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Transcription analysis of mrjp9 in the honeybee Apis mellifera ligustica
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Abstract Nine major royal jelly proteins (MRJPs1-9) were identified in the honeybee genome. Among these, MRJPs1-
5 were the main components of royal jelly protein and the functional basis of royal jelly. MRJPs6-9 are either not present,
or are less abundant, in royal jelly and their function remains unclear. To explore the possible function of MRJP9, Total
RNA was isolated from different body parts of honeybees at different developmental stages, and the expression of mrjp9
determined by RT-PCR. The results show that mrjp9 was widely expressed in all parts of honeybee at all developmental
stages. However, the level of mrjp9 expression was relatively low in larvae, pupae and early emerged adults, but relatively
high in foraging honeybees. Expression of mrjp9 was therefore related to developmental stage. In foraging honeybees,
expression of mrjp9 was particularly high in the head, thorax and hypopharyngeal gland, but less in other body parts or
tissues. Furthermore, mrjp9 was also expressed in multiple tissues of drone and queen honeybees and was not related to
sex or caste. The profile of mrjp9 expression coincided with honeybee behavioral development; expression was high in the
head and thorax which are the body parts directly related to foraging activity. Therefore, mrjp9 may be involved in the
behavioral development and division of labor in the honeybee.
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SR (] P8 T R AT AT [R] 35 A% ) 5k i 11 2h SO
In) 75 d6 . 3d i WEIK) 7 1) A Ao i SR N i R )
BIRMAE A 0, A8 R ek
ok 2 M K /E F (Brouwers et al. , 1987; Asencot
and Lensky, 1988) .

FR A Dy ae B I B T R SR A
Ko W EI P HE A B KB MEE R (WSPs) FlHEK
WIEER A AR bk Ea S B EAS RN
46% ~89% (Hanes and Simuth, 1992) , 4 F ¥ &
FI 235y MO8 E2 M (major royal jelly
proteins, MRJPs) ( Schmitzova et al., 1998) .
MRIPs & [ 53R A5 74 75 % 06 AR A 42 4 4R 11 2
ALK 3L 9 A, B mgps] ~9. BAb, XA H R 5K iR
WA — N AL IR RN, 4N
mrjpy ( Drapeau et al., 2006) . V4§ Jj % W& Apis
mellifera L. 1) mrjps 3 KLy 51 L 5¢ J 42 8 00 1% » &
i1z 1) B A % B V5 v ( Klaudiny et al. , 1994 ;
Albert et al., 1996, 1999a, 1999b; Schmitzova
et al. » 1998) o F 3 3 H (1R R 10 45 0 15 1) g o

X EEBIS 24T MRIPs] ~5 25 °F
SRR ENE A, ORI
W AR N 1 2354 W (Kubo et al. » 1996 ; Kucharski
and Maleszka, 2002; 2003 ;
Albertova et al. , 2005 ; Peixoto et al. , 2009) . {F %
WA A IR DD RE AE B2 & B e i R A
KNS 75 () 45 8 F1 2 25 1 55 55 (Ohashi et al. ,
1997 ; MeierEwert et al., 1998; Albert et al.,
1999b; Li et al., 2008; P $£5%, 2008) . i X} L
b & B b B WA I IR B A S MRIPs6
~ 9 5 WUIHIT FUAH X /b 9% T B AN AE S A4 Y 1 1)
R FE & %A TAE W K (Albert and Klaudiny,
2004 ; Furusawa et al. , 2008 ; Peiren et al. , 2008) .

FREH MRIPO & —FrAR B A A, £
A T ] e HE R 28 1) 1% 43 M 3K 45 (Santos et al.
2005) o il J5 1RO ARIE 58 5 B 1% 51 TR R W IR i A
F 5P %A (Peiren et al. , 2005) o {E Ky —Fh T
FER A B AL AL E IR P B 3Rk T AR LAl
W SR D e T R I A UB A ik o T 4 1% I A
IR BRI AT AR DY BE? JE D T fg
b5 FLIE N TR) RS AL A 9% AR IT mrjp9 15 % I A
R R Ny LRI N B D N N 1 7 N N e I |
U AN TR) 21 23 AL 1) 06 R A e R U 2 R AT B

Malecova et al.,

SR DL B I 3% Ak DN A8 B AR AT B Iz I AR
I8 B LGRS S, H R A R e I
IR SG, AR A0 R S 1) g AR N RIK B o i 4
KU mrjp9 & — A E R E KA TR 1 R
S HREEIT N AE S0 THRE. a1+
W T MRIPY e Ho A+ 5% 8 A 50K 1) 242 W) ) e

1 #MRE5EFZE

L1 s

=KH) % i Apis mellifera ligustica Spinola H
PR AR K 22 06 1 R 45 - RNA 42 B 57 £ Trizol
Reagent 24 invitrogen 23 5] 7 iy ; 5 I, 5407 » L1
e B 1 25 4 AL 27 0 A7 B A W) DEPC, 3501 8%
W B A T A TR A Tag 1, ANTP,
2 000 bp Marker i) H Takara; Jx # 3% ik #) & W B
Promega A 7] o

1.2 7%

1L.2.1 #&al& WM EEkA THE &K
KEF e 2 2 B B e 3y o SRS B 1) %)) B 0 % 3
H#e 15 H &30 R B 48 % i T 1 52 B
RNA . fl 4 Tl 4 4 L8047 19 AN 8] 10— 20 1
K53 A Sk i IR O AL Sl A g iR )
W~ 5 RS BT 0 il B2 B RNA % o 53 4h, 4
RN b i R A 0 R I A P IR R D, )
I BT e e A )RR A, TR AR K R AT BE — B
KI5 DA Sk G S S 0 B AR A IS AL AR 2K
e, 7 IO RNA % H .

1.2.2 RNA {EEL5S ¢cDNA &5t FJH RNA $2HL
A G LB B 412U RNA, REM B KA H
F2E N Trizol () H invitrogen 23 7)) i 5 W » 3% 1
W& B 3R B RNA. I A4S Rnase [ Dnasel
AR ER, L BRIL T s b R g BRI . AR5 T
e R 5 (W B Promega 24 ®]) X fili 2 () RNA
WEAT S e sk & B eDNA, = 20°C IR 745 ] o

1.2.3 PCR & il PCR () J7 46 W £ A v
o H R 5 DAL R0 3 TA 15 D0 OF M2k — 20 1 o a0 e
HARM - UL SO s 159 2 1) eDNA Bt B R R
GRS E 1) Fn R SO AR R A PCR AR B AT -
Y18 actin W) 5| MR : 5" -AGTTGCCATTTCCT-
GTTC3",F: 5"-TCCTGCTATGTATGTCGC3"; J It
mrjp9 W54 K R: 5°-GAAAGTGCTCGAAGTCAA-
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3, F : 5" TCAATCTGGCGAATACAA3”. PCR Jx
VAR ZR A 40 WL, FoA Bl R : Tag 1§ (5.0 U/pL)
0.25 wL+10 x Buffer 4.0 pLdNTP Mixture (5% 2.5
mmol /1) 3.0 pL KEH cDNA 3.0 pL. b F #5149
% 0.75 pL.ddH20 28.25 pL. PCR J2 J% f#) 4
H3:98°C TR AZ PE 1 min, 4R 5 95 °C,45 s;54 °C,50
5;72°C,90 s 3L 35 MF I . £ PCR i #2 , HUKE
VCE LB A IR I AE AR B B iz AT 58 HE o AR H
1. 2% 3 5 B 468 15 PR VKA PCR 47 169 7 4

1.2.4 HFELABREEAZFE UL RERXM
% cDNA H M, PCR ¥ 3 2 & actin Fll mrjp9,
W38~y 1.0 L 3R AT B 5 05 v I P vk » H VK 46
RBEAT 48 % BT EAE 55 DNA marker () 5%
BEAT LEXS 43 # (Sensicapture JE I &5 7 BT &2 48, £
HERETE) , B PCR 3734 724 actin Fl mrjp9 DNA
(8 . fEBEIERE B, o PCR P=H LA 10 f5 106 &R
BEAT W FE B M R 5 SR 5 1 BLIX S8 AN [ 76 R 42 2K
(7= 1) Jy B AR P R HEAT PCR, MEB 13 16 3K 2 )5 JT
URAERR 2 MEIAE 3.0 wL PCR ™4, H 4 33
W3R g1k, A FEAR M 3 AT 47 . KX 2 PCR p*
Wy BEAT T T B R P R UK S A DU A SRR T A HY I
S50 IS RO PR 2o DT 73 38 AN [F) A8 i B Je ) B
F i L4 1 Y H bR A O A A B DRI & O
AR DL 6 HH 30 4% i IS 0 40 BR 28000 AR R, H
Excel B A 73 3 22 ] actin A1 mrjp9 () 45 HE i £&
FEDFE B actin A1 majp9 HIAR A 1) J5 ¥4 384T PCR
P88 FRENES 13 MR TT IR AERE 2 DRI 1
3.0 wL PCR =), H & 33 MEH N 1k, fEANEE
A3 ANTAT . KIXEE PCR 7= 4 3E AT B I B e i
FEL UK S DU A S A I H 4% A O PR B R
FAS 2 B 08 248 %0, 76 bR AE i 2 b A £ 0 X N 1Y
B & e LLREA Y actin Rik K FAEN S, iH &
F A BFEAR T mp9 MU T actin F 35 K1 4>

2 H#RE5HH

2.1 tRAEHZGH

A BE 1 actin A0 mrjp9 (145 52 04 51 40, 7
LUAT — MBI HF A A i Zh 7 18 215X 2 Foft 5 A
(1) o 38 WLk 45 L 1 48 23, 1X 2 PCR
FEYIR A4 i 29 4 0,19 pmol /L A1 0. 18 pmol/
pl, SHZ PCR 7“4 b br B JF LL10 £k B2 AR
FEREAT M e o AN TR &5 i R AR S G EDBT #E 4T PCR

IS T 46 8 B H AR 457 00 10 P4 B0 1) i 2 1 ok 3R
2 fine WS EIK actin FI H 112 K mrjp9 1k
ith 25 1 B2 A 2.6 F1 3.2, 2k MR O R K
0.9826 1 0. 9882, H L 4% 717 (1) I HL 116 24 £ 5 4
B A B YT oG, AT DL i A B L AR A
H R0 A HOR v 55 5N A & N H bR B 2

Bl1 %ZEigikR RT-PCR # 1% actin 50
mrjp9 B3R BEHEEEAL BB Ik 45 IR
Fig.1 Agarose gel electrophoresis of RT-PCR
amplification of actin and mrjp9
from honeybee sample
vkiE 1 /& DNA marker; JKi8 2 & actin;
VKIE 3 & mrp9.

lane 1: DNA marker;lane 2 :actin;lane 3: mrjp9.
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Fig.2 Linear relationship of mrjp9 and actin with the

earlest cycles of successful RT-PCR amplification
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2.2 mrjp9 EEMIKAMERRIE

DA =7 i AN [R) 8 B B S AS () A 2R3 AL
FEMA B cDNA Sy BEA, BL actin FI mrjp9 1) R
FEPESIY), SRR S R I PCR 97 153X 2 AN SR
ME 13 NG ERTT U6 B B 3.0 wL PCR =4 i
AT SR B Bt s UK B AN FE AN 3 AN FAT S 2 A

T e AT doe BB S 4 R A0 1 K (I 3) o &R
fh actin F1 mrjp9 S F 4718 H AR A B 96 34 800
%R 1, PCR &5 R R B P #E A (1 3 SR 2 1)
R/ KRR € = G PR T BN )
BRI RER

F1 FBHERP actin 3 mrjp9 7 2 ) PCR ¥ BRI H

Table 1

Earlest cycle number of successfully PCR amplification of actin and mrjp9 from the honeybee samples

T 1% Worker #E 1% Drone

1% F Queen

I Pupae 3 H# 3-days adults

£y

ghde gl Sk i) &

SEH

it i | i el

Venom Spermatheca

Larvae Pupae Head Thorax Abodomen

Head Thorax Abodomen Head Thorax Abodomen Midgut

gland gland
actin 21 19 21 21 19 21 23 21 23 23 21 19 19
mrjp9 31 27 27 27 25 21 31 29 31 31 29 29 31
3 Hi
15 H# 15-days adults 30 H i 30-days adults
3days adults
T o Exm o EHm
B i . J1 B i . J1 B i
Hypoph- 3k il Hypoph- >k i ENi7] Hypoph-
Venom Abodo- Veno Abodo- Venom
aryngeal Head Thorax Midgut aryngeal Head Thorax Midgut aryngeal
gland men glanc men gland
gland gland gland
actin 19 21 21 23 21 25 21 21 23 23 21 19 23 23
mrp9 27 29 21 23 23 27 23 21 25 23 23 21 27 25
_______ 3k Head H 3k Head
---------- 4§ Thorax fi] Thorax

[ Abodomen

= i Midgut

#I# Venom gland

F 3 1

Hypopharyngeal gland

H 1% Abodomen
i Midgut
# 1% Venom gland

TR

Iypopharyngeal gland

wim 1 n

B

B3 30 it %= RER mrp9 7 actin FE fEIE PCR =¥ HY IR A5 #E B AR ALK 45 R
Fig.3 Agarose gel electrophoresis of mrjp9 and actin PCR amplification with different

cycles from the 30 days adult honeybee body part

A:actin; B:mrp9.

2.3 FR&R &I mrjp9 H)RIE

I IR AN R A I 3 AR A B magp9 (1)
e SR TRV HEAT R e I % DA AE B i 4y A i A
JRIE SR H B B A AN R R S R AR )

HOl R 3 H WS R A 0 R N 1) R R K B &
N oactin RIEEM0.1% ~0.5% . MiLE 15 Hid A&
FL 2 J5 1R AT B 0 e P ) 3 0K B A8 5 A2 actin
KER) 70% ~120% (K& 4) o Kk, mrp9 {F T %
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N
(=1
T

0
Bt & Pupae 3LI8Y  ISHEE 30L1E:
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B4 FTERAEZENPIEKRRA mrpd B3%RIE
Fig.4 mrjp9 expression in honeybee

with different development stage

2.4 THALRRELE mrp9 HFRIE

T3 H R T 15 H W T A1 30 H
U T b AN [R] IR 4 R AT 1) magp9 DR ) 20k gE
AT RN, e I 9] 4 0 2 AL T mgp9 A Sk
WG R IL LA actin (1] 0.5% ~0.7% » % AL 2
)P 25 AN K (B 52 A) 76 3 e i o 28 e 11 3k
8 i R R IR AR A I R A = K
LN actin [110. 1% ~0.7% , & T AEH N 1%
MR 2 A Ho At 20 2 2 (0] (1) 30k 72 Sl A )
(FE5:B) o 1fide 15 H# A 30 H ) 54 2 i 44
P % DR AR Sk i B S rp P s 8 BRI E R IR AR %
AL R AL BN actin 1) 40% ~240% , 11 & 1%
Sk« i T K i A AL I Rk B T IA actin ROk E
) 150% UL | (& 5: C,D) . Kk, mrp9 75 15 |
W Je 2 Ja E e RN S KR RIS, P 7k
N IR IS A A B R .

2.5 IfEEFNEE T RA mrjp9 HIRIE

T OnF G e M R W TR P R R I A B
mrjp9 TEMEWE RSk 0 E A actin 1% ~ 2% ¥ %
WK IK Y B S ) 20k 7K P He A — 30, WA W 2
T RN AR N 5 IR 2R B b RO KR
259 actin FIEE 120% ~170% (& 6) . Kk,
mrjp9 TF M e Al T % 4 S5 A A R0k, R IA
AN 52 B U )V D) R 4 B TR 5% W) S A i T R DG 41 21
T (1 2 A R

=
(=1
T

oo o o o

mrjp IR FEIR Y
Expressed level of mrjp9(%)

L= = L B S
T

3l; Head 11§ Thorax & Abodomen

mrjp9f) FEIE A
Expressed level of mrjp9(%)
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Fig.5 mrjp9 expression in different
body part of honeybee
A ) ZH U AL ) R IA B B B3 T e B e X A
VAR SUN IR RN <3 ' iR AL - R VAT SO
D:30 [ % % i 5 2 2408 A7 1) 38
A. pupae; B. 3 days adult honeybee; C. 15 days
adult honeybee; D.30 days adult honeybee.
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HEEEFNEE F S B R P mrjpd BRI

Fig.6 mrjp9 gene expression in drone and queen honeybee
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MRJPY s F 3% 8 11 505 1K) 8 I — >
D, g A ) e S BT I 4 2R O3 B 45 5
FLJE WU DA M T % IROR 55 i ) 2 3 4127 0 i
i, 83— 2 kBT HE A K B (Santos et al.,
2005) « MRJP9 1E 24 £ 9 B 11 505 1y — S i A
HN S B M R EE AT EAE R
e, H 2 CAT M WF SR W) MRIPY & 3 4170 /5 £ 9%
HORNAETE BB > A7 AR IR I e 2 Hofh F 2R R A
Ji% T B AT I8 57 E X (Albert et al., 1999b) o
Ik, MRIPO 3 BLHAT 3L Ah F % R 5 RN
IR D6 HAT B W AR N IR B s B R AK AR AT e AT
Ath 77 THT PR A2 40 2 3 S

21 MRIPY 70 % e 7k N 19 74 B 22 T g, 25
R — N E . T B B
i b AW 3, — AN Bk AR MRIPO W e 5 K
g R R N [ B A R AL 2 L i 1 R S AR
5] & 13 i e v (Albert and Klaudiny, 2007) , j&
o A R A i o (ELBE S 12 TR A 0 ) ik
i T 9% IR R B A B 5% R ik (Santos et al. ,
2005) » IX L2 230 Ay 5 A0 5 |k 1) o A e N AH O
PEAN T MRIPO 2 15 00 30 Al A= 0 1) e 80 J B 22 3t
MBR/AERTET .

BRI MRIPY 11 % W AR N 1 ) °7 Ty g A
BIFFERE AN R G Al S KB IR U1 RN 20 25 A7 1)
WAL mrp9 (R e K BEAT TR &R KR
TAZ K DA A B e AR N ) R TE YO FE AR T AE L B
W R PR AN [ I S AN ] AL U A 38 5 3%
15 AN B2 W (R PR S 5 BN 20 AT () S o 3K
Y W] mrjp9 5 B W MR R G R, B AR

S () LR I BE TE 0.l I X 3R OE &R R
L, iz P kS B KB BB G A
24J L 0l R ) A R 0 A N AR 3R R IR i AE 1S
H W N 22 J5 1) 8 e AR N 1R 3% 3 B v Rl 2 A
B0 TR S ORI 8 2 Ak K P W B R e e TR R B
WE AT N ke B Mg T, W B R 4 4F B AN BE Ab
HZHREWES), LiE S5 81N 10 F FE 3 L
fEo A2 MR G, BS54 RETE D)
(Seeley, 1982) o fRREA X —E4) % 1%, B 1K
P IR R A3 3% 1 o A o A L AR 1 7K P 328 3 B
s e 2 4 R WAk N & & B (Rutz e al.
1976) ; 55 — 55 B AT 9 K 1 I AL ) 2 1 O A
period , 1% K DN 1 4] AF B0 PR P B R UG TR 2R
W AR P B R T 2 ) period (¥ 42 3K W] DLAE ]
B R EEAT A (Toma et al. , 2000; Bloch et al. »
2004) o Kk, mrjp9 1325 K I Ah 2 A ol
WIEAT N R E R R AE AW &, W REHR 54T b Kk
B> TAH K. H MRIPO BAKE 52 50 ® g 4T
NI E 5oy TR T A e T A AR o ) L iE
itg WEAT — R AT 5T
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