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Abstract : This paper describes cloning of the gene coding for the lactate dehydrogenase (LDH) gene
from the two different strains of Plasmodium falciparum, K1 and PF FCBR. The DNA sequences of
LDH genes of these two strains were found to be identical. Amino acid sequence alignment of LDH
from P. falciparum strains K1 and PF FCBR (PfLDH) to some other known LDH sequences showed
that PALDH has 29% residue identities with Bacillus stearothermophilus (BsLDH) and 29%, 31%,
33% with dogfish, man-M,, and pig-M, LDHs, respectively. It was also shown that PADH has
insertions and single amino acid deletions. Two deletions are glutamate-48 and glycine-217. It has a
single amino acid insertion, a tyrosine, between residues 73 and 74, and most remarkably a five
residue insertion in the catalytic loop compared to other LDH sequences. This five residue insertion
could be exploited in drug design.
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Plasmodium falciparum soylar1 K1 and PF FCBR'In Laktat Dehidrogenaz
Geninin DNA ve Aminoasit Dizilerinin Belirlenmesi: Yeni
Antimalariallarin Tasarimina Bir Yol

Ozet : Bu makalede laktat dehidrogenaz (LDH) geninin Plasmodium falciparum'un iki farkli soyu olan
K1 ve PF FCBR'dan Klonlanmasi tanimlanmaktadir. Bu iki soyun nukleotid dizilerinin timuyle
biribirinin ayni oldugu bulunmustur. P. falciparum soylari K1 ve PF FCBR'in LDH'lerinin (PfLDH)
amino asit dizilerinin, amino asit dizileri bilinen diger bazi LDH dizileri ile karsilastiriimast PALDH'in;
Bacillus stearothermophilus LDH'i (BsLDH) ile % 29, képek baligi LDH'i ile 9% 29, insan-M, LDH'i ile
% 31 ve domuz-M, LDH'i ile de % 33 oraninda ayni aminoasitleri icerdidi goésterilmistir. PALDH 'in
diger LDH'lere gére amino asit ilaveleri ve tek aminoasit eksiklikleri olduguda gdsterilmistir.
Glutamat-48 ve glisin-217 eksik olan iki aminoasittir. PALDH, diger LDH'ler ile karsilastirildidi zaman
73. ve 74. rezidiler arasinda tek bir amino asit ve en 6énemlisi katalitik halkada ilave 5 amino asit
bulunmaktadir. Tespit ettigimiz bu 5 rezidu ilavesinin proteine kazandirdigt yapisal ve Kinetik
Ozelliklerin arastiriimasinin, sitmaya karsi etkin olacak yeni ila¢ tasarimlari calismalarina katki
saglayacagi kanisindayiz.

Anahtar Sozcikler: Laktat dehidrogenaz / antimalarial / DNA dizisi / gen klonlamasi / Katalitik halka
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Introduction

The emergence of the malaria parasite strains which are resistant to conventional drug
therapy has stimulated the search for antimalarials with novel modes of action. This
necessitates new approaches for the development of drugs. It will be possible to understand the
structure and function of the Plasmodium faiciparum gene products by cloning them into the
E. coli cells. This approach could be particularly helpful in studying parasite enzymes because it
could provide ways to distinguish them from the host enzymes.

In this study, Plasmodium falciparum lactate dehydrogenase (PfLDH) was chosen as a target
with the aim of developing a new antimalarial. The selective inhibition of specific parasite
enzymes leaving any corresponding human enzymes unaffected is a therapeutic strategy ideally
suited to PALDH because the plasmodial form of this protein has significantly different
properties from the enzymes catalyzing similar biochemical reactions in the human (1,2). LDH
is essential to the life cycle of the plasmodium The human malaria parasites in the erythrocyte
lack a functional tricarboxylic acid cycle (3); therefore the asexual stage of the parasite, residing
in the mature red blood cells, depends mainly on glycolysis for its ATP requirements.
Compounds that inhibit the enzyme also Kill the plasmodium (1). It is hoped that this major
metabolic pathway of the parasite will be a target for enzyme inhibition.

The first attempt to clone the LDH gene was by Simmons et al. (4) from P. falciparum strain
K1. They used a polyclonal antibody against PLDH, and several PfLDH cDNA clones were
isolated by screening a Agt11Tn5 expression library. DNA sequence analysis of one of these
clones revealed a single open reading frame which showed a degree of homology to the N-
terminal domain between residues 17 and 45 in the published LDH sequences. The complete
gene coding for PALDH strain Honduras | was isolated by Bzik et al. (5).

P. falciparum occurs as many different strains. In this study, the same gene was isolated
from two different strains of P. falciparum, K1 and PF FCBR, to determine whether the amino
acid sequence was going to be sufficiently similar that an antimalarial designed against one
PALDH strain would work against all other strains.

To this end, the PADH gene was isolated from genomic DNA by PCR and cloned into the
vector pUC18, and the whole gene was sequenced in both directions.

Materials and Methods
Bacterial strains and growth media

The host bacterial strain used to prepare DNA for mutagenesis and sequencing in pUC-18
(Pharmacia Biotech, Uppsala, Sweden) was Escherichia coli TG2 {supE hsdA5 thiA(lac-proAB)
A(srl-recA) (306::Tn10) (tetr) F'[traD36 proAB’ laclq lacZAM15 d]}. The E. coli TG2 cells were
cultured in double strength (2X) YT broth. Where necessary, ampicillin (100 mg/ml) was used
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in media for the selection and growth of transformants. T4 DNA Ligase and restriction enzymes
(Eco RI and Pst [) were purchased from Boehringer Corp. Tag DNA Polymerase was obtained
from Pharmacia Biotech, Uppsala, Sweden.

Polymerase Chain Reaction (PCR)

Two oligonucleotide primers used to amplify P. falciparum genomic DNA, 5'ATGGCTCCA
AAAGCAAAAATCG3' (Eco RI site) and 5'GAGAATGAAGGCATTAGCTTAA 3' (Pst | site), were
complementary to the forward-reverse strands of P. falciparum strains of K1 and PF FCBR
LDHs. The PCR was carried out in the presence of 5 pl Taqg buffer (supplied with enzyme), 5
pl (10ml of each 100 mM dNTPs and 10 ml of H,0) stock dNTPs, 2.5 pl (at 20 pmoles) N-
term. primer, 2.5 pl (at 20 pmoles) C-term. primer, 1 pl (of 0.5 pg/ul) genomic DNA, 2.5 units
Taqg DNA polymerase and 33.5 ml H,O to the final volume of 50ypl. A layer of mineral oil was
placed over the reaction mixture to prevent evaporation. The PCR was carried out at 94°C for
1.5 min, 55°C for 2 min, and 72°C for 2 min for 20 cycles.

Resolubilizing DNA from Agarose Gel

Agarose gel electrophoresis was performed in a horizontal gel apparatus according to
Sambrook et al. (6) following PCR. After the electrophoresis; 200 ul TE buffer (10 mM Tris
HCI, 1 mM EDTA) was added to the gel slices containing the DNA, and they were incubated in
a waterbath at 68°C for 10 min. Phenol was equilibrated by mixing 4 ml of redistilled phenol
with the same volume of 0.5 M Tris. HCl pH 8.0. The bottom layer was phenol.

When the agar slice had melted, 200 pl of phenol was added. It was vortexed vigorously
and spun for 5 min in a microcentrifuge in order to separate the phases. The aqueous layer
which contained the DNA was removed into a clean tube spun for another 5 min and then the
DNA was ethanol precipitated. Ethanol precipitation was as follows: the DNA was mixed with
1/10 of its volume of 4 M NaCl and then 2.5 volumes of cold 100% ethanol and left at -20°C
for at least 30 min. The DNA was spun down for 15 min, the supernatant discarded and 500
ml cold 70% ethanol was added to the pellet which was spun down for a further 10 min. The
supernatant was discarded and the pellet was dissolved in 200 pl sterile H,0O for the second
ethanol precipitation. After this the DNA was dissolved in an appropriate volume of sterile H,O.

Restriction of DNA

The DNA coding for wild type LDH from P. falciparum and the chosen vectors were digested
with the restriction enzymes Eco Rl and Pst | under the conditions recommended by the
suppliers of each enzyme. The reaction was as follows: 20 ul DNA (from phenol extraction), 3
pl10 x buffer (supplied with enzymes), 2 pl (of 26 U/pl) Eco RI, 2 pl (of 10 U/ul) Pst 1, 2 yl
RNAse and 1 ul H,0. Restriction digests were performed in a waterbath, at 37°C, for 1 h. After
the digest they were run out on an LMP gel and cleaned by phenol extraction, and their
concentrations were estimated on 1% agarose gel before ligation.
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Ligation and Transformation

The Eco RI/Pst | digested PfLDH gene was ligated into similarly digested cloning vector
pUC18. The reaction mixture contained 100 ng DNA (insert), 3:1 Insert:vector ratio (molar),
2 ul 10 x Ligase buffer, 2 pl (1 U/ul ) T4 DNA ligase and X pl H,0O to final volume of 20 ml.
Ligations were set up at 16°C for 16 h in a Perkin Elmer thermal cycler.

Transformation of E. coli cells was carried out according to Sambrook et al. (6) after the
ligation.

Small Scale DNA Preparation (Miniprep)

A single bacterial colony was put into 5 ml 2 x YT broth containing 100 ug/ml ampicillin. It
was grown overnight at 37°C with shaking. After that DNA preparation was performed using
QIAprep Spin Miniprep Kit (50), Qiagen.

DNA Sequencing

The DNA was sequenced either manually by Sanger’s dideoxy-mediated chain termination
method (7) using a Sequenase Version 2.0 kit from US Biochemicals, Cleveland, OH, or
automatically on a Du Pont Genesis 2000 automated DNA sequencer in the Department of

Biochemistry, Bristol, UK. The plasmid primers used to sequence two ends of the PALDH were
as follows:

5'-AGCGGATAACAATTTCACACAGGA-3' (M13/pUC Reverse)
5'-GTAAAACGACGGCCAGT-3' (M13/pUC Forward)

5'-CGACATCATAACGGTTCTGG-3' (M13/pKK223-3 N-terminus)
5'-GTATCAGGCTGAAAATCTTC-3' (M13/pKK233-3 C-terminus).

The other primers used to sequence the LDH gene from P. falciparum strains K1 and PF
FCBR are given in the Table.

Results and Discussion
Nucleotide Sequence of the PLDH Gene from Strains K1 and PF FCBR

Once the correct insert was detected, a single colony carrying the insert was tooth-picked
into 2 x YT broth containing ampicillin for each strain and grown overnight at 37°C in a shaker,
and was prepared for sequencing. The DNA was manually sequenced from both directions by
the method of Sambrook et al. (6) using the sequencing primers given in Materials and
Methods.

The PALDH gene consist of an open reading frame (ORF) of 951 nucleotides (316 amino
acids) initiated with an ATG start codon and ending with a TTA codon. As was shown by Bzik
et al. (5), the P. falciparum LDH gene contains no introns. The sequencing of the whole K1 and
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Table The sequencing primers of the LDH gene from P. falciparum strains K1 and PF FCBR. PLDH sequencing
primer’s numbers are given in parentheses and their positions are shown in Figure 1 in bold.

PfLDHS5 ' -3’ sequencing primers PfLDpfLDH ' -5’ sequencing primers
5’ - CCACATGGAAAAGCTTTAGA- 3" (1) 5’ - GTGTCCATATTGTCCTTCTA- 3’ (7)
5’ - AGGCCCCAGGAAAGAGTGAC- 3’ (2) 5’ - TAAAGGGATACCACCTACAG- 3’ (¢)
5’ - TCAACATTCAGGTGITCCTA- 3’ (3) 5’ - GATGTATCTAATACACCACC- 3’ (9)
5’ - TAAATGCACACATTGTAGGT- 3’ (4) 5’ - GTACCATAACATCTACTGGG 3’ (10)
5' - TTACATGCATCACCATATGT- 3’ (5) 5’ - CAAATCGTCATAAGTGITTG- 3’ (11)
5’ - TAGAAGGACAATATGGACAGC- 3’ (s) 5 - TTCCATGTGGCATGITCTTT- 3’ (12)

PF FCBR genes showed that there is no variation between the LDH amino acid and the LDH
gene DNA sequences of these two strains, but there is no guarantee that all the strains are
going to be the same. The complete DNA and amino acid sequences from these two strains are
presented in Figure 1.

Sequence Comparisons

Sequences are known for 41 LDH genes from a large number of species. Figure 2 presents
an alignment of six LDH sequences made using the Genetics Computer Group program PILEUP
and consideration of the crystal structures of BsLDH (8) and pig M,-LDH (9).

In the present study, PALDH was cloned from strains K1 and PF FCBR and the gene
sequence was found to be identical with the published sequence from the P. falciparum strain
Honduras 1 (5). PALDH has the key residues involved in catalysis (shown in bold italics in Figure
2): arginine-171 (binds pyruvate), aspartate-168 and histidine-195 (the proton donor couple),
and arginine-109 (polarizes the pyruvate carbonyl group). The presence of so many
characteristic LDH residues leaves no doubt about the cloned P. falciparum sequence codes for
an LDH. This conclusion is supported by the observation that the amino terminal amino acid
sequence of P. knowlesi LDH is essentially identical (19 out of 21 amino acids are identical) to
that of PADH (10). Although many characteristic residues are conserved, PfLDH has 18
positions (shown underlined in Figure 2) where residues previously conserved in 40 gene-
derived sequences are different. For example, in all known LDHSs, residue 163 is a serine except
PLDH, whereas residue 163 is a leucine, a threonine residue at position 246 is a proline. When
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Figure 1.
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ATGECTOCAAAAGCAAAAATCG AGT TGECTCAGGTATGAT TGGAGGAGTAATGCT

. Fommmeeaes Fommmmeaes Foemmeeem e mem [ - +
TACCGAGGITTTCG AGCAAAAT CAACOGAGT CCATACTAACCTCCTCAT TACCGT
Met Al aProLysAl aLysl | eVal LeuVal A ySerd yMet | | ed yd yVal Met Al a

ACCTTAATTGT TCAGAAAAATTTAGCAGATGTAG GTTCGATATTGTAAAGAACATG

61 --------- L L - [ - E - L +

TGGAATTAACAAGTC AAATCCTCTACATCAAAACAAGCTATAACATTTCTTGTAC
Thr Leul | eVal @ nLysAsnLeud yAspVal Val LeuPheAspl | eVal LysAsnMet

(1)—
CCACATGGAAAAGCTTTAGATACATCTCATACTAATGT TATGECATATTCAAATTGCAAA

121 --------- [ - L - L - [ - L - +

GGTGTACCTT T TOGAAATCTATGTAGAGTATGATTACAATACCGTATAAGT TTAACGTTT

ProH s@ yLysAl alLeuAspThr Ser H sThr AsnVal Met Al aTyr Ser AsnCysLys
< (12)

GTAAGTGGT TCAAACACT TATGACGAT TTGECTGGAGCAGATGTAGTAATAGT AACAGCT

181 --------- L L - [ - E - L +

CATTCACCAAGTTTGTGAATACTGCTAAACOGACCTCGTCTACATCATTATCATTGTCCA

Val Ser @ ySer AsnThr Tyr AspAspLeuAl ad yAl aAspVal Val | | eVal Thr Al a
(2)— < (11)

GGATTTACCAAGGCCCCAGGAAAGAGTGACAAAGAATGGAATAGAGATGATTTATTACCA

241 --------- Fommmmmaas Fommmeeaas Femmmeaaa oo Fommmmmo - +

CCTAAATGGT TAOBA3GTCCTTTCTCACTGT TTCT TACCTTATCTCTACTAAATAATGGT
A yPheThr LysAl aProd yLysSer AspLys@d uTr pAsnAr gAspAspLeulLeuPro

TTAAACAACAAGATTATGATTGAAAT TGGTGGTCATATTAAGAAGAAT TGTCCAAATGCT

301 --------- e e R R [ - +

AATTTGITGT TCTAATACTAACTTTAACCACCAGTATAATTCTTCTTAACAGGT TTACGA

LeuAsnAsnLyslleMet | ed ull ed yd yH sl | eLysLysAsnCysPr oAsnAl a
3)—

TTTATTATTGI TGTAACAAACCCAGTAGATGT TATGGTACAATTATTACATCAACATTCA

361 --------- R Fommm e R e dommnmmaaa +

AAATAATAACAACATTGI TTGGGTCATCTACAATACCATGT TAATAATGTAGT TGTAAGT

Phel | el | eVal Val Thr AsnPr oVal AspVal Met Val A nLeuLeuH sQA nH sSer
<(10)

GGTGTTCCTAAAAACAAGATTATTGGT TTAGGTGGTGTAT TAGATACATCAAGATTGAAG

421 --------- e e R S [ - +

CCACAAGGATTTTTGT TCTAATAACCAAATCCACCACATAATCTATGTAGT TCTAACTTC
d yVal ProLysAsnLysl | el | ed yLeuQ yd yVal LeuAspThr Ser Ar gLeulLys
<(9)
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(4)—
TATTACATATCTCAGAAATTAAATGTATGOOCAAGAGATCTAAATGCACACATTGTAGGT
--------- T LT ey S
ATAATGTATAGAGTCTTTAATT TACATACGGGT TCTCTACATTTACGTGTGTAACATCCA
Tyr Tyr | | eSer G nLysLeuAsnVal CysPr oAr gAspVal AsnAl aH sl | eVal G y

GCTCATGGAAATAAAATGGT TCTTTTAAAAAGATACATTACTGTAGGTGGTATCCCTTTA
--------- e e e e —
CGAGTACCTTTATTTTACCAAGAAAATTTTTCTATGTAATGACATCCACCATAGGGAAAT
Al aH sd yAsnLysMet Val LeuLeuLysAr gTyr || eThrVal @ y@ yl | eProLeu
<(8)

CAAGAATTTATTAATAACAAGT TAATTTCTGATGCTGAATTAGAAGCTATATTTGATAGA
--------- T e
GITCTTAAATAATTATTGT TCAATTAAAGACTACGACT TAATCT TCGATATAAACTATCT
A nd uPhel | eAsnAsnLysLeul | eSer AspAl ad uLeud uAl al | ePheAspArg
(5)—
ACTGTTAATACTGCATTAGAAATTGTAAACTTACATGCATCACCATATGTTGCACCAGCT
--------- T e T S
TGACAATTATGACGTAATCTTTAACATTTGAATGTACGTAGT GGTATACAACGT GGTCGA
Thr Val AsnThr Al aLeud ul | eVal AsnLeuH sAl aSer ProTyr Val Al aPr oAl a

GCTGCTATTATCGAAATGECTGAATCCTACT TAAAACAT TTGAAAAAAGTATTAATTTAC
--------- e
CGACGATAATAGCT TTACCGACT TAGGATGAAT TTTCTAAACT TTTTTCATAATTAAACG
A aAl all el | e@ uMet Al ad@ uSer Tyr LeuLysAspLeuLysLysVal Leul | eCys
(6)—

TCAACCTTGITAGAAGGACAATATGGACAC TCOCATATATTCRGTGGTACACCTGTTGT T
--------- e T
AGITGGAACAATCTTCCTGTTATACCTGTGAGGCTATATAAGOCACCATGIGGACAACAA
Ser Thr LeuLeud ud yd nTyr @ yH sSer Aspl | ePhe@ yQ@ yThr ProVal Val

(7)
TTAGGTGCTAATGGTGT TGAACAAGT TATCGAAT TACAATTAAATAGT GAGGAAAAACCT
--------- e m e e et e e

AATOCACGAT TACCACAACTTGT TCAATAGCTTAATGT TAATTTATCACTCC CA
Leud yAl aAsnd yVal @ ud nVal | | ed uLeud nLeuAsnSer @ u@ uLysAl a

AAATTTCATGAAGCCATACCTGAAACT AAGAGAATGAACCCATTAGCTTAA
————————— e S S I e o) !
TTTAAACTACTTOSGTATCGACT TTGATTCTCTTACT TCOGTAATCGAAT T
LysPheAspd uAl al | eAl a@ uThr LysAr gvet LysAl aLeuAl aEnd
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PALDH is compared to BsLDH and mammalian LDHs (by PILEUP), it has 29% residue identities
with BsLDH and 29%, 319% and 33% with dogfish, human-M,, and pig-M, LDHs, respectively,
but lacks the amino terminal extension observed in mammalian LDHs. All this suggests that
PALDH is very different from bacterial and mammalian LDHSs.

P. falciparum LDH contains several single amino acid deletions and insertions compared to
other LDHs (see Figure 2). PALDH has two single residue deletions; the first deletion is a
glutamate residue at position 48 and the second one is a glycine residue at position 217 with
respect to BsLDH. The deletion of glycine-217 occurs in the highly variable antigenic loop region
of the protein.

A single residue insertion occurs between the residues alanine-73 and serine-74, which is a
tyrosine, but the most remarkable feature of PADH is a five residue insertion (D;ogs Kioss E1osc
W, 0sp Nyose) Detween positions serine-108 and arginine-109 in the catalytic loop. The insertion
of amino acid residues itself is not unique to PADH. For example, the active site loop of the
broad specificity LDH from the bacterium Lactobacillus confusus carries an extra four amino
acids (11) but the region in L. confusus is disordered in the X-ray structure (12). The presence
of the enlarged loop in L. confusus has not been adequately explained.

Conclusion

As described in this paper, the DNA sequences of PLDH strains that have been cloned are
the same. The most remarkable feature of PfLDH is the insertion of five amino acid residues
(DKEWN) adjacent to the active site, which is likely to provide a good target for the rational
design of antimalarials. After the DNA was sequenced from both directions, the PADH protein
was overproduced from the P. falciparum strain K1 (13) and the enzyme’s ternary structure
was determined (14). The reported PADH structure showed that PADH has a distinctive
surface cleft, caused by the insertion of the five residues, which does not occur in mammalian
LDHs. This comparison immediately suggests that the site is an attractive target for the
development of inhibitors specific for the malarial enzyme. In addition to the structure study,
mutagenic testing of the PLDH with and without this unique insertion may provide more
information on distinctive kinetic, biochemical and electrophoretic properties of PLDH. We
believe that exploitation of these unique differences will open a route to the design of new
antimalarial agents.
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