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Effect of Royal Jelly on the DNA Methylation of
dynactin p62 in Female Honeybee Larvae

SHI Yuan-yuan, TIAN Liu-ging, ZHANG Fei, LIU Jun-feng, YAN Wei-yu, ZENG Zhi-jiang

(Honeybee Research Institute, Jiangxi Agricultural University, Nanchang 330045)

Abstract: [Objective] The objective of this study is to analyze the influence of royal jelly on DNA methylation of dynactin
p62 in female honeybee larvae. [Method] One-day-old larvae of Apis mellifera ligustica and A. cerana cerana were used as
materials, they were fed with royal jelly either from A. mellifera (RIM) or from A. cerana (RJC), and genome DNA was extracted
from 3-and 6-day-old larvae, then DNA methylation of dynactin p62 was detected by Sequenom MassARRAY. [Result] The whole
DNA methylation of dynactin p62 in female honeybee larvae decreased significantly after feeding with heterospecific royal jelly. The
whole DNA methylation of dynactin p62 in 6-day-old larvae was significantly lower than 3-day-old larvae after feeding with
homologous royal jelly. The methylated sites of dynactin p62 in larvae were different after feeding with royal jelly (RIM and RJC).

[ Conclusion] Royal jelly (RIM and RJC) had different effects on the whole DNA methylated and methylated sites of dynactin p62 in
female honeybee larvae. These results indicate that different types of royal jelly have different biological effects.

Key words: honey bee; royal jelly; dynactin p62; DNA methylation
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KPS W B TR DL o I R ORI g T
(royal jelly from Apis mellifera ligustica, RIM, F&FK
RIS AR g T (royal jelly from A. cerana
cerana, RIC, TEFRHIEIL) XF4HL dynactin p62 H J&
AR B AT, AMYBRIEANX J7 T2 E, T H
A M B S AL A LR (B AR . [RTA
Tt ] W% F A ik B A R e i, (AAE
MRTEAGEN . FF . BT I Re 55 T 1 A AF A
22 5, 3 X e 7 e (1) £ ) i 2 % K . Drapeau
SFiE T F R P R E R EEE (major royal jelly
proteins, MRIPs) , &I MRIPs ni] L3k 1 25 e A
T 40 0 ) 1 3 7 181, Kamakura M F 3¢ 43 B85 i 57
kD % 1 Royalactin, /&8 Royalactin 7] LA 2 #2155
4l AR/ R BEGE SR T B ARk 4 )
REWE. FIYHURE G O, Bl G RS 25
IR E, REWF TR MM s DNA R
HEHEY)BE RN, Kucharski 255 ] RNA T4
ARUTER Dnmt3 (DNA methyltransferase 3) 3t Pl ) %%,
A DL BRI 4h L dynactin p62 FRIEALKT, {H4)
BRERE W, [AFARTIA L] FIH Sequenom
MassARRAY 34 A 43 # = 4 3 1 e e S 0k 7 KR 2
¥ (A. mellifera ligustica, WIFRERE) FMHLERE (A
cerana cerana, faiFRFH#§)3 Hi#& F16 Hik4%h & dynactin
p62 HEMAKFIIESR . [HMEHRPIEER ] 5557
S e F e 25 B 4 B dynactin p62 FFEAE 7K
IR, DA F/KF BRI T O 9 HUR B 1

SO .
1 RSTS

IS T 2011 4 4—11 H AETLPE AR VK 5 A 4
T 58 B o
1.1 RIesRt

IR IR R VLG RN K W T (28.46N,
115.49 B ) #2355 HE 1) 7= B AR AT 1 % (1 SR A o e 4% 2
B

W TR RN g SRR F IR S RS AR i
HHAR A= IR i T R0,
1.2 E¥EAIEAFSEHE

I 4h BB WAL T[] — =08, fRIE T4
B AL T A AR [

WIGHAHFE T 1 600 Rahd, 4 2 4k, &t 800
W, G H 2 35.0%. X407 4 4 25 14, PR
RN 1 Hig gt (mRIM) 5d; 52 4,

FIBriE b SRR 1 HS S g4 dt (mRIC) 5d; 25 3
S, FBEE i g 1 Hig g (cRIC) 5d;
B4, APEEE RN 1 N d (cRIMD
5 do ¥ 4 AT A GREE 35°C, W2 80%
—85%) BNWFE . HUREA 3 HidFI 6 Hidghd, W
& H dynatin p62 F 34k KT .

N LR Ay OB e 0% 5« W 0.2 mL i
KT 24 FLAHMURE IR (Costar, NY, USA) W, JX
N5 FRAA Gl E 35°C 5 AT E 80%—85% ) 15 min,
M# BRI EHEaY, YhERRFEERY
F, Bk 12 h He—gopifiE 3% (0.2mL) .

1.3 WEMZEWELAR dynactin p62 BRELIKTRINE

TRAHBENIE 3 HEAI 6 Hid4l i # 10 2, % 100 mg
HAREL) KA P E A AR, %I Universal Genomic
DNA Extraction Kit Ver.3.0 (Cat.No.DV811A TaKaRa,
Dalian, China) #:{E#tBI#ZEL DNA, M0t
THECI DNA WREEFIAERE . ZAEIL =AM AR A
& A i Sequenom MassARRAY 7 A & il 4y dt
dynactin p62 I B4k /K561, HAREFE G

PPA 7 g Al i dynactin p62 FEEAL KT 1.
2) , &t 73X EI AT Y . S dynactin
p62 58l dynactin p62-1F: aggaagagagGAAGATTTATT
TTTGTAGGTATTGTT; dynactin p62-1R: agggagaaggct
TTACTCTTAAAAATACATATCCAACTC ; dynactin
p62-2F: aggaagagagAATTAGTTATAGGAGGTTGGTT
TGAA; dynactin p62-2R: agggagaaggctAATTCCTCT
ACTTCTATACTAACAACAA ; dynactin p62-3F :
aggaagagagATTAGAAGTAAGGATTGTTATTTGTGA
A; dynactin p62-3R: agggagaaggctTCATCATATTCAA
CAACATCATCTCT.

A dynactin p62: dynactin p62-1F: aggaagagag
TTAGAAGTAAGGATTGTTATTTGTGAATTA;
dynactin p62-1R: agggagaaggctTCATATTCAACAACA
TCATCTCTAAAAA:; dynactin p62-2F: aggaagagagTTT
GTATTGGTAATAGTTGGAGATGG ; dynactin p62-
2R: agggagaaggctAAATTAACCTAAACAAAAAAAT
CCTCA:; dynactin p62-3F: aggaagagagTTTTGTAGAGT
GTGTATAAAAATTTGG; dynactin p62-3R: agggagaag
gctCCATCTCCAACTATTACCAATACAAA.

1 Fil EZ 96 DNA Methylation Kit #1451 DNA.
KRR A SR AL ) DNA ME AR, 2547 PCR 474
N FEAS BAAFR 5 ul (DNA 1 ul, 5 U-puL* Hotstar
Taq 0.2 U, 5% 1 umol, 25 mmol L dNTP 0.04 pL) ,
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Dynactin p62 (Apis mellifera )

Primer 1 Primer 2 Primer 3

CG1CCG CcG CcG
11 12 13 14

cgrinies
[EXON 8 |

% dynactin p62 3545 9 MMEF, 14 A CpG XU R AE AL OB BT CpG-1 il CpG-2. CpG-11 il CpG-12 h siARBE AT, {11 RNase A
P DTG 5 BRI 52 BB S A FREEAE, R CpG-1 AT CpG-2 LA J% CpG-11 Ml CpG-12 o 4543 5l — A2l & Ff 34k

There are 9 exons in dynactin p62 of A. mellifera, in which 14 CpG dinucleotides are methylated. Because of minute distance both between CpG-1 and CpG-2
sites and between CpG-1land CpG-12 sites, RNase A could not measure the methylation level of every site, respectively, so that the methylation level was
measured together in CpG-1 and CpG-2 sites and in CpG-11and CpG-12 sites, respectively

1 B dynactin p62 REMNALS
Fig. 1 The methylated sites of dynactin p62 in A. mellifera ligustica

Dynactin p62 (Apis cerana)

Primer 1 Primer 2 Primer 3

(4]
9]

exon 1 2 3 4 5 <] 7 8 9 10 11

EXON 4 ... TGTTACTTGTGAACCACTTCGCCCAGGTAAATCAAGTGAA ...

CpG sites 1
EXON 5 ...TTACCTTCTATCGTGCGACAA. .. ATAGCGCTCTTATTTTGC ...

2 3 4
EXON 6 ... AATACGTTTACGAA... GGACGCTCGAA... ATCCGGTGGATT ...
5 6 7 8 9
EXON 7 ... GTTTACAGAGATTATGTTCGCAAA ...
10
EXON 8 ... CTCGACATCGTTGTGATCTTCTAACTAACAATTGT...
11 12
EXON 9 ... TGAGGGCGTAATTCA.. ATGTCCGGAT...GTAATCGTTGTT ...
13 14 15

i dynactin p62 J4H 11 MR, 15 4 CpG WULTF MR K AEHEAL R B, HIT CpG-2 fl CpG-3. CpG-7 Al CpG-8 i siAHER A, {31 A RNase A
PR DI TGV SR 5 B A A5 I FERR 4K, RLE CpG-2 il CpG-3 LA K CpG-7 1 CpG-8 7 i 43 il — el 52 H AL,

There are 11 exons in dynactin p62 of A. cerana, in which 15 CpG dinucleotides are methylated. Because of minute distance both between CpG-2 and CpG-3
sites and between CpG-7and CpG-8 sites, RNase A could not measure the methylation level of every site, respectively, so that the methylation level was
measured together in CpG-2 and CpG-3 sites and in CpG-7 and CpG-8 sites, respectively

B2 ¥ dynactin p62 REMNALR
Fig. 2 The methylated sites of dynactin p62 in A. cerana cerana

SN AR 94°C, 15 min; 45 53R (94°C, 20's, ul) , NZkAt A 37°C, 20 min; 85°C, 5min. f#/H
62°C, 30s, 72°C, 1 min) ; 72°C, 3 min. f 2 uL SAP RNase A RER 11§ T YIRS, AN BT 7 L (SAP

(shrimp alkaline phosphatase) 4b¥E PCR J % ;=4 LbFLJE PCR 724 2 uL, RNase-free ddH,0 3.15 pL, 5x
B RBARRL 7 ul (PCR 7*#) 5 ub, SAPJE&W 2 T7 Polymerase Buffer 0.89 uL, T Cleavage Mix 0.24
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pL, 100 mmolL?® DTT 022 pL, T7 RNA &
DNAPolymerase 0.44 uL, RNase A 0.06 uL) , &M%k
53 37°C, 3 he FAFEMHH 20 pb M KMRE, &
%A1, TN 6 mg Clean Resin #5464k 10 min, 3200 g
B0 5 min. ] MassARRAY Nanodispenser RS1000 f
PE AL ( SEQUENOM ) H 4 1k = ¥ i %5 384 4L
SpectroCHIP (SEQUENOM) I, JE il 4 f) 8 Fr N
MassARRAY Compact System (SEQUENOM) HEfT 4
I . SpectroCHIP & 11 | MALDI-TOF (matrix-assisted
laser desorption/ionization-time of flight) &5 4 Bhifo':
fie W o PR YT IR T B U A3 AT e AR, A e e
EpiTYPER % (SEQUENOM) 43 #f 34 i &5 51561,

FH 5646 7K F= mC/C X 100%
Hor mC o R A A s e A4, C RoRITH
it s g i 1) N 08, DL RRIR A 8 WK
1.4 BEGEITS5HH

ME T 45 B dynactin p62  HE 3 Ak /K T H 4 SR
StatView ff “ANOVA and t-test” 1] “ANOVA or
ANCOVA” #4748ttt #rti.

2 R
2.1 BRI BT dynact in pé2 BE
Wk TR

M 3 A%, RSO, gk Bl PRI
3 HiBA 6 H 4 E %4 i dynactin p62 %44 FH LA /K F
(P<<0.05) ; TME[R]—FfgFHR, 2 Mg ERAZ 6
H 4 4) H dynactin p62 #E 4k LA /K PR T 3 H
% (P<0.05) .

M 1A%, 2 P T J o 264 B dynactin p62
B A K TR AN A . DA M R R,
Mg 3 H kb4 i dynactin p62 F AL N EAL S A 7
A, FEBAL S 34 6 Hid4hdt dynactin p62 Hi %
AR AL BRSSO 7 AR 3 AN, HTR
A VRAL S AR A R AR
2.2 EUERMPEERITPENE dynactin p62 BAE

Ik F B R0
M 4 w75, gl et B, Rk Al PR
3 HiAA 6 H s rhig4) i dynactin p62 %44 FH LA /K F
(P<<0.05) ; AIME[E—Fpig FIR, 2 Phig TR
6 H#4hH dynactin p62 244k FH AL /KT EZEKT 3
% (P<<0.05) .

MR 2 FTHN, 2 Fidde T 0t Hige %)) B dynactin p62

FAL A FIEA K TR AN A . DA M AR gt B,

H mRIM [] mRJC

*
50| A
a B
s}

b
42 r

%4k Methylation (%)

38

KRB i) Day (d)

MRIM: (AR I R 4 ;. mRIC: MM R4 . R
[ KE 7 EERRA R HE 1 mRIM 78 5%/KF 2 7 3%, TR/NS5E6
FARARFEHEE mRIC 1 5%AKFER R, *FMFE HEK mRIM
FI mRIC £ 5%7KF 2% 57 5. 2%

mRJIM: A. mellifera developed from larvae fed with RIM; mRJC: A.
mellifera developed from larvae fed with RJC. The different capital letters
indicated significant difference at the 5% level in different age mRJM, the
different small letters indicated significant difference at the 5% level in
different age mRJC, * indicated significant difference at the 5% level in the
same age mRJM and mRJC

E 3 BMERFPERINBENN dynactin p62 BEARRE
IR TR RN
Fig. 3 The influence of RIM and RJC on the methylation

level of dynactin p62 (whole sites) in A. mellifera

larvae
. B cRIC [ cRIM
80 o
- A
g a B
5 60 b
3
=
£ 40
s
=
% 20F
B
3 6

KA I Day (d)

CRIC: fHMErhged ¥ et cRIM: (RN 1y ide 4l . T
REFEFRAE A K cRIC £ 5%/K T %R 8%, RRNGERR
AAFEHEEH cRIM 7E 5%K-FZ R E#, *XammIFHiE&m cRIC
CRIM 7E 5%7KF- % 53 . 3%

cRJC: A. cerana developed from larvae fed with RJC; cRIM: A. cerana
developed from larvae fed with RIJM. The different capital letters
indicate significant difference at the 5% level in different age cRJC, the
different small letters indicate significant difference at the 5% level in
different age cRJM, * indicate significant difference at the 5% level in
the same age cRJCand cRIM

4 BHERAPIERITPIEYR dynactin p62 BERRE
IR TR

Fig. 4 The influence of RIM and RJC on the methylation

level of dynactin p62 (whole sites) in A. cerana larvae
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Table 1 The influence of RIM and RJC on the methylation level of dynactin p62 (single site) in A. mellifera larvae (%)

4H A dynactin p62-1 dynactin p62-2 dynactin p62-3

Group CpG-1,2 CpG-3 CpG-4 CpG-5 CpG-6 CpG-7 CpG-8 CpG-10  CpG-11,12  CpG-14
3 Hik 3-day-old

mRIM 6.2+0.7a 49+04a 844+05a 774+03a 253+05a 360+05a 885+05a 79.6+0.3a 337+04a 58.0%04a
mRJC 6.9+06a 2.6+02b 804+04b 99.8+02b 159+04b 19.2+03b 87.5+05a 76.840.4b  16.0+0.6b 66.4 +£0.4b
6 Hik 6-day-old

mRIM 21+07b 3.6+03b 83.9+04a 53.0+03c 320+05c 380+03c 91.1+03b 743+03c 19.6+0.5c 78.6 +0.4c
mRJC 47+05c 26+03b 725+06c 99.8+02b 11.9+0.3d 20.0+04b 83.6+0.3c 83.8+04d 155=+05b 55.0+0.4d

RPBAIR NV ERER, FFIARFR/NE FEFRRTE 5% /K LA EREEM, £ 2F The data in the table indicated mean+ SE. Different small
letters in the same column indicated significant difference at the 5% level, respectively. The same as Table 2

R2 BEERMAPERIREG S dynactin pé2 FAL R BENIKTEHIZNT
Table 2 The influence of RJM and RJC on the methylation level of dynactin p62 (single site) in A. cerana larvae (%)

ZH 5 dynactin p62-1

dynactin p62-2

dynactin p62-3

Group

CpG-1 CpG-2,3 CpG-4 CpG-5 CpG-7,8

CpG-9  CpG-10

CpG-12 CpG-13 CpG-14 CpG-15

3 Hi% 3-day-old
cRJC 86.9 +£0.6a 444 +04a 77.1+05a 69.4+0.2a 459 =+0.5a
cRIM  94.0+0.6b 13.1+0.3b 60.2=+0.5b 59.1+0.3b 35.1=+0.4b
6 Hi# 6-day-old
cRJC 76.4 £0.4c 28.1+0.5c 80.2+0.3c 68.6+0.3a 38.6+0.4c
cRIM  76.0+0.5c 23.4+0.3d 30.4+0.3d 59.9+0.2b 28.5+0.4d

49.8 +£0.2a 99.3+0.2a 89.3+0.2a 74.6+0.2a 46.9=+0.3a 57.4+04a
57.5+0.3b 87.4+0.3b 89.4+0.3a 70.1+0.3b 42.2+0.3b 52.1+0.2b

448 +03c 99.8+0.2a 845+02b 625+02c 344x03c 44.6=+0.2c

455+03c 755+04c 849+03b 67.5%02d 295=+0.2d 44.0=+0.3c

M 3 H w4t dynactin p62 H LAk N EA S A 8
A, BREIALES 34 6 Hid4hdt dynactin p62 Hl %
AR AL BRSO 8 AN 3 AN, FIRETR
VRAN RO S AR AN SE A A A

3 it

Ruttner %5 X 7 5 % 1 AN 5] i Bl 2 8] ) 22 5 0 &
FRPEREAT T RGURIBETL, ) FH Hh e S o T W 1 g
MR ER, R I T e S T St B0 R P L4280,
Hg 4] RN ISR S, A R IR L TR
WERF 1Y) 2—3 2R TN [ 430 R e 4 HUON Hh i
HER M S, B0t BT e L i R e 6-17],
11 ELPUIH 7738 5 08 IX BE A 7L 4 YR F &)

(CEZ X4k &R R .

W T RN 4 UK B R LB — B AR R
FL7E 20 40 60 A WIS £ 38 547 DNA FIIRNA,
SIS E T FRALRR & & Zeng S LR
BT DNA SREE S TR, H 2 FhEg
FHRFM RNA SREEHEEES. WINET R
N, M 4 di4k ) DNA FF3E40 S L dynactin

p62 HIIEANI/KV 2 BEERRAK, 4 dk & il T+ i L)
B, @it Western-blot &:ill, Fang 251200k B & ¢
WA 52 MM, A 60 FiE 1. Kamakura Mg
FH 485 H ) Royalactin 7640 H& B FORLFE  $yie
HHEEMOO, AR 2 FAFKE TR (RIM F
RIC) TaIMREMEAI Pl by, Bl R fh EREENEN
Wi, K36 Hid%hdt dynactin p62 FIHEAL K 2 3%
KT 3 Hitd4hdy, X5aT ABFFEes R —8. TR+
&4 F 1) microRNA (miRNA) 21, DNA H3:A4b &
WAl miRNA #2 R e L E M EE N, B
EE R Z IR . 72 DNA FE LB,
DNA WAL e B EAEH], miRNA AT DU
DNA AL 22k 1T 500 DNA HEEER- . 48
W i) HUR A S A0 T )5 » dynactin p62 FH &1L 7K
TR K, ATRES Y dynactin p62 FKik, B
MK E .

FIH] Sequenom MassARRAY 5 AR A AT LA
FEPR B FRS ALK, 17 L T AR B4 CpG £
SUTRIEAEKP o 238 72 B4 T dynactin p62
R £ 10 ASFEA AL AL, E gl bR E 11 A4
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45 %;

B p . WA TR G, ANFEH %40
dynactin P62 FEPRFNAL pii AL AR A T A8k 78

WA 6 HRe R4 durh, R R b R B
dynactin p62 F B U2 R 2 FRAL S R CpG-5, 1M
AR E NIHALA A CpG-4. CpG-6. CpG-7.
CpG-11,12; 7£ 3 HEHI 6 H i rhbdeghy duvfr, 1o 4
T3 AE dynactin p62 HIIEAL A LRZ B3 R AT,
MEA S E N AL SA CpG-2,3. CpG-4. CpG-5.
CpG-7,8. CpG-10. CpG-14. EARGM R FH, £
S5 £ dynactin p62 FF AL A7 45 53 F M. dynactin
P62 AL A AT AUER DL R AN A A s i Th g
HANEAERE, AR TiH—25.

4 LR

M DNA HIIEAL A FERT T T e 1 S0 ik
W) R B BRI, R IR R S bl T S R DA B 2
FAAR M 12 25 d4 4 . dynactin p62 X4k FJEAL K, [
P RE— PR SE T 0 FRRAMEVE S 4 U Z H S5 DNA
HEN A Z VIR

Bugt: A s R 0k, EF A, KB FRITH L
%%%%,&%*%%ﬁéwe
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