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ungal diseases pose a significant threat to global agriculture, leading to substantial crop 

losses. The widespread use of conventional fungicides has unfortunately resulted in the 

development of resistance in many fungal pathogens, necessitating the urgent discovery and 

development of novel compounds with new modes of action. Among the most promising 

avenues for fungicide development are those that target essential cellular processes unique to 

fungi, such as protein and amino acid synthesis. Novel fungicides, like Anilinopyrimidines, 

targeting protein and amino acid synthesis offer a fresh approach in combating fungal 

resistance. By disrupting these vital processes, these compounds aim to inhibit fungal growth 

and reproduction effectively. Research in this area explores various strategies, including 

inhibitors of specific enzymes involved in amino acid synthesis, compounds that interfere 

with ribosomal function and protein translation and even novel peptides that disrupt protein 

synthesis fidelity. The ongoing search for novel fungicides with these mechanisms of action 

is critical for sustainable agricultural practices and the development of effective treatments 

for fungal phytopathogens, addressing the growing challenge of fungicide resistance.  

Keywords: Anilinopyrimidines, Fungal phytopathogens, Novel fungicides, Protein 

disruption, Resistance 

Introduction: 
Proteins are fundamental to all cellular functions, acting as enzymes, structural components, 

and regulatory molecules. The synthesis of these proteins, a complex process involving 

transcription and translation, is highly conserved but also presents opportunities for selective 

inhibition in fungi. Similarly, amino acids are the building blocks of proteins and their 

biosynthesis pathways are crucial for fungal growth and survival. Interestingly, many fungi 

possess unique enzymes in their amino acid biosynthesis pathways that are absent in 

mammals, making these enzymes attractive targets for selective antifungal agents with 

potentially lower toxicity to non-target organisms. Anilinopyrimidine (AP) fungicides, like 

pyrimethanil, cyprodinil and mepanipyrim, are the class of new generation fungicides that 

have been effective in controlling diseases caused by ascomycetes. These fungicides are 

known for their ability to inhibit methionine biosynthesis, a key metabolic pathway in 

fungi. Fungicides in this group target enzymes critical for the synthesis of these amino acids. 

By blocking these enzymes, the fungicide starves the fungus of necessary building blocks, 

halting its growth and ability to infect plants.  

Mode of action 
Protein synthesis (translation) is the process by which genetic information from DNA is used 

to create proteins. This involves ribosomes, transfer RNA (tRNA) and messenger RNA 

(mRNA). Fungicides can interfere with various steps of protein synthesis, such as: 
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 Blocking ribosomal functions: Ribosomes are the cellular machinery responsible for 

assembling amino acids into proteins. 

 Interfering with tRNA binding or movement: tRNA molecules carry specific amino acids 

to the ribosome. 

 Disrupting elongation: By disrupting either amino acid or protein synthesis, these 

fungicides prevent the fungus from forming new cells, repairing existing structures, or 

producing enzymes necessary for pathogenesis (disease development). This leads to a 

strong preventive activity, inhibiting spore germination, germ tube elongation and 

mycelial growth. 

 These are actually thought to inhibit methionine biosynthesis by targeting 

cystathionine, gamma-synthase (CGS), cystathionine or beta-lyase (CBL) in the methionine 

pathway of the fungal pathogens. Studies have shown that the action of anilinopyrimidines 

can be reversed by the addition of methionine and homocysteine, suggesting their target is 

within this pathway. They also reduce the secretion of hydrolytic enzymes that aid fungal 

penetration into plant tissues. These fungicides are primarily used for the control of a range of 

diseases caused by ascomycetes plant pathogen, notably gray mold caused by Botrytis 

cinerea. They exhibit strong preventive activity against spore germination, germ tube 

elongation and mycelial growth. 

Fungicides Acting on Amino Acid and Protein Synthesis 

Sl. 

No. 
Group name Code Target Site Common name 

FRAC 

Code 

1 
Anilinopyrimidine 

(AP) 
D1 

Attacks cgs gene 

responsible for 

biosynthesis 

Cyprodinil 

mepanipyrim 

pyrimethanil 
9 

2 
Enopyranuronic acid 

antibiotic 
D2 

Protein synthesis at 

termination step in 

ribosomes 

Blasticidin-S 23 

3 
Hexopyranosyl 

antibiotic 
D3 

Protein synthesis at 

initiation step in 

ribosomes 

Kasugamycin 24 

4 
Glucopyranosyl 

antibiotic 
D4 

Protein synthesis at 

initiation step in 

ribosomes 

Streptomycin 25 

5 
Tetracycline 

antibiotic 
D5 

Protein synthesis at 

elongation step in 

ribosomes 

Oxytetracycline 41 

Source: FRAC code list, 2019 

Delving deeper into the action of Anilinopyrimidine (APs’) 
Inhibition of Hydrolytic Enzyme Secretion: A significant aspect of APs’ action is their 

ability to inhibit the secretion of hydrolytic enzymes by fungal pathogens. These enzymes 

(e.g., pectinases, cellulases, proteases, lipases) are crucial for the fungus to break down plant 

cell walls and tissues, allowing for penetration and establishment of infection. By blocking 

the secretion of these enzymes, APs effectively prevent the fungus from effectively invading 

the host plant. This contributes to their strong preventive activity. 

Impact on Cell Division and Growth: The overall disruption of protein synthesis and 

enzyme secretion leads to a significant impact on various fungal processes: 

Spore Germination: APs’ inhibit the initial germination of fungal spores on the plant surface. 

Germ Tube Elongation: They restrict the growth of the germ tube, which is the initial hyphal 

growth from a germinating spore that penetrates the plant. 

Mycelial Growth: The overall growth of the fungal mycelium (the vegetative part of the 

fungus) is severely hampered. 
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Sclerotia Production: In some fungi, APs’ can reduce the production of sclerotia, which are 

overwintering survival structures. 

Mitochondrial Involvement: More recent studies, particularly with Botrytis cinerea, suggest 

that APs’ may also directly or indirectly target mitochondria. Genes associated with 

anilinopyrimidines resistance in B. cinerea have been found to encode proteins involved in 

mitochondrial processes. This indicates that mitochondria could be a primary target or that 

mitochondrial function is significantly impacted by APs’, leading to broader cellular 

dysfunction. This area is still under active research. 

Key Anilinopyrimidine Fungicides 

Active 

Ingredients 
Target Disease 

Pyrimethanil 
Widely used for gray mold (Botrytis cinerea) on various crops, including 

fruits and vegetables 

Cyprodinil 
Effective against a range of diseases, including gray mold and apple scab 

(Venturia inaequalis), often used in mixtures with other fungicides 

Mepanipyrim Used for similar diseases 

Importance 
This targeted approach offers several significant advantages over traditional broad-spectrum 

fungicides. 

Firstly, their high specificity minimizes off-target effects on non-fungal organisms, including 

beneficial microbes, insects, and mammals, thereby contributing to more environmentally 

sustainable agricultural practices. This reduced ecotoxicity makes them particularly valuable 

in integrated pest management (IPM) strategies.  

Secondly, by interfering with fundamental metabolic processes unique or highly conserved in 

fungi, these fungicides often exhibit novel modes of action, which is vital in combating the 

pervasive issue of fungicide resistance development. Amino acid targeting fungicides can 

break the cycle of cross-resistance often seen within older fungicide groups, allowing for 

effective rotation strategies that prolong the utility of all available tools. Their ability to 

manage populations resistant to established fungicides underscores their innovative 

contribution to sustainable crop production. 

Conclusion 
Amino acid targeting fungicides stand out as a truly novel class of crop protection agents, 

moving beyond the historical broad-spectrum approaches to offer highly sophisticated and 

precisely tuned mechanisms of action. Their novelty is rooted in several key aspects that 

address the evolving challenges of agricultural disease management. Their targeted action, 

favorable environmental profile and potential for resistance management make them a 

cornerstone in the sustainable protection of crops. As research progresses, further innovation 

in this area promises even more effective and environmentally benign solutions for ensuring 

global food security. 
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