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Peptide nucleic acid-mediated one-step PCR assay in detection of K-ras mutation
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[ABSTRACT] Objective: To establish a peptide nucleic acid-mediated one-step PCR assay for detecting K-ras mutation,and to
evaluate its diagnostic value. Methods: We developed a one-step polymerase chain reaction (PCR) approach with melting curve
analysis using wild-type specific peptide nucleic acid (PNA) and fluorescent dye SYBR Green | to determine the genotypes in
codon 12 and 13 of K-ras oncogene. The result of our method was compared with that of restriction fragment length
polymorphism (RFLP) analysis. Results: Our method simultaneously examined condon 12 and 13 of K-ras oncogene,and was
easy to perform. The sensitivity of our method was 0. 001% when in a 10°-fold excess of wild-type K-ras DNA. The detection
limit was 10° copies. Our method could be used for large sample test, with the time of a single test being 1 hour. The limit of
traditional method was 10° copies and the sensitivity was 0. 01%. The testing time was about 2 days for samples which needed
only 1 hour using our method. Conclusion: Our method has obvious advantage over RFLP analysis; it is suitable for detecting K-
ras mutation in large samples and can be used as an effective method for early diagnosis of pancreatic cancer.
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Fig 1 PNA differentiated mutant K-ras gene from wild-type K-ras
Without PNA, the Tm of wild-type (WT) templates was very close to the mutants (MT) (curve 1,2);with 1. 25 umol/L PNA, the difference
between the Tm of WT and MT was up to 3.4°C ,so the two genes could be differentiated (curve 3,4)
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Fig 2 Optimization of PNA concentrations

When the PNA concentration was 2. 0 pmol/L,the WT could not be suppressed completely (curve 1). Adjusting the PNA in the range of 3. 75-
4.0 pmol/L,the mutant-specific peak (81.1°C) was observed in MT, but there was only peak of primer dimmer in WT (curve 2,3). When the
concentration of PNA was 8. 0 umol/L,there was no fluorescence observed in both WT and MT PCR systems (curve 4)
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Fig 3 Sensitivity analysis of PNA-clamping PCR in detecting mutant K-ras genes

The MT/WT was from 1 : 1 to 1 : 10°. Melting curve analysis showed that there were mutant-specific peaks in all the mixture. And the fluores-

cence intensity gradually decreased with the decrease of the MT copy number
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Fig 4 Sequencing analysis result of PNA-clamping PCR
A:WT : MT=1 : 1(with 3. 75 pmol/L PNA); B:WT : MT=10 : 1(with 3. 75 pmol/L PNA); C:WT : MT=1 : 1(without PNA); D:WT :
MT=10 : 1(without PNA); E:Ca71(with 3. 75 pmol/L PNA); F:Ca58(with 3.75 umol/L PNA)
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Tab 1 Comparison between PNA-clamping QR-PCR and RFLP/PCR in detecting K-ras mutation
PNA-clamping QR-PCR BstN T RFLP/PCR

Reagent SYBR Green | BstN |

PNA Primers

Primers Purification kit,agarose gel,ezc.
Procedure QR-PCR—>Melting curve analysis PCR—Electrophoresis—Purification—

Time consumed(hours/time) 1.5-2
Detectable genotype of K-ras gene
The lower limit(copies/ml) 10?
Sensitivity 0.001%
Quantitative method Absolute quantitation
Post-PCR procedure

low false positive rate

Mutation of codon 12 and 13 simultaneously

One-step method,no contamination to lab,

Enzymatic reaction—>PCR—>Electrophoresis—
Purification— Enzymatic reaction —Electrophoresis
12-15
Mutation of codon 12 only
108
0.01%
Demi-quantitation

Multistep method, high false positive rate
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