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MutS, a DNA mismatch-binding protein, seems to be a promising tool for mutation detection. 
We present three MutS based approaches to the detection of point mutations: DNA retardation, 
protection of mismatched DNA against exonuclease digestion, and chimeric MutS proteins. DNA 
retardation in polyacrylamide gels stained with SYBR-Gold allows mutation detection using 1–3 
µg of Thermus thermophilus his6-MutS protein and 50–200 ng of a PCR product. The method ena-
bles the search for a broad range of mutations: from single up to several nucleotide, as mutations 
over three nucleotides could be detected in electrophoresis without MutS, due to the mobility 
shi� caused by large insertion/deletion loops in heteroduplex DNA. The binding of DNA mis-
matches by MutS protects the complexed DNA against exonuclease digestion. The direct addition 
of the fluorescent dye, SYBR-Gold, allows mutation detection in a single-tube assay. The lim-
ited efficiency of T4 DNA polymerase as an exonuclease hampers the application of the method
in practice. The assay required 300–400 ng of PCR products in the range of 200–700 bp and 1–3 
µg of MutS. MutS binding to mismatched DNA immobilised on a solid phase can be observed 
thanks to the activity of a reporter domain linked to MutS. We obtained chimeric bifunctional 
proteins consisting of T. thermophilus MutS and reporter domains, like β-galactosidase or GFP. 
Very low detection limits for β-galactosidase could theoretically enable mutation detection not 

only by the examination of PCR products, but even of genomic DNA. 
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and it seems there is still a demand for improve-
ment. MutS, mismatch binding protein, as a natural 
guard of replication fidelity, appears to be an excel-
lent tool for the detection of point mutations.

MutS

In vivo, MutS and other mismatch binding 
proteins, are the key elements of DNA repair sys-
tems, which trigger the sequence of events result-
ing in the correction of the mismatched site. In the 
bacterial DNA repair systems, the MutS binding 
to the DNA mismatch is the first signal. Then, the
MutL protein joins MutS–DNA complex and acti-
vates the MutH protein. MutH, an endonuclease, 
cuts the non-methylated strand within a hemimeth-
ylated GATC sequence, even up to 1 000 bp up-
stream or downstream of the mismatch. The further 
repair process includes exonucleolytic digestion of 
the non-methylated DNA strand. The exonuclease 
digestion proceeds from the cu�ing site towards

MUTATIONS

Single nucleotide polymorphisms (SNPs) ac-
count for thousands of genetic diseases and neo-
plasms, which are reported to afflict almost 40% of
the human population (Connor & Ferguson-Smith, 
1997). SNP detection and genotyping may be help-
ful in the diagnosis, therapy and prophylaxis of 
thousands of single gene disorders, numerous mul-
tifactorial diseases and neoplasms; it also could be 
invaluable in the prediction and elimination of drug 
side effects (Roses, 2001). Although individual ge-
netic disorders are rare, collectively they comprise 
over 15 500 recognized diseases (McKusick, 1994). 
DNA sequencing is a gold standard to detect muta-
tions, but the approach is relatively expensive and 
laborious. If a huge number of samples should be 
examined, applying a cheap and rapid screening 
method could be useful to select the mutant sam-
ples for the sequencing analysis. Numerous solu-
tions have been proposed to introduce a cheap, 
rapid and reliable method for mutation analysis, 
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the incomplementarity. The digestion is completed 
a few nucleotides following the mispaired bases by 
5’-3’ exonuclease VII and exonuclease RecJ and 3’-5’ 
exonuclease I. The resynthesis of the removed strand 
is carried out by DNA polymerase III holoenzyme. 
DNA ligase completes the repair process by the for-
mation of phosphodiester bonds in the DNA strand 
(Modrich, 1991; Au et al., 1992; Allen et al., 1997).

In vitro, MutS recognises mispaired bases and 
unpaired bases, small DNA insertion/deletion loops 
of one to three (Whitehouse et al., 1997), four (Parker 
& Marinus, 1992) or five nucleotides (Stanisławska-
Sachadyn et al., 2005). MutS also binds damaged 
DNA, like DNA adducts (Ducke� et al., 1996; John-
son et al., 1999). Mg2+ is the only factor required for 
mismatch binding. Adenine nucleotides like ATP or 
ADP reduce MutS binding to complementary DNA 
(Blackwell et al., 2001). DNase footprinting analy-
sis revealed that Thermus aquaticus MutS protects a 
24–28 bp region symmetrical around the mismatch 
(Biswas & Hsieh, 1997). Crystal structure analyses 
have revealed the MutS amino-acid residues contact-
ing an approx. 15 bp DNA region around the mis-
match (Lamers et al., 2000; Obmolova et al., 2000).

The efficiency of mismatch binding may de-
pend on the MutS origin, mismatch type and the 
sequence context (Brown et al., 2001; Joshi & Rao, 
2001). Escherichia coli MutS is reported to repair ef-
ficiently G:T, A:C, A:A, G:G mismatches, T:T, T:C
and A:G repair depends on the nucleotide sequence 
context (Su et al., 1988), C:C is repaired at a very 
low level and the repair is probably MutS independ-
ent (Nakahara et al., 2000). T. thermophilus MutS is 
reported to recognise T:T and C:T mismatches most 
efficiently, the recognition of C:C, G:T, G:G, G:A, C:
A, and A:A mismatches is less efficient (Whitehouse
et al., 1997). 

The size of bacterial MutS monomers exceeds 
90 kDa. MutS binds DNA mismatches as a struc-
tural heterodimer (Lamers et al., 2000; Obmolova 
et al., 2000), which means that two identical MutS 
subunits acquire different conformations a�er DNA
mismatch binding, as revealed by the crystal struc-
tures. MutS with the intact C-terminus forms te-
tramers assembled from two dimers (Bjornson et al., 
2003; Stanisławska-Sachadyn et al., 2003). The N-ter-
minal part of MutS is responsible for the mismatch 
recognition; the C-terminal part containing an AT-
Pase domain, for oligomerization. The N-terminus 
of the protein is flexible and protruding, whereas
the structure of the very C-terminus remains un-
known because the MutS crystals were obtained af-
ter the truncation of 32 (E. coli, Lamers et al., 2000) 
or 46 (T. aquaticus, Obmolova et al., 2000) C-terminal 
amino-acid residues, which are responsible for the 
tetramer formation, but are dispensable to form a 
dimer (Biswas et al., 2001). 

C- and N-terminal MutS functional fusions 
have been constructed and reported to maintain the 
ability of mismatch recognition: the N-terminal MutS 
fusions with the oligohistidine tag (Feng & Winkler, 
1995; Worth et al., 1998; Wu & Marinus, 1999); MutS 
fusions with larger domains like the 40 kDa MBP, 
maltose binding protein (Gotoh et al., 2000; Biswas et 
al., 1999), and the Trx-Streptag domain of around 30 
kDa (Bi et al., 2003).

EUKARYOTIC MutS HOMOLOGUES

In eukaryotes, multiple MutS homologues 
have been identified: MSH1, MSH2, MSH3, MSH4,
MSH5, MSH6. Unlike the prokaryotic MutS, the yeast 
and mammalian homologues have specialised roles. 
The MSH2/MSH3 heterodimer, known as MutSβ, 
preferentially binds 2–4 nucleotide insertion/deletion 
loops, while MSH2/MSH6, known as MutSα, pref-
erentially binds base/base mismatches and one base 
insertion/deletion loops. MSH4 and MSH5 stimulate 
meiotic crossover and do not appear to function in 
mutation avoidance (Buermeyer et al., 1999). MSH1 
is required for the normal function of Saccharomyces 
cerevisiae and protects against base pair substitutions 
and frameshi�s in the mitochondrial genome; mam-
malian MSH1 homologues have not been found so 
far.

ARCHAEAL MutS HOMOLOGUES

Archaeal genomes contain the nucleotide se-
quences encoding proteins of significant homology
to bacterial MutS proteins, e.g.: Pyrococcus furiosus 
(Genbank accesssion number UCHGR_2261), Meth-
anothermobacter thermautotrophicus (AE000931), and 
Halobacterium sp. NRC-1. It is intriguing that though 
the genomes of Pyrococcus furiosus, Pyrococcus abyssi, 
and Pyrococcus horikoshii have been sequenced no 
nucleotide sequence encoding a protein of signifi-
cant homology to MutL and MutH has been found. 
Another archeon, the halophile Halobacterium (Gen-
bank accession number AAG18777, AE004982.1) has 
three genes encoding proteins of significant homol-
ogy to MutS: MutS1 — 871 amino acids (AAG18781, 
AE004982.1), MutS2 — 863 amino acids (AAG18788, 
AE004983.1) and MutS3 — 669 amino acids 
(AAG20386.1, AE005111.1). Although the full nucle-
otide sequence of Halobacterium sp. NRC-1 genome 
is known, none nucleotide sequence encoding a pro-
tein of significant homology to bacterial MutH has
been identified. However, there is a Halobacterium 
sequence encoding a protein of significant homology
to MutL (Genbank accession number AAG18777). 
These data may suggest that the roles of bacterial 
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MutS and of the archaeal homologues are different.
A filter-binding assay showed that P. furiosus MutS2 
protein binds DNA, but no specific mismatch rec-
ognition has been observed (Vĳayvargia & Biswas,
2002).

MutS BASED METHODS FOR MUTATION 
DETECTION

In vivo, MutS recognizes premutational chang-
es in genomic DNA. In vitro, mutation detection em-
ploying MutS usually includes four steps: PCR am-
plification of the DNA region containing a mutation,
preparation of DNA heteroduplexes, formation of 
MutS–DNA complexes, and detection of MutS–DNA 
complexes. The DNA heteroduplex is prepared by 
mixing equimolar amounts of an examined and a 
reference PCR product (without mutation), heating 
to denature DNA, followed by cooling to renature it. 
The heating and cooling could be repeated several 
times to mix the examined and reference DNA prop-
erly. As the result, the DNA strands from the refer-
ence DNA hybridize with the DNA strands from the 
examined DNA, thus forming DNA heteroduplexes 
(Fig. 1). If the examined DNA contains a mutation, 
the DNA heteroduplex is mismatched. If heterozy-
gotic alleles are examined (i.e. one allele contains a 
mutation, the other does not), the addition of the 
reference DNA is not necessary (Stanisławska-Sach-
adyn et al., 2005). 

Formation of a MutS–DNA complex may be 
detected in many ways: direct microscopic observa-
tion of complexes using atomic force microscopy, 

AFM (Sun & Yokota, 2000), the DNA mobility shi�
in electrophoresis (Lishanski et al., 1994; Takamatsu 
et al., 1996; Stanisławska-Sachadyn et al., 2005), DNA 
protection by MutS against nuclease digestion (Ellis 
et al., 1994; Sachadyn et al., 2000), the detection of 
MutS–DNA interactions on a solid phase, including 
filter assays with radioactive (Whitehouse et al., 1997) 
or biotin (Wagner, et al., 1995) labelled DNA, and on 
chip detection (Gotoh et al., 1997; Behrensdorf et al., 
2000; Bi et al., 2003). The detection of MutS was ena-
bled by using fluorescent MutS (cyanine labelled) or
one fused with reporter domains like a biotinylated 
tag (Geschwind et al., 1996) or GFP (Stanisławska-
Sachadyn et al., J Biotechnol, accepted). 

The proposal to detect mutations directly in 
genomic DNA by PCR amplification of MutS pro-
tected DNA (Parsons & Heflich, 1997; 1998) is inter-
esting, but the method requires both perfect diges-
tion of non-protected DNA and perfect specificity of
MutS binding. The assay enables the enrichment of 
the mutant sequence approx. 1000-fold.

Mutation detection in PCR products is not the 
only MutS application. MutS combined with MutL 
and MutH were used to remove the mutant se-
quences produced as the result of DNA polymerase 
errors from PCR products, as MutH digests DNA 
fragments complexed by MutS (Smith & Modrich, 
1997). A very interesting MutS application is clon-
ing of DNA regions containing point differences,
coming from otherwise identical genomes. MutS im-
mobilised on a solid phase was used to capture the 
mismatched DNA fragments, that represented the 
point differences between genomes  (Gotoh et al., 
2000; Wang & Liu, 2004).

Another group of proteins recognizing mis-
matched DNA are DNA resolvases. The DNA re-
solvases recognize not only DNA mismatches, but 
many other atypical DNA structures like X- and 
Y-forms, and several nucleotide insertion/deletion 
loops (Kemper, 1997). Unike MutS, resolvases are 
endonucleases, which cut the mismatched DNA 
fragment.

At present, MutS based methods are not 
commonly applied to mutation analysis, although 
T. aquaticus thermostable MutS protein was com-
mercially available from Epicentre, and E. coli MutS 
and MutS based detection kits were offered by
Genecheck.

T. thermophilus MutS AS A TOOL FOR MUTATION 
DETECTION

In our studies, we decided to explore T. 
thermophilus MutS as a tool for mutation detection. 
T. thermophilus MutS, although a thermostable pro-
tein, recognises mismatches at 60°C and at room 
temperature as well (Takamatsu et al., 1996). The 

Figure 1. The formation of DNA heteroduplexes. 
The tested and reference PCR products are mixed, heated 
and cooled to form heteroduplexes. Single nucleotide dif-
ferences between the PCR products result in the forma-
tion of DNA mismatches (Stanisławska-Sachadyn et al., 
2003).
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other advantage of TthMutS was the ability to recog-
nise all mismatches with similar efficiency. Accord-
ing to the reported data, differences in the efficiency
of mismatch recognition dependent on mismatch 
type are strongly manifested by E. coli MutS, while 
they are much less pronounced in the case of T. ther-
mophilus MutS. Thus, the efficiency of T. thermophilus 
MutS binding to the most weakly recognised A:A 
mismatch was 40% of that for the best recognised 
T:T mismatch as estimated by filter-binding assay
(Whitehouse et al., 1997). The affinities of E. coli 
MutS for the most weakly recognised C:C and C:
T mismatches were around 10% of that for the best 
recognised G:T mismatch as estimated by DNase I 
footprinting (Su et al., 1988). 

We have investigated three approaches for 
MutS application in SNP analysis: DNA retardation 
assay, DNA protection assay, and MutS fusions with 
reporter domains.

DNA RETARDATION

DNA retardation assay, known as the mobil-
ity shi� assay or gel-shi� assay, is a method com-
monly employed to the examination of DNA–protein 
interactions. The method has been already applied 
to examine DNA–MutS interactions rather, than to 
detect mutations. The DNA fragments examined in 
these assays are usually radiolabelled, short DNA 
fragments (15–30 bp). We used PCR fragments in 
the range of 200–700 bp. In our assay (Stanisławska-
Sachadyn et al., 2005), the PCR products were nei-
ther labelled nor purified prior to examination. The
MutS–DNA complexes were electrophoresed in 
polyacrylamide gels stained with a sensitive fluores-
cent dye, SYBR-Gold (Fig. 2). The approach allows 
the detection of DNA mismatches thanks to MuS 
binding. Mismatches over three nucleotides are re-
ported not to be recognized by MutS (Whitehouse et 
al., 1997). However, such mismatches are easily de-
tected thanks to the formation of large insertion/de-
letion loops, which delay the electrophoretic migra-
tion, even without MutS complexing. Thus the range 
of the detected mutations is broadened, as the inser-
tions/deletions over three nucleotides also could be 
detected in the same assay, yet in a different way.

MutS binds not only DNA mismatches, but 
fully complementary DNA as well. As MutS cov-
ers around 20 nucleotides, the short DNA fragments 
prepared from two synthesized complementary oli-
gonucleotides (up to 30 bp) could only contain one 
binding site for MutS. Thanks to the examination 
of 262 bp PCR fragments, we could observe some 
feature of the so called non-specific MutS binding
(Stanisławska-Sachadyn et al., 2003). The 262 bp 
DNA fragments were long enough to be bound by 
several MutS oligomers, which should result in the 

formation of at least several retarded DNA bands. 
Even at considerable MutS molar excess (12:1), we 
observed mostly one retarded DNA band for a fully 
complementary DNA fragment, which suggests that 
MutS binds fully complementary DNA at some spe-
cific sites (e.g., the ends of a DNA fragment). The
fully complementary DNA fragment retarded by 
MutS migrated faster than a mismatched DNA frag-
ment retarded by MutS, which indicates that the 
mode of complementary DNA binding is different
from that for mismatched DNA.

The DNA retardation assay in polyacrylamide 
gels stained with SYBR-Gold allowed mutation de-
tection using 1–3 µg of T. thermophilus his6-MutS 
protein (obtained in milligram amounts per 1 litre 
of E. coli culture) and 50–200 ng of a PCR product 
(Stanisławska-Sachadyn et al., 2005). 

MutEX-SYBR-GOLD-MutS DNA PROTECTION 
ASSAY

The nucleotide sequence covered by a pro-
tein may be identified in footprinting experiments,
as it is protected against nuclease digestion (Biswas 
& Hsieh, 1997). A similar approach was proposed 

Figure 2. Mutation detection in PCR amplified DNA
fragments  using Tth his6-MutS. Electrophoresis in 5% 
polyacrylamide gels stained with SYBR-Gold and photo-
graphed using Versa-Doc system (Bio-Rad). 
A. MutS retards mismatched DNA containing a five nu-
cleotide bubble resulting from a 5 bp deletion (150–155/
406 bp) — lane 1. The mismatched DNA is also retarded 
due to the presence of the five nucleotide bubble, without
MutS binding (lane 3). B. MutS retards mismatched DNA 
containing a single nucleotide bubble resulting from one 
bp deletion (138/284 bp) — lane 4. Fully complementary 
DNA is also retarded (lane 5), but the intensity of the re-
tarded band is weaker and the migration is faster com-
pared to that of the retarded mismatched DNA. C. MutS 
retards mismatched DNA containing GT and CA mis-
matches resulting from a T-C substitution (108/192 bp) 
— lane 7. Similarly as in the case B:  the intensity of the 
retarded complementary DNA is weaker and the migra-
tion is faster (lane 8) compared to that of the retarded 
mismatched DNA (Stanisławska-Sachadyn et al., 2005).
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to the mutation detection using MutS. Mismatched 
DNA fragments were protected by E. coli MutS 
against the digestion by the T7 DNA polymerase 3’-
5’-exonuclease activity. The digestion terminated on 
each DNA strand at the MutS binding site, the un-
digested DNA fragments were analysed using capil-
lary electrophoresis (Ellis et al., 1994). In our protec-
tion experiments, we employed T4 DNA polymerase 
as the 3’-5’-exonuclease, and T. thermophilus MutS, 
but the main difference, that we introduced, was the
application of SYBR-Gold for direct detection of un-
digested DNA fragments in the test tube. Thus we 
created a single-tube assay — the mutation was vis-
ualised thanks to the higher fluorescence of the tube
containing the undigested mismatched DNA com-
pared with the digested controls of fully comple-
mentary DNA (Fig. 3). The system was very prom-
ising as shown in model experiments (Sachadyn et 
al., 2000). Unfortunately the use of the test in routine 
experiments could be complicated due to the prop-
erties of the exonuclease used. Complete digestion 
of the fully complementary DNA controls required 
a large excess of the exonuclease. Paradoxically, the 
DNA exonuclease was contaminated with DNA trac-
es, so the excessive amount of the enzyme added re-
sulted in fluorescence coming from the contaminat-
ing DNA. In our opinion the assay is still promis-
ing but demands the introduction of a more efficient
DNA exonuclease. The assay required around 360 
ng of PCR products in the range of 200–700 bp and 
1–3 µg of MutS.

MutS FUSIONS WITH REPORTER DOMAINS

The detection of MutS–DNA complexes on a 
solid phase requires either MutS or DNA to be im-
mobilised. If the protein is immobilised, the DNA 
bound by MutS should be labelled to be detected. 
The solution has been applied in a number of stud-
ies using nitrocellulose filters and DNA labelling ei-
ther with radioisotopes or biotin (Whitehouse et al., 
1997; Wagner et al., 1995). If DNA is immobilised, 
MutS bound by DNA should be detected. The MutS 
captured by the immobilised DNA could be detected 
using MutS specific antibodies or antibodies direct-
ed towards an additional domain fused with MutS 
(e.g., an oligohistidine tag). However, instead of us-
ing antibodies to detect MutS, a reporter domain 
could be fused to MutS directly. The advantage of 
this approach is that an enzymatic reporter domain 
is able to produce a very strong signal (Table 1), so 
minute amounts of DNA may be examined. Further-
more, the assay would be simplified as one fusion
protein would be responsible both for mismatch 
recognition and signal detection. In fact, MutS pos-
sesses an enzymatic activity of ATPase, yet this does 
not seem to be convenient for  rapid, sensitive, and 

selective detection. We chose alkaline phosphatase 
and β-galactosidase as the most useful reporter do-
main to be fused with MutS for the stability, high 
catalytic activity and a great selection of chromog-
enic, fluorogenic and chemiluminescent substrates
allowing sensitive detection. Minute amounts of β-
galactosidase: 2 ng — 12 000 molecules (Jain & Ma-
grath, 1991) or 8 fg — 48 000 molecules (Bronstein et 
al., 1996) have been reported to be detected using a 
chemiluminescent assay. According to the data pre-
sented by Tropix, 4 000 β-galactosidase molecules 
and 30 000 alkaline phosphatase molecules could be 
detected using chemiluminescent reagents (Table 1).

We also designed fusions of MutS with fluo-
rescent proteins like Aequorea victoria green fluo-
rescent protein, GFP (Stanisławska-Sachadyn et al., 
J Biotechnol, accepted) and red fluorescent protein
(DsRed) from an anemone of the genus Discosoma. 
Though the fluorescent proteins are not detectable

Figure 3. MutEx-SYBR-Gold assay. 
The examined DNA (mut) is mixed with reference DNA 
(wt), the mixture is heated, cooled, then MutS is added, 
followed by the addition of DNA exonuclease (T4 DNA 
polymerase). MutS binds to DNA mismatches. The DNA 
complexed with MutS is partially protected against exonu-
clease digestion. The results are visualized with a sensitive 
fluorescent dye (SYBR-Gold) (Sachadyn et al., 2000).
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thanks to an enzymatic activity, which allows signal 
amplification, they do not require any substrates and
work in a broad range of conditions. The fluorescent

proteins may be detected using fluorescent micros-
copy with excellent sensitivity, reaching even single 
molecules (Iwane et al., 1997; Fries et al., 1998; Ku-

Table 1. Reporter enzymes and their substrates according to Tropix Products, catalog 1998.

Reporter protein Detection Detection  limit (protein molecules)
Chloramphenicol acetyltransferase (CAT) 3H- or 14C- 5×107 

ELISA (colour) 1×109 

E. coli β-galactosidase ONPG (colour) 3×108 

MUG (fluorescence) 6×105 
Galacto-LightTM

Galacto-StarTM

(luminescence)

4×103 

Human growth hormone RIA
(isotope)

3×108 

Glowing worm luciferase Dual-Light®

Luc-ScreenTM

(luminescence)

103×104 

β-Glucuronidase (GUS) TUG
(fluorescence)

2×108 

GUS-LightTM

(luminescence)
5×105 

Alkaline phosphatase (SEAP) pNPP
(colour)

1×108 

Phospha-LightTM

(luminescence)
3×104 

Table 2. The chimeric MutS proteins constructed in our studies.

GFP, GFPuv derived from Aequorea victoria; MutS, MutS from T. thermophilus; Phoa, E. coli alkaline phosphatase; β-Gal, E. coli β-galac-
tosidase; SEAP (Clontech), secreted human alkaline phosphatase; DsRed2 (Clontech), red fluorescent protein derived from an anemone of
Discosoma genus.
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bitscheck et al., 2000). Also microfluidic devices are
promising for rapid detection of single molecules 
(Wabuyele et al., 2001).

We designed and examined a series of fusion 
proteins summarised in Table 2. The fusion proteins 
were obtained by in frame cloning of the reporter 
domain genes into plasmids bearing the T. ther-
mophilus mutS gene. The proteins were expressed 
in E. coli and purified using metal-chellate affinity
chromatography.

 The fusions with alkaline phosphatase, 
both bacterial (phoA) and placental (SEAP), exhib-
ited very low alkaline phosphatase activity, thus 
were useless for the desired purpose. The chimeric 
protein consisting of β-galactosidase fused to the 
MutS N-terminus (β-galactosidase-MutS) was split 
into two parts, probably due to the activation of 
a cryptic proteolytic site. This process is typical of 
E. coli β-galactosidase fused to the N-terminus of 
a large protein (Viaplana et al., 1997; Corchero & 
Villaverde, 1999). The fusion of β-galactosidase to 
the MutS C-terminus (MutS-β-galactosidase) was 
stable, and exhibited both mismatch binding and β-
galactosidase activities (Sachadyn et al., submi�ed).
The β-galactosidase activity was comparable to that 
of the native enzyme. The mismatch binding activ-
ity was confirmed using DNA retardation assay.
The examination of mismatch-binding activity on a 
solid phase was demanding, because MutS-β-galac-
tosidase was bound quite efficiently to the ion-ex-
change membranes and filters applied to DNA im-
mobilisation. MutS-β-galactosidase was not bound 
by the plastic microplates coated with avidine that 
were used for immobilisation of biotinylated DNA. 
Unfortunately the binding of  biotinylated DNA 
was not efficient enough for a rapid and sensitive
assay. 

The fusion of T. thermophilus MutS with E. coli 
β-galactosidase was the first a�empt to obtain a bi-
functional chimeric protein exhibiting mismatch bind-
ing properties and an enzymatic activity enabling sen-
sitive detection using a colorimetric assay. The fusions 
with enzymatic reporter domains like β-galactosidase 
could be applied to the detection of mutations on 
ELISA microplates with immobilised DNA or in dot-
blot systems. The enzymatic domain increases the 
sensitivity of detection, theoretically enabling even di-
rect detection in genomic DNA, without PCR (Fig. 4). 
The fusions with fluorescent domains like GFP could
be applied in microchip systems.

CONCLUSIONS 

MutS seems to be a promising tool for SNP 
analysis. The described DNA retardation and DNA 
protection procedures for mutation detection re-
quired a few hundred nanograms of tested DNA 
and 1–3 µg of MutS. The amount of  MutS obtained 
from 1 litre of E. coli culture is a few milligrams, 
which may be sufficient for thousands of SNP analy-
sis. Unfortunately, MutS interactions with fully com-
plementary DNA complicate the application of MutS 
to mutation detection. MutS fusion with enzymatic 
domains, like β-galactosidase, is an especially inter-
esting solution, as it could increase the sensitivity of 
detection, hopefully enabling direct mutation detec-
tion in genomic DNA. 

Acknowledgements

This study was supported by the State Com-
mi�ee for Scientific Research (project KBN No. 6 
P04B 009 21. 
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