
A fungal crude extract was obtained by maceration in a saline solution to separate from 
peptidic components, followed by maceration in CHCl3/MeOH/H2O (64:36:8). The ex-
tract was further purified by SPE (80% MeOH) for the UHPLC analysis. For the micro-
fractionation, the sample was solubilised in 80% MeOH and filtered over a filter disk 
(0.45 μm). 

By injecting 10 mg of crude extract 
(corresponding to three Petri dishes 
(150mm diameter)), ~100 μg of sub-
stance was isolated. 1H-NMR confirmes 
that the induced molecule is fusaric acid  
(5-Butylpicolinic acid). 
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Onychomycosis is the most prevalent nail disease. Although dermatophytes are the main 
cause of onychomycosis, Fusarium spp. and various other non-dermatophyte filamen-
tous fungi are often isolated from abnormal nails. The aim of this study is to investigate 
the interactions of different fungal species from nails or plants and search for mycoalex-
ins that might be used as new antifungals. The screening of induced fungal metabolites 
is performed on fungi in confrontation directly at the Petri dish level using sensitive  
UHPLC-TOFMS and microflow NMR methods. 

Human pathogenic fungi
Fusarium solani and F. oxysporum are one of the rare examples of being pathogenic for 
plants and for humans. Besides being responsible for 15% of all fungal nail infections 
and one of the main pathogens in persistent onychomycoses, species of Fusarium were 
found to be the major opportunistic fungi in patients with severe immunosuppression. 
In addition, Fusarium onychomycoses are especially difficult to cure. 

Stimulating metabolite production
Because several pathogenic fungi share the 
same ecological niche, they are expected to 
develop community interactions. By co-cul-
turing different pathogenic fungi, we expect 
to stimulate the production of more and/or 
different metabolites (mycoalexins) [2]. 
This approach constitutes a source of novel 
natural products as preliminary results sug-
gest [unpublished]. 
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UHPLC-TOFMS

UHPLC-TOFMS unites several distinct advantages particularly useful for mass-limited sam-
ples and high-throughput screening. UHPLC allows for faster analysis using smaller columns 
packed with material of smaller particle size. TOFMS gives a precise and exact mass, allowed 
the determination of the molecular formula of the detected compounds. Due to the high sensi-
tivity of the MS instrument, only microgram quantities (1-20 μg of crude extract) have to be 
injected. In addition, the same method - geometrically upscaled - can be used for the isolation 
of the compounds. 

microflow NMR

In microflow NMR, the sample is placed into a 5 μL 
flow cell in the middle of the magnet. The injection of 
the sample is automatised with a LC autosampler and a 
solvent pump. Capillary tubing connect the benchtop  
autosampler/pump assembly with the microflow probe. 

1H-NMR spectra down to 30 μg/5 μL as well as 2D spectra 
can be obtained. 
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Analytical Platform

Figure 5: One Minute-NMRTM: automated sample injec-
tion for the CapNMR [3] at the University of Geneva.

Figure 4: Fusaric acid (5-butylpyridine-2-carboxylic acid), iso-
lated from co-cultured Fusarium oxysporum. 

Introduction

Biological Material

semi-prep HPLC-UV-MS

With the help of „HPLC Calculator“ [2], the 
method utilised for the UHPLC analysis is 
adapted for different columns of the same 
chemical phase. Considering particle size and 
column dimensions, the gradient is upscaled 
to get a comparable separation. Thereby, the 
mycoalexins targeted from the dereplication 
of the UHPLC analysis could be isolated 
within one separation. 
For the supervision of this large-scale sepa-
ration, the process is monitored by UV and 
MS. Therefore, the flow rate is split in a ratio 
of 1/200, leaving most of the sample for frac-
tionation and further NMR analysis as well 
as bioactivity testing. 

Conclusion

Figure 1: Workflow for the fast analysis of mass-limited samples to target novel and/or bioactive metabolites.
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This study clearly demonstrates that a strong induction of mycoalexin occurs in zone of con-
frontation between fungi at the Petri dish level. The technological platform used (chemical 
screening by UHPLC-TOFMS and identification by microflow NMR) provide an efficient way 
to characterise the fungal metabolites of interest and enable the isolation of enough material for 
further assays. 
Different fungal confrontations are presently screened by this means for the search of new  
antifungal agents and a better understanding of the interaction existing between fungal com-
munities.
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Figure 3: Induced metabolite by co-culturing the fungi F. oxysporum and  
A. strictum detected in positive ionisation mode MS. 

Results

Figure 2: Co-culture of two human pathogenic fungi Fusarium oxysporum and  
Acremonium strictum on PDA. Extracted confrontation zone indicated in the right. 
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