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This document only contains Annex 4 of the report of the BPSG Seminar. Annex 4 includes slides of all
presentations made during the seminar. The main part of the seminar report, as well as Annexes 1-3, is
published under the reference ENV/JIM/MONO(2017)5.
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Presentation 1
Presentation on the OECD, the work of OECD BPSG and general introduction to the Seminar
Jeroen Meeussen, BPSG Chair, European Commission

>> SEMINAR ON “HAZARD AND
RISK ASSESSMENT OF
SECONDARY METABOLITES
PRODUCED BY MICROBIAL
PESTICIDES”

18 May 2015, OECD. Paris

OEED BioPesticides Steering Group

Jeroen Meeussen
Chair of the OECD Biopesticides Steering Group

>> OECD

» A few words about OECD.

« OECD Work on (Bio)Pesticides.

« Today's seminar: purpose, scope and

structure.
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> A few words about OECD

OECD: The OrBanisuTiun for Economic Co-
operation and

evelopment

>> OECD

— Started after World War IT;

— Transformed in 1961 into the Organisation for
Economic Co-operation and Development with
trans-Atlantic and then global reach;

— Today the OECD has 34 member countries;

— More than 70 developing and transition

economies are eréguged in working relationships
with the OECD (Brazil, China and India).
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> OECD
What is OECD?

A forum in which governments work together to:
— Co-ordinate and harmonise policies;
— Discuss issues of mutual concern;

— Work together to respond to international
problems.

A provider of comparative statistics and economic and
social data with more than 250 publications per year.

> OECD

How do pesticides fit in all this?

One of the fields in which OECD is actively
involved is the sustainability of agriculture.
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>> OECD-WGP
OECD - Working Group on Pesticides

The OECD work on agricultural pesticides aims to help
member countries:

— improve the efficiency of pesticide control.

— share the work of pesticide registration and
re-registration;

— minimise non-tariff trade barriers:
— reduce risks to humun hEaITh and the environment.

- VL — 1
E:;:'
h—lu_;

>> OECD-BPSG

» The BioPesticides Steering Group
(BPSG) was established by the WGP in
1999 to help member countries to
harmonise the methods and approaches
used to assess biological pesticides.

&) OECD

BETTER POLICIES FOR BETTER LIVES
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>> OECD-BPSG

Biological Pesticides: ‘

— Macro-organisms
— Microbial biopesticides

— Semiochemicals '
— Plant extracts/Botanicals

> OECD-BPSG

The first tasks of the BPSG consisted of:

(i) reviewing regulatory data requirements for
three categories of biopesticides; and

(ii) developing formats for dossiers and
monographs for microbials, and pheromones and
other semio-chemicals.

JER
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>> OECD-Publications (I)
Registration requirements:

- for pheromones (Series on Pesticides, No. 12,
2001); mp under revision

- for microbial pesticides (Series on Pesticides,
No. 18, 2003);

- for invertebrate biocontrol agents/IBCAs
(Series on Pesticides, No, 21, 2004).

>> OECD-BPSG

The BPSG then decided to
concentrate its efforts on science
issues that remain as barriers to
harmonisation and work-sharing.
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>> OECD-Publications (II)

* Working Document on the Evaluation
of Microbials for Pest Control (Series
on Pesticides No. 43, 2008).

This document is essentially a set of examples/case
studies aimed at helping the regulatory authorities to
deal with these issues in the assessment of (microbial)
biopesticides.

> OECD-Publications (llI)

» Issue Paper on Microbial Contaminant
Limits for Microbial Pest Control
Products (Series on Pesticides No. 65,
2011);

+ Guidance to the Environmental Safety
Evaluation of Microbial Biocontrol

Agents (Series on Pesticides No. 67,
2012).

10
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> Workplan 2013-2016

— Promote communication and exchange of
information among regulatory authorities of
participating countries,

— Organise seminars and workshops on topics
of common interest.

>> OECD-BPSG workshops

= Workshop on the Regulation of Biopesticides:
Registration and Communication Issues; 15-17 April
2008, EPA, Arlington, USA.

« Workshop on Microbial Pesticides: Risk Assessment
and Risk Management; 17-19 June 2013, Saltsjobaden,
Sweden " -

11
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> OECD-Seminars (I)

* Report of Seminar on "Identity and Characterisation of
micro-organisms”, OECD Series on Pesticides No. 53,
2010);

* Report of Seminar on "The fate in the environment of
microbial control agents and their effect on non-target
organisms”, OECD Series on Pesticides No. 64, 2011);

)
:

0
k
)

> OECD-Seminars (Il)

+ Report of Seminar on "Characterisation and Analyses of
Botanicals for the use in Plant protection Products”,
OECD Series on Pesticides No. 72, 2012);

» Report on Seminar on " Trichoderma spp. for the use in
Plant Protection Products: similarities and differences”
OECD Series on Pesticides No. 74, 2013).

12
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>> OECD-Seminars (lll)

* Report of Seminar on "Application Techniques for
Microbial Pest Control Products and
Semiochemicals: Use Scenarios and Associated
Risks”, in publication.

>> Seminar on secondary metabolites

Why was this topic selected?

This was one of the main issues discussed at
the June 2013 OECD/KemI/EU Workshop on
Microbial Pesticides with a clear
recommendation to develop a guidance
document on secondary metabolites.

13
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>> Seminar - Scope

Discussion on:

Microorganisms can potentially produce a wide array of
secondary metabolites under different conditions.
What to assess?

When are metabolites formed (after application)?;
What are relevant metabolites;

Stability of the metabolite, and potential (adverse)
effects.

Microorganisms' bielogy is crucial,
AT

>> Seminar - Structure

Presentations on:

- government, research and stakeholder
experience and perspectives,

followed by discussion af ter each set of
presentations.

W

14
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>> Seminar - Results

With the focus on “hazard and risk assessment of
secondary metabolites produced by microbial
pesticides”, the goals of this seminar are

1. for participants to share information and to promote
a dialogue, and

2. to initiate a process to make recommendations for
improvements to the draft OECD Guidance Document
on Hazard and Risk Assessment of Secondary

Metabolites produced by Microbial Pesticides.

>> Seminar on application technigques

I wish you an interesting and
useful seminar!

15
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Presentation 2
State of play of the OECD project on secondary metabolites
Jacqueline Scheepmaker (RIVM, Bilthoven; The Netherlands)

OECD project on
secondary
metabolites

Jacqueline Scheepmaker

OECD, Paris, May

Incentive of this project

# This issue of secondary metabolites was recognized as a problem in
the risk assessment of biological control agents by Biopesticide
Steering Group

« Data gaps caused by secondary metabolites

* RAFBCA and REBECA have addressed this topic earlier

the DECD project on secordary metabolites |
2015

QECD, May 18, 2015

16
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Members of the Advisory Group

Mdi Comelese (Ctgb, the Metherands)

Bikgin Karaoglan (LUBA, Garmany}

Rusdigar Hauschitd (GAR Corsulting, Germany)

Flara Linsache {Novorames Bickigezals FR S, France)
wera Ritz {BfR, Germany)

Denis Rochon (PFRMA, Health Canadia, Canada)
Chishio Sasaki (ACIS-FAMIC, Japan)

CD praj@ct on socomdary metabolites |

Origin of data requirement
Chemical pesticides {m—— Biological pesticides

Parant Primary matabolites

|

Metabolita(s)

Secondary metabolites ?

Risk assessment =10% parent My cotoins

are
included!

17
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Contents of the project

Drganize biscontrod
and pathogenc spoces 0
pylogemets tree

I List &rawn metsbalibes

Life CyCle and mormant o
matabalite procuction

I Taxicity and stabaty

matabolitas |

Literature included

» EFSA report: Scientific support, literature review and data collection
and analysis for risk assessment on microbial organisms used as
active substance in plant protection products - Lot 1 Environmental

+ Selected reviews on individual biocontrol genera/species

+ Relevant references mentioned therein

e« EFSA report: Literature search and data collection on RA for human
health for microorganisms used as plant protection products risk
characterisation

OECD project on secomsdary metabolites |

18
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Discovery of new bioactive secondary metabaolites

ey 1960 5 2] 1500 1580 1950 fi]

Bérdy 1. 2005, Bioactive microbial metabolites,
A personal view, 1, Antibiat, 58: 1-26,

OECD praj@ct on sacesdary metabolites |

Reviewed species
Fi of the pr 20147:
Entomopathogenic fungal species
- Metarhizium, Beauveria, Isaria, Paecilomyces, Verticillium lecanii

Second part of the project (2015):
Trichoderma,
Pseudomonas, Bacillus, Burkholderia, Streptomyces, Serratia

BUT: Considering the amount of literature, the data and information
presented in the chapters cannot be exhaustive!!

DECD project on secosdary metabolites |

19
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Results

1. Overview phylogeny biocontrol species
2. Life cycle and moment of SM production

3. Toxicity

4. Stability

State of play of tha OECD praject on socomdary metabolites |

QOECD, May 18, 2015

Relatedness

Iz the biocontrol species closely related to pathogenic species producing
mycotoxins?

20
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Relatedness
entomopathogenic
fungi and
pathogenic genera

v 1 . Thoughits and fa iokics: where we are now and where
wie are heading. The Journal af antibiatics. £5: 385-305,

DECD project on secomsdary metabolites |

21



ENV/JM/MONO(2017)5/ANN

tha DECD project on secomsdany metabolites |
1P 3

List mycotoxins in Appendix of the guidance

PART of Table 2. List fangal peesn gradisieg mycol o

[Acrimonium KRl
Aberuic scid Alternany altemesle
Aksmar bl Alternais alternais
I i iciois Altemans, Asperpiles migates, Peoioiiums
[Rspergiiius — LITEES] Agpavgifius Mives, A, pavasiticos
= Aspergius Raves
m Beauwericin Fusarium moniorme, Feguiset), £ onysporum, Foodmorus, Fo avenacewm,
F. rosgam, and F. fivake
_m Frsgarium meniiume, F aquist, £ unysionue, Femauw, Foaseiacsu,
F. rikdsi, and F. rvake

D project on secomdary matabolites |

22



ENV/JM/MONO(2017)5/ANN

Mycotoxins also produced by biocontrol agents

Metabolite On the list Biocontrol agent
Fusarium Beauveria,

heauvericin
Tsaria,
FPaecifiomyces
gliotoxin Altarnaria, Gliocladium,
Aspergiiius, Trichoderma
Paniciifium
trichadermin Trichoderma
destruxin B Altarnaria, Fetarhizium
Aspergilius

Results

1. Overview phylogeny

2, Life cycle and moment of secondary metabolite production
3. Toxicity

4. Stability

OECD project on secomsdary metabolites |

23
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Bacillus

Bacillus closely associated with soil (pathogenic) fungi.

Bacillus makes biofilms on the surface of fungi.

In these bicfilms iturins, surfacting and fengycin are produced

The expression of genes to form secondary metabelites is under the control of
Quarum sensing

Pt

Fr hr The hydrocarben tail panetrates pathogen
| - cell membranas, while the amino acid end
- ' stays in the soil solution. This action
creates openings in cell membranes,
e Yo inhibiting the growth of the pathogen

CD praj@ct on socomdary metabolites |

Statements

Metabolites that play a role in hyperparasitism or competitions for
space or nutrients pose no hazards that need to be addressed.

afsdary metabolites |

24
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Results

1. Overview phylogeny

2. Life cycle and moment of SM production
3. Toxicity

4, Stability

CD praj@ct on socomdary metabolites |

Toxicity tests

= Rasearch goal of many toxicity tests s the Mentifcation of a link betwean a metabolita(s]) and tha suppression
of a particuiar disease. To show fungicidal or antimicrabial proparties.

s Tessswith purified metabalive)s).

+ Endponts are hardly ever useful for a quar risk

PAKT 8 Ralvhiz 1 Tombd ity data of Mo e maabol e

MeLaludl e Endpsuni [
Destruma & Artrmin ssheg LES0 I i sy 1% il 360k {Eireilly . JOCE)
A Dapbving 1n s &?: ; ::
2 T agna LS L, (Eaa, Bo0e)
= u_'}nmm.,ah
%um_z Claphma magne LCS0 In witto :‘lﬁ n s 030 pg'ml, 24h %ﬁg}hﬁm_m
I
% axtmct (oo magne LESD Inowbm Wl il L pglnl, 481
: plae QLG pgmL, 24h
Mamenaby :
Demtruzan & Mice: Loso Inwwo  ntoperonssly  1-133mplky ldwm, 1961}
Destive § Micis LS50 nywe  mbgpemeocal  I3Z-LGSmokg  [udene. 19553
Tmmects %
Dtz & Sdowraem larves Lesy ] Dﬁn‘!i—ﬂ.mm [odem, 1901}

DECD project on secomsdary metabolites |
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Results

1. Overview phylogeny

2. Life cycle and moment of SM production
3. Toxicity

4. Stability

tha OECD project on secomsdary metabolites |

Example stability

Degradation in field

e
= — Daslryin A
; 6 — Dwsiruxin B
P — Destruin E
H
2 49
E
g
2

o
01234586789 NAMARETTIEHDRE2
G mellonells, days buried in non-sterlised field soil

Levals of destruxing A, B and E by Metarhiznium ansopiize w245 In G. melaneifa cadavers
measured in the field (modified from Skrobek et al, (2008))

on secoadary metabolites

26
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Draft Guidance
Simple construction, with independent elements

* Felaledness o speckss produsing lrsinjs]
= Tascty u—:,-;gmmusﬂﬂv " I —@ Risk Accaptable
= Efeds n dudes?

o

Exposure
+  Copumence of melabalies in barmaistion L.
= Production of metabolies foliewing Bophoation
» TER o Nk Uil S8 uialiod, if porinDbe of i
Husman Health { Enviranmental Health |
Stability
iy ol g P o

o A e by b
] 1 b
+  Am hene any meks 0 non-amets?

27
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Statement

Statement made in report of the QECD/KemI Workshop
Sweden:

We must recall that the phytopathogenic microorganisms that
we are aiming to control also produce secondary metabolites
and toxins, which are tolerated at low levels in feed and food.
We should not be more restrictive on a biological control
agent than we are for the pathogenic microorganisms it
controls,

tha OECD project on secomsdary metabolites |

Maximum levels in food/feed

MLs are set according to ALARA principle
= As Low As Reasonably Achievable

+  Aflatoxin (B,) : 2-12 pofky:

= Aflatoxin (memoofp, b, Goad ) 4-15 pofko;

+ Dchratoxin A ¢ 2-BO polko;

*  Patulin i 10 -50 pav'kg;

s Deowynivalemns : 500-1750 podkg;
® Zearalenone 1 50-400 po'k;

= Fumanisins : BOO-4000 pg'ky;
& Citrinin : 2000 pgikg

Mo Maxirmam Levels deterrmined yet for most mycotoxing
and none is produced by a blocontrol species

Organizations invalved in satting MLs:

+ COMTAM Panel EFSA (Contaminants in the Food Chain)
» Joint FACYWHD Expert Committee on Food Additives

» Scientific Committee on Food

+ USFDa

OECD project on secomsdary metabolites |
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Quantities Beauvericin

Fusarium: in plants up to 3400 mg/kg

Paecifomyces fumosoroseus:  in insects 1.6 mg/kg

State of play of tha OECD praject on socomdary metabolites |

QOECD, May 18, 2015

Presentation Kersti Kustafsson, OECD seminar 2014

+ Rather reasoning than further testing
» Analyse the exposure situation before further testing

Qualitative rather than
quantitative risk assessment

on secoedary metabolites |

29
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Problems identified...

+ Few toxicity and stability data available and difficult to find

= [In situ testing of toxicity not possible

- Sacondary metabolite production depends on tog many factors that cannot be
controlled.

= Impossible to develop a standardised tast

#+ No ready-to-use lists available to compare toxicities

Comment round
= Determine topics that
should be improved
+« Further elaboration in
subgroups?

30
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Secondary metabolites:

A myriad of forms, activities, modes of action
A myriad of research performed

A myriad of solutions?

"What you need to do, you have to picture it as something easy. By

doing that, it becomes easy”

Ernile Coud, Prench piychalagis
1B57-1926

Acknowledgements
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DECD project on secosdary metabolites |
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Stabe of play of the DECD profe on secsdeny metabolites |
OECD, May 8, F0LE

32
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Presentation 3
Update of current activities in EFSA related to microbial pesticides
Frédérique Istace (European Food Safety Authority, Parma; Italy)

OECD BPSG Seminar

18th May 2015

Hazard and Risk Assessment of
Secondary Metabolites produced by
Microbial Pesticides

Update of current activities in
EFSA related to microbial
pesticides

Lo b ey S By e eTEd BT, £

BACKGROUND

4 s Currently, there are no specific EU Guidance Documents
(GDs) available to ensure a robust and consistent risk
e assessment of microorganisms used as active substances
in plant protection products (PPPs)

s Collection and evaluation of relevant information and
characterisation of respective uncertainties is needed as
preliminary step before developing future guidance

+ 2 calls were launched by EFSA

s Future development of guidance is under consideration by
the Pesticide Steering Network (PSN)

33
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RECENTLY PUBLISHED ON EFSA WEBSITE:

= External Scientific Reports: Literature review and
data collection on microorganisms used in plant

- protection products
= 1. Environmental Risk characterisation
o = 2. Risk assessment for human heailth

» 3. Scientific Opinion: Guidance on the assessment of
the toxigenic potential of Bacillus species used in
animal nutrition

= 4, Future activities

1. ENVIRONMENTAL RISK CHARACTERISATION

; DiSLE i, WARWIER

wes=  Published in December, 2013

http: //www.efsa.europa.eu/it/sup

porting/doc/518e.pdf

34
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1. ENVIRONMENTAL RISK CHARACTERISATION

Topics: Risks and hazards linked to

1)
2)

3)
4)

2)

genetic stability and transfer (99)

interference with the system for drinking water quality
control (2)

fate and behaviour in the environment (462)

production of metabolites/toxins and potential toxic
effect on non-target organisms (NTOs) (400)

host specificity range and potential effect on NTOs
(418)

appropriateness of existing test guidelines for effect
assessment on NTO (123)

1. ENVIRONMENTAL RISK CHARACTERISATION
Results

1) Cases of gene acquisition from bacteria by conjugation and
transformation, and transfers among fungal species have been
reported

2) Microbials used as PPPs could potentially interfere with the system
of quality control of drinking water

3) Most agro-ecosystems are heavily disturbed and do not represent
a natural situation for assessment of background levels.
Most of the studies addressing growth, survival and virulence
have been carried out for only one set of environmental conditions.

35
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1. ENVIRONMENTAL RISK CHARACTERISATION
Results

4) Toxin production:

Among bacteria, the major producers of bioactive compounds are
m Streptomyces species (7630)
m Bacillus species (880)
®m Pseudomonas species (795)

Among fungi, the major producers of bioactive compounds are

4  Trichoderma species
a Beauveria species

Non-target effects of secondary metabolites are still poorly studied
and reported in the available literature

1. ENVIRONMENTAL RISK CHARACTERISATION

Suggestions

For the future, a powerful tool could be sequencing the
genomes of a wide range of strains of microorganisms used
as PPPs, and conducting studies to identify the genetic basis
for traits linked to risk assessment, including ecotoxicology,
fate and behaviour in the environment, host range etc.

36
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RECENTLY PUBLISHED ON EFSA WEBSITE:

= External Scientific Reports: Literature review and
data collection on microorganisms used in plant

— protection products
- = 1. Environmental Risk characterisation
o m 2. Risk assessment for human heaith

» 3. Scientific Opinion: Guidance on the assessment of
the toxigenic potential of Bacillus species used in
animal nutrition

= 4, Future activities

' I 2. RISK ASSESSMENT FOR HUMAN HEALTH

i f" T — e, -
Fat ENTERSAL SCIENTIFN REPORT

Lﬁrlh:::uﬂuﬂﬂ:aﬂiﬂﬂnnmmwmn
. el gn plant protection
prosducts

Rsfarsnce: O/ PS4/ PRAS 311/ 02

Published in April, 2015 e et e

/i" BT Bkt il 1 TS ey (e B
R A Ragwey oy i b G By e

b mimie O mAeE bed cmasEEen S B el Rl —
i
1WA S |7 B W] T S e S D e R I T R

bttp://www efsa europa.eufen/s ESSSemeramlemeaScamon
upporting/pub/801e.htm T I e e e s e T e s

Brated e e TR i e
T SRR R SR M E1 T TR LN s o g e

e 4 e Swm— PP g o ks em gy
e

— _— 10
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2. RISK ASSESSMENT FOR HUMAN HEALTH

Methodology

» The main body of the report was divided in three parts:
S 1. Extensive literature search including a database and mini-
S reviews discussing the information assembled in the database

[t

. Application of read-across for evaluating risk to human health,
using the literature search for evaluating pathogenicity,
. infectivity and toxicity of closely related microorganisms using
N bacillus and pseudomonas as models
3. The literature search and the read-across analyses were
discussed among experts

2. RISK ASSESSMENT FOR HUMAN HEALTH
Results part 1 — Mini reviews

= Minireview 1: factors relevant for addressing pathogenicity of

= microorganisms used as PPPs

- = Minireview 2: assessing potential colonisation behaviour and
adverse effects of microorganisms used as PPPs

2  Minireview 3: evaluating genetic stability of microorganisms
used as PPPs

s Minireview 4: evaluating microbial PPPs regarding toxin
production and toxicity of the produced metabolites/toxins

= Minireview 5 to 10: reviewing publications from EFSA,
WHO/FAO, OECD, EC, non-EU regulatory authorities, research
projects

38
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2. RISK ASSESSMENT FOR HUMAN HEALTH
Results part 1: mini review 4

» Toxin production is described for bacterial species within
the Bacillus and Streptomyces genus

= Secondary metabolites are described for fungal species
including Aureobasidium, Beauveria, Clonostachys
(Gliocladium ), Isaria (Paecilomyces), Metarhizium,
Purpureocillium (Paecilomyces) , Trichoderma, Yarrowia
(Candida)

» Methods for the identification and testing of toxic
compounds are described

2. RISK ASSESSMENT FOR HUMAN HEALTH

Results part 2 - Exploring possibilities and limits
of read across:

Using database (part 1) together with gene and genome information
(from MCEI databases), comparative analyses are provided for the
genetic determinants of pathogenicity from Bacillus and
Pseudomonas
» Improve understanding of the genetic basis underlying pathogenicity
traits

= Still lack of information about gene-function relationships especially in
an environmental context, and complex physiological traits cannot be
easily inferred from gene sequence data

» For the majority of environmental micreorganisms, insufficient
sequence information available to yield meaningful information
regarding pathogenicity traits through comparative genome analysis
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2. RISK ASSESSMENT FOR HUMAN HEALTH

Y -
v Results part 3 - Recommendations
= Based on experts’ discussions in workshops
——— = First topic related to data requirements for the risk assessment of
- microorganisms used as PPPs:
7 »  Key risk factors (regarding hurnan heaalth)
4 » Determinants of pathogenicity/infectivity/toxicity

»  [Data reguirements that cannot be properdy addressed based on the soentific
evidence and for which further research efforts are needed
» Second topic related to the methodologies that are available to identify
pathogenicity factors and determinants (including toxicity of metabolites)

<+ Confirmatory tests should be requested because pathogenicity traits may differ
frorm strain to strain
Possible tiered approach towards toxicology testing was discussed
Suggestions of using modern molecular methods: solbd phylogenstic analysis and
whole genome sequencing, metabolomics, ganetic markers and quantitative PCR,
LC-MS/MS data

2. RISK ASSESSMENT FOR HUMAN HEALTH

B -
v Conclusions
m  Considering the biological properties of individual PPP strains
—— when evaluating pathogenicity, infectivity, and toxicity
= — » Unambiguous identification at the strain level is needed
f = Full genome sequence information should be provided (even
. though there are still major gaps of knowledge regarding gene-

phenotype associations)

» RA of microbial PPPs should be tailored according to the
microorganisms’s specific characteristics (e.g. phylogeny)

» A catalogue of recommended test methods for pathogenicity,
infectivity, and toxicity could be provided

16
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2. RISK ASSESSMENT FOR HUMAN HEALTH

v Conclusions
= How testing for potential adverse effects may relate to actual

exposure
' » Guidance is needed on how tests should be designed, taking
into consideration realistic exposure scenarios and a natural
background of environmental microorganisms

m  Addressing potential transfer of antibiotic resistance genes

» Guidance is needed on how to specifically address testing for
antibiotic resistance of PPP strains submitted for authorisation

2. RISK ASSESSMENT FOR HUMAN HEALTH
Conclusions

= How to test for potential toxicity of microbial metabolites

» Toxin production should be addressed at strain level

- ~ \irtually all microorganisms produce secondary metabolites
— -~ It is impossible that testing will account for the production of
/ all possible secondary metabolites under all possible
environmental conditions
ey = It has to be verified that there are no toxic compounds

persisting in the edible part of the crop that is being protected
against pests

» Starting point could be to test for all majer known toxins
{under various defined conditions), and to provide guidance
regarding appropriate test methods tailored to specific
{phylogenetic) groups of microorganisms
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2. RISK ASSESSMENT FOR HUMAN HEALTH

v Conclusions
= How to use previous knowledge and read across

- ' = Will depend on the guality and quantity of strain-specific data available

= As a general rule, pathogenicity determinants must be regarded as
strain specific

» Applying read-across for inferring risks regarding pathogenicity,
infectivity, and toxicity from known microorganisms to unknown ones
will enly provide probabilities

» Read-across within species, genera, or families is not feasible,

2. RISK ASSESSMENT FOR HUMAN HEALTH
Conclusions
= Proposed steps forward

S ~ Multiple stakeholder involvement is essential
& = Joint stakeholder workshop organised by the Pesticide Unit /PPR Panel

; to develop the key topics presented above, with experts from academia
b and industry and participants from regulatery bodies

= This could provide the foundation for the preparation of a guidance
document on how to conduct the regulatory risk assessments for
microbial pesticides and how to characterise the respective
uncertainties
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RECENTLY PUBLISHED ON EFSA WEBSITE:

= External Scientific Reports: Literature review and
data collection on microorganisms used in plant

protection products

= 1. Environmental Risk characterisation
m 2. Risk assessment for human health

m 3. Scientific Opinion: Guidance on the assessment of
the toxigenic potential of Bacillus species used in

animal nutrition

= 4. Future activities

3. GUIDANCE ON BACILLUS SAFETY

Published in May, 2014

Main safety concern : capacity
for toxin production potentially
related to foodborne diseases

Objective: provide guidance on
how to conduct the safety
assessment of Bacillus-based
products.

ttp:/fwww.efsa.europa.eufen/ef
sajournal/pub/3665.htm
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3. GUIDANCE ON BACILLUS SAFETY

Strategy

» For the assessment of Bacillus species other than
o cereus:
- in vitro cell-based methods (cytotoxicity)

m For the assessment of species belonging to the
Bacillus cereus group:

2 full genome (including chromosome and plasmids)
should be sequenced and analysed to search for genes
coding for enterotoxins and cereulide synthase

4 If there is evidence of homology, the non-functionality
of the genes should be demonstrated

RECENTLY PUBLISHED ON EFSA WEBSITE:

= External Scientific Reports: Literature review and
data collection on microorganisms used in plant
protection products
= 1. Environmental Risk characterisation
= 2. Risk assessment for human health

= 3. Scientific Opinion: Guidance on the assessment of
the toxigenic potential of Bacillus species used in
animal nutrition

m 4, Future activities
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4. FUTURE ACTIVITIES

New call for proposals

= New approaches in identifying and characterizing
microbiological and chemical hazards

A, Making use of molecular approaches to identify and
characterise microbial foodborne pathogens, specifically using
whole genome sequence analysis

5. Development and application of read across methodologies to
the hazard assessment of chemicals in the food safety area

= Reference: GP/EFSA/AFSCO/2015/01 (30/04/2015)

4. FUTURE ACTIVITIES

Request of the European Commission

= Concerning the risks for public health related to the
presence of Bacillus cereus and other Bacillus spp,
including Bacillus thuringiensis in foodstuffs

= Asking also for an update of the opinion of the
BIOHAZ Panel on Bacillus cereus and other Bacillus
spp in foodstuffs (EFSA Journal (2005) 175, 1-48)
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Thank you for your attention !

Istace Frederique
Pesticide Unit
Regulated Products Directorate - EFSA

E-mail: frederigue.istace@efsa.europa.eu
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Presentation 4
Trichoderma secondary metabolites: how to identify the main compound and mycotoxins
Matteo Lorito (Universita di Napoli Frederico Il, Napoli; Italy)

Food security and safety depend
on soil and plant microbiomes

-+ 50il is key to feeding

hllliﬂn L)

ASM study: “How Microbes can Feed the
World” being used i.e. by USA governement to
define new agriculture policies

Some Trichodermas are beneficial microbes that affect
positively soil/leaf microbiomes
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Trichoderma secondary metabolites (SMs)

About two hundred identified :
« volatile antibiotics, i.e. 6-pentyl-a-pyrone and most of the isocyanide derivates;

« water-soluble compounds, i.e. heptelidic acid or koningic acid;
+ water un-soluble compounds, i.e. glictoxin and trichorzianines;
« peptaibols, linear cligopeptides of 12-22 AA rich in a-aminoisobutyric acid, M-
acetylated at the N-terminus and containing an amino alcohol at the C-terminus.
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Production of Trichoderma SMs

The quality and/or the quantity of SMs
produced by Trichoderma depends on:

« the compound considered
» the species and the strain

« the microbiome composition or the presence
of a host or of plant tissues

» the balance between elicited biosynthesis and
biotransformation rate

+ In vitro: the growth condition
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Trichoderma SMs in microbial parasitism and
competition

Hardanopyridone Pasime
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10ppm
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)
Trichoderma
H"‘.
4

Potential sites of production of Tochodemma metabolites that
can affect plant host metabolism. @Metaholites produced
within live cortical cells. 8Metabalites produced in the root
surface and within dead cortical cells. @Metabolites produced
in the rhizosphere. @Metabolites produced in soil organic
matter, although in low amounts and possibly diffused, may stll
be adequate to function as signals for inducers of host defence
against invading pathogens
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Effect of T. atroviride on Medicago root epidermis cells
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T. atroviride acted as an endophytic root celonizer causing cell death, but did not activate
pre-penetration cell responses found for symbiotic and pathogenic interaction.
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Trichoderma SMs affect plant growth

o indole-3-acetic acid
o (1AA) or auxin
analogues.

el
[
i

Siderophores - different families
Produced under iron deficiency :
copragen (B) fusarinine C (aka
fusigen) ferricrocin

e T TP T T ] 100 mg 10mg ey

* Pyrone 6-pentyl-2H-pyran-2-one (6PP)- T. atroviride, T. viride, T.
harzianum and T. koningii

+ koninginins A-E and G - complex pyranes - T. koningii, T. harzianum, T.
aureoviride

« Viridiol - Steroidal antibiotic of the viridin series - T. virens

+ Harzianopyridone , Harzianopyridone, Harzianic acid - Nitrogen
heterocyclic compounds - Trichoderma spp.

» Cerinolactone - Lactones derivatives -T. cerinum

+ Harzianolide and T38butenolide — Butenolides - Trichoderma spp.

* Trichocaranes A - D - Trichoderma virens

» Peptaibols

Effects of Trichoderma SMs on Arabidopsis Metabolome

Abecisic acid [ABA] Jasmonic acid (M) Indoleacetic acid (LAA]

ol el ldld
SERRE FRE M REE
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Grape Polyphenol content (grape)
Tl e S = LENTIS Iron assimilation
3 |
B
ﬂ 10 Trichoderma =M1 [ L Water - T4z OO Pl ::;
Trichoderma toxins

Mycotoxins are secondary metabolites with adverse effects on humans and
animals that result in illnesses and economic losses. Aflatoxins,
ochratoxins, trichothecenes, zearelenone, fumonisins, tremorgenic toxins,
and ergot alkaloids are the mycotoxins of greatest agro-economic

importance.
Mycotoxins reported from Trichoderma include trichothecenes and
gliotoxin.
H H
£ OR (o] 3
. ! ]
Trichodermin R = Acetats Harzianum & {2Z 4E GE}-octa-2,4 B-trienedioic acid

Trichodermol R =H
Harzianum A made by esterification of trichodermaol with octa-2Z 4E SE-trienedioic acid

m_{? Gliotoxin
I%s®n" (from T. virens)
W

[+]
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Trichoderma mycotoxins (trichothecenes)

Trichodermas typically used for biocontrol purposes do
not produce trichothecenes (Nielsen et al, 2005)

Table 2 Trchotheotne Producion bom Seleced Thchodermms Sksins on ZTemisald and Shaken Meda Incubaed fod 10 Days in Dafiness
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The case of the Gliotoxin 4?

* A mycotoxin (epipolythiodioxopiperazine)
antimicrobial but also immunosuppressive,
apoptotic on mammals, inhibitory on the
transcription factor NF-kappaB, capable of
damage DNA.

* Involved in biocontrol, found in the substrate of
BCA

* Does the toxin translocate through the plant
and/or accumulates in edible portions ? Thus,
glyotoxin-producing BCAs pose a significant
risk for animal and human health?
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We have demonstrated that:

« concentration in the soil after inundative
application ranges from 0 to 0.3
micrograms/cm?® (sandy, clay, peat, various

pH)

» secreted locally in vitro during the
replicative growth and rapidly degraded in
vivo (very sensitive to oxidation and instable
in aqueous solutions) - concentration is
strongly reduced 1 week after application
especially in neutral and alkaline soils

Not transfered to edible parts

+ Absorption reduced by suberin endodermis and
exodermis of root cells because of relatively large MW

* soluble in DSMO, ethanol, methanol, DMF, but
essentially insoluble in water

+ is very toxic for the plant, inhibit growth and
germination (inhibit cell development; branched-chain
AA production, thiol-requiring enzyme activities,
damage DNA by ROS, induces apoptosis)

* mass spectrometry-generated profile of strawberry,
lettuce and potato treated with a gliotoxin-producer
strain or a non-producer mutant is not different in
terms of newly formed (or accumulated) molecules of
non-plant origin
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Methods to identify the main
Trichoderma SMs

IF THE BIOLOGICALLY ACTIVE SM IS
NOT KNOWN

+ determine the suitable bioassay both in vitro
and in vivo to detect the biological activity: i.e.
brine shrimp lethality test (Artemia salina);
antibiotic; insecticidal; antiviral; cytotoxicity
etc.

+ obtain extracts in adequate amount from at
least one rich and one poor medium,
containing simple or complex C and N sources
(usually static culture gives better yield)

« perform a bioassay-guided fractionation and
test all fractions for biological activity
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EXTRACTION

Separation of a substance from a matrix
Liquid=liquid extraction, also known as solvent extraction and partitioning

SEPARATING FUNKEL
e
.-;
i | LBCOAND WATH THE LOWER DENSITY
| i
|_||:||_,||:| WITH THE

HIGHER DEMSITY Mduum Shabos o sif ie Fhuuudlznd
allow molecuies o
pnl:u paniien wm

COMTAINER

In choosing a solvent for extraction, its
ability to extract the known components has
to be considered

ISOLATION (TLC)

*The separation 1o obtain a pure compound often requires several separation
steps involving different chromatographic techniques.

*Thi the movement of the compounds o be
separated is the result of the driving force of the mobile phase and the retarding
action of the stationary phase. Silica gel is the most used layer material

@) TILE of leal echanolic exemet s visib
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ISOLATION (Chromatography)

Column Chromatography

Samples at ratios of 1:10 to 1:300 can be used depending on the
difficulty of separation of the components of the mixture. Silica of
different particle size (10-200 um) and porosity (50 nm) is mostly
used

The Chromatography € ol umn

- ground glass joint B e e ] Vot e ek i

- solvent lewel -
- solvent bulb ™ —

- sand (o protect silica s | ¥
surface)

- column (silca gel)

. colton (o prevent eEcaps - . v r— .
‘______- of silicn gel} .-L‘:':'... = r-":n..
- stopcock -

ISOLATION (VLC)

Vacuum Liquid

Chromatography .
Flow of the solvent is maintained ' a*

by vacuum. The column is T T e
prepared in a sintered glass . = e kn
funnel using TLC grade packing . w
(aluminium oxide, T ‘

silica gel, or reverse-phase A P e o e A e g 0
supports). The sample is applied ==

uniformly at the top of the ?';“'_h::.'-'.‘ﬁ;;:"..'_

support. Step gradient elution is
used and the column can be
allowed to run dry after
collection of each fraction.
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ISOLATION (HPLC)

Preparative Pressure Liquid Chromatography
HPLC High-Performance Liquid Chromatography

-gTn

Figise 81 Salbe iinalle Higicacivtatind ala W SYH Speiie s

FEGURE B0 [Hegramenans roprosomtst ion of s HPLC-UV- S50 ayaan

* & ® = @

ULTRAVIOLET (UV) AND INFRARED (IR) SPECTROSCOPY
MASS SPECTROMETRY

NUCLEAR MAGNETIC RESONANCE (NMR) SPECTROSCOPY
13C NMR SPECTROSCOPY

TWO DIMENSIONAL NMR
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\mmls - |
PRD[E‘UT mi Cerinolactone from
Cefnlon, ko LacnkDeatve o Tichoderma T. cerinum

Trarcrcs Vatshe "' s st Cirara Wl Mg Prrkety Wi * Ml Prcsde®
Michb R, Shenchan Woa, ™ il Koo Rows' Caren Lipen Blermna' i Wloions Lot *

The structure and absolute
configuration determined by NMR

The most used Trichoderma strains produce only a few
main SMs ( i.e. T. harzianum T39)

Screened for

10 fractions antibiotic activity

against G. graminfs
f % var, totici
Fraction N. 6 TLC purification of fractions N, 3-4
Jj- known compound
Harzianolide (22 mg) Harzianopyridone New butenolide
(1 mg) (9 mg)

[+ {2 hydrossy propyTi-4- (hes a- 21, 4F-dien-yl) known compound "
furaini-2 (51 @javiee]
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Final considerations

*Even though many SMs are known, most used
strains produce only a few main SMs
(detectable in substrates)

*New strains properly characterized at
secondary metabolite levels, and some species
eventually avoided

-SMs may be present in the formulation, but

technique such as pure spore isolation avoid
the problem

Final considerations

*Trichodema SMs make contact with plant cells
in the interaction zone, but do not accumulate
within the plant (also for endophytic) nor in the
edible parts

Accumulation to a detectable level in natural
soil has not been reported so far, while at least
in one case LC-MS demonstrates no
accumulation nor translocation

*The risk of exposure at field level should be

considered minimal or null. Natural soils may
contain high level of Trichoderma !
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Presentation 5
Evaluation of relevant metabolites from microbial control agents: What do we need to know?
Ingvar Sundh (Swedish University of Agricultural Sciences, Uppsala; Sweden)

J

SLU

Evaluation of relevant metabolites from microbial
control agents: What do we need to know?

Ingvar Sundh
Centre for Biological Contral (CBC), SLU

(Depariment of Microbiology, SLU)

QECD/BPSG seminar on Secondary Metabolites af Microbial Pesticides, 18 May 2015

e

sLU Contents of presentation

1. Secondary metabelites from microorganisms:
+ Mumbers and compounds
+ Functions in ecosystems
+ |n medicine and bictechnolagy
+ Degradation in ecosystems

2. Their relation to “relevant” metabolites/degradation products of chemicals

3. Human vs. environmental hazards and risks
« Exposure a key

4. Condusions and recommendations

Focus on EL regulation

WA S
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e

SLU 4 secondary metabolites of microorganisms (1)

» Producad in all major groups, and particulary fungi and actinobactena

« Various bioactives, including e.g. antibictics, signalling moleculas, specialisad
lipids, and toxins

» Critical role for ecological fitness and in competitive interactions!

= Source of new antibiotics for human and veterinarian use

Example 1
Mumber (modelled) of antimicrobial compounds produced by genus Streptomyces

(actinobacteria) is in the order of 100 000
[Wvabwe et &l 2001; Archives of Microbiology 176, 365-390).

Photo: werascharfphoto.com www slu, salche

o =

sLu Secondary metabolites of microorganisms (Il)

Exampla 2

* Threa strains N.-fixing root nodule ganus Frankia (actinobacteria);
65 secondary metabolite biosynthetic gene clusters
25 secondary metabolite structures predictad
Secondary matabolc aclivity expreszed in lab cullures
[Ugwary et &l 2011; Applied and Ervironmental Microbology 77, 3617-36525]

Frankin modubes on alder roods

Photo: weew mickkis hufdrapelf Phate: www, biolib.cr)

www.slu, sefcoc
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SJL% Secondary metabolites of microorganisms (lll)

Biodegradation of microbial metabolites in ecosystems

» Recycling: Production new microbial biomass balanced by loss processas

» Secreted compounds and dead microbial organic matter
- anter the pool of "microbial detritus”
- confribute to new production of organic matterhumus
- substrates for heterotrophic organisms in the detrital
degradericonsumer food web

= Wery high background of organic matterisubstances
from cther organisms

* Degradation/mineralisation pathways for
secondary metabolites are prasent!

Graphics: Cak Rudge Mational Labaratory, LIS

waiw, slu selche

JL 2. Relation to “relevant™ metabolites/degradation
sLu products of chemicals (I)

Conceptiterm “relevant metabolite” originates from chemical pesticides
Data requirements (DR} and uniform principles (UP) microorganisms:

+ 'Relevani metabaolites (i.e. if expecied lo be of concern to human health and/or the
environment)...." (DR 1.4.2)
1107/2008; “A metabolite is deemed relevant if there is a reason to assume that

has infrinsic properties comparable to the parent substance.....”

* ‘Methods to determine and quantify residues (viable or non-viable) of:
- the active micro-organism(s)
- relevant metabolites (especially toxins)' (DR 4.2)
on and/or in crop, food and feedstuffs, animals and humans, soil, water
and in air where relevant

+ Fate and behaviour environment (UP 2.7} 'An assessment shall be made of the
fate and behaviour of any known relevant metabolite that is produced by the

microorganiam. ... for each envirenmental compartment...'
wiww 5lu.sefcbe
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e

sLU Relation to “relevant” metabolites/degradation
products of chemicals (ll)

« The “relevance” of & metabolite/degradation product of & chemical determined by
companng its toxicity ta that of the parent substance

« But can this concept be transferred in a meaningful way ta the fact that
microorganisms produce secondary metabolites?!

Mzin concern is not whether & microbe produces (relevant) secondary metabolites, but
whether it produces ANY toxic compounds of potenfial concern,

waww 5lu selche

.

sLU 3. Human vs. envircnmental hazards
and risks (I)

Human exposure is a8 concern

« Human safety critical: If toxins produced, can humans (producers,
handlars, usars, D:"S-tﬂﬁdﬂl'dﬁ:l be axposad al levels of concarn?

* Human exposure should be evaluated in relation to “background” exposure
ta the same or similar compounds (and 1o live microbes).
But what is tha usual loadiaxposura?
Mare resaarch needead!

« Critical guestion: How much attention to production of unknown vs.
known (for the microbial group/species) toxins?
Haw much effort is needed to look for unknowns in well described
generalspecies?

waww slu safche
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JL Human vs. environmental hazards and
sLU risks (Il)

Exposure to toxins of non-target organisms in the environment?

« Enviranmental safety critical?? Specific toxing with known effects on
a8 g other mammals? Bul can axposure raach levals of concem'?

* Environmental exposure should be evaluated in relation to “background”
exposure to the same or similar compounds {and to live microbes).
But what is the usual loadfexpasure?
Is mare ressarch nesded?!

+ As a rule, particulary microbes and plants produce sacondary metabaolites.
But they are recycled in the detrital food-web. Ammanita virosa

www slu, selche Photo: htte:/ fvetamix nes/

.

sLU 4. Conclusions and recommendations (1)
* The concept of “relavant metabolite” is highly unsuitable for safety
assessment of micrabial control agents, Avoid term?

= With respect to potential toxin preduction in microbial contrel agents,
main concern is likely human, rather than environmental, risk.

* Exposure is a key, but determining total exposure including “background”

i& a big challenge!

+ Environmental safety. Secondary metabolites enter detritus and ane
degraded, thus highly unlikely to poison the environment!

w5l selche
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J.

SLU Conclusions and recommendations (ll)

= Knowledge and framewark for generating mone appropriate toxicity

evaluations of microbial control agents is in place. E.g. recent
systemnalic reviews of EFSA,

* Updated data reguiremenis/guidance for assassment of

toxin production in microbial control agents are urgently
neadad.

+ The low risk concepl of Regulation 1107/2009
quite suitable for microbes.

[T Tr X -
wiahe, sluseche =i
e TR TSI Il

.

sLu Acknowledgements to CBC:

Centre for Biological Contral
Special grant to SLU (Swedish University of Agricultural Sciences)
+ Bactena for biolegical control
* Fungi for biclogical control
= Insects and arachnids for biclogical control
* Formulation and stabilisation

+ Safety and regulatory issues

Mainly research bul also information and extension services.

Homepage: www. slu_sa/cbe
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Presentation 6
Norine and Florine, bioinformatics tools to study beneficial and deleterious secondary metabolites
produced by microbial pesticides
Philippe Jacques (Université Lille, Villeneuve d'Ascq Cedex; France)

o

Norine and Florine, bicinformatics tools to
study beneficial and deleterious secondary
metabolites produced by microbial
pesticides

Philippe Jacques, Maude Pupin and Valérie Leclére
The 6th BioPesticides Steering Group

Seminar on “Hazard and Risk Assessment of Secondary Metabolites
produced by Microbial Pesticides”

Monday 18 May 2015

L 3 P.ic::, Philippe Jacques garisial| | Qo

. ——NonRibosomal Peptide
Synthesis

* Multienzymatic proteins called NonRibososmal
Peptide Synthetases (NRPS) working like assembly
lines

* NRPS can be divided into modules

» Each module is responsible for the incorporation
of one monomer

» Each module is subdivided into domains with one
enzyme activity per domain

» In most of cases, order or modules determines
order of amino acid residues in the peptide
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* Adenylation domain

* Peptidyl Carrier Protein
* Condensation domain
* Thioesterase domain

[Sllhl‘!' and Marahiel, 2IME, Chem. Kev,, 105, 715-T38)
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Thioesterase domain

module x-1__Module x module x-1_Modulax

.. VENGETTPEn Rt oy hyroodne:
{ Sieber and Muarahiel, 205, Chem. Rev,, 105, T15-738)
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module 1 o0 & module 3

Secondary domains
* Oxydation domain @
* Epimerisation domain (E)
* Methylation domain @

» Formylation domain (Fo)
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Surfactln blosvnthesm
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Signatures (conserved SWUBUQM

Alignments of module and domain sequences

Order in domains is conserved

Cansensus SEQUENCES = signa‘rur"es

: H
H

mdfhplafion

- PKS/NRPS analysis (http://nrps.igs.umaryland.edu/nrps/)
= NRPS /PKS (http://www.niires.in/nrps-pks.html)
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Specificity <= Adenylation domain

% Code Stachelhaus = NRPS code
+ Software for prediction :
-> PKS/NRPS analysis (http://nrps.igs.umaryland.edu/nrps/)

= NRPS /PKS (http://www.nii.res.in/nrps-pkshtml)

- NRPSpredictor2 (http://nrps.informatik.uni-
tuebingen.de/Controller2cmd=SubmitJob )

http://bicinfo.lifl.fr/norine/ L W RINE '

W RiNE Morine

L N e T N

Caboche af &, 2008 (NAR), 200% (BMC Struct. Baol ), 2010 (J. Bact)
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Structure Editor =3 Easy drawing (biclogists!!)
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= |dentical peptide (even other name or producing organism})
- Paptide containing identical pattern

Structures

Cycle
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._Use of Norine to dete

produced by biocontrol agents

* Bacillus
* 155 different NonRibosomal Peptides (NRPs)
» 20 families

* Pseudomonas
* 140 different NonRibosomal Peptides (NRPs)
* 17 families

* Trichoderma
» 72 different NonRibosomal Peptides (NRPs)
» g families

——
= ——

Main properties
* Siderophore » Bacillibactin

* Immunomodulatory * Fengycin, edeine

compounds
* Biosurfactant * Surfactin, lichenysin, fengycin,
iturin
» Toxin * Cereulide
* Antimicrobial * Bacilysin, bacitracin, edeine,
compounds fengycin, gramicidin, gratisin,

iturin, polymyxin, tyrocidine
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_#_“—r—_u_,_-_--—'-' - oy [ -
J | :
|- | |
|
Ilnﬂhm Iprllh Anti-Eacteral Aarrti-hangal ﬂnnlllﬂrpl-'lt'nﬂl
E ﬂ
Resistance
Rhizosphers compstence Chrect Iriﬂbhlnn of phylopathogens Hast plant immunization
Ongena and Jacques, Trends microbiol, March 2008
— D S
_.‘d___,_.--""'"'_.__ 5N T
Main properties
» Siderophores = Bacillibactin
* Immunomodulatory * Fengycin, edeine
compounds
* Biosurfactant * Surfactin, lichenysin, fengycin,
iturin
* Toxin * Cereulide
* Antimicrobial * Bacilysin, bacitracin, edeine,
compounds fengycin, gramicidine, gratisin,
iturin, polymixine, tyrocidine
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OHV;T Opro
© om < oFhe
Illr. Ill'
g I'|_
':é Leu QO Leu
|III |'I
Illll :I|'
O p-phe © om
o
i Ol
-\-\-H--'-\. ..--'"----
° D-Tyr

Structure comparison

Gratisin

Pro — D Phe — Leu — Orn — Val — D Tyr— Pro — D Phe - Leu — Orn - Val - D Tyr
I |
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Structure comparison

Gratisin

Pro— D Phe — Leu — Orn — Val — D Tyr— Pro— D Phe — Leu — O — Val - D Tyvr
I |

Tyrocidin

Plin—DPhe—l.eu—{lrn—\"al—HhGln-ﬁsp-D Phe - Phe
|

Gramicidin

Pm—ll‘l"he—~lm—ﬂm—‘h’al—?m—ﬁ?ht—luwﬂm-\f]al

Structure comparison

Gratisin

Pro— D Phe - Len — Orn — Val —= D Tyr— Pro — D Phe — Leu — Om - Val - D Tyr
I |

Tyrocidin

Pro— D Phe — Leu — Orn — Val — Tyr - Gln - Asp- D Phe - Phe
L |

Gramicidin

Pm—l}l"he—~lm—ﬂm—VaI—Fru—DPhe—lm*ﬂm-Vjal
|
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Structure comparison

Gratisin

Pro— I Phe — Leu — Orn — Val = D Tyr— Pro— D Phe — Leu — Om - Val - D Tyr
I |

Tyrocidin

Prin—ll Phe — Leu — Orn — Val — Tyr - Gln - Asp- D Phe - Phe
|

Gramicidin

Pro - D Phe - Leu — Orn - Val - Pro — D Phe — Len — Orn - Val

Genome

- 2

Proteins

-

Parsing

(identification of domain organisation)
(NRPS/PKS; PKS/NRPS analysis, antiSMASH)

___ NRPSToolbox

Prediction of selected monomers
(+ NRPSpredictor, antiSMASH)

p—

Putative peptide

Structural comparison with known peptides
(NORINE) 2
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Caradec T, Pupin 8, Wami bevack A, Déevignas MO, Small-Tabbona M, of al. (2014) Prediction of Monomar somery in Floring:
A Workdiow D d Paptide O y. PLoS ONE 841} o85567  doi:10.137 1 jourral pone D0SS65T

{GPLOS on

NCBI > 38 sequenced genomes

& qrowp Bacikis CRTEUS QrouC € SEQUENcETs)

col Groun FAcEis Sullis qroun S sedulniE |
il Eacds 1 seguenceis}
il  Eaniag o L 1 Bbgotroes)
i) Eanilss "o T sequenceis)

[ = epeces Bacion comidus 1 seaquenceis)
- Bl us 1

i
Siderophore : bacillibactin
Known antibiotics : gramicidin, tyrocidin

Lipopeptides: Fengycins, iturines, surfacting
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+ Lipopeptide = spreading

Abderrahmani et al, 2011 Appl. Microbiol. Bistechnal,

|+ COverview on genomic data from NCBI = ide
pyoverdin variants and LP

#Identification of 2 strains producing lipopeptides : CMR12q, P.
cichori(collaboration with the University of Ghent and the
University of Liege)

Genomes sequenced mp Identification lipopeptide synthetases

R —
ntification of
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Pauwelyn et al., MPMI, 2013, D'Ass et al, Mol. Microbiol., 2014
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Morine toolz = CLP2Z B is a new variant of
orfamide

D'Aes et al., Mol. Microbiol., 2014

0 uced by . '

24 genomes explored = B. ambifania AMMD potentially producing a complexe NRP
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Application 3" anfifungal molecul
- —produced by Burkholderia

SO adp  g4EY
earm S478 grag

|
|

{xyl)? '
Val/Leu/lle— FA — Ser— D-Trp — D-Ser/Arg — Gly— Asn —D-Ser |
|

|

|

|

I—) Occidiofungin family

Antifungal activity

e —

" Take home messages

» You can easily access to bioinformatics tools to
discover new NRPs from sequence data

» Complete predictions still need expert analysis

» Predictions are no more than predictions = results
have to be confirmed by further experiments (structural
analysis)

—>Focuse on what you are expecting |
-» time saving
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Presentation 7

Experiences from industry in the EU in the risk assessment of secondary metabolites produced by
microbial pesticides
Ridiger Hauschild (GAB Consulting GmbH, Lamstedt; Germany)

Experiences from industry in the
EU in the risk assessment of
secondary metabolites produced
by microbial pesticides

Dr. Rudiger Hauschild
GAB Consulting GmbH
D-21684 Stade
ruediger. hauschild@gabconsulting.de
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Microbial metabolites in the EU Evaluation

Data requirements
Addressing data requirements
Additional requests
Interpretation of requirements

D¢ Riciger Hauachid GAB Congulting GmbH

Regulatory Framework

Data requirements in the EU:

Commission Regulations (EU) No
283/2013 and 284/2013
Lists of data required for active substances and products

« Part A: Chemicals including plant extracts and
semiochemicals

« Part B: Microorganisms (e.g. bacteria, fungi, protozoa),
and viruses

D Riucipe: Hauechid AR Conputing GrmbH
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Experience with data requirements

Data requirements are justified to exclude
negative effects on humans, non-target
organisms or the environment

Differences exist in the interpretation of data
requirements

Which requirements need to be addressed by
strain-specific studies and which can be
covered using published literature?

Dur. Rudsgar Hansahild, GAE Consulting

R
]

uirements

i
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Data requirements:
Metabolites

Secondary metabolites

« Discussion of possible metabolites from published
literature

+ Potential for accumulation and exposure
« Determination of “relevant” metabolites in the product

+ Determination of production capacity for the particular
strain

O Riciger Haunchinl AR Conuuling GrmbH

Data requirements:
Metabolites

Metabolites with unacceptable effects on human health
and/or the environment need to be described:

+ Properties (nature, structure, stability, cellular localization)

» Role in mode of action

+ Biosynthesis (external conditions, physiology of regulation)
+ Effects on humans, animals or other non-target-organisms

D Riucipe: Hauechid AR Conputing GrmbH
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Data requirements:
Metabolites and Analytical Methods

« (Validated) methods for identification and quantification of
‘relevant” metabolites

O Riciger Haunchinl AR Conuuling GrmbH

Data requirements:
Metabolites

Data on microbial Metabolites are further required in the
following sections:

*+ Human Health

« Residues

+ Fate and behaviour in the environment
- Effects on non-target organisms

D Riucipe: Hauechid AR Conputing GrmbH
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Addressing Data Requirements on microbial
metabolites:
Sources of Information

“Well known species™

« Search open literature for metabolites which are described for the
species and the genus

* ldentify which metabolites might be harmful for humans or other non-
target organisms

« |f such metabolites occur, determine whether the strain can produce
them

Genetics: presence of genes involved in their biosynthesis

+  Biochemistry: |dentification and quantification of metabolites in the

product
«  Appropriate toxicology and ecotoxicology studies will reveal effects of
metabolites
= Assessment of risk through metabolites R

Addressing Data Requirements on microbial
metabolites:
Sources of Information

“Mew species”
* No or very little information available in the literature

= Consider information from development experiments on mode
of action

* Appropriate testing of the product using standard test species

« |f toxicity through metabolites is detected, chemical
characterization of these metabolites

» Identification and quantification of metabolites in the product
» Assessment of risk through metabolites

D Riucipe: Hauechid AR Conputing GrmbH
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Data Requirements on microbial metabolites:
Responses from evaluators (selected)

The approach is widely accepted

Request for additional data:
1. Validation of methods for metabolite determination

2. Toxicological data to define the toxicological profile of
toxins/secondary metabolites

3. ldentification and quantification of toxins/secondary
metabolites formed on plants or in sail

O Riciger Haunchinl AR Conuuling GrmbH

Data Requirements on microbial metabolites:
Additional data requests (selected)

1. Validation of methods for metabolite determination

In most cases feasible, sometimes difficult to perform
within the given timeline or if no analytical standards
are available

2. Toxicological data to define the toxicological profile of
toxins/secondary metabolites

Feasible from published literature, at least for major
metabolite groups

D Riucipe: Hauechid AR Conputing GrmbH
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Data Requirements on microbial metabolites:
Additional data requests (selected)

3. Identification and quantification of
toxins/secondary metabolites formed on plants or in
soil

Technically and economically not feasible and not justified!
Metabolite production depends on

= Substrate

+ Prasence of the target organism

= Physiological parameters and host plant

+ Abiotic factors

Potential unknown toxins/secondary metabolites cannot be detected
by biochemical means

O Focgpe: Hasctid, SAB Sl ng GenbH

Data Requirements on microbial metabolites:
Additional data requests (selected)

“Identification and gquantification of
toxins/secondary metabolites formed on plants or

in soil” is not justified if the biology of the
microorganism is considered:

O Rucipsr Hauchiid GAR Coneuting GembH
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Biology of Microbial Metabolites

Possible properties of microbial metabolites:
— inhibitory to fungi
— inhibitory to bacteria
— toxic to insects
— induction of resistance in plants (SAR/SR)
— toxic to non-target crganisms
Metabolites can be involved in the mode of action
— alone

— in combination with other mechanisms

Or. Rdigar Hauschild, GAB Consilting

Biology of Microbial Metabolites

Ecological functions of microbial metabolites:
— facilitation of attachment to surfaces
— inhibition of competitors (fungistasis)
— inactivation of hosts (parasitism)

Production and secretion of metabolites:
— losses in energy and nutrients
— production in nutrient rich media in vitro
— produced during exponential growth

v Ridipar Houschild, GAB Consuling
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Assessment of Microbial Metabolites

Synthesis of microbial metabolites after
application of the product:

— metabolites can only be produced if substrate is
available

- some metabolites need to be synthesized as they
are part of the mode of action

- mainly produced during the interaction of the BCA
with its host

Or. Rdigar Hauschild, GAB Consilting

Assessment of Microbial Metabolites

Accumulation of microbial metabolites after application
of the product :

— Can only occur if substrate is abundant
- in the absence of organisms degrading these metabolites

— exponential growth rarely occurs under environmental
conditions

— accumulation may occur in infested host insects

— accumulation in soil was never demonstrated

v Ridipar Houschild, GAB Consuling
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Assessment of Microbial Metabolites

Accumulation of microbial metabolites independently
from Biocontrol

- Through Plant pathogens (Fusarium, Microdochium)

— Through storage pathogens (Aspergillus, Chaefomium,
Clostridium, etc.) under condition where these are favoured

— By entomopathogens (Lecanicillium, Verticillium, Isana,
Beauveria etc.)

Or. Rdigar Hauschild, GAB Consilting

Assessment of Microbial Metabolites

Under which conditions do microbial metabolites
represent a risk to humans, non-target organisms or the
environment?

1. metabolites are toxic
2. metabolites are contained in the product

3. metabolites are produced and accumulated after product
application

4. accumulation occurs at sites that are exposed to non-target
organisms

Only in case points 1 and (2 or 3+4) are fulfilled, further
analysis is required

v Ridipar Houschild, GAB Consuling
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Experiences with data requirements
Summary

Assessment of Microbial Metabolites

Most microorganisms used in biocontrol are well known

Some metabolites are synthesized as part of the mode of action
Metabolites can be contained in the product

Synthesis occurs often during interaction with the host
Accumulation of microbial metabolites with harmful effects on non-
target organisms in the environment is unlikely to occur and was
never observed

Evaluation can be based on product data and published literature

Or. Rdigar Hauschild, GAB Consilting
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Presentation 8
Experiences from industry in the USA in the risk assessment of secondary metabolites produced by
microbial pesticides
Keith Pitts (Marrone Bio Innovations, Inc., Davis; USA) and Alison Hamer (TSGE Consulting Ltd. UK,
representing Marrone Bio Innovations)

@Marrone'

Bio Innovations
OECD: The 6'" Biopesticides Steering Group

Seminar on “Hazard and Risk Assessment of Secondary
Metabolites”

Experiences from industry in the USA in the risk assessment
of secondary metabolites produced by microbial pesticides

May 18, 2015
Paris, France
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Safe Harbor Statement

Fi Looki

This presentation may include foreard-looking statements, These statemaents reflect the current views of the
Company's senlor managemant with respect to future events and financlal performance. These statemants
Include forward-looking statements with respect to the Company's business and Industry In general, including
statements regarding potential market size of Comparny prodwcts, anticipated product launches, target
geographic markets, factors for the barriers to entry Into the market, and strategies for growth. Statements that
include the words “expect,” “intend,” “plan,” “believe,” “project,” “forecast,” “estimate,” “may,” “should,”
“anticipate” and similar statements of a future or forward-looking nature identify forward-losking staterments
for purposes of the federal securities laws or otherwise, Forward-looking statements address matters that
invalve risks and uncertainties such a3 the timing of and oosts assaciated with the launch of products, the
difficulty in predicting the timing of sutcore of product research and development efforts and regulatory
appravals. Accordingly, there are or will be impartant factors that eould cause the Company’s actual results to
differ rmaterially from those indicated in these statements. The staterments made hessin speak only as of the
date of this presentation.

Marrone
Page 2 Bio Innowations
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Marrone Bio Innavations Overview

Company Highlights Marquee Partners / Distributors
= Incorporated in June 2006 synma FMC m @mr.ﬂ

4 commereially available praducts, 2 additanal

approved & 1 submitted for EPA registration 0 DSM Ewﬂ E =
= Library of 18,0004 proprietary microorganisms B

sereened against multiple targets CINI

| - BE® mugtce P

= Whaolly-cwned, operational fermentation facility Ewige:

in Bangor, M|
= Commercial sales in North America, LATAM, Robust Pipeline

parts of MEEA; early in our long term growth

curvi * Pipeline products: nematicides, herbicides,
« Listed on NASDAL as MBIl August 2, 2013; fungicide and biostimulants

Follow-on June 6, 2014 * Many more earlier stage candidates across all

categaories
+ 40 allowed patents globally, 15 LS. issued

Commercial Products Today : e
patents; 232 pending patent applications

{JREGALIA @ GRANDEVO globally, 32 are pending in the U.5
» LISDA NOP-OMRI compliant fermulations
Wil VENERATE ZEQUANDX
T T—
Marrone
Page 3 Hi Innreations

Discovery: Sourcing and Isolation of Micmorganisrrﬁ""‘ﬁ

Sail and other types of samples
ealbected from unigue habitats and
niches

Individual fungal,
bacterial, and
actinormycete colonies
pickad from primary plate
Water extracts of fermentation
broths are used for bicassays
B Bacteria @ Fungi W Actinomycetes Marrome
Page 4 B0 Innrations
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Primary Screen Testing

BOIISENTEa  Crabgrass Meloidogyne chiomydomonas =~ “oTPestris  Tomaloes, Com,

Radish, Soy &
Lettuce SEE- ik e Fesudamanns Others

springne

Marrone
B Inncreationy

Discovery and Characterization

Isolation Fermentation Biological Testing Matural Product &
Analytical Chemistry
Somples from Purity is confirmed Biclogical testing tdentify pesticidal
arpund the world ang water extracts agoinst weeds, compaunds;
from areos of high of fermerntation insects, plant
hiodiversity ore broths ore prepared pathogens,
coflected and Jor bloassays. nenntodes, algae,
cuitured. and for growth
promotion.

Marrone
B Inncreakiony
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MBI Commercial Products-USA

Froduct

Active

Uses Registration  Enforcement Notes

Date Method
F,0,HEG  August 26, 2011 Cabbage Pending in
B Loaper EU, Canada,
May 1, 2012 Bioassay Mexico and
Braml
Water Mareh 9, 2012 Zebea/Cuaggs  Registered in
Mussel Canada;
Bioassay Pending in
EU
F. O, HRG April 36, 2012 Thawtomin & Registerad In
HPLC Canada
{non-food)
F, O, HEG February 28,  Beet Pending in
2014 ATy wWanm Canada,
Blaassay Mexico and
Brazl
Marrone

R. sachalinensis extract

1080

B3
Lo 5%
m

400 600

Physcion
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i
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Ny
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Time
B00 1000 1200 1400 600 %G00 00 00
Marrone

B Innoreaticdy
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Rheum rhabarbarum (Rhubarb) extract

6B01_148_1
1
1 @ Physcion
B.0e-24 185
- 'f
te2f | -
'3 4 De-2 |. (
[ I
200} | u i
00- -~ -
250 500 750 1000 1250 1500 1750 2000
s o Marene
Streptomyces acidiscabies
/ Thaxtomin A
- o> aene
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Chromobacterium subtsugae

Vialacein
i
et
T ‘
™
s |
T |
1
1
P ! h
; 1] w 1w am e 1] ™ 1] 1] uE i) ]

Burkholderia sp. Strain A396

e p P S BT A E RN ER TR

FR20122E

/1

@ Marrone
B Innorwationy

101



ENV/JM/MONO(2017)5/ANN

MBI-005 (Opportune)-Path to Registration in North America

§70.1100 [ e 0o * VL eaienran Jpil 2. 2002,
¥70.1200 Azuts Dermal ; :""'T'::':

i, i o Asuntw inkulakion “;H .. s

¥ 25041 Dprrmal Irration 1% TaAi :
B0 2800 Sain Seweriiation |Buetle | +  EPAReg No. BS053.11 TGAL
ES 1M Agute Intravenesn Tesicty and Pathopenicity RA059-12 P

451050 Acule Cral Tonk ity and Pathogenicty v ikt et AL
E25.3150 faarle Pldmonary Toodiy s Pathogenicy Th in A

25 3400 HyperaanutiveTy incidents +  Exemptiroms Regulrement of @
S, 14500 [ Tk

100 Roelin Taaleity and Pathogenicity «  Agricuttural, Oemamentad and
%4150 Wikl Mamerad Tomicity snd Paifogenaoty Horme Uses

BES_A2R0 Edtisirine{Marmne Organisrm Tassity s Patfoganicity

S A0 Aglan Orsd Towicity, Tier | & EP G o killed i
[TE) IJE Treshwaater Fink, Tiar | wishility

=5 4340 Freshveater Agustic imwertefbiate |Daphnial, Twd 1
(885 4240 Freshwales Aquatic inweriebrate (Hyaieiial, Tier | F PAMRA Brgistered Februany 7.
A a0 Latybird Begile o4

B 4340 Green Lacewing = PRMA-Ames study; S-doy study
i a0 Psrauitic Wap F WNen-food Ornoments ged
. 4180 Honeyled Tier | Home User Oaly

5. 4300 Non-target Tesrestrial Plant Studies, Tar 1 #  PMRA Aeg. No. J1I65 [TGAR
400 Hon-tarpet Aguatic Plant Studies, Tie 1 ﬂmp}

50 4550 Cwarsrhaller o, H-hilur

Marrone
Pagm 13 B Inncreationy

MBI-203: Path to Registration in USA-Round One, 2011

EPOLLIO0 Hucnite Oral 25,4740 Agusatic
| Daphnia), Teer 1
P00 Mogte Dermal A0 reshwsater Aquatic Invertebrate
| Fiyalelia), Ther 1
LR Aoute Inhalation S, 040 Ladyhird Beatie
70, 2800 Prirmary Fyw 54340 Girmen Latruang
EPD.2500 Dermal Irritation £85.4340 Paraitic Wasp
EFD.2600 Shin Seroitization [Buchler| 55,4380 Homeybee, Tier 1
| S 00 Acute Intravenous Toxcty and Pathogenicity | 85,4040 Honeybee Larval Study
| 5. 5050 Acute Oral Toxicty and Pathogesscity A0 Hom-target Termestrial Plast Studies,
Viegetative Vigor, Ther 1
8453150 Aot ¥ Tosicity and pemivity £85.4300 Mo target Terrerial Plamt Studies,
Ther 1
I— - -
| 8853500 Cuslture
54100 fustan Towicity amd Pathogenicity Chromobacterium subtsuge strain PRAAL-1" cells and spent
fi tion media, 300 TG
HHS AT Wild Mamenal Toxicity and Pathogenicity PR oo, Mo, BSOSS-9 [TGAI)
EPA Romg. No. B4059-10 [EP)
RASATRD FrfusarinefMarine (rganiam Toaicty amd Frf Fificay method: Cabhape | ooper Kiling Linits
Exempt from Regquir ¢ of & Ted
| 8854050 Awian Oral Towicity, Tier 1 Agricultural, Drnamental and Home Uises
HHS AN Freshwater Fih, Tier 1

@Ma rrone
Page 14 B Invovations
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MBI-203: Path to Registration in USA-Round Two, 2012+

e
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B 1400 Primary ke TFPTS RS NEAD Becdagradaniity- Sested senw’ COT Fvcdioon wen
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L. B0 Chmmpdaricriee bl Viaie fEaas”

OFPTS 0300 | (Srandess™)/ MB350 053] o horeybes (Al
mskera L] bn backafsat . in & el vy
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@ma rrong

Development of dossier for the EU — MBI-203

Literature search and review

= Literature search conducted to support EPA submission in 2009

= Faor EU submission we updated the search to EFSA Guidance —
extensive further work in 2014

* Valuable review papers had been published (2010, 2011) regarding
the secondary metabolite “marker compound’ violacein

= We could use a significant published data set on bacterial species
producing the substance to satisfy the data requirements

+ How useful was new search to US EPA process?

— Literature review alone not required unless tied to a discussion about a
certain data requirement

— Specific guideline-by-guideline rationales that discuss relevant
published literature references are needed

Elh Marrone
By Innowabions
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Dossier features for the EU — MBI-203

Proposal for active substance definition

— The active substance is comprised of bacterial cells and
naturally occurring substances of biological origin that
form a characteristic chromatographic profile when
analysed by HPLC

* Extensive metabolite research and characterisation
work conducted

*+ Detailed fractionation/bioassay work was done to
elucidate mode of action of fermentate components

* Marker compound violacein occurs at very low levels
<0.1% in the active substance

Marrone
Bio Innoreaiions

Dossier features for the EU — MBI-203

* Relevance of test material

= We demonstrate commercially relevant test material in each phase of
GLP toxicology and ecotoxicology studies

= Transparent presentation of meticulous QA data on batches

— Studies exposed test system to secondary metabolite at relevant levels
= Robust genotoxicity package

= Suite of three negative studies

— Data point 5.2.3
“Genotoxicity of cellular micro-organisms will be studied after
breaking of the cells, wherever possible. lustification should be
provided on the method of sample preparation used”.
Various methods for cell breaking were tested to meet this
requirement

= Storage stability study includes analysis for secondary metabolite in
parallel with confirmation of retention of activity by bicassay

Marrone
Bia Inncreaiions
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Lessons Learned to Date

MY LESSONS LEARNED TO DATE

products;

Opportunities Challenges
Regulatory agencies have been While exciting, innovation can be challenging
collaborative in adapting regulatory | and frustrating; metabolites have always been
paradigm to accommodate novel present in biopesticides; over-regulation can

(1) stifle move to lower risk tools, (2) stifle
innevation, (3) push industry to look for
Ioophales

Microbial-botanical hybrid appears

Shortage of clear guidance; still a tendency to

to be emerging framework— apply synthetic chemical criteria/protocols in
identity, MOA and pathogenicity many instances, though not always applicable
addressed with microbial or appropriate;

underpinning; botanical guldance

for mammalian and NTO uanit

Killed microbe allows access to Maode of action and product identification still
markets where non-native microbes | remain significant challenges, e.g. lack of
have been of concern, e.g. Brazil, CFUs;

South Africa, Australia, New

Zealand;

Review and approval timelines
shorten with each review; both MBI
and regulatory agencies are learning
and implementing based on growing
experience.

New area of innovation; expertise still
developing—patience, reason and flexibility is
essential for all parties. We'll only learn by
doing.

Marrone
Bio Innovations

o

Thank You

Keith Pitts

Vice President, Regulatory Affairs
direct; +1 530-302-8212
kpitts@marronebio.com

Cr. Alison Hamer
Director, TSGE Consulting
+44 1423-799792
alison.hamer@tsgeurope.com
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Presentation 9
Experiences from regulators in the EU in the risk assessment of secondary metabolites produced by
microbial pesticides
Bilgin Karaoglan (Federal Environment Agency (UBA), Dessau-Rosslau; Germany) and Adi Cornelese
and Marloes Busschers (Board for the Authorisation of Plant Protection products and Biocides (Ctgb),
Wageningen; The Netherlands)

Experiences from regulators in the EU
in the risk assessment of secondary

metabolites produced by microbigl
pesticides

Joint presentation:
Bilgin Karaoglan

(Federal Environment Agency (UBA), German'

Adi Comelese and

(Board for the Authorisation of Pl
(Ctgb), the Netherlands)
Bundesamt

ctgb

18th May 2015

EU

- 28 MS and EFSA
* Experience of MS differs
» Chemical vs microbial a.s. evaluation
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Reservations or doubts in EU MS and
EFSA

* M.o. are living organisms
* M.o. can produce many metabolites
* Metabolites can be relevant toxins

* Dependent on strain, (environmental) conditions
and target organism

* Present in formulation or involved in MoA/produces
upon infection

* Only minimal amount of study data

« Strict interpretation of data requirements and
decision making criteria

ctgb

Problems in the discussion

* Impossible to address all possible metabolites:
- Differ from lab - field

- Differ from field to field (environmental condition,
target organism)

- How to identify/quantify?
- How to prove non-existence?

» What level of evidence is needed?
* Needle in hay stack

ctgb
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Definition

Relevant metabolite

if expected to be of concern to human health and/or
the environment

« If plant protection action is known to be due to the residual
effect of toxin/metabolite, or

- if significant residues of toxins/metabolites are to be expected
not related to the effect of the active substance

> Chemical dossier for toxin/metabolite must be submitted

ctgb

Pragmatic interpretation

Level of evidence needed

- Biology and MoA

- Information literature on (related) species/strain
- (Eco)tox study results

- External, not e.g. endotoxin of Bt

- Relevant metabolites”
- Exposure/risk

ctgb
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546/2011 Uniform principles

B. Evaluation

Micro-organisms may produce a range of different metabolites (e.g.
bacterial toxins or mycotoxins) many of which may have toxicological
significance, and one or more of which may be involved in the mode of
action of the plant protection product. The characterisation and
identification of relevant metabolites must be assessed and the toxicity
of these metabolites must be addressed.

Information on production and/or relevance of metabolites may be
deduced from:

(a) toxicity studies;

(b) biclogical properties of the micro-organism;

(c) relationship to known plant, animal or human pathogens;
(d) mode of action;

(e) analytical methods.

On the basis of this information, metabolites may be considered as
possibly being relevant. Therefore potential exposure to these
metabolites must be assessed, in order to decide on their relev?ce. b

cig

Secondary metabolites

- Production process:

:If present in the product than only in liquid fermentation.

>Range and quantities depend on culture medium

- Leading in mode of action and produced
upon infection

v If present in fermentation it may be identified and
quantified, however range and quantities depend
on culture medium

v' Secondary metabolites involved in MoA cannot be
easily identified nor quantified

ctgb
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Environmental risk assessment

Data requirements and the corresponding

risk assessment needs to be fulfilled if all the

following conditions are met:

- Relevant metabolite stable outside m.o.

- Toxic effect of metabolite is independent of
presence of m.o.

- Relevant metabolite is expected to occur in
environment in concentrations considerably
higher than under natural conditions

ctgb

Environmental assessment

» Secondary metabolites that are part of natural
metabolic systems are expected to degrade rapidly

» all conditions, as described in data requirements,
are not likely to occur at the same time

ctgb
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Examples of EU review

- Bacifllus pumifus QST 2808
- Streptomyces lydicus strain WYEC 108
- Metarhizium anisopliae var. anisopliae

v" dossier content on metabolites
v result EU review

ctgb

Bacillus pumilus QST 2808

» HPLC analysis of the fermentation broth was
performed to prioritise potential active ingredients
by comparing against a list of known compounds
(various metabolites, potential toxins).

» The whole fermentation product plus any
substances produced by the strain have been
evaluated in the technical and end-use product
toxicity testing schemes.

ctgb
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Datagaps

+ data to address the possible production of
toxins/secondary metabolites (other than
those produced by Bacillus Cereus);
sections identity, (eco)tox and residues

» demonstrate that, under the conditions of
use, any toxins/secondary metabolites
produced by Bacillus pumilus QST 2808 will
not occur in the environment in
concentrations higher than under natural
conditions

ctgb

Streptomyces lydicus strain WYEC 108

» Chemical components measured in fermentation
broth.

» Known metabolites addressed in the dossier for
human exposure. Extensive data search was done

» Research showed no mammalian toxins or active
metabolites or degradation products of toxicological
significance are known to be produced by S. /ydicus
strain WYEC 108.

» hydroxamate siderophores (plant growth
enhancing), chitinase (plant enzyme) and some
other enzymes.

ctgb
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Datagaps

« strain specific evidence to prove the inability
of the microorganism to produce
toxins/secondary metabolites of concern.

« data on toxin/secondary metabolites
production for the sections tox and residues

« Satisfactory information to demonstrate that,
under the conditions of use, any
toxins/secondary metabolites produced by
Streptomyces lydicus WYEC108 will not
occur in the environmental compartments in
concentrations considerably higher than
under natural conditions. Ctgb

Metharhizium anisopliae var. anisopliae

» EPF, subject of the RAFBCA project. Large dataset
available. One workpackage focussed on
metabolites.

« Identification and quantification in cultures by using
external standards of cytochalasin (A, B, C, D, E, H,
and J) and destruxins (A, B, CHL, and E diol).

+ Information on potential swainsonine production

+ Crude extracts and several purified toxins of
different strains of M. anisopliae var. anisopliae
were tested in two Ames tests and a Vitotox assay
and gave negative results .

ctgb

113



ENV/JM/MONO(2017)5/ANN

» Metabolites destruxins A, B and E were
analysed in plant material after soil/foliar
application, in soil including drainage water,
and in insect cadavers.

* In insects only destruxin A,B and E
« stability and persistence of destruxins A, B

and E was assessed under various
environmental conditions.

ctgb

Datagaps

« the production of toxins cannot be excluded
and therefore the risk assessment cannot
be finalised for humans.

+ As the issue of toxins is not fully addressed
the consumer risk assessment remains
open.

* To assess the production and the fate and
behaviour of any relevant metabolite in the
environment. Information on the fate of
destruxins is in the dossier however, a
datagap is set for groundwater.

ctgb
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RMS approach

- adequate literature research

» Biology and MoA

» Tested in tox batches?

» Metabolites involved in MoA?

« Potential for toxicological relevance?

» Measurement of potentially relevant metabolites in
fermentation product ?

» Significant amount in product and/or environment?

If addressed properly in dossier, risk assessment can
be completed

ctgb

DE RMS for several MPCAs with
secondary metabolite production ability:

Product / old (List 4) / | EFSA Conclusion
Type new [NAS)
Substance

Bacillus subtilis Serenade WP NAS (Annex Review Report (2006);

QsT 713 | Renewal) (EFSA Conclusion not
available)

Bacillus CX 9030 NAS EFSA Journal

amyloliquefaciens  (WG) 2014;12(4):3624

D747 *

Beauveria Maturalis-L List 4 EF5A Journal

bassiona ATTC (0D) 2013;11(1):3031

74040

Beauveria BotaniGard List 4 EFSA Journal

bassiona GHA 22 WP 2013;11(1):3031

* strain D747 formerly assignad to the species B. subfilis

Abbreviations: MPCA= Microbial Pest Control Agent; NAS = New Active Substance
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Bocillus subtilis Q5T
713

Barcillus
amyloliguefaciens
0747

Beauveria bassiana
ATTC 74040

Beouveria bassiana

GHA

activities:

organic matter

Representative uses

Application methods [ Target Function
use organismis)

Foliar spray; apple/pear Fire blight, Fungicide
(field) apple scab

Foliar spray; table/wine  Botrytis cinerea Fungicide
grapes (field)

Spray; tomatoes Whiteflies Insecticide
(greenhouse/field)

Spray; ornamentals, Sucking insects  Insecticide
tomatoes, cucumbers

(greenhouse/indoor)

Example: Bacillus amyloliquefaciens D 747
[DAR information — fate/ecotox-part]

Ability to produce different kinds of metabolites with antibiotic or antifungal

« lipopeptides auch as iturins and surfactins,

+ exp-enyzmes such as amylase and chitinase contributing to the decay of

« serine proteases such as subtilisin
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Example: Bacillus amyloliquefaciens D 747
[DAR information — fate/ecotox-part]

Ability to produce different kinds of metabolites with antibiotic or antifungal

activities:

« lipopeptides auch as iturins and surfactins,

+ exo-enyzmes such as amylase and chitinase confributing to the decay of

organic matter

+ serine proteases such as subtilisin

= Written procedure: Request for additional information during EU peer review:

Indoleacetic acid
Surfactin

Iturins
Polyketides
Amlyosin

. -

Available data suggest
{see Addendum to DAR):

=Accumulation unlikely
*Low exposure to NTO
*No Amylosin (Doc J)

Example: Bacillus amyloliquefaciens D 747
[DAR information — fate/ecotox-part]

Ability to produce different kinds of metabolites with antibiotic or antifungal

activities:

+ lipopeptides auch as iturins and surfactins,

« exo-enyzmes such as amylase and chitinase contributing to the decay of

organic matter

+ serine proteases such as subtilisin

- Written procedure: Request for additional information during EU peer review:

Indoleacetic acid
Surfactin

lturins
Polyketides
Amlyosin

For example: [turin levels strongly decreased within the first 3
days post-treatment in the field, despite the presence of
significant Bacillus populations.

=*production of antifungal compounds locally restricted and
for a relatively short period of a few days.

Crane et al. 2013: Phytopathology 103(2): 146-155
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Example: Bacillus amyloliquefaciens D 747
[EU List of endpoint — fate/ecotox-part]

Conclusions from EU List of Endpoint:
metabolites and and the serine proteinase
are not contained in the formulated product at

amounts needed to contribute to activity but formed

transiently after application during interaction with the
pathogen

Example: Bacillus amyloliquefaciens D 747
[data gaps — fate/ecotox-part]

Data gaps in the EU Review (EFSA Conclusion):
As only very limited data on the production of secondary
metabolites/toxins (that just relates to environmental

compartment of leaf surfaces) were available
=>environmental (including groundwater) exposure &
risk assessment for non-target organisms could not be
finalised
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Example: Beauveria bassiana ATTC 74040 / GHA
[DAR information — fate/ecotox-part]

Ability to produce several metabolites within the genus Beauvena

Four different groups:

1. Low molecular weight compounds: oxalic acid

2. Non-peptide pigments: cosporein, bassianin, and tenellin

3. Cyclodepsipeplides: beauvericin, bassianclides, beauveriolides, and
beauverolides

4. High molecular weight proteins: bassiacridin

BPS inar 2015

Example: Beauveria bassiana ATTC 74040 | GHA
[DAR information — fate/ecotox-part]

Question for all entomopathogenic fungi (EPF):
Ara there any risks from consumption of mycosed insects 7
*Uncertainties were noted in the EU Peer Review on EPFs concemning the risk

for inseciivorous birds from consumption of infected insects in field applications
(see PRAP=R M4 report:
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Example: Beauveria bassiana ATTC 74040 / GHA
[DAR information — fate/ecotox-part]

Question for all entomopathogenic fungi (EPF):
Are there any risks from consumption of mycosed insects 7

*Uncertainties were noted in the EU Peer Review on EPFs conceming the risk
for insectivorous birds from consumption of infected insects in field applications
{see PRAPeR M4 report)

Howewver, there is discrepancy between estimated/thecretical risk
(TER values <1, see DAR Vol 3. B.8) based on a NOEC for a purified metabalite
and siudy findings based on feeding studies (birds fed on mycosed insects)

“Except in few cases in which insecls were advanced i fungal spovulaton, the birds
fed readily on infected insects and showed mo defectable signs of subsequent
avoidance, or il health, implying that potential mycotoxins were not problamatic.”
{Johnson et al. 2002; J. Toxicol. Environ, Health A 85:2145-2162.)

Example: Beauveria bassiana ATTC 74040 | GHA
[DAR information — fate/ecotox-part)

Question for all entomopathogenic fungi (EPF):
Ara there any risks from consumption of mycosed insects 7

*Uncertainties were noted in the EU Peer Review on EPFs concemning the risk
for inseciivorous birds from consumption of infected insects in field applications
(see PRAPeR M4 report)

*However, there is discrepancy between estimated/theoretical risk
(TER values <1, see DAR Vol 3. B.9) based on a NOEC for a purified metabalite
and study findings based on feeding studies (birds fed on mycosad insects)

Available open literature information based on three different feeding studies
suggest that adverse effects are unlikely to occur in vertebrates (birds,
mammals, reptiles):

Johnson et al. 2002: ). Towical. Erviron. Health & 65:2145-2163,

Smiits et al
Peweling and Demba 2008: Environ. Toxicol, Chem. 22({7): 1437-1447

MNole: Melabolite production might depend on the infecled host species!
However, testing every potential target species is not feasible.
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Example: Beauveria bassiana ATTC 74040 / GHA
[data gap — fate/ecotox-part]

Data gaps in the EU Review:

It is noted that a data gap was identified in relation to the

. inthe treated crops and in relevant
environmental compartments after application of the
product, Pending on the outcome of these data gaps, the

potential risk of these secondary metabolites/toxins to non-
target organisms has to be addressed

EFSA Conclusion on M. anisaplige (all EPFs?): Several data
gaps have been identified to assess the risk for insectivorous
birds and mammals consuming infected insects including the

risk posed by the toxins formed in the insect.

General questions:
[EU review]
EFSA Conclusion: [...] it is net clear if such metabelites might fulfil the criteria

accoerding te Regulation (EC) Ne 11072008 namely:

- the relevant metabalite is stable outside the microorganism;

- a toxic effact of the relevant metabolite is independant of the presence of the
micraorganism,

- the relevant metabolite is expected to occur in the environment in concentrations
considerably higher than under natural conditions.
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PN

onsiderabl

10x 100 % ? = reliable data nee
Sgeouren
(if medabaolite is involved in MoA)

*Sirain specihic ecoloxicplogical data may address risks from metaboll
howevear, conditions far metabolite produwction should be taken into accou |.

General questions:
[EU review]

EFSA Conclusion: [..] it is not clear if such metabolites might fulfil the critena
according to Regulation (EC) Mo 11072009 namely:

- the relevant metabolite i stable butside the microarganism;
Half fime values needed?

=it seams

stable outside. " is inferpreted as a synonymous of exogenous metabolite

- a toxic effact of the relevant metabolite is independant of the prasence of the
miCroorganism,;

ot metabelite is expected to occur in the envirenment in concentrations
igher than undegfiatural cenditions

N

considerable wanahnn in the fiald!

| shor-term increase expected

ce is often '.l"{'”'\' u"—" icher

Summary and conclusive remarks

Data gaps (produciion’potential rsks) dentified for MPCAS in the EL-peer

*Critesia for refevan! metabolites not very precise

*EPFs Lincedainties were noted in the EU Peer Review concaerning the risk for

insectivorous birds from consumption of infected insects in field applications
~However, there = discrepancy between estimated [theoretcal nsk)
based on TER calcutstions LOS0s for purified and study findings based on
feeding studies with mycosed insects (see e g. Johnson et al 2002 )

*Some risk assessment approechesiregulatory triggers designed or chemicals
are not appropriate / not applicable for MPCAs (eg 01 pgil trigger for
Groundwater contamination based on FOCUS GW medsls: many input
paramters would be needad “worst-case” default values not reasocnabis)

* Theralors, the Tollwing aspects shoukd be better faken info atoount
rermvitanmental conditions [abiotic'biotic factors) afecling metabolite
produchon
Foompetitiveness of the mBCA under field conditions
~population dynamics of the MBCA and reversible fransitions babween
imetaboically) active and dormant microbeal states
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Presentation 10
Experiences from regulators in the USA in the risk assessment of secondary metabolites produced by
microbial pesticides
Shannon Borges (Environmental Protection Agency, Washington, DC; United States)

Experience from Regulators in the USA in the Risk Assessment of
Secondary Metabolites Produced by Microbial Pesticides:
.S, EPA Regulatory Perspective
#

&)

May 18, 2015
6™ Biopesticides Steering Group Seminar
Paris, France

Shannon Borges
Lead Biologist
Microhbial Pesticides Branch
Biopesticides and Pollution Prevention Division
Office of Pesticide Programs

Secondary Metabolites of Microbial Pesticides

= Microbial pesticide defined in U.S. Code of Federal
Regulations (CFR) at 40 CFR § 158.2100

* Secondary metabolite not officially defined

* Concern for risk assessment is on those compounds that
might be toxic or hazardous; may be more appropriate to
think in terms of toxin or hazardous compound produced by
the microbe (see OCSPP guideline 885.0001)
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Secondary Metabolites and Risk Assessment

» Hazard primarily considered in risk assessment

= |dentification and description of known toxic compounds is
required; emphasis is on testing to identify effects

= Data to indicate potential problems related to toxic
compounds included in:

* Product Analysis

* Toxicology testing (mammals)
* Nontarget organism testing

Product Analysis

= Data requirements in 40 CFR § 158.2120

= Product Identity (885.1300) — Description of microbial
pesticide.

= Must include description of properties with known or potential hazard
= Describe mode of action if known

= Discussion of Formation of Unintentional Ingredients
(885.1300)

* Must describe formation of substances other than the microbial agent and
intentionally added ingredients

= Also, toxic or sensitizing compounds known or suspected to be present
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Hazard Testing
* Emphasis is on effects testing for the risk assessment
* Tiered testing system

= Tier | toxicity/pathogenicity testing believed to be
sufficiently designed to detect acute toxicity of toxic
components of microbial pest control agents

= |f effects are observed in Tier | tests, then testing is done at
higher tiers or using guidelines developed for chemical
pesticides to refine hazard

Hazard Testing — Mammalian Toxicology
Tier | Toxicology Testing (40 CFR § 158.2140)

* Studies to evaluate toxicity and pathogenicity of microbial pesticide:
= Acute oral toxicity/pathogenicity (885.3050)
= Acute pulmonary toxicity/pathogenicity (885.3150)
= Acute injection toxicity/pathogenicity (885.3200)
* Studies to evaluate toxicity of chemical components of microbial pesticide:
= Acute oral toxicity (870.1100)
= Acute dermal toxicity (870.1200)
= Acute inhalation toxicity (870.1300)
* Primary eye irritation (870.2400)
* Primary dermal irritation (870.2500)
= Reporting of hypersensitivity incidents [885.3400)
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Hazard Testing — Mammalian Toxicology

* Toxic effects observed (in the absence of pathogenicity and
infectivity) in Tier | trigger the need for Tier |l acute oral
testing with the toxic component

= |f a full evaluation is needed, additional testing can be
done employing other guidelines more specific to toxicity
testing with chemical compounds (OCSPP series 870
guidelines)

= Unusual that this level of testing occurs

Testing to Determine Exposure - Mammals

* Residue testing according to 40 CFR § 158.2130 is required
when:

*The results of testing indicate the potential to cause adverse
human health effects or the product characterization indicates
that the microbial pesticide has a significant potential to produce
a mammalian toxin, and

*The use pattern is such that residues may be present in or on food
or feed crops
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Hazard Testing — Nontarget Organisms

Tier | toxicity/pathogenicity with nontargets (40 CFR § 158.2150)
® Avian oral toxicity (885.4050)
= Avian inhalation toxicity/pathogenicity (885.4100)
* Wild mammal toxicity/pathogenicity (885.4150)
®» Freshwater fish toxicity/pathogenicity (885.4200)
= Freshwater invertebrate toxicity/pathogenicity (885.4240)
= Estuarine/Marine fish and invertebrate testing (885.4280)
* Montarget plant testing (885.4300)
= Nontarget insect testing (285.4340)
* Honeyhee testing (885.4380)

Hazard Testing — Nontarget Organisms

= |f toxic effects are observed at Tier |, testing may advance to Tier Il
to characterize exposure

= Subchronic testing may be appropriate, which may alleviate the
need for Tier Il testing

= Higher tiers (Tiers Ill and IV) are more appropriate for
investigating pathogenic effects. If toxicity is still a concern with
testing at lower tiers, testing with other guidelines is more
appropriate (OCSPP series 850 guidelines)

= Unusual that this level of testing occurs
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Toxicity Concerns — How Are They Usually
Handled?

* Limit exposure
* Testing may indicate safe levels; batch level testing may be required
= Testing on indicator organisms (e.g., Bt tolerance exemption)
* Limit application methods or timing (e.g., Myrothecium verrucaria)
* Limit uses (e.g., non-food only)

= May determine that the pesticide is more appropriately
registered as a conventional pesticide

Emerging Regulatory Issues

* Role of manufacturing process
* Importance of establishing equivalence
= May require bridging studies

= Microbial pesticides not identified to species level
» “Killed” microbials and appropriate testing

= At what point are microbial toxins better handled as
conventional pesticides
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Links

= U.S. Code of Regulations
www.ecfr.gov

= OCSPP Microbial Testing Guidelines
www.epa.gov/ocspp/pubs/frs/publications/Test Guidelines/series885.htm

® OCSPP Health Effects Test Guidelines (conventionals)
www.epa.gov/ocspp/pubs/frs/publications/Test Guidelines/series870.htm

® OCSPP Ecological Effects Test Guidelines (conventionals)
www.epa.gov/ocspp/pubs/frs/publications/Test Guidelines/series850.htm

= EPA Label Review Manual
www?2.epa.gov/pesticide-registration/label-review-manual

Questions?
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