January 2009

Trave Science Inc.

Volume 3 Issue 1

LioSechn o/oyy

A Indian Yournal

—==> FyLL PAPER
BTAIJ, 3(1), 2009[09-12]

Cdlular effects of microwave radiations on Escherichia coli

Harmeet Kaur Uppal®*, Soma Chakki?, Monika!, Sujoy Dey?
!Department of Biotechnology, M ata Gujri College, Fatehgar h Sahib, Punjab-143602, (INDIA)
2Depar tment of Genetics, Acharyalnstitute of Sciences, Bangalore, (INDIA)
*Department of Biotechnology, Ramaiah Collegeof Arts, Scienceand Commerce, Bangalore, (INDIA)
Tel : +91-9463940859
E-mail : iamhar meet2002@yahoo.co.in
Received: 10" July, 2008 ; Accepted: 15" July, 2008

ABSTRACT

This study was conducted in an attempt to characterize some of the effects
of sublethal microwave radiation on cellsof Escherichiacoli O157:H7. Cul-
tures were exposed to microwave radiation generated by microwave oven
for 40, 80 and 120 seconds under controlled temperature conditions. The
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culture was then tested for cell viability, dormancy and cell wall leakage.
Maximum destruction of E.coli cellswasobtained at 120 sec. Experimental
data shows that microwaves produced lethal effects on the examined bac-
teriain amanner that could not be explained solely by thethermal effects.

© 2009 Trade Sciencelnc. - INDIA
INTRODUCTION

Microwavesareaform of electromagnetic energy,
likelight wavesor radio waves, and occupy apart of
the el ectromagnetic spectrum of power, or energy. In
our modern technological age, microwavesareusedto
relay long distancetelephone signals, television pro-
grams, and computer information acrosstheearth or to
asatellitein space. But themicrowaveismost familiar
to us asan energy sourcefor cooking food™. In recent
years, the use of microwave radiation has become
popular inthefood industry for thawing, drying, and
bakingfoods, aswell asfor theinactivation of microor-
ganismsin foodg2*4. In particular, microbial destruc-
tion by microwaveradiation hasgreat potentia inthe
pasteurization of foods. Its short heating and exposure
timeislessdestructiveto food than longer conventiona
heating. There have been severa publicationsin recent

yearswhich have mentioned possiblelethal effect of
microwave on microbial species especialy bacte-
ri d5,6,7,8,9,10,11,12,11,12,13] .

But there has always been controversy about the
possi blethermal and nonthermal effectsof microwave
radiations. Thethermd effectsof microwaveradiations
have been proved by various scientistg'4154, While
there are many scientistswho claim for the possible
non-thermal effectsof microwave processing®1%1819,

The purposeof the present study wasto introduce
new methodology to ascertainthe“athermic” (non- ther-
mal) effectsof microwaveradiationsemitted from mi-
crowave ovenson cellsof Escherichiacoli.

MATERIALSAND METHODS

Growth of bacterial culture
E.coli O157:H7 wasobtained from Microbid Type
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Culture Collection and Gene Bank, Ingtitute Of Micro-
bia Technology, Chandigarh. Theorganismwasmain-
tained in LB broth (1% Bacto Tryptone, 0.5% yeast
extract, 1% NaCl)?9. The bacteriawere cultured in
500ml of liquid medium at 37°C for 24 hon arotary
shaker (150 rpm). 1ml of the culture was taken and
wasseridly dilutedin 0.9% NaCl solution. Thisdilution
wasdivided equally into four different sterilized test
tubes. Each one was marked asA, B, C, and D re-

Spectively.
Microwavetreatment

For the microwave heating, a2,450-MHz micro-
waveoven (MS-1921 HE; LG Electronics) was used.
TubeA wasthe control and was not exposed to Mi-
crowaveradiation. Tube B waskept in abeaker con-
tainingiceand wastreated with Microwaveradiation
for 40 seconds. Similarly tube C and tube D weretresated
for 80 and 120 seconds respectively in similar condi-
tion. Maximum temperaturerecorded after each expo-
surewas 40°C.

M easurements of viable cell countsand cell dor-
mancy

After microwavetreatment, 100 ul of solution was
taken from each tube and spread onto LB Plates sepa-
rately in LAF chamber in aseptic condition. Theplates
wereincubated at 37°C for 24 h, and cellswere enu-
merated. To check the dormancy of cells, 100ml of
inoculated LB mediawastaken and wastreated with
microwaveradiationsfor about 5 secondsat 10 minute
interva for 7 hours. Every half anhour, O.D wastaken
at 660 nmagainst ablank.

Detection of cell wall leakage

Another general indication of cellular damageto
microorganismsistheleakage of nucleic acid and pro-
tenfromcdls Microwave- injured cdlshaveoften been
reported to rel ease ninhydrin-positivematerid, purines,
and pyrimidinesinto asuspension*”, The presence of
thesematerid sinasuspension indicatesdamageto the
cell at themembranelevel. Furthermore, similarly in-
jured cellsarea so knowntoreleaseintracellular pro-
teinsinto asuspension. Theamount of proteinreleased
from themicrowave-treated cell swas measured at 600
nm by Lowry’s method?!. The DNA and RNA con-
tent of the supernatant was measured using DPA®?2 and

TABLE 1: Changesintheviablecount of E.coli after micro-
wavetreatment

Exposuretimein Sec.

Control 40 80 120
Plate: | 295 249 171 103
Plate: 11 288 236 165 92
Number of Plate: 111 281 241 174 98
colonies Plate; IV 290 238 160 88
Plate: V 295 245 158 108
Average 290 242 165 98
Growthcurve
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Figurel: Growth curveof E.cali cellsnot treated with
microwaveradiations
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Figure2: Growth curveof E.coli cellsexposed to micro-
waveradiations

Orcinol method respectively. All theexperimentswere
carriedoutintriplicate.

RESULT AND DISCUSSION

I nactivation of bacterial cellsby microwaveradia-
tion

Theinactivation patterns of the microwave-radi-
ated cellswereinvestigated by counting the number of
celsineach of thefour plates Theviable countswere
foundto dramaticaly diminishrelaivetoanincreasein
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TABLE 2: Estimation for the leakage of DNA from E.coli
cellsafter microwavetreatment

Exposuretimein Sec.

Control 40 80 120

Tube: | 0.01 0.02 0.09 0.14

Tube: I 0.01 0.03 0.09 0.13

O.D.a Tube: Il 0.02 0.03 0.08 0.13
600 nm Tube: IV 0.02 0.03 0.07 0.15
Tube: V 0.01 0.04 0.08 0.13

Average 0.014 0.03 0.08 0.13

TABLE 3: Estimation for the leakage of RNA from E.coli
cellsafter microwavetreatment

Exposuretimein Sec.

Control 40 80 120

Tube: | 0.01 0.15 0.34 0.52

OD. a Tube: 11 0.01 0.16 0.39 0.53
600 nM Tube: 111 0.02 0.15 0.35 0.52
Tube: IV 0.01 0.17 0.35 0.55

Tube: V 0.02 0.17 0.34 0.55

TABLE 4: Egimation for theleakage of Proteinsfrom E.coli
cellsafter microwavetreatment

Exposuretimein Sec.

Control 40 80 120

Tube: | 0.01 0.15 0.34 0.52

oD. a Tube: I 0.01 0.16 0.39 0.53
600 nm Tube: 111 0.02 0.15 0.35 0.52
Tube: IV 0.01 0.17 0.35 0.55

Tube: V 0.02 0.17 0.34 0.55

Average 0.014 0.16 0.35 0.53

themicrowaveheatingtime(TABLE 1).

Upon microwave exposure some of the bacterial
cellsbecome dormant, thustherate of multiplication
decreases. But after sometimethey revive back and
aganstart multiplying. Hgure 1 showsthestandard curve
of E.coli cellswhichwerenot exposed to microwave
radigions.

Thegrowth curveof thebacteria cellsafter micro-
wavetreatment isshowninfigure 2. Both the graph
shows standard S-shaped growth curve. But due to
microwavetreatment the cellshave undergoneastate
of dormancy and therefore graph 11 shows an extended
lag phase whereasthe untreated cellshaveashort lag
phasefollowed by exponentia phase.

L eakage of cell materials caused by microwave
processing

Microwave radiation creates pores on the bacte-
rial cell wall anditisthrough theseporesthat DNA,
RNA and proteinsarerel eased into the solution. The
amount of nucleicacid (DNA and RNA) released into

the cdll suspension wasanayzed by DPA and Orcinal
methods respectively. The absorbance wasread at 600
nm. Theamount of leaked nucleic acid fromthecells
grew relativeto anincreasein thetimefor which the
cellsweretreated with microwaveradiations. There-
aultsof leakage of DNA contentsfromtheE.coli cells
areshown in TABLE 2 and for the |eakage of RNA
contentsin TABLE 3. Therelease of proteinsinto the
suspension wasalso detected by Lowry’s method and
the absorbancewasread at 600nm (TABLE 4).

CONCLUSION

Theresultsof thisinvestigation showed that even
under contolled temperature conditionsmicrowavera
diations caused decreased viability and increased dor-
mancy of E.coli cells. Andthisincreased withthein-
creaseintheexposuretime. Similarly therewas|eak-
ageinthecellular contents of E.coli. Thesefindings
clearly indicatethat apart from thermal effectsmicro-
waveradiationsalso produce “athermal” effects which
causethekilling of micro-organismsinovens.
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