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non solo antibiotici…

Penicillina G

Antibiotico prodotto da Penicillium notatum

La sua scoperta nel 1932, che segna l’inizio dell’era degli antibiotici, spetta a ??????????

Il metabolismo secondario dei funghi

Da: Ricomincio da tre 
1981



I funghi sono una miniera ancora in 

parte inesplorata di sostanze naturali 

attive (compresi gli antibiotici)

Il metabolismo secondario dei funghi





Secondary metabolites

- Substances produced mainly by microorganisms and plants.

- Characteristic of a limited range of species.

- Heterogeneous group of chemically different natural products,

- Exhibit a wide range of biological activities,

i.e.: i) competitive weapons used against bacteria, fungi, plants, insects and animals; ii)

metal transporting agents; iii) agents of symbiosis between microbes and plants,

nematodes, insects; iv) sexual hormones.

Include antibiotics = natural 

products capable of  inhibiting 

or killing microbial competitors
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b - Lactame structure of  Penicillin G



Primary metabolism = biochemical reactions that lead to metabolites which are

required for the growth and maintenance of cellular functions.

Nucleic acids, proteins, carbohydrates and lipids.

Vital primary metabolism is related with

the phase of rapid microbial growth

(logarithmic, log or exponential phase).

Stationary phase: the metabolites

derived from primary metabolism may be

further transformed to other products

including secondary metabolites (SMs)

Primary vs Secondary metabolism
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Fungal Secondary Metabolism = is not essential for vegetative growth but

is often related to differentiation and sporulation.

Batch rather than continuous culture usually favors SM production.

These natural compounds show an enormous variety of biosynthetic origins

(genes are often clustered), and there have been many examples of novel SMs

(previously unreported).

Primay vs Secondary metabolism

Scheme of  

prototypical 

secondary 

metabolism 

gene cluster



-- Secondary metabolism is a rich and important 

source of  chemical compounds with potential 

applications in several fields 

-- With beneficial or not-beneficial effects = from 

antibiotics to mycotoxins or phyto toxins(virulence 

factors).

Primay vs Secondary metabolism



SM are involved in several biological interaction important 

in agriculture:

- Plant/pathogen

- Biocontrol agent (BCA)/pathogen

- Beneficial microbe /plant

- Microbe / soil 

Secondary metabolites (SMs)

Pathogens Biocontrol Agents

A three-way interaction



Mycoparasitism

or other no volatile 

antibiotics

Long distance

volatile antibiotics
(i.e. 6PP)

O O

Host
fungus

Beneficial microbes: interaction with the 

pathogen mediated by secondary metabolites 

Antibiotic production is 

often correlated with 

disease control ability



1: T22azaphilone;

2: T39butenolide;

3: harzianolide;

4: dehydro harzianolide;

5: harzianopyridone;

6: 6-pentyl-a-pyrone (6PP);

7: 1-hydroxy-3-methyl-

anthraquinone;

8: 1,8-dihydroxy-3-methyl-

anthraquinone;

9: harziandione;

10: koninginin A;

11: heptelidic acid;

12: trichoviridin;

13: harzianic acid;

14: gliotoxin;

15: gliovirin; 

16: viridin;

17: viridiol;

18: trichorzianines.
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Antibiotics of  fungi used in 

agriculture for disease 

control: Trichoderma spp.

Antibiosis



P. ultimum (1): with 6PP; (2): without 6PP

Antibiosis



A novel metabolite named 

cerinolactone, has been isolated 

from culture filtrates of  T. 
cerinum. Active against Pythium 
ultimum, Rhizoctonia solani, and 

Botrytis cinerea.

Control
Cerinolactone 100 mg/plug

Antibiosis



Effects of  SM on plant??

-Promotion of  plant growth

-Increased nutrient availability 

-Improved crop production

-Enhanced disease resistance

Beneficial microbes: interaction with the plant 

mediated by secondary metabolites?? 

controlwith BCA
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Potential sites of production of Trichoderma
metabolites that can affect plant host metabolism.

Metabolites produced within live cortical cells.

 Metabolites produced in the root surface and

within dead cortical cells.

Metabolites produced in the rhizosphere.

Metabolites produced in soil organic matter



Beneficial microbes: interaction with the plant 

mediated by secondary metabolites?? 



Harzianic acid = a plant growth promoting metabolite fully characterized by x-ray studies

Promotion of  plant growth
Increased nutrient availability
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Tomato plants treated with water (H2O) (1) and 

Trichoderma metabolite Harzianic acid (HA) [10-6 M](2)
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Some beneficial strains are able to produce indole-3-acetic acid 

(IAA), auxin analogues or other SM that act as plant growth 

regulators
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SMs and plant growth promotion
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SMs and induction of plant defence responses

Control + SM
SM Leptosphaeria

maculans

Canola

Reduction of  disease symptoms

OH

OH

Peptaibols and other small 

peptides = plant defence 

elicitors.



Co-culture of  plant beneficial microbes as source of  

bioactive metabolites
- Re-isolation of  known compounds is frequent

- Only some biosynthetic genes are transcribed in lab conditions

- Gene clusters coding for secondary metabolites can be activated

To overcome these limitations is possible to cultivate microorganisms by 

simulating naturally occurring conditions, where microbes co-exist 

within complex communities, generally referred as the “microbiome”

Netzker et al., 2015 (Front. Microbiol.)

T39 butenolide   
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Co-culture of  plant beneficial microbes as source of  

bioactive metabolites

Co-culture = T. harzianum + 

endophyte Talaromyces
pinophilus

Metabolomic analysis

New metabolite = harziaphilic
acid

 

 

(A) Endophyte Talaromyces pinophilus F36CF (control)

 
(B) Co-culture 

 
(C) Biocontrol agent Trichoderma harzianum M10 (control) 

 
 



Co-culture of  plant beneficial microbes as source of  

bioactive metabolites

OSMAC (One Strain MAny Compounds) strategy based on application of  a variety 

of  growing environments on a selected fungal (or other microbial) strain to induce 

biosynthesis of  SMs



Integrated Pest Management 

Use of alternatives to pesticides and all

methods available for crop, including:

⁃ beneficial microbes and/or their

products (SMs)

Future perspective

Certain beneficial properties are related with

“effector metabolite” that beneficial microbes

provide during the interaction with the plant and the

other microbes.



New SMs - based products

• Produced cheaply in fermentor in 

selected inexpensive media

• Good shelf-life

• Antifungal, plant growth promotion 

and induced resistance

• Combined easily with chemicals, 

additives, other BCA, etc.

Future perspective
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Prossimo incontro:

22 Novembre 2023

Francesco Serrapica

Qual è il futuro dei foraggi fuori suolo in 

alimentazione animale



Thank you for 

your attention
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