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Plant Defensins HXP124 - A Novel Onychomycosis Treatment Formulation and Toxicology

Defensin molecules are ubiquitous among the plant kingdom, 
having been identified across a broad range of species and tissues. 
In addition to being involved in biotic stress responses and plant 
growth and development, defensin molecules act as antimicrobial 
molecules. Their presence across multiple plants means they are 
active against a diverse range of pathogens. As such, plant 
defensins represent a diverse genetic database of antimicrobial 
peptides
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Defensins Display Activity Against  a Broad Range of Pathogens HXP124 Can Be Produced Large Scale Under GMP Conditions Summary
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More than 1900 defensin genes have been described to 
date. Hexima has identified a subset of novel sequences 
that display antifungal activity. Here we have reported the 
activity of these defensins against a range of pathogens.
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Onychomycosis Market 

Defensins Pathogens

HXP124 kills the causative agents of Onychomycosis 

C. albicans
C. glabrata
C. tropicalis
A. flavus
A. niger
A. fumigatus
C. neoformans
C. gattii
T. rubrum
T. interdigitale

HXP124 penetrates the human nail plate

HXP124 does not have 
activity against human cells  

HXL001
HXL002
HXL004
HXL008
HXL009
HXL012
HXL013
HXL035
NaD1
NaD2

US$2.34 billion in 2012 and projected to reach US$3.1 billion by 2016. 
Deficiencies in current available therapies.
• Poor efficacy rates
• Long treatment times
• Toxicity associated with oral therapies
• Expensive

—Estimated that between 50 and 90% of individuals with fungal nail infections are not 
receiving treatment.

Large potential for rapid growth in the market with an effective product.
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Purification Strategy

Purification of HXP124
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Mature defensins are comprised of 45-55 amino acids, resulting in a 
small molecular mass of 4.5-7 kDa. They contain 8 conserved 
cysteines that participate in 4 disulfide bonds. The outermost 
cysteine brings the N- and C-termini into close proximity and the 
inner three disulfide bonds create a disulfide knot. The characteristic 
secondary structure of plant defensins is the Cys-Stabilized αβ (CS 
αβ) motif. This results in a very compact structure, which confers very 
high stability to the molecules.  

Figure 1: A phylogenetic tree was 
constructed as a manual summary of 
NCBI taxonomy browser 
phylogenetics database. Key families 
from which defensins have been 
identified are depicted. The shaded 
green represents plant families where 
defensins have been identified and 
the red shading indicates plant 
families where defensins have not 
been identified. Bold defensins 
represent molecules that have their 
activities against various pathogens 
reported in this study. Families that do 
not contain defensins were extracted 
from Shafee et al., 2016.
 

Figure 2: (A) Defensin molecules display little sequence similarity. Conserved residues are shaded black and similar 
residues are shaded gray. (B) The three-dimensional structure of the plant defensins NaD1 (PDB: 1MR4), RsAFP1 
(PDF: 1AYJ) and PhD1 (PDB: 1N4N). Despite little sequence conservation, defensins display a similar architecture 
with a compact globular structure. They each contain three anti-parallel beta sheets (depicted in blue) and an 
alpha-helix (depicted in red). There are 4 intramolecular disulfide bonds that add to the compact structure, contributing 
to the CS-αβ motif. 

Figure 3: Defensin molecules from various plant species are extracted from plants or expressed 
recombinantly. They are purified using RP-HPLC or ion-exchange, exploiting the charged nature of 
the molecules. Following purification, defensins are incubated at varying concentrations with 
pathogens of interest. Prior to and following incubation, the optical density of the culture is 
measured and the IC50 value of the defensin against a particular pathogen is calculated. 

Antimicrobial Assay

Figure 10: (A) During fermentation, protein expression was induced by 
addition of methanol. Samples were centrifuged and the supernatant 
containing HXP124 collected and subjected to ion-exchange 
chromatography. Samples were progressed to size exclusion 
chromatography before being dialyzed against water and 
lyophilised.(B) The Pichia proteome was separated by protein size and 
charge. The green shading represents proteins that may be co-purified 
by ion-exchange chromatography and the red, shading size exclusion.

Figure 9: The  HXP124 open reading 
frame (ORF) was cloned into the pPIC9 
expression vector (1). The expression 
construct was transformed into Pichia 
pastoris and the HXP124 ORF integrated 
into the genome (2). Expression of HXP124 
is initiated by the addition of methanol (3), 
which induces the Alcohol Oxidase 1 
(AOX1) promoter. HXP124 is directed to 
the ER, for removal of its signal sequence 
and disulfide bond formation. HXP124 is 
subsequently secreted into the medium (4).

Figure 8: (A) Basic anatomy of the human toenail. (B) 
Schematic of the nail adaptor used for assessing 
HXP124 nail penetration (Hui et al., 2002). (C) 
Cumulative percentage of HXP124, Tavaborole, 
Ciclopirox, Efinaconazole after 15 days dosing.  

HXP124  

Strain IC50 
(µg/mL) 

T. rubrum 3.7 
T. interdigitale 5.8 

C. albicans 10.3 
M. fulvum 9.6 

 
No treatment Low dose 

(10 µg/mL)
High dose
(50 µg/mL)

Figure 5: (A) Trichophyton rubrum spores were cultured in half strength potato dextrose broth (PDB). HXP124 was 
added daily at the concentrations indicated. Photos of the cultures were taken after 16 days incubation at 30°C. (B) 
C. albicans was cultured overnight at 30°C. The culture was diluted and HXP124 added at the concentrations 
indicated for 30 minutes. Propidium iodide was supplemented during HXP124 treatment to stain non-viable cells. 
Cells were analysed using a Canto fluorescence activated cell sorter. (C) Antifungal assays were set up according 
to Figure 3 using the defensin HXP124 and the pathogens T. rubrum, T. interdigitale, C. albicans and Microsporum 
fulvum. IC50 values against each strain are presented.  

Yeast do not develop 
resistance against HXP124

A B C

Figure 6:  After 40 days of culturing C. albicans in 
the presence of HXP124 at 0.25, 0.5, 1 and 2 times 
the minimum inhibitory concentration, no resistance 
is observed. To the contrary, C. albicans develop 
resistance to caspofugin evidenced by the ability to 
grow at 16 times the MIC after 40 days.  

Figure 7: Defensins were incubated at 100 µM with 
isolated red blood cells (RBC’s) for 24 hours. Water 
was incubated with RBC’s as a positive control to 
induce lysis. Lysis is indicated by the levels of 
released haemoglobin. HXP124 and HXL012 do not 
induce RBC lysis.

HXP124 does not undergo modification or aggregate
when incubated at 40 degrees Celsius for 12 weeks

Figure 4: Following incubation of defensin with the pathogen of interest, the OD595 values are recorded. IC50 values are calculated 
as percentage of growth where the OD595 equals 50% of the no defensin control. Defensins were tested against (A) Candida spp, 
(B) Aspergillus spp, (C) Cryptococcus spp, (D) Trichophyton spp and (E) two bacterial strains. While many defensins showed robust 
activity against various fungal and yeast pathogens, only HXL004, HXL0012 and HXL0013 showed activity against bacterial cells. 
LL37, the human member of the cathelicidin family, served as a positive control for the antibacterial assay.  
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Parameter Result
Description White powder

Bioburden TAMC NMT 10 cfu/ml
TAYC NMT 10 cfu/ml

Purity SDS-PAGE Matches MW
Purity RP-HPLC > 97%
Residual host cell protein < 50 ppm
Residual host cell DNA < 50 ppb
Activity (IC50) 8-13 µg/ml

Figure 11: (A) Following harvesting of the Pichia supernatant (Total), it was diluted and applied to a HP SP 
ion-exchange column. Unbound (UB) material was collected. HXP124 was eluted from the column using a salt 
gradient (E: Elution). (B) Following ion-exchange, the HXP124-containing fractions were pooled (total). The 
sample was concentrated and applied to size-exclusion chromatography. Fractions containing HXP124 were 
pooled and analysed for purity. (C) HXP124 containing fractions were analysed by RP-HPLC to assess purity. 
RP-HPLC for key fractions revealed a single peak that matched the reference standard. 

Table 1: Following production of the test 
article by PharmaSynth, rigorous testing is 
performed to ensure that the product meets 
the desired specifications. All batches 
produced adhered to the specifications 
determined by Hexima. All batches displayed 
> 99% purity and excellent antifungal activity. 

HXP124 is stable and retains activity after incubation at 40
 degrees Celsius for 4 weeks

HXP124 does not cause eye irritation or impair 
cardiac potassium channel function

Human ether-a-go-go related gene 
(hERG) study 

Bovine corneal and opacity study

Table 2: Seven potential formulations were selected based on target product profile and progressed 
into accelerated stability studies with Tergus Pharma. Reduction of HXP124 levels and impurities 
were analysed using RP-HPLC. F11, shaded lavender, represents the formulation that was selected 
for future studies.

Table 4: hERG tail current inhibition was measured 
in the presence of 1 mM HXP124 and the positive 
control 50 nM Terfenadine. Values represent the 
percentage of hERG tail current relative to the 
pre-compound controls. HXP124 did not inhibit the 
hERG channel. 

Table 3: Freshly isolated bovine corneas were incubated 
in the presence of HXP124, ethanol or 0.9% sodium 
chloride for 10 minutes. The resulting opacity and 
permeability of the corneas to sodium fluorescein was 
analysed. Both values were incorporated to yield the in 
vitro irritancy score. HXP124 did not cause irritation. 

Figure 12: (A) HXP124  was incubated at 40 degrees 
Celsius for 8 weeks. (A) HXP124 mass was measured 
using an Ultraflex III MALDI-TOF/TOF mass 
spectrometer. No modifications were observed (B) 
Aggregation was assessed by measuring absorbance in 
the range of 320- 420 nm.  No absorption indicative of 
aggregation was detected in the 320-400 nm range. 

A formulation for HXP124 has
been finalised with Tergus Pharma
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Figure 13: (A) HXP124 was incubated at 40°C for 12 weeks. At the specified time points, a volume 
corresponding to 50 µg of HXP124 was removed and analysed via RP-HPLC. There was no decrease in 
HXP124 levels over time. (B) The same samples were assessed in an antifungal assay against C. albicans 
according to Figure 3. HXP124 does not display a decrease in antifungal activity over time.

A B

A B

Hexima has access to a platform 
of antifungal molecules

HXP124 is a promising candidate for the treatment 
of onychomycosis

HXP124 exhibits a high level of stability and an excellent safety 
profile in preliminary toxicology studies
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Sample
Test Article 

1 mM HXP124
(% Control) 

Positive control 
50 nM Terfenadine 

(% Control)
Replicate 1 96.4 23.60
Replicate 2 97 17.40
Replicate 3 98.4 30.90
Replicate 4 104.9 NA
Mean ± s.e.m. 99.2 ± 1.9 23.9 ± 3.9

Sample Opacity
± SD 

Permeability 
± SD

In vitro irritancy 
score ± SD

HXP124 0.333 ± 0.577 0.003 ± 0.008 0.4 ± 0.5

Ethanol 21.333 ± 1.528 0.752 ± 0.371 32.6 ± 6.5

0.9% Sodium 
Chloride 2.333 ± 0.577 0.008 ± 0.002 NA
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Defensin molecules are found across a broad range of plants and 
plant tissues

Hexima has identified several antimicrobial defensin molecules 
that display activity against a broad range of pathogens

Hexima has built the world’s leading competency in plant defen-
sins and a broad IP portfolio

Hexima is developing molecules in the agricultural and human 
pathogen space

HXP124 displays excellent activity against the causative agents 
of onychomycosis

HXP124 does not display activity against mammalian cell lines 
such as red blood cells

HXP124 penetrates the nail plate rapidly and at increased levels 
relative to currently available treatments

HXP124 can be produced under GMP conditions at gram quanti-
ties with >99% purity levels

HXP124 display no aggregation or loss in mass when incubated 
at 40 degrees Celsius over 28 days

HXP124 does not display a decrease in activity levels when incu-
bated at 40 degrees Celsius for 4 weeks

When applied to isolated bovine corneas, HXP124 does not 
cause an increase in cornea opacity or permeability

The hERG channel displays no decrease in tail current when 
challenged with 1 mM HXP124

A B C

Peak 
Name

Retention 
Time

% Area of 
the curve

NA 7.05 0.33
HXP124 7.23 99.54
NA 7.91 0.13
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HXP124 Production: PharmaSynth Pty Ltd , Brisbane, QLD, Australia

Formulation studies: Tergus Pharma, Durham, NC, United States

Toxicology studies: Envigo, East Millstone, NJ, United States 

Shafee et al., (2016). Mol Biol & Evol (in press)

Hui et al., (2002). J Pharma Sci 91: 189-195
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IC50 IC50 IC50

Defensin against C. against C. against C.
albicans glabrata tropicalis
(µg/mL) (µg/mL) (µg/mL)

HXL001 35 32 6
HXL002 35 15 2
HXL004 20 20 5
HXL008 20 20 7
HXL012 42 >100 10
HXL013 20 25 12
HXL035 18 10 6
NaD2 43 23 6
NaD1 20 14 2.5

IC50 IC50 IC50

Defensin against A. against A. against A.
flavus niger fumigatus

(µg/mL) (µg/mL) (µg/mL)
HXL002 100 20 25
HXL004 >100 45 20
HXL008 25 7.5 11
HXL012 45 12.5 15
HXL035 25 6 7.5
NaD2 >100 50 >100
NaD1 20 16 8

IC50 IC50

Defensin against C. against C.
neoformans gattii

(µg/mL) (µg/mL)
HXL001 10 40
HXL002 2.5 18
HXL004 7 20
HXL008 2.5 12
HXL009 8 38
HXL012 8 38
HXL013 9 22
HXL035 5 20
NaD2 4 20
NaD1 3 5

IC50 IC50

Defensin against T. against T.
rubrum interdigitale
(µg/mL) (µg/mL)

HXL004 27.5 19
HXL008 3 3.5
HXL012 2 2
HXL013 22 NA
HXL015 10 3.5
HXL035 2 1
NaD1 8 10

IC50 IC50

against against 
Defensin Escherichia Bacillus

coli subtilis 
(μM) (μM)

HXL004 2.5 2.6
HXL012 >20 20
HXL013 >20 10
LL37 2.5 NA

  HXP124 (% Loading Control) % Total Impurities  
    2 weeks  4 weeks    2 weeks  4 weeks  

  Time Zero  25°C  40°C  25°C  40°C  Time zero  25°C  40°C  25°C  40°C  
F1 102  101  101.8  104.6  105.8  0.021  0.019  0.018  ND  0.962 

F14  96.9  98.5  99 99.8  102.4  0.009  ND  ND  ND   0.511  
F11  100.5  105.1  105  107  105.8  ND  ND  ND  ND  
F8 100.1  102.3  102.6  107.7  107.4  0.038  0.01  0.001  ND  0.356  
F2 100.6  101.6  104.1  106.1  108.6  ND  ND  ND  ND  0.609  

F12  91.9  94 93.6  93.8  94 0.03  0.056  0.049  ND  0.345  
F13  87.5  88.3  89 84 85.2  0.015  0.034  0.037  ND  0.548  

 

0.078  

Solvent Time point Aggregation 
(Yes/No)

Water Time zero No
Water 12 weeks No
Formulation Time zero No
Formulation 12 weeks No

Nucleus
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