
  

Plant Science Today, ISSN 2348-1900 (online) 

 OPEN ACCESS 

 

ARTICLE HISTORY 

Received: 24 May 2024 
Accepted: 17 June 2024 

Available online 
Version 1.0 : 10 August 2024 
Version 2.0 : 11 August 2024 

 

 
 

Additional information 

Peer review: Publisher  thanks Sectional 
Editor and the other anonymous reviewers for 
their contribution to the peer review of this work. 
 

Reprints & permissions information is 
available at https://horizonepublishing.com/
journals/index.php/PST/open_access_policy 
 

Publisher’s Note: Horizon e-Publishing 
Group remains neutral with regard to 
jurisdictional claims in published maps and 
institutional affiliations. 
 

Indexing: Plant Science Today, published 
by Horizon e-Publishing Group, is covered by 
Scopus, Web of Science, BIOSIS Previews, 
Clarivate Analytics, NAAS, UGC Care, etc 
See https://horizonepublishing.com/journals/
index.php/PST/indexing_abstracting 
 

Copyright: © The Author(s). This is an open-
access article distributed under the terms of 
the Creative Commons Attribution License, 
which permits unrestricted use, distribution 
and reproduction in any medium, provided 
the original author and source are credited 
(https://creativecommons.org/licenses/
by/4.0/) 
 

CITE THIS ARTICLE 

Hasan NN, Shafiq SA, Thabit ZA. 
Investigating the biological activity and 
biofilm inhibition of purified Pichia 
kudriavzevii killer toxin (PkKt) against 
pathogenic bacterial as a promising 
substance for food preservation . Plant 
Science Today. 2024; 11(3): 512-519. 
https://doi.org/10.14719/pst.3970 

Abstract   

Killer toxins (PkKT) produced by yeasts exhibit antimicrobial effects against 

pathogenic bacteria and fungi. This study aimed to extract, purify, and 

characterize the killer toxin from Pichia kudriavzevii killer toxin (PkKT) and 

evaluate its antimicrobial and anti-biofilm potential. PkKT was produced as 

a killer toxins and was purified through ammonium sulfate precipitation, 

ion exchange chromatography, and gel filtration. The purified PkKT showed 

a molecular weight of 36 kDa. Antimicrobial testing revealed significant 

inhibition against Staphylococcus aureus, Streptococcus pyogenes, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, Listeria monocytogenes, 

Acinetobacter baumannii, Escherichia coli, and Candida albicans using well 

diffusion assays. The minimum inhibitory concentration (MIC) ranged from 

16-128 μg/mL, while the sub-MIC was determined to be 8-64 μg/mL 

depending on the pathogen. At sub-MIC levels, PkKT exhibited a 66-89% 

reduction of biofilm formation in all tested species. S. aureus, S. pyogenes, 

and A. baumannii showed the highest MIC of 128 and 64 μg/mL sub-MIC, 

while E. coli and K. pneumoniae were most susceptible with MIC of 16 μg/

mL and sub-MIC of 8 μg/mL. In conclusion, the purified PkKT toxin displayed 

broad-spectrum antimicrobial and anti-biofilm activities against common 

healthcare-associated pathogens. These findings reveal the potential of 

PkKT as a therapeutic agent to prevent or treat biofilm-associated 

infections.  
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antibiofilm; antimicrobial activity; gel filtration; ion exchange 
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Introduction   

Bacterial infections remain a major global health concern, as many strains 

have developed resistance to commonly used antibiotics (1). This has 

created an urgent need to identify new antimicrobial agents. Recently, 

interest has grown in yeast-derived antimicrobial proteins and peptides as 

potential alternatives to traditional antibiotics (2). Because of their broad 

range of activity against many microorganisms, specific yeast-killer toxins 

are among the most promising classes of new antimicrobial medicines (3). 

The phenomenon of killer toxins was initially discovered to be widespread 

in Saccharomyces cerevisiae, however, it was later discovered to 
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be numerous other yeast genera. Killer yeast 

strains possess the capacity to generate extracellular 

poisons, which are fatal to microorganisms with sensitive 

cells (4, 5). Although strains may withstand their toxins, 

the toxins can be used in a variety of methods to destroy 

delicate cells. One yeast species that has shown promising 

results in this regard is Pichia kudriavzevii (6). 

 P. kudriavzevii is a species of yeast that has been 

isolated from various environmental sources, including 

soil, insects, and fermented foods (7). Research has 

demonstrated that some strains of this yeast species 

produce small proteins and peptides that exhibit 

antimicrobial effects against bacteria (8, 9). These 

antimicrobial compounds are thought to help the yeast 

compete against bacteria in their shared environments. 

Recent studies have focused specifically on characterizing 

antimicrobial proteins secreted by a strain of P. 

kudriavzevii isolated from different sources, referred to as P. 

kudriavzevii purified killer toxin (PkKT) (10).  

 When tested against an array of pathogenic 

bacterial strains, including Escherichia coli, Klebsiella 

pneumoniae, Staphylococcus aureus, and Pseudomonas 

aeruginosa, the species PkKT showed significant inhibitory 

effects on bacterial growth. The antimicrobial activity was 

observed against both Gram-positive and Gram-negative 

bacteria (11, 12). 

 In addition to suppressing growth, PkKT was found 
to inhibit biofilm formation in bacterial species. Biofilms 

are multilayered communities of bacterial cells that 

adhere to surfaces and are encapsulated in a self-

produced matrix (13). Biofilm formation enhances the 

survival capability of bacteria and makes them more 

resistant to antibiotics. PkKT was shown to reduce biofilm 

mass and thickness in species like S. aureus and P. 

aeruginosa. This suggests that it may have the potential to 

disrupt established biofilms (14). 

 The current study aimed to investigate the killing 
activity of purified killer toxin isolated from a local yeast 

strain of P. kudriavzevii.  

 

Materials and Methods 

2.1 Materials 

Yeast extract peptone dextrose (YEPD) broth, nutrient agar, 

Mueller-Hinton agar, nutrient broth, brain heart infusion 

(BHI) broth, and Sabouraud dextrose agar were provided 

from Himedia (India), while DEAE-cellulose and Sephadex G-

150 were purchased from Pharmacia (Sweden).  

2.2 Yeast and Bacterial Isolates 

Pichia kudriavzevii, Saccharomyces cerevisiae, Candida 

albicans, Staphylococcus aureus, Streptococcus pyogenes, 

Pseudomonas aeruginosa, Klebsiella pneumoniae, Listeria 

monocytogenes, Acinetobacter baumannii, and Escherichia 

coli strains were obtained from Biotechnology Research 

Center-Al-Nahrain University 

2.3 Isolation and Killer Activity of PkKT 

P. kudriavzevii was grown overnight in 100 mL of YEPD broth 

in a shaker incubator (180 rpm) at 30°C. The fresh cultures 

were used to inoculate 1 L of killer toxin production YEPD 

broth suspended in 500-mL conical flasks filled with 250 

mL broth (10% v/v). The inoculated flasks were incubated 

at 30ºC for 72 hours with shaking at 180 rpm. After 

incubation, the fermented broth was centrifuged at 10,000 

× g for 15 min at 4°C. The pellet was discarded, and the 

supernatant, containing the crude killer toxin, was 

collected. (10). Protein content was determined using the 

Bradford method (15).  

 For killer toxin activity estimation, crude toxin at 

specified dilution was prepared and poured into wells of 

diameter 7 mm (~ 50 µL /well) cut on Sabouraud Dextrose 

Agar plates pre-spread with S. cerevisiae culture. Plates 

were incubated at 30°C for 24 h, and the zone of inhibition 

was measured in mm. Killer activity was expressed in 

terms of arbitrary units (AU) multiplied by the inverse of 

specified dilution (AU/mL). One AU was defined as the 

amount of killer toxin preparation that produces an 

inhibition zone of 10 mm (16).   

2.4 Purification of PkKT 

The crude PkKT was subjected to purification processes 

involving salt precipitation, ion exchange chromatography, 

and gel filtration. The crude PkKT was precipitated by 30% 

ammonium sulphate and the mixture was mixed overnight 

using a magnetic stirrer at 4°C. PkKT was harvested by 

centrifugation (10,000 rpm) at 4°C for 10 min. The 

precipitate was dissolved in an appropriate volume of 

sodium acetate buffer and dialyzed against distilled water 

at 4°C for 24 h using dialysis bags (3, 10 kDa) (17). PkKT was 

then added to the DEAE-cellulose column (3 x 20 cm) and 

equilibrated with sodium chloride/hydroxide solution (0.25 

M). After that, the column was washed with an equivalent 

volume of the same buffer and attached proteins were 

stepwise eluted with gradual concentrations of sodium 

chloride (0.1- 1 M). The flow rate through the column was 3 

mL and the absorbance of each fraction was measured at 

280 nm using a UV-visible spectrophotometer (Cecil CE2041, 

Italy). Fractions with high killing activity were collected and 

loaded into the Sephadex G-150 column (2 x 40 cm) 

equilibrated with potassium phosphate buffer (pH: 7), and 

eluted at a flow rate of 3 mL/fraction. After that, the 

absorbance of each fraction was also measured at 280 nm 

(18). The molecular weight of purified PkKT was determined 

using a series of standard proteins with known molecular 

weight.  

2.4.1 Characterization of Purified Killer Toxin 

Purified killer toxin characteristics were determined as 

follows: 

2.4.2 The Effect of pH on Killer Toxin Activity and 

Stability 

The purified killer toxin was mixed with sodium acetate 

buffer (Prepared in 2.2.7.1A) at different pH values (3.5, 4, 

4.5, 5, and 5.5). The activity of killer toxin was measured. 

On the other hand, the stability of the killer toxin was 

estimated by incubating the killer toxin in the buffer of 

several pHs (3.5-5.5) for 30 min at 30°C, then the toxin 

activity was estimated, and the remaining activity was 
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calculated. 

2.4.3 The Effect of Temperature on Killer Toxin Activity 

and Stability  

The killer toxin activity was measured at several 

temperatures (25, 30, 35, and 37°C). For thermal stability, 

the purified toxin was pre-incubated at the same 

temperature for 30 min and the activity and remaining 

activity were determined. 

2.5 Antimicrobial Activity of PkKT 

The agar well diffusion method was used to detect the 

antimicrobial activity of PkKT against selected microbial 

isolates at a concentration of 512.0 µg/mL (19). In brief, an 

aliquot of 0.1 mL of freshly prepared microbial isolate was 

spread on the surface of nutrient agar at 37ºC for 24 h.         

A single colony was introduced to a test tube containing     

5 mL of sterile normal saline to produce a mildly turbid 

microbial suspension comparable to the standard 

turbidity solution of 1.5 × 108 CFU/mL. A portion of the 

bacterial suspension was carefully transferred and evenly 

dispersed on Mueller-Hinton agar medium using a sterile 

cotton swab, and it was left for 10 min. In the preceding 

agar layer, five millimeter-diameter wells were formed        

(3 wells/plate). An Aliquot of 0.1 mL of purified killer toxin 

was added to each well using a micropipette. The 

diameter of the inhibitory zones was measured after 

overnight incubation at 37°C on the plates. Normal saline 

water was used as the negative control.  

2.6 Broth Dilution Method 

The minimum inhibitory concentration (MIC) value of 

purified PkKT against microbial isolates was determined 

using the broth dilution method (20). A fresh microbial 

culture was prepared by growing microbial isolates 

overnight in nutrient broth (5 mL) at 37°C. After incubation, 

the microbial suspension was adjusted to a concentration 

of 1.5 × 108 CFU/mL using sterile normal saline water.             

A serial dilution series of purified killer toxins (0, 1, 2, 4, 8, 

16, 32, 64, 128, 256, 512, and 1000 µg/mL) was prepared in 

test tubes containing nutrient broth (total volume 3 mL). 

An Aliquot of 0.3 mL of adjusted microbial suspension was 

used to inoculate each tube. The tubes were incubated at 

37°C for 24 h. After incubation, the lowest concentration 

that completely inhibits microbial growth (no turbidity) 

was considered as MIC. 

2.7 Antibiofilm Activity of Purified PkKT 

The antibiofilm activity of PkKT was estimated at MIC and 

sub-MIC concentrations against microbial pathogens that 

are capable of forming biofilms using the microtiter plate 

method (21). An Aliquot of 180 µL of BHI broth containing 

PkKT at MIC and sub-MIC was added to each well. Then,    

20 µL of microbial suspension (1.5 x 108 CFU/mL) was 

added to each well and incubated at 37°C for 24 h. After 

incubation, the medium was taken from the wells and 

washed three times with normal saline to remove the 

unattached microbial cells and left to dry at room 

temperature for 15 min. The wells were then filled with   

200 µL of crystal violet solution (5 mg/mL) and allowed to 

sit for 20 min. The unbound dye was removed by washing 

the plate three times with normal saline and allowing the 

plate to dry at room temperature for 15 min. Finally,         

200 µL of 95% ethanol was added to each well and the 

optical density was measured using a microtiter plate 

reader (Bio-Rad, Germany) at 630 nm. 

Statistical analysis 

The antibacterial activity of PkKT was demonstrated 

against G+ve and G-ve bacteria. Data obtained were 

analyzed using the ANNOVA test through MiniTab 

statistical analysis software version 20.4.  

 

Results  

3.1 PkKT Activity and Purification Steps 

The capability of P.  kudriavzevii to produce PkKT was 

assessed using a well plate assay against standard                

S. cerevisiae strain. Results showed that P.  kudriavzevii was 

able to produce PkKT with a maximum activity of        15 

AU/mL. P. kudriavzevii is known to produce killer toxins, 

which are proteins or glycoproteins that can kill sensitive 

strains of the same or related yeast species. The toxins act 

by binding to specific cell wall receptors on sensitive cells, 

creating pores that disrupt the integrity of the cell 

membrane and cause ion leakage, eventually leading to 

cell death (22). 

 Recent research has shown that different strains of 

P. kudriavzevii can vary significantly in their PkKT 

production and activity. In comparative studies, some 

strains such as RY55 showed robust PkKT activity, 

evidenced by large zones of growth inhibition against 

sensitive indicator strains, 32 AU/mL after 72 hrs 

incubation (10). The diameter of the clear zone of                  

S. cerevisiae, which denotes the presence of PkKT, revealed 

that P. kudriavzevii has the highest activity. The 

production of primary and secondary metabolites results 

in killing action (12). Acetic acid, pyruvic acid, and lactic 

acid are examples of the organic acids that P. kudriavzevii 

can create as primary metabolites. It has been 

demonstrated that the lactic and acetic acids produced by 

yeast metabolism can inhibit the growth of other 

microbes. Additionally, P. kudriavzevii can create ethanol 

as a secondary metabolite, resulting in the formation of a 

clear zone in the S. cerevisiae (11). Differences in the PkKT 

genes and expression levels, efficiency of toxin secretion, 

and composition of cell wall receptors in target strains are 

all factors that can potentially affect killer activity (23). 

 Crude killer toxin isolated from P. kudriavzevii was 

purified via three purification methods, salt precipitation, 

ion-exchange chromatography, and gel filtration. Results 

in Table (1), show that the crude PkKT activity (69.0 AU/

mL) and specific activity (138 AU/mg) were increased after 

ammonium sulphate saturation at a concentration of    

30% (w/v) with a 2.07-fold increase in purification and 

51.8% yield.   

 PkKT obtained by ammonium sulphate precipitation 

was partially purified in ion exchange chromatography 

using DEAE-Cellulose resin. Results in Table (1) and Fig (1) 

show that one sharp peak was obtained from the washing 
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step and the other peak was observed at the elution step 

with gradient concentrations of sodium chloride. All peaks 

were assayed to detect the activity of PkKT. The wash peak 

contained most of the PkKT activity (40 AU/mL) at fractions 

numbered (20 to 28). PkKT-specific activity was increased to 

200 AU/mg protein with 3.0-fold purification fold 48.5% 

yield. 

 Partially purified PkKT resulting from DEAE-

Cellulose was subjected to the final step of purification by 

gel filtration chromatography using Sephadex- G150. As 

observed in Table (1) and Fig. (2), a sharp peak was 

obtained after the elution step and the activity of PkKT 

was entirely associated with this peak. The specific activity 

was substantially increased to 511.0 AU/mL with a 7.6 

purification fold and 47.8% yield. 

 The molecular weight of purified PkKT was 

determined using a Sephadex- G150 column. The linear 

relationship between the molecular weight of each standard 

protein and the recovery volume of each protein relative to 

the void volume (Ve /Vo) was plotted (Fig. 3) and results 

showed that the molecular weight of killer toxin was 36,000 

Dalton. 

Discussion 

Killer toxins have been isolated from different yeast genera 
using techniques such as salt precipitation, ion exchange 

chromatography, gel filtration, etc. (10). Ammonium 

sulfate is added to the crude PkKT to a saturation point, 

causing the toxin protein to precipitate out of the solution 

while leaving behind soluble impurities. This initial step 

removes some contaminating proteins, carbohydrates, 

lipids, and other molecules based on differential solubility 

and for this reason, the specific activity of PkKT was 

increased by 2.07-fold. This result is in concordance with 

other previous findings (24, 25).   

 Ion exchange chromatography using DEAE-

Cellulose resin helps further purify the toxin by exploiting 

differences in charge. The negatively charged PkKT was 

suitable to apply to the anion exchange DEAE-Cellulose 

resin, which allowed killer toxin molecules to repel the 

resin and pass through the gel while other components 

with positive charges bound to the resin (10). The 

isoelectric point of different yeast killer toxins ranged from 

pH: 4.3 - to 4.5. Most proteins have a negative net charge at 

high pH levels, where they resist the negative matrix 

charge in anion exchangers (26). Using negatively charged 

DEAE-Cellulose with buffer at pH: 7 successfully improved 

the purity and activity of PkKT by 3.0-fold compared to 

Purification Step 
Volume 

(mL) 
Killer Toxin 

Activity  (AU/mL) 
Protein Concentration 

(mg/mL) 

Specific 
Activity 
(AU/mg) 

Total 
Activity 

(AU) 

Purification 

(Folds) 
Yield 
(%) 

Crude Killer Toxin 65 26.6 0.4 66.5  1729 1 100 

Ammonium Sulphate 
Precipitation 30% 13 69 0.5 138 897 2.07 51.8 

DEAE-Cellulose 21 40 0.2 200 840 3 48.5 

Sephadex- G150 18 46 0.09 511 828 7.6 47.8 

Table (1): Purification steps of killer toxin produced by P. kudriavzevii.  

Fig. 1. Ion exchange chromatography of PkKT using DEAE-cellulose col-
umn (3 × 20 cm). 

Fig. 2. Gel filtration chromatography of PkKT using Sephadex G-150 
column (2 × 40 cm). 

Figure (3): Standard curve for estimating the molecular weight of PkKT 
by gel filtration method using Sephadex G-150 column (2 x 40 cm). 
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crude preparation.  

 Fig. (2) demonstrates that the single peak reflects 

the higher biological activity because of pure PkKT. 

Impurities elimination, salt removal, and gel filtration 

resulted in a good specific activity compared to the crude 

extract with a 7.6-fold increase in activity. Two two-step 

purification methods including gel filtration are routinely 

used to purify yeast-killer toxins. Concentration by 

ammonium sulphate and Sephacryl S-200 gel filtration 

step were used for killer toxin purification extracted from 

Bakery yeast [27]. In addition, the molecular weight of 36 

KDa of purified PkKT was estimated by gel filtration. Killer 

toxins have different molecular weights in different yeast 

strains. For instance, the molecular weights of killer toxins 

from several yeast genera ranged from 18 to 300 kDa. Killer 

toxin extracted from P. kudriavzevii RY55 possesses a 

molecular weight of 39.8 kDa (28), another study identified 

a killer toxin from P. kluyveri with a molecular weight of 54 

kDa (29).  

3.2 Antimicrobial Activity of Purified PkKT 

The antimicrobial activity of PkKT obtained from the final 
purification step was examined against several pathogenic 

microorganisms C. albicans, S. aureus, S. pyogenes, P. 

aeruginosa, K. pneumoniae, L. monocytogenes, 

Acinetobacter baumannii, and E. coli using well diffusion 

method. Results in Table (2), show that all the tested 

pathogenic microorganisms were highly susceptible to the 

proteins collected from the washing step indicating the 

existence of PkKT. On the other hand, antimicrobial 

activity was not found in the elution step, indicating that 

no PkKT was bound to the ion exchange resin, and all the 

killer toxin was already passed in the washing step. The 

antimicrobial activity of purified PkKT showed minor 

variation in the producing zone of inhibition ranging from 

14±1.4 (K. pneumoniae) to 18.0±3.0 mm (S. aureus) with no 

significant differences among tested pathogens.   

Yeast produces toxins that exhibit antimicrobial activity 

against other yeasts and bacteria. These toxins are known 

as yeast-killer toxins or mycotoxins (30). They are secreted 

proteins or glycoproteins that can kill sensitive 

microorganisms. The killer phenomenon was first 

discovered in S. cerevisiae but has since been found in 

other yeast species (16, 28). Research has shown that yeast

-killer toxins have a wide range of antimicrobial activity 

against medically important pathogens including Candida 

albicans, C. neoformans, S. aureus, and P. aeruginosa (5, 6).  

 PkKT are proteins or glycoproteins that act by 

disrupting the cell membrane integrity of sensitive 

microorganisms (31). Research has shown that PkKT has a 

wide range of antimicrobial activity against both Gram-

positive and Gram-negative bacteria of medical 

significance (32).  

 Studies have demonstrated that PkKT inhibits the 

growth of common Gram-positive pathogens such as S. 

aureus, S. pyogenes, and L. monocytogenes (10). The toxin 

creates pores in the bacterial cell membrane, leading to 

ion leakage and cell death (33). For Gram-negative 

bacteria like E. coli, P. aeruginosa, and K. pneumoniae, the 

PkKT can pass through the outer membrane and cause 

cytoplasmic membrane damage (34). This broad-spectrum 

activity against Gram-positive and negative pathogenic 

bacteria makes PkKT a promising natural antimicrobial 

agent. Further investigations on the functional 

characterization and mechanisms of action of the toxin 

could provide insight into potential therapeutic 

applications. Overall, considering the findings of the 

experiment, PkKT represents an interesting alternative 

strategy to combat multidrug-resistant infections caused 

by bacterial pathogens (35). 

 PkKT demonstrates potent fungicidal effects 

against certain Candida species. The toxins bind to specific 

receptors on the Candida cell wall and membrane, 

creating pores that disrupt membrane integrity. This leads 

to ion leakage, loss of metabolites, and apoptosis (36). 

Research shows PkKT exhibits candidacidal activity 

against clinically important species like C. albicans, C. 

glabrata, and C. tropicalis (37). The strength of activity 

depends on both the Candida strain and PkKT type. 

Further work is exploring combinations of PkKT with 

antifungal drugs to improve efficacy against drug-resistant 

Candida infections. Overall, PkKT represents promising 

natural antimicrobials to combat Candida (38). 

3.3 MIC of Purified PkKT 

The MIC of purified PkKT against pathogenic 

microorganisms was detected using the broth dilution 

method. The MIC and sub-MIC of PkKT were identified for 

each pathogen. The MIC and sub-MIC in S. pyogenes,            

S. aureus, and A. baumannii were 64 and 128 µg/mL, 

respectively. The MIC and sub-MIC effect of PkKT against L. 

Source 
Sum of 

Squares df 
Mean 

Square 
F-

Value p-Value 

Klebsiella 
pneumoniae 9.94 1 9.94 58.15 <0.0001 

Pseudomonas 
aeruginosa 5.67 1 5.67 33.17 <0.0001 

Listeria 
monocytogenes 0.1650 1 0.1650 0.9656 0.3365 

Candida 
albicans 3.49 1 3.49 20.44 0.0002 

Streptococcus 
pyogenes 

1.640 × 
10−6 

1 
1.640 × 

10−6 
9.597 
× 10−6 

0.9976 

Escherichia coli 0.0046 1 0.0046 0.0269 0.8712 

Staphylococcus 
aureus 4.90 1 4.90 28.66 <0.0001 

Acinetobacter 
baumannii 0.9233 1 0.9233 5.40 0.0297 

Table (2): Analysis of variance (ANOVA) for PkKT against different types of 
bacterial pathogens. 

R2 = 0.8703, Adjusted R2 = 0.8172, Predicted R2 = 0.662, Significant ≤ 0.050 
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monocytogenes and C. albicans were 32 and 64 µg/mL, 

respectively. P. aeruginosa was completely killed at a 

concentration of 32 µg/mL, the concentration 16 µg/mL 

was considered as sub-MIC. Both E. coli and K. 

pneumoniae exhibited the most extreme sensitivity to killer 

toxin among all pathogens, with a killing concentration of 

16 µg/mL and sub-MIC of 8 µg/mL.    

 Determining the MIC provides important 

information about the potency and potential applications 

of PkKT. The MIC is defined as the lowest concentration of 

an antimicrobial agent that prevents the visible growth of 

a microorganism after overnight incubation. Research 

studies have used broth dilution methods to establish MIC 

values for PkKT against different microbial strains. 

Reported MICs range from 0.24 to 500 μg/mL depending on 

the toxin variant, producer strain, target organism, and 

assay conditions (39). Lower MICs indicate greater 

antimicrobial potency (40). Hence, according to the study, 

the MIC of PkKT ranged from 16 to 128 μg/mL, indicating 

the potent antimicrobial effect of this toxin against all 

types of pathogenic microorganisms. The MIC of P. 

kluyveri against food and beverage spoilage yeasts was 

found to be from 2 to 5 μg/mL (29). Killer toxin from P. 

pastoris was used to control bacterial contaminations in the 

food industry with a MIC of 1 AU/mL (35). 

3.4 Antibiofilm of Purified PkKT 

The anti-biofilm capability of purified PkKT was estimated 

using the sub-MIC concentration of killer toxin designated 

for each pathogen. After completing the treatment of 

microbial isolates with sub-MIC of killer toxin, the results 

showed bacterial sensitivity to PkKT and reduction in 

biofilm formation (Fig. 4). Biofilm formation in all tested 

microbial pathogens was significantly reduced and the 

levels of biofilm inhibition varied among the pathogens 

and ranged from 66.67 ± 5.76% to 88.93 ± 1.04%.                    

P. aeruginosa, L. monocytogenes, and E. coli showed no 

significant differences in the rate of biofilm reduction upon 

treatment with purified PkKT and these bacterial species 

were gathered in one group that is significantly (p < 0.05) 

from other microbial species concerning biofilm inhibition 

rate.     

Biofilm formation enhances the tolerance of 

microorganisms to antimicrobials and environmental 

stresses (41). Several studies have explored the potential 

of yeast-killer toxins in preventing or disrupting biofilms 

formed by harmful bacteria and fungi (42). Killer toxins 

secreted by Pichia, Williopsis, and other yeasts demonstrate 

broad-spectrum antimicrobial effects. There is evidence 

that some killer toxins can prevent biofilm formation by 

susceptible organisms. For example, PkKT inhibited 

biofilm formation by C. albicans, S. aureus, and P. 

aeruginosa at sub-MIC levels (43). The anti-biofilm activity 

has been attributed to interference with microbial growth 

and adhesion. 

 In addition, some killer toxins exhibit biofilm-
disrupting ability by damaging or dismantling established 

biofilms. A Williamses killer toxin reduced pre-formed 

biofilms of Candida tropicalis by 75-90% after 2 hours of 

treatment (44). This toxin likely degrades biofilm EPS 

(exopolysaccharide) components and kills embedded 

cells. The anti-biofilm effects of killer toxins appear to 

involve both microbicidal activity and EPS breakdown 

(45).  

 The results highly confirmed that PkKT was 

extremely active in preventing biofilm formation in all 

tested Gram-negative bacteria. Studies showed that a 

killer toxin from Wickerhamomyces anomalous inhibited 

biofilm formation by P. aeruginosa and E. coli at sub-

inhibitory concentrations. This toxin reduced biofilm 

biomass by more than 60% and altered biofilm structure 

and thickness (16, 28).  

 

Conclusion   

The killer toxin purified from P. kudriavzevii exhibited 

potent antimicrobial and anti-biofilm activity against a 

range of pathogenic bacteria that are mostly found on 

fruits and can be isolated from food such as Klebsiella 

pneumoniae, Pseudomonas aeruginosa, Listeria 

monocytogenes, Streptococcus pyogenes, Escherichia coli, 

S. aureus, and A. bumanni and extended to exhibit activity 

against Candida albicans. All tested pathogens were highly 

susceptible, with a 66-89% reduction in biofilm formation 

when treated with sub-MIC toxin concentrations. These 

results demonstrate the promising therapeutic potential 

of this purified killer toxin as a novel antimicrobial and anti

-biofilm agent. With a potential of wide spectrum 

inhibition, and MIC values ranging from 16-128 μg/mL, this 

natural product could be a promising substance that can 

be used in food preservation for its selectivity against 

competitive microorganisms and exerts no effect on 

humans.  
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