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20255 R e — SR SRR R IR AR AR

7R B AR S B S5 RERIK, R
il A R RS R B i (R 5 % W& Apis cera-
naf G 75 B W Apis mellifera) N AIZAI IS, THARIEE
TeXn A H 58 =0 ROFFRE AR J5 0% LA K 3 S5 b
G RN SRR RS, i R AR T A
B TH R R MR IR R TR R
KR 5 E W (raffinose  family of oligosaccharides,
RFOs)!' ! geAh el T 3 A5 A o 5 - SUBE, 1X3
T SERE B R COA - LR R BED 2L AR BT AR U R
B: B g e Bk I B A R B A 0 HI S HL M4 (An-
drena camellia) ™) ¥4I %5 W 38 FNAE K P 110 3D SE M,
HE— 0 d i e PR ZH N 5 B 2 Mg Ak P 25 YA
HHEF B (alpha-galactosidase, a-GAL). -FLHH
(galactokinase, GALK). }-FLAE-1-B5I2 K 1 4% # I
(galactose-1-phosphate uridyltransferase, GALT)FI R
T EBR-4'- B\ (uridine diphosphate galactose-4'-epi-
merase, GALE)IZEA], X 4R B 1 1F A2 20 328 Fn
R4 LpEL L

B R B R B, T H TR
PEH AR IR AR R AT IR AT . A4 i 55
BE ) FUREE I A m i Ak, TR SN K3 PP 15
SEREL E3RNSERE S, BEZ A A LR U 7
LB . P FLRE- - TR IR A R M A PR E
W2 -4 -2 7 g 53 3 0 A R TIC 75 1 B IR PR Y 6 6] B
(uridine diphosphate-glucose, UDP-glucose)#t N L X,
Bl (R H Al R UE AR MGALK, GALTA!
GALEH MR /i b 4. 10 3G 10 3 2% Fh ke i) #RL 7
2025 FTH 2T 600 77 A, BN R FAR
O N B ARl = e . LT i W RV R R I
B, GALK, GALTHIGALE IR 452 th
PEDRIZR. ASHIT SR I HE 7R BE R IEGALK, GALTAHI
GALEIX 3y, FHHR T 3Fh T B 0 A A7 R0 1) 52 .

1 RS T3
L1 RS A

R FFERT : pPICOK-GALK-JF ki (Zoonbio, H [H),
GS115 (Thermo Fisher Scientific, 3% [E), DNA Marker

(Zoonbio), PVDFE(Millipore, &), X hH (#lik,
22 [H), Tryptone, Yeast Extract (OXOID, #[H), PCR/%

R4 (Thermo Fisher Scientific), 0.22 umJG B JE 45 Fl1i%E
Hri¥(Millipore), Agarose (iF2EKAF], FEH), DNA
RAAIRAIE . ORI & (AXYGEN, %), %
A = 73 e 4.

Luria-Bertanif5 72 3%:  1%RE AR 0.5%BELEHE
B 1%FA8 . 1.5%B i8R (A H). NaOHEpH
%7.4; YPD (yeast extract peptone dextrose medium)}%
FRIE: 2% FR. 1% B RHEE) . 2% G (L )8
BREE) 2%Z Ry (1A H); MD#; 7% % (minimaldex-
trose medium): 1.34%YNB(F% £} &5 I Afitti(yeast nitro-
gen base, YNB)). 4x107°% M. 2% & B, MM
R 953 (mineral medium):  1.34%YNB. 4x107°%4:4)
. 0.5%H EE; BMMYH; 7% (buffered methanol-
complex medium): 2% AR 1% EHEEY .
100 mmol/L R8T pH6.0, 1.34%YNB. 4x107°%4:4)
E. 0.5%FEE; BMGYHX:7# 3 (buffered glycerol-com-
plex medium): 2%JRE B R, 1% & 52 Y .
100 mmol/LEEFRApH6.0, 1.34%YNB. 4x107°%4:4)
. 1% H .

1.2 g

Allegra 21R&E R EF#E A% 5 LML (Beckman,
%E); & NEHEE OM(Sorval, f#[E); Mini Protean 11
T EPACEIK RS Gel Doc20005% 45 /KT-HL
¥k & 5i(Bio-rad, £[E); 320-S pHit(Mettler Toledo,
FH); SR VKPL(Sanyo, HA); TY92-2DiE 7 I 4H
KR LG Z R 28 5E B, 7 [, 2 A% R A A (e
RIS, 1 E); Gene Pulser Xcell FL %
FLARGi(Bio-rad); 8% TAE & FMFER], HHE).

1.3 LR
1.3.1 GS115-P9ICK-GALK, GALTA1GALE/ #5 2

FEEUFRI20 pg, 18 SaclZi Ak, Bk 2 A 10x
Buffer O 40 L, Sacl 20 pL, Fifi20 ng, KEK
320 uL, 37°CyHfk3 h. BXS pL, #EAT1%E R Rk H
PK. VKT EAEEAR, K10 pLE ML TURLIN N 212% 80 uL
B RHRZ A MA1.5 mL EPE N, IRAVEBREEHEN
0.2 ecmHLAALAR Y, SR 5 HE AL AR UK S min. HLf 2544
N L2 KV, HEZR25 pF, HLRH200 Q, L7 ] 2A4~10 ms.
HL i SE ARG, K5600 pLuK TV B3R B A1 mol/Lil B
BE UM B T A B, RIS e T VW
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B8, B R AR B2 mL EPE
1, 30°CHEFERTFR2 h. (GEE QIR &, IR TMD
PR _E, 30 CHEIE R FR2~3 K.

F K B 7 2 PR B T, /EMM MDA FAR | L—
JE 177 RN S HISHE AL T, B IR SEEMMATAR |

WEE2R. PRI, O, B FTR, F4REMDF
BOEH A K TTAEMMA AR _EAEARAR N B T R

132 PCRX =TMHM®BHEH

Wt s AR R, B A TTAY TR
HIRAF AR, LA HGALK, GALTHGALER) %A
BRI ATPCREGIE. PCRAAAFUIT: 94°C 5 min; 94°C
30s; 56°C 30's; 72°C 90 s; 35/MIEH; 72°C, 7 min. KM
& Z il $Falpha-Factor-F 5[ #F13'AOX1 5 #5 pL, %
[AIZADNA 5 uL, 100 mmol/L dNTPs mixture 1 uL, 10x
PCR buffer 5pL, Taq% FHE(S U/uL)0.25 pl, #hKE
50 pL. HU55 & () cDNAfE AREATPCREE SR B, 9
B H R B, AR R vk H ) 2

133 Eakxdsatgi

PRIk PRHCR R, R 25 mL BMGY I
TEHH, 30°C, 250 r/minid B TR, FE 2 Ag0e=2~6(0F £
A, KZ116~18 h); FH2655%g #5025 min, LN,
2Bk B3, FAIBMMY H B 41 % A400=1.0, HEATIHFHR
%5 RG24 WIS FREE PRl mL, I R K
0.5%4k 415, DL NI [R] 250, 24, 48, 72, 96 hif i

10621xg 02 minSUEE R TR 5E FIGMPiE. X 7Rt
g RS REUUENT2, 96 hFES I _LFE
SR TR A BB AT AR

BEAF RO B EERE S EFE20 pL. BFESE
JE, R BRE RV EER A0V, ol
30~40 min, F5FE b B 2 R 45 B I RN 4 B 5t s 2 R] T
J&, B HUE T 42200 VE B H vk g . Fk A R A, B
NEURGIAT I, 1H E B R 100 VIR, Z191.5 h, 15
250 mA. LRSS, BT B 5 S FHPBSTHE R4,
X5 min. KfPVDF i & T 5% ig @k 3 1, 37°C
B h, FH 3 PR — BT, e — B 4 Cit
. U H ¥ L S FHPBSTHE 4R, 45 min. FH&
5%t AR Wk ()t PAIVROR B, — Bt RAE P 37°C N
Lh M 5EEE G, R 5 BT & T e ibid
K, BERS min. FEJSECLERS, 1EEBEY, HARTIRLG
BRI 50 T FH ) —$0 N His, #FE L824 1:4000,
ZHURCEPUR, FoREELAE) 29 1:10000.

1.3.4 BAEANFIAELSE

Z R A AE P FUNE 5 (95.69 mg/g), FHXLZE
/KL B 120 mLIK EE 95.69 mg/gF-FLBEE . FE
532 LA B RO FLBE A, BN RE 362 mLEEL
VB, BENL N34, A3 MRE. 25N GALK,
GALT, GALE. GALK, GALTHIGALERMIESHIA
0.52%, 0.46%7F10.14%. MA3FHEFHE 48 h)5, HEIR
LR AR A TR E . HERRREN0.2000 g D-
FABET 10 mLA RS, MKIEBMRERZIE, 325,

B 1 HACFI. A: MDA B: MMAFAR
Figure 1 Transformation plate. A: MD plate; B: MM plate
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F 1 3PEREMGI T

Table 1 Primer sequences for three genes

514 3
GALK-alpha-Factor-F 5" GACTGGTTCCAATTGACAAGC 3'

GALK-3" AOX1 5" GCAAATGGCATTCTGACATCC 3’
GALT-alpha-Factor-F 5" GACTGGTTCCAATTGACAAGC 3’
GALT-3'AOX1 5" GCAAATGGCATTCTGACATCC 3’
GALE-alpha-Factor-F 5" GACTGGTTCCAATTGACAAGC 3’
GALE-3' AOX1 5" GCAAATGGCATTCTGACATCC 3’

il 20 mg/mL - FURE G 4. bRk ZR: 4 ARl
FLBEARAE0.05, 0.10, 0.50, 1.00, 2.00, 4.00 mLF5 mL
RN, AR 2. Ffh: B250 pLFE s TS5 mL
REIMPEFER20)IN73% MR EZIE, B8, &
0.22 pm i FLIEMEIEE, BRI A ALk A, R A
Agilent 12607 75 R0 €0 184S (R RIDAS I %3 5K 2 37 2
LR 1) b v ot 2 DA R 5 7 S A R 1 2 LB IR
Agilent Zorbox NH, i #(250 mmx4.6 mm, 5 um), DA
73% L ME- /KIS BORISIAHREAT BeM,  iiE 1.0 mL/min,
FEIR30°C, FEREAARRRS uL. Wi . S5 R ki,

1.3.5  34-2F FUAE (X 4t B x5 "R 508 A A 4 T8
S5XETHNMERN

Z: W 10 5 o FUME S 2(95.69 mg/g), H
300 mLEERERCHIL: LHEK, r2em3/ MR, R
100 mL, A IAE I ANGALKMGALT (4314,
faiFRtreat 1), —MAE A GALK, GALT, GALE (4b#
24, faiFitreat 2), WAFLEOKFE b, LI 7R M. %
T HAR AR 2PN, SR EUHT H B5 (0 75 75 5 i T
600 -, BEHL NILL(HIEL, treat 1, treat 2), PI4L%&
2001, #4200 A T35y 5 B NS AL,
M40 R BRI AH TR R TR 78 2 LA I 1 1K
Xof HRZH TR R U P M 7 R 10 DR K. X SR T (1)
MIEM BT 55 358 (L : 34.5°C, MXHERE: 65%)5;
IR, B E R GiT R I 5 L A0, R A
BB, FIFSPSS 26.040 11341 Tl 47 A 47 1. FI

F2 FUEYIRCEL(g/100 g diets)
Table 2 Diet ratios of each group (g/100g diets)

FHSPSS 26.0" log-rank test % ¥ 2H T #4175 i /2 75
FAEREESR, IWEP<0.05EA 41255 L

2 HRESM

2.1 A RORIEG V) %8 B B e b 7

g U] S HL ) A R, BRI DL AL 2 B
(EB)I 1% NEHE B ik 7 B UVPEHR R G818,
Wk &t B (E2A~C) . 7RGALK (1424 bp), GALT (1235 bp)
FIGALE (1028 bp)fEAH N1 07 B U1 — 4% H 45,
Wi BA A P M TR, f PR RLI% B A TR A
a5, BIEPCRY 45 R (E3A~C)E H B HEK %7
—3%, HPEVE TR P s A B R R S T T )
—EH(M AR 1), R BIpPICIK-GS115% 4 Rk Ih
M.

22 HHEHEMFRAEHEI

SDS-PAGE# H LK S5 R 7R, WIE4A TR, 3
FEBEEGALKAES#. 645 F 1372 596 hi Ry
W E HEE, AN SERE(53.0 kD)) 4.
GALTTE6# 5 T 2R DT IR B H 18 (147.3 kD (]
4B). GALE{E2#, 3#, 4# 5 BARYTE RIIE H i E A
(E14C), KA ETI38.0 kDYHAF.

2.3 3PP FURE IR 1 FURE RO B AR SR

e FUHE R — P LA B, Leloini® M 72 BT H £
P AR = B AR S TR BB ISR — 20 v, e FUBE B 2 AL bE
BEEGALKBERR (b, 7= FLFE-1-BER (Gal-P) & 2 3,
WE-1-BE R PR e B BEGALTH AL N UDP-2E 3L 0, [Ali
PRI 208 -1-W5 R, o] ik ARERE MR 2) i A4, UDP-
e pE-4-22 18] F A B GALEME AL UDP-Gal FTUDP- 4 %
WER] I AL B A UDP-HI A HE. fEVF 24Nk, b
AR, WUDP-% % B FIUDP-EFL0E, X T oh £ 4
FRIEE A A5 e WA AN AT 20 . A P 3 b2 LB AR 1A S il
TEARANE A= FURE, B 7045 J R IS 0 3 ol g £ Ak 25 21

I FILbE P FLpE IR - R RN R R4 AR 50%JEHHAT
Control 9.569 0 0 0 90.431
treat 1 9.569 0.520 0.460 0 89.451
treat 2 9.569 0.520 0.460 0.280 89.171
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& ¢
et —
p
6000 bp 6000 bp
5000 bp 5000 bp
330885 330085
p
2000 bp 2000 bp 2000 bp 2000 bp
1500 bp P
1000 bp 1000 bp 1566 b 10006
750 bp 750 by ’ "
p
500 bp 500 bp
500 bp 500 bp
250 bp
100 bp 250,bp
100 bp

B2 FRAEVIE A, A: GALK; B: GALT; C: GALE. Jki&M1: DL2000 DNA marker; Jki&1: BEDITT; kiE2: BBVIS; 3K
JEM2: 1 kb DNA marker

Figure 2 Gel map of the product after plasmid digestion of GALK (A), GALT (B) and GALE (C). Lane M1: DL2000 DNA marker; lane 1: pre-
digestion product; lane 2: plasmid digested product; lane M2: 1 kb DNA marker

A

2000 bp

1000 bp
750 bp
500 bp

250 bp
100 bp

B M 1 2 3 4 5 6 7 8 9 PC NC

2000 bp
1000 bp
750 bp
500 bp

250 bp
100 bp

2000 bp

1000 bp
750 bp

500 bp

250 bp
100 bp

B3 BHYEERIPCR. A: GALK; B: GALT; C: GALE. M: DNAFR#AE S A T 2 _E 435124100, 250, 500, 750, 1000, 2000 bp; 1~10:
B BE#E; PC: PHAEXS BROSURL); NC: BT R

Figure 3 PCR analysis of positive clones of GALK (A), GALT (B) and GALE (C). M: DNA standards from bottom to top 100, 250, 500, 750, 1000,
2000 bp; 1-10: positive strains; PC: positive control (plasmid); NC: negative control

2290



hERE: AR 20254 55 % H 11

250 kD
130 kD
100 kD
70 kD
55 kD
35 kD
25kD

96 kD
96 kD

15 kD

10 kD

96 kD

10 kD

B 4 EARARIEL K. A: GALK; B: GALT; C: GALE. GALK-M (A): F FAREd; 1: GS11SH #7272 hAURITE; 2:
SHPFRPEE ARG IR 72 WRARDTIE; 3: S#FIPEREFRIE 7796 WRIRTTIE; 4: 6#PIVERMRIE IR 72 nRARTTIE; 5: 6#PHPE T HRIE 7796 hid
FRDUSE; 6: THBAPE B RIS 772 hBHBUTIE; 7: THIA TR RRES 9296 hZEMRITHE; 8: BAPESE A (m.w.=96 kD); GALT-M (B): & A¥riE
dn; 10 GSTISEMRER 7772 hif) 70 B 20 6#FHPEBIAR B TR 72 hi¥) 70 s 135 3: o#FH TR BRI% 7706 hit) 73ils 135 4: 6#BH LR Pk
BETRT2 WA I 50 o#PHYE BIRREE 7796 hZE i, 6: 6#PHYEBIRREE 7572 IR TTIE; 7: 6#PHVE BIRRES 7796 hif 24
UUUE; 8: FHE 2R A (HAFF 2 m.w.=96 kD); GALE-M (C): & E AR fh; 1: GSISTMREEFR72 hARUBRVTUE; 2: 2#PH M I bk 7772 h
FRTIVE; 3: 2#PAVE B RR S 7296 hRARUTIE; 4: SHPHTEBIAREE IR 72 WEYRITIE; 5: 3#BATEE FRIT IR96 hWRMRTTVE; 6: 4#PH VE Bk Y
FR72 WRHBEUTUE; 7: 4#PBH L BRI FR96 hALMRITIE; 8: PHItEE A (HAFR % m.w.=96 kD)

Figure 4 Protein purification assay gel plots of GALK (A), GALT (B) and GALE (C). GALK-M (A): Protein standard; 1: GS115 strain was
incubated for 72 h to lyse the pellet; 2: 5# positive strain culture for 72 h to lyse the pellet; 3: 5# positive strain culture for 96 h to lyse the pellet; 4: 6#
positive strain culture for 72 h to lyse the pellet; 5: 6# positive strain culture for 96 h to lyse the pellet; 6: 7# positive strain culture for 72 h to lyse the
pellet; 7: 7# positive strain culture for 96 h to lyse the pellet; 8: positive protein (m.w.=96 kD); GALT-M (B): protein standard; 1: secreted supernatant
of GS115 strain culture for 72 h; 2: 6# positive strain culture for 72 h of secretory supernatant; 3: 6# secretory supernatant of positive strain culture for
96 h; 4: 6# lysed supernatant of positive strain culture for 72 h; 5: 6# lysed supernatant of positive strain culture for 96 h; 6: 6# lysed pellet for 72 h of
incubation of positive strains; 7: 6# lysed pellet for 96 h of incubation of positive strains; 8: positive protein (HA tag m.w.=96 kD); GALE-M (C):
protein standard; 1: GS115 strain was lysed and pellet after 72 h of incubation; 2: 2# positive strain culture for 72 h to lyse the pellet; 3: 2# positive
strain culture for 96 h to lyse the pellet; 4: 3# positive strain culture for 72 h to lyse the pellet; 5: 3# positive strain culture for 96 h to lyse the pellet; 6:
44 positive strain culture for 72 h to lyse the pellet; 7: 4# positive strain culture for 96 h to lyse the pellet; 8: positive protein (HA tag m.w.=96 kD)

(2 FLBE 2 i (R T 0 B (BISA~C), IX 3R B3 Ff
SEREACUTE ) S RO AR 1A A . IhAhE
XPRE AT T S A, A ERZEAG I HH leloirids 12 H 1)
B = FLRE DL AN 55 A0 3 Ff AR U0 (e 2L b - 1 - R
UDP-F-FLFE . UDP- % B)(£3).

2.4 ST E IS 1

5%t EZAAHEL, treat 140 Mltreat 240 H g AR 4L
W P 7075 26 JE 2 3 1 (Chi-square=13.92, df=1, P<0.01;
Chi-square=9.42, df=1, P<0.01; Chi-square=29.87, df=1,
P<0.01; Chi-square= 53.68, df=1, P<0.01)(Kl6 ARIB). 4
EI6CHIDT7R: treat 240 H b i HIR SE MG 1 35 A A R

B 3 v TR R Y s e R R B e T 1 2 AR A R B
(F2.50=4.129, P<0.05); 5XTHEZHAHLL, treat 14H Mltreat 2
ZHR ARG I I AR A7 R U 3 = T 5 TR A R AR i 1)~
BIAAF RBU(F,35,=35.75, P<0.05).

3 i

M AR BB AR AMORHEY),  H Kk R AT
WX EIPOEI S, Tz T, B K
A BRI, AR B AN SR AR P S SRR
FAR RO, TR B B e PR AL i R
PR A3 5 5 B0 70 A A U X BB B,
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A 25 a B 25 A
b
2.0 2.0
g8 £
58 £E
E T 15 €% 15
oY 2 =
% g % 8
2o @ o
® g 1.0~ = 8 10
T8 8
8 3
0.5 0.5
0.0 ] 0.0
control GALK control

c 25 5

20

FIUERE mg/mL
Galactose concentration

0.5

l 0.0 1

GALT control GALE

B 5 USRS MR R . A: R AUMRMEE(GALK); B: - FUHE-1-BEIR IR HF HF BB(GALT); C: R —REIR-4-8
PLE(GALE). AR 7] (/NG 7 RER R B A AEAE 235 22 57 (P>0.05), AN (/N5 =7 RER R B0 47 7E 225 22 57 (P<0.05)

Figure S The effect of galactose metabolizing enzymes on lactose concentration. A: GALK; B: GALT; C: GALE. The same lowercase letter
indicates data with no significant difference (P>0.05), and different lowercase letters indicate data with significant differences (P<0.05)

F 3 OWMIAEEAS hE, IR SR B
Table 3 Content of galactose and its metabolites after adding three
enzymes for 48 h?

PN X & 2H (ng/mL) SEIG A
LU 6367.202+181.195  5420.326+116.533
e - 1B R ND 119.001+1.372
JRE IR - L ND 123.122+0.118
PRFF T R A ND 119.396+0.043
a) NDR/RARAS H.

B — L B A N R K 308 5 R AR 2 R TR IR 3 AR
B AR AR B R SR AR Bk, 5B R Rt
— BB SR R 304 A, JLh A
EE%M%%Mﬂk“EQNM Helw AT BA

N8R HhREEA FH A A B4 4 H R S5 42
m@%%%mﬁlﬁﬁE%mE,é%%ﬁﬂﬁ&%
B, 2 H I e 4y ERORT 5 4% DA R TG AR 25 v B30
AREOZTL 3t et i i (0 JE B A S KU, W LR 1,
FEACHR 2 TR FEE AR F A 5 0 S LA B SR o) =)
CEILF 2 S RE g 1B R, K07 E R
7 W R PN AR SE A ALBE M a-GAL, GALK,
GALTHIGALE 47 fifg 2k DR 5 12 7K~ R il v 4 20 4 25
T g™ 78 K2 H R, LIRS Le-
loiri& /2401, %% 1% M 4 B 2 3L 3h 20 #5 2 fR =5
8 e A R P T AU B A 2 DA BRI
A A 1R R BRI RE G 2 S BUR B AL A )
R R0 BT B S SRR CH 28 =B MRS 5
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BE), DRI R = o2 FUREHF B2 SR i, TEvkiE
T Leloiri& 42 5 AR T4 4k. 1ZB 2K IiGALK, GALT

AMGALE I Z00E [ B, g = FLRE 38 & 2 08 W% fie I
25002 MGALTVE VEZ AT, 2 FURE-1-BERR 1) 7

“H AR R AT A B A R AL, S SRR hE R
i S ATP A R ERS, 51 e S JUE e 41Xt ik
FRUEEE, A S B QI R O S S g @i
B ) e T R HE A T B S 3 SR E AR % B il
——GALK (EC 2.7.1.6), GALT (EC 2.7.7.12)bAJ%
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Figure 6 The impact of composite enzymes on the survival of bees. A: Effects of galactokinase (GALK), galactose-1-phosphouridinetransferase
(GALT) and uridine diphosphate-4’ mutase (GALE) on the survival rate of galactose-fed workers; B: effects of galactose kinase (GALK), galactose-1-
phosphouridinetransferase (GALT) and uridine diphosphate-4’ mutase (GALE) on the survival rate of galactose-fed foragers; C: the average lifetime of
emergence worker bees; D: the average lifetime of foragers. The same lowercase letter indicates data no significant difference (P>0.05), and different
lowercase letters indicate data significant differences (P<0.05)
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Production of three oligosaccharide-metabolizing enzymes by
reconstituted Pichia pastoris and its effect on honey bees
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Due to self-incompatibility, Camellia’s pollination efficiency is low. When honey bees are introduced for pollination, the raffinose
oligosaccharides in the nectar induce bee poisoning. The purpose of this study is to reconstruct Pichia pastoris to express three key
enzymes of galactose metabolism (GALK, GALT, GALE) in Andrena camellia to explore their effect on the detoxification ability of
oligosaccharides in honeybees. The pPICIK-GALK/GALT/GALE expression vector was constructed using plasmid recombination
technology, which was then electrotransformed into Pichia pastoris GS115 and induced to produce the recombinant enzyme. Protein
expression was verified by Western blot. In in vitro experiments, we fed honey bees sugar water supplemented with the recombinant
enzymes. We then evaluated the metabolic efficiency of the enzymes in galactose, the survival rate, and the median survival of the
bees. The results showed that the efficient expression of GALK, GALT, and GALE in P. pastoris was successfully achieved. In
in vitro digestion experiments, the combination of three enzymes could significantly reduce the content of galactose (P<0.05), and we
detected Leloir pathway metabolites (such as UDP-glucose). The feeding experiment showed that the median survival of the worker
bees supplemented with three enzymes was 34.43% longer than that of the control group (P<0.05). GALK, GALT, and GALE
expressed by Pichia pastoris can effectively metabolize galactose in Camellia oleifera oligosaccharides, significantly alleviating the
symptoms of bee poisoning. This study provides technical support for improving honey bee metabolism using the bioengineering
method, which is of great significance for promoting the sustainable development of the Camellia oleifera industry.

Pichia pastoris, plasmid recombination, galactose metabolizing enzymes, oligosaccharide metabolism, honeybee detoxification
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