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Abstract
Background: We have previously reported the use of PCR Melting Profile (PCR MP) technique
based on using low denaturation temperatures during ligation mediated PCR (LM PCR) for
bacterial strain differentiation. The aim of the current study was to evaluate this method for intra-
species differentiation of Candida albicans strains.

Methods: In total 123 Candida albicans strains (including 7 reference, 11 clinical unrelated, and 105
isolates from patients of two hospitals in Poland) were examined using three genotyping methods:
PCR MP, macrorestriction analysis of the chromosomal DNA by pulsed-field gel electrophoresis
(REA-PFGE) and RAPD techniques.

Results: The genotyping results of the PCR MP were compared with results from REA-PFGE and
RAPD techniques giving 27, 26 and 25 unique types, respectively. The results showed that the PCR
MP technique has at least the same discriminatory power as REA-PFGE and RAPD.

Conclusion: Data presented here show for the first time the evaluation of PCR MP technique for
candidial strains differentiation and we propose that this can be used as a relatively simple and
cheap technique for epidemiological studies in short period of time in hospital.

Background
It is still generally accepted that Candida albicans is the
major etiologic pathogen of candidiasis (candidemia,
candidosis). Candidemia accounts for 8 to 15% of noso-
comial bloodstream infections and C. albicans is the caus-
ative agent in 50 to 70% of the disseminated Candida
infections [1,2]. Therefore, it is important to control C.
albicans infections through early diagnosis and prevention
of candidiasis, especially for hospitalized patients. Over
the last several years, molecular methods have proven
quite useful to study strain relatedness, allowing retro-

spective examinations of putative candidosis outbreaks
and assessments of the epidemiological aspects of such
outbreaks. Electrophoretic Karyotyping connected with
Pulsed Field Gel Electrophoresis (EK-PFGE), Southern
blot hybridization with the midrepeat sequence Ca3,
PCR-Restriction Fragment Length Polymorphism (RFLP),
macrorestriction analysis of genomic DNA followed by
pulsed field gel electrophoresis (REA-PFGE), Amplified
Fragment Length Polymorphism (AFLP), Polymorphic
Microsatellite Locus Analysis (PMLA), analysis of the
repetive sequences (RPSs) and RAPD method have all
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been used for strain typing of C. albicans [3-13]. A very
popular for fungal typing is multilocus sequence typing
(MLST). The method is highly reproducible, and data can
be archived in Web-based databases accessible to all users.
For C. albicans, an MLST system based on seven DNA frag-
ments was developed as an optimal consensus for typing
strains within the species [14].

In general, there is a lack of consensus on which method
(-s) to choose, as well as on how to interpret the results.
The use of a single method may not be optimal, and a
combination of typing techniques is often required to
provide a comprehensive assessment of the epidemiology
of candidiasis [15,16]. With this in mind, many laborato-
ries are searching for a method that can provide the appro-
priate level of discriminatory power and is relatively rapid
and cheap, especially for a large number of isolates.

In this study, we demonstrate for the first time the use of
a modified and optimized PCR Melting Profile (PCR MP)
technique based on using low denaturation temperatures
during ligation mediated PCR (LM PCR) for differentia-
tion between Candida albicans isolates. This technique was
developed by Masny and Plucienniczak [17] and Krawc-
zyk et al. [18] for bacterial strain differentiation. Gener-
ally, in PCR MP a genomic DNA is completely digested
with restriction enzyme and the restriction fragments are
ligated with a synthetic adapter. During PCR, all DNA
fragments in the sample should be amplified, however,
lowering denaturation temperature (Td) in PCR decrease
the number of amplified fragments due to that only sin-
gle-stranded DNA may serve as a template for DNA syn-
thesis. This allows gradual amplification of the DNA
fragments differing in the thermal stability starting from
the less stable DNA fragments amplified at lower denatur-
ation temperature (Td) values to more stable ones ampli-
fied at higher Td values (Fig. 1).

We evaluated the typeability, reproducibility and discrim-
inatory power of this technique in comparison with RAPD
and REA-PFGE when used to distinguish between 123
strains of C. albicans from different geographic origins and
patients.

Methods
Clinical specimens and Candida strains
In the current study the strain collection encompassed
123 strains of C. albicans (Table 1). These strains were
divided into three groups. The first group consisted of 7
reference C. albicans strains and 11 strains from a collec-
tion kept at the Gdaesk University of Technology (unre-
lated strains, DM collection, Table 1). It was assumed that
these strains were epidemiologically unrelated, based on
detailed biochemical, clinical and epidemiological data.
They were isolated over a significant period of time and

were from different geographic origins (from patients in
different Polish towns).

The second group consisted of strains that were collected
from February 2006 to September 2007 from patients at
the Hematology Clinic of the Public Hospital No. 1 in
Gdaesk. We included 95 isolates of C. albicans from 76
patients (Table 1). The strains were isolated from stool
(37), sputum (30), throat (17), blood (7) and oral cavity
(4). Thirty eight of those C. albicans strains, isolated from
different clinical specimens (sputum, stool, oral cavity or
blood) from nineteen patients (two strains each), were
used to study genotype variations in a patient.

The third group of C. albicans strains was collected from
individual patients at the Public Hospital No 1 in Szc-
zecin, and it consisted of 10 isolates of C. albicans from six
patients (Table 1). The strains were isolated from the oral
cavity (8), urine (1), and a wound (1). Five of those C.
albicans strains were isolated from members of one single
family.

The isolates used in this investigation were collected for
routine diagnostic procedures by microbiological labora-
tories at the public hospital in Gdaesk and Szczecin and
then were provided to our laboratory. Since this was a ret-
rospective and methodological study on the isolates
already available with us, it was not put up for any clear-
ance to an ethical committee. All the patient files are con-
fidential and none could be identified.

DNA extraction
The yeasts were cultured in YPD (1% yeast extract, 2%
peptone K, and 2% dextrose) at 30°C for 24 h before the
DNA extraction. DNA from each strain was isolated from
3 ml of 24 h culture with the Genomic Mini AX Yeast kit
(A&A Biotechnology, Poland) or GeneMATRIX Yeast
DNA Purification kit (Eurx, Poland) according to the
manufacturers procedure. The DNA concentrations were
measured using NanoDrop ND-1000 (Thermo) and were
in range from 40 to 400 ng per microliter.

REA-PFGE
PFGE was performed with the Bio-Rad's Instruction Man-
ual and Application Guide. A single colony from a sub-
culture from the primary plates was grown overnight at
30°C in YPD under aerobic conditions. DNA was digested
overnight at 25°C with 20 U of SmaI (BioLabs New Eng-
land) for 1/3 plug, and separated on 1% agarose gel (Bio-
Rad) using the CHEF Dr II System as described by
Deplano et. al. [19]. Electrophoresis was carried out at 200
V with alternating pulses from 2 to 8 s for 12 h and then
from 10 to 15 s pulse time gradient for 12 h. Electrophore-
sis was performed in a cold condition at 10°C. A lambda
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Diagram illustrating the PCR MP techniqueFigure 1
Diagram illustrating the PCR MP technique.
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Table 1: Typing results of C. albicans strains using RAPD, REA-PFGE and PCR MP methods.

Name of strain REA-PFGE
Genotype

RAPD
Genotype

PCR MP
Genotype

C. albicans reference strains and clinical unrelated strains from Department of Microbiology collection (DM)
ATCC14053 1 1 1
ATCC10231 2 2 2
ATCC90029 3 3 3
ATCC64544 4 4 4
ATCC64545 3a 3a 3a
ATCC64550 5 5 5
ATCC64547 6 6 6

DM1 7 7 7
DM2 8 8 8
DM3 7 7 7a
DM4 nt 7 7b
DM5 9 9 9
DM6 10 10 10
DM7 11 11 11
DM8 11a 11 11a
DM9 12 12 12
DM10 13 13 13
DM11 14 14 14

Candida albicans GDASK
G1/1 9 9 9
G1/2 9 9 9a
G2 9 9 9b
G3 9 9 9a
G4 9a 9 9a

G5/1 nt 10 10
G5/2 10 10 10
G6 11 10a 10a

G7/1 11 9a 11
G7/2 11 9a 11
G8/1 11 9a 11a
G8/2 11 9a 11
G9 11 9a 11a
G10 11 9a 11a
G11 11 9a 11a
G12 11a 9a 11b
G13 9b 9b 12
G14 9a 9b 12
G15 nt 9 12a
G16 12 11 13
G17 13 12 14
G18 nt 12 14a
G19 14 13 15
G20 14 13 15a

G21/1 14 13 15a
G21/2 14 13 15a
G22 14a 14 15a

G23/1 15 15 16
G23/2 15 15 16
G24/1 15 15a 16a
G24/2 15 15a 16a
G25 14 13 15a
G26 14 13 15a
G27 14 13 15a
G28 14 13 15a
G29 15 15a 16
G30 15 15a 16

G31/1 15 15a 16
G31/2 15 12a 16
G32 16 16 17
G33 15 15a 16
G34 15 15a 16
G35 15 15a 16

G36/1 15 15a 16a
G36/2 15 15a 16a
G37 15 15a 16a
G38 17 17 18
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G39 15 15a 16a
G40/1 17 17 18
G40/2 17 17 18
G41 17 17 18a
G42 16 16 17
G43 16 16 17
G44 16 16 17
G45 17 17 18a
G46 17 17 18a
G47 18 18 19

G48/1 18 18 19
G48/2 18 18 19
G49 nt 18 19a
G50 17 17 18a
G51 17 17 18a
G52 19 19 20

G53/1 19 19 20
G53/2 19 19 20
G54/1 19 19 20
G54/2 19 19 20
G55/1 17 17 18b
G55/2 17 17 18b
G56 17 17 18a
G57 17 17 18a
G58 17 17 18a
G59 17 17 18a
G60 20 19 21
G61 20a 19 21a
G62 20 19 21
G63 20 19 21b
G64 19 19 20
G65 19 19 20
G66 19 19 20a
G67 21 20 22

G68/1 17 17 18a
G68/2 17 17 18a
G69 20a 19 21a

G70/1 nt 20 22a
G70/2 21 20 22
G71/1 17 17 18a
G71/2 17 17 18a
G72/1 21 20 22a
G72/2 21 20 22a
G73/1 19 19 20b
G73/2 19 19 20b
G74 nt 21 23
G75 22 21 23
G76 22 21 23

Candida albicans SZCZECIN
S1/1 23 22 24
S1/2 24 23 25
S2 24 23 25

S3/1 24a 23a 25a
S3/2 24a 23a 25a

S4/1 (mother) 25 24 26
S6/1 (child) 25 24 26

S4/2 (mother) 25 24 26
S5 (father) 26 25 27
S6/2 (child) 25 24 26

Genomic DNA for 7 reference strains and 116 clinical isolates of C. albicans was analyzed. Strains with identical sizes and numbers of bands were considered genetically 
indistinguishable and assigned to the same type (marked by number); strains with banding patterns that differed by up to three bands were considered closely related and 
described as subtypes (marked by letters). nt-not typable.

Table 1: Typing results of C. albicans strains using RAPD, REA-PFGE and PCR MP methods. (Continued)
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DNA ladder (Bio-Rad) and Pulse Marker (Sigma) was
used as a molecular size marker.

RAPD
Isolates were typed by the random amplified polymorphic
DNA technique (RAPD) using two primers: 1247 and
1290 [20] (Table 2). The amplifications were performed
with approximately 30-40 ng of Candida DNA in 25 μl of
a reaction mixture containing 2.5 μl of reaction buffer
(500 mM KCl and 100 mM Tris-HCl, pH 8.3; 2.5 μl 25
mM MgCl2), 2.5 μl of dNTP mixture (2.5 mM of each), 1
μl of each primer (10 pM). This mixture was supple-
mented with 1 unit of Taq DNA polymerase (Fermentas,
Lithuania). Forty-two amplification cycles were per-
formed in a T-gradient thermal cycler (Biometra), after an
initial denaturation step at 94°C for 5 min. Each cycle
consisted of a denaturation step at 94°C for 1 min, an
annealing step at 36°C for 1 min, an extension step at
72°C for 1 min. After the last cycle, a final extension step
at 72°C for 6 min was performed. The amplification prod-
ucts were analyzed by electrophoresis of 8 μl samples on
2.5% Nu Micropor agarose (PRONA) gels. The above
RAPD protocol was established after preliminary trials of
various reaction parameters and control experiments to
test the reproducibility of this method. It was found that
consistently reproducible amplification patterns were
obtained only when rigorously optimized and standard-
ized reaction conditions were employed. Discriminatory
abilities were studied with several primers: OPA-3, NS-1
[21] and primer-1, primer-6 [22] of different length and
G+C content.

PCR MP procedure
The PCR MP procedure, previously published for
Escherichia coli differentiation [18], has been optimized
and validated for yeasts differentiation using some refer-
ence C. albicans strains (unrelated) and several related
clinical strains from the same hospital ward isolated in a
short time (designed as genotype 11 by REA-PFGE in this
work).

For the digestion reactions, approximately 40-300 ng of
DNA sample was added to 2.5 μl of buffer R (Fermentas,

Lithuania), and 0.4 μl (4 U) of the HindIII endonuclease
(Fermentas, Lithuania) (25 μl total volume). After an
incubation at 37°C for 15 min, the following ligation mix
was added: 1.5 μl of two oligonucleotides (POW and Hin-
HELP [Table 2], 20 pmol of each) that formed an adapter
(prepared earlier by 2 min incubation at 70°C, followed
by slowly cooling at room temperature for 10 min), 2.5 μl
of a ligation buffer (Fermentas, Lithuania), and 0.5 μl of
T4 DNA ligase (0.5 U, Fermentas, Lithuania). The samples
were then incubated at 22°C for 15 min. The PCR reaction
was carried out in a 25 μl reaction mixture consisting of 1
μl ligation solution, 2.5 μl 10× PCR buffer (200 mM Tris-
HCl pH 8.5, 100 mM KCl, 100 mM (NH4)2SO4, 20 mM
MgSO4, 1% Triton X-100), 2.25 μl of a deoxynucleoside
triphosphate (dNTP) mixture (2 mM with respect to each
dNTP), 0.4 μl (1 U) of Taq polymerase RUN (A&A Bio-
technology, Poland), and 25 pM of POW-AGCTT primer
(Table 2). The denaturation temperature was determined
by specific optimization experiments for references and
several clinical C. albicans isolates, using a gradient ther-
mal cycler (Biometra Tgradient Engine) with a gradient
range of 78.0-80.4°C. The PCR reactions were performed
as follows: (i) 7 min at 72°C to release unligated oligonu-
cleotides and to fill in the single-stranded ends and create
amplicons, (ii) initial denaturation for 90 s at 78.0-
80.4°C gradient across the thermal block, (iii) 25 cycles of
denaturation for 1 min at 78.0-80.4°C gradient across the
thermal block, and (iv) annealing and elongation at 72°C
for 2 min 15 s and at 72°C for 5 min after the last cycle.

For all isolates, the PCRs were performed as described
above, using the established optimal denaturation tem-
perature of 79.3°C. Electrophoresis of the PCR products,
10 μl out of 25 μl, was carried out on 6% polyacrylamide
or 2.5% Nu Micropor agarose (PRONA) gels.

DNA analysis
The DNA bands, obtained by any of the three methods
described above, were visualized by UV transillumination
after ethidium bromide staining. Briefly, strains with
identical sizes and numbers of well seen bands were con-
sidered genetically indistinguishable and assigned to the
same type. Strains with banding patterns that differed by

Table 2: Oligonucleotides and PCR primers used in this study (complementary sequences are underlined).

PCR MP Restriction ligated oligonucleotide (POW) 5' CTCACTCTCACCAACAACGTCGAC 3'

enzyme helper oligonucleotide (HinHELP) 5' AGCTGTCGACGTTGG 3'

HindIII primer (POW-AGCTT) 5' CTCACTCTCACCAACGTCGACAGCTT 3'

RAPD Primer 1247 5' AAGAGCCCGT 3'

1290 5' GTGGATGCGA 3'
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up to three bands were considered closely related and
described as subtypes, whereas strains with banding pat-
terns that differed by four or more bands were considered
to be different types. The patterns obtained from the elec-
trophorograms by any of the three methods used were
also converted and analyzed using the Quanty One soft-
ware, version 4.3.1 (Bio-Rad).

Reproducibility of the PCR MP
Reproducibility of the PCR MP was tested on ten option-
ally chosen C. albicans isolates (group 2 of strains) and
using batches of DNA from two separate DNA extractions
amplified in parallel assays and obtained using two
extraction methods (Genomic Mini AX Yeast kit - A&A
Biotechnology, Poland or GeneMATRIX Yeast DNA Puri-
fication kit - Eurx, Poland), employing two different ther-
mal cyclers (a Biometra Tgradient cycler and an Eppendorf
MasterCycler EP gradient), and using different Taq
polymerases (from A&A Biotechnology and Fermentas).
Also, the reproducibility of PCR MP patterns was investi-
gated by different persons from another laboratory. PCR
products were run in parallel on polyacrylamide gels and
digitally recorded.

Results
Typing by REA-PFGE
Initially, a total of 123 strains of C. albicans were typed
with the REA-PFGE method (results not shown). Each pat-
tern consisted of approximately 12-21 fragments. Diges-
tion of the chromosomal DNA with the SmaI
endonuclease and separation of the fragments by PFGE
revealed 26 unique types and 7 subtypes (Table 1). Anal-
ysis of the REA-PFGE results for group 2 (patients at the
Hematology Clinic of the Public Hospital No. 1 in
Gdaesk) revealed a high degree of relatedness between the
isolates. The REA-PFGE separated the 89 isolates of C. albi-
cans into 14 types with 5 subtypes (6 isolates was not type-
able; Table 1). Two genotypes of C. albicans, "17" and
"15", were markedly predominant, as these were repre-
sented by eighteen and fifteen isolates from eleven and fif-
teen patients, respectively. The REA-PFGE showed that the
yeast strains that were isolated to study genotype variation
in individual patients were identical when isolated from
the same patient (C. albicans from patients G1, G7, G8,
G21, G23, G24, G31, G36, G40, G48, G53, G54, G55,
G68, G71, G72 and G73). Four REA-PFGE types were
observed among the 10 C. albicans isolates from group 3,
the hospital in Szczecin (Table 1).

Typing by RAPD
The RAPD analysis distinguished 25 unique types with 6
subtypes for C. albicans (Table 1). Analysis of the RAPD
results for the isolates from the hospital patients (group 2)
showed that 63 of the isolates (67.7%) represented four
the most common C. albicans RAPD types ("17", "9", "19"

and "15" contained 18, 16, 15 and 14 isolates, respec-
tively). The remaining thirty isolates (32.3%) belonged to
ten other RAPD types, one to eight isolates each.

Typing by PCR MP
In this study, the PCR MP technique was for the first time
used for yeast differentiations. The method applied was
similar to the one used for bacterial differentiations in our
previous study [18].

First, the optimal denaturation temperature for the PCR
MP procedure was determined during the optimization
experiments with reference strains of C. albicans and sev-
eral clinical isolates, using a gradient thermal cycler
(Biometra Tgradient Engine). The optimal denaturation
temperature (most stable results in this range) was 79.3°C
(Fig. 2).

The discriminatory power of the PCR MP technique usu-
ally varies with the restriction enzyme used. Hence, the
next step was to determine the discriminatory power of
the method using different restriction enzymes for
genomic DNA digestion (HindIII, EcoRI, NcoI, SpeI, BglII
or XbaI). In total, DNA from 18 C. albicans strains from
group one (reference strains and DM collection) was ana-
lyzed by PCR MP typing using restriction enzymes indi-
cated above and appropriate adapters (results not shown).
The analysis revealed that HindIII and BglII enzymes
showed the highest discriminatory power. Based on this

PCR MPs of C. albicans strain at Td gradients of 78.0-80.3°CFigure 2
PCR MPs of C. albicans strain at Td gradients of 78.0-
80.3°C. Electrophoresis of the DNA amplicons were run on 
6% polyacrylamide gel.
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experiment we chose the HindIII enzyme for further
experiments.

The PCR MP patterns obtained using the HindIII enzyme
for genomic digestion of C. albicans are presented in Fig.
3. Each pattern consists of approximately 15-25 fragments
with the size ranging from 100 to 1500 bp.

In total, twenty seven PCR MP types with twenty one sub-
types were identified among the C. albicans isolates from
the three groups (Table 1). All strains from the first group
consisting of reference and unrelated strains were deter-
mined as different genotypes and proved to be unrelated.
Among isolates of second group (76.8% of all strain
tested), only fifteen PCR MP types (with seventeen sub-
types) were identified, with the most prevalent types/sub-

types being "18" and "16". Thirty three C. albicans isolates
(35.5%) were of those types.

For nineteen patients from the Gdaesk hospital (second
group of strains), double C. albicans isolates were tested.
For sixteen of those patients, their isolates had an identical
PCR MP type, whereas isolates from the rest of the
patients had closely related subtypes. The identified geno-
types were also found in other patients at the Hematology
Clinic in the same time. This probably revealed nosoco-
mial transmission of C. albicans in that hospital unit.

The ability of PCR MP method to differentiate epidemio-
logically unrelated strains (different geographic origin)
was determined by comparison of the typing results for C.
albicans strains from Gdaesk (second group of strains) and

PCR MP fingerprints of C. albicans reference strains and 16 randomly chosen C. albicans isolatesFigure 3
PCR MP fingerprints of C. albicans reference strains and 16 randomly chosen C. albicans isolates. HindIII restric-
tion enzyme and appropriate adaptors (Table 2) were used. The lane designated M contained the molecular mass marker 
(1000, 900, 800, 700, 600, 500, 400, 300, 200 bp). The PCR MP fingerprinting type/subtype is given above each lane (ATCC 
14053, ATCC 10231, ATCC 90029, ATCC 64544, ATCC 64550, ATCC 64547, DM1, DM2, DM7, DM7, DM9, DM10, DM11, 
G19, G20, G23/1, G32, G38, G47, G52, G60, G67, G70/1). Electrophoresis of the DNA amplicons were run on 6% polyacryla-
mide gel.
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Szczecin (third group of strains). The typing results
showed that all strains originating from Szczecin were
classified as different genotypes. Also, double isolates
from four patients in the Szczecin hospital were analyzed
and it was determined that three of patients (S3, S4 and
S6) had the same PCR MP type. An analysis of the geno-
typing results for isolates from members of the same fam-
ily (patients S4, S5 and S6) revealed that the same
genotype ("26") was identified for C. albicans isolated
from the mother (S4/1) and the child (S6/1) (Fig. 4).

Reproducibility
We also validated the reproducibility of the PCR MP
method. The C. albicans isolates were taken from a pure
culture to do the PCR MP fingerprinting at two separate
occasions. DNA from each culture was isolated using two
methods (Genomic Mini AX Yeast kit or GeneMATRIX
Yeast DNA Purification kit). The PCR MP fingerprints
from each separate run produced identical profiles
(results not shown). There was a small variation in the
band intensity, but this did not result in any gain or loss
of information. PCR MP profiles obtained using two dif-
ferent thermal cyclers (Biometra Tgradient cycler and
Eppendorf MasterCycler EP gradient) were found to be
somewhat different. However, the grouping of the isolates
in types or subtypes was identical (results not shown).

To further ensure that the PCR MP technique has a good
reproducibility and satisfactory differentiation efficiency,
C. albicans isolates from different clinical specimens from
two examined patients (G1 and G5, Table 1) and from
various patients (G1, G3 and G5, Table 1) were tested
with PCR MP at increasing denaturation temperatures. A
steady increase in the number of amplified DNA frag-
ments, which was dependent on the denaturation temper-
ature increase, was observed. Despite this, the profiles for
isolates belonging to the same genotype were still identi-
cal (Fig. 5). Thus the order of DNA band appearance in the
PCR performed at subsequently increasing temperatures
was constant for a given genomic DNA (genotype).

A good reproducibility of the PCR MP with various Taq
polymerases was also revealed (results not shown).
Results obtained for representative isolates were analyzed
by three persons from another laboratory (unaware of the
previous classification). Isolates tested were assigned to
the same genetic groups by all of us.

Typeability
The excellent typeabilities of both the RAPD and the PCR
MP techniques, as assessed in this study, has been shown
by other studies, in which the pooled typeability was
100% for the PCR-based techniques [15,23]. The REA-
PFGE technique had a lower typeability (94.2%), which
has also been shown by other authors [24,25]. Several

problems can occur with this technique: insufficient DNA
yield, DNA degradation by endogenous nuclease, and
non-complete digestion of the chromosomal DNA.

Discussion
Typing of candidal strains to determine their genetic relat-
edness has been done by a variety of phenotypic and
genetic techniques, including physiochemical tests, deter-
mination of antigenic differences, and the use of molecu-
lar biology based methods for comparison of DNA
profiles. However, no "gold standard" method has been
identified for determination of candidal strain related-
ness. In the present study, the usefulness of the PCR MP

PCR MP fingerprints for C. albicans strainsFigure 4
PCR MP fingerprints for C. albicans strains. The third 
group, 10 isolates of C. albicans from six patients (Table 1). 
Five of those C. albicans strains were isolated from members 
of one single family (S4, S5 and S6). The lane designated M 
contained the molecular mass marker (1000, 900, 800, 700, 
600, 500, 400, 300, 200 bp). The PCR MP fingerprinting type/
subtype is given above each lane. Electrophoresis of the 
DNA amplicons were run on 6% polyacrylamide gel.
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technique for yeast strain differentiation was demon-
strated, and the results compared with those obtained
with the REA-PFGE and RAPD methods. When analyzed
with three different genotyping methods, the 123 C. albi-
cans strains yielded 26 different REA-PFGE types (with 7
subtypes), 25 RAPD different types (with 6 subtypes), and
27 PCR MP types (with 21 subtypes) (Table 1). For using
18 unrelated C. albicans isolates (group one, reference
strains and DM collection), we distinguished fourteen
types (with two subtypes) for the REA-PFGE method,
fourteen types (with one subtype) for the RAPD analysis
and fourteen types (with 2 subtypes) for the PCR MP tech-
nique. For each of the three methods, REA-PFGE, RAPD
and PCR MP, both benefits and drawbacks have been
described. Comparative studies have shown that the
RAPD analysis is a faster and less technically demanding
methodology [24,26]. Substantially smaller amounts of
purified DNA (i.e. 20-50 ng) are required compared with
the amount needed to do REA-PFGE. However, as previ-
ously demonstrated [26-28] the reproducibility of the
RAPD analysis is dependent upon a careful standardiza-
tion of the PCR conditions (especially choice of the
primer, DNA and primer concentration, polymerase type
or thermal cycler profile are critical factors in producing
informative patterns). The REA-PFGE technique requires
larger amounts of DNA, but has proven to be extremely
reproducible [27]. The PFGE analysis is sometimes con-
sidered to be the most difficult method to work with,
requiring intact chromosomes and specialized electro-
phoresis equipment, and is also the most time-consum-

ing. Despite this, others think that this is a highly sensitive
and useful technique for strain discrimination [28]. Due
to the mentioned drawbacks, the REA-PFGE is not an
ideal typing method for health departments undertaking
routine analysis of large numbers of isolates. The PCR MP
is a much easier analysis than the REA-PFGE, as it does not
require intact chromosomes and specialized electrophore-
sis equipment, and it is also less time-consuming. Another
advantage is that only a limited amount of DNA (40-1000
ng) is needed since the fragments are PCR amplified with
the same thermal profile. Besides, in contrast to RAPD, the
broad range of DNA amounts can be used in PCR MP reac-
tion without any influence on amplification pattern. Since
stringent annealing temperatures in PCR MP are used dur-
ing the amplification (only DNA fragments with adapters
are amplified), the technique is more reproducible and
robust than other methods, such as the RAPD, in which
annealing temperatures should be optimized for each
primer used. However, the amplification performed at
stringent annealing temperature in PCR MP is closely
dependent on the thermal stability of DNA-fragments
obtained (only completely denatured fragments are
amplified). Based on the results in the present study, we
conclude that the PCR MP technique has a similar dis-
criminatory power and a higher reproducibility, than the
RAPD method. The results also suggest that the power of
discrimination is similar to the one obtained with the
REA-PFGE technique for yeast differentiation. Compara-
tive studies of typing methods have shown that the RAPD
can provide a fast, economical and reproducible means of
typing C. albicans isolates, with a level of discrimination
approaching that of the REA-PFGE [29]. As for the REA-
PFGE and RAPD methods, the advantage of the PCR MP
analysis is that the patterns are a representation of the
whole genome.

In contrast to the REA-PFGE and RAPD, the PCR MP typ-
ing method allows the possibility to increase the number
of DNA restriction fragments amplified by increasing the
denaturation temperature during the PCR. A steady
increase in the number of DNA fragments amplified is
dependent on the denaturation temperature increase. It is
especially important when typing closely related isolates.

There is one significant drawback of the PCR MP method,
which is known to be sensitive to small fluctuations in
temperature. For that reason, validation of the thermal
cycler is an important issue for the generation of reliable
and repeatable data.

Conclusion
The aim of the current study was to evaluate the PCR MP
typing method for the differentiation of C. albicans strains.
It is the first time that the recently developed genotyping
PCR MP technique, described by Masny and Pluciennic-

PCR MP fingerprints of the C. albicans at increasing denatura-tion temperatures in PCRFigure 5
PCR MP fingerprints of the C. albicans at increasing 
denaturation temperatures in PCR. Samples were iso-
lated from different clinical specimens of patients (G1 and 
G5, Table 1) and from various patients (G1, G3 and G5, 
Table 1). The lane designated M contained the molecular 
mass marker (1000, 900, 800, 700, 600, 500, 400, 300, 200, 
100 bp). Electrophoresis of the DNA amplicons were run on 
2.5% agarose gel.
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zak [17] and Krawczyk et al. [18], has been used for C. albi-
cans strains typing. Using the PCR MP, it was possible to
group isolates recovered from the same patient and from
different patients, both visually and with the aid of com-
puter-assisted procedures (program computing). How-
ever, it is no possible to create the base of data of analyzed
strains to compare the data between laboratories as it is
possible with MLST. With this technique it was also possi-
ble to differentiate highly related isolates (isolates from
the same patient and patients attended in the same hospi-
tal ward). We thus conclude that the optimized PCR MP
procedure may offer a discriminatory method for geno-
typing of yeasts in epidemiological studies, as well as in
the control of nosocomial infections. Considering the low
costs and relatively high discriminatory power of the PCR
MP method, we propose that this is a better choice for epi-
demiological studies of candidial strains than the use of
the PFGE analysis of chromosomal macrorestriction frag-
ments obtained with several restriction enzymes in large-
scale hospital studies of intra-species genetic relatedness
of C. albicans strains.

Probably, the described here PCR MP method can be suc-
cessfully used also for epidemiological studies, especially
in short period of time, of other medically important
fungi.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
BK participated in the design of the study and coordina-
tion, carried out the genetic typing and drafted the manu-
script; JL-C carried out the genetic typing, participated in
its design and helped to draft the manuscript; AM and MN
carried out the genetic typing; JK corrected and edited the
final version of manuscript. All authors read and
approved the final manuscript.

Acknowledgements
This work was supported by a grants from The State Committee for Scien-
tific Research (Poland) N404 078 31/3454 and N401 0728 33/0728. We are 
grateful to Alfred Samet, Anna {ledzieska and Stefania Giedrys-Kalemba for 
providing us Candida clinical strains. This research was also supported by 
the European Union within the European Social Fund in the framework of 
the project "InnoDoktorant - Scholarships for PhD students, I edition".

References
1. Edwards JE, Bodey GP, Bowden RA, Buchner T, de Pauw BE, Filler SG,

Ghannoum MA, Glauser M, Herbrecht R, Kauffman CA, Kohno S,
Martino P, Meunier F, Mori T, Pfaller MA, Rex JH, Rogers TR, Rubin
RH, Solomkin J, Viscoli C, Walsh TJ, White M: International Con-
ference for the Development of a Consensus on the Manage-
ment and Prevention of Severe Candidal Infections.  Clin Infect
Dis 1997, 25:43-59.

2. Fraser VJ, Jones M, Dunkel J, Storfer S, Medoff G, Dunagan WC: Can-
didemia in a tertiary care hospital: epidemiology, risk fac-
tors, and predictors of mortality.  Clin Infect Dis 1992,
15:414-421.

3. Mehta SK, Stevens DA, Mishra SK, Feroze F, Pierson DL: Distribu-
tion of Candida albicans genotypes among family members.
Diagn Microbiol Infect Dis 1999, 34:19-25.

4. Pujol C, Pfaller M, Soll DR: Ca3 fingerprinting of Candida albi-
cans bloodstream isolates from the United States, Canada,
South America, and Europe reveals a European clade.  J Clin
Microbiol 2002, 40:2729-2740.

5. Schmid J, Tay YP, Wan L, Carr M, Parr D, McKinney W: Evidence
for nosocomial transmission of Candida albicans obtained by
Ca3 fingerprinting.  J Clin Microbiol 1995, 33:1223-1230.

6. Schmid J, Rotman M, Reed B, Pierson C, Soll DR: Genetic similarity
of Candida albicans strains from vaginitis patients and their
partners.  J Clin Microbiol 1993, 31:39-46.

7. Xu J, Mitchell TG, Vilgalys R: PCR-restriction fragment length
polymorphism (RFLP) analyses reveal both extensive clonal-
ity and local genetic differences in Candida albicans.  Mol Ecol
1999, 8:59-73.

8. Bostock A, Khattak MN, Matthews R, Burnie J: Comparison of PCR
fingerprinting, by random amplification of polymorphic
DNA, with other molecular typing methods for Candida albi-
cans.  J Gen Microbiol 1993, 139(9):2179-2184.

9. Ball LM, Bes MA, Theelen B, Boekhout T, Egeler RM, Kuijper EJ: Sig-
nificance of amplified fragment length polymorphism in
identification and epidemiological examination of Candida
species colonization in children undergoing allogeneic stem
cell transplantation.  J Clin Microbiol 2004, 42:1673-1679.

10. Borst A, Theelen B, Reinders E, Boekhout T, Fluit AC, Savelkoul PH:
Use of amplified fragment length polymorphism analysis to
identify medically important Candida spp., including C. dub-
liniensis.  J Clin Microbiol 2003, 41:1357-1362.

11. Iwata T, Hattori H, Chibana H, Mikami Y, Tomita Y, Kikuchi A, Kanbe
T: Genotyping of Candida albicans on the basis of polymor-
phisms of ALT repeats in the repetitive sequence(RPS).  J
Dermatol Sci 2006, 41:43-54.

12. Dalle F, Dumont L, Franco N, Mesmacque D, Caillot D, Bonnin P,
Moiroux C, Vagner O, Cuisenier B, Lizard S, Bonnin A: Genotyping
of Candida albicans oral strains from healthy individuals by
polymorphic microsatellite locus analysis.  J Clin Microbiol 2003,
41:2203-2205.

13. Pujol C, Joly S, Lockhart SR, Noel S, Tibayrenc M, Soll D: Parity
among the randomly amplified polymorphic DNA method,
multilocus enzyme electrophoresis, and Southern blot
hybridization with the moderately repetitive DNA probe
Ca3 for fingerprinting Candida albicans.  J Clin Microbiol 1997,
35:2348-2358.

14. Robles JC, Koreen L, Park S, Perlin DS: Multilocus sequence typ-
ing is a reliable alternative method to DNA fingerprinting for
discriminating among strains of Candida albicans.  J Clin Micro-
biol 2004, 42:2480-2488.

15. Espinel-Ingroff A, Vazquez JA, Boikov D, Pfaller MA: Evaluation of
DNA-base typing procedures for strain categorization of
Candida albicans spp.  Diagn Microbiol Infect Dis 1999, 33:231-239.

16. Merz WG: Candida albicans strain delineation.  Clin Microbiol Rev
1990, 3:321-334.

17. Masny A, Plucienniczak A: Ligation mediated PCR performed at
low denaturation temperatures-PCR melting profiles.  Nucl
Acids Res 2003, 31:e114.

18. Krawczyk B, Samet A, Leibner J, {ledzieska A, Kur J: Evaluation of a
PCR melting profile (PCR MP) technique for bacterial strain
differentiation.  J Clin Microbiol 2006, 44:2327-2332.

19. Deplano A, Godard C, Maes N, Serruys E: Epidemiologic typing
and delineation of genetic relatedness of methicilin-resistant
Staphylococcus aureus by macrorestriction analysis of
genomic DNA by using pulsed-field gel electrophoresis.  J Clin
Microbiol 1992, 30:2599-2605.

20. Akopyanz N, Bukanow NO, Westblom TU, Kresovich S, Berg DE:
DNA diversity among clinical isolates of Helicobacter pylori
detected by PCR-based RAPD fingerprinting.  Nucl Acids Res
1992, 11:6221-6225.

21. Valério HM, Weikert-Oliveira RdeC, Resende MA: Differentiation
of Candida species obtained from nosocomial candidemia
using RAPD-PCR technique.  Rev Soc Bras Med Trop 2006,
39:174-178.

22. Baeza LC, Matsumoto MT, Almeida AM, Mendes-Giannini MJ: Strain
differentiation of Trichophyton rubrum by randomly amplified
Page 11 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9243032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9243032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9243032
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1520786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1520786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1520786
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10342103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12149321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12149321
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7615732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7615732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8417030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9919698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7902410
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15071024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15071024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15071024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12682114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16364601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16364601
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12734280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12734280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9276415
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15184424
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10212749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1977511
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12954790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12954790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16825344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16825344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16825344
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1328279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=1328279
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16699645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16699645
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16533991
http://mostwiedzy.pl


BMC Infectious Diseases 2009, 9:177 http://www.biomedcentral.com/1471-2334/9/177

D
o

w
nl

o
ad

ed
 f

ro
m

 m
o

st
w

ie
d

zy
.p

l

Publish with BioMed Central   and  every 
scientist can read your work free of charge

"BioMed Central will be the most significant development for 
disseminating the results of biomedical research in our lifetime."

Sir Paul Nurse, Cancer Research UK

Your research papers will be:

available free of charge to the entire biomedical community

peer reviewed and published immediately upon acceptance

cited in PubMed and archived on PubMed Central 

yours — you keep the copyright

Submit your manuscript here:
http://www.biomedcentral.com/info/publishing_adv.asp

BioMedcentral

polymorphic DNA and analysis of rDNA nontranscribed
spacer.  J Med Microbiol 2006, 55:429-436.

23. Burucoa C, Lhomme V, Fauchere JL: Performance criteria of
DNA fingerprinting methods for typing of Helicobacter pylori
isolates: Experimental results and meta-analysis.  J Clin Micro-
biol 1999, 37:4071-4080.

24. Andrei A, Zervos MJ: The application of molecular techniques
to the study of hospital infection.  Arch Pathol Lab Med 2006,
130:662-668.

25. Larrasa J, Garcia-Sanchez A, Ambrose NC, Parra A, Alonso JM, Rey
JM, Hermoso-de-Mendoza M, Hermoso-de-Mendoza J: Evaluation
of randomly amplified polymorphic DNA and pulsed field gel
electrophoresis techniques for molecular typing of Dermat-
ophilus congolensis.  FEMS Microbiol Lett 2004, 240:87-97.

26. Vroni G, Matsioda-Bernard P: Molecular typing of Candida iso-
lates from patients hospitalized in an Intensive Care Unit.  J
Inf 2001, 42:50-56.

27. Robert F, Lebreton F, Bougnoux E, Paugam A, Wasserman D, Schlot-
terer M, Tourte-Schaefer C, Dupouy-Camet J: Use of random
amplified polymorphic DNA as a typing method for Candida
albicans in epidemiological surveillance of a burn unit.  J Clin
Microbiol 1995, 33:2366-2371.

28. Tyler KD, Wang G, Tyler SD, Johnson WM: Factors affecting reli-
ability and reproducibility of amplification-based DNA fin-
gerprinting of representative bacterial pathogens.  J Clin
Microbiol 1997, 35:339-346.

29. Diaz-Guerra TM, Martinez-Suarez JV, Laguna F, Rodriguez-Tudela JL:
Comparison of four molecular typing methods for evaluating
genetic diversity among Candida albicans isolates from
human immunodeficiency virus-positive patients with oral
candidiasis.  J Clin Microbiol 1997, 35:856-681.

Pre-publication history
The pre-publication history for this paper can be accessed
here:

http://www.biomedcentral.com/1471-2334/9/177/pre
pub
Page 12 of 12
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16533991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16533991
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10565934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10565934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16683884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16683884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15500984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=7494029
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9003592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9003592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9003592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9157142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9157142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9157142
http://www.biomedcentral.com/1471-2334/9/177/prepub
http://www.biomedcentral.com/
http://www.biomedcentral.com/info/publishing_adv.asp
http://www.biomedcentral.com/
http://mostwiedzy.pl

	Abstract
	Background
	Methods
	Results
	Conclusion

	Background
	Methods
	Clinical specimens and Candida strains
	DNA extraction
	REA-PFGE
	RAPD
	PCR MP procedure
	DNA analysis
	Reproducibility of the PCR MP

	Results
	Typing by REA-PFGE
	Typing by RAPD
	Typing by PCR MP
	Reproducibility
	Typeability

	Discussion
	Conclusion
	Competing interests
	Authors' contributions
	Acknowledgements
	References
	Pre-publication history

