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Electrophysiology

Electrophysiological methods were performed as described previously*”**. In brief,
animals were immobilized with a cyanoacrylic glue and a lateral incision was made to
expose the ventral nerve cord and body wall muscles. Muscle recordings were made in the
whole-cell voltage-clamp configuration (holding potential —60 mV) at room temperature
(19°C) with an EPC-10-2 patch-clamp amplifier (HEKA, Lambrecht, Germany) and
digitized at 2.9 kHz by means of an ITC-16 interface (Instrutech, Great Neck, New York,
USA). Data were acquired by Pulse software (HEKA). The bath solution contained

150 mM NaCl, 5 mM KCI, 5 mM CaCl,, 1 mM MgCl,, 10 mM glucose and 15 mM HEPES
pH 7.35; ~330 mOsm. The pipette solution contained 120 mM KCl, 20 mM KOH, 4 mM
MgCl,, 5mM (N-tris(hydroxymethyl)methyl-2-aminoethane-sulphonic acid), 0.25 mM
CaCl,, 4 mM NaATP, 36 mM sucrose, 5mM EGTA pH 7.2; ~315mOsm. Subsequent
analysis and graphing were performed using Pulsefit (HEKA), Mini Analysis
(Synaptosoft) and Igor Pro (Wavemetrics, Lake Oswego, Oregon, USA).

Immunoprecipitation and western blotting

snf-6 and stn-1 cDNAs, tagged with Flag and haemagglutinin (HA) epitopes, respectively,
were subcloned to a mammalian expression vector. An equal amount of each construct
was transfected into COS-7 cells with FUGENE 6 (Roche). The transfected cells were lysed
with lysis buffer (50 mM Tris-HCl pH 7.4, 1% Nonidet P40, 0.25% sodium deoxycholate,
10% glycerol, 150 mM NaCl and a mixture of protease inhibitors) and the resulting lysates
were used for immunoprecipitation with anti-Flag (Roche) or anti-HA (Sigma)
antibodies. Immune complexes were resolved by 8% SDS—polyacrylamide-gel
electrophoresis and then transferred to poly(vinylidene difluoride) membrane. Each
blotted membrane was cut into two different parts for western blotting with anti-HA and
anti-FLAG antibodies.

Staining and microscopy

For actin fibre staining, 4-day-old adult animals grown at 15 °C were fixed with 4%
paraformaldehyde for 16 h and treated with collagenase (2,000 U ml ™%, then stained
with Alexa Fluor 488 phalloidin (Molecular Probes). Animals were scored as having
degenerated muscles if we observed disorganized muscle fibres in at least two muscle
quadrants (40 cells). Aldicarb treatment was performed on plates from the L1 larval stage
at a concentration (10 M) that does not cause complete paralysis.

To observe fluorescence from transgenic animals expressing GFP, animals were
mounted on a 4% agar pad containing sodium azide. In the cases that required
quantification of the levels of fluorescence in different genetic backgrounds, a SPOT CCD
camera was used to capture images for a fixed time interval, and pixel intensity at the NMJs
was determined for each sample with NTH image 1.63. At least 30 animals were randomly
chosen for quantification of fluorescence levels in each line. The percentage of animals
showing detectable expression did not vary significantly between lines (data not shown).
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Neurotransmitter receptors from the Cys-loop superfamily
couple the binding of agonist to the opening of an intrinsic ion
pore in the final step in rapid synaptic transmission. Although
atomic resolution structural data have recently emerged for
individual binding' and pore domains®>, how they are linked
into a functional unit remains unknown. Here we identify
structural requirements for functionally coupling the two
domains by combining acetylcholine (ACh)-binding protein,
whose structure was determined at atomic resolution', with the
pore domain from the serotonin type-3A (5-HT;,) receptor. Only
when amino-acid sequences of three loops in ACh-binding
protein are changed to their 5-HT;, counterparts does ACh
bind with low affinity characteristic of activatable receptors,
and trigger opening of the ion pore. Thus functional coupling
requires structural compatibility at the interface of the binding
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and pore domains. Structural modelling reveals a network
of interacting loops between binding and pore domains that
mediates this allosteric coupling process.

Pentameric ligand-gated ion channels mediate rapid synaptic
transmission throughout the nervous system, and include receptors
activated by ACh, y-aminobutyric acid, glycine and 5-HT (refs 3-5).
Their vital role in converting chemical recognition into an electrical
impulse makes these receptors prime loci for learning, memory and
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Figure 1 Design and structural model of receptor chimaeras. a, Schematic diagram of a
subunit composed of AChBP and 5-HT s, sequences. The amino terminus contains AChBP
(white bars and black font) and 5-HT34 sequences (loop 3132, orange; Cys-loop, green;
38—89 loop, magenta). The 5-HT3, pore domain follows, with transmembrane helices
M1-M4 (red) and the M2—M3 linker (blue). Red font indicates the start of the M1 domain.
b, Homology model of the chimaeric receptor (C3, Table 1) with key regions of one subunit
colour-coded as in a. ¢, View of the coupling zone from the pore showing the network of
binding and pore domain loops.
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disease processes, as well as targets for clinically relevant drugs.
Activation of synaptic receptors comprises three elementary steps:
agonist recognition, coupling to the ion pore and opening of the
pore. Each step has a physical counterpart, and recent X-ray
crystallographic and electron microscopic data cast considerable
light on the atomic structures of the binding' and pore counter-
parts®>. However, the structural basis for functionally coupling
binding and pore domains remains a topic of intense investi-
gation™®’.

To investigate the structural basis for functionally coupling
binding and pore domains, we generated a chimaeric receptor
composed of the ACh binding domain from acetylcholine binding
protein (AChBP) and the pore domain from the 5-HT3, receptor
(Fig. 1a). AChBP was chosen because its atomic structure is known',
and it presumably evolved without the constraint of functional
coupling to an ionic pore, whereas the 5-HT;, pore enables
expression of homo-pentameric receptors in mammalian cells®’.
After transfection of the chimaeric complementary DNA into Bosc
23 cells, robust quantities of the receptor chimaera are expressed on
the surface of the cells, as measured by a-bungarotoxin binding, and
ACh binds to the chimaera with micro-molar affinity (Table 1).
However, reliable ACh-induced currents could not be detected
using the patch clamp. We therefore reasoned that although binding
and pore domains were correctly folded, enabling expression on the
cell surface, the interface between the two domains was not
compatible, preventing inter-domain coupling.

From the known atomic coordinates of AChBP (ref. 1) and the
pore domain of the Torpedo acetylcholine receptor?, we generated a
homology model of our chimaeric receptor (Fig. 1b, ¢). Each
subunit contains an AChBP module composed of ten (-strands
and interconnecting loops, and a pore domain containing four
o-helices. The model shows three of the interconnecting loops from
the binding domain project into or near the pore domain, and the
loop connecting M2 and M3 helices of the pore domain projects
into the binding domain. We hypothesized that interplay between
these four loops is crucial for functional coupling.

To test this hypothesis, we mutated residues in AChBP to their
5-HT;, counterparts in the three loops that face the pore, thus
generating two new chimaeras designated C3 and C3L (Table 1 and
Fig. 1a); these chimaeras are identical except that C3L contains three
additional residues of the 5-HT}3, sequence substituted in the 38—39
loop. Both chimaeras express robust quantities of cell surface
receptors in Bosc 23 cells, and show a 20- to 40-fold increase in
apparent dissociation constant (K4) for ACh binding (Table 1).
Expression amounts and apparent K4 for ACh are distinct from
those of the AChBP/5-HT3, chimaera, but are similar to those of a

Table 1 Cell surface expression and ACh binding affinity of chimaeric receptors

Chimaera B1B2 Cys-loop BaBo Expression (%) ACh K4 (uM)
AChBP/5-HT3,  AChBP  AChBP AChBP 100 7.1 +£2.6(10)
C1B1-2 5-HTza  AChBP AChBP 120 * (20 (6) 7.6 +0.4(2)
C1Cys AChBP  5-HTza AChBP ND (8) NM
C188-9 AChBP  AChBP 5-HTaa 6.5+ 1.5(4) NM
C188-9L AChBP  AChBP  5-HTga(l) 3.6 =1.9(4) NM
C231-2, Cys 5-HTaa  5-HTaa AChBP ND (8) NM
C231-2,38-9 5-HTza  AChBP 5-HTsa 160 = 14 (4) 15.8 £ 1.5(1%)
C2B1-2,B88-9L  5-HTza  AChBP  5-HTsza (L) 11.0+5.0(4) NM
C2 Cys, B8-9 AChBP  5-HTga 5-HTza 8.1+1.9(4) NM
C2Cys,B8-9L  AChBP  5-HTga  5-HTaa () 4.5+2.0(4) NM
C3 5-HTaa  5-HTaa 5-HTaa 140 + 26 (6) 155 + 52 (4)
C3L 5-HTaa  5-HTaa  5-HTza (L) 190 + 30 (6) 280 = 60 (3)
alpha7/5-HTga alpha7 alpha? alpha? 350 + 32 (4) 138 + 10 (1)

C1, C2 or C3indicate chimaeras with single, double or triple loop substitutions of 5-HT34 sequence.
L indicates that 8839 linker has three additional residues of 5-HTga sequence (Fig. 1a). Expression
was measured by "?°l-a-bungarotoxin binding to intact Bosc 23 cells, and normalized relative to
that of the AChBP/5-HTs, chimaera. ACh binding was measured by competition against '2%l-o-
bungarotoxin binding, yielding the apparent K 4 from fitting the Hill equation to the data. Values are
means *s.d. and the number of determinations is in parenthesis. Asterisks indicate where
standard error of the fitted parameter is given. ND, not detectable; NM, not measurable owing to
low or undetectable expression.
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chimaera in which the ligand binding domain of the homomeric
alpha7 receptor is joined to the 5-HT54 pore domain (Table 1). On
the other hand, when residues in the three loops are substituted in
AChBP alone, the resulting soluble protein, C3Ltrunc, shows no
change in ACh affinity (AChBP, K4 = 4.6 pM; C3Ltrunc,
K4 =5.8pM), showing that residue substitution in the three
loops does not directly affect ACh binding, but rather alters affinity
by coupling between binding and pore domains. Moreover, ACh
evokes inward currents when rapidly applied to cells expressing C3
or C3L, as well as our reference receptor alpha7/5-HT;, (Fig. 2a).
Thus low affinity for ACh and functional coupling between binding
and pore domains require structural compatibility at the inter-
domain interface (Fig. 1c).

To resolve ACh-evoked currents at the level of single channels, we
noted that although unitary currents through 5-HT3, receptors are
too small to be resolved, this was overcome by neutralizing posi-
tively charged residues in the M3—-M4 linker on the cytoplasmic face
of the membrane'®. We therefore mutated these arginines to
uncharged or negatively charged residues in the chimaeras
AChBP/5-HT3;,, C3, C3L and alpha7/5-HT;, (see Methods), and
looked for ACh-evoked single-channel currents using the cell-
attached configuration of the patch clamp. ACh elicits clear-cut
single-channel activity in membrane patches from cells expressing
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Figure 2 ACh-activated currents through chimaeric receptors. a, Whole-cell currents
through alpha7/5-HTz, or C3L chimaeras (300 wM ACh). Each trace represents the
average of 4 to 8 ACh applications. Decay time constants are 12 ms (alpha7/5-HTz,) and
15ms (C3L). Holding potential, —50 mV. b, Single-channel currents through alpha7/5-
HT3, and C3L chimaeras from cell-attached patches (1 mM ACh). Chimaeras contain the
triple mutation (RRR — QDA) to increase conductance™. Currents are displayed at 9 kHz
bandwidth with channel openings as upward deflections. Membrane potential, —70mV.
¢, Open and closed duration histograms from currents in b.
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conductance-enhanced C3, C3L and alpha7/5-HT;, chimaeras
(Fig. 2b); no unitary currents could be detected for the construct
derived from AChBP/5-HT3,, despite recording from many patches
from cells in which protein expression was confirmed by the
presence of green fluorescent protein. Dwell time histograms of
the single-channel currents show that the alpha7/5-HT;, and C3
chimaeras open and close with distinct kinetics (Fig. 2¢), as might
be expected from their different ligand binding domains.

Although the modular composition of our chimaeric receptors
accounts for distinct kinetics of pore opening and closing, flow of
ions through the pore of each chimaera should be similar®. To test
this hypothesis, we measured amplitudes of ACh-evoked single-
channel currents over a range of membrane potentials. Highly
similar slope conductances are observed for conductance-enhanced
versions of alpha7/5-HT;,, C3 and C3L, and moderate inward
rectification is observed for each, as expected from their common
pore domain (Fig. 3).

Our results show functional coupling when amino-acid
sequences in all three loops from AChBP are changed to their
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Figure 3 ACh-activated single-channel currents through chimaeric receptors at different
membrane potentials. a, Unitary currents activated by 1 mM ACh (left) and corresponding
amplitude histograms (right) are shown for each chimaeric receptor at the indicated
membrane potentials. Bars indicate means = s.d. b, Current—voltage relationships for
alpha7/5-HT3, (open circles), C3 (closed circles) and C3L (open squares) containing the
triple mutation (RRR — QDA). Each point represents the mean =+ s.d. from three
different patches. Data were fitted by linear regression. Inward and outward slope
conductances are: alpha7/5-HT3, (RRR — QDA), 99 and 57 pS; C3 (RRR — QDA), 91
and 50 pS; and C3L (RRR — QDA), 98 and 43 pS.

NATURE | VOL 430 | 19 AUGUST 2004 | www.nature.com/nature




5-HT;, counterparts. To determine whether changes in all three
loops are required, we generated chimaeras in which only one or
two loops in the AChBP module are changed to 5-HT;, sequence,
and measured cell surface expression and apparent affinity for ACh
(Table 1). Single loop substitutions of either the signature Cys-loop
or the 38—39 linker yielded undetectable or very low expression on
the cell surface, suggesting impaired protein folding due to incom-
patibility within the binding domain or between binding and pore
domains. For chimaeras showing undetectable expression on the
cell surface, a-bungarotoxin binding to cells made permeable with
saponin was also not detectable (data not shown), suggesting
impaired folding rather than defective receptor trafficking. Substi-
tution of the 81-32 linker alone afforded expression of cell-surface
receptors similar to AChBP/5-HT;,, but affinity for ACh was
unaltered, unlike the functionally coupled C3 and C3L chimaeras,
which showed large increases in apparent K4 (Table 1). Conversion
of this single-loop chimaera to the conductance-enhanced version,
as described for C3 and C3L, afforded robust expression on the cell
surface, but no ACh-evoked unitary currents could be detected from
cells in which protein expression was confirmed. Four of five of the
combinations of double loop substitutions yielded either undetect-
able or very low expression on the cell surface. The exception to this
is the double-loop construct containing 5-HT5, sequences in the
B1-82 and 38—f9 linkers, which shows robust expression. However,
this construct shows only a twofold increase in apparent K4 for
ACh, distinct from the large increases observed for the functionally
coupled C3 and C3L chimaeras (Table 1), and no ACh-evoked single
channel currents could be detected from cells expressing the con-
ductance-enhanced version. Thus all three loops from AChBP have
to be changed to their 5-HT;, counterparts to produce high
expression on the cell surface, low affinity for ACh and functional
coupling between binding and pore domains.

The collective findings show a synergistic interplay between three
loops from the binding domain and the M2-M3 loop from the pore
domain, which is required for efficient expression, shift to low
affinity for ACh and opening of the ion pore. Interplay between
these loops couples the conformational change at the agonist
binding site to the ion pore, and conversely, couples the functional
state of the pore to the binding site. Thus the four loops within the
coupling zone mediate a bi-directional allosteric interaction
between the agonist binding site and distal ion pore.

The chimaeras with compatible inter-domain loops, C3 and C3L,
activate in response to ACh and desensitize in its continued
presence (Fig. 2), and both active and desensitized states are
expected to bind the agonist with high affinity’. However, efficient
activation requires low affinity of the resting compared with active
and desensitized states'', as well as predominance of the resting state
in the absence of ACh. Our steady-state ACh binding measurements
reflect the dynamic equilibrium between resting, active and desen-
sitized states. The chimaera with an unmodified AChBP module
shows high affinity compared to C3 and C3L chimaeras, but does
not show ACh-evoked currents, suggesting its dynamic equilibrium
is biased towards the high affinity desensitized state’. This bias could
arise from significant accumulation of the desensitized state in the
absence of ACh, and complete accumulation in its presence. On the
other hand, the C3 and C3L chimaeras show low affinity for ACh,
suggesting that although they desensitize, their dynamic equilib-
rium is sufficiently biased towards the low affinity resting state to
enable activation by ACh.

Our structural model places the four inter-domain loops proxi-
mal to each other, and suggests interactions between particular
loops within the subunit as well as between subunits (Fig. 1b, c).
Although precise inter-residue contacts require further experimen-
tal testing, several general conclusions can be drawn about inter-
loop interactions. First, the interplay between binding domain
loops occurs through direct or indirect contact among all three
loops within the subunit. While the 31-82 and Cys-loops make
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direct contact, the 38-89 loop contacts the Cys-loop indirectly
through the intervening strand 10, and projects its side chains into
the hydrophobic core of the subunit, impinging upon core side
chains from the 81832, Cys- and M2-M3 loops (Fig. lc and
Supplementary Information). Furthermore, the 81-32 loop from
each subunit contacts the 3839 loop from the adjacent subunit
(Fig. 1b). Second, the interplay between loops from the binding and
pore domains has striking implications for functional coupling. The
binding domain loops 3132 and Cys-loop straddle opposite sides
of the M2-M3 linker from the pore domain (Fig. 1¢), suggesting a
twisting motion during coupling that in turn twists the pore-lining
M2 domain' to allow flow of cations. This twisting motion is
probably initiated by motions in parts of the binding domain distal
to this region'’, including perturbations due to ACh in the binding
pocket and shearing of contacts at subunit interfaces. Additional
parts of the pore domain may also contribute to coupling, such as
the beginning of the M1 domain, which contacts the Cys-loop.
Third, structural compatibility among the four inter-domain loops
is likely to be a general requirement for allosteric coupling in
rapidly-gated synaptic receptors. Finally, AChBP has the capacity
for conformational change upon ACh binding that triggers opening
of an ion pore, showing its utility beyond that of a structural
surrogate for the ligand binding domain of the Cys-loop receptor
superfamily.

Methods

Construction of chimaeric AChBP/5-HT3, subunits

The cDNA encoding AChBP (ref. 14) was subcloned into the cytomegalovirus-based
expression vector pRBG4 (ref. 15), and contained the alpha7 signal sequence'®. The pore
domain from the rat 5-HT’ 5 receptor was joined to AChBP by bridging a BsiWI restriction
site at the 3" end of AChBP and a mutagenically-installed Kasl site just 5 from nucleotides
encoding the M1 domain of the rat 5-HT;, receptor, using synthetic double-stranded
oligonucleotides'”. The amino-acid sequence at the M1 junction is shown in Fig. la.
Conversion of AChBP to 5-HT5, sequence was performed by successive cycles of the
QuikChange Site-Directed Mutagenesis kit (Stratagene). To increase unitary conductance
for single-channel recordings, we mutated three arginine residues responsible for the
low conductance of the 5-HTs, receptors' as follows: R432Q, R436D and R440A. All
mutant and chimaeric subunits were confirmed by restriction enzyme analysis and
sequencing.

Expression of chimaeric receptors

Bosc 23 cells'® were transfected with the subunit cDNAs using calcium phosphate
precipitation, as described previously'. A plasmid encoding green fluorescent protein
(pGreen lantern) was included to identify transfected cells under fluorescence optics. Cells
were studied 2-3 days after transfection.

ACh binding measurements

The number of [lzsl]a—bungarotoxin sites on the cell surface of transfected cells and ACh
competition against the initial rate of ['*’IJa-bungarotoxin were determined as previously
described". ACh binding to water-soluble AChBP and C3Ltrunc was determined as
described'®. Nonspecific binding was determined in the presence of 500 pM
D-tubocurarine. The Hill equation was fitted to the competition measurements to yield
the apparent dissociation constant, K4 and the Hill coefficient. To measure binding of
a-bungarotoxin to intracellular complexes, cells were first made permeable with 0.5%
saponin (w/v) (ref. 20).

Single-channel recording

Recordings were obtained in the cell-attached configuration at 20 °C. Extracellular and
pipette solutions contained 142 mM KCl, 5.4 mM NaCl, 0.2 mM CaCl, and 10 mM HEPES
(pH 7.4). Single-channel currents were recorded using an Axopatch 200B patch-clamp
amplifier (Axon Instruments, Inc.), digitized at 5 ps intervals with the PCI-6111E interface
(National Instruments), recorded to hard disc using the program Acquire (Bruxton
Corporation) and detected by the half-amplitude threshold criterion using the program
TAC (Bruxton Corporation) at a final bandwidth of 10 kHz (ref. 21). Open and closed
time histograms were plotted using a logarithmic abscissa and a square-root ordinate™
and fitted to the sum of exponentials by maximum likelihood.

Macroscopic current recording

Macroscopic currents were recorded in the whole-cell configuration® using a perfusion
system that allowed rapid (0.1-1 ms) solution exchange?*. The pipette solution
contained 140 mM KCI, 5mM EGTA, 5 mM MgCl, and 10 mM HEPES, pH 7.3.
Extracellular solution contained 150 mM NaCl, 5.6 mM KCl, 0.2 mM CaCl, and 10 mM
HEPES, pH 7.4. A series of 200-400 ms applications of ACh was applied to each cell.
Macroscopic currents were filtered at 5 kHz, digitized at 20 kHz and analysed using
IgorPro software (WaveMetrics Inc.). The following exponential function was fitted to
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average currents from four to eight ACh applications: I ;) = Iy exp(—t/7q) + I where I
and I, are the peak and the steady state currents, respectively, and 74 is the time constant
of current decay.

Homology modelling

A homology model of our receptor chimaera (Fig. 1b, ¢) was generated using version 6.0 of
the program MODELER?, together with spatial restraints provided by AChBP' and
Torpedo acetylcholine receptor pore domain® structures, as described”. Briefly, we aligned
by homology the sequence of the chimaera C3 (Fig. 1a) with that of AChBP fused to the
pore domain of the Torpedo receptor; the A subunit from AChBP was joined to the pore
domain of the alpha; subunit, B to gamma, C to alpha,, D to delta and E to beta. To
maintain complementarity between subunits at their interfaces, all five subunits were
modelled simultaneously. We used the ‘patch’ command in MODELER to constrain
coordinates of cystines 128 and 142, which form a disulphide bond in each subunit.
Among several options in MODELER, we selected the ‘refinel mode’, which generates the
highest level of refinement using conjugate gradients coupled with simulated annealing
and molecular dynamics. Modelling included all polar hydrogens to allow for main chain
hydrogen bonding, but omitted non-polar hydrogens.
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The discovery of artemisinin more than 30 years ago provided a
completely new antimalarial structural prototype; that is, a
molecule with a pharmacophoric peroxide bond in a unique
1,2,4-trioxane heterocycle'. Available evidence** suggests
that artemisinin and related peroxidic antimalarial drugs exert
their parasiticidal activity subsequent to reductive activation by
haem, released as a result of haemoglobin digestion by the
malaria-causing parasite. This irreversible redox reaction pro-
duces carbon-centred free radicals, leading to alkylation of haem®
and proteins (enzymes)®, one of which—the sarcoplasmic-
endoplasmic reticulum ATPase PfATP6 (ref. 7)—may be critical
to parasite survival. Notably, there is no evidence of drug
resistance to any member of the artemisinin family of drugs®.
The chemotherapy of malaria has benefited greatly from the
semi-synthetic artemisinins artemether and artesunate as they
rapidly reduce parasite burden, have good therapeutic indices
and provide for successful treatment outcomes’. However, as
a drug class, the artemisinins suffer from chemical'® (semi-
synthetic availability, purity and cost), biopharmaceutical''
(poor bioavailability and limiting pharmacokinetics) and treat-
ment®'"" (non-compliance with long treatment regimens and
recrudescence) issues that limit their therapeutic potential.
Here we describe how a synthetic peroxide antimalarial drug
development candidate was identified in a collaborative drug
discovery project.

The drug discovery process relied on prospective multidimen-
sional lead optimization made possible by rapid and iterative
integration of antimalarial, physicochemical, metabolism, pharma-
cokinetic and toxicity data that guided the medicinal chemistry. In
comparison to the semi-synthetic artemisinins (Fig. 1a), the
selected 1,2,4-trioxolane drug development candidate (trioxolane
7; also known as OZ277 or RBx-11160, Fig. le) exhibits structural
simplicity, an economically feasible and scalable synthesis, superior
antimalarial activity and an improved biopharmaceutical profile. It
has progressed through formal pre-clinical regulatory studies, and
will be advanced into ‘first-in-man’ clinical studies during 2004.

The essential characteristics for a new trioxolane antimalarial
drug product were identified early in the discovery process to guide
compound progression, and they ultimately led to selection of a
development candidate. Key features included low product costs
requiring a straightforward synthesis and simple formulation
approaches, a maximum 3-day treatment regimen with once-daily
administration necessitating good potency and pharmacokinetic
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