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ABSTRACT 
 
Invasive fungal infections caused by Candida albicans, are recognized as a major cause of morbidity and 
mortality in immunocompromised individuals. Patients may not show obvious clinical signs or symptoms, 
making it difficult to detect its origin or new focus that developed through hematogenous spread. Nuclear 
medicine could contribute to an early diagnosis of fungal infections, since specific markers are available. The 
aim of this study was to develop, through SELEX technique ("systematic evolution of ligands by exponential 
enrichment"), aptamers for beta glucan for subsequent labeling with 99mTc and evaluation of this 
radiopharmaceutical in the diagnosis of invasive fungal infections, scintigraphy. To obtain aptamers were 
performed 15 cycles of SELEX technique, using centrifugation as separation method of oligonuclotídeos linked 
to the beta-glucan is not connected. The DNA bands were observed in all 15 cycles. The oligonucleotides 
obtained after cycles were cloned using the standard protocol kit-Topo TA vector (Invitrogen), and subjected to 
sequencing Megabase. Three aptamers for yeast cells were selected for this study. Further, other studies should 
be performed to assess the specificity and affinity thereof for later use in the diagnosis of fungal infections. 
 
 

1. INTRODUCTION 
 
Systemic infections caused by yeasts have increased in the last decades, especially since 
1980, due to the large number of immunocompromised patients recognized as risk factors for 
these infections (neutropenic transplant recipients, diabetics, people with AIDS, among 
others) [1].  
 
Recent studies have demonstrated the importance of yeasts of the gender Candida spp. as 
agents for sepsis. Edmond et al. (1999) [2], analyzing the prevalence of bloodstream 
infections over three years in 49 hospitals in the United States, pointed out the various 
Candida species as the fourth most common cause of bloodstream infection, accounting for 
7.6% cases, exceeded only by estafilococcos coagulase-negative (CoNS) (31.9%), 
Staphylococcus aureus (15.7%) and Enterococcus spp. (11.1%). 
 
Epidemiological study in Brazil, led by Colombo et al. (2006) [3] carried out in 11 hospitals, 
highlighted the Candida spp., too as the fourth most frequent pathogen isolated from patients. 
Treatment is successful depending on the choice of antifungal agent and duration of therapy, 
as well as the elimination of the primary focus. [4] However, patients may not have signs or 
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clinical symptoms, making it difficult to detect the origin of fungal infection or new foci that 
develop through hematogenous spread. 
 
Most often, it is a challenge for clinicians to determine the primary focus of invasive fungal 
infection, the degree of spread or if the site specific surgery is involved. Important clinical 
consequences include treatment with antifungal agents for a period of time, drainage of 
abscesses or even, where appropriate, removal of the graft or prosthesis [4] [5] [6]. 
 
Thus, currently, candidemia is recognized as a serious public health problem in both 
developed regions but also in developed countries. The severity of the disease, associated 
with debilitating conditions of the patient, leading to an increased length of hospital stay, 
consequently rise in socioeconomic costs. Another relevant factor is that the clinical 
complications from this disease are severe, reflected in high rates of morbidity and mortality 
[1]. According Viudes et al. (2002) [7] mortality attributed directly or indirectly to 
candidemia is 40% to 60%. 
 
Given the severity of systemic fungal infections, the increase in the number of cases in recent 
years, their high socioeconomic cost and the difficulty in the diagnostic process, it is essential 
to search for new methods of detection. A technique for rapid and specific diagnosis would 
allow early pharmacological intervention, increasing the chance of cure, thus minimizing the 
high mortality rates. 
 
In the last decade, several agents have been presented aiming at the detection of foci of 
infection for marking the infectious agent. Unfortunately, none of the currently available 
radiopharmaceuticals, such as polyclonal human immunoglobulins or monoclonal antibodies 
labeled with Gallium-67 citrate (67Ga), Indium 111 (111In), and Technetium-99m (99mTc) 
apart infections sterile inflammation [8] [9] [10]. However, visualization of radiolabeled 
leukocytes assumed an important role in clinical practice of infections in the image decades, 
resulting in high accuracy for the diagnosis of infection in certain situations [11], but 
radiolabeled leukocytes are not able to distinguish fungal of bacterial and preparation thereof 
is complex. 
 
Despite the variety of radiopharmaceuticals used for imaging infection and inflammation in 
nuclear medicine practice, the term has been shown that the majority of radiolabelled probes 
do not distinguish infection inflammation [12]. This distinction is of utmost importance for 
immunocompromised patients susceptible to fungal infections. The appropriate antifungal 
treatment is often not administered at the initial stage, due to the low specificity of current 
diagnostic methods. 
 
A promising alternative for searching for a quick and specific diagnosis of infections in 
general is the use of radiolabeled ligands oligonucleotides resistant to nucleases, which are 
capable of binding targets with high specificity [13]. These ligands are called aptamers (from 
the English "aptamers" derived from the Latin "aptus") [14]. The technique used for the 
generation of aptamers is known as SELEX (English, "Systematic Evolution of Ligands by 
Exponential Enrichment") and was described more than 20 years [15]. [14] 
 
The growing number of publications reflects the potential of aptamers as an important tool in 
diagnostic applications, therapeutic and biotech. Therefore the aim of this project is to 
develop aptamers for use in the diagnosis of invasive fungal infections. Two targets are used 
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for the development of aptamers: the polysaccharide beta-glucan, the major cell wall 
component of yeast cells [16] and whole cells of C. albicans. The selected aptamers will be 
labeled with 99mTc and will be assessed for their ability to specifically identify fungal cells 
in culture and in vivo biodistribution studies and scintigraphy. 
 

2. MATERIAL AND METHODS  

2.1. Microorganism and culture conditions  

 
The culture of yeast Candida albicans strain ATCC 18804, was supplied by Mycology 
Laboratory, Department of Microbiology - Institute of Biological Sciences, UFMG.  
 
The fungus was grown in the yeast form in agar BHI (brain heart infusion) with 
chloramphenicol [0.1 mg / mL] at a temperature of 37ºC in slants and peaked every 7 days.  

2.2.  Seleção in vitro de DNA fita simples por enriquecimento exponencial (SELEX) 

 
SELEX was started with 5 nmol of a "pool" of DNA single strand synthetic purified by 
HPLC. Each oligonucleotide contained two constant regions merging a portion of 40 random 
nucleotides according to the following sequence: 
5’TCGCGCGAGTCGTCTG(40N)CCGCATCGTCCTCCC-3’.  
 
The target used for SELEX technique was the polysaccharide beta-glucan, the major cell wall 
component of fungi.  
 
15 cycles were performed SELEX technique, using centrifugation as separation method of 
oligonuclotídeos linked to the beta-glucan is not connected.  

2.3. Incubation and Separation 

 
2.3.1. Systematic Evolution of ligands by Exponential Enrichment (SELEX) 
 
Initially, the library was denatured by heating ssDNA at 95°C for 5 minutes, it was cooled on 
ice, incubated at 4°C for 15 minutes and at at room temperature for 1 hour. Then incubated at 
4 µL of denatured library [800pmol] with 20 µL of beta-glucan solution [1.5 mg/mL] and 1X 
PBS buffer at 37°C with stirring for 1 hour. 
 
After incubation, the oligonucleotides attached to the unrelated target were separated using 
centrifugation as separation method. The solution was centrifuged for 10 minutes at 14.000 g, 
the supernatant was discarded and the pellet washed three times with 1X PBS. At the end of 
the wash, the pellet was resuspended in 10μL of 1X PBS, homogenized and used in the PCR 
reaction. 
 
For every 4 cycles decreased the concentration of beta-glucan in the process of incubation [30 
µL] Cycle 1-4, [15 µL] Cycle 5-8 [7.5 µL] of cycles 9-12 and [3 µL] cycle 13-15. 
 
2.3.2. Cell-SELEX 

5 cycles of Cell-SELEX were performed as described by Cao et al. (2009) [17]. For this 
purpose, denatured 50 µL of purified product of the 15 th cycle of SELEX, incubating at 95°C 
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for 5 minutes, it was cooled on ice, incubated at 4°C for 15 minutes and at room temperature 
for 1 hour. Next, this purified incubated with 1 x 105 cells of C. albicans in PBS 1X at 37°C 
with shaking (200 rpm) for 1 hour. 
 
After incubation, the oligonucleotides attached to the unrelated target were separated using 
centrifugation as separation method. The solution was centrifuged for 10 minutes at 14.000 g, 
the supernatant was discarded and the pellet washed three times with 1X PBS. At the end of 
the wash, the pellet was resuspended in 10μL of 1X PBS, homogenized and used in the PCR 
reaction.  
 
In the 2 th and 3 th cycles of cell-SELEX, cells of C. abicans and purified from the previous 
cycle were incubated with 152 µL of binding buffer (PBS 1X, spermidine, 0.925 mg/mL 
albumin 20 mg/mL and 1% Tween 20). In the 4 th and 5 th cycles of Cell-SELEX, the binding 
buffer was added tRNA [0.1 mg/µL] and the number of washings of the pellets was increased 
from 3 to 5 times. 
 
2.4. PCR 
 
3 reactions were performed for each PCR cycle. To this, a solution was prepared containing 
PCR 10X PCR buffer, 1.5 mM MgCl2, 0.25 mM dNTPs; 5U Taq DNA polymerase 
(Fermentas) and 0.4 mM of each primer (sense and antisense) and the biotinylated antisense 
to allow purification of DNA single strands by StreptavidinMagneSphere ® kit (Promega).  
 
In 45 µL such solution, were added 5 µL of sample to be amplified (resulting from incubation 
and centrifugation). 
 
The amplification reactions were carried out in thermocycler (PTC-100 
PeltierThermalCyclerBio-Rad) with initial heating to 95°C for 2 minutes followed by 15 
cycles of 95°C for 30 seconds, 72°C for 30 seconds and 72°C for 2 minutes.  

2.5. Agarose gel electrophoresis 

 
For analysis of the PCR products was performed electrophoresis gel 2% agarose stained with 
ethidium bromide using a molecular weight marker with multiple 50bp fragments. Next, to 
see the result, the gel was exposed to UV light in a transilluminator with the amplified target 
sequence and present 71pb. 

2.6. Purification of single stranded DNA   

 
StreptavidinMagneSphere ® kit (Promega) was used to obtain the single strands (ssDNA), 
starting amplification products of double-stranded DNA (dsDNA) obtained in the PCR 
reactions SELEX. Initially, 500 µg of estreptavidinha with magnetic beads were transferred 
into an Eppendorf tube and DNase-free RNase and to it added 100 µL of wash buffer (0.5 M 
NaCl, 2 mM Tris-HCl, 1 mM EDTA). The solution was stirred, to the beads were 
resuspended, the tube placed in a magnetic rachis and the supernatant discarded. The washing 
was repeated twice.  
 
The amplification products of double-stranded DNA (dsDNA) obtained from SELEX PCR 
reactions were heated to 65°C for 5 minutes and then left on ice for 3 minutes. They were 
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then transferred to the tube containing the magnetic beads and incubated at room temperature 
for 10 minutes with occasional manual agitation. After that time, the supernatant was 
removed and discarded. Was added 100 µL of wash buffer by shaking gently to pellet the 
beads. The supernatant was discarded. This wash was repeated once more. Then was added 
100 µL of Low Salt Buffer (0.15 M NaCl, 20 mM Tris-HCl, 1 mM EDTA) at 4°C the beads 
and incubated for 1 minute on magnetic rachis and again, the supernatant was discarded.  
 
Magnetic beads were added to 25 μL elution buffer (10 mM Tris-HCl, 1 mM EDTA) 
prewarmed to 70°C. The solution was stirred, incubated at room temperature for 2 minutes 
and the supernatant transferred to a new tube. Elution was repeated, adding to the magnetic 
beads 25 μL fresh elution buffer was added to the supernatant previously collected 
supernatant.  
 
This product purification ssDNA was used as starting material (increasingly specific) 
following SELEX cycle.  

2.7. Cloning and Sequencing of selected aptamers 

 
On the 15th cycle of SELEX, the PCR was performed with antisense non-biotinylated with 
the following program: initial heating 95°C for 2 minutes,  followed by 15 cycles of 95°C for 
30 s, 55°C for 30 s, 72°C for 30 minutes. 
 
Cloning enriched population of oligonucleotides was performed using the standard protocol 
of TA-Topo vector kit (Invitrogen). The product of the recombination reaction has been used 
for the purpose of transforming bacteria E. coli TOP10F '.  
 
Clones obtained by growth on agar plates with half LB-ágar/kanamicina underwent plasmid 
extraction and after the sequencing equipment in Megabase. 
 

2.7.1. Cloning   
 
In a tube-free DNase solution was prepared as follows: 1.0 μL of the product to be cloned, 
resulting PCR 3rd 5th Cell-cycle of SELEX, 1.0 μL of saline 4X, 3 μL H2O free DNase and 1 
μL Top ® vector (plasmid) and then incubated at room temperature for 30 minutes. 
 
After incubation, this solution was transferred to a tube containing 100 µL of bacterium E. 
coli (Top 10F ') eletrocompetente. Incubated on ice for 5 minutes. After this time, 
electroporation was performed with the bacterium 2500 V and the same was inoculated into 1 
ml of LB broth and incubated at 37°C for 1 hour.  
 
Then, the bacteria were harvested with 3 different volumes (200 µL, 300 µL and 400 µL) 
plates containing solid LB medium with kanamycin. After 24 hours, the plates were observed 
and the CFU's (Colony Forming Units) counted. Each CFU was inoculated in a falcon tube 
with 3 ml of liquid LB medium with kanamycin [1 µg / mL] and incubated at 37°C with 
agitation for 16 hours for growth. 

 

2.7.2. Plasmid Extraction  
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After 16 h incubation, 1.5 mL from each tube was transferred to eppendorfs and pipes used to 
extract plasmid. 
 
For extraction of plasmid DNA was used Invisorb Kit ® Spin Plasmid Mini Two (250), 
according to manufacturer's instructions.  
 
The tubes containing 1.5 mL of the inoculum were centrifuged for 1 min at 14.000 g and the 
supernatants discarded. The precipitates were resuspended in 250 µL of solution A and the 
tubes agitated. Then the tubes were added 250 µL of solution B and the same agitated gently 
by inversion 5 times. Was added to 250 µL of solution C and, again, the tubes were agitated 
gently by inversion 5 times. After this process, the tubes were centrifuged for 5 minutes at 
14.000 g, the supernatant was transferred to a filter and incubated for 1 minute, centrifuged 
again for 1 minute at 10.000 g and the filtrate discarded. Then were added 750 µL of wash 
solution, the tubes centrifuged for 1 minute 10.000 g and the filtrates discarded. A further 
centrifugation was performed for 3 minutes at 14.000 g to completely remove the residual 
ethanol.  
 
Subsequently, the filter was placed in a new tube and the center of its surface were added 60 
µL of DNase-free water. Incubated for 1 minute at room temperature and centrifuged at 
10.000 g for 1 min, for elution of the plasmid DNA.  
 
After extraction of plasmid DNA electrophoresis was performed on 2% agarose gel to 
confirm the extraction of oligonucleotides.  

 

2.7.3. Sequencing 
 
After extraction of the plasmid DNA, the amount of DNA in each sample was measured and 
from these information, the calculations performed to obtain 100 ng of sample. For each 
sample, two tubes were prepared, one with 10 pMol of primer 
5'GTAAAACGACGGCCAG3’ straight and the other with 10 pMol reverse primer 
5'GGGAGGACGATGCGG3'. To the tubes were added 100ng of sample and DNase free 
H2O sufficient to complete l 7.5 µL. These samples, totaling 30 tubes were sent for 
sequencing megabase.  
 
2.8. Secondary structure prediction of selected aptamers 
 
The secondary structure of the selected aptamers was determined using the mfold program 
through Internet Site http://www.bioinfo.rpi.edu/applications/mfold [18]. 
 
 

3. RESULTS AND DISCUSSION 
 

3.1. Selection of aptamers  
 
15 cycles were performed SELEX technique and then 5 cycles of cell-SELEX technique, 
using centrifugation as separation method of the oligonucleotides attached to the unrelated 
target. However, before starting the SELEX, a test with beta-glucan was performed to check 
for a possible inhibitory effect on the same PCR reaction. 
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PCR was conducted with 30 µg of beta-glucan, the same amount used in the samples to be 
amplified during the cycles of SELEX in the presence of a positive control consisting of 
plasmid pCR4-TOPO containing an aptamer nonspecific. 
 
The beta-glucan showed no inhibitory effect on the reaction, since in its presence there was 
amplification, as shown in Figure 1.  
 

.   
 

Figure 1 – Evaluation of the inhibitory effect of beta-glucan on the PCR reaction. 
Electrophoresis in 2 % agarose gel stained with ethidium bromide. (1) 

positive control (plasmid pCR4-TOPO containing aptamer, (2) molecular 
weight standard 50 pb, (3 e 4)  positive control with beta-glucan (30 µg), (5) 

negative control. 

 

Amplifications were checked, namely, specific bands in all 15 cycles of SELEX (Figures 2, 3 
and 4) and 5 cycles of cell-SELEX (Figure 5). Were made until three successive 
amplifications starting from the product of the previous amplification to obtain sufficient 
material to begin the next cycle. For most cycles, a band visible in agarose gel was only 
obtained in the second or third amplification. This procedure allowed for the completion of 
all cycles, providing conditions for the continuity of work. 
 
 
 

 

 

 

 

 

 

 

 

Figure 2 – 1th to 5th Cycles of SELEX. Electrophoresis in 2% agarose gel stained with 
ethidium bromide. (A) 1th cycle, (B) 2th cycle, (C) 3th cycle, (D) 4th cycle, (E) 5th cycle.  (1) 

molecular weight standard 50 pb, (2) positive control positivo, (3) first amplification, (4) 
second amplification, (5) third amplification, (6) negative control. 

. 
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Figure 3 - 6th to 10th Cycles of SELEX. Electrophoresis in 2% agarose gel stained with 
ethidium bromide . (F) 6th cycle, (G) 7th cycle, (H) 8th cycle, (I) 9th cycle, (J) 10th cycle.  (1) 

molecular weight standard 50 pb, (2) positive control, (3) first amplification, (4) second 
amplification, (5) third amplification, (6) negative control. 

 
 
 

 

 

Figure 4 – 11th to 15th Cycles of SELEX. Electrophoresis in 2% agarose gel stained with 
ethidium bromide. (K) 11th cycle, (L) 12th cycle, (M) 13th cycle, (N) 14th cycle, (O) 15th 

cycle.  (1) Molecular weight standard 50 pb, (2) positive control, (3) first amplification, 
(4) second amplification, (5) third amplification, (6) negative control. 

(G(F (H

(J) (I) 
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Figure 5 – 1th to 5th Cycles of Cell-SELEX. Electrophoresis in 2% agarose gel 
stained with ethidium bromide. (A) 1th cycle, (B) 2th cycle, (C) 3th cycle, (D) 4th 

cycle, (E) 5th cycle.  (1) Molecular weight standard 50 pb, (2) positive Control, (3) 

first amplification, (4) second amplification, (5) third amplification, (6) negative 
control. 

 
3.2 – Cloning, Extraçtion Plasmid and Sequencing 
 
After the cloning process, the plates were observed and the CFU's counted. There were 
increases of 15 colonies. Each colony was incubated in LB broth with kanamycin for 16 
hours at 37°C under stirring. After incubation was carried out extraction and quantification of 
plasmid DNA.  
The confirmation of the presence of the oligonucleotide inserted into the plasmid in the 
samples after extraction was performed by a PCR reaction and subsequent electrophoresis on 
2% agarose gel stained with ethidium bromide, and can be visualized in Figure 6. 
 
Plasmid DNA from selected clones were sent for sequencing megabase sequences and 13 
were obtained from the 30 samples in which the sequence was successful. These are 
presented in Table 1.  
 
The sequences are protected, they will be subject of a patent. With respect to sequences 
obtained from a homology was found between them in 70% random region (data not shown). 
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       (A) 

 
       (B) 

 
Figure 6- Samples (clones) subjected to sequencing. Electrophoresis in 2% agarose gel 
stained with ethidium bromide .(A) (1) Molecular weight standard 50 pb, (2) positive 

control, (3) clone 1, (4) clone 2, (5) clone 3, (6) clone 4, (7) clone 5, (8) clone 6, (9) clone 7, 
(10) clone 8,   (11) negative control, (B) (12) Molecular weight standard 50 pb, (13) clone 

9, (14) clone 10, (15) clone 11, (16) clone 12, (17) clone 13, (18) clone 14, (19) clone 15. 
 

 
Table 1:  Following the three aptamers obtained after 15 cycles of selection. 

 
 

Clone   Sequencing 5’→3’ 
Aptamer 1  

 
TCGCGCGAGTCGTCTGGGGGACAGGGAGTGCGCTGCTCCCCCCCGCATCGTCCTCCC 

 

Aptamer 2 
 

TCGCGCGAGTCGTCTGAGGGGACTAAGCTTTCGGCCCCCCCCCCGCATCGTCCTCCC 
 

Aptamer 3 
 

TCGCGCGAGTCGTCTGAGGGGACTAAGCTTTCGGCCCCCCCCCCGCATCGTCCTCCC 
 

 
4.1.1 Determination of the secondary structure of aptamers 

The analysis of the secondary structure of aptamers obtained was performed using the 
program mfold which provided a structure for aptamers 1 and 3 and two structures for the 
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aptamer 2. The secondary structures of the aptamers are shown in Figures 7, 8 and 9. Again 
the identity of the bases was omitted due to the possibility of developing patent. 

 
 

Figure 7 - Prediction of the secondary structure of the aptamer 1.  
 
 
 

 

 
 
 
 
 
 
       Figure 8 - Predictions of secondary structures of aptamer 2.  

 
 

 
 

Figure 9 - Prediction of the secondary structure of the aptamer 3. 
 
 

3. CONCLUSIONS 
 
Three aptamers for yeast cells were selected for this study. Following other studies should be 
made to assess the degree of affinity and specificity of these, for their future use in diagnostic 
scintigraphy fungal infections. 
 
 
 

A  B 
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