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Aims Genetic association studies have suggested that the single nucleotide

polymorphism (SNP) at position 118 of the human m-opioid receptor (MOR)

gene could be a potential risk factor for drug treatment variability in patients.

Therefore, we wanted to develop a fast and reliable detection method for this SNP

which is applicable in a clinical setting.

Methods To detect the polymorphism at position A118pG in the human MOR gene

we used the ¯uorescence resonance energy transfer (FRET)-PCR technique with

subsequent melting curve analysis.

Results The polymorphism at position A118pG in the human MOR gene could be

clearly discriminated with melting peak temperatures of 69.8u C and 63.8u C,

corresponding to the wild type and mutated MOR allele, respectively. The results

from FRET-PCR were validated by sequencing and restriction-fragment length

polymorphism (RFLP). Screening of blood samples from 100 subjects showed an

allelic distribution for the human MOR alleles of 79% (homozygous wild type), 20%

(heterozygous) and 0.9% (homozygous mutated).

Conclusions The FRET-PCR protocol for detection of the human MOR gene

polymorphism at position 118 offers a rapid and reliable method which could be used

for population screening of this and other genes.
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Introduction

The human m-opioid receptor (MOR) is the major site for

the analgesic action of most opioids such as morphine and

morphine derivatives [1, 2]. In addition, endogenous

opioid peptides, such as enkephalins, endorphins and

dynorphins exert a wide spectrum of physiological and

behavioural effects via the MOR, including effects on pain

perception, mood, motor control and autonomic func-

tions [3, 4]. The substantial interindividual differences in

response to opioids are believed to be at least partly caused

by genetic variation in the functionality or density of the

m-opioid receptor [2, 5±7]. So far, the most prevalent SNP

of the MOR gene is a substitution at position A118pG.

From a sample of 52 Caucasian volunteers, 41 possessed

the A/A MOR genotype, 10 the A/G genotype and

only one the G/G genotype [8]. It has also been shown

that this particular SNP was associated with variations in

dopaminergic sensitivity during acute alcohol withdrawal

and with an altered b-endorphin binding capacity of the

receptor [8, 9]. Most recently, evidence has emerged that

carriers of the G118 genotype need a signi®cant higher

dose of alfentanil for analgesia during extracorporeal shock

wave lithotripsy for kidney calculi than carriers of the wild

type allele [10]. To date, polymorphisms of the MOR

gene have been identi®ed by PCR ampli®cation of the

appropriate gene fragment and subsequent automated

DNA sequencing. Such a procedure is time consuming

and therefore unlikely to be suitable for the rapid screen-

ing of patients. Therefore, we developed a fast and

reliable detection method for the SNP at position A118

of the human MOR gene using FRET-PCR. This

technique has already been used effectively for detection

of other SNPs in the human genome [11±13].
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Methods

Materials

All primers and probes were obtained from TIB

MOLBIOL (Berlin, Germany). High-Pure PCR-

Template Preparation kit, LightCycler-FastStart DNA

Master Hybridization probe kit, LightCycler capillaries

and the LightCyclerTM itself were from Roche

Diagnostics (Mannheim, Germany). The QIAquick

PCR puri®cation kit was purchased from QIAGEN

(Hilden, Germany).

Volunteers and sample preparation

Blood samples were collected from 100 healthy non-

preselected volunteers, who all gave written informed

consent, and genomic DNA was isolated using the High-

Pure PCR-Template Preparation kit (Roche Diagnostics,

Mannheim, Germany). The protocol for the study was

approved by the Ethics Committee of the Medical Faculty

of the University of Frankfurt.

Design of primers and ¯uorescence labelled probes

For the human m-opioid receptor gene we used

5k-GCTTGGAACCCGAAAAGTCT-3k and 5k-GTAG

AGGGCCATGATCGTGAT-3k as forward and reverse

PCR-primers, respectively, as well as 5k-CCCGGTTC

CTGGGTCAACTTGTCC-3k and 5k-CTTAGATGGC

AACCTGTCCGACC-3k as anchor and sensor probes,

labelled with ¯uorescein or LightCycler Red640,

respectively.

PCR protocol

For PCR the LightCycler-Fast Start DNA Master

Hybridization Probe Kit was used. After an initial

denaturation step at 95u C for 5 min, ampli®cation was

performed using 45 cycles of denaturation (95u C for 10 s),

annealing (50u C for 15 s) and extension (72u C for 15 s).

After ampli®cation was completed, a ®nal melting curve

was recorded. Initially, the probe was cooled down to

40u C at 20u C/s, and then slowly heated (0.2u C/s) until

a temperature of 85uC was reached.

Identi®cation of polymorphisms by DNA sequencing and
restriction-fragment length polymorphism (RFLP)

PCR products from LightCycler reactions were puri®ed

by the QIAquick PCR puri®cation kit (QIAGEN,

Hilden, Germany). For sequencing, the ABI Prism

BigDye Terminator Cycle Sequencing Kit (Perkin-

Elmer/Applied Biosystems, Weiterstadt, Germany) and

the same PCR primers were used as in the LightCycler

reaction. Sequencing was performed using an ABI

PRISM 310 Genetic Analyser (PE/Applied Biosystems,

Weiterstadt, Germany). For RFLP, we used 5 ml puri®ed

PCR product and dissected it with the restriction enzyme

ItaI (Roche, Mannheim, Germany) for 4 h at 37u C. The

digested DNA was electrophoretically separated on a 3%

ethidium bromide containing agarose gel and visualized

under u.v. light.

Results

A region of the human MOR gene, spanning the

polymorphic site at position 118 was ampli®ed by PCR

on the LightCycler2. Subsequently to ampli®cation, the

PCR products were subjected to melting curve analysis.

The ®rst derivative of the melting curves (± dF/dT vs T)

are shown in Figure 1. The homozygous wild type

MOR sample had its melting peak maximum at 69.8u C,

the homozygous mutated one at 63.8u C, whereas the

heterozygous sample showed a peak at each of these

two temperatures. Sequencing analysis showed that only

the A118pG SNP was present in the MOR gene-

fragment. Thus, we can conclude that the difference in

melting temperature was only caused by this speci®c SNP

and not by other mutations. For further con®rmation of

genotypes, restriction-fragment length polymorphism was

performed using the puri®ed PCR product ampli®ed with

the LightCycler2. The A118pG substitution resulted

in an additional restriction enzyme cleavage site for ItaI.
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Figure 1 Genotyping of the human MOR gene at position 118

with allele-speci®c ¯uorescence probes. After ampli®cation,

melting analysis was performed. Derivative melting curve plots of

xdF/dT vs temperature are shown. Sample 1 is from a subject

who is homozygous for the wild type MOR allele, sample 2 is

from a homozygote for the mutated allele, and sample 3 is from a

heterozygote. Sample 4 represents the water control.
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Accordingly, after digestion with ItaI, the fragments of the

118A allele measured 78 and 223 bp, whereas the

amplicon of the 118G allele consisted of a 78, 105 and

118 bp fragment.

Analysis of blood samples from 100 human volunteers

resulted in a 77.2% frequency (78 subjects) of the

homozygous MOR wild type genotype. Twenty-two

subjects (21.8%) of this population possessed the hetero-

zygous MOR genotype, whereas only one person (1%)

was homozygous for the mutated MOR allele.

Discussion

SNPs are single nucleotide polymorphisms that are present

in more than 1% of the population. The human genome

contains three billion nucleotides and probably about 10

million SNPs [14]. However, only 1% of SNPs may have

functional consequences and only a small fraction of them

will be shown to in¯uence drug response [15].

For the human MOR gene more then 17 SNPs [8, 9,

16±18] have been identi®ed. SNPs were found in

the promoter region, in introns as well as exons. The

polymorphism in MOR at position A118pG has the

highest frequency in the population and results in an

amino acid substitution from Asn40 to Asp. It has been

shown that the variant form of the receptor binds

b-endorphin about three times more tightly than that of

the wild type [8, 9]. Additionally, patients with idiopathic

absence epilepsy showed a signi®cantly higher frequency

of the G118 MOR variant allele [19]. To investigate if the

mutation at position 118 is of clinical relevance for

analgesic therapy with opioids, a simple and rapid, high

throughput screening protocol is needed. The commonly

used detection methods such as sequencing of an ampli®ed

PCR product (e.g. by radiolabelled- or ¯uorescence-

based polymerase chain reaction), single-strand conforma-

tion polymorphism (PCR-SSCP) or restriction fragment

length polymorphism (RFLP) are time consuming and

therefore not suitable for the routine screening of large

numbers. The method described here, which uses

¯uorescence resonance energy transfer (FRET)-PCR

technology with subsequent melting curve analysis,

facilitates the screening of 32 samples in less than 1 h

and costs approximately £2 (y3 E) per sample. The

method provides a clear differentiation between the wild

type and mutated allele at position 118 of the MOR gene.

Moreover, sequencing and ItaI-RFLP analysis of the PCR

products revealed the high reliability of this method. The

applicability of the method has been shown by analysis of

samples from 100 human volunteers. The allelic distribu-

tion of the A118pG polymorphism of the MOR gene

was in line with recently published data [8].
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