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(Z AP BE R HIEHIILT 5 H 661101)

B OE., KRB G EFRRREILS N T %% (Apis mellifera) % TR £ & G K A (mrjps) &
KRB IRTE REFRARNGw, RRET BHARKR—KWERANEEIORE MMHH 3
ANGE 20 3 BREEE o R U4, BrR o E ey R AL 4 AR Rk A AT R AL R AR
R, BREH (B ARAERY ), REAMA 2 AR K atE A 2017 F9 AFaE11
Ada, ARANKEREFRRKEE>ANENSE LD LEBEOFRAELHATO RS E
Fo RABR RS A F ;A4 3 R 9 B T¥RT mrjpl ~mrjp9 Fa x4k KA e3 (yellow-e3) 48 3
RE TN M EMBEIRTE AEFAKREREAREALRARE A S, SR F.3H
B EGREE EARRSZH A M ELH> L EMEHNSBA F i, La8 27 2%
(P<0.05) ,3 #r#&ieh 2 — RA R (ARBRKRIN) S L I A b ELH>LEBMLH>BAE
Feky, 4L £ 5+ R % (P<0.05) , £ 9 B# T L3 mrjpl . mrjp2 .mrjp3 .mrjpd  mrjp5 Femrjp7
Ax; & E L mrjp6 . mrjp8 Fe mrjp9 A8 AR R A | b E Lm0 4 Ao 3t B 2L mrjpl |
mrjp2 .mrjp3 .mrjp4 .mrjp5 Fo mrjp7 #9483t Kk FZ A0 5 R & mrjps B AR AKX F 09 99.94% |
99.94% %= 98.60% , 53R iak AR B E L LEBEHETER ST mrpl . mrp2.
mrjp3 .mrjp4 .mrjp5 .mrip7 Fo yellow-e3 #4948 3F &5 2 (P<0.05) , Bk E Ao 420 b & Jk B 49 48 2
R BREH T LEBMEHL(P<0.05) ;4R b F b e L 0 H 2 EHIKT mrjp6 .mrjp8 .
mrjp9 #9 I KK F(P<0.05), MELHAR IR F I RG, L RA LEMIEHA, 2T R R
&, BB Z W] £ F 2% (P<0.05), WX kit LEMARAR I RGRT 5 BAMLL R
FEZ57(P>0.05), 3MEXRPHIRRAEAREORRABARAR &, Z LR REHA
BOREZTHEAH BT EE mijps ARG R BEABIRFZZTHIARE , IR RZH
M H AR K, 3 MEEAL R R E N A LA TR mjps A B a9t ik A
BEIRFERG, WRTL, S TEHFERLFTRELIRA XL THEA ML RN T
FAAHE,

KEIE, BRI B, IRIZFOAA  AEOR;AAR

FE S EKS . S894 XERARIREG: A XEHE.1006-267X (2020 ) 02-0856-14

YT IK (royal jelly) M SERE P M T IR EEMLEY B, B — M EZA M, BT
LSRN MR 25 e TG 3 B LIS IR S B % R 5 0 0 Rl R AR I L R
i LA GRS ARRY B RERE W BRI AR, HAL S R BT AR
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— MR, W I OK S E AR 60% ~ T0% KL AR
F S EAE 12% ~15% BER & B 10% ~16% |
JER S |IE 3% ~6% ML/ F i) (4iE &R i
R IWEEERE) S B 2% ~3%"", Hi &
PR T 38 T B S B4, 2 e T R
1 50% ", W EIRPAHE 150 ZFEAT, 5
R R A MK EE A, HfoKEEEA
B TSR 46% ~89% , 2t I h R TR Y
FEE B, PR R 8% T K 3 R (major royal jelly
proteins, MRIPs ) ZZ %' "™ . MRIPs F i J& — 1~ It
R B R R, HR B 4 F T T 49 ~
87 ku, EHER 75 R PR AE 47% ~74% ", H AT,
— LB T 10 4~ MRIPs K & W B, 4 R
MRJP1 ,MRJP2 . MRIJP3 . MRJP4 . MRJP5 . MRIP6 .
MRIJP7, MRJP8, MRJP9 #1 MRIJIP-{s, Drapeau
LT MRIP-{s S — A G it AR 58 4 22 K 14 1 3
ABTFEAR K ML Sk A H ET 9T & B MRIPs
HA Z E A48, MRIP1 ~ MRIP9 7834 3¢ (1)
A B RS B A I 2], L MRIP1 ~ MRIPS
#| MRIPs (1) 90% , 5 7k MRJP1 ~ MRJP5 1E 1% T 3¢
T B R EEFRIIRE 5 AN MRIPL 1] LU k2
e 4 UL A i . MRIP3 1 DAL Ak e F 4 iy
A, WA TE R A 4k R VR AT MRIP2 A
MRIP7 5 T Bp 51 % & A K" s mrjpd (R HFF 5
HE AR50/ BHAR R, J5 3CIR) ) 78 T8 1
e T R AT FRak (B TE e T 4 U b AT s
BT 0 75 2 SR R & B, R AN
MRIP4 75 % B R PN 5% 8 SR DI B 134 1T fE & 48 25
fbZhfE"® s MRIPS & & H B & R , /& & & e R /Y
HEE M ;mrjp6 TE R RIB &S THE %,
iz Em ™ WAa B & B mrjps 1 mrjp6
R RGP RA R E T E &, sy
Hr MRIP5 Fl MRIP6 4b F [l — 43 32117 4] MR-
IP5 B TR EZE R W RN, 76V J7 % 1% (Apis
mellifera) T8 &35 HAB DI 68, 7] & 5 MRIP6 1Y)
REAHIT , 5 V4 J S W ph 28 & B AH O ; mrjp8 1 mrjp9
FEEWE R RE, 5% ST E NS H A
Setel AR MRIPs 5% A 0% 1) ) Y5 1 45 v, A
MRIPs Z 5 H1 45> 1 53 19 7% 2 FE AN IS AR ]
FEFEAL A B P BT — 2 9 3 A% o Ak R ) RE
I, 2 [A] — B 53 PR AR AN () 2H 29 3R R i B A 2
BEATET . 554k MRIPs % H b 3 ) WL 1k H A &
FE BT DR ABAE T, T SR N m A B P T

A ) 2 % e AR O R R A B i

W48 (bee pollen) S22 14 M b FEAE P 46 88 1N
SRAE BYAE TR A AL 2 FE TR A T B T — P AS
U e B JE IR B, W 48R & A7 200 £ FhE 57
A EEEAR IR R MR E
PR By 2R AL S IR RS, LT
B HRAATRE T, R e
B R T IR Y A e M AE R T S B R R A
R EE IR ERAFERY R FE, B
Al DABE SR e UM | AR R R WE 1 R
20 DN AL 2P T AL 3.21 mg, A Y T AE K
145 mg' " AEHS AT LA 8 T34 A R iR Y % 7 R
WEHAMA K, 782N EREYRE, Rl e & &
5T P AR 7 2 T A T R 2 R T R A DA 1)
BRI DA P I R K T A
RS K, SR e RN 4 HHR R A A BT R YR
FYE Bz RS M E RS ETAR
BCATE I A K AZ B DA 3R i 7 AR A5 17 O, T e
YHRE 1t 2552 FIRZ IR I R KR AR 40 48 A %o
T LA NS FRME, BTk h &
W T Wb e EIERR A A Y AR AR
KA, TE = M A BT, AR T AR, B4R 9—11
A REAEW] e i %, e, L% e
R FREE R EAEY , A 5K o e iR
7 B WA S AR A T 3 S I AR R, BT 9 O ) AR
LA AN Z FE R & 3 X mrjps FEIK I EZ A, 43
Mrsemm vy Jy % e TR = R W RE A TS
XTI A RS A Wb VE T, DA 3% 0 A 7 4R
B e N H ok 0 A a1 sh BRI AR
B, E SRR S AR W RS E SR T
R, MM TEEA MG BA 2 CHEEWE
FH AR GE 45 5340 1] O #b 70 % 14 75 FR 24 0F 5T DA ).
N TARHEC S Pt — 252

1 MRlEFR*E
1.1 iRe A4y

ARG SR FH ) 6 W i R A W S e I P R K
FIBE e (A, m. ligustica) , i [ 5 3 7= VAR £ 2190
CEAR IS 0 VE Oy B s YL PR A BT FHAE A R i
SACK (PR Hh . Z WO 2017 4FE 4 A7) g
R (P . =P, 2017 4E 6 A7) K ER A
SR, %, -20 THRAT,
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1.2 RIGiEt

AHIFFE A TT I I B2 FH 5 12 56 1T X 22 Fh A6 4 1)
FE A& AT 7RI A, BE T &
TEAA—EMEHEAR S EMAZE SR LR
1ANBREE) T SR A K | 1 3% AL By A T R A8
VR (Rl MR SR A 4B Ry . H T AS i i % HR2H oy
HARRH , i L3k 435 A1 5 0 U AR ) 3 25k AT
T2 IF RS, A AL R R FE R, AT LA R X
PRZH B HE () A0 b 1 75 oK RO (29 3 A i
W, IR RE T aR ) HES (BN 4 W R A i A AR
— B R 8 NS gy 1 B g2y 1 g
BT 2 R s N EMAH 1.6 7
HO) FEAR — By B ROR) 0% o B R RE T AR R
JRLERCH PR PR 1 ok AL LAt e R A 1 I 2
PN RIGHENLA> R 3 4L, BEA 3 BEE L S
AN AL ) I S AL B 5 - AR Ry A A 1
FRAERY s X IR R MR AR Ry, A SRR By, R IR AE
3 B YF SR A6 4 2L RN 3 A K L 2 2 T A,
WRZH AN 22 2 A i, F AR SR M . 1R R0 o 2 4>
A R E A 2017 4E9 A A& 11 A A,
W R AL Ry i, 3k 20 H i, BEREFREL 200 g,
ATE SRR (K =1:0) A8 A, AR T4
L, PRI S B TCR SPRE R ks ek
3 d R 1 Y, R VR ) MR I S b ] R
e, 1 U] R) OR E 4 I g 2H M AR R o
AR (K =1:1) , B0 1 k%
Mg, MR 30 d JEbRIC W B T8 e BURR 2
J5 9 H & T8 BELF AT mrjpl ~ mrjp9 18 (A%

e3 (yellow-e3 ) AH XT3 15 & F ARG I 5 T 06 HOAF: []
WA T I T3 AR A I e R 7 e T TR
W PR OB E A ME R A RS & B TR
TN G AN [ e 6 by AR 2R 1 0 R A Bk R A K
H5&H,
1.3 BEMEEARSEREERANESSE
MzE
1.3.1  WEAER 8 A o B e

Z W GB 5009.5—2016, B 0.4 g F¢ &8 4
H sh Pl K€ A X ( Hanon K9860 , %5 g ) K6 AR 5
MEARS R (ARFEIHEATRN RN
6.25) .
1.3.2 Wbk Z LR A RS & =

%M GB 5009.124—2016 , #HL 0.07 g FEM T
KR, A 6 mol/L 4R R 10 mL, il A & A
2 min J5E T, & 110 CT/KME 24 h, K72 G E
AT 50 mL &, B 2 mL A AT
60 C M, A 1.5 mL B FE & B B, &
iR 4 B 8153 H1 1 ( Membrapure A300 , {5 [#] ) £  #
i AR A S Fr A,
1.4 P75 E % mrjpl ~ mrjp9 0 yellow-e3 8 3¢
RiLEREN
1.4.1 5lYiit

M NCBI 54l 2 T 274 77 % %% mrjpl ~ mrjp9 |
yellow-e3 Fl B-WL3I & 1 ( B-actin, NS HEH ) (1) I
K%, I Primer Premier 5.0 B 1% 11 & # 5|
Y(ELD) 510 H LA T AY TRARA
iy 4

x1 XHRETASY

Table 1 Primers used in this study

GenBank & %5
GenBank accession No.

NM_001011579.1

NM_001011580.1

NM_001011601.1

NM_001011610.1

NM_001011599.1

FEH Bt
Genes Primer sequences (5'—3")
- F:GGCGAATACGACTACAAGAA
mip R:GACCACCATCACCGACC
- F:ACAGGAAAGGGAGGGCT
mip R:TGGAAGGAATCATCGGC
- F.TCAACCTATGTGCTCTCCAA
P R:GCCTTTTTCGTCTGCTATG
— F.TTAGTCCCGTGACGCATA
P R:CATTTCCTTGATTTTCCGA
—_— F:GCCCTCTTTCTTCTCGC
P R:GTGGTTGATGCTCGTTCC
_ F.:AGCCCTCTCACTTCTCACA
mrjp6

NM_001011622.1

R:ACATTACTTTAGCAGACGATTG
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2k 1
LA L/ 2] GenBank &35
Genes Primer sequences (5'—3") GenBank accession No.
F:AATGACGGTTGAAGGTGAA
7 : NM_001014429.1
mp R:ATTTTATGAATGGTTTTGTGTTA -
F:AGATGGTTGCTGCTGATGT
' : M_001011564.2
mrjp8 R:GCTTGTCTCTTTTCGTCACTA NM_00101156
F:CCCAGATACACCAAATACACTA
in9 : NM_001024697.1
mp R: TCCAAAGAAGAGAGCACCA 001024657
lores F: ATCTTCGCAGTCTGTCGC NM. 0010082261
yewow-es R:AAAAATGCTCGCTGTTCC - :
B-actin F: ACTCCTGCTATGTATGTCGC NM_001185145.1

R:GTAGTCAGTCAAATCACGGC

B-actin;: B—Lzh K H ; mrjp : 3K FH K major royal jelly protein gene;yellow-e3 : B {RIEH e3,

1.4.2 & RNA $2HUf cDNA £ A

B 2H 73 3 HUE 0 SK AR A BB AT
RO | MR 15 W] 45 1 1T Trizol 357 (In-
vitrogen , 35 [F] ) $2 B AF 41 % % 5L RNA . F) 8 1
6T (Implen N50, £ ) Il 5 RNA
JE 1% BB W BE IS i Uk R I RNA 1Y 58 B 1
& A PrimeScript™ RT Master Mix i 7 & ( TaKa-
Ra, H &), L 0.5 pg & RNA K M 52 5% & il
cDNA
1.4.3  H A B AR RT3k 1 0
LA B-actin FE P Sy N 235 K AG I mrjpl ~ mrjp9
Fl yellow-e3 WA XS 35 &, & & PCR &M & &
720 uL:SYBR Premix Ex Taq II ( Tli RNaseH
Plus) (2x) 10 uL, Rox 0.4 pL ( TaKaRa, H A) |
RNase-free 7K 4.4 pL, I FHE51 4 (10 pmol/L)
% 1.6 pL, cDNA f&# 2 wL, &H: PCR I 4%
.95 C,5 min;95 C,15 5,60 C,60 s,40 M§
K, LL 272 B mrjpl ~ mrjp9 Al yellow-e3 1Y
AHXF RGN &
1.5 BFRFEREKFEEARSER
BARERE
1.5.1 B AR REARG

B L2024 h TG R EANTER,
2T E,BHR 72 h J5H UK, i 7 RF
PR A T e FRE R, B4 3 BEr T B &
SR, P58 A 2H M 0 ™ P 34 (E

1.5.2 & 3% R G

Z: B0 F 2% [ %R (GB 9697—2008) H1 ()
R 7 943 ARG D W 3 B K o 10-F2 3k -2 -2
75T (10-HDA ) FIORLER 11 0T & 5 SR
1.5.3 B ERPOKEWE A L EERAN S &
iRl

PR3 Pl 22451 g /30l 2 15 mL .05,
JA 8 mL 0.5 mol/L pH 8.0 /i NaCl ¥4, 15,
4 °C 250 r/min $& K42 8 h J5,4 T .12 000xg
B0 30 min, B % B MRIPs %7, Kf MRIPs
VEWF B 50 %, ¥ TaKaRa BCA Protein Assay Kit
R & (TaKaRa, H A ) Ut 5 F 17 88 I3 11 v 2 U
SE L BEFEIC10 L 2R 47 2R PN M Tk Jie B2 ¢ Fi 9k ( SDS-
PAGE) ,Krill/KiEE R A 5 & &, 2 |/ 1.3.2
T VARG T e T A R SRR AL
1.6 HIELESHH

NN T I o = A A D B O =
i, S5 S £ b5 o 22 ORI A R
SPSS 17.0 34 i 47 43 #r, 25 5 Wb 2 M o3 R M
one-way ANOVA 2 J¥ i 17, 4 0] £ & [ % ok 1
LSD 4T, P<0.05 #nZH B 3E .

2 % B
21 3MEEMEEARMESERSE

i 2 AT, 3 i A0k i ML 2R o A 2
iR O 5 ¥ R BN ISR AL A > 1 7 AL M > T A
Hr, HL&5 e AE K 18] 2% 5 i 3 (P<0.05)
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Table 2 Crude protein and total amino acid contents of three kinds of bee pollens %
5iH ZH %) Groups
Htems WEAER) AR R
Brassica napus pollen Hymenodictyon flaccidum pollen Control
HMLEE B Crude protein 27.21+0.42° 20.54+0.95" 15.29+0.58°
B FHERR Total amino acids 19.53+0.61" 15.09+1.07" 9.98+0.45°¢

()43 Kt A AR A RN 7R SOC P R ROR 25 A8 B3 (P>0.05) , ARVNE PR 257 855 (P<0.05) . TR,

In the same row, values with the same small letter or no letter superscripts mean no significant difference ( P>0.05) , while

with different small letter superscripts mean significant difference ( P<0.05). The same as below.

22 3MEEMEERARSSE

%18 GB 5009.124—2016 X i1 32 48 ¥ . + %
FUACA UL AT A0 1 R 4 S e AT
FE LRI 3 R I 20 A RERR A, T
ARG R FH K A 15 D 7 B S5 1R 7 o, HE v R A i
AR A I, T R A AR A B4 Ik e /K e A8 WL T 4%
IR 0% R 50 2 /K M, PR S T 17 A 3k

PRI & (3R 3) o 3 Pl by rh 17 B 1R i H
— O i PR A SRR D A R ISR AR > 1 A >
YLER LA MY, B I 2 R A - o A VR AR R
& E2ZERARE(P>0.05) 4h, Hofth & 3L R & &
AL [H] 22 5 1 3 (P<0.05) . 3 Rl e h 20
AR R ET B AR ST A > 11 AR
WAL [B] 22 5% B 25 (P<0.05)

RI IHMBAUNSERERARSE

Table 3 Amino acid composition and contents of three kinds of bee pollens mg/g

L ZH %] Groups

Amino acids R4 T A PO

Brassica napus pollen Hymenodictyon flaccidum pollen Control

HNER Ala 10.25+0.15* 8.29+0.51" 5.43%0.29¢
L E R Cys 0.85+0.19° 0.60+0.03° 0.57+0.07¢
KARMR Asp 19.14+0.64° 15.76+1.28° 10.15+0.39°
HAM Glu 24.02+0.83" 20.00+1.73" 9.93+0.57°
KINZEMR Phe 10.31+0.37* 7.86+0.54" 6.25+0.37°
EM Leu 16.80+0.63" 14.00%0.95° 9.17+0.42°
HA&m Gly 9.94+0.19" 7.51+0.42° 5.24+0.17¢
HE R His 6.21+0.28° 5.14£0.25° 7.14+0.34*
SRR e 10.49+0.36" 8.13+0.56" 5.45+0.26°
#H R Lys 20.40£0.74° 11.76+0.64° 8.09+0.25°
LR Met 3.15+0.68" 2.93+0.15" 1.99+0.18°
IH 42 Pro 11.68+0.59* 6.76+0.49" 6.01+0.18°
AR Arg 12.53+0.48° 11.01+0.77" 4.92+0.32°
225 R Ser 11.51+0.41° 8.23+0.95° 4.97+0.24°
IR MR Thr 10.79+0.41° 7.55+0.66" 5.14+0.20¢
B R Val 9.78+0.36" 8.62+0.55" 5.36x0.24¢
B Z MR Tyr 7.50+0.34" 6.75+0.48" 4.04+0.13°

2.3 AN[EEETE X A E ¥ mopl ~ mjp9
yellow-e3 =35I 52N

U T R Pl T R R T AN b SRR O W, —
VU7 EE 0 T AE 5 0 KT E ER A AR E
) g5 o 0, DR Ot A 30 X o 7 A O R T g Sk B
mrjpl ~ mrjp9 Fl yellow-e3 B #H Xf 38 ik &= #1717 K

. g5 B IR, mrjpl mrjp2 . mrjp3 . mrjp4 , mrjp5
H mrjp7 78 T 0% ERAXT R %5 (B 1-A~E .G) ,
mrjp6 .mrjp8 . mrjp9 F yellow-e3 # X IK % ik (&
1-F H.1.J) . 5% BT Lo, fa) M2 S A6 4 A1+
BEEAE B B E PR T mejpl imrjp2  mrjp3  mrjpa |
mrjp5 , mrjp7 Fl yellow-e3 Y #H Xf 3 ik & (P <
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0.05) , ELIMSEAERY 2 bR L ) A AR ) 26 54 1 g 3
BT E AR 4 ( P<0.05) 5 ] W SE A8 4 1
HESAE N BB B AKX T mrjp6 . mrjp8 . mrjp9 1) A0 X}

FikH(P<0.05) o ARIE mrjpl ~ mrjp9 HIFHXT 1k

>
=y
=3
S

mrjpl relative
expression level
w

mrjpl i s B

mrjp3AH XY Fk i

m

mijp5 relative
expression level

mrjp5AH X RIA B

WAL LERAER A
Brassica napus
pollen group flaccidum pollen group

80 .
b
IO I -
0 | .

pogite|
Hymenodictyon  Control group

WAL AL LERAE 4L X HEZH
Brassica napus Hymenodictyon ~ Control group
pollen group  fraccidum pollen group
a

Q

7 relative
)
DI DD 0D

mrjpT re
expression level

mrjpTHI N R IE B

S 2
a Y

mrjp9FH X} ik i
mrjp9 relative
expression level
e e
o W

S

R CH O L B - N1

WA REEIEm A xR A

Brassica napus  Hymenodictyon  Control group
pollen group  flaccidum pollen group

a
u '
WA A kA X B2

Brassica napus Hymenodictyon — Control group
pollen group flaccidum pollen group

WAy LERTERA Xt
Brassica napus  Hymenodictyon  Control group
pollen group  flaccidum pollen group

SRR, SR AL R 2 % R A R 2 R X IR 2
mrjpl .mrjp2 .mrjp3 . mrjp4 . mrjp5 Fl mrjp7 B9 K X}
ik m Z M50 & mrjps SARX FIAEAY99.94% |
99.94% #1 98.60% .

B g0
70

60

- 50
5 40
S35 30
20

10

0

WA ek

Brassica napus  Hymenodictyon

mrjp2 A X R IA B
mrjp2 relative

expression level

XJ‘ e
Control group
pollen group flaccidum pollen group

D1
16
14
o
-;gg % 12
®EZ 10
=0
l?:.g 3
Eig
F8 0
g 9 4
0
AR RERERA Xt
Brassica napus Hymenodictyon Comml group
pollen group flaccidum pollen group
F 0.6
0.5 g
i 0D
ﬂﬁ_z 3 0.4
W_S -
res 03 b b
£2%
=3 ,% 2
BES02
E o
0.1
0
WAL hEEIERA R4
Brassica napus  Hymenodictyon — Control group
pollen group flaccidum pollen group
H 0.06 a
0.05
1 R
K2 20.04
g
g 2.2 0.03
X @u
BEE o0 b
SEg00
g
0.01 c
WAL REEIER A bapceil
Brassica napus  Hymenodictyon — Control group
pollen group  flaccidum pollen group
J 035 .
“ﬂg L, 030
RET 025
=S 5
5 22 020 b
£5 8
BEZ 015
i
= T % 0.10
153
> 0.05 .

MSACRAL 3tk A X BE 2
Brassica napus Hymenodictyon  Control group
pollen group  flaccidum pollen group

BIEHERRFE A NG FRRREF B E (P<0.05) RN FRFRERABE (P>0.05),

Value columns with different small letters mean significant difference ( P<0.05)

significant difference ( P>0.05).

, and with the same small letters mean no

B 1 AEEEHIESZE mrjpl~mrjp9 FA yellow-e3 3K i& KIS0
Fig.1 Effects of different bee pollens on expression of mrjpl to mrjp9 and yellow-e3 of Apis mellifera
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2.4 AREEHNETIRFEFNHRENZMN

3 I F AR AR 4 BR s AE Ry 4l
W T s, RO £ AR R AL, N R i
K, & 2 [F) 22 53 .35 (P<0.05) , a3k 5 o, 1]
WEEIH SRAE K R E 3 AR N 55 B 4R SRR Pl 7 0 K
FE7K 43 10-HDA R 2 BT % it R R B 7 18 #45 £F
TE—E 2T, Xt 3 P T 5 3 AL B0 2847 6 R L

B KA A ISR AL R T A Ry A
(P<0.05) , HA£H 18] 22 3 K .3 (P>0.05) ; HLEE
FIBE & i, ISR AE R 4L 3 T AR 4L (P<
0.05) , HAth 4l ] 25 57 AN .35 (P>0.05) s R, il =%
WA B % T A 4l (P<0.05) , H A4
)2 S A M3 (P>0.05) ;10-HDA & 12, 4% 41 8] 2%
BAREE(P>0.05),

F4 TEELHIETR=2HZMW

Table 4 Effects of different bee pollens on royal jelly yield g
2% Groups
WA
lem SIS AE R LR %418
Brassica napus pollen Hymenodictyon flaccidum pollen Control
% T 4% 7=+ Production of royal jelly 24.33+1.41° 20.17+1.02° 17.69+0.92°
x5 AEBEEMNETREENZIT
Table 5 Effects of different bee pollens on royal jelly quality
215! Groups
Wi
. HAER) AR U
tems
Brassica napus pollen Hymenodictyon flaccidum pollen Control

7K 43 Moisture/ % 59.83+3.32°
10-¥ K —2-2% 4512 10-HDA/ % 2.43+0.11
HIZE A F Crude protein/% 16.73+1.07°
FRIE Acidity 41.00£2.00°

64.81+0.55° 63.14%0.06"
2.28+0.22 2.33+0.06
14.44+1.00° 14.66+1.08"

36.33+2.31" 37.67+1.15%

25 AEEEMMETEKAEEONEER
40 F% B9 3 i

Fie 18 BCA A & U6 B 45, 37 4 13 8 E
(BSA) bR 2 (1 2) , AR 4 Il 9 05 #2 . y =
0.005 6x+0.034 3(R*=0.994 6,y NWCE x KN
KM A SR K 3 4 T R BOR O AR
AT TR 3 A PR PR EA SR, &
FEHL 10 wL #17 SDS-PAGE, I EHKIFMHEHEH
TR ES R TR 3 A FROKIEHEE A &R
A, SHZEAFERF2ZR(P>0.05,
% 6) ;3 4 T IOKEMEE A SDS-PAGE £ i 7
BH Ao AT R 55 A T A — 3, R 2 A
TR 6 2 FIGT R A 7 0 R HLA A R K 1 R
FZH (B 3) o SRIHZK Al 2 % 3 e 3% 2 BE R
20N K AT TR, 3 TR R S A 1T R

SN, Ho A — 2 BRI A AN AT AE 0 3
225t (P>0.05,% 7) , U WA [R) 76853 1] IR 86 ¢ Py 7=
I R A SR I A T2 57

1.4
»=0.005 6x+0.034 3

E12 R*=0.994 6
5]
@ 1.0
3
E 0.8
e)
£ 0.6
2z
< 0.4

et
$02
X 0

0 50 100 150 200 250
K¥EHEE H& 8 Water-soluble proteins content/(pg/mL)
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Fig.2 Standard curve for water-soluble proteins content

determination of royal jelly
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Table 6 Effects of different bee pollens on water-soluble proteins content in royal jelly wg/mL
20 %) Groups
i H
e AR LR %1 1
Brassica napus pollen Hymenodictyon flaccidum pollen Control
JK i P2 F Water-soluble proteins 25.41+0.39 25.30+0.20° 25.65+0.15
ku M 1 2 3 jp2 .mrjp3 mrjpd mrjp5 Fl mrjp7 1€ V4 )5 58 W H
o W e OO DT 4 At LR 0 I 4 O i 7
97.2 oy >3 FAERS ; [R5 35 B AR mrjp6 .mrjp8 FI mr-
66.4 Jp9 AR ik FRARRE BB — s MUHREPE, X
— — 4R AT RES MRIPs 158 5 /95 B FI D) REAH
44.3 O, MRIPs J& 1 T3¢ o e 32 B 2R A T oY
TEME I rh 2R IR B IR DAY | e K AR
29:0 S E BT REYY 5 H T & A 1 MRIPs 45 060 fi i

M. 2 H Jf b5 i 4> T & Protein molecular weight mark-
er;1: % B&2] Control group;2: + AN 4l Hymenodictyon
flaccidum pollen group;3 :iHZEAE K 4 Brassica napus pollen
group,,

B3 3#iEERKAMER SDS-PAGE E

Fig.3 SDS-PAGE map of water-soluble proteins of

three kinds of royal jelly

RIS i S
3.1 AEEEMIEF ELE mrjps RiEWF T
etk FE O RN E (T, ARSI,
B AR5y 2 VU % 0 M — R 11 BT R DR S [ AR
L S AR, N 8% ~40% A2 120 K [H]
AEM R T 4 e B R [FE SR E, X E R T
TR b 28 W T T LT R R S Y AR
KB ML A G o b T AR AN Bt 4y
S W X B )T Y A SR L SR R 0 A 2 R 1 TR
REPYOARBEIE , m EAE M L E AR SRR
27.21% .+ 3% ALK R 20.54% | V8 &1 5 AL B
15.29% , H. 3 Fibé {6y i — R S e (L & PR R )
BB TR SR AL M > AL > AT BEAE R
3 WEE Gy W O SR AR K | 3 AL R ke iF 5
AN [RVREL B 11 5 7 2t B I AR M X mrjps 223K B 52
V9T A ARCREAL (IR T R E IR
R R VBT R ) A B R MEORL B P B B A X R 1
THEEAE R A % AL T UL 3 R mrjpl  mr-

Hh ) 2R BT AR P O T T IR kR R
SO FATT I KL A PR A AR R T
RER T BR b BAT 8 SR DIBE R mujps B3R5,
MRIJP1 . MRJP2 ,MRJP3 ,MRJP4 MRJP5 F1 MRJP7
e T3 B R E IR IR DR R A
B B M SR AR RN A 34 AR Ry T BB AR = -
jpl .mrjp2 . mrjp3  mrjpA  mrjp5 Fl mrip7 B A X 5%
ki, JFH 3 g £ ok AR 1 T i s X
TR L PR 8 1 1) 2 5 P2 B2 B . MRIP6 5 H
ftt MRIPs AN 6], A5 & A8 2 X i RER &
PR EBUN BB R IIAE I B mrjp6 TR S rh
(AR Tk i T A Y R RE S R & O
S A S AR R A SR AE S R R T mjp6
(R RF G 3 38 g 4 00 ) R Vit S 46 K R - 3 R AE K
B2 W 7 e o) o AR M T el 2 R B MUV 57
MIMTREAR T mrjp6 #9735, MRIP8 FIl MRIPO [+
Hh ok = J5 I AL B R R X X e AT X
BRIy i B R B R N M BT AE AT A
& MRJP8 £l MRJP9 A H. % & 37 T '™, MRIPS
I MRIPO 75 T3¢ rf & d il /b | 7 0 P i D e
A {H MRIPS Fil MRIPO 7F % i 35 i 1] LA G
PV RRES 5 X RS R R Y,
W < TLIGE A I e AR B e 2 ) 1 e R Sy
S U — P 917 A AT Ay 150 T o T e g A e T
K HEW mrjp8 1 mrjp9 TEWH & v 1Y K3k 5 2K
TAF DM, B D T A —Fh H i 2 A0
(age-dependent roles) Bt 42 | 43 T . 19 ol 22 £ Bl
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W BRI W DI RE R S AL . R MR e LR 1 B
S AR SE T I A O AT B A, AR T
4 7)< T3 860 g 7L I T ) MR S A6 R o R A

5 i AR Ry ST 2x AR 57 P g L A
mrjp6 .mrjp8 Fl mrjp9 1A X 2R 35 i, (H HAR XS %
IRk iE Y AR B 5 W A0 Ry hoRLER 1 o S R

0 His TR JE TIiE M, MX R4 0 Hid T IR B — & R ALK XF mrjp6 . mrjp8 il
AR O AR s Dt SR A 8 mrjp8 B mrjp9 ik B 52 W /EF 75 2250 2 B 58 R IER |
mrjp9 [/ AH X} & 3k 5 5 X B ZH AH Bb B i R A e Al
xRT 3BTRS ERARNRESE
Table 7 Amino acid composition and contents of three kinds of royal jelly mg/g
205 Groups
A
Amino acids MSEAE R + 3% AL pagid
Brassica napus pollen Hymenodictyon flaccidum pollen Control
WA Ala 3.84+0.31 3.51+0.34 3.77+0.47
LA Cys 0.20£0.12 0.19+0.06 0.21+0.06
KA Asp 20.37x0.53 18.55+1.59 18.93+0.93
B Glu 12.18+0.55 11.20£1.31 12.54%2.54
KN Phe 7.15+0.39 6.48+0.52 6.57+0.35
LM Leu 8.72+0.49 7.81+0.70 9.09+1.92
HZM Gly 4.19+0.21 3.83+0.37 4.05+0.37
ZH &R His 4.70+0.31 4.44%0.38 4.37+0.28
SRR e 5.54+0.34 4.91+0.44 5.68+1.09
Wi Lys 12.13£0.36" 10.91£0.55" 11.18+0.62*
HBLATR Met 1.66+0.02 1.44£0.23 1.67+0.19
%R Pro 7.88+0.52 6.72+0.88 7.26+0.60
WEER Arg 4.71x0.33 4.14%0.33 5.28+1.76
22318 Ser 7.93+0.17 7.16£0.83 7.49+0.61
AR Thr 5.91+0.14 5.30+0.45 5.54%0.34
HEMR Val 6.88+0.41 6.08+0.44 6.63x0.69
& &R Tyr 4.46%0.04 4.12+0.25 4.71+0.83

32 AEBEMNEERAFE.REMAKY
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PR A% AR B I R BB A 4 0 g e A
HA Y —FE A Re il 2B IR, K N E
YR aRAT R AR O 1A 5 TR AR PN T Tl i
AR 22 Bl 28 R, 4 i BE A, 3 Ao A 2 R i
FEHLEE , EHAGNTHRENEAR, 254
JH B4 A BRI G AE A 16 Bl TN T R A3 b i
TR E BT, e A0k v LU T e iR B
B LW T WA Ry v (R R P R
BRI T B R R & B KR R AR
AN TR) P B A A X T 06 R R & BB A TR
[F] , o 2 1 J5T B A 6 T BR R B A A S 1 R A
F, T REAE K T 0 75 Ay AL S A )0 5 H S R

THETHAE M b EE T F RN AR, W T
A ERAGHE ST ERENEARMH T ERK
(43I R P R R SR RN R B S
fE, xRl e E R, I, 7 SR e R
Rl AU IE ST A i /B S LR i i ) [| B S W
(R AN o A & A N A Rl S )
10—11 Ay, %0y A Y £ 202 BT 5 HoAE v
L & 15.29% , 48 & 8%, A4
W 1) B 1 I AR IO AR AN R T ] PERE AR
P10 2 e A8 e AT S A AR 4 3 SR A by W R A
EHRE R T, O HE A Ry PO
T T R E R (HR RN R
W R AR 1 A s N T R R R S R
e AR A A — o B, — N 30%,
o] DKL B, 11 JO 7 o ) (P e A R L 2R S R AR
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TR A H ek v AL A R 2 X
WA T iR 3 B — S A A R DR, T O
ST ) WL A e A Ry TR B 1 T N S IR AN
1, BL27.5% ~30.0% R B ISEAE R RLE A
F &R 27.21% 6 T B F MR TR AR 7ok
YU SEAE & —Fh B G E M P TR, T
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PR ICE IEEEE B LS Y IR
R4 Z2 R o 0, W A6 A rp EL b g I o W 1 0 7
R R A T B 25 SR TE R
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1), W 10 o A 1 P N R 2 7 SR e R I
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()22 S W8 IR0 I b o 0 R 5 AR
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AN [ W AE 93 T 7 e 1 I €0 3 AORR L T IERER A
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BT R 2 2% FE WS A 2 B £ | R 5 )
e PR TR FRELGE 2, BRI ERE
Wi e B KR 4 kR T LB W b i B
I, 200 o AR W PR o 32 R (FERY ) AR
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3 Pl ALK 8 W i P i TR 1Y 10-HDA & 2 7
AN, MR R AR (¥ T 2K) (GB 9697—
2008) 7= i A A B AL B, AR MoK o B i <
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TR b R S G SR B i AR A H R AR 4 A
B W2 3 oA [ e A Ry ST 7 e O 2 R R 2 A
Jo B B AR — B0, HED 3 g R AR o A
AR KA AR 3 Ao H S AN R
B AL X5F JT 2 0 T A 2 I AN K
3.3 mrjps T yellow-e3 HIRIZEXNEER=EN
= A1)

8% {5 . DNA #5854 RNA , # #1740
o) S el S i e O o o S N P U ST 7S
ol LR R AR R T T AR A R
R, TEARE RS AY IS, mRNA B 7K B T
AT, B2, AfELL mRNA /) 3= 5ok H)
W mRNA F#5% 5 8 1 5T 1 7K F, 8 1 T A R Gk K
SRR TR e A iR A DAL A AR A A 2
HEMPE R A TR TR
MRIPs J& 8 £ 5 v 2 11 BT 19 32 20 Uy, o
MRJP1 . MRJP2 . MRJP3 fil MRIP5 % # T 3 2K 1
A 82% %, MRIPs & H1 mrjps B2 PR 3k 4
B mrjps J&— 1 HE &7 AR, X mRNA £k &
4 e PR S I T B L T B A R A K MR-
IPs BES W AR A B S T, mrjpl  mrjp2  mr-
Jjp3 .mrjpA .mrjp5 A mrjp7 B A X R 3K 5 Y OISR
A2 >4 3% R AL By 2 > B4 | g E o =
BRI SEAC K 4 >+ % I AE K 4 > X R4, 3 2 i
WK mrjpl  mrjp2 . mrjp3  mrjp4  mrjp5 ¥l mrjp7
B AR X 23k B AR 5 mrjps BRI X 2 3K 1 1Y 98% LU
e ARV Dy s e rh A Rk R m ) m RS
e F A4 e IEAH G, T mrjp6  mrjp8 Fl mrjp9 1€ VY
Ty B W rh A I R 3R L IR 5 A S IO 23 5
e E R R IR M HE I, mejpl | mrjp2 | mrjp3
mrjp4 .mrjp5 Fl mrjp7 B335 B I E K5
iR S =

BREEH (yellow) ZE R P B A6 5y 1k K B
AR I I 22—, B T4 1 A9 58 501 i 1 %
TR R 5 SR A (M G, B A B R vellow™ ™
14N 1k yellow H AR B BT — 2L 40 1 b A B, 7
Bl et EEEN, 0 EEh,
mrips F & T yellow TG 0 — 443 32, ¥ HAE
R LI, 5 RS KB mrjp 2L PR 3
EAE T H 24 p . Drapeau "IN mrjps
BT vellow-e3 , J& H vellow-e3 4234 — IR Rk £



866

I Y/

S

32 &

A Hl AL F I A, FRE, mrjps B9 & il &
Wi yellow-e3 1F A Ja 3l F i HF 4R (4, IF H yellow
VG5 e i R B R B A RATHED yellow-
e3 T RE 5 7Yy % W T IR & H MG, 5 it PCR
58 2 R, 5 %6 HE 2H 4 L, ] PR Shl 28 46 03 4 %
TR AT LG 2 4 2 VG T U yellow-e3 FARXT 3k
o, FLR R R B A SR AR > i AR . FRATTHE
M, yellow-e3 %3k it =, L T IR & & 2 B
1R, W T A G 3 PR 3 3K i g T R G 0
I ShER R | e T R

4 % i

I FRPHELZE 195 5 8 14 6 A6 08 0 P 07 86 3% mrjps
(i 3k R e T K 7 R A7 LR B I, 4 e T K TR R
AR, 3 A REH HE , SR TSR 2B A Y
Wt LA IR I AE B mrjps B AH X % 32k F i T
Wi, BT L, X P 7 i R g
TR I SAEA TR — B BT %) A AR

SE

[ 1] NOZAKI R, TAMURA S,ITO A, et al.A rapid meth-
od to isolate soluble royal jelly proteins [ J]. Food
Chemistry ,2012,134(4) :2332-2337.

YOU Z Y,QIAN Q J,WANG Y R, et al. Transgenic

silkworms secrete the recombinant glycosylated MR-

(2]

JP1 protein of Chinese honeybee, Apis cerana cerana
[ J].Transgenic Research,2017,26(5) :653—663.
TAKENAKA T,ECHIGO T.Chemical composition of
royal jelly[ J].Honeybee Sci, 1982,3(2) :69-74.
ALBERT S,BHATTACHARYA D,KLAUDINY J,et
al. The family of major royal jelly proteins and its evo-
lution[ J ]. Journal of Molecular Evolution, 1999, 49
(2):290-297.

CHEN C,CHEN S Y.Changes in protein components
and storage stability of royal jelly under various condi-
tions[ J].Food Chemistry,1995,54(2) :195-200.

LI J K,WANG T,ZHANG Z H, et al.Proteomic anal-

ysis of royal jelly from three strains of western honey-

[3]

[4]

(5]

[6]

bees (Apis mellifera) [ J].Journal of Agricultural and
Food Chemistry,2007,55(21) :8411-8422.
TAKENAKA T, ECHIGO T.Proteins and peptides in
royal jelly[ J].Journal of the agricultural Chemical So-
ciety of Japan,1983,57(12) :1203-1209.
SCHMITZOVA J,KLAUDINY J,ALBERT §,et al. A
family of major royal jelly proteins of the honeybee A-

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

pis mellifera L.[ J].Cellular and Molecular Life Sci-
ences CMLS,1998,54(9) :1020-1030.
BUTTSTEDT A,MORITZ R F,ERLER S.Origin and
function of the major royal jelly proteins of the honey-
bee (Apis mellifera) as members of the yellow gene
family [ J ]. Biological Reviews, 2014,89 (2) :255—
269.

DRAPEAU M D,ALBERT S,KUCHARSKI R, et al.
Evolution of the yellow/major royal jelly protein fami-
ly and the emergence of social behavior in honey bees
[ J].Genome Research,2006,16(11) :1385-1394.
KAMAKURA M.Royalactin induces queen differenti-
ation in honeybees [ J ]. Nature, 2011, 473 ( 7348) .
478-483.

THOMPSON G J,KUCHARSKI R,MALESZKA R,
et al. Towards a molecular definition of worker sterili-
ty ; differential gene expression and reproductive plas-
ticity in honey bees [ J]. Insect Molecular Biology,
2006,15(5) :537—644.

CHEN X,HU Y,ZHENG H Q, et al. Transcriptome
comparison between honey bee queen- and worker-
destined larvae[ J].Insect Biochemistry and Molecular
Biology,2012,42(9) :665-673.

ZEMEME A i, E Xy, 5504 7 % % (Apis mellifera
L.) R I MRIP6 FEF 33k [ 1] JEF 20 2%
SR A Y5 ,2016,35(6) :1415-1420.
BUTTSTEDT A, MORITZ R F A, ERLER S. More
than royal food-major royal jelly protein genes in sex-
uals and workers of the honeybee Apis mellifera[ J].
Frontiers in Zoology,2013,10.72.

BLANK S, BANTLEON F I, MCINTYRE M, et al.
The major royal jelly proteins 8 and 9 (Apim 11) are
glycosylated components of Apis mellifera venom with
allergenic potential beyond carbohydrate-based reactiv-
ity [ J]. Cliznical & Experimental Allergy, 2012, 42
(6):976-985.

ALBERT §, KLAUDINY J. The MRJP/YELLOW
protein family of Apis mellifera . identification of new
members in the EST library [ J]. Journal of Insect
Physiology, 2004,50(1) ;:51-59.

SHEN L R, XING L P,YANG Y X, et al.Sequence a-
nalysis of functional apisimin-2 cDNA from royal jelly
of Chinese honeybee and its expression in Escherichia
coli[ J]. Asia Pacific Journal of Clinical Nutrition,
2007,16( Suppl.1) :222-226.

XHEG BRI, 54T, A5 B AR R 2B T M ) B A BT Y
HERE[ ] AR, 2006,27(12) :909-912.



2 34

FIRIAS A AN TR] 86 A oy X DY 775 880 e e 2 9 0 2 1 R DR 3k R e T 0 B R AL 52 1) 867

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

LINSKENS H F,JORDE W.Pollen as food and medi-
cine;a review [ J ]. Economic Botany, 1997,51 (1) :
78-86.

ALMEIDA-MURADIAN L B, PAMPLONA L C,
COIMBRA S, et al.Chemical composition and botani-
cal evaluation of dried bee pollen pellets[ J ].Journal
of Food Composition and Analysis, 2005, 18 (1) ;
105-111.

EL-WAHAB T E A, GOMAA A M. Application of
yeast culture ( Candida tropicalis) as pollen substitute
in feeding honey bee colonies ( Apis mellifera L.) in
egypt [ J]. Journal of Applied Sciences Research,
2005,1(5) :386—-390.

HUANG Z Y.Pollen nutrition affects honey bee stress
resistance[ J ] . Terrestrial Ecology,2012,5(2) ;1-15.
P e o [ 2 e A [ ML) b st b RO S A
2001 ;209-214.

SHUMKOVA R, ZHELYAZKOVA 1. Stimulating
feeding and development of hypopharyngeal and tho-
racic glands of honeybees ( Apis mellifera L.) [ J].
Agricultural Science and Technology, 2015, 7 (3) :
309-312.

CRAILSHEIM K.Interadult feeding of jelly in honey-
bee (Apis mellifera L.) colonies[ J].Journal of Com-
parative Physiology B,1991,161(1) :55-60.
STANDIFER L N. Honey bee nutrition and supple-
mental feeding[ J ].Beekeeping in the United States,
Agriculture Handbook, 1980,335:39-45.
CRAILSHEIM K. The protein balance of the honey
bee worker[ J].Apidologie,1990,21(5) :417-429.
AR B A R (M R W] = i R
At ,2019.47.

P R ORI e 5 R A AR v R R
AKFHIBESE [ D] AR A 2 38 3 F8 % IR R LR
2 9012.41.

Ibedle, RPCH B S, 45 £ B ) MRIPT Ak
PRITE R R 3 e R N i 5 [ 1] 3R B R " 4l
2016,38(2) :371-377.

LIU F,LI W F,ZHANG S G, et al. High-abundance
mRNAs in Apis mellifera. comparison between nurses
and foragers[ J |.Journal of Insect Physiology, 2011,
57(2) :274-279.

ALBERT §,KLAUDINY J.MRJP9, an ancient protein
of the honeybee MRIJP family with non-nutritional
function[ J ].Journal of Apicultural Research,2007,46
(2) :99-104.

PEIREN N, DE GRAAF D C, VANROBAEYS F, et

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

al.Proteomic analysis of the honey bee worker venom
gland focusing on the mechanisms of protection a-
gainst tissue damage[ J].Toxicon,2008,52(1) ;72—
83.

THER S S AT NI ] P E L, 2012, 63
(31):49,53.

KUMOVA U, KORKMAZ A, BERKIN O, et al. An
investigation about the effects of various factors on
royal jelly production in different honeybee ( Apis mel-
lifera L.) genotypes[ J].Mellifera, 2005,5(9) : 56—
64.

SAHINLER N,KAFTANOGLU O.The effects of sea-
son and honey bee ( Apis mellifera) genotype on
grafting rates and royal jelly production [ J]. Turkish
Journal of Veterinary and Animal Sciences, 2005, 29
(2) :499-503.

DE GROOT A P.Protein and amino acid requirements
of the honeybee ( Apis mellifica L.) [ J].Physiologia
Comparata et Oecologia,1953,3:197-285.

PERNAL S F, CURRIE R W.Pollen quality of fresh
and 1-year-old single pollen diets for worker honey
bees ( Apis mellifera L.) [ J]. Apidologie, 2000, 31
(3):387-409.

STANDIFER L N.A comparison of the protein quality
of pollens for growth-stimulation of the hypopharyn-
geal glands and longevity of honey bees, Apis mellif-
era L. ( Hymenoptera; apidae ) [ J].Insectes Sociaux,
1967,14(4) :415-425.

MAURIZIO A. Pollenerndhrung und lebensvorginge
bei der honigbiene ( Apis mellifica L.) [ J]. Land-
wirtschaftliches Jahrbuch der Schweiz,1954,68:115—
182.

FEHEAE XI5 WA R, A 2 1 TR AR K 0 i
R T AR R [ )] B ARG, 2008, 28 (4)
7-9.

ROULSTON T A H,CANE J H.The effect of pollen
protein concentration on body size in the sweat bee
Lasioglossum zephyrum ( Hymenoptera: Apiformes )
[ J].Evolutionary Ecology,2002,16(1) ;49-65.

HARR R, AR R R 52 I e R BT A R R ——
MBS E TR [ 7] 4458 2004
(6):28-29.

CRICK F H.On protein synthesis[ J].Symposia of the
Society for Experimental Biology,1958,12:138-163.
CRICK F H.Central dogma of molecular biology[J].
Nature, 1970,227(5258) :561-563.

LIU Y,BEYER A, AEBERSOLD R.On the depend-



868 B owoE R OE M 52 %

ency of cellular protein levels on mRNA abundance United States of America,1985,82(21) :7369-7373.
[J].Cell,2016,165(3) :535—550. [49] BREHME K S.The effect of adult body color muta-
[48] BIESSMANN H. Molecular analysis of the yellow tions upon the larva of drosophila melanogaster [ J].
gene (y) region of Drosophila melanogaster| J] .Pro- Proceedings of the National Academy of Sciences of
ceedings of the National Academy of Sciences of the the United States of America,1941,27(6) ;254—261.

Effects of Different Bee Pollens on Expression of Major Royal Jelly
Protein Genes and Yield, Quality and Composition of
Royal Jelly of Apis mellifera

XUN Lijie HUANG Xingiu LI Qiongyan YANG Shuang WANG Yanhui”
(Institute of Sericulture and Apiculture, Yunnan Academy of Agricultural Sciences, Mengzi 661101, China)

Abstract: This experiment was conducted to study the effects of different bee pollens on the expression of ma-
jor royal jelly protein genes ( mrjps) and the yield, quality and composition of royal jelly of Apis mellifera.
Nine colonies of Italian honeybee with approximately the same queen and colony potential were selected and
randomly divided into three groups, and each group had three colonies of bees. Bees in Brassica napus pollen
group were fed with Brassica napus pollen, bees in Hymenodictyon flaccidum pollen group were fed with Hym-
enodictyon flaccidum pollen, and those in control group were not fed pollen, but collected pollen ( mainly Bi-
dens pilosa pollen) naturally. The experiment period was 2 months, from mid-September to mid-November,
2017. The content of crude protein and the contents and composition of amino acids in Brassica napus pollen,
Hymenodictyon flaccidum pollen and Bidens pilosa pollen were determined by Kjeldahl method and hydrolysis
method, respectively. Three 9-day-old worker bees were selected from each group to determine the relative ex-
pression levels of mrjpl to mrjp9 and yellow-e3, and the yield and quality, the contents and composition of wa-
ter-soluble proteins and amino acids of royal jelly from each group were measured. The results showed as fol-
lows; the contents of crude protein and total amino acids of the three bee pollons were Brassica napus pollon>
Hymenodictyon flaccidum pollon>Bidens pilosa pollon, and differences were significant among groups ( P<
0.05) ; all the contents of single amino acids ( except histidine) of the three bee pollons were Brassica napus
pollon>Hymenodictyon flaccidum pollon>Bidens pilosa pollon, and differences were significant among groups
(P<0.05). In the head of 9-day-old bees, the mrjpl, mrjp2, mrjp3, mrjp4d, mrjp5 and mrjp7 had relatively
high expression, while the mrjp6, mrjp8 and mrjp9 had relatively low expression. The total relative expression
level of the mrjpl, mrjp2, mrjp3, mrjp4, mrjpS> and mrjp7 accounted for 99.94% , 99.94% and 98.60% of
the total relative expression level of mrjps in Brassica napus pollen group, Rosa ragosa pollen group and con-
trol group, respectively. Compared with the control group, feeding Brassica napus pollen and Rosa ragosa pol-
len significantly increased the relative expression levels of mrjpl, mrjp2, mrjp3, mrjp4d, mrjp5, mrjp7 and
yellow-e3 ( P<0.05) , but significantly decreased the relative expression levels of mrjp6, mrjp8 and mrjp9 ( P<
0.05). The royal jelly yield of Brassica napus pollen group was the highest, the Rosa ragosa pollen group was
higher and the control group was the lowest, and differences were significant among groups ( P<0.05). How-
ever, there was no significant difference in the quality of royal jelly produced by bees from of Brassica napus

pollen group and Rosa ragosa pollen group compared with the control group ( P>0.05), and the composition
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of water-soluble protein and amino acids in three kinds of royal jelly were basically the same. In conclusion,
the effects of bee pollen with different crude protein contents on the expression of mrjps and the yield of royal
jelly are different, but the effects of the three groups of bee pollens on the quality and composition of royal jelly
are not significant. Comparison of three groups of bee colonies, the expression of mrjps with nutritional func-
tion and the yield of royal jelly in the Brassica napu pollen group were the highest. Collectively, for the Apis
mellifera breeding or royal jelly production, the Brassica napu pollen can be used as a high-quality nutritional
feed.[ Chinese Journal of Animal Nutrition, 2020, 32(2) :856-869 |
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