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Abstract 
An efficient and reliable detection scheme for identification of Plasmodium spp. in the field has 

yet to be determined. Past research has identified aldolase as an antigen unique to the Plasmodium 

spp., and a viable biomarker for rapid detection of malaria in humans. Our research attempts to identify 

a specific peptide sequence that binds to aldolase as the first step in creating a diagnostic tool for the 

detection of this pathogen in blood samples. Fourteen target peptide sequences were identified through 

bio-panning with a phage display library. Out of 14 tight-binding peptides identified, a common motif of 

a charged residue at the second and third position of the 7-mer peptide sequence and at the sixth and 

seventh position was determined. Further experiments will be needed to see if this peptide pattern will 

be sufficient to identify this antigen for use in a field diagnostic tool for blood borne pathogens. 

 
 
 
 
 
 
 
 
 
 
 
 
  



Introduction: 
 Malaria is a disease caused by the Plasmodium spp., a parasite transmitted by a vector, the 

female Anopheles mosquito, and it is responsible for the illness of many people around the world.  In  
2004 the incidence of this disease was reported to  affect 350- 500 million people (1) . Malaria is a 
treatable disease if caught early; however, due to lack of resources in countries that are endemic to this 
disease many people continue to suffer. 

Malaria parasites belong to the genus Plasmodium.  The four major species known to infect 
humans are P. falciparum, P. vivax, P. ovale, and P. malareiae (2). Each species varies in the type and 
level of infection it has on humans.  The life cycle of the Plasmodium spp. makes malaria diagnosis 
challenging because of the parasite’s complex reproductive cycle, which contains both sexual and 
asexual reproduction. The parasite is transmitted to humans through a bite by a female mosquito (most 
commonly a member of the genus Anopheles). Sporozoites invade the liver and grow and divide into 
merozoites which go on to infect red blood cells and cause complications to the human host (3). Early 
detection is important in being able to treat this disease. 

 There is much research being done on developing a cheap, easy-to-use diagnostic tool for 
malaria that is functional in endemic environments. In fact, there are rapid diagnostics tests for 
identification of malaria in the field (4). The majority of current tests utilize selective antigens which are 
histidine-rich protein-2, lactate dehydrogenase, and aldolase  (4).  However, these tests are not very 
reliable and many false positives and false negatives occur. Our objective is to find a target peptide 
sequence that binds to Plasmodium aldolase that can be used for identification of this pathogen in a 
field diagnostic tool.  The ultimate usage of this peptide target will be integrated into a device to test for 
blood pathogens. This device will reveal blood-borne pathogens through usage of a lateral-flow assay 
unit, coupled with high-sensitivity fluorescence detection. This is a completely new approach to 
identifying pathogens in the field.   

To find the peptide sequence for identification of Plasmodium aldolase, a New England BioLabs 
Ph.D.-C7C phage display library  was used as the combinatorial library for biopanning purposes. A 
peptide phage display library contains filamentous bacteriophage that display different peptides on their 
surfaces (5).  Each phage is an independent clone that bears a surface peptide that is coded for by a 
unique DNA sequence.  With this tool we used bio-panning to identify peptide sequences that bound to 
aldolase, a secreted parasite enzyme that can be found in the blood of malaria patients.  Aldolase is an 
enzyme involved in the glycolytic pathway of Plasmodium spp. and is unique to its various species. This 
target was attached to magnetic beads and bio-panned with a phage display library; after three rounds 
of bio-panning individual phages were amplified and the DNA extracted and sequenced.  Homology 
between the peptide sequences was used to identify candidate peptides for use in capturing aldolase 
onto a coated surface for subsequent analysis. 
 
Materials and Methods: 
Attachment of Aldolase to Beads 

Recombinant  Plasmodium aldolase was attached to DYNA magnetic EPOXY beads by the 
following procedure. DYNA magnetic beads were suspended in 165 μl of dimethylformamide and placed 
in a 1.5ml microfuge tube. The beads were placed on a magnet and washed two times with 1ml of 
phosphate-buffered saline (PBS). Afterwards, 200 μl of borate buffer and 31 μg of aldolase were added 



to the beads. The beads were incubated at room temperature for 24 hours, and  were then washed 
again two times with 1ml PBS. 200 μl of ethanolamine was added and incubated for another 24 hours. 
The next day the beads were washed again two times with PBS and 165 μl of PBS was added to leave the 
beads suspended in liquid and ready for bio-panning.    
 
Biopanning and Phage Amplification 

Biopanning for phage sequences was done using DYNA beads with the attached aldolase target. 
In the first round of biopanning, 3 μl of phage from the Ph.D.-C7C Phage Display Library (New England 
BioLabs) was added to the beads. This was then incubated for 1 hour at room temperature. The beads 
were washed two times with PBS and then 200 μl of citrate buffer was added and the tube was inverted 
for 2 min. Then the beads were placed on a magnet and the solution was transferred to a new 
microcentrifuge tube for amplification of the first round eluate by following the procedure. 180 μl of the 
eluate was added to a 10ml Luria-Bertani (LB) culture with Escherichia coli  ER2738 at early log phase 
and allowed to grow for 4 hours at 37°C with vigorous shaking. The culture was then transferred to a 
centrifuge tube and spun for 10 minutes at 12,000 g at 4°C. The pellet was discarded and the 
supernatant transferred to a fresh tube to be re-spun. Then the top 80% of the supernatant was 
transferred to a fresh tube and added to 1/6 the volume of 20% PEG/2.5M NaCl. The phages were 
allowed to precipitate overnight. The PEG precipitate was centrifuged at 12,000g for 15 minutes at 4°C. 
The supernatant was discarded and the pellet was suspended in 1ml of TBS. The suspension was 
transferred to a microfuge tube and spun at 14,000rpm for 5 minutes. Then the supernatant was added 
to 1/6 the volume of 20% PEG/2.5 M NaCL. This was incubated on ice for 1 hour then microfuged for 10 
minutes at 14,000g. The supernatant was discarded and the tube was briefly re-spun and the residual 
supernatant was removed with a micropipette. The pellet was suspended in 200 μl of TBS. This was 
microfuged for 1 minute to pellet any remaining insoluble material. The supernatant was transferred to 
a fresh tube and this was the amplified eluate to be used in the following round of biopanning. 
Amplification was done after each round, except the third when the eluate was diluted for plaque 
pulling. The full procedure can be found in the Ph.D. Phage Display Library literaturefrom New England 
BioLabs.  
 
Titration of Samples 

The titration of samples was done using a procedure outlined in the New England BioLabs phage 
display library manual.  Titrations were done before and after amplification to check for the presence of 
phage. After the third round of biopanning, dilutions were done to ensure reasonable spacing of the 
plaques to be pulled and sequenced later. 200 μl of inoculated E. coli broth culture  was dispensed in 
microfuge tubes. Phage were diluted 10^-1 to 10^-6 in LB broth. Top agarose was melted and dispensed 
in 3ml aliquots in culture tubes and maintained at 45°C. Each phage dilution was infected into 200 μl of 
E. coli and added to the top agarose to be poured onto an LB/IPTG/Xgal plate. The plates were stored in 
an incubator at 37°C for no longer than 18 hours. On the following day, plaques were pulled for 
amplification and subsequent DNA extractions.  
 
DNA Extractions 



DNA extractions were completed using a Qiagen Spin M13 kit. The protocol was as follows. For each 
clone picked, amplification was done in 1:100 diluted solution of E. coli in LB broth with 100 μl of phage 
solution.  Cultures were grown for 4.5 hours and then spun down at 5000 rpm for 15 minutes at room 
temperature. The supernatant was transferred to a fresh tube and 100 μl of MP buffer was added for 
overnight precipitation. More detailed steps can be found in the Qiagen M13 Spin brochure.  
 
Sequencing 
 DNA samples for sequencing were submitted to the Bio5 Genetics Core sequencing lab. The primer used 
for sequencing was the 96gIII sequencing primer 5’-CCCTCATAGTTAGCGTAACG-3’.  
 
 
Results: 
Table 1: Sequences From Bio- panning at Room Temperature with Aldolase as the Target      
Sequence 1  DLRHTKH 
Sequence 2 GLKALKE 
Sequence 3 MGDVWNR 
Sequence 4 KAAVEST 
Sequence 5 CFVKDPK 
Sequence 6 FPTHNMH 
Sequence 7 WDGSAFI 
Sequence 8 SIKKQTV 
Sequence 9 XPXKGAV 
Sequence 10 RELKAAF 
Sequence 11 PAGLLKT 
Sequence 12  DASRPAT 
Sequence 13 QIIGVAS 
Sequence 14  LPWQIHN 

 
In sequence 9 the letter X stands for an undetermined amino acid. 

 
 
Discussion: 

Ten of the fourteen peptides contained a positively charged residue at either the third or fourth 

position of the 7-mer peptide sequence. It is also noticeable that at the sixth or seventh position there is 

a charged amino acid. These findings imply that aldolase may be recognized by a sequence that would 

mimic the structures of the peptides found from this experiment.  

Peptide sequences found from biopanning can identify epitope regions of an antigen. Epitope 

regions are the regions an antibody would likely detect and therefore are important in medical 



diagnostics that are based on serology. Currently, biopanning experiments are continuing at 50°C to 

ensure that these peptides do in fact bind at higher temperatures. Peptides will be ordered and tested 

on quartz slides to see if detection of the antigen is achieved. The impact that this type of identification 

could have would be very meaningful for countries in tropical regions. The ability to detect malaria early 

makes a big difference in being able to manage its symptoms. Hopefully with construction of this 

peptide-specific device, many cases will be detected earlier and blood for transfusion use could also be 

routinely tested prior to use. 
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