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FUMAGILLIN 

Detectable by UHPLC

Is a  bioactive molecule that is not required for 
A. fumigatus growth but helps the 
microorganism in its adaptation to different 
environmental conditions:

• Improves competitiveness against other microbes
• Improves competitiveness against immune responses

Bennet and Bentley 1989; Raffa and Keller 2019

Small molecule

Molecular weight 458.54 g/mol

What is fumagillin?

Guruceaga et al., 2020 Guruceaga et al., 2020

How fumagillin fulfills its function?

Fumagillin binds histidine 231 
located on the active site of 
the Methionine 
aminopeptidase II (MetAP2) 
blocking the function of the 
protein

Impacts over the correct 
maintenance of cellular 
homeostasis, cell 
proliferation, cell cycle or 
new protein synthesis 
among others…

Schematic diagram depicting MetAP2 implication in different pathways.



FUMAGILLIN APLICATIONS 

Obesity
Treatment
(An J et al., 2018)

HIV
(Watanabe N et al. 

2006)

Antiparasitic
(Athanassopoulo  et 

al, 2004)

Antiangiogenic
(Ingber D et al., 1990)

Antimetastatic
(Ribatti D et al., 2008)

Antifungal
(Van Den Heever 
Jpmet al., 2014)

Antiamebian
(Garbey MY et al., 

1996 & Hillmann F et 
al., 2015)

Fumagillin
applications

Extracted from Guruceaga et al., 2020



FUMAGILLIN BIOSYNTHETIC CLUSTER

fmaA essential 
for fumagillin 
biosynthesis

psoF essential 
for pseurotin A 

biosynthesis

Afu8g00410 Afu8g00460

Extra MetAPs not involved in 
mycotoxin biosynthesis but 

under FapR and LaeA control

Wiemann et al., 2013

Green arrows: Fumagillin biosynthesis

Red arrows: Pseurotin A biosynthesis

Orange arrows: Supercluster borders (LaeA but no FapR)

White arrows: Not involve in biosynthesis (LaeA and FapR)

The fumagillin biosynthetic gene cluster:
• Contains 21 genes
• From Afu8g00370 to Afu8g00520
• Named the fma cluster
• Contains genes for Fumagillin and Pseurotin A



Microbiomics group in 2017

Dr. Aitor Rementeria





Guruceaga et al., 2018

IN VIVO MODEL OF IA

AWAFUGE is a whole genome expression microarray 
developed by Aitor Rementeria’s group designed to study 
A. fumigatus transcriptome during infections:

• Mice infections (Guruceaga et al., 2018)
• Cell culture infections (Guruceaga et al., 2024)

• 28.890 A. fumigatus probes (3/gene)
• 16.330 control probes
(Human, Mouse, A.fumigatus, Positive and Negative)



Guruceaga et al., 2018

Cluster 21 genes 

14 DEGs
up-regulated

67 %

Lungs

Day 1

Day 2

Day 3

Day 4

mRNA

mRNA

mRNA

mRNA

AWAFUGE

Day 2 vs. Day 1 Day 3 vs. Day 1 Day 4 vs. Day 1

Day 3 vs. Day 2 Day 4 vs. Day 2

Day 4 vs. Day 3

103 DEGs
P < 0.05

85 genes up-regulated

18 genes down-regulated

A. FUMIGATUS GENES DIFFERENTIALLY EXPRESSED



Conclusions:

1. Clear up-regulation of the fumagillin cluster
2. The first study to propose fumagillin as an important virulence factor during early stages of infection 

A. FUMIGATUS GENES DIFFERENTIALLY EXPRESSED

Guruceaga et al., 2018



What is the biological significance of the overexpression?
Can A. fumigatus synthesize the toxin in vitro?

Does A. fumigatus derive benefits from producing the toxin?

1. We standardized a UHPLC method to detect fumagillin.
2. We studied the ability of the Wt strain to produce fumagillin in vitro (0.5 µg/ml)

3. Set of in vitro assays using A549 (pneumocytes) and RAW 264.7 (macrophages)
• Treated with 0.5, 1 and 2 µg/ml of commercial fumagillin

4. In vivo assays using the ΔfmaA strain (no fumagillin) 5 x 106 conidia incubated in RPMI for 24 
hours at 37˚C, 5% CO2 and 95% humidity

Gonzalez et al., 2021, Guruceaga et al., 2021



Guruceaga et al., 2021

MTT assay

Significant reduction of 
the electron transporter 

chain activity (ETC) 

No affect cell viability 

LDH assay

A549

MTT assay LDH assay

Significant reduction
cell viability

Significant reduction ETC
(1 µg/ml y 2 µg/ml)

RAW 264.7

FUMAGILLIN EFFECT OVER DIFFERENT CELL TYPES (A549 & RAW264.7)



Cell proliferation inhibition

Dose – Inhibition relationship

CFSE proliferation assay

• Penetrates cell nuclei
• After every cell division, the compound's 

intensity is reduced by half
• This technique allows to study cell

proliferation

Guruceaga et al., 2021

No Drug

Drug

DOES FUMAGILLIN AFFECT A549 PROLIFERATION?

Further on the left the peak is

More cell proliferation

Older cell population



Cell proliferation inhibition

No Drug

Drug

Guruceaga et al., 2021

CFSE proliferation assay

• Penetrates cell nuclei
• After every cell division, the compound's 

intensity is reduced by half
• This technique allows to study cell

proliferation

DOES FUMAGILLIN AFFECT RAW264.7 PROLIFERATION?



*

Guruceaga et al., 2021

LACK OF FUMAGILLIN NOT IMPACT OVER  A. FUMIGATUS 
VIRULENCE ABILITY

All mortality caused by ΔfmaA strain 
was during the first 4 days post- 
infection.



Most of mice infected with the ∆fmaA 
strain survive until the end of the 

experiment without infection

Guruceaga et al., 2021

LACK OF FUMAGILLIN NOT IMPACT OVER  A. FUMIGATUS 
VIRULENCE ABILITY

• Fungal burden analysis of all the 
lungs at final point

• Numbers mean the day each mouse 
died



HOW A. FUMIGATUS RESISTS AGAINST ITS OWN FUMAGILLIN?

Genomic redundancy
• More than 1 MetAP in the genome

Le Penseur (Auguste Rodin)



HOW A. FUMIGATUS RESISTS AGAINST ITS OWN FUMAGILLIN?

Saccharomyces cerevisiae

1 MetAP1 (map1)

1 MetAP2 (map2)

Δmap1 strain is sensible to fumagillin

Δmap2 strain is resistant to fumagillin
Sin et al., 1997



Should be resistant to fumagillin
(Remain MetAP1 can compensate Inhibition MetAP2)

Strain Target silenced MIC (Fumagillin)
ΔakuBku80 100 µg/ml
ΔMet410 MetAP2 100 µg/ml
ΔMet460 MetAP1 (1 de 2) 100 µg/ml
ΔMet73 MetAP1 (1 de 2) 100 µg/ml

ΔMet73/pTetoff-Met460 MetAP1 (2 de 2) 100 µg/ml
ΔMet46/pTetoff-Met73 MetAP1 (2 de 2) 100 µg/ml

MetAP2 MetAP1

Unpublished data

HOW A. FUMIGATUS RESISTS AGAINST ITS OWN FUMAGILLIN?

Should be resistant 
to fumagillin (No Target)

Should be susceptible to fumagillin
(No MetAP1 to compensate inhibition of MetAP2)
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Thank you!!
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