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Plasmepsin II (PMII) is one of the ten plasmepsins (PMs) identified in the

genome of Plasmodium falciparum, the causative agent of the most severe and

deadliest form of malaria. Owing to the emergence of P. falciparum strains that

are resistant to current antimalarial agents such as chloroquine and sulfadoxine/

pyrimethamine, there is a constant pressure to find new and lasting

chemotherapeutic drug therapies. Previously, the crystal structure of PMII in

complex with NU655, a potent antimalarial hydroxyethylamine-based inhibitor,

and the design of new compounds based on it have been reported. In the current

study, two of these newly designed hydroxyethylamine-based inhibitors, PG418

and PG394, were cocrystallized with PMII and their structures were solved,

analyzed and compared with that of the PMII–NU655 complex. Structural

analysis of the PMII–PG418 complex revealed that the flap loop can adopt a

fully closed conformation, stabilized by interactions with the inhibitor, and a

fully open conformation, causing an overall expansion in the active-site cavity,

which in turn causes unstable binding of the inhibitor. PG418 also stabilizes the

flexible loop Gln275–Met286 of another monomer in the asymmetric unit of

PMII, which is disordered in the PMII–NU655 complex structure. The crystal

structure of PMII in complex with the inhibitor PG418 demonstrates the

conformational flexibility of the active-site cavity of the plasmepsins. The

interactions of the different moieties in the P10 position of PG418 and PG394

with Thr217 have to be taken into account in the design of new potent

plasmepsin inhibitors.

1. Introduction

Malaria is one of the most severe infectious diseases in the

world, with approximately 198 million cases and 598 000

attributed deaths reported globally in 2013 (World Health

Organization, 2013). Human infection can be caused by four

major species of the malaria parasite, i.e. Plasmodium falci-

parum, P. vivax, P. malariae and P. ovale, of which P. falci-

parum is responsible for more than 95% of malaria-related

morbidity and mortality (Breman et al., 2001). P. falciparum,

the most lethal of the four parasites infecting humans, is

becoming increasingly resistant to many of the current front-

line antimalarial drugs, including chloroquine, quinine, arte-

misinin and sulfadoxime/pyrimethamine (Egan & Kaschula,

2007; White, 1998). This highlights the urgent need for new

efficacious drugs to combat this disease.

Ten plasmepsins have been identified in the genome of the

malaria parasite P. falciparum (Coombs et al., 2001). Four of

them, called the digestive plasmepsins, PMI, PMII, PMIV

and histo-aspartic protease (HAP), reside in the acidic food

vacuole and are involved in haemoglobin degradation

(Banerjee et al., 2002; Liu et al., 2005). The functional role of
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nondigestive plasmepsins is an active field of research and

it has recently been shown that PMV, PMIX and PMX are

essential for survival of the parasite (Bonilla et al., 2007).

There is evidence that haemoglobin digestion by plasmepsins

has redundant mechanisms and that the in vivo effect of

plasmepsin inhibitors might be exerted through their action

on nondigestive plasmepsins (Bonilla et al., 2007; Meyers &

Goldberg, 2012). Owing to their important role in providing

nutrients for the growing parasites, plasmepsins have been

identified as promising targets for the development of novel

antimalarial drugs (Banerjee et al., 2002). Indeed, inhibitors of

aspartic proteases have been shown to exhibit potent anti-

parasitic activity (Francis et al., 1994; Carroll et al., 1998; Miura

et al., 2010), although the majority of them do not display

nanomolar activity in cell-based models.

Of the plasmepsins, PMII is relatively easy to obtain in

milligram quanitities for protein–ligand investigations. It has

65–73% sequence identity to other plasmepsins, but only

35% identity to the closest human aspartic protease relative,

cathepsin D (Francis et al., 1994). This makes PMII a good

target for structure-based drug design of new inhibitors for the

other digestive and nondigestive plasmepsins. PMII is made

up of 329 amino acids folded into two topologically similar

N- and C-terminal domains (Fig. 1). The binding cleft contains

Asp34 and Asp214, which together represent the catalytic

dyad.

To date, one of the most active groups of aspartic protease

inhibitor compounds identified against intra-erythrocytic

P. falciparum cell growth is based on the hydroxyethylamine

moiety (Table 1; Jaudzems et al., 2014; Rathi et al., 2013; Ciana

et al., 2013). These inhibitors are characterized by a hydroxyl

group which replaces the catalytic water molecule in the active

site, forming hydrogen bonds to the catalytically active

aspartates Asp34 and Asp214. They have also been used as

transition-state mimics in the design of inhibitors of other

aspartic proteases, including HIV protease (Tucker et al., 1992;

Petroková et al., 2004) and �-secretase (Sandgren et al., 2012;

Rueeger et al., 2013).

Previously, we determined the structure of PMII in complex

with NU655 (Gamo et al., 2010) and used it as a guide for the

design of new plasmepsin inhibitors (Jaudzems et al., 2014).

Subsequent attempts to model the newly synthesized hydroxy-

ethylamine inhibitors into the active site of the available

structures of PMII or PMIV were unable to explain the

structure–activity relationships; therefore, we performed

structural studies of some of these optimized inhibitors in

complex with PMII. In this paper, we present the crystal

structures of PMII with two inhibitors: PG418 and PG394

(Table 1).

2. Materials and methods

2.1. Protein expression and purification

Two different constructs of the proenzyme of PMII, with a

pro-segment of 50 residues, were overexpressed using the

pET-3a vector (Novagen) in Escherichia coli BL21 (DE3)

cells. The construct that was used to form the complex with the

PG394 inhibitor had the mutation Met205Ser, which reduces

the autolytic activity (Gulnik et al., 2002). In both cases the

protein was isolated from inclusion bodies. Refolding and

purification were performed as described in Beyer et al. (2004).

The purified pro-PMII was autoactivated by the addition of

a one-tenth volume of 1 M sodium citrate pH 4.6 followed by

incubation at 37�C for 30 min. The enzyme solution was then

returned to pH 8.0 by the addition of 1 M Tris–HCl pH 8.0 and

was further purified by gel filtration on a Superdex 75 10/300

column (GE Healthcare). The protein was concentrated to

10.8 mg ml�1 in 20 mM Tris–HCl pH 8.0 using a 10 kDa cutoff

Amicon concentrator. Stocks of 50 ml of the protein were

flash-frozen in liquid nitrogen and stored at �80�C.

The synthesis of the two inhibitors PG418 and PG394 has

been described previously (Jaudzems et al., 2014).

2.2. Crystallization and data collection

PMII was pre-incubated with the ligand PG418, previously

dissolved in DMSO at a final concentration of 100 mM, at a

molar ratio of 1:20 at room temperature for 2 h and cocrys-

tallized by vapour diffusion using MRC 96-well sitting-drop

plates (Molecular Dimensions); 1 ml PMII–ligand complex

solution was mixed with 1 ml reservoir solution consisting of

100 mM sodium citrate pH 4.6, 25%(w/v) PEG 3350.
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Figure 1
Ribbon-diagram representation of PMII cocrystallized with three
hydroxyethylamine-based inhibitors. Superposition of PMII in complex
with PG418 (green), PG394 (brown) and NU655 (cyan). Inhibitors and
catalytic Asp34 and Asp214 side chains are shown as stick models. The
flap loop, flexible loop (residues 236–245), the loop comprising residues
10–16 and the loop comprising residues 275–286 are shown in darker
colours.



Cocrystallization of the PMII–PG394 complex was also

performed by the sitting-drop technique in 96-well MRC

plates (Molecular Dimensions). However, in this case 1 ml

protein solution was mixed with 1 ml reservoir solution

[100 mM sodium citrate pH 6.5, 80%(w/v) ammonium sulfate]

and 0.2 ml 100 mM inhibitor in 100%(v/v) DMSO.

The crystals were cryoprotected with mother liquor enri-

ched with 30%(v/v) glycerol and were flash-cooled in liquid

nitrogen.

Data for crystals of PMII in complex with PG418 and

PG394 were collected on beamline I911-3 at the MAX-lab

synchrotron, Lund, Sweden. Images were processed with

iMosflm (Leslie et al., 2002; Powell et al., 2013) and scaled with

SCALA (Evans, 2006) from the CCP4 suite (Winn et al., 2011).

2.3. Structure solution and refinement

The orientation and position of PMII was determined using

the molecular-replacement program Phaser (McCoy et al.,

2007) from the CCP4 suite (Winn et al., 2011), using the PMII

structure with PDB entry 2bju (Prade et al., 2005) as a search

model. Rigid-body refinement, followed by Cartesian simu-

lated annealing of the protein alone, were initially applied to

the structure using PHENIX (Echols et al., 2014), which

resulted in a high-quality electron-density map for manual

rebuilding of the structure in Coot (Emsley & Cowtan, 2004).

The PG418 and PG394 inhibitor parameter files were gener-

ated with the ligand sketcher LIDIA (Debreczeni & Emsley,

2012) and restraints were generated with PRODRG in Coot

(Debreczeni & Emsley, 2012).

The model of plasmepsin II in complex with PG418 was

improved by iterative cycles of manual rebuilding with Coot

and automated refinement with PHENIX, applying TLS and

noncrystallographic symmetry (NCS) restraints owing to the

presence of three monomers in the asymmetric unit.

The structure of PMII–PG394 was improved by iterative

cycles of manual rebuilding with Coot and automated refine-

ment with PHENIX, applying TLS and noncrystallographic

symmetry (NCS) restraints owing to the presence of four

monomers in the asymmetric unit. While PMII–PG418 was

refined in real space, refinement of PMII–PG394 was

performed in reciprocal space owing to the lower resolution

(3.3 Å; Headd et al., 2012). The electron-density maps were

improved using thermal B-factor sharpening, which increases

the detail of side-chain conformations (Brunger et al., 2009).

Statistics for data collection, final refinement and validation

by MolProbity (Chen et al., 2010) of both structures are

summarized in Table 2. The superposition of models and r.m.s.
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Table 1
Inhibition of P. falciparum PMII, PMI and PMIV and human cathepsin D by the studied inhibitors (Jaudzems et al., 2014).

IC50 (mM)

Compound Formula PMII PMI PMIV Cathepsin D

PG418 0.070 0.30 0.024 0.042

PG394 0.8 4.1 0.25 0.35

NU655 0.15 0.70 0.029 0.043



deviations were calculated using LSQKAB (Kabsch et al.,

1976) from the CCP4 suite (Winn et al., 2011). Buried surfaces

and residues at the intermolecular contacts in the crystals were

identified with the PISA server (http://www.ebi.ac.uk/pdbe/

prot_int/pistart.html; Krissinel & Henrick, 2007). The majority

of the figures were generated with PyMOL (v.1.5.0.1; Schrö-

dinger).

Coordinates and structure factors were deposited in the

Protein Data Bank as entries 4y6m (PMII–PG418 complex)

and 4ya8 (PMII–PG394 complex).

3. Results and discussion

3.1. Overall structure

The crystal structures of PMII in complex with PG418 and

PG394 were solved by the molecular-replacement method and

refined to resolutions of 2.3 and 3.3 Å, respectively. The two

complexes crystallized in different space groups. The PMII–

PG418 complex crystallized in space group P212121 with three

molecules in the crystallographic asymmetric unit. The PMII–

PG394 complex crystallized in space group P213 with four

molecules in the crystallographic asymmetric unit. Simulated-

annealing mFo � DFc OMIT maps for the ligand structures of

PG418 and PG394 are shown in Fig. 2. The real-space corre-

lation coefficients (RSCCs) for the PG418 ligand are 0.93 for

monomers A and B and and 0.75 for monomer C (Fig. 6b). The

corresponding RSCCs for the PG394 ligand are around 0.94

for monomers A, C and D and 0.92 for monomer B.

The overall structures of PMII–PG418 (with the exception

of monomer C), PMII–PG394 and PMII–NU655 are very

similar (Fig. 1). The flap loop, which gates access to the active

site, is in a closed conformation in all three PMII complex

structures. The major differences are found in the Gln275–

Met286 loop, which is disordered in the structure of PMII in

complex with NU655 (PDB entry 4cku; Jaudzems et al., 2014)

and in the loop comprising residues Asp10–Phe16. The latter

loop forms the substrate (or inhibitor) binding pocket S3 and

presents similar, more closed conformations in the structures

of PMII cocrystallized with PG418 and PG394 compared with

the structure of PMII in complex with NU655, in which the

pocket is wider by approximately 2.4 Å.

We also observed differences in the flexible areas of PMII

when we compared the monomers in the crystallographic

asymmetric unit. In the PMII–PG394 structure the only

significant difference among the four molecules in the crys-

tallographic asymmetric unit lies in the Gln275–Met286 loop

(r.m.s.d. of 3.6 Å for C� atoms between loops in monomers A

and B). This difference is owing to different crystallographic

contacts (data not shown). The monomers of the PMII–PG418

complex structure (Fig. 3a) assigned as A and B superpose

very well. However, when the A and B monomers are

compared with the C monomer, the r.m.s.d. for C� atoms of

329 residues is around 1.3 Å. The main differences between

monomers A/B and C in the asymmetric unit are found in the

Met75–Val82 loop, known as the flap loop (r.m.s.d. of 7.9 Å

between monomers A and C) and in the Val236–Tyr245 loop,

known as the flexible loop (r.m.s.d. of 3.2 Å between mono-

mers A and C).
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Figure 2
Simulated-annealing mFo � DFc OMIT maps of ligands in complex with
PMII. The simulated-annealing mFo � DFc ligand-omit maps are shown
as a grey mesh at 3�. (a) Two conformers of the PG418 ligand are shown
with C atoms of monomer A (green) and of monomer B (lilac); (b) PG394
ligand corresponding to monomer D.

Table 2
Data-collection and refinement statistics.

PMII–PG418 PMII–PG394

Data processing
Space group P212121 P213
Unit-cell parameters (Å) a = 81.22, b = 104.60,

c = 111.68
a = b = c = 177.79

Wavelength (Å) 0.972 0.972
Resolution (Å) 77–2.27 56.22–3.30
Rsym or Rmerge (%) 15 (71) 12 (68)
hI/�(I)i 11.6 (2.1) 7.5 (2.2)
Completeness (%) 100 (99.9) 96.9 (90.8)
Wilson B factor (Å2) 25.3 79.9
CC1/2 0.995 (0.596) 0.995 (0.616)

Refinement
Resolution (Å) 64–2.3 56–3.3
No. of unique reflections 45010 (6470) 27554
Rwork/Rfree (%) 17.2 (25.9)/22.7 (30.4) 18.8 (27.9)/21.1 (31.3)
No. of atoms

Protein 7815 10414
Ligands 177 198
Water 383 3

Average B factors (Å2)
Protein 31.6 84.9
Ligands 51.2 82.2
Water 32.5 50.5

R.m.s. deviations
Bond lengths (Å) 0.009 0.008
Bond angles (�) 1.24 0.90

Ramachandran plot
Most favoured (%) 96.9 95.6
Outliers (%) 0.0 0.2

MolProbity overall score 1.49 1.60
MolProbity clashcore 5.55 5.37



The PMII–PG418 structure shows two different conforma-

tions of the flap loop. It has a flap-closed conformation in

monomers A and B and a flap-open conformation in monomer

C. The angle between the flap loop of monomer A and the flap

loop of a superimposed monomer C is about 32.5� (Fig. 3). In

the flap-open conformation of monomer C the opening of

the flap loop moves the conserved Tyr77 away, abolishing a

hydrogen-bond contact with the indole NH of the highly

conserved Trp41 (Fig. 3b). The interaction between these two

side chains has typically been observed in structures of

aspartic proteinases inhibited by peptidomimetic inhibitors

(e.g. pepstatin; PDB entry 1sme; Silva et al., 1996). The lack

of this interaction facilitates the flexibility of Trp41, which

displays two conformations in monomer C (Fig. 3b). The flap

loop is an important element of the catalytic machinery. In the

presence of inhibitors it is usually in a closed conformation.

However, there are some cases where the flap-open confor-

mation has been reported: HAP in complex with KNI-10006

(Bhaumik et al., 2011) and PMII in complex with an achiral

inhibitor (Prade et al., 2005; Bhaumik et al., 2011). These

conformational differences present between monomers of the

asymmetric unit demonstrate an intrinsic interdomain flex-

ibility of PMII and are related to its catalytic activity. In fact,

similar flexibility has also been detected in HIV-1 protease

(Yedidi et al., 2012).

3.2. Gln275–Met286 loop and the dimeric interface of the
PMII–PG418 complex structure

While the Gln275–Met286 loop is disordered in the struc-

ture of the PMII–NU655 complex (PDB entry 4cku), in the

structure of the PMII–PG418 complex it is stabilized by

packing of another monomer of the asymmetric unit close to
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Figure 4
Dimerization of the PMII–PG418 complex in the asymmetric unit.
Molecule A and molecule C are coloured green and magenta,
respectively. PG418 of both monomers is coloured by atom type: carbon
in white, oxygen in red and nitrogen in blue. The loop comprising residues
275–286 of monomer C interacts with the active site and inhibitor of
monomer A.

Figure 3
Comparison of monomers in the asymmetric unit of the PMII–PG418 crystal structure. (a) Superposition of C� atoms of the three monomers of the
asymmetric unit of the PMII–PG418 complex structure. Molecule A is in green, molecule B is in lilac and molecule C is in magenta. The flap loop is
encircled with a black ellipse. PG418 of monomer A is shown in spheres with carbon in white, oxygen in red and nitrogen in blue. (b) Close-up view
showing the conformational differences of the flap region in monomers A and C of the complex of PMII with PG418. Tyr77 and Trp41 side chains of both
monomers and the inhibitor PG418 of monomer A are shown as sticks.



the active-site cavity (Fig. 4), and the loop is in close proximity

to the inhibitor PG418. Fig. 4 shows the noncrystallographic

dimer of monomers A and C in the crystallographic asym-

metric unit. The buried surface area between the two mono-

mers is 2820 Å2. We have not observed this packing in the

complex structure of PMII with either PG394 or NU655.

However, dimer formation of two PMII monomers also occurs

in the complex of PMII with pepstatin A and an achiral

inhibitor, but in these cases the loop that interacts with the

inhibitor is the flexible loop (Fig. 1), residues Val236–Tyr245

(PDB entry 1xdh, Silva et al., 1996; PDB entry 2bju, Prade et

al., 2005; PDB entries 1lee and 1lf2, Asojo et al., 2002). The

interaction of the Gln275–Met286 loop with the active site in

the PMII–PG418 structure moves away two water molecules

that are present in the active site of the PMII–NU655 structure.

3.3. Active-site interactions

Since the structure of the PMII–PG418 complex was

obtained at better resolution than the structure of the PMII–

PG394 complex, the interactions of PG418 with PMII are

described in more detail.

The structure of the PMII–NU655 complex (Jaudzems et al.,

2014) showed that there are three sites of potentially repulsive

interactions between the inhibitor and PMII active-site resi-

dues (Fig. 5a). The compounds in the present work were

designed with appropriate chemical modifications at these

positions in order to improve intermolecular interactions

(Table 1). The modified compounds lacked the sulfonyl group

of the 2-(1,2-thiazinane-1,1-dioxide) moiety that is involved in

unfavourable interactions between the inhibitor and residue

Val78 of the flap loop. The 3-methoxyphenyl group in the

crystal structure of the PMII–PG418 complex is very close to

the polar side chains of Thr217 and Asp214 (Fig. 5b). In

PG394 the 3-methoxyphenyl group is substituted with a

2-pyridyl group in position P10. The N atom in this ring was

proposed in order to introduce a hydrogen-bond acceptor for

the Thr217 side-chain hydroxyl (Fig. 5c).

The electron density of the inhibitor PG418 (Fig. 2a) is very

similar in monomers A and B, and it is good for the central

part of the inhibitor but weaker or lacking for aliphatic propyl

groups and for the methoxy group of the isopropyl-

2-(3-methoxyphenyl) moiety that occupies the S10 and part

of the S2 pockets. The methoxy group of the isopropyl-2-

(3-methoxyphenyl) moiety of PG418 is present in two orien-

tations, making different interactions as described below.

Owing to the fully open conformation of the flap loop (Figs. 3b

and 6d), the inhibitor PG418 in monomer C is substantially

more disordered with poor electron density (Fig. 6b),

presumably caused by the unstable binding of the inhibitor

that is not involved in interactions with the catalytic dyad

residues Asp34 or Asp214 (data not shown). A closer exam-

ination of the binding cavity of the PMII–PG418 complex in

monomers A and C reveals that the inhibitor is more solvent-

exposed in the active site of monomer C (Figs. 6c and 6d).

The interactions of PG418 and PG394 with the active-site

residues of PMII are in general very similar to those

previously described for the inhibitor NU655 (Fig. 5a). As in

the PMII–NU655 complex, the hydroxyl groups of PG418

and PG394 are not within the characteristic hydrogen-bond

distances of both carboxylic acids, Asp34 and Asp214 (Asojo

et al., 2003; Silva et al., 1996). In the PMII–PG418 complex
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Figure 5
Protein–ligand interactions across the active sites of plasmepsin II in complexes with hydroxyethylamine-based inhibitors. (a) PMII–NU655, (b) PMII–
PG418, (c) PMII–PG394. (d) Wall-eyed stereoview of the superposition of the PMII active site with the three inhibitors.



(Fig. 5b) the hydroxyl group is only at a hydrogen-bonding

distance from Asp34 (O–O distance of 2.73 Å), the carbonyl

group of Gly36 (3.11 Å) and a water molecule. However,

Asp214 is hydrogen-bonded to the secondary amino group

(N–O distance of 2.83 Å). Other hydrogen-bond interactions

present in the studied complex structures are formed with the

more central groups of the inhibitor, mimicking the inter-

actions of the substrate backbone, i.e. between the benzamide

and Gly216 and the N,N-dipropylamide and Ser218 (Fig. 5d).

In contrast to PG394 and NU655, there are neither polar nor

van der Waals interactions between PG418 and the flap loop

(Fig. 5b). A water molecule bridges the carbonyl group of the

inhibitor and the N atom of Val78. The 3-methoxyphenyl

moiety occupies the S10 and part of the S2 pockets. In one of

the conformations described for monomer A (Fig. 5b), the O

atom is interacting with the hydroxyl group of Thr217, while in

the other orientation the 3-methoxyphenyl group is solvent-

exposed. Additionally, in this second orientation there are

repulsive interactions (not shown) of the ring with the

hydrophilic S2 pocket of the active site, as described for

NU655 (Fig. 5a). In Fig. 5(d) the superposition of the active

site of PMII in complex with PG418 (monomer A), PG394 and

NU655 is shown and the two orientations of the 3-methoxy-

phenyl group are demonstrated. These repulsive interactions

made us to consider replacing the 3-methoxyphenyl group

with 2-pyridyl, 3-pyridyl and 4-pyridyl groups, respectively,

in the hope that the N atom might act as a hydrogen-bond

acceptor. The pyridyl N atom of PG394 indeed establishes a

hydrogen-bond interaction with the hydroxyl group of Thr217

(N–O distance of 3.04 Å) and a nonconstructive interaction

with the aspartate group of Asp214 (N–O distance of 3.20 Å).

Besides this, from Fig. 5(d) it can be seen that the flap loop

in the PMII–PG394 complex has a more closed conformation

than with PG418 and that the benzamide carbonyl of PG394

establishes a hydrogen-bond interaction with the N atom of

Ser79. However, the biochemical experiments performed to

measure the activity of PG394 (Jaudzems et al., 2014) showed

a decrease in potency by an order of magnitude against all

aspartic proteases (Table 1). This discrepancy could be owing

to protonation of the pyridine N atom at the pH of the assay

(pH 4.6). As was mentioned in x2, the crystals were obtained

at pH 6.5, which could modify the protonation state of the

pyridine N atom, and at this pH this N atom may act as a

hydrogen-bond acceptor.

The most important differences in the interactions between

the three PMII complexes discussed here are at position P3.

The 2-(1,2-thiazinane-1,1-dioxide) moiety of NU655 is

substituted by a piperidine ring in PG418 and PG394. While

the sulfonyl group of the 2-(1,2-thiazinane-1,1-dioxide) moiety

is only 3.0 Å from the hydrophobic Val78 side chain, the

piperidinyl group of PG418 does not interact with any residue

of the flap loop, as mentioned above. This complete absence of

hydrogen-bond interactions between the tightly bound

inhibitor PG418 and the flap, as well as the diminished
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Figure 6
Differences in the active-site conformation of the PMII–PG418 complex between monomers A and C. (a) and (b) show mFo � DFc OMIT maps of
monomers A and C, respectively, contoured at 3� around PG418. (c) and (d) show the electrostatic surface within 7 Å around PG418 in monomer A and
monomer C, respectively. Diagrams were drawn with CCP4mg (McNicholas et al., 2011).



hydrophobic interactions, allowed the flap to twist and lift its

tip in monomer C (Fig. 2b and Fig. 6d). The inhibitor PG418

establishes van der Waals interactions with the Glu278–

Leu284 loop of another monomer (Fig. 5b), and these inter-

actions move away two water molecules that were present in

the structure of the PMII–NU655 complex (Figs. 5a and 5d),

in which this loop was disordered. However, the latter inter-

actions are presumably of no biological importance, since they

are only made possible by crystal contacts with different

monomers in the asymmetric unit.

4. Conclusion

The current paper presents the crystal structure of plasmepsin

II in complex with two hydroxyethylamine-based inhibitors

designed from a previously studied very potent antimalarial

inhibitor, NU655. The crystal structure of plasmepsin II from

P. falciparum in complex with the inhibitor PG418 demon-

strates the previously reported conformational flexibility of

the active-site cavity of the plasmepsins, as it presents snap-

shots of a fully open and a fully closed conformation of the flap

loop. The replacement of the methoxyphenyl group of PG418

with the pyridine group of PG394 allows hydrogen-bond

formation to the residue Thr217 at the S10 pocket. This

information can be used in the design of more potent hydroxy-

ethylamine-based inhibitors.
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