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Part I Overview: Past and Present Insights into the Function of Juvenile Hormones
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Juvenile Hormones

¢ Juvenile hormone (JH) is a unique sesquiterpenoid hormone({Z 352
# = )which regulates both insect metamorphosis and insect
reproduction

Truman JW et al. , Philos Trans R Soc Lond B Biol Sci,2019 Riddiford LM. , Front Cell Dev Biol, 2020



Questions

* How was Juvenile hormone discovered ?
* What 1s the receptor and downstream of juvenile hormone?

* What regulates juvenile hormone?



Questions

* How was juvenile hormone discovered ?



study

* Discovery that neurosecretory cells secrete a crucial hormone that triggers the prothoracic
gland to release prothoracicotropic hormone (PTTH), which regulates the process of
metamorphosis.

* Discover the juvenile hormone, which prevented the development of adult characteristics in R.
prolixus until the insect had reached the appropriate larval stage.



Juvenile hormone (JH) of the corpus allatum 1nhibits metamorphosis

1940

Wigglesworth, V. B. , Quart. J. Microsc. Sci, 1934 Riddiford LM. , Front Cell Dev Biol, 2020



Purification of juvenile hormone (JH)

Williams, 1956
Riddiford LM. , Front Cell Dev Biol, 2020



Classification of the natural juvenile hormones
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The biosynthetic pathway of sesquiterpenoid hormones

Qu Z ., J Steroid Biochem Mol Biol, 2018



Questions

* What 1s the receptor and downstream of juvenile hormone?



Juvenile hormone receptor :Met

Riddiford LM. , Front Cell Dev Biol, 2020  Tom Wilson, /986 Marek Jindra. , Annu Rev Entomol, 2012



Juvenile hormone another receptor :Gce

prepupal lethality

Abdou MA et al. , Insect Biochem Mol Biol, 2011



Kr-h1 1s a universal repressor of insect metamorphosis
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Juvenile hormone and 20E regulate insect metamorphosis

Truman JW et al. , Philos Trans R Soc Lond B Biol Sci,2019



Research history of juvenile hormone

Riddiford LM. , Front Cell Dev Biol, 2020



Questions

* What regulates juvenile hormone?



A schematic view of the ecdysteroid and juvenile hormone (JH) signaling pathways in insects

Miyakawa H et al., J Steroid Biochem Mol Biol, 2018 Liu S et al., PNAS, 2018



AST neurons deliver AST-As to AST-AR1 localized on PTTH dendrites and insulin-producing cells

Bendena WG et al., Gen Comp Endocrinol, 2020



Diverse signaling pathways regulate juvenile hormone biosynthesis in the moth Bombyx mori and
the fruit fly drosophila melanogaster
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Model of interorgan communication between gut—brain—corpora allata in D. melanogaster

Chen J et al., PNAS, 2024



Summary

* There are different types of juvenile hormone in different insects
* Juvenile hormone receptor and downstream: Met/Gcee, kr-h1

* Juvenile hormone and ecdysone antagonize each other and jointly
regulate insect development
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Neurohormonal axes triggering Juvenile-Adult (J/A) transition
In mammals and insects
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Juvenile hormone plays an important role in insect development
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What are the biological functions of Juvenile Hormone in different stage?

Jimena Leyria. Molecular and Cellular Endocrinology. 2024
Jindra M. Philos Trans R Soc Lond B Biol Sci. 2019



JH participates in the prepupal development in D. Melanogaster
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How does JH affect larval development?



JH represses ecdysone biosynthesis in the PG to prevent premature pupariation

prothoracic gland (PG)

Lethal phenotypes

Liu S, et al. PNAS. 2018



Kr-h1 in the PG inhibits ecdysone biosynthesis and blocks metamorphosis

Liu S, et al. PNAS. 2018

What are the mechanisms by which JH signaling inhibits ecdysone biosynthesis?



JH suppresses ecdysone biosynthesis by reducing both

steroidogenesis autoregulation and PG size

steroidogenesis autoregulation
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JH biosynthesis in the CA is prevented by 20E to permit metamorphosis
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The important biological significance of
pupal stage for holometabolous insects :

* Metamorphosis process
» Protective effect
 Organizational reorganization

What is the relationship between JH and pupal stage progression?



JH regulates pupal development and pupal-adult

transformation by regulating BR expression

BR: a ‘pupal specifier’
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The transcription factor E93 is the key determinant that promotes adult metamorphosis
In hemimetabolous insects

Urefia E, et al. PNAS. 2014



E93 Is also Required for Adult Differentiation in the Holometabolous D. melanogaster.

Urefa E, et al. PNAS. 2014



JH prevents precocious larval-adult metamorphosis via direct Kr-h71—dependent
E93 gene repression

Urefa E, et al. PLoS Genet. 2016
Kayukawa T.et al. PNAS. 2017
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What is the function of JH in adult development?



The male accessory gland cells (AGs) undergo endocycling, starting immediately
post-eclosion

DOE: Jk 4 X(3H)

In endoreplication cell cycles

e.g. D. melanogaster salivary gland cells (SGs)
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Box AM, et al. G3. 2024



JH regulates endocycling on the DOE in AG main cells

Box AM, et al. G3. 2024



JH increase in sensitivity of Or47Db,
which mediates age-dependent courtship enhancement behavior

Lin HH. et al. Neuron.2016



JH extensively promotes vitellogenesis and egg laying in the insects

Song J, et al. Insect Biochem Mol Biol. 2014
Taracena-Agarwal ML, et al. Commun Biol. 2024
Zhu S, et al. Development. 2020

W. Luo, et al. PNAS. 2021



Reduction of JH signaling causes ovulation deficiency and abnormal egg shape

JH signaling is exclusively
activated in ovarian muscle cells.

Luo W, et al. PNAS. 2021



JH signaling in ovarian muscles promotes ovulation and maintains egg shape by
affecting ovarian muscle contraction

Luo W, et al. PNAS. 2021



Caste transitions occur in a socially flexible ant (Harpegnathos saltatorgf4X)

fertile

Opachaloemphan C. et al. Genes Dev. 2021



JH3 and 20E drive caste-specific gene expression and behavior

Gospocic J, et al. Cell. 2021



Kr-h1 can be induced by JH3 and 20E

To define the plastic response of the neuronal
transcriptome to socially regulated hormonal changes:

ecdysone-responsive
genes (Eip75B, Eip78Cl,
Eip93F, E23, Hr3, Hr4, H
r51),

reproduction (srp, ovo)

foraging behavior
(Egrl, Egr2, Hr38),
neuronal remodeling
(fez-f1),

aggression (Ktl)



Kr-h1 binds to caste-biased genes,
and represses caste-inappropriate genes



Conclusions

« JH and 20E inhibit each other and regulate larval development and pupal stage
formation

« JH regulates pupal development and pupal-adult transformation by regulating
BR expression

« E93 interacts with JH to regulate larval-adult metamorphosis

* In adult stage, JH functions on development of the reproduction related system
in both male and female
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Juvenile Hormone: Shaping innate behavioral patterns

What are the effects of JH on animal behaviors?
« How does JH regulate behaviors in Drosophila?

How does JH regulate behaviors in other insects?
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What are the effects of JH on animal behaviors ?



JH 1s known to play roles in the behaviors of Drosophila

(Xiaoshuai Zhang et.al.Frontiers .2020)






How does JH regulate behaviors in Drosophila’?



Sexual dimorphism of sleep regulated by juvenile hormone signaling in Drosophila

(Binbin Wu et.al.PLOS Genetics.2018)



JH signals from Drosophila brain target sex differentiation-related genes and sustain male and female sleep types



Juvenile hormone drives the maturation of spontaneous mushroom body neural activity and
learned behavior

(Sarah G. Leinwand, Kristin Scott.Neuron.2021)

JH signaling in o'/’ KCs is required during a young animal sensitive period for mature aversive taste memory behavior



Regulation of onset of female mating and sex pheromone production by juvenile hormone in
Drosophila melanogaster
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(Julide Bilen et.al.PNAS.2013)



Juvenile hormone is required in adult males for drosophila courtship

(Thilini P. Wijesekera et.al.PLOS ONE.2016)



JH regulates memory performance (STM) by targeting tyrosine hydroxylase-positive neurons

MPIAZIZERIL  LPILSSISR3UGEH
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(Sang Soo Lee et.al.Current Biology.2017)



ETH-JH hormonal cascade 1s essential for courtship LTM

MPIAEIZFRIL

(Sang Soo Lee and Michael E. Adams.Frontiers in Neuroscience.2021)



Interaction between dCBP and JH signaling underlies the integrative effect of age and social
context on courtship behavior

(Sachin Sethi et.al.Current Biology.2019)



How does JH regulate behaviors in other insects?



A single gene integrates sex and hormone regulators into sexual attractiveness

(Nan Chen et.al.Nature ecology &evolution.2022)



Effects of juvenile hormone on behavioural and reproductive traits of Lasius niger ant
queens

(Pamminger T et.al.Proc. R. Soc. B.2016)



Hormonal gatekeeping via the blood brain barrier governs caste specific behavior in ants
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(Linyang Ju et.al.Cell.2023)






expression in locusts

The effects of JH analog on attraction/repulsion behavior

The effects of JHAMT knockdown on attraction/repulsion behavior
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(Wei Guo et.al.PLOS Genetics.2020)

Juvenile hormone suppresses aggregation behavior through influencing antennal gene

The effects of Met and Kr-h1 knockdown on attraction/repulsion behavior
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Juvenile hormone interacts with multiple factors to modulate aggression and dominance in
groups of orphan bumble bee workers

JH ——similar size, differently-treated queenless worker bees JH ——similar size, similarly-treated orphan worker bees

JH ——different size, similarly-treated queenless worker bees JH——same size bees, dominance hierarchy has been already established
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Summary

JH can regulate a variety of behaviors in insects;
In Drosophila melanogaster, JH regulates memory behavior, male courtship behavior and female receptivity
behavior and dimorphic sleep behavior;

In other insects,
JH regulates sexual behavior in cockroaches;
In ants, JH regulates the maternal behavior of queen ants and the caste specific behavior;
In locusts, JH regulates aggregation behavior (JH inhibits aggregation behavior);

In bees, JH regulates social division of labor, such as aggression and foraging.
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