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Graphical Abstract
High Efficiency Drug Repurposing for
New Antifungal Agents:

Repositioning of marketed/commercial drugs with no known
antifungal activities as new antifungal drugs or fungicides

Commercial drug library

High sensitivity antifungal screening by
incorporating chemical probes & mutants

&

Selection of large number of repurposed antifungal drugs
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Abstract: There has been a persistent effort to improve efficacy of conventional
antimycotic drugs. However, current antimycotic interventions have often limited
efficiency in treating fungal pathogens, especially those resistant to drugs.
Considering development of entirely new antimycotic drugs is a capital-intensive
and time-consuming process, we investigated an alternative approach termed drug
repurposing whereby new utility of various marketed, non-antifungal drugs could
be repositioned as novel antimycotic agents. As a proof of concept, we applied
chemosensitization as a new screening strategy, where combined application of a
second compound, viz., chemosensitizer, with a conventional drug could greatly
enhance antifungal efficacy of the drug co-applied. Unlike the conventional
combination therapy, a chemosensitizer itself does not necessarily have to possess
an antifungal activity, but the chemosensitizer significantly debilitates defense
systems of pathogens to drugs, enabling improved identification of antifungal
activity of off-patent drugs. Of note, inclusion of fungal mutants, such as
antioxidant mutants, could facilitate drug repurposing process by enhancing the
sensitivity of antifungal screening. Altogether, our strategy led to the development
of high efficiency drug repurposing, which enhances the drug susceptibility of
targeted fungal pathogens.

Keywords: Antifungal, Chemosensitization; Drug repurposing; Drug resistance;
Signaling pathway
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Introduction

* Antifungal drug repurposing is the repositioning process of non-antifungal,
marketed drugs (previously approved for treating other diseases) to treat
fungal infections, where the modes of action, cellular targets or safety of the
drugs are already identified (Stylianou et al. 2014). While drug repurposing
has become a viable approach to accelerate new antifungal drug
development, this strategy still requires highly sensitive screening systems.

* The antioxidant system of fungi is a potential target of antifungal agents (Smits
and Brul 2005, Jager and Flohe 2006). Certain natural compounds, such as
derivatives of benzoic acid or sulfur-containing compounds, can be redox-
active and thus inhibit fungal growth by interfering with cellular redox
homeostasis/antioxidant system (Guillen and Evans 1994, Jacob 2006).

* Antifungal chemosensitization is an intervention strategy, in which co-
application of a certain natural or synthetic compound, viz., chemosensitizer,
with a commercial drug augments the efficacy of the drug co-applied (Kim et
al.,, 2012). While a chemosensitizer does not necessarily have antifungal
potency, chemosensitization can lead to: (a) the augmentation of antifungal
efficacy of commercial drugs co-applied; (b) overcoming fungal resistance to
commercial antifungal drugs; and also (c) enhanced inhibition of mycotoxin

production by fungi, such as aflatoxigenic Aspergillus parasiticus (Kim et al.,
2014).
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* The vyeast Saccharomyces cerevisiage is a useful model system for the
identification of antifungal drugs and their molecular targets in view that: (1)
the genome of S. cerevisiae has been sequenced and well annotated
(Saccharomyces Genome Database, www.yeastgenome.org), (2) S. cerevisiae
gene deletion mutant collections (¥6,000 mutants) have proven to be very
useful for determining drug mechanism of action (Parsons et al, 2004; Norris
et al, 2013; Lee et al, 2014), and (3) many genes in S. cerevisiae are orthologs
of genes of fungal pathogens including Aspergillus sp. (Kim et al, 2005).

* Using the model yeast S. cerevisiae bioassay, we previously identified several
chemosensitizers, which target cellular antioxidant or cell wall integrity
systems (See next slide for examples).

* In this in vitro study, we tried to develop a high-efficiency drug repurposing
strategy for effective control of fungal pathogens. We selected two drugs
(aspirin, bithionol) previously investigated, and concentrated on targeting the
oxidative stress response system of fungi with redox-active chemosensitizers,
viz., 2-isopropyl-5-methylphenol (Thymol), 4-isopropyl-3-methylphenol
(Structural analog of thymol) and 3,5-dimethoxybenzaldehyde.

* The susceptibility of fungi to the candidate drug (Bithionol) could be
enhanced by co-applying with redox-active chemosensitizers. Bithonol also
mitigated fludioxonil tolerance of Aspergillus fumigatus antioxidant signaling
mutants.
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Examples of chemosensitizers targeting antioxidant or cell wall systems in fungi
(From the model yeast S. cerevisiae bioassay):

Compounds Antioxidant Cell wall References
targets targets
2,3-Dihydroxybenzaldehyde  sodiA, sod2A, glr1A Kim et al.
(2008)
trans-Cinnamaldehyde sod1A, sod2A Kim et al.
(2011)
2-Hydroxy-4-methoxy- slt2A, bck1A Kim et al.
benzaldehyde (2015)
2-Hydroxy-5-methoxy- sod1A, sod2A Kim et al.
benzaldehyde (2011)
4-Methoxybenzoic acid slt2A, bck1A Kim et al.
(2015)
3,5-Dimethoxybenzaldehyde  sod1A, sod2A, gir1A slt2A, bck1A Kim et al.
(2011,2015)
2,5-Dimethoxybenzaldehyde sod1A, sod2A slt2A, bck1A Kim et al.
(2011,2015)

Functions of gene products (See also slide #10):

Sod1, Cytosolic superoxide dismutase; Sod2, Mitochondrial superoxide dismutase;
Glrl, Glutathione reductase; SIt2, MAPK of cell wall integrity system;

Bck1, MAPKKK of cell wall integrity system.
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Results and discussion

Repurposed drug examples: PubMed search in the National Center for Biotechnology Information
(https://www.ncbi.nlm.nih.gov/) by using the key words “Drug Antifungal Repositioning” (Search date:
May 31, 2018) retrieved 70 articles. We re-evaluated the content of the retrieved articles for their
relevance to drug screening, and examples are as shown below.

Examples of repositioned drugs possessing antifungal activities.

Compounds Functions Repositioning Target fungi, | References
methods outcome
Aliskiren Anti-hypertensive CLSI" M27-A2 C. albicans Kathwate
drug protocol and
Karuppayil
(2013)
Amiodarone Antiarrhythmic drug | High-throughput C. neoformans | Butts et al.
adenylate kinase (2013)
assay.
Aspirin Anti-pain, fever, or | EUCAST’ protocol | C. neoformans,| Ogundeji
inflammation drug C. gatti et al. (2016)
Auranofin Rheumatoid CLSI M27-A3 Candida, Thangamani
arthritis drug protocol Cryptococcus | etal. (2017)
Bithionol Antiparasitic drug High-throughput Exserohilum Sun et al.
ATP content assays| rostratum (2013)
Human Neurological 24-well plate assay| A. fumigatus Sebastian-
glycogen disorder drug using five GSK-3 Pérez et al.
synthase kinase inhibitors (2016)
3 (GSK-3)
inhibitors
Tosedostat Anti-cancer EUCAST protocol C. albicans, Stylianou
(Aminopeptidase C. glabrata et al. (2014)
inhibitor) drug

"Clinical & Laboratory Standard Insitute
2European Committee on Antimicrobial Susceptibility Testing
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We chose aspirin and bithionol as representative drugs for further investigation.

* Aspirin (Acetyl salicylic acid) is a non-steroidal anti-inflammatory agent and
binds to/acetylates serine residues in cyclooxygenases. This drug decreases
synthesis of prostaglandin, platelet aggregation, and inflammation
(https://pubchem.ncbi.nlm.nih.gov/compound/2244).

* Bithionol is a halogenated anti-infective agent that is used against trematode
and cestode infestations. This drug inhibits human soluble adenylyl cyclase
(Kleinboelting et al. 2016).

* Octyl gallate (OG) was used as a positive control for antifungal bioassay. The
mechanism of antifungal action of OG was previously determined as: (a)
interrupting the lipid bilayer-protein interface in fungal cells, and (b) functioning
as a pro-oxidant (redox-active oxidative stressor), thus triggering cytotoxicity in
fungi (Kim et al. 2018).
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Structures of repurposed drugs and OG, (+) Control, tested in this study

Aspirin Bithionol Octyl gallate (OG)

(CHy)
OH

HO. _O OH
cl s Cl
O\n/CHs j@/
o) HO HO
Cl Cl

Fungal signaling system as a target:

Meanwhile, oxidative signaling systems, such as mitogen-activated protein kinase
(MAPK) signaling pathway, have been served as effective antifungal targets for redox-
active drugs or compounds (Kim et al. 2012) (Next page).

@) OCH,(CH,)sCHs
OH
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MAPK signaling systems of Aspergillus and the model fungus Saccharomyces

cerevisiae (MAPKK, MAPK kinase; MAPKKK, MAPKK kinase)

Saccharomyces MAPK system
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Aspergillus fumigatus is a causative agent of the highly debilitating human invasive
aspergillosis, where the sakA and mpkC genes encode MPAKs in A. fumigatus. A.
fumigatus sakAA is an osmotic/oxidative stress sensitive MAPK mutant, while the mpkCA
is a MAPK mutant of the polyalcohol sugar utilization system (Xue et al. 2004; Reyes et al.
2006). We previously determined that both mutants were highly susceptible to redox-
active reagents such as amphotericin B, itraconazole or natural phenolics compared to
the wild type strain (Kim et al. 2011, 2012).

Use of chemosensitizers for targeting fungal antioxidant systems: Thymol (2-
isopropyl-5-methylphenol) is a natural compound, which can disrupt cellular redox
homeostasis, and 4-isopropyl-3-methylphenol (413M) is a synthetic analog of thymol.

2-isopropyl-5-methylphenol (Thymol) 4-isopropyl-3-methylphenol
OH
OH CHs;
CHsj
CHjy
H3C
HsC CHs;

In the zone of inhibition bioassays using A. fumigatus, we compared antifungal efficacy
of repurposed drugs between (a) wild type (A. fumigatus AF293), (b) antioxidant mutants
(A. fumigatus sakAA, mpkCA), (c) wild type + chemosensitizer (thymol, 413M), and (d)
mutants + chemosensitizer (thymol, 413M).
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Bithionol + 2-Isopropyl-5-methylphenol (Thymol):

Results showed that antifungal activity of bithionol was greatly enhanced in the presence of
thymol (chemosensitizer; a chemical probe targeting fungal antioxidant system), while that of
aspirin was almost not affected, indicating “drug-chemosensitizer specificity” exists for the
enhancement of antifungal activity. Results also showed that A. fumigatus MAPK mutants
were more susceptible to the treatment compared to the wild type, indicating increased
susceptibility of antioxidant mutant to the application of redox-active agents, such as thymol
(Test concentrations- Aspirin & Bithionol: 32 to 1,024 uM; OG: 1 & 5 mM).

AF293 SakAA mpkCA

No thymol Thymol (0.6 mM) No thymol Thymol (0.6 mM) No thymol Thymol (0.6 mM)

Aspiring®
(LM
Bithionol
(L)
0OG (mM)

Aspiring
HM)
Bithionol §

4, Enhanced susceptibility; OG, Octyl gallate (+ control)
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Bithionol + 4-Isopropyl-3-methylphenol (413M; Thymol analog):
We found the level of bithionol activity was enhanced further when the structural analog of
thymol, viz., 413M, was co-applied as a chemosensitizer. For example, antifungal activity of
bithionol was enhanced at much lower concentration of bithionol (32 to 128 uM), and the
sizes of zone of inhibition were also larger than that with thymol. Therefore, results indicated
that 413M could be more effective chemosensitizer to bithionol. As observed in thymol, the
activity of aspirin was almost not affected (Test concentrations- Aspirin & Bithionol: 32 to
1,024 uM; OG: 1 & 5 mM).
AF293 SakAA mpkCA
No 413M 413M (0.6 mM) No 413M 413M (0.6 mM) No 413M 413M (0.6 mM)

\~b A —

Aspirin 32 64 128 32 5411288
(UM) ,

Bithionol

(nM)

0OG (mM)

Aspirin
uM)
Bithionol
(LM)

0OG (mM)

4th International Electronic Conference

\ Z ol 690
on Medicinal Chemistry 1 Sponsors: ml\D\Py '\‘=T

pharmaceuticals

1-30 November 2018




Yeast dilution bioassay showing the “sensitive” response of the model fungus Saccharomyces
cerevisiae gene deletion mutants, i.e., vacuolar (vph2A, vmalA) and antioxidant (sod2A,

sod1A, glr1A, yaplA), to 4-isopropyl-3-methylphenol (413M). Results shown are representative
data from treatment with 0.8 mM of 413 M.

No treatment 413M (0.8 mM)
10° 10" 102 103 104 105 10° 10 102 107 10410

Results indicated 413M negatively affects both cellular ion and redox homeostasis in fungi.
Similar results were also observed with thymol in a previous study (Kim et al. 2012), indicating
413M and thymol share analogous cellular targets in fungi.
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Test in Aspergillus parasiticus, a mycotoxigenic fungus producing hepato-
carcinogenic aflatoxins (Bithionol + Thymol or 413M):

Similar results were obtained in A. parasiticus 2999 strain, where thymol exhibited higher
activity comparing to its analog 4I3M. Also, the sizes of zone of inhibition were generally
smaller than that observed in A. fumigatus, indicating “strain specificity” also exists for the
efficacy of “bithionol + thymol/413M” treatment (Test concentrations- Aspirin & Bithionol: 32
to 1,024 uM; 0OG: 1 & 5 mM).

A. parasiticus 2999

No thymol No 413M

P e R

N

%30 64 128 \

Thymol (0.6 mM) 413M (0.6 mM)

3O
Aspirin 32 64 128
(M)
Bithionol
(uM)
0OG (mM)

Aspirin
uM) F
Bithionol
(LM)

OGMMII, 1 5 A 1 L

-

4 , Enhanced susceptibility; OG, Octyl gallate (+ control)
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Bithionol + 3,5-Dimethoxybenzaldehyde (3,5-D):

We investigated the effect of other types of chemosensitizer for the enhancement of
bithionol activity. Results showed that antifungal activity of bithionol was also increased when
co-applied with 3,5-D. 3,5-D was also shown to negatively affect cellular antioxidant system,
such as superoxide dismutases or glutathione reductase (Kim et al. 2011). As observed in
thymol/4I13M, antifungal activity of aspirin was almost not affected. In general, the level of the
enhancement of bithionol activity with 3,5-D was lower than that with thymol/413M (Test
concentrations- Aspirin & Bithionol: 32 to 1,024 uM; 0OG: 1 & 5 mM).

AF293 SakAA mpkCA

No 3,5-D 3,5-D (0.4 mM) No 3,5-D 3,5-D (0.4 mM) No 3,5-D 3,5-D (0.4 mM)

Aspirin
(uM) F
Bithionol
(LM)

0OG (mM)

Aspirin
nM)
Bithionol
(LM)

0OG (mM)
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Test in the mycotoxigenic Aspergillus parasiticus (Bithionol + 3,5-
Dimethoxybenzaldehyde):

Similar results were obtained in A. parasiticus 5862 strain, where the sizes of zone of
inhibition were generally smaller than that observed in A. fumigatus, further indicating “strain
specificity” for the efficacy of “bithionol + 3,5-dimethoxybenzaldehyde” treatment (Test
concentrations- Aspirin & Bithionol: 32 to 1,024 uM; OG: 1 & 5 mM).

A. parasiticus 5862

No3,5-D  3,5-D (1.0 mM)

soh

Aspirin
uM)
Bithionol

emvrmrt

H;CO OCHg3

Bithionol
(M)
0OG (mM)

3,5-Dimethoxybenzaldehyde

» , Enhanced susceptibility; OG, Octyl gallate (+ control)
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Currently, antifungal drug repurposing is underway using the following scheme:

FDA-Approved
marketed drug library

Antifungal bioassay: e.g., Zone of inhibition assay

Wild type Mutants Wild type, Mutants,
- - Agar medium, Agar medium,
Agar medium Agar medium w/ chemosensitizers w/ chemosensitizers
Low sensitivity screening: Medium sensitivity screening: High sensitivity screening:

Small number of repurposed drugs Medium number of repurposed drugs  Large number of repurposed drugs

o ° )
5 ° 5 o, o ‘0
© ° o °eo® . °
0 o o o ® 009
o O e o0
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Overcoming Fludioxonil Tolerance of Aspergillus fumigatus MAPK Mutants by
Bithionol:

Fludioxonil is a commercial phenylpyrrole fungicide, which triggers abnormal and
excessive stimulation of the antioxidant MAPK signaling system (Kojima et al.
2004). This abnormal activation of MAPK system triggers cellular energy
deprivation via metabolic shifts from normal fungal growth to exhaustive
oxidative stress defense. Therefore, application of fludioxonil prevents the growth
of fungal pathogens. However, fungi having mutations in components of
upstream signaling system, viz., antioxidant MAPK signaling pathway, can escape
fludioxonil toxicity (Kojima et al. 2004).

As shown in the figure (next page), A. fumigatus MAPK mutants sakAA and
mpkCA were tolerant to fludioxonil (50 uM), thus developed radial growth on
potato dextrose agar (PDA), whereas the growth of wild type was completely
inhibited. However, co-application of sub-fungicidal concentration of bithionol
(125 uM) with fludioxonil (50 uM) effectively prevented fungal tolerance to
fludioxonil, thus achieving complete inhibition of the growth of MAPK mutants.
Comprehensive determination of the efficacy of bithionol as an antifungal drug
warrants future in-depth study.
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Bithionol overcomes fludioxonil resistance of Aspergillus fumigatus MAPK mutants
(%, Radial growth rate):

No Bithionol Fludioxonil Bithionol +
treatment (125 uM) (50 uM)  Fludioxonil

+20% N
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Conclusions

High sensitivity antifungal screening method was investigated by incorporating
redox-active chemosensitizers (chemical probes) and antioxidant mutants of A.
fumigatus.

Thymol, 413M or 3,5-D can be used as potent chemosensitizers to enhance
antimycotic activity of the repurposed drug bithionol, while the efficacy of the
other drug aspirin was almost not affected, indicating “chemosensitizer — drug
specificity" exists.

While similar enhancement of antifungal efficacy was also observed in the
mycotoxigenic A. parasiticus, the level of sensitivity of this species was not
comparable to that in A. fumigatus, thus indicating “strain specificity” also
exists during chemosensitization.

In summary, current data could be used for achieving high-efficiency, large-
scale repositioning of marketed drugs with no known antifungal activities as
new antifungal drugs, which can reduce costs, abate resistance, alleviate
negative side effects associated with current antifungal treatments.

-.. L " .
QW pharmaceuticals

' 7
on Medicinal Chemistry . sponsors: ml\l)\l’y
1-30 November 2018 2 )




References

Butts A, DiDone L, Koselny K, Baxter BK, Chabrier-Rosello Y, Wellington M, Krysan DJ. 2013. A re-purposing
approach identifies off-patent drugs with fungicidal cryptococcal activity, a common structural chemotype,
and pharmacological properties relevant to the treatment of cryptococcosis. Eukaryot. Cell 12:278-287.
Guillen F, Evans CS. 1994. Anisaldehyde and veratraldehyde acting as redox cycling agents for H,O,
production by Pleurotus eryngii. Appl. Environ. Microbiol. 60: 2811-2817.

Jacob C. 2006. A scent of therapy: pharmacological implications of natural products containing redox-active
sulfur atoms. Nat Prod Rep 23: 851-863.

Jaeger T, Flohe L. 2006. The thiol-based redox networks of pathogens: unexploited targets in the search for
new drugs. Biofactors 27, 109-120.

Kathwate GH, Karuppayil SM. 2013. Antifungal properties of the anti-hypertensive drug: aliskiren. Arch Oral
Biol 58:1109-1115.

Kim JH, Campbell BC, Yu J, Mahoney N, Chan K, Molyneux RJ, Bhatnagar D, Cleveland TE. 2005. Examination
of fungal stress response genes using Saccharomyces cervisiae as a model system: targeting genes affecting
aflatoxin biosynthesis by Aspergillus flavus Link. Appl Microbiol Biotechnol 67:807-815.

Kim JH, Campbell BC, Mahoney N, Chan KL, Molyneux RJ, May GS. 2008. Chemosensitization of fungal
pathogens to antimicrobial agents using benzo analogs. FEMS Microbiol. Lett. 281: 64-72.

Kim JH, Chan KL, Mahoney N, Campbell BC. 2011. Antifungal activity of redox-active benzaldehydes that
target cellular antioxidation. Ann Clin Microbiol Antimicro 10:23.

Kim JH, Chan KL, Faria NC, Martins Mde L, Campbell BC. 2012. Targeting the oxidative stress response system
of fungi with redox-potent chemosensitizing agents. Front Microbiol 3:88.

Kim JH, Mahoney N, Chan KL, Campbell BC, Haff RP, Stanker LH. 2014. Use of benzo analogs to enhance
antimycotic activity of kresoxim methyl for control of aflatoxigenic fungal pathogens. Front. Microbiol. 5:87.

4th International Electronic Conference

. Z .‘..' < ;'.
on Medicinal Chemistry sponsors: ml\D\Py \‘ )

pharmaceuticals

1-30 November 2018




Kim JH, Chan KL, Mahoney N. 2015. Augmenting the activity of monoterpenoid phenols against fungal
pathogens using 2-hydroxy-4-methoxybenzaldehyde that target cell wall integrity. Int J Mol Sci 16:26850-
26870.

Kim JH, Chan KL, Cheng LW. 2018. Octyl gallate as an intervention catalyst to augment antifungal efficacy of
caspofungin. ] 1:4.

Kleinboelting S, Ramos-Espiritu L, Buck H, Colis L, van den Heuvel J, Glickman JF, Levin LR, Buck J, Steegborn
C. 2016. Bithionol potently inhibits human soluble adenylyl cyclase through binding to the allosteric activator
site. J Biol Chem. 291:9776-9784.

Kojima K, Takano Y, Yoshimi A, Tanaka C, Kikuchi T, Okuno T. 2004. Fungicide activity through activation of a
fungal signalling pathway. Mol Microbiol 53: 1785-1796.

Lee AY, St Onge RP, Proctor MJ, Wallace IM, Nile AH, Spagnuolo PA, Jitkova Y, Gronda M, Wu Y, Kim MK,
Cheung-Ong K, Torres NP, Spear ED, Han MK, Schlecht U, Suresh S, Duby G, Heisler LE, Surendra A, Fung E,
Urbanus ML, Gebbia M, Lissina E, Miranda M, Chiang JH, Aparicio AM, Zeghouf M, Davis RW, Cherfils J,
Boutry M, Kaiser CA, Cummins CL, Trimble WS, Brown GW, Schimmer AD, Bankaitis VA, Nislow C, Bader GD,
Giaever G. 2014. Mapping the cellular response to small molecules using chemogenomic fitness signatures.
Science 344:208-211.

Norris M, Lovell S, Delneri D. 2013. Characterization and prediction of haploinsufficiency using systems-level
gene properties in yeast. G3 (Bethesda) 3:1965-1977.

Ogundeji AO, Pohl CH, Sebolai OM. 2016. Repurposing of aspirin and ibuprofen as candidate anti-
Cryptococcus drugs. Antimicrob Agents Chemother. 60:4799-4808.

4th International Electronic Conference

. Z .‘c.' . ;'-
on Medicinal Chemistry sponsors: mI\D\Py '\‘zt

pharmaceuticals

1-30 November 2018




Parsons AB, Brost RL, Ding H, Li Z, Zhang C, Sheikh B, Brown GW, Kane PM, Hughes TR, Boone C. 2004.
Integration of chemical-genetic and genetic interaction data links bioactive compounds to cellular
target pathways. Nature Biotechnology 22:62-69.

Reyes G, Romans A, Nguyen CK, May GS. 2006. Novel mitogen-activated protein kinase MpkC of
Aspergillus fumigatus is required for utilization of polyalcohol sugars. Eukaryot Cell 5: 1934-1940.
Sebastian-Pérez V, Manoli MT, Pérez DI, Gil C, Mellado E, Martinez A, Espeso EA, Campillo NE. 2016.
New applications for known drugs: Human glycogen synthase kinase 3 inhibitors as modulators of
Aspergillus fumigatus growth. Eur J Med Chem. 116:281-289.

Smits GJ, Brul S. 2005. Stress tolerance in fungi — to kill a spoilage yeast. Curr Opin Biotechnol 16: 225—-
230.

Stylianou M, Kulesskiy E, Lopes JP, Granlund M, Wennerberg K, Urban CF. 2014. Antifungal application
of nonantifungal drugs. Antimicrob Agents Chemother. 58:1055-1062.

Sun W, Park YD, Sugui JA, Fothergill A, Southall N, Shinn P, McKew JC, Kwon-Chung KJ, Zheng W,
Williamson PR. 2013. Rapid identification of antifungal compounds against Exserohilum rostratum
using high throughput drug repurposing screens. PLoS One 8 (8,article e70506)

Thangamani S, Maland M, Mohammad H, Pascuzzi PE, Avramova L, Koehler CM, Hazbun TR, Seleem
MN. 2017. Repurposing approach identifies auranofin with broad spectrum antifungal activity that
targets Mia40-Ervl pathway. Front Cell Infect Microbiol. 7:4.

Xue T, Nguyen CK, Romans A, May GS. 2004. A mitogen-activated protein kinase that senses nitrogen
regulates conidial germination and growth in Aspergillus fumigatus. Eukaryot Cell 3: 557-560.

4th International Electronic Conference

. Z .‘c.' . ;'-
on Medicinal Chemistry sponsors: mI\D\Py '\‘zt

pharmaceuticals

1-30 November 2018




Acknowledgments

This research was conducted under USDA-ARS CRIS Project 2030-42000-039-00D.

4th International Electronic Conference

: Z
22| on Medicinal Chemistry sponsors: rN'\D\Py “%’f\ pharmaceuticals

e 1-30 November 2018




