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Identification and analysis of Apis cerana cerana
forager antennae proteomics

HUANG Yu-Bin"~ LI Yan DANG Xiao-Qun~ ZHOU Ze-Yang

(College of Life Sciences, Chongqing Normal University, Chongqing 401331, China)

Abstract [Objectives] To investigate the role of the antennae in pollen collection and reproduction in bees and thereby
provide a foundation for further study of the olfactory sensory mechanism of bees. [Methods] Antennae were collected from
Apis cerana cerana foragers and full spectrum protein analysis used to identify the antennal proteins. LC-MS/MS was used to
identify the total antennal proteins and GO and KEGG analysis was performed on all proteins identified with OmicsBean.
Semi-quantitative qRT-PCR was used to detect the transcription of NPC2 (Niemann-Pick proteins of type C2). [Results] 1 231
proteins were identified, including 14 olfactory-related proteins. GO and KEGG analyses indicate that most proteins are
involved in binding and catalytic activity. 297 proteins are involved in metabolic pathways such as carbon and amino acid
metabolism, TCA cycle and lipid metabolism. 43 proteins are involved in processing developmental and environmental
information, and 67 in processing genetic information. About 12% of the proteins identified are involved in small molecule
binding. qRT-PCR indicates that NPC2 was most highly expressed in the antennae of drones. [Conclusion] The antennal
proteins of foraging bees are mainly involved in antennal development and function. The results on the function of
olfactory-related proteins provides support for further study of odorant recognition and the olfactory transport mechanism in A.

cerana.
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FWEVE N IE At 2 P R A R R S A )
Z—, N NFEERAEICERE E IR 00 5 [
B, AR A WA AEARAE O AE B0 F A 5
b R R EERMEM (Kleinetal., 20065
KT IR R, 2009 ), WF58 s, BHEEKE
M o E AL AR ok 3 042,20 /4 TTIIR S
S F IR E L S =ER 12.30%; 2Bkl
A P I 3K 1530 42 BRTT, A4 T 2005
R RN B RS ER 9.5% (XA
KA, 2011 ), BB Y EA R 1 S R o
b, H— A BHERE T 5 . /N A i e
DA% B PE K A T G T 0 4 43 T P )
T CRTCRAE, 20105 1R, 2017), 1-3 HiRMW
TR TOEIEE; NEE—h 4-17 HIR T
W, FEM B AN | RFRL AT SR
JEETAE; W18 H UG ARHHAEIE N 4h K
HON, HATAEN . AR ISR, IR SRR
LY, PO RER (Forager ), TEE 1 (Apis
cerana cerana, fRifFRHE ), EHEALNILR
Wl BRSO RE % (Apis mellifera,
fRTFR 0 ) TRl SR AR DR & e, v e 119 93 A 31
FEIAFP R SUR T R (i, 2005 ), i
PUIE ., P, ENIPERR, ORET REMIE,
B A8, BORER R RS 2-3
AS/NEE, BETE R M RK SR RIR N AT R W 1R
Wy BERy, RS R L P e 30%, H AT
R AR R Y B 2R b e (RO,
2014 ), MeAh, rhigE RPN . e HE A D
LT LA, X B Tk Ll (3
i, 2017 ). 2006 4F, rhAesg i O P AR ER
FE KR E & mt G G SR, IR 58 g i 2B )
SRR U R RS 5 Ui AL B AT A B AH S
PRI EE,

L U ML B TR Sk AR i ) s Ay,
fil 153 A0 B TR AR 2 RS2 2%, T2
B Z R ARV RRE Bas A, £
R KL G H (Odorant binding proteins,
OBPs ), AWK ( Odorant receptors, Ors), fk

2FJ%Z FEH ( Chemosensory proteins, CSPs) L)
NIEGE M2 IUEAE 11 ( Sensory neuronmembrane
proteins, SNMPs ) %5 ( Leal, 2013; i§fZ2355%,
2016; BEAFISE, 2019), fEEBh, RIEEN
IJREHY OBPs 43 A PBPs. GOBPs. ASP ( filiff
Y5 Antennal-specific protein, ASP ) (K
KK, 20115 EMAS, 2016). HAl, T OBP,
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ST 1 A A 53 7K S X e g WL 27 AR S
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il f KRS, HAEME VG KA Es 55
W, JRAZRAC 45 R W, AcerOrl, AcerOr2.,
Acer Or3 434 F 3T firh £ 121 2% (1) Al R Jeis Fl B 78
JEAR PR 22 TR L (YRR, 2013 ), AcerOr57 .
AcerOrl167 1 THeA LU g ik, Hr, 18
fil Ff R YRR e T HAZH 2L, AcerOr139
TE T AP RIR, 72 1. 5. 25 #1130 Hi
Il A ) Fe ik b, 10 15 120 H Ik B
H ki (EE#SY, 2016 ); AcerOBP12 7F
25 H s v A s e o Ay P i R AR Y B 3 L
BLZ, AcerOBP13 7E 45 A 41 i Rk i ik
B H 3G I 52T PR # s AcerOBP14 15 Rk T
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HOB Fl B-48% 2 Wil J2& e 11353 1y 35 R 1 45 6 1Y)
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ZUh A R, HEMBIRREAZ R IEL T
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FY R BRI L, W AR B RN HOR iR
fis (HOB ), HrAHf2ie s Hsanb dookk | mE B bk
HEREES . Zewdu (2018) FIFH A i 4H
ST ISR H i 3 8% (1TBs ) FlI2K 4 ( RIBs )
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1.1 PERRFEMEMRRE

AHIESE i A rh AR e SR A 0 T 2019 4F 3
I IURE T 8 PRI 2 A= i 2 2 B 9% 1 B
BRI A Y F R B LR, F—HF
[] — B A A T AR 10 AR — 20 H R4
WALKY BRIR BL R AEE . H ddHL0 YRR Z )5 &
T 5% PR IR UL 5 s, FEFIUEACE T 5k 43y
W, R K S ST BT 10 HoR4E
M, WEGERGAET - 80 CLAK RLLSL
i

1.2 fARAERRN

HUH - 80 CCARFEM) 10 HoRBEMEM il fh, B
F R A S T T8 IR DY GRS R, T
WK ABE 1.5 mL B0, A 100 uL &F
6 mol-L ™' FRZE MY Tris-Cl & il (pH 7.4) #t47
W, FIREE 15min, T 4 °CLL 14 000 r/min
B0 30 min, YA VSR 10 pL 2 g
il %) PMSF, BV e e S SR 0 fil 7y G2 AR Ot o il

H NanoDrop Lite spectrophotometer ( Thermo,
USA) XA INAE S H RS, A 3x b
FEZEpi, Tk 10 min, LI 12 000 r/min
#5.0 1 min J5 X 10 uL {5 4T SDS-PAGE Hi
VKA

1.3 LC-MS/MS 4#f

1.3.1 RREREBRE MRS RT, A 40 uL
Trypsin buffer, 37 °C §¥& 16-18 h,

132 BESE AN A B 0.1%H 1R
KW, B N 0.1%H R ZNEKEW ( ZNEH
84% ), WAH(EIER: (0.15 mmx150 mm, RP-C18,
Column Technology Inc.) LA 95%[1 A W11
i, e i A Sk RS Zorbax 300SB-C18
peptide traps ( Agilent Technologies, Wilmington,
DE), HREETEFE /8, AHOCIBAHAR BE B ETNT
0-50 min, B RANERLEI 4%-50%; 50-54 min,
B IR N 50%-100%; 54-60 min, B 4
FFTE 100%.

133 REERE M- YA aneE &S0
{4343 2 J5 F QExactive Jiiii5{X( Thermo Fisher )
HATBGE T, S HTEf K 60 min, Ay
BB T o Z 22 IR B RE 1 o s FL AT P AR R
G5 EREE : BRI R A 10 DR 1#35

14 BEHREEREWMEBIES T

g i J5 4 SO R Mascot 2.2 K AH
N R, SR R E A B E SR, A
OmicsBean {4 X 4 78 198 H Bt 1T GO ( Gene
ontology ) /#1Hl KEGG ( Kyoto encyclopedia of
genes and genomes ) 7T,

1.5 TAERBhLEEEHFR NPC2 HRIESH

HUkEss | BT cRAEME L SF D IHE
THHERS 10 5, T B IO ks, SR
75% BRG] Trizol P54 HUARE Al Y
S RNA. fiiff] NanoDrop Lite spectrophotometer
( Thermo, USA ) {{## RNA L5, 4%
% Roche EvoScript Universal cDNA Master {5
# (Roche, No. 07912455001 ) F#EVEUEHIAE 3
FHET RNA S SRS Y cDNA
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3 M AAS R 78 i fish 1 cDNA AEAR , LA
Actin (F: TGCCAACACTGTCCTTTCTG; R:
AGAATTGACCCACCAATCCA ) JNZ:, LI NPC2

(F: CGGAATTCATGAGGGGAACCATTCTCGT;
R: CCCAAGCTTTCAATTGGTGATCTTCGCTG )
R PES Y T2 B PCR, BRI S IR
FastStart Essential DNA Green i ( Roche )
Ui, qRT-PCR WP AR : 95 °CHIAE M
5min; 95 °CZ&M 40 s, 55 °CiEB kK 1 min, 72 °C
FE 505, 30 MER; 72 CCAIEM 10 min, X
I AT 2 20T . CFX96™ Touch 52 &
i PCR ARG TEAE 1L 5% 34T o

2 HREHGH

2.1 HEEREEMHSEHRNEEN

He R ARl BB AR B MG,
SDS-PAGE HiykKigs R x (B 1), EAK
HEEMT AT L, K/ 15 ku 2 150 ku A% %45 5%
FHH, ARSI B (o A AR BRI T AR AR ) fi A
BEAREEE S, 4 NanoDrop & A)E FIk
FER 3.752 mg/mL 7] LAFRMMUS 221 LC-MS/MS
3T
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Fig. 1 Antennae total protein in forager of
Apis cerana cerana

1: Marker; 2: FPCREEREMAM G
1: Marker; 2: Antennae total protein in forager of
Apis cerana cerana.

7A4%FEAT, ARSI LS ) 14 Fi 5 RRGEAH DG 1Y)
B, I 10 FPRES A H 1 ASPL, ASP2,
ASP4. OBP1. OBP4, OBP14, OBP16. OBP18,
OBP19, OBP21, 1 Ffb2#i&az & CSPL, 2 Ff
SRZK Or2, Or67a, LK 1 Fibifs B R
fk——Jg &Pt C2 A H ( Niemann-Pick
proteins of type C2, NPC2 ), & 1 #1511 A 5%
& =50% 1 T A B

x1 PEXSEMRBEEANRIELE
Table 1 Proteins exclusively found in forger bees of Apis cerana cerana
JL P 2 SO A =
ST WRARE me wokese  REEEE S TR
Protein names Gene names PepCount  Unique peptides Sequence Mqlecular
coverage (%) weight (u)
RREATEN 21 ACCB14388 15 9 60.74% 15 165.35
Odorant binding protein 21
KRG EEH APICC 01038 16 8 60.29% 15671.93
Odorant binding protein
K FAEHEH Uncharacterized protein Arpl 35 16 56.91% 41 805.33
ALY AL [ Cu-Zn] SOD ACCBI11418 13 7 55.92% 15 647.37
Superoxide dismutase [Cu-Zn]
K FAEHE H Uncharacterized protein Tpx-4 14 10 55.91% 25133.41
FKZFRAEH H Uncharacterized protein N/A 42 16 53.61% 43 024.81
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££3% 1 (Table 1 continued)

LA WRARE KB ke RBEEE S ST
Protein names Gene names PepCount  Unique peptides Sequence Mqlecular
coverage (%) weight (u)
o B ERAEER N ACCB13925 15 14 52.67% 34 854.95
Alpha-tocopherol transfer protein-like
REMTEH LOC551176 39 16 52.39% 41 784.36
Uncharacterized protein LOC551369
L=k F Tropomyosin APICC_04038 22 19 52.28% 32899.4
A 53 ¢ Cytochrome ¢ eytC 5 5 51.85% 11 909.58
FlLEKEE 1 Paramyosin ACCBO1188.1 40 35 51.41% 79 140.22
SN TR 45 il ACCB01997.1 23 18 51.23% 39 631.83
Fructose-bisphosphate aldolase ACCB01997.2
KFAEFEH Uncharacterized protein ~ LOC551859 12 9 50.34% 16 810.40

222 HEXEEMASEAN GO #EK  HiExw, WAEW»IH (Biological process)
KEGG 9% F)H OmicsBean 4%} i i R 4 EESNTERAKE, EEMEARBHENE
B rh 358 Y T A R IA R A R AT DB 4R o £33 8 M EZIRedl b (& 2), Hrp A #
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Fig. 2 GO classification annotation of antennae proteome in forager of Apis cerana cerana
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Fig. 3 The molecular functional enrichment analysis of the antennal proteome in forager of Apis cerana cerana

KihithxZ, HUOEHRAPURD RS, E4H
273 ( Cell component ) 4328 H1, 4l ffd 28 51| fr (5
Lb Bl e 22, LUK Sk A 3 0 255 i) R 2 i 8 2
Ao TE4FFIfE ( Molecular function ) 432K,
BB 7E o1 1 T Re 2 i A AL TG PR ) e 2 B B S
RRF5EN

KEGG J&##: 0 A A EAE (5 2™
2, b . E8%. AN, KEGG 8
P EEASG: Q. SR E AR PREEE B AL

PR FR AR 3R 2 B2 T g fi £ B 1 KEGG
R RO, PN (P<0.05), Siit2= L
KEGG il jf & 21 0 2, 10 2 s 46 10 10 A5k
Bl 4 s, GRS . ok, A
et . 2R AV A . — R

BEIEAE . BRI R RAE . P M rp 2 i T
L 2-EARIA I R T R AT . SRR A
TR R A% . tnEl 4 KEGG il I% 5 445 B ITR,
1A 615 M BB o 5 & 4 5] 96 A~k .

x2 PEMAEHRN KEGG RiHERSH
Table 2 KEGG analysis of antenna protein in forager of Apiscerana cerana
i 6 4 B i 1D EASE 6 P{H
Pathway name Pathway ID  Protein count P value
AR08 B L4k 1k Oxidative phosphorylation ame00190 35 2.95x107"
Metabolic pathways g (6184 Carbon metabolism ame01200 33 431x107™
FrEERREEER ( TCA 1EFF ) Citrate cycle (TCA cycle) ame00020 15 5.46x107
F IR A A= W5 I Biosynthesis of amino acids ame01230 17 2.52x10°¢
2-F AR A 2-Oxocarboxylic acid metabolism ame01210 8 2.86x10°°
VB R/ E Glycolysis / Gluconeogenesis ame00010 13 3.72x107
SRR, SRR R Ve ame00280 1 1.23x10*
Valine, leucine and isoleucine degradation
G 5 R % f#: Fatty acid degradation ame00071 9 1.44x10™
R SRRt ame00630 8 2.63x10°
Glyoxylate and dicarboxylate metabolism
VEA FEEREAR 4 Starch and sucrose metabolism ame00500 7 3.29x107
i e Z A1 Thiamine metabolism ame00730 1 0.250
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£53% 2 (Table 2 continued)
3 % 44 T i i 1D HARE P{E
Pathway name Pathway ID  Protein count P value
ISR PSP ABC 3z 1 ABC transporters ame02010 2 0.336
Elnfzirﬁggloer?t;rlocessing Y1 A NS T 32 A FH ECM-receptor interaction ame04512 2 0.499
Hippo {5518 }% Hippo signaling pathway - fly ame04391 5 0.593
TGF-beta {5518 % TGF-beta signaling pathway ame04350 2 0.758
Jak-STAT {5 538 % Jak-STAT signaling pathway ame04630 1 0.805
Notch {75 }# Notch signaling pathway ame04330 1 0.854
BRI LSS RS ame04070 2 0.938
Phosphatidylinositol signaling system
mTOR {5518 # mTOR signaling pathway ame04150 1 0.95
Whnt {5538 # Wnt signaling pathway ame04310 2 0.975
MAPK {55 % MAPK signaling pathway - fly ame04013 3 0.976
i A Ak 7  FIEA Proteasome ame03050 10 1.56x107
Genetich information AL 0 R O ZE B T ame04141 18 0.020
processing Protein processing in endoplasmic reticulum
P4k 240 Sulfur relay system ame04122 1 0.535
RNA [%f# RNA degradation ame03018 5 0.606
FHER Ribosome ame03010 10 0.680
RWEIL-(RNA 1A ame00970 2 0.893
Aminoacyl-tRNA biosynthesis
mRNA Wi 1% mRNA surveillance pathway ame03015 3 0.933
BiFE{K Spliceosome ame03040 6 0.933
RNA #%iZ RNA transport ame03013 6 0.965
DNA % il DNA replication ame03030 1 0.969

2548 GO 4326 J KEGG 15 45 B R I,
S5, IR . SRMIEIS . JRCIAE
R B A 297 MEA, B SRR T S ek
AR AL AE %, TR K bR R G R P R AR S0 T
FE R, VR A8 1) Sk D e vl R IR 4 R
MEH, XEEAA L 24%, NEGEMMAKD)
REFRAE T W RN RE R IR . 2 5 R53 (5 B n T/
EBWEAR 43 1, MS5/NMrF46mENA
230 12% (B 3), RBH KB RR 10 2 04 i £ )
RE 10 2 72 1 TS R0 S50 1) U010 TR e 3 5 e ML i
VB IR 45 LA B 2 45 8 e i o 11 35 0L T 2%
. ZH5REGEBENTHEAS 67 14, KiRiX
ST 1 A A A Gl o SR AR ) B DR B SR B R A
5.

223 ARRBEGEMAN NPC2 HERILSH
M N TEHRRARIRAE Py NPC2 15
SR, AT BB E T MW | T | R AR
ST R T G DA R B S 6 A T 1Y) v e ik £
RNA, %53 h cDNA J5#£17 T qRT-PCR £,
iR NE 6 s, A& NPC2 PRI AUA [W] 1ty
S F R[] A SR A, AR I 0 10 fis £ P 38

B, HWRREE .
3 itig

H 1896 4E5|HFPU e LIk, KEA 4%
W P A AR S AZ B 45 T TV, VE B i 1R AL
o v e o A DX SR /S B AR AR AR L, S
2R3 75 1 0 6 7 28 A K e i ol 1L AR AR 0 B2
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ﬁfﬁjﬁﬁ Metabolic pathway 124(1.73e-14)
BRI Carbon metabolism 35(4.57¢-14)

FHRIA: YA R Biosynthesis of amino acids mssssm 17(5.05¢-06) AO
2-4 IR 2-Oxocarboxylic acid metabolism wm 7(3.66e-04)
HEMRRARIS Fatty acid metabolism e 9(7.97e-03)
HHEREIESR (TCAJE3R ) Citrate cycle (TCA cycle) mummmm 16(1.55¢-07)
17 /5554 Glycolysis / Gluconeogenesis mmmmm 14(1.25¢-05)
ZRERRFI ZIRARIRA Glyoxylate and dicarboxylate metabolism mem 8(3.60e-03)
JEMYFIERE R Starch and sucrose metabolism mm 7(4.36¢-03)
BRI IUBHR% Pentose phosphate pathway wm 6(5.02¢-03)
LR Galactose metabolism wm 6(6.77¢-03) AA
PRERARRIS Pyruvate metabolism mem 8(1.27e-02) A
DB A2 RS BRI 9 AH EL 5% 1L Pentose and glucuronate interconversions mm 5(1.40e-02)
TS R4 Propanoate metabolism mm 6(3.25¢-02)
T FRFE{L i Butanoate metabolism 4(3.81-02)
SRR B8R Fructose and mannose metabolism wa 5(4.40e-02)
ALBERRAL Oxidative phosphorylation mssssss—39(5.77¢-17) NAB
HEiFRI#AR Fatty acid degradation mess 11(4.03¢-06) I AC
NI WiFRSEK Fatty acid elongation ms 5(5.25¢-03)
HARR, SRR SR FRIIFFR Valine, leucine and isoleucine degradation s 11(1.93e-04)
R, RAERRAAEFRIU Alanine, aspartate and glutamate metabolism wm 7(7.23¢-03) I AE
KR FRAE RIS Arginine and proline metabolism mm 6(2.23¢-02)
B-RAERA be%Ala.nine metabolism wm 6(6.77¢-03) BAF

{4 Proteasome 11(5.73e-04) BclB
PR FR 928 B L Protein p ing in endoplasmic reticul 23(6.27¢-04)
K Phagosome mss 14(1.92¢-03) ID AI D
WA Lysosome mem 11(3.06¢-02)
HEE Y8 R Arginine biosynthesis m 4(2.20¢-02) NHANH
0 6 12 18 24 30
FEPIE 4 I Percent of genes (%)
A: fRifif Metabolism AO: )7 B HE 2 P Global and overview maps

AA: BKALA Y15 Carbohydrate metabolism

AB: B4R Energy metabolism

AC: A5t Lipid metabolism

AE: & #M/t# Amino acid metabolism

AF: HERHEM AL Metabolism of other amino acids
B: i#tf£{% EALEE Genetic information processing  BC J1 Sy AIREAR Folding sorting and degradation
D: Zfijfif#2 Cellular processes DA: iz$i 4348 Transport and catabolism
H: H'EFIZRH Other and unknow HA: H'&#I4)1 Other and unknow

4 TEEREEMABSERD KEGGC BREEER

Fig. 4 KEGG pathway enrichment results of antennal total protein in forager of Apis cerana cerana
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