
Journal of Experimental Microbiology and Immunology (JEMI)                                                                           Vol. 2:177-181 
Copyright  April 2002, M&I UBC 
 

Development of a protocol to study the bactericidal activity of metal 
anatase (TiO2) 

 
NICOLE DaCOSTA, SHARYLE FOWLER, PAMELA GERMANN, MINDY LAM,  

AND RACHEL VICTOR 
 

Department of Microbiology and Immunology, UBC 
 

Metal anatase (TiO2) is an industrially important compound, currently used in a variety of 
applications as a white pigment.  Anatase has also been shown to kill bacteria in the presence 
of blue light.  This property has been exploited in the purification of water.  However, the 
basis of cell killing has not been confirmed and remains under investigation.  To study the 
proposed model of killing by reactive oxygen species, a suitable protocol must be designed.  
Sample volume, culture concentration, method of anatase plate sterilization, and light 
intensity are important variables that influence the degree of killing.  Previous experiments 
focused on small volume sizes, however in this study larger sample volumes were used to 
investigate the feasibility of large scale sterilization procedures.  Due to difficulties in 
development of a functional protocol, killing in large volume samples could not be assessed, 
yet remains a future pursuit.  Killing in a 150µl bubble was enhanced when anatase plates 
were sterilized by boiling in water compared to sterilization with acetone.  Killing was also 
enhanced when light intensity was increased.  Although these modifications resulted in 
enhanced cell killing, it was still substantially less than previously reported.  As the activity 
of these anatase plates was greater in experiments conducted five years ago, the effect of 
plate age and storage on the long-term activity of anatase should be investigated.     

 
 
   The metal anatase (TiO2) is currently used in interior paints, plastic filling, paper filling and highway marking 
paints as a white pigment.  Interestingly, it may also play a role as a disinfectant.  The first report of photocatalytic 
disinfection was the work of Matsunaga and coworkers in 1985 (3).  Over the last 25 years, its usefulness in the 
removal of organic matter from air and water has been explored (1, 2, 4).   However, the basis of cell killing has not 
been confirmed and remains under investigation. 
   Anatase has photocatalytic activity that through a series of chemical steps produces reactive oxygen species 
(including the hydroxyl radical) that can cause fatal damage to microorganisms.  Light is required to initiate this 
process by the following reaction: 

TiO2 + Blue Light    →    TiO2
- + OH• (1). 

   Initially, this study was most interested in investigating the relationship between reactive oxygen species and cell 
death, a relationship that has yet to be confirmed and characterized.  It was thought that a correlation between the 
concentration of reactive oxygen species and the amount of cell death might be observed and lend support to this 
model of cell killing.  However, in preparation for this proposed experiment, the authors found that the set-up and 
design required multiple tests and modifications, and thus the study became one of experimental design.  The effects 
of volume, concentration of bacterial sample, method of sterilization of the anatase plates, and the effect of light 
intensity were explored.   
 

MATERIALS AND METHODS 
 
E. coli B23 was grown overnight in M9 medium + 0.4% (w/v) glycerol.  The culture was diluted to a concentration of 105 cells/ml.  Anatase 
plates were sterilized in acetone, dried, and activated under fluorescent light for 5 minutes.  Fluorescent light was used as it contains the desired 
spectrum of light (blue light ~400nm).  Samples of different volumes were placed on anatase plates at an equal distance (5.8cm) from the 
fluorescent light (Fig. 1).   The smallest sample of 150µl was pipetted as a bubble on a small anatase plate (1.2cm x 1.1cm), which was placed in 
a small plastic petri dish and covered with a lid.  Samples of 5ml, 10ml, and 15ml were placed in small petri dishes with a large anatase plate 
(2.5cm x 2.5cm) at the bottom.  Stir rods were placed on the anatase plates to circulate the liquid samples to allow for consistent exposure of the 
entire sample to the reactive surface.  The lids of the dishes remained on throughout the experiment.  Samples were taken from each of the four 
dishes over a 30-minute time course, and bacterial cell survival was quantified by spreading 10µl of culture on nutrient glucose agar plates.   
   In subsequent experimentation several modifications to the initial protocol were made.  Firstly, smaller sample sizes of 150µl, 300µl, 450µl, and 
750µl, each in the form of a bubble on the surface of the anatase plates, were tested.  The 150 µl sample was placed on the smaller sized plate 
while the 300µl, 450µl, and 750µl samples were placed on the larger sized plates.  These four plates were used for the remainder of the 
experiment.  Cell concentration was also decreased 10-fold to 104 cells/ml and all other conditions were held constant.   Secondly, the time course 
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was extended to  90-minutes and the lids of the plastic petri dishes were removed.  Samples were now 50µl at 104 cells/ml.  As many of the 50µl 
samples evaporated by 60 minutes, the experiment was repeated using 150µl samples over a 45-minute time course.  Thirdly, the method of plate 
sterilization was modified.  Sterilization by acetone was replaced by boiling plates in water for 15 minutes.  Plates were then allowed to cool, and 
were then activated under the fluorescent light for 5 minutes.  Samples of 150µl at 104 cells/ml, again with the lids off, were tested over a 45-
minute time course. 
   Lastly, light intensity was increased by decreasing the distance between the anatase plate and the light source from 5.8 cm to 2.0 cm.  Plates 
were once again sterilized by the previously described acetone protocol.   Two sample sizes were used to decrease the extent of evaporation.  A 
sample size of 150µl was used on the small plate and samples of 250µl were used on the large plates.  Again, lids were removed and the time 
course was maintained at 45 minutes. 
 

 
 

Fig. 1: Apparatus Setup 

RESULTS 
 
   Table 1 shows the bactericidal activity of four different anatase plates as measured by bacterial death induced in a 
50µl sample over a 90-minute time course.  A 104 cells/ml culture was used and 10µl of samples were plated on agar 
plates at various time points.  Anatase plates were sterilized using acetone.  There is an increase in colony count at 
the 30-minute time point as compared to the control.  Unfortunately, due to evaporation, the 50µl bacterial culture 
dried up by 45 minutes, thus no data were collected for these time points.    
   In order to minimize the effects of evaporation, the bubble size was increased to 150µl and sampling intervals 
were shortened to 15-minutes over a 45-minute time course.  The results are shown in Table 2.  Again, a 104 cells/ml 
culture was used, and anatase plates were sterilized with acetone.   Despite the slight increase in cell number in the 
first sampling (15-minute), the effects of bacterial killing seem evident up to the 30-minute time point as the 
bacterial cell number decreased over this period.  However, plates 3 and 4 show an increase in bacterial colonies 
after 45 minutes. 
 

Table 1.  Bactericidal activity of anatase plates on 50µl samples of 104 cells/ml as measured by colony number. 
 

 Plate 11 Plate 2 Plate 3 Plate 4 
30 minutes 147 151 142 124 
45 minutes n/a2 n/a n/a n/a 
60 minutes n/a  n/a n/a n/a 
90 minutes n/a n/a n/a n/a 
Control(Time0) 120 120 120 120 

1Plate 1 – small anatase plate; Plates 2-4 – large anatase plates 
2 n/a – sample not taken due to evaporation 
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Table 2.  Bactericidal activity of anatase plates on 150µl samples of 104 cells/ml as measured by colony number. 
 

 Plate 11 Plate 2 Plate 3 Plate 4 
15 minutes 64 83 92 73 
30 minutes 63 81 56 45 
45 minutes 29 61 66 90 

Control 80 80 80 80 
1Plate 1 – small anatase plate; Plates 2-4 – large anatase plates 

 
 

Table 3.  Bactericidal activity of boil sterilized anatase plates on 150µl samples of 104 cells/ml as measured by 
colony number. 

 
 Plate 11 Plate 2 Plate 3 Plate 4 

15 minutes 43 37 36 91 
30 minutes -3 - 32 20 
45 minutes - - n/a2 n/a 

Control 83 83 83 83 
1Plate 1 – small anatase plate; Plates 2-4 – large anatase plates 
2 n/a – sample not taken due to evaporation 
3’-‘ sample not taken due to sample leakage 

 
 

Table 4.  Bactericidal activity of anatase plates on 150µl samples of 104 cell/ml with increased light intensity as 
measured by colony number. 

 
 Plate 11 Plate 2 Plate 3 Plate 4 

15 minutes 158 91 94 111 
30 minutes 34 87 124 53 
45 minutes 90 121 78 83 

Control 137 137 137 137 
1Plate 1 – small anatase plate; Plates 2-4 – large anatase plates 

 
   Table 3 shows the effect of boiling in water as a means of anatase plate sterilization.  Again, a sample size of 
150µl of a 104 cells/ml culture was used and 10µl of samples were plated on agar plates at various time points over 
the 45-minute time course.  However, samples were not taken for plates 1 and 2 after the 15-minute time point as the 
samples leaked off the anatase plates.  Also, samples at the 45-minute time point could not be taken from plates 3 
and 4 as they had evaporated.  Plates 1, 2, and 3 showed a decrease in colony number at the 15-minute time point 
compared to the control sample.  Despite the slight increase in cell number on plate 4 at the 15-minute time point, 
there is a decrease in colony number by the 30-minute time point.  This decrease is also seen for plate 3.   
   Table 4 shows the effects of increased light intensity on anatase-killing.  A 104 cells/ml culture was again used and 
10µl of samples were plated on agar plates at various time points over the 45-minute time course.  Anatase plates 
were sterilized by acetone.  To minimize the effects of evaporation, a 250µl bacterial culture bubble was used on the 
large anatase plates, and a 150µl bubble was again used on the small anatase plate.  Plates 1, 2, and 4 show 
consistent anatase-killing by the 30-minute time point as cell number decreased over this time period.  However, 
there is a sudden increase in cell number by the 45-minute time point on these plates.  Plate 3 show some 
inconsistency in cell number as there was a sudden increase in cell number after 30 minutes of anatase-killing. 
 

DISCUSSION 
 
   Current and future experimentation on the effects of anatase on bacterial populations requires the development of a 
suitable protocol.  This is not only valuable in laboratory research but also has implications in industrial 
applications.  For example, can large volumes of water be sterilized using reactors coated with anatase and exposed 
to sunlight?   
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In designing this protocol the following were considered: 

• volume of sample used 
• method of ensuring even exposure to reactive surface 
• initial cell concentration 
• method of anatase plate sterilization 
• light intensity 

   Previous literature suggested that killing was a result of radical formation produced on the surface of the plate (1).  
Due to this, previous experiments focused on small volume sizes, bubbles placed upon plate surfaces, to maximize 
surface contact with the plate (5).  Since extrapolation to industrial utilization of the protocol would involve larger 
volumes, a method of ensuring even exposure of these larger volumes to the reactive surfaces was explored.  It was 
hypothesized that by placing a stir bar in the larger volume, the sample would be swept across the surface of the 
plate to allow for sample mixing.  Volumes of 5ml, 10ml, and 15ml were tested in comparison to a 150µl bubble. 
Cell concentration of 105 cells/ml was used.  Cell concentration was chosen as previous experimentation with 
bubbles had demonstrated 10-100 fold killing with irradiation at ~15cm(5).  This cell concentration followed by the 
expected killing rate should have yielded countable plates when 10µl of sample was plated.  However, all plates 
were too numerous to count (data not shown).  Visual inspection of the plates showed no significant decrease in 
colonies over the time course.  Based on these results, modifications to the protocol were considered.  After this 
initial round of experimentation, further rounds of experimentation (as indicated by results) where performed at 
separate times and days to modify this protocol. 
   As visual inspection suggested little, if any killing, it was necessary to decrease sample volumes to those within 
the range of previous research to determine the validity of the rest of the protocol.  Once a working protocol could 
be established, the original question regarding maximal sample volumes could be addressed.  Volumes were 
adjusted to 150µl, 300µl, 450µl, and 750µl and cell concentrations were decreased to 104 cells/ml.  Despite these two 
modifications, plates still resulted in too many colonies to counts (data not shown).  Once again, no decrease in 
colony numbers could be seen by visual inspection.  This led us to question the activity of the previously active 
anatase plates as they are several years old (5).   
   Four plates were chosen and modifications to the protocol were made to determine if cell killing could be induced.  
In the initial experiments that were carried out, anatase plates were kept in sterile petri-dishes over the time course.  
The plastic lids of these dishes may have interfered with the ability of the light to activate the anatase plates and 
induce cell killing.  Thus, lids were removed to maximize light exposure.  Sample volumes of 50µl were used and 
samples were taken over a 90-minute time course.  The increased time course was used to determine if killing was 
only initiated after 30 minutes.  Unfortunately, evaporation was now an issue, due to both the absence of the plastic 
lids and the decreased volume, and only the 30-minute sample could be taken (Table 1).  Although no decrease in 
cell count compared to the control was observed, this does not eliminate cell killing as evaporation would have 
concentrated the sample, masking any killing.  Controls were used for all rounds of experimentation, at each time 
point used; in order for comparisons to be made. 
   The experiment was then repeated with volumes of 150µl and a time course shortened to 45 minutes (Table 2).  
All plates showed a decrease in cell count of up to 20% from the 15 to 30-minute time point.  Plates 1 and 2 showed 
a further decrease at the 45-minute time point, whereas plates 3 and 4 showed an increase.  A possible explanation 
for the results of plates 1, 3, and 4 may be evaporation.   Plates 3 and 4 had large, flat bubbles and showed 
appreciable evaporation by the 45-minute time point.  The increase in colonies at this time point may be due to the 
increased concentration of the sample as opposed to lack of killing.  As plate 1 was smaller, the bubble was 
contained in a smaller area and had a smaller surface area resulting in less evaporation.  This sample was therefore 
not concentrated and killing could still be seen.  The observed killing suggested that the plates were in fact active.  
However, the demonstrated degree of killing was significantly less than has been previously reported.  The results 
obtained in this experiment suggest that anatase would be an insufficient means of sterilization.   
   Further experimentation was conducted to determine if anatase activity could be enhanced.  In the literature, 
sterilization of the anatase plates was done by both acetone washing and boiling in water (5).  As the plates are 
prepared at high temperatures, boiling may not only sterilize them, but may also play a role in activation.  Therefore, 
the previous experiment was repeated with the above-mentioned modification in sterilization procedure (Table 3).  
Unfortunately, data for plates 1 and 2 were only collected at the 15-minute time point, as disruption of the sample 
bubble caused the samples to leak off the plates.  Results at this time point, as well as the 15-minute time point 
collected for plate 3, show decreased cell counts of ~50% in comparison to the control.  Although plate 4 did not 
show a decrease in cell count at the 15-minute time point, a decrease of 78% was observed by the 30-minute time 
point.  These results suggest that boiling of the plates is a more effective method of sterilization as it may also be 
contributing to plate activation. 
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   Finally, light intensity was also modified.  Light intensity was increased by decreasing the distance between the 
anatase plates and the light source.  In addition, bubble size on the larger plates was increase to 250µl to counteract 
the anticipated increase in evaporation due to the closer proximity of the light.  At the 30 minute time point plates 1, 
2, and 4 all showed significant decreases of 37-75% in cell counts when compared to the control.  Plate 3 also 
showed a decrease in cell count at the 15-minute time point of 32%, but showed an increase at the later 45-minute 
time point.  From these results, it can be seen that increased light intensity may increase cell killing, however, it also 
increases variability in results as it is difficult to maintain consistency due to evaporation. 
   From these results, the most effective protocol would include using a 150µl bubble on a small anatase plate 
sterilized by boiling in water with a light distance of 2cm.  Although these modifications resulted in enhanced cell 
killing, it is still substantially less than that reported in previous literature.  Future experiments should investigate the 
effect of plate age and storage on the long-term activity of the plates as this may contribute to the decreased cell 
killing.  Once a satisfactory protocol has been established and maintenance of plate activity can be ensured, 
investigations more relevant to industrial applications can be pursued.  
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