2K21/MSCBIO/32 .

Under supervision of

PROF. JAI GOPAL SHARMA

DEPARTMENT OF BIOTECHNOLOGY
DELHI TECHNOLOGICAL UNIVERSITY
(Formerly Delhi College of Engineering)

Bawana Road, Delhi — 110042

MAY, 2023












“BACTERIAL MEDIATED COPPER NANOPARTICLE SYNTHESIS USING
BACTERIA — ESCHERICHIA COLI AND ITS CHARACTERIZATION”

Prachi Choudhary*
Delhi Technological University

prachi.choudhary7699@gmail.com

ABSTRACT

The bacterial-mediated synthesis of copper nanoparticles (CuNPs) has gained significant
attention as a sustainable and eco-friendly approach for the production of nanomaterials. This
method utilizes microorganisms, such as E. coli, to reduce copper ions into nanoparticles.
eliminating the need for hazardous chemicals and energy-intensive processes. In this abstract,
we summarize the key aspects and findings of bacterial-mediated synthesis of CuNPs. We
discuss the advantages of this approach, including its green nature, cost-effectiveness, and
scalability. In this article, we basically describe the methodology of synthesis of bacteria-
mediated copper nanoparticles using the bacteria E.coli. Also, why we are using this particular
bacteria only? Then, the characterization of the Cu NP’s is done by 5 different methods—UV-
Spectroscopy we will check the antibacterial property against S.aureus and bacteria obtained
the zone of inhibition anti-biofilm property of nanoparticle is also studied, antibiotic property
analyses is also done. Furthermore, the bacterial synthesis method offers control over the size.
shape, and surface properties of the CuNPs. By manipulating the growth conditions and
parameters, researchers can tune the characteristics of the nanoparticles to suit specific
applications. CuNPs exhibit remarkable antimicrobial properties, making them effective against
bacterial and fungal infections. They can disrupt the integrity of microbial cell membranes,
inhibiting their growth and proliferation. Additionally, CuNPs demonstrate excellent catalytic
activity, enabling them to facilitate various chemical reactions. In conclusion, bacterial-
mediated synthesis of CuNPs offers a sustainable and efficient alternative for their production.
The ability to control their properties, combined with their diverse range of applications, makes
them highly valuable in different fields. Continued research and development in this area are

crucial to unlocking the full potential of bacterial-mediated synthesis of CuNPs and advancing
sustainable nanotechnology.
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CHAPTER 1

INTRODUCTION

In recent years, nanoparticle synthesis using biological systems has gained significant attention
due to its eco-friendly and cost-effective nature. Among various biological systems, bacteria
have emerged as promising candidates for nanoparticle synthesis due to their unique metabolic
pathways and ability to produce nanoparticles with controlled size, shape, and composition.
One such bacterium that has garnered considerable interest is Escherichia coli (E. coli).[1] E.
coli-mediated synthesis of copper nanoparticles offers numerous advantages over conventional
chemical methods, including scalability, reduced cost, and environmentally friendly

production.

Gram-negative E. coli bacteria are typically found in warm-blooded animals' and humans'
intestines. It is frequently employed and the subject of in-depth research in several molecular
biology and biotechnology domains. Researchers have harnessed the potential of E. coli to
produce nanoparticles by exploiting its cellular machinery and metabolic pathways. Copper
nanoparticles synthesized by E. coli exhibit unique properties that make them attractive for

diverse applications.[2]

The synthesis of copper nanoparticles by E. coli primarily involves two main steps: the
reduction of copper ions and subsequent stabilization of the formed nanoparticles. Copper ions,
usually in the form of copper salts, are introduced to the E. coli culture medium. The reduction
of copper ions to metallic copper nanoparticles is facilitated by various enzymes and
biomolecules present in the bacterial cells. These biomolecules act as reducing agents and play

acrucial role in controlling the size and shape of the resulting nanoparticles.

The ability of E. coli to produce copper nanoparticles in a controlled and reproducible manner
makes it an excellent biological system for nanoparticle synthesis. The process can be optimized
by adjusting various parameters such as the concentration of copper ions, growth conditions of
the bacteria, and duration of the synthesis process. Moreover, genetic engineering techniques

can be employed to modify E. coli strains, enhancing their nanoparticle synthesis capabilities.




One of the significant advantages of E. coli-mediated synthesis of copper nanoparticles is its

scalability. Bacterial cultures can be easily scaled up o produce large quantities of

nanoparticles, making it suitable for industrial applications, Additionally, the cost of production
is significantly lower compared to traditional chemical methods, as bacterial synthesis
climinates the need for expensive reagents and high-energy processes. The use of E. coli also

offers environmental benefits by reducing the production of hazardous waste and minimizing

the ecological impact.

The properties of copper nanoparticles synthesized by E. coli make them suitable for various

applications across multiple fields. One of the notable applications is their antimicrobial

activity. Copper nanoparticles have been shown to possess potent antimicrobial properties,
inhibiting the growth of a wide range of bacteria, fungi, and viruses.[3] This makes them
valuable for use in healthcare settings, where the prevention and control of infections are of
utmost importance. Copper nanoparticles can be incorporated into coatings for medical devices,

wound dressings, and textiles, providing a protective barrier against microbial colonization.

Another prominent application of E. coli-synthesized copper nanoparticles is in water
purification. These nanoparticles exhibit excellent adsorption capabilities, allowing them to
efficiently remove contaminants from water sources. They can effectively remove heavy
metals, organic pollutants, and even bacteria, providing a cost-effective and environmentally
friendly solution for clean water production. Copper nanoparticles can be incorporated into

filtration systems or used as additives in water treatment processes to enhance their efficiency.

Copper nanoparticles synthesized by E. coli also find applications in catalysis. They function
as efficient catalysts for a variety of chemical processes thanks to their special qualities,
including large surface area and reactivity.[1] They can be used in organic synthesis,
hydrogenation, and oxidation reactions, improving reaction rates and selectivity. The ability to

tailor the shape and size of the nanoparticles allows for the design of specific catalysts with

enhanced performance.

In the field of electronics and optoelectronics, E. coli-synthesized copper nanoparticles offer
exciting opportunities. Copper nanoparticles exhibit excellent electrical and thermal

conductivity, making them suitable for applications in conductive inks, printable electronics,

and flexible circuitry.

Energy storage is another area where copper nanoparticles synthesized by E. coli hold promise.

They can be used to improve the performance and stability of electrode materials in batteries
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Due to 1S specid] SRRt ticticoppet hanoparticles produced by bacteria have a number of
mber o

potential uses in several industries. Here are several uses for copper nanoparticles made b
y

bacterial mediation:

a) Antimicrobial activity: It has been demonstrated that copper nanoparticles have
antibacterial action against a variety of harmful bacteria and fungi. Numerous industries
including as healthcare, food packaging, and water treatment, can benefit from this

characteristic.

b) Catalysis: Copper nanoparticles can act as effective catalysts due to their large surface area

and unique electronic properties. They can be used in various organic reactions, including

reduction, oxidation, and coupling reactions.

¢) Electronics: Copper nanoparticles can be used in the production of electronic devices, such
as conductive inks, printable electronics, and sensors. Their unique optical and electronic

properties make them attractive for use in these applications.

d) Agriculture: Copper nanoparticles have been shown to have potential applications in

agriculture, such as in the development of plant fertilizers and pesticides.

¢) Biomedical applications: Copper nanoparticles have been investigated for their possible use

ina number of biological disciplines, including imaging, cancer treatment, and drug delivery
] g .

Overall, copper nanoparticle production by bacteria has the potential to change several sectors
and offer fresh, creative approaches to pressing issues. To guarantee their safe and responsible

usage, it is crucial to keep researching the advantages and possible hazards of copper

nanoparticles.




CHAPTER 3

MATERIALS AND METHODS

3.1, Origin of the microbe

The Environmental and Industrial Biotechnology Laboratory, Division of Biotechnology, Delhi
Technological University (DTU), Delhi, is where the bacterium strain Escherichia coli was
acquired. To control their viability throughout time, the acquired pure culture was kept on

nutrient agar and sub-cultured.
3.2. Protocol for synthesizing nanoparticles

With slight adjustments, the approach used in a prior work was used to create nanoparticles

from the cultivated biomass of E. coli.
3.3. Preparation of functioning solutions and stock

* To create 100 ml of copper stock solution, 249.68 g of Cu2+ sulphate (CuS04.5H20) were

dissolved in 100 ml of water in a 250 ml beaker.

® Prepare different working solution from a concentrated CuSO4 stock solution in distilled

H20 [ 1 mg/ml, 5 mg/ml, 10 mg/ml].

Figure 1: Stock solution
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To create biomass, the bacterial strain was cultivated in a nutrient broth medium. One
«To €

figram of E. coli strain culture broth was added to each of two flasks holding 250 ml of
milllg

media broth-

For 24 hours all flasks containing inoculated broth were shaken at 37 degrees and 150 rpm.
o |0 2

To separate the bacterial culture biomass and supernatant after 24 hours of bacterial growth,

the liquid broth containing the growing culture was centrifuged at 5000 rpm for 15 minutes.
+ Following centrifugation, the clear culture supernatant was discarded, and the biomass pellet

was collected in@ sterile petri dish and refrigerated.

Figure 2: E.Coli biomass

3.5. Intracellular biosynthesis of copper nanoparticles using culture biomass

» For the biosynthesis of copper nanoparticles, different concentration of sterile copper sulfate
solution [ 1mg/ml, Smg/ml, 10 mg/ml] was treated with the bacterial culture biomass through

inoculation in a 250 ml flask.

* The reaction mixture was placed in dark conditions in a shaking incubator, for 48 hours at
220 rpm.

* After 48 hours the reduction of the copper ions to copper atoms was observed in manner.

* The extracellular synthesis of CuNPs was monitored by observing the color change from light
blue to light green,

® Thep centrifuged for 10 mins at 5000 rpm, washed twice with distilled H20, and oven—dried
at 100 degrees for 24 hours.
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To characterize COpper nanoparticles using UV-Vis Spectroscopy, a sample of the nanoparticles
is prepared in a suitable solvent such as water or ethanol. A UV-Vis spectrophotometer is then
used to examine the sample, measuring its absorbance as a function of wavelength. The SPR
peak absorption wavelength can be determined from the absorbance spectrum, and the size and
concentration of the nanoparticles can be estimated based on the position and intensity of the

peak.

Due to the substantial SPR absorption of copper nanoparticles in the visible portion of the

electromagnetic spectrum, UV-Vis Spectroscopy is a potent tool for the evaluation of copper

nanoparticles overall. The method lends itself to the examination of several samples since it is

rather easy, quick, and non-destructive.

By acquiring UV-VIS absorbance spectra on a UV-VIS spectrophotometer with samples in

glass cuvettes, the decrease of the Cu+ ions was detected. Iml of the sample was placed in a

glass cuvette for the determination of the reduction of Cu+ jons.
At room temperature (RT), the absorbance Spectra were measured and recorded with a
wavelength step size of 10 nm in the range of 400-800 nm. The outcomes are then examined.

4.2. Anti-biofi
CuNPs :

Im activity and Minimum inhibitory concentration determination for the

Copper nanoparticles have been shown to possess excellent anti-biofilm properties due to their
unique physicochemical properties. Copper nanoparticles offer better antibacterial

characteristics and a larger surface area-to-volume ratio than bulk copper, which increases
reactivity,

To characterize copper nanoparticles with anti-biofilm properties, several methods can be used.
One such method is the biofilm inhibition assay, which involves growing biofilms in the
Presence of copper nanoparticles and then measuring the inhibition of biofilm growth. Another
method is the biofilm dispersal assay, which involves treating pre-formed biofilms with copper
anoparticles and measuring the dispersal of the biofilm.

An anti-biofi

Im activity diagram for copper nanoparticles would typically include the following
elemengs:

2) Biofilm Formation: This section of the diagram would illustrate the initial steps of biofilm

formati‘)n, Which typically involves the attachment of bacteria or other microorganisms to a
Surface.
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s with a suitable dye (e.g., crystal violet) and measure the optical density

n the piofilm

Gral ;
3 p) of the stained biofilms.
(0]

Jate the percentage inhibition of biofilm formation using the following formula:
cu '

- cal

:) phibition = [(OD control - OD treated)/OD control] x 100

Y

422 Biofil™ dispersal assay:

| Prepare a bacterial culture and grow biofilms on a surface (e.g., polystyrene) using a standard
prolocol-

7. Prepar® a range of CuNP concentrations (e.g., 0.1 to 100 pg/mL) in a suitable solvent or
puffer:

3. Add the CuNP solutions to the wells containing the pre-formed biofilms and incubate for a

specific period of time (e.g., 24 hours).

4. Remove the CuNP solutions and wash the wells to remove any unbound CuNPs.

5. Stain the biofilms with a suitable dye (e.g., crystal violet) and measure the OD of the stained
biofilms.

6. Calculate the percentage biofilm dispersal using the following formula:
v, dispersal = [(OD control - OD treated)/OD control] x 100

4.2.3. We employed a typical broth microdilution test to calculate the minimum inhibitory
concentration (MIC) of CuNPs.

Minimum inhibitory concentration (MIC) determination: This method involves determining the

lowest concentration of CuNPs that inhibits bacterial growth in a broth dilution assay.

Time-kill assay: This method involves measuring the bacterial growth over time in the presence

of CuNPs and determining the time required for a specific reduction in bacterial counts.

It is significant to note that depending on the bacterial strain and the kind of CuNPs beina

g . . . i
utilized, the particular technique and circumstances for these experiments may change. To be
sure that any antibacterial activity is caused by the CuNPs and not other variables like the

solvent or buffer utilized, suitable controls should also be performed.

Here are the general steps:

1!
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[pteraction with Bacterial Cel) Membrane: Copper jo;
b) ;
o with the bacterial cell membrane. They can disrupt the illlegriry of the ce||
P s . € cell membran
by interacting with lipids and proteins, leading o leakage of cellular content e
nts,

Reactive oxygen species (ROS) generation: Copper 10ns haye the ability to tri h
rigger the

A, ' '
Proteins, and ofher biological Components

hydrogen Peroxide and hydroxy| radicals.
A Disruption of Enzymatic Processes: Copper ions can inhibit

various enzymatic processes
within bacterial cells. They can interfere With enzymes involved

. in energy production, DNA
eplication, protein synthesis, and other vita] cellular functions, Jeq

ding to bacteria| cell death.

¢) DNA Damage: Copper ions have the ability to directly interact witp,

bacterial DNA, causing
structural damage and impairing DNA replication ang repair me

chanisms. This further
contributes to bacterial cell death.

) Antibiotic Resistance Suppression:

to exhibit the ability to suppress antibiotic resistance in bacteria. They can inhibit (he expression

of resistance genes and enhance the efficacy of conventiona] antibiotics, makin

g them effective
against multidrug-resistant bacteria.

g) Broad-Spectrum action: Copper nanoparticles haye broad-Spectrum antibacterial action,

which makes them effective against a variety of bacteria, including drug-resistant strains and

both Gram-positive and Gram-negative bacteria.

It is important to note that the precise mechanisms of antibacterial activity might differ based

on the particular bacterial species, the amount of copper nanoparticles present, and the

circumstances of the experiment. Additionally, studies are still being done to explore the

potential uses of copper nanoparticles' antibacterial properties in a variety of disciplines,

including medicine, healthcare, and environmental cleaning.[12]

To assess the antibacterial activity of CuNPs, several methods can be used, including:

4.3.1 Agar diffusion assay: This method involves placing a paper disc impregnated with a

specific concentration of CuNPs onto the surface of a bacterial lawn on agar medium. The zone

of inhibition around the disc is measured to determine the antibacterial activity.
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tion assay: This method involves adding varying concentrations of CuNPs to

oth dilu
cultures in broth medium and measuring bacterial growth using turbidity or colony-

4_3.2 Br
jal
hﬂctena
jorming anit (CFU) counts.
0
et ahibitory concentration (MIC) determination: This method involves determining the
jmm : s LS ; ;
. lcon,:emration of CuNPs that inhibits bacterial growth in a broth dilution assay.
Jowes
kill assay: This method involves measuring the bacterial growth over time in the presence
Time- : : : _
 CuNPs and determining the time required for a specific reduction in bacterial counts.[1]
of Cu
: signiﬁcant to note that depending on the bacterial strain and the kind of CuNPs being
It 18 g
lized, the particular technique and circumstances for these experiments may change. To be
utihized,
e that any antibacterial activity is caused by the CuNPs and not other variables like the
su

olvent or puffer utilized, suitable controls should also be performed.
S

4, Effect of antibiotics on copper nanoparticles-

The interaction between antibiotics and copper nanoparticles can vary depending on several
factors, including the specific antibiotic, the concentration of nanoparticles, and the

experimental conditions. Generally, antibiotics can have different effects on copper

nanoparticles:

a) Antibacterial activity enhancement: Copper nanoparticles possess intrinsic antibacterial
properties due to their ability to release copper ions, which are toxic to bacteria. When
combined with antibiotics, copper nanoparticles can enhance their antibacterial activity. The
synergistic effect is particularly observed against drug-resistant bacteria, where the

nanoparticles can help overcome antibiotic resistance mechanisms.

b) Antibacterial activity reduction: On the other hand, some antibiotics may reduce the
antibacterial activity of copper nanoparticles. This can occur if the antibiotic binds to the surface
of the nanoparticles, preventing the release of copper ions or interfering with their antimicrobial

action. In such cases, the effectiveness of copper nanoparticles as antibacterial agents may be

compromised.

¢) Nanoparticle stability: Antibiotics can influence the stability of copper nanoparticles. Some
antibiotics may cause agglomeration or aggregation of nanoparticles, leading to changes in their
size, shape, and surface properties. This can affect the nanoparticles' overall stability and their

ability to interact with bacteria or release copper ions.

16




nd toxicity: Antibiotics can potentially influence the cellular uptake and

 copper nanoparticles. Some studies have suggested that certain antibiotics can

e intemalization of nanoparticles by bacteria, facilitating their antimicrobial action.

e combination of antibiotics and copper nanoparticles may result in increased

.+ mammalian cells, which could have implications for potential biomedical

| to remember that research on the interaction between antibiotics and copper

][IS crllma

s is still ongoing, and the precise effects can change based on the circumstances

nﬂnOPaﬂiCIe
t and the particular antibiotic and nanoparticle combination used. More

of the experimen

research is rcquircd t
a variety of industries,

o fully comprehend the mechanisms at play and maximize their potential

: including medical and environmental cleanup.[13]
yses 1N

he effect of antibiotics on COpper nanoparticles, a typical methodology may involve

To study ¢
the following Steps:

4.4.1. Synthesis of copper nanoparticles: There are several ways 10 make copper

particles, including ¢

5. The intended nanopart

hemical reduction, electrochemical deposition, and green synthesis

nano
technique icle qualities and application should be taken into
consideration while selecting the synthesis technique. The size, shape, and purity of the

erified by characterizing methods such as transmission electron

nanoparticles may be v

microscopy (TEM), X-ray diffraction (XRD), and UV-Vis spectroscopy.

4.4.2. Preparation of antibiotic solutions: Select the antibiotics that you want to study and

prepare  their solutions at appropriate concentrations. The concentration range should be

determined based on previous literature o preliminary experiments. Ensure that the antibiotic

solution is properly dissolved and sterile.

4.43. Antibiotic-nanoparticle interaction experiments:

a. Antibacterial activity assay: Perform a standard antibacterial activity assay to determine

the effectiveness of the copper nanoparticles against specific bacteria. This can be done using

methods such as the disk diffusion assay or broth microdilution method.

b. Antibiotic impact on nanoparticle stability: Evaluate the impact of antibiotics on the
be assessed by monitoring chang

e dynamic light scattering (DLS), zeta

stability of copper nanoparticles. This can es in nanoparticle

size, shape, or surface properties using techniques lik

potential measurements, or TEM imaging.
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X.

)Surfacc interactions: Drugs can interact with the surface of ¢q
a

PPEr nanopartic|es. leading

changes in their surface properties. This interaction may involve
[0

. drug adsorption or binding
he nanoparticle surface, which
(1]

can alter the nanoparticle's char

ge, stability, or reactivity.
These surface interactions can affect the overall

behavior ang Properties of

the
nanopﬂﬂiCleS-[lﬁl

b) prug-induced agglomeration or aggregation: Certaip drugs can induce the agglomeratiop

or aggregation of copper nanoparticles. The drug molecules May act as bridging agents or
stabilizers, causing the nanoparticles to come together and form larger clusters. This
agelomeration can lead to changes in the shape, size, and surface area of the
ab

nanoparticles,
which can impact their stability and functional properties.

¢) Drug-mediated copper ion release: Copper nanoparticles release copper jons. which

contribute to their antimicrobial properties. Some drugs may influence the release of copper

ions from the nanoparticles. They can either enhance or inhibit the release. depending on the
nature of the drug and its interaction with the nanoparticle surface. This modulation of copper

ion release can affect the nanoparticles' overall antimicrobial or therapeutic efficacy.

d) Alteration of nanoparticle toxicity: Copper nanoparticles can exhibit cytotoxicity to

mammalian cells due to their ability to generate reactive oxygen species (ROS). Drugs can

potentially modulate this toxicity. Some drugs may enhance the cytotoxic effect of copper

nanoparticles by promoting ROS generation or inhibiting cellular defense mechanisms.

Conversely, certain drugs may mitigate the cytotoxicity of copper nanoparticles by scavenging

ROS or protecting cells from oxidative stress.

¢) Synergistic or antagonistic effects: Depending on the specific drug-nanoparticle
combination, there can be synergistic or antagonistic effects. Synergy may arise when the drug
and nanoparticles act through complementary mechanisms, enhancing the overall therapeutic

Or antimicrobia| activity. Antagonism may occur when the drug interferes with the

Nanoparticle's action or reduces its effectiveness.

Its important to note that the interaction between drugs and copper nanoparticles is a complex
field of Study, and the specific effects can vary based on factors such as drug properties,
Nanoparticle characteristics, and experimental conditions. Further research is neede(.i to
UNderstand these interactions more comprehensively and optimize their potential applications

i Various fields, including drug delivery, therapeutics, and biomedical imaging.
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Gram-positive (Staphylococeus spp ) ang Sram-negative (g, oo Klebsie]
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i pseudomonas spp.) clinical 1solates ofbacleria Were ygeq as test PP., Shige]|a SPp..

H €st or
the antibacterial activity of copper Nanopartices "

Cultyre €ach anq ey
Additionally, bacteria were cultured for 24 hours at

: ery Microbe.
- 70 °C ON a nutrieny agar slapt (Slalionary
culture).[17] The culture was thep employed in ap €Xperiment by inoculating 150
nutrient agar medium overnight in » shaker incyb;

ml flagks with
tor,

b) Keeping strains alive on nutrient agar slants

were placed in the

refrigerator for additional cultyre Preservation afier the strains had beep, [18)

¢) Antibacterial activity testing of CuNps and antibiotics

diffusion method. On nutrient agar slopes, stock cultures were kept alive at 400 °C. To make

the active cultures for the experiment, a loopful of cells from the stock cultures were transferred

{o test tubes containing nutrient broth for bacteria and cultivated there for 24 hours at 370 °C.
These cultures of all four bacterial strains (labeled) were then taken using pipeties to transfer 1
ml of each strain onto Petri plates with solidified nutritional agar that had earlier been labeled
With the names of the organisms and swabbed on duplicates. When the plates were prepared,
sterile 1 m| microtips were used to create 6 mm wells. [19]Each well received 40 microlitres of

sample | solution. Similar steps were taken to check the activity of samples 2, 3, and 4. All of

the plates were incubated in an incubator for 24 hours at 37 °C o allow the sample to disperse.

20




N

es that had d oped ar d the dis 1 :
_ yibition zones that had developed around the disc after incubaion
The HE :
pler in millimeters.

clear ™

L4

d)1BEL s

Dations of [ nanoparticles were studied in order to Jook inf. X
(T 5 and reduce potential toxicity and Mﬁil@waﬁﬁ:ﬂm
ibac (erial efficacy an: T = H&Im@m@mmmmg
ibiotics were employed to test the effectiveness of ﬁmm‘@mmﬂw"m

I "t B ‘I'.:,";:_';HJ.'""uet}_a_\fi:};t E!r (I!jfb g@k‘) &QZI,{G}}‘L m m. T
dif ‘m 1 Cm\( mkﬂ‘ﬁ."[?ri\ LLG‘”'{LP_U}

as. Agar

species
gimilar well

j\ wll /i0US 1y M”k aled, \Hl‘a( ii* [Dmlmmﬂm‘@ Cﬁj\_bﬂaﬁ“%dﬁr}

{]]ﬁtw-_ﬂ ir ||!“ ] | "L_J L\‘ \‘HIM_WE@' ‘:ﬂaﬂ_ﬂt@):mﬁ]}) @ii’_l_mﬂﬁjl} O‘@ @ﬁiﬂm Pfﬁ;ﬂ“ﬁ L},-:

fm‘)]}:_',i'—_}']\"_‘l_“”'f' | antibi otic 4”11 f\l;ﬂ Tﬂ'al CU]?\P G.jjrclfﬁ{@ﬁ} Wm’“ W@‘“‘Lhw][()mﬁ\‘a[;d a
Petri plate that had been labeled with a particular bacterial strain, Similar methods were used
synergistic action in mﬁbf 2 and 3.

i[_-'ﬂ L le ECI1 IV










CHAPTER 6

RESULTS

v pECTROSCOFY
ﬂ‘ rperfom‘i“g the methodology, the table turned out to be like this,
Al
peadings:
[ 5mg/ml [500 micro litre] | 10mg/ml  [1000micro
litre]
1) BLANK=0.000Ab 1)BLANK=0.000Ab
1) 400nm=1.853Ab 2)400nm=2.318Ab
2) 450nm=1.754Ab 3)450nm =2.231Ab
[ 3) 500nm=1.651Ab 4)500nm=2.062Ab
4) 650nm=1.273Ab 5)650nm=1.820Ab
5) 750nm=0.980Ab 6)750nm=1.692Ab

Table 1: Spectroscopy reading at S00micro litre and 1000micro litre

The resulting copper nanoparticles are typically small, with a size range of 0-5 nm the best

copper nanoparticles form in 0.980Ab in Smg/ml concentration at 750 nm.

0D
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Figure 5: Graph of wavelength v/s OD
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