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THE USE OF AN INTERNAL STANDARD MOLECULE FOR
DETERMINING MUTATION FREQUENCY IN RESTRICTION SITE
MUTATION METHOD

SINIRLI BOLGE MUTASYON YONTEMI iLE MUTASYON FREKANSININ
BELIRLENMESI ICIN iC STANDART MOLEKULU KULLANIMI

Sinan SUZEN*  James M. PARRY**
*Department of Toxicology, Faculty of Pharmacy, Ankara University, Tandogan , Ankara

**School of Biological Sciences, University of Wales Swansea, Swansea, UK

ABSTRACT

In order to overcome some problems associated with the effects of variables on in vitro
amplification of specific DNA segments using polymerase chain reaction (PCR), an internal
standard technique was included to restriction site mutation (RSM) method. The internal standard
was designed with same nucleotide sequences as the target sequence but with a deletion so that
differences in size could be used to distinguish the PCR products of the target and internal
standard. The application of the internal standard usage in the RSM method was performed on the
rat ras gene. N-methyl-N-nitrosourea (MNU) induced mutations were detected at frequencies 10-°
at the H-ras gene in exon 1 at Hind [l restriction enzyme recognition sequence. The use of internal
standard successfully allowed the calculation of mutation frequency.

Key words: internal standard, ras, PCR, RSM

OZET

Spesifik  DNA  kisimlarinin  polimeraz  zincir reaksiyonu (PCR)  kullanarak in vitro
cogaltilmast iizerine degiskenlerin etkisi ile iliskili bazi problemleri gidermek icin, i¢ standart
teknigi simirll bolge mutasyon (RSM) metoduna katldi. I¢ standart, eksilme disinda hedef dizilim
ile ayni niikleotid diziliminde dizayn edildi. Boylece biiyiikliikteki farkliliklar hedef ve ic standart'in

ayirimi icin  kullanilabildi. RSM tekniginde ic standart kullaniminin uygulamas: sican ras geninde
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gerceklestirildi. N-metil-N-nitrozaiire (MNU) ile indiiklenmis mutasyonlar 10° siklikla H-
ras geni ekson 1 ‘de HindIII restriksiyon enzim tamima bélgesinde saptandi. I¢ standart kullanimi
mutasyon sikliginin hesaplanmasina basarili bir sekilde olanak sagladi.

Anahtar kelimeler: i¢ standart, ras, PCR, RSM

INTRODUCTION

The restriction site mutation (RSM) assay is a technique which allows the study of
potential mutagenicity of environmental chemicals (1-4). The effect of mutagens on unique
restriction sites in any gene of a known sequence can be determined by eliminating the majority
of wild-type sequences by cutting the sequence at specific restriction site. Two basic methods
are combined in the RSM assay for the isolation of sequences resistant to digestion occurring in
restriction enzyme recognition sites and subsequent amplification of insensitive restriction
enzyme sequences using polymerase chain reaction (PCR). The quantitation of insensitive
restriction enzyme recognition sequences is an important requirement for the application of
RSM assay.

Quantitation of reaction products in PCR is generally considered unreliable because the
amount of PCR product increases exponentially with each cycle of amplification. Therefore,
minute differences in any of the variables that affect the efficiency of amplification can
dramatically alter product yield (5). Several factors affect the kinetics of each amplification.
These include the length of the PCR product (5), the primer efficiency (6), initial amount of
DNA (7), and the reaction conditions (8). Precise quantification of PCR products can
potentially be achieved by the use of an internal standard molecule. Competitive PCR is
quantitative adaptation of the PCR method in which a known number of copies of a synthetic
mutated internal standard is introduced to the sample into the PCR reaction mixture (9).
The internal standard is amplified with the same primers as the target sequence, and is
distinguished from the target sequence ecither by size, restriction endonuclease cleavage, or
specific hybridisation.

To circumvent the problem of variability in the efficiency of amplification, the inclusion

of an internal standard to the RSM assay may provide reliable and aid in the absolute
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quantitation of resistant RSM products. In this study, internal standard RSM assay approach
was performed on the N-methyl-7V-nitrosourea (MNU) induced mutations in the H-ras gene
exon 1 fragment in order to quantify accurately the resistant RSM products. The principal of
this approach is outlined in Figure 1.

Genomic DNA
l’ Restriction enzyme digestion

ADDITION OF KNOWN NUMBER OF
PCR *— COPIES OF AN INTERNAL STANDARD

(Amplification of the unrestricted mutant and wild-type
targets, and mutant internal standard molecules)

}

Amplified mutant target and internal standard sequences
to be visualised by polyacrylamide gel electrophoresis and silver staining

Restriction enzyme digestion of the
amplified wild-type target sequences

Quantification of resistant RSM products by comparison
with amplified internal standard molecules

Figure 1. Outline of the internal standard included RSM assay.

MATERIALS AND METHODS
Experimental animals

The RSM assay was performed on male rats. The MNU treatments were carried out in
Laboratory for Carcinogenesis and Mutagenesis, Nationa Institute of Public Health and
Environmental Protection, Bilthoven, The Netherlands. Groups of two rats (200-240 g) were
exposed to 20 mg (2 rats), and 60 mg (2 rats) of MNU per kg body weight, by LP. injection.
Control animals (2 rats) were given phosphate-buffered saline (PBS). All the animals were
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sacrificed 7 days later. After sacrifice the rats were dissected and the brain, kidney, liver,
pancreas, spleen and testis were removed and stored -70°C until DNA extraction.
DNA extraction

Genomic DNA was extracted using a standard proteinase K, phenol/chloroform method
(10). The concentration of each DNA sample was quantitated by UV spectroscopy. The
extracted DNA purity was determined from the absorbance ratio at 260 and 280 nm.

PCR primers for amplification of the H-ras gene

PCR primers for DNA amplification were selected by using the Primer Software Package
available on Segnet (SERC Daresbury Laboratories). Oligonucleotide sequences were designed
to amplify a 105 bp fragment around exon 1 of H-ras gene. The selected primer sequences were
as follows:

Forward (sense) primer: 5-GTTTGGCAACCCCTGTAGAA-3.

Reverse (antisense) primer: 5-AATGGTTCTGGATCAGCTGG-3.

The reverse primer was synthesized on an Applied Biosystems Model 391 DNA
Synthesiser. The forward primer, which was fluorescein labelled, was obtained from
Pharmacia.

Construction of an internal standard

The internal standard molecule was constructed with the same sequence of target
fragment but the HindlIl and Cfol restriction endonuclease recognition sites were deleted, and a
Rsal restriction endonuclease recognition site was created in the middle of the molecule. It was
21 bases shorter than the target fragment. The synthetic molecule was then synthesized as
described above. The H-ras exon 1 and the internal standard sequences were as follows:

The H-ras exon 1 sequences: 105 bp

5- GI TTG GCA ACC CCT GTA GAA CCGATGACA GAATACAAGCTIT* GIG
GIGGIGGGEC ACT** GGA GGBC GI'G GGA AAGAGT GCC CTGACC ATC CAGCTG
ATCCAGAACCATT -3

*: Hindl Il recognition site (A*AGCTT),

**: Cfol recognition site (GCG*C).

The interna standard sequences: 84 bp

5- GT TTG GCA ACC CCT GTA GAA GCG ATG ACA GAA TAC GGA GGC GTA
C* GA AAGAGT GCC CTGACCATCCAGCTGATCCAGAACCATT-3
*: Rsal recognition site (GTLAC)



AnkaraEcz. Fak. Derg 28 (1) 1-13, 1999

Cloning of the internal standard molecule

In order to provide similar amplification features with the genomic target, the internal
standard was cloned using The Original TA Cloning Kit (Invitrogen). This kit provides a quick,
one-step cloning strategy for the direct insertion of a PCR product into a plasmid vector (11).

I. Producing PCR products of synthetic molecule

The PCR reaction was applied to the several dilutions of synthesized internal standard
molecule. Aliquots (5 pul) of dilutions were added to 50 pl reaction mixtures containing 1 X
PCR buffer, 200 uM each dNTP, 20 pmol each primer and 125 U Tag polymerase. This
mixture was overlaid with 70 ul1 of mineral oil and then amplified on a Hybaid Omni Gene

Therma Cycler for 25 PCR cycles using the following thermocycling protocol:

Denaturation for 1 minute at 94°C,

Annealing for 30 seconds at 56°C,

Extension for 30 seconds at 72°C.

The find PCR products were characterised by resolving 10 pul aliquots by 6%
polyacrylamide gel electrophoresis (PAGE) and stained with silver.

I1. Cloning of the PCR amplified internal standard molecule

All cloning procedures (ligation, transformation) were carried out according to the

manufacturer's recommendations. Flow chart of the experimental process is given in Figure 2.
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Synthesis of interna standard
using DNA synthesizer

Amplification of the interna
standard by PCR

Ligation of the amplified standard
into pPCRTMII vector

l

Transformation of the vector into
One ShotTM compotent cell.
Isolation of plasmids and determination of

the presence of insert by restriction digestion

Figure 2. Basic steps of producing the cloned internal standard molecule.

I11. Quantitation of plasmids

After cloning, the plasmids which contain internal standard molecules were isolated
using the QIA Prep-Spin Plasmid Purification Kit. The purified plasmids were then quantified
using a Beckman DU-65 spectrophotometry by the measurement of optical density at 260 nm
and were found to have concentration of 3.91 x 10™ copies per L.
RSM assay with the internal standard molecule

1ug aiquots of genomic DNA extracted from N-methyl-N-nitrosourea (MNU) treated
rats were digested using 12 units of HindllI restriction endonuclease with Taqg buffer in a finad
volume of 20 ul overnight at 37°C. Known copy numbers, 100 copies, of the internal standard

molecules were added to each of the digested mixtures. The mixtures were then amplified in a
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50 ul1 PCR reaction using 1,25 U Tag polymerase, 200 uM of each dNTP, and 20 pmol of each
primer. The reactions were overlaid with 70 u1 of mineral oil and amplified on a Hybaid Omni
Gene Thermal Cycler for 32 PCR cycles using the following thermocycling protocol:

a) one cycle of denaturation at 94°C for 2 minutes,

b) five cycles of denaturation a 94°C for 1 minute, annealing at the individual
temperatures for 30 seconds, extension at 72°C for 30 seconds,

c) the appropriate number of cycles as indicated by denaturation at 94°C for 30 seconds,
annealing at the individual temperatures for 30 seconds, extension at 72°C for 30 seconds.

17ul of PCR products were then subjected to asecond round of Hindlll digestion
a 37°C overnight. 10 pJ of the RSM products consisting of the amplified internal standard
molecule were mixed with 2 pl of loading buffer and electrophoresed on 6% polyacrylamide
gd and stained with silver.

Electrophoresis of resistant RSM products

The remaining resistant endonuclease recognition sequences were quantitated using the
Automated Laser Fluorescent ALF DNA Sequencer (Pharmacia).

4 u1 of resistant RSM products were mixed with 4 n1 of loading dye solution (Pharmacia)
and were loaded onto 6% 9:1 (acrylamide to bisacrylamide) acrylamide gel (Pharmacia Ready
Mix) in 0.8 X TBE buffer system. Electrophoresis conditions were 1900 V, 150 mA, 36 W, 4
mW laser and 55°C for 15 hours.

The resistant RSM products and the amplified internal standard molecules were
guantified on the ALF DNA Sequencer using the Fragment Manager Software Package. The
Fragment Manager Software for ALF DNA Seguencer is designed specifically for high-
resolution analysis and includes such features as fragment size calculation, peak or band

quantitation.

RESULTS

In order to quantify the recognition sequences of resistant restriction endonuclease, the
internal standard molecule was used for the RSM assay. The assay was performed on H-ras
gene of exon 1 fragment of MNU treated rats.

After synthesizing, the internal standard was amplified with the same primer pair of the
H-ras gene exon 1 fragment. Restriction analysis of the internal standard molecules was carried

out on the amplified synthetic molecules. Hindlll and Cfol restriction endonucleases digestion
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of the amplified products gave uncleaved bands, and Rsal restriction endonuclease digestion of
the amplified products showed that the internal standard molecule was the same sequences as
constructed. In addition, EcoRl restriction endonuclease digestion of plasmid molecules
revealed that because the internal standard molecule was flanked on each side by EcoRl sites in

the vector it was successfully inserted into the vector (Figure3).

44 bp
41 bp

Figure 3. Silver stained polyacrylamide gel shows restriction enzyme analysis of the amplified
interna standard molecules and plasmids. Lane 1 is gel marker. Lane 2 contains 84 basepairs
(bp) product of the internal standard. Lane 3 and 5 contain the unrestricted internal standard
molecules using Hindll and Cfol restriction enzymes respectively. Lane 4 is Rsal restriction
enzyme digestion fragments (41-44 bp) of the amplified internal standard molecules. Lane 6
shows the internal standard insert after EcORI restriction enzyme digestion of the amplified

plasmids. Lane 7 contains 105 bp of H-ras gene exon 1 amplification product.

The internal standard included RSM assay was performed on the genomic DNA
extracted from brain, kidney, liver, pancreas, spleen and testis on H-ras gene exon 1 fragment
of Hindlll restriction endonuclease recognition sequences. No resistant restriction enzyme
recognition sequences were observed in the control untreated tissue samples. 5 resistant
restriction enzyme sequences were detected in the DNA extracted from liver, pancreas and
spleen in the MNU treated animals (Figure 4). Insensitive restriction enzyme sites were not
detected in the DNA extracted from brain, kidney and testis.
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i

Wi o

100 bp

50 bp

Figure 4. Silver stained 6% polyacrylamide gel shows the internal standard included RSM
assay analysis of therat H-ras gene exon 1 fragment using Hindl 11 restriction enzyme. Lane 1 is
gd marker. Lanes 2-6 contain the resistant RSM assay products from the MNU treated rats.
Lane 7 contains amplification products of the H-ras gene exon 1 fragment (105 bp) and the

internal standard (1 S.) molecules (84 bp).

Resistant RSM products were quantitated on the ALF DNA Sequencer by comparing the
amount of fluorescence in the internal standard and in the resistant RSM bands using the
Fragment Manager Software Package. The quantity of the internal standard and resistant RSM
products is shown in Table 1. The number of resistant RSM (NRM) molecules were calculated
(12) asfollows:

NRM = QRB X CIS/QISB
Where, QRB : quantity of resistant RSM band,
CIS : copy number of internal standard,
QISB : quantity of interna standard band.
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Table 1. The quantity data obtained of the internal standard and resistant RSM bands using the
Fragment Manager Software for ALF DNA Sequencer. The mutation frequency (MF) is equal
to the (NRM) divided by the number of copies of the template in 1 pg of genomic DNA (3.22 x

10°).

Tissue Mutation
(MNU treated) QRE* | QIsE" as NRI® Frequency (10)
Liver (HD)* 024 1 100 24 7.45
Liver (HD) 0.28 1 100 28 8.69
Spleen (LD)** 0.20 1 100 20 6.21
Spleen (LD) 0.13 1 100 13 4.34
Pancreas (HD) 0.14 1 100 14 4.04
Control . 1 100 - -

& quantity of resistant RSM band, ®: quantity of internal standard band,
® copy number of internal standard, % The number of resistant RSM molecules,

*» HD, high dose (60 mgkg), ** LD, low dose (20 mg/kg).

DISCUSSION

The am of this study was to develop a method to quantify resistant restriction
endonuclease recognition segquences accurately by using the RSM assay. Quantification was
achieved by using an internal standard molecule in the amplification step of the RSM assay.

There are some difficulties in quantitative amplification reactions as many factors are
capable of varying with the ability of PCR to amplify smal amount of nucleic acids
exponentially. Thus, this exponential nature of DNA amplification may cause to unreliable
quantitation in PCR because of tube to tube variations in the efficiency of amplification.

Degpite the fact that there are sometimes unpredictable quantities of product obtained in
PCR, the use of an internal standard sequence provides a control for the amplification. The
internal standard may either have (1) different, or (2) identical primer requirements to the
experimental target DNA. Although the former approach has the advantage that two pairs of

primers are used in the reaction so that the experimental and internal standard targets do not
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compete for primers. This feature may also be seen as a disadvantage in that differences in
primer efficiency between primer pairs may occur. The latter approach uses an internal
standard which has the same primer requirements as the experimental target but differs in
product site or by the presence of restriction site.

The internal standard molecule that was employed in quantification of H-ras gene was
designed by deleting the Hindl 1l restriction endonuclease recognition site present in the target
sequence. Thus, a mutated internal standard molecule that was insensitive to Hindl 11 restriction
endonuclease digestion was used in the RSM assay. The internal standard molecule was 21
bases shorter than target fragment, hence, the identification of synthetic molecules from
resistant RSM products was easily achieved by polyacrylamide gel electrophoresis. The same
primer pair was used to amplify the internal standard molecule in order to amplify with equa
efficiency with the target sequence. However, because of the shorter nature of the molecules,
the preferential amplification of the internal standard in favour of the target genomic DNA
sequences may create a problem. To overcome this problem and provide similar amplification
features with the genomic target, the internal standard was cloned into a vector of 4 Kb. Thus,
the synthetic molecule was not short and could be amplified under the same amplification
conditions as the target sequences. The internal standard was included in the amplification of
the RSM assay at approximately the same concentration as that expected for any mutated target
restriction endonuclease recognition sequences.

The mutation frequency was ascertained for 5 resistant restriction endonuclease
recognition sequences from the MNU treated rat tissues by running the samples on the ALF
DNA Sequencer and quantitating the fluorescence of each RSM and internal standard band
using the Fragment Manager Software. These insensitive RSM assay products including 2
livers, 2 spleens and 1 pancreas which had been observed in the Hindlll restriction
endonuclease recognition site of the H-ras gene exon 1 sequences. The calculated mutation
frequencies were found to be 7.45 and 8.69 xI0® for liver, 4.34 and 6.21 x 10° for spleen and
4.03 x 10° for pancreas samples. No restriction endonuclease insensitive sequences were
observed on DNA extracted from untreated control animals. This indicates that the background
mutation frequency was less than 5.8 x 107, assuming that 1 mg of mammalian genomic DNA
contains 3 x 10 copies of single copy gene (13). The average spontaneous mutation
frequencies is estimated to be 10 -10™ mutations per base pair and these frequencies may

only increase by 10-10000 fold after exposure to a mutagen (14). Thus, a mutagen compound's
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mutation frequency may be in the order of 10*-10°. The MNU induced mutation frequency,
calculated to be 10” in this study, was consistent wit the expected figure.

In order to precisely quantify resistant restriction endonuclease recognition sequences,
the internal standard molecules was included in the RSM assay in this study. The results
presented in this paper suggest that the internal standard introduced into the RSM assay
approach can provide accurate quantitation of small numbers of base changes in the restriction

endonuclease recognition sequences and can be applied to any gene sequence of any tissue.
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