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Abstract 
Interestingly, antifungal protein AFP was purified from Aspergillus giganteus supernatants with 
modified isoelectric focusing procedure after adaptation of the secretion conditions. Subsequently, 
the antifungal activity as well as the mode of action against Alternaria alternata was tested in vitro. 
Moreover, different concentrations of AFP were applied to banana fruits for 15 days at 20˚C in vivo. 
Obtained results illustrated that A. giganteus was able to secrete about 39.78 ± 2.39 mg AFP∙l−1 Olson 
medium. The employed ammonium sulfate (AS 75%) precipitation procedure followed by dialysis 
steps yielded about 16 - 22 mg AFP∙l−1 culture supernatant with general mean of 18.67 ± 1.98 mg∙l−1. 
The lost amount of AFP during purification using AS and 3KDa cut-off dialysis membrane is about 
50% thus, purification procedure must be further improved. Indeed, concluded results from MIC 
and hyphal extension inhibition test noticed that AFP was efficiently affected by either growth or 
hyphae form of A. alternata in vitro. The MIC of AFP against A. alternata was 2 μg∙ml−1. However, 
short, thick and highly septated hyphae with damaged constricted apical regions extruding from 
condensed mycelium aggregates in treated hyphae compared to the untreated culture was re-
markably shown. The mode of action of in vitro experiment manifested that AFP was effective to 
act the fungal cell and permeabilize the cell membrane of A. alternata. Furthermore, the in vivo 
experiment showed that AFP could reduce post-harvest decay on banana caused by A. alternata. 
AFP at concentration of 15 and 25 μg∙ml−1 exhibit Alternaria decayed reduction by 45.45% and 
77.27%, respectively. While no Alternaria decayed area was observed when 50 μg∙ml−1 was 
applied during the storage time. Quantification of DNA by species-specific PCR could exude a posi- 
tive correlation between the DNA amount and decayed area. In conclusion, AFP can be efficiently 
used as a bio-preservative agent during storage and handling of banana fruits, and considered as 
an excellent biological alternative to combat secondary growth of filamentous fungi. 
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1. Introduction 
Antimicrobial proteins and peptides have been isolated from a wide range of plant and micro-organisms spe- 
cies. More recently it has become increasingly clear that these types of antimicrobial peptides play an important 
role in food bio-preservatives. In this approach, many antimicrobial and antifungal peptides were isolated and 
successfully used to prevent some foods from the microbial and fungal deteriorations [1]. Among the antifungal 
proteins produced by filamentous fungi, the imperfect Ascomycetes A. giganteus is characterized by its ability to 
secret some antifungal peptides. A small-sized antifungal peptide with destructive effects on fungal growth has 
been observed [2]. The antifungal protein AFP secreted by A. giganteus is one prominent peptide bearing great 
potential for future antifungal strategies. A. giganteus secretes two basic proteins in cultivation media containing 
high amounts of peptides. The first one is: α-Sarcin, the protein with an anticancer activity, has been a ribo-
some-inactivation protein (RIP) recorded by [3], whereas the second peptide has been shown to specifically in-
hibit the growth of filamentous fungi and was therefore named antifungal protein (AFP). The AFP consists of 51 
amino acids, resulting in a molecular weight of 5.81 kDa. AFP is a small and basic peptide that exerts extremely 
potent antifungal activity against human- and plant-pathogenic fungi without affecting the viability of bacteria, 
yeast, plant and mammalian cells [4]. The isoelectric point was estimated to be 8.8; thus, the protein is positively 
charged under physiological conditions. Lacadena et al. [5], who used an extra chromatography Sephadex G-25 
column, reported that an overall yield of 5 - 10 mg∙AFP∙l−1, whereas [6] were able to purify 3.4 mg homogenous 
AFP∙l−1 by Carboxymethyelcellulose (CMC-52) as cation exchange chromatography with blue Sepharose 
(CL-6B) affinity chromatography. Recently, Liu et al. [2] purified α-Sarcin and AFP by chitin affinity column 
chromatography and gel filtration, and obtained 3.45 mg∙AFP∙l−1. No last AFP producers used heat shock at the 
end of cultivation process. Theis [7] found that 17 mg purified AFP∙l−1 were obtained with CMC-52 and 
Sephadex G-50 column. Most recently 16.22 mg∙AFP∙l−1 were purified using Cellulose phosphate (Cph) as 
cation exchange chromatography and Sephadex G-50 with incubation the culture at 28˚C for about 100 hrs fol-
lowed by an additional incubation period for 17 - 20 hrs at 37˚C [8]. A few studies were established for purifica-
tion different antifungal peptides applying the isoelectric focusing procedure [9]-[11], where no one used this 
technique for purification of AFP from A. gigenteus so far. 

AFP affects the membrane alterations exclusively in AFP-sensitive fungi. It is predominantly localises on 
outer layer and accumulates within defined areas as AFP receptors of the cell wall. It could also be demonstrated 
that AFP readily permeabilizes the membrane of AFP-sensitive strains [12]-[15]. Alternatively, AFP has been 
observed that interacts with unknown membrane components and might be responsible of disruption of chitin 
synthases within the plasma membrane which mainly dependent on the sterole and sphingolipid profile of 
plasma membrane [16] [17]. Most recently, it was shown that AFP inhibits in vivo the activity of chitin syn- 
thases in AFP sensitive fungi thereby inhibit the hyphal elongation [18] [19].  

A. alternata was reported as human and plant pathogen which caused leaf and fruits brown spots in many 
fruits and vegetable [20] [21]. Many species of the genus Alternaria commonly cause spoilage of various food 
crops in the field or post-harvest decay. Due to their growth even at low temperatures, they are also responsible 
for spoilage of these commodities during refrigerated transport and storage. Several Alternaria species are 
known producers of toxic secondary metabolites-Alternaria mycotoxins such as alternariol, alternariol mono-
methyl ether, altenuene, altertoxins I, II, III, tenuazonic acid and other less toxic metabolites. There are several 
reports on the mutagenicity and genotoxicity of alternariol, and alternariol monomethyl ether. A large number of 
Alternaria metabolites have been reported to occur naturally in food commodities e.g. fruits, vegetables, cereals 
and oil plants [22]. The recent reports concluded that A. alternata caused Alternaria leaf spots of banana and 
dominated in banana friuts [20]. In recent study the A. Alternate shown to be very sensitive to AFP and had been 
inhibited on tomato and mango during storage [23].  

As AFP is consider as an attractive alternative for food preservation and suggest several technological uses 
such as food bio-preservatives and development of antifungal agents [23] [24]. The present investigation was 
carried out to purify AFP from A. giganteus applying modified isoelectric focusing procedure. Carry out the 
quantitative analysis of AFP purification procedure as well as characterize the AFP antifungal activities and its 
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mode of action on some pathogenic fungi. One potential application using banana as fruit module and A. alter-
nata as pathogen had been investigated.   

2. Material and Methods 
2.1. Strains 
A. giganteus IfGB0902V and A. Alternata IfGB0203 were obtained from Institut für Gärungsgewerbe, Berlin, 
Germany. 

2.2. Banana Fruits 
Fresh banana (Musa acuminata L.) was obtained from the local vegetable supermarket at Berlin, Germany in 
fresh commercial level of maturity after the artificial ripping was achieved to about 90%. 

2.3. Fungal Strains Propagation 
A. alternata IfGB0203 was cultivated on PDA [25]. After 7 - 10 days the spores suspensions were obtained by 
washing the media surface with 0.05% Triton-x-100 solution by sterilize cotton buds. The spore suspensions 
were filtrated with sterilized Nylon films to remove the mycelium derivates and the spores count was calculated 
by Thomas cell. While for DNA isolation and prepare pure DNA for the PCR assay, A. alternata was propa-
gated using PDB at 28˚C for 2 days. 

2.4. AFP Production, Precipitation and Dialysis 
A. giganteus was cultivated on Olson medium as mentioned previously by [8] and the supernatant was obtained 
by filtration, centrifuged to get clear supernatant. The ammonium sulfate was added to the supernatant gradually 
to reach 75% of saturation at 4˚C for protein precipitation with constant stirring overnight. The precipitated pro-
tein was collected by centrifugation at 10,621 xg for 15 min. The protein pellet was dissolved in minimum vol-
ume of PBS buffer pH 7.0 then the protein solution was extensively dialyzed through (3 kDa cut-off) membrane 
against water overnight with cyclic system. The dialysed protein matrix was freeze dried then mixed with am-
pholyte (Bio-Rad) with pH range 3 - 10. On the other hand, aliquot of cultural supernatant was also freeze dried 
and applied to AFP separation. 

2.5. Isoelectric Focusing Separation of AFP 
The mixed dialysed protein with ampholytes was subjected to an isoelectric focusing electrophoresis (IEF, Bio- 
Rad, Figure 1) in a vertical apparatus and focused at 400 V for a period of 4 - 5 h. Approximately 20 ml of pre-
pared protein was applied to get about 20 fractions in pH range 3 - 10 according to the used ampholytes. The pH 
of collected fraction was measured and SDS-PAGE (Bio-Rad) using 20 µl from each fraction was performed 

 

 
Figure 1. Vertical isoelectric focusing electrophoresis apparatus (Bio-Rad).          
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in presence of a standard protein marker (Bio-Rad, 6.9 - 203 kDa). Protein band was visualized by staining with 
silver stain [26]. The AFP bands were observed at the respected molecular weight according the protein marker. 
The AFP fractions at pH range of (8.6 - 9.8) were pooled and the purity was examined using size exclusion 
chromatography column packed with Sephadex G-50. The protein concentration was determined spectropho-
tometrically according to [27] using the “Micro-Protein Assay” kit from Bio-Rad (München). The calibration 
standard curve was performed with different concentrations of either γ-globulin or bovine serum albumen 
(BSA). 

2.6. AFP Antifungal Activity in Vitro 
2.6.1. Hyphal Extension Inhibition Assay 
Antifungal activity was assayed using a hyphal extension-inhibition method as described by [28]. Tested strains 
were cultivated in the centre of Petri dish containing PDA. After incubating at 28˚C for 48 h, sterile filter paper 
disks were placed on the agar surface in front of the advancing fungal mycelium. Then 20 µl of protein prepara-
tions containing AFP with different concentrations as 50, 100, 250, 500 µg∙ml−1 were applied to each disk as 
well as buffer without AFP as a control was used. The plates were incubated at 28˚C for an additional 48 - 72 h 
and the inhibition effect was observed.  

2.6.2. Determination of the Morphological Changes 
A. alternata was cultivated in PDB medium. One thousand spore or conidia were added to 200 µl of culture me-
dium containing AFP at different concentrations ranged from 0 - 50 µg∙ml−1 in microtiter plate (Greiner, Frick-
enhausen). After 72 h of incubation with continuous agitation at 120 rpm, the mycelium from each concentration 
was washed with phosphate buffer (pH, 7.0) then fixed with Poly-L-Lysine (PLL) on glass slid and covered with 
slid cover [29]. The morphological attributes were microscopically diagnosed.  

2.6.3. Determination of the Minimal Inhibitory Concentration (MIC) 
The in vitro activity of AFP was determined, 103 spores of A. alternata were added to 200 µl of culture medium 
containing AFP at different concentrations ranged from 0 - 50 µg∙ml−1. After 72 h of incubation with continuous 
agitation, the minimal AFP concentration that prevented growth of a given test organisms was determined and 
declared as the minimal inhibitory concentration (MIC). MIC was defined as the lowest AFP concentration 
which resulted in complete inhibition of growth. Percentage of growth inhibition was calculated according to 
[30].  

2.6.4. Determination of AFP Mode of Action 
The SYTOX-Green uptake assay was performed according to the method described by [13] [31]. One thousand 
spores of the fungal test strain were cultivated in 96-well microtiter plate containing 200 µl PDB medium. After 
42 h of incubation at 28˚C, AFP and SYTOX-Green were added to final concentration of 50 µg∙ml−1 and 0.2 µM, 
respectively. After addition incubation period for 1 h, the mycelium were washed with Tris buffer (pH, 6.0) and 
fixed with Poly-L-Lysine (PLL) on glass slid then covered with slid cover. Fluorescence color images were 
captured using Argus X1 software under fluorescence light in absence and presence of AFP. 

2.7. AFP Antifungal Activity in Vivo 
2.7.1. Effect of AFP at Different Concentrations on Control of A. alternata in Vivo 
Fresh banana fruits were washed with tap water, then surfaced-disinfected with 2% sodium hypochlorite for 2 
min, cleaned with sterilized water and air dried prior to wounding. Spore suspensions of A. alternata were ob-
tained by flooding 7 - 10 day-old PDA culture of pathogen with sterile distilled water containing 0.05% (w/v) 
Triton-x-100. Spore concentration of the pathogen was determined by Thomas cell and adjusted with sterile dis-
tilled water to 106 spore∙ml−1. Fruits were wounded with a sterile cylinder puncher to make one uniform 2-mm 
deep by 2-mm wide wound on their peel (5 wounds/fruit) then inoculated using prepared spore suspension of A. 
alternata by inject 5 µl into each wound. After 0.5 h under clean pinch, the wounded fruits were divided in 6 
groups, each group contain 10 fruits. For AFP treatments, aliquots of 0, 5, 15, 25 and 50 µg∙AFP∙ml−1 were 
sprayed on the infected wounds using small atomizer set (about 2 ml for each 2 fruits), where 2 wounded fruits 
were treated with one individual AFP concentration. Fruits were packed separately in carton packages and cov-
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ered with polyethylene sheets then kept at 20˚C with approximately 94% RH. The diameters of the infected area 
were measured subsequently after 4, 7, 10, 12, 14 and 15 days.  

2.7.2. Quantification of A. alternata Growth on Banana Fruits by PCR 
The infected area of each fruit was collected; DNA was isolated and purified according to [32]. The DNA con-
centration was measured after mixing with TE buffer pH 7.5 and measured at 260 nm and 280 nm according to 
[33]. All DNA isolates were subjected to the specific PCR using 1 µl with the standard PCR reaction. A stan-
dard curve applying different concentrations of pure A. alternata DNA in range from 0.5 to 100 ng was per-
formed between the DNA concentrations and their relative fungal DNA amounts and the calculating equation 
was obtained using the exponential regression module (Microsoft Excel, 2010). The relatively DNA amounts 
were calculated using the obtained equation after measuring the PCR-Fragments intensity by Kodak program. 
Both PCR test for pure A. alternata DNA and A. alternata isolated DNA from banana were carried out under the 
same conditions. 

2.7.3. Species-Specific PCR 
PCR for the isolated DNA was used to amplify the DNA using AAF2/AAR3 primer  
(TGCAATCAGCGTCAGTAACAAAT)/(ATGGATGCTAGACCTTTGCTGAT) in the standard reaction solu-
tion. DNA amplification was performed in the thermal cycler machine using PCR set program. The programs 
were carried out an initial 3.0 min denaturation at 95˚C; then 35 cycles of 30 s at 95˚C, 30 s at 64˚C annealing 
temperature and 60 s at 72˚C, followed by a final extension of 5 min at 72˚C and cooled down to 4˚C. In order to 
identify the strains according to DNA size, horizontal electrophoresis gel was performed. DNA amplified prod-
ucts were mixed with stopping buffer and run through 1.5% agarose gel in the presence of 0.5 × TAE buffer at 
120 V for 35 to 45 min. After 20 min staining in Ethidium bromide solution, the bands became visible under UV 
light. Identification of A. alternate was carried out by comparing the individually DNA fragment to the DNA 
marker GeneRulerTM DNA Ladder Mix 100 - 10,000 bp [25]. The relative fungal DNA amounts were calculated 
by measuring the PCR-Fragment intensity for all PCR bands using Kodak ID program v., 3.6 and mean of trip-
licate ± SE was calculated and performed by Excel program [8].  

3. Results  
3.1. Optimization of AFP Purification from A. giganteus by Isoelectric Focusing Technique 
The isoelectric focusing (IEF) is a widely used procedure in protein purification. It is based on the principle that 
the protein placed in a pH gradient within an electric field will migrate toward either the cathode or anode until 
it reaches a pH at which there is no net charge on the protein molecule [9]-[11].  

In order to analyse the antifungal activity of the AFP produced by A. giganteus against A. alternata as plant 
pathogenic fungi and also to utilize the AFP in a selected food stuff. A liquid isoelectric focusing using Bio- 
Rad’s Rotofor cell (Figure 1), which separate the sample into 20 fractions was used. To establish this protocol, 
the AS was applied at wide range of concentration (25% - 90%) to detect the best concentration for precipitate 
of high AFP yield, Figure 2. The obtained result illustrated a positive relationship between isolated protein yield  

 

 
Figure 2. SDS-PAGE of different precipitated protein form the cultural su-
pernatants by different ammonium sulfate concentrations compared to iso-
lated AFP by cellulose phosphate (Cph). M: protein marker (6.1 - 116 kDa), 
St: APF standard and 25 - 90: ammonium sulfate; HMWP: high molecular 
weight protein. The most isolated proteins are α-sarcin and AFP.             
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◄AFP
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and AS concentration. The best concentrations which were able to precipitate high amount of AFP are from 60% 
to 90%. While no precipitated AFP had been observed applying 25% to 50% AS concentration. Therefore, the 
suggested concentration for precipitate the AFP would be 75% to realise the purification protocol. 

This system could be able to purify AFP in either precipitated protein pellet or lyophilised medium with/or 
without dialysis, Figure 3. However, performing of dialysis process could be better for improving the procedure 
adequacy by removing the AS residues. Otherwise, the AFP was able to be isolated even from the lyophilized 
supernatant as can be shown in Figure 3. The comparing yield data indicated that using the AS precipitation 
followed by dialysis step could be much easier and beneficial for AFP production on large scale. 

Interestingly, the whole AFP purification procedure has been established and drowns down (Figure 4). Ap-
plying the AS with obtained supernatant at 75% overnight at 4˚C, separation the protein pellet followed by di-
alysis overnight then IEF had been achieved. Hence, the isoelectric point of AFP is 8.8 [5], fractions between 
8.6 to 9.8 demonstrated the pure AFP. According to SDS-PAGE in Figure 4, the AFP separation yield was in- 

 

 
Figure 3. SDS-PAGE of isoelectric focusing separated fractions from 
the lyophilized cultural supernatant. Lanes (1 and 7): Protein marker 
(6.9 - 125 kDa), Lanes (2): lyophilized supernatant mixed with am-
pholyt pH 3 - 10 run without any additional treatments and Lanes (3 - 6): 
different protein fractions 7.68, 8.2, 8.80 and 9.48 belong to 3, 4, 5 and 
6 from freeze-dried cultural supernatant, respectively.                 

 

 
Figure 4. Flow chart of the adapted AFP production and purification procedure.                                    
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creased at pH 8.59 - 9.8. However, the isolated protein at fraction 9.56 and 9.8 yielded AFP amount higher than 
AFP amount at 8.59 fraction. Furthermore, the AFP fractions are able to be lyophilized and still in active form.  

The quantification analysis of established protocol of AFP purification was illustrated. However, obtained re-
sults illustrated that A. giganteus is able to secrete about 39.78 ± 2.39 mg∙AFP∙l−1 Olson medium. The employed 
ammonium sulphate (AS 75%) precipitation procedure followed by dialysis steps yielded about 16 - 22 mg∙AFP∙l−1 
culture supernatant with general mean of 18.67 ± 1.98 mg∙l−1. The lost amount of AFP during purification 
using AS and 3KDa cut-off dialysis membrane is about 50% thus, purification procedure should be further im-
proved. 

3.2. Characterization of AFP Antifungal Activity 
It is known from previous studies that AFP inhibits the growth of filamentous fungi but has no effect on the 
growth of bacteria, yeast and mammalian cells [13] [24]. In addition, the qaulitative and quantitative antifungal 
activity as well as effect on morphological shape and mode of action were investigated. The antifungal activity 
of isolated AFP by the cation exchanger chromatography against A. alternata has been recently investigated [23]. 
Hyphal extension inhibition of A. alternata using different AFP concentrations was determined and the result 
was shown in (Figure 5). AFP at concentration ranged from 50 - 500 µg∙ml−1 exhibit strongly antifungal activity 
by inhibition the hyphae elongation. The inhibition zone was relatively correlated with increasing the concentra-
tion.  

Studying the effect of AFP on morphological shape demonstrated that around 1 µg∙AFP∙ml−1 could affect the 
fungal hyphae shape (Figure 6). Incubation of fungal strain with AFP exudes short, thick and highly septated  

 

 
Figure 5. Direct inhibition of fungal growth by AFP, A. alternate 
was cultured on potato dextrose agar (PDA). Crescents surround-
ing disks indicate the inhibition of hyphae extension. Disks con-
tained 50, 100, 250 and 500 µg∙ml−1 of AFP and sterilize buffer 
used as a control (C).                                        

 

    
(a)                            (b) 

Figure 6. Morphological changes induced in A. alternata mediated by AFP at 
concentration of 1 µg∙ml−1 which was cultivated in PDB for 3 days. (A) Nor-
mal apical (a) and hyphae (h); (b) Damaged apical (a), abnormal hyphae (h) 
and hyphae not grow more means no new hyphae branches.                 
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hyphae with damaged constricted apical regions extruding from condensed mycelium aggregates in treated hy-
phen compared to the untreated culture was remarkably shown (Figure 6(b)). Interestingly, the microscopic di-
agnostic shows high cell released components in the medium of treated strain with AFP as a result of cell dam-
aging or disruption Figure 6(b). The most dramatically effect of AFP on growth of sensitive strain was inhibit-
ing the new hyphae formation as well as affects the grown mycelium therapy reducing the fungal biomass. 
Moreover, the MIC of AFP against A. alternata was 2 µg∙AFP∙ml−1 by liquid medium test using 103 spore ml−1.  

3.3. Determination of Membrane Permeabilization 
The AFP mode of action related to membrane permeabilization by the SYTOX-Green uptake to check the activ-
ity of AFP on A. alternata was investigated. In a qualitative approach, an assay was based on the uptake of the 
fluorogenic SYTOX-Green dye to check the binding of AFP to the cell wall and plasma membranes of sensitive 
fungi which was followed by permeabilization of the membrane. A. alternata was tested for AFP-induce mem-
brane permeabilization. Therein results of this investigation are shown in Figure 7. Strong SYTOX-Green fluo-
rescent related to uptake of the SYTOX-Green fluorogenic dye and staining of the nucleic acid was observed 
when the strain was incubated with SYTOX-Green and 25 µg∙AFP∙ml−1 (Figure 7(b)). In contrast, it has no ef-
fect from SYTOX Green dye on fungal growth which only displays a very faint fluorescence when not bound to 
DNA. No DNA-SYTOX-Green fluorescence was detected when A. alternata was incubated with SYTOX- 
Green in the absence of AFP (Figure 7(d)). This observation confirmed that AFP cause intercellular uptake of 
the dye under these conditions. 

 

  
(a)                                                 (b) 

   
(c)                                                 (d) 

Figure 7. A. alternata SYTOX-Green uptake in absences or presence of AFP. (a) Light photo; and (b) 
Florescence photo for treated strain with 25 µg∙ml−1 AFP; (c) Light photo and (d) Florescence photo 
without AFP. The strain was grown in PDB media for 42 hrs before examination.                             
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3.4. Effect of AFP at Different Concentrations on Control of A. alternata in Vivo 
The decayed area of artificially infected-wounded banana fruits by A. alternata spores was illustrated in Figure 
8. The results indicated that when artificially infected-wounded bananas were sprayed with different AFP con-
centrations, the growth of A. alternata was partly or totally inhibited depends on the applied concentration, Fig-
ure 8 and Figure 9. However, applying AFP at 15 µg∙ml−1 demonstrated about 45% growth reduction in banana 
fruits after 15 days.  

While, the reduction percentage of decayed banana skin area treated by 25 µg∙ml−1 was 77.27 after 15˚C days 
at 20˚C. However, spraying of the wounded banana fruits by 50 µg∙AFP∙ml−1 exhibit fungicidal effect and ap-
proximatlly 100% of A. alternata inhibition were observed. The effect of AFP to prevent the hyphal growth was 
illustrated in Figure 9, where low fungal growth have been found in treated fruits compared to untreated fruits. 

The quantification of fungal DNA was calculated referred to a standard curve of different A. alternata DNA 
concentrations after the PCR has been done. The correlation between the obtained PCR-Fragments intensity and 
DNA concentrations using the exponential regression type correlation was carried out. Spices-specific PCR of 
isolated DNA from grown A. alternata plug during the storage for 15˚C days at 20˚C followed by measuring the 
PCR-Fragments intensity using Kodak program were carried out. All PCR tests were done under the same con-
ditions and the final obtained DNA amounts from each treatment during the storage period were shown in Fig-
ure 10. It could be noticed that applying different concentrations of AFP have been shown to reduce the decayed 
area as mentioned and could affect the total DNA amount which related to the fungal biomass. The monitoring  

 

 
Figure 8. The inhibitory effect of AFP at different concentrations 
on growth of A. alternata in banana fruits during 15 days at 20˚C. 
The diameter of decayed area for triplicates experiment was ex-
pressed as mm.                                            
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Figure 9. The inhibitory effect of AFP at different concentrations on growth of A. alternata in banana fruits 
after 15 days at 20˚C. The growth of Alernaria fungus is correlated to the AFP applied concentration. Some 
wounds were remarked at zero time and followed during the storage period.                             
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Figure 10. Quantification of A. alternata growth in banana fruits 
during 15 days at 20˚C. Obtained DNA amount was calculated 
refer to a standard curve which was performed using different 
DNA concentrations.                                        

 
of DNA during storage period observed a positive relationship between the decayed area and DNA amounts 
(Figure 8 and Figure 10). To establish the efficiency of PCR method, the obtained DNAs from A. alternata 
plugs at 15-day were amplified and the PCR product were run on agaros gel 1.5%, the obtained results were il-
lustarted in Figure 11 as examplary shown for all treated banana on 15th day. A positive relationship between 
the obtained results of decayed areas (Figure 8). Therefore, established relatively DNA quantification method 
facilitated the detection and quantification of A. alternata during storage period and may indicate the storage age 
prediction. 

4. Discussion 
Increasing social and economic implications caused by fungi means there is a constant striving to produce safer 
food and to develop new antifungal agents. In postharvest and handling of banana, where control of diseases is 
necessary to preserve the quality of the product, the use of synthetic fungicides, biological antagonists and 
physical treatments are integrated. AFP was not applied to prevent A. alternata growth during storage and han-
dling of banana so far. A. giganteus was cultivated as described by [7], used by [34], with an additional heat 
shock after approximately 100 h of incubation and AFP purification was modified by using C-ph instead of 
CMC [35]. Isolation of AFP applying isoelectric focusing would be a possible way to separate pure AFP from 
α–Sarcin and additional secreted high molecular weight proteins from A. giganteus culture supernatant accord-
ing the IEP. The established procedure was able to isolated AFP regarding to the isoelectric point, where the 
AFP could be successfully separated at 8.59 to 9.8 (Figure 4). However, the AFP was not purified from A. gi-
ganteus using the isoelectric focusing so far. Meanwhile, many of antifungal protein have been isolated and pu-
rified by using the isoelectric focusing system [9]-[11]. The established purification protocol of AFP could be 
efficient and valuable in AFP purification and yield. Comparing to mentioned purification protocol by [2] [5]-[8] 
[34], the isoelectric focusing could be 5 days shorter in time and cheaper in cost with producing higher amount 
of active AFP. Therefore, it recommended to be used for scaling up the AFP production.   

Notably; AFP affected the hyphal extension and the morphological shape of A. alternata. AFP was shown to 
be affecting the hyphae extension and the morphological shape. The inhibition zones which mediated by AFP as 
different concentrations demonstrated a positive relation between the concentration and the activity (Figure 5). 
This may be due to the influence on AFP hyphal extension by localisation on the outer membrane within defined 
areas cause short, thick and highly septated hyphae with constricted apical regions extruding from condensed 
mycelia [12] [29]. However, AFP shares several structural features with membrane acting proteins, such as an 
amphiphitic structure, a basic PI and the occurrence of eight cysteine residues, all involved in intermolecular di-
sulfide bridges. These membrane-acting proteins have been shown to exert their antifungal activity by phos-
pholipids-binding site [5] [15]. Also from the ability of AFP to cause swelling of hyphal tips, apical and sub- 
apical branching, and evoke cells that tend to burst exclusively at their hyphal apex. Furthermore, the protein  
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Figure 11. Species-specific PCR-DNA fragments of A. alternate. Lane 1, 
GeneRulerTM DNA ladder Mix (100 - 10.000-bp). Lane 2 (0, control); 3 (5 
µg∙AFP∙ml−1); 4 (15 µg∙AFP∙ml−1); 5 (25µg∙AFP∙ml−1) and 6 (50 µg∙AFP∙ml−1) as 
well as Lane 7 indicate to PCR negative control.                         

 
induces the protein kinase C (PKC)-dependent cell wall integrity pathway as compensatory response (Hagen et 
al., 2007). Our illustrated results in Figure 5 and Figure 6 are related to previous studies [2] [6] [12] [14] [36]- 
[38]. 

Antifungal activity of AFP against A. alternata was very efficient and completely inhibited at AFP concentra-
tions 2 µg∙ml−1 and A. alternate was classified to be very sensitive toward AFP. The MIC calculated as the con-
centration, which inhibits 95% fungal growth with our procedure. Various methods have determined the MIC of 
AFP, resulted different and sparse MIC values against some fungi. [5] [8] [23] [34] used also this mentioned 
procedure. Our results are in accordance to Thies [7] who divided all fungi into sensitive (0.1 to up to 100 
µg/ml), moderately sensitive (120 to 400 µg/ml) and resistant (no effect) fungi according to the AFP concentra-
tion which had an effect on fungal growth. MIC of tested A. alternata could be an indication of a recep-
tor-mediated interaction of AFP with a membrane-based target. Fungi that exhibit this postulated receptor are 
highly sensitive to AFP, whereas fungi that lack this target are resistant. Our results exude that AFP concentra-
tion below a species specific MIC led to a fungistatic effect, whereas concentrations above the MIC resulted in a 
fungicidal effect [12] [39]. 

In order to test the AFP mode of action against some A. alternata the influx of fluorogenic SYTOX-Green 
dye through the cell membrane was established [23]. Likewise, AFP-induced membrane permeabilization was 
shown by the application of this technique [13]. Hence, only at concentrations that are ten- to hundred fold 
higher than the minimal inhibitory concentration, AFP can be detected intercellulary [12] [40]. It could qualita-
tively be explained that AFP readily permeabilizes the membrane of A. alternata strains at 10 µg∙ml−1 (Figure 
7). The antifungal activity of AFP might be due to pores formation through the cell wall or penetrated the cell 
membranes by aiding of specific AFP receptors [13] [35]. As previously established, several models for the 
growth inhibitory effect of AFP could be explained, such as two-state model [41], according to these models, 
AFP would bind to membranes and at species-specific concentration, the conformation of AFP would change 
and would be able to enter the membrane and form pores. Theis [7] illustrated that AFP acts very specifically 
depends on AFP receptors. A similar receptor mediated interaction with membranes has been described for 
some plant defences [42] [43]. 

The abundance of A. alternata spores and the significant amount of hours with RH over 80% enhances the 
occurrence of both Alternaria rot, stem-end rots and black spots caused by this pathogen [44]. Thus, the efficacy 
of AFP in vivo was studied by evaluating the ability of four different AFP concentrations to inhibit the fungal 
infection. This study was carried out at 20˚C and 90% - 96% RH, only to study the effect of AFP on the fungal 
infection. The most active concentration was up 25 µg∙ml−1 as cause fungistatic activity while, at 50 µg∙ml−1 ex-
hibit a fungicidal effect on banana fruits. The results concluded that AFP significantly reduced the fungal growth 
by more than 75% by applying AFP at concentration of 25 µg∙ml−1 at 20˚C. Comparing the used concentration 
to have the same inhibition percentage (75%) was about 1 µg∙ml−1 in vitro and 25 µg∙ml−1 in vivo. Generally, the 
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AFP concentration to inhibit microbial growth in foods system was higher than in culture media. This may be 
due to the different in available nutrients, environments as well as AFP interaction with food substances. More-
over, a sensible amount of used AFP solution was absorbed through the plant tissues. Establishment of relatively 
DNA quantification method facilitated the detection and quantification of A. alternata during storage period. 
This technique is very effective, rapid, easy, reliable, reducing the consuming time and costs during detection of 
large amount of fruits in the large storage houses as tested before [23]. The contributed results from measuring 
the Alternaria decayed area and their isolated DNA exhibited a high degree of relationship as indicated the coef-
ficient of determination values (R2), was in average of 0.92. However, measuring the Alternaria decayed area 
recorded no increases in the infected area but, a slight increase in the DNA amount was observed at 25 µg∙ml−1 
after 15 days. This may be due to A. alternata was grown inside the banana fruits tissues thereby increase the 
total DNA amount. The results were recently emphasised by [23].  

5. Conclusion  
In conclusion, the method described here is relatively easy to use, fast and sensitive and could be applied to pu-
rify AFP from the precipitated whole protein, which obtained from A. giganteus supernatant and provided more 
facilities including save time, costs and equipments. Purification of AFP using IEF system exhibits no effect on 
the AFP bioactivity which has not been used for purification of AFP so far. In addition, AFP appeared to be very 
efficient against the main fungal contaminants, mainly belonging to the genus Alternaria in vitro and in vivo. 
The established results from this study together with data from previous studies should provide a basis for the 
further applications. Finally, application of AFP is a very attractive method for controlling the fungal spoilage 
during storage and handling and considers being one of the most promising antifungal agents for the develop-
ment of safer antifungal agents. Scaling up AFP production and purification are further required. 
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