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Abstract. Urease activity was found in the fermented liquid of Thiobacillus thiooxidans. It was 

found that initial concentration of sulfur and urea, and initial pH influenced urease activity in 

Thiobacillus thiooxidans, and the maximum urease activity was noted after 96h of fermentation 

with 24g/L initial concentration of sulfur and 0.1g/L of urea, and nature pH 5.82. The 

experiment found that urease activity showed a steady change which follow along with the 

growth of Thiobacillus thiooxidans. It shows a possibility to determine the Thiobacillus 

thiooxidans attached on the sulfide surface. 

1 Introduction 

Thiobacillus thiooxidans is a chemolithotrophic acidophilic bacterium that grows on elemental sulfur 

as energy source and is important in the microbial catalysis of sulfide oxidation. Since it oxidizes both 

elemental sulfur and sulfide to sulfuric acid, Thiobacillus thiooxidans plays a significant role in 

bioleaching of metals from sulfide ores.  

During the bioleaching process, an important fraction of the bacteria attached to the solids which is 

responsible for the direct attack on the sulfide surface. Practical determination of attached bacteria is 

not simple. Total protein determination, using the Lowry method, has been used by many authors to 

evaluate the attachment of bacteria to mineral sulfides. However, the method has a low limit of 

sensitivity. B.Escobar finds a method based on the determination of the rate of ferrous iron oxidation 

by attached bacteria on the mineral for evaluating the proportion of free and attached bacteria in the 

bioleaching, but this method can’t apply to Thiobacillus thiooxidans. 

In our research, we found urease activity in the fermented liquid of Thiobacillus thiooxidans when 

urea was applied as nitrogen source. So the present study was developed to investigate urease activity 

in Thiobacillus thiooxidans, in order to find a new way to determinate the bacteria adhering to solid 

surfaces.  

2 Materials and methods 

2.1 Microorganism and media 

Thiobacillus thiooxidans was used in this work. The medium contained urea, KH2PO4 1.0g/L, MgSO4 

0.5g/L,and sulfur which were dissolved in distilled water. Different concentrations of sulfur, urea, and 

initial pH were used to determine the effects on Thiobacillus thiooxidans (T.t).  

2.2 Fermentation 

After inoculating with the cell sediment of Thiobacillus thiooxidans, Erlenmeyer flasks were 

incubated on rotary shaker of 150 rpm at 37℃. Experiments were undertaken in triplicate to guarantee 
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the symmetrical nature with respect to space and time for data reproducibility. 

2.3 Urease activity assay 

After incubation, bacterial cells were harvested by centrifugation (8000rpm, 30min, 4℃), and then 

fragmented by ultrasonic, after which the sediments would been obtained again by centrifugation 

(3000 rpm, 30min, 4℃). At the last, the supernatants obtained from the second centrifugation was 

purified by ethanol .  

The hydrolysis of urea was routinely followed by the determination of the ammonia formed. The 

standard assay system contained 20mL 0.1M phosphate buffer (pH 5.8), 5mL 1M urea, and 1mL 

enzyme solution in a final volume of 50 ml. The enzyme was replaced by water for the blank. The 

reaction was carried out at 37℃ for 5 min. After incubation, ammonia formed in the reaction mixture 

was colorimetrical determined with phenol-hypochlorite method. The absorbance of the solution was 

measured at 697 nm.  

One unit of urease activity was defined as the amount that releases 1μmol of ammonia per minute 

per mL of the enzyme solution.  

2.4 Analytical methods 

Cell growth was determined by hemacytometer counting method. A colorimetric diacetyl-monoxime’s 

method was used for measuring urea. As urease analyzes urea to ammonia, concentration of ammonia 

reflects urease activity indirectly. So urease activity was confirmed indirectly by phenol-hypochlorite 

method. An ion meter was used to measure pH. 

3 Results  

3.1 Effect of sulfur on Thiobacillus thiooxidans  

Figure 1 showed the growth pattern of Thiobacillus thiooxidans over a period of 148h. Different 

concentrations of sulfur were used to determine its effect on the cell growth and urea consumption. 

The maximum cell growth was abtained at 96h in the media of 12g/L, 24g/L, and 28g/L sulfur, while 

it took 120h to reach a maximum in 16g/L and 20g/L sulfur medium.  

 
Figure 1. Effect of sulfur on growth pattern of T.t 

Figure 2 showed the urea consumption of Thiobacillus thiooxidans. Similarly as cell growth curve, 

more than 90% of urea was consumed within 120h when the bacteria were cultivated in 24g/L of 

sulfur. With other concentrations of sulfur, the consumption of urea was less than 80%. 
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Figure 2. Effect of sulfur on urea consumption of T.t 

3.2 Effect of urea on Thiobacillus thiooxidans 

Figure 3 showed urease activity of different addition of urea on Thiobacillus thiooxidans. It was found 

that addition of 0.1g/L initial urea concentration looked suitable for urease production, and high 

concentrations of urea inhibited cell growth. The initial concentration of urea is 0g/L has no urease 

activity, which indicated that urease produced by Thiobacillus thiooxidans was an induced enzyme 

and urea is the inducer. 

The initial concentration of urea in the culture medium influenced urease activity. Figure 3 also 

shows urease activity at different time intervals with different urea concentration, and urease activity 

reached a maximum in the early log phase (48h).  The cell growth pattern and urea consumption were 

similar with Figure1 and Figure 2. Quantity of Thiobacillus thiooxidans attained to maximum value in 

96h,, and more than 90% of urea was consumed in 120h. 

 
Figure 3. Effect of urea on urease activity of T.t 

3.3 Effect of initial pH on Thiobacillus thiooxidans  

Different pH were used to determine its effect on Thiobacillus thiooxidans. Nature pH was about 5.82. 

H2SO4 and KOH were used to adjust pH. 
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Figure 4. Effect of pH on growth pattern and urea consumption of T.t 

◇-pH 1.5; □-pH 3; △-nature pH 5.82; ×-pH 7; *-pH 9; ○-pH 11. 

Figure 4 and figure 5 show the effect of different initial pH on growth pattern and urea consumption 

of Thiobacillus thiooxidans. It was found that quantity of Thiobacillus thiooxidans and urea 

consumption were similar to Figure 1 and Figure 2 in nature pH 5.82. Others pH expressed a lower 

growth and urea consumption than nature pH. 

 
Figure 5. Effect of pH on urease activity of T.t 

From figure 4 and figure 5, it shows that the best initial pH is nature pH 5.82. Effects of pH on 

urease activity were apparently different. Nature pH 5.82 displays the best urease activity, and urease 

activity were much lower than nature pH in other pH conditions.  

3.4 Effect of temperature and pH on urease activity 

Nine different temperatures from 20 to 55℃ were studied to determine the influence of temperature on 

urease activity. The optimum temperature for urease activity was 37℃ with activity almost constant in 

the range from 37 to 40℃，but it lost activity completely when the reaction was carried out at 55℃.  
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Figure 6. Effect of temperature and pH on urease activity 

To monitor the effect of pH on urease activity, the activity of the enzyme was studied different pH 

from 3.0 to 12.0. Maximum urease activity was obtained at pH 5.8. Optimum urease activity was 

observed in a pH range of 5.5–6.5, and more than 80% of activity was lost below pH 5 and above pH 

8.5. 

4 Discussion and conclusion 

Most known bacterial and plant ureases show an optimum pH for enzyme activity at neutral and 

slightly alkaline conditions according to the results, but we found that urease from Thiobacillus 

thiooxidans shows an optimum pH at acidic environment.  

In many bacterial leaching experiments, an important fraction of the bacteria remains attached on 

the sulfide surface. However, the method used to determine the evolution of attached bacteria requires 

the use of more sophisticated instruments that sometimes may not be readily available. From the 

experiment, we concluded that following along with the growth of Thiobacillus thiooxidans, urease 

activity shows a steady change. So urease activity shows a possibility to determine the Thiobacillus 

thiooxidans attached on the sulfide surface.  
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