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ABSTRACT 

The pathogen Batrachochytrium dendrobatidis (Bd) has been associated with amphibian 

declines in multiple continents, including western North America. Preliminary studies 

done in our laboratory have shown that Bd can form a biofilm and is active in the biofilm.  

We have identified DNase activity in Bd that may play a role in degrading the biofilm 

matrix and helping the organism to reinfect. DNase may also facilitate the supply of 

nutrients to the organism. Here we show the presence of this activity using qualitative 

and quantitative methods.  DNase tests were performed using methyl green DNA 

containing plates and zymography. DNase activity is highest within a pH range of 5.5 to 

7.5 and in the presence of Ca2+ and Mg2+ divalent cations. We have partially purified the 

enzyme and have seen that the enzyme may be present in 3 isoforms. 

KEYWORDS: amphibians, DNase, chytrids 
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CHAPTER I 

INTRODUCTION 

A number of aquatic pathogens have been shown to survive in the environment by 

forming biofilms. (Carli et al., 1993; Hood & Winter 1997; Signoretto et al., 2005; 

Rowley et al., 2007).  Chytrids are aquatic fungi that swim through their environment 

with the aid of a posteriorly located flagellum (Powell, 1993). The zoospores of many 

chytrids can survive on plants and in soil, in ponds and rivers (Carlile & Watkinson 

,1994), and also have been found on rocks (Dewel et al., 1985) and canopy leaves 

(Longcore, 2005). A recently discovered chytrid, Batrachochytrium dendrobatidis (Bd), 

has caused mass mortalities and extinctions of frog populations worldwide (Skerratt et 

al., 2007). Some important characteristics regarding Bd are still not clear. For instance, 

the disease mechanisms used by the fungus, and the location of the fungus during the 

winter months when frogs are not present, have yet to be discovered. Previous studies 

performed in our laboratory show that Bd is capable of forming a biofilm in vitro. Thus, 

the biofilm may allow Bd to exist in the environment in the absence of the host. We know 

polysaccharides to be the main matrix component, but proteins, lipids, and nucleic acids 

are also found to be important components of the biofilm matrix (Branda et al., 2005; 

Flemming et al., 1999). More recently, DNA was identified to be a vital participant in 

maintaining the biofilm formed by bacteria (Tetz et al., 2009).    

DNase is an enzyme that catalyzes the hydrolytic cleavage of phosphodiester linkages in 

the DNA backbone (Molecular Biology of Nucleases, Nawin C. Mishra). Previous 

studies have shown that the role of extracellular DNA in biofilms can be for structural 

support and maintenance (Martins et al., 2009) or for the initiation of biofilm formation 

(Lappann et al., 2010). DNase may degrade the biofilm matrix helping the organism to 

reinfect. In addition, DNase activity may facilitate the supply of nutrients to the 

organism. All the above findings led us to hypothesize that Bd secretes DNase. 
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CHAPTER II 

MATERIALS AND METHODS 

Cultures 

 Batrachochytrium dendrobatidis (VM1) was grown in tryptone gelatin hydrolysate 

lactose (TGhL) agar (1.6% tryptone, 0.2% gelatin hydrolysate, 0.4% lactose, 0.8% agar) 

and H-broth (1% tryptone, 0.32% glucose) following the methods in Boyle et al., 2008. 

Zoospores were harvested after 5-6 d of growth, centrifuged at 10,380 g for 10 min, and 

the resulting supernatant was collected and tested for DNase activity. Supernatants from 

6 d old H-broth grown cultures were also tested. These supernatants were used 

throughout the experiments described in this work. 

DNase test assay 

1. Qualitative Analysis: 

Methyl green (EMD Chemicals, Gibbstown, New Jersey) DNase test agar plates and 

DNase test agar plates (Difco, Sparks, MD) were used to test for DNase activity. 

Supernatants from Bd cultures grown were collected as mentioned above. The DNase test 

agar plates were flooded with 2.0 ml of 1N HCl (Mallickrodt, Phillipsburg, NJ) after 1 

day. The methods were followed as mentioned in Greenwood et al 1976. 

 

2.  Semi-qualitative analysis: 

The supernatant was incubated with salmon testes DNA (Sigma, Saint Louis, Missouri). 

Samples were taken at 30 min intervals for 6 h and kept at -20˚ C to stop the reaction. 

The samples were analyzed for DNA degradation using a 0.7% agarose TBE gel. 

 

3. Quantitative analysis: 

Supernatant was analyzed for DNase activity using a 12% sodium dodecyl sulphate-

polyacrylamide gel electrophoresis (SDS-PAGE). Salmon testes DNA was added to the 

resolving portion of the gel to a final concentration of 10 µg/ml. Beta mercaptoethanol 
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was excluded to retain the enzyme activity. The gel was incubated overnight in distilled 

water at 4˚ C. It was further incubated in 100 ml Tris HCl (50 mM, pH 7.5) and 7 mM 

MgCl2 at 37˚ C for 12-24 h. The gel was stained with Ethidium Bromide (Biorad 

Laboratories, Hercules, CA) and viewed under the UV transilluminator following the 

methods in Merchante et al., 1995. The intensity of the bands was quantified using a 

densitometer (Alpha Innotech, Cell Biosciences, Inc, Santa Clara, CA)) with respect to 

DNA loaded in a separate well. 

 

Characterization of DNase activity at different pH  

 

1. Qualitative Analysis: 

The supernatant was incubated for 10 min with potassium phosphate buffer (15 mM) at 

different pH and tested for DNase activity. Diameter of zone of clearance was measured. 

The following pH were tested: pH 5.5,  pH 6.5, pH 7.5, pH 8.5. 

 

2. Semi-qualitative analysis: 

 The supernatant was incubated for 10 min with potassium phosphate buffer (15 mM) at 

different pH. It was then incubated with salmon testes DNA. Samples were taken at 30-

min intervals for 90 min, incubated at -20˚ C to stop the reaction and then run on 0.7% 

agarose TBE gel. 

 

Characterization of DNase activity in presence of different divalent cations 

1. Qualitative Analysis: 

The supernatant was incubated for 10 min with different divalent cations (15 mM) and 

tested for DNase activity. The diameter of zone of clearance was measured. The divalent 

cations tested were: Ca2+, Zn2+ and Mg2+. 

 

2. Semi-qualitative analysis: 

The supernatant was incubated for 10 min with different divalent cations (at 15 mM 

concentrations) and then incubated with salmon testes DNA. Samples were taken at 30-
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min intervals for 90 min, incubated at -20˚ C to stop the reaction and then run on 0.7% 

agarose TBE gel. 

 

Partial Purification of DNase using DEAE column chromatography 

Batrachochytrium dendrobatidis was grown in a 200-ml H-broth culture. The supernatant 

was collected after 6 d of growth and added to a 30-kDa molecular weight cut-off 

(mwco) Centricon Plus-70 filter (Millipore, Billerica, MA). The filter was centrifuged at 

2000 x g for 45 min. The concentrated supernatant was collected and a protein estimation 

assay was performed to determine the protein concentration. Qualitative analysis using 

methyl green DNase test agar plates and quantitative analysis using zymography was 

conducted to verify the presence of DNase. 

The enzyme solution (10 ml) was added to a DEAE-cellulose column. Fractions were 

eluted using increasing concentrations of NaCl in 30 mM TRIS (pH 8). Fractions were 

tested for DNase activity on Methyl green DNase test agar plates. The fraction that 

showed maximum DNase activity was lyophilized (Flexi-dry MP, SP scientific, Stone 

Ridge, New York) and dialyzed (Thermo Scientific, Illinois, USA) and tested for 

proteolytic activity. The dialyzed eluant fraction was analyzed using 12% SDS-PAGE to 

determine the degree of purification. 

 

Purification of DNase using HPLC and identification of DNase using Mass Spectrometry 

Batrachochytrium dendrobatidis was grown in 200 ml H-broth culture. The supernatant 

was collected after 6 d of growth and added to a 10-kDa molecular weight cut-off 

(mwco) Centricon Plus-70 filter (Millipore, Billerica, MA) and the filter was centrifuged 

several times at 2000-3500 g until the inverted spin retentate could be collected. A 

protein estimation assay was performed on the retentate to determine the protein 

concentration. Qualitative analysis using methyl green DNase test agar plates and 

quantitative analysis using zymography was conducted to verify the presence of DNase. 

 

The inverted spin retentate was centrifuged at 16,110 g at 40 C for 40 min. The 

supernatant was collected and was concentrated using a speed vacuum (Thermo electron 
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corporation) and further purified through high-performance liquid chromatography 

(HPLC) (Beckman HPLC, CA). After collecting the fractions, the solvent was removed 

in a speed vacuum. The samples were resuspended in 25 µl of sterile water and tested for 

DNase activity using Methyl green DNase test agar plates. The fraction that showed the 

maximum activity was analyzed using 12% SDS-PAGE and silver stained. The same 

fraction was also run on a two-dimensional gel electrophoresis (2-DE) (Biorad, Hercules, 

CA) along with DNase I (Qiagen, Valencia, CA) as the positive control. Urea and 

dithiothreitol (DTT) were excluded from the rehydration buffer and Equilibration buffer I 

was used. Clear bands (indicative of enzyme activity) were excised, subjected to trypsin 

digestion, and identified using Mass Spectrometry. 
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CHAPTER III 

RESULTS 

DNase test assay 

1. Qualitative Analysis: 

Qualitative analysis has been carried out using methyl green DNase test agar plates and 

DNase test agar plates. Results of the assay can be seen in Figure 1. 

Figu
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re 1: Batrachochytrium dendrobatidis (Bd) supernatants degrade DNA in methyl 
 agar and DNase test agar plates compared to Bd-free control. 

achochytrium dendrobatidis degraded the DNA in both the Methyl Green and 

se assay plates as indicated by the zone of clearance in each after 2 d (Fig 1).  On the 

se plates, diameter of the zone increased from ~1.3 mm beyond the cultures after 48 

 1.7 mm beyond the cultures after 4 d.  The diameter of the cultures did not change, 

esting that DNase is a secreted enzyme that diffused through the plate over time. 

mi-qualitative analysis: 

i-qualitative analysis for DNase degradation activity was carried out by incubating 

salmon testes DNA. The results can be seen in Figure 2. 
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Figure 2: Batrachochytrium dendrobatidis (Bd) degraded salmon testes DNA over time 
when compared to Bd-free control.  

From the DNA agarose gel, DNase degradation activity was prominent compared to 

control samples over time. 

 

3. Quantitative analysis: 

Quantitative analysis of DNase degradation activity was carried out using a zymogram 

and the band intensity was measured in a densitometer. The result can be seen in Figure 

3. 
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Figure 3: Quantitative analysis of DNase degradation activity; graph showing the DNase 
degradation activity when Bd was grown on TGhL. 

The protein gel showed dark bands at the position where DNase degraded DNA (Fig not 

shown). The intensity of bands was measured in the densitometer (Table not shown) and 

a graph was plotted with respect to DNA that was loaded in a separate well. The data 

represents 3 independent experiments (P = 0.011). 

 

 Characterization of DNase activity at different pH 

1. Qualitative Analysis: 

The effect of pH on DNase activity was characterized by measuring the diameter of zone 

of clearance on Methyl green DNase test agar plates.  
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Table 1: Measurement of diameter of zone of clearance after 24 h and 48 h. 
 

    

 

 

 

 

 

 

 

 

 

             

 

        

 

 

 

 

 
Figure 4a: Qualitative analysis of DNase activity on methyl green DNase test agar plates 
at pH 5.5, pH 6.5, pH 7.5 and pH 8.5  
 
After measuring the diameter of the zone of clearance, the DNase activity was strongest 

within the pH range of 5.5-7.5. 

 

pH Replicate 1 Replicate 2 Replicate 3 Average 

5.5     

24 hours 2 1.9 1.9 1.93 

48 hours 2.35 2.45 2.4 2.4 

6.5     

24 hours 1.85 2.05 1.75 1.88 

48 hours 2.25 2.35 2.2 2.26 

7.5     

24 hours 1.95 1.95 1.9 1.93 

48 hours 2.4 2.4 2.25 2.35 

8.5     

24 hours 1.8 1.7 1.8 1.76 

48 hours 2.25 2.15 2.35 2.25 



Texas Tech University, Priyanka Maiti, December 2010 
 

10 
 

2. Semi-qualitative analysis: The effect of pH on DNase activity was characterized by 

incubating with Salmon testes DNA 

 

 
Figure 4b: Semi- qualitative analysis of DNase activity on agarose gel electrophoresis    
 
Additionally, the DNase degradation activity over time was prominent within the pH 5.5-

7.5. 

Characterization of DNase activity in presence of different divalent cations 

1. Qualitative Analysis:  
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The effect of divalent cations on DNase activity was characterized by measuring the 

diameter of zone of clearance on Methyl green DNase test agar plates.  

 

Table 2: Measurement of diameter of zone of clearance after 24 h and 48 h. 
                                                 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Divalent Cations Replicate 1 Replicate 2 Replicate 3 Average 

CaCl2     

24 hours 1.9 1.85 1.95 1.93 

48 hours 2.4 2.45 2.5 2.45 

MgSO4     

24 hours 1.75 1.95 2 1.9 

48 hours 2.2 2.4 2.45 2.35 

ZnCl2     

24 hours 1.3 1.6 1.65 1.51 

48 hours 1.75 2.15 2.2 2.02 
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Figure 5a: Qualitative analysis of DNase activity on methyl green DNase test agar plates 
in presence of MgSO4, CaCl2 and ZnCl2. 

After measuring the diameter of the zone of clearance, the DNase activity was strongest 

when Bd was grown on TGhL agar in the presence of  MgSO4 and CaCl2 compared to 

ZnCl2 

2. Semi-qualitative analysis:  

The effect of divalent cations on DNase activity was characterized by incubating with 

Salmon testes DNA 
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Figure 5b: Semi-qualitative analysis of DNase activity on agarose gel. 

The DNase degradation activity over time was prominent when Bd was grown on TGhL 

with MgSO4 and CaCl2 compared to ZnCl2 

 

Partial purification of DNase using DEAE column chromatography 

 

Qualitative analysis has been carried out using methyl green DNase test agar plates and 

zymography.  

 

 
Figure 6a: DNase activity in retentate after centrifuging the supernatant of 
Batrachochytrium dendrobatidis using 30 kDa Centricon filters. 
 
The DNase activity was maximal in the retentate when compared to supernatant and 

control. 
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Figure 6b: Zymogram showing the DNase activity of supernatant and retentate. 
The results from the zymogram correlated with the results seen on the DNase agar plates. 

 

 

Figure 6c: DNase activity in retentate after purification using DEAE-cellulose column 
chromatography.  
 

DNase activity of partially purified Bd culture supernatant was found mainly in 100 mM 

NaCl fraction in 30 mM TRIS (pH 8) as compared to 150 mM NaCl fraction (fraction 2) 

and 200 mM NaCl fraction (fraction 3). So 100 mM NaCl fraction (fraction 1) was taken 

for  lyophilization and dialysis. 
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Figure 6d: DNase activity in fraction 1 after dialysis.  

Fraction 1 retained the DNase activity after lyophilization and stepwise dialysis. 

 

 

Figure 6e: Zymogram showing DNase activity in fraction 1 after purification. 

DNase that was retained from fraction 1 seemed to be approximately 30-36 kDa  
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Figure 6f: 12% sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE) with 
dialyzed fraction 1 and the retentate. 

The protein gel showed successful removal of most of the proteins from the concentrated 

retentate using column chromatography. 

Purification of DNase using HPLC and identification of DNase using Mass Spectrometry 

Qualitative analysis has been carried out using methyl green DNase test agar plates and 

zymography.  

 

Figure 7a: DNase activity in retentate and filtrate after centrifugation of supernatant of 
Batrachochytrium dendrobatidis using 10 kDa Centricon filters.  

The DNase activity was maximal in the inverted spin retentate. 
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Figure 7b: Zymogram showing DNase activity of inverted spin retentate and retentate. 

The results in the Zymogram correlated with the previously mentioned plate results.  

 

 

Figure 7c: 12% sodium dodecyl polyacrylamide gel electrophoresis (SDS-PAGE) with 
inverted spin retentate before purification in Figure 1 and the partially purified HPLC 
fraction # 16 in Figure 2. 

 



Texas Tech University, Priyanka Maiti, December 2010 
 

18 
 

The gel picture showed successful removal of most of the proteins from the concentrated 

inverted spin retentate using HPLC 

 

                 

    HPLC Fractions 

           

                        Positive Control DNase I 
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Figure 7d:  2D Gel Electrophoresis with the partially purified HPLC fractions that 
showed DNase activity and DNase I as the positive control. 

The DNase activity seemed to within a pH range of 5-8 which correlated with the 

previous qualitative analysis results. Also, the enzyme may exist in three isoforms. 

The positive control DNase I, which is from a eukaryotic organism, also showed similar 

activity like the DNase. 
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CHAPTER IV 

DISCUSSION 

The above results support the hypothesis that Bd secretes DNase. Both the qualitative 

analysis and the semi qualitative analysis have shown that DNase has a strong 

degradation activity. DNase activity could be seen within 12 hours of inoculation on 

methyl green DNase test agar and has a powerful degradation activity over time when 

incubated with salmon testes DNA. The DNase degradation activity can be seen within 

30 minutes of incubation. These results were further supported by the quantification of 

the DNase activity through zymography. This work also shows that Bd is constitutively 

secreting DNase, as DNase activity can be seen when Bd is grown on TGhL agar plates 

and in H broth medium.  

From the literature, we know that DNases secreted by various microorganisms play an 

important role in pathogenicity. DNase secreted by Group A streptococci help them to 

evade the neutrophil extracellular trap (NET) (Buchanan et al., 2006). As mentioned 

before, extracellular DNA has been found in the biofilm matrix and serves to help in the 

initiation of biofilm formation (Lappann et al., 2010) and also in the maintenance of the 

biofilm matrix (Martins et al., 2009). Organisms in a biofilm community are more 

resistant to antibiotics as the antibiotics are unable to penetrate the matrix (Stewart et al., 

2009). When conditions are favorable, DNase secreted by organisms within the biofilm 

community may help them to leave the biofilm matrix by degrading it, thus allowing 

them to reinfect other parts of the same host or other hosts. Reinfection by the zoospores 

of Bd is what makes the disease lethal (Cheryl J Briggs et al., 2010). 

 The DNase activity was seen to be maximum within a pH range of 5.5-7.5.  Earlier it has 

been shown that DNase of Monilinia fructicola (Tateyama et al., 1980) and yeast DNase 

(Pinon, 1970) had a maximum activity at pH 6 whereas DNase activity of Aspergillus 

oryzae (Kato et al., 1968) and Aspergillus sojae (Suzuki et al., 1974) was maximum 

between pH 8.5-9.5.  Most of the mammalian DNases work between pH 4-9. For these 

reasons, we tested the DNase activity of Bd within a wide pH range. We found that Bd 
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DNase was active within pH 5.5-7.5. A potential reason for this activity range may 

correlate with the pH of the lakes where Bd is found (pH 6-10). After partial purification 

of DNase we found that the enzyme may be present in three isoforms, with optimal 

activity within the pH range of 5.5-7.5. DNase secreted by Bd seemed to be very stable as 

it was able to retain its activity even after purification through HPLC, where acetonitrile 

was used in one of the buffers.  

Previous studies suggest that Ca2+ helps to reactivate enzymes through the formation of 

disulfide bonds if they are deactivated by beta mercaptoethanol (BME) (Price et al., 

1969). Most DNase I endonucleases require Mg2+ for their activity (Molecular Biology of 

Nucleases, Nawin C. Mishra).  DNase from human spleen plays an important role in 

apoptosis and has been shown to be activated in presence of Ca2+ and Mg2+ but inhibited 

in the presence of Zn2+ (Ribeiro et al., 1993). DNase from Monilinia fructicola (Tateyama 

et al., 1980), Aspergillus oryzae (Kato et al., 1968) and Aspergillus sojae (Suzuki et al., 

1974) and yeast (Pinon, 1970) requires Mg2+ for activity. All of the above reasons lead us 

to find the activity of DNase secreted by Bd in the presence of Ca2+, Mg2+ and Zn2+ 

divalent cations. The activity was maximal in the presence of Ca2+ and Mg2+, both in 

qualitative and semi qualitative analysis. 

Characterization and partial purification of DNase will provide some information 

regarding its role in Bd. Studies in our laboratory have shown (unpublished) that Bd is 

capable of forming a biofilm and exists in the biofilm state. When unfavorable conditions 

persist in the environment, forming a biofilm community may help Bd to survive in 

absence of a suitable host.  When environmental conditions are ideal Bd may secrete 

DNase to facilitate zoospore exit from the biofilm matrix. This action will allow Bd to 

either reinfect the host, or degrade DNA which can serve as a source of nutrients for the 

fungus (i.e. carbon, phosphorus and nitrogen). 

Further research needs to be done in the characterization of DNase with respect to 

substrate specificity, mode of action, class of DNase and also in successful identification 

of the enzyme. 
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