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Editorial on the Research Topic 


Insights into lipid biology and function in insect systems


Lipids, in their various permutations, act as one of the fundamental building blocks of all life on earth. Lipids are probably best known for their role as high-density energy storage and transport molecules; however, they also fulfill an array of essential organismal functions. They act as the key constituents in cellular membranes providing an adaptable interface between cells and their surroundings. The lipid bilayer facilitates structural and functional capabilities required for cellular specialization and rapid responses to environmental changes (1). They also function as signaling molecules critical for maintaining nutritional homeostasis (2) and acting as immunomodulators regulating inflammatory and cellular responses to invading organisms (3).

The tremendous diversity in terms of structure and function associated with insects reveals fascinating specializations in the use of lipids to facilitate their life histories (4, 5). Lipids are precursors for the production of many insect hormones (6, 7). Waxes strengthen and waterproof insect cuticles and eggs to protect against damage/desiccation and coat insect tracheole systems to facilitate breathing in terrestrial and aquatic insects (8, 9). The mechanisms associated with the synthesis, storage, mobilization, and metabolism of lipids in insects are similar to that of vertebrate animals (10). However, the context in which these activities are performed differs depending on the insect’s life history. The study of lipid biology in insects provides new insights into fundamental mechanisms of lipid biochemistry and identifies novel mechanisms and uses of lipids within the context of highly specialized physiological functions. This collection features four articles covering different aspects of lipid biology in insects.

In Pinch et al. “Fat and Happy: Profiling Mosquito Fat Body Lipid Storage and Composition Post-blood Meal” the authors characterize the dynamics of the lipidome over the course of vitellogenesis in the Yellow Fever mosquito Aedes aegypti. Vitellogenesis represents the digestion of nutrients derived from a vertebrate blood meal and the activation of oogenesis. This process is regulated by a complex series of nutritional and hormonal signals and functions to transfer nutrients to developing oocytes. The processes of blood meal digestion, nutrient transfer, and oocyte development are lipid-intensive processes. This study provides a comprehensive analysis of the tissue morphology (digestive tract and ovaries) and lipidomic changes over the course of vitellogenesis. The study offers an array of insights into lipid-associated metabolic processes during vitellogenesis. It opens the way for new investigations into the regulation of nutrient transfer during this intensive and dynamic process.

In Aredes et al., “Silencing of Mitochondrial Trifunctional Protein A Subunit (HADHA) Increases Lipid Stores, and Reduces Oviposition and Flight Capacity in the Vector Insect Rhodnius prolixus” the authors investigate the function of the protein Mitochondrial Trifunctional Protein A subunit in regulating the utilization of nutritional lipids by the Chagas disease vector Rhodnius prolixus. The MTP protein complex plays a critical role in the β-oxidation of fatty acids within the mitochondria. The authors show that the gene for this protein responds in a tissue-specific manner to blood feeding and regulates lipid metabolism required for vital physiological processes, including flight and oogenesis.

In the review, “Roles of Insect Oenocytes in Physiology and Their Relevance to Human Metabolic Diseases” Huang et al. provide a comprehensive overview of the function of oenocyte cells in the fat body tissue and how their function in insects relates to metabolic disease in humans. The paper highlights the parallels between oenocyte function and liver hepatocytes in mammals. They highlight the role of these cells in regulating lipid storage, synthesis, metabolism, and mobilization. Oenocytes appear to undergo significant crosstalk with other cells/organs to regulate lipid homeostasis and are responsive to nutrient-based signaling. These cells also play roles in detoxification and immune responses. This review provides important insights into these understudied cells. It reveals important parallels between insects and mammals regarding the conservation of function in lipid metabolism, homeostasis, immunity, and detoxification. These insights highlight these cells’ essential role in insect physiology and emphasize the power that insect-based experimental model systems can bring to our understanding of metabolic diseases in vertebrate systems.

Finally, the review by Gade and Marco, “The Adipokinetic Peptides of Hemiptera: Structure, Function, and Evolutionary Trends”, provides a comprehensive overview of the structure, function, and evolution of adipokinetic hormone in the Hemiptera, a species-rich and highly diverse insect order. The paper explores the members of this order, many of which function as important vectors of plant and animal diseases, and describes the amazing diversity of function and life histories found within. This diversity provides a complex array of life history specializations requiring specialized regulation of lipid and carbohydrate metabolism mediated by the peptide hormone AKH. The authors provide a historical summary of the research determining the structure and function of AKH hormones in Hemiptera and examine the changes in AKH structure over the course of hemipteran evolution. They propose a model of AKH peptide evolution in the Hemiptera and highlight the potential for using species-specific hormone analogs to develop target-specific “green insecticides.”

This Research Topic brings together a fascinating collection of findings and insights into the dynamics, mechanics, physiology, and evolution of lipid biology in insects. The development of new analytical technologies facilitates new avenues of research on the biology of lipids. It allows investigators to explore these areas in greater depth and detail and raises the prospect of exciting discoveries in this field at basic and applied levels. We want to thank the authors for their valued contributions to this important and growing field of insect research.


Author contributions

All authors listed have made a substantial, direct, and intellectual contribution to the work and approved it for publication.



Acknowledgments

Thank you to all the authors who contributed to this Research Topic.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



References

1. Harayama, T, and Riezman, H. Understanding the diversity of membrane lipid composition. Nat Rev Mol Cell Biol (2018) 19(5):281–965. doi: 10.1038/nrm.2017.138

2. Hertzel, AV, O’Connell, TD, and Bernlohr, DA. Lipid receptors and signaling in adipose tissue. Lipid Signaling Metab (2020) 99–114. doi: 10.1016/b978-0-12-819404-1.00006-3

3. Saka, HA, and Valdivia, R. Emerging roles for lipid droplets in immunity and host-pathogen interactions. Annu Rev Cell Dev Biol (2012) 28(May):411–37. doi: 10.1146/annurev-cellbio-092910-153958

4. Toprak, U, Doğan, C, Güney, G, and Hegedus, DD. A journey into the world of insect lipid metabolism. Arch Insect Biochem Physiol (2020) (2):e21682. doi: 10.1002/arch.21682

5. Arrese, EL, and Soulages, JL. Insect fat body: Energy, metabolism, and regulation. Annu Rev Entomol (2010) 55:207–25. doi: 10.1146/annurev-ento-112408-085356

6. Rewitz, KF, Rybczynski, R, Warren, JT, and Gilbert, LI. The Halloween genes code for cytochrome P450 enzymes mediating synthesis of the insect moulting hormone. Biochem Soc Trans (2006) 34(Pt 6):1256–60. doi: 10.1042/BST0341256

7. Zhu, J, and Noriega, FG. The role of juvenile hormone in mosquito development and reproduction. In:  AS Raikhel, editor. Advances in insect physiology, (San Diego, CA: Elsevier) (2016). 51:93–113.

8. Blomquist, GJ, Nelson, DR, and De Renobales, M. Chemistry, biochemistry, and physiology of insect cuticular lipids. Arch Insect Biochem Physiol (1987) 6(4):227–655. doi: 10.1002/arch.940060404

9. Arcaz, AC, Huestis, DL, Dao, A, . Yaro, AS, Diallo, M, Andersen, J, et al. Desiccation tolerance in anopheles coluzzii: The effects of spiracle size and cuticular hydrocarbons. J Exp Biol (2016) 219(Pt 11):1675–88. doi: 10.1242/jeb.135665

10. Kühnlein, RP, and Musselman, LP. Drosophila as a model to study obesity and metabolic disease. J Exp Biol (2018) 221:1–12. doi: 10.1242/jeb.163881



Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Attardo and Hansen. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/logo.jpg
’ frontiers ‘ Frontiers in Insect Science





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Editorial: Insights into lipid biology and function in insect systems

      

        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/finsc.2022.1119577_cover.jpg
& frontiers | Frontiers in Insect Science

Editorial: Insights into lipid
biology and function in
insect systems





