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Abstract

Background: The gram-negative bacterium known as Escherichia coli is one
of the most prevalent types of bacteria that are responsible for opportunistic
infections, especially in clinical settings. As a result of the proliferation of
multidrug-resistant (MDR) E. coli bacteria, which represent a substantial risk to
public health, many traditional antibiotics are no longer effective against them. On
account of this growing resistance, there is an immediate and pressing need to

investigate alternate treatment approaches.

Objectives: This study aimed to characterize plasmid profiles associated with
antibiotic resistance in E. coli isolates from clinical specimens and evaluate the
effectiveness of silver nanoparticles (AgNPs) and sodium dodecyl sulfate (SDS) in

plasmid curing and reversing antibiotic resistance.

Materials and Methods: Multidrug resistance was assessed using the agar
disk diffusion method by measuring the inhibition zones around antibiotic-
impregnated disks. Plasmids were extracted and analyzed via agarose gel
electrophoresis to identify resistance-associated genetic elements. Plasmid curing
was performed using 10% SDS, AgNPs, and a combination of both agents.

Antibiotic susceptibility was retested post-curing to assess any changes in resistance.

Results: Among the tested E. coli isolates, 75% showed resistance to
tetracycline, erythromycin, and chloramphenicol. Plasmid profiling confirmed the
presence of resistance-carrying plasmids in these strains. Following plasmid curing,
previously resistant isolates demonstrated restored sensitivity to the antibiotics,
confirming the plasmid-mediated nature of resistance. Isolates lacking plasmid
bands remained sensitive throughout. Notably, AgNPs alone showed significant

antibacterial activity, especially against gram-negative bacteria such as E. coli,



which may be attributed to the structural differences in the bacterial cell wall and

the presence of fimbriae that enhance nanoparticle uptake.

Conclusion: This study highlights the potential of silver nanoparticles, alone
or in combination with SDS, as promising agents for plasmid curing and reversing
antibiotic resistance in multidrug-resistant E. coli. The findings provide insight into
the mechanism by which nanoparticles interact with bacterial cells and offer a

foundation for future development of novel antibacterial therapies.

Keywords: plasmids, nanoparticles, Escherichia coli, antibiotic resistance,

Silver Nanoparticles, sodium dodecyl sulfate.



Pe3rome

Beenenue: I'pam-otpunarensHas 6akrepust Escherichia coli sBasieTcst ogaum us3
HanboJiee pacpoOCTPaHEHHBIX BUIOB OaKTEPHii, BHI3BIBAIOIINX
OIOPTYHUCTHYCCKUE HHPEKIINH, OCOOCHHO B MEAUIIMHCKUX YUPSIKICHUIX. B
pe3ynbrare nponudepaiuu noaupesrctenTHeIx (MJIY) E. coli, npeacrasnsrorieit
3HAYUTEIBHBIA PUCK IS OOIIIECTBEHHOTO 3[PaBOOXPAHEHHS, MHOTHE
TPATUIIMOHHBIC AHTHOMOTHKH TEPSIOT CBOIO 3()(HEKTUBHOCTH MPOTHB TAKUX
Oakrepwmii. Bo3pacraromas pacipoCTpaHEHHOCTh TaKOM PE3UCTEHTHOCTH
CYIIIECTBYET ONpPEaeisieT HEOOX0MMOCTh K IPOBEICHUIO 0€30TIaraTeIbHbIX

I/ICCJ'IGI[OBaHI/Iﬁ I10 ITOUCKY AJIBbTCPHATHBHLIX IIOAXOO0B K JICHCHHUIO.

Hemu: Lenbto qaHHOTO KICClIEIOBAHUS OBLIIO U3YyUYEHUE TIJIA3MUIHBIX TPOQUIICH,
CBSI3aHHBIX C YCTOMYMBOCTBIO K aHTHOMOTHKAM, Y U30JIATOB E. COli, BBIICICHHBIX
13 KJIMHUYECKUX 00pa3iioB, U OlleHKa () PEeKTUBHOCTH HAHOYACTHIL cepedpa
(AgNP) u monermicynbdara Hatpus (JICH) B miasmMuiHoM 2IMMUHALIAN U

YCTpaHEHUU YCTOMYMBOCTU K aHTUOMOTUKAM.

Matepuanbl 1 MeTOIbl: MHOKECTBEHHYIO JIEKAPCTBEHHYIO PE3UCTEHTHOCTh
OILICHUBAJIM C MTOMOIIBIO MeTo1a MU Py3un B arapoBbIX AUCKAX MYTEM U3MEPECHUS
30H TIOJIaBJICHUS POCTA BOKPYT TUCKOB, MPONMUTAHHBIX aHTHOMOTHKOM. [Tmasmu b
OBUTH BBIIENICHBI U TIPOAHAIM3UPOBAHBI METOJIOM AJIEKTpodope3a B arapo3HOM
reJie JUIsl BBISIBJICHHUS TEHETUUECKHUX AJIEMEHTOB, CBSI3aHHBIX C PE3UCTEHTHOCTHIO.
[Tna3zmuaHas >auMUHAIUS TPOBOAMIOCH ¢ ucnoyib3oBanueM 10% JICH, AgNPs u
KOMOUMHaIMK 000uX areHToB. UyBCTBUTENHLHOCTh K aHTUOMOTHKAM Obla
JOTIOJTHUTENHHO OIIEHEHA TTOCIIe TIIa3MUTHOM SIIMMUHAIIMH JIJIS1 OLIEHKH JIFOOBIX

VU3MEHEHUN PE3UCTEHTHOCTH.

Pesynbrater: Cpenu ucciieqoBaHHbIX n307T0B E. coli 75% mposiBrin
PE3UCTEHTHOCTh K TETPALUKINHY, SPUTPOMHUIIMHY M XJIOpaM(PEHHKOY.

[Tna3zmugHOE podunrpoBaHue MOATBEPAMIO HATMYUE TIIIA3MUJ, HECYIIINX



PE3UCTEHTHOCTh, B YKa3aHHBIX IITaMMax. [locie miasmMuiHoi 3nMMuHaluy paHee
PE3UCTEHTHBIE U30JIATHI IEMOHCTPUPOBAIN BOCCTAHOBIICHUE UYBCTBUTEIBHOCTH K
aHTUOMOTHKAM, YTO MOATBEPKAAET MIa3MUTHO-OIIOCPETOBAHHYIO IPUPOTY
pe3ucTeHTHOCTHU. M3055ThI, HE coAepKallye M0JI0C MIa3MU, COXpaHsUIN
YyBCTBUTEIBHOCTh HA MPOTSHKEHUH BCETro uccienoBanus. [lpumeyarenbHo, 4To
AgNPSs camu o cebe poaeMOHCTPUPOBAIH 3HAYUTEIIbHYIO0 aHTHOAKTEpUATHLHY IO
aKTUBHOCTb, OCOOCHHO B OTHOIIEHNUU I'PaMOTPULATENIbHBIX OAKTEPUI, TAKUX KAK
E. coli, uTo MOXKeT OBITh CBSI3aHO CO CTPYKTYPHBIMH Pa3THYUSIMH B KICTOYHOM
CTeHKe OakTepuil U HanuuueM (GUMOpPHIA, yCUITMBAIOLINX 3aXBaT HAHOYACTHIL.
BrIBosibI: HacTosIIee HCCIeI0BaHUE MTOJUYEPKUBAET HATMYUE TOTEHIAIA AJIs
IPUMEHEHUSI HAHOYACTHUIL cepedpa, KaK U30JIMPOBAHHO, Tak U B couetanuu ¢ JICH,
B KaUeCTBE MEPCIEKTUBHBIX areHTOB IS TUIa3MUAHON SJIMMUHAIIMN U CHUKEHUS
YCTOMYMBOCTU K aHTUOMOTHKAM Y TIOJIHPE3UCTCHTHBIX E. COli. Pe3ynbrath
MCCJIEI0BAHMSI POJIMBAIOT CBET HA MEXAHU3M B3aMMOJIEICTBUS HAHOYACTHII C
OaxkTepuaIbHBIMU KJIETKAMH U CIIy>KaT OCHOBOM JUIsl JalbHENIIEH pa3paboTKu

HOBBIX aHTI/I6aKTCpI/IaJ'IBHBIX Inperaparos.

KiroueBble cjioBa: ria3mMuibl, HaHo9acThibl, Escherichia coli, ycroiiunBocTh K

aHTHOMOTHUKAM, HAHOYACTHUIIBI cepedpa, ToAeIICYIb(aT HATPHSI.
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1 Inroduction

Plasmids are additional pieces of genetic material discovered in bacteria and
a lot of cells that commonly bestow a unique attribute to the cell [22]. Plasmids
transfer several traits, including virulence factors and genes involved in symbiosis
[10]. global health challenges over the years due to multidrug-resistant (MDR)
bacteria [21]. plasmid curing, the process of eliminating plasmids from bacterial
cells, is a valuable tool for studying the genetic basis of these traits [9].

Traditional curing agents, such as ethidium bromide, acridine orange, and
SDS have been widely used, but their efficacy can vary [16]. Recently, nanoparticles
have emerged as promising alternatives due to their unique physicochemical
properties and antimicrobial activity [25]. Nanoparticles are distinct from bulk
particles due to their elevated surface-to-volume ratio. Because of their better
catalytic ability, optical characteristics, and compatibility with biological matters,
nanoparticles can be applied to medicine, environment, and biotechnology [6].
Nanoparticles’ properties (Physical and chemical) are affected by size, shape, and
crystal structure. Dimensions and morphology affect the optical properties of metal
nanoparticles [12].

Several industrial sectors adopt silver nanoparticles (AgNPs) because these
nanomaterials exhibit outstanding physical properties together with chemical
behavior and biological effects [13]. These nanoparticles show strong antimicrobial
functions which help them function in medicine and antibacterial coatings besides
wound healing applications [1,18]. The scientific community deploys AgNPs in
biosensing as well as water purification along with drug delivery systems and
catalytic operations [17]. The diagnostic and imaging possibilities benefit from the
large surface area together with plasmonic properties. The ability of silver
nanoparticles to excel in medicinal research together with their versatility ensures

an essential role in nanotechnology-based medical developments [1,18].
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Plasmid curing is required for antibiotic resistance and pathogenicity
research. Traditional curing agents like acridine dyes and SDS are toxic and less
effective. Nanoparticles are a potential plasmid curative agent due to their unique
physicochemical characteristics [24,27]. This study aimed to evaluate the
effectiveness of silver nanoparticles (AgNPs) as plasmid-curing agents in
Escherichia coli and to compare their efficacy with SDS.

2 Materials and Methods

Bacterial Isolates and Plasmid Isolation

Escherichia coli was chosen for their multidrug resistance, making them ideal
candidates for plasmid-curing experiments. As the antibiotic sensitivity test has
shown [14].

Curing Agents and Experimental Design

The isolate was grown in 5ml of brain heart infusion broth to mid log phase.
Then 0.05 ml of inoculums of the culture were inoculated in a series of 5 ml fresh
BHI broth tubes containing various concentrations of SDS and AgNPs and mixed
with SDS (1%-10%), then were incubated at 37 °C for 24 — 48hrs. The growth
density was observed to determine the effect of SDS, AgNPs and the combination
of AgNPs with SDS on bacterial growth. The highest concentration that allows the
growth of bacteria was observed at 6% and 8% respectively. The AgNPs size range
50-150nm, a mix of rutile and anatase con.33.37 w%, dissolved in water with Mwt
79.90 (Sigma/ USA) [15]. Appropriate dilutions of treated cultures were spread on
brain heart infusion agar, and 100 colonies were selected for further analysis. Cured
colonies were identified by their inability to grow on selective media containing

specific antibiotics.

DNA Extraction and Analysis
Extraction of DNA was done using the salting-out procedure [27]. Cultures of
Escherichia coli were grown on brain heart infusion (BHI) broth, the pellets were

obtained from 20 mL by centrifuge for 15 minutes at 6,000 rpm. The pellets were
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washed with 3 mL of SET buffer and suspended in 1.6 mL of the same buffer.
Subsequently, 1 mL of 10% SDS and AgNPs were added and gently mixed by
inversion before incubation at room temperature for 15 minutes. Chloroform of
equal volume was added then the mixture was mixed by inversion of for 15 minutes,
and centrifugation at 6,000 rpm for 20 minutes at 4°C. The aqueous phase was
pipetted into a sterile tube, and DNA was precipitated by adding 0.6 volumes
isopropanol, inverting the mixture, and standing at room temperature for 5 minutes.
Finally, the sample was centrifuged at 13,000 rpm for 15 minutes at 4°C, and the
supernatant was removed. The DNA pellet was dissolved in 100 pL of TE buffer
and kept at -20°C for storage.

Plasmid Isolation

Plasmid was isolated from according to Plasmid Miniprep Kit (Promega,
USA). 600 uL of bacterial culture was cultured to obtain the plasmid DNA, and it
was stored at -20°C for future use.

Agarose Gel Electrophoresis

Plasmid DNA was analyzed on 0.7% agarose gel electrophoresis following
the method [21], Agarose gels in 1X Tris-borate-EDTA (TBE) buffer were made.
DNA samples were mixed with 1/10 volume of loading buffer and loaded into wells.
Electrophoresis was done at 5 VV/cm for 2—-3 hours maintaining the buffer level at the
gel surface. Following electrophoresis, the gels were stained with ethidium bromide
(0.5 pg/mL) for 30-45 minutes and destained in distilled water for 30—60 minutes.
The stained gels were then examined under UV light at 302 nm to assess the plasmid
DNA bands

Plasmid Curing Experiment

Plasmid curing experiments were conducted to determine the correlation
between plasmid content and antibiotic resistance in Escherichia coli (E3). curing

experiment was performed on Escherichia coli (E3) by using SDS as a curing agent
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[16], and to test the AgNPs and the combination of AgNPs with SDS as a curing
agent other than SDS.

The bacterial isolates were first grown in 5 mL of BHI broth to mid-log phase.
A sample of 0.05 mL of the culture was then inoculated into fresh BHI broth tubes
containing various concentrations (1-10%) of SDS, AgNPs, or a mixture of SDS
and AgNPs. The tubes were incubated at 37°C for 24-48 hours. The minimum
inhibitory concentration (MIC) of every curing agent was determined by observing
the highest concentration at which the growth of bacteria was permitted. For the
isolation of survivor colonies, samples from tubes containing the lowest
concentration of curing agents that permitted growth were diluted and spread onto
BHI agar plates. The plates were incubated overnight at 37°C to obtain isolated
survivor colonies.

Selection of Cured Colonies

To identify cured colonies, survivor colonies were replica-plated on to BHI
agar master plates and BHI agar supplemented with antibiotics to which the original
isolates were resistant. Colonies that could grow on the master plate but not on plates
carrying antibiotics were considered cured. The selected cured colonies were picked
and their sensitivity to several other antibiotics were tested and compared to that of
the original isolate to determine which antibiotic marker had been lost in addition to
the original one because of treatment with the curing agents SDS, AgNPs and mixed
with SDS.
3 Results

Isolation and identification of Escherichia coli

Ten clinical samples were obtained from Al-Kadymia Hospital in Baghdad.
The specimens consisted of stool samples from patients with urinary tract infections
and diarrhea. Isolates were identified using morphological, biochemical, and

physiological characteristics, following conventional cultural procedures.
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The standard disk diffusion method was used to determine the susceptibility
of E. coli to different antibiotics. It was found that 75% of isolates were resistant
to tetracycline, erythromycin, and chloramphenicol as shown in Table 1. The clinical
isolates showed multiple resistances to various antibiotics, with a complete
sensitivity of 100% to Cefixime, which may serve as an effective treatment for
inhibiting growth. Notably, five isolates (83%) demonstrated resistance to
Tetracycline and Erythromycin, while four isolates (67%) showed resistance to
Chloramphenicol. Additionally, three isolates (50%) were resistant to Novobiocin,
and two isolates (33%) exhibited resistance to both Neomycin and Kanamycin.

Plasmid isolation

The plasmid was isolated to establish a plasmid profile prior to curing by
using Plasmid Miniprep kit (Promega/ USA). The results show that the isolate had
tiny plasmid DNA bands. The bacterial isolates examined in this study contain small
plasmid DNA bands and additional plasmids that were not discovered, maybe due
to their huge size.

The relationship between plasmid curing by SDS and

Nanoparticles

Plasmid curing was used to decide whether the genes responsible for
antibacterial resistance and virulence factors are located on the plasmid or not. As
the results in table 2 show that the highest concentration of SDS allows the growth
of E. coli was 8%. While by using the nano AgNPs (v/v) the highest concentration
allows the growth of E. coli was also 6%. The highest concentration of mixer of SDS
and nano AgNPs that allows the growth of E. coli was 4%. The Escherichia coli
colonies were assessed on a selective medium containing a specific antibiotic to
identify the cured colonies. These cured colonies were unable to proliferate on the
antibiotic-containing medium due to the loss of the plasmid. It is important to note
that the absence of a detectable band alone does not confirm curing without

corroborative evidence from selective media.



138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

155

156

157

158

159

160

161

162

163

164

DNA Purity and Concentration
After the treatment with different curing agents the purity and quantity of the
extracted DNA was recorded as shown in Table 3, which explained the improvement
in the quality of DNA. The recorded range of DNA concentration was 98-205 ng/ul
and the purity of extracted DNA from E. coli was 1.6 and became 1.7 to 1.8 when
DNA extracted with nanoparticles, which show increase in the concentration of the

DNA extracted by the nanoparticles.

The present breakthrough with AgNPs in DNA extraction indicates new
possibilities for plasmid curing and antimicrobial techniques in biological studies.
(Figure 1).

4 Discussion

According to these results the isolate E3 was chosen because of their multi-
resistance to antibiotics. Other studies show that E. coli is MDR to different
antibiotics globally [11]. Meanwhile, this study results show that all isolates 100%
are resistant to Chloramphenicol, and 43% were Cefixime resistant in contrast to
other research which is greatest at 95%, due to different of environmental condition.

Resistance between bacteria occurs due to plasmids that carry resistance genes [8].

Plasmid curing of bacterial isolate was used to determine whether the
genes responsible for antibacterial resistance and virulence factors are located on the
plasmid or not. The results pattern indicates that SDS at high doses damages
bacterial cell membranes, resulting in reduced viability. While the highest
concentration of AgNPs that allows the growth of E. coli was 6% the antimicrobial
action of silver nanoparticles becomes effective due to ROS production while it
breaks membranes and interacts with bacterial intracellular elements to cause
bacterial cell death [20].

In contrast, a mixture of SDS and AgNPs at a volume-ratio of 0.4:1 allowed

E. coli to grow even at the highest concentration tested.
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The research findings confirm AgNPs have strong antimicrobial properties
that become even more effective when SDS is added. Clinical applications of
antibacterial medicines would benefit from the SDS-AgNPs combination due to its
improved bactericidal properties when used against multidrug-resistant bacterial
pathogens. Future research needs to study the molecular bond formations between
SDS molecules and AgNPs to enhance their bactericidal capabilities. While other
studies used crude oil as curing agent where the biodegradation efficiency of wild
and plasmid cured bacteria was 85% and 81.63% [5].

Cell lysis or DNA release occurs better when AgNPs are present because they
break bacterial membranes and interact with intracellular substances [24]. The
combined application of AgNPs with SDS yielded a DNA concentration of 198
ng/ul, surpassing the results obtained from SDS treatment alone. This mixture
demonstrated an interaction effect that optimized DNA extraction processes and
minimized degradation. The integration of AgNP treatment improved the efficiency
of DNA extraction, thereby enhancing DNA purity to a level of 1.7. The AgNP-SDS
combination treatment achieved a maximum purity of 1.8 for extracted E. coli DNA
by effectively eliminating contaminants, resulting in higher quality DNA. All DNA
extraction procedures were conducted in triplicate to ensure reproducibility. The
reported concentrations and purity values represent mean results from independent
technical replicates. Treatment with AgNPs shows a dual benefit because it leads to
increased DNA concentration alongside improved DNA purity while efficiently
breaking bacterial cells for DNA release. AgNPs demonstrate antimicrobial and
membrane-disrupting capabilities that assist better DNA extraction efficiency. This
combination SDS and AgNPs approach creates a synergistic action which produces
both pure DNA and high DNA yield outcomes. Molecular biology researchers must
pay close attention to this discovery because high-quality DNA forms the essential
precursor for PCR and sequencing methods along with genetic engineering

applications.
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The potential biomedical and microbiological applications of AgNPs as a
novel tool become more viable because the nanoparticles both break target bacterial
cells and amplify the acquisition of DNA molecules. Scientific research should
expand its investigation of molecular AgNPs-bacterial DNA interactions for
optimizing their performance in DNA extraction and plasmid removal applications.
The higher sensitivity of Gram-negative bacteria to AgQNPs may be attributed to the
presence of fimbriae, which enhances nanoparticle adhesion [2,7].

5 Conclusion

This study illustrated the considerable potential of AgNPs in improving DNA
extraction efficiency and eliminating bacterial plasmids, thus advancing molecular
biology and combating antibiotic resistance. The observed improvement in DNA
extraction is due to the capacity of AgNPs nanoparticles to break cell membranes
and effectively engage with extraction proteins. The Bacterial isolate plasmid
removal proves to be an effective strategy against antibiotic resistance.

More investigations have become necessary to understand how different types
of nanoparticles affect plasmid repair in various bacterial species and strains despite
this research demonstrating AgNPs' potential applications. Further research
combining with the findings from this project will produce better insights into
nanoparticle therapies in molecular biology and the mechanisms behind antibiotic
resistance.

The research showed the value of studying new techniques including AgNPs
to address extraction problems and antimicrobial resistance developments.
Researchers can achieve improved bacterial treatment and prevention methods
through continuous tool evaluation and enhancement thus limiting the development
of antibiotic resistance. The evaluation has significant restrictions based on
inconsistent bacterial responses to AgNPs treatment that varies by strain and
environmental effects on nanoparticle behavior that can yield different results. Such

findings typically apply to restricted bacterial species and environmental conditions.
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Researchers must explore the efficiency of AgNPs to combat bacterial strains from
a broad perspective and under optimal laboratory conditions. The study investigated
only the positive effects AgNPs produce for DNA extraction and plasmid curing
without mentioning nanoparticle toxicities. Additional studies must analyze how
AgNPs affect both bacterial and human cells together with studying their lifetime
stability. The complete understanding of AgNPs impact on DNA extraction and
plasmid curing needs more research because researchers do not understand how
AgNPs cause cell membrane lysis while interacting with proteins. The future
research should focus on three components: worldwide risk analysis of
nanomaterials and their characteristics and molecular mechanism clarifications.
Scientists need to study nanoparticles under clinically appropriate condition.
Reduction of AgNP limitations will strengthen their molecular biological
applications while advancing antibiotic resistance combat programs to create new
microbiological and biotechnological tools.
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TABJINLbBI

Table 1. Antibiotic susceptibility of E. coli isolate.

Antibiotics Code |E1 |E2 |E3 |E4 |E5 |E6
Tetracyclin TE |[R |S |[R |R |R [R
Cefixme CFM|S |S |S |S |S |S
Erythromycin E R (S |[R |[R |R |R
Neomycin N S |[S |[R [S |R |S
Kanamycin K R |S |[R |S [S |S
Chloramphenicol | C R[S |S |[R |[R |R
Novobiocin K S |S |[R |[R |R |S

Notes: R: Resistance, S: Sensitive

Table 2. Effect of SDS and AgNPs and mixer of both AgNPs and SDS on the growth

of E. coli (E3).
Concentration |1 o0 3 14|/5 (6 |7 |8 |9 |10
0
% % % %% |[% [% |[% | % | %
Bacterial +
++ |+ |+
growth  (E3) | + S R T I N
+ |+ |+
(SDS) +
Bacterial +
++ |+ |+
growth (E3) | + + [+ |- |- |- |-
+ |+ |+
(AgNPs) +
Bacterial
+
growth  (E3) ++ |+ |+
+ + |+ |- |- |- |-
(SDS and + |+ |+
+
AgNPs)




Notes: (+++): very good growth, (++): Good growth, (+): Moderate growth, (%):
Slightly growth, (-): No growth.

Table 3. The concentration and purity means DNA extracted from the independent

technical replicates indicate of E. coli.

DNA Purity  of
Extracted DNA )
concentration DNA (260
From
ng\ul /1280)
E. coli (E3) DNA
104.8 1.6
with SDS
E. coli with AgNPs | 205 1.7
E. coli with AgNPs
198 1.8
and SDS




PUCYHKHA
Figure 1. Gel electrophoresis of plasmids content of E. Coli before and after

treatment with SDS and AgNPs and the mixer on agarose gel (0.7%) in TBE buffer

at 5VV/cm. lane 1-3 are cured strains while lane 4 is non cured strain.

Chromosomal -
DNA Plasmid

14 3 2 1

Notes:
1: Plasmid content of cured strain with TiO2 and SDS (E3) *
2: Plasmid content of cured strain with TiO2 (E3) *
3: Plasmid content of cured strain with SDS (E3) *
4: Plasmid content of E. Coli (E3). *
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