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ABSTRACT

The identification of sporadic point mutations in tumor-suppressor genes, which 

are responsible for regulating cell growth, has been linked to the early detection of 

cancer, as well as with identifying those individuals with a genetic predisposition to 

developing cancer. My research investigates the use of a single-step endonuclease 

V/ligase scanning assay in the detection of unknown point mutations in genomic DNA. 

Specifically, the research focuses on the K-Ras gene, which has been linked to several 

different types of cancer, including colorectal cancer. A universal PCR strategy using 

fluorescently labeled universal primers and unlabeled gene specific primers allowed for 

amplification of K-Ras oncogene sequences. Amplification was followed by 

heteroduplex generation from the universal PCR products. This procedure resulted in 

products with one of two mismatches (A/C or G/T) that could be used for endonuclease 

treatment. Endonuclease V recognizes and cleaves base pair mismatches within the gene 

sequence, but it also cleaves some correctly paired bases. A highly specific ligase was 

used to reseal these miscleaves, thus increasing signal intensity. Capillary gel 

electrophoresis was employed to distinguish the single-stranded products of the 

EndoV/ligase assay based on fragment-size differences. The early detection and

identification of mutations could lead to increased survival rates for individuals testing 

positive for those mutations. Further research should include the potential to transfer the 

assay to a microelectrophoretic device with possible clinical applications.
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INTRODUCTION

Cancer is a group of diseases that is characterized by uncontrolled cell 

proliferation. It can arise from heritable mutations in DNA or from spontaneous 

mutations in certain genes (i.e. tumor suppressor genes; Klump et al. 2004). These genes 

produce proteins that are responsible for repressing the cell cycle and inhibiting 

unnecessary cell growth (Klump et al. 2004). Mutations in several of these genes can 

disrupt control of the cell cycle and lead to abnormal cell growth (Futreal et al. 2004). 

According to Klump et al, 291 genes, which account for over 1% of the human genome, 

have been identified as cancer-causing genes. Mutations in a single gene or, more likely, 

in three-to-seven cancer genes can lead to tumor formation. One such gene, K-Ras, has 

been implicated in the development of colorectal cancer and several other types of cancer 

(Grady and Markowitz 2002). Mutations in this gene are present in over 40% of 

colorectal tumors and precancerous lesions, making it a potential biomarker for the early 

detection and diagnosis of colorectal cancer (Klump et al. 2004).

Although information about colon cancer has not been as readily available as 

information about other types of cancer, such as breast cancer, colorectal cancer is 

becoming a large problem. Currently, colorectal cancer is the second leading cause of 

cancer related death in the United States and the third most frequent in Japan (Muto et al. 

2001). Death from colon cancer is also a problem in Germany and other European 

countries, where more than 50,000 new cases are diagnosed each year (Becker and 

Wahrendorf 1998). In spite of several breakthroughs in the treatment of colorectal cancer 

that have occurred in the past few decades, the survival rate for the disease has not 

increased much; it remains around 40%, depending on the stage in which the cancer is
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diagnosed (Parker et al. 1997). Generally, patients who have been diagnosed with an 

early stage cancer have an increased chance of survival (Parker et al. 1997). Therefore, 

finding a reliable screening method for colorectal cancer is necessary.

Because K-Ras mutations occur in precancerous lesions, the nature of these 

mutations might be a useful marker for the early diagnosis of colorectal cancer (Ito et al. 

2002). However, at this time, the methods for detecting K-Ras point mutations have not 

been optimized (Pincas et al. 2004). Current detection methods for K-Ras mutations 

include fluorescence z« situ hybridization (FISH), single-strand conformation 

polymorphism (SSCP), restriction fragment length polymorphism (RFLP), temporal 

temperature gradient gel electrophoresis (TTGGE), sequencing, heteroduplex analysis, 

and enzymatic mismatch cleavage (Klump et al. 2004). Although each method has 

positive and negative aspects, most of the methods lack sensitivity and can lead to false

positive readings (Ito et al. 2002). Also, many of the methods, such as SSCP, give 

inconsistent results (Klump et al. 2004). As a result, the methods cannot be used as 

diagnostic tests in a clinical setting. At this time, sequencing analysis is the best method 

for mutation screening; however, it is time consuming and cost-ineffective, thus making 

it impractical for a clinical setting (Golz et al. 1998). Optimization of detection methods 

could lead to early detection of colorectal cancer and could increase the survival rates of 

patients (Ito et al. 2002).

At present, assays involving enzyme mismatch cleavage lack the sensitivity 

necessary for being used as diagnostic tests for colorectal cancer (Ward et al. 1998). My 

research focused on the use of a single-step endonuclease V/ligase scanning assay in the 

detection of unknown point mutations in K-Ras gene sequences. This method has been
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shown to increase sensitivity, facilitating the detection of 1 mutation in 100 wild type 

sequences (Pincas et al. 2004). The assay, however, is somewhat unreliable, and 

conditions must be optimized in order to make the assay practical for clinical use. This 

optimization would eventually allow for the transfer of the assay to a 

microelectrophoretic device, which would significantly reduce the time necessary for 

running the assay (Tian et al. 2000). The purpose of this study was to improve upon the 

current detection methods, eventually allowing for the transfer of the assay to a 

microelectrophoretic device in a clinical setting.
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MATERIALS AND METHODS

Tumor samples were obtained from surgically removed human colon cancers. 

These samples were known to contain K-ras mutations. Genomic DNA from two cell 

lines (LoVo and HT-29) was extracted using the Qiagen DNeasy Tissue kit (QIAGEN). 

LoVo cell lines contained wild-type sequences, while HT-29 cell lines contained mutant

sequences.

Gene specific and Universal PCR amplification of samples

Initially, 50 pL PCR reactions using K-ras gene-specific primers were performed. 

These contained 20 mM Tricine, pH 8.7, 16 mM (NTU^SCU, 2.5 mM MgCb, 0.2 mM 

dNTP, 0.2 pM of each primer, and 100 ng genomic DNA. This reaction mixture was 

incubated at 94°C for 2 min (hot start), followed by the addition of 5 U AmpliTaq DNA 

Polymerase. Amplification conditions were as follows: 35 cycles of 94°C for 20 s, 68°C 

or 64°C for 30 s, 72°C for 1 min, followed by extension at 72°C for 7 min. Two annealing 

temperatures (68°C or 64°C) were used to produce the best yield of PCR product, which 

was necessary for the following steps.

Universal PCR amplification steps followed gene-specific PCR amplification.

This amplification labeled PCR fragments with fluorescent dyes, which would allow for 

their detection in the final step of the assay. Universal amplification followed the same 

method used in Pincas et al. (2004) with the following modifications: In the universal 

reaction, a forward FAM Universal labeled primer and a reverse CAL Fluor Orange 560 

labeled primer were used (Fig. 1). Universal PCR amplification prepared the products for 

heteroduplex formation in the following step.
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— 5’ Unlabeled phosphorylated primer

FAM

3’ 5’

1 20 cycles for gene specific amplification with anneal 65° C 
30 cycles for universal amplification with anneal 55° C

FAM-

3’

3’

5’

Figure 1. Addition of FAM universal and phosphorylated primers to the top strand of 
gene-specific PCR products. CAL Fluor Orange 560 primer was added in a similar 
manner to the bottom strand.

Formation of heteroduplexed DNA using denaturation/renaturation procedure

Approximately equal ratios of FAM/CAL labeled wild-type products were mixed

with FAM/CAL labeled mutant products in a 12 pL final volume, creating a one base- 

pair mismatch in the products. A wild-type control mixture contained FAM/CAL labeled 

wild-type PCR products only (approximately 700 ng DNA). Two experimental mixtures 

were also made, one composed of FAM labeled wild-type and CAL labeled mutant 

strains, while the other mixture contained CAL labeled wild-type and FAM labeled 

mutant strains (Fig 2). Also, one pL proteinase K was added to each reaction mixture to 

inactivate the Taq DNA polymerase used during PCR amplification. This mixture was 

incubated at 65°C for 30 min to activate proteinase K, followed by 10 min at 80°C to 

inactivate the enzyme. Then, the mixtures were denatured/renatured as follows: 95°C for 

2 min, 95°C for 15s, followed by a 0.2°C decrease in temperature every 15 s down to
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45°C. This was followed by a 10 min incubation at 25°C.

Wt A Wt B wt/wt

Wild-type
control

([G:C] match)

PCR mixtures:

WtA wt/mu

PCR mixture 
#1

Mut A wt/mu

PCR mixture 
#2

Figure 2. Formation of heteroduplex products (wild-type/mutant mixtures) and control 
products (wild-type/wild-type mixture).

EndonucleaseV(endoV)/ligase mutation scanning

A 6.5 pL volume of heteroduplexed PCR mixture was incubated at 65°C for 2h in

a 20 pL final volume containing 80 mM Tricine pH 8.0, 5 mM MgCb, 5 mM 

Dithiothreitol (DTT), 5% Dimethyl sulfoxide (DMSO), 1.5 mM Betain, and 2% glycerol, 

along with 500 nM endoV, 6 nM ligase, and 5 mM NAD. Two sets of negative controls 

were also made to serve as references for the final products. One negative control set did 

not contain ligase, while the other lacked endoV and ligase. Figure 3 depicts the
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endo V/ligase procedure. The endoV/ligase reactions were terminated by adding EDTA to 

a 10 mM final concentration, inhibiting any further endoV cleavage activity.

♦ CAL Fluor 
Orange 560 

♦ FAM

Endonuclease V treatment 
cleaves 3’ side of mutation and 
some correct matches

3’ 5’

Ligase treatment to reanneal 
correct matches

3’ 5’

Figure 3. Endonuclease V/ligase treatment to cleave base-pair mismatches in 
heteroduplexed substrates.

Fragment detection using capillary gel electrophoresis (CGE)

The ABI Prism 310 genetic analyzer was used to separate single-stranded

endoV/ligase products, negative control sets, and the LIZ 500 size standard. The run 

conditions for this procedure were as follows: 10 s injection with a 48 min run-time at 15 

kV and 60° C in POP-4 polymer. Each sample was excited by a 488 nm light source 

inside the ABI Prism 310, and the resulting data were collected by a computer, which 

allowed for analysis of the results of the assay.
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RESULTS

The main objective of this study was to optimize the conditions of a pre-existing 

assay in order to facilitate its transfer to a microelectrophoretic device. This transfer 

would allow for a reliable screening method for colorectal cancer in a clinical setting. 

Although the goal was to improve all parts of the assay, only the first three steps in the 

assay (gene specific PCR, universal PCR, and heteroduplex formation) could be 

optimized and verified.

Gene Specific and Universal PCR Amplification

Because clinical tumor samples do not contain many copies of the region of 

interest (in this case, a specific portion of the K-Ras gene), PCR amplification is 

necessary. The gene specific and universal PCR amplifications sought to increase the 

amount of the target sequence in order to complete the rest of the assay. Universal 

amplification was also necessary to affix the fluorescently labeled and phosphorylated 

primers necessary for completing the remaining steps in the assay. Both processes 

produced high yields of PCR products (Table 1). The gels from each amplification can be 

seen in Figures 4 and 5.

Table 1. Amount of DNA synthesized by gene-specific PCR Amplification

Component Amount of DNA (ng/uL)
HT-29 64 °C 315
HT-29 68 °C 40
LoVo 64 °C 100
LoVo 68 °C 45
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.• *

Product at 
350 b.p

Figure 4. Gel electrophoresis of gene specific PCR products. The product can be seen at 
350 bp. Two annealing temperatures were used to produce the highest product yield. 100 
bp NED size standard was added to each lane. Lane 5 contains only size standard. The 
other lanes are, from left to right: HT-29 64°, HT-29 68 °, LoVo 64 °, and LoVo 680

1 2 3 4 5

Figure 5. Gel electrophoresis of universal PCR products. The product can be seen at 350 
bp. The lanes are, from left to right: 100 bp NED size standard, LoVoA, LoVo B, HT-29 
A, HT-29 B, LoVo negative control (no primers), HT-29 negative control (no primers), 
and 100 bp NED size standard.
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Heteroduplex formation, endoV/Ligase scanning, and CGE

The entire endoV/ligase assay relies on the creation of a base-pair mismatch

during the heteroduplex formation step. This base-pair mismatch facilitates the cleaving 

of incorrect base pairs during endoV/ligase treatment, which allows for the eventual 

analysis of the products using CGE. The results of a typical run on the ABI Prism 310 are 

shown in Figure 4. The results on this instrument were limited to raw data because the 

correct computer analysis software was unavailable. Currently, the raw data results show 

peaks in the 100-200 bp region, which correspond to fragments that are expected from 

the endoV/Ligase mutation scanning assay (Figure 6).

Figure 6. Typical results obtained from capillary gel electrophoresis of endoV/ligase 
treated products. The top and bottom electropherograms are endoV/ligase products. The 
middle results were obtained from the LIZ 500 Size Standard.
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DISCUSSION

Currently, reliable methods for the early detection of colon cancer are not 

available. Consequently, the disease continues to be one of the leading causes of cancer 

related death throughout the world (Klump et al. 2004). Better screening methods would 

allow for earlier detection of the disease, which would improve patients’ chances of 

survival (Parker et al. 1997). In an attempt to remedy the problem of cancer detection, 

Pincas et al. (2004) created their endoV/ligase scanning assay; however, this assay is 

somewhat impractical for a clinical setting at this time because of time constraints. The 

goal of this project was to optimize the conditions for the endoV/ligase assay in order to 

facilitate its transfer to a microelectrophoretic device, which would allow for its use in a 

clinical setting as an early screening method for colorectal cancer.

Throughout the process, several goals were accomplished. In the first step of the 

assay, gene specific PCR amplification was successfully completed. This process gave 

high yields with reproducible results. The use of a 68°C annealing temperature increased 

product yield (Table 1). Therefore, 68°C was used as the annealing temperature in the 

universal PCR amplification and high yields of universal PCR products were obtained 

(Table 1). Also, heteroduplex and endoV/ligase treatments of PCR products were 

completed. These results are similar to those obtained by Pincas et al. (2004).

Although the first steps in the assay were completed successfully, the conditions 

for capillary gel electrophoresis could not be optimized. Currently, results from CGE are 

limited to raw data because of the erratic nature of the sample detection. Also, because 

the correct analysis software for the ABI Prism 300 could not be obtained, the raw data 

that was obtained could not be accurately analyzed. The current results show peaks in the
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100-200 bp region, which is consistent with fragments produced by the endoV/ligase 

assay. This suggests that the assay is working properly; however, further analysis is 

necessary, which requires the proper software. Also, further optimization of run 

conditions is required to facilitate the transfer of the assay to a microelectrophoretic 

device. Further analysis could show whether this assay will be compatible with cancer 

screening in a clinical setting.
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