC2b &1, K15 TAHIEIER
Y4 H [ AcNPC2b Il £ 70 B Bt /& Anti-
AcNPC2b, A 45 6 S50 /R F 48R
AcNPC2b 55 41 & FlLEL I () A0 L BE I A e 45
I 7 Hh i AcNPC2b A 79 JEL Ui T S Ak
F—EEM AT — A s s S A 2
I AcNPC2b, #EATRRIRMESS G 5 D) RETE S5,
454 RNA THIRAFRIY AcNPC2b &1
B5) 18
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