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Ultraviolet radiation is a commonly used method of sterilization. The effect of UV radiation 

energy dose, exposure time, coverage, and presence of liquid on the efficiency of sterilization of 
polystyrene and polypropylene plates was investigated in this study. Regrowth of Escherichia 
coli cells in plates exposed to UV radiation was used to assess successful sterilization. The 
transilluminator was found to completely kill all contaminating cells, regardless of 
concentration with 30 minutes of radiation, while the highest energy dose on the Stratalinker® 
was able to completely sterilize wells containing less than 104 cells. Coverage with saran wrap 
caused no impedance in sterilization efficiency, while use of a polystyrene lid prevented cell 
death even at the lowest cell concentration. Presence of water in the wells did not impact 
sterilization. UV radiation is therefore a viable potential sterilization technique, but optimal 
parameters still need to be specifically determined. 

 
 
Ultraviolet (UV) light is a form of high-energy 

electromagnetic radiation that has a wavelength shorter 
than that of visible light (4). Its biological effects, 
including introduction of mutations and transformation, 
typically target DNA, where the absorbance of UV 
photons by DNA results in the formation of pyrimidine 
dimers which DNA damage repair mechanisms are 
unable to rectify (1). UV radiation can be subdivided 
into three types, namely UV-A radiation (400 nm – 320 
nm), UV-B radiation (320 nm – 290 nm), and UV-C 
radiation (290 nm – 100 nm) (4). UV-B and UV-C 
wavelengths are known to be the most biologically 
effective, while UV-A, though capable of inducing 
DNA damage, is seen to have a much weaker effect (3).  

The DNA damaging capability of UV radiation 
makes it an effective bactericidal option, and it is now a 
very common method of sterilization, used for the 
purification of water (6), for the elimination of airborne 
microorganisms and for the general maintenance of 
sterile laboratory spaces (2). This study aimed to 
determine the potential of using a UV radiation based 
sterilization protocol to allow for the reuse of 
polypropylene and polystyrene 96-well microtitre plates 
(the latter of which cannot be autoclaved) in aseptic 
bacterial culturing. The effects of energy doses, times 
of exposure, coverage, and presence of liquid in the 
plate being sterilized were examined in an attempt to 
develop an optimal sterilization protocol.  

 
MATERIALS AND METHODS 

 
Pre-contamination of microtitre plates. The Escherichia coli 

B23 strain was cultured overnight at 37ᵒC in 300 ml of LB broth 
(0.05% yeast extract, 0.1% tryptone, 0.1% NaCl). Four sets of 
dilutions of the original culture were prepared in sterile LB at the 

following concentrations: 1 x 107 cells/ml, 1 x 105 cells/ml, 1 x 104 

cells/ml, and 1 x 103 cells/ml. Depending on the condition being 
tested, either polystyrene or polypropylene 96-well microtitre plates 
were ‘pre-contaminated’ for 30 minutes at room temperature, with 
100 µl of the prepared dilutions of the original culture, based on to the 
template shown in Figure 1. The number of cells per well is 
equivalent to calculated number of cells per 100 µl, depending on the 
dilution of the original culture being used. Each condition was tested 
in duplicate. 

UV irradiation using the Stratalinker® UV Crosslinker. 
Only polystyrene microtitre plates were used to test the effect of 
coverage of efficiency of UV sterilization. This was done by 
removing culture from two sets of plates and leaving the 
contaminating culture in the third set of plates (i.e. six plates in total) . 
One set of plates was covered with the polystyrene lid that is provided 
by the manufacturer, while the second set of plates was covered using 

 

 

FIG. 1. Microtitre plate template indicating number of cells 
introduced per well.	  
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saran wrap. Each plate was placed in the center of the base surface of 
the Stratalinker®, which was pre-sterilized with 75% ethanol, and 
exposed to the maximum dose of UV-C radiation (254 nm) for 10 
minutes. The plates with culture were irradiated separately from the 
lids, which were also sterilized in the same manner. 

To test the effect of energy dose on sterilization efficiency, three 
sets of polypropylene plates (i.e. six in total) were used. The culture 
was first removed from all wells, and two plates each were exposed to 
the following doses without any covering: 15 kJ/cm2, 100 kJ/cm2, and 
300 kJ/cm2.  

UV irradiation using the transilluminator. Three sets of 
polystyrene plates (i.e. six in total) were used to test the effect of 
duration of exposure to UV-B light on efficiency of UV sterilization. 
Culture was removed from each plate, and plates were placed face-
down on the surface of the transilluminator, which was pre-sterilized 
with 75% ethanol. A cardboard box was used to cover the surface of 
the transilluminator with the plates on it, and two plates each were 
irradiated for 30 minutes and 60 minutes. The last set of plates 
(control) was not exposed to UV light. 

Determination of sterilization efficiency. After UV treatment, 
100 µl of fresh, sterile LB was added to each well that was pre-
contaminated. For the plates that were irradiated with liquid culture 
present in the wells, 50 µl of this liquid was added to a pre-sterilized 
polystyrene plate containing 50 µl of sterile LB. All plates were 
covered with either their lids or saran wrap and incubated overnight at 
37ᵒC. Sterile LB was also added to the wells of a pre-sterilized 
polystyrene microtitre plate as a control. Sterilization efficiency was 
determined based on turbidity observed in wells after overnight 
incubation, as a reflection of E.coli cell survival. For polypropylene 
plates which are slightly opaque, cultures were first transferred to a 
clear polystyrene plate and then assessed for turbidity. 

 
RESULTS 

 
Effect of energy dose of UV radiation on 

sterilization efficiency. Each of the plates used had 
sixteen wells where the same number of cells was 
initially used for pre-contamination. For wells where 
106 cells and 104 cells were introduced, growth was 
observed post-sterilization in all wells regardless of 
energy dose (Figure 2). For wells with 103 cells, both 

the lowest (15 kJ/cm2) and highest (300 kJ/cm2) energy 
doses resulted in no E.coli regrowth. An average of 
14.5 wells out of 16 showed growth in the plates treated 
to 100 kJ/cm2 of UV radiation. In wells with the lowest 
number of cells (102 cells), all three energy doses were 
effective for sterilization. Minimal growth was 
observed in 2 wells that were exposed to 100 kJ/cm2 of 
UV radiation, however. Some discoloration was 
observed in the polypropylene plates exposed to the 300 
kJ/cm2 dose. 

Effect of coverage on UV sterilization efficiency. 
Coverage with saran wrap did not impede sterilization 
by UV; no growth was seen in any wells (see Figure 3). 
Covering plates with the polystyrene lid provided by 
the manufacturer resulted in growth of E.coli in all 
wells that were pre-contaminated with 106, 104, and 103 
cells. Growth was only observed in 5 out of 16 wells 
that were pre-contaminated with 102 cells. Additionally, 
no regrowth was observed in any wells when the 
contaminating culture  was left in the plate, regardless 
of initial number of cells introduced. 

Effect of time of exposure on UV sterilization 
efficiency. Growth was seen in all wells of the control 
plate, which was not exposed to UV radiation. No 
growth was seen in any wells of the plates that were 
exposed to UV radiation on the transilluminator for 
either 30 or 60 minutes (see Figure  4). No 
discolouration of the polypropylene plates was 
observed.   

 
DISCUSSION 

 
The range of energy doses used for sterilization in 

the Stratalinker® was determined using the user manual 

	  

FIG. 2. Effect of exposure to ultraviolet radiation at different 
doses of energy on E.coli B23 cell survival. The Stratalinker® 
UV Crosslinker was used. The energy doses used are indicated 
on the figure. Shading of the bars reiterates the number of cells 
initially introduced into the wells. Polypropylene plates were 
used for these tests. 
	  

	  

FIG. 3. Effect of covering well surface with polystyrene lid, 
seran wrap and liquid (contaminating culture) during 
exposure to radiation on E.coli B23 cell survival. The 
Stratalinker® UV crosslinker was used. Each plate was exposed 
to the maximum dose of energy for a period of 10 minutes. For 
plates where contaminating cultures were left in the wells, no lid 
was used. Polystyrene plates were used for these tests. 
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for the instrument. 15 kJ/cm2 is sufficient to kill cells 
with a mutation in the recA gene, i.e. these cells are 
incapable of properly repairing UV-induced DNA 
damage. 300 kJ/cm2 should theoretically be sufficient to 
inactivate all DNA present in the sample being 
irradiated. The efficiency of treatment using the 
Stratalinker® seemed to be more dependent on the 
number of cells being used to contaminate the wells as 
opposed to the energy dose used for sterilization, as 
indicated by the fact that no growth was seen at a 
contaminating concentration of 103 cells/well in plates 
treated with the lowest dose (15 kJ/cm2), and there were 
no concentrations at which only the highest energy dose 
resulted in complete sterilization. 2 wells treated with 
an energy dose of 100 kJ/cm2 did show some growth, 
however, at a contaminating concentration of 102 cells, 
and this could have been a result of the fact that the 
E.coli B23 culture deliberately added in this 
investigation may not have been the only contaminant 
present in these plates, which had been previously used 
and disinfected. The sterilization efficiency of this 
instrument could also be influenced by the fact that the 
samples are placed in the Stratalinker® are at a distance 
from the UV light source, and the energy of the 
radiation could be diminished as a result of this. 

The coverage of plates with saran wrap, which is 
made of polyvinyl dichloride (PVDC) (5), did not 
appear to have any effect on successful sterilization of 
the wells. A 10 minute exposure to UV radiation 
appears to be sufficient for complete sterilization of the 
plates, as the initial concentration of contaminating 
culture appears to have no effect on the killing of cells, 

unlike in the energy dose tests. Coverage with 
polystyrene lids, however, did negatively impact the 
bactericidal effect of the UV radiation. Growth was 
seen in all wells, and the difference in the chemical 
structures and absorption properties of PVDC and 
polystyrene is the most likely cause of the results 
observed. The presence of liquid contaminating culture 
in the wells did not negatively affect the sterilizing 
ability of the UV light, as indicated by the lack of 
regrowth. This makes sense considering the application 
of UV sterilization in water purification for the 
elimination of living cells (6). 

The effect of exposure time was only tested on the 
transillumination instrument. Here, the contaminated 
surface of the wells are placed almost flush with the 
source of UV light, and the shortest treatment period of 
30 minutes was seen to kill all cells, completely 
preventing regrowth in fresh LB. Again, the longer 
treatment period seemed to be enough to overcome any 
problems with incomplete sterilization due to the 
presence of a large number of contaminating cells in the 
wells. All tests where exposure times were varied were 
carried out at the maximum energy dose the machine 
can generate, but it would seem that longer periods of 
exposure at lower energy doses, if that could be 
manually controlled, would be sufficient for complete 
sterilization.  

 
FUTURE DIRECTIONS 

 
The parameters of a sterilization protocol that 

could be used to allow for the reuse of polystyrene 
microtitre plates which cannot be autoclaved could be 
more specifically determined in future studies. For this, 
a wider range of concentrations of contaminating 
culture could be used, and smaller exposure times on 
the transilluminator could be tested to determine the 
minimum period of UV exposure required for complete 
sterilization. Additionally, exposure times below 10 
minutes for the Stratalinker® and below 30 minutes for 
the transilluminator, with a wider range of 
contaminating concentrations could be tested, to 
determine the minimum period of radiation needed for 
sterilization. Lastly, the effect of plate position on the 
surface of the UV radiation device could be tested to 
determine if the angle of incident UV light influences 
the sterilization efficacy.  
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FIG. 4Effect of exposure to ultraviolet radiation using a 
transilluminator on survival of E.coli B23 cell survival. The 
average proportion of surviving cells was determined by 
calculating the average number of wells showing growth after 
exposure to the transilluminator as a fraction of 16, which was the 
total number of wells each dilution of the original culture was 
introduced into. Shading of bars reiterates number of cells 
introduced into the wells. Polypropylene plates were used for 
these tests. 
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