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FUMAGILLIN

What is fumagillin?
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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 Detectable by UHPLC

Molecular weight 458.54 g/mol
Guruceaga et al., ZOZ(J

How fumagillin fulfills its function?
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Fumagillin binds histidine 231

the Methionine
aminopeptidase Il (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...

Guruceaga et al., zoy




FUMAGILLIN APLICATIONS

Antiamebian
(Garbey MY et al.,
1996 & Hillmann F et
al., 2015)

What is fumagillin?

OH

Is a bioactive molecule that is not required for

environmental conditions:
* Improves competitiveness against other microbes
* Improves competitiveness againstimmune responses

Bennet and Bentley 1989; Raffa and Keller 2019

Small molecule Detectable by UHPLC

Molecular weight 458.54 g/mol

Extracted from Guruceaga et al., 707J

How fumagillin fulfills its function?

Active site

Cyrehines

Fumagillin blocks Methionine

Blocks hydrolyzation of iMet
of the new proteins

Impacts over the correct
maintenance of cellular
homeostasis

Extracted from Guruceaga et al., ZW

Antiangiogenic
(Ingber D et al., 1990)
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Obesity

Treatment
(AnJetal., 2018)

Antiparasitic
(Athanassopoulo et
al, 2004)

Antimetastatic
(Ribatti D et al., 2008)

applications HIV

(Watanabe N et al.
2006)

Antifungal
(Van Den Heever
Jpmet al., 2014)
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,’ Extraeted from Guruceaga et al., 2020



'/

A. fumigatus A1163
AfuB_086220 - 085970

fmaA essential
for fumagillin
biosynthesis

o)

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

\ Afu8g00410 \ Afu8g00460

Green arrows: Fumagillin biosynthesis Supercluster borders (LaeA but no FapR)

Red arrows: Pseurotin A biosynthesis  White arrows: Not involve in biosynthesis (LaeA and FapR)
Wiemann et al., 2013



Dr. Aitor Rementeria

Microbiomics group in 2017
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A possible role for fumagillin in cellular damage during host infection by
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ABSTRACT ARTICLE HISTORY
Virulence mechanisms of the pathogenic fungus Aspergillus fumigatus are multifactorial and Received 28 March 2018
depend on the immune state of the host, but little is known about the fungal mechanism that  Accepted 10 September
develops during the process of lung invasion. In this study, microarray technology was combined 018

with a histopathology evaluation of infected lungs so that the invasion strategy followed by the KEYWORDS

fungus could be described. To achieve this, an intranasal mice infection was performed to extract  Aspergillus; fumagillin;
daily fungal samples from the infected lungs over four days post-infection. The pathological study intranasal infection;
revealed a heavy fungal progression throughout the lung, reaching the blood vessels on the third AWAFUGE; epithelial cells;
day after exposure and causing tissue necrosis. One percent of the fungal genome followed a fumagillin; cytotoxicity;
differential expression pattern during this process. Strikingly, most of the genes of the intertwined ~ virulence
fumagillin/pseurotin biosynthetic gene cluster were upregulated as were genes encoding lytic

enzymes such as lipases, proteases (DpplV, DppV, Asp f 1 or Asp f 5) and chitinase (chiB1) as well

as three genes related with pyomelanin biosynthesis process. Furthermore, we demonstrate that

fumagillin is produced in an in vitro pneumocyte cell line infection model and that loss of

fumagillin synthesis reduces epithelial cell damage. These results suggest that fumagillin con-

tributes to tissue damage during invasive aspergillosis. Therefore, it is probable that A. fumigatus

progresses through the lungs via the production of the mycotoxin fumagillin combined with the

secretion of lytic enzymes that allow fungal growth, angioinvasion and the disruption of the lung

parenchymal structure.
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updates Abstract: The activity of fumagillin, a mycotoxin produced by Aspergillus fumigatus, has not been
studied in depth. In this study, we used a commercial fumagillin on cultures of two cell types

Citation: Guruceaga, X . o X .
(A549 pneumocytes and RAW 264.7 macrophages). This toxin joins its target, MetAP2 protein,

Perez-Cuesta, U ; Pellon, A
Cendon-Sanchee, 5.; Pelegri-Martinez, inside cells and, as a result, significantly reduces the electron chain activity, the migration, and

E.; Gonzalez, O,; Hermando, FL; the proliferation ability on the A549 cells, or affects the viability and proliferation ability of the
Mayayo, E; Anguila, 1; Alonso, RM,;  RAW 264.7 macrophages. However, the toxin stimulates the germination and double branch hypha
ot al. Aspergilles fumigatus Fumagillin Pmducﬁn‘n of f'ungal cultures, P(}inl'ing out an intrinsic resistant mechanism to l'umagi'llin of fungal
Contritutes to Tost Cell Damage. |, strains. In this study, we also used a fumagillin non-producer A. fumigntus strain (AfmaA) as well as its
Fungi 2021, 7, 936. hitps:/ fdviong/  complemented strain (AfimaA:;fmaA) and we tested the fumagillin secretion of the fungal strains using
103390/ o 7110936 an Ultra High-Performance Liguid Chromatography (UHPLC) method. Furthermore, fumagillin
seems to protect the fungus against phagocytosis in vitro, and during in vivo studies using infection
of immunosuppressed mice, a lower fungal burden in the lungs of mice infected with the AfmaA
mutant was demonstrated.
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IN VIVO MODEL OF IA

Day -4 Day-1 Infection Day Day1 Day 2 Day3 Day4
Cyclophosphamide Cyclophosphamide 107 conidia/20ul SS Lung extraction Lung extraction Lung extraction Lung extraction
Treatment 150 mg/kg 150 mg/kg

Procedure

|  AWAFUGE is a whole genome expression microarray RNAmM RNAmM RNAm  RNAm
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) AWAFUGE
/ Guruceaga et al., 2018




Dayl —> mRNA

Day 7 —» mMRNA Day2vs.Day1 Day3vs.Dayl Day4vs.Day1 85 genes up_regulated
Lungs — _ AWAFUGE — Day 3vs. Day2 Day 4 vs. Day 2 __, 103 DEGs
Day3 — MRNA Day 4 vs. Day 3 P<0.05 | 18 genes down-regulated

Day4 —> mRNA

Fold Change
Day3 vs Dayl Day4 vs Dayl
Product description Systematic Name Standard Name AWAFUGE RT-qPCR AWAFUGE RT-qPCR
Fumagillin/Pseurotin pathway
Polyketide synthase Afu8gD0370  fma-PKS/fmaB 6.28 5.66 7.10
O-methyltransferase Afu8g00390 fmaD 6.37 7.97 5.71 8.46
Hypothetical protein Afu8g00400 7.8 15.90 6.84 16.23 Cluster 2 1 genes
Methionine aminopeptidase. type Il Afu8g00410 metAP / fpall 4.53 5.03 4.09 4.88 67 (y
0
C6 finger transcription factor Afu8g00420 fumR / fapR 4.28 5.48 5.52
Hypothetical protein Afu8g00430 7.21 9.52 6.97 9.61 14 DEGS
Steroid monooxygenase Afu8g00440 psoF 522 8.63 4.89 9.05 up -regUlatEd
Phytanoyl-CoA dioxygenase family protein Afu8gD0480 fmaF 4.63 11.24 4.65 11.56
Acetate-CoA ligase Afu8g00500 5.03 9.95 4.68 10.36
Cytochrome P450 oxidoreductase OrdA-like  Afu8g00510 fmaG 5.87 11.07 5.02 10.92
o/ B hydrolase Afu8g00530 psoB 5.41 8.30 5.29 8.47
Methyltransferase Afu8g00550 psoC 7.09 10.12 6.90 10.70
Cytochrome P450 oxidoreductase Afu8g00560 4.61 ND 4.46 ND
Glutathione S-transferase like Afu8g00580 elfB / psoE 5.06 9.48 4.96 9.87

Guruceaga et al., 2018



Day 1 — mRNA

Day2 —» mRNA

Lungs AWAFUGE —

Day3 —» MRNA

Day4 — mRNA

Product description

Day 4 vs. Day 3

Day2vs.Day1 Day3vs.Dayl Daydvs. Dayl

Day3vs.Day2 Day4vs.Day2

Fold

103 DEGs

Change

P <0.05

Day3 vs Dayl

Day4 vs Dayl

Systematic Name Standard Name AWAFUGE RT-qPCR AWAFUGE RT-qPCR

Fumagillin/Pseurotin pathway

Palyketide synthase Afu8g00370  fma-PKS /fmaB
0O-methyltransferase Afug8g00390 fmaD
Hypothetical protein Afu8g00400
Methionine aminopeptidase. type Il Afu8g00410 metAP / fpall
C6 finger transcription factor Afu8g00420 fumR /fapR
Hypothetical protein Afu8g00430
Steroid monooxygenase Afug8g00440 psoF
Phytanoyl-CoA dioxygenase family protein  Afu8g00480 fmaF
Acetate-CoA ligase Afu8g00500
Cytochrome P450 oxidoreductase OrdA-like ~ Afu8g00510 fmaG
a/B hydrolase Afu8g00530 psoB
Methyltransferase Afu8g00550 psoC
Cytochrome P450 oxidoreductase Afu8g00560
Glutathione S-transferase like Afu8g00580 elfB / psoE

6.37
7.8
4.53

4.28

7.21
5.22
4.63
5.03
5.87
541
7.09
461
5.06

6.28
7.97
15.90
5.03

5.48

9.52
8.63
11.24
9.95
11.07
8.30
10.12
ND
9.48

5.66
571
6.84
4.09

6.97
4.89
465
4.68
5.02
5.29
6.90
4.46
496

7.10
8.46
16.23
4.88

5.52

9.61
9.05
11.56
10.36
10.92
8.47
10.70
ND
9.87

85 genes up-regulated
18 genes down-regulated

Cluster 21 genes
| 67%
14 DEGs
up-regulated

(

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

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?

Contents lists available at ScienceDirect :
Microchemical Journal §
LS
8 . S . D 0.4~
ELSEVIER journal homepage: www.elsevier.com/locate/microc .
=
e c
A novel SPE-UHPLC-DAD method for the determination of fumagillin s = —
produced by Aspergillus fumigatus in cell culture media —
y ilez™", Ane Yaldebere *, Xabier Guruceaga °, Andoni Ramirez-Garcia " m
f\)is'rl:)a;ll{c::lrll:;::iag, ‘gosaYMl:rf: Alo;lsi);n ¢ sa Andoni & ¢ ' g 0-2- "
T N SRR S 3 o
Country (UPV/EHU), Barrio Sarriena s/n, 48940 Leioa, Spain m o l:n:x
1. We standardized a UHPLC method to detect fumagillin. 0.0-1-E5=
2. We studied the ability of the Wt strain to produce fumagillin in vitro (0.5 pug/ml) b'b& c\QO
L : SO
3. Set of in vitro assays using A549 (pneumocytes) and RAW 264.7 (macrophages) a® 4\\\

* Treated with 0.5, 1 and 2 pg/ml of commercial fumagillin
4. In vivo assays using the AfmaA strain (no fumagillin) 5 x 106 conidia incubated in RPMI for 24
hours at 37°C, 5% CO, and 95% humidity

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



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

A549 RAW 264.7
/ MTT assay LDH assay \ / MTT assay LDH assay
100+ * 100+ 1007 prs " 100+
g - I T ] g . l — 30-
z"] 2807 e 2% l Shey
s - ] Z 60 2 60-
o 60+ = 60+ 3] =
] s — ] . o) ]
N - 2 40. S 404
5 401 B S 40- 54 2
[»] - - 0 — -
£ b u] - J m Q
] o [14] o 20 o 20"
@ 20 pd © 20+ =
= o
u II 0 \ \ \I 0-
' 0 : : ¢ & & &
€ FFa
o \,@ \5\ 5\ S & Q& & S L L e &
\ﬂ:.‘* il o & Q"%& @& @5& TN <
SN
Significant reduction of No affect cell viability Significant reduction ETC Significant reduction
the electron transporter (1 pg/mly 2 pug/ml) cell viability
chain activity (ETC)

\_ AN /

Guruceaga et al., 2021




No Drug

Cell # (% of Max)
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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

Cell proliferation inhibition

Dose - Inhibition relationship

Guruceaga et al., 2021



No Drug

Cell # (% of Max)

0.5 pg/ml 1 pg/ml 2 ug/ml
100 100 =~ 100 —
f .'\. ||"l 4 J.r ‘
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102

10°
CFSE Transfer

104 1

48 h

72 h

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

Cell proliferation inhibition

Guruceaga et al., 2021




LACK OF FUMAGILLIN NOT IMPACT OVER A. FUMIGATUS

§ VIRULENCE ABILITY

100 l_

80- -
S ")
— 60- °- . |
S . . é . - All mortality caused by AfmaA strain
Z  40- & - e Was during the first 4 days post-
S
n

N
T

. infection.
-e- Wild type
- AfmaA *

- A

-4~ AfmaA::fmaA

n | 1 | | | | | | | | | | | 1
0 2 4 6 8 10 12 14 16 18 20
Days

Guruceaga et al., 2021



LACK OF FUMAGILLIN NOT IMPACT OVER A. FUMIGATUS

 VIRULENCE ABILITY

£

. mﬁ ﬂﬂ E & ® AfmaA::fmaA e Fungal burden analysis of all the
lungs at final point

* Numbers mean the day each mouse

died
4
20 B8 AfmaA
4]
Most of mice infected with the AfmaA

strain survive until the end of the
experiment without infection

L
(o
@

o '
'

0 1 2 3 4 5 6
log4 CFUs/g lung

Guruceaga et al., 2021



Genomic redundancy

* More than 1 MetAP in the genome

Active site

A

(
fmaA essential

for fumagillin
biosynthesis

A. fumigatus A1163
AfuB_086220 - 085970

Le Penseur (Auguste Rodin)

\ Afu8g00410 \ Afu8g00460

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

1 arrows: Fumagillin biosynthesis Supercluster borders (LaeA but no FapR)

Red arrows: Pseurotin A biosynthesis  White arrows: Not involve in biosynthesis (LaeA and FapR)
Wiemann etal., 2013



HOW A. FUMIGATUS RESISTS AGAINST ITS OWN FUMAGILLIN?

1 MetAP1 (mapl) —— Amapl strain is sensible to fumagillin

Saccharomyces cerevisiae <
1 MetAP2 (map2) —— Amap2 strain is resistant to fumagillin
Sin et al., 1997

Aspergillus fumigatus FungiDB*=> .

Fungal & Oomycete Informatics Resources My Strategies Searches Tools My Workspace Data About Help ContactUs

/_./' ~
- S~ 1-20 of 2,937 < n 2 3 .. 147 »

Py ~

Gene - Afu8g00410 Methionine aminopeptidase type Il

M etAP 1 M etAP 2 Gene name or symbol: metAP

Gene type: protein coding gene
Organism: Aspergillus fumigatus Af293

» Fields matched: EC descriptions and numbers; GO terms; interPro domains; Orthologs; PDB chains; Preferred product description; Product descriptions

Gene - Afubg07330 Putative type | methionine aminopeptidase

2 genes 1 gene Gene type: proteinlwlzodifnggene .
. . (8] anism: Aspergillus fumigatus Af203
described described N P

» Fields matched: EC descriptions and numbers; GO terms; interPro domains; Orthologs; PDB chains; Preferred product description; Product descriptions

Gene - Afu8g00460 Methionine aminopeptidase type |, putative

Gene name or symbol: fpal
Gene type: protein coding gene

Afu 6 g 0 7 3 3 0 Organism: Aspergillus fumigatus Af293

Afu 8 0 0 4 1 0 p Fields matched: EC descriptions and numbers; GO terms; interPro domains; Orthologs; PDB chains; Preferred product description; Product descriptions
Afu8g00460 5



HOW A. FUMIGATUS RESISTS AGAINST ITS OWN FUMAGILLIN?

MetAP2

o

~

AMet410

Afu8g00410

|

HygR

/

Should be resistant
to fumagillin (No Target)

MetAP1
/ AMet73/pTetoff-Met460 \
AMet460 AMet73 AMet46/pTetoff-Met73
- " N 'S A
AfuBg00460 Afu6g07330  INNNNENNNEN  hyoR R
Vo (] N
HygR HygR PhleoR Tetoff

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

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

Strain Target silenced  MIC (Fumagillin)
AakuBku80 100 ug/ml
AMet410 MetAP2 100 pg/ml
AMet460 MetAP1 (1 de 2) 100 pg/ml

AMet73 MetAP1 (1 de 2) 100 pg/ml

AMet73/pTetoff-Met460  MetAP1 (2 de 2) 100 pg/ml
AMet46/pTetoff-Met73 MetAP1 (2 de 2) 100 pg/ml

Unpublished data



Asperqillus fumigatus

Candida spp. & Lomentospora spp.

Microbiomics lab
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