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Candida spp., as major opportunistic pathogens, infects immunocompromised people and is responsible for a number of life-threatening infections. The individuals commonly affected
include those with oral candidiasis of human immunodeficiency virus (HIV)-positive patients, of cancer patients undergoing chemotherapy and radiotherapy, of diabetes and xerostoma
patients. Candida infections may further result in severe systemic infection and convert multiple organ failure. Moreover, Candida spp. can develop resistance to multiple antifungal
drugs by over-expression of drug resistance-related targets and other mechanisms. In this study, we developed a patented anti-fungal peptide P-113 to overcome the emerging issue of
drug-resistance in Candida infections. We also modified P-113 by tandemly repeating sequences to improve the candidacidal efficiency. The P-113, derived from human histidine-rich
histatin 5 protein, retains a full antibacterial activity and exhibits a wide spectrum of activity in vitro against both bacteria and fungi. Several drug- (azoles-) resistant clinical strains
including C. albicans, C. glabrata, and C. tropicalis were isolated from oral candidiasis patients. We investigated the susceptibility of these drug-resistant strains to P-113 by
candidacidal assay. The results showed that P-113 was able to kill these drug-resistant strains, suggesting a promising candidacidal activity of P-113 toward drug-resistant Candida spp.
To improve the candidacidal activity, we designed and synthesized various P-113-derived dimeric and trimeric peptides which contain 2- and 3-time tandem repeats. Among them, the
two tandem repeats improved the candidacidal potency of the peptides, and the dimer and trimer have IC50 values against C. albicans of 0.5 and 0.4 uM, respectively, compared with
the monomer P-113 (IC50 = 2.3 uM). P-113 and its derivatives show a great potential for the development of novel therapeutics against Candida infections.

Results

. The candidacidal activity of P-113 is time- and dose-dependent
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Fig. 1. The candidacidal activity of P-113 is time- & dose-dependent.
Candida albicans cells (0.1 OD) were treated with or without various concentrations
of P-113 (as indicated) at 37°C with different time points. Data are expressed as means
of three independent experiments.

11. P-113 is also effective against the drug-resistant Candida clinical isolates
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Fig. 2. (A) Isolation and identification of Candida species from urine of the
patients. (B) Many Candida clinical isolates are antifungal drug resistance.
Clinically isolated strains were treated with fluconazole (300 pg/ml), amphoterincin
B (0.5 pg/ml), or caspofungin (10 pg/ml). (C) P-113 can efficiently kill various
Candida clinical isolates with drug resistance. Clinically isolated Candida spp.
were treated with P-113 for 1 hr, followed by spotted onto YPD agar and incubated 2
days.

I11. Design of P-113 derivatives and studying their properties
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P-113 AKRHHGYKRKFH 16 % +5
P113-HH AKRHHGHKRKHH 8% +5
P113-LL ALLHHGYKLKFH 41% +2
P-113 dimer AKRHHGYKRKFHAKRHHGYKRKFH 16 % +10
P-113 trimer AKRHHGYKRKFHAKRHHGYKRKFHAKRHHGYKRKFH 16 % +15
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Fig. 3. (A) Modification of P-113 to improve its candidacidal activity. To improve
candidacidal activity of P-113, several modified peptides were synthesized and their
anticandidal activities were examined. (B) Helical-wheel projection of P-113 and its
derivatives. Circles, diamonds, triangles and pentagons present hydrophilic,
hydrophobic, potential negatively charged and potential positively charged residues,
respectively. In addition, the most hydrophobic, zero hydrophilicity, hydrophilic and
potentially charged residues are labeled in green, yellow, red and light blue,
respectively. Helical wheel was generated using the internet site “helical wheel
projections” by Armstrong and Zidovetzki.
(http://rzlab.ucr.edu/scripts/wheel/wheel.cgi).

V. The configuration of P-113 and its derivatives
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Fig. 4. Circular dichroism spectra of P-113 and its derivatives. Circular dichroism
were measured in 85% trifluoroethanol (TFE) solution. 6: mean residue molar
ellipticity.

V. The salt resistance of P-113 derivatives
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Fig. 5. The salt resistance of P-113 and its derivatives. C. albicans cells (0.1 OD)
were treated with or without various concentrations of P-113, P113-trimer at 37°C for
1hr and dissolved in different concentrations of sodium acetate.

VI. The candidacidal activity of P-113 and its derivatives
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Fig. 6. The activity of P-113 and its derivatives against planktonic cells of C.
albicans. Cells (0.1 OD) were treated with or without various concentrations of P-
113, P113-dimer, and P113-trimer at 37°C for lhr. Data are expressed as means of
three independent experiments.

Conclusion

In this study, we showed that the activity of P-113 is time- and dose-dependent and
P-113 can also kill drug-resistant clinical isolates efficiently. Studies with P-113
derivatives further revealed that P113-trimer can form an o-helix structure and
enhanced its salt-resistance compared to P-113. Importantly, P113-trimer can
largely improve the candidacidal activity against planktonic cells compared to
P-113. Together, this study suggested that P-113 and its derivatives represent
potentially excellent candidates in the treatment of fungal infections.
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