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Abstract Title: Metarhizium var. anisopliae strains BNL 101 IClI CC Number 506833 and BNL 102 ICI CC

Number 506834

(57) A strain of the insect-pathogenic fungus, Metarhizium var. anisopliae selected from: BNL 101 deposited in the CABI
UK Centre, having ICI CC Number 506833; or BNL 102 deposited in the CABI UK Centre, having ICI CC Number
506834; or a culture having the identifying characteristics thereof.

In another aspect of the invention spores such as conidia or blastospores obtainable from strains BNL 101 and BNL
102 or a culture having the identifying characteristics thereof is disclosed. In another aspect, a composition
comprising an insecticidally effective amount of insect-pathogenic fungus or spores obtainable therefrom; and an
agronomically acceptable carrier thereof is disclosed such as bioplastic or polyacrylic acid. The composition may be
a powder or a liquid, comprise a sodium alginate hydrogel, metal ions selected from copper ions and iron ions and
a glycerol humectant. The use of a composition comprising a strain of the insect-pathogenic fungus, Metarhizium
var. anisopliae selected fromstrains BNL 101 and BNL 102 or a culture having the identifying characteristics
thereof, or spores obtainable therefrom in controlling a population of insects is also disclosed. The population of
insects may be Western flower thrips (Frankliniella occidentalis); Spider mites, Whiteflies, Vine weevils and Pine

weevils amongst others.

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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Legend

FIG. 1 - efficacy of the BNL 102 unformulated fungus against WFT in semi-field conditions compared
with currently marketed alternatives in the form of a commonly employed bioinsecticide (Naturalis®L);
a commonly used small molecule insecticide (Tracer®); and beneficial insects (predatory)

FIG. 2 - water activity (aw) of various nanoparticle compositions as a function of time

FIG. 3 - germination of BNL 102 in the presence of a selection of nanoparticle compositions, after 48
hours incubation at 250C, in Sabouraud Dextrose Agar

(SDA) modified to 0.95 aw; A: control; B: bioplastic; C: PAA; D: SiO2; E: ZnO; F: TiO2; G: NaSSS; H:
Ag

FIG. 4 - photographs of alginate/Cu capsules comprising BNL 102

FIG. 5 - alginate samples with: A: Fe(lll); B: Fe(ll); C: samples after 3 hours under lamp; and D:
samples after 4 hours under natural light

FIG. 6 - alginate/BNL 102/Cu at 0.93 aw A: after 48 hours; B: after 72 hours; alginate/BNL
102/Cu/chitosan at 0.93 aw C: after 48 hours; D: after 72 hours; alginate/BNL 102/Cu at 0.95 aw E:
after 48 hours; F: after 72 hours; alginate/BNL 102/Cu/chitosan at 0.95 aw G: after 48 hours; H: after
72 hours; and I: alginate/BNL 102/Cu/chitosan in SDA after 48 hours

FIG. 7 - alginate/BNL 102/Fe(lll) on 0.93 aw A: after 24 hours; B: after 48 hours; alginate/BNL
102/Fe(lll) on 0.95 aw C: after 48 hours; alginate/BNL 102/Fe(lll) on SDA D: after 24 hours; and E:
after 48 hours

FIG. 8 - alginate/BNL 102/Fe(lll)/chitosan/glycerol A: 0.93 aw after 24 hours; B: 0.95 aw after 24
hours; and C: SDA after 24 hours

FIG. 9 - alginate/BNL 102/Fe(ll) at 0.93 A: after 24 hours; B: after 48 hours; C: at 0.95 after 48 hours;
and D: on SDA after 48 hours

FIG. 10 - Germination of Conidia at 25°C; 24 h (0.0995aw = 99.5% RH) on % Sabouraud Dextrose
Agar.

FIG. 11 - Germ tube extension of germinating conidia at 25°C; 24 h (0.0995aw = 99.5% RH) on %
sabouraud Dextrose Agar.

FIG. 12 - Germination of blastospores at 25°C; 24 h (0.0995aw = 99.5% RH) on %2 Sabouraud
Dextrose Agar.
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FIG. 13 - Germ tube length of germinating blastopores at 25°C; 24 h (0.0995aw = 99.5% RH) on %2
Sabouraud Dextrose Agar.

FIG. 14 - Conidial germination (%) after 48 h at 0.95aw = 95% RH) on % Sabouraud Dextrose Agar at
25°C.

FIG. 15 - Germ tube length of conidia at 25°C; 48 h (0.95aw = 95% RH) on %2 Sabouraud Dextrose
Agar.

FIG. 16 - Germination of blastopores at 25°C; 48 h (0.95aw = 95% RH) on %2 Sabouraud Dextrose
Agar.

FIG 17 - Germ tube length of germinating blastopores at 25°C; 48 h (0.95aw = 95% RH) on %%
Sabouraud Dextrose Agar.

FIG. 18 - Initial studies focused on formation of different conidial formulations which were made with
different compatible compounds. Two examples which were then checked for germination after 4, 6
and 15 hrs at 25°C.

FIG. 19 - Germination in gels after 6 h.

FIG. 20 - Microbeads: formulation Gum Arabic 1-5 hrs on % Sabouraud Dextrose Agar

FIG. 21 - Microbeads: formulation Maltodextrose 3 - 5 hrs - ¥ Sabouraud Dextrose Agar

FIG. 22 - Formulation Maltodextrose 1 - 5 hrs 0.95 aw % Sabouraud Dextrose Agar, some initial
germination only

FIG. 23 - Formulation of blastospores (log 4 and log 6) in sodium alginate + gum Arabic and PAA

FIG. 24 - Germination of formulated blastospores in gum Arabic after 24 hrs on %2 Sabouraud
Dextrose Agar

FIG. 25 - Production of different dry formulations using five different compatible compounds.

FIG. 26 - Effect of formulation on adult western flower thrips survival. Mean cumulative proportional
survival of adult WFT exposed for 3 days to dry conidia (106cfu/cm-unformulated), Gum Arabic
(104cfu/cm), (106cfu/cm), Maltodextrin (104cfu/cm) and Maltodextrin (106cfu/cm) of
entomopathogenic fungi Metarhizium anisopliae BNL 102. Control treatment was not exposed to any
fungus (‘0’ dose). Data represent survival of four replicates of approximately 400 adult males and
females/replicates.
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FIG. 27 - Western flower thrips (WFT) after contact with different formulation containing Metarhizium
anisopliae BNL 102. (A) Healthy WFT. (B) An adult WFT cadaver 5 days after death showing
sporulation of M. anisopliae BNL 102. (C) Closeup picture of fungal spores produced on dead
cadaver.

FIG. 28 - Effect of formulation on adult western flower thrips survival. Mean cumulative proportional
survival of adult WFT exposed for 3 days to dry conidia (106cfu/cm-unformulated), Gum Arabic
(104cfu/cm), (106cfu/cm), Maltodextrin (104cfu/cm) and Maltodextrin (106cfu/cm) of
entomopathogenic fungi Metarhizium anisopliae BNL 102. Control treatment was not exposed to any
fungus (‘0’ dose). Data represent survival of four replicates of approximately 400 adult males and
females/replicates.

FIG. 29 - Bioassay procedure. Protocol used to contaminate adult western flower thrips (WFT) with
conida and blastospores-formulation of entomopathogenic fungi, Metarhizium anisopliae strain
BNL102. (A) Experimental vessels were white opaque plastic containers (25 x 25cm; 15 cm in depth;
surface area 625 cm2) with a ventilation hole (10 x 10cm) cut into the lids and covered with nylon
gauze (64 mm pore size). (B) A double layer of tissue paper (36.5 cm length; 25 cm width; surface
area 917.5 cm2) was placed in each container so that it covered the bottom and halfway up each
side. This tissue paper was then moistened using a hand-held sprayer. (C) Fresh beans and flowers
were placed on the bottom before spraying of both formulation. (D) Conidia and blastospore
formulations were uniformly sprayed using a hand-held sprayer (pore size 300um). (E) Approximately
400 adult male and female WFT were released into the containers and WFT survival monitored daily
for 3 days.

FIG. 30 — Preferred method of preparing microencapsulation composition in accordance with a third
or fourth aspect of the present invention: A mixture of calcium chloride and entomopathogenic fungus,
Metarhizium anisopliae strains BNL101/102.
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Insect-Pathogenic Fungus, Spores, Composition and Use of Same

Field of the Invention

The present invention relates to compositions, particles and uses thereof, methods for
controlling pests and methods of producing compositions and particles for the control of
insect pests. In particular, the invention relates to an insect-pathogenic (entomopathogenic)
fungus, compositions and particles comprising insect-pathogenic fungus (or fungal spores —
conidia), their uses on plant material, methods for controlling pests with insect-pathogenic
fungus, and processes for producing particles and particles, for use in controlling pests,

employing such organisms.

Background to the Invention

A major problem in agriculture is continued crop losses caused by pest attacks. Western
flower thrip (WFT), Frankliniella occidentalis, black vine weevil, (BVW) Oftiorhynchus
sulcatus, whitefly, red spider mites, leaf miner, large pine weevil, caterpillars etc, are the
largest cause of associated economic losses internationally. For example, in Europe the
combined loss from virus transmission and direct feeding damage by WFT is estimated to be
£550 million per year. Global WFT damage exceeds £6.0 billion per year and no individually
effective control measures exist. BVVW alone causes annual losses of £40 million to UK, and

over £4.0 billion worldwide to the horticultural and agricultural industry.

Currently farmers, growers and greenkeepers use combinations of techniques to achieve
adequate insect pest control. However, these are unreliable, inadequate and crop losses are
considerable. The removal of chemical insecticides such as neonicotinoids and
organophosphates from the EU market in 2016 has exacerbated the problem. Insect pests
are adept at developing resistance to chemicals and the use of commercially available
biocontrol predators against WFT and BVW is unreliable due to difficulties of timing and
inefficient predation. The problem is having a major impact on agriculture in the UK,

continental Europe and worldwide.

In the UK 36,000 tonnes of strawberries (=£325m in value, HDC report 2015) were
successfully produced in 2015. However, when control of WFT was unsuccessful, total crop
losses were seen in previous years. A more robust control programme is thus essential to
avoid up to £45 million losses per year. The value of the UK hardy nursery stocks industry is

estimated at £796 million per year. Crop damage and crop rejections due to the presence

1
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of, for instance, BVW larvae can cause up to 100% losses if control measures are

inadequate.

Currently, there is increasing consumer-led demand for growers to reduce the use of
chemical pesticides in crop production and to grow fruit and vegetables with reduced
detectable residues. There is also a decline in conventional chemical pesticide effectiveness
due to pesticide resistance and increased regulation contained in European Regulation (EC)
1107/2009.

Natural microorganisms, including insect-pathogenic fungi, Metarhizium, Beauveria and
Isaria species, have been commercialised for the control a range of insect pests. However,
their efficacy in the field is inconsistent due to variability observed between different strains

of the microorganisms.

The insect-pathogenic fungus Metarhizium spp., Beauveria spp., Lecanicillium and [saria
fumosorosea, are a widespread, soil-borne pathogen. To date, a few strains of Metarhizium
anisopliae var. anisopliae have been commercialized as a bioinsecticide for the control of
various insect pests. Metahizium anisopliae can be mass produced using a diphasic
production system where log-phase broth cultures are used to inoculate a relatively
inexpensive solid-state fermentation (SSF), usually on rice or barley. However, different
strains of the same insect-pathogenic fungus can have varying pathogenicity for a particular
pest as well as respond differently to biotic and abiotic conditions. Therefore, the search for

more aggressive strains of insect-pathogenic fungi continues.
It is therefore desirable to provide a natural pest control option comprising one or more
desirable features such as a wide host range and consistent pathogenicity across a range of

pests, high virulence, high spore yield in production and high stability in the field.

Summary of the invention

In accordance with a first aspect of the present invention, there is provided a strain of the
insect-pathogenic fungus, Metarhizium var. anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506834;

or a culture having the identifying characteristics thereof.

2
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The first aspect of the present invention relates to a new strain of insect killing fungus of the
group, green muscardine, named Metarhizium anisopliae var. anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506834. Compared with other known bioinsecticide products and strains, a
granular biological produced with the present strain, BNL 102, may be effective in achieving
high rates of mortality in a wide variety of insect pests. The strain according to the first
aspect may also achieve one or more of. high spore yield (2.5 times higher than existing
bioinsecticide products - Met52); greater stability; longer-shelf life; and few to no off-target

effects.

The fungus Metarhizium anisopliae strain BNL 102 has a wide host range, high virulence
and high spore yield, has high stability and can be produced on substrates such as rice or
formulated within a nanoparticle, nanoshell or microencapsulation composition. Granular
formulations of strain BNL 102 have proven efficacy against inter alia WFT, whitefly, aphids,
weevils, caterpillars, pine weevil etc. The applicant’s research on BNL 102 formulated within
various nanoparticle, microencapsulation and/or water-soluble biopolymer compositions has
shown high spore adherence in WFT, and increased efficacy, longevity, and delivery of

fungal spores to the target.

Preferably the strain is substantially biologically pure, which will be appreciated by the skilled
reader as meaning that the strain is comprised mostly of Metarhizium anisopliae strain BNL
102 substantially without any biological contaminants, within a degree of error as is

appreciably feasible using standard manufacturing practices and processes.

In accordance with a second aspect of the present invention, spores are provided,
obtainable from the insect-pathogenic fungus, Metarhizium var. anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506834;

or a culture having the identifying characteristics thereof.

Preferably the spores comprise at least one selected from: conidia; blastospores. Preferably,

the spores are substantially biologically pure. As discussed above, the term “substantially

3
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biologically pure” in the context of the present invention will be taken by the skilled person to
mean a degree of purity that is practicable using currently available manufacturing practices

and processes.

In accordance with a third aspect of the present invention, there is provided a composition
comprising, an insecticidally effective amount of insect-pathogenic fungus or spores
obtainable therefrom; and an agronomically acceptable carrier thereof, the carrier comprising
at least one selected from: bioplastic; biopolymer; polyacrylic acid; silica; zinc oxide; titanium
dioxide; sodium selenosulfate; silver; hydrogel; carboxymethyl cellulose; methoxyl pectin;
metal ions; chitosan; humectant; cellulose acetate; xantham gum; gum arabic; sodium
alginate; chitosan; pectin citrus; arabinogalactan; alpha-cyclodextrin; maltodextrose;

cellulose.

Naturally, the skilled addressee will understand that, for the purposes of the present
invention, ‘insecticidally effective amount’ refers to an amount which induces mortality,
disrupts or impedes growth, interferes with metamorphosis or other morphogenic functions,

effects sterilization, and/or interferes with reproduction of one or more target insects.

Preferably the composition comprises one selected from: a powder; a liquid.

In embodiments wherein, the composition comprises a powder, the powder can preferably
be applied directly to crops and plants. In other embodiments, the powder can preferably be
mixed with a liquid and preferably applied directly to soil or to crops as a solution, a
dispersion, a suspension and/or a mixture. The composition can preferably be comprised
within a spray which can preferably be a foliar spray. The composition of the present
invention is preferably a contact bioinsecticide, and without wishing to be bound by theory, it
is thought that subsequent control of an insect population is not solely dependent upon
ingestion of the composition by insects within said population. It is thought that the
composition is preferably arranged to attach to a host insect cuticle, preferably where it can
penetrate the exoskeleton of the host insect and subsequently cause morbidity and/or
mortality within the host insect, preferably without entering the wider environment.

Preferably the composition comprises one selected from: nanoparticles; nanoshells;

nanocapsules; microparticles; microshells; microcapsules.

The informed addressee will appreciate that the term “nanoparticles” in the context of the
present invention refers to particles between 1 and 100 nanometres (nm) in one dimension

with a surrounding interfacial layer. Similarly, the informed reader will appreciate that

4
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“‘nanoshells” in the context of the present invention refers to a type of spherical nanoparticle
consisting of a dielectric core which is covered by a thin metallic shell, and that
“nanocapsules”, refers to nanoscale (1 nm to 100 nm in one dimension) vesicular systems,
often comprising a polymeric membrane which encapsulates an inner liquid core. The
informed addressee will appreciate that the term “microparticles” in the context of the
present invention refers to particles between 0.1 and 100 pym in size. The meaning of the
terms “microshells” and “microcapsules” are inferable from the above descriptions of their

“nano” equivalents.

Preferably, the hydrogel comprises sodium alginate. Preferably at least a portion of the
composition is soluble in a solvent. More preferably the solvent is water. Preferably the metal
ions comprise at least one selected from: copper ions; iron ions. Preferably the humectant
comprises glycerol. Preferably, the insect-pathogenic fungus comprises the strain of the first
aspect of the present invention. Still more preferably, the spores comprise the spores of the

second aspect of the present invention.

The most preferable embodiment of the third aspect of the present invention comprises the

strain of the first aspect, and/or the spores of the second aspect.

In accordance with a fourth aspect of the present invention, there is provided a use of a
composition comprising a strain of the insect-pathogenic fungus, Metarhizium var. anisopliae
selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506834;

or a culture having the identifying characteristics thereof, or spores obtainable therefrom in

controlling a population of insects.

Preferably the strain is in accordance with the first aspect of the present invention.
Preferably the spores are in accordance with the second aspect of the present invention.
Preferably the strain and/or spores are comprised within a composition in accordance with

the third aspect of the present invention.

In accordance with a fifth aspect of the present invention, there is provided a method of

controlling a population of insects, the method comprising the step of applying an
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insecticidally effective amount of a strain of the insect-pathogenic fungus, Metarhizium var.
anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506834;

or a culture having the identifying characteristics thereof, to a locus of said population of

insects.

Preferably the insecticidally effective amount of a strain of the insect-pathogenic fungus is

comprised within a composition in accordance with the third aspect of the present invention.

In accordance with a sixth aspect of the present invention, there is provided a method of
controlling a population of insects, the method comprising the step of applying an
insecticidally effective amount of spores obtainable from the insect-pathogenic fungus,
Metarhizium var. anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1st May 2018 having ICI
CC Number 506834;

or a culture having the identifying characteristics thereof, to a locus of said population of

insects.

Preferably the insecticidally effective amount of spores is comprised within a composition in

accordance with the third aspect of the present invention.

The skilled addressee will understand that, for the purposes of the present invention, ‘a
population of insects’ may refer to a mixed-species, geographically discreet population of
insects, or single-species, geographically discreet population of insects. The term ‘controlling
a population of insects’ is used herein to mean that the number of insects within a population
of insects is reduced, principally through mortality, at a level that is significantly greater than

a population to which the method of the present invention is not performed.

In the use of the fourth aspect, and the method of the fifth and sixth aspects of the present
invention, the population of insects preferably comprises at least one selected from the
range: WFT, weevils, aphids, whitefly, spider mites, caterpillars, chafers, ticks, midges and

mosquitos.
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In the use of the fourth aspect, and the method of the fifth and sixth aspects of the present
invention, the population of insects preferably comprises at least one selected from the
range: WFTs (Frankliniella occidentalis); Spider mite (Tetranychus urticae); Whiteflies
(Aleyrodidae spp); Aphids (Myzus persicae); Mosquitoes (Aedes aegypti; Anopheles
stephensi; Culex quinquefasciatus); Ticks (/xodes spp); Armyworms (Spodoptera littura);
European May beetle (Melolontha melolontha); June beetle (Hoplia philanthus);
Leatherjackets (Tipula paludosa); Wireworm (Agriotes spp); Biting midge (Culicoides spp);

Vine weevil (Otiorhynchus sulcatus); Pine weevil (Hylobius abietis).

Embodiments of the present invention will be appreciated comprising a strain which is a
mixture of:
- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 15t May 2018 having
ICl CC Number 506833; and
- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 15 May 2018 having
IC1 CC Number 506834,

or a culture having the identifying characteristics thereof.

Detailed Description

Specific embodiments will now be described by way of example only, and with reference to

the accompanying drawings, in which:

FIG. 1 shows efficacy of the BNL 102 unformulated fungus against WFT in semi-field
conditions compared with currently marketed alternatives in the form of a commonly
employed bioinsecticide (Naturalis®L); a commonly used small molecule insecticide

(Tracer®); and beneficial insects (predatory).

FIG. 2 shows water activity (aw) of various nanoparticle compositions as a function of

time;

FIG. 3 shows germination of BNL 102 in the presence of a selection of nanoparticle
compositions, after 48 hours incubation at 25°C, in Sabouraud Dextrose Agar (SDA)
modified to 0.95 a.; A: control; B: bioplastic; C: PAA; D: SiO; E: ZnO; F: TiOy; G:
NaSSS; H: Ag;

FIG. 4 shows photographs of alginate/Cu capsules comprising BNL 102;
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FIG. 5 shows alginate samples with: A: Fe(lll); B: Fe(ll); C. samples after 3 hours

under lamp; and D: samples after 4 hours under natural light;

FIG. 6 shows alginate/BNL 102/Cu at 0.93 a,, A: after 48 hours; B: after 72 hours;
alginate/BNL 102/Cu/chitosan at 0.93 a, C: after 48 hours; D: after 72 hours;
alginate/BNL 102/Cu at 0.95 a, E: after 48 hours; F: after 72 hours; alginate/BNL
102/Cu/chitosan at 0.95 a,, G: after 48 hours; H: after 72 hours; and I: alginate/BNL
102/Cu/chitosan in SDA after 48 hours;

FIG. 7 shows alginate/BNL 102/Fe(lll) on 0.93 aw A: after 24 hours; B: after 48 hours;
alginate/BNL 102/Fe(lll) on 0.95 ay C: after 48 hours; alginate/BNL 102/Fe(lll) on
SDA D: after 24 hours; and E: after 48 hours;

FIG. 8 shows alginate/BNL 102/Fe(lll)/chitosan/glycerol A: 0.93 a. after 24 hours; B:
0.95 ay, after 24 hours; and C: SDA after 24 hours;

FIG. 9 shows alginate/BNL 102/Fe(ll) at 0.93 A: after 24 hours; B: after 48 hours; C:
at 0.95 after 48 hours; and D: on SDA after 48 hours;

FIG. 10 shows germination of conidia at 25°C; 24 h (0.0995a, = 99.5% RH) on 2

Sabouraud Dextrose Agar;

FIG. 11 shows germ tube extension of germinating conidia at 25°C; 24 h (0.0995a, =
99.5% RH) on %2 Sabouraud Dextrose Agar ;

FIG. 12 shows germination of blastospores at 25°C; 24 h (0.0995a. = 99.5% RH) on

Y2 Sabouraud Dextrose Agar,;

FIG. 13 shows germ tube length of germinating blastopores at 25°C; 24 h (0.0995a.,
=99.5% RH) on %2 Sabouraud Dextrose Agar;

FIG. 14 shows conidial germination (%) after 48 h at 0.95a., = 95% RH) on
Sabouraud Dextrose Agar at 25°C;

FIG. 15 shows germ tube length of conidia at 25°C; 48 h (0.95a. = 95% RH) on %2

Sabouraud Dextrose Agar;
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FIG. 16 shows germination of blastopores at 25°C; 48 h (0.95a. = 95% RH) on 2

Sabouraud Dextrose Agar;

FIG. 17 shows germ tube length of germinating blastopores at 25°C; 48 h (0.95a, =
95% RH) on %2 Sabouraud Dextrose Agar;

FIG. 18, initial studies focused on formation of different conidial formulations which
were made with different compatible compounds. Two examples which were then

checked for germination after 4, 6 and 15 hrs at 25°C;

FIG. 19 shows germination in gels after 6 h;

FIG. 20 shows microbeads: formulation gum arabic 1-5 hrs on %2 Sabouraud

Dextrose Agar,

FIG. 21 shows microbeads: formulation maltodextrose 3 - 5 hrs - % Sabouraud

Dextrose Agar,

FIG. 22 shows formulation maltodextrose 1 - 5 hrs 0.95 ay %2 Sabouraud Dextrose

Agar, some initial germination only;

FIG. 23 shows formulation of blastospores (log 4 and log 6) in sodium alginate and

gum arabic and PAA;

FIG. 24 shows germination of formulated blastospores in gum arabic after 24 hrs on

Y2 Sabouraud Dextrose Agar,;

FIG. 25 shows production of different dry formulations using five different compatible

compounds;

FIG. 26 shows effect of formulation on adult WFT survival. Mean cumulative
proportional survival of adult WFT exposed for 3 days to dry conidia (106cfu/cm-
unformulated), gum arabic (104cfu/cm), (106cfu/cm), maltodextrin (104cfu/cm) and
maltodextrin (106cfu/cm) of entomopathogenic fungi Metarhizium anisopliae BNL
102. Control treatment was not exposed to any fungus (‘O’ dose). Data represent

survival of four replicates of approximately 400 adult males and females/replicates;
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FIG. 27 shows WFT after contact with different formulation containing Metarhizium
anisopliae BNL 102. (A) Healthy WFT. (B) An adult WFT cadaver 5 days after death
showing sporulation of M. anisopliae BNL 102. (C) Closeup picture of fungal spores

produced on dead cadaver;

FIG. 28 shows effect of formulation on adult WFT survival. Mean cumulative
proportional survival of adult WFT exposed for 3 days to dry conidia (106cfu/cm-
unformulated), Gum Arabic (104cfu/cm), (106cfu/cm), Maltodextrin (104cfu/cm) and
Maltodextrin (106cfu/cm) of Metarhizium anisopliae BNL 102. Control treatment was
not exposed to any fungus (‘0O dose). Data represent survival of four replicates of

approximately 400 adult males and females/replicates;

FIG. 29 shows a bioassay procedure. Protocol used to contaminate adult WFT with
conida and blastospores-formulation of entomopathogenic fungi, Metarhizium
anisopliae strain BNL102. (A) Experimental vessels were white opaque plastic
containers (25 x 25cm; 15 cm in depth; surface area 625 cm?) with a ventilation hole
(10 x 10 cm) cut into the lids and covered with nylon gauze (64 mm pore size). (B) A
double layer of tissue paper (36.5 cm length; 25 cm width; surface area 917.5 cm?)
was placed in each container so that it covered the bottom and halfway up each side.
This tissue paper was then moistened using a hand-held sprayer. (C) Fresh beans
and flowers were placed on the bottom before spraying of both formulation. (D)
Conidia and blastospore formulations were uniformly sprayed using a hand-held
sprayer (pore size 300 um). (E) Approximately 400 adult male and female WFT were
released into the containers and WFT survival monitored daily for 3 days; and

FIG. 30 shows a preferred method of preparing a microencapsulation composition in
accordance with a third aspect of the present invention: A mixture of calcium chloride

and entomopathogenic fungus, Metarhizium anisopliae strains BNL101 and BNL102.

Referring to FIG. 1, trials have demonstrated up to 90% mortality rate for BNL 102 with WFT
and additional trials conducted have demonstrated up to 100% efficacy against a wide range
of insect species including WFT, aphids, army worms, vine weevil and pine weevil (which
showed between 80-100% efficacy in greenhouse trials). Preliminary data showed that BNL
102, without a nanoparticle composition, was three times more effective in controlling a
population of WFT over known products on the market. As shown in FIG. 1, laboratory
results showed that BNL 102 provided 100% control of WFT compared to 50% for beneficial
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insects, 20% for insecticides and 20% for bioinsecticides. As a significantly more effective
component in a pest management programme, BNL102-based products may help the
grower community comply with EU Integrated Pest Management regulations, reduce the use

of chemical pesticides, improve crop yield and/or preferably increase the users’ profits.

The strain of insect-pathogenic fungus of the first aspect of the present invention, and the
associated spores in accordance with the second aspect of the present invention, have been
shown to provide an improvement in pest control by a factor of 2 to 4 times over currently
available solutions as can be seen in FIG. 1. A major problem with chemical insecticides
involves development of resistance to active compounds. Since the present invention does
not comprise a small molecule pesticide having an active compound to which a pest can
develop a resistance, the present solution may overcome a significant limitation of current
chemical insecticides. The present invention may provide a significant increase in crop yields
while preferably remaining a relatively cheap alternative to chemical insecticides when
considering efficacy (see Table 1), and therefore potentially minimising economic burden

upon crop producers.

Table 1. Cost comparison of treating WFT with Metarhizium anisoplae BNL102 and other

biological and insecticides products.

Approximate
cost (£) 1,200 1,200 1,160 700 700

Efficacy (%) 90-100 40 20 40-50 20

As can be seen in Table 2 below, the first and second aspects of the present invention
display a wide host range, and thus provide for a potential reduction in the food waste, which

might be caused by direct damage attributed to a wide range of insect pests.

Table 2. Pathogenicity of Metarhizium anisoplae BNL 102 against multiple pests in

laboratory conditions.

Western flower thrip Frankliniella occidentalis 100

Spider mite Tetranychus urticae 60-70

11
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Whitefly Aleyrodidae 60-75
Aphid Myzus persicae 90-100
Mosquito Aedes aegypli 100
Mosquito Anopheles stephensi 100
Mosquito Culex quinquefasciatus 100
Tick Ixodes spp 90-100
Armyworm Spodoptera littura 100
European May beetle Melolontha melolontha 40-50
June beetle Hoplia philanthus 30-50
Leatherjacket Tipula paludosa 30-50
Wireworm Agriotes spp 30-50
Biting midge Culicoides spp 100
Vine weevil Qtiorhynchus sulcatus 100
Pine weevil Hylobius abietis 100

The present invention may provide easy compliance with EU legislation when used within an
Integrated Pest Management programme, is preferably non-toxic to workers and/or users
and/or consumers and/or safe on the environment, may be residue free, and may be suitable
for traditional and/or organic farming. The present invention is preferably compatible with
other bio-pesticides, bio-fungicides, and/or pesticides, for integration into a larger, or already
establish Integrated Pest Management program. The present invention may also be easy to

use in different cropping systems.

Semi-field trials have demonstrated up to 90-100% mortality rate against WFT (FIG. 1) and
additional studies conducted against other pests are mentioned in Table 2. This data
suggested that M. anisop/lae BNL 102 is a wide host range technology and may be used
against many pests and may therefore be a potential candidate for commercialisation. M.
anisoplae BNL 102 without a nanoformulation/composition is more than 2-3 times the
effective in controlling the WFT over known products in the market. For example, BNL 102
provided 100% control of WFT compared to 52% for beneficial insects, 20% for insecticides
(Tracer) and 20% for bioinsecticide (Naturalis-L). M. anisop/ae BNL 102 encapsulated
formulation can have significant impact under field condition when environmental condition is
different from lab or semi-field. As a potentially significantly more effective component in
Integrated Pest Management (IPM) programmes, M. anisop/ae BNL 102 based products
may help the African growers comply with EU IPM regulations, reduce use of chemical

pesticides, improve crop yield and/or potentially increase users’ profits.

The following Examples 1 to 5 were carried out as part of a single study and congruent

techniques, protocols and materials were used throughout unless otherwise stated.
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Example 1

Culture media preparation

Sabouraud Dextrose Agar (SDA) culture media was prepared in distilled water following a
standard procedure. The media was autoclaved at 121°C for 15 minutes, then cooled to
50°C before plating in petri dishes for further use. Aseptic technique was followed. The petri

dishes were stored at 4°C until needed in further work.

SDA 0.93 (93% equilibrium relative humidity (ERH)) / SDA 0.95 ((95% equilibrium relative
humidity (ERH)): 92 g / 75 g glycerol was added to 250 mL / 300 mL distilled water. 19.5 g
SDA powder was then added to the glycerol solutions and the mixtures were manually
shaken. Media was then autoclaved at 121°C for 15 minutes and cooled to 50°C before

plating in petri dishes, using aseptic technique, and stored at 4°C.

Conidia of M. anisopliae strain BNL 102 were grown on the SDA culture media using

standard protocol.

Preparation of 1 wt% nanoparticle compositions (dispersions) and BNL 102

suspension

1 wt% nanoparticle dispersions were prepared in tween/distilled water for the following
seven types of nanoparticles: bioplastic, PAA, Si, ZnO, TiO2, NaSSS and Ag. Dispersions

were shaken prior to application to ensure even distribution.

A M. anisoplae BNL 102 suspension was prepared by taking spores from the petri dish in
tween/water, and vortexed for 2 minutes. Fungal spores were counted using a
haemocytometer. A suspension was prepared having 2 x 10° spores/mL, the suspension

being prepared from a stock BNL 102 suspension.

Water activity measurement of the prepared 1 wt% nanoparticle dispersions

Water activity (aw) of each of these samples as a function of time was measured after 1
hour, 3 hours and 6 hours. Aqua Lab Dew Point 4TE water activity measurement instrument

was used.

13



Results

The results for water activity (aw) as a function of time for various types of nanoparticle
dispersions is presented in Table 1 and FIG. 2. As can be seen, a mild water activity change
is observed for Na SSS and PAA. The samples did not show a significant change in water
activity over time, suggesting stability of the M. anisop/lae BNL 102 spore preparation on

each of the nanoparticle compositions.

Table 3. Water activity of a selection of nanoparticle compositions after 1, 3 and 6 hours.
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0.997 0.9952 | 0.9945 | 0.9968 1.0119 0.9916 1.0176
0.9955 1.0088 | 0.996 0.9961 1.0024 0.9841 1.0072
0.9917 0.9892 | 0.9991 | 0.9963 0.9984 0.9694 0.9945

Example 2

Compatibility of nanoparticles with the BNL 102 spores

0.5 % chitosan was prepared, and 1 mL was added to 9 mL of each of the nanoparticle

dispersions prepared as described in Example 1.

0.2 mL of each chitosan/nanoparticle dispersion and 0.2 mL of BNL 102 suspension
prepared (2 x 10° spores/mL) were plated in a petri dish with 0.93 and 0.95 SDA media
prepared as described in Example 1. Duplicates of each of the seven chitosan/nanoparticle
dispersions were made for each of 93% and 95% ERH SDA media. Control petri dishes
were also prepared by adding 0.4 mL of BNL 102 suspension to plates comprising each of
0.93 and 0.95 SDA media. The plates were incubated for at least 24 hours at 25°C.
Altogether, 32 plates were incubated; 16 for 93% and 16 for 95% ERH SDA media. Aseptic

technique was used throughout.

The germination of the fungal spores was observed using an optical microscope to check the
compatibility of nanoparticles on the spores. An Olympus Bx40 optical microscope with
attached Infinity3 Lumenera camera and INFINITY ANALYZE software was employed to
capture images of the spores.
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Preparation of stock solutions needed for composition

1.5 wt% sodium alginate (herein referred to as “alginate”), 1 wt% CuSOs (herein referred to
as “Cu”), 1 wt% FeCls, 1 wt% FeClz, 0.5 wt% chitosan, 0.5 wt% glycerol and M. anisoplae
BNL 102 suspension (concentration not known, random amount taken, until water appeared
to have greenish tinge) were all prepared in tween/distilled water in separate vials. The

solutions were vortexed or manually shaken to get clear solution of the samples.
Results
FIG. 3 shows the images captured to indicate the germination of spores in presence of

nanoparticles, after 48 hours at 0.95 water activity. As observed, most of the nanoparticles

show good compatibility with the BNL 102 spores and do not inhibit germination.

Example 3

Preparation of Alginate/Cu/BNL 102/chitosan capsules

Alginate/Cu capsules: sodium alginate was added dropwise to the 1 wt% CuSQO, solution in

1:1 ratio, and shaken. Light blue capsules were formed.

Alginate/Cu/chitosan capsules: The Alginate/Cu capsules were mixed with equal volume of

the 0.5 wt% chitosan solution to coat with chitosan.

Alginate/Cu/BNL 102 capsules: First Alginate/BNL 102 suspension was prepared by adding
alginate to BNL 102 suspension in 1:4 volume ratio. The mixture was shake manually
properly. Then alginate/BNL 102 was added to the solution of CuSOy4 in 1:1 ratio and was

mixed.

Alginate/Cu/BNL 102 chitosan capsules: The capsules prepared above were mixed with

equal amount of the 0.5 wt% chitosan solution to coat with chitosan.

Effect of alginate/Cu and alginate/Cu/chitosan on germination of BNL 102 spores

Two types of capsules, i.e. alginate/BNL 102/Cu and alginate/BNL 102/Cu/chitosan, were
plated on separate petri dishes containing SDA, 0.93 and 0.95. Five capsules were put on

the media in the plate at five different spots. Two plates for each type of media were

15



10

15

20

25

30

prepared. Aseptic technique was followed during this work. The plates were incubated at
25°C for at least 24 hours. The germination was checked after 24, 48 and up to 72 hours

after plating.

Results

The visual appearance of alginate samples encapsulating Cu, BNL 102/Cu and those coated

with chitosan is shown in FIG. 4. Alginate/Cu capsules are light blue in colour.

Example 4

Preparation of alginate/Fe(ll) and alginate/Fe(lll) samples (collectively referred to as Fe

capsules)

1:1 volume ratio of sodium alginate and FeCls; (Fe(ll)) or FeCl, (Fe(lll)) was used. The
procedure followed was similar to that for Cu in Example 3. In the case of Fe(ll) and Fe(lll),
the container FeCl; or FeCl. solution was covered with foil to minimise the effect of light on
the FeCls and FeCl..

The effect of light on the Fe capsules and viscous liquid was studied by testing samples in

containers (open) under both a lamp and natural light for up to 4 hours.

Preparation of alginate/BNL 102/Fe(lll) and alginate/BNL 102/Fe(ll)

Firstly, alginate/BNL 102 suspension was prepared by following the procedure as described
in Example 3. 1:4 volume ratio of BNL M. anisoplae 102: alginate was used, and alginate
was added to the BNL 102 suspension. The pH of the solution was adjusted to 7, by addition
of small amount of 0.1 M NaOH.

Alginate/BNL 102/Fe(lll) or Fe(ll) samples were prepared following the method described

above. Alginate/BNL 102 was added dropwise using a needle syringe to the Fe(lll) or Fe(ll)

solutions taken in two different containers, which were each covered with aluminium foil.
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Effect of alginate/BNL 102/Fe(lll) and alginate/BNL 102/Fe(ll) on germination of BNL
102 spores

Two samples, i.e. alginate/BNL 102/Fe(lll) and alginate/BNL 102/Fe(ll), were plated on
separate petri dishes containing SDA, 0.93 and 0.95. Five capsules/drops were placed onto
the media in the plate at five different spots. Two plates for each type of media were
prepared. Aseptic technique was used throughout. The plates were incubated at 25°C for at

least 24 hours. The germination was checked after 24, 48 and up to 72 hours after plating.

Results

FeCl; formed brownish capsules whereas FeCl. formed viscous white liquid when mixed
with alginate (FIG. 5 A; and FIG. 5 B). The capsules and the viscous liquid lost water and
some change in colour was also observed (FIG. 5 C; and FIG. 5 D), e.g. brown the capsules
of alginate/Fe(lll) turned darker and shrank in size. The white viscous liquid became more
solid. Moreover, the water activity of alginate/BNL 102/Fe(lll)/chitosan/glycerol showed a

significant decrease in water activity value from 0.9984 to 0.2748 within 4 hours.

Example 5

Preparation of alginate/BNL 102/Fe(lll)/chitosan/glycerol

First 1:1 chitosan: glycerol mixture was prepared. Then the alginate/BNL 102/Fe(lll)
capsules prepared as previously described in Example 4, and were coated using

chitosan/glycerol using 1:1 weight ratio of alginate/BNL 102/Fe(lll) : chitosan/glycerol.

Water activity and germination effect of alginate/BNL 102/Fe (lll)/chitosan/glycerol

Both the water activity was measured and germination was studied, as a function of time.
Results

FIG. 6 to FIG. 9 show optical microscope images for alginate/BNL 102 formulations with Cu,
Fe(lll) and Fe(ll) ions with and without coating of chitosan or chitosan/glycerol. As can be

seen, the alginate, metal ions, chitosan or glycerol do not have any inhibitory effect on

germination of fungi spores.
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The nanoparticle compositions made using alginate (a hydrogel) showed desirable
properties which would be expected to enhance adhesion of fungal spores on plants and
insect pests, for example, when used in spray applications. The presently presented
example embodiments of compositions of nanoparticle compositions according to the third
aspect of the present invention have been demonstrated with a strain of insect-pathogenic
fungus according to the first aspect of the present invention, and spores therefrom according
to the second aspect of the present invention, newly identified as having favourable host-
range, virulence and efficacy characteristics over currently available alternatives. The
combination of the fungus or spores according to the first and second aspects, along with
the composition according to the third aspect, could in turn provide an improved efficacy
over currently available alternatives. Moreover, the addition of metal ions such as copper
and iron has been shown herein to have no negative effect and does not inhibit spore
germination. The efficacy of the composition can further be improved by chitosan coating
and the humidity of the composition could be controlled by addition of humectants such as

glycerol.

Microencapsulation of fungal spores may also be used to form an additional example
embodiment of a composition of the third aspect of the present invention. Insect-pathogenic
fungal spores harvested from solid-state fermentation would preferably be stored at 40°C.
Water-soluble biopolymers would preferably be dissolved in water to form an aqueous
solution. The candidates of such biopolymers, might include, for example, a mixture of
carboxymethyl cellulose (CMC) and sodium alginate (SA) or low methoxyl pectin. Additional
examples of candidates for biopolymers would be appreciated by the skilled reader. The
fungal spores are preferably added to the solution to form a suspension. The aqueous
suspension would then be dispersed in an oil phase (in, for example, vegetable oil) to form a
water/oil emulsion. Additional examples of oils suitable for producing a water/oil emulsion will
be appreciated. The emulsion is ideally produced in a stirred tank with a Rushton turbine of
standard configuration. Other methods of producing an emulsion will be apparent. The
maximum droplet size of the aqueous phase, with fungal spores, will ideally be controlled to
be less than 100 microns by varying agitation speed of the impeller of the Rushton turbine.
In the presently described example, calcium chloride (CaCl,) powders would then be added
into the oil phase, and the mixing of the emulsion would be maintained. When CaCl;
powders come into contact with the aqueous phase, Ca?* will be released at the water/oil
interface to exchange with sodium ions (Na*) in the aqueous solution, to form a solid shell of
calcium alginate when sodium alginate is present, or to result in gelation from specific non-
covalent ionic interactions between blocks of galacturonic acid residues of the pectin

backbone with Ca?*. In each case, the fungal spores mixed with carboxymethyl cellulose can
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be encapsulated. The formed microcapsules will be centrifuged from the oil, and air or freeze
dried for maintaining long-term storage stability. The water activity of the dried

microcapsules should ideally be maintained at 0.1 - 0.3.

Relating to an example method of use of the above-described example composition, the
resulting microcapsules would be used to form a foliar spray. Before the microcapsules are
sprayed onto plants and crops, they will be dispersed in water with a biosurfactant of high
hydrophile-lipophile balance (HLB) value such as rhamnolipids, sophorolipids or saphorose
lipid from microbial origin. The dry hydrogel microcapsules should have super water-
absorbing capability and swell to a significant extent after being exposed to water. The
biosurfactant can significantly reduce the interfacial tension of the aqueous suspension. After
the microcapsules in water are sprayed to the surface of plants, the biosurfactant should
reduce the droplet size formed, and help the aqueous suspension to spread well on the
surface to enhance the retention of the microcapsules. Moreover, the water absorbed in the
microcapsules should be maintained for up to 5 hours, which allows the fungal spores to
germinate. The mechanical strength of the microcapsules should be tuned to allow the
microcapsules to rupture after 5 hours due to hydration and swelling or ruptured by insects
when they move on the microcapsules, which permits direct contact between the insects and

the fungal spores to realise the functionalities of the insecticide.

The following Examples 6 to 9 were carried out as part of a second study and congruent

techniques, protocols and materials were used throughout unless otherwise stated.

Example 6

Inoculum production

M. anisoplae BNL 102 conidia were obtained from culture of the strains grown on Saubaroud
Dextrose Agar (SDA) at 25°C for 10 days.

For blastopore production we used the equivalent of 10 g peptone and 40 g glucose broth
medium. This was either as 50 mL aliquots in 250 mL baffled flasks or 100 - 125 mL in 500
mL baffled flasks on an orbital shaker at 125 rpm and incubated for 72 h. Before use, conidia
were placed in a 25 mL Universal glass bottle containing 10 mL of sterile water and 0.01%
tween 80 using a sterile loop from the above cultures and shaken vigorously. For liquid broth
cultures 25 mL of medium was filtered through sterile glass wool to remove mycelium and

fragments to produce a broth containing only blastospores.
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The concentrations of the conidia and blastospores were checked using a haemocytometer

and diluted where necessary to obtain 1 x 10*and 108 cfu/mL.

Compatibility of Metarhizium anisopliae BNL 102 conidia and blastospores

CMC (Insoluble)
Cellulose acetate (insoluble mixture)
Xantham Gum (Insoluble)

Gum Arabic (soluble)

Na Alginate (Insoluble)
Chitosan (soluble/Gel)

Pectin Citrus (Insoluble)

© N O 00k 0N =

(+) Arabinogalactan (soluble)
9. Alpha-Cyclodextrin (soluble)
10. Poly (acrylic acid sodium salt) (soluble)

11. Maltodextrose (soluble)

12. Cellulose (insoluble mixture)

In all cases a 12.5% mixture was made of all the compounds in sterile water and tween 80.
This was then diluted to make up 1.25% of each compound. This was used for the
compatibility assays. Seven compounds were soluble in the sterile water. The others formed
very stiff gels which made them difficult to work with and were thus not included in the
assays.

Germination assay

A 0.1 mL aliquot of either conidial or blastospore suspension was added to the treatments.
These were shaken and left for 60 mins. Then, 0.2 mL aliquots were spread onto 2 replicate
plates of ¥ strength SDA (0.995 a. = 99.5% ERH) and onto 2 replicate plates of 12 strength
SDA modified to 0.95 a. (=95% ERH) with glycerol. The spore suspensions and compounds
were spread using a sterile stainless-steel spreader. The different water activity (aw)
treatments (SDA plates) were stored in polyethylene bags which were sealed to ensure that
the conditions were maintained and incubated at 25°C for up to 48 h. The treatments and

replicates were checked after 24 and 48 h.

To check germination, a 1 cm stainless steel cork borer was used to cut at random discs

from the replicate SDA plates. Two from each replicate were taken at random placed on a

20



10

15

20

25

30

35

glass slide, stained with lactophenol/cotton blue to arrest the germination and growth. Glass
coverslips were then placed over the discs for microscopic examination. Photographs were
made of the different treatments in random fields and stored on the lab PC. The percentage
germination was evaluated. Where all conidia/blastospores had germinated the germ tube
lengths were measured of up to 20 - 25 propagules at random. The means and S.E.

(standard error) for the different treatments were calculated and plotted.

Results

FIG. 10 shows that conidial treatments were completely compatible with all the compounds
tested with germination in all cases after 24 h with freely available water. However, there

were differences in germ tube lengths (FIG. 10).

In the untreated control germ tube length was very long and not measureable. With the
different compounds the germ tube lengths were significantly shorter and there were some

differences between treatments.

Some such as cellulose acetate, cyclodextrin, maltodextrin and cellulose appear to be more
compatible (FIG. 11).

After 24 h, no treatments, either conidial or blastospores, had germinated at 0.95 a,, (=95%

ERH). Thus, germination and germ tube extension were examined quantified after 48 h.

FIGs 14 and 15 show the effect of treatments on germination and germ tube extension
respectively at 0.95 a, and 25°C. This showed that the control and four treatments had
100% germination compared with others (76-82%). The others showed less germination.
However, the germ tube lengths were much shorter in the treatments than the controls (FIG.
15). There did not appear to be much difference between the compounds based on germ
tube extension under water stress with all treatments inhibiting germ tube extension when

compared to the controls.

For comparison, similar experiments were carried out with blastospores from liquid broth

culture.

FIGs 16 and 17 show the effects of different compounds on germination and germ tube
extension of the blastospores. This shows that mixtures of all compounds with blastospores

resulted in 100% germination. However, the germ tube length from the blastospores were
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again variable with some compounds resulting in better germ tube extension when
compared to the controls at 0.95 aw and 25°C after 48 h. In this case cellulose acetate,
chitosan, alpha galactan, and cellulose appeared to be particularly good when compared to

other compounds.

Example 7

Using techniques from Example 6:
Formulation of the best compatible compounds with conidia and blastospores of BNL 102.

Gel bead assays: We initially examined the production of immobilised conidia of BNL 102 by
using different needle sizes for extrusion of the sodium alginate and compatible compound
(1.25%) and conidial (log 6 spores/mL) mixtures. The solution was passed through a syringe
and droplets formed gels in a 3% calcium chloride solution. By varying the needle size, it
was possible to produce bead sizes of about 0.5 mm to 0.2-0.25 mm diameter. These were
plated directly onto 2 strength SDA and %2 SDA/0.95 a., for examination of the viability after
3, 6 and 24 h. Sterile discs (6 mm dia.) were cut from the agar surface, stained, covered with
a glass coverslip and examined under the microscope with a photo image capture software

system to record germination.

Micro-scale gel bead production: It was decided that much smaller bead sizes were
necessary for spraying — in the range 100 - 200 um in diameter. It was thus decided to make
specific mixtures of conidia or blastospores at two inoculum levels (log 4 and 6 spores/mL)
for two compatible treatments of each. These were prepared as liquid suspensions. These
are being used for bioassays at Bionema. The compatible compounds and concentrations of

the M. anisoplae BNL 102 propagules chosen were:

Conidial formulations:

1. Gum Arabic (10° cfu/mL)
2. Gum Arabic (10*cfu/mL)
3. Maltodextrin (10° cfu/mL)
4. Maltodextrin (10*cfu/mL)

Blastospore formulations
1. Gum Arabic (10° cfu/mL)
2. Gum Arabic (10*cfu/mL)
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3. PAA (108 cfu/mL)
4. PAA (10*cfu/mL)

Results

Production and viability of formulated gels of conidia and blastospores

Initially two different sizes of gel beads were made with some of the compatible compounds
and sodium alginate and conidia in Calcium chloride solution. FIG. 18 shows an example of
the beads initially made. The smallest one was about 0.5 mm without any agitation of the

Calcium chloride solution for gel formation.

We also put 10-12 beads in the water activity cell and measured this after formulation and
removing excess water and then 4 h later at 25°C in 50-60% RH. The results are shown in
the Table 4 below.

Table 4 shows initial and final water activity of the smaller immobilised gel formulations using
the Aqualab 4TE water activity machine. Samples of gels were kept at 25°C and 50-60%
RH. This clearly shows that there was a variation in the initial gel water activity depending on
the compounds used for their formation. Initially they were all relatives wet with high water
activities. However, after 4 h they had significantly dried to levels where no fungal growth
would occur at all. This suggests that humectants or additives would be necessary to try and

conserve water for longer time periods.

Table 4. Change in water activity during drying of formulated gel beads kept at 25°C and 50-
60% R.H.

Compound T=0 T=4hrs
Gum arabic 0.9601 0.5095
Arabinogalactan 0.9647 0.5229
Acrylic acid sodium salt 0.9707 06113
Maltodextran 0.9669 0.5279

These beads were then plated onto %2 SDA and %2 SDA 0.95 water activity to examine the
germination after 3, 6 and subsequently 15 h by staining. After 3 h there was no germination
of the conidia regardless of treatment (4 different compounds and conidia). However, after 6

h we could see some germination on the %2 SDA medium with freely available water. FIG. 19
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shows the germination of conidia from four different formulations made. There were some
differences in germ tube lengths among formulations, but this would need to be quantified by

measurement subsequently.

Microencapsulation of conidia into smaller beads using stirred calcium chloride

solutions

FIGs 20 and 21 show examples of the much smaller beads which were subsequently made.
These were variable in size but had much less conidial loads than previously. The average
size of these beads was between 75 - 200 ym in diameter. The germination from these
beads can be clearly seen after 15 h for two of the four formulations which have been sent to

the applicant for bioassays.

It was noted that under water stress conditions, regardless of formulations made the

germination was just beginning to take place at 0.95 ay after 15 h (FIG. 22).

Micro formulation of four blastospore formulations for bioassays by the applicant

Two different compatible compounds were used for formulation of blastospores. We used

gum arabic and polyacrylic sodium salt.

FIG. 23 shows the four formulations made and sent to the applicant for bioassays.

FIG. 24 shows an example of the growth from blastospores after 24 h on %2 SDA medium.
Generally, growth was not as fast as for germ tube extension from conidia after formulation,
with no growth from blastospore formulations at 0.95 ay 2 SDA medium even after 48 h at
25°C.

Example 8

Using techniques from Examples 6 and 7:

Dry conidial formulations for dispersion as a wettable powder

Conidia of M. anisoplae BNL 102 was immobilised in sodium alginate and five different
compatible compounds (1.25% concentration). These have been mixed with magnetic

stirrers and then the gels formed in 3% calcium chloride. About 20 mL of each formulation
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was used to prepare enough beads for drying and making of formulated powders and for
viability assays on % strength SDA and the same medium at 0.95 water activity. The

treatments used were;

Gum Arabic (soluble)
(+) Arabinogalactan (soluble)
Alpha-Cyclodextrin (soluble)

Poly (acrylic acid sodium salt) (soluble)

o > DN =

Maltodextrose (soluble)

Results

Formulation of five different conidia for producing dry powders

We produced 5 different formulations into small microcapsules of about 0.25 - 0.5 mm
diameter. The intention here was to dry these down and to then make these into powders
which could then be dispersed in water and a wetting agent and sprayed. However, when
these were dried and ground up they formed fine layers of material containing the spores
and not very particulate. This suggests that additional additives are required to be able to dry

and then grind the gel beads into powders.
FIG. 25 shows the 5 different formulations after drying and grinding. Key to compounds

used: 4, Gum Arabic (soluble); 8, (+) Arabinogalactan (soluble); 9, Alpha-Cyclodextrin

(soluble); 10, Poly (acrylic acid sodium salt) (soluble); 11, Maltodextrose (soluble)

Example 9

Using techniques from Example 6 to 8:

Infectivity of formulated materials against adult WFT (Bionema)

Rearing of WFT

A colony of WFT was maintained at Bioneas described by Ansari et al. (2007). Briefly, WFT
were reared in ventilated plastic containers (29 x 29 x 16 cm) kept at 28 £ 1°C, 50 — 60 %
r.h.,, and L16:D8 photoperiod. Between 40 - 50 adult WFT were introduced into the

containers and provided with 3 - 4 pieces (8 - 9 cm length) of green bean (Phaseolus
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vulgaris L.) for oviposition and 2 - 3 yellow chrysanthemum flowers (Asda). After 3 days, the
beans were transferred to fresh ventilated plastic containers (28 x 20 x 10 cm). Adults WFT
were used in all bioassays (FIG. 27A).

Formulations

The following formulations were received by the applicant from a CRO, for bioassay test.

Products were stored at 10°C until use.

Formulation from dry conidia of BNL 102

Gum Arabic (10° cfu/mL)
Gum Arabic (10* cfu/mL)
Maltodextrin (108 cfu/mL)
Maltodextrin (10* cfu/mL)

PO N =

Formulation blastospore of BNL 102

Gum Arabic (10° cfu/mL)
Gum Arabic (10* cfu/mL)
PAA (108 cfu/mL)
PAA (10* cfu/mL)

O N =

Formulations testing against adult WFT

These experiments were designed to evaluate the infectivity of different formulations against
adult WFT. Assays were conducted in white opaque plastic containers (25 x 25 ¢cm; 15 cm in
depth; surface area 625 cm?) as described by Ansari et al. (2011) with slight modification.
One ventilation hole (10 x 10 cm) was made in each lid and covered with nylon gauze (64
mm pore size). A double layer of moist tissue paper was placed in each container so that it
covered the bottom and halfway up each side. Three fresh beans and five chrysanthemum
flowers were placed on the top of the tissue paper. After that, conidia and blastospore
formulations at the rate of 10* and 10° cfu/cm? were sprayed using a hand-held sprayer (pore
size 300 uym) (FIG. 29).

For each replicate, approximately 400 adult WFT were released into each container. WFT

were therefore continually exposed to formulations through tarsal contact or on the head and
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thorax region for the duration of the study. The tissue paper remained in the container until
the end of the test (a minimum of 72 h). Control WFT were treated in the same way but in
the absence of conidia or blastospore formulation. Containers were kept in a constant
temperature room (28 + 1°C, 80 - 90% r.h., and L16:D8). WFT survival was monitored daily
for 72 h. Dead WFT were collected individually from each container, dipped in 70% ethanol,
and incubated on moist tissue paper in Petri dishes (25 + 1C for 2 - 3 days) after which they
were examined using a light microscope at magnification 40x for evidence of fungal
sporulation. Each treatment was replicated four times and the whole experiment was

conducted twice.

Results

Bioassay results

Overall bioassays results showed that blastospore formulations were better than the conidial

formulations and providing >80% WFT control.

Conidial formulations

Both Gum Arabic and Maltodextrin formulations significant reduced WFT survival compared
with untreated control 3 days after exposure (FIG. 26). Overall, conidia formulated in
Maltodextrin was the most effective formulation and caused a significantly greater reduction
in WFT survival compared with Gum Arabic formulation. Following continuous exposure,
100% mortality (confirmed by fungal sporulation on WFT cadavers; FIG. 27) was observed
with both formulation by day 5 compared to estimated cumulative mortalities of 38.8%,
28.3%, 50.5%, 48.1 and 85.0% for Dry spore (10° cfu/cm-unformulated), GA (10* cfu/cm),
GA (108 cfu/cm), MD (10* cfu/cm) and MD (108 cfu/cm), respectively. Control treatments
showed 4.0% (with 0% sporulation) WFT mortality 5 days after treatment.

Blastospore formulations

Both Gum Arabic and Maltodextrin formulations significant reduced WFT survival compared
with untreated control 3 days after exposure (FIG. 28). Overall, conidia formulated in
Maltodextrin was the most effective formulation and caused a significantly greater reduction
in WFT survival compared with Gum Arabic formulation. Following continuous exposure,
100% mortality (confirmed by fungal sporulation on WFT cadavers) was observed with both

formulation by day 5 compared to estimated cumulative mortalities of 45.0%, 57.5%, 65.0%,
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67.0% and 75.6% for Dry spore (108 cfu/cm-unformulated), GA (10*cfu/cm), GA (10° cfu/cm),
MD (10* cfu/cm) and MD (10° cfu/cm), respectively. Control treatments showed 4.0% (with
0% sporulation) WFT mortality 5 days after treatment.

Conclusions from Examples 6 to 9

Compatibility studies

+ The compatibility study has shown that there is good compatibility between both conidia

and blastospores with many of the compounds.
+ The important data was found to be related to capability for conidial or blastospore germ
tube extension where differences were observed at both 0.995 a,, after 24 h, and at 0.95

ay after 48 h.

Formulations of conidia and blastospores

+ Overall, we were able to make three different types of formulations. Because two sizes
were considered large (0.25 - 0.75 mm diameter) so we subsequently used a mixing
system with a magnetic stirrer to obtain much finer formulated conidia and blastospores

to obtain the range of sizes necessary.

+ In some embodiments, if bead size is not controlled, beads formed may be of variable
sizes. This could preferably be improved by using, for example, a propeller-based

mixing system with different speeds and propeller sizes.

+ Qverall, germination of both conidia and blastospores was not initiated after about 4 h.
However, after 6 h this was initiated in the formulations made with the two compounds

used for both types of propagules, regardless of inoculum level.

+ Blastospore formulations appear to be more sensitive to formulation than the conidia.

+ Overall, growth from blastospores, even with freely available water was not as good as
that from conidia formulations after 24 and 48 h. This could be due to blastospores,
while being more virulent in killing insect pests, are more sensitive to desiccation and
less amenable to formulation because of the more fragile nature of the mycelial cell wall

vs the conidia which have a thicker wall and are more resilient.
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+ Production of the five dry formulations was attempted. We were able to produce the
microencapsulated conidia in 0.25 - 0.5 mm gels. These were dried and then ground. In
some instances, this may result in fine sheets/fragments of the encapsulated products.
This may be suitable for particular applications. In applications requiring powdered
product, it may in some such cases be required to provide additional additives, such as
for example, dispersants; stickers; and/or fillers to provide a dry powder-based product.

Examples of such products will be known to the skilled addressee.

Bioassays

o This study looks to demonstrate the efficacy of entomopathogenic fungus formulated
products against adult WFT. Whilst all formulations and doses tested significantly
reduced WFT survival, conidia or blastospore formulated in maltodextrin was the most
effective formulation and caused a significantly greater reduction in WFT survival

compared with gum arabic formulation at higher dose.

o Larvae of WFT also cause considerable damage.

e Adult WFT are very mobile and it is therefore important to acquire enough formulated

product on the leaf surface.

o Following continuous exposure, 100% mortality (confirmed by fungal sporulation on WFT
cadavers) which suggest that infected insect can transmit fungal spores to other healthy

insects, further reducing the pest population.

e Spraying nozzles vary in size. Formulated microcapsules for use in spraying are
preferably provided which are suitable for use in conventional spraying nozzles (100,
200, 300 um) and specially designed spraying nozzles depending on the application. It is
preferable to tailor the size of any formulation to the desired spraying nozzle, or

optionally vice versa, to enable an even spraying.

It will be appreciated that the above described embodiments are given by way of example
only and that various modifications may be made to the described embodiments without
departing from the scope of the invention as defined in the appended claims. For example,

various other additives, such as UV agents including, for example TiO,, ZnO can be added
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to the composition, as can be appreciated by the skilled addressee. Further alternative
embodiments may comprise different coating materials, such as, for example, lipids, which
may be used to improve efficacy. Additional composition embodiments my comprise
additional ions, or optimized by changing any the amounts, percentages, proportions, ratios
or parameters defined herein, such as varying the amounts of additives or mixing time.
Additional embodiments of the composition may be appreciated by the skilled reader to be
developed for use with other insect-pathogenic fungal spores, such as, inter alia Beauveria
bassiana and [saria fumosoroseus. An prepared method of preparing a microencapsulation
composition in accordance with a third or fourth aspect of the present invention is provided in
FIG. 30. In FIG. 30, the method is used to produce a composition comprising a mixture of
BNL101 and BNL102 according to the first aspect of the present invention. Embodiments are
available wherein the method is used to produce a composition comprising only BNL101 or
BNL102.
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CLAIMS

A strain of the insect-pathogenic fungus, Metarhizium var. anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 15t May 2018 having
ICI CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1%t May 2018 having
IClI CC Number 506834;

or a culture having the identifying characteristics thereof.

The strain as claimed in claim 1, wherein the strain is substantially biologically pure.

Spores obtainable from the insect-pathogenic fungus selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 15t May 2018 having
ICl CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 15 May 2018 having
IClI CC Number 506834;

or a culture having the identifying characteristics thereof.

The spores as claimed in claim 3, wherein the spores comprise at least one selected

from: conidia; blastospores.

The spores as claimed in claim 3 or claim 4, wherein the spores are substantially

biologically pure.

A composition comprising,

an insecticidally effective amount of insect-pathogenic fungus or spores obtainable
therefrom; and

an agronomically acceptable carrier thereof, the carrier comprising at least one selected
from: bioplastic; polyacrylic acid; silica; zinc oxide; titanium dioxide; sodium
selenosulfate; silver; hydrogel; carboxymethyl cellulose; methoxyl pectin; metal ions;
chitosan; humectant; cellulose acetate; xantham gum; gum arabic; sodium alginate;

chitosan; pectin citrus; arabinogalactan; alpha-cyclodextrin; maltodextrose; cellulose.

The composition as claimed in claim 6, wherein the composition comprises one selected

from: a powder; a liquid.
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10.

11.

12.

13.

14.

15.

The composition as claimed in claim 6 or claim 7, wherein the hydrogel comprises

sodium alginate.

The composition as claimed in claim 6, claim 7, or claim 8, wherein the metal ions

comprise at least one selected from: copper ions; iron ions.

The composition as claimed in any one of claims 6 to 9, wherein the humectant

comprises glycerol.

The composition as claimed in any one of claims 6 to 10, wherein the insect-pathogenic

fungus comprises the strain as claimed in claim 1 or claim 2.

The composition as claimed in any one of claims claim 6 to 11, wherein the spores

comprise the spores as claimed in any one of claim 3, claim 4, or claim 5.

Use of a composition comprising a strain of the insect-pathogenic fungus, Metarhizium
var. anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 1%t May 2018 having
ICI CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 15 May 2018 having
IClI CC Number 506834;

or a culture having the identifying characteristics thereof, or spores obtainable therefrom

in controlling a population of insects.

Use according to claim 13, wherein the strain or spores are comprised within a

composition as claimed in any one of claims 6 to 12.

A method of controlling a population of insects, the method comprising the step of
applying an insecticidally effective amount of a strain of the insect-pathogenic fungus,
Metarhizium var. anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 15t May 2018 having
ICI CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1t May 2018 having
IClI CC Number 506834;

or a culture having the identifying characteristics thereof, to a locus of said population of

insects.
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17.

18.

19.

20.

The method of controlling a population of insects as claimed in claim 15, wherein the
insecticidally effective amount of a strain of the insect-pathogenic fungus is comprised

within a composition as claimed in any one of claims 6 to 12.

A method of controlling a population of insects, the method comprising the step of
applying an insecticidally effective amount of spores obtainable from the insect-
pathogenic fungus, Metarhizium var. anisopliae selected from:

- BNL 101 deposited in the CABI UK Centre, United Kingdom, on 15t May 2018 having
ICI CC Number 506833; or

- BNL 102 deposited in the CABI UK Centre, United Kingdom, on 1%t May 2018 having
IClI CC Number 506834;

or a culture having the identifying characteristics thereof, to a locus of said population of

insects.

The method of controlling a population of insects as claimed in claim 17, wherein the
insecticidally effective amount of spores is comprised within a composition as claimed in

any one of claims 6 to 12.

The method of controlling a population of insects as claimed in any one of claims 15 to
18, wherein the population of insects comprises at least one selected from the range:
western flower thrip, weevils, aphids, whitefly, spider mites, caterpillars, chafers, ticks,

midges and mosquitos.

The method of controlling a population of insects as claimed in claim 19, wherein the
population of insects comprises at least one selected from the range: Western flower
thrip (Frankliniella occidentalis); Spider mites (Tetfranychus urticae); Whiteflies
(Aleyrodidae spp); Aphids (Myzus persicae); Mosquitoes (Aedes aegypti, Anopheles
stephensi; Culex quinquefasciatus); Ticks (/xodes spp); Armyworms (Spodoptera
littura); European May beetle (Melolontha melolontha); June beetle (Hoplia philanthus);
Leatherjackets (Tipula paludosa), Wireworm (Agriotes spp); Biting midge (Culicoides

spp); Vine weevil (Otiorhynchus sulcatus); Pine weevil (Hylobius abietis).
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