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B E [HN] WmEERRCRIRK, A AR Mg, CEEImA R R, N TSR
JTENE Apis cerana FNPU 5 B W% Apis mellifera BT ZHNEN M, FZMZEEPEEERE W, HAHEAE
Ko BFATMASHIIE Andrena camellia REIMASA BN, AT LMKEE A B 738 40 W00 4 Fh OGN L ih A5 %
RSN, BECR A R . h T RIS B MERL, FRATT e RE T AR M AR P 4 FhSEREICIREE . [ ik ]
I EE M T8 T a-EFBHH B ( o-Galactosidase, a-GAL ). 2 FBHEES ( Galactokinase, GALK ),
L2 WE-1-BE R IR H 2 7 i ( Galactose-1-phosphate uridyltransferase, GALT ) Fll JRH iR 2 AU -4'- 25 7 il
( Uridine diphosphate galactose-4'-epimerase, GALE ) 4 5 ZEMEAX I AH 3¢ 1) S b L R 4 4 X P 5], Ay gt
T E A F 55 ikl pET28a-0-GAL . pET28a-GALK .pET28a-GALT .pET28a-GALE N K¥T & Escherichia coli
F35 THEE M pET28a-GAL-E. coli BL21, pET28a-GALK-E. coli BL21. pET28a-GALT-E. coli BL21 Fll
pET28a-GALE-E. coli BL21.[ %58 ] * a-GAL. GALK . GALT ! GALE #47 T i/ 5 %35 Fl Ni2+-NTA 4
FEMENTEifk, FKF4MEE A a-GAL . GALK . GALT fl GALE W 4 F 4014 53, 55, 48 1 39 kD,
VLS9 0.8, 1.5, 0.9 Al 1.0 mg/mL. [ €58 ] BT L) o Rat il ik by e S A I AH DG L DRI JF: 3145 e 2
FIREH, PR N B e Ui IR 2% 5 th ey RS SR TR B KA, SRR T e S T AR
BRI T HOR SCHE
KR ASHbEE; hAR; B, PR RO, mRRE

Cloning of four oligosaccharide metabolism-related genes in Andrena
camellia and their expression in Escherichia coli in vivo
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Abstract [Aim] To clone four Andrena camellia oligosaccharide metabolism-related genes and determine their expression
in Escherichia coli in vivo. [Methods] Sequences of the coding regions of four key genes; o-Galactosidase (a-GAL),
Galactokinase (GALK), Galactose-1-phosphate uridyltransferase (GALT) and Uridine diphosphate galactose-4'-epimerase
(GALE), were obtained through genome sequencing. Sequences of the coding regions of key genes such as a-GAL, GALT,
GALT and GALE were enetically engineered to obtain the recombinant expression plasmids pET28a-GAL, GALK, GALT, GALE,
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and the Escherichia coli strains pET28a-a-GAL-E. coli BL21, pET28a-GALK-E. coli BL21, pET28a-GALT-E. coli BL21,
pET28a-GALE-E. coli BL2]. [Results] a-GAL, GALK, GALT, and GALE were subjected to induced expression and purification
by Ni2+-NTA column affinity chromatography. The molecular weights of the purified a-GAL, GALK, GALT, and GALE were
about 53, 55, 48 and 39 kD, respectively. Corresponding concentrations of a-GAL, GALK, GALT, and GALE are 0.8, 1.5, 0.9

and 1.0 mg/mL, respectively. [Conclusion] Genes related to oligosaccharide metabolism of A. camellia were successfully

cloned and recombinant expressed proteins obtained. These results provide new ideas for solving the problem of honey bees

being poisoned by C. oleifera, and provide technical support for the scientific use of honey bees for the pollination of C. oleifera.

Key words Andrena camellia; Camellia oleifera; honey bee; oligosaccharide metabolism; gene cloning; protein expression

MZE Camellia oleifera, 1ERMILAFHLIASE
Camellia [F)—FARAERF, ZEFRER HE
A 2 000 AAEREE L (FokE, 2023). fE4
A B MR EY , HAE g A v A
FEHA (XSS, 20235 RLIESE, 2024 ),
TSP BE S W47, HE SR EN S,
T A R RS R B R & o S AR B S
TERIRR DT R LA R IR « R I . P 2 A I fe
YERT, BA BRAFmyeafbr: (Bhhae, 2021 ).
AR, TR EIBUN B M ZE ™ i A T,
HH R E SRR O™z —

TS 1) A AN 25 R0 AR A A5 L TG 13
HIRE LA R, T AL A H e A%
By (VLR , 2022 ), JHIAS F SRR
PER B T HACH S S A BURE T T L S AR
BRI, Mk Sl — R R IR BT, X RN
FREEM AL A, ITTATAS [ ASAE R Tk
HEARER, RICANRESE U o X AR FEAIL
T RUE TR RS AL AR, i fe 1 I o B0
JIPHT R A 38 A2 3 AR 1 R A ) B X i B R
&, BRSBTS B s Bk A 45 DL ve
R A AN SR R ) @, ST SFRE A AT ™
Peim o (A T . o —FP AR DL S
AFEBRFLFN AL, AT A A il s 524
S BT A B RS R OB, L Gl 2 e
Andrena camellia . K453 Colletes gigas, ==
¥ Vespa velutina nigrithorax FI1REYE Bombus
spp., G R RTABIMAFE TG K (¥ H0T
&, 2017 ),

I — PRI R o, RS S AL
SAT AR E W2 AR A (3 5, 2020,
PRAFFAE, 2024 ); & —Fiim 52 ) s AR A 285

B, A= B SR 5 e | K 0
W e A6 W 7 i, T SR TR R A R AN
(B4, 2023); BE—FhEZmEd, *f
PREE SR L 3G 7= MR AR S h A Y 2 REpE R
AEEE L (GES, 2022, 2024), RITEE
Apis cerana FNVYJ7 % We Apis mellifera j& HEI A
TSR Iz M, BAT 2 RRE N, RETE
AF R A SIREE T  Z R ED A, T Refe Ak
YEDI = A i ( F S5, 2018; &5 F A4,
2018; hTLARAE, 2021 ), SRTHIASAE )ik
JEEH 8 = RRFPRE R K D50 2 S O e ol U
SR B W IR 2 R BRI IR (Li et al., 2022 ),
T AL SR 7 2 W P PN TR T Ak, Bl )RR
B, T e R D W B BT R Y ot
T, AT e FEOE L) A T IEAMASET: (Li
et al., 2022), HWEFINGEBIAZAN 3 LR
SEWE CH & =0 MOFPEFK 508 ) AT 40
fif AR B, HIL i e ) T AR, &
BRI LUT hERiE R B e m vk B ISR
HERRTE S AR N, RIS b S BUE ik, %
WEIH AL DI REI 5, Wi T YR A R,
D BRI G 5 HR oA w5 3B e
WS g | REEETE, Yo fae ) TR, A
P STEENR R, RMmE R, S5
FIEIN RS &5, BIESSBUKS KiE
EI, HEWENKILT: (Peng, 1981; Lietal.,
2022 ).

MEZ T, WAL Andrena camellia F7iM
R EfEm R A, BN SEat, 3
AFMA SIS B Y (B4, 2018), 574
D7 E AR, A MU AR B AR AE S A IR B
THAEAS RAEREIR , BeA RACHHhAS T AR SR b Fn
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EFUNE . BRI, TS M Sk B oL
Wi ( o-Galactosidase, a-GAL ). LV MG
( Galactokinase, GALK ). E3L¥E-1-B51e R
# W ( Galactose-1-phosphate uridyltransferase,
GALT) ) FPR 1 w1 UM -4'- 22 {37 if§ ( Uridine
diphosphate galactose-4'-epimerase, GALE ) 4 4~
e R i W R T AR 7 s AP Uy 0, T L
MR AT P DL 4 ANEEE M AR O S
VU5 W TR (Lieral., 2024; ZFRE4E, 2024 ),
XS AE 2 LA R AR h R s O E AT, X
— 7% S AT BB BT AR Uy e TG J7 4 X2 L
BEIANTIN 32 1, 2% HAE A FVES R 77 AN FI 5
e, JERML NIRRT . A5
TER ) ve BT AT A 4 AN SEREHAR AR SCIE A
Fefilh b, BT ORI R H RS R G
#7T o-GAL. GALK. GALT # GALE 4 Mt
FIRTRE, JFi T TR SRIB 54k, WSS
BT,

1 #REFEZE

1.1 #FR5REA

1.1.1 EHRSEAL TR BURL R A
M RIHATH DHSa, T IR RA S E 2R
fitf a-GAL. GALK. GALT Ml GALE W KimHr
B BL21(DE3); Jfikr pET-28a Iy H Novagen £
FRAF

1.1.2 FEKH T4 DNA Ligase BT
TaKaRa /A F], KOD Plus Neo DNA Polymerase

T A VEST /A E, DNA BER EIGR & [ A

BN
1.2 %28

GeneAmp PCR System 2400 % PCR # #44%
( Applied Biosystems 72~ F ), ¥ ¥ & L #l
( Eppendorf A /] ), DYY-10C #IHL KA (AL 5T
AN—AERTT), TY 92-1IDN 7 4 A (B
2), R4 (JRIF DHK 1508 ), BSI-9
FEIRCUUBT ), 752N S AN BIAERL ).

1.3 EBF*

1.3.1 a-GAL. GALK. GALT 1 GALE E A/
"ES5®XRIE M NCBI ( https://www.ncbi.nlm.
nih.gov/ ) F3REX a-GAL . GALK . GALT F1 GALE
FH B Gt X751, IFH Primer 5 BiAHN 195
YkP UL 4 AN FS . BT sl an sk 1
Fis, B Bl TAY TRERARARSN. BT
W10 49 & BamH I F Xho 1 BEVINLE ., LA
E 8 a-GAL. GALK. GALT 1 GALE J:H1Y
Ui X P31 A T PCR 9748 . §7 3 &5k a0
T: 94 °C 1 min; A5LL 98 °C 15 s; 58 °C
15 5;68 °C 1 min 42547 30 MEH ;68 °C,
5 min, VAR ZREHE L TFIET#45 0.5 uL,
# 1 pL, 2 mmol/L dNTP mixture 2.5 pL, 10 x
KOD buffer 2.5 uL, KOD Plus Neo 0.5 uL, #h/K
% 25 L, fF 0.2 mL EP & rhECHILL FARR,
BB 20 55 8L 0.5 pL '8 0-GAL. GALT.
GALK 1 GALE .

F1 4ANEEMSIMFES

Table 1 Primer sequences used for four genes

5|4 Primer 731 (5'-3") Sequence (5'-3")
o-GAL-BamHIF cgeggatcc ATGTCGCAGACGGTATGGATATGGT
o-GAL-XholR ccgetcgagCTTGAACGAGTTCTGTCTGACTTTG
GALK-BamHIF cgeggatcc ATGAAATTTGAGAGATGGAGGA
GALK-XhoIR ccgetcgagATGTTCTGCTCCAATCGAAATGA
GALT-BamHIF cgcggatccATGTCTGCGTCAACAGGTGATGAGA
GALT-XhoIR ccgetcgagCTGAGAATATTTTTCTATTTCACAA
GALE-BamHIF cgeggatcc ATGCAGGAAATATTGTGGGGCCC
GALE-XholR ccgetcgagACATTTGTAACCGTTTGGATTATTT
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i PCR ARG B W) 1 FH 1% B0 i Wl
JBE B VK 3 R AT 43 B IE AT UL AR Ml . PCR
A 1% BRI, TERIMT T, HTFART]
YIBCE BB 7 BE B S 2 T 1.5 mL
EP &, FREJS, #2100 mg BN 100 uL
SRt I gt T TR B 1 A R A SR
B IEZRIA W . 260 °C/KIE 10 min EEERE 4
wAk, KRGS 3 W, BRRFERE
DNA #life e, #'E 2 min, ZEJ& 12 000 r/min
B0 1 min, FRUEM . FIAE_EINA 500 pL A ik
( Petroleum ether, PE ) ¥, Zik 12 000 r/min
B0 1 min, FPUEM. HEE L —HE-R. =il
25 FE 12 000 r/min &0 1 min IR EBRAAE
HRBR B AR A T E TR 1.5 mLEP 4 I,
A P g A 30 uL 60 °C T #K 1%) JC 4 K ,
13 400 r/min Z.0> 1 min PL¥EMG ) DNA
EERE RIS PCR =) Al pET-28a(+) £k A

( Novagen 2~ ) ) H Xho I/BamH 1 XY, [R1k
4lifk; F|H] T4 DNA Ligase #Ff7i% 4%, W E4
ORI A KA DHSo B2 54 rp, ik
PH M v b T R4 B EE 40 ik pET-28(a)-(a-GAL,
GALK, GALT, GALE)Jfi V] % 5 Fr R BUT R
Rt S WA R ANk 2,

x2 BURNER

Table 2 Enzymatic reaction system

7] Reagent AR (L)
PEHR A9 JFURE The extracted plasmid 3.0
Xho 1 0.4
BamH I 0.4
10x Buffer 1.0
ddH,0 5.2
Bt Total 10.0

37 °CH§Y) 2 ho EEYI=HLL& AL 2 B
( Ethidium bromide, EtBr) Y 1%3i IR HHEE L HL
KBS, UVP BERCR R G IR

Y EH TR LR E. coli BL21 W, AT
FANATAER (RIBEZHR Kanamycin, ZOREE 50
ug/mL ) {9 Luria-Bertani £5#73& ( LI FRiFRN
LB) VA b, 37 °CHiFFAH P EIE LGSR 12- 16 he
M R R & AT F 3 mL LB WARK SR

(% 50 pg/mL RAPFEEZR ), 37 °C, 230 r/min
PEIRKESE 12-16 h, VERBUGFREW . 7F 50 mL
BT, MBI 100 uL BRI R
JIAE] 10 mL LB ¥ ( FHiE= )(1 2 100),
37 °C, 230 r/min #LAEEFE 2-3 h, #iH ODgoonm
k%] 0.4-0.8, IIA—E KA 100 mmol/L 5%
Y 53 -B-D-F AR FLBE T (Isopropyl-beta-D-
thiogalactopyranoside , IPTG ), fif H: 2 ¥ i Ny
0.5 mmol/L #47i%5 . 18 °C, 180 r/min f&KE;
132 FEARZFAUSEN R0 ERE
ki ( PET-28A-(a-GAL, GALK, GALT, GALE) ),
¥4k E. coli BL21 iKW, WA TEHN B AER
(AR, L F 50 pg/mL ) 1Y LB FA |, 37 °C
REFEAE BB B 5% 12-16 he TEMETAEAWN,
MAPAR L BRBCR R 2R T 3 mL LB WAk
B (EHAEE) B, 37 °C 230 t/min FRERGSE
12-16 h, £ 50 mL .08, HME B
100 pL FRGFREBONAZ] 10 mL LB K537 (%
PiAEZ ) (1:100), 37 °C 230 r/min FEARKEIE
2-3h, ffiH ODgoomm 155 0.4-0.8, HTIHEF. §7
KIGFEHT, B 200 uL FH SN 100 uL 80 % JCpE H
M, JRAIE - 80 CUKFRAE . AT, Wb
800 pL W, &0, WEANEDIE, & T 40 uL
1xPBS (pH 7.2), Jill 10 uL 5x SDS Buffer, sk
W& Smin, BT - 20 °C, VEXFRE. AAFHE
WhNA—E A 100 mmol/L -S4 IPTG, fii
HZHE N 0.5 mmol/L, 18 °C 180 r/min #&K
WHRAR AR HRE R 1.5 mL Z.0%8,4 °C
7 000 r/min 50> 10 min YA R4 SR )5 FH 800 uL
1xPBS (pH 7.2) E &, [N AZLWKER
1 mmol/L &5 [ il #1101 77 % HH 26 /%€ % ( Phenyl
methane sulfonyl fluoride, PMSF ), vk [ FH#mH
WS TRACREREAR TRT, HES 2% 200 W, TAE 65,
[EF% 6 s, 20 . HAHET, B40 uL /A7, BN
R 13043 ( Total protein, TP ), Jill 10 pL 5xSDS
Buffer, #/KIEH 2 5 min, % T -20 °C, 4 °C
ZMF, LA 10 000 r/min B0 TP 10 min, §%% 1
15 Z558 EP 45, LTE A 800 pL 1x PBS(pH 7.2 )
HE . S 40 pL EISFITCTE, 4550 10 uL 5x
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SDS Buffer, #/Ki%H17 5 min. 12% SDS-PAGE
FL KR 2 3R A 0L o

M RIXEM E coli BL2I-PET-28A-
(0-GAL, GALK, GALT, GALE) & /15, M
- 80 °CUKFE HIMRAEE h Pk R 7 R Ze g5 5% T
TRIBER (KR, LR 50 pg/mL) /Y LB F
Mr b, 37 CHEEFRAAPEIE R FRE R (12-16 h ),
ERE TAER N, MFAR PR v R T
3mL LB WK I (FRIBEE, KkE
50 pg/mL ) 1, 37 °C 230 r/min FEAE; IR K
(12-16 h), 2% 2 R TP KK SR, £ 1 L =
b, AMEBEMLL 1100 A 2 mL
PR FE R WO AR 200 mL LB ¥ 32 (& RIRE
R, LWRE 50 ug/mL ), 37 °CHEFK 230 r/min 5
7229 2-3 h, ffiH ODgoo nm ik F) 0.4-0.8, I T
YEG N, mEFRH A 1 mL 100 mmol/L %55
F IPTG, ffi H:ZHk BN 0.5 mmol/L, 18 °CHEIR
180 r/min FFHFEAH, BERWEK, WK T
B =fa, vk ERCE 10 min, HA[HES) 2-3 1K,
HWRBATHN 50 mL BL0EF, 4 °C,
4 000 r/min .0 10 min, #F# Fi. EEELO, H
2SI A AR R VKT 1Y Lysis buffer
( 50 mmol/L NaH,PO., 300 mmol/L NaCl,
10 mmol/L Imidazole, Ff] NaOH #75 pH 7.4 ) &
B, e A, 200 mL RS A
F 16 mL Lysis buffer 1, 7K FZZI18HREE 1h, —
P T S, 1 L, f/5HEET 80 mL Lysis
buffer, 734 T 2 4> 50 mL .04, 45 40 mL.

B, VK AR 6s, [HIfE 65, R
760 Y, RN 300 W A 4 R, 4 °C,
10 000 r/min Z5.0> 30 min, ¥ FiEZE TH0E
O, /9IIA 1 mL Lysis buffer HibHi 1
Ni-NTA beads (14 T4 Hrdm /Al , GEMs G4
His #RZMEMEN ), K EZERE 1 h, f#
Beads S5#E 456, % Beads-proteins i
HIRME Poly-Prep JZHAEHT, i Beads FHSAUT
% . F 8 mL Wash buffer ( 50 mmol/L NaH,POy,,
300 mmol/L NaCl, 20 mmol/L Imidazole,
NaOH 75 pH 7.4 )k 2 i .52 J5 , FH] Elution buffer
( 50 mmol/L NaH,PO4, 300 mmol/L NaCl,

250 mmol/L Imidazole, A NaOH #4757 pH 7.4)
Vel T HAYE A ZE 1.5 mL EP 45 p, YEIR 3-4 1K,
AR 1 mL,
1.3.3 ZEHBAEME Bradford assay & &4
EEWE, DR TE & AR s E R (A2,
2020 ), #5724 MEHEE ( Bovine serum albumin,
BSA) tRifEth4 (3 3). B2 pL R0 HAE
A 8 uL ddH,O Hr, FE4MRAT, BIFRRE 5 4%
B2 100 pL Bradford TAEW N AE] 10 pL & FIHE
s IR R Y 2-5 ming 7 560 nm KT %
A OCEETHINE WOGE . B s, 1R
AR R

3 FmMEERRERE/LZL

Table 3 Standard curve of bovine serum protein
concentration

BSA ¥ (pug/uL)

BSA concentration (pug/pL) ODss0 ()
0.250 0.571
0.125 0.329
0.050 0.186
0.025 0.134
0.005 0.094
0 0.087

KH 12% SDS-PAGE A alifbss i, i
il 12 % SDS-PAGE fiit, HA%4r i ykae e, Bk
#5 1 Pre-staining marker AE 5 uL, & FHFEMAS
R 10 pL, Rl R, JeH 90 V fH RHLK, FF
B BWRAIES B e St Ab , 4 110 V H
JEHLPK, VR BB EHR LT 1 om BHE 1E LK
NSRBI, AL, IAGE 5255 S 2 5
P, ERT, WK LYE 30 ming HIARE
T, IAGE 5B T 28R (AT I, il AR
W R, 4 R IR AT

2 #REHH

2.1 o-GAL. GALK. GALT 1 GALE HIEEEBE
211 BWERERSENYIGMEKER %

i PCR ¥4 a-GAL LT, Hiyk 25 S A
JNTE 1.3 kb 7 B AL IR T 5 F AR AT AY 3k
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A, HEM A o-GAL LN FES] (F 1),
[FREHD, FIH GALK MBI T 1S, H=my
KNG T 58 4 —2, HY AT Marker
1500 bp ffi, B4R T GALK B 3L C 8%
WY 3G (1 2), GALT {44724 K/ 5 1

VKIEM1 kil
Lane M1 Lanel

bp ng/5pL
— 2000 75
1000 75
750 150
— 500 75
250 100
100 100

1.7%35 g

— 3, HEHWT Marker 1 000 bp Bz, 1EB
GALT HRYEER E W2y 1% (183 ), GALE )
PR RN FRE S O ARST , HAAH R A6 T
Marker 1 000 bp Ff; &, it —LHIA T GALE B
()35 R A T 3 (L 4),

1.0%35fig

5 uLykiE, 8 cmBEfi 5 uLykiE, 8 cmiBEiE
5 pL Lane, 8 cm Gel 5 puL Lane, 8 cm Gel
1xTBE, 7 V/cm, 45 min 1xTAE, 7 V/cm, 45 min

Bl 1 o-GAL PCR ¥ =¥ &
Fig.1 Gel map of 0-GAL PCR amplification products

YKiE M1: DL2 000 DNA marker; ¥Kifi 1: a-GAL PCR #3477 %) (1317 bp); ¥kii M2: 1 kb DNA marker,
Lane M1: DL2 000 DNA marker; Lane 1: a-GAL PCR amplification product (1 317 bp); Lane M2: 1 kb DNA marker.

WKIEM1  PKiE1 BkiEM2
Lane M1 Lane1 Lane M2

1.7%3 e

5pLikiE, 8 cmBEHR
5 puL Lane, 8 cm Gel
1XTBE, 7 V/cm, 45 min

1.0%35 g

5 pLykiE, 8 cmBEHE
5 puL Lane, 8 cm Gel

1xTAE, 7 V/cm, 45 min

B2 GALK PCR ¥ =4 &
Fig. 2 Gel map of GALK PCR amplification products

¥ki& M1: DL2 000 DNA marker; Vkili 1: GALK PCR 4/ #=4) (1362 bp); ¥ki& M2: 1 kb DNA marker,
Lane M1: DL2 000 DNA marker; Lane 1: GALK PCR amplification product (1 362 bp); Lane M2: 1 kb DNA marker.

bp ng/5uL bp ng/5puL
10000 40
— 2000 75 8000 40
6 000 40
1000 75 5000 100
o
— 500 75
2000 100
250 100 1500 40
100 100 1000 40
500 40
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TKIEM2

Vil JkiEMI

Lane M2 Lanel Lane Ml

bp ng/5puL
10000 40
8000 40
6000 40
5000 100
4000 40
3000 40
2000 100
1500 40
1 000 40
500 40

1.0%Z5 I8
1.0% Agarose

5 pLyki&, 8 cmBEfL
5 pL Lane, 8 cm Gel
1xTAE, 7 V/cm, 45 min

B 3 GALT

bp ng/5puL
— 2000 75
1000 75
750 150
— 500 75
250 100
100 100
2
=5
®<
R
[SNESN
5 pLykiE, 8 cm¥E
5 puL Lane, 8 cm Gel
1xTBE, 7 V/cm, 45 min

PCR ¥ &= ¥ B B

Fig.3 Gel map of GALT PCR amplification products

¥k M1: DL2 000 DNA marker; JKi& 1: GALTPCR ¥"347=4) (1173 bp); ki M2:

1 kb DNA marker,

Lane M1: DL2 000 DNA marker; Lane 1: GALT PCR amplification product (1 173 bp); Lane M2: 1 kb DNA marker.

VKIEM2
Lane M2

bp ng/5 uL

10 000 40

8000 40

6000 40

5000 100

4000 40

3000 40

2000 100

1500 40

1000 40

500 40

1.0%3 e

5 uLykiE, 8 cmBEK
5 uL Lane, 8 cm Gel
1xTAE, 7 V/cm, 45 min

kil pkiEMI
Lane1 Lane M1

5 puL Lane, 8 cm Gel

bp ng/5puL

— 2000 75

1000 75

750 150

— 500 75

250 100

100 100
b
gm
o
IR
X
Dy

5 uLykiE, 8 codfEfik

1XTBE, 7 V/cm, 45 min

Bl 4 GALE PCR ¥ 7= 4 K
Fig. 4 Gel map of GALE PCR amplification products

Yk M1: DL2 000 DNA marker; JKi 1: GALE PCR #3474 (966 bp ); Jkii M2: 1 kb DNA marker,
Lane M1: DL2 000 DNA marker; Lane 1: GALE PCR amplification product (966 bp); Lane M2: 1 kb DNA marker.

2.1.2 EARNEBYVISERMNEFE #UIHEUY
HAFRL, BV Y LSRG 5E (EB) 19 1%
UG RHEE I HL VK 0 B UVP BEIE R G0 A%, Hiik
ZER BN a-GAL (1317 bp) (B 5). GALK

(1362bp) (Kl 6). GALT (1173

bp) (Kl 7)

1 GALE (966 bp ) (K 8 ) FEAHN A B P H —
SHEIMEHT, ULBIRRIA BHPE ek, K FHPE ok
PR B A TR EIF . P45 R BLAST
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VKIEM1 ykiE1 vkiH2 VkiE3 vkiEM2
Lane M1 Lane 1 Lane 2 Lane 3 Lane M2

bp ng/5uL bp ng/SpuL
10000 40
2000 75 8 000 40
6 000 40
1000 75 5000 100
750 150 4000 40
— 500 75 3000 40
2 000 100
250 100 1500 40
100 100 1 000 40
Q 500 40
I
= g 5
&< &
XX X
& & S
5 uLykiE, 8 cmBEE 5 uLykiE, 8 cmBEfik
5 puL Lane, 8 cm Gel 5 pL Lane, 8 cm Gel
I1XTBE, 7 V/cm, 45 min I1XTAE, 7 V/cm, 45 min

B 5 a-GAL BIEHFRERY R M E
Fig. 5 Gel map of the product after plasmid digestion of a-GAL

JKiE M1: DL2 000 DNA marker; ¥Kif 1: a-GAL-1 WBCRIABVIIG 405 VK 2: a-GAL-2 W FCRLREYI IS 774 ;
VKIH 3: o-GAL-3 W BCRIAVIS 45 Pkil M2: 1 kb DNA marker.
Lane M1: DL2 000 DNA marker; Lane 1: Plasmid digested product of a-GAL-1; Lane 2: Plasmid digested product of
a-GAL-2; Lane 3: Plasmid digested product of a-GAL-3; Lane M2: 1 kb DNA marker.

VKIEM2 JKiE1 JkiE2 JkiE3  PKiEM1
Lane M2 Lane 1 Lane?2 Lane 3 Lane M1

bp ng/5pL
— 2000 75
1000 75
750 150
— 500 75
250 100
100 100

1.0%3 g
1.0% Agarose

1.7%35 85

5 pLykiE, 8 cm#EHR 5 pLykiE, 8 cm#ER
5 pL Lane, 8 cm Gel 5 pL Lane, 8 cm Gel
1xTAE, 7 V/cm, 45 min 1xTBE, 7 V/cm, 45 min
B 6 GALK H)EHFRERY) S E
Fig. 6 Gel map of the product after plasmid digestion of GALK

JKiE M2: 1 kb DNA marker; JKi8 1: GALK-1 BIBURIREVIIS 45 VKiH 2: GALK-2 W BCRLRG V)G 71 5
UKif 3. GALK-3 A9k Ve %) ; ¥kili M1: DL2 000 DNA marker,
Lane M2: 1 kb DNA marker; Lane 1: Plasmid digested product of GALK-1; Lane 2: Plasmid digested product of GALK-2;
Lane 3: Plasmid digested product of GALK-3; Lane M1: DL2 000 DNA marker.
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VKIEM2 JkiE1 P2 PkiE3 PkEMI
Lane M2 Lane 1 Lane 2 Lane 3 Lane Ml

40 bp ng/5uL
40 — 2000 75
?80 1 000 75
40 750 150
40 — 500 75
100
40 250 100
40 100 100
40
S &

5pLykiE, 8 cmBEiR 5 uL¥kiE, 8 e

5 uL Lane, 8 cm Gel 5 puL Lane, 8 cm Gel

1xTAE, 7 V/cm, 45 min 1XTBE, 7 V/cm, 45 min

B 7 GALT WEARNEBYIETMRE
Fig. 7 Gel map of the product after plasmid digestion of GALT
kI M2: 1 kb DNA marker; JKilf 1: GALT-1 WBURIBG VIS )5 VKIE 2: GALT-2 W SORIEGIS 7= 5
VKIH 3: GALT-3 (9 BURIMEYIJS 45 ¥Kill M1: DL2 000 DNA marker,

Lane M2: 1 kb DNA marker; Lane 1: Plasmid digested product of GALT-1; Lane 2: Plasmid digested product of GALT-2;
Lane 3: Plasmid digested product of GALT-3; Lane M1: DL2 000 DNA marker.
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Lane M2 Lane 1 Lane 2 Lane 3 Lane M1
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1000 100 100

L.7%35EE

1.0%ZilE
1.0% Agarose

5 uLykiE, 8 cmiEfk 5 uLykiE, 8 cm¥BEH
5 puL Lane, 8 cm Gel 5 uL Lane, 8 cm Gel
1xTAE, 7 V/cm, 45 min 1xTBE, 7 V/cm, 45 min

B 8 GALE MYEAFMEEYIEMRE
Fig. 8 Gel map of the product after plasmid digestion of GALE
JKIiE M2: 1 kb DNA marker; JKiff 1: GALE-1 fBURIEEUIG 745 WK 2: GALE-2 W BCRLBEVI IS 774 ;
UKIE 3: 53k GALE-3 (9 BURIRFVIIS 745 ¥KiE M1: DL2 000 DNA marker,

Lane M2: 1 kb DNA marker; Lane 1: Plasmid digested product of GALE-1; Lane 2: Plasmid digested product of GALE-2;
Lane 3: Plasmid digested product of GALE-3; Lane M1: DL2 000 DNA marker.
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S3W7: a-GAL, GALK, GALT. GALE ¥ i3
ol ZE pET-28a+# K+, 5 NCBI LB %1% 51 it
17 BLAST 100%—%k ,

2.2 HHEIE BRI SDS-PAGE 447

FH IPTG 43 91%F a-GAL. GALK., GALT
1 GALE #1715 5335 . A&l 9 7R, SDS-PAGE
ZE K o-GAL. GALK. GALT il GAL 7y
ARSI TR RIS T R E TR
HHWS IPTG B RIE . B Msifb)s, sh
FHl SDS-PAGE #:ill, W/Re—4ciy, 4ifb/si)
0-GAL, GALK . GALT 1 GALE #y%& (A 5 T &4
A&y 53. 55, 48 F139kD.
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95 y=1.940x+0.086, H R* K 0.999, Hif
R B X BE b o i 28 0] D Al Ak S Y
0-GAL .GALK .GALT HI GALE ¥ & 43 %14 0.8,
1.5, 0.9 F1 1.0 mg/mL (% 4),

3 g

AT CHE A B R KM EHEY) 44 5%,
R EYF A AR 460 77 hm?, it 2025 4
20 600 J7 hm® ( EFFHRFEM, 2023 ). il
RALHERE 50 &Fh, b fusiazi B 2 i
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9 GAL (A). GALE (B). GALK # GALT ( C) MIZE B R4 T R E
Fig. 9 Protein purification assay gel plots of GAL (A), GALE (B), GALK and GALT (C)

VKIE 1. BESELSEN; WKE 2. BREEER; WKiE 3. difta BEA.

Lane 1: Total protein before induction; Lane 2: Total protein after induction; Lane 3: Total protein after purification.
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&4 o-GAL. GALK. GALT #1 GALE EAWXE
Table 4 Absorbance of a-GAL, GALK, GALT and GALE proteins

a-GAL GALK GALT GALE
ODioo 0.162 0.227 0.169 0.180
B (mg/mL) 0.8 1.5 0.9 1.0

Concentration (mg/mL)

25 MM R R o3t i ( XBPE 245, 2010), 3 20 £
AR, T IMAMIGVEYFIE SR — , H PRI
“ESOMGRRAE” A CRSEAIME” M7, TR E MR
TP A AN A A S M, 3 R AR S AR B R R
HAPR A B, FEUE R R TR ( Xie
etal., 2013 ),

o7 FH T b Ak ] 5 8 R Ty e RN VG S R
MZARER, — B HGSRBIE 805 W . 3
FESCPRA e, EERAEMIRS , S I E L)
ORI 8542 DA B T A5 B IR B XY %
FN FEE N PR WAL G2 AR . — 2
RACEPEANAEDE (B, 1987), &
TMAAEE A SERE (HRFPRERUK 58S ) (5
LRMVEIE A, 1991), KB, IMASIEE |
FERS R A 2 AL kL L 4 R A
(ISR PR R TMASAEEE K TR, A
TR H &% = P S g h B 2
YR (Lietal, 2022), HALHREEZMARESL
PEACHHE B, AR S FE )y % o-GAL .
GALK . GALT fil GALE 4 Fffii L K 2 1k /K S il
it 115 P A I I AT e (Li et al, 2024 ),
] ik R 2 M SR A T 2R SRy TR EE IR, AR TR
A 0-GAL. GALK. GALT 1 GALE 4 Flifi,
SRS B R AT BRI SR, R AT 5% [
BN A2k — ELAE S 110 77 ) 6

o-GAL HSRIK I A5 W 5 oK 5, A 10
At e =0, AR RN (Lieral, 2022),
{EL 737 v B2 2 L BE AT SR %o 2 e 4y R R A
(Peng, 1981 ), WARFZUMHCHTHH T GALK.
GALT M GALE 3 Fith il 28, ARBF5RE IR
G A HIME 0-GAL . GALK . GALT #l GALE 4 F
ity B R I B AE RIAAT RAR N 2k, Ak AR
Y THEE I a-GAL. GALK. GALT #l GALE 4
Pl 25 T F AR SR . ASF 52 A BAHT BB 5E &

M, 3%I1 a-GAL FERIMEAL 12 h J5, XTfEE
HEE = BB RUK B G T AL R E 80%
PiF; 1 mg B GALK. GALT il GALE 7E{£&4)
THAL 48 h J5 , X ZLBEH AR5 3 26.39%( 2%
7,2023; Lietal., 2024 ), AHF58 455 J b figt
FWEVT AT TR RS R T R
7L, SRR R e S 2 B e At 1 4
&L

S %k (References)

Chen WX, Jiang HZ, Zeng ZJ, 2024. Research advances on major
factor of honeybee cast differentiation. Chinese Journal of
Applied Entomology, 61(6): 1177-1182. [BEAEHF, 1124,
W ARHE, 2024, 52 R 6 R S AR i) 32 S R BT R
I B B4, 61(6): 1177-1182.]

Chen YZ, 2023. Scientific and technological progress and future
core technologies of oil tea camellia in China. Journal of
Central South University of Forestry & Technology, 43(7):
1-22. [Bok i, 2023, FEMZFBHEH RS AR ZOHR.
RO BHE R 2244, 43(7): 1-22.]

Deng YY, Yu XL, Luo YB, 2010. The role of native bees on the
reproductive success of Camellia oleifera in Hunan Province,
Central South China. Acta Ecologica Sinica, 30(16):
4427-4436. [XBRIZ., Wbk, 250k, 2010, &4 E X
T PR X I A LS SE A AR PE . AR RS2 AR, 30(16):
4427-4436.]

Gao MZ, Wang JJ, Shi YY, Hou HW, 2020. Effects of
a-galactosidase on the growth performance, nutrient
digestibility and intestinal flora of broilers. Tianjin
Agricultural Sciences, 26(2): 58-61. [[FKE, R4, Lif
i, BEEESC, 2020, a-2EFLBEHREXT ARG AR . R
WA BRI, KAV, 26(2): 58-61.]

Huang DY, He B, Gu P, Su TJ, Zhu CD, 2017. Discussion on
current situation and research direction of pollination insects
of Camellia oleifera. Journal of Environmental Entomology,
39(1): 213-220. [BHoT, i, &7, JRHME, KPR,
2017. &Ry B U F S BUR 5 07 ] RO R BRI R oy
%, 39(1): 213-220.]

Jiang N, Tan XF, Xu Y, Zhou JQ, 2022. Identification and
characteration of S-RNase gene (CoS-RNase) from Camellia
oleifera Abel. Journal of Plant Genetic Resources, 23(5):



4 11 TRCPIAE: 2 e rp DU AN SRR AR G 3 D s i SO A KA AP R N 2k - 901 -

1521-1535. [YLRg, X, @, MRS, 2022, WA A
SEANFEFN S-RNase HE[F %7€ 15 43 TR AT, AHY 8 1L 7%
AR, 23(5): 1521-1535.]

Kang XD, Fan ZY, 1991. An analytical study of toxic substances
in honey bee Camellia oleifera honey. Journal of Bee,
1991(1): 8-10. [T 4, JWIEAK, 1991. A& h Y
JER A ATIIEGY. I Z%AE, 1991(1): 8-10.]

Lei XP, Wang WF, Zhaluo, Zhang YL, Li Y, Zhuoga, Yao XB, Liu
HC, Pang B, Cirenyangla, Wang CL, 2018. Study on
pollination effect of Italian bees and bumblebees on
greenhouse tomato. Modern Agricultural Science and
Technology, 2018(14): 72, 74. [BE, L0, L%, 5
W, Ztp, s, BN, XA, DR, A Tdur, £
RS, 2018, % 7o R 0 ) B B B M R BT I
PACAOL R, 2018(14): 72, 74.]

Li SX, Gu YM, Tan GX, Yao YH, 2018. Effects of Apis mellifera
pollination on yield and quality of blueberry. Guizhou
Agricultural Sciences, 46(2): 99-101. [2= [ &2, [iEMs, 18
Jeql, WEITHE, 2018, TEOCHE SR X TR 4 5 i B
B, BENAOL R, 46(2): 99-101.]

Li Z, 2023. Analysis of the mechanism of toxicity by honey bee
foraging on Camellia oleifera nectar and pollen. Doctor
dissertation. Nanchang: Jiangxi Agricultural University. [Z%
e, 2023, BEESRAEMZCER DRI, Wm Ak
. mE: LR R

Li Z, Huang Q, Zheng Y, Zhang Y, Li X, Zhong S, Zeng Z, 2022.
Identification of the toxic compounds in Camellia oleifera
honey and pollen to honey bees (Apis mellifera). Journal of
Agricultural and Food Chemistry, 70(41): 13176-13185.

Li Z, Huang Q, Zhong SQ, Xu TY, Zeng ZJ, 2024. Construction of
genome profile and comparative genome analysis of Andrena
camellia. Acta Entomologica Sinica, 67(11): 1515-1524. [Z=
R, W, B, BN, WA, 2024, AL
2 P i R R A A . R R AR, 67(11):
1515-1524.]

Li Z, Zhong SQ, Huang Q, Zhang Y, Xu TY, Shi WK, Guo DS,
Zeng ZJ, 2024. The mechanism of Andrena camellia in
digesting toxic sugars. iScience, 27(6): 109847.

Liu JL, Yang Q, Li XJ, Wei Z, Zhu YD, Xue YL, Duan ZQ, Liu
YY, 2023. Study on the quality characteristics of main
varieties of oil-tea camellia seed oil in Hunan Province.
Journal of the Chinese Cereals and Oils Association, 2023(8):
1-12. [XUEERN, B, 508, AL, REST, Bk, B
TORE, XVYHYE, 2023, WIEG A 35S Sh R ORI B IR A
JAFFE. o E R0, 2023(8): 1-12.]

Ma WH, Shen JS, Wu WQ, Song HL, Li LX, Zhang RJ, Wei BG,
Huang JX, 2021. Comparison of pollination effects between
Apis mellifera ligustica and Apis cerana cerana for soybean
sterile lines. Soybean Science, 40(4): 522-527. [ DAE, H
Hl, BRSO, RV, AR, SRR, TRE, WA,
2021, KA E M PR KEAE REMZCRILL
. KRR, 40(4): 522-527.]

Peng YS, 1981. Tolerance of lactose by free-flying adult worker
honeybees. Journal of Apicultural Research, 20(2): 89-93.

Qiu JS, Zhang NN, Liu TT, Tian MJ, Xie ZH, Chen XM, 2018.
Biological characteristics of pollination of Andrena camellia
Wu. Biotic Resources, 40(2): 176-181. [ @4, k&8, X
wE, DI, WERE, BRI, 2018. 2%k ALK 1
YRR T. SRR, 40(2): 176-181.]

Wang Z, Zhu XM, 2023. Research progress of efficient planting
and processing industry of Camellia oleifera. Hubei Forestry
Science and Technology, 52(6): 55-60, 90. [EHF, K&FM,
2023. {1 2% v RORN AR B 7l R R TT . WAL ARk B
52(6): 55-60, 90.]

Xie Z, Chen X, Qiu J, 2013. Reproductive failure of Camellia
oleifera in the plateau region of China due to a shortage of
legitimate pollinators. International Journal of Agriculture
and Biology, 15(3): 458-464.

Xing KF, Xie HX, Zhang LD, Zhou J, Feng LY, Zhang HX, Chen
S, Zhao Y, Rong J, Zhang J, 2024. Diversity analysis on fruit
phenotype of wild Camellia oleifera from different
provenances. Journal of Plant Genetic Resources, 25(7):
1106-1117. WP, #RE, ks, HZE, B s, %
R, PR, BB, R, RSN, 2024, A[RFRIREF A S
SRR ZREE T, W L IR 2R, 25(7):
1106-1117.]

Zeng M, Zhou WL, Yan WY, Zeng ZJ, 2022. Developmental
analysis of apicultural industry in China. Chinese Journal of
Applied Entomology, 59(6): 1471-1480. [% %, FHE K, Bl
FE, BEHRE, 2022, HEEEE LA R . BT
H2E4R, 59(6): 1471-1480.

Zeng M, Zhou WL, Yan WY, Zeng ZJ, 2023. Analysis of honey
export and import in China. Chinese Journal of Applied
Entomology, 60(3):741-754. [B#, FER, BifFE, Bk
¥, 2023, v I DORIBE D AT, REH R 2R, 60(3):
741-754.]

Zeng M, Zhou WL, Yan WY, Zeng ZJ, 2024. Investigation of the
current production status of different feeding methods of
apiary. Chinese Journal of Applied Entomology, 61(2):
485-491. [, JAMR, BiffiE, BkH, 2024, AL
FITR A L AR A 5. TR AR, 612):
485-491.]

Zeng ZJ, 2020. Advances of honeybee biology in China in the past
70 years. Chinese Journal of Applied Entomology, 57(2):
259-264. [ 24, 2020. 1 [E 70 4R e A Y= ST .
o B HU2E 4R, 57(2): 259-264.]

Zhao SW, 1987. Successful large-scale promotion of Camellia
oleifera bee pollination research results. Journal of Bee,
1987(6): 33. [ KX, 1987. I8 BRI R A T A1
HET~HLT). #Me2eik, 1987(6): 33.]

Zhong XR, 2021. Research on the nutritional value and
development of camellia oil. China Food Industry, 2021(22):
7275, 128. [#/NGE, 2021, IZSHE RN ERK BRI,
PREA A Toll, 2021(22): 72-75, 128.]



