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Malaria is one of the leading causes of death worldwide. In 2016, malaria caused an estimated 216 million clinical 

episodes and resulted in death between an estimated 445,000 to 713,000 of those episodes. Malaria utilizes a protein called 
dihydrofolate reductase (DHFR) that produces a variety of vital proteins for cells such as DNA. The drug, Fansidar® , was 
developed to combat Malaria as this drug targets DHFR and causes the protein to no longer function causing a cessation 
of the cell’s processes, resulting in cellular death. Over several generations, the P. Falciparum parasite develops resistance 

against the drug. It has been shown that this resistance was lost when the local usage of Fansidar®  was decreased. The 
aim of this project was to characterize the structure of the P. falciparum Malaria DHFR enzyme and compare wild-type 
and mutant in solution such to see a possible reason for P. falciparum to lose its resistance to Fansidar® . To do this the 
DNA sequence for both mutant and wild-type DHFR would have to be cloned and used to transform E. Coli cells such 

that they could produce these proteins. The products would be used to produce proteins which would be purified. These 
purified proteins were to undergo hydrogen-deuterium exchange to analyze differences in the wild-type and mutant 
structures. Due to problems with the cloning step, much of the overall methodology could not be carried out. Future 

changes in the laboratory process hope to alleviate any present problems with the current course of action. 
_____________________________________________________ 

 
The Malaria parasite is a large cause of death throughout 

the world and can potentially infect about half of the 

world’s population. With 216 million clinical cases 

worldwide that resulted in between 445,00 and 713,000 

deaths in 2016 alone across 106 countries and territories, 

Malaria is a devastating parasite (6,7).  Current treatment of 

Malaria involves targeting enzymes involved in its folate 

metabolism are with antifolate antimalarial drugs. (1) One 

common antifolate drug is called Fansidar® . This drug 

targets the enzyme dihydrofolate reductase (DHFR) and the 

drug blocks the biosynthesis of purines and pyrimidines, 

which are essential for DNA synthesis and cell division (5). 

Without this synthesis of DNA the cell dies. Due to its 

effectiveness, this drug has been widely used as first-line 

treatment for uncomplicated Plasmodium falciparum 

malaria worldwide. Research supports that heavy usage of 

this drug has resulted in resistant strains, an example of this 

is shown in multiple places such as in South America and 

Africa. (1,3) In studies done in these continents, it was 

noted that as whenever local usage of Fansidar®  was 

reduced there was a notable loss of resistance in the 

prevalent Plasmodium falciparum population. This trend is 

unusual as beneficial mutations are often maintained over 

multiple generations. A loss of this mutation makes the 

parasite vulnerable to future waves of Fansidar®  usage. 

This raises questions as to what could have caused 

Plasmodium falciparum to lose what appears to be a 

beneficial mutation. A goal of this project was to analyze 

the differences between the wild-type and mutant forms of 

DHFR and to understand the function of various structures 

of DHFR. Another goal of this project was to understand 

the reason why Malaria may want to lose its resistance to 

Fansidar® .  Ultimately this information may be utilized to 

 



 

design a drug to treat drug-resistant Malaria saving the 

lives of potentially millions of people worldwide.  

 

MATERIALS AND METHODS 

       Polymerase Chain Reaction. We ran a polymerase chain 

reaction (PCR)  to amplify the DNA sequences that allow 

for the production of DHFR. 5 μl 10x thermoPol reaction 

buffer, 37 μl of H2O, 4 μl dNTP, 1μl DNA template (either 

the mutant sequence, 198, or the wild-type sequence, 199), 

1 μl Taq DNA polymerase from New England Biolabs 

(NEB), 1 μl 5’ primer and 1 μl 3’ primer was used. The 5’ 

primer has a sequence of 

5’-CATATGGAACAAGTCTGCGACG-3’ and the 3’ 

primer has a sequence of 

3’-GAATTCACTAGTATATACATCGCTAACAG-5’. We 

put the mixture through a thermal cycler at temperatures 

and times outlined in figure 1 to the right. A 10 μl portion 

of the 50 μl PCR mixture was mixed with 2 μl of loading 

dye and placed on an electrophoresis gel. This gel was run 

to see if the PCR produced a sufficient amount of DNA.  

PCR Purification. 40 μl of PCR was mixed with 200 μl of 

binding buffer (PB buffer) in a Qiagen spin column that 

was within a 1.5 ml microcentrifuge tube. The centrifuge 

was set and run at 13,000 rpm for a minute. Flow through 

was discarded and 750 μl of wash buffer (PE buffer) was 

added to wash the column and was again spun at 13,000 

rpm for a minute. The flow-through was then discarded and 

this is again spun at 13,000 rpm for a minute. The Qiagen 

spin column was switched to a new, clean 1.5 ml 

microcentrifuge tube. To elute the DNA 50 μl of water was 

added to the column and was left to stand for a minute. The 

column was then spun at 13,000 rpm for a minute. The 

QIAquick spin column was  

 

FIG. 1.  Temperatures created by the thermal cycler. These 
cycles activate the mixture and puts the polymerase chain 
reaction underway.  
 

discarded and we collected the purified PCR product that 

had gathered at the bottom of the microcentrifuge tube. 10 

μl of the purified PCR product was mixed with 2 μl of 

loading dye and placed on an electrophoresis gel. This gel 

was run to see if the purification left a sufficient amount of 

DNA.   

Double Digest. To prepare for the eventual ligation of the 

PCR product and a plasmid, both must undergo double 

digest to allow one to eventually join to the other. For the 

double digest of the PCR product, 10 μl of the product was 

mixed with 1 μl of NEB NdeI, 6 μl of H2O, 1 μl of NEB 

EcoRI, and 2 μl of NEB 10x 2.1 buffer. For the double 

digest of the plasmid 5 μl of the plasmid was mixed with 1 

μl of NdeI, 2 μl of H2O, 1 μl of EcoRI, and 1 μl of NEB 

10x 2.1 buffer. Each mixture was then incubated for 2 

hours at 37 °C. After this incubation, the plasmid mixture 

was mixed with 1 μl of rSAP phosphatase and the mixture 



 

was left to stand for 30 minutes. The phosphatase was 

deactivated after this period with a 5-minute exposure to 65 

°C temperatures in a dry bath. 

       Ligation and Transformation.  5 μl of plasmid was 

mixed with 20 μl of PCR product and 1 μl of T4 ligase and 

left overnight. The ligase was deactivated after 5 minutes in 

a 65 °C temperature dry bath. 10 μl of the ligation was then 

mixed with 50 μl of competent cells in sterile conditions. 

The mixture was then put on ice for 10 minutes and put on 

a 42 °C hot water bath shortly afterward for 45 seconds 

then they were then put on ice again for 2 minutes. After 

this 600 μl of Luria broth was added to each ligation-cell 

mixture in sterile conditions. The mixture was then 

incubated for 45 minutes at 37 °C and then it is put on an 

agar plate to grow.  

Minipreps. We collected cells from the transformation and 

purify the plasmid DNA from the cells. Due to problems 

with the transformation cultures we were unable to collect 

pure colonies and on subsequent trials, we were, unable to 

collect sufficient amounts of cells from the 199 plate and 

the colonies we did collect from 198 yielded very little 

DNA. The cells we did collect we pelleted with a 

centrifuge and we resuspended the pellets in buffer P1. This 

suspension was transferred to a microcentrifuge tube and 

250 μl of buffer P2 was added. The tube was then inverted 

4-6 times and 350 μl of buffer P3 was added and the tube 

was again inverted 4-6 times. This was centrifuged for 10 

minutes at 10,000 RPM and 800 μl of the supernatant was 

collected and put in a QIAprep 2.0 spin column within a 

1.5 ml microcentrifuge tube. This was centrifuged at 

13,000 rpm for a minute. Flow through was discarded and 

750 μl of PE buffer was added to wash the column and is 

again spun at 13,000 rpm for a minute. The flow-through 

was then discarded and this is again spun at 13,000 rpm for 

a minute. The QIAquick spin column was switched to a 

new, clean 1.5 ml microcentrifuge tube. To elute the DNA 

50 μl of EB buffer or water was added to the column and 

was left to stand for a minute. The column was then spun at 

13,000 rpm for a minute. The QIAquick spin column was 

discarded and the product that had gathered at the bottom 

of the microcentrifuge tube was collected. 10 μl of the 

product was mixed with 2 μl of loading dye and placed on 

an electrophoresis gel. This gel was run to see if the 

purification left a sufficient amount of DNA, unfortunately, 

no successful gel was produced. Steps that are after this 

current step are outlined in the discussion  

Results 

PCR and Purification. We were able to run a successful 

PCR. The purification of this was also successful. We 

determined the success of each of these with gel 

electrophoresis. A successful gel for the wild-type and 

mutant is shown in figure 2 and 3 respectively. 

 

FIG. 2.                                      FIG. 3. 
A successful 199 PCR with    A successful 198 PCR with 
both pure and impure PCR.    both pure and impure PCR.  
 



 

Issues With the Procedure. Issues arose with the double 

digest, ligation and transformation steps. These issues 

resulted in problems with contamination and problems with 

cellular growth. These problems prevented the procedure 

from going past the minipreps as there was a lack of cells to 

collect DNA from.  

Discussion 

Changes to the Current Procedure. Due to problems with 

the ligation and transformation steps, we will be changing 

the procedure in the future. We likely will be cutting the 

bands from the ligation gel electrophoresis and purifying 

the strips to remove the agarose and enzymes such to obtain 

DNA for transformation. 

Future Steps. Should these prior steps eventually yield a 

successful result the following steps will be carried out. We 

plan to check how successful the minipreps were with a 

double digest and we hope to send our data for sequencing 

at Yale’s Keck Facility. Should the sequencing be 

successful we hope to carry out a Maxiprep to gather an 

even greater amount of DNA from these cells to transform 

into an even greater amount of BL21(DE3) E. Coli cells. 

These cells would be plated, selected for and sequenced 

with ampicillin. These cells would be collected and 

undergo IPTG induction such to have them express the 

protein of interest. These cells would be lysed and then 

purified using multiple types of buffer. The protein product 

would then undergo hydrogen-deuterium exchange 

followed by a quench and digest to see the differences in 

the structure of the mutant and wild-type proteins.  The 

process for Hydrogen-Deuterium exchange is outlined in 

figure 4 below 

 

FIG. 4  
The process for Hydrogen-Deuterium exchange. (8) 
 

Conclusion 

Due to issues within the current procedure, the primary 

goal of this experiment of seeing the differences between 

the wild-type and mutant forms of DHFR was not able to 

be achieved. It is recommended that the procedure is 

modified such to allow for a better understanding of the 

mechanisms of the Malarial parasite. This understanding 

can be utilized such to aid the creation of a drug to combat 

Malaria through rational drug design. 
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