
 Siderophore production in phylogenetically diverse plant-associated fungi: do they play a role in 
helping fungi to tolerate plant secondary metabolites?

Research Question:
   Is there a relationship between siderophore 
production and the ability of fungi to grow on 

phenolic compounds?

Methods:
★ Used Chrome Azurol Media (CAS) to measure 

siderophore production
★ Plated 3 replicates for all 23 fungal isolates on 

CAS media and 1 control on MEA media
★ Measured fungal growth (i.e., colony diameter) 

& siderophore production at days 7, 14 and 21
★

Conclusions:
★ The majority of Endophytic fungi produce 

siderophores
★ When analyzed by class, there was a 

positive relationship between siderophore 
production and the ability of fungi to grow 
on phenolic compounds.

Results: 
★ 22 of 23 fungal 

isolates 
produced 
siderophores 
on CAS media.

★  fungal growth 
was 
significantly 
higher on MEA 
than MEA+CAS



What are Siderophores?

★ Siderophores are a diverse 
family of iron-chelating 
compounds that bind 
insoluble iron from the 
environment.

★ Bacteria, fungi, and plants 
use siderophores as a 
mechanism to deal with iron 
limitation [1] 

★ However, siderophores have 
only been examined in 
pathogenic fungi and the 
ability of fungal endophytes 
to produce siderophores has 
been understudied.



What & why are we investigating Fungal Endophytes?
★ Fungal endophytes are microbial fungi that reside 

asymptomatically within living plants 

★ Recent research demonstrated some fungal 

endophytes can tolerate plant polyphenolic 

compounds that often are toxic and can inhibit the 

growth of many microbes. However, the 

mechanism of fungal tolerance to polyphenols is 

unknown [2].

★ It was proposed that siderophores may allow 

microbes to grow in the presence of polyphenols 

such as lignin, as metal ions are needed to 

enzymatically break down these compounds. 

 



Question/Hypothesis

Research question: 

★ Do fungal endophytes produce siderophores, and is siderophore production 
related to tolerance to phenolic compounds?

Hypothesis: 

★ Fungal endophytes previously known to be able to detoxify polyphenols will 
produce siderophores.

Research Question and Hypothesis



1.Create modified 
Chrome Azurol Media 

(CAS)

2. Plate 3 
replicates for all 
23 fungal species 
on CAS media & 1 
on MEA media as 

a control

 3. Measure the 
diameter of color &  

fungal growth change 
at days 7, 14, and 21

The CAS assay detects siderophore 
production through color change from 

blue-green to orange when iron is chelated 
from the complex by siderophores

Methods:
CAS Assay 

 Initially, we experimented with assay mixed with Aspergillus minimal defined media trace elements with Aspergillus minimal media alone layered on 
top. However, the media was not the appropriate color to enable visualization of the change from blue-green to orange. Thus we tested various 

variations to the media &  The finalized assay media included 50 ml CAS assay solution added to 500 mL of 2% MEA, and we concluded from our tests 
that media color depended on the temperature of the media .



★ Twenty-three fungal species were selected from the 
U’Ren lab culture library. Oak-associated individuals 
represent the fungal isolates previously screened 
against polyphenolic compounds, while F1000 
species represent a greater diversity of species, but 
haven’t yet been screened against polyphenols.

Methods: Fungal species



★ Measured :
- Mean fungal growth 

diameter
- Mean clearance diameter

★ T-test(color change):
- Compared Mean Growth 

and Mean Clearance as a 
function of fungal class and 
day of measurement

★ Pearson Correlation 
assessed:

- relationship between 
Growth and Clearance and 
between Clearance and 
Phenolic Growth.

Methods: Statistics

Clearance/Growth diameter:

★ We divided both mean growth diameter and clearance 
value by the number of days since inoculation.

Impact of fungal growth on CAS:

★ Compared Mean of fungal growth diameter on MEA Vs. 
Mean of fungal growth on MEA+CAS w/ on way ANOVA



Results 
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Figure 1. Both media type (MEA vs. MEA+CAS) 
& fungal taxonomy impact the mean growth 

of fungi.

Figure 2. Siderophore production of fungi as 
a function of class at two timepoints

 Statistical comparisons between media types revealed that fungal growth 
was significantly higher on MEA than MEA+CAS (P<0.05) for all fungal classes, except for 
Dothideomycetes on day fourteen 

 (one-way ANOVA: day seven F2,60 = 2.34, P = 0.1056; day fourteen 
F2,60 = 0.086, P = 0.9180);



Figure 3. Relationship between mean growth of fungi 
on MEA+CAS and the amount of media clearance on 

days seven and fourteen post inoculation.

 Statistical comparisons between media types revealed that fungal growth was significantly higher on 
MEA than MEA+CAS (P<0.05) for all fungal classes, except for Dothideomycetes on day fourteen 

Dothideomycetes 

Sordariomycetes

Pezizomycetes 



Figure 4. Relationship between total fungal 
growth on media containing phenolic 

compounds and siderophore production for 
all isolates assayed.

Figure 5. Relationship between total fungal 
growth on media containing phenolic 

compounds and siderophore production for 
only isolates of Dothideomycetes (top) and 

Sordariomycetes (bottom)



Discussion (limitations):

★ Limit on data analyzed due to plate size
★ Difference in the number of isolates from each fungal class 
★ Study being performed in vitro
★ Toxicity of CAS, may have inhibited the growth of all isolates
★ Time constraints due to protocol optimization Prevented 

genomic analysis



Discussion:
★ Our original question ‘Is there a relationship between siderophore production and 

the ability of fungi to grow on phenolic compounds?’ was answered as we found that: 

★ Twenty-two fungal species grew on CAS and 14 of the 22 species showed visible clearance 

meaning a majority of the isolates produce siderophores.  

★ No significant evidence of a correlation between the ability of fungi to grow on phenolic 

compounds overall with exception for individual fungal classes



Conclusions

★ Our hypothesis was partially supported, with the majority of our fungal species 
produced siderophores, however, overall there was no trend found between siderophore 
production and the ability of fungi to grow on phenolic compounds with exception for 
individual fungal classes

Future directions and applications
★ could be applied medically through targeted 

antibiotic delivery by conjugating or 
combining antibiotics to the siderophores to 
better penetrate pathogens which increases 
the effectiveness of the antibiotics or 
delivering toxic metals such as gallium, 
aluminum, and cadmium to targeted 
pathogens through siderophores

★ can be applied for bioremediation because of 
their effectiveness in solubilizing a wide 
variety of metals, they could be used to break 
down environmental pollutants[3].

Figure Source: Biosynthesis Pathways, Transport Mechanisms and Biotechnological Applications of 
Fungal Siderophores
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