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ABSTRACT

Polymerase Chain Reaction (PCR) is an advanced technology used in modern era of
molecular biolgy to amplify millions of copies of DNA from a single copy. In order to utilize
this technique with its full potential, certain hindrances such as nonspecific by-products, low
yield, complexity of GC rich and long genomic DNA amplification need to be eliminated.
Among different PCR technologies, Nanomaterial-assisted PCR termed as nanoPCR is a
developing technique used to get more improved and the most satisfactory results by using
nanomaterials and PCR reaction together. Nanomaterials have been used in PCR due to their
unique physical and chemical properties such as high thermal conductivity, stability and high
surface to volume ratios that make them significantfor numerous of research areas. The
effects of nanomaterials in PCR depend on their size, shape, concentration, heat conductivity,
electron transfer properties and surface modifications. Carbon nanotubes have hydrophobic
surface area which make them tend to agglomerate into nanoropes in order to minimize
surface energy and interaction with the environment.

In our study, the effect of Single-Walled Carbon Nanotubes (SWCNTs) was
investigated in PCR in order to see their potential as next generation enhancers, where
Polyacyrlamide Gel Electrophoresis (PAGE), DynamicLight Scattering (DLS) and Scanning
Electron Microscopy (SEM) were mainly performed as core techniques. We demonstrated the
impacts of three different SWCNTs in PCR; pristine, amine functionalized and carboxyl
functionalized, at their different dispersion states including sonicated, centrifuged and filtered
dispersions. The goal was to get rid of agglomerates formed during the reactions. The
sonicated single-walled carbon nanotubes are long and have large aggregates as compared to
centrifuged and filtered ones which are relatively smaller and short in size. Dynamic Light
Scattering (DLS) is used to measure the relative hydrodynamic size of all three; sonicated,

centrifuged and filtered single-walled carbon nanotubes to be employed in PCR. Our results



showed that intensities of electrophoretic bands of target DNA were affected by introduction
of single-walled carbon nanotubes at different dispersion states and concentrations. This work

would be useful in the complementary fields like nanobiology, nanomedicine and biosensing.
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OZET

Son zamanlarda, polimeraz zincir reaksiyonu teknigi nanoteknolojiden yarar
saglamaya baslamistir. Bu tezde, Polimeraz Zincir Reaksiyonuna tek-duvarli karbon
nanotiiplerin etkileri Polyacyrlamide Jel Elektroforez, Dinamik Isik Sa¢ilma Teknikleri ve
Taramali Elektron Mikroskobu ile incelenmistir. Kisa bir siire i¢inde diisiik kopya sayisi,
DNA'y1 ¢ogaltmak iizere saglayan in vitro Polimeraz Zincir Reaksiyonu (PCR) biyolojik
caligmalarin ve tibbin en 6nemli tekniklerden biri olmustur. Tam potansiyeli ile bu teknigi
kullanmak i¢in, diisiik verim ve zengin GC kontentine sahip uzun genomik DNA
amplifikasyonun karmasikligi ve nonspesifik iiriinlerin olusumu gibi zorluklar ortadan
kaldirilmalidir.

Nano malzeme destekli PCR, nanoPCR olarak adlandirilir; gelistirilmis ve nitelikli
sonuglar elde etmek PCR reaksiyonu ile nanoyapili malzemelerin kombinlenmesi ile olusan
ve biyoteknolojide yeni gelisen bir alandir. Nano malzemeleri bu arastirma i¢in 6nemli kilan
hacim oranlarinda ytiksek 1s1 iletkenligi, stabilitesi ve yliksek bir yiizey olarak benzersiz
fiziksel ve kimyasal 6zelliklere sahip olmalaridir. PCR’da nanomateryallerin etkileri onlarin
boyut, sekil, konsantrasyon, 1s1 iletkenligi, elektron transfer ozellikleri ve yiizey
modifikasyonlarina baghdir. Karbon nanotiipler topak olusturmaya ve cevre yiizeyi ile
etkilesim enerjisini en aza indirmeye egilimli hidrofobik yiizey alanina sahiptir. Bu tezde, tek
duvarli karbon nanotiiplerin PCR iizerindeki etkisi incelenecektir. Tek duvarli karbon
nanotiiplerin biiyiik topaklanmalarinin ortadan kaldirilmas1 amaciyla deneylerde kullanilan
karbon nanotiipler sonike edilmis, sentrifuj edilmis ve filtrelenmis olacaklardir. Sonike
edilmis tek duvarl karbon nanotiipler uzundurlar ve biiyiik topaklar vardir. Sonike edilmis tek
duvarl karbon nanotiipler, sentrifiije tabi tutulur ve filtre edilir; bu 6rnekler sonike olanlara
kiyasla daha kii¢lik ve kisadirlar. Sonikasyona, sentrifiije ve filtreye tabi tutulan tek duvarli

karbon nanotiiplerin goreli hidrodinamik boyutunu 6l¢gmek amaciyla, dinamik 1s1k sacilimi

Vi



(DLS) kullanilir. Elde edilen sonuglara gore, hedef DNA'nin elektroforetik bantlarinin
yogunluklar1 incelenir. Karbon nanotiiplerin goérece hidrodinamik boyutlar1 ve farkli
konsantrasyon araliklarinda kullanimi, PCR’1 daha verimli hale getirir. Bu c¢alisma
nanobiyoloji, nanotip ve biosensdrleme gibi alanlarda tek duvarli karbon nanotiiplere

odaklanmis ¢aligmalarin gelistirilmesi i¢in uygundur.
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1. Introduction

1.1. Polymerase Chain Reaction(PCR)

Polymerase Chain Reaction (PCR) was invented by Kary Mullis in 1985 who was
rewarded with Nobel Prize later on in Chemistry in 1993." Currently, PCR became common
and inevitable for medical and biological researches with numerous of applications. It is used
for in vitro amplification of multiple copies of specified fragments of DNA.? PCR is highly
specific and sensitive for permitting copies of a sequences.” PCR became common in
laboratory research areas due to its availability and rapidness. The mechanism behind the
PCR is based on knowing minimum sequence of DNA on either side of the region of DNA
which is desired.* There are complementary oligomers for these small regions that are situated

for priming the amplification of the target sequence that are termed as primers.”

The procedure of PCR have repeated cycles which are heat denaturation, annealing
and primer extension.® On the heat denaturation step, DNA is untangled to become single
stranded. The other step is annealing during which primers are hybridized specifically on their
complementary sequences and with DNA polymerase enzyme, the primers are elongated by
incorparating deoxynucleotides to create a newly synthesized complementary strand of

DNA.’

Denaturation, annealing and extension are repeated as following cycles and on each
cycle, the amplified strand is used as template for the next cycle. Thus, process becomes
exponential amplification of DNA. To sum up, the following cycle of denaturation, annealing
and extension by incorporating DNA polymerase, excess amount of primers and nucleotides

are termed as PCR.®



PCR : Polymerase Chain Reaction

primers !!!

only dNTP's
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Figure 1.1 : Overview of PCR as steps of denaturation, annealing and extension.

Some of the applications of PCR are detecting infectious agents such as human
immunodeficiency virus (HIV), diagnostics of cancer, detecting genetic disorders and
paternity tests.” The usage of PCR is increasing in many scientific research areas as molecular
biology, microbiology, genetics, clinical diagnoistics, forensic sciences, environmental

sciences, hereditary researches, paternity testing and recently nanotechnology. "



In early PCR experiments, scientists had some difficulties on experiments. These
difficulties are nonspecific PCR product, low yield and the difficulties of amplifiying the
DNA which has higher amount of GC content. To overcome these difficulties, scientists set
useful guidlines. These guidlines are based on optimizing temperatures of steps, number of
cycles, amount of primers, templates and enzymes, concentration of MgCL'' In order to

obtain high quality results on PCR process should be manipulated.

Recently, a new field of research area arises that introduces nanomaterials into PCR
reaction for developing the amount of PCR product and its specificity which is termed as

Nanomaterial-assisted PCR or nanoPCR.!?

1.2. Nanomaterial-assisted PCR (NanoPCR)

Nanomaterial-asisted PCR (NanoPCR) is a new area that is increasing and growing. It
introduces nanomaterials into PCR reaction for developing the yield of PCR product and its
specificity. Some of the nanostructured materials which are used as PCR components, are
gold nanoparticles, graphene oxide, reduced graphene oxide, quantum dots, upconversion
nanomaterials, fullerene, carbon nanotubes and other metallic nanopar‘[icles.13 Among these
nanomaterials, single-walled carbon nanotubes are focused on this work and a list of carbon

nanotubes employed in PCR so far is provided in Table 1.

Size CNT DNA Mg
CNT (nm)  (mg/mb) fmpact (bp)  ETmE mppy  Ref
SWCNT 2 <3 Increased efficiency 410 Taq 0-1.5 1
SWCNT .

Either reduced

SWCNT-COOH <2 . 15
ot e TS e
MWCNT-COOH
SWCNTs 1-2 0.6-1.2  Increased efficiency 16
MWCNTSs <8 0816  andspecificity, 000 FPfiTag 238



CNT-OH unaffected fidelity
CNT-COOH
Negatively
charged, pristine, 2 Increased efficiency 17
acid-treated 30-70 2.3x10 and specificity 283 Taq 1>
MWCNTs
Positively charged
Polyethyleneimine 4 Increased efficiency 17
MWCNTs 30-70 3.9x10 and specificity 283 Taq 1.5
(CNT/PEID)
Negatively
charged Succinic .1 Increased efficiency 17
anhydride 30-70 6.3x10 and specificity 283 Taq 1.5
CNT/PEI
Neutral Acetic . .
acid anhydride 30-70 ; Shgg&ﬁgl‘famd 283 Tag 15 17
CNT/PEI y
Pristine PEI - axpps  Mnereasedefficlency yo0 g5
and specificity
Thermal
PDMS/MWCNTs conductivity 150 19
based PCR system 20-70 i induced reaction 756 Taq 0.25
time improvement
CoMoCAT Slightly increased 13
SWCNT (6,5) 08 0011 efficiency 76 Taq -

1.3. Carbon Nanotubes(CNTs)

Table 1 : A list of carbon nanotubes recently empolyed in PCR.

Carbon nanotubes are allotropes of carbon with a cylindrical shape of spz-hybridized

carbon atoms.”® The name CNT is derived from its long, hollow structure with the walls

formed by single atom-thick sheets of carbon, called grapheme.”’ CNTs are constructed with

a length-to-diameter ratio of up to 132,000,000:1, which is greater than any other standard

material.”> Depending on their size in diameter, CNTs are categorized as single-walled carbon

nanotubes (SWCNTs; 0.4-2 nm) and multi-walled carbon nanotubes (MWCNTs; 2—-100

nm).” Characteristic properties of CNTs such as high electrical and thermal conductivity,

high aspect ratios, exceptional mechanical strength and rigidity have given rise to their use in



a variety of applications including electrochemical energy storage and production,24 field
i 25 1 .26 . . 27 . .28

emission,” biosensor construction,” atomic force microscopy,”’ imaging” and DNA

nanotechnology.'? Among these, the discovery of DNA-assisted dispersion and separation of

CNTs has opened up new avenues for CNT—based biotechnology research,”>’ one of which

is addition of carbon nanotubes into biochemical reactions like PCR.

SWCOCNT MWCNT

Figure 1.2 : Multi-walled & Single-walled Carbon Nanotubes, respectively.

Recently, new research area is emerged that combines biotechnology and
nanomaterials. Under this fold, a new area that is named as bionanotechnology, biosensor

technologies, biosensor construction, imagining, drug delivery and DNA nanotechnology can



be developed. Among these developments, single-walled carbonnanotube-assisted PCR 1is

focused on this work.

1.4. Single-walled Carbon Nanotube-Asissted PCR

In general carbon nanotubes have large hydrophobic surface that promotes them to
agglomerate into agglomerates for minimizing the surface energy and interaction with their
environment. Due to decreased formation of agglomeration and bundles of carbon nanotubes,
some functional groups as carboxyl and amine are introduced on the surfaces of carbon
nanotubes. In this work, single-walled carbon nanotubes that have no functional group,
carboxyl group and amine gruop functionalized carbon nanotubes are used for investigating

their impacts on amplification of a random DNA library.

A. Pristin SWCNT B. SWCNT-NH2 C. SWCNT-COOH

Figure 1.3.1 : Pristine, Amine functionalized and Carboxyl functionalized Single-

walled Carbon Nanotubes, respectively.



First utilization of CNT in PCR has been reported by Cui et al.'*, SWCNTs are
promoted as PCR enhancers. According to the findings, the final yield of PCR product
increased with the addition of SWCNTs up to 3 ug/ml, however the reaction was completely
inhibited with increasing concentrations. Noticeably, the authors obtained similar results
without including Mg®" in the reaction, which is an essential cofactor for DNA polymerase
enzyme to maintain its activity. Although High Resolution Transmission Electron Microscopy
(HRTEM) and X-Ray Photoelectron Spectroscopy (XPS) data implied a potential physical
interaction between SWCNTSs and PCR components, the underlying reason of such interaction
might be merely the solvent evaporation effect. Since water has a considerable amount of
surface tension energy, the liquid—gas interface can carry particles into a limited space during
its evaporation. Eventually, free components of sample would tend to concentrate on the first

surface available®'*?

. Therefore, interactions at bio-nano interface should be further
investigated by the techniques that allow to assess materials in their native environment, such

as Circular Dichroism (CD) spectroscopy, In situ Atomic Force Microscopy (AFM) and

Nuclear Magnetic Resonance Spectroscopy (NMR).

In another study conducted by Zhang et al.'® improved PCR efficiency and specificity
by incorporation of CNTs has been reported where a long 14.3kb lambda DNA was used as
template. After performing PCR containing different types of carbon-based nanomaterials
(carbon nanopowder, SWCNTs and MWCNTs with different size and surface properties) at
various concentrations (max 1 mg/ml) it is found that all the tested nanomaterials increased
the efficiency and specificity of PCR with a CNT concentration of approximately 0.8 mg/ml.
To assess the fidelity of the CNT-assisted PCR, Zhang et al.'® evaluated Sanger sequencing
data of CNT-free PCR and CNT-assisted PCR (SWCNT and MWCNT). The preliminary

results showed no significant drop in DNA replication fidelity in comparison to the



conventional PCR. Additionally, Shen et al.>* found the error rates of control PCR, SWCNT
and MWCNT assisted PCR as 5.26 x10, 16.25x10° and 32x10®, respectively, which was
better than the error rate of betaine (69 x10®). Despite the fact that the current fidelity results
are not sufficient enough to prove CNT as a viable PCR additive, the data is still promising

for further investigation of CNTs in PCR.

** and

There are a large number of reports proving the exceptional therma
mechanical®® properties of CNTs, however, there is still lack of information on the impact of
these parameters in PCR which is already a heat-transfer technique. It has been reported that
thermal conductivity of individual SWCNTs (9.8 nm in diameter) measured at room
temperature surpasses 2000 W/mK and increases as its size decreases in diameter*®. Although
the thermal conductivity of bulk CNTs is lower than SWCNTs, the minimum thermal
conductivity is still significantly higher than pure water (0.6 W/mK at 20 °C)*. This
information proposes that CNT-containing PCR suspension would have a higher thermal
conductivity and thus could provide a better thermal transfer and heat equilibrium in PCR
tubes. Based on this assumption, Quaglio et al." introduced metallic MWCNTs into Poly
(Dimethyl) Siloxane (PDMS/CNTs) to monitor alteration in PCR efficiency originating from
only thermal properties of the nanocomposite. In the experiment, nanocomposite is deposited
on a chip based PCR system and blocking the surface with Bovine Serum Albumin (BSA)
prevented surface effect of CNTs. The results displayed a considerable reduction in total
reaction time by 75% demonstrating the direct advantage of the MWCNTs in the

nanocomposite. Consistent with that result, Cao et al."”

obtained improved PCR products at
varying annealing temperatures between 30-55 °C, in which improvement has also been

affected by different surface charges of polyethyleneimine-modified MWCNTs.



As presented in Figure 1.3.2, both negatively-charged MWCNTs (acid-treated pristine
MWCNTs and succinic anhydride-modified CNT/PEI) and positively charged MWCNTSs
(CNT/PEI) improved the efficiency and specificity of PCR with optimum concentrations of
2.3x107 and 6.3x10"" mg/ml, respectively. Nevertheless, neutral MWCNTS (acetic anhydride

modified-CNT/PEI) showed neither improvement nor inhibition under similar conditions.

These observations suggest that the mechanism of CNT-assisted PCR cannot be
thoroughly explained with improved heat conductivity since other factors such as surface
charge and electrostatic interactions between nanomaterial and PCR components also
contribute to PCR enhancement. In order to probe the physical interaction between MWCNTs
and PCR reagents, major PCR components; primers, template (283bp) and DNA polymerase
(recombinant) are individually incubated with negatively-charged acid-treated pristine
MWCNT at a concentration of 12.4 mg/ml and then combined with remaining PCR reagents

prior to thermal cycling'”.

It has been discovered that incubation of primers and DNA polymerase with
MWCNTs prior to thermal cycling decreases the efficiency of PCR slightly as a result of
restricted interaction of the template with primers and the enzyme. It should be noted that the
type of polymerases (recombinant, mutant, 7aq, Pfu polymerase), primers, length and
sequence of templates and physical properties of CNTs vary from one study to another, so
owing to their unique structures they might exhibit different behaviors when they are

interacted with CNTs.

For instance, in contradiction to previous findings, Yi et al."” reported that CNTs
(SWCNT, SWCNT-COOH, MWCNT and MWCNT-COOH) either reduced or inhibited the

PCR reactions where the inhibitory effect increased in the order of CNT-COOH > Pristine



CNT and SWCNT > MWCNT. In order to discover the source of inhibition, authors surveyed
the interaction between CNTs and wild type Tag DNA polymerase by incubating the enzyme
with different types of CNTs at various thermal conditions. The data obtained revealed the
adsorption of Tag DNA polymerase onto the CNTs regardless of their surface charges or
functional groups. Interestingly, it has been also stated that the adsorbed enzyme maintained

its activity during PCR, which was evident with target bands on agarose gel.

In agreement with this result, Williams et al."> reported that the adsorption of Tag
DNA polymerase on SWCNT is unlikely to inhibit PCR reaction. Eventually, inhibition of the
reaction is anticipated as nanomaterial-induced formation of free radicals. There is however
no direct experimental evidence of oxidative stress caused by CNT-derived free radicals,*® on
the contrary, MWCNTs are shown to have a significant radical scavenging capacity.’® From a
different point of view, if the enzyme were still active after adsorption, the reduced band
intensities of the targets would be explained with the adsorption of amplified DNA onto
CNTs, which would gradually prevent their visibility on the gel at increasing concentrations.
To prove such an adsorption of the amplified DNA, purified PCR products could be subjected
to thermal cycle with CNTs at different concentrations and evaluated on a high-resolution gel
(for example native polyacrylamide gel) under similar conditions. Additionally, the presence
of large CNT bundles and the formation of the new bundles during thermal cycles could be
other reasons for such inhibition, which may be eliminated or reduced by advanced probe-

sonication and filtration steps.
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Figure 1.3.2: The effect of different surface charges on CNT-assisted PCR. First lane

is marker and last lane is negative control a) Negatively chargedacid-treated pristine
MWCNT, from lane 1 to 6, the final concentrations are 0, 15.52, 23.28, 31.04, 38.80,
and 46.56 mg/L, b) Positively charged PEI-modified MWCNT, from lane 1 to 6, the

final concentrations are 0, 0.17, 0.22, 0.28, 0.39, and 0.44 mg/L, ¢) Neutral CNT/PEI

modified with acetic anhydride, from lane 1 to 5, the final concentrations are 0, 6.19,

18.57, 30.95, and 43.34 mg/L, d)Negatively charged CNT/PEI modified with succinic
anhydride, from lane 1 to 6, the final concentrations are 0, 0.54, 0.63, 0.78, 0.82, and
0.86 g/L, respectively. Reproduced with permission from Ref: '” Copyright © 2009

Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim.
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1.5. The Other Laboratory Techniques

PCR purification, Polyacrylamide Gel Electrophoresis(PAGE), Dynamic Light
Scattering(DLS), Scanning Electron Microscopy(SEM) techniques are used in this study. The
most focused and the main technique are PCR and nanoPCR that have carbon nanotube
additives. PAGE is used for visualizing the yield of PCR as band intensities. DLS and SEM

are implemented for surface morphology and characterization.

Agarose gel is generally used to visialize PCR bands. However, in this work
polyacrylamide gel electrophoresis is used instead of agarose gel. Agarose gel is appropriate
for resolving nucleic acid fragments that are around 10-15 kb as size. Below this range, it is
difficult to seperate and visualize because in the gel matrix there is diffusion. On native
polyacrylamide gel, fragments that are as small as 10 bp can be seperated since it provides
high resolution. Native PAGE has the advantage of having high loading capacity in a single

well thus seperating small fragments effectively.

Native Polyacrylamide gel is formed by polymerization of acyrlamide monomers into
long chains that are covalently attached by a cross-link agent as bisacyrlamide and they both
break down in solution to acrylic acid that have impacts on mobility of the molecules through
the gel matrix. Ammonium persulfate (APS) is used to initiate the reaction which is further
stabilized by TEMED. For native PAGE, the pore size is significant and is determined by the
percentage expression of total acrylamide. There is an inverse proportion between pore size
and percentage of the acrylamide which means as the percentage of the gel increases, the pore
size decreases. For the successful seperation of DNA fragments, polymerization of gel and

percentage of acrylamide are significant.*’
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DLS technique was used to measure hydrodynamic size distribution of the NH,-
MWCNT dispersions. Malvern Zetasizer Nano ZS was equipped with a vertically polarized
He—Ne laser (633 nm) operating at 173° (Malvern Instruments, ZEN3600, UK). DLS
technique provides a hydrodynamic size distribution calculated via the Stokes-Einstein
equation from the dynamic fluctuations of light scattering intensity which is generated from
Brownian motion of the spherical particles. Although DLS technique assumes particles as
perfect spheres, it still could provide valuable information for CNT’s hydrodynamic size
distribution as previously reported *'™*, based on CNT length and diameter by using the

following equations:

Translational diffusion coefficient (Dy) of a CNT or any other cylindrical structure® is:

t

3m1L [1n( ) + 0.32]

Where k is the Boltzmann’s constant, T is temperature of the medium, 1 is the
viscosity of the medium, L is the CNT length and d is the CNT diameter. We can introduce
this equation into the Stokes-Einstein relationship, which DLS technique utilizes to deduce

hydrodynamic diameter (Dy) from the translation diffusion coefficient, D,

KT L
3mDy, ' " In(L/d) + 0.32

D, =
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2. Objective
The aim of this thesis is to investigate the impacts of pristine, amine and carboxyl
functionalized single-walled carbon nanotubes on PCR which is for randomized DNA library.
In addition to that, interaction between SWCNTs and major PCR components are also

explored.

The motivation for this work is observing the increase or decrease on the efficiency of
PCR products in the presence of pristine, SWCNT-NH; and SWCNT-COOH. For this work
PCR, polyacrylamide gel electrophoresis, dynamic light scattering(DLS), UV-Vis-NIR

spectroscopy and scanning electron micrsocopy(SEM) techniques are used.

Challenges are faced during the working with single-walled carbon nanotubes that can
get easily agglomerated. During PCR, SWCNTs are agglomerated at the bottom of the PCR
tubes which is the difficulty of that study. Due to agglomerated SWCNTs, it was unable to
declare that the bands that are visualized are desired PCR product. Thus, on this work
sonicated, centrifuged and filtered SWCNTSs are used to observe the difference between the

samples that contain larger agglomerates and the samples contain smaller agglomerates.

There is possibility that SWCNTs can bind major PCR components as template, Taq
polymerase enzyme, forward primer and reverse primer. The main hurdle of this work is

visualizing primer dimers which is by-product of PCR.

On the other hand, SWCNTs are used as PCR enhancers which makes the work
efficient. This work will be efficient for the future applications focusing on exploitation on

SWCNTs biological systems as nanobiology, nanomedicine and so on.
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3. Materials

3.1. Chemicals

Pristine, amine functionalized and carboxyl functionalized single-walled carbon
nanotubes were purchased from Graphene Chemical Industries Co.(Ankara, Turkey). PCR
reagents are purchased from KAPA Biosystems Co. (Catalogue no: KK1008, Woburn, MA,
USA). 30% Acrylamide/Bis Solution, 29:1, Tetramethylethylenediamine (TEMED) and

Ammonium persulfate (APS) were purchased from Sigma-Aldrich (St. Louis, MA, USA).

All glasswares, PCR tubes, eppendorfs and pipet tips were autoclaved by using
Hirayama autoclave (Che Scientific Co., Hong Kong). In addition,, 5x PCR Buffer and 10x
TBE Buffers were prepared in our lab and autoclaved. For 5x PCR Buffer, 10x PCR Buffer
wasprepared in our laboratory as mixing 500 mM KCI, 100 mM Tris-HCI pH 8.3 amd 1%

Triton X-100 and from 10x PCR Buffer, 5x and 1x PCR buffer is obtained as diluting.
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4. Methods

4.1. Preparation of Single-walled Carbon Nanotubes Dispersions

Single-walled carbon nanotubes were purchased as powder and they were resuspended
in autoclaved Milli-Q water at 1 mg/mL final concentration. Tween 20 which is nonionic
detergent was used as dispersion agent that is for making dispersion process easier Tween 20

is used 0.1% at final concentration.

Sonication was performed at room temperature on ice by using microtip probe at 35%
amplitude for 1 hour with 10 seconds pulse on and 15 seconds pulse off. After sonication,
four 1.5 ml eppendorf tubes of single-walled carbon nanotubes were taken and centrifuged at
14000 rpm for half an hour. Following the centrifugation process, supernatant of single-
walled carbon nanotubes were taken and 250 ul from bottom of the tubes was discarded. This
step was repeated for two times. The aim of the centrifugation and discarding the bottom was
to eliminate the bigger aggregates. Finally, two centrifuged eppendorf tubes from four tubes
werefiltered with Millipore Polycarbonate Syringe 0.2 pm filteres with the aim to eliminate
the bigger agglomerates and acquire smaller dimensioned nanotubes.

4.2. UV-Visible Near Infrared (UV-Vis-NIR) Spectroscopy
Measurements

The absorbance of single-walled carbon nanotubes was measured by using Varian
Model Carry 5000 UV-Visible-Near-Infrared Spectroscopy (Agilent Instruments, USA). The
samples were prepared at different concentrations of single-walle carbon nanotubes were
suspended in autoclaved Milli-Q water that included 0.1% Tween 20. Absorbance was

measured with Quartz Cuvettes with a light path of 10 mm and volume with 700 pl. As a
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reference, Milli-Q water including 0.1% Tween 20 that is only surfactant, was measured to
substract from the samples which included single-walled carbon nanotubes at different

concentrations.

4.3. Preparation of Amine functionalized Single-walled Carbon
Nanotubes and Magnetic Beads

To visualize binding interactions between single-walled carbon nanotubes and major
PCR components as DNA template, DNA polymerase enzyme and primers, magnetic beads
were prepared. The prepared magnetic beads were interacted with single-walled carbon

nanotubes.

25 pl carboxylic acid functionalized magnetic bead that is used for amine
functionalized single-walled carbon nanotubes is taken from main stock which had
concantration of 10mg/ml. The supernatant of magnetic bead was taken by using magnetic
stand. Magnetic beads were washed with 25 mM MES Buffer (pH 5.5) for five times and
supernatant was removed. The ligand is dissolved in MES Buffer and 300 pl of newly
sonicated and centrifuged 300 pl carboxyl functionalized single-walled carbon nanotubes

were added.

Independently from these processes, 10 mg 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide (EDC) was dissolved in 1 ml autoclaved Milli-Q water and 10 mg N-
Hydroxysuccinimide (NHS) was dissolved in 1 ml autoclaved Milli-Q water. 100 ul EDC and

100 ul NHS was mixed together and well vortexed.

Five 1.5 ml eppendorf tubes were prepared that included different concentration of

single-walled carbon nanotubes. The ingredients of the tubes can be seen on the table below.
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Eppendorf |Eppendorf | Eppendorf | Eppendorf | Eppendorf
1 2 3 4 5
Amine Functionalized
SWCT 25 ul 50 pl 75 pul 100 pl 125 pl
Carboxyl
Functionalized
Magnetic Beads 50 pul 50 ul 50 pul 50 ul 50 ul
MES Buffer (pH 5.5) |105 pl 80 pul 55 ul 30 pl Sul
EDC-NHS 20 ul 20 pl 20 ul 20 pl 20 pl

Table 4.1: The different concentrated of single-walled carbon nanotubes for preparation of

magnetic beads.

These five 1.5 ml eppendorf tubes that included different concentration of amine
functionalized single-walled carbon nanotubes and carboxyl functionalized magnetic beads,

EDC-NHS and MES Buffer were mixed well and shaked overnight at room temperature.

Beads were washed for three times with 150 pl MES Buffer and three times with 150
ul Milli-Q water including 0.1 % Tween 20 and three times with 175 pl Milli-Q water. To
eliminate the unbound single-walled carbon nanotubes from the incubated media, washing
steps with MES Buffer, Milli-Q water including 0.1 % Tween 20 and Milli-Q water was

performed.

Finally, amine functionalized single-walled carbon nanotubes and carboxyl

functionalized magnetic beads were resuspended in 400 pl autoclaved Milli-Q water.

4.4. Scanning Electron Microscopy (SEM)

To prove whether to visualize the beads were covered with single-walled carbon
nanotubes or not, Scanning Electron Microscopy (LEO Supra 35 VP Field Emission SEM)

was used. For Scanning Electron Micrsocopy visualization, 1 pl of samples are dropped on
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clean Silicon Wafers, dried for four hours at room temperature and dried by vacuum before

visualizing.

4.5. Polymerase Chain Reaction(PCR)

94mer random DNA oligonucleotide library and the primers were purchased from
Microsynth (Microsynth GmbH, Balgach, Switzerland). The random oligonucleotide library
includes 50mer random region flanked by fixed and known primer binding sites at 5’ and 3’
end (5'-AGCTCCAGAAGATAAATTACAGG N50 CAACTAGGATACTATGACCCC-3').
The random oligonucleotide library was amplified using a protocol as 25 pl of reaction
mixture which contained 1U of KAPA Taq Polymerase enzyme, 2.5 ul of KAPA 10x PCR
Buffer A, 0.5 10 mM dNTPs mixture, 1 pl 25 mM MgCI2, 20 pl autoclaved Milli-Q water,
0.5 pl 30 ng/ul single stranded DNA template, 0.5 pl 160 ng/ul Forward Primer and 0.5 pl

Reverse Primer.

4.6. PCR Purification

In order to clean double-stranded DNA from the excess of primers, salts and dNTPs;
20 tubes of PCR reaction were preapared as 25 pl of reaction mixture which contains 1U of
KAPA Taq Polymerase enzyme, 2.5 pl of KAPA 10x PCR Buffer A, 0.5 10 mM dNTPs
mixture, 1 ul 25 mM MgCl,, 20 pl autoclaved Milli-Q water, 0.5 pl 30 ng/ul single stranded
DNA template, 0.5 pl 160 ng/pl Forward Primer and 0.5 pl Reverse Primer. All PCR
products were mixed together and divided into two 1.5 ml eppendorf tubes as 250 ul pf PCR
products. 125 pl SM ammonium acetate was added on the PCR product mixed and vortexed
well for 30 seconds. 375 pl of absolute ethanol was added and mixed well, finally vortexed
for 30 seconds. Samples were incubated at -80 °C for overnight to get frozen. At at 14 000

rpm for 1 hour, samples were centrifuged for 14,000 RPM, 1 hour at 4 °C Supernatant of the
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samples was taken and suspended in 35 pl autoclaved Milli-Q water and the sample were

incubated at 45 °C on the hot block to evaporate ethanol for an hour.

At the end of the PCR purification, concentration was measured as 1pl on nanodrop
and diluted till 30 ng/pl.

4.7. Single-walled Carbon Nanotube-Assisted Polymerase Chain
Reaction

Single-walled carbon nanotubes were added as PCR components into the reaction
tube. Firstly, single-walled carbon nanotubes were added in PCR tubes at different
concentration by performing serial dilution with water. Master mix was prepared and
seperated into each PCR tubes with total volume 25 pl. PCR protocol used was 3 min at 95 °C
followed by 8 cycles of 20 seconds at 95 °C, 20 seconds at 58 °C and 20 seconds at 72 °C. A
final extension step at 72 °C for 1 min. PCR is performed by using Master Cycler Gradient

384 (Eppendorf, NY, USA).

4.8. Polyacrylamide Gel Electrophoresis(PAGE)

After PCR, samples that included single-walled carbon nanotubes were spinned down
for one minute on a bench-top mini centrifuge and supernatants were loaded on gel. Two
pieces of 6% native polyacrylamide gel was prepared by mixing 3 ml 30% Acrylamide/Bis
Solution (29:1), 3 ml 5x TBE, 7 ml autoclaved Milli-Q water, 20 pul
Tetramethylethylenediamine (TEMED) and 200 pl Ammonium persulfate (APS). 5x TBE
was diluted from 10x TBE buffer that was prepared as main stock in our laboratory. For 1 ml
10x TBE Buffer, 108 g Tris-base, 55 g Boric acid and 40 ml 0.5 M pH 8 EDTA were

dissolved in 800 ml distilled water. Buffer was left on stirrer overnight at 60°C. 5x TBE
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Buffer was prepared by diluting with half amount of water and half amount of 10x TBE stock

buffer.

5 pl sample which was taken from top of the PCR tube and 1 pl 6x loading dye was
mixed well on parafilm and loaded per each well as 5 pl. Gel was runned at 100 volts for 65
minutes in BioRad Mini Protean Cells (Biorad, Hercules, Ca) that is filled with 5x TBE

Buffer as running buffer.

For visualizing, gel was stained with 10 mg/ml Ethidium Bromide solution which is
prepared by resuspending 50 ul Ethidium Bromide in 500 ml 5x TBE Buffer. After running
has been finished, the gel was stained with Ethidium Bromide solution for one minute and
washed with autoclaved Milli-Q water for 1 minute. DNA bands were visualized under

BioRad GelDoc EZ Digital Systems (Biorad, Hercules, Ca).

Gel images were analyzed by using Imagel software that is based on the black and

white color intensities in pixels of the bands and the background of the bands.

4.9. Dynamic Light Scattering(DLS)

Ix PCR Buffer was prepared for sample preparation to measure. 1x PCR Buffer was
diluted from 10x PCR Buffer that was prepared as main stock. For 50 ml 10x PCR Buffer, 25
ml of 1M KCI, 5 ml of IM Tris-HCIL, 0.5 ml of Triton X-100, 19.5 ml of water and 100 pl
25mM of MgCl,were mixed together. The well mixed 10x PCR Buffer was filtered with

Millipore Polycarbonate Syringe 0.2 pm filter to make the solution pure.

Samples were prepared by diluting in 1x PCR Buffer by thousand folds and
transferred into the quartz DLS Cuvettes which were square cell with 12mm O.D.

(Malvern,Germany).
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Dynamic Light Scattering is used for measuring the hydrodynamic radius of single-
walled carbon nanotube dispersions. The machine, Malvern Zetasizer is programmed as
vertically polarized He-Ne laser at 633 nm operating at 173° (Malvern Instruments, ZEN

3600, UK).

Data collecting was performed by using NLS algorithm that uses 45 measurement

cycles for each sample and each independent measurement is repeated as 15 scans.

Tempereature studies were performed due to thermal changes under PCR machine,
changes are set from 20 °C to 90 °C with 5 °C increment which included all temperatures of

polymerase chain reaction.

Samples were equilibrated for five minutes before each temperature point. On the
software of Zetasizer results were given as the average and standard deviation from at least

three measurements.
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5. Results

5.1. Preparation of Single-walled Carbon Nanotubes Dispersions

The powdered single-walled carbon nanotubes were resuspended in Milli-Q water
including 1% Tween 20 were sonciated at room temperature on ice by using microtip probe at
35% amplitude for 1 hour with 10 seconds pulse on and 15 seconds pulse off. This process
was performed on ice to decrease the risk of bundles. The biggest problem about working
with carbon nanotubes is agglomeration. To remove the bigger agglomerated carbon

nanotubes, centrifugation was performed.

We used pristine that has no functional group, SWCNT-NH; and SWCNT-COOH. All
of them were prepared and sonicated at the same conditions. However, the sonication of
pristine took more time and was difficult in comparison to the othes. The sonication duration
speed ranking is SWCNT-NH,>SWXNT-COOH>Pristine. The functional groups had impacts
of dispersity.

5.2. UV-Visible Near Infrared (UV-Vis-NIR) Spectroscopy
Measurements

Varian model Carry 5000 UV-Vis-NIR Spectrophotometer (Agilent Instruments,
USA) was used to measure absorbance of the prepared SWCNT dispersions. All samples
were diluted by thousand fold with sterile Milli-Q water containing Tween ;o at 0.1% final
concentration, and scanned in quartz cuvettes between 200-1200 nm with 1 nm intervals. The
Milli-Q water including only the surfactant at 0.1% final concentration was used as reference,
in which the absorbance values of this sample was subtracted from the absorbance of the

SWCNT samples. The final SWCNT concentrations of the samples were calculated applying

23



the Lambert—Beer law: A= €.C.L, where A is the absorbance at a given wavelength, C is the
SWCNT dispersion concentration (mg mL™), ¢ is the effective extinction coefficient and L is
the optical pathway, which is given by the length of the quartz cuvette (1 cm). The absorbance
values of 500 nm for SWCNT-P ¥/, 850 nm for SWCNT-NH, ** and 1025 nm for SWCNT-
COOH * were used along with the extinction coefficient values of 30.5 mL.cm™.mg™”, 7.9
and 12.8 L.g".cm™, respectively.

5.3. Preparation of Single-walled Carbon Nanotubes and Magnetic
Beads

To observe binding interactions between single-walled carbon nanotubes and major
PCR components as DNA template, DNA polymerase enzyme and primers, magnetic beads
are prepared. The prepared magnetic beads were interacted with single-walled carbon
nanotubes. Magnetic beads and SWCNT-NH; were covalently bounded to each other with
EDC-NHS crosslinking that is the process of chemically binding of more than two molecules

by covalent bonds.

Eppendorf |Eppendorf | Eppendorf | Eppendorf | Eppendorf
1 2 3 4 5
Amine Functionalized
SWCT 25 pl 50 pl 75 pul 100 pl 125 pl
Carboxyl
Functionalized
Magnetic Beads 50 pul 50 ul 50 pul 50 ul 50 ul
MES Buffer (pH 5.5) |105 pl 80 ul 55 ul 30 ul Sul
EDC-NHS 20 pl 20 ul 20 pl 20 pl 20 ul

Table 5.3.1 : The different concentrated of single-walled carbon nanotubes for preparation of

magnetic beads.
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Figure 5.3.1: Preparation of magnetic beads that are covered with SWCNT-NH,

A. Naive beads B. Naive beads C. Modified beads D. Mofidied beads

Figure 5.3.2: SEM micrographs of the Naive (A and B) and SWCNT-NH2 modified

magnetic beads (C and D).

Beads were washed for three times with 150 ul MES Buffer and three times with 150

ul Milli-Q water including 0.1 % Tween 20 and three times with 175 pl Milli-Q water.

After washing step 1 pl of samples were dropped on clean Silicon Wafers, dried for
four hours at room temperature and dried by vacuum before visualizing. Whether to visualize
the beads are covered with single-walled carbon nanotubes or uncovered Scanning Electron

Microscopy (LEO Supra 35 VP Field Emission SEM) is used.

For SEM visualization, Dr.Hasan Kurt is expertized for this work. The results are not

at the high quality. Single-walled carbon nanotubes are smaller than salts which the buffer of
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magnetic beads have. Thus, SWCNTs are not observed. The bigger salts are visualized under
the SEM. In addition to that, at the step of preparing magetic beads which are covered with
SWCNTs the binding can be observed with bare eye. On the Figure 5.3.1., there are
eppendorfs are seen and in these eppendorfs carbon nanotubes are seem as black. If the

magnetic beads and SWNCTs are bounded successfully they can be seem as brownish colour.

5.4. Dynamic Light scattering(DLS)

Carbon nanotubes have the propensity to self-agglomerate into larger bundles and
ropes with strong van der Waals interaction energy (ca. 500 eV/um of tube contact)®® which
makes the carbon nanotube dispersion a challenging task. It is known that dispersion quality,
aggregate size, polydispersity and morphology of the carbon nanotubes affects their
mechanical and electrical properties as well as biological activities.”' In the current study, a)
sonicated, b) sonicated and centrifuged, c) sonicated, centrifuged and filtered water
dispersions of SWCNT-P, SWCNT-NH,; and SWCNT-COOH produced via CVD method
were tested in the PCR amplification of two different DNA templates in order to understand
the impact of dispersion states and surface charges in the final amplification yield of the
templates. To evaluate the relative size distribution of the prepared SWCNT dispersions, we
used the DLS technique based on the Stokes-Einstein equation® > and the UV-Vis-NIR
spectrophotometry technique for the actual concentration measurements. Figure 5.4.1 shows
the influence of centrifugation and filtration steps on removing the big CNT aggregates and
bundles from the sonicated dispersions. The relative hydrodynamic size distribution of
SWCNT-P and SWCNT-COOH dispersions sharply decreased from thousand to hundreds
nanometers following the centrifugation step and a moderate intensity change was observed

after the membrane filtration. On the other hand, sonicated SWCNT-NH, dispersion presented
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a uniform size distribution between 100-500 nm, which replaced with smaller agglomerates
around 220 nm and 190 nm after the centrifugation and filtration steps, respectively. The Z-
average hydrodynamic diameters of the samples with polydispersity indexes were provided in

SL
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Figure 5.4.1 :Variation in relative hydrodynamic size distribution of the SWCNT-P (A),
SWCNT-NH2 (D) and SWCNT-COOH dispersions (H) upon centrifugation (B, E, I) and
membrane filtration (C, F, J). The data shows the collective result of three different
measurements for each SWCNT dispersion. The concentrations of the SWCNT dispersions
calculated from Beer-Lambert equation were found to be 137, 54, 27 ng/ml for the sonicated,
centrifuged and filtered SWCNT-P; 152, 52, 31 pg/ml for the sonicated, centrifuged and
filtered SWCNT-NH,; 234, 126, 98 pg/ml for the sonicated, centrifuged and filtered

SWCNT-COOH dispersions, respectively.
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Figure 5.4.2.: Comparison of different types of SWCNTs on the base of filtration,

centrifugation and sonication.

The size of SWCNT-NH; is measured in 1x PCR Buffer at the range of 25°C and 95°C
to observe the relative hydrodynamic size changes when temperature has been changed.
Between 25°C and 95°C is choosen because this range includes the thermal cycler
temperature changes. According to the data that are obtained from DLS for temperature

dependent size change shows that size is increased at the high temperatures however this
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increase is not even. It can be said that SWCNTSs are not stable and they have tendency to

agglomerate but they are not stable in the solution.
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Figure 5.4.3.: Size changes of SWCNT-NH; with change of temperature.

To understand that whether template is bind to SWCNTs with the temperature
changes, we incubate SWCNT and template for DLS measurements. The temperature change
range isfrom 25 ° C to 95 ° C that includes the temperature points as PCR have. According to
datas, it can be said that SWCNTs have bind to templates because with increasing

temperature, size is also increases.
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Figure 5.4.4. : The size changes of SWCNT-NH; in the presence of template.

To compare the sizes of SWCNTs and SWCNTs and template incubated sample, both
graphs are plotted together. The graph shows that SWCNT with tempate have smaller sizes in
comparison to SWCNTs which can be explained as when there is only SWCNT-NH,, they
can bind each other and agglomerate. On the other hand, in the presence of template there is
tendency to bind template for individual SWNCT-NH, because NHj is positively charged and
DNA is negatively charged. Thus, there is more tendency to bind between negatively charged

DNA and positively charged NH,.
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Figure 5.4.5. : The size comparison of SWCNT-NH, with and without template.

5.5. Polimerase Chain Reaction and Polyacrylamide Gel
Electrophoresis

PCR is performed with pristine, SWCNT-NH, and SWCNT-COOH as sonicated,
centrifuged and filtered to understand their impacts. SWCNTs are added in PCR tube firstly
and serial dilution with 1:1 ratio is performed to observe the difference that based on
concentration which are seen on the table. At the end the master mix of PCR is added on the
SWNTs. Master mix is added as a drop on the surface of PCR tube and they are scrolled
down at the same time with all of them to eliminate the possibility of binding of components

before PCR. The components of PCR and serial dilution of SWCNTSs are seen on the table
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below. After PCR tubes are perapared, thermal cycle is performed and the program is seen on

the table.

PCR (25 ul total)
10x KAPA Taq Buffer A 2.5 ul
dNTP(10mM) 0.5 pl
Forward Primer(165.4 ng/ ul) [ 0.25 pl
Reverse Primer (60 ng/ pl) 0.25 ul

MgCl2(25mM) 1ul
KAPA Taq Wild Type Enzyme | 0.25 ul
Template(30ng/ul ) 0.5 pl

Table 5.5.1.: The components of PCR

Thermal Cycle (Number of cycle : 8)

Temperature Time duration
95 °C 3 minutes

95 °C 20 seconds
58 °C 20 seconds
72°C 20 seconds
72 °C 1 minutes

Table 5.5.2.: The program of thermal cycler

Eppendorf Concentration of
Name SWCNTs
0.003 mg/ml
0.007 mg/ml
0.015 mg/ml
0.031 mg/ml
0.062 mg/ml
0.125 mg/ml
0.25 mg/ml
0.5 mg/ml
1 mg/ml

OO NN WIN |-

Table 5.5.3. : The concentration of SWCNTSs in PCR tube that is prepared by serial dilution
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The filtered, centrifuged and sonicated SWCNTs are loaded on the gels at the different
concentrations. According to gel images, it is observed that for pristine at the higher
concentration for sonicated SWCNTSs the reaction have been inhibited. On the other hand,
filtered and centrifuged SWCNTSs have better results in comparison to the sonicated ones at
the higher concentrations. All of SWCNTSs are used at the optimum concentration of 1 mg/ml
which are dispersed in Milli-Q water including 1% Tween20. According to gel images, it can
be seem that at different concentrations all kinds of SWCNTs have various efficiency on

PCR.

SWCNT-NH2 Concentration

Figure 5.5.2 : From left to right, the images are for filtered, centrifuged and sonicated

SWCNT-NH2 at the maximum concentration of 1 mg/ml including 1% Tween20. First lane is
100bp DNA Ladder. Lane 1 is for 1 mg/ml and the others are serial dilutes as the ratio of 1:1

from the lane 10 to lane 2.
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Pristine Concentration

Figure 5.5.3.: From left to right, the images are for filtered, centrifuged and sonicated Pristine
at the maximum concentration of 1 mg/ml including 1% Tween20. First lane is 100bp DNA

Ladder. Lane 1 is for 1 mg/ml and the others are serial dilutes as the ratio of 1:1 from the lane

10 to lane 2.

SWCNT-COOHConcentration

Figure 5.5.4. :From left to right, the images are for filtered, centrifuged and sonicated
SWCNT-COOH at the maximum concentration of 1 mg/ml including 1% Tween20. First lane
is 100bp DNA Ladder. Lane 1 is for 1 mg/ml and the others are serial dilutes as the ratio of

1:1 from the lane 10 to lane.
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6. Discussion
There are many studies on the literature about carbon nanotubes in the context of their
impacts on PCR as PCR ehnancers which can be acted as Mg+2. PCR enhancers improve the
efficiency and specificty of final PCR product and recently nanomaterials are used as PCR
additives which is termed as nano additives. For the first time Cui et al. presented that there is
a possibility of binding between CNTs and DNA polymerase and that binding can increase
the activity and stability of the enzyme .°® Thus, addition of CNTs can be effective due to

their ability for enhancing the activity of polymerase enzyme.

On the other hand, Yi et. al proved that the activity of Taq polymerase enzyme is
inhibited by CNTs .’ In addition to that, it was found that CNTs can bind spontaneously to
the PCR components that can be the reason of the inhibition of the reaction.'® SWCNTs
interaction with PCR components have a correlation with their dispersion. Filtered SWCNTSs
are individual and short nanotubes on the other hand sonciated SWCNTSs have agglomerated.
To minimize the interaction tendency of SWCNTs with PCR reagents, removing the
agglomerated SWCNTs is an effective way as it is explained in that work. To understand the
interaction between SWCNTSs and reagents of PCR, individually all of the reagents shoud be

observed with SWCNT as an interaction.

At higher concentrations, well-dispersed short SWCNTs are resulted lower PCR
efficiency. The reason of that result can be thermal conductivity of the PCR solution via
SWCNTs that is resulted as effective thermal conductivity. Thermal conditions have impacts
on efficiency of PCR and PCR is tmeperature based reaction. The networking of SWCNTs
can builded because of high effective thermal conductivity of SWCNTs. To improve PCR,

hot start PCR with well dispersed CNT can be effective.
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As a result of work, it is clear that SWCNTSs have impacts on PCR positively and
negatively. All the findings show that utilization of SWCNTs in biological applications have
an aim as enhancement of PCR. In many reports, CNT bundles and aggregations are founded
that they inhibit the reaction. Thus, more work is needed to understand clearly the effects of

bundles and agglomerations on PCR.

The other following work should explain the binding interactions between CNTs and
PCR components as template, polymerase enzyme and primers. To understand putative
interactions between CNTs and major PCR components, bead assay can be performed with
MWCNTs and magnetic microspheres. OnYuce’s work bead assay is experienced with
MWCNTs and modified magnetic beads to investigate the possible interactions of MWCNTs
and PCR components and demonstrate that DNA template, primers and Taq Polymerase

enzyme have an ability to attach on the surfaces of MWCNTs with different tendencies.™
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7. Future Perspectives

This work could be useful for the further studies that are focused on exploitation of
SWCNTs in biological systems for nanobiology, nanomedicine and biosensing. On the
ground of the findings about usage of CNTs both MWCNTs and SWCNTs as PCR enhancers
enhance the specificity of PCR with a comprimised yield. The mechanisims of carbon
nanotube-assisted PCR 1is still obscure. There are already some unknown evidence about
interaction between CNTs and major PCR components. There are possibilities about different
nanoparticles can display different impacts at various concentrations.

According to literature, there are many evidences that is about different polymerase
enzyme and different PCR models as long PCR, GC rich templates and so on can be affected
different from addition of CNTs. These variations can affect on biocehemical reactions which
is critical for future applications of nanomaterials.

Whether the appropriate concentration and nanomaterial is determined, PCR can be
improved for obtaining high qualified and high amount of desired product. In addition to that,
there is a possibility for eliminating PCR optimization step in the presence of nanomaterials.

To sum up, various nanomaterials give a new insight and opportunities for developing
PCR that is the most significant and most used method in molecular biology for numerous of
applications. Varied PCR systems as GC-rich template amplification, long fragmented DNA
amplification and multiple rounded PCR amplification needs to have superior results and in
these kind of PCRs there are many difficulties are faced with. To eliminate these difficulties
and obtain high qualified results, nanomaterial-assited PCR should be well improved.
NanoPCR is promising application in the most biology and biomedical studies.

For the further researches in this fied, scientists can design nano additives for PCR that

can used for one single reactions, fabricate PCR tubes and PCR plates that are covered with
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nano additives, fabricate thermal cycler that is appropriate for nanoaddives. Thus, PCR
applications can be addressed in a cost-effective, simple and time-effective manner that can

be significant for many research areas as biology and medical.
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8. Conclusion
Carbon Nanotubes have attracted by researchers due to their unique electronic,
thermal, optical and mechanical properties.” These unique properties make CNTs promising
materials for many applications. Nanobiotechnology emerges with integration of biological

techniques and nanomaterials.

There are many problems faced with PCR amplification as obtaining nonspecific by-
products, low final yield and complexity of GC rich and long genomic DNA amplification. In
order to eliminate and minimize these problems, PCR is supported with nanomaterials. A
novel area is developed which is based on obtain superior amplification PCR products, is
termed as nanoPCR.'? NanoPCR has difference from conventional PCR as introducing
nanomaterials into PCR components. NanoPCR is developed because amplifying low copy
number of DNA is essential for many applciations. The main benefits of NanoPCR are

increased final yield and higher specificity of the target product.

In our work, different types of single-walled carbon nanotubes as pristine, amine
functionalized, carboxyl functionalized are used as PCR enhancers. For carbon nanotubes,
agglomeration is the most common challenge that must be eliminated to have quality PCR
product. Here, we showed that the impacts of pristine, SWCNT-NH, and SWCNT-COOH as
sonicated, centrifuged and filtered on PCR. All of them experienced at different
concentrations. Our data shows that SWCNTs can agglomerate immediately and at the higher
concentration, they make huge agglomeration that inhibits the reaction. The data show that
the amount of huge aggregates can be eliminated by centrifugation and filtration can make
PCR more efficent at the optimum concentration. In addition to that, our result shows that
successful amplification of random DNA library with SWCNTs is not dependent to sequence

of the target DNA. This finding is similar to Gigliotti’s finding which is about long genomic
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single stranded random DNA is amplified with disperse CNTs and CNTs efficiently

worked.*

In conclusion, carbon nanotube-assisted PCR is promising application in various
biological studies. The significant information that is obtained from this work is SWCNTs
have a great tendency to agglomerate in a while. Thus, big agglomerated SWCNTs should be

eliminated to have qualified results.
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