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Effects of nonequilibrium atmospheric pressure plasmas on the
heterotrophic pathways of bacteria and on their cell morphology

Mounir Laroussi,? J. Paul Richardson,” and Fred C. Dobbs”
Old Dominion University, Applied Research Center, 12050 Jefferson Ave., Newport News, Virginia 23606

(Received 22 March 2002; accepted for publication 29 May 2002

To date, most research on the interaction of nonequilibrium, atmospheric pressure plasma discharges
with bacteria has concentrated on the germicidal effects. Therefore, published results deal mainly
with killing efficacy and little attention is given to physical mechanisms and biochemical pathways
and their potential alterations when cells of microorganisms are exposed to the plasma. In this letter,
an attempt to investigate the effects of plasma exposure on the biochemical pathways of bacteria is
presented. In addition, using electron microscopy, we investigate if any gross morphological
changes take place when cells are exposed to a lethal dose of plasma. We are testing the hypothesis
that disruption of the cell membrane, sometimes to the point of cell lysis, is the mechanism whereby
plasma Kkills cells. ©2002 American Institute of Physic§DOI: 10.1063/1.1494863

Recently, the ability to generate relatively large volumeseral configuration of the RBD. The plasma filled the gap
of nonthermal gaseous discharges at atmospheric pressumgap width=4.5 cm) between two planar copper disk elec-
allowed the emergence of exciting applicatidn$ Among  trodes (diameter 10 cm), one of which was covered by a
these are the biological applications of atmospheric pressulisigh resistivity material. The electrodes were directly ener-
glow discharge$;” which brought together plasma physi- gized by a high voltage transformer delivering a voltage with
cists and microbiologists. In addition to the basic scientifica rms value up to 16 k\at 60 H2. The electrodes were
knowledge that such research is bound to contribute, plasmagntained within an enclosure in which a gas mixture of 97%
are being considered as a potential means for the sterilizatiofelium and 3% oxygen was introduced. After the gas mixture
of reusable medical tools and for the decontamination O(Nas introduced’ the p|asma was |gn|ted and maintained sim-
biological and chemical warfare agefitsThe ability to gen-  ply by adjusting the voltage source to the desired magnitude.
erate nonthermal plasma discharges at pressures at or near 1 The piochemical impacts of a cold plasma generated by
atm makes the decontamination process practical and inegBp on Escherichia coliwere addressed with sole carbon
pensive. In addition, the fact that the gas temperature in SUCq hstrate  utilization(SCSU  experiments, using Biolog

discharges remains relatively low makes their use SUitablﬂ—layward CA GN2™ 96-well microtiter plates. The pur-

for applications where medium preservation is desired. Un'pose of the SCSU experiments was to determine if exposure

fortunately, the drive to develop a practical means of decong, yjasma alters the heterotrophic pathways of the bacteria. It
tamination has led researchers to concentrate on the germi presumed that any changes in metabolism would be in-
cidal effects of plasmas With,"ttle attenFion 9“’9” to their gicative of plasma-induced changes in cell function. The Bi-
effects on fundamental physical and biological processesblog GN2 plate is comprised of a control well and 95 other

Here we tﬁresbe?nt ﬁm a_lttelmptt:]o eluc'ggteh the he_ffectT_ cl’f Plasielis, each containing a different carbon substrate. Color de-
mas on the biochemical pathways Bbcherichia coll in velopment of a redox dye present in each well indicates uti-

order to carry out such a study, celisif coli were e_xposed. lization of that particular substrate by the inoculated bacteria.
to a sublethal dose of cold plasma then seeded into various

carbon substrates to evaluate any changes in substrate utili-
zation relative to control cells. These changes are presumed Copper plate
indicative of plasma-induced changes in cell function. In ad-
dition, we used electron microscopy to investigate whether
any gross morphological changes take place when cels of
coli and Bacillus subtilisare exposed to a lethal dose of
plasma. We are testing the hypothesis that disruption of the R ATS{OrIer PLASMA
cell membrane is the mechanism whereby plasma kills
cells/®

The plasma used in our experiments was produced by a | |
resistive barrier dischargékBD).° Figure 1 shows the gen-

115V
dAuthor to whom correspondence should be addressed; electronic mail: 60 Hz High resistivity
mlarouss@odu.edu material
Y0Old Dominion University, Department of Ocean Earth and Atmospheric
Sciences, 4600 Elkhorn Ave., Norfolk, VA 23529. FIG. 1. Configuration of the resistive barrier discharge.
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FIG. 2. Increased utilization of sole source carbon substrate by plasma

treatedE. coli cells. (a) I-fucose, (b) d-sorbitol, (c) d-galacturonic acid. FIG. 3. Decreased utilization of sole source carbon substrates by plasma
treatedE. coli cells. (a) Methyl puryvate,(b) dextrin, (c) d,l-lactic acid.

The 95 substrates are dominated by amino acids, carbohy-
drates, and carboxylic acids. The extent and rate of cologcreased utilization of other substratesethyl pyruvate, dex-
development for plasma treated cells and control cells wer#in, and D, L-lactic acil These changes were presumed
determined over five days at 24 hour intervals, by measuringndicative of plasma-induced alterations in some aspects of
the optical densities of each well with a microplate reader. cellular functions(possibly enzyme activity

The optical densitiesODs) of the control wells were To investigate any effects of cold plasmas on the mor-
subtracted from the ODs of each of the 95 carbon substratd¥1010gy of bacteria we used scanning electron microscopy to
and an average well color developmdMNCD) for each inspect cells for gross physi_cal damage following_exposure
Biolog plate was calculated according to Garland and® lethal doses. Representative Gram-nega#eColi) and

Mills.1° The AWCD was evaluated to determine whether ar1Gram—posmve bacteriéB. subtilis were concentrated on fil-

overall effect of the plasma treatment was observed. For thteers’ the_n expos_ed to plasma and subsequently egammed mi-
sublethal exposures administered in these experiments ccgoscopmally. Figure 4 shows that celis & coli were

. . ' heavily damaged following exposure to the plasma, to the
difference in AWCD between controls and plasma treategg y g g exp P

oint where membrane integrity was largely lost and their
cells emerged. Next, the temporal pattern of color developé toplasm was distributed in clumps on the filter. Figure 5,

ment for each carbon substrate was compared for the contrgl, the other hand, shows that cells®fsubtilisexhibited no
cells and the plasma treated cells. _ _ morphological change relative to the control cells.

Although for most substrates no appreciable differences Mendis, Rosenberg, and Azrtheoretically predicted
emerged, exposure to plasma was associated with significagich an outcome on the basis of a disequilibrium between
changes in the utilization of some substrates. Figure 2 indithe forces exerted by the outward electrostatic tension and
cates an increased utilizatigrelative to the control cel)sof the tensile strength of the membrane. Mendis and
several substrateld -fucose, D-sorbitol, and D-galacturonic co-workeré claim that since the membrane of Gram-
acid by the plasma treated ceils, and Fig. 3 indicates a deregative bacteria is irregular in structure, the outward elec-
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FIG. 4. Scanning electron microscope micrographg.ofoli cells.(a) Con- ~ FIG. 5. Scanning electron microscope micrograph&osubtilis cells. (a)
trol, (b) plasma treated. Control, (b) plasma treated.

trostatic tensiondue to charge collection on the outer sur-  This work was partly supported by AFOSR Grant No.
face of the cellsis much higher than that in the case of F49620-00-1-0168. The electron mlcrosco'pylwork was done
Gram-positive bacteria, which exhibit a membrane having &t the Electron Microscopy Laboratory within the Depart-
smoother surface. This higher electrostatic tension can ovefent of Biological Sciences of Old Dominion University.
come the tensile strength of the membrane and induce its
rupture. 1B. Eliasson and U. Kogelschatz, IEEE Trans. PlasmaiSgil063(1997).
This letter reports the effects of nonequilibrium atmo- *A. Elhabachi and K. H. Schoenbach, Appl. Phys. Lé8, 885 (1998.
spheric pressure plasma on heterotrophic pathways and cej|V- Laroussi, Int. J. Infrared Milim. Waves6, 2069 (1995.
hol f bacteria. It sh that bef Il destructi M. Laroussi, IEEE Trans. Plasma S2#4, 1188(1996.
morphology or bacteria. It s O_WS_ at berore cell destruc IOnSH. W. Herman, I. Henins, J. Park, and G. S. Selwyn, Phys. Plaginas
takes place, normal cell functioning can be altered by expo- 2284(1999.
sure to plasma. However, whether sublethal effects are re2N. M. Efremov, B. Yu Adamiak, V. I. Blochin, S. Ja Dadashev, K. I.
versible, cause irreversible damage mutation to the cells Dimitriev, O. P. Gryaznova, and V. F. Jubashev, IEEE Trans. Plasma Sci.
S . o 28, 238(2000.
or ultimately Iegd to cellular death is unknown. In' addition, 7y | aroussi, I. Alexeff, and W. Kang, IEEE Trans. Plasma S8, 184
the morphological effects of plasma exposure differed be- (2000.
tween the two species of bacteria tested. Membrane integrityD- A. (Mengis. M. Rosenberg, and F. Azam, IEEE Trans. Plasma2Bgi.
: : ; 1304(2000.
of E. coli was severely compromlsed- following exposure tO. ®M. Laroussi, |. Alexeff, J. P. Richardson, and F. F. Dyer, |IEEE Trans.
plasma, but no apparent morphological effects were mani- pjasma sciso, 158(2002.

fested onB. subtilis 103, L. Garland and A. L. Mills, Appl. Environ. Microbiob7, 2351(1991).



	Old Dominion University
	ODU Digital Commons
	2002

	Effects of Nonequilibrium Atmospheric Pressure Plasmas on the Heterotrophic Pathways of Bacteria and on their Cell Morphology
	Mounir Laroussi
	J. Paul Richardson
	Fred C. Dobbs
	Repository Citation
	Original Publication Citation


	tmp.1438556995.pdf.6roof

