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This experiment investigated the possibility of using microwave heating as a non-chelating 
substitute for EDTA in enhancing lysozyme-mediated lysis of Gram-negative bacterial cells. 
Such a procedure could better preserve the activity of released enzymes. The effectiveness of 
breakage of Escherichia coli cells by a combination treatment of lysozyme and microwave 
exposure for various time durations was compared against the traditional lysozyme-EDTA 
treatment using the Bradford protein assay.  Synthetic ONPG substrate was added to the 
cell lysate supernatants for colourimetric assay of β-galactosidase activity, which was 
predicted to serve as a general indicator of enzyme activity preservation.  Results suggested 
that protein release correlated inversely with increasing microwave time, and that all 
microwave treatments released less protein than the traditional method of breakage.  
However, a transient but significant increase was observed in β-galactosidase activity (over 
that of the control) in the treatments microwaved for 25 and 30 seconds.  Contrary to 
expectations, β-galactosidase activity was better retained in treatments containing EDTA.  
The temperature sensitivity of lysozyme was assessed using the lysozyme-Micrococcus assay; 
no significant loss in lysozyme activity was detected when the enzyme was microwaved for 
up to 40 seconds.  Decreased β-galactosidase activity was observed in heated samples of 
toluene-permeabilized cells after 2.5 minutes of heating in a 65ºC water bath.  Although the 
results did not suggest that the microwave is a superior substitute for EDTA, a reasonable 
amount of protein appeared to have been released in a shorter period of time. 

 
 
   In this experiment, the effects of microwave heating on chicken egg white lysozyme mediated bacteriolysis were 
investigated.  Lysozyme cleaves the peptidoglycan that comprises bacterial cell walls.  EDTA is usually used in 
conjunction with lysozyme to promote cell lysis by chelating ions required for outer membrane stability.  
   Based on the observations gathered in experiment C2 (3), the lysozyme-EDTA treatment was most effective in 
cell wall breakage when compared with the French Press or sonication methods.  However, EDTA chelates ions 
that are likely necessary for optimal enzyme activity of some enzymes, as reflected in the enzyme activity rates 
obtained in experiment C2, in which the lysozyme-EDTA treatment yielded the lowest rates, even though it released 
more protein.  If a lysozyme enhancing but non-chelating agent was found to replace EDTA, then the enzyme 
activity of the released enzymes may be better preserved. 
   Literature suggests that microwave radiation is capable of damaging the surface of Gram-negative cells such as 
E. coli, leaving the cells more susceptible to lysis (4).  The ability of microwave heating to increase susceptibility 
to lysis thus proposes the use of microwaves as a potential substitute for EDTA. 
   Microwave treatment may enhance lysozyme breakage by providing microwave energy that increases the 
Brownian movement and oscillation of molecules in solution.  A more kinetically active lysozyme molecule should 
more easily penetrate the outer membrane to gain access to the peptidoglycan.  In addition, the microwave energy 
could have enhanced the movement of the outer membrane molecules as well as that of the lysozyme to increase cell 
wall breakage.  Microwave heating was thus proposed to possibly enhance cell susceptibility to lysozyme lysis, as 
well as to replace EDTA in destabilizing the outer membrane of Gram-negative bacteria. 
   The efficacy of cell breakage of E. coli strain B23 by a combination treatment of lysozyme and microwave at 
various lengths of time was compared against the traditional lysozyme-EDTA treatment.  A Bradford assay and a 
β-galactosidase assay served as indicators of total protein released, and of enzyme activity preservation, respectively. 

 
MATERIALS AND METHODS 

 
Bacterial strain and growth conditions.  E. coli strain B23, supplied by Mr. Nick Cheng (Department of Microbiology and Immunology, 
UBC), was grown overnight for 15 hours in M9 minimal media on a shaking platform (Lab-line, Orbit Shaker Platform) in a walk-in 37ºC 
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incubator (Department of Microbiology and Immunology, UBC).  Glycerol (0.3% w/v) was used as the carbon source in the M9 minimal media, 
with the addition of IPTG (0.25 mM; also supplied by Mr. Cheng) to induce the expression of β-galactosidase from E. coli B23. 
 
Microwave Assay I.  The litre of overnight E. coli B23 culture was divided into five 200 ml volumes and pelleted at 7 000 rpm for 10 minutes 
in a large centrifuge (Beckman J2-21).  The five pellets were each resuspended in 10.0 ml of sucrose (0.4 M) added Tris-HCl buffer (1.5 M; pH 
8.2).  Then, 2.0 ml of resuspended culture was transferred to a 10 ml graduated cylinder, followed by the addition of 0.25 ml lysozyme (200 
µg/ml; chicken egg white, Grade 1, Sigma Chemical Company).  For treatment A, 0.25 ml of distilled water was added to the cylinder; as for 
treatment B, 0.25 ml of EDTA (40 mM) was added.  Both treatments were separately heated in a microwave at minimal power (level 1; 
Samsung MW5592W: 120 VAC, 60 Hz, 1000 Watts) for 40 seconds; this procedure was repeated for 3 additional time points:  70, 110, 160 
(seconds).  For each time point and treatment, the graduated cylinder was placed in the center of the microwave turntable.  After microwaving, 
the temperature of the treatment was taken, and 1.0 ml of the treatment was transferred to a 10 ml Oakridge tube, in which 7.0 ml of distilled 
water was rapidly squirted from a 10 ml glass pipette via a pipette pump (Bel-Art Products: green, 10 ml) to osmotically shock and break the cells.  
The cells should be allowed to incubate with lysozyme for 15 minutes.  Treatments A and B were then set on ice while the following three 
control treatments were prepared.  In composition, treatment C was similar to treatment A, while treatment D was similar to treatment B.  
Treatments C and D, however, were incubated in a small, non-shaking 37ºC water bath (Thelco, 182) for 15 minutes, both lacking the microwave 
treatment.  Treatment E, the negative control, underwent no lysozyme, no EDTA, and no microwave treatments, consisting of 2.0 ml of 
resuspended culture and 0.50 ml of distilled water; this treatment was also incubated like treatments C and D.  Following incubation, the three 
controls were shocked similarly as with treatments A and B.  After the five treatments were shocked, 0.9 ml of MgCl2 (100 mM) was added to 
the contents of the Oakridge tubes, followed by a 30 second incubation in the 37ºC water bath, the addition of 0.8 ml DNase I (5 mg/ml; bovine 
pancreas, Sigma Chemical Company), and a 10-minute incubation in the same bath.  The contents were then centrifuged at 10 000 rpm for 20 
minutes (IEC-Centra 4B) to pellet unbroken cells and large cellular fragments.  The supernatants for each treatment were transferred to a clean 
10 ml Oakridge tube for the Bradford protein assay and the β-galactosidase activity assay. 
 
Microwave Assay II.  This assay was similar to Microwave Assay I with the following modifications.  The time points for treatments A and B 
were changed to 5, 10, 15, 20, 25, 30, 35 and 40 (seconds).  A zero second time point for both treatments replaced treatments C, D, and E as the 
control. 
 
Bradford Protein Assay.  The Bradford dye (30% v/v; Bio-Rad) was prepared in distilled water.  Bovine Serum Albumin (1 mg/ml; factor V, 
Sigma Chemical Company) was used as the protein standard at the following volumes:  35, 40, 45, 50, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100 
(µl); distilled water was added to each volume to bring the total to 100 µl.  As for the microwave and control treatments, 1.0 ml of each 
supernatant was transferred to a test tube; 3.0 ml of Bradford dye was added to each of the standards and supernatants.  The contents were 
vortexed and set aside to incubate at room temperature for 15 minutes before reading the absorbance at 595 nm; the spectrophotometer (Spec 
20D+, Spectronic Instrument) was zeroed with 4.0 ml of Bradford dye. 
 
Lysozyme Temperature Sensitivity Assay.  This assay was modified from a protocol on the Internet 
(http://home.earthlink.net/~llica/sa4lyzym.htm).  A Micrococcus lysodeikticus suspension (0.17 mg/ml; OD450 = 0.530; Worthington 
Biochemical Corporation) was prepared in phosphate buffer (0.1 M; pH 7.0), and used as a substrate for lysozyme (120 µg/ml; chicken egg white, 
grade 1, Sigma Chemical Company).  In a 10 ml graduated cylinder, 3.0 ml of lysozyme was microwaved at minimal power (level 1; Samsung 
MW5592W: 120 VAC, 60 Hz, 1000 Watts) for the following time points: 20, 25, 30, 35, 40 (seconds); a zero second time point served as the 
control.  After being microwaved, 0.5 ml of the heated lysozyme was mixed with 2.5 ml of M. lysodeikticus suspension in a test tube.  The 
optical density of the mixture was read at 15-second intervals for 2 minutes at 450 nm (Spec 20D+, Spectronic Instrument) to determine 
lysozyme activity. 
 
Beta-Galactosidase Toluene Assay.  This assay was modified from the protocol of Experiment C2 (3).  An additional litre of E. coli strain 
B23 was prepared as above (OD420 ~ 0.3); 3.0 ml of which was incubated in a 65ºC water bath (Thelco, 182) for different time points:  2.5, 3.5, 
4.5, 5.5, 10, 15 (minutes), then 0.2 ml of toluene was mixed with the heated culture.  Afterwards, 0.4 ml of the mixture was transferred to a new 
tube, in which 1.2 ml Tris (20 mM; pH 8) was added, followed by a 1-min. incubation in a 25ºC water bath (Thelco, 182).  The artificial 
substrate used was ONPG (5 mM; Sigma Chemical Company); 0.2 ml of which was added to the mixture.  The optical density at 420 nm (Spec 
20D+, Spectronic Instrument) was checked to be ~ 0.4 for each mixture.  The reaction starting time was recorded for the mixtures as they were 
put back into the bath.  When enough yellow colour appeared, the reactions were stopped with 2.0 ml of Na2CO3 (0.6 M).  The absorbance of 
each tube was read at 420 nm (Spec 20D+, Spectronic Instrument) for β-galactosidase activity. 
 
Beta-Galactosidase Activity Assay.  This assay was performed similarly to the aforementioned β-galactosidase toluene assay with a few 
exceptions.  The 65ºC incubation and toluene steps were omitted.  Instead of using 3.0 ml of E. coli B23 culture, 1.0 ml of each supernatant 
from the treatments was mixed with 0.8 ml of Tris (20 mM; pH 8) before heating it in the 25ºC water bath (Thelco, 182) for 1 min. 
 

RESULTS 
 
Microwave Assay I.  For the Bradford assay, protein yield was compared for all treatments.  The traditional 
lysozyme treatment yielded the greatest protein release (Figure 1).  A steady inverse relationship was observed 
between the duration of microwave hearting and the amount of protein released, in which the samples of treatment B 
showed a more rapid rate of decrease when compared with those of treatment A.  Even at the first time point of 40 
seconds, treatments that included microwave heating generated levels of protein that were lower than those of the 
traditional lysozyme-EDTA treatment.  For the β-galactosidase assay, B-galactosidase activity was compared with 
the supernatants produced by the various treatments.  Treatments involving microwaves were heated from 40 to 
160 seconds, increasing at 5-second intervals.  All microwave treatments above 40 seconds decreased the activity 
compared to the control assay.  The microwave treatment of the sample without EDTA did show increased release 
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of enzyme at 40 seconds but the observed value was still lower than the sample treated with EDTA and microwaving.  
Overall, treatments containing EDTA was able to preserve more β-galactosidase activity than those without EDTA 
(Figure 2).   
 
Microwave Assay II.  The Bradford assay compared treatment A with treatments C and D, with treatment A’s 
microwave duration spanning from 0 to 40 seconds.  An overall downward trend, in which protein release 
decreased with microwave time (Figure 3), was observed for treatment A.  The protein yield for this treatment was 
lower than those of treatments C and D by as little as 5 seconds of microwave treatment.  Beta-galactosidase 
activity was measured for treatment A for time points of 0 to 40 seconds.  A transient but significant increase in 
activity was observed at the 25 and 30 second time points, at which the activity was greater than both treatments C 
and D (Figure 4).  The activity for all other time points was otherwise lower than those for the controls. 
 
The Microwave.  The Microwave used was observed to cause the cell suspensions undergoing heating to exhibit 
violent bubbling at regular intervals throughout the heating process.  Whenever bubbling occurred, it was 
accompanied by a low-pitched whirring noise from the microwave, suggesting that this particular microwave 
operates in cycles, whereby the heat increases over time but intensifies every 30 seconds.  The cell suspensions 
were also observed to become increasingly clumpy and viscous after such boiling cycles. Larger volumes (up to 1L) 
heated in the microwave were also observed to boil every 30 seconds. 
 
Lysozyme Microwave Sensitivity Assay.  No significant loss of enzyme activity was observed for microwave 
heated lysozyme for up to 40 seconds.   
 
Β-Galactosidase Toluene Assay.  A decrease in activity was seen by 2.5 minutes when β-galactosidase was heated 
in a 65 degrees Celsius water bath (Figure 5).  
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Figure 1.  Microwave Assay I.  Effect of microwave exposure in the duration of 0, 40, 70, 110, and 160 seconds, 
at minimal power, on the concentration of released protein.  The E. coli cells were microwaved in 2.5 ml of  1.5 

M Tris-HCl buffer, pH 8.2, containing 0.4 M sucrose in the presence of lysozyme (♦), or a combination of lysozyme 
and EDTA (∆).  Cell suspensions exposed to microwave radiation containing lysozyme or lysozyme-EDTA 

combination were referred to as Treatment A or B, respectively.  Values are expressed as the percentage of released 
protein concentration, which was incubated in a non-shaking 37°C water bath for 15 minutes in the presence of 

lysozyme and EDTA, known as the control (Treatment D).  Values represent the mean of two trials. 
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Figure 2.  Microwave Assay I.  Effect of microwave exposure in the duration of 0, 40, 70, and 160 seconds, at minimal power, 

on the activity of β-galactosidase.  The E. coli cells were microwaved in 2.5ml of 1.5 M Tris-HCl buffer, pH 8.2, containing 
0.4M sucrose in the presence of lysozyme (♦) or a combination of lysozyme and EDTA (∆).  Suspensions exposed to 

microwave radiation containing lysozyme or lysozyme-EDTA combination were referred to as Treatment A or B, respectively.  
Residual β-galactosidase activity was assessed in a non-shaking 25oC water bath using ONPG as substrate.  Values are 

expressed as the percentage of β-galactosidase activity, which was incubated in a non-shaking 37oC water bath for 15 minutes in 
the presence of lysozyme and EDTA, known as the control (Treatment D).  Values represent the mean of two trials. 
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Figure 3.  Microwave Assay II.  Effect of microwave exposure in the range of 0 to 40 seconds at 5-second increments, at 
minimal power, on the concentration of released protein. The E. coli cells were microwaved in 2.5 ml of 1.5 M Tris-HCl buffer, 
pH 8.2, containing 0.4 M sucrose in the presence of lysozyme (♦).  Suspensions exposed to microwave radiation, containing 

lysozyme, were referred to as Treatment A.  Values are expressed as the percentage of released protein concentration which was 
incubated in a non-shaking 37°C water bath for 15 minutes in the presence of lysozyme and EDTA, known as the control 

(Treatment D).  Values represent the mean of two trials. 
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Figure 4.  Microwave Assay II.  Effect of microwave exposure in the range of 0 to 40 seconds at 5-second 
increments, at minimal power, on the activity of β-galactosidase.  The E. coli cells were microwaved in 2.5 ml of 

1.5 M Tris-HCl buffer, pH 8.2, containing 0.4M sucrose in the presence of lysozyme (♦).  Cell suspensions 
exposed to microwave radiation, containing lysozyme, were referred to as Treatment A.  Residual β-galactosidase 

activity was assessed in a non-shaking 25oC water bath using ONPG as substrate.  Values are expressed as the 
percentage of the β-galactosidase activity obtained by incubating the cells in a non-shaking 37oC water bath for 15 

minutes in the presence of lysozyme and EDTA, (the control Treatment D).  Values represent the mean of two 
trials. 
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Figure 5.  Beta-Galactosidase -Toluene Assay at 65 oC.  Effect of heat exposure duration in the range of 15 
minutes on β-galactosidase activity (♦).  Values are expressed as the percentage of enzyme activity of the control, 

which was not exposed to the heat treatment in water bath. 
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DISCUSSION 
 
   In Microwave Assay I, the E. coli cell suspensions were exposed to microwave radiation for 0, 40, 70, 110, and 
160 seconds in the presence of lysozyme (Treatment A) or lysozyme-EDTA in combination (Treatment B).  
Microwave radiation was originally proposed to have the ability to enhance cell protein release by permeabilizing 
the outer membrane and/or by speeding up lysozyme to facilitate lysozyme-mediated digestion of peptidoglycan.  
However, an inverse relationship was found between the duration of microwave exposure time in the range of 40 to 
160 seconds and the amount of protein released from E. coli cells in both treatments (Figure 1).  As the bacterial 
cell suspensions became increasingly clumpy and viscous with increasing microwave exposure, the removal of 
clumps by centrifugation following microwave exposure might explain the decrease in the concentration of released 
protein present in the supernatants.  The clumps could have contained a combination of chromosomal DNA, cell 
wall, and entrapped cell proteins.  The 40-second samples of treatments A and B yielded 97% and 69% of protein 
release, respectively, when compared with the control (Treatment D).  This observation suggested that microwave 
exposure to lysozyme-E. coli cell suspensions in the presence of EDTA was not helpful in releasing soluble proteins 
from the cells.  Although EDTA is a well-known ion chelator that acts to destabilize the outer membrane, it is also 
known to have the ability to form complexes with Tris (1).   The lower amount of released protein present in the E. 
coli cell suspensions containing EDTA might thus have been due to interference of lysozyme activity by these 
EDTA-Tris complexes in the presence of microwave radiation. 
   Microwave Assay II was set up to investigate the effect of shorter microwave exposure times in the range of 0 to 
40 seconds on cell protein release.  The samples in treatment A at 40 seconds of microwave exposure were shown 
to contain an equivalent amount of released protein when compared with the traditional lysozyme lysis.  Because 
the primary purpose of the experiment was to determine whether microwaves were capable of replacing EDTA in 
lysozyme-mediated bacteriolysis, and because microwave exposed samples containing EDTA were observed to give 
a lower amount of released cell protein relative to those without EDTA, treatment B was not included in this part of 
the experiment. 
   Microwave Assay II attempted to find the optimal microwave exposure time that would result in the release of E. 
coli cell proteins that is as efficient as the traditional lysozyme lysis, without the presence of EDTA.  Overall, the 
concentration of released protein as a function of microwave exposure duration exhibited a gradual downward trend 
(Figure 3).  The bacterial cell suspensions that were exposed to 5 seconds of microwave radiation in treatment A 
yielded about 86% of cell protein obtained in treatment D.  Even though the average amount of protein released in 
the treatment A samples with 5 seconds of microwave exposure was not nearly as high as that of the control, its 
protein release was quite substantial considering that this microwave-exposed sample required only about 6% of the 
lysozyme incubation time in treatment D.   
   Prior to quantifying the concentration of released protein in Microwave Assay II, a lysozyme microwave 
sensitivity assay was carried out to determine whether lysozyme alone was affected by microwave radiation within 
the time range of 0 to 40 seconds.  The results did not suggest any significant decrease in the activity of lysozyme 
due to the microwave treatment; therefore, it is reasonable to propose that the decrease in the amount of released 
protein with increasing duration of microwave exposure was not attributed to the inactivation of lysozyme activity.  
Perhaps the presence of Tris, EDTA, and sucrose in the microwaved cell suspensions played a role in agglutinating 
E. coli cellular components, which might have hindered the normal enzyme activity of lysozyme; however, 
follow-up experiments must be carried out to support this postulation. 
   The β-galactosidase assay for Microwave Assay I determined that treatment D retained the highest activity.  
This treatment was the traditional lysozyme-EDTA mediated bacterial cell lysis method, suggesting that microwave 
radiation in treatments A and B might not have been successful in replacing the use of EDTA in lysozyme cell lysis 
with respect to maximizing enzyme activity.  However, the 25 and 30 second trials of treatment A in Microwave 
Assay II retained the most β-galactosidase activity, comparatively 58% better than treatments C and D (Figure 4).  
These results imply that microwave treatment could be a potential replacement for EDTA in lysozyme cell breakage, 
but only within a specific time range, possibly from 25 to 30 seconds as suggested by Microwave Assay II.  In 
addition, the 58% increase in the released enzyme activity within this narrow treatment time without an 
accompanying increase in protein release might imply that β-galactosidase is being preferentially released by an 
unknown mechanism.  If this is indeed the case, then microwave treatment might work as a crude aid to a protein 
purification scheme.  
   As mentioned in the results section, the microwave oven was suspected to operate in cycles.  The microwaves 
might have been produced in pulses at earlier time points 
(http://www.icyr.org/admin/DynamicPage/default.cfm?PageId=99).  Assuming that these waves were emitted, 
once every 10 seconds for instance, then the microwave radiation from two pulses could have accumulated during 

 149 

http://www.icyr.org/admin/DynamicPage/default.cfm?PageId=99


Journal of Experimental Microbiology and Immunology (JEMI)                                             Vol. 2:144-156 
Copyright  April 2002, M&I UBC 
 

the 25 to 30 second time periods, enough to permeabilize the outer membrane of the resuspended bacteria, but not 
enough to cause significant loss of enzyme activity.  Although one or two pulses of microwaves could conceivably 
substitute for EDTA in bacteriolysis, multiple pulses are likely to be detrimental, as seen in the results for the 40, 70, 
110 and 160 second times points of treatment A in Microwave Assay I, in which β-galactosidase activity decreased 
as microwave exposure increased (Figure 2).  Furthermore, there were significant differences in protein release and 
activity observed among the 10, 20, 30 second intervals even though the temperature was found to be fairly constant 
at these times, averaging around 50˚ Celsius.  This suggests the number of microwave pulses rather than the 
temperature is the crucial factor in determining protein release and the preferential release of β-galactosidase. . 
   Microwave treatment at longer times could have increased the magnitude and duration of the changes in dipole 
moments and resonant oscillations in the proteins, mechanically stretching the proteins due to friction with the 
medium, which could have led to their inactivation (2).  Further tests at the 25 and 30 second time points for 
treatment A are therefore fervently advised. 
   The correlation of whether β-galactosidase activity decreased as a result of heat inactivation could not be firmly 
established, because the heat sources in the β-galactosidase toluene assay and in the microwave assay were different: 
water bath versus microwaves.  The β-galactosidase toluene assay should have been performed using a microwave 
oven instead of a water bath, but finding a microwave oven that regulates heat consistently at a certain temperature 
would be too difficult. 
   A number of problems in the experimental design contributed to inconsistency in the results, some of which 
could be corrected in further rounds of experimentation.  One problem was that the time allowed for lysozyme to 
digest the cell walls varied from one treatment to another.  Overall, the microwave treatments were incubated for 
considerably less time than the 15-minute tradition breakage control (treatment D); so, microwave heating might 
actually be more effective than the results have suggested.  In the future, all treatments should be incubated for 15 
minutes to allow for the lysozyme to work.  Another problem encountered was the lack of a direct correlation 
between the duration of microwave heating and the consequent temperature, as previously mentioned in the 
comments about the pulsatile nature of the microwave oven.  An ideal method would be to heat the samples to 
predetermined temperatures with the assistance of a microwaveable temperature probe.  Since the microwave 
assays were performed on separate days, using different batches of culture and stock reagents, the results of 
microwave assays I and II should not be directly compared.  Another difference between these two assays was the 
absence of the microwave treatment containing EDTA (treatment B) in the second assay; because of this omission, 
in part, EDTA could not be shown to help preserve β-galactosidase.  Finally, an additional contribution to error 
might have been the warming of the microwave chamber due to heated water vapour from previous trials.  To 
alleviate this problem, the chamber could be ventilated by fanning after each trial. 
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APPENDIX 
 
Sample Calculations: 
 
 Calculation of protein concentration in cell lysates: 

 
1) Construction of Bovine Serum Albumin (BSA) Standard Curve (Table A1) 

 
2) Calculation of protein concentration in cell lysates (Tables A2 & A3) 
 
 Equation of BSA Standard Curve (Figure A1):   Absorbance (A595) = 1.2096 x [protein] 

 
Average A595   [protein] = 1.2096 

 
Example: 5-second microwave sample (from Microwave Assay II) 
 

0.731 A595  [protein] = 1.2096 = 0.604 mg/ml 

 
 Calculation of β-galactosidase Activity (Tables A4 & A5): 

 
  Enzyme Activity (milliunit) Average A420 106 Nv 

  ml of enzyme =  t x 15,000 x Ev 
 
Where (3): 
 

1 milliunit  = 1 nmole of product formed per minute.   
A = difference in absorbance at 420 nm in 

the enzyme and the corresponding 
blank assay after the elapsed time for 
the enzyme assay. 

  

T = time in minutes for the observed 
change in absorbance. 

  

15,000 = the molar extinction coefficient for 
ONPG 

  

106 = Conversion factor to convert moles/L 
to nmole/ml 

  

Nv = Total assay volume (ml) at A420 = 
 
= 

0.8 ml for Microwave 
Assay I 
1 ml for Microwave 
Assay II 

Ev = Volume of enzyme sample used (ml) = 3 ml for both Microwave 
Assays 
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Example: 5-second microwave sample (from Microwave Assay II) 
 
 Average A420 (from 2 trials) = 0.022 milliunit/ml 
 Total Reaction Time= 38.5 min 

 
0.022 A420 106 1ml Enzyme Activity per mil of cell lysate = 38.5 min x 15,000 x 3 ml = 0.174 

 
 Comparison of the protein concentration and the β-galactosidase activity values 

obtained from the microwave treated samples to the control (Treatment D) values. 
 

[protein] in sample x (mg/ml) 
  % of protein release =  [protein] in treatment D (mg/ml) x 100%  

 
Enzyme activity (milliunit)/ml 

  % β-galactosidase activity =  Enzyme activity (milliunit)/ ml in treatment D x 100%  
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Figure A1.  Absorbance readings measured at 595 nm as a function of Bovine Serum Albumin concentration for 
Bradford Assay. 
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Table A1. Absorbance readings of different concentrations of Bovine Serum Albumin measured at 595nm for 
Bradford Assay. 
 

   Absorbance at 595nm  [BSA] (mg/ml) 
 0    0 
 0.45    0.35 
 0.524   0.4 
 0.628   0.45 
 0.67   0.5 
 0.722   0.55 
 0.83   0.6 
 0.835   0.65 
 0.875   0.7 
 0.9   0.75 
 0.955   0.8 
 0.98   0.85 
 1.015   0.9 
 1.025 

 

  0.95 
 

Table A2.  Microwave Assay I - Relative concentration of released protein in microwave treated samples 
compared to that of the control (Treatment D). 
 

Treatment 
 Duration of 

microwave 
exposure (s) 

 [released 
protein] 
(mg/ml) 

% of [released protein]  
(relative to controld) 

    0.703 Aa 

 
40 

 
0.703 

  0.723e x 100% =  97% 

    0.503 
 70  0.503   0.723 x 100% =  69% 

    0.521 
 110  0.521   0.723 x 100% =  72% 

    0.513 

 

 160  0.513   x 100% =  71% 

       
0.723 

 
    0.500 Bb 

 40  0.500   0.723 x 100% =  69% 

    0.370 
 70  0.370   0.723 x 100% =  51% 

    0.334 
 110  0.334   0.723 x 100% =  46% 

    0.364 

 

 160  0.364   x 100% =  50% 

       
0.723 

 
    0.676 Cc 

 0  0.676   0.723 x 100% =  93% 

         
0.723 Dd  0  0.723   0.723 x 100% =  100% 

a Treatment A = cell suspension in the presence of lysozyme, exposed to microwave radiation  
b Treatment B = cell suspension in the presence of lysozyme and EDTA, exposed to microwave radiation. 
c Treatment C = cell suspension in the presence of lysozyme, incubated in a 37oC water bath for 15 minutes. 
d Treatment D (control) = cell suspension in the presence of lysozyme and EDTA, incubated in a 37oC water bath for 
15 minutes. 
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Table A3.  Microwave Assay II – Relative concentration of released protein in microwave treated samples 
compared to that of the control (Treatment D). 
 

Treatment 
 Duration of 

microwave 
exposure (s) 

 [released 
protein] 
(mg/ml) 

% of [released protein]  
(relative to controlc) 

0.711 
Ca  0  0.711   

0.701 
x 100% =  101% 

         
0.605 Ab  5  0.605   0.701 x 100% =  86% 

0.611   10  0.611   0.701 x 100% =  87% 

0.451   15  0.451   0.701 x 100% =  64% 

0.592   20  0.592   0.701 x 100% =  84% 

0.503   25  0.503   0.701 x 100% =  72% 

0.560   30  0.560   0.701 x 100% =  80% 

0.289   35  0.289   0.701 x 100% =  41% 

0.330   40  0.330   0.701 x 100% =  47% 

         
0.701 Dc  0  0.701   0.701 x 100% =  100% 

a Treatment C = cell suspension in the presence of lysozyme, incubated in a 37oC water bath for 15 minutes. 
b Treatment A = cell suspension in the presence of lysozyme, exposed to microwave radiation.  
c Treatment D (control) = cell suspension in the presence of lysozyme and EDTA, incubated in a 37oC water bath for 
15 minutes. 
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Table A4.  Microwave Assay I.- Relative β-galactosidase activity in the microwave treated samples compared to 
that of the control (Treatment D). 
 

Treatment 
 Duration of 

microwave 
exposure (s) 

 β-galactosidase Activity 
(milliunit) per ml of cell 

lysate 

 % of β-galactosidase Activity  
(relative to controld) 

    0.326 Aa 

 
40 

 
0.326 

  0.924 
X 100% =  35% 

    0.038 

 
70 

 
0.038 

  0.924 
X 100% =   4% 

    0.051 
 110  0.051   0.924 X 100% =   6% 

    0.048 

 

 160  0.048   X 100% =   5% 

       
0.924 

 
    0.537 Bb 

 40  0.537   0.924 X 100% =  58% 

    0.068 
 70  0.068   0.924 X 100% =   7% 

    0.057 
 110  0.057   0.924 X 100% =   6% 

    0.047 

 

 160  0.047   X 100% =   5% 

       
0.924 

 
    0.188 Cc 

 0  0.188   0.924 X 100% =  20% 

         
0.924 Dd  0  0.924   0.924 X 100% = 100% 

a Treatment A = cell suspension in the presence of lysozyme, exposed to microwave radiation  
b Treatment B = cell suspension in the presence of lysozyme and EDTA, exposed to microwave radiation. 
c Treatment C = cell suspension in the presence of lysozyme, incubated in a 37oC water bath for 15 minutes. 
d Treatment D (control) = cell suspension in the presence of lysozyme and EDTA, incubated in a 37oC water bath for 
15 minutes. 
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Table A5.  Microwave Assay II – Relative β-galactosidase Activity in the microwave treated samples compared to 
that of the control (Treatment D). 
 

Treatment 
 Duration of 

microwave 
exposure (s) 

 β-galactosidase Activity 
(milliunit) per ml of cell 

lysate 

 % of β-galactosidase Activity  
(relative to controlc) 

0.116 Ca  0  0.116   
0.116 

x 100% = 100% 

         
0.070 Ab  5  0.070   
0.116 x 100% =  60% 

0.082   10  0.082   
0.116 x 100% =  71% 

0.076   15  0.076   
0.116 x 100% =  65% 

0.050   20  0.050   
0.116 x 100% =  43% 

0.185   25  0.185   
0.116 x 100% = 159% 

0.183   30  0.183   
0.116 x 100% = 157% 

0.076   35  0.076   
0.116 x 100% =  66% 

0.059   40  0.059   
0.116 x 100% =  51% 

         
0.116 Dc  0  0.116   
0.116 x 100% = 100% 

a Treatment C = cell suspension in the presence of lysozyme, incubated in a 37oC water bath for 15 minutes. 
b Treatment A = cell suspension in the presence of lysozyme, exposed to microwave radiation.  
c Treatment D (control) = cell suspension in the presence of lysozyme and EDTA, incubated in a 37oC water bath for 
15 minutes. 
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