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ABSTRACT

There are different kinds of recognition molecules that specifically can detect and bind target molecules. 

Antibodies, with their two light and two heavy chains can detect and bind any kind of antigens. Molecular 

imprinting is a technology to prepare specific polymers that selectively bind target molecules. The 

technology has received wide attention in recent years because it provides a viable method for creating a 

polymer that is complementary in shape and binding sites to a template. The synthesized polymer is called a 

molecularly imprinted polymer (MIP) or a plastibody. Molecular imprinting shows promise in diverse areas 

as chromatography, antibody mimics, solid phase extraction and more. An alternative to molecular 

imprinting and other types of recognition has recently been postulated where DNA polymers based on 

functionalized polynucleotides build up a polymer network that are able to specifically recognize a target. 

This approach is characterized by binding of oligonucleotides carrying functional organic groups, to the 

target molecule followed by connecting the functionalized oligonucleotides forming a DNA polymer that 

specifically recognizes the target. The polymer is called a DNAbody. Thus, a DNAbody is a polymer 

structure based on DNA conjugated with functional organic groups which specifically can detect and bind to 

a template. The DNA-bodies can be copied and produced in larger amounts by PCR. This study showed that 

at least one functional oligonucleotide was able to interact with the target antibody. It was also seen that 

some interaction occurred between the DNA and protein. The results also indicated that it is possible to 

perfom DNA polymerase reactions in presence of an antibody.
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SAMMANFATTNING

Som igenkänningssystem är immunoglobuliner (Ig) eller antikroppar fysiologiskt viktiga 

eftersom de har förmågan att binda upp främmande ämnen. Andra igenkänningssystem är 

molekylära avtryck, molecularly imprinted polymers (MIP) eller plastpolymerer där man 

syntetiskt gör molekylära avtryck för att känna igen ytor av olika slag.

Målet med föreliggande examensarbete var att göra ett igenkänningssystem baserat på 

nukleinsyran DNA riktad mot immunoglobulin G (IgG) som målmolekyl (target). Genom 

att använda funktionella grupper länkade till oligonukleotider, det vill säga oligonukletider 

där det satt funktionella organiska grupper som hade affinitet för antikroppen, kunde man 

skapa ett igenkänningssystem som kunde binda in till sin önskade target. De funktionella 

grupperna som nyttjades var en primäramin och fluorescein. Igenkänningssystemet 

benämns i arbetet DNA-bodies. DNA-bodies är alltså en polymer baserad på DNA till 

vilken det sitter funktionella grupper fästa för att kunna detektera och binda in till ett 

templat. För att detektera om DNA-bodies hade affinitet för antikroppen inkuberades de 

efter konstruktionen igen med target och bundna DNA-bodies varefter de amplifierades 

med hjälp av den molekylärbiologiska tekniken Polymerase Chain Reaction (PCR). Som 

negativ kontroll nyttjades oligonukleotider utan funktionella grupper.

Fördelarna jämfört med de traditionella molekylära avtrycken är att DNA-bodies ska 

fungera i vattenfas och att de även ska kunna detektera stora molekyler så som proteiner. 

Även celler och mikroorganismer ska kunna detekteras. En stor fördel är även att det ska 

vara enkelt att producera ett stort antal identiska DNA-bodies eftersom templatet 

amplifieras med hjälp av den molekylärbiologiska tekniken PCR. Resultatet från PCR 

reaktionerna visade att åtminstone en funktionell grupp hade affinitet för antikroppen 

eftersom dessa funktionella grupper inte tvättades bort under inkuberingarna. I 

gelelektroforesen syntes även band från den negativa kontrollen vilket tyder på 

bakgrundsinbindning från DNA. Resultaten visade även att det är möjligt att utföra DNA 

polymeras reaktioner vid närvaro av antikroppen.
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ABBREVIATIONS

ATP Adenosine Triphosphate

BSA Bovine Serum Albumin

DNA Deoxyribonucleic Acid

dNTP Deoxyribonucleotide Triphosphate

DTT Dithiothreitol

EDTA Ethylenediaminetetraacetic Acid

FITC Fluoresceinisothiocyanate

HABA 2-Hydroxy-4-Amino Butanoic Acid

Ig Immunoglobulin

IgG Immunoglobulin G

MIP Molecularly Imprinted Polymer 

mAb Monoclonal Antibody 

PBS Phosphate Buffer Saline

PCR Polymerase Chain Reaction

Sulfo-NHS-Biotin Sulfo-N-Hydroxy-Succinimide-Biotin

TBE Tris/Borate/EDTA
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INTRODUCTION

There are different possibilities to specifically detect and recognize target molecules. 

Antibodies are big proteins known as immunoglobulins (Ig) which are found in all jawed 

vertebrate species. With their two light and two heavy chains they form a functionally 

bivalent monomer which specifically can detect and bind any kind of antigens1. Each 

mature B-lymphocyte secretes an antibody containing a single immunoglobulin sequence. 

The response to an antigen results in activation of different types of B-cells that secrete 

different antibodies. After a clonal expansion of the initially primed cells it derives a 

population of plasma cells that secrete antigen-bindning immunoglobulins. A problem with 

their clinical use in humans is that they can induce an immune response in the patients 

because the antibodies are recognised as being foreign2. However, they are good detection 

and binding molecules and are used to slow down many types of diseases, for example 

trastizumab that is a humanized monoclonal antibody (mAb) which is used to treat breast 

cancer3. Compared to these natural antibodies, another technology has been developed for 

molecular recognition. Molecular imprinting is a technology to prepare specific polymers 

that can bind selectively to target molecules4. The technology has received significant 

attention in recent years because it provides a viable method for creating a polymer that is 

complementary in shape and binding sites to the template. The synthetisized polymer is 

called a molecularly imprinted polymer (MIP) or a plastibody5 and can be produced by 

cross-linking of functional monomers or polymers in presence of a template6. The 

functional monomers or polymers bind to the template by covalent- or non-covalent 

interactions. After the polymerization, including cross-linking, the template is then 

removed from the polymer, leaving cavities and finally the polymer functions as a binder 

to the molecule or similar molecules (Figure 1). The advantage of MIPs is that they are 

cheap and have a good physical and chemical stability compared to antibodies7. This gives 

MIPs good properties and they are used in chromatography, antibody mimics, solid phase 

extraction and more8. One disadvantage of MIPs is that they can mainly be used in organic 

solvents. This is a major disadvantage because proteins and other biological molecules are 

often hydrophilic 9.
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Figure 1. A schematic representation of the molecular imprinting process. Functional monomers are 

preassembled around a template by covalent- or non-covalent interactions. Polymerization including cross 

linking is initiated resulting in a polymer that is complementary in shape and binding sites to the template. 

The template is removed from the polymer and this polymer functions as a binder for the target molecule or 

similar molecules.

In this thesis, a new alternative method to antibodies and plastibodies is presented, named 

DNA bodies. The basic thought of this examination project is to create a polymer based on 

the nucleic acid DNA that can detect and recognize target molecules. If the target molecule 

is a protein with many amino acids, the amino acids will then consist of a various 

functional groups that can be used as targets10. Their side chains can make different 

interactions such as ion-ion bonds, hydrogen bonds, disulfide bonds etc11. By using 

functional groups conjugated with oligonucleotides, where there are organic functional 

groups that have affinity to a template, a system that could recognize the template 

molecule can be produced. The functional groups could be different, in this thesis a 

primary amine and fluorescein were used. Thus, a DNAbody is a polymer structure based 

on DNA conjugated with functional organic groups which specifically can detect and bind 

7



to a template (how the DNA-bodies are produced in detail, see overview of construction of 

DNAbody).

If DNA-bodies can be realized, as is the purpose of this thesis, they can improve and 

complement the MIP technology. The possible advantages with the DNAbody is that it can 

be produced in any sizes according to the sizes of the oligonucleotides that are used. It can 

also be used in water-based media and therefore can detect molecules under biological 

conditions. Another potential advantage is that it can easily be produced as identical 

imprints in large quantities because the DNA-bodies can be amplified by Polymerase 

Chain Reaction (PCR). In addition the DNAbody can be flexible and bind dynamically to 

the target. The thought is that it could recognize large molecules such as proteins but even 

cells and microorganisms could be imprinted. It is anticipated that DNA-bodies can be 

used in a number of applications as in diagnostics and, drug discovery as ligands, receptors 

and as catalytic reagents (artificial enzymes).

AIM

The aim of this examination project work was to demonstrate the construction and 

amplification of a functional single stranded DNA body towards an antibody of IgG class.
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MATERIALS AND METHODS

Overview of construction of DNAbody

This is a overview of how the DNAbody was produced, also schematically described in 

figure 2. An oligonucleotide with 12 nucleotides was conjugated with a primary amine 

group which has affinity to a negatively charged group at an immunoglobulin G (IgG), the 

IgG will act as a target. Simultaneous, another oligonucleotide with the same length was 

conjugated with a fluorescein-iso-thiocyanate (FITC) group that forms hydrophobic 

interactions (A, Figure 2). FITC is a hydrophobic molecule13. To facilitate removal of 

unbound oligonucleotides and the antibody, this antibody was labeled with biotin. 

Biotinylation of antibodies is an established method in life science research where 

functional groups of the antibody such as amines may be modified with Sulfo-NHS-Biotin 

(Sulfo-N-Hydroxy-Succinimide-Biotin)12. Next, a designed DNA library of 

oligonucleotides with different lengths was added which was defined in the ends to 

hybridize with the two functional oligonucleotides. The library consists of oligonucleotides 

of different lengths because there are different numbers of the pyrimidines T and C in the 

central part. These bases contain only one aromatic ring and are smaller than the purines A 

and G. They were selected to reduce the interactions between the DNA library and the 

protein14. In this way, a link between the two functional oligonucleotides would 

theoretically be formed (B, Figure 2). To get a complementary strand to the hybridized 

linkers, DNA polymerase I was used (C, Figure 2). DNA polymerase I has exonuclease 

activity (5’  3’)15 so one functional oligonucleotide will be cleaved away. This does not 

matter because the hybridized linker from the DNA library acts as a “barcode” to the DNA 

body to be. In this stage, a half-functional DNA body was produced containing only one 

functional group (D, Figure 2). Next, the interaction between the DNA body and the 

antibody was disrupted using streptavidin-conjugated magnetic beads and heat. The double 

stranded DNA was then amplified using Polymerase Chain Reaction (PCR)16. In the PCR 

reaction, two primers were used where one was biotinylated at the 5’ end (D, Figure 2). 

The PCR products were then analysed on an agarose gel. After the amplification, the 

biotinylated strand was separated from its complementary strand using the streptavidin-

conjugated magnetic beads and heat (E, Figure 2). With biotinylated single strands joined 
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to the magnetic beads, the complementary functional oligonucleotides (primary amine and 

FITC) was added again (F, Figure 2). To produce a complementary strand and to fill gaps 

between the functional oligonucleotides, T4 DNA polymerase lacking 5’  3’exonuclease 

activity and T4 DNA ligase were used17 (F, Figure 2). In the last steps to produce the single 

stranded DNA bodies, the product was denaturated with heat and the biotinylated template 

removed with the streptavidin-conjugated magnetic beads. Finally, the DNA bodies were 

tested towards the IgG antibody for affinity to the protein (G, Figure 2).

10



Figure 2. A schematic representation of the production of the single stranded DNA body towards an 

biotinylated IgG. The IgG is incubated with functional oligonucleotides (A) followed by hybridization of a 

DNA library with different lengths (B). To produce a complementary strand to the hybridized linkers, DNA 

polymerase 1 is used (C). The template to the DNA body is then amplified by PCR (D). In the PCR reaction, 

one of the primers is biotinylated so that the template can be separated from its complementary strand using 

streptavidin-conjugated magnetic beads (E). The functional oligonucleotides are added again followed by 

enzymatic polymerization and ligation by T4 DNA polymerase and T4 DNA ligase (F). The single stranded 

DNA body is then separated from its complementary strand (G).

The detection of the produced DNA bodies towards the IgG antibody was carried out by 

PCR. As a negative control, oligonucleotides without functional groups were used. If there 

has been an amplification in the negative control, then DNA has affinity as such with the 

template because of its negatively charged phosphate groups or by interaction of the 

deoxyribose, bases etc18.

Biotinylation of IgG

Chemicals and materials

Sulfo-N-Hydroxy-Succinimide-Biotin (Sulfo-NHS-Biotin), Mw = 443.42 Da, Product 
number: 1854200, CAS number: 119616-38-5, LOT number: KD133715, Thermo 
Scientific

Murine monoclonal antibody IgG (39.5), 1.1 mg/mL in 0.1 M phosphate buffer pH 7.2

ZebaTM Desalt Spin Column, 5 mL, containing a solution of 0.05 % Sodium Azide as a 
preservative, Product number: 89891, Thermo Scientific

Phosphate Buffer Saline (PBS), 500 mL, 0.1 M Sodium phosphate, 0.15 M Sodium 
Chloride pH 7.2 in 500 mL milli-Q water, Product number: 1890535, LOT number: 
JI1157401, Thermo Scientific

2-Hydroxy-4-Amino Butanoic Acid (HABA) Solution, 1 mL, 10 mM in 0.01 N NaOH, 
Product number: 1854180, CAS number: 1634-82-8, LOT number: KC131206, Thermo 
Scientific

Avidin, 10 mg, Product Number: 21121, CAS number: 1405-69-2, LOT number: 
KD133625, source: hen egg white, purified and lyophilized as a salt free powder, Thermo 
Scientific
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Procedure

A 10 mM Sulfo-NHS-Biotin was prepared by dissolving 2.2 mg Sulfo-NHS-Biotin in 500 

µL milli-Q water. 14.8 µL of the Sulfo-NHS-Biotin solution was added to 1 mL of a IgG 

(39.5) solution. The reaction was incubated on ice for two hours. A ZebaTM Desalt Spin 

Column was prepared by breaking off the bottom plug and placing it into a 13 mL 

collection tube. The column was centrifuged at 1000g for two minutes and the storage 

buffer was discarded. 2.5 mL of PBS was added to the column, the column was centrifuged 

at 1000g for two minutes and the flow-through was discarded. The column was placed in a 

new 13 mL collection tube and the biotinylated protein sample was applied onto the center 

of the resin bed. The column was centrifuged at 1000g for two minutes and the collected 

flow-through solution was the biotinylated IgG sample. 6 mg avidin and 600 µL HABA 

solution was added to 19.4 mL of PBS. The absorbance was measured at 500 nm. 100 µL 

of biotinylated IgG sample was added to the HABA/avidin solution and the absorbance 

was measured again at 500 nm.

Production of DNA-bodies

Chemicals and materials

Oligonucleotides

Oligonucleotides were purchased from Sigma Aldrich

Table I. Oligonucleotides used in the production of DNA-bodies. AmC6T is the primary amine conjugated 

with deoxythymine. FlcdT is the fluorescein conjugated with deoxythymine. Oligonucleotide 6 is 

biotinylated at the 5´ end. The meltingpoints (Tm) is calculated from promega.

Name Tm (°C) Sequence Amount 
(nmole)

Oligonucleotide 1 38 5´- [AmC6T]GTGACGGTTCG 
-3´

45.1

Oligonucleotide 2 38 5´- ATCCTCCC[FlcdT]ACG -3´ 50.6
Oligonucleotide 3 38 5´- TGTGACGGTTCG -3´ 62.1
Oligonucleotide 4 38 5´- ATCCTCCCTACG -3´ 66.9
Oligonucleotide 5 38 5´- TGTGACGGTTCG -3´ 45.6
Oligonucleotide 6 38 5´- CGTAGGGAGGAT -3´ 40.9
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Linker library

DNA-linkers were purchased from Sigma Aldrich

Sequence of each linker at the ends: 5´- CGTAGGGAGGATXCGAACCGTCACA -3´

Table II. Linkers used in the production of DNA-bodies. X shows the number of T and C in each linker. The 

meltingpoints (Tm) is calculated from promega.

Name Tm (°C) X Amount 
(nmole)

Linker 1 61 - 55.7
Linker 2 61 T 53.5
Linker 3 63 TC 43.4
Linker 4 63 TCT 57.9
Linker 5 64 TCTCT 53.7
Linker 6 66 TCTCTCT 49.2
Linker 7 67 TCTCTCTCT 54.8
Linker 8 68 TCTCTCTCTCT 48.6
Linker 9 69 TCTCTCTCTCTCT 42.6
Linker 10 70 TCTCTCTCTCTCTC 39.7
Linker 11 71 TCTCTCTCTCTCTCTC 46.6
Linker 12 71 TCTCTCTCTCTCTCTCTC 40.5
Linker 13 72 TCTCTCTCTCTCTCTCTCTC 47.5
Linker 14 73 TCTCTCTCTCTCTCTCTCTCTC 39.4
Linker 15 73 TCTCTCTCTCTCTCTCTCTCTCTC 45.0
Linker 16 74 TCTCTCTCTCTCTCTCTCTCTCTCTC 7.9
Linker 17 74 TCTCTCTCTCTCTCTCTCTCTCTCTCTC 8.7
Linker 18 74 TCTCTCTCTCTCTCTCTCTCTCTCTCTCTC 8.0

Dynabeads® M-280 Streptavidin, 10 mL, 10 mg/mL, dissolved in PBS pH 7.4, containing 

0.1 % BSA and 0.02% NaN3 as preservatives (Invitrogen).

DNA polymerase 1 (500 u, 10 u/µl) supplied in 25 mM Tris-HCl (pH 7.5), 0.1 mM EDTA, 

1 mM DTT and 50% (v/v) glycerol (Fermentas), 10X DNA Polymerase 1 reaction buffer is 

a 500 mM Tris-HCl (pH 7.5 at 25°C), 100 mM MgCl2, 10 mM DTT (Fermentas).

Taq DNA polymerase (200 u, 5 u/µL) supplied in 20 mM Tris-HCl (pH 8.0), 1 mM DTT, 

0.1 mM EDTA, 100 mM KCl, 0.5% (v/v) Octyl  Phenoxylpolyethoxylethanol (Nonidet) 

P40, 0.5% (v/v) Tween 20 and 50% (v/v) glycerol (Fermentas), 10X Taq Buffer is in a 100 

mM Tris-HCl (pH 8.8 at 25°C), 500 mM KCl, 0.8% (v/v) Nonidet P40 (Fermentas).
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T4 DNA Polymerase (100 u, 5 u/µL) supplied in 20 mM potassium phosphate (pH 7.5), 

200 mM KCl, 2 mM DTT and 50% (v/v) glycerol (Fermentas), 5X T4 DNA Polymerase 

Buffer is in a 335 mM Tris-HCl (pH 8.8 at 25°C), 33 mM MgCl2, 5 mM DTT, 84 mM 

(NH4)2SO4 (Fermentas).

10X T4 DNA Ligase (1000 u, 5 u/µL) supplied in 20 mM Tris-HCl (pH 7.5), 1 mM DTT, 

50 mM KCl, 0.1 mM EDTA and 50% (v/v) glycerol (Fermentas), 10X T4 DNA Ligase 

Buffer is a 400 mM Tris-HCl, 100 mM MgCl2, 100 mM DTT, 5 mM ATP (pH 7.8 at 

25°C) (Fermentas).

FastRulerTM Ultra  Low  Range  DNA Ladder  (22.2  ng/µl),  10-200  bp  (Fermentas),  6X 

Orange DNA Loading Dye is a 10 mM Tris-HCl (pH 7.6), 0.15% orange G, 0.03% xylene 

cyanol FF, 60% glycerol and 60 mM EDTA (Fermentas).

Procedure

The description below is for the production of a DNA-body with a primary amine and 

fluorescein as functional groups. All oligonucleotides were diluted with 1000 µL milli-Q 

H2O. For the experiment, 14 µL of the biotinylated mouse IgG (1.1 mg/mL) was incubated 

with 23 µL (1 nmol) of oligonucleotide 1 and 20 µL (1 nmol) of oligonucleotide 2 for one 

hour at 20°C (sample). To prepare a negative control 14 µL of the biotinylated mouse IgG 

(1.1 mg/mL) was incubated with 16.1 µL (1 nmol)  of oligonucleotide 3 and 15 µL (1 

nmol) of oligonucleotide 4 for one hour at 20°C. For a positive control 16.1 µL (1 nmol) of 

oligonucleotide 3 and 15 µL (1 nmol) of oligonucleotide 4 was incubated for one hour at 

20°C. Unbound oligonucleotides to the biotinylated mouse IgG were removed in three 160 

µL Tris-HCl  (50  mM pH 7.5)  washes  using  160 µL streptavidin-conjugated  magnetic 

beads. A DNA library was prepared by mixing the linkers in two eppendorf tubes: 

18 µL (1 nmol) of linker 1, 18.7 µL (1 nmol) of linker 2, 23 µL (1 nmol) of linker 3, 17.3 

µL (1 nmol) of linker 4, 18.6 µL (1 nmol) of linker 5, 20.3 µL (1 nmol) of linker 6, 18.3 

µL (1 nmol) of linker 7, 20.6 µL (1 nmol) of linker 8, 23,5 µL (1 nmol) of linker 9, 25.2 

µL (1 nmol) of linker 10, 21,5 µL (1 nmol) of linker 11, 24.7 µL (1 nmol) of linker 12, 21 

µL of linker 13, 25.4 µL (1 nmol) of linker 14, 22.2 µL (1 nmol) of linker 15, 126.5 µL (1 
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nmol) of linker 16, 115 µL (1 nmol) of linker 17 and 125 µL (1 nmol) of linker 18 for a 

total amount of 685 µL.

The whole amount of the mixed linkers (685 µL) was added to the sample and to the 

negative control (both with dynabeads). 125 µL (1 nmol) of linker 18 were added to the 

positive control. The eppendorf tubes were incubated for 30 minutes at 20°C. Unbound 

linkers in the sample and the negative control were removed in three 160µL Tris-HCl (50 

mM pH 7.5) washes using the streptavidin-conjugated magnetic beads. The supernatant 

was  removed.  To the  sample  and the  negative  control  (both  with  dynabeads),  a  DNA 

polymerase  1  solution  was  added  containing  2.5  µL  10x  reaction  buffer  for  DNA 

polymerase,  1.25 µL dNTPs (2 mM),  15.75 µL nuclease  free water  and 0.5 µL DNA 

polymerase 1.

The tubes were incubated for one hour at 37°C.

5 µL of the positive control was added in a new eppendorf tube to a DNA polymerase 1 

reaction solution containing 2.5 µL 10x reaction buffer for DNA polymerase 1, 1.25 µL 

dNTPs (2 mM), 20.75 µL nuclease free water and 0.5 µL DNA polymerase 1.

The tube was incubated for one hour at 37°C.

The sample and the negative control with dynabeads were placed on the magnet, followed 

by one 160 µL Tris-HCl (50 mM pH 7.5) wash. The tubes were then incubated for 30 

minutes at  60°C. The tubes were placed on the magnet  again and the supernatant  was 

collected to two new eppendorf tubes. In the first 0.2 mL PCR-tube, the following was 

added: 2.5 µL 10x Taq buffer, 1.7 µL forward primer (oligonucleotide 6, 40.9 pmol/µL), 

1.5 µL reverse primer (oligonucleotide 5, 62.1 pmol/µL), 2 µL MgCl2 (25 mM),  2.5 µL 

dNTPs (2 mM),  5  µL template  (sample),  9.5  µL nuclease  free  water  and 0.3 µL Taq 

polymerase (25 µL total). In the second 0.2 mL PCR-tube the same was added but 5 µL 

template of the negative control instead. For the positive control to a 0.2 mL PCR-tube, the 

same was added but 5 µL template of the positive control instead. 
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The PCR reaction was performed according to this program: Denaturation, 5 minutes at 

94°C and then 35 cycles x (Denaturation, 30 seconds at 94°C, Annealing, 30 seconds at 

40°C, Extension, 72°C at 30 seconds), the program was finished with Extension, 72°C at 5 

minutes.

An 4 % agarose gel was prepared by suspension of 2 g of Metaphor agarose with 50 mL 

TBE buffer (890 mM Tris base, 890 mM boric acid, 40 mL 0.5 M EDTA, pH 8.0). The 

mixure was heated up in a microwave until  a clear solution was received and then the 

solution was cooled down to ∼50°C. 1 drop of ethidiumbromide (0.625 mg/mL) was added 

and the solution was mixed until it was homogeneous. The gel was poured into a gel tray 

containing a comb. The PCR products were analysed by gel electrophoresis on the 4 % 

agarose gel with an ultralow DNA ladder (10-200 bp).

The total amount of the amplified sample were mixed with 50 µL streptavidin-conjugated 

magnetic beads and were incubated for 15 minutes at 20°C . The same was achieved with 

the amplified negative control. The tubes were heated at 90°C for 15 minutes and were 

then placed on the magnet. The supernatant was removed and three 60 µL Tris-HCl (50 

mM pH 7.5)  washes  were  done.  The  supernatant  was  then  again  removed.  23  µL of 

oligonucleotide  1  and  20  µL  of  oligonucleotide  2  were  added  to  the  sample  and  the 

negative  control.  The  tubes  were  incubated  for  15  minutes  at  20°C.  Unbound 

oligonucleotides were removed in three 60 µL Tris-HCl (50 mM pH 7.5) washes using the 

streptavidin-conjugated magnetic beads. The supernatant was then removed.

To the sample and the negative control with the streptavidin-conjugated magnetic beads 

the following was added: 4 µL 5X T4 DNA polymerase buffer, 1 µL dNTPs (2 mM), 14 

µL nuclease free water and 1 µL T4 DNA polymerase. The tubes were incubated for one 

hour at 37°C. In the tubes following were added: 2 µL 10X T4 DNA ligase buffer, 17 µL 

nuclease free water and 1 µL T4 DNA ligase. The tubes were incubated for 15 minutes at 

37°C

Three 60 µL Tris-HCl (50 mM pH 7.5) washes were performed using the streptavidin-

conjugated magnetic beads. The tubes were incubated for 15 minutes at 90°C and were 
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then placed on the magnet. The supernatant was collected and analysed for presence of 

DNA bodies.

Detection of DNA bodies by PCR

The sample and the negative control were incubated with 14 µL of the biotinylated mouse 

IgG (1.1 mg/mL). Unbound DNA bodies were removed in three 60 µL Tris-HCl (50 mM 

pH 7.5) washes using 50 µL streptavidin-conjugated magnetic beads. The DNA library 

was added to the experiment  and the negative control.  Unbound oligonucleotides  were 

removed  in  three  60  µL  Tris-HCl  (50  mM  pH  7.5)  washes  using  the  streptavidin-

conjugated magnetic beads. The tubes were incubated for 30 minutes at 60°C and were 

then placed on the magnet again. The supernatant was collected to two new eppendorf 

tubes, and amplified with PCR as stated below.

In a 0.2 mL PCR-tube,  following were added: 2.5 µL 10x Taq buffer,  1.7 µL forward 

primer (oligonucleotide 6, 40.9 pmol/µL), 1.5 µL reverse primer (oligonucleotide 5, 62.1 

pmol/µL), 2 µL MgCl2 (25 mM), 2.5 µL dNTPs (2 mM), 5 µL template (sample), 9.5 µL 

nuclease free water and 0.3 µL Taq polymerase (25 µL total). In another 0.2 mL PCR-tube 

the same was added but 5 µL template of the negative control instead.

The PCR reaction was performed according to this program: Denaturation, 5 minutes at 

94°C and then 35 cycles x (Denaturation, 30 seconds at 94°C, Annealing, 30 seconds at 

40°C, Extension, 72°C at 30 seconds), the program was finished with Extension, 72°C at 5 

minutes.

The PCR products were analysed on the 4 % agarose gel with an ultralow DNA ladder (10-

200bp).
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RESULTS AND DISCUSSION

Biotinylation of IgG

The biotinylation resulted in 5.42 biotin molecules per IgG molecule.

The biotinylation was satisfactory because the experiment should give 4-6 biotin groups 

per antibody molecule according to the manufacturer (Pierce). The extent of biotin labeling 

depends on the distribution of amino groups on the protein and the amount of reagent used. 

Compared to reactions involving concentrated protein solutions, labeling reactions with 

dilute protein solutions require a greater fold molar excess of biotin reagent to achieve the 

same incorporation level. To achieve this incorporation level, a 20-fold molar excess of 

biotin reagent was used and this explains the result of 5.42 biotin molecules per IgG 

molecule19.

Production and detection of DNA bodies

Result from the first PCR-reaction when the biotinylated template to the DNA-bodies were 
amplified (D, Figure 2).

Figure 3. Agarose gel electrophoresis after the first PCR reaction when the biotinylated template to the DNA 

bodies were amplified. M illustrates the DNA marker from 10 – 200 bp, E shows the amplified template of 

the functional oligonucleotides, P shows the positive control containing the oligonucleotides hybridized with 
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the longest DNA linker (30 nucleotides) and N shows the negative control containing oligonucleotides 

without functional groups.

The result from the first agarose gel electrophoresis (Figure 3), where the biotinylated 

template to the DNA bodies was amplified, showed bands between 20-50 bp in size. A 

brighter band of 50 bp indicated that the space betweeen the functional oligonucleotides 

was about 26 bp. Therefore, linker 16, with 50 bp total could be the one which had 

hybridized. Linker 16 contains of the complementary nucleotides to the functional 

nucleotides at the ends and in the middle there are 26 of the nucleotides (T and C). The 

agarose gel electrophoresis (Figure 3) also showed that at least one of the functional 

oligonucleotides had interacted with the antibody. In this examination project, it has not 

been shown that the linkers hybridized with both of the functional oligonucleotides 

because DNA polymerase 1 just needs one primer with a 3´ end, to which the polymerase 

can attach the first nucleotide20 (B, Figure 2). Thus, the amplification only requires 

bindning of one of the functional oligonucleotides (the primary amine) because it has the 3

´ end free for the DNA polymerase 1 to start with. The bands in the gel electrophoresis 

indicate that it is possible to carry out a DNA polymerase reaction in presence of an 

antibody. There is also a weak band with of about 12 bp in the sample. This could be the 

primers from the PCR reaction. The positive control which gave a strong band of 54 bp 

indicated that the PCR reaction went well. In this control, it would be a band present 

because the positive control only contains linker 18 (54 nucleotides). In the negative 

control, weak bands of 50 bp indicate that there are some background interactions from the 

DNA itself. These oligonucleotides did not wash away because of that interaction and were 

then amplified in the PCR reaction.

Result from the second PCR-reaction when the DNA bodies were detected towards the IgG 

(G, Figure 2).
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Figure 4. Agarose gel electrophoresis after the second PCR reaction when the DNA bodies were detected 

towards the IgG. M illustrates the DNA marker from 10 – 200 bp, E shows the amplified DNA bodies, N 

shows the negative control with the oligonucleotides without functional groups.

The result from the second agarose gel electrophoresis (Figure 4) where DNA bodies 

towards the IgG were detected showed that there were interactions between the functional 

groups and the protein. The bands were again of about 50 bp but much weaker than before 

because of the washing steps. A lot of DNA bodies were washed away and that explains 

the weak bands. The negative control has very weak bands or no bands at all. This is also 

because of the washing and that the negative control contains of oligonucleotides without 

the functional groups.

It would be of interest to decrease the length of the oligonucleotides so the DNA linkers 

have to hybridize with both of the functional oligonucleotides, otherwise they will be 

washed away. I think that if the functional groups are changed so the interaction with the 

protein will be stronger, extensive washing is possible and as a consequence more of the 

negative control could be washed away. A weaker band in the gel electrophoresis would 

then resulut. I also think that it should be interesting to construct a DNAbody with more 

than two functional groups. With more functional groups on the DNAbody the interaction 

with the protein also will be stronger.
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CONCLUSION AND FUTURE OUTLOOK

In this thesis I have demonstrated the potential to construct and amplify a single stranded 

DNAbody towards an antibody of IgG class. I have also showed that it is possible to carry 

out a DNA polymerase reaction in presence of an antibody. At least one functional group 

of the DNA body was interacting with the protein. For future studies I think that it should 

be interesting to construct a DNAbody with more than two functional groups. With more 

functional groups the interaction with the protein will be stronger. As illustrated in figure 

3, there are some weak bands in the negative control and they may disappear with more 

washing and with stronger interaction between the DNAbody and the protein.  
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