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Abstract 
 
Project Code:  BRG4880006 
Project Title: Pyrimidine Biosynthetic Enzymes as Drug Target in 

Human Malaria Parasite 
Investigator: Prof. Dr.Jerapan Krungkrai, Department of Biochemistry, 

Faculty of Medicine, Chulalongkorn University, Rama 
4 Rd., Pathumwan, Bangkok, Thailand. 

E-mail Address:  fmedjkk@md.ac.th.,jerapan.k@gmail.com. 
Project Period:    28 July 2005–27 July 2008 

Project Description: 
 This project is performed to better understanding of P. 
falciparum metabolic pathway with the goal of illuminating new 
chemotherapeutic targets for drug development. Since P. falciparum is 
totally dependent on de novo synthesis of pyrimidine nucleotides from 
small precursors, and differs from its human host, having both the de 
novo and salvage pathways. Thus, interference of this unique pathway 
in P. falciparum will result in an effective mean to control the disease.  
 The specific objectives of the project (TRF supported) are: (1) to 
conduct molecular and biochemical characterization of the third enzyme 
of the pathway, namely, dihydroorotase (DHO), catalyzing formation of 
dihydroorotate from carbamoyl aspartate,  and  (2) to characterize 
structural,  kinetic, and functional properties of the recombinant orotate 
phosphoribosyltransferase (OPRT, reaction: [orotate + 5-
phosphoribosyl-1-pyrophosphate (PRPP) �  orotidine 5’-
monophosphate (OMP) + PPi]),   and orotidine 5’-monophosphate 
decarboxylase (OMPDC, reaction: [OMP � uridine 5’-monophospate 
(UMP)]), the fifth and sixth enzymes of the pyrimidine pathway in 
human malarial parasite, P.  falciparum.  One of our ultimate goal for 
the ongoing project in my laboratory is structure-based design of 
antimalarial drug development based on the known 3-dimensional 
structure of the enzymes.  

In the 3-year project, we have the following results to fulfill our 
objectives:  
 1. The enzyme DHO has been purified from P. falciparum 
obtained from in vitro cultivation, and the gene encoding P. falciparum 
DHO (PfDHO) has been identified and located on chromosome 14, 
cloned, sequenced and functionally expressed as soluble protein in 
Escherichia coli. Both native and recombinant PfDHO, exhibiting a 
monofunctional enzyme similarly to  type II DHO, are shared kinetic 
properties and inhibitory effects by orotate and its 5-substituted 
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derivatives similarly to type I DHO which is found in higher organisms 
like human enzyme. The results were published in Biochem. Biophys. 
Res. Commun. vol. 366, pp. 821-826 (2008).  The nucleotide sequence 
of the gene PfDHO was deposited in GenBank/EMBL/DDBJ databases 
with accession number AB373011. 

2. Genes encoding P. falciparum OPRT (PfOPRT) and P. 
falciparum OMPDC (PfOMPDC) were functionally expressed in E. 
coli.. The recombinant PfOMPDC has been purified homogeneity in a 
large amount and then crystallized by the seeding method in the 
hanging drop using polyethylene glycol as the precipitant. The complete 
set of X-ray diffraction data from the crystal was collected to 2.7 Å 
resolution at 100 K using synchrotron radiation. The crystal exhibits 
trigonal symmetry (space group R3). This work was cooperated with 
Prof T. Horii at Osaka University, Japan. The results were published in 
Acta Crystallogr. vol. F62, pp. 542-545 (2006).  
 3. The crystal structures were analyzed from the X-ray diffraction 
and data collected at SPring-8 Japan, and the works have been 
collaborated with Osaka University. The X-ray analysis of apo, 
substrate OMP or product UMP-complex form of PfOMPDC at 2.7, 
2.65 and 2.6 Å, respectively. Our results provide insight into the 
substrate recognition mechanism with dynamic structural changes and 
the rearrangement of the hydrogen network at the active site of the 
enzyme. The structural basis for the 3-dimensional structure of substrate 
or product binding to PfOMPDC will help to uncover the 
decarboxylation mechanism and facilitate structure-based optimization 
of new antimalarial drugs. We were the first group in the world to 
discover this. We had one publication for the crystal structure works 
which was published in J. Biochem. vol.143, pp. 69-78 (2008). The 
three crystal structures complexed with substrate or product or 
uncomplexed forms were deposited in ProteinDataBank with the PDB 
entries ID: 2ZA1, 2ZA2 and 2ZA3. 
 4. Lastly, since both PfOPRT and PfOMPDC malarial proteins 
contain long N-terminal extension that the unique properties have never 
been found in these two enzymes of other organisms,  constructions of 
N-terminally truncated PfOPRT and PfOMPDC enzymes were then 
performed by our two PhD graduates. The N-terminally truncated 
PfOPRT was produced as the mutant enzymes, however, its very low 
yield was obtained. The truncated mutant PfOMPDC was not expressed 
in E. coli.  Our preliminary study suggests that the truncated PfOPRT 
mutant enzyme is less active and stable than the wild type PfOPRT.  
Further characterization of the mutant enzymes will be studied in 
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details. This part will be the PhD thesis of these students in the coming 
years. 

In the 3-year project, we have outputs for our activities as 
follows:  

a) There are four publications:    
 1. Krungkrai S.R., Kusakari, Y., Tokuoka, K., Inoue, T., Adachi, 

H., Matsumura, H., Takano, K., Murakami, S., Mori, Y., Kai, Y., 
Krungkrai, J., and Horii, T.  (2006) Crystallization and preliminary 
crystallographic analysis of orotidine 5’-monophosphate decarboxylase 
from the human parasite Plasmodium falciparum. Acta 
Crystallographica F62, 542-545.  

 2. Tokuoka K., Kusakari Y., Krungkrai S.R,  Matsumura H., Kai 
Y., Krungkrai J., Horii T., Inoue T. (2008) Structural basis for the 
decarboxylation of  orotidine 5’-monophosphate (OMP) by 
Plasmodium falciparum OMP decarboxylase. Journal of Biochemistry 
143, 69-78.  
    3. Krungkrai, S.R., Wutipraditkul, N., and Krungkrai, J. (2008) 
Dihydroorotase of human malarial parasite Plasmodium falciparum 
differs from host enzyme. Biochemical and Biophysical Research 
Communication 366, 821-826. 
           4. Krungkrai, J., and Krungkrai, S. (2006) Malaria parasite: 
genomics, biochemistry and drug target for antimalarial development. 
Chulalongkorn Medical Journal 50, 127-142.  

 b) Graduation: 
  One MSc student was graduated,  two  PhD students are being 

trained. 
c) Presentation: 
  There was a poster presentation in “The second Thailand-Japan 

joint forum on infectious diseases” with topic entitled: “Functional 
characterization of Plasmodium falciparum pyrimidine enzymes orotate 
phosphoribosyltransferase and orotidine 5’-monophosphate 
decarboxylase”. 

d) Collaboration: 
   We have solid collaborations with expert groups in Osaka 

University (Japan) and University of Florence (Italy).  
e) There are four publications related to the ongoing project: 
1) Krungkrai, J., Krungkrai, S.R., and Supuran, C.T. (2007) 

Malarial parasite carbonic anhydrase and its inhibitors. Current Topics 
in Medicinal Chemistry 7, 909-917.  

2) Krungkrai, J., and Supuran, C.T. (2008) The alpha-
carbonic anhydrase from the malarial parasite and its inhibition. 
Current Pharmaceutical Design 14, 631-640. 
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3) Krungkrai, J., Kanchanaphum, P., Pongsabut, S., and 
Krungkrai, S.R. (2008) Putative metabolic roles of the mitochondria in 
asexual blood stages and gametocytes of the malaria parasite. Asian 
Pacific Journal of Tropical Medicine 1, 31-49. 

4) Krungkrai, J., Incharoensakdi, A., and Tungpradabkul, S. 
(2008) Biochemistry research in Thailand: present status and foresight 
studies. ScienceAsia 34, 1-6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 


