International Journal of Advanced Biotechnology and Research (IJBR)
ISSN 0976-2612, Online ISSN 2278–599X,
Vol-8, Issue-4, 2017, pp424-435
http://www.bipublication.com
Research Article

Design and optimization of Strip test in examining KRAS
mutations in colorectal cancer

Elaheh Ferdosi Shahandashti1, 2, Mohammad Hossein Modarressi3*,
Javad Shokri Shirvani4 and Elahe Motevaseli5*
1

Department of Medical Biotechnology, School of Advanced Technologies in Medicine (SATiM),
Tehran University of Medical Sciences, Tehran, Iran
2
Department of Medical Biotechnology, School of Medicine,
Babol University of Medical Sciences, Babol, Iran
3
Department of Medical Genetics, School of Medicine,
Tehran University of Medical Sciences, Tehran, Iran
4
Department of Internal Medicine, Rohani Hospital,
Babol University of Medical Sciences, Babol, Iran
5
Department of Medical Medicine, School of Advanced Technologies in Medicine (SATiM),
Tehran University of Medical Sciences, Tehran, Iran
Corresponding authors: 1Dr. Elahe Motevaseli (Department of Medical Medicine, School of Advanced
Technologies in Medicine (SATiM), Tehran University of Medical Sciences, Tehran,
Iran. E-mail: e_motevaseli@sina.tums.ac.ir)
2
Dr. Mohammad Hossein Modarressi (Department of Medical Genetics, School of Medicine,
Tehran University of Medical Sciences, Tehran, Iran. E- mail: modaresi@tums.ac.ir)

ABSTRACT
Introduction: KRAS mutations are among the key events in the carcinogenesis process of colorectal cancer.
Some mutations in the KRAS gene in metastatic colorectal cancer patients cause the patients to not respond to the
monoclonal antibodies of Panitumumab and Cetuximab. Therefore, colorectal cancer patients should be
monitored for mutations in the KRAS gene before using this monoclonal antibody and only those with colorectal
cancer that do not have mutations in the KRAS gene respond to these drugs and prevent tumor progression. In
this study, the design of Strip Assay based on the reverse dot blot was used to investigate mutations of the KRAS
gene in colorectal cancer patients.
Methods: In this study, 10 biopsy samples from healthy subjects and 10 biopsy samples from patients with
colorectal cancer referred to Imam Khomeini Hospital in Tehran and Ayatollah Rouhani Hospital in Babol were
collected. To design the Strip test, nylon and Nitrocellulose membranes were first selected and then 12Asp,
12Ala, Wild-type KRAS and HLA-control probes and KRAS and HLA gene primers were designed. After
membrane treatment, by applying double modification, at the end of the 5' and 3' of probes, the probes were
connected to the membrane and coded. Biotinylated primers were used to label the PCR product. Then the probe
hybridization was performed with a labeled PCR product (Biotinylated), derived from a patient and healthy
specimen. Reverse engineering was also used to design primers and probes, for which TA Cloning technique was
used. In the final step, to evaluate the results, the concentration and time of using the alkaline phosphatase
enzyme attached to streptavidin and the BCIP-NBT substrate were optimized to create the lowest color of the
field for better resolution of the bands.
Results: In this study, 12Asp, 12Ala, wild-type KRAS and HLA-control probes were coded with the appropriate
and treated membrane stripes to survey mutations in the KRAS gene. Then, the results of hybridization with
PCR-labeled product of patient and healthy samples were analyzed separately. As an enzyme and substrate
control, instead of a probe, the biotinylated product of PCR and to control the correct hybridization, instead of
the probe, the non- biotinylated product of PCR was encoded on the strips. As a result, after each test, these two
controls were observed as purple bands showing the correctness of the test. To control of PCR, an HLA-control
probe was used which was observed in a purple band in all tests, both in healthy samples and in patient samples,
which shows the correctness of the PCR. In the case of healthy and patient specimens with 12Asp, 12Ala
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mutations, the wild-type KRAS, 12Asp, and 12Ala probe bands, in addition to the controls mentioned, were
observed to be blue-purple violet. At all stages after optimization, favorable results were obtained.
Discussion: The final result of this study was the design of a diagnostic kit for the study of mutation in colorectal
cancer patients. The kit buffers, the appropriate membrane and 4 oligonucleotide probes were designed and
optimized for temperature, time, concentration and pH, and favorable results were obtained. Regarding different
methods for KRAS gene analysis, the reverse dot blot method, which was designed in this study, has some
advantages. This method has high sensitivity in detecting tumor cells and data analysis is easy to do, unlike other
methods. Hoping to acquire this knowledge, we can look at other cancer factors as well as various genetic
diseases in the near future.
Keywords: Colorectal Cancer, Strip Test, Probe Modification, Probe, KRAS.

INTRODUCTION
Colorectal cancer is an inevitable growth of
colon and rectum cells. This kind of cancer
shows the geographical variation in its
occurrence,
even
within
regions
of
homogeneous ethnicity and nationality. In less
developed countries, due to its diet, the disease
is less prevalent. It is estimated that at least half
a million people in the world every year are
infected with this cancer. Based on Iranian
cancer registries in Iran between 1386 and
1382, the total number of recorded cases of all
cancers was 263,366, of which 7.4%, 19,519
were colorectal cancer. Due to the importance
and relatively high number of this type of
cancer, diagnosis and subsequent selection of
appropriate treatment is very important. KRAS
protein, a monomeric G protein, is located on
the short arm of chromosome 12 and region
12.1 and is approximately 38 kilo base in size.
This region encodes a protein with 188
subunits of amino acid and a molecular weight
of 21.6 kDa, which is activated transiently
responding to stimuli or extracellular signals
such as growth factors, cytokines, and
hormones. KRAS activating mutations are point
mutations that have the greatest effect on the
amino acid subunits or codons 12, 13, and 61.
In CRC, most mutations in the KRAS gene are
a single base dislocation, and more often
involve codons 12 and 13 (73% and 22%
respectively). The most frequent point mutation
in codon 12 is related to GGT N GAT (c.35G
NA; p.Gly12Asp) and GGT N GTT (c.35G NT
p.Gly12Val) sequences and in the codon 13 is
the GGC N GAC sequence (c .38G NA;
p.Gly13Asp) (1-3). Missense mutations are
reported with less frequency in codons 61, 117
and 146 and other rare locations (1, 4).
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Currently, KRAS mutation analysis is known as
the predictor of a biomarker in colorectal
cancer. Studies show that only CRCs with
wild-type KRAS respond to EGFR receptor
therapy. Therefore, mutation analysis before
treatment is unavoidable and should be a
reliable measure for obtaining the abundance
and variety of KRAS mutations in a routine
experiment (5).
Today, using molecular methods, early
diagnosis of genetic diseases and cancer can be
achieved. There are kits with different
sensitivity and specificity for different
illnesses, each of which has its own advantages
and disadvantages. One of these methods is the
reverse dot blot method. In general dot blot,
DNA samples are fixed on the membrane and
hybridized with specific probe labeled, whereas
in the reverse dot blot method, the allelespecific oligonucleotide probes (ASO) are
fixed on the nylon membrane. In this method,
since each of the probes is located at a specific
point in the membrane, only one hybridization
step is required. This method has 3 steps that
include: 1) DNA extraction 2) PCR
amplification using biotinylated primers 3)
Hybridization of duplicated products on a test
strip
which
includes
allele-specific
oligonucleotide probes and are fixed as an
array of parallel lines in the matrix.
Biotinylated sequestered sequences are
detected
using
streptavidin-alkaline
phosphatase and colored substrates. Studies
have shown that the Reverse Dot Blot (RDB)
technique is more accurate and more sensitive
to study of the KRAS gene mutation than other
methods. Using the Strip Assay based on
Reverse Dot Blot (RDB) method in the shortest
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possible time and with the least facility of
routine labs, simultaneously, a large number of
mutations can be identified. Therefore, the aim
of this study was to design a KRAS Strip Assay
based on Reverse Dot Blot to identify the
KRAS gene and its mutations.
MATERIALS AND METHODS
Collect healthy and patient Samples: In this
study, in the year 1395, 10 biopsy samples
from healthy subjects and 10 biopsy samples
from patients with colorectal cancer referred to
Imam Khomeini Hospital in Tehran and
Ayatollah Rouhani Hospital in Babol were
collected. The specimens were stored in
paraffin or fresh tissue after being transferred
to the Laboratory of Babol University of
Medical Sciences at 20 ° C.
DNA extraction: In order to extract DNA from
paraffinic and nonparafine tissues (fresh
tissue), a high-pure PCR template preparation
kit (Roche, Germany) was used. In order to
determine the concentration and quality of the
DNA extracted from the NanoDrop™
spectrophotometers
(ND-1000;
Thermo
Scientific; Wilmington, DE, USA) was used.
Southern blot technique to confirm DNA
binding to the selected membrane: Before
carrying out the reverse dot blot technique, the
Southern blot technique was performed to
ensure the various stages of the work. After
determining the appropriate restriction enzyme
using the Web Cutter 2.0 software, the HindIII
and NdeI enzymes (Fermentas Ukraine), which
lacked a shear position within the KRAS
fragment, were used for cutting in genomic
DNA.
The enzyme digestion was carried out
according to the manufacturer's instructions.
Then, the extracted genomic DNA, the product
of digestion and 100 base pairs DNA size
marker were electrophoresed on a 1.3%
agarose gel. After coloring the gel using Cyber
Green, the bands and smear from the enzyme
digestion were examined on a transilluminator. Extra parts of the gel that the
sample is not loaded and as well as the DNA
size marker line were cut off, and the transfer

Elaheh Ferdosi Shahandashti, et al.

was then carried out to the nylon membrane
(Sigma, Germany).
Design of suitable oligonucleotides as
probes: An oligonucleotide suitable for each
mutation in the KRAS gene and also for PCR
control in the KRAS Strip Assay Kit was
purchased with an appropriate modification at
the end of the 5', from Anaspec Canada. At the
end of the 5' oligonucleotides, amine group was
placed to connect the membrane. The
oligonucleotide sequences that used as specific
probes were included Mutation 12Asp,
Mutation 12Ala, Wild type codon 12, and PCR
control-HLA, respectively.
The proper primer design for the desired part in
the exon 2 of the KRAS gene: Since common
mutations in the KRAS gene is related to
codons 12 and 13 in Exon 2, a pair of primers
was designed to identify this fragment of the
KRAS gene using primer3 primer design
software, Which contains the primer F; 5'TGTGACATGTCTAATATAGTCACAT-3'
and
the
primer
R;
5'ACCAGTATATGCATATTAATCAAGA-3'.
Also, the HLA gene primers including, F; 5'CTGACCTAGCGAGTATCATT-3' and R; 5'GGAGCTACCATAGGTGATCG-3' were used
as control PCR in the KRAS Strip Assay Kit.
The PCR reaction was carried out in 25 µl
volumes.
Each PCR reaction contains 200 µM dNTP, 10
picomole per primer, 1.5 mmol / L MgCl2, 0.5
unit Taq enzyme and 50 ng pattern DNA.
Initial denaturation 96 °C, 5 minutes for a
cycle, then 35 cycles, including denaturation 94
°C, 30 seconds, annealing 57.3 °C, 45 seconds,
and extension 72 °C, 45-second and eventually
final extension 72 °C, 10 minutes for a cycle.
PCR products were examined for the presence
of genes by electrophoresis on 2% agarose gel
and after staining by fluorescence DNA stain.
Then the PCR product was sent for approval to
the company A/S, Denmark for the
confirmation of the primer. After confirming
the primer sequence, modified primers (5'
biotinylated) were synthesized.
TA Cloning to check and determine the
sequencing of PCR products from KRAS
Mutation Strip Assay: For part of designing
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this diagnostic kit, reverse engineering was
used. The labeled PCR product obtained from
the KRAS Mutation Strip Assay Kit from
Viennalab Company was sequenced using the
TA Cloning technique. To do this, the TA
Cloning Kit (Catalog Number: BP-153),
including the PTG19 plasmid (Cinagen Co.
Iran) and the T4 DNA ligase enzyme
(Fermentas, Ukraine), was used.
PCR production and DNA Ligation: The
PCR product obtained from KRAS Strip Assay
(Viennalab, Austria) was imported with the
help of the DNA ligase enzyme into the linear
PTG19 plasmid. In this study, the pTG19-T
PCR cloning kit of Cinagen Company was
used.
Transfer of ligation product to susceptible
bacteria (Transformation): In this study,
DH5α strains of E.coli was used to produce a
competent cell. After producing a susceptible
cell, the transfer of the recombinant plasmid of
the susceptible bacteria was carried out and
then cultured in a solid culture medium of
Luria Agar (Merck, Germany).
Screening of bacterial clones containing
recombinant plasmids: After transforming the
recombinant plasmid into a susceptible host
cell, to differentiate bacteria containing a
recombinant plasmid from other bacteria,
Including empty bacteria or bacteria containing
an inseminate ring-shaped plasmid Using
Alkaline Lysis method, plasmid was extracted
from transformed bacteria (6). Then, an
enzymatic digestion was used to confirm the
presence of the desired gene in the plasmid.
The PCR product obtained from the
commercial kit is located between the two sites
of the BamH1 enzyme on the PTG19 plasmid.
To confirm the presence of the desired PCR
product and its sequencing, enzyme digestion
was used by the BamH1 enzyme (Takara Co.
Japan). 15 µl of the reaction material was
electrophoresed on 0.7% agarose gel, along
with 1Kb size marker. The accuracy of the size
of the cloned piece was confirmed as compared
to the size marker. If the reaction product
contains the desired gene, after enzymatic
digestion, in addition to the 2880 base pairs
plasmid, it should be observed on agarose gel
Elaheh Ferdosi Shahandashti, et al.

bands with the size of the PCR product pieces,
151, 153, or 204 bp. The results show which
some of samples contain the desired fragment.
These products were sent for sequencing
(Takapozist Co. Iran).
Reverse dot blot technique: First, we
developed a biotinylated PCR product using a
designed and appropriated primers. For blotting
and encoding of probes, nylon and
nitrocellulose membranes were used. First, the
membranes were cut in appropriate dimensions
and strips were prepared. Then the biotinylated
and non biotinylated PCR products were
encoded on the membranes. Denaturation of
the two-stranded DNA encoded into a singlestranded DNA was performed in various ways
as follows. (1) Use of alkali (In this method,
the encoded membranes were placed in a
freshly prepared solution of 0.4 M sodium
hydroxide and 1 M sodium chloride for 20
minutes), (2) using an oven (in this method, the
encoded membranes were placed in the oven
for 10 minutes at 100°C) and (3) using thermo
cycler (encoded membranes are placed in
thermo cycler for 10 minutes at 99°C).
Hybridization at different temperatures and
times: After denaturation of the two-strand
DNA encoded on the membrane, the
biotinylated PCR product was diluted 1 to 6
with a hybridization buffer and poured onto the
membrane. At this stage, for the hybridization,
we placed the membranes separately at room
temperature, 42° C and 37 ° C for overnight.
During this time, the membrane is placed on a
mild circle shaker to allow proper
hybridization.
Treatment of oligonucleotide probes:
Oligonucleotides from Anaspec Canada were
ordered, with the amine group at the end of
their 5' sequence. At this stage, the 3' end of
oligonucleotides was treated, using the
Terminal transferase recombinant kit and dTTP
(Sigma Aldrich Co, Germany). To increase the
length of the oligonucleotides (probes), to
better connect to the membrane. Oligo dT is
increased by the terminal transferase enzyme
(TdT) and dTTP to the 3' end. This reaction
was carried out in a volume of 50 µl, 10 µl of
TdT enzyme reaction buffer at a concentration
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of 5x (final concentration of 1x), 0.3 µl of
oligonucleotide or probe (with a concentration
of 200 picomoles), 1 µl TdT enzyme
(equivalent to 400 Unite), 5 µl of CoCl2
solution (25Mm), 5 µl dTTP (125 µM) and 7.8
µl ddH2O. Microtubes were placed at 37 ° C
overnight.
Optimize the different steps of the Reverse
Dot Blot technique: First, using the Terminal
Transferase and dTTP kits, to the 3' end of
healthy and Carrier of mutation oligonucleotide
probes in codon 12 (12Asp), as well as to the
oligonucleotide HLA, oligo dT was added.
Also, for specimen of healthy persons and a
patient with a specific mutation in the KRAS
gene, a PCR reaction was performed separately
with the biotinylated and non biotinylated
primers. The PCR product was then encoded
and fixed on the membrane.
The membrane was placed at 100 ° C for 10
minutes to convert the two-stranded to singlestranded DNA. At this stage, healthy and
patient oligonucleotides were encoded on the
membrane, which was previously treated. To
perform hybridization, the biotinylated PCR
product, diluted with SSPE2X / 0.1% SDS
buffer and previously separated at 99 ° C for 10
minutes, was poured onto the membrane for
overnight at room temperature or at 42 ° C. The
membrane was washed with SSPE2X / 0.1%
SDS buffer, then added the Streptavidin
alkaline phosphatase enzyme.
After 30 minutes the buffer was discarded and
the BCIP-NBT standby substrate was added to
the membrane for 15 minutes. Eventually the
result was observed in the membrane.
RESULTS
PCR result with a primer designed to
examine the presence of the KRAS gene: The
length of the PCR product, or the fragment of
the KRAS gene, is 211 bp. Figure 1 shows the
PCR results of patient samples, positive PCR
control, on gel electrophoresis.
The PCR product was sent to TAG Co.
(Copenhagen, Denmark) for confirmation of
the sequence and its results confirmed the
correctness of the designed primer.

Elaheh Ferdosi Shahandashti, et al.

Fig 1. Electrophoresis result: lane 1, 2 and 3 for
patient samples, lane M, DNA size marker 100 bp,
and lane 4 for positive PCR control respectively.

Confirmation of selected membrane type,
using KRAS Strip Assay commercial kit
(Vienna lab Co.): Results As shown in Fig. 2
on the stripes, in some samples, the purple spot
was detected after a reverse dot blot technique
indicating that the membrane is appropriate.

Fig 2. Result of selected membrane type
confirmation, using KRAS Strip Assay.

TA cloning: Using reverse engineering and
using the TA cloning technique, the sequence
of the primers in the kit was investigated. First,
a PCR product from the KRAS Strip Assay kit
was checked on the agarose gel to confirm the
reaction. According to the kit protocol, bands
of 151, 153, and 204 bp were obtained. At this
stage, the PCR product obtained from the
KRAS Strip Assay kit was inserted into the
PTG19 / T vector template for sequencing with
the TA cloning technique. The results of which
were white colonies observed among blue
colonies, then white colonies were selected for
subculture and ligation.
The results of the digestion of the extracted
plasmids to confirm the inclusion of the insert
into the vector: After extraction of the plasmid
from white colonies, using two methods of
manual and kit for a survey of insert. Then,
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were enzymatically digested by BamH1 and
the result was examined on 0.7% agarose gel
(Fig. 3).

alpha chain gene Accession: AH001506.2)
which is one of the expected components.
According to the obtained sequence, it was
determined that this fragment is related to PCR
control in the KRAS Strip Assay commercial
kit.
PCR product electrophoresis for kits
control: By designing the primer and adjusting
the PCR program, the 215 bp fragment was
amplified, and analyzed in 2% agarose gel (Fig.
5).

Fig 3. The result of the digestion of the extracted
plasmids, from left to right, 1 kB marker size, lane
1, sample 1 extracted from the plasmid manually,
lane 2, sample 1 after enzymatic digestion, lane 3.
The samples were numbered 3, 4, 5 and 2,
respectively, extracted and digested with enzyme
digestion, lane 7, sample 2, extracted from the kit,
another plasmid for control.

Then samples 1, 3, and 5, identified in the
figure above with an arrow, were sent to
Bioneer Corporation of Korea from pre-digest
enzyme digestion vials for sequencing with
Universal Primer M13, and then considered the
results obtained from sample sequencing. First,
we obtained the pTZ19 vector sequence from
the NCBI database. According to the genetic
map of the region, we arrived at the PCR entry
site into the vector, as shown in Figure 4.

Fig 5. Electrophoresis result of PCR control
fragment, lane 1 and 2, patient samples, lane 3 and
4, healthy samples, lane M, DNA size markers 100
base pairs and C-, C + negative and positive
controls respectively. Positive PCR product length
is 215 bp.

Southern blot: After transferring DNA from
the agarose gel to the membrane, in the
Southern Blot technique, the membrane
staining with the enzyme and substrate was
performed (Fig 6). By observing the bands on
the membrane after hybridization and staining,
DNA binding to the selected membrane was
confirmed.

Fig 4. Vector insertion site for the PCR product

At this stage, Samples, sequenced with
universal primer M13, and vector sequences
were aligned to determine the sequence of the
insert. In each case, insert sequence was
identified as follows. Then, using the BLASTN
software, the corresponding sequence, which
most closely resembles the insert sequence,
was determined. The result of this blast is that
the sequence has the closest similarity and
similarity to the sequence of human HLA-DR
Elaheh Ferdosi Shahandashti, et al.

Fig 6. Southern blot result: DNA binding to the
membrane confirmation by creating a purplecolored band on it

Reverse Dot Blot technique: After treating the
membrane, various treated probes (probes
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related to the normal and mutated gene in the
codon 12 of KRAS gene) were encoded on it.
First, several spots were placed on the
membrane. Spot 1 for control, i.e., biotinylated
PCR product, spot 2 for non- biotinylated PCR
product, spot 3 oligonucleotide (probe) without
adding an oligo dT tail, spot 4 oligonucleotide
(probe) tailed by oligo-dT, spot 5 of PCR
product without adding oligo dT tail and spot 6
of PCR product tailed by oligo-dT, which was
subsequently hybridized with the biotinylated
and denatured PCR product. The final results
were determined after using alkaline
phosphatase conjugated streptavidin and BCIPNBT substrate (Fig. 7). As shown in Fig. 7, the
results are as follows: (1, 2, 4, 5 and 6) positive
result and appearance of color (3) the negative
result and non-appearance of color.

in negative reaction was also found. At the
encoded site with probe, in both of the strips,
highly colored stain was observed, which
confirms the hybridization with a healthy
sample without 12Asp mutation in left strip and
hybridization with a patient sample with 12Asp
mutation in the right one .

Fig 7. Results of denatured PCR product and the
probes tailed with/without oligo-dT sequences
hybridized by biotinylated PCR product.

Fig 8. Results of reverse dot blot reaction: on the
strips from left to right hybridization performed by
healthy and patient samples. Biotinylated and
denatured PCR product, non-biotinylated and
denatured PCR products, 12Asp and Wild type
probes were coated from up to down of strips,
respectively.

Reverse dot blot with wild type and 12Asp
mutation probes on KRAS gene in a healthy
and patient sample with 12Asp mutation:
Reverse dot blot was performed with a wild
type and 12Asp mutation probes on nylon and
nitrocellulose strips. In these stripes, the
biotinylated PCR product was first encoded as
an enzymatic control, non-biotinylated PCR
product as control of hybridization, 12Asp
mutation and Wild type probes. Then the
hybridization process was carried out by
biotinylated and denatured (single-stranded)
PCR product. In a strip membrane
hybridization performed by biotinylated and
denatured PCR product of a healthy specimen
and another one hybridized by biotinylated and
denatured PCR product of specimen containing
a 12Asp mutation. The final results after
enzyme and substrate reaction on both strips,
purple color stain in positive and none colored
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Reverse dot blot with wild type, 12Asp and
12Ala mutation probes on KRAS gene in a
healthy person sample: Reverse dot blot was
performed with wild type, 12Asp, and 12Ala
mutation probes on KRAS gene on nylon and
nitrocellulose strips. In these strips, the
biotinylated PCR product was first encoded as
an enzymatic control, probes containing 12Asp,
12Ala mutations, and wild type probes, then
hybridization
process
performed
by
biotinylated and denatured PCR product of
healthy specimen. The final results were
determined after enzyme and substrate reaction
on the strip, purple color stains in positive and
none colored in negative reaction was also
found (Fig. 9). According to the results
obtained in Fig. 9, in the post-hybridization
430
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strip at the site of the biotinylated PCR product
encoding, a very violet stain was observed. At
the encoded site with a Wild type probe, a
highly colored stain was also observed
confirming the hybridization with a healthy
sample. At the site encoded with the 12Ala
probes and 12Asp, did not produce colored
spots.

Fig 9. Results from the reverse biotinylated PCR
product, Wild type, 12Ala and 12 Asp probes on
nylon and nitrocellulose strips, in hybridization with
a healthy person sample (the left figure is a
commercial kit)

Reverse dot blot with wild type, 12Asp and
HLA (control) probes on KRAS and HLA
genes in a healthy person sample: Reverse
dot blot was performed with a wild type and
12Asp probes on the KRAS gene and a control
probe on HLA gene on nylon and nitrocellulose
strips. In these strips, the biotinylated PCR
product was first encoded as an enzymatic
control, probes containing wild type, 12Asp,
and HLA (Control) probes, and then
hybridization
process
performed
by
biotinylated and denatured PCR product of
healthy specimen. The final results were
determined after enzyme and substrate reaction
on the strip, purple color stains in positive and
none colored in negative reaction was also
found (Fig. 10). According to the results
obtained in Fig. 10, in the post-hybridization
strip, at the encoded site with wild type probe
(band1), did not produce the colored spot. At
the site of the biotinylated PCR product
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encoding (band 2), purple stain was observed.
At the site encoded by 12Ala and HLA probes
(bands 3 and 4), respectively, in both cases a
very high-stained stain appears to confirm the
hybridization with healthy and control samples.

Fig 10. Reverse dot blot results of the biotinylated
PCR product, wild type, 12Asp and HLA control
probes on the strip, in hybridization with samples of
healthy sample (the left figure is a commercial kit)

Reverse dot blotting with wild type, 12Ala
and HLA (control) probes on the KRAS and
HLA gene in a patient's specimen with a
12Ala mutation: In this strip, the PCR
products were biotinylated as a control
enzymatic reaction, probes Wild type, 12Ala
and HLA (Control) containing oligo dT
(without symptoms) encoded and then on the
Strip, the process of hybridization with PCR
product biotinylated and denatured (Singlestranded) patient sample with mutation 12Ala.
The final results were determined after using
the alkaline phosphatase enzyme attached to
streptavidin and the BCIP-NBT substrate (Fig.
11). The specimen contains a mutation. The
bands (2) of the biotinylated PCR product were
observed after the hybridization, a violet
patch....
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hybridization with the patient sample with
12Asp mutation. The band (3) is related to the
12Ala probe. After the hybridization, there was
no staining that was based on the optimal
conditions of the experiment and the lack of
hybridization with the patient sample with
12Asp mutation. The band (4) was associated
with a wild type probe, which was not observed
after color hybridization based on the optimal
testing conditions and non-hybridization of the
wild type probe with the mutation sample.

Fig 11. Results of reverse biotinylated PCR product,
wild type, 12Ala and HLA controls probes on the
stripe, in the hybridization with the patient's sample
with a 12Ala mutation (the left figure is a
commercial kit)

Reverse plate blotting with wild type, 12Asp,
12Ala and HLA (control) probes on KRAS
and HLA gene in a patient's specimen with
12Asp mutation: Dot blotting was performed
with wild type, 12Asp, and 12Ala probes with
Oligo dT on the KRAS gene and a control
oligo-dT control probe on the HLA gene in an
individual sample with 12Asp mutation on
nylon and nitrocellulose striations. In this strip,
the Wild type, 12Asp, 12Ala, and HLA
(Control) probes are encoded with the oligo dT
(no sign), and then on the strip, the
hybridization process with a PCR product of
the biotinyl and denatured (single-stranded)
samples with a 12Asp mutation , Done. The
final results were determined after using the
alkaline phosphatase enzyme attached to
streptavidin and the BCIP-NBT substrate (Fig.
12). According to the results obtained in Fig.
12, in the post-hybrid stripe at the encoding
location of band 1 and 2, respectively, the
encoded encoded with a probe containing the
12Asp mutation and the HLA-oligo dT
mutation, respectively, observed in both cases a
highly colored spot It confirmed the
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Fig 12. Results of reverse dot blot with the Wild
type, 12Asp, 12Ala, and HLA controls on the stripe,
in the hybridization with the sample of the patient
with a 12Asp mutation (left side of the commercial
kit)

DISCUSSION
Several studies have been used to investigate
mutations in the KRAS gene in patients with
colorectal cancer, which all of them have some
disadvantages and advantages. The most
common method used for mutation detection is
the proliferation of target gene using PCR
technique and then the sequencing of the
products. Sanger sequencing is the goldstandard DNA sequencing technique that
results of other sequencing platforms, typically
verified by this method. In addition to benefits,
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this method has various limitations, such as; (1)
To obtain larger sequences, it requires gels or
polymers that are used as a screening medium
for the separation of DNA fragments labeled
with fluorescent materials (2) A relatively
small number of samples can be same analyzed
(3) Automated sample preparation procedures
is difficult (4) For longer sequence, DNA
cloning is essential (5) High cost of sequencing
(6) Sequencing errors (7) Low sensitivity rate
(10%-20%) (8) analysis of cis-trans orientation
in the heterozygote situation may interfere in
data analysis (9) De novo genome assembly is
difficult (7). Pyrosequencing is another method
that has been modified and improved by the
Sanger sequencing assay. This method relies on
the luminometric inorganic pyrophosphate that
a DNA polymerase enzyme associated with
primer is released. This technique is popular
for sequencing up to 100 bp, but has limitations
such as (1) the length of the DNA being
sequenced cannot be longer than 100 bp (2)
expensive (3) short-sequencing reads for
phylogenetic inference (next generation) (4)
Bioinformatics are needed (5) the error rate is
relatively high (0.0098) (6) An unusually long
single strand dNTP (8) linear bp) is created (7)
Long fusion primers may create bias (8). High
Resolution Melt (HRM) analysis is a powerful
technique in molecular biology for identifying
possible mutations. In this method, mutant
DNA is distinguished based on their melting
curve from normal DNA. The limitations of
this technique include (1) Need a real time
PCR machine, (2) an output data analysis, and
(3) high cost (9). Other techniques used for
investigating the mutation of KRAS gene is the
reverse dot blot technique. This method is used
in the KRAS Strip Assay Kit and other similar
kits in the Vienna Lab company. In this
technique, unlike the standard dot blot method,
at first fix non-labeled probes in the membrane.
Then amplify the desired fragment in the KRAS
gene with the labeled primer in the PCR
technique and hybridize through the various
stages of the probe and the single-stranded
PCR product. In the next step, for the
appearance of bands, the alkaline phosphatase
enzyme linked to streptavidin and the BCIPElaheh Ferdosi Shahandashti, et al.

NBT substrate are used. Unlike the above
mentioned methods, this method does not
require advanced device, software and data
analysis.
After
PCR
amplification
in the thermocycler, the other process is carried
out easily and with the usual equipment in
laboratories. In the shortest possible time and
without the need to send the results for analysis
and sequencing within 2 to 3 hours, the type of
patient's mutation is characterized by a high
sensitivity and up to 1% error.
There are several methods with various
sensitivities for checking mutations in the
KRAS gene. In a study in 2011, to examine this
mutation, several techniques, including Direct
Sequencing, SNaPshot and Strip Assay, were
used for the mutation analysis, which limit of
mutation detection in these techniques was
20%, 10% and 1% in tumor cells, respectively
(10). Another study in Australia has determined
a limit of 1% for the detection of KRAS
mutations by the Strip Assay method (11).
While a study in the United States reported a
3%-5% limitation in identification of these
mutations by pyrosequencing (12). Therefore,
design method used in this study (Strip Assay)
has a much higher sensitivity and better than
other methods, even a pyrosequencing method.
In the present study, the nylon membrane was
better in terms of flexibility and strength than
nitrocellulose
membrane,
while
the
nitrocellulose membrane background after
staining and emergence of the bands, it was
better than the membrane of the nylon, because
it creates a pale field and the band is observed
with high resolution. Several points have been
addressed in the design of the test strip to
investigate mutations, including the membrane,
the background color, the design and treatment
of probes, and the attachment of probes to the
membrane. The nylon membrane purchased in
this study has a positive electric charge, so,
without activating with EDC, we could fix the
DNA with a negative charge on it. In the
nitrocellulose membrane, due to the positive
electric charge effect of the membrane used in
this study, oligonucleotide probes were fixed
on it easily. Regarding the background color in
the membranes at the final stage of the task for
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detecting the bands, in our study, the
nitrocellulose membrane has a weak
background and a proper nylon membrane,
which can easily be observed in the appropriate
bands on the stripe. Probably due to the more
protein binding to nitrocellulose than the nylon,
albumin protein in the blocking solution, which
is added onto the membrane before the
hybridization
step,
is
connected
to
nitrocellulose membrane-free surfaces over
nylon membranes, which results in after
Enzyme reaction and substrate The background
color, due to the binding of the PCR product to
the blocks, is very negligible. To confirm the
type of selected membranes to be suitable for
DNA binding, southern blot and dot blot were
used simultaneously. The reason for the use of
the Saturn Blot method is a high concentration
of DNA in randomly contact with the
membrane, and DNA attached to the membrane
than the dot blot method.
In dot blot, a single-stranded PCR product with
a length of more than 200 nucleotides was
fixed on the membrane, and because DNA with
longer sequences and concentrations much
higher than the length and concentration of
used probes, the probability of DNA binding to
the membrane would be much higher. Due to
their short oligonucleotide length (containing
about 20 nucleotides), probes, which have 5ʹ
amino modified, were not being able to
stabilize the membrane after several
experiments. Conceiving that if the length of
the probes was longer, they could be fixed on
the membrane, we treated the probes and added
the polyline T at the 3' end. At this stage, the
probes were successfully fixed on the
membrane. One of the probable reasons that
short probes (about 20 nucleotides) are not well
established on the membrane is a limited
contact between nucleotides and membranes,
and another reason is the removal of short
probes during membrane washing or shaking
the membrane during Hybridization. Due to the
hybridization has been successful at 24h time,
hybridization in this study takes time, which
can be due to the slowness of the bond between
the complementary region of the PCR product
and the sequence of probes. In order to
Elaheh Ferdosi Shahandashti, et al.

optimize the blocking step, albumin protein
used in the composition of the blocking
solution, and the result was desirable and the
lowest amount of background color was
obtained.
Our aim from the block the surface of the
membrane after fixing the probe and before the
hybridization with the labeled and single-strand
PCR product, filling the probe-free surfaces
until the hybridization occurred only at the
location of the probes, and the labeled DNA
was transferred to the other parts of the
membrane Since it then reacts with enzymes
and substrates in subsequent steps and creates a
colorful background. In order to design probes
and primers for KRAS gene mutations and PCR
control on the strip, multiplex PCR products
were inserted into the appropriate vector, and
PCR products and appropriate vector binding
were performed by the nucleotide adenine
present at the end of the PCR product. As a
result of this technique and sequencing of
inserting parts, we were able to achieve the
control sequence contained in this kit. After
designing the proper primer and probe,
according to the results, finally, by optimizing
the work steps, we obtained the control band on
the stripe designed in our research.
CONCLUSION
The final result of this study was the design of
a diagnostic kit for the study of mutation in
colorectal cancer patients. The kits buffers,
membrane types and 4 oligonucleotide probes
were designed and optimized for temperature,
time, concentration and pH, and the valuable
results were obtained and as prototype
presented. After the arbitration proceeding, the
results of this study were registered in the Real
Estate Registration Organization of Iran on the
June 7, 2017 with the registration number
92469. It is hoped that this research will be an
effective step towards the production, selfsufficiency and the avoidance of foreign
exchange out of the country.
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