What is Bacillus thuringiensis ?

• Common soil bacterium

• Present in nature in a variety of forms (strains)

• Characterized by the production of crystal inclusions containing proteins (Cry toxins) that are toxic to insects

• Isolates frequently produce crystals containing multiple Cry proteins.

• Commonly used for commercial agriculture, including organic farming -Bt is a highly heteromorphous comprising a very large number of strains distributed in more than 70 serotypes, including various subspecies: kurstaki, tenebrionis, israelensis… with various pathogenic activities against insect larvae from different orders et al., 1984).

•
-cry1 mRNAs have half lives of about 10 min (Glatron and Rapaport, 1972).

-Terminator of most cry1 genes contain large inverted repeats which are capable to form stem loop and protect the mRNA from 3' ribonuclease degrading enzymes.

-A Shine Dalgarno sequence (STAB-SD) in the 5' untranslated region acts as a 5 ' mRNA stabilizer.

-These characteristics increase cry mRNA stability. Advantages of Bt Bioinsecticides -Because for the toxin to be effective it has to be ingested, this limits the susceptibility of none target insects and other animals to this insecticide.

-Highly-specific compared to many synthetic insecticides -> Btk, Bta: Lepidopteran larvae only 

-Recombinant strains free of non-Bt DNA or antibiotic resistance genes

To facilitate regulatory approval for environmental release and/or registration as a biopesticide Objectives : -Design new biopesticides and validate the relevance of these products and their performance, while ensuring better security of use for farmers, consumers and the environment.

-Improve Bt strains used as biopesticides by increasing their efficiency and persistence in the environment while avoiding the spread of viable spores in the environment

Development of safer and more effective Bt-Based biopesticides

Longitudinal section of a Bt ΔspoOA strain producing large amounts of Cry3A during the stationary phase. 

  Photomicrographs of Bacillus thuringiensis strains viewed by phase-contrast microscopy showing the parasporal crystals of insecticidal toxins (green arrows) or spores (red arrows)

Federici

  due to the Cry proteins These Cry toxins consist in a very large protein family. There are classified as follows: Rank 1: 74 classes: Cry1, 2…, 74 Rank 2: ~ 300 subclasses: Cry1A, B, C… Rank 3: > 500 alleles: Cry1Aa, b, c, d… Together, these toxins allow to kill: ✓ Various insect larvae (lepidoptera, Cry1, 2…; coleoptera, Cry3, 8…; mosquitoes, Cry4, 11…) ✓ Nematodes (Cry5, 6…) ✓ Cancer cells (Cry41, 45…) Classification of the Cry toxins dendrogram describing the relatedness of the toxins which share the common three-domain Summarized view showing the known host spectrum of Bt Cry toxins Palma et al., 2014 Domain I seven helix bundles Domain II triple anti-parallel β sheets Domain III β-sheet sandwich ❑ The long, hydrophobic and amphipathic α helices of Domain I is equipped for transmembrane pore formation. ❑ The β sheet structure of domain II and domain III are involved in receptor binding and specificity determination. Craig R. Pigott, and David J. Ellar Microbiol. Mol. Biol. Rev. 2007 Crystal toxin structure: 3 domains structure Crystal gene structure: 5 conserved domains Brar et al., 2007 -Most Cry toxins are synthesized as inactive protoxins.-Conversion of the protoxin (e.g., 130 kDa) into the active toxin (e.g., 68 kDa) requires the combination of a slightly alkaline pH (7.5-8) and the action of a specific protease(s) found in the insect gut :Mode of action of the Cry toxins -The active toxin binds to protein receptors on the insect gut epithelial cell membrane -The toxin forms an ion channel between the cell cytoplasm and the external environment, leading to loss of cellular ATP gut wall to break down, allowing spores and normal gut bacteria to enter the body.. -The insect dies as spores and gut bacteria proliferate in the body. Zhang, X., et al., 2006 Regulation of cry gene expression cry1 (lepidopteran), cry4 and cry11 (dipteran) and cry2 (dipteran and lepidopteran) genes are controlled by sporulation sigma factors whereas cry3 (coleopteran) is not -The half life of general mRNA is about 2-3 min (Nilsson

  The secondary structure at the 3' end of cry1Aa gene mRNA from B. thuringiensis subsp. kurstaki HD1 Wong andChang, 1986 Post-transcriptional regulationThe STAB-SD sequence in cry3A mRNA. The 30S ribosomal subunit can bind to the STAB-SD sequence mRNA and block the further 5 '-3 ' exoribonucleolytic progress of RNase J1. and its uses as a biological control agent Outdoor residential areas Current market for Bt pesticides Biocontrol products today hold just 5% to 6% of the total crop protection market of approximately $50 billion in value worldwide, and 60% of all biopesticides use consists of Btbased products.

-

  Safe to users, livestock, wildlife mammals have acidic gut -Highly compatible with Integrated Risk Management (IPM) -No effect on beneficial insects -No toxic residues Limitations of Bt Bioinsecticides -High specificity = narrow spectrum -> ineffective against many key pests (i.e., aphids, mites, thrips, etc) -B. thuringiensis toxin can only kill a susceptible insect during a specific developmental stage. -Most effect against young larvae -> Proper timing of sprays is critical L1-L2 best; L3-maybe; L4-L5-too late. No effect on eggs, pupae, adults -Sensitive to environmental conditions : Solar UV radiation (spray late in day, use sunscreen) Alkaline water (high pH)-No contact activity -> Must be ingested to be effective Good spray coverage is critical to success -Insects that attack plant roots are less likely to ingest a B. thuringiensis toxin that has been sprayed on the surface of a host plant.Some desirable features of new genetically engineered and improved Bt products -Broadened host range or optimized activity on a desired target insectTo maximize market size or to target a selected niche-Increased persistanceTo reduce the need for regular applications-Improved potencyTo achieve the desired effect in a cost effective manner-Sporulation deficient mutantsTo minimize possible unforeseen environmental effects arising from the dissemination of large amounts of viable spores

Figure 1 :

 1 Figure 1: Cinétique d'expression de fusions transcriptionnelles cry1A'-'lacZ et cry3A'-'lacZ chez B. thuringiensis dans deux contextes génétiques différents (sauvage (A) et mutant SigE-(B)). Les activités ß-galactosidase ont été dosées pendant la phase végétative et pendant la phase de sporulation; le temps 0 (t0) indique l'entrée en phase de sporulation. Sont également représentés les

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  Bt isolates frequently produce crystals containing multiple Cry proteins.

	Insecticidal activity of Bacillus thuringiensis strains
		B. thuringiensis subsp. Kurstaki
	lepidoptera	coleoptera	diptera (mosquitoes)
		Bipyramidal crystals of Cry1Aa, Cry1Ab, and Cry1Ac
			and
		Cuboidal crystal of Cry2A.
	or against nematodes	or against cancer cells
		B. thuringiensis subsp. israelensis
		Large semispherical inclusion of Cyt1Aa,
			and
		Dense spherical body of Cry4Aa and Cry4Ba
	and. Bar-shaped body of Cry11Aa or with yet unknown activity

Distribution of traits of approved GM events HT -Herbicide Tolerance; IR -Insect Resistance; DR -Disease Resistance; PC -Pollination Control; PQ -Modified Product Quality: Source: ISAAA, 2017

Construction of an asporogenic non viable of B. thuringiensis strain

The transcription of the cry3A gene is independent of the regulatory genes involved in the sporulation process 

Global crop protection market in 2017

Managing the risks of insect resistance associated with the use of transgenic Bt crops

Several strategies for decreasing the rate at which insects adapt to Bt toxins produced in transgenic plants have been proposed and implemented . These strategies include:

-1) engineering plants to produce Bt toxins only in the tissues that are prone to insect attack;

-2) using rotations (in which transgenics may be alternated in time with non-transgenics), or mosaics (in which mixtures of transgenic and non-transgenic plants are grown together);

-3) creating refugia in which a portion of a field may be planted with non-transgenics, or the "high doserefuge" (HDR) strategy ;

-4) developing resistance monitoring programmes.

How to cope with insect resistance to Bt toxins?
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Offsprings of a cross between an RR and an SS insect