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Using metabolomic methods to screen metabolites associated
with paratyphoid disease in honeybees

LONG Deng-Long” NIU Qing-Sheng DU Ya-Li LIU Yu-Ling
WANG Zhi CHANG Zhi-Guang~~ XU Kai""

(Apiculturte Science Institute of Jilin Province, Jilin 132108, China)

Abstract  [Objectives] To investigate metabolites and metabolic pathways related to paratyphoid disease in the Western
honeybee. [Methods] Changes in metabolites in the guts of bees from diseased and healthy colonies at the end of the
overwintering stage were detected using a non-targeted metabolomics method based on liquid chromatography mass
spectrometry. [Results] 626 and 518 different metabolites in the positive and negative ion mode, respectively, were detected
in diseased and healthy colonies. Many metabolites related to substance metabolism disorder, apoptosis and antioxidant stress,
such as fusarochromanone, quinidine, melatonin and deoxyshikonin, were identified in the ten most significant differences
among the positive and negative ion modes. In addition, differential metabolites were significantly enriched in 7 pathways
related to amino acid metabolism, including aminoacyl tRNA synthesis, protein digestion and absorption, glutathione
metabolism, mineral metabolism and amino acid metabolism. [Conclusion] Metabolite levels in the guts of honeybees are
significantly altered by paratyphoid disease and metabolic abnormalities in amino acids and proteins could be the main cause
of paratyphoid disease symptoms.
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Fig. 1 Resultsof QC sample correlation analysis and evaluation of metabolic mode
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A. Results of QC sample correlation analysis of positive ion mode; B. Results of QC sample correlation analysis of negative
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WA B R BT ( Hollywood et al., 2006;
Johnson and Gonzalez, 2012 ), AHWFEA|FHRET
e RACVRRE o T G FH 1) A S8 A B R X i 45 FE e
FIIE % e T i 8 A Y K 72007, F1E
B AU B R U T 430l 3RS 626 A
1518 NS I, X 2= A B T2
AE B A S5 AR 5 S I I 5 FEAH DG 1Y B 2 R Y
KEGG i [ o AHFFEUE B A 4 2= i i 25 5
ARG ) J5 2 71T R 5 9 1) A I L) T oy 8 e 9
Wb R R A RN R AR T, S 24,
RA—E(DuRand et al., 2017; Wuetal., 2017;
Shietal., 2018 ).

ABFFEXSIE | 1B R vE 2 1) 22 R e
E1 10 MU TR K I 25 T
AACII . TR L I T DL S A R A AE DG 1Y
R, Hrh s ) mAAZEWE . E)2T .
MR R | BRI RN . ST A 2SR
Fusarochromanone & FH B I 14 5 7™ A8 1) B
TR, TAEZ PN 240 B 2 AT 40 11 24 L 34
A4 DL R S 4n B 08 T 9 AE - ( Furmanski
etal., 2009; Mahdavian et al., 2014 ), It4h,
i ] TR S SR R 34 T 3 o 0 ) 22 SRR 9 R TR R
ST RR It 2A TN 22 282/ ) 22 MR 2 1 S B IR il 5
FTE IS INK 5538, JEm S s

(Guetal., 2015), ZJET Quinidine Z&—Fifk
& 24V 297 N e 2 2 R N 72 < P I N2 A NPT i
R NERRRYTY . AW R A JE T ReS I 2%
5 e WL A9 22 T ) R () A7 1) L AL, T 0o
MEL5E R AP 35 i — 22 5% 1 ( Laurent et al., 2002 ),
KA KB EK Deoxyshikonin LA HLETH % . ik
B BURAPUME EN , IR HER D IRE &
R HEEMAE (Park et al., 2018), WEER
Melatonin s&—F HA ZIREMNAEDE SV,
TEAILA B BT A FOBE S W o A Qi 45 2 B i vp
KAEJT/EA (Bihr et al., 2011; Amaral and
Cipolla-Neto, 2018 ), Li % (2018 ) B3T3 48
PR AZR 1A BUBE PR AE rh AL s i G AR AR IR B 3
R EEAER . UL 25 AR 0 2
7 B e ) 40 S8 R I R PR R 0 T R
REEI, W RTINS, L S

WEBURG ) BT IE M TR

R T2 DB SR A I AR R T R
W I TE ) AR HILBE , ASHIF 5T 22 S Rt o ik
1T KEGG YiREE % . W R EERIGFE S
FE-tRNA &R, 2 Bl . o sme i
BMEH AR . B . 22 2 BRI L
Je 2 o 2 R 5 R R AR A 1 B A O
(P<0.05), ZM-tRNA & B 1E b 2 3w
55 AR RS T 1 tRNA KA DT D, o
IE-tRNA & UG 2 AL 2 2R 5 H AR tRNA 1)
HE, HARLTEED e Tise® g, SEARA
AT S 71 B R FEEE (Mirande, 2010 ), %
FE-tRNA A AR I % 1Y) 38 45 6 I 4 4 )
%€ SR MR ZE S DIAEOC, S H 2
M. ZARMABERNRE . B -INERRELL I
e R 5 AR R A % 3 R IR S X
— D, X DA ARE s A A T R
G3ATT I T R R W R FE AR 5 T e a) 2R
AR . L-HEAR . L-HER . L-REAR . HE
MR, L-2%F . L-IHAR . LANERN & &7
EREZES (P<0.05), WL EZIERRICHK
SV A G R R R RS R, AR R A e
KN LTFEFRICE , IR = W 0 5 W hi €
W —E R, 55| R REGFESEN, SAME
2 I3 EL A IR 3 i e AR PN SR K T
AR BTSSR — 3 (FRBILAE, 2018 ), AU,
ARG A4 A TR v S N Y A
i T 4R e e P T AP O AR A 40 9 AR R
fieise, ABAP TR B — 25 W T A T B0 E .

R AUE AR FE RSy, R A
T IIRE A A T o AR ST 7 2R BT AR I
FRGEE I B 4-H 2K . Kl . L-Z2 2R .
LIl LA N &R A & L-4 &R 6 22 AR
WY, B 4 FpEE T IHNEIRI, BaTE 4-
FF SR 24 0 8 T 8 3 R AR o R
45 (2001) BHF5T RSP v 4-H B8 AR
1y 1 2 e AN S ARDBHER 1 B F i B UDAE G, ol
RARE b R BT R 18 40 B 7 A 1 TR o 1)
AR O o e R € O TR N 3R 1 i Ak
W AT (6 110 B B LA B 4-FR LR AR B 2



+ 610 - o B 3244 Chinese Journal of Applied Entomology 58 &

o 2 S AR 1) Jnb 25 3R P e R 40 TR
1) & A AT Re 55 8 e i 1 P A A 0 1 R i 4 DDA
O, I 2 e A P 8 1 O R 2 B R D T U
3 it D T i 5 Wi 5 B ) 190 B 0 o Al i 5 |
IR 3E (Ramezani et al., 2016 ),

e H IR AR AR | P X AR
B —Ap =K, BAT B A AR A E AT,
AR JFAE 5 R B T R &R, TEAMNEMEAE ) 35
RIMEEE . T AIEIEAE | ST R DI RE S
mEEZEAVER (Prussick etal., 2013; Luetal.,
2016; Sonthalia et al., 2016 ). ZFBEH MfCisHE
P AT R 2= R AL L-EAER . HE
PR . R R RIS IR . ORUE e H IR e R A i
MR, L-EEAAIR . HaEm ., )7 BABeHk. X
A8 IV ARG i S5 AT 1) T 8 3R 1) 2 e ) 4 98
F AL AL T4 A N S 7 SR AL R R R Y
2 IR R SR A, T H iz B AT R
HEE A E AR R EESEW (Tan
et al., 2018 ). FUIRIMMRENLELR C, 2—Ff
R H R BRI 28 0 ) A AR AR T PO MR
30 3 R AT AR 5 K CE B BTIR iR D82 A e
T RRAE R AR A T BUTHAE , DR GRS B 1]
P EALIRS A % ( Gould and Pazdro, 2019 ),

S %30k (References)

Amaral FD, Cipolla-Neto J, 2018. A brief review about melatonin, a
pineal hormone. Archives of Endocrinology and Metabolism,
62(4): 472-479.

Béhr I, Miihlbauer E, Schucht H, Peschke E, 2011. Melatonin
stimulates glucagon secretion in vitro and in vivo. Journal of
Pineal Research, 50(3): 336-344.

Baines D, Wilton E, Pawluk A, Degorter M, Chomistek N, 2017.
Neonicotinoids act like endocrine disrupting chemicals in
newly-emerged bees and winter bees. Scientific Reports, 7(1):
10979.

Beyer M, Junk J, Eickermann M, Clermont A, Kraus F, Georges C,
Reichart A, Hoffmann L, 2018. Winter honey bee colony losses,
Varroa destructor control strategies, and the role of weather
conditions: Results from a survey among beekeepers. Research
in \eterinary Science, 118: 52-60.

Desai SD, Currie RW, 2016. Effects of wintering environment and

parasite-pathogen interactions on honey bee colony loss in north

temperate regions. PLOSONE, 11(7): e0159615

Du Rand EE, Human H, Smit S, Beukes M, Apostolides Z, Nicolson
SW, Pirk CW, 2017. Proteomic and metabolomic analysis reveals
rapid and extensive nicotine detoxification ability in honey bee
larvae. Insect Biochemistry and Molecular Biology, 82: 41-51.

Furmanski BD, Dréau D, Wuthier RE, Fuseler JW, 2009.
Differential  uptake and  selective  permeability  of
fusarochromanone (FC101), a novel membrane permeable
anticancer naturally fluorescent compound in tumor and normal
cells. Microscopy and Microanalysis, 15(6): 545-557.

Gould RL, Pazdro R, 2019. Impact of supplementary amino acids,
micronutrients, and overall diet on glutathione homeostasis.
Nutrients, 11(5): 1056.

Gu Y, Barzegar M, Chen X, Wu Y, Shang C, Mahdavian E, Salvatore
BA, Jiang S, Huang S, 2015. Fusarochromanone-induced
reactive oxygen species results in activation of JNK cascade and
cell death by inhibiting protein phosphatases 2A and 5.
Oncotarget, 6(39): 42322-42333.

Guan ZY, 2001. Causes and prevention of paratyphoid disease of
honeybee during overwintering period in alpine-cold region of
China. Journal of Bee, (10): 20. [ZHRHE, 2001, /=2 [X 44
IR T R 22 R SRR ROy, 25, (10): 20.]

He X, 2017. Diagnosis and pest control of disease in western
honeybee. Gansu Animal Husbandry and \eterinary, 47(7):
87-91. [fafjil, 2017. Py & MMECE LW SBG. HHNE
HEEE | 47(7): 87-91.]

Hollywood K, Brison DR, Goodacre R, 2006. Metabolomics:
Current technologies and future trends. Proteomics, 6(17):
4716-4723.

Johnson CH, Gonzalez FJ, 2012. Challenges and opportunities of
metabolomics. Journal of Cellular Physiology, 227(8): 2975—
2981.

Laurent S, Masson C, Jakob I, 2002. Whole-cell recording from
honeybee olfactory receptor neurons: lonic currents, membrane
excitability and odourant response in developing workerbee and
drone. The European Journal of Neuroscience, 15(7): 1139—
1152.

Li G, Zhang Y, Ni Y, Wang Y, Xu B, Guo X, 2018. Identification of a
melatonin receptor type 1A gene (AccMTNRI1A) in Apis cerana
cerana and its possible involvement in the response to low
temperature stress. Naturwissenschaften, 105(3/4): 24.

Li YS, Jin YH, 2011. Causes and prevention of death of honeybees
in winter. Apiculture of China, 62(1): 22. [Z57k Jlk, 45 H 1€, 2011.
YR RRAC U TR TR R RT3 P LY, 62(1): 22.]

Liu JF, He YZ, Liao R, Xie CL, He XJ, Zeng ZJ, 2020. Effects of

queen mandibular pheromone on the behavioral responses of



33 Je R WA T AL T 12 O 10 B e ) 1 A O 2 S A A i 5 - 611 -

Apis cerana cerana and Apis mellifera ligustica drones. Chinese
Journal of Applied Entomology, 57(2): 321-328. [XI|f&%, fiE
Tk, BIZE, WEEAK, MRV, 5N, 20200 WG R
FEX AR | ORI B VPR AT D IS iz B
2£4], 57(2): 321-328.]

Liu ZG, Chen C, Niu QS, Qi WZ, Yuan CY, Su SK, Liu SD, Zhang
YS, Zhang XW, Ji T, Dai RG, Zhang ZY, Wang SH, Gao FC,
Guo HK, Lv LP, Ding GL, Shi W, 2016. Survey results of honey
bee (Apis mellifera) colony losses in China (2010-2013). Journal
of Apicultural Research, 55(1): 29-37.

Lu SC, Mato JM, Espinosa-Diez C, Lamas S, 2016. MicroRNA-
mediated regulation of glutathione and methionine metabolism
and its relevance for liver disease. Free Radical Biology &
Medicine, 100: 66-72.

Mahdavian E, Marshall M, Martin PM, Cagle P, Salvatore BA,
Quick QA, 2014. Caspase-dependent signaling underlies
glioblastoma cell death in response to the fungal metabolite,
fusarochromanone. International Journal of Molecular Medicine,
34(3): 880-885.

Mirande M, 2010. Processivity of translation in the eukaryote cell:
Role of aminoacyl-tRNA synthetases. FEBS Letters, 584(2):
443-447.

Park JY, Shin MS, Hwang GS, Yamabe N, Yoo JE, Kang KS, Kim
JC, Lee JG, Ham J, Lee HL, 2018. Beneficial effects of
deoxyshikonin on delayed wound healing in diabetic mice.
International Journal of Molecular Sciences, 19(11): 3660.

Prussick R, Prussick L, Gutman J, 2013. Psoriasis improvement in
patients using glutathione enhancing nondenatured whey protein
isolate: A pilot study. The Journal of Clinical and Aesthetic
Dermatology, 6(10): 23-26.

Qin M, Wang HF, Liu ZG, Wang Y, Wang S, Chi XP, Liu CL, Zhang
WX, Xu BH, 2017. Comparison of different cold resistance
between Apis cerana cerana and Apis mellifera ligustica.
Scientia Agricultura Sinica, 50(12): 2380-2388. [ZEH, T417%,
XUPRE, ER, b, AR, XA, KA, FRE, 2017.
r AR W R R AR B M T JE L R 2 5 LU AR P R RO R,
50(12): 2380-2388.]

Ramezani A, Massy ZA, Meijers B, Evenepoel P, Vanholder R, Raj
DS, 2016. Role of the gut microbiome in uremia: A potential
therapeutic target. American Journal of Kidney Diseases, 67(3):
483-498.

Shi T, Burton S, Wang Y, Xu S, Zhang W, Yu L, 2018. Metabolomic

analysis of honey bee, Apis mellifera L. response to thiacloprid.
Pesticide Biochemistry and Physiology, 152: 17-23.

Song ZG, Liu HF, Yuan L, 2001. Intestinal microbiology and growth
promotion of antibiotics in pigs. \eterinary Phaaceuticals &
Feed Additives, 6(2): 25-28. [R&NI, XIEDY, %%, 2001. 5%
JIE A A A R A AR AR VR P25 SR s,
6(2): 25-28.]

Sonthalia S, Daulatabad D, Sarkar R, 2016. Glutathione as a skin
whitening agent: Facts, myths, evidence and controversies.
Indian Journal of Dermatology, Venereology and Leprology,
82(3): 262-272.

Tan BL, Norhaizan ME, Liew WP, 2018. Nutrients and oxidative
stress: Friend or foe? Oxidative Medicine and Cellular Longevity,
2018(6): 9719584.

Wang XY, 2012. Identification and prevention of paratyphoid
disease of honeybee. Apiculture of China, 63(34): 18. [E# Z,
2012. EIERIVFERAIRAI SR, P REEL, 63(34): 18.]

Wu JL, Zhou CX, Wu PJ, Xu J, Guo YQ, Xue F, Getachew A, Xu SF,
2017. Brain metabolomic profiling of eastern honey bee (Apis
cerana) infested with the mite Varroa destructor. PLoS ONE,
12(4): e0175573.

Xiao YL, Tang WY, Liu CH, Yu K, Gong Y, Yang QM, Zhang YG,
Qu CH, Wang LP, Guo D, Yu LY, 2019. Analysis of the
pollinating  services provided by Osmia cornifrous
(Rodoszkouski) and Apis mellifera ligustica Spin in apple and
cherry orchards. Chinese Journal of Applied Entomology, 56(6):
1235-1242. [H =0, BESCH, XIAEE, THl, A%, B8R,
RERE, M, EAF, Bk, TR, 2019. B i
F2 53 X 30 R0 AR B A2 h3 M 55 Zh RE A T B bR,
56(6): 1235-1242.]

Xu K, Niu QS, Liu YL, Chen DH, Du YL, Guo LN, Zhao HT, Jiang
YS, 2018. Effects of temperature on major physiological
indicators of cold tolerance in Apis cerana cerana and Apis
mellifera ligustica. Chinese Journal of Applied Entomology,
55(5): 889-895. [fREl, PR, XEFY, WA, MW, ¥8
NS, X AR, 22T, 2018. IS AL MR R R e
AR BT TE A AR R S R . N B B R, 55(5):
889-895.]

Zeng ZJ, 2020. Advances in honeybee biology in China over the past
70 years. Chinese Journal of Applied Entomology, 57(2):
259-264. [k, 2020. TP 70 R EEYFERITIERE.
7 RE 244, 57(2): 259-264.]



