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Introduction:

Insect development is precisely regulated by the relative titers of juvenile hormone (JH) and molting hormones.  JHs are a family of sesquiterpenoids that regulate reproduction, behavior, polyphenisms, development, and other key biological events in insects (reviewed in Riddiford 2008).  Minor disruption of an insect’s hemolymph JH levels can result in insect death or dramatic alterations in insect development.  Juvenile hormone analog (JHA) insecticides are green compounds that selectively target the insect endocrine system by mimicking the biological action of JH (reviewed in Dhadialla et al. 2005).  When pest insects are exposed to JHAs at a time during development when JH titer is normally undetectable, abnormal nymphal-pupal development and/or death is induced.  Abnormal developmental morphologies, similar to those induced by JHAs are also induced by inhibiting an esterase that selectively metabolizes JH (Abdel-Aal and Hammock 1985).  Inhibition of the JH-selective esterase putatively results in JH titers that are not below the threshold required for normal development.  Similarly, we hypothesize that inhibition of another JH-metabolizing enzyme called JH epoxide hydrolase (JHEH) will also result in the induction of abnormal nymphal-pupal development and/or death of GWSS.

In this project we are testing the efficacy of commercially available JHAs against GWSS eggs and nymphs.  We are also attempting to characterize the JHEH of GWSS, an enzyme that metabolizes the epoxide moiety that is found on all known JHs.  The gene that encodes this enzyme, jheh, could have potential as a target for gene silencing-based control of GWSS.  In terms of mode of action, the effects of JHA application and JHEH knockdown by gene silencing are similar in that both approaches can enhance “JH action”.  During the current reporting period our work has focused on Objective II, Characterization of recombinant JHEH from GWSS.

Objectives:

I. Investigate the delayed effects of low dose JHA insecticide exposure

A. Determine sublethal dose in eggs and 1st instar nymphs 

B. Evaluate delayed effects of sublethal exposure on egg development 

C. Evaluate delayed effects of sublethal exposure on nymph development

II. Characterize recombinant JHEH from GWSS

A. Clone full-length jheh gene of GWSS

B. Biochemically characterize recombinant JHEH

C. Screen JHA insecticides for JHEH inhibitory activity

Summary of accomplishments and results:

During the previous reporting periods, we characterized JHEH enzyme activity levels in the hemolymph of 5th instar GWSS nymphs.  Peak JHEH activity (9.3 ± 1.7 pmol of JH diol formed per min per ml of hemolymph) was found at day 6 of the 5th instar.  On the basis of this peak JHEH activity, we isolated total RNAs from 5th instar GWSS nymphs.  The total RNAs were used as the template to generate first strand cDNAs.  The first strand cDNAs were then used as template for a random amplification of cDNA ends (RACE)-based approach to identify hovimeh1, a full-length cDNA that potentially encoded JHEH.  In order to characterize the protein encoded by hovimeh1, a recombinant baculovirus expression vector, AcHovimEH1, was generated.  AcHovimEH1 was used to express a recombinant protein, Hovi-mEH1, from hovimeh1.

During the current reporting period we completed the characterization of Hovi-mEH1 using JH III and other epoxide containing substrates.  A manuscript that summarizes our findings was prepared and submitted to a peer-reviewed journal as described below in the “Publications” section.

Publications:

A manuscript entitled “Characterization of Hovi-mEH1, a microsomal epoxide hydrolase from the glassy-winged sharpshooter Homalodisca vitripennis” has been prepared and submitted to the peer-reviewed journal Archives of Insect Biochemistry and Physiology.  The abstract of this is provided below:

Epoxide hydrolase (EH) is an enzyme in the α/β-hydrolase fold superfamily that uses a water molecule to transform an epoxide to its corresponding diol.  In insects, EHs metabolize among other things critical developmental hormones called juvenile hormones (JHs).  EHs also play roles in the detoxification of toxic compounds that are found in the insect’s diet or environment.  In this study, a full-length cDNA encoding an epoxide hydrolase, Hovi-mEH1, was obtained from the xylem-feeding insect Homalodisca vitripennis.  H. vitripennis, commonly known as the glassy-winged sharpshooter, is an economically important vector of plant pathogenic bacteria such as Xylella fastidiosa.  Hovi-mEH1 hydrolyzed the general EH substrates cis-stilbene oxide and trans-diphenylpropene oxide with specific activities of 47.5 ± 6.2 and 1.3 ± 0.5 nmol of diol formed min-1 mg-1, respectively.  Hovi-mEH1 metabolized JH III with a Vmax of 29.4 ± 1.6 nmol min-1 mg-1, kcat of 0.03 s-1, and KM of 13.8 ± 2.0 µM.  These Vmax and kcat values are similar to those of known JH metabolizing EHs (JHEHs) from lepidopteran and coleopteran insects.  Hovi-mEH1 showed 99.1% identity to one of three predicted EH-encoding sequences that were identified in the transcriptome of H. vitripennis.  Of these three sequences only Hovi-mEH1 clustered with known JHEHs.  On the basis of biochemical, phylogenetic, and transcriptome analyses, we hypothesize that Hovi-mEH1 is a biologically relevant JH-metabolizing in H. vitripennis.

Research relevance statement:

The insect endocrine system is a highly selective and highly sensitive target for insect control and for reducing vector competence.  The overall goal of our project is to study and exploit targets within the endocrine system of GWSS that can be used to control GWSS or reduce its ability to spread Pierce’s Disease.  We are taking two complementary approaches to accomplish this goal.  Our first approach is to determine the efficacy and effects of juvenile hormone analog (JHA) insecticides against GWSS.  A key objective of this approach is to quantify the minimum level of JHA insecticide that can efficiently reduce the emergence of nymphs from eggs and keep nymphal insects in the nymphal stage.  The results of this direct approach will have near-term applicability since the JHA insecticides that we are testing are US-EPA registered and commercially available.  Our second approach involves the identification and characterization of genes that are unique to the GWSS endocrine system that metabolize a key insect hormone called JH.  The objective of this approach is to characterize and evaluate these genes as potential targets for gene knockdown.

Layperson summary of project accomplishments:

During our previous reporting periods, we have identified and partially characterized an epoxide hydrolase enzyme from the glassy-winged sharpshooter (GWSS).  During the current reporting period, we have completed the characterization of this epoxide hydrolase.  We have summarized our findings in a manuscript that has been submitted to a scientific journal that specializes in insect biochemistry.

Status of funds:

All of the funds have been expended.

Intellectual property

As described above, a manuscript describing our current findings has been prepared and submitted to a peer-reviewed scientific journal.

Literature cited:

Abdel-Aal YAI, Hammock BD. 1985. 3-Octylthio-1,1,1-trifluoro-2-propanone, a high affinity and slow binding inhibitor of juvenile hormone esterase from Trichoplusia ni (Hubner). Insect Biochem. 15: 111-122.

Dhadialla TS, Retnakaran A, Smagghe G. 2005. Insect growth- and development-disrupting insecticides. In: Gilbert LI, Iatrou K, Gill SS, editors. Comprehensive Molecular Insect Science. Oxford: Elsevier. p 55-116.

Riddiford LM. 2008. Juvenile hormone action: A 2007 perspective. J. Insect Physiol. 54: 895-901.



