
References 

149 
 

6. References 

1 Gardner, M. J., Hall, N., Fung, E., White, O., Berriman, M., Hyman, R. W., Carlton, J. 
M., Pain, A., Nelson, K. E., Bowman, S., Paulsen, I. T., James, K., Eisen, J. A., Rutherford, K., 
Salzberg, S. L., Craig, A., Kyes, S., Chan, M., Nene, V., Shallom, S. J., Suh, B., Peterson, J., 
Angiuoli, S., Pertea, M., Allen, J., Selengut, J., Haft, D., Mather, M. W., Vaidya, A. B., Martin, 
D. M. A., Fairlamb, A. H., Fraunholz, M. J., Roos, D. S., Ralph, S. A., McFadden, G. I., 
Cummings, L. M., Subramanian, G. M., Mungall, C., Venter, J. C., Carucci, D. J., Hoffman, S. 
L., Newbold, C., Davis, R. W., Fraser, C. M. and Barrell, B. (2002) Genome sequence of the 
human malaria parasite Plasmodium falciparum. Nature. 419, 498-511 
2 Holt, R. A., Subramanian, G. M., Halpern, A., Sutton, G. G., Charlab, R., Nusskern, D. 
R., Wincker, P., Clark, A. G., Ribeiro, J. M., Wides, R., Salzberg, S. L., Loftus, B., Yandell, M., 
Majoros, W. H., Rusch, D. B., Lai, Z., Kraft, C. L., Abril, J. F., Anthouard, V., Arensburger, P., 
Atkinson, P. W., Baden, H., de Berardinis, V., Baldwin, D., Benes, V., Biedler, J., Blass, C., 
Bolanos, R., Boscus, D., Barnstead, M., Cai, S., Center, A., Chatuverdi, K., Christophides, G. K., 
Chrystal, M. A., Clamp, M., Cravchik, A., Curwen, V., Dana, A., Delcher, A., Dew, I., Evans, C. 
A., Flanigan, M., Grundschober-Freimoser, A., Friedli, L., Gu, Z., Guan, P., Guigo, R., 
Hillenmeyer, M. E., Hladun, S. L., Hogan, J. R., Hong, Y. S., Hoover, J., Jaillon, O., Ke, Z., 
Kodira, C., Kokoza, E., Koutsos, A., Letunic, I., Levitsky, A., Liang, Y., Lin, J.-J., Lobo, N. F., 
Lopez, J. R., Malek, J. A., McIntosh, T. C., Meister, S., Miller, J., Mobarry, C., Mongin, E., 
Murphy, S. D., O'Brochta, D. A., Pfannkoch, C., Qi, R., Regier, M. A., Remington, K., Shao, H., 
Sharakhova, M. V., Sitter, C. D., Shetty, J., Smith, T. J., Strong, R., Sun, J., Thomasova, D., 
Ton, L. Q., Topalis, P., Tu, Z., Unger, M. F., Walenz, B., Wang, A., Wang, J., Wang, M., Wang, 
X., Woodford, K. J., Wortman, J. R., Wu, M., Yao, A., Zdobnov, E. M., Zhang, H., Zhao, Q., 
Zhao, S., Zhu, S. C., Zhimulev, I., Coluzzi, M., della Torre, A., Roth, C. W., Louis, C., Kalush, 
F., Mural, R. J., Myers, E. W., Adams, M. D., Smith, H. O., Broder, S., Gardner, M. J., Fraser, 
C. M., Birney, E., Bork, P., Brey, P. T., Venter, J. C., Weissenbach, J., Kafatos, F. C., Collins, F. 
H. and Hoffman, S. L. (2002) The genome sequence of the malaria mosquito Anopheles 

gambiae. Science. 298, 129-149 
3 Aurrecoechea, C., Brestelli, J., Brunk, B. P., Dommer, J., Fischer, S., Gajria, B., Gao, X., 
Gingle, A., Grant, G., Harb, O. S., Heiges, M., Innamorato, F., Iodice, J., Kissinger, J. C., 
Kraemer, E., Li, W., Miller, J. A., Nayak, V., Pennington, C., Pinney, D. F., Roos, D. S., Ross, 
C., Stoeckert, C. J., Treatman, C. and Wang, H. (2009) PlasmoDB: A functional genomic 
database for malaria parasites. Nucleic Acids Res. 37, 539-543 
4 Bozdech, Z., Llinás, M., Pulliam, B. L., Wong, E. D., Zhu, J. and DeRisi, J. L. (2003) 
The transcriptome of the intra-erythrocytic developmental cycle of Plasmodium falciparum. 
PLoS Biol. 1, e5 
5 Le Roch, K. G., Johnson, J. R., Florens, L., Zhou, Y., Santrosyan, A., Grainger, M., Yan, 
S. F., Williamson, K. C., Holder, A. A., Carucci, D. J., Yates, J. R. and Winzeler, E. A. (2004) 
Global analysis of transcript and protein levels across the Plasmodium falciparum life cycle. 
Genome Res. 14, 2308-2318 
6 Le Roch, K. G., Zhou, Y., Blair, P. L., Grainger, M., Moch, J. K., Haynes, J. D., De la 
Vega, P., Holder, A. A., Batalov, S., Carucci, D. J. and Winzeler, E. A. (2003) Discovery of gene 
function by expression profiling of the malaria parasite life cycle. Science. 301, 1503-1508 
7 Llinás, M., Bozdech, Z., Wong, E. D., Adai, A. T. and DeRisi, J. L. (2006) Comparative 
whole genome transcriptome analysis of three Plasmodium falciparum strains. Nucleic Acids 
Res. 34, 1166-1173 
8 Nirmalan, N., Sims, P. F. G. and Hyde, J. E. (2004) Quantitative proteomics of the 
human malaria parasite Plasmodium falciparum and its application to studies of development 
and inhibition. Mol. Microbiol. 52, 1187-1199 
9 Sims, P. F. G. and Hyde, J. E. (2006) Proteomics of the human malaria parasite 

 
 
 



References 

150 
 

Plasmodium falciparum. Expert Review of Proteomics. 3, 87-95 
10 Teng, R., Junankar, P. R., Bubb, W. A., Rae, C., Mercier, P. and Kirk, K. (2008) 
Metabolite profiling of the intra-erythrocytic malaria parasite Plasmodium falciparum by 1H 
NMR spectroscopy. NMR Biomed. 22, 292-302 
11 Cohen, J., Benns, S., Vekemans, J. and Leach, A. (2010) The malaria vaccine candidate 
RTS,S/AS is in phase III clinical trials. Ann. Pharm. Fr. 68, 370-379 
12 Greenwood, B. M., Fidock, D. A., Kyle, D. E., Kappe, S. H. I., Alonso, P. L., Collins, F. 
H. and Duffy, P. E. (2008) Malaria: Progress, perils, and prospects for eradication. J. Clin. 
Invest. 118, 1266-1276 
13 Christophides, G. K. (2005) Transgenic mosquitoes and malaria transmission. Cell. 
Microbiol. 7, 325-333 
14 Dondorp, A. M., Nosten, F., Yi, P., Das, D., Phyo, A. P., Tarning, J., Lwin, K. M., Ariey, 
F., Hanpithakpong, W., Lee, S. J., Ringwald, P., Silamut, K., Imwong, M., Chotivanich, K., Lim, 
P., Herdman, T., An, S. S., Yeung, S., Singhasivanon, P., Day, N. P. J., Lindegardh, N., Socheat, 
D. and White, N. J. (2009) Artemisinin resistance in Plasmodium falciparum malaria. N. Engl. J. 
Med. . 361, 455-467 
15 Cox-Singh, J., Davis, T. M. E., Lee, K.-S., Shamsul, S. S. G., Matusop, A., Ratnam, S., 
Rahman, H. A., Conway, D. J. and Singh, B. (2008) Plasmodium knowlesi malaria in humans is 
widely distributed and potentially life threatening. Clin. Infect. Dis. 46, 165-171 
16 Hoffman, S. L., Subramanian, G. M., Collins, F. H. and Venter, J. C. (2002) Plasmodium, 
human and Anopheles genomics and malaria. Nature. 415, 702-709 
17 Cowman, A. F. and Crabb, B. S. (2006) Invasion of red blood cells by malaria parasites. 
Cell. 124, 755-766 
18 Wirth, D. F. (2002) The parasite genome: Biological revelations. Nature. 419, 495-496 
19 Nwaka, S. and Hudson, A. (2006) Innovative lead discovery strategies for tropical 
diseases. Nat. Rev. Drug Discov. 5, 941-955 
20 Maharaj, R., Mthembu, D. J. and Sharp, B. L. (2005) Impact of DDT re-introduction on 
malaria transmission in KwaZulu-Natal. S. Afr. Med. J. 95, 871-874 
21 Rogan, W. J. and Chen, A. (2005) Health risks and benefits of bis (4-chlorophenyl)-
1,1,1-trichloroethane (DDT). Lancet. 366, 763-773 
22 Weissmann, G. (2006) DDT is back: Let us spray! FASEB J. 20, 2427-2429 
23 Coleman, C. S., Stanley, B. A., Viswanath, R. and Pegg, A. E. (1994) Rapid exchange of 
subunits of mammalian ornithine decarboxylase. Eur. J. Biochem. 269, 3155-3158 
24 Bray, R. S., Burgess, R. W., Fox, R. M. and Miller, M. J. (1959) Effect of pyrimethamine 
upon sporogeny and pre-erythrocytic schizogony of Laverinia falciparum. Bull. W.H.O. 21, 233-
238 
25 Gillet, J. M., Charlier, J., Boné, G. and Mulamba, P. L. (1983) Plasmodium berghei: 
Inhibition of the sporogonous cycle by α-difluoromethylornithine. Exp. Parasitol. 56, 190-193 
26 Knols, B. G. J., Bukhari, T. and Farenhorst, M. (2010) Entomopathogenic fungi as the 
next-generation control agents against malaria mosquitoes. Future Microbiol. 5, 339-341 
27 Blanford, S., Chan, B. H. K., Jenkins, N., Sim, D., Turner, R. J., Read, A. F. and Thomas, 
M. B. (2005) Fungal pathogen reduces potential for malaria transmission. Science. 308, 1638-
1641 
28 Farenhorst, M., Mouatcho, J. C., Kikankie, C. K., Brooke, B. D., Hunt, R. H., Thomas, 
M. B., Koekemoer, L. L., Knols, B. G. J. and Coetzee, M. (2009) Fungal infection counters 
insecticide resistance in African malaria mosquitoes. Proc. Natl. Acad. Sci. USA. 106, 17443-
17447 
29 Miller, L. H. and Hoffman, S. L. (1998) Research toward vaccines against malaria. Nat. 
Med. 4, 520-524 
30 Bull, P. C. and Marsh, K. (2002) The role of antibodies to Plasmodium falciparum-
infected-erythrocyte surface antigens in naturally acquired immunity to malaria. Trends 
Microbiol. 10, 55-58 

 
 
 



References 

151 
 

31 Todryk, S. M. and Hill, A. V. S. (2007) Malaria vaccines: The stage we are at. Nat. Rev. 
Microbiol. 5, 487-489 
32 Doolan, D. L. and Hoffman, S. L. (1997) Multi-gene vaccination against malaria: A 
multistage, multi-immune response approach. Parasitol. Today. 13, 171-178 
33 Ghumra, A., Khunrae, P., Ataide, R., Raza, A., Rogerson, S. J., Higgins, M. K. and 
Rowe, J. A. (2011) Immunisation with recombinant PfEMP1 domains elicits functional rosette-
inhibiting and phagocytosis-inducing antibodies to Plasmodium falciparum. PLoS ONE. 6, 
e16414 
34 Anders, R. F. and Saul, A. (2000) Malaria vaccines. Parasitol. Today. 16, 444-447 
35 Chauhan, P. M. S. and Srivastava, R. (2001) Present trends and future strategy in 
chemotherapy of malaria. Curr. Med. Chem. 8, 1535-1542 
36 Müller, I. B. and Hyde, J. E. (2010) Antimalarial drugs: Modes of action and mechanisms 
of parasite resistance. Future Microbiol. 5, 1857-1873 
37 Olliaro, P. (2001) Mode of action and mechanisms of resistance for antimalarial drugs. 
Pharmacol. Ther. 89, 207-219 
38 Aviado, D. M., Rosen, R., Dacanay, H. and Plotkin, S. H. (1969) Antimalarial and 
antiarrhythmic activity of plant extracts. 1. Cinchona and quinine in Plasmodium berghei in 
immature rats. Med. Exp. Int. J. Exp. Med. 19, 79-94 
39 Bjorkman, A. and Phillips-Howard, P. A. (1990) The epidemiology of drug-rsistant 
malaria. Trans. R. Soc. Trop. Med. Hyg. . 84, 177-180 
40 Yeh, I. and Altman, R. B. (2006) Drug targets for Plasmodium falciparum: A post-
genomic review/survey. Mini Rev. Med. Chem. 6, 177-202 
41 White, N. J. (1992) Antimalarial drug resistance: the pace quickens. J. Antimicrob. 
Chemother. 30, 571-585 
42 Bathurst, I. and Hentschel, C. (2006) Medicines for Malaria Venture: Sustaining 
antimalarial drug development. Trends Parasitol. 22, 301-307 
43 Reed, M. B., Saliba, K. J., Caruana, S. R., Kirk, K. and Cowman, A. F. (2000) Pgh1 
modulates sensitivity and resistance to multiple antimalarials in Plasmodium falciparum. Nature. 
403, 906-909 
44 Ivanetich, K. M. and Santi, D. V. (1990) Thymidylate synthase-dihydrofolate reductase 
in potozoa. Exp. Parasitol. 70, 367-371 
45 Wang, P., Wang, Q., Sims, P. F. G. and Hyde, J. E. (2007) Characterisation of exogenous 
folate transport in Plasmodium falciparum. Mol. Biochem. Parasitol. 154, 40-51 
46 Cowman, A. F. and Lew, A. M. (1990) Chromosomal rearrangements and point 
mutations in the DHFR/TS gene of Plasmodium chabaudi under antifolate selection. Mol. 
Biochem. Parasitol. 42, 21-29 
47 Plowe, C. V., Cortese, J. F., Djimde, A., Okey, C., Winstanley, P. A. and Doumbo, C. K. 
(1997) Mutations in Plasmodium falciparum dihydrofolate reductase and dihydropteroate 
synthase and epidemiological patterns of pyrimethamine-sulphadoxine use and resistance. J. 
Infect. Dis. 176, 1590-1596 
48 Hyde, J. E. (1989) Point mutations and pyrimethamine resistance in Plasmodium 

falciparum. Parasitol. Today. 5, 252-255 
49 Zolg, J. W., Plitt, J. R., Chen, G. X. and Palmer, S. (1989 ) Point mutations in the 
dihydrofolate reductase-thymidylate synthase gene as the molecular basis for pyrimethamine 
resistance in Plasmodium falciparum. Mol. Biochem. Parasitol. 36, 253-262 
50 Peterson, D. S., Walliker, D. and Wellems, T. E. (1988) Evidence that a point mutation in 
dihydrofolate reductase-thymidylate synthase confers resistance to pyrimethamine in falciparum 
malaria. Proc. Natl. Acad. Sci. USA. 85, 9114-9118 
51 Nirmalan, N., Sims, P. F. G. and Hyde, J. E. (2004) Translational up-regulation of 
antifolate drug targets in the human malaria parasite Plasmodium falciparum upon challenge 
with inhibitors. Mol. Biochem. Parasitol. 136, 63-70 
52 Hayton, K., Ranford-Cartwright, L. C. and Walliker, D. (2002) Sulphadoxine-

 
 
 



References 

152 
 

pyrimethamine resistance in the rodent malaria parasite Plasmodium chabaudi. Antimicrob. 
Agents Chemother. 46, 2482-2489 
53 Nzila-Mounda, A., Mberu, E. K., Sibley, C. H., Plowe, C. V., Winstanley, P. A. and 
Watkins, W. M. (1998) Kenyan Plasmodium falciparum field isolates: correlation between 
pyrimethamine and chlorcycloguanil activity in vitro and point mutations in the dihydrofolate 
reductase domain. Antimicrob. Agents Chemother. 42, 164-169 
54 Luzzatto, L. (2010) The rise and fall of the antimalarial Lapdap: a lesson in 
pharmacogenetics. Lancet. 376, 739-741 
55 Price, R. N., Nosten, F., Luxemburger, C., ter Kuile, F. O., Paiphun, L., 
Chongsuphajaisiddhi, T. and White, N. J. (1996) Effects of artemisinin derivatives on malaria 
transmissibility. Lancet. 347, 1654-1658 
56 O’Neill, P. M., Barton, V. E. and Ward, S. A. (2010) The molecular mechanism of action 
of artemisinin: The debate continues. Molecules. 15, 1705-1721 
57 Krishna, S., Uhlemann, A. and Haynes, R. K. (2004) Artemisinins: Mechanisms of action 
and potential for resistance. Drug Resist. Updates. 7, 233-244 
58 de Vries, P. J. and Dien, T. K. (1996) Clinical pharmacology and therapeutic potential of 
artemisinin and its derivatives in the treatment of malaria. Drugs. 52, 818-836 
59 Kremsner, P. G. and Krishna, S. (2004) Antimalarial combinations. Lancet. 364, 285-294 
60 Meshnick, S. R. (2002) Artemisinin: Mechanisms of action, resistance and toxicity. Int. J. 
Parasitol. 32, 1655-1660 
61 Jambou, R., Legrand, E., Niang, M., Khim, N., Lim, P., Volney, B., Ekala, M. T., 
Bouchier, C., Esterre, P., Fandeur, T. and Mercereau-Puijalon, O. (2005) Resistance of 
Plasmodium falciparum field isolates to in vitro artemether and point mutations of the SERCA-
type PfATPase6. Lancet 366, 1960-1963 
62 Edwards, G. and Biagini, G. (2006) Resisting resistance: Dealing with the irrepressible 
problem of malaria. Br. J. Clin. Pharmacol. 61, 690-693 
63 Fanello, C. I., Karema, C., Avellino, P., Bancone, G., Uwimana, A., Lee, S. J., 
d'Alessandro, U. and Modiano, D. (2008) High risk of severe anaemia after chlorproguanil-
dapsone+artesunate antimalarial treatment in patients with G6PD (A-) deficiency. PLoS ONE. 3, 
e4031 
64 Gelb, M. H. (2007) Drug discovery for malaria: A very challenging and timely endeavor. 
Curr. Opin. Chem. Biol. 11, 440-445 
65 Dahl, E. L., Shock, J. L., Shenai, B. R., Gut, J., DeRisi, J. L. and Rosenthal, P. J. (2006) 
Tetracyclines specifically target the apicoplast of the malaria parasite Plasmodium falciparum. 
Antimicrob. Agents Chemother. 50, 3124-3131 
66 Wilson, R. J., Denny, P. W., Preiser, P. R., Rangachari, K., Roberts, K., Roy, A., Whyte, 
A., Strath, M., Moore, D. J. and Williamson, D. H. (1996) Complete map of the plastid-like 
DNA of the malaria parasite Plasmodium falciparum. J. Mol. Biol. 261, 155-172 
67 Assaraf, Y. G., Golenser, J., Spira, D. T. and Bachrach, U. (1984) Polyamine levels and 
the activity of their biosynthetic enzymes in human erythrocytes infected with the malarial 
parasite, Plasmodium falciparum. Biochem. J. 222, 815-819 
68 Wang, C. C. (1995) Molecular mechanisms and therapeutic approaches to treatment of 
African trypanosomiasis. Annu. Rev. Pharmacol. Toxicol. 35, 93-127 
69 Birkholtz, L., Wrenger, C., Joubert, F., Wells, G. A., Walter, R. D. and Louw, A. I. 
(2004) Parasite-specific inserts in the bifunctional S-adenosylmethionine decarboxylase/ornithine 
decarboxylase of Plasmodium falciparum modulate catalytic activities and domain interactions. 
Biochem. J. 377, 439-448 
70 Müller, S., Da'dara, A., Lüersen, K., Wrenger, C., Das Gupta, R., Madhubala, R. and 
Walter, R. D. (2000) In the human malaria parasite Plasmodium falciparum, polyamines are 
synthesised by a bifunctional ornithine decarboxylase, S-adenosylmethionine decarboxylase. J. 
Biol. Chem. 275, 8097-8102 
71 Wrenger, C., Lüersen, K., Krause, T., Müller, S. and Walter, R. D. (2001) The 

 
 
 



References 

153 
 

Plasmodium falciparum bifunctional ornithine decarboxylase, S-adenosylmethionine 
decaroxylase enables a well-balanced polyamine synthesis without domain-domain interaction J. 
Biol. Chem. 276, 29651-29656 
72 Hamana, K. and Matsuzaki, S. (1992) Polyamines as a chemotaxonomic marker in 
bacterial systematics. Crit. Rev. Microbiol. 18, 261-283 
73 Bachrach, U. (1973) Function of naturally occurring polyamines. Academic Press, New 
York 
74 Cohen, S. S. (1971) Introduction to the polyamines. Prentice hall, New York 
75 Heby, O. (1981) Role of polyamines in the control of cell proliferation and 
differentiation. Differentiation. 19, 1-20 
76 Tabor, C. W. and Tabor, H. (1976) 1,4-Diaminobutane (putrescine), spermidine, and 
spermine. Annu. Rev. Biochem. 45, 285-306 
77 Russell, D. H. (1985) Ornithine decarboxylase: A key regulatory enzyme in normal and 
neoplastic growth. Drug Metab. Rev. 16, 1-88 
78 Poulin, R., Pelletier, G. and Pegg, A. E. (1995) Induction of apoptosis by excessive 
polyamine accumulation in ornithine decarboxylase-overproducing L1210 cells. Biochem. J. 
311, 723-727 
79 Tobias, K. E. and Kahana, C. (1995) Exposure to ornithine results in excessive 
accumulation of putrescine and apoptic cell death in ornithine decarboxylase-overproducing 
mouse myeloma cells. Cell Growth Differ. 6, 1279-1285 
80 Xie, X., Tome, M. E. and and Gerner, E. W. (1997) Loss of intracellular putrescine pool-
size regulation induces apoptosis. Exp. Cell Res. 230, 386-392 
81 Feuerstein, B. G., Pattabiraman, N. and Marton, L. J. (1986) Spermine-DNA interactions: 
A theoretical study. Proc. Natl. Acad. Sci. USA. 83, 5948-5952 
82 Feuerstein, B. G., Pattabiraman, N. and Marton, L. J. (1989) Molecular dynamics of 
spermine-DNA interactions: Sequence specificity and DNA bending for a simple ligand. Nucleic 
Acids Res. 17, 6883-6892 
83 Kerppola, T. K. (1998) Transcriptional cooperativity: Bending over backwards and doing 
the flip. Structure. 6, 549-554 
84 Tabor, H. (1962) The protective effect of spermidine and other polyamines against heat 
denaturation of deoxyribonucleic acid. Biochemistry. 1, 496-501 
85 Hobbs, C. A., Paul, B. A. and Gilmour, S. K. (2002) Deregulation of polyamine 
biosynthesis alters intrinsic histone acetyltransferase and deacetylase activities in murine skin 
and tumors. Cancer Res. 62, 67-74 
86 Kang, H. A. and Hershey, J. W. (1994) Effect of initiation factor eIF-5A depletion on 
protein synthesis and proliferation of Saccharomyces cerevisiae. Mol. Cell. Biol. 269, 3934-3940 
87 Molitor, I. M., Knöbel, S., Dang, C., Spielmann, T., Alléra, A. and König, G. M. (2004) 
Translation initiation factor eIF-5A from Plasmodium falciparum. Mol. Biochem. Parasitol. 137, 
65-74 
88 Thomas, T. and Thomas, T. J. (2001) Polyamines in cell growth and cell death: 
Molecular mechanisms and therapeutic applications. Cell. Mol. Life Sci. 58, 244-258 
89 Tome, M. E., Fiser, S. M., Payne, C. M. and Gerner, E. W. (1997) Excess putrescine 
accumulation inhibits the formation of modified eukaryotic initiation factor 5A (eIF-5A) and 
induces apoptosis. Biochem. J. 328, 847-854 
90 Seiler, N. (2003) Thirty years of polyamine-related approaches to cancer therapy. 
Retrospect and prospect Curr. Drug Targets. 4, 537-585 
91 Heby, O., Persson, L. and Rentala, M. (2007) Targeting the polyamine biosynthetic 
enzymes: A promising approach to therapy of African sleeping sickness, Chagas' disease, and 
leishmaniasis. Amino Acids. 33, 359-366 
92 Müller, S., Coombs, G. H. and Walter, R. D. (2001) Targeting polyamines of parasitic 
protozoa in chemotherapy. Trends Parasitol. 17, 242-249 
93 Müller, I. B., das Gupta, R., Lüersen, K. L., Wrenger, C. and Walter, R. D. (2008) 

 
 
 



References 

154 
 

Assessing the polyamine metabolism of Plasmodium falciparum as chemotherapeutic target. 
Mol. Biochem. Parasitol. 160, 1-7 
94 Casero, R. A. and Pegg, A. E. (2009) Polyamine catabolism and disease. Biochem. J. 
421, 323-338 
95 Fairlamb, A. H. and Cerami, A. (1992) Metabolism and functions of trypanothione in the 
Kinetoplastida. Annu. Rev. Microbiol. . 46, 695-729 
96 Hunter, K. J., Le Quesne, S. A. and Fairlamb, A. H. (1994) Identification and 
biosynthesis of N

1,N9-bis(glutathionyl)aminopropylcadaverine (homotrypanothione) in 
Trypanosoma cruzi. Eur. J. Biochem. 226, 1019-1027 
97 Wu, H., Min, J., Ikeguchi, Y., Zeng, H., Dong, A., Loppnau, P., Pegg, A. E. and 
Plotnikov, A. N. (2007) Structure and mechanism of spermidine synthases. Biochemistry. 46, 
8331-8339 
98 Haider, N., Eschbach, M., de Souza Dias, S., Gilberger, T., Walter, R. D. and Lüersen, K. 
(2005) The spermidine synthase of the malaria parasite Plasmodium falciparum: Molecular and 
biochemical characterisation of the polyamine synthesis enzyme. Mol. Biochem. Parasitol. 142, 
224-236 
99 Wu, H., Min, J., Zeng, H., McCloskey, D. E., Ikeguchi, Y., Loppnau, P., Michael, A. J., 
Pegg, A. E. and Plotnikov, A. N. (2008) Crystal structure of human spermine synthase: 
implications of substrate binding and catalytic mechanism. J. Biol. Chem. 283, 16135-16146 
100 Das Gupta, R., Krause-Ihle, T., Bergmann, B., Müller, I. B., Khomutov, A., Müller, S., 
Walter, R. D. and Lüersen, K. (2005) 3-Aminooxy-1-aminopropane and derivatives have an 
antiproliferative effect on cultured Plasmodium falciparum by decreasing intracellular polyamine 
concentrations. Antimicrob. Agents Chemother. 49, 2857-2864 
101 Reeksting, S. B. (2009) Metabolomic analyses of the malaria parasite after inhibition of 
polyamine biosynthesis. Thesis, University of Pretoria 
102 Hayashi, S. and Murakami, Y. (1995) Rapid and regulated degradation of ornithine 
decarboxylase. Biochem. J. 306, 1-10 
103 Krause, T., Lüersen, K., Wrenger, C. and Gilberger, T. W. (2000) The ornithine 
decarboxylase domain of the bifunctional ornithine decarboxylase/S-adenosylmethionine 
decarboxylase of Plasmodium falciparum: recombinant expression and catalytic properties of 
two different constructs. Biochem. J. 352, 287-292 
104 Palmer, A. J. and Wallace, H. M. (2010) The polyamine transport system as a target for 
anticancer drug development. Amino Acids 38, 415-422 
105 Deitsch, K. W. and Wellems, T. E. (1996) Membrane modifications in erythrocytes 
parasitised by Plasmodium falciparum. Mol. Biochem. Parasitol. 76, 1-10 
106 Ginsberg, H. (1990) Alterations by the intra-erythrocytic malaria parasite in the 
permeability of its host cell membrane. Comp. Biochem. Physiol. 95, 31-39 
107 Seiler, N., Delcros, J. G. and Moulinoux, J. P. (1996) Polyamine transport in mammalian 
cells. An update. Int. J. Biochem. Cell Biol. 28, 843-861 
108 Singh, S., Puri, S. K., Singh, S. K., Srivastava, R., Gupta, R. C. and Pandey, V. C. (1997) 
Characterisation of simian malaria parasite (Plasmodium knowlesi)-induced putrescine transport 
in Rhesus monkey erythrocytes. J. Biol. Chem. 272, 13506-13511 
109 Assaraf, Y. G., Abu-Elheiga, L., Spira, D. T., Desser, H. and Bachrach, U. (1987) Effect 
of polyamine depletion on macromolecular synthesis of the malaria parasite, Plasmodium 

falciparum, cultured in human erythrocytes. Biochem. J. 242, 221-226 
110 Niemand, J. (2011) Biochemical characterisation of putrescine and spermidine uptake as 
a potential therapeutic target against the human malaria parasite, Plasmodium falciparum. 
Thesis, University of Pretoria 
111 Palmer, A. J., Ghani, R. A., Kaur, N., Phanstiel, O. and Wallace, H. M. (2009) A 
putrescine-anthracene conjugate: A paradigm for selective drug delivery. Biochem. J. 424, 431-
438 
112 Chadwick, J., Jones, M., Mercer, A. E., Stocks, P. A., Ward, S. A., Park, B. K. and 

 
 
 



References 

155 
 

O'Neill, P. M. (2010) Design, synthesis and antimalarial/anticancer evaluation of spermidine 
linked artemisinin conjugates designed to exploit polyamine transporters in Plasmodium 

falciparum and HL-60 cancer cell lines. Bioorg. Med. Chem. 18, 2586-2597 
113 Fairlamb, A. H., Henderson, G. B., Bacchi, C. J. and Cerami, A. (1987) In vivo effects of 
difluoromethylornithine on trypanothione and polyamine levels in bloodstream forms of 
Trypanosoma brucei Mol. Biochem. Parasitol. 24, 185-191 
114 Phillips, M. A., Coffino, P. and Wang, C. C. (1987) Cloning and sequencing of the 
ornithine decarboxylase gene from Trypanosoma brucei. Implications for enzyme turnover and 
selective difluoromethylornithine inhibition. J. Biol. Chem. 262, 8721-8727 
115 Wright, P. S., Byers, T. L., Cross-Doersen, D. E., McCann, P. P. and Bitonti, A. J. (1991) 
Irreversible inhibition of S-adenosylmethionine decarboxylase in Plasmodium falciparum-
infected erythrocytes: Growth inhibition in vitro. Biochem. Pharmacol. 41, 1713-1718 
116 Bitonti, A. J., Dumont, J. A., Bush, T. L., Edwards, M. L., Stemerick, D. M., McCann, P. 
P. and Sjoerdsma, A. (1989) Bis(benzyl)polyamine analogues inhibit the growth of chloroquine-
resistant human malaria parasites (Plasmodium falciparum) in vitro and in combination with α-
difluoromethylornithine cure murine malaria. Proc. Natl. Acad. Sci. USA. 86, 651-655 
117 Kaiser, A. E., Gottwald, A. M., Wiersch, C. S., Lindenthal, B., Maier, W. A. and Seitz, 
H. M. (2001) Effect of drugs inhibiting spermidine biosynthesis and metabolism on the in vitro 

development of Plasmodium falciparum. Parasitol. Res. 87, 963-972 
118 Assaraf, Y. G., Golenser, J., Spira, D. T., Messer, G. and Bachrach, U. (1987) Cytostatic 
effect of DL-alpha-difluoromethylornithine against Plasmodium falciparum and its reversal by 
diamines and spermidine. Parasitol. Res. 73, 313-318 
119 Dufe, V. T., Qui, W., Müller, I. B., Hui, R., Walter, R. D. and Al-Karadaghi, S. (2007) 
Crystal structure of Plasmodium falciparum spermidine synthase in complex with the substrate 
decarboxylated S-adenosylmethionine and the potent inhibitors 4MCHA and AdoDATO. J. Mol. 
Biol. 373, 167-177 
120 Wells, G. A., Birkholtz, L., Joubert, F., Walter, R. D. and Louw, A. I. (2006) Novel 
properties of malarial S-adenosylmethionine decarboxylase as revealed by structural modelling. 
J. Mol. Graph. Model. 24, 307-318 
121 Roux, S. (2006) Modulation of functional properties of bifunctional S-
adenosylmethionine decarboxylase/ornithine decarboxylase of Plasmodium falciparum by 
structural motifs in parasite-specific inserts. Thesis, University of Pretoria 
122 Shallom, S., Zhang, K., Jiang, L. and Rathod, P. K. (1999) Essential protein-protein 
interactions between Plasmodium falciparum thymidylate synthase and dihydrofolate reductase 
domains. J. Biol. Chem. 274, 37781-37786 
123 Ekstrom, J. L., Mathews, I. I., Stanley, B. A., Pegg, A. E. and Ealick, S. E. (1999) The 
crystal structure of human S-adenosylmethionine decarboxylase at 2.25 Å resolution reveals a 
novel fold. Structure. 5, 583-595 
124 Tolbert, W. D., Ekstrom, J. L., Mathews, II, Secrist, J. A., Kapoor, P., Pegg, A. E. and 
Ealick, S. E. (2001) The structural basis for substrate specificity and inhibition of human S-
adenosylmethionine decarboxylase. Biochemistry. 40, 13124-13124 
125 Xiong, H. and Pegg, A. E. (1999) Mechanistic studies of the processing of human S-
adenosylmethionine decarboxylase proenzyme. J. Biol. Chem. 274, 35059-35066 
126 Müller, I. B., Walter, R. D. and Wrenger, C. (2005) Structural metal dependency of the 
arginase from the human malaria parasite Plasmodium falciparum. Biochem. J. 386, 117-126 
127 Birkholtz, L., Joubert, F., Neitz, A. W. H. and Louw, A. I. (2003) Comparative properties 
of a three-dimensional model of Plasmodium falciparum ornithine decarboxylase. Proteins. 50, 
464-473 
128 Almrud, J. J., Oliveira, M. A., Kern, A. D., Grishin, N. V., Phillips, M. A. and Hackert, 
M. L. (2000) Crystal structure of human ornithine decarboxylase at 2.1 Å resolution: structural 
insights to antizyme binding. J. Mol. Biol. 295, 7-16 
129 Poulin, R., Ackermann, B., Bey, P. and Pegg, A. E. (1992) Mechanism of the irreversible 

 
 
 



References 

156 
 

inactivation of mouse ornithine decarboxylase by alpha-difluoromethylornithine. 
Characterisation of sequences at the inhibitor and coenzyme binding sites. J. Biol. Chem. 267, 
150-158 
130 Burger, P. B., Birkholtz, L., Joubert, F., Haider, N., Walter, R. D. and Louw, A. I. (2007) 
Structural and mechanistic insights into the action of Plasmodium falciparum spermidine 
synthase. Bioorg. Med. Chem. 15, 1628-1637 
131 Ikeguchi, Y., Bewley, M. C. and Pegg, A. E. (2006) Aminopropyltransferases: Function, 
structure and genetics. J. Biochem. 139, 1-9 
132 Korolev, S., Ikeguchi, Y., Skarina, T., Beasley, S., Arrowsmith, C., Edwards, A., 
Joachimiak, A., Pegg, A. E. and Savchenko, A. (2002) The crystal structure of spermidine 
synthase with a multisubstrate adduct inhibitor. Nat. Struct. Biol. . 9, 27-31 
133 Rattanachuen, W., Jönsson, M., Swedberg, G. and Sirawaraporn, W. (2009) Probing the 
roles of non-homologous insertions in the N-terminal domain of Plasmodium falciparum 
hydroxymethylpterin pyrophosphokinase-dihydropteroate synthase. Mol. Biochem. Parasitol. 
168, 135-142 
134 Jackson, L. K., Baldwin, J., Akella, R., Goldsmith, E. J. and Phillips, M. A. (2004) 
Multiple active site conformations revealed by distant site mutation in ornithine decarboxylase. 
Biochemistry. 43, 12990-12999 
135 Pizzi, E. and Frontali, C. (2000) Divergence of noncoding sequences and of insertions 
encoding nonglobular domains at a genomic region well conserved in Plasmodia. J. Mol. Evol. 
50, 474-480 
136 Bzik, D. J. (1991) The structure and role of RNA polymerase in Plasmodium. Parasitol. 
Today. 7, 211-214 
137 Lüersen, K., Walter, R. D. and Müller, S. (1998) The putative γ-glutamylcysteine 
synthetase from Plasmodium falciparum contains large insertions and a variable tandem repeat. 
Mol. Biochem. Parasitol. 98, 131-142 
138 Bzik, D. J., Li, W. B., Horri, T. and Inselburg, J. (1987) Molecular cloning and sequence 
analysis of the Plasmodium falciparum dihydrofolate reductase/thymidylate synthase gene. Proc. 
Natl. Acad. Sci. USA. 84, 8360-8364 
139 Cheesman, S., McAleese, S., Goman, M., Johnson, D., Horrocks, P., Ridley, R. G. and 
Kilbey, B. J. (1994) The gene encoding topoisomerase II from Plasmodium falciparum. Nucleic 
Acids Res. 22, 2547-2551 
140 Dyson, H. J. and Wright, P. E. (2005) Intrinsically unstructured proteins and their 
functions. Nat. Rev. Mol. Cell Biol. 6, 197-208 
141 Pizzi, E. and Frontali, C. (2001) Low-complexity regions in Plasmodium falciparum 
proteins. Genome Res. 11, 218-229 
142 Zilversmit, M. M., Volkman, S. K., DePristo, M. A., Wirth, D. F., Awadalla, P. and 
Hartl, D. L. (2010) Low-complexity regions in Plasmodium falciparum: missing links in the 
evolution of an extreme genome. Mol. Biol. Evol. 27, 2198-2209 
143 Feng, Z.-P., Zhang, X., Han, P., Arora, N., Anders, R. F. and Norton, R. S. (2006) 
Abundance of intrinsically unstructured proteins in P. falciparum and other apicomplexan 
parasite proteomes. Mol. Biochem. Parasitol. 150, 256-267 
144 Coletta, A., Pinney, J., Solis, D., Marsh, J., Pettifer, S. and Attwood, T. (2010) Low-
complexity regions within protein sequences have position-dependent roles. BMC Syst. Biol. 4, 
43 
145 Wright, P. E. and Dyson, H. J. (1999) Intrinsically unstructured proteins: re-assessing the 
protein structure-function paradigm. J. Mol. Biol. 293, 321-331 
146 Srinivasan, R. and Rose, G. D. (1999) A physical basis for protein secondary structure. 
Proc. Natl. Acad. Sci. USA. 96, 14258-14263 
147 Larkin, M. A., Blackshields, G., Brown, N. P., Chenna, R., McGettigan, P. A., 
McWilliam, H., Valentin, F., Wallace, I. M., Wilm, A., Lopez, R., Thompson, J. D., Gibson, T. 
J. and Higgins, D. G. (2007) Clustal W and Clustal X version 2.0. Bioinformatics. 23, 2947-2948 

 
 
 



References 

157 
 

148 Cole, C., Barber, J. D. and Barton, G. J. (2008) The Jpred 3 secondary structure 
prediction server. Nucleic Acids Res. 36, W197-W201 
149 Rychlik, W., Spencer, W. J. and Rhoads, R. E. (1990) Optimisation of the annealing 
temperature for DNA amplification in vitro. Nucleic Acids Res. 18, 6409-6412 
150 Bradford, M. M. (1976) A rapid and sensitive method for the quantitation of microgram 
quantities of protein utilising the principle of protein-dye binding. Anal. Biochem. 72, 248-254 
151 Merril, C. R., Goldman, D., Sedman, S. A. and Ebert, M. H. (1981) Ultrasensitive stain 
for proteins in polyacrylamide gels shows regional variation in cerebrospinal fluid proteins. 
Anal. Biochem. 72, 248-254 
152 Wells, G. A. (2010) Molecular modeling elucidates parasite-specific features of 
polyamine pathway enzymes of Plasmodium falciparum. Thesis, University of Pretoria 
153 Laskowski, R. A., MacArthur, M. W., Moss, D. S. and Thornton, J. M. (1993) 
PROCHECK: A program to check the stereochemical quality of protein structures. J. Appl. 
Cryst. 26, 283-291 
154 Vriend, G. (1990) WHAT IF: A molecular modeling and drug design program. J. Mol. 
Graph. 8, 52-56 
155 Humphrey, W., Dalke, A. and Schulten, K. (1996) VMD: Visual molecular dynamics. J. 
Mol. Graph. 14, 33-38, 27-38 
156 Phillips, J. C., Braun, R., Wang, W., Gumbart, J., Tajkhorshid, E., Villa, E., Chipot, C., 
Skeel, R. D., Kalé, L. and Schulten, K. (2005) Scalable molecular dynamics with NAMD. J. 
Comput. Chem. 26, 1781-1802 
157 Jackson, R. M., Gabb, H. A. and Sternberg, M. J. (1998) Rapid refinement of protein 
interfaces incorporating solvation: Application to the docking problem. J. Mol. Biol. 276, 265-
285 
158 Yan, B. X. and Sun, Y. Q. (1997) Glycine residues provide flexibility for enzyme active 
sites. J. Biol. Chem. 272, 3190-3194 
159 Maupetit, J., Derreumaux, P. and Tuffery, P. (2009) PEP-FOLD: an online resource for 
de novo peptide structure prediction. Nucleic Acids Res. 37, 498-503 
160 Dasgupta, T. and Anderson, K. S. (2008) Probing the role of parasite-specific, distant 
structural regions on communication and catalysis in the bifunctional thymidylate 
synthase/dihydrofolate reductase from Plasmodium falciparum. Biochemistry. 47, 1336-1345 
161 Vargo, M. A., Martucci, W. E. and Anderson, K. S. (2009) Disruption of the crossover 
helix impairs dihydrofolate reductase activity in the bifunctional enzyme TS-DHFR from 
Cryptosporidium hominis. Biochem. J. 417, 757-764 
162 Murakami, Y., Matsufuji, S., Hayashi, S., Tanahashi, N. and Tanaka, K. (2000) 
Degradation of ornithine decarboxylase by the 26S proteasome. Biochem. Biophys. Res. 
Commun. 267, 1-6 
163 Willert, E. K., Fitzpatrick, R. and Phillips, M. A. (2007) Allosteric regulation of an 
essential trypanosome polyamine biosynthetic enzyme by a catalytically dead homologue. Proc. 
Natl. Acad. Sci. USA. 104, 8275-8280 
164 Willert, E. K. and Phillips, M. A. (2009) Cross-species activation of trypanosome S-
adenosylmethionine decarboxylase by the regulatory subunit prozyme. Mol. Biochem. Parasitol. 
168, 1-6 
165 Dufe, V. T., Ingner, D., Heby, O., Khomutov, A. R., Persson, L. and Al-Karadaghi, S. 
(2007) A structural insight into the inhibition of human and Leishmania donovani ornithine 
decarboxylase by 1-amino-oxy-3-aminopropane. Biochem. J. 405, 261-268 
166 Birkholtz, L. (2001) Functional and structural charaterisation of the unique bifunctional 
enzyme complex involved in regulation of polyamine metabolism in Plasmodium falciparum 

Thesis, University of Pretoria 
167 Marceau, M., Lewis, S. D. and Shafer, J. A. (1988) The glycine-rich region of 
Escherichia coli D-serine dehydratase. J. Biol. Chem. 263, 16934-16941 
168 Osterman, A., Brooks, H. B., Rizo, J. and Phillips, M. A. (1997) Role of Arg-277 in the 

 
 
 



References 

158 
 

binding of pyridoxal 5'-phosphate to Trypanosoma brucei ornithine decarboxylase. 
Biochemistry. 36, 4558-4567 
169 Singh, S. K., Maithal, K., Balaram, H. and Balaram, P. (2001) Synthetic peptides as 
inactivators of multimeric enzymes: Inhibition of Plasmodium falciparum triosephosphate 
isomerase by interface peptides. FEBS Lett. 501, 19-23 
170 Babe, L. M., Rose, J. and Craik, C. S. (1992) Synthetic "interface" peptides alter the 
assembly of the HIV 1 and 2 proteases. Protein Sci. 1, 1244-1253 
171 Schramm, H. J., Boetzel, J., Büttner, J., Fritsche, E., Göhring, W., Jaeger, E., König, S., 
Thumfart, O., Wenger, T., Nagel, N. E. and Schramm, W. (1996) The inhibition of human 
immunodeficiency virus proteases by "interface peptides". Antiviral. Res. 30, 155-170 
172 Prasanna, V., Bhattacharjya, S. and Balaram, P. (1998) Synthetic interface peptides as 
inactivators of multimeric enzymes: Inhibitory and conformationl properties of three fragments 
from Lactobacillus casei thymidylate synthase. Biochemistry. 37, 6883-6893 
173 Okhanda, J., Buckner, F. S., Lockman, J. W., Yokoyama, K., Carrico, D., Eastman, R., 
de Luca-Fradley, K., Davies, W., Croft, S. L., Van Voorhis, W. C., Gelb, M. H., Sebti, S. M. and 
Hamilton, A. D. (2004) Design and synthesis of peptidomimetic protein farnesyltransferase 
inhibitors as anti-Trypanosoma brucei agents. J. Med. Chem. 47, 432-445 
174 Kuriyan, J. and Eisenberg, D. (2007) The origin of protein interactions and allostery in 
colocalisation. Nature. 450, 983-990 
175 Bitonti, A. J., Byers, T. L., Bush, T. L., Casara, P. J., Bacchi, C. J., Clarkson, A. B. J., 
McCann, P. P. and Sjoerdsma, A. (1990) Cure of Trypanosoma brucei brucei and Trypanosoma 

brucei rhodesiense infections in mice with an irreversible inhibitor of S-adenosylmethionine 
decarboxylase. Antimicrob. Agents Chemother. 34, 1485-1490 
176 Byers, T. L., Bush, T. L., McCann, P. P. and Bitonti, A. J. (1991) Antitrypanosomal 
effects of polyamine biosynthesis inhibitors correlate with increases in Trypanosoma brucei 

brucei S-adenosyl-L-methionine. Biochem. J. 274, 527-533 
177 Bacchi, C. J., Nathan, H. C., N., Y., Goldberg, B., McCann, P. P., Bitonti, A. J. and 
Sjoerdsma, A. (1992) Cure of murine Trypanosoma brucei rhodesiense infections with an S-
adenosylmethionine decarboxylase inhibitor. Antimicrob. Agents Chemother. 36, 2736-2740 
178 Reguera, R. M., Redondo, C. M., Perez-Pertejo, Y. and Balana-Fouce, R. (2007) S-
adenosylmethionine in protozoan parasites: functions, synthesis and regulation. Mol. Biochem. 
Parasitol. 152, 1-10 
179 Miao, J., Fan, Q., Cui, L., Li, J., Li, J. and Cui, L. (2006) The malaria parasite 
Plasmodium falciparum histones: oranganisation, expression, and acetylation. Gene. 369, 53-65 
180 Frostesjö, L., Holm, I., Grahn, B., Page, A., Bestor, T. and Heby, O. (1997) Interference 
with DNA methyltransferase activity and genome methylation during F9  teratocarcinoma stem 
cell differentiation induced by polyamine deletion. J. Biol. Chem. 272, 4359-4366 
181 Blavid, R., Kusch, P., Hauber, J., Eschweiler, U., Sarite, S., Specht, S., Deininger, S., 
Hoerauf, A. and Kaiser, A. (2010) Down-regulation of hypusine biosynthesis in Plasmodium by 
inhibition of S-adenosyl-methionine-decarboxylase. Amino Acids. 38, 461-469 
182 van Brummelen, A. C., Olszewski, K. L., Wilinski, D., Llinás, M., Louw, A. I. and 
Birkholtz, L. (2009) Co-inhibition of Plasmodium falciparum S-adenosylmethionine 
decarboxylase/Ornithine decarboxylase reveals perturbation-specific compensatory mechanisms 
by transcriptome, proteome, and metabolome analyses. J. Biol. Chem 284, 4635-4646 
183 Bale, S., Baba, K., McCloskey, D. E., Pegg, A. E. and Ealick, S. E. (2010) Complexes of 
Thermotoga maritima S-adenosylmethionine decarboxylase provide insights into substrate 
specificity. Acta Crystallogr. Sect. D Biol. Crystallogr. D66, 181-189 
184 Bennett, E. M., Ekstrom, J. L., Pegg, A. E. and Ealick, S. E. (2002) Monomeric S-
adenosylmethionine decarboxylase from plants provides an alternative to putrescine stimulation. 
Biochemistry. 41, 14509-14517 
185 Bale, S., Lopez, M. M., Makhatadze, G. I., Fang, Q., Pegg, A. E. and Ealick, S. E. (2008) 
Structural basis for putrescine activation of human S-adenosylmethionine decarboxylase. 

 
 
 



References 

159 
 

Biochemistry. 47, 13404-13417 
186 Clyne Beswick, T., Willert, E. K. and Phillips, M. A. (2006) Mechanisms of allosteric 
regulation of Trypanosoma cruzi S-adenosylmethionine decarboxylase. Biochemistry. 45, 7797-
7807 
187 Clyne, T., Kinch, L. N. and Phillips, M. A. (2002) Putrescine activation of Trypanosoma 

cruzi S-adenosylmethionine decarboxylase. Biochemistry. 41, 13207-13216 
188 Ekstrom, J. L., Tolbert, W. D., Xiong, H., Pegg, A. E. and Ealick, S. E. (2001) Structure 
of a human S-adenosylmethionine decarboxylase self-processing ester intermediate and 
mechanism of putrescine stimulation of processing as revealed by the H243A mutant. 
Biochemistry. 40, 9495-9504 
189 Xiong, H., Stanley, B. A., Tekwani, B. L. and Pegg, A. E. (2009) Processing of 
mammalian and plant S-adenosylmethionine decarboxylase proenzymes. J. Biol. Chem. 272, 
28342-28348 
190 Birkholtz, L., Blatch, G., Coetzer, T., Hoppe, H. C., Human, E., Morris, J., Ngcete, Z., 
Oldfield, L., Roth, R., Shonhai, A., Stephens, L. and Louw, A. I. (2008) Heterologous expression 
of plasmodial proteins for structural studies and functional annotation. Malaria J. 7, 197 
191 Sprenger, J. (2010) Structural studies on S-adenosylmethionine decarboxylase from 
Plasmodium falciparum. Thesis, University of Potsdam 
192 Sirawaraporn, W., Prapunwattana, P., Sirawaraporn, R., Yuthavong, Y. and Santi, D. V. 
(2003) The dihydrofolate reductase domain of Plasmodium falciparum thymidylate synthase-
dihydrofolate reductase: gene synthesis, expression, and anti-folate-resistant mutants. J. Biol. 
Chem. 268, 21637-21644 
193 Niesen, F. H., Berglund, H. and Vedadi, M. (2007) The use of differential scanning 
fluorimetry to detect ligand interactions that promote protein stability. Nature Protocols. 2, 2212-
2221 
194 Everberg, H., Peterson, R., Rak, S., Tjerneld, F. and Emanuelsson, C. (2006) Aqueous 
two-phase partitioning for proteomic monitoring of cell surface biomarkers in human peripheral 
blood mononuclear cells. J. Proteome Res. 5, 1168-1175 
195 Williams, M., Louw, A. I. and Birkholtz, L. (2007) Deletion mutagenesis of large areas 
in Plasmodium falciparum genes: A comparative study. Malaria J. 6, 64 
196 Greenfield, N. J. (2006) Using circular dichroism spectra to estimate protein secondary 
structure. Nature Protocols. 1, 2876-2890 
197 Lees, J. G., Smith, B. R., Wien, F., Miles, A. J. and Wallace, B. A. (2004) CDtool - An 
integrated software package for circular dichroism spectroscopic data processing, analysis and 
archiving. Anal. Biochem. 332, 285-289 
198 Wilson, K. and Walker, J. (2000) Practical Biochemistry: Principles and Techniques. 
Cambridge 
199 Kitz, R. and Wilson, I. B. (1962) Esters of methanesulfonic acid as irreversible inhibitors 
of acetylcholinesterase. J. Biol. Chem. 237, 3245-3249 
200 Segel, I. H. (1976) Biochemical calculations: how to solve mathematical calculations in 
General Biochemistry. John Wiley & Sons 
201 Li, X., Han, Y. and Pan, X. M. (2001) Cysteine-25 of adenylate kinase reacts with 
dithiothreitol to form an adduct upon aging of the enzyme. FEBS Lett. 507, 169-173 
202 Alliegro, M. C. (2000) Effects of dithiothreitol on protein activity unrelated to thiol-
disulfide exchange: for consideration in the analysis of protein function with Cleland's reagent. 
Anal. Biochem. 282, 102-106 
203 van Beers, M. M. C., Sauerborn, M., Gilli, F., Brinks, V., Schellekens, H. and Jiskoot, W. 
(2010) Aggregated recombinant human interferon beta induces antibodies but no memory in 
immune-tolerant transgenic mice. Pharmacol. Res. 27, 1812-1824 
204 Danzin, C., Marchal, P. and Casara, P. (1990) Irreversible inhibition of rat S-
adenosylmethionine decarboxylase by 5'-([(Z)-4-amino-2-butenyl]methylamino)-5'-
deoxyadenosine. Biochem. Pharmacol. 40, 1499-1503 

 
 
 



References 

160 
 

205 Regenass, U., Mett, H., Stanek, J., Mueller, M., Kramer, D. and Porter, C. W. (1994) 
CGP48664, a new S-adenosylmethionine decarboxylase inhibitor with broad spectrum 
antiproliferative and antitumor activity. Cancer Res. 54, 3210-3217 
206 Brun, R., Bühhler, Y., Sandmeier, U., Kaminsky, R., Bacchi, C. J., Rattendi, D., Lane, S., 
Croft, S. L., Snowdon, D., Yardley, V., Caravatti, G., Frei, J., Stanek, J. and Mett, H. (1996) In 

vitro trypanocidal activities of new S-adenosylmethionine decarboxylase inhibitors. Antimicrob. 
Agents Chemother. 40, 1442-1447 
207 Tolbert, W. D., Cottet, S. E., Bennet, E. M., Ekstrom, J. L., Pegg, A. E. and Ealick, S. E. 
(2003) Mechanism of human S-adenosylmethionine decarboxylase proenzyme processing as 
revealed by the structure of the S68A mutant. Biochemistry. 42, 2386-2395 
208 Vedadi, M., Lew, J., Artz, J., Amani, M., Zhao, Y., Dong, A., Wasney, G. A., Gao, M., 
Hills, T., Brokx, S., Qiu, W., Sharma, S., Diassiti, A., Alam, Z., Melone, M., Mulichak, A., 
Wernimont, A., Bray, J., Loppnau, P., Plotnikova, O., Newberry, K., Sundararajan, E., Houstan, 
S., Walker, J., Tempel, W., Bochkarev, A., Kozieradski, I., Edwards, A., Arrowsmith, C., Roos, 
D. S., Kain, K. and Hui, R. (2006) Genome-scale protein expression and structural biology of 
Plasmodium falciparum and related Apicomplexan organisms. Mol. Biochem. Parasitol. 151, 
100-110 
209 Angov, E., Hillier, C. J., Kincaid, R. L. and Lyon, J. A. (2008) Heterologous protein 
expression is enhanced by harmonising the codon usage frequencies of the target gene with those 
of the expression host. PLoS ONE. 3, e2189 
210 Müller, S. (2004) Redox and antioxidant systems of the malaria parasite Plasmodium 

falciparum. Mol. Microbiol. 53, 1291-1305 
211 Hanfrey, C., Elliott, K. A., Franceschetti, M., Mayer, M. J., Illingworth, C. and Michael, 
A. J. (2005) A dual upstream open reading frame-based autoregulatory circuit controlling 
polyamine responsive translation. J. Biol. Chem. 280, 39229-39237 
212 Hanfrey, C., Franceschetti, M., Mayer, M. J., Illingworth, C. and Michael, A. J. (2002) 
Abrogation of upstream open reading framemediated translational control of a plant S-
adenosylmethionine decarboxylase results in polyamine disruption and growth perturbations. J. 
Biol. Chem. . 277, 44131-44139 
213 Willert, E. K., Fitzpatrick, R. and Phillips, M. A. (2007) Allosteric regulation of an 
essential trypanosome polyamine biosynthetic enzyme by a catalytically dead homologue. Proc. 
Natl. Acad. Sci. USA 104, 8275-8280 
214 Olszewski, K. L., Morrisey, J. M., Wilinski, D., Burns, J. M., Vaidya, A. B., Rabinowitz, 
J. D. and Llinás, M. (2009) Host-parasite interactions revealed by Plasmodium falciparum 
metabolomics. Cell. 5, 191-199 
215 Walker, J. and Barrett, J. (1997) Parasite sulphur amino acid metabolism. Int. J. Parasitol. 
27, 883-897 
216 Landau, G., Bercovich, Z., Park, M. H. and Kahana, C. (2010) The role of polyamines in 
supporting growth of mammalian cells is mediated through their requirement for translation 
initiation and elongation. J. Biol. Chem. 285, 12474-12481 
217 Kaiser, A. E., Gottwald, A. M., Wiersch, C. S., Maier, W. A. and Seitz, H. M. (2003) 
Spermidine metabolism in parasitic protozoa - a comparison to the situation in prokaryotes, 
viruses, plants and fungi. Folia Parasitol. 50, 3-18 
218 Roberts, S. C., Jiang, Y., Jardim, A., Carter, N. S., Heby, O. and Ullman, B. (2001) 
Genetic analysis of spermidine synthase from Leishmania donovani. Mol. Biochem. Parasitol. 
115, 217-226 
219 Clark, K., Dhoogra, M., Louw, A. I. and Birkholtz, L. (2009) Transcriptional responses 
of Plasmodium falciparum to α-difluoromethylornithine-induced polyamine depletion. Biol. 
Chem. 389, 111-125 
220 Shirahata, A., Morohoshi, T. and Samejima, K. (1988) Trans-4-methylcyclohexylamine, 
a potent new inhibitor of spermidine synthase. Chem. Pharm. Bull. (Tokyo) 36, 3220-3222 
221 Coward, J. K. and Pegg, A. E. (1987) Specific multisubstrate adduct inhibitors of 

 
 
 



References 

161 
 

aminopropyltransferases and their effect on polyamine biosynthesis in cultured cells. Adv. 
Enzyme Regul. 26, 107-113 
222 Eloranta, T. O., Khomutov, A. R., Khomutov, R. M. and Hyvönen, T. (1990) Aminooxy 
analogues of spermidine as inhibitors of spermine synthase and substrates of hepatic polyamine 
acetylating activity. J. Biochem. 108, 593-598 
223 Hibasami, H., Borchardt, R. T., Chen, S. Y., Coward, J. K. and Pegg, A. E. (1980) 
Studies of inhibition of rat spermidine synthase and spermine synthase. Biochem. J. 187, 419-
428 
224 Khomutov, R. M., Hyvönen, T., Karvonen, E., Kauppinen, L., Paalanen, T., Paulin, L., 
Eloranta, T., Pajula, R. L., Andersson, L. C. and Pösö, H. (1985) 1-Aminooxy-3-aminopropane, 
a new and potent inhibitor of polyamine biosynthesis that inhibits ornithine decarboxylase, 
adenosylmethionine decarboxylase and spermidine synthase. Biochem. Biophys. Res. Commun. 
130, 596-602 
225 Nakashima, K., Tsukada, T., Hibasami, H. and Maekawa, S. (1986) Synthesis of N-
chlorosulfonyl dicyclohexylamine as a potent inhibitor for spermidine synthase and its effects on 
human leukemia molt4B cells. Biochem. Biophys. Res. Commun. 141, 718-722 
226 Shirahata, A., Morohohi, T., Fukai, M., Akatsu, S. and Samejima, K. (1991) Putrescine 
or spermidine binding site of aminopropyltransferases and competitive inhibitors. Biochem. 
Pharmacol. 41, 205-212 
227 Becker, J., Mtwisha, L., Crampton, B., Stoychev, S., van Brummelen, A., Reeksting, S. 
B., Louw, A. I., Birkholtz, L. and Mancama, D. (2010) Plasmodium falciparum spermidine 
synthase inhibition results in unique perturbation-specific effects observed on transcript, protein 
and metabolite levels. BMC Genomics. 11, 235 
228 Kobayashi, M., Watanabe, T., Xu, Y. J., Tatemori, M., Goda, H., Niitsu, M., Shirahata, 
A. and Samejima, S. (2005) Control of spermidine and spermine levels in rat tissues by trans-4-
Methylcyclohexylamine, a spermidine-synthase inhibitor. Biol. Pharm. Bull. 28, 569-573 
229 Carlson, H. A. and McCammon, J. A. (2000) Accommodating protein flexibility in 
computational drug design. Mol. Pharmacol. 57, 213-218 
230 Totrov, M. and Abagyan, R. (2008) Flexible ligand docking to multiple receptor 
conformations: A practical alternative. Curr. Opin. Struct. Biol. 18, 178-184 
231 Burger, P. B. (2008) Development of a dynamic receptor-based pharmacophore model of 
Plasmodium falciparum spermidine synthase for selective inhibitor identification. Thesis, 
University of Pretoria 
232 Morris, G. M., Goodsell, D. S., Halliday, R. S., Huey, R., Hart, W. E., Belew, R. K. and 
Olson, A. J. (1998) Automated docking using a Lamarckian genetic algorithm and an empirical 
binding free energy function. J. Comput. Chem. 19, 1639-1662 
233 Jakus, J., Wolff, E. C., Park, M. H. and Folk, J. E. (1993) Features of the spermidine-
binding site of deoxyhypusine synthase as derived from inhibition studies. Effective inhibition 
by bis- and mono-guanylated diamines and polyamines. J. Biol. Chem. 268, 13151-13159 
234 le Roux, D. (2010) In vitro antiplasmodial activity of inhibitors on polyamine metabolism 
targeting Plasmodium falciparum spermidine synthase. Thesis, University of Pretoria 
235 Trager, W. and Jensen, J. (1976) Human malaria parasites in continuous culture. Science 
193, 673-675 
236 Lambros, C. and Vanderberg, J. P. (1979) Synchronisation of Plasmodium falciparum 
erythrocytic stages in culture. J. Parasitol. 65, 418-420 
237 Bennett, T. N., Paguio, M., Gligorijevic, B., Seudieu, C., Kosar, A. D., Davidson, E. and 
Roepe, P. D. (2004) Novel, rapid, and inexpensive cell-based quantification of antimalarial drug 
efficacy. Antimicrob. Agents Chemother. 48, 1807-1810 
238 Smilkstein, M., Sriwilaijaroen, N., Kelly, J. X., Wilairat, P. and Riscoe, M. (2004) 
Simple and inexpensive fluorescence-based technique for high-throughput antimalarial drug 
screening. Antimicrob. Agents Chemother. 48, 1803-1806 
239 Kabsch, W. (2010) XDS. Acta Crystallogr. Sect. D Biol. Crystallogr. 66, 125-132 

 
 
 



References 

162 
 

240 Brunger, A. T. (2007) Version 1.2 of the Crystallography and NMR system. Nat. 
Protocols. 2, 2728-2733 
241 Brunger, A. T., Adams, P. D., Clore, G. M., DeLano, W. L., Gros, P., Grosse-Kunstleve, 
R. W., Jiang, J.-S., Kuszewski, J., Nilges, M., Pannu, N. S., Read, R. J., Rice, L. M., Simonson, 
T. and Warren, G. L. (1998) Crystallography & NMR System: A new software suite for 
macromolecular structure determination. Acta Crystallogr. Sect. D Biol. Crystallogr. 54, 905-921 
242 Collaborative Computational Project, n. (1994) The CCP4 suite: Programs for protein 
crystallography. Acta Crystallogr. Sect. D Biol. Crystallogr. 50, 760-763 
243 Schuettelkopf, A. W. and van Aalten, D. M. F. (2004) PRODRG-A tool for high-
throughput crystallography of protein-ligand complexes. Acta Crystallogr. Sect. D Biol. 
Crystallogr. 60, 1355-1363 
244 Vagin, A. A., Steiner, R. S., Lebedev, A. A., Potterton, L., McNicholas, S., Long, F. and 
Murshudov, G. N. (2004) REFMAC5 dictionary: Organisation of prior chemical knowledge and 
guidelines for its use. Acta Crystallogr. Sect. D Biol. Crystallogr. 60, 2284-2295  
245 Ramachandran, G. N., Ramakrishnan, C. and Sasisekharan, V. (1963) Stereochemistry of 
polypeptide chain configurations. J. Mol. Biol. 7, 95-99 
246 Lovell, S. C., Davis, I. W., Arendall, W. B., de Bakker, P. I. W., Word, J. M., Prisant, M. 
G., Richardson, J. S. and Richardson, D. C. (2003) Structure validation by Cα geometry: φ, ψ 
and Cβ deviation. Proteins. 50, 437-450 
247 Messerschmidt, A. (2007) X-ray crystallography of biomacromolecules: A practical 
guide. Wiley-VCH, Weinheim 
248 Davis, I. W., Leaver-Fay, A., Chen, V. B., Block, J. N., Kapral, G. J., Wang, X., Murray, 
L. W., Arendall, W. B., Snoeyink, J., Richardson, J. S. and Richardson, D. C. (2007) 
MolProbity: all-atom contacts and structure validation for proteins and nucleic acids. Nucleic 
Acids Res. 35, W375-W383 
249 Diederichs, K. and Karplus, P. A. (1997) Improved R-factors for diffraction data analysis 
in macromolecular crystallography. Nat. Struct. Mol. Biol. 4, 269-275 
250 Krissinel, E. and Henrick, K. (2007) Inference of macromolecular assemblies from 
crystalline state. J. Mol. Biol. 372, 774-797 
251 Jacobsson, M., Gäredal, M., Schultz, J. and Karlén, A. (2008) Identification of 
Plasmodium falciparum spermidine synthase active site binders through structure-based virtual 
screening. J. Med. Chem. . 51, 2777-2786 
252 Lipinski, C. A., Lombardo, F., Dominy, B. W. and Feeney, P. J. (2001) Experimental and 
computational approaches to estimate solubility and permeability in drug discovery and 
development settings. Adv. Drug Deliv. Rev. 46, 3-26 
253 Klein, G. and Weinhouse, S. (1981) Adsvances in cancer research. Academic Press, New 
York 
254 Oka, T., Perry, J. W. and Kano, K. (1977) Hormonal regulation of spermidine synthase 
during the development of mouse mammary epithelium. Biochem. Biophys. Res. Commun. 79, 
979-986 
255 Aponte, J. J., Aide, P., Renom, M., Mandomando, I., Bassat, Q., Sacarlal, J., Manaca, M. 
N., Lafuente, S., Barbosa, A., Leach, A., Lievens, M., Vekemans, J., Sigauque, B., Dubois, M., 
Demoitié, M., Sillman, M., Savarese, B., McNeil, J. G., Macete, E., Ballou, W. R., Cohen, J. and 
Alonso, P. L. (2007) Safety of the RTS,S/AS02D candidate malaria vaccine in infants living in a 
highly endemic area of Mozambique: A double blind randomised controlled phase I/IIb trial. 
Lancet. 370, 1543-1551 
256 Yuthavong, Y., Yuvaniyama, J., Chitnumsub, P., Vanichtanankul, J., Chusacultanachai, 
S., Tarnchompoo, B., Vilaivan, T. and Kamchonwongpaisan, S. (2005) Malarial (Plasmodium 

falciparum) dihydrofolate reductase-thymidylate synthase: structural basis for antifolate 
resistance and development of effective inhibitors. Parasitology. 130, 249-259 
257 Wattanarangsan, J., Chusacultanachai, S., Yuvaniyama, J., Kamchonwongpaisan, S. and 
Yuthavong, Y. (2003) Effect of N-terminal truncation of Plasmodium falciparum dihydrofolate 

 
 
 



References 

163 
 

reductase on dihydrofolate reductase and thymidylate synthase activity. Mol. Biochem. Parasitol. 
126, 97-102 
258 O'Neil, R. H., Lilien, R. H., Donald, B. R., Stroud, R. M. and Anderson, A. C. (2003) 
The crystal structure of dihydrofolate reductase-thymidylate synthase from Cryptosporidium 

hominis reveals a novel architecture for the bifunctional enzyme. J. Eukaryot. Microbiol. 50 

259 Persson, K., Aslund, L., Grahn, B., Hanke, J. and Heby, O. (1998) Trypanosoma cruzi 
has not lost its S-adenosylmethionine decarboxylase: Characterisation of the gene and the 
encoded enzyme. Biochem. J. 333, 527-537 
 

 
 
 



Appendix 

164 
 

Appendix I: PROCHECK results for the PfSpdS-NACD-MTA crystal structure 
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Appendix II: PROCHECK results for the PfSpdS-NACD crystal structure 
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Appendix III: PROCHECK results for the PfSpdS-NAC-MTA crystal structure 
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