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Abstract – Effect of low power microwave (MW) radiation (2.45 GHz; 90 W) on growth, protein synthesis, and intracellular 

enzyme (glucose-6-phosphatase and β galactosidase) activity was investigated in Bacillus subtilis, Lactobacillus acidophilus, 

and Escherichia coli. Test parameters viz. growth, protein synthesis, and enzyme activity of MW treated cells were compared to 

that of untreated control. MW treatment for 3 min and 6 min duration had no effect on growth and total protein synthesis of any 

of the three test organisms. Glucose-6-phosphatase activity in all the test organisms experienced a significant increase following 

MW treatment for either one or both exposure times. β galactosidase activity in all the three test organisms experienced a sig-

nificant decrease following MW treatment for either one or both exposure times. In the present study, estimations of protein 

content and enzyme activity were made on the cell population originated from MW treated inoculum, and not directly on the MW 

treated cells. Therefore, the alterations in protein content or enzyme activity might have been transferred from the originally MW 

treated cells to their daughter cells (who did not receive direct MW exposure). As thermal effect of MW was avoided by putting 

the inoculum in ice during MW treatment, whatever alterations have been observed are most likely a result of MW specific 

athermal effects. 
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1. Introduction 

Microwaves (MW) are ultra-high electromagnetic waves with 

wavelength range 1m-1mm, corresponding to frequency 

range 300 MHz-300 GHz. Since long they have been used for 

multiple applications [1], like sterilization [2-4], and extrac-

tion [5, 6] on account of their heating ability or thermal effect. 

MW are also suspected to exert non-thermal effects on bio-

logical systems, however existence of MW specific 

non-thermal effects is a matter of heated controversy among 

scientific community [7]. This controversy has been there for 

considerable time as reports suggesting existence of 

non-thermal effects of MW radiation [8-10], and those indi-

cating otherwise [11, 12] both are available in plenty. On one 

hand reports suggesting no existence of non-thermal MW 

effects, and on the other hand reports suggesting such effects 

not only to be prevailing but also to be genetically stable, 

make the picture quite complicated. Microwave irradiation 

can alter the rate of enzyme catalyzed reactions, although the 

role of any non-thermal factors in such processes is contro-

versial [7]. 

At present a large part of human population (and other life 

forms) is exposed chronically to non-thermal MWs from 

different types of mobile communication including GSM and 

UMTS/3G phones and base stations, WLAN (Wireless Local 

Area Networks), WPAN (Wireless Personal Area Networks 

e.g., Bluetooth), and DECT [Digital Enhanced (former Eu-

ropean) Cordless Telecommunications] wireless phones. 

With such frequent exposure to MW radiation, the current 

safety standards set by various regulatory agencies for 

non-ionizing radiation protection, which are based largely on 

thermal effects of MW does not seem to be totally safe [12a]. 

In light of recent reports about MW effects (particularly 

athermal effects) on different life forms, the safety standard of 

exposure needs to be re-evaluated. Further research is needed 

on the exact mechanism(s) behind non-thermal effects of MW. 

Significance of acquiring reliable information regarding the 

effects of low power MW needs to be well acknowledged by 

the society. Due to the ease of handling them in laboratory, 

microorganisms can be conveniently used to study the effect 

of MW on living systems [10]. 

 Present study was designed to investigate effect of low 

power MW radiation on bacterial growth, protein synthesis, 

and intracellular enzyme (glucose-6-phosphatase and β ga-
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lactosidase) activity in selected gram-positive and 

gram-negative bacteria. Test parameters viz. growth, protein 

synthesis, and enzyme activity of MW treated cells were 

compared to that of untreated control.  

2. Materials and Methods 

2.1. Test organisms 

Following microbial cultures were procured from Microbial 

Type Culture Collection (MTCC), Chandigarh: Bacillus sub-

tilis (MTCC 619), Lactobacillus acidophilus (MTCC 447), 

and Escherichia coli (MTCC 1687).  

2.2.  MW treatment 

Bacterial suspensions were prepared from an actively grow-

ing culture, in sterile normal saline, whose turbidity was ad-

justed to that of 0.5 McFarland standard. Test cultures (5 mL) 

in sterile screw capped glass vials (15 mL, Merck) were ex-

posed to MW radiation (90 W; 2450 MHz) in a domestic MW 

oven (Electrolux® EM30EC90SS) for 3, and 6 min. Vials 

inside the MW oven were placed in a ice containing beaker, so 

as to avoid any thermal heating. Temperature of the microbial 

suspension after MW treatment did not go beyond 15° C. The 

whole MW treatment was performed in an air-conditioned 

room. Untreated inoculum was used as control. Before MW 

treatment all the inoculum vials were put in ice for 5 min to 

nullify any variations in initial temperature. Test organisms 

were immediately (in less than 5 min) inoculated into growth 

medium [lactose 10 g/L, peptone 1.5 g/L, yeast extract 1 g/L, 

KH2PO4 1 g/L, (NH4)2 SO4 7 g/L, MgSO4.7H2O 1 g/L, CaCl2 

0.3 g/L] following MW treatment. All the test organisms were 

incubated at 35º C for 24 h. 

2.3. Cell lysis 

Following incubation, growth was quantified by measurement 

of OD at 625 nm (Spectronic 20D+, Thermo scientific). The 

broth containing microbial growth was subjected to centri-

fugation (nüve®, NF 800R) at 7500 rpm for 10 min. The cell 

free supernatant (CFS) obtained after centrifugation was used 

for estimation of extracellular protein content, while the cell 

pellet was subjected to cell lysis, and the lysed content (after 

clarification by centrifugation at 7500 rpm for 10 min) was 

used for estimation of intracellular enzyme activity and 

intracellular protein content. Cell lysis was performed by 

using the method described in Harley and Prescott [13] with 

some modification. Briefly, the cell pellet obtained after cen-

trifugation was suspended in 0.1 M phosphate buffer (pH 6.2), 

followed by addition of 0.05 mL of lysozyme (HiMedia, 

Mumbai) solution (2 mg/mL). This mixture was gently agi-

tated and kept at room temperature for 1 h. Then the tubes 

containing this reaction mixture were put in chilled water for 

1 h, followed by addition of chloroform (Merck) into it, and 

then incubated for 2 h at room temperature in case of E. coli. 

For L. acidophilus and B. subtilis, length of this incubation 

was kept 12 h (as 2 h incubation in their case was found to 

give incomplete lysis), following which the content was cen-

trifuged (7500 rpm for 10 min), and the supernatant was used 

as cell lysate. 

2.4. Protein estimation 

Protein estimation was done by Biuret assay as described in 

Nigam  and Ayyagari [14]. Briefly, 1 mL of CFS (for extra-

cellular protein estimation) or cell lysate (for intracellular 

protein estimation) was mixed with 1.5 mL of Biuret reagent, 

and incubated at 37º C for 10 min. Following incubation, 

absorbance was measured at 520 nm, and the protein con-

centration was found by using standard curve prepared with 

Bovine serum albumin (125-1250 µg/mL; HiMedia, Mumbai). 

Total protein was calculated as the sum of intracellular and 

extracellular protein content. 

2.5. Assay for Glucose-6-phosphatase (G6P) 

G6P activity in cell lysate was assayed as described in [14]. 

Briefly, 0.5 mL of cell lysate, 0.5 mL of 1mM glu-

cose-6-phosphate, and 1 mL of 0.1 M citrate buffer (con-

taining 1mM EDTA) was mixed in a test tube, followed by 

incubation at 50º C for 30 min. Then, 10 mL of 10% trichlo-

roacetic acid (Central Drug House) was added to terminate the 

reaction. 1 mL content from this was mixed with 1.5 mL 

distilled water and 0.5 mL of 9 N H2SO4. This mixture was 

allowed to stand for 15 min, and then 0.5 mL of molybdate 

reagent (6% ammonium molybdate) was added, followed by 

incubation in dark for 15 min. Following incubation, 0.5 mL 

of ferrous sulfate reagent was added, and incubated in dark for 

15 min. Following this, absorbance was measured at 660 nm. 

This absorbance value was used to find out amount of inor-

ganic phosphate released, from the standard curve of inor-

ganic phosphate. 

2.6. Assay for β-galactosidase (β-gal) 

β-gal activity in cell lysate was assayed as described by [12]. 

1.1 mL of supernatant from each sample was added to a tube 

containing 0.2 mL of ONPG (o-nitrophenylβ-D-galactopyran- 

oside; HiMedia, Mumbai) solution (5 mM in TM buffer) and 

0.2 ml of TM buffer. The tubes were vortexed and then placed 

at room temp, and colour development was monitored. Upon 

noticeable colour formation, the reaction was stopped by 

adding 2.0 mL of 0.6 M Na2CO3, and the OD was measured at 

410 nm. The molar extinction coefficient used to calculate 

amount of ONP (o-nitrophenol) released was 4500 M-1cm-1 

[15]. 

2.7. Statistical analysis 

All the experiments were performed in triplicate, and mea-

surements are reported as mean ± standard deviation (SD). 

Statistical significance of the data was evaluated by applying 

t-test using Microsoft Excel®. P values less than 0.05 were 

considered to be statistically significant. 

3. Results and Discussion  

Results of effect of MW on growth, protein synthesis, and 
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enzyme activity in B. subtilis  (Fig. 1) are presented in Table 

1-2. MW treatment had impact neither on growth of B. subtilis, 

nor on the amount of total protein synthesized by it. Though 

intracellular protein synthesis remained unaffected by MW, a 

decrease in the amount of extracellular protein was noted after 

MW treatment of 6 min duration. Change in the estimated 

amount of extracellular protein may be due to effect of MW 

on protein synthesis or on its secretion through modification 

of membrane permeability. Alteration of membrane permea-

bility upon MW treatment in E. coli and Staphylococcus au-

reus has been reported by Chen et al [16]. However, Woo et al. 

[17] found no effect of MW radiation (till 40º C) on amount of 

protein released in B. subtilis. Although, no significant change 

was found following MW treatment in the total intracellular 

protein content of B. subtilis (Table 1), significant alterations 

in the activity of intracellular enzymes G6P and β-gal were 

noted after MW treatment of 6 min and 3 min duration re-

spectively (Table2).  

 

Fig. 1. Effect of MW radiation on B. subtilis 

Table 1. Effect of MW radiation on growth and protein synthesis in B. subtilis 

Duration 

of MW 

treatment 

(min) 

OD625 

(Mean ± 

SD) 

% change 

compared 

to control 

Extracellular 

protein 

(mg/ml) 

(Mean ± SD) 

% change 

compared 

to control 

Intracellular 

protein 

(mg/ml) 

(Mean ± SD) 

% change 

compared 

to control 

Total protein 

(mg/ml) 

(Mean ± SD) 

% change 

compared 

to control 

0 

(control) 

0.077 ± 

0.001 
0.00 1.127 ± 0.128 0.00 0.309 ± 0.139 0.00 1.425 ± 0.031 0.00 

3 
0.086 ± 

0.009 
11.68 1.116 ± 0.149 -0.97 0.298 ± 0.000 -3.55 1.419 ± 0.037 -0.42 

6 
0.082 ± 

0.003 
6.49 1.053 ± 0.128 -6.56* 0.298 ± 0.128 -3.55 1.350 ± 0.000 -5.26 

*p< 0.05; minus sign indicates a decrease over control 

Table 2. Effect of MW radiation on G6P and β-galactosidase activity in B. subtilis 

Duration of 

MW treatment 

(min) 

G6P activity measured 

as amount of inorganic 

phosphate released 

(µg/mL) 

(Mean± SD) 

% change compared to 

control 

β-galactosidase activity 

measured as amount of 

ONP released (M) 

(Mean ± SD) 

(X 10
-4

) 

% change compared to 

control 

0 

(control) 
82.19 ± 0.00  0.00 1.44 ± 0.02 0.00 

3 103.93 ± 0.00 26.45 1.08 ± 0.02 -25.00** 

6 104.58 ± 0.00  27.24* 1.54 ± 0.01 6.94 

*p< 0.05, ** p< 0.01; minus sign indicates a decrease over control 

 

 

Measurements regarding effect of MW on growth, protein 

synthesis, and enzyme activity in L. acidophilus (Fig. 2) are 

presented in Table 3-4. MW treatment did not cause any 

change in the capacity of L. acidophilus for growth, and 
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extracellular protein secretion. Total protein content remained 

unaffected following MW treatment; however a significant 

increase (> 40%) was observed in the intracellular protein 

content for both durations of MW treatment tested. G6P ac-

tivity experienced a significant increase (27.01%) following a 

6 min MW treatment, whereas almost identical decrease in the 

β-gal activity was observed following both durations of MW 

treatment  (Table 4). 

 

Fig. 2. Effect of MW radiation on L. acidophilus 

Table 3. Effect of MW radiation on growth and protein synthesis in L. acidophilus 

Duration 

of MW 

treatment 

(min) 

OD625 

(Mean ± 

SD) 

% change 

compared 

to control 

Extracellular 

protein 

(mg/ml) 

(Mean ± SD) 

% change 

compared 

to control 

Intracellular 

protein 

(mg/ml) 

(Mean ± SD) 

% change 

compared 

to control 

Total protein 

(mg/ml) 

(Mean ± SD) 

% change 

compared 

to control 

0 

(control) 

0.217 ± 

0.002 
0.00 0.927 ± 0.449 0.00 0.209 ± 0.127 0.00 1.136 ± 0.096 0.00 

3 
0.220 ± 

0.003 
1.38 0.768 ± 0.000 -17.15 0.309 ± 0.139 47.84** 1.043 ± 0.016 -8.18 

6 
0.208 ± 

0.002 
4.14 0.800 ± 0.417 -13.70 0.303 ± 0.139 44.97** 1.069 ± 0.067 -5.89 

**p< 0.01; minus sign indicates a decrease over control 

Table 4. Effect of MW radiation on G6P and β-galactosidase activity in L. acidophilus 

Duration of MW 

treatment 

 (min) 

G6P activity measured 

as amount of inorganic 

phosphate released 

(µg/mL) 

(Mean± SD) 

% change compared to 

control 

β-galactosidase activity 

measured as amount of 

ONP released (M) (Mean 

± SD) 

(X 10
-4

) 

% change compared to 

control 

0 

(control) 
86.10 ± 0.00 0.00 0.76 ± 0.06 0.00 

3 89.58 ± 0.00 4.04 0.54 ± 0.04 -28.94* 

6 109.36 ± 0.00 27.01** 0.56 ± 0.05 -26.31* 

*p<0.05, **p<0.01; minus sign indicates a decrease over control 

Results of effect of MW on growth, protein synthesis, and 

enzyme activity in E. coli (Fig. 3) are presented in Table 5-6. 

As with other two test organisms, growth and total protein 

estimated in E. coli also remained unaffected by both dura-

tions of MW treatment. Activity of both the intracellular 

enzymes was affected by MW treatment for 3 min as well as 6 
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min. G6P activity experienced a significant-ant increase, 

whereas β-gal activity underwent significant decrease fol-

lowing MW treatment. This is in contrast to results reported 

by Asay et al. [12], they did not find non-thermal effects to 

alter β-gal activity in E. coli C29. 

 

Fig. 3.  Effect of MW radiation on E. coli 

Table 5. Effect of MW radiation on growth and protein synthesis in E. coli 

Duration of 

MW treat-

ment (min) 

OD625 

(Mean 

± SD) 

% change 

compared 

to control 

Extracellular 

protein 

(mg/mL) 

(Mean ± SD) 

% change 

compared 

to control 

Intracellular 

protein 

(mg/mL) 

(Mean ± SD) 

% change 

compared 

to control 

(Mean ± 

SD) 

Total 

protein 

(mg/mL) 

(Mean ± 

SD) 

% change 

compared 

to control 

0 

(control) 

0.206 ± 

0.000 
0.00 0.819 ± 0.128 0.00 0.245 ± 0.000 0.00 

1.074 ± 

0.030 
0.00 

3 
0.213 ± 

0.004 
3.39 0.798 ± 0.128 -2.56 0.234 ± 0.128 -4.48 

1.014 ± 

0.031 
-5.58 

6 
0.221 ± 

0.009 
7.28 0.787 ± 0.149 -3.90 0.171 ± 0.000 -30.20** 0.958 ± 

0.045 
-10.80 

**p<0.01; minus sign indicates a decrease over control 

Table 6. Effect of MW radiation on G6P and β-galactosidase activity in E. coli 

Duration of 

MW treatment 

 (min) 

G6P activity measured 

as amount of inorganic 

phosphate released 

(µg/mL) 

(Mean± SD) 

% change compared to 

control 

β-galactosidase activity 

measured as amount of 

ONP released (M) (Mean 

± SD) 

(X 10
-4

) 

% change compared 

to control 

0 

(control) 
235.69 ± 0.00 0.00 2.67 ± 0.07 0.00 

3 283.52 ± 0.00 20.29* 2.02 ± 0.06 -24.34** 

6 280.91 ± 0.00 19.18* 2.41 ± 0.01 -9.73* 

*p<0.05, **p<0.01; minus sign indicates a decrease over control 

Our results (Table 1-6) indicate that MW treatment (2.45 GHz; 

90 W) for 3 min and 6 min duration had no effect on growth 

and total protein synthesis of any of the three test organisms. 

A 6 min MW exposure was able to cause a significant de-

crease in extracellular and intracellular protein content of B. 

subtilis (Table 1) and E. coli (Table 5) respectively. Reduction 

in protein synthesis in microorganisms subjected to MW 

irradiation has also been reported earlier [18, 19]. G6P activ-

ity in all the test organisms experienced a significant increase 

following MW treatment for either one or both exposure times. 
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β-gal activity in all the three test organisms experienced a 

significant decrease following MW treatment for either one or 

both exposure times. MW exposure of 3 min was able to 

significantly reduce β-gal activity in all three test organisms. 

MW exposure of 6 min was able to significantly induce G6P 

activity in all the three test organisms. Increase in the catalytic 

activity of intracellular enzymes (lactate dehydrogenase and 

cytochrome c oxidase) in E. coli, following MW (18 GHz) 

treatment was reported by Shamis et al. [20]. Involvement of 

non thermal effects of MW in altering activity of many 

intracellular enzymes in Staphylococcus aureus was sug-

gested by Dreyfuss and Chipley [21]. Effect of MW treatment 

on extracellular and intracellular protein content varied from 

organism to organism. The observed alterations in protein 

content or enzyme activity may be due to mutagenic effects of 

MW, or it might have resulted from changes in the membrane 

permeability of the test organisms induced by MW radiation. 

Alterations in the permeability of cell walls and cell mem-

branes of both gram-positive and gram-negative microbes, 

induced by MW irradiation has been reported by Bollet et al. 

[22]. Excitation of cell macromolecules by MW has been 

suggested to change enzyme activity and nucleic acid syn-

thesis [23, 24]. Otludil et al. [19], and Marha et al. [25] did 

report ability of MW radiation to induce alterations in enzyme 

activity and protein synthesis. 

 In the present study, estimations of protein content and 

enzyme activity were made on the cell population originated 

from MW treated inoculum, and not directly on the MW 

treated cells. Therefore, the alterations in protein content or 

enzyme activity might have been transferred from the origi-

nally MW treated cells to their daughter cells (who did not 

receive direct MW exposure). The cells receiving direct MW 

exposure may get their biomolecules such as DNA altered in 

some manner. Maximum absorption of MW by DNA has 

been indicated at 2.45 GHz, and the dielectric properties of 

DNA are reported to reduce at this frequency [26]. However, 

the effect exerted by MW on DNA can be repairable [27]. As 

in this study, thermal effect of MW was avoided by putting 

the inoculum in ice during MW treatment, whatever altera-

tions have been observed are most likely a result of MW spe-

cific effects (athermal effects). 

This study detected changes in the protein content, and 

intracellular enzyme activity in three test bacteria following 

MW treatment under temperature controlled condition, where 

thermal effects were avoided by putting bacterial suspension 

in ice during MW treatment. As these changes occurred in 

absence of any noticeable heat generation, they can be said to 

be induced by MW specific athermal effects. Exact mechan-

ism by which MW exert their athermal effects on biological 

systems is still not clear. Many of these effects may be re-

versible, but their existence indicated by sufficient number of 

reports [19, 28, 29] has attracted considerable attention. As 

low intensity MW are believed not to possess sufficient 

energy for breaking chemical bonds directly, alternative 

mechanisms of interaction between MW and biological enti-

ties are likely to prevail. Owing to their rapid growth rate and 

ease of handling, microorganisms can be most suitable test 

organisms for study of MW effects on biological systems. 

Research on effect of MW radiation on biological entities at 

varying frequencies, power, and for different durations can 

yield interesting data. Further probe into whether these MW 

effects are reversible seems to be an exciting and useful 

scientific exercise. 

Acknowledgement 

Authors thank Nirma Education & Research Foundation 

(NERF), Ahmedabad for financial and infrastructural support.  

Note 

Toshi Mishra and Preemada Kushwah contributed equally to 

this work. 

 References 

[1] Trivedi N., Patadia M., Kothari, V. (2011). Biological applications of 

microwaves. International Journal of Life Sciences and Technology, 

4(6), 37-46. 

[2] Sasaki K., Honda W., Shimizu K., Lizima K., Ehara T., Okuzawa K., 

Miyake Y. (1995). Microwave continuous sterilization of injection 

ampoules. PDA Journal of Pharmaceutical Science and Technology, 

50(3), 172-179. 

[3] Bhattacharjee M. K., Sugawara K., Ayandeji O. T. (2009). Microwave 

sterilization of growth medium alleviates inhibition of Aggregatibacter 

actinomycetemcomitans by Maillard reaction products. Journal of 

Microbiological Methods, 78(2), 227-230 

[4] Kothari V., Patadia M., & Trivedi N. (2011). Microwave sterilized 

media supports better microbial growth than autoclaved media. Re-

search in Biotechnology, 2(5), 63-75. 

[5] Mandal V., Mohan Y., & Hemalatha S. (2007). Microwave assisted 

extraction—an innovative and promising extraction tool for medicinal 

plant research. Pharmacognosy Reviews, 1(1), 7-18. 

[6] Gupta A., Naraniwal M., Kothari V. (2012). Modern extraction me-

thods for preparation of bioactive plant extracts. International Journal 

of Applied and Natural Sciences, 1(1), 8-26. 

[7] Roy I., & Gupta M. N. (2003). Applications of microwaves in biolog-

ical sciences. Current Science, 85(12), 1685-1692. 

[8] Copty A. B., Neve-Oz Y., Barak I., Golosovsky M., & Davidov D. 

(2006). Evidence for a specific microwave radiation effect on the green 

fluorescent protein. Biophysical Journal, 91(4), 1413-1423. 

[9] Dholiya K., Patel D., & Kothari V. (2012). Effect of low power mi-

crowave on microbial growth, enzyme activity, and aflatoxin produc-

tion. Research in Biotechnology, 3(4), 28-34. 

[10] Mishra T., Kushwah P., Dholiya K., Kothari V. (2013). Effect of low 

power microwave radiation on microorganisms and other life forms. 

Advances in Microwave and Wireless Technology 2013, 1(1), 4-11. doi: 

10.12966/amwt.05.02.2013. 

[11] Shazman A., Mizrahi S., Cogan U., & Shimoni E. (2007). Examining 

for possible non-thermal effects during heating in a microwave oven. 

Food Chemistry, 103(2), 444-453. 

[12] Asay B., Tebaykina Z., Vlasova A., & Wen M. (2008). Membrane 

composition as a factor in susceptibility of Escherichia coli C29 to 

thermal and non-thermal microwave radiation. Journal of Expe-

ri-mental Microbiology and Immunology, 12, 7-13. 

[12a] Belyaev I. Y. (2005). Non-thermal biological effects of microwaves. 

Mikrotalasna revija, 11(2), 13-29. 

[13] Harley J. P., Prescott L. M. Laboratory Exercises in Microbiology. 5th 

edition. McGraw-Hill Publishers; 2002. 

[14] Nigam A. and Ayyagari A. (2008) Lab Manual in Biochemistry, 

Immunology, Biotechnology. Tata-McGraw Hill, 2008. 



                                   Mishra et al.: Effect of Low Power Microwave on Bacterial Growth, Protein Synthesis, and                                      33 

Intracellular Enzyme (Glucose-6-phosphatase and β-galactosidase) Activity 

[15] Becerra M., Cerdan E., Gonzalez Siso M. I. (1998). Dealing with 

different methods for Kluyveromyces lactis β-galactosidase purifica-

tion. Biological Procedures Online, 1(1), 48-58. 

[16] Chen W., Hang F., Zhao J. X., Tian F. W., & Zhang H. (2007). Alte-

rations of membrane permeability in Escherichia coli and Staphylo-

coccus aureus under microwave. Wei sheng wu xue bao=Acta Micro-

biologica Sinica, 47(4), 697. 

[17] Woo I. S., Rhee I. K., & Park H. D. (2000). Differential damage in 

bacterial cells by microwave radiation on the basis of cell wall structure. 

Applied and environmental microbiology, 66(5), 2243-2247. 

[18] Belyaev I. Y., Shcheglov V. S., & Alipov Y. D. (1992). Selection           

rules on helicity during discrete transitions of the genome conforma-

tional state in intact and X-rayed cells of E. coli in millimeter range of 

electromagnetic field. In Charge and Field Effects in Biosystems, 

3,115-126. 

[19] Otludil B., Otludil B., Tolan V., & Akbayin H. (2004). The effect of 

microwave on the cellular differentiation Bacillus subtilis YB 886 and 

rec derivatives YB 886 A4. Biotechnology and Biotechnological 

Equipmen, 18(3), 107-112. 

[20] Shamis Y., Traub A., Croft R. J., Crawford R. & Ivanova E. (2012). 

Influence of 18GHz microwave radiation on the enzymatic activity of 

Escherichia coli lactate dehydrogenase and cytochrome c oxidase. 

Journal of Physical Science and Application, 2 (6), 143-151. 

[21] Dreyfuss M. S., & Chipley J. R. (1980). Comparison of effects of 

sublethal microwave radiation and conventional heating on the meta-

bolic activity of Staphylococcus aureus. Applied and Environmental 

Microbiology, 39(1), 13-16. 

[22] Bollet C., Gevaudan M. J., De Lamballerie X., Zandotti C., & De 

Micco P. (1991). A simple method for the isolation of chromosomal 

DNA from gram positive or acid-fast bacteria. Nucleic Acids Research, 

19 (8), 1955-1956. 

[23] Chipley J. R. (1980). Effects of microwave irradiation on microor-

ganisms. Advances in Applied Microbiology, 26, 129-145. 

[24] Frohlich H. (1978). Coherent electric vibrations in biological systems 

and the cancer problem. Microwave Theory and Techniques, IEEE, 

6(8), 613-618. 

[25] Marha K., Musil J., Tuha H. (1971). Electromagnetic fields and the life 

environment. San Francisco Press INC. USA. pp. 

29-38.http://totalitaer.de/Waffen/englelectmagfieldlife.htm 

[26] Edwards G., C. Davis, J. Saffer, M. Swicord (1985).    Micro-

wave-field-driven acoustic modes in DNA. Journal of Biophysics, 

47,799-807. 

[27] Rojavin M. A & Ziskin M. C. (1995). Effect of millimeter waves on 

survival of UVCexposed Escherichia coli. Bioelectromagnetics, 16, 

188–196. 

[28] Carta R., & Desogus F. (2012). Possible non-thermal microwave 

effects on the growth rate of Pseudomonas aeruginosa and Staphylo-

coccus aureus. International Review of Chemical Engineering, 4(4), 

392-398. 

[29] Shamis Y., A. Taube, N. Mitik-Dineva, R. Croft, R. Crawford, E. 

Ivanova. (2011). Specific electromagnetic effects of microwave radia-

tionon on Escherichia coli. Applied and Environmental Microbiology, 

77(9), 3017–3023. 

 

http://totalitaer.de/Waffen/englelectmagfieldlife.htm

