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Abstract: [ Objective | The amino acid content of plant nectar affects the collecting preference of bees.
Previous research found that nectar—rich Camellia oleifera flowers were unatiractive to foragers, leading to low
efficiency of bees pollinating C. oleifera to increase yields. This experiment aims to compare the types and
contents of amino acids in the nectar of three different species to investigate the effects of the amino acid
composition of C. oleifera. nectar on Apis mellifera, thus providing new ideas for improving the pollination
efficiency of honey bees on C. oleifera.[ Method | Three types of C. oleifera nectar were used for the study, and
the amino acid types and absolute contents of different varieties of Camellia oleifera nectar were detected by
liquid chromatography—tandem mass spectrometry (LC/MS).The effects of the highest levels of amino acids (L—
Glutamine) in C. oleifera nectar on the expression of genes related to longevity , immunity and detoxification in
western honey bees were also assessed. [ Result] (1) Gan 447, Changlin 18 and Gan 68 C. oleifera nectar all
contained 19 of the 21 amino acids, but there were differences in the fractions and concentrations , among which,
glycine and cysteine were not detected in Gan 447 and Changlin 18 C. oleifera nectar, while asparagine and
cysteine were not detected in Gan 68 C. oleifera nectar.(2) The content of L—glutamine was the highest in the
three oil tea nectars, including Gan 447 oil tea nectar, which was as high as (1 612.63+17.85) mg/kg, and the
content of proline(Pro)and y—aminobutyric acid(GABA )in the three C. oleifera nectars were low (<100 mg/kg).
(3)The addition of L—glutamine at the same dose as that in the nectar of Gan 447(1 610 mg/kg)to the diet had
no significant effect on the lifespan of Western honeybee (Apis mellifera) workers (P>0.05) , Nor does it induce
the upregulated expression of the worker bees’ detoxification genes [defensin 1 (Defensinl) and abaecin
(Abaecin) ] as well as immune genes [cytochrome P450 (Cytochrome P450, CYP450) , glutathione S—
transferase 3(GSTS3) , and catalase (Catalase) ].[ Conclusion | High levels of L—glutamine in C. oleifera nectar
do not threaten the survival of A. mellifera workers.Lower levels of proline and GABA in C. oleifera nectar may
contribute to the weaker attractiveness of C. oleifera flowers to A. mellifera.

Keywords: Camellia oleifera ;nectar; LC—MS ; amino acids ; pollination
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HE B E AR BRI [ P ) S [n] T ] A B9 5% 1) FH (liquid chromatography—tandem massspectrometry ,
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ARG R 34> it A 28 A A VIV B K B (114756'N,29°04'E) 55 447 (LU fij R G447)
FiEE 68 (LL T i FR GO8) A AL 5 , LA KOk H VL PG4 BAR T M X (114°20'N, 27°73"E) i % bl (i KAk 18
(LA R PR CL18) A% o FIFH 5 mL JC T 1 56 i R IBCAE 28, W B e v S8 4 e A LA S 28 I g A
1.2 LCMSHEMMFHEDRFEIERSEN X
1.2.1 7oAt 5 04 BL )

FRIGE 21 A A FERR AR (56 5] Sigma 24 7)) , (5 FH FH B /K T5E A 0 SR bm B0 o 2 B BB VA o
il B GRS, AR —F B 2518 B B R, TS AR W . ECE IR 115 2 S8 o vk B U AL
1o BRE N TARPRMES IR T 0 °Co
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Tab.1 Standard samples gradient concentration information ng/mL
aEw Fe FRERE S 45 Standard sample number

Compound No. 1 2 3 4 5 6 7 8 9 10
HZAM Glycine 1 - 20000 10000 8000 4000 2000 1600 - - -
WA L-Alanine 2 - 5000 2500 2000 1000 500 400 200 100 50
y-ZIE TR 4-Aminobutyric acid 3 1 000 500 250 200 100 50 40 20 10 5
225k 1-Serine 4 - 1000 500 400 200 100 80 40 20 10
ffi%f2 L-Proline 5 1 000 500 250 200 100 50 40 20 10 5
a2 1-Valine 6 - - 250 200 100 50 40 20 10 5
AR 1L-Threonine 7 2000 1000 500 400 200 100 80 40 20 -
SRR L-Tsoleucine 8 2000 1000 500 400 200 100 80 40 20 10
SRR L-Leucine 9 2000 1000 500 400 200 100 80 40 20 10

KA L-Asparagine 10 20000 10000 5000 4000 2000 1000 800 400 - -
RAGE MR L-Aspartic acid 11 - 2000 1000 800 400 200 160 80 40 20
AR L-Cysteine 12 1000 500 250 200 100 50 40 20 - -
L-A & B L-Clutamine 13 1000 500 250 200 100 50 40 20 - -
H2R L-Lysine 14 1000 500 250 200 100 50 40 20 10 5
BER L-Glutamic acid 15 2000 1000 500 400 200 100 80 40 20 10
HR &R L-Methionine 16 2500 1250 625 500 250 125 100 50 25 @ -
ZH%R L-Histidine 17 2000 1000 500 400 200 100 80 40 20 10
HNH R L-Phenylalanine 18 1000 500 250 200 100 50 40 20 10 5
W& MR L-Arginine 19 2000 1000 500 400 200 100 80 40 20 10
HR M2 L-Tyrosine 20 2500 1250 625 500 250 125 100 50 25 125
{88 L-Tryptophan 21 500 250 125 100 50 25 20 10 5 25
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122 H&aTa

3 RS WA T 100 L 3 Al R AL FEAR (BRI FEAR 3ANE R ) T 2 mL EP 4, A
400 WL 10% V(H g B A ) < VIH,0) =1 1, 12 000 r/min 4 °CE5.0> 5 min, BUR SR 3% 100 wL, iTA
400 L 10% V(R I BEES W) < V(H,0) =1 1 (R BE 5455 ) , I iE R 75 30 s, HURG B S5 B9 AE AR 100 wlL,
IR BE R 100 mg/kg (9 XA 2 AR 100 L 8 5E PR 7% 30 s, FIH WG 0.22 wm BT U8, 3 uE WA
ESIEmalllFiiiNa L
123 LC/MS#m)

{S#% : Waters UPLC R AH 435 (% (SE [ Waters A F] ) R AB = 1 PURAT T 154X (ThermoFisher B4 A FR
AT . AT A% ACQUITY UPLC BEH C18 {434+ (2.1 mmx100 mm, 1.7 um, 3&[H Waters 24 7 ),
PERERE S WL, AEIR 40 °C, AT A—-10% K (550.19% R ,B-50% HI /K (5 0.1% IR . BEEEVERR A1
0~6.5 min, 10%~30% B;6.5~7 min, 30%~100% B;7~8 min, 100% B;8~8.5 min, 100%~10% B;8.5~12.5 min,
10% B, % :0~8.5 min,0.3 mL/min;8.5~12.5 min, 0.3~0.4 mL/min.

o S5 A FL 55 H S (ESD IR, IE B F L B A=, B9 IR0 EE 500 °C, B F I R 5 500V, Ailf 48
3.6 psi, AT 30 psi, 5 AR H 50 psio SR FHZ 8 O I (MRM) #5744 . T &4
BT A8 85 % DL 3R 2.

2 BATHAWMHWEESFX

Tab.2 Quantitative ion pairs for analysis

&Y iy BET/(me-z") TET/(m-z") HEY i BET/(mez') FET/(m-z")
Compound No. Precursor ion Product ion Compound No. Precursor ion Product ion

HE® A

1 76.026 30.000 12 121.158 90.000
Glycine L-Cysteine
W L S

2 90.097 44.100 13 147.089 84.100
L—-Alanine L-Glutamine
Y2 TR T = R

3 104.051 87.000 14 147.150 84.000
4—Aminobutyric acid L-Lysine
L wEm

4 106.054 60.100 15 148.086 84.200
L-Serine L-Glutamic acid
N =R

5 116.092 70.000 16 150.101 132.900
L~Proline L-Methionine
SR A

6 118.148 72.000 17 156.076 110.000
L-Valine L-Histidine
HAR KNER

7 120.098 102.000 18 166.102 120.100
L—-Threonine L-Phenylalanine
B R A iR Yok A it

LR LR

o 8 132,052 85900 | 19 175.103 70.000
L-Isoleucine L-Arginine
LR ik R

9 132.077 85.900 20 184.078 166.200
L-Leucine L-Tyrosine
KA WM AR

10 133.055 116.000 21 206.054 178.200
L—-Asparagine L-Tryptophan
KA AR

11 134.052 88.000
L—Aspartic acid
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1.3 AAFEBRIEBREEATLES

VEH 3 FF (8B VY 7 58 16 (Apis mellifera) , SRR & B0 05 23 A R <196, [RIR B BGHE iy A
Z BRAy T B, 0 MR T T TR A Sk B X ) w5 I R B N T R IRC A R AR
UUE o 90 241, B 180 HUTL0E , 43 3R BRI ME , B A6 60 H T (ke |1 3 Ff s i, B 20 H T ) .
Xof HEZH VY Jr o W T W A L 50% JHEAE (L BT R T A= AL BB B A BR AN 1) ¥ W, Ab B T8 1) MR 5 A
1 610 mg/kg i L-45 2Bt (0.161 ¢/100 g 4K , MR BE 5 G447 h L-45 2 Bk i & s AH W] 1Y 50% FEFE K
XA T W AR IS B T R R4 T R :34.5 °CL AR B : 75%) 8555 . iR 5 T4 H 9FHid % T
LR AP OO S G BRAE T T8 BT A DY I AET . cJm 23] & 2 1Y Kaplan—Meier 4 771 4k .
14 qPCRMET#EEMBSHXERNBEITRIEE
141 I HHZRE

FE 1.3 IR, 2 M 4 A 22 A M AR T8 TR A, bR 45 U T8 O I 3 HESE 0 [l 1S R T
WE) A0, 10,25 d HU6 Sk 28 16 FH 4G G 338 Mgt B AH DG 35 PR A AR DG ik o
1.42 % RNA 6932 B A cDNA 694 %,

DL B8 0 SR AE SRy — AR A R IBURL RN A T, B RNA A HEIBURT cDNA (15 1S 2% 4% o] W1 7
o MRAE TransZolTM Up Plus RNA 2B & (A6 30 404 24 5D i B R HUE RNA. H cDNA & ik
F el 45 19 cDNA , Fe ZAR TN 20 pl.
1.43  314pi%3t & qPCR #m)

MR SCHR 23 HIGE 1 5 19015 B, BB R 1 FE K (Defensinl ) Pt HKFEH (Abaecin) i (1.3 P450
H K ( CytochromeP450,CYP450) Ve Bk -S-5E R 1 3 F2 IR (Glutathione S—transferase 3, GSTS3) Fid 44k
AW (Catalase) 73 5IAE R VE T % W G e A # A DGR DR 5 149 (3R 3) , Hih DL GAPDH B AE N
W, BRI T AR FR TR o 328 F 27 k3 G ik 25 A DG L DR A AR 0 e ik 1B

*®3 SMFEIEER

Tab.3 Primer sequence information

N . Rk EEC
S 4 7 L U -
Annealing
Gene name Forward primer(5'-3") Reverse primer(5'-3")
temperature
BHZE 1 Defensinl GTTGAGGATGAATTCGAGCC TTAACCGAAACGTTTGTCCC 57.5
YU AR Abaecin TGTCGGCCTTCTCTTCATGG TGACCTCCAGCTTTACCCAAA 58.0
A A 03K P450
CAAAATGGTGTTCTCCTTACCG ATGGCAACCCATCACTGC 58.0
CytochromeP450(CYP450)
B Bk-S-T 751 3
Glutathione S—transferase 3 TGCATATGCTGGCATTGATT TCCTCGCCAAGTATCTTGCT 57.0
(GSTS3)
WA Catalase GTCTTGGCCCAAACAATCTG CATTCTCTAGGCCCACCAAA 58.0
Hrh -3 I A
glyceraldelyde—3—phosphate GCTGGTTTCATCGATGGTTT ACGATTTCGACCACCGTAAC 58.0
dehydrogenase( GAPDH )

1.5 #HEBEHITAZE

{1 SPSS 25.0 3 #7125 £ 48 J 53 | SR B P B AH DGk PR 3 3k dk i 8080 , 580 H 1 24 (1 e v
(mean+SE ) IR . ﬁtf%t\ﬁjﬁ%ﬁﬁ“one—way ANOVA R 5B8 7 ol “e Kz 560" R4 G810 o i 1) 22 S 9l o 2
BFRIMEFIKF 2 P<0.05. FH Kaplan—Meier 2RIl 2% T AYAAIE 2, R 04T LUEL, XSO 56 P<
0.05 N HA Giit24 225
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2 #REHH
21 3MBFREDHEEERSE
2.1.1 AEBAFABHELER
21 P LR B 45 B AH G 20 R4 0.990 1~0.997 2, 26 1 LAY, 45 5 WL 32 4.,
*4 SEBIEHZESR

Tab.4 Amino acids standard curve information

EY) W5 PREEHE/min LT P& REU(RY)
Compound No. Retention time Linear equation Fitting coefficient

L-A & B L-Glutamine 1 4.49 ¥=0.002 354x+0.006 795 0.990 1
W& L-Arginine 2 4.06 ¥=0.004 38x+0.019 79 0.995 6
MR L-Lysine 3 4.02 ¥=0.003 512x+0.007 147 0.993 3
AEMR L-Glulamic acid 4 4.49 ¥=0.002 354x+0.006 795 0.990 1
%2 L-Tyrosine 5 6.17 y=0.002 498x+0.011 24 0.997 2
2R L-Tryptophan 6 10.90 y=0.009 861x+0.032 95 0.9915
AR L-Histidine 7 4.06 ¥=0.006 849x+0.009 201 0.993 9
APV L-Phenylalanine 8 9.48 y=0.011 27x+0.023 98 0.997 0
2252 1-Serine 9 4.41 ¥=0.002 714x+0.022 26 0.9929
IR L-Threonine 10 4.49 ¥=0.001 251x+0.011 97 0.993 1
fiti& 2 L—Proline 11 4.67 y=0.009 493x+0.022 53 0.994 9
RAZIR 1-Aspartic acid 12 4.48 ¥=0.002 508x+0.011 61 0.9956
R 1-Valine 13 5.41 y=0.011 59x+0.026 59 0.990 2

FEREMR 1L-Isoleucine 14 7.13 ¥=0.001 363x+0.004 859 0.9959
HHiZ2 L-Methionine 15 5.76 ¥=0.003 607x-0.051 1 0.993 0
A L-Alanine 16 4.46 ¥=0.002 009x+0.007 833 0.994 2
y-ZEIETHR 4-Aminobutyric acid 17 4.29 ¥=0.003 683x+0.006 042 0.996 7
SHER 1-Leucine 18 7.57 ¥=0.009 437x+0.038 77 0.995 8
KABEME 1-Asparagine 19 4.48 ¥=0.002 508x+0.011 61 0.995 6
HZER Glycine 20 438 y=2.343x10"°x~0.003 627 0.996 9
PR L-Cysteine 21 4.68 y=3x10"x+9.237x107 0.990 5

212 3FBFREFTHAEAARSENELR

M5 AT LUE R R EE R AEAS [A] i Rl B AR5 Th & i 22 A0 K. G447 R CL18 ¥ A 20 Fl iy
DB HEMR 1Y) 18 T 2 HETR , 343 AAG: I 3] H 2 W2 A~ D 2 R 5 G68 15 A7 20 My WL A BE IR 11 18 Fh A LR , ARG
I 31 A Tk Jie AN Y e 2R o 3 R 25 A3 v, L- 2 Rk e 1 7 & e, Horp G447 ik (1 612.63+
17.85)mglkg. G447 F1G68 H L-7F ZMERE NE 2R 1 2 e A4 2R 1 & F 4451 (>100 mg/kg ) , CL18 Hh %
R R IERR A L-A @ NS 202 (>100 markg) o 7E 3 R4S AL 5 A6 0 2] 42 B Al y— 28 3 T
%2, H CLIS Pl M My 5 TR & 1 3 5 T G447 M G68(P<0.05) , & 1435124 (99.1420.33 ) mg/kg Fll
(61.90+0.61)mg/kg.
2.13 L-BRBi B B T E 0 Yk

L4 S B e %o VP 5 2 0 T SP- 35 75 0 A B2 00 DL T 1,0.169% 57) 41 T 36 4 - 35 75 i 5 ) IR ZEL A HE TG
3% 2% 5 (Chi-square=3.392,d.f.=1,P>0.05) .
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Tab.5 Differences in free amino acids composition in 3 kinds of Camellia oleifera flower nectar mg/kg

&Y %o

Compound o, G447 G68 CL18
-4 Z B L-Glutamine 1# 1612.63+17.85* 564.38+6.90° 954.01+6.66"
Fi %% L-Arginine 24 576.65+2.01" 151.00+1.77" 34.06+0.21°
#i%B2 L-Lysine 3 269.60+0.79* 133.78+2.77" 97.29+1.29°
A& L-Glutamic acid 44 190.51+2.81" 233.22+1.15" 289.95+2.10"
B2 1-Tyrosine S5# 86.36x1.17" 26.87+0.13" 10.66+0.03¢
{652 L-Tryptophan 6% 67.53+1.24" 27.12+0.45" 27.45+0.25"
ZHA R L-Histidine T# 61.64+0.14" 24.68+0.10" 24.92+0.22"
KN E 2 L-Phenylalanine g 47.56+0.34° 21.09+0.24" 11.7620.09°
22 R 1.-Serine 9 38.10+0.25" 22.63+0.50" 17.84+0.43
JR% M2 L-Threonine 10% 31.87+0.74° 16.12+0.26" 15.80+0.11°
%42 L-Proline 11# 26.27+0.22" 25.42+0.36" 99.14+0.33"
KA R L-Aspartic acid 12# 23.370.10° 14.62+0.12° 17.19+0.26°
&R 1L-Valine 135 21.53+0.26" 11.08+0.06" 9.92+0.15"
FIER IR L-lsoleucine 14% 16.67+0.17" 1.4120.03" 8.22+0.07°
H i &2 L-Methionine 15% 14.65+0.28" 2.89+0.04" 2.21+0.06"
&2 L-Alanine 16# 12.79+0.19" 11.69+0.003" 17.57+0.10°
=2 FE T R 4- Aminobutyric acid 17 9.14+0.04" 7.04+0.13" 61.90+0.61"
ZLE R L-Leucine 18% 4.99+0.07" 0.67+0.06" 1.80+0.20"
KAWERE L-Asparagine 19# 3.78+1.62° ND 3.00+0.88"

HE® Glycine 204 ND 71.55+0.54 ND

B2 R L-Cysteine 214 ND ND ND

DT B, #URA LT E S

INE R R 2257 B3 (P<0.05) .

M. NDAREARRME . [FATAHE/NG TR 3R 22 57 A B3 (P>0.05) , [AFT A

* indicates essential amino acids, # indicates non—essential amino acids.ND means not detected.The same lowercase letters

in the same row indicate no significan
ference (P<0.05).
100
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Fig.1
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t difference (P>0.05) , the different lowercase letters in the same row indicate significant dif-
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Effects of L—Glutamine on the average lifespan of Apis mellifera workers

SRR

L4 G2 Ik iz oF 15 7 8 W6 T 06 4 38 A 56 ZE IR (Defensind , Abaecin) M fit 25 40 & 22 [H (GSTS3, CYP450,

Catalase) ik B (E2),
kB

/n\,

0.16%1.—4 2 e 57 2 T4 7E 10,20, 25 d 8B R i 2 A0 o6 L [ 1 26

A L2 A 835 (P>0.05) .
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Fig.2 Effects of L-Glutamine on the relative expression levels of immune— genes (Defensinl ,Abaecin )
and detoxification—related genes(GSTS3,CYP450, Catalase)of Apis mellifera workers
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