
This is an Accepted Manuscript, which has been through the 
Royal Society of Chemistry peer review process and has been 
accepted for publication.

Accepted Manuscripts are published online shortly after 
acceptance, before technical editing, formatting and proof reading. 
Using this free service, authors can make their results available 
to the community, in citable form, before we publish the edited 
article. We will replace this Accepted Manuscript with the edited 
and formatted Advance Article as soon as it is available.

You can find more information about Accepted Manuscripts in the 
Information for Authors.

Please note that technical editing may introduce minor changes 
to the text and/or graphics, which may alter content. The journal’s 
standard Terms & Conditions and the Ethical guidelines still 
apply. In no event shall the Royal Society of Chemistry be held 
responsible for any errors or omissions in this Accepted Manuscript 
or any consequences arising from the use of any information it 
contains. 

Accepted Manuscript

ChemComm

www.rsc.org/chemcomm

http://www.rsc.org/Publishing/Journals/guidelines/AuthorGuidelines/JournalPolicy/accepted_manuscripts.asp
http://www.rsc.org/help/termsconditions.asp
http://www.rsc.org/publishing/journals/guidelines/


Journal Name RSC  

COMMUNICATION 

This journal is © The Royal Society of Chemistry 2012 Chem. Commun., 2015, 00, 1-3 | 1 

  

We report the rapid diagnosis of malaria by aptamer-tethered 

enzyme capture (APTEC) whereby an aptamer captures 

biomarker Plasmodium falciparum lactate dehydrogenase 

(PfLDH) then activity is measured colorimetrically. The 

robust test was sensitive (limit of detection = 4.9 ngmL-1) and 

could reliably diagnose malaria in clinical blood samples. 
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Fig. 1 (a) The reaction scheme which couples LDH activity to the reduction of NTB 

through the shuttling of NAD+/NADH to produce a blue diformazan dye product. 

(b) Absorbance scan results when human LDH isoforms (hLDHa and hLDHb) and 

PfLDH samples (20 ng) are diluted in phosphate buffered saline (PBS) buffer and 

incubated with the L-lactate/NTB solution after 45 min. 
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Fig. 2 APTEC assay for PfLDH detection (a) APTEC combines an aptamer tethering 

step with enzymatic color production (PDB: 3ZH2). (b) Assay response using 

purified recombinant PfLDH versus native human LDH (hLDHb) in 2 x PBS buffer. 

(c) Image of the resulting signal for the assay when PBS, hLDHb and PfLDH (100 

ngmL-1) are compared. (d) Example of aptamer-decorated magnetic beads being 

used for APTEC instead of the 96-well plate format. Only 10 µL of LDH sample (100 

ngmL-1) was required for this colorimetric response. 

Table 1. LODs for the APTEC assay with various samples 

Sample Limit of Detection (LOD) 

Recombinant PfLDH 4.9 ngmL-1 ± 2 ngmL-1 

3D7 asynchronous parasites 0.024% ± 0.01% parasitemia 

3D7 ring stage parasites 0.14% ± 0.06% parasitemia 
 

 

Table 2. Results of the APTEC and OptiMAL-IT when testing P. 

falciparum malaria patient blood samples and negative controls 

P. falciparum 

Parasitemia (%) 

No. Patient 

Samples 

APTEC  

Positives 

OptiMAL-IT 

Positives 

0 12 0 - 
0 ≤ 0.1 6 3 3 

0.1 ≤ 1 6 6 6 
> 1 2 2 2 
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Fig. 3 (a) Regeneration of the aptamers in the APTEC assay using a shortened 

protocol. Six consecutive incubations with LDH samples (1 µgmL -1) were 

performed by washing with a urea-based elution buffer between tests. L-lactate/ 

NTB substrate solution was added for 20 min for each test (T) and after each 

regeneration (R) to confirm successful PfLDH elution and compared to a hLDHb 

control. (b) Stability of the L-lactate/NTB solution when stored protected from 

light at room temperature for 11 days and tested with PfLDH in solution (7.5 ng).  

Table 3. Semi-quantitative APTEC assay results. By varying aptamer density 

within assay wells, visual semi-quantification of PfLDH concentration was 

possible: negative (− − −), low (+ − −), medium (+ + −), or high (+ + +). 

PfLDH 

(µgmL-1) 

Aptamer Density Test 

High Medium Low Result 

0 − − − Negative 

0.05 + − − Low 

0.1 + − − Low 
0.5 + + − Medium 

1 + + − Medium 

5 + + + High 
10 + + + High 

≤

µ
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