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Using metabolomicsto identify factors correlated with
colony strength in Apis cerana ceran
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Abstract [Aim] To investigate metabolic differences and potential regulatory mechanisms related to colony strength in Apis
cerana cerana. [Methods] Metabolites in strong and weak colonies were screened using non-targeted metabolomics and liquid
chromatography-mass spectrometry (LC-MS), after which KEGG enrichment analysis was performed. Glutathione S-transferase
(GST), superoxide dismutase (SOD) and cytochrome P450 (CYP450), activity were determined using biochemical methods.
[Results] In positive and negative ion modes, 616 and 212 distinct metabolites were identified in workers from strong and
weak colonies. After annotation, betaine, flavonoids, lysoPA (0:0/18:2(9Z,122)), and other metabolites related to antioxidant,
anti-inflammatory, antibacterial and anti-apoptosis, were identified. Differential metabolites were significantly enriched in six
metabolic pathways, including the metabolism of xenobiotics by cytochrome P450, the AMPK signaling pathway, the

glutathione metabolism, arginine biosynthesis, thermogenesis and folate biosynthesis. In addition, CYP450, SOD and GST
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activity was higher in strong colonies than in weak ones. [Conclusion] There were significant differences in the metabolites

of strong and weak A. . cerana colonies. Worker bees in strong colonies had a stronger energy metabolism, and were better

able to resist oxidative stress, extreme temperatures, exposure to harmful substances, inflammation and bacterial infection.

Key words Apis cerana cerana; strong group; weak group; non-targeted metabolome; differential metabolites
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S2Y and W2Y are the variance interpretation rates of strong group and weak group weight Y, respectively.
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The red dots represent up-regulated differentially expressed metabolites; The blue dots represent down-regulated
differentially expressed metabolites; The gray dots represent metabolites that are detected but not significantly different.
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(* P<0.05, ** P<0.01, t-test).
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FESMIEPEY) BT AT 2 B QI R Py T Al ke
FEEfEAH (Manikandan and Nagini, 2018 ), %
AN R A i A I S TG AR [RIARBE 0, Qi B
A& HUR AF 3 23 77 AR PR 40 ((Reactive oxygen
species, ROS), & ROS /K-l S EHHIL BRI |
Wfid . PRBEWT SR HEE X DNA $i655, M
SIREA, FEEEEMEELR (Imlay and Linn,
1988 ), CYP450 HA it A WimtE, =54
YIRS AZ ROS 2% (Zhuetal., 2016 ), 4
Yyikid i Z LR Y H &, Shi 5% (2013)
R AEE R CYP BN 58 LN, T
B 2 A T R E AR A D R
— T kAR 0y TR R B 0 =k, PR
20 L X5 19 A SR O ) SEUARE S BN  FBE 24 )
YA B A Rk AL gE 12 2 S A LA B
iz (Jefferies et al., 2003 ), BMEH K-S
R MR AN H IR S A F YR A G,
—ACHERHUA R REERE T, (AP i sz A E Y
FR ARSI o ) i B h R AR ]
(Liu et al., 2016 ). Moural ¢ (2024 ) X} T 1%
P ZER R AE b Tebnda R T GST 7ER 2T . &
IR TR ST AR SO T A AR o SRR
AP 7 R ) F2 07 2, W R AR, R

T UCPL MAEIRER, W Mg iie B-4A (b Ak
fi AL S ROS A2 A% SOD J& A WAk P 5 1
B O | i EpEE, LI SOD iy Y ROS
FRTE BT A 48 0 5 A R AR 2 U (X2
45 2006; Morigny et al., 2021), 24 HAE
M %R REE DM, MIRAIT, ¥k
F1R) 2R PARRE S o 0 R T, LU SRR A YR AR
R (Menail et al., 2022 ), FETARDIGE LS
Atz P450. A M H ARG . AEIE AR
W R, DL s B R TR P CYP450 W& .GST
K SOD I o & = T IR e 255, #El
W RIR T 1Y 22 5 5 TR N BT A AL
RESE AR . RSN AR IR B A FE Y R %
PURBUIE « AERE U P P47 . By 1k 40 T4 A 3
GRTIRTE- P

2%k (References)

Ares AM, Martin MT, Tapia JA, Gonzalez-Porto AV, Higes M,
Martin-Hernandez R, Bernal J, 2022. Differentiation of bee
pollen samples according to the betaines and other quaternary
ammonium related compounds content by using a canonical
discriminant analysis. Food Research International, 160:
111698.

Arumugam MK, Paal MC, Donohue TM Jr, Ganesan M, Osna NA,
Kharbanda KK, 2021. Beneficial effects of betaine: A



3 XBEARAE: BT AU~ (1 h A B e TSR S A S ML 5 - 739 -

comprehensive review. Biology, 10(6): 456.

Chabert S, Requier F, Chadoeuf J, Guilbaud L, Morison N, Vaissiére
BE, 2021. Rapid measurement of the adult worker population
size in honey bees. Ecological Indicators, 122: 107313.

de Souza Bovi T, Caeiro A, dos Santos SAA, Zaluski R, Shinohara
AJ, Lima GPP, da Graga Ribeiro Campos M, Junior LAJ, de
Oliveira Orsi R, 2020. Seasonal variation of flavonoid content in
bee bread: Potential impact on hypopharyngeal gland development
in Apis mellifera honey bees. Journal of Apicultural Research,
59(2): 170-177.

Du YL, Xu K, Zhao HT, Wu Y, Jiang HB, He JM, Jiang YS, 2024.
Preliminary study on the pathogenic mechanism of jujube flower
disease in honeybees (Apis mellifera ligustica) based on midgut
transcriptomics. Genes, 15(5): 533.

Fang F, Chen XS, Lii J, Shi XY, Feng XJ, Wang Z, Li X, 2022.
Population structure and genetic diversity of Chinese honeybee
(Apis cerana cerana) in Central China. Genes, 13(6): 1007.

Feng SY, Li AF, Wang BY, Hu LN, Li SX, Li YL, Yu YF, Zhang HZ,
Yuan J, 2022. Enhancement of antiviral activity of egg yolk
antibodies against Chinese sacbrood virus. Virus Research, 319:
198878.

Foster DA, 2013. Phosphatidic acid and lipid-sensing by mTOR.
Trendsin Endocrinology and Metabolism, 24(6): 272-278.

Gosselin M, Michez D, Vanderplanck M, Roelants D, Glauser G,
Rasmont P, 2013. Does Aconitum septentrionale chemically
protect floral rewards to the advantage of specialist bumblebees?
Ecological Entomology, 38(4): 400-407.

He BX, Zheng MX, Huang H, Zhang X, Zhang JJ, 2023.
Metabonomic analysis of diapausing and non-diapausing
Trichogramma dendrolimus prepupae. Chinese Journal of
Applied Entomology, 60(5): 1336-1347. 8Ky, HEHE, &
13, K, RRA, 2023, AT R IR F B 5 AR T
WA 2 H. I B 224, 60(5): 1336-1347.]

Hemanth KR, Km SR, Shishira D, Eswarappa G, 2020. Role of Apis
cerana Fabricius. in sunflower pollination. AkiNik Publications,
2020(5): 648-654.

Imlay JA, Linn S, 1988. DNA damage and oxygen radical toxicity.
Science, 240(4857): 1302-1309.

Jefferies H, Coster J, Khalil A, Bot J, McCauley RD, Hall JC, 2003.
Glutathione. ANZ Journal of Surgery, 73(7): 517-522.

Khan KA, Ghramh HA, Ahmad Z, 2022. Honey bee (Apis mellifera
jemenitica) colony performance and queen fecundity in response
to different nutritional practices. Saudi Journal of Biological
Sciences, 29(5): 3151-3156.

Li GL, Zhao H, Guo DZ, Liu ZG, Wang HF, Sun QH, Liu QX, Xu

BH, Guo XQ, 2022. Distinct molecular impact patterns of
abamectin on Apis mellifera ligustica and Apis cerana cerana.
Ecotoxicology and Environmental Safety, 232: 113242.

Li Y, 2018. Ecological resources analysis of Apis cerana cerana in
central China. Apiculture of China, 69(4): 45, 47. [Z=)#, 2018.
P HLX AR A R BHIR M. L, 69(4): 45, 47.]

Li ZY, Guo DZ, Wang C, Chi XP, Liu ZG, Wang Y, Wang HF, Guo
XQ, Wang NX, Xu BH, Gao Z, 2024. Toxic effects of the heavy
metal Cd on Apis cerana cerana (Hymenoptera: Apidae):
Oxidative stress, immune disorders and disturbance of gut
microbiota. Science of the Total Environment, 912: 169318.

Liu JL, Yu JF Wu JC, Yin JL, Wu DH, 2006. Insect reactive oxygen
metabolization. Chinese Bulletin of Entomology, 43(6): 752-756.
X2, TR, REA, BN, RIRME, 2006, R HGH T
AR L HUHNR, 43(6): 752-756.]

Liu SC, Liu F, Jia HH, Yan Y, Wang HF, Guo XQ, Xu BH, 2016. A
glutathione Stransferase gene associated with antioxidant
properties isolated from Apis cerana cerana. Naturwissenschaften,
103(5/6): 43.

Manikandan P, Nagini S, 2018. Cytochrome P450 structure, function
and clinical significance: A review. Current Drug Targets, 19(1):
38-54.

Matsumura T, Uryu O, Matsuhisa F, Tajiri K, Matsumoto H,
Hayakawa Y, 2020. N - acetyl - I - tyrosine is an intrinsic
triggering factor of mitohormesis in stressed animals. EMBO
Reports, 21(5): e49211.

Menail HA, Cormier SB, Ben Youssef M, Jorgensen LB, Vickruck
JL, Morin Jr P, L. Boudreau H, Pichaud N, 2022. Flexible
thermal sensitivity of mitochondrial oxygen consumption and
substrate oxidation in flying insect species. Frontiers in
Physiology, 13: 897174.

Meérida I, Avila-Flores A, Merino E, 2008. Diacylglycerol kinases:
At the hub of cell signalling. Biochemical Journal, 409(1): 1-18.

Morigny P, Boucher J, Amer P, Langin D, 2021. Lipid and glucose
metabolism in white adipocytes: Pathways, dysfunction and
therapeutics. Nature Reviews Endocrinology, 17(5): 276-295.

Moural TW, Sonu Koirala BK, Bhattarai G, He ZM, Guo HY, Phan
NT, Rajotte EG, Biddinger DJ, Hoover K, Zhu F, 2024.
Architecture and potential roles of a delta-class glutathione
S+transferase in protecting honey bee from agrochemicals.
Chemosphere, 350: 141089.

Nijveldt RJ, van Nood E, van Hoorn DE, Boelens PG, van Norren K,
van Leeuwen PA, 2001. Flavonoids: A review of probable
mechanisms of action and potential applications. American

Journal of Clinical Nutrition, 74(4): 418-425.



- 740 - R B H1 244 Chinese Journal of Applied Entomology 62 %

Qin M, Wang HF, Liu ZG, Wang Y, Zhang WX, Xu BH, 2019.
Changes in cold tolerance during the overwintering period in
Apis mellifera ligustica. Journal of Apicultural Research, 58(5):
702-7009.

Shi WN, Sun J, Xu BH, Li H, 2013. Molecular characterization and
oxidative stress response of a cytochrome P450 gene (CYP4G11)
from Apis cerana cerana. Zeisschrift fur Naturforschung Section
C-A Journal of Biosciences, 68(11/12): 509-521.

Song CY, Xiao TG, Tan JZ, 2015. Research of cold resistance of
Apis cerana cerana in Changsha Region. Crop Research, 29(3):
290-292. [RE =, HEOL, WL, 2015, KIDHLIX s i
BUIEHEWITE. FEWIIFIT, 29(3): 290-292.]

Suarez AFL, Tirador ADG, Villorente ZM, Bagarinao CF, Sollesta
JVN, Dumancas GG, Sun Z, Zhan ZQ, Saludes JP, Dalisay DS,
2021. The isorhamnetin-containing fraction of philippine honey
produced by the stingless bee Tetragonula biroi is an antibiotic
against multidrug-resistant Saphylococcus aureus. Molecules,
26(6): 1688.

Walker MS, 2020. Colony size drives honey bees' overwinter
survival. Bee Culture, 148(8): 64-65.

Wang TS, Liu F, Yu LS, Pan W, Jiang ZH, Fu YS, 2015. A review of
researches on the regulation mechanisms of temperature and
humidity in honey bee hives. Acta Ecologica Snica, 35(10):
3172-3179. [FERE, X057, Ak, @k, (L9, fFH A&,
2015, % B e TRl Y0 B2 O YT BT O . AR AR, 35(10):

3172-3179.]

Xue YB, 2017. Conservation, development and utilization of genetic
resources of black bee in Xinjiang. Apiculture of China, 68(12):
26-31. [RHIZHE, 2017, Bt iR et AL BT IR A (R4 FITT A FI .
FRE L, 68(12): 26-31.]

Zhang JY, 2010. The study of on the dynamics of Apis cerana
cerana individual expermental population. Master dissertation.
Fujian: Fujian Agricultural and Foresty University. [7K45,
2010. "4 % (Apis cerana cerana) MARSZIGFIRESIASATST.
WLAEALE S fRE: RO ]

Zhang ZQ, Zhou C, Fan KP, Zhang L, Liu Y, Liu PF, 2021.
Metabolomics analysis of the effects of temperature on the
growth and development of juvenile European seabass
(Dicentrarchus labrax). Science of the Total Environment, 769:
145155.

Zhao H, Zhao ZM, Liu C, Zhou J, Huang ZP, Duan YL, Zhang L,
Ke HY, Du J, Mou CY, Li Q, 2024. An integrated analysis of
transcriptome and metabolome to reveal the effects of
temperature stress on energy metabolism and physiological
responses in Schizothorax wangchiachii muscles. Aquaculture,
591: 741103.

Zhu M, Zhang WX, Liu F, Chen XB, Li H, Xu BH, 2016.
Characterization of an Apis cerana cerana cytochrome P450
gene (AccCYP336Al) and its roles in oxidative stresses
responses. Gene, 584(2): 120-128.



