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ABSTRACT 
 
The difficulty in the early diagnosis of infectious foci, whether caused by fungus or bacteria has raised the need 

to research new methods for this purpose. The distinction between inflammation and infection as well as the 

pathogen identification in cases of infection are of great relevance to decision-making in therapy and follow-up 

treatments. The aim of this study was to evaluate the anti (1→3) – β - D - glucans aptamer Seq6, labeled with 
99m

Tc, to distinguish between infection and inflammation. Firstly, in vitro studies were carried out by labeling 

the aptamer with 
32

P to evaluate its binding capacity for (1→3) – β - D - glucans (main fungal cell wall 

polysaccharide), peptidoglycan (polysaccharide of bacterial cell wall) and also for Candida albicans and 

Staphylococcus aureus cells. The aptamers were labeled with 
99m

Tc by the direct labeling method. The stability 

of the 
99m

Tc-labeled aptamer was evaluated in saline, plasma, and cysteine excess. The biodistribution studies 

were approved by the Ethics Committee for Animal Experimentation of the Federal University of Minas Gerais 

(CETEA/UFMG), protocol. 143/2013. The aptamer labeled with 
99m

Tc was intravenously administered in three 

groups (n=6) of male Swiss mice (weight: 25-30g): infected with S. aureus or C. albicans, or with experimental 

inflammation induced by zymosan. The 
32

P aptamer showed high binding affinity for beta-glucan and 

peptidoglycan. Binding to C. albicans and S. aureus cells also occurred. The radiolabel yield for the aptamer 

labeling with
 99m

Tc was higher than 90%. Stability tests in saline, plasma and excess of cysteine provided 

satisfactory results, since no significant variation in the radiolabel yield percentage was verified up to 24 hours, 

even increasing the cysteine concentration. In the biodistribution studies was analyzed the radiolabeled aptamer 

uptake by the animal infected thigh relative to the uninfected one. The animals infected with C. albicans 

presented a target/non-target ratio of 1.7 ± 0.16, for the S. aureus infected mice this ratio was 2.8 ± 0.62 and for 

the group with experimental inflammation induced by zymosan a ratio of 1.3 ± 0.09 was obtained. Statistical 

difference in the target/non-target relation was verified between the S. aureus infected group and the zymosan 

group and between the S. aureus infected group and C. albicans infected group. Therefore, these results 

highlight the potential of Seq6 aptamer for differential diagnosis of infection.  

 

1. INTRODUCTION 
 

The difficulty in the early diagnosis of infectious foci, whether caused by fungus or bacteria 

has raised the need to research new methods for this purpose. Most treatments are now well 

established but the success of these owes much to the early onset, especially in 

immunocompromised patients. The diagnosis of these foci is generally difficult due to the 

lack of specific symptoms and signs (Cuijpers et al., 2007). The distinction between 

inflammation and infection as well as the pathogen identification in cases of infection are of 

great relevance to decision-making in therapy and follow-up treatments. Inflammation is 
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characterized by the body's response to a pathogen or tissue damage, while the infection is 

necessarily caused by a pathogen. Usually infection is accompanied by inflammation, which 

can last from hours to days. Inflammation, when chronic, can last from weeks to years and it 

may cause late complications (SIGNORE & GLAUDEMANS, 2011). The nuclear medicine 

techniques emerge as an interesting alternative for infection diagnosis, since they allow early, 

noninvasive and in vivo detection of different pathophysiological changes before other 

imaging diagnostic methods. Thus, therapy may be initiated even before morphological 

changes may present, which significantly increases the treatment effectiveness. A promising 

alternative to search for a specific and rapid infection diagnosis is the use of radiolabelled 

oligonucleotide ligands capable of binding targets with high affinity and specificity 

(MISSAILIDIS; Perkins, 2007). These binders are called aptamers (derived from the Latin 

"aptus") (ELLINGTON et al., 1990). The technique used to obtain aptamers is known as 

SELEX (English, "Systematic Evolution of Ligands by Exponential Enrichment") and was 

described more than 20 years ago (Tuerk et al., 1990 ELLINGTON et al., 1990). Aptamers 

can be labeled with different radionuclides and they are promising molecules for 

radiopharmaceuticals development (Tavitian et al, 2009). Radiolabeled specific aptamers 

could contribute significantly to early infections diagnosis. In this study, an aptamer anti 

(1→3) – β - D - glucans (Seq6) was evaluated to identify infectious foci caused by fungal or 

bacterial cells. 
 

 

2. MATERIAL AND METHODS 
 

2.1. Microorganisms  

Staphylococcus aureus (ATCC 25923) and Candida albicans (ATCC 18804) were cultured 

on BHI solid (Himedia Laboratories Pvt Ltd.) in Petri dishes at 37ºC and subcultured every 

seven days. 

 

2.2. Aptamer 

The aptamer Seq6 developed by Low et al. (2009), was synthesized by Synthesis 

Biotechnology ( IDT Integrated DNA Technologies ). Figure-1A shows the aptamer sequence 

and the figure-1B the aptamer secondary structure. 

 
 

  

 

 

 

 

 

 

 

A) 

Seq6: 5’-C-G-A-C-T-G-A-C-G-C-C-T-C-C-A-A-G-C-C-A-C-A-C-G-T-G-T-G-A-

G-A-A-G-G-G-T-G-T-T-A-T-C-A-T-G-T-A-T-T-T-C-G-T-G-T-T-C-C-T-T-T-C-G-

T-C-A-T-T-C-C-T-T-T-G-T-C-T-G-C-A-T-G-C-A-T-C-G-C-T-A-C-G-T-G-3’ 
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Figure 1- Aptamer Seq6  A) Aptamer sequence presented 5´to 3` left to right. B) 

Aptamer secondary structural prediction. Obtained from Low et al . (2009 ). 

 

2.3 Animals 

 

Swiss mice were supplied by School of Pharmacy, Federal University of Minas Gerais, Belo 

Horizonte, Brazil. The mice were kept in cages with wood shavings, water and common food 

in ordinary shelves. All protocols were approved by the local Ethics Committee for Animal 

Experimentation of Federal University of Minas Gerais (CETEA/UFMG), Protocol nº 

108/014. 

2.3.1. Gamma radiation immunosuppression   

 

The swiss mice infected with C. albicans were firstly immunosuppressed by gamma radiation 

in a uniform 
60

Co source. A dose of 2.5 and dose rate 75 Gray/hour were used. After 

irradiation the animals were maintained in autoclaved cages with wood shavings, water and 

food. 

 

2.4 Aptamer radiolabeling with 
32

P  
 

The 
32

P radiolabeled aptamer was prepared using T4 polynucleotide kinase kit (Invitrogen), 

following the manufacturer’s protocol. The aptamer Seq6 solution was placed at 95ºC for 5 

min, then on ice for 1 min and then for 15 min at 8ºC. After that, the aptamer solution was 

left to stand at room temperature for at least 1 hour to reach the correct folding. For the 

labeling reaction were added in the respective order: 15.5 µL of DNase-free water, 5 µL of 

buffer (250 mM Imidazole-HCl (pH 6.4), 60 mM MgCl, 5 mM 2-mercaptoethanol, 350 µM 

ADP), 0.5 µL (5 units) of T4 polynucleotide kinase enzyme, 1 µL of aptamer solution 

(10pmol) and 3 µL (30 µCi) of [γ 
32

P] ATP (3000 Ci/mmol). The tube was shaken and 

incubated on a water bath at 37 °C for 10 min. Then, the solution was left at 65°C for 10 

minutes to stop the reaction. After this step was added 7.5 ml DNase free water. 

 

2.5 Aptamer binding assay with (1→3) – β - D - glucans and peptidoglycan 

polysaccharides 

B) 
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The 

32
P labeled aptamer was incubated with 200 pmol of peptidoglycan or 200 pmol of  beta- 

glucan (in separate tubes ), resuspended in 1X PBS  and incubated at 37ºC for 45 min. After 

centrifugation, the pellet was washed 3 times, resuspended in 200 µL of 1X PBS and 1.3 mL 

of the liquid scintillator Last GoldTM LLT (PerkinElmer) was added. The radioactivity 

incorporated into the cell pellet was determined as cpm (counts per minute) by liquid 

scintillation spectrometry using the Quantulus Radiation Spectrophotometer, at 10 minute 

count time. 

 

2.6 Aptamer binding assay with microbial cells 

 
The binding capacity of the Seq6 aptamer to cells of Staphylococcus aureus and C. albicans 

was evaluated. The 
32

P radiolabeled aptamer was incubated separately, in triplicate with 10
7
 

cells of S. aureus or 10
7
 cells of C. albicans in 1.5 mL eppendorf tubes. All triplicates were 

incubated at 37° C for 45 minutes. After incubation, the material was centrifuged, the cells 

washed three times in PBS and the pellet resuspended in 200µL of 1X PBS. To the pellet 

obtained was added 1.3 mL of liquid scintillator Last GoldTM LLT (PerkinElmer). The 

radioactivity incorporated into the cell pellet was determined as cpm (counts per minute) by 

liquid scintillation spectrometry using the Quantulus Radiation Spectrophotometer, at 10 

minute count time. 

 

2.7 Aptamer radiolabeling with 
99m

Tc and radiolabeled yield determination 

 

Labeling with 
99m

Tc was performed by the direct method according Correa et al (2014). For 

the labeling reaction 111.6 μmol of tricine and 28.3 μmol of EDDA were added to 300 μL of 

0,9% saline. Then, 10 μL of aptamer Seq6 (200 μmol/ μL) followed by 100 μL of SnCl2. 

2H2O (8.9 mM in HCl 0.25 N) were added. The pH was adjusted to 7.0 with 1.0 N NaOH. 

The bottle was sealed, and vacuum was applied with a syringe. The activity of 14.8 MBq of a 
99m

Tc-pertechnetate solution (Na
99m

 TcO
-
4) was added. Then, the solution was boiled in water 

bath for 15 min and then cooled in running water. The radiolabel yield of 
99m

Tc-aptamer 

complex was assessed by ascending instant thin-layer chromatography (TLC) using sílica 

gel-coated fiber glass sheets and two solvent systems: (1) 100% acetone to determine the 

percentage of TcO
-
4 and (2) 0.9% NaCl solution with 5% NH4OH to determine the percentage 

of TcO2. The labeled product (
99m

Tc-aptamer) remained at the point of application when 

100% acetone was used as móbile phase (Rf=0), and the labeled product moved with the 

solvent front when 0.9% NaCl solution with 5% NH4OH was used (Rf=1). The radiolabel 

yield was determined according to the following equation:  

 

labeling percentage = 100 – (%TcO
-
4 +  % TcO2). 

 

2.8 Stability of 
99m

Tc labeled aptamers 
 

The stability of 
99m

Tc-aptamer complex was evaluated in saline, plasma and cystein excess by 

TLC. Analysis of stability in saline was performed by adding 100 μL of radiolabeled aptamer  

solution in a tube containing 1.1 mL of 0.9% NaCl. The resulting solution was stored at room 

temperature. For stability in plasma were added 1.1 mL of mice plasma to 100 μL of 

radiolabeled aptamer solution, and the mixture was incubated at 37ºC. The stability in cystein 

excess was accessed by adding 50, 500 and  5000 fold (mol of cystein to mol of aptamer) of 

cystein to the solution containing the radiolabeled aptamer. For 100 μL of radiolabeled 
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product 1.1 mL of cystein solution was joined, and the solutions were kept at room 

temperature. All solutions were analyzed 0, 1, 3 and 24 h after, in triplicate, by TLC. 

 

2.9 Biodistribution studies 
 

Three groups of Swiss mice (25-30g weight) containing 6 animals each (n=6) were used. The 

animals were anesthetized with a mixture of ketamine (80mg/Kg) and xylazine (15mg/Kg). 

The first group was infected intramuscularly in the right thigh with 1 x 10
5
 cells of 

C. albicans suspended in 100 μL of saline. The animals of C .albicans group were 

immunosupressed before infection as described earlier. The second group was infected  with 

1 x 10
7
 cells of S. aureus. The third group was injected intramuscularly in the right thigh with 

100 μL of 5% zymosan to induce aseptic inflammation. A visible swelling was observed on 

infected or inflamed thigh of all animals 24 h after the intervention. So, 100 μL (14.8 MBq) 

of the anti (1→3) – β - D - glucans radiolabeled aptamer solution were injected by tail vein in 

each animal. The mice were euthanized 3h30min post injection, and tissue samples (blood, 

liver, spleen, stomach, heart, lung, kidney, right thigh infected muscle and left thigh muscle) 

were dissected, weighed and their activities measured in a gamma counter. The results were 

expressed as the percentage of injected dose per gram of tissue (% ID/g). Target/No-target 

ratio was obtained from the analysis of radiation measured in the right thigh infected muscle 

in relation to radiation measured in the left thigh muscle. 

 

2.10 Statistical analyses 

 
All data are expressed as mean ± SD. All data were analysed by GraphPad PRISM version 

5.01 software. The analysis of variance (ANOVA) with a 95% confidence interval was 

performed. 

 

3. RESULTS AND DISCUSSION 

 

3.1. 
32

P-aptamer binding assay for (1→3) – β - D - glucans and peptidoglycan 

polysaccharides  

  
The aptamer Seq6 was labeled with 

32
P and the capacity to bind to (1→3) – β - D - glucans 

and peptidoglycan (Figure 2) polysaccharides was evaluated.   
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Figure 2 - Seq6 aptamer binding evaluation for the target (1→3) – β - D - glucans and 

peptidoglycan. The 
32

P labeled aptamer was incubated with (1→3) – β - D - glucans or 

peptidoglycan.  

 

 

3.2 
32

P-aptamer binding assay with S. aureus and C. albicans cells 

 
The aptamer Seq6 was labeled with 

32
P and the biding to C. albicans and S. aureus (Figure 3) 

were evaluated. 

 
 

 
 

Figure 3 - Seq6 aptamer binding evaluation for the target C.albicans and S. aureus. 
C. albicans. The 

32
P labeled aptamer Seq6 was incubated with C.albicans or S. aureus cells. 

 

 
Low et al. (2009) evaluated the affinity of Seq6 aptamer to several polysaccharides including 

(1→3) – β - D - glucans (laminarin, barley glucan and curdlan) and non (1→3) – β - D - 

glucans (dextran, mannan and endotoxin) demonstrating the specificity for the first group. 

However the affinity for peptidoglycan was not evaluated. 

The Seq6 aptamer binding was similar to peptidoglycan and (1→3) – β - D - glucans, while 

the binding capacity was higher to S. aureus cells compared to C. albicans cells. These 

results pointed that Seq6 aptamer could be useful for fungal and bacterial infection 

identification. 

 

3.3. Aptamer labeling with 
99m

Tc and radiochemical yield determination 
 

The Seq6 aptamer was labeled with 
99m

Tc following the protocol described in the item 2.7. 

The radiochemical yield, determined by TLC, was of 93%. For biodistribution studies a 

radiochemical yield above 90% is recommended. 

 

 

3.4. Stability evaluation of aptamer labeled with 
99m

Tc 

3.4.1. Stability in saline solution 0.9% 
 

No significant changes in the radiolabel yield were verified up to 24 h (Table 1) in 0.9% 

saline solution. 
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Table 1:  Stability of the radiolabeled aptamer Seq6 in saline 0.9% 

 

Time after labeling 

(hours) 

Radiolabel yield  

(%) 

0 93 
1 86.4 
3 88.6 

24 85.6 

 

 

3.4.2. Stability in cystein excess 

 
Cystein is an amino acid that has an electron donor group (SH) for which the 

99m
Tc has great 

affinity. So it competes with neighboring molecules for the 
99m

Tc. No significant changes in 

the radiolabel yield over time was verified with increasing cystein concentrations up to 24 

hours (Table 2).  

 

Table 2:  Stability in excess of cystein 

 

Time after labeling 

(hours) 

Radiolabel yield  

(%) 

 Molar ratio 

 1:50 1:500 1:5000 

0 94,3 94,4 95,7 

1 93,1 95,8 95,3 

3 90,0 95,6 97,1 

24 84,2 92,5 98,4 

 

 

3.4.3. Stability in the plasma 
 

Again, no significant change in the radiolabel yield with time was verified in the presence of 

plasma.  

 

 

Time after labeling 

(hours) 

Radiolabel yield  

(%) 

0 96.2 
1 96.2 
3 96.3 

24 96.4 
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The radiolabel yield for the aptamer labeling with the 
99m

Tc was always above 90% and the 

complex presented stability in plasma, saline and in excess of cysteine, which demonstrated 

the strength of 
99m

Tc-aptamer complex and the efficiency of direct labelling process. 

         

3.5. 
99m

Tc labeled aptamer biodistribution in Swiss mice with experimental infection 

with S. aureus or C. albicans and experimental inflammation induced by zymosan 

 
In biodistribution was analyzed mainly the radiolabeled aptamer uptake in the infected thigh 

of the animal in relation to uninfected one. The uptake by blood and some organs (liver, 

spleen, stomach, heart, lung and kidney) was also determined for each group (Fig. 4, 5 and 6). 

The biodistribution profile for all groups showed increased uptake in the kidneys indicating a 

main renal excretion, which is consistent with the hydrophilic nature of the molecule, in 

addition, the radiopharmaceutical showed rapid blood clearance indicated by a reduced dose 

(% ID/g) in the blood.  

 

 
Figure 4 – Biodistribution in Swiss mice infected with C. albicans 3.5 h after injection of 

the 
99m

Tc Seq6 aptamer. 

 

 
 

Figure 5 – Biodistribution in Swiss mice infected with S. aureus 3.5 h after injection of 

the 
99m

Tc Seq6 aptamer. 
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Figure 6 – Biodistribution in Swiss mice with inflammation induced by zymosan 3.5 h 

after injection of the 
99m

Tc Seq6 aptamer. 

 

 
The animals infected with C. albicans presented a target/non-target ratio of 1.7 ± 0.16. For 

the S. aureus infected group this ratio was 2.8 ± 0.62 and for the animals with inflammation 

induced by zymosan 1.3 ± 0.09 (Fig. 7) .The target/non-target ratio proved satisfactory for 

identification of infection caused by both microorganisms, since the radioactivity uptake in 

the infected animal thigh was 50% over in relation to the non-infected thigh. Statistical 

difference was observed in the target/non-target ratio between the group infected with S. 
aureus and the group with inflammation induced by zymosan and between the group infected 

with S. aureus and the group infected with C. albicans, demonstrating the potential of the 

Seq6 aptamer for infection diagnosis. 

 

 

 
 

Figure 7 – Comparison of the target/non-target ratio between S.aureus, C. albicans and 

zymosan groups. The target/non-target relation was obtained by the ratio of % ID/g 

measured in the infected or inflamed right thigh muscle in relation to the left thigh 

muscle. The asterisk (*) indicates significant different between the groups S. aureus and 

the other groups. The values are presented as mean ± standard deviation.   
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4. CONCLUSIONS  
 

The Seq6 aptamer was successfully labeled with 
99m

Tc by the direct method. The 

biodistribution study demonstrated a statistically higher uptake of radiolabeled aptamer in the 

S. aureus foci relative to inflammation areas and sites of infection caused by C. albicans. 

This approach was able to distinguish aseptic inflammation from bacterial infection, a 

drawback frequently verified for the radiopharmaceuticals currently in use for the differential 

diagnosis between infection and inflammation and highlight the Seq6 aptamer potential for 

this purpose.  
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