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ABSTRACT 

Fluorescent Labeling of Antibiotic Resistant Bacteria Model DNA 

Janice Darko 
Department of Chemistry and Biochemistry, BYU 

Master of Science  

Global threats to treatment of bacterial infections due to antibiotic resistance (AR) have been on 
the rise in recent years. Current diagnostic tests identify bacteria by using blood culture, which 
takes more than 24 hours. This study focuses on the fluorescent labeling of DNA derived from 
bacterial AR genes (KPC & VIM) and other model DNAs using oligreen dye (OG) and 
molecular beacons (MB). A NanoDrop 3300 fluorospectrometer was used to take fluorescence 
measurements. Linear dynamic range and labeling efficiency were dependent on the following 
optimized conditions: dilution factor of OG (200 fold), buffer (20 mM Tris HCl, pH 8), and heat 
treatment of 95 °C for 15 min.  

Fluorescence analysis of a target DNA with a designed MB showed signal-to-background of 10 
with our buffer only and 20 with our buffer and 25% ethanol. I also demonstrated a simple 
microfluidic device capable of detecting AR genes using model DNAs, magnetic beads, and 
designed MBs for assays of 50 µL volume. This study provides a first step towards detecting 
MB-DNA complexes by a simple, low cost, and fast non-amplified method, which may be used 
to detect AR genes in clinical samples in the future. 

Keywords: antibiotic resistance. fluorescence labeling. oligreen dye. molecular beacon 
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Chapter 1 

Introduction 

1.1 Background and Motivation 

According to the Centers for Disease Control and Prevention, antibiotic resistance (AR) causes 

over 2 million illnesses and results in over 23,000 related deaths annually (1). There has been an 

increase in the number of bacteria becoming resistant to antibiotic drugs, thus resulting in longer 

hospital stays, spread of more of these AR diseases, increase in healthcare costs, etc. This calls 

for rapid diagnostic tests that are sensitive, effective, and reliable to enable specific diagnosis of 

AR pathogens to aid in prescribing the proper drugs for patients. Current clinical tests, as shown 

in Table 1, identify bacteria with limits of detection (LOD) of far more than 10 CFU/mL (2). 

Some of these methods use blood cultures; thus, their results take over 24 hours.  

One of the common laboratory techniques employed to detect disease causing pathogens is an 

amplification method called polymerase chain reaction (PCR), in which small amounts of 

nucleic acids (NAs) are amplified enzymatically within a short time enabling NA detection (3). 

The limitations to the use of PCR are that it requires blood sample purification, and 

contamination during NA purification can cause false negative results due to PCR inhibitors in 

blood samples or false positive results due to its extreme sensitivity (4-6). This is where the use 

of non-amplified NA detection methods come to play. One of these methods is the use of 

hybridization, which involves labeling one or both strands of two complementary sequences that 

form double-stranded deoxyribonucleic acid (dsDNA), indicating positive species specific 

relationship (7). Direct, fast analysis with more linear quantitative signals are achieved due to 

assay simplicity and robustness to contamination (8-9).  
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In this study, the use of the hybridization method was employed because of the above mentioned 

advantages. I fluorescently labeled DNA derived from bacterial AR genes (KPC and VIM) and 

other model DNAs using oligreen dye (OG), molecular beacons (MB), and magnetic beads. 

 

1.2 DNA Quantitation   

The three most common laboratory methods used to quantify DNA concentrations are 

absorbance, gel electrophoresis, and fluorescent DNA-binding dyes (10). In this study, the use of 

fluorescent DNA-binding dyes was used because of its advantages over the other methods, such 

as speed, low LODs, and insensitivity to contaminants (11-12).  

Fluorescence in certain dissolved molecules occurs when they absorb light at specific 

wavelengths causing electron transitions to higher energy levels (13). These excited electrons 

return to a slightly lower energy level first before finally falling to the ground electronic state 

resulting in fluorescence emission at a longer wavelength for the emitted light than excited light. 

DNA concentrations can be determined by taking fluorescence measurements of samples and 

comparison to standards also labeled with fluorescent dyes. The hydrogen bonding capabilities 

of the DNA base pairs and the outer edges of the nitrogenous bases provide means to bind to 

other molecules such as fluorophores or dyes (14). Dyes such as oligreen and molecular beacons, 

and solid supports such as magnetic beads have been employed over the years to aid with the 

identification and quantitation of various disease causing genes (15-17). 
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Table 1. Time required for pathogen identification using various diagnostic methods (2) 

Diagnostic Method Time for Pathogen Identification 

Culture and phenotypic biochemistry on/in artificial media 
(bacterial, mycobacterial, fungal) 

Days to weeks 

In vitro antimicrobial susceptibility Days to weeks 

Real-time PCR for microorganisms and drug resistance genes One to several hours 

1.2.1 Oligreen 

OG is a fluorescent, unsymmetrical cyanine nucleic acid stain for the quantitation of 

oligonucleotides and ssDNA in solution (Fig. 1). OG exhibits more than 1000-fold fluorescence 

enhancement upon binding to ssDNA, with excitation and emission maxima of 480 and 520 nm, 

respectively (18-20). For proprietary reasons, the structure, mode of action, and initial 

concentration of OG from the manufacturer are unknown. I used OG to fluorescently label 

complementary sequences of ssDNA and dsDNA derived from bacterial AR genes, initially 

using synthetic oligonucleotides as mimics of nucleic acid sequences found in bacterial lysates.  
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Fig 1. Schematic of how OG is used to label DNA. 

1.2.2 Molecular Beacons  

MBs are short oligonucleotide, dual-labeled probes with stem-loop structures that fluoresce upon 

hybridization with complementary DNA target sequences (Fig. 2) (21). 

MBs have low fluorescence on their own because of the close proximity of their stem hybrid 

labels (one end a fluorophore and the other end a quencher). MBs are designed with a loop 

portion (15–30 nucleotides long) matching a complementary target DNA sequence and the stem 

containing matching complementary short (5-7 base pair) sequences. 
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Fig 2. Illustration of how a MB hybridizes with a target DNA sequence to form a fluorescent product. 
 
 
 
 
When MBs are mixed with their target complementary DNA, they form a hybrid which separates 

the fluorophore from the quencher, thus increasing fluorescence intensity by as much as 200-fold 

(21). MBs have been used in many biological and biochemical applications in detecting various 

RNA and DNA target sequences that have been amplified using PCR (21,22). MB-target hybrid 

fluorescence signal is significantly impacted by various factors which include how well MBs are 

designed, hybridization buffer, denaturing temperature, and hybridization time (23). I optimized 

conditions to improve the signal to background ratio (S/B) for designed MBs for Klebsiella 

pneumoniae carbapenemase (KPC), Escherichia coli (E. coli), and Verona Integron-Mediated 

Metallo-β-lactamase (VIM) DNA. 
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1.2.3 Magnetic Beads  

Magnetic beads are micro particles (of sizes ranging from 1 - 120 µm in diameter) made of a 

magnetic core of paramagnetic/ferromagnetic material surrounded by a nonmagnetic coating, 

which is usually functionalized with proteins or a DNA sequence (24). Magnetic beads have 

been used for several clinical applications, such as monitoring tumor cells in lung cancer 

patients, cell isolation studies, drug delivery, and hyperthermia-causing agents for cancer therapy 

(25-26). Magnetic beads offer better interaction with analyte solution due to their functionalized 

surface and ability to be manipulated with a magnet (27). Magnetic beads combined with 

specific ligands allow separation and purification of cells, proteins, nucleic acids, and other 

molecules in a highly efficient and specific manner (28-29). When magnetic force is applied to 

the solution, modified magnetic beads separate hybridized ssDNA (those with magnetic beads 

attached) from unhybridized ones, encouraging specific analysis of targeted DNA (30), as 

depicted in Fig. 3. A general overview of how magnetic beads are used in this experiment is as 

follows: (1) addition of beads, (2) specific binding occurs with desired analyte, (3) analyte-bound 

beads are captured with a magnet; (4) crude sample components are washed away, and (5) 

analyte is eluted from beads. 
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Fig 3. Magnetic beads for labeling target DNA in solution and on chip. (1) addition of beads, (2) specific 
binding occurs with desired analyte, (3) analyte-bound beads are captured with a magnet, (4) crude 
sample components are washed away, and (5) analyte is eluted from beads. 

1.3 Microfluidic Chips and Current Approaches 

Microfluidics is the use of small amounts fluids within the ranges of nanoliters to attoliters (10 -9 

to 10 -18 L) confined within micrometer channels (31). For the past three decades, microfluidic 

technology has become increasingly popular in the analytical and diagnostic areas of science 

owing to its advantages of portability, low cost, low reagent and sample consumption, and rapid 

turnaround time (32-33). Microfluidic chips have been used in the rapid detection of several 

pathogenic disease causing agents such as E. coli, HIV RNA, influenza virus H5N1, and Dengue 

virus using samples such as whole blood, serum, urine, throat swab, and serum respectively (34-

39). In my research, I used microchannels to successfully capture, detect, and label minute 
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amounts of model AR DNA. This reduced experimental times and the amount of reagents 

needed for the experiments, allowing cost reduction in the future. 

1.4 Aims and Objectives 

My research is part of an ongoing collaborative project whose major goal is to develop rapid, 

miniaturized nucleic acid diagnostic tests for drug-resistant blood-borne pathogens. The overall 

approach involves taking 7 mL of blood from patients and detecting any of 3 Enterobacteriaceae 

species and 4 common AR genes at levels as low as 10 CFU/mL, using a microchip device in 60 

min. The overall goal for my thesis was to demonstrate effective labeling of species-specific 

DNA derived from bacterial AR genes (KPC & VIM) using OG, MBs, and magnetic beads, first 

in a tube-based method and then in a microfluidic device. 

1.5 Thesis Overview 

My thesis has the following sections: Chapter 1 serves as an introduction to this thesis, giving the 

background, motivation, aims and objectives of the project. In chapter 2, I review the various 

materials and methods that were employed for this work. DNA sequence designs, device 

fabrication and operation, instrument set-up, and various DNA labeling methods are described. 

Chapter 3 describes the results of the different labeling agents used for the model DNAs in-tube 

and on-chip methods. I demonstrated fluorescent labeling of DNA derived from bacterial AR 

genes and other model DNA using OG and MBs. I also used a simple microfluidic device to 

detect model AR gene sequences with magnetic bead capture and MBs for labeling. Chapter 4 

discusses the conclusions and future work that should follow this thesis. 
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Chapter 2 

Materials and Methods 

2.1 Chemicals and Reagents 

All chemicals were of analytical grade purity or higher. Tris hydrochloride, Tris base, sulfuric 

acid, sodium chloride, magnesium chloride, and ethanol were obtained from Sigma-Aldrich (St. 

Louis, MO), Merck (Darmstadt, Germany) or Fisher Scientific (Pittsburgh, PA). Sodium 

hydroxide was from Mallinckrodt Baker (Paris, KY). OG was obtained from Molecular Probes 

(Portland, OR). Since OG concentration is proprietary, the initial concentration was defined as 

1x. Hybridization/capture buffer (20 mM Tris-HCl pH 8 with 500 mM NaCl, 50 mM MgCl2, and 

20% ethanol (v/v)) was used for diluting OG (200X, 400X, and 600X) and oligonucleotides prior 

to use. This buffer was prepared using deionized water (18.3 MΩ) purified by a Barnstead 

EASYpure UV/UF system (Dubuque, IA).  

2.1.1 DNA Sequence Design 

Oligonucleotides used in these experiments (see Table 2) were obtained from Eurofins Operon 

(Huntsville, AL).  
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Table 2. DNA oligonucleotide sequences used. Sequences are given 5′–3′. 

KPC1 
Length: 90 mer        
Sequence: 
CATTCAAGGGCATCTTTCCGAGATGGGTGACCACGGAACCAGCGGATGCCCATGCCCTAT
CAGTCAAGACAGCAGAACTAGACGGCGATA   
Capture sequence: TATCGCCGTCTAGTTCTGCTGCTGTCTTG 

Fl KPC1 
Length: 90 mer        
Sequence: 
[Fl]CATTCAAGGGCATCTTTCCGAGATGGGTGACCACGGAACCAGCGGATGCCCATGCCCT
ATCAGTCAAGACAGCAGAACTAGACGGCGATA   

KPC2 
Length: 120 mer
Sequence: 
ATGTCACTGTATCGCCGTCTAGTTCTGCTGTCTTGTCTCTCATGGCCGCTGGCTGGCTTTTC
TGCCACCGCGCTGACCAACCTCGTCGCGCTAAACTCGAACAGGACTTTGGCGGCTCCA   
Capture sequence: TATCGCCGTCTAGTTCTGCTGCTGTCTTG          

KPC MB 
Length: 90 mer        
Sequence: 
CATTCAAGGGCATCTTTCCGAGATGGGTGACCACGGAACCAGCGGATGCCCATGCCCTAT
CAGTCAAGACAGCAGAACTAGACGGCGATA   
Capture sequence: TATCGCCGTCTAGTTCTGCTGCTGTCTTG 

E. coli
Length: 108 mer
Sequence:
GCTACACAAGCCGAAAGAACTGTACAGCGAAGAGGCAGTGTAGCGCATAACCGTAGCAT
G GACCTAGAGCGAAGCTTGCAATCGAAACYCAGCARGCGCACTTACAGG

VIM MB New 
Length: 24 mer with bolded stem part 
Sequence: [6-FAM] 
GCGAGCTACCCGTCCAATGGTCTCATTGTCCGTGATGGTGATGCTCGC[BHQ1a-Q] 
VIM MB New target 
Length: 36 mer 
Sequence: ATCACCATCACGGACAATGAGACCATTGGACGGGTA 
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Fl VIM  
Length: 90 mer 
Sequence: [Fl]TGCCGCTGGTGTTTGGACGCATATCTCATCGCAGTCGTTTGATGGCNCGG 
TCTTCCCGTATTCCTGTCTGGTAAAGTCGACCTCTCCGAC 

VIM   
Length: 90 mer 
Target sequence: TGCCGCTGGTGTTTGGACGCATATCTCATCGCAGTCGTTTGATGGCNCGG 
TCTTCCCGTATTCCTGTCTGGTAAAGTCGACCTCTCCGAC 

VIM   
Length: 90 mer 
Complement sequence: 
GTCGGAGAGGTCGACTTTACCAGACAGGAATACGGGAAGACCGNGCCATCAAACGACTG
CGATGAGATATGCGTCCAAACACCAGCGGCA 

VIM Bio 
Length: 53 mer 
Sequence: 
[BioTEG]ACCCAGGTTTAGTGAGTGTTGAGCTGTCGGTCGGAGAGGTCGACTTTACCAGA 

Model MB 
Length: 32 mer 
Sequence: 
FAM-GCGAGCCAGGTTCTCTTCACAGATGCGCTCGC-BHQ1 

Model MB target  
Length: 24 mer 
Sequence: ACGCATCTGTGAAGAGAACCTGGG 

2.2 Instruments 

2.2.1 NanoDrop 3300 Spectrophotometer  

The concentrations of labeled solutions were measured by a Nanodrop ND-3300 UV 

spectrophotometer (Wilmington, DE). A NanoDrop 3300 fluorospectrometer instrument was 

also used to take fluorescence measurements on volumes as small as 1 µL to evaluate the DNA 

labeling efficiency. The top and bottom sample pedestals were first thoroughly cleaned with 

sterile deionized water before beginning DNA quantification. About 2 µL of sample mixtures 

were carefully transferred by pipette onto the bottom sample pedestal, and the quantity of DNA 

present was calculated by the NanoDrop 3300 collection software. Standard curves were created 
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by serial dilutions of known concentrations of the DNA strands being quantified according to the 

manufacturer's instructions (Wilmington, DE). Blank readings made of only buffer or only DNA 

were also taken. Fluorescence measurements were performed at room temperature. DNA-

containing samples were mixed with equal volumes of OG at different dilutions and fluorescence 

was measured within 5 min at 515 nm (with excitation at 480 nm).  

2.2.2. Device Fabrication 

Microfluidic devices were made from polypropylene obtained from Great Basin Corporation 

(Salt Lake City, Utah) and had channels with cross-sections 500 µm wide and 500 µm deep.  

2.2.3. Device Operation 

The microfluidic device was connected to a Fluigent (Lowell, MA) pressure driven pump and 

valve system for introduction of buffer, sample, MBs, and beads through various arms as 

depicted in Fig 4. Flow was typically done between 0.3 to 0.5 bar yielding a 0.4 to 20 µL/ min 

flow rate. First, the device was filled with hybridization buffer and then 100 µL of modified 

beads (0.5 μg/μL) were passed through channel arm 1 (Fig. 4). Then, the channel was rinsed with 

20 µL of buffer and flow was stopped. About 100 µL of DNA samples of different 

concentrations were passed through channel arm 2. The heating component, which was set up 

similar to the one described in a previous paper (40), was then heated to 95 °C for 5 min to 

denature DNA as depicted in Fig. 5. Next, this same channel (arm 2) was rinsed with 20 µL of 

buffer. Then the heater near the magnet was heated to 70 °C for 5-7 min and then rinsed with 

about 20 µL of buffer. The eluted nucleic acid band was detected using a confocal laser-induced 

fluorescence setup probing a point 2 mm beyond the magnet as described in prior publications 

(41-42).  
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Fig 4. Microdevice. (A) Schematic representation of design of microchip, set up, and operation. (B) 
Photograph of the microchip, top view with 3 connectors that lead to the pump system; (C) Photograph of 
a microchip bottom view showing serpentine channels. 

A

B C
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2.3 DNA Quantitation 

2.3.1 Oligreen ssDNA Quantitation 

Oligonucleotides (up to 1 µM) were diluted with 1x hybridization buffer. A 50-µL sample of 

every concentration was mixed well with 50 µL of 200-, 400-, and 600-fold diluted OG and 

incubated for 5 min at room temperature. After incubation, 2 µL of the sample was measured by 

means of a NanoDrop 3300 fluorospectrometer (excitation at 480 nm, emission at 515 nm) and a 

standard calibration curve was plotted.  

2.3.2 Molecular Beacon Quantitation 

The fluorescence signals of the oligonucleotide (up to 1 µM) in hybridization buffer were 

measured by adding them to either of 50 or 100 nM MBs with sequences shown in Table 2. The 

DNA was mixed with the MB and denatured at 65 °C, then cooled to room temperature; 

fluorescence readings were taken after 15 min.  

2.3.3 Magnetic Bead Quantitation 

Streptavidin-coated magnetic beads were modified with biotinylated DNA sequences shown in 

Table 2. First 50 µL of magnetic beads (0.25 mg/mL) were added into 500 µL microcentrifuge 

tubes and rinsed 3 times with 200 µL of buffer. Next, 2 µL of 100-µM biotinylated DNA capture 

sequence was added to the beads and incubated for 30 min at room temperature with agitation. 

The beads were then rinsed with 250 µL of buffer and stored at 4 °C, if not to be used on that 

same day.  About 50 µL of the magnetic beads suspension was then measured and rinsed 1-3 

times with 200 µL of buffer. Then, 200 µL of 1-10 nM of the target DNA sequence (Table 2) 

was added, vortexed to mix, and incubated for 10 min at room temperature on the agitator. 
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Captured oligonucleotides were then heat denatured at 70 °C for 5-7 min, beads were 

immobilized, supernatant was transferred, and fluorescence measurements were taken using the 

NanoDrop 3300 fluorospectrometer (excitation at 480 nm, emission at 515 nm) to confirm 

successful attachment. For on-chip experiments, the beads were used after capture sequence 

attachment, and the process described in section 2.2.3 was followed.  

Fig 5. Illustration of DNA hybridization detection using magnetic beads and MBs in a chip device. 1: 
Streptavidin magnetic beads functionalized with biotinylated capture strands bind to target DNA strands 
2. Buffer is used to wash off excess unbound target DNA. 3. MBs are passed over captured-target DNA
functionalized beads at 45°C. 4. Channel is rinsed with buffer to take off excess unbound MBs after
cooling to room temperature. 5. After heat of 70°C is applied, captured-target DNA - MB complex bound
strands are released from magnetic beads and detected using LIF system.
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Chapter 3 

Results and Discussion 

My initial study which was in-tube based using OG and MBs was to find out whether I would be 

able to effectively label ssDNA using these dyes. However even though the results were 

promising when I conducted them in-tube, I ran into challenges. These issues included the fact 

that the Nanodrop device could not detect DNA concentrations below 1 nM, and that when I 

used longer DNA strands (>250 mer). Therefore, I chose to move to microfluidic devices to 

overcome these issues. On-chip analysis is able to detect DNA concentrations below 1 nM and 

longer DNA strands are able to be separated from their complement when captured during flow-

through channels. 

3.1 Initial OG Testing 

Fig. 6 shows fluorescence as a function of concentration of ssDNA (KPC 120 mer, E. coli 108 

mer), and ssM13mp18+ DNA for different dilution factors of OG dye from 200 to 1000 fold. 

The results indicate that the signal was linear with increasing concentration of DNA. The results 

also showed that the more I diluted the OG dye, the less fluorescence was obtained. For all 

dilutions of oligonucleotides, I was able to obtain a linear plot of fluorescence with DNA 

concentration. OG dye diluted 200-fold (the dilution recommended by the manufacturer) gave 

the best signal in Fig. 6. OG dye could be successfully used for labeling and determining 

unknown ssDNA concentrations quantitatively, which agrees with previous findings (15,17). OG 

is able to achieve efficient labeling of ssDNA because it has an overall positive charge (15) and 

thus is able to bind through electrostatics to the negatively charged phosphate backbone of DNA. 

Fig. 7 shows fluorescence with 200X OG of ssM13mp18+ DNA against dsM13mp18 DNA 

denatured at 95 °C for 5 min. The magnitude of fluorescence signal doubled for denatured 
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dsDNA when compared to ssDNA, because the heat denatured the dsDNA into two ssDNA 

molecules, thus allowing OG dye to complex with the ssDNA to give twice as much signal. Heat 

treatment of dsDNA (95 °C) can be used to prepare ssDNA for labeling. These OG tube 

experiments confirmed the properties of OG dye as being able to label ssDNA. However, for this 

to be used in sepsis diagnosis, I needed to address the issue that OG dye labels all ssDNA due to 

nonspecific interactions. Thus I studied the use of specific labeling agents such as MBs. 
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Fig 6. Effect of different dilution factors of OG dye with different concentrations of ssDNA on 
fluorescence; (A) KPC 120 mer (B) E. coli 108 mer and (C) ssM13mp18+ DNA in 20 mM Tris HCl, pH 8 
on the fluorescence of DNA-dye complex.  

R² = 0.954

R² = 0.8285

R² = 0.1098
0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

0 2 4 6 8 10

Fl
uo

re
sc

en
ce

Conc (μg/mL)

RFU 200X

RFU 500X

RFU 1000X

R² = 0.9973

R² = 0.9991

R² = 0.999

0

500

1000

1500

2000

2500

0 20 40 60 80 100

Fl
uo

re
sc

en
ce

Conc (nM)

RFU 800X

RFU 400X

RFU 200X

R² = 0.9992

R² = 0.9872

R² = 0.9819

0

500

1000

1500

2000

2500

3000

3500

0 20 40 60 80 100

Fl
uo

re
sc

en
ce

Conc (nM)

RFU 200X

RFU 400X

RFU 800X

C 

A B 



 19 

 

 

 

 

 

 

 

 

 

 

Fig 7. Comparison of OG fluorescence of ssM13mp18+ DNA against dsM13mp18 DNA denatured at 95 
°C for 5 min. Labeling was with 200-fold diluted OG in 20 mM Tris HCl, pH 8. 
 
 
3.2 Initial MB Testing 

For these experiments, I studied various MBs for DNA (KPC and VIM). I measured the 

fluorescence after hybridizing MBs to their target ssDNA in 20 mM Tris HCl, pH 8. The initially 

designed MBs had high background signals with little or no measurable difference when they 

were mixed with their target sequences as shown in Fig.8. These high background signals of 

MBs could have been caused by contamination by free fluorophores, oligonucleotides that 

contain the fluorophore but not the quencher, suboptimal salt content of the buffer solution, or 

incorrect folding of MBs into alternate conformations that result in a sub-population that was not 

quenched well (43-44). 
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3.2.1 Initial Assay Conditions 

Initially, I investigated various experimental parameters to see if these low signal to background 

(S/B) ratios were caused by suboptimal conditions or design problems. I pretreated the MBs by 

heating them to 95 °C for 15 min and waited 30 min to take readings to eliminate the possibility 

of having some of them fold into alternate conformations that did not quench well. I also 

changed the buffer composition to include higher salt concentrations (50 mM NaCl and 500 mM 

MgCl2 in the 20 mM Tris HCl pH 8) to aid with the MB-target hybrid formation. Increased 

cation concentrations have more interaction with the negatively charged phosphate backbone of 

the ssDNA, thus screening the negative charge, which could aid with the MB-DNA duplex 

formation and increase fluorescence signal (14,45). In the end, no difference in fluorescence 

signal was obtained for MB or MB with target.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 8. Fluorescence of VIM 250-mer labeled with VIM MB. Ratio of VIM MB to VIM 250-mer 
concentration was 1:2 in 50 mM NaCl 500 mM MgCl2 in 20 mM Tris HCl, pH 8.   
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3.2.2 Design of MB Stem 

Because of these results, I decided to obtain a different MB and DNA from a published paper 

that achieved high S/B ratio (45). This paper used a MB with a six-base-pair stem and an 18-

nucleotide loop. This paper also used ethanol to increase the fluorescence signal, therefore 25% 

ethanol was used as well as part of my buffer. The sequences for the model MB and model target 

are given in Table 2. My results for the model MB and target DNA showed a clear difference 

between fluorescence for MB alone and for MB plus target (Fig. 9). The S/B ratio was 10 (Fig. 

9A) using the same conditions as in Fig. 5 and the S/B was 20 with 25% ethanol in the 

hybridization buffer (Fig. 9B). These results confirmed that it is possible to detect MB-target 

binding, likely indicating some design flaw in our initially chosen MB. Fluorescence is also 

linear with concentration, and using a buffer that has some ethanol increases S/B ratio over 

ethanol-free buffer. 

 

 

Fig 9. Model target labeled with model MB denatured at 65 °C. (A) Fluorescence versus MB 
concentration in buffer without ethanol. (B) Fluorescence versus MB concentration in buffer with 25% 
ethanol. MB to target ratio is constant at 1:2. 
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3.3 Analysis of Model DNA on-chip Using Beads 

Model DNA for VIM (90-mer) and KPC (120-mer) was used for on-chip analysis with their 

corresponding designed MBs. I used the same stem sequence from the model MB as shown in 

Table 2 to design these new MBs. Streptavidin-coated beads were modified with biotinylated 

capture DNA sequence, after which DNA target sequences were added to the beads and then 

labeled by mixing in their complementary target DNA sequence MBs. The captured target DNA 

with hybridized MBs (sandwich-like structure) were then released from the beads by heating to 

70 °C, and supernatant fluorescence was detected. 

 

3.3.1 VIM 90 mer Analysis on-chip Using Beads  

On-chip fluorescence analysis of model target DNA (VIM 90 mer) was studied. As shown in 

Fig. 10, two concentrations (10 and 100 pM) were studied using a constant VIM MB 

concentration of 10 nM. The buffer used was 50 mM NaCl and 500 mM MgCl2 in 20 mM Tris 

HCl pH 8, and the volume ratio of VIM MB:DNA was 1:1. Event tables for each run are also 

presented in Fig. 10 to show the sequence of events that took place during on-chip analysis. 

The results from Fig. 10 show that the main peak occurs after DNA and bead loading, rinsing, 

MB loading, rinsing, and finally heating for elution. It can be seen that, as the concentration of 

loaded VIM 90 mer increased from 10 pM to 100 pM, the eluted peak height also increased by 

about four-fold. This reflects increased capture and labeling of the higher loaded DNA 

concentration. As shown in Fig. 10, I was able to detect 10 pM of VIM 90 mer with a S/N of 

230, so I estimate the limit of detection (LOD) for this system to be about 0.13 pM. The results 

from Fig. 10 also showed that bead capture worked in this chip-based system for VIM 90 mer 

using 10 nM VIM MB.  
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Fig 10. On-chip fluorescence analysis of VIM 90 mer. (A) 100 pM, with VIM MB (10 nM). (B) Event table 
for (A). (C) 10 pM VIM 90 mer with 10 nM VIM MB. (D) Event table for data in (C). Flow rate was 0.4 
µL/min. 

Flow Event  Time (sec) 
On 1. Beads and DNA loading 0 - 525 
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On 4. MB flow 1395 - 1530 
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On 6. Buffer wash 1900 - 2460 
Off 7. Heat to 70 deg 2470 - 2950 
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On 6. Buffer wash 1092 - 1200 
Off 7. Heat to 70 deg 1200 - 1506 
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On 9. Rinse  1930 - 2274 
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3.3.2 VIM 90 mer and KPC MB Stem Analysis on-chip using Beads. 

On-chip fluorescence analysis of model target DNA (VIM 90 mer, 100 pM) was studied in 

labeling with KPC MB (50 nM) as shown in Fig. 11. The buffer used was 50 mM NaCl and 500 

mM MgCl2 in 20 mM Tris HCl pH 8 and the flow rate was 0.5 µL/ min. The volume ratio of 

KPC MB:DNA was 1:1. The event table is presented as Fig. 11B to show the sequence of events 

that took place during on-chip analysis. The results from Fig. 11 showed no elution peak, which 

meant that labeling of DNA was not feasible for VIM 90 mer using KPC MB due to lack of 

specificity. This experiment confirms that fluorescence labeling with MBs in these chips is 

sequence specific. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig 11. On-chip fluorescence analysis of VIM 90 mer (100 pM) with KPC MB (50 nM) at eluting 
temperature of 70 ºC and flow rate of 0.5 µL/min. 
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3.3.3 VIM 250 mer Amplicon Analysis on-chip Using Beads 

On-chip fluorescence analysis of VIM 250 mer amplicon was also studied. As shown in Fig. 12, 

two concentrations of amplicon, 50 and 100 nM, were captured and labeled using 25 nM VIM 

MB. The buffer used was 50 mM NaCl and 500 mM MgCl2 in 20 mM Tris HCl, pH 8 and the 

flow rate was 2 µL/min. The volume ratio of VIM MB: DNA was 1:1. Event tables for the runs 

are presented in Fig. 12B and 12D to show the sequence of events that took place during on-chip 

analysis. The results from Fig. 12 show that bead capture worked for VIM 250 mer amplicon, 

with labeling using VIM MB and on-chip elution and fluorescence detection. The eluted peak 

height for 100 nM amplicon was about 40% higher than for 50 nM amplicon showing a 

concentration dependent trend. 
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Fig 12. On chip fluorescent labeling using VIM 250 bp amplicon and VIM MB 53 mer (25 nM) with 
beads. (A) 100 nM VIM 250 mer with VIM MB; (B) Event table for the run in (A). (C) 50 nM VIM 250 
mer with VIM MB. (D) Event table for the run in (C). Flow rate was 2 µL/min. 
  

Flow Event Time (sec) 
Off 1. Heat to 95 deg 0 - 275 
On 2. Beads and DNA 

loading 
275 - 467 

On 3. Buffer wash 467 - 644 
Off 4. Heat to 45 deg 705 - 1174 
On 5. MB flow 1215 - 1744 
Off 6. Cool to RT 1744 - 1874 
On 7. Buffer wash 1874 - 2014 
Off 8. Heat to 70 deg 2014 - 2234 
On 9. Elute 2234 - 2477 
On 10. Rinse 2477 - 2585 

Flow Event Time (sec) 
Off 1. Heat to 95 deg 0 - 239 
On 2. Beads and DNA 

loading 
239 - 416 

On 3. Buffer wash 416 - 534 
Off 4. Heat to 45 deg 534 - 1041 
On 5. MB flow 1041 - 1882 
Off 6. Cool to RT 1882 - 2124 
On 7. Buffer wash 2124 - 2259 
Off 8. Heat to 70 deg 2259 - 2415 
On 9. Elute 2415 - 2676 
On 10. Rinse  2676 - 2800 

A B 

C 
D 

0

0.5

2400 2550 2700

0

0.2

0.4

0.6

2200 2400 2600

2 

2 3 4 

5 

6 

8 

9 

10 

10 

9 
1 3 

1 

4 
6 

7 

8 

5 

7 



 27 

3.4 Discussion 

In this preliminary study, I was able to fluorescently label, detect and capture model DNAs 

derived from bacterial AR genes (KPC and VIM) and other model DNA (M13 ssDNA) using 

OG or MBs, both in-tube and on-chip. I was also able to detect DNA concentrations <1 nM on-

chip, improving over the in-tube where the NanoDrop instrument had detection limit issues.  

My method has potential to be used to label and detect AR genes with simple sample 

preparation. To have effective labeling of DNA requires good MB design and microchip analysis 

methods. Microchip analysis can reduce human from sampling and manipulation, while 

increasing automation; thus, integration of on-chip DNA analysis methods could be effective. 

The on-chip analysis could involve a disposable single-use device. A future option will be to 

perform two phases of detecting bacterial AR genes from patients. The first step would involve 

detecting the lowest amount of DNA that is of potential harm to the patient within some few 

minutes (as used in this study). The second step would involve more detailed analyses to 

determine concentrations and could involve qPCR, enzyme assisted ligation, single molecule 

counting, etc.  

Finally, the small amounts of reagents and DNA needed for on-chip analysis in this study make 

this promising as a low cost assay method that could be commercially viable. Ongoing studies 

will further examine better ways for denaturing DNA by enzymatic means to avoid the use of 

heat, which leads to device failure. Also further studies addressing system parameters, such as 

capture-target-MB incubation time, flow speed, and channel length to select optimal assay 

conditions, will be needed. Another area that can be studied further is getting the hybrid products 

to the detection area and preventing liquid movement during heating and cooling. Also, the use 

of alternative methods of amplification to PCR can be employed (46).   
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Chapter 4 

Conclusions and Future Implications 

I have demonstrated fluorescent labeling of DNA derived from bacterial antibiotic resistance 

genes and other model DNAs using oligreen dye and molecular beacons. Successful labeling 

with oligreen dye was achieved under the following conditions: 200-fold OG dilution factor, 20 

mM Tris HCl, pH 8 buffer, and heat treatment at 95 °C for 15 min. I also used a microfluidic 

device to detect model AR gene sequences with magnetic bead capture and MB labeling. This 

study provides a step towards detecting MB-DNA complexes using an automated method which 

can eventually be applied to detect AR genes in real samples. This preliminary study provides 

the basis for future work on detecting low levels of non-amplified AR genes at concentrations 

<10 pM. Additionally, future efforts will focus on labeling different AR genes in the same 

sample with different MBs (multiplexing) and on refining DNA extraction methods, to simplify 

sample inputs to devices. The eventual development of such an integrated diagnostic would aid 

in detecting other pathogenic DNAs, enabling rapid treatments to be administered to patients.  

At present, the results from this bead-based capture, on-chip device will serve as the basis to be 

integrated with a single molecule optical detection system being developed by collaborators (47) 

for detection of very low DNA concentrations (<10 pM). Through this and other improvements, I 

expect that bead-based microfluidic devices of this sort will ultimately have significantly lower 

LODs and faster analysis times.  
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