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Plant defensins are important members of the plant innate immune 
system and are widely distributed throughout the plant kingdom. They 
are characteristically small (45-54 amino acids) with a highly-conserved 
structure that is tightly held together by their intramolecular (typically 3 
to 6) disulphide bonds.  Because of this tight structure defensins are 
highly resistant to proteases and tolerant of extremes in pH and tem-
perature. To date more than 1000 plant defensins have been identified, 
many with extremely varied sequences (Shafee et al., 2016).  Members 
of the plant defensins have been ascribed numerous function such as 
enzyme inhibition, cell signalling, ion channel perturbation and antimi-
crobial activity. It is the antimicrobial activity, particularly the highly 
potent activity toward potential human fungal pathogens such as Candi-
da albicans and Aspergillus species that elevate their potential use as 
therapeutic molecules. The IC50s of the plant defensin HXP124 against 
a range of human fungal pathogens are reported in Table 1.
 

Figure 2. A prototypical plant defensin 
from Nicotiana alata coloured by sec-
ondary structure (NaD1, PDB:1MR4))
 
 

Background

The global incidence of systemic Candida infections is estimated to be approximately 400,000 cases each year with mortality rates 
ranging from 46-75% (Brown et al., 2012). Systemic candida infections are a major problem in the immunocompromised where they 
are associated with high morbidity and mortality. These infections often arise from biofilms that form on cannulas, catheters and surgi-
cal implants. Candida based biofilms are recalcitrant to standard antifungal therapies, only responding to two kinds of agents, echino-
candins (e.g. Caspofungin) and polyenes (e.g. amphotericin B). These agents are susceptible to the development of resistance and 
have associated toxicity effects respectively. These biofilms are difficult to treat and removal of the device is usually required. We have 
been investigating the potential of members of the plant defensin family for the treatment of C. albicans based biofilms.  
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Figure 1. (Left) Schematic diagram illustrating the growth and development of a C. albicans based biofilm. Attachment: yeast cells adhere to a substrate 
forming a basal layer of cells. Proliferation: cells reproduce and form germ tubes. Mature biofilm: hyphae are formed and extracellular matrix accumu-
lates. Dispersal: the mature biofilm releases cells to seed new locations. Modified from Tsui et al., 2016. (Right) Scanning electron microscopy of a C. albi-
cans biofilm form in a mouse subcutaneous catheter model, reproduced from Tsui et al 2016. 
 

Plant defensins: Antifungal proteins from plants

C. albicans based biofilms as disease causing agents Production of a plate based biofilm 

Table 1. IC50s for the plant defensin HXP124 were calculated 
as a percentage of growth measured by optical density at 
595nm and compared against a no defensin control
 

Figure 4. Inhibition of C. albicans biofilm (24h) by caspofungin (left) and HXP124 (right).  Note that the x-axis 
units are mg/L for caspofungin and mg/mL for HXP124.
 

Results

Using the method above, we compared the ability of 
HXP124 and caspofungin to kill a 24-hour old biofilm.  
After the biofilms were washed with PBS to removed 
planktonic cells the medium was replaced with 40% PDB.  
The biofilms were treated overnight with a dilution 
series of HXP124 or caspofungin and their effect of via-
bility is presented in Figure 4.  Complete kill for HXP124 
and caspofungin was achieved at concentrations of ap-
proximately 156mg/L and 0.25mg/L respectively.  Thus, 
under these conditions caspofungin is more effective at 
killing C. albicans biofilms than HXP124.
 

We have modified a method developed by Pierce et al (2008).  
The method is a simple 96-well plate-based assay that is highly 
reproducible.  C. albicans is grown in YPD overnight.  The cul-
ture is diluted to an optical density of 0.008 in 37°C RPMI then 
aliquoted at 100µL per well, before overnight incubation at 
37°C.  After 24-hours, the C. albicans culture begins hyphal 
growth and adheres to the bottom of the well. The wells are 
then washed in PBS to remove planktonic cells.  The medium is 
replaced with fresh PDB or RPMI and antifungal molecules 
added at different concentrations. After a further 1-24-hours 
incubation at 37°C the biofilm is monitored using the cell via-
bility reagent prestoblue™.  The density of the biofilm can be 
modulated by initial cell density (within a range) and incuba-
tion time to produce a more mature biofilm (Figure 3).
 

The plant defensin HXP124 kills biofilms

HXP124 kills approximately 70% of C. albicans cells within the first 5 minutes

To compare the speed at which a 24-hour old C. albicans 
biofilm is killed by caspofungin or HXP124 the biofilm 
was treated with the antifungals for only 1.5 hours 
before assessment with PrestoBlue (Figure 5).  After 1.5 
hours of incubation with the antifungals cell death was 
observed for HXP124 but not caspofungin.  The ob-
served inhibition curve after 1.5 hours of treatment with 
HXP124 was very similar to that observed for 24 hours. 
This indicates that HXP124 kills biofilms in less than 1.5 
hours compared to 1.5-24 hours for caspofungin.
 

HXP124 kills biofilms rapidly

Conclusions and Future Work

Figure 3. Sequential steps in production of a 96-well plate based biofilm assay
 

Figure 5. Death of C. albicans  in a biofilm (24h old) by caspofungin (left) and HXP124 (right) after 
treatment of the biofilm for 1.5 hours.  Note that the x-axis units are mg/L for caspofungin and 
mg/mL for HXP124.
 

Figure 6. Production of Prestoblue fluorescent 
product over time by C. albicans biofilms in the 
presence of; Control (No HXP124 added), Defensin 
(HXP124 added at 5min), S. aureus (HXP124 added 
at 5min), No presto (C. albicans biofilm without 
PrestoBlue added), PrestoBlue only (1/2 PDB 
media only with PrestoBlue added).  HXP124 was 
added to a final concentration of 0.25mg/mL.
 

Using PrestoBlue we can assess cell viability in real time.  When PrestoBlue is added to a control 
biofilm there is a steady conversion of PrestoBlue to the fluorescent form by the living cells (orange 
line Figure 6).  There was no fluorescence in the absence of PrestoBlue (grey) or when PrestoBlue 
was present without a biofilm (yellow) (Figure 6).  S. aureus (Dark blue) was also used as a control 
for the addition of HXP124 as HXP124 is not antibacterial.  HXP124 was added to S. aureus cells at 
5 min and there was no change in the rate of conversion to the fluorescent product (Figure 6).  
When HXP124 (light blue) was added to the biofilm after the initial 5 min incubation with PrestoB-
lue there was a dramatic change in the rate of conversion to the fluorescent product.  This change 
occurred 2-5 minutes after the addition and is consistent with significant and rapid cell death by 
caused HXP124.  By analysing the rate of conversion to the fluorescent product we estimate that 
70% of the cells died within the first 5 minutes after the HXP124 addition.
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Table 2. IC50s of a range of diverse 
defensins against the 24-hour old 
C. albicans based  biofilms.

Defensins from diverse groups kill biofilms
We have identified a defensin, HXP124, which has good activity 
against C. albicans biofilms (Table 2). This suggests that within the di-
verse defensin group there are molecules with properties which 
make them uniquely suitable for this application.  The molecules 
identified thus far will be used as a foundation to identify further de-
fensins with enhanced efficacy.

In this preliminary study, we have identified plant defensins that rapidly kill C. albicans based biofilms.  We will identify fur-
ther candidate defensins that exhibit the most appropriate properties for therapeutic application before assessing our mole-
cules in mammalian biofilm models.


