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5.2 Definitions 

Malaria control: reducing the malaria disease burden to a level 
at which it is no longer a public health problem.

Malaria elimination: the interruption of local mosquito-borne 
malaria transmission; reduction to zero of the incidence of infection 
caused by human malaria parasites in a de!ned geographical area 
as a result of deliberate e"orts; continued measures to prevent re- 
establishment of transmission are required.

Certification of malaria elimination: can be granted by WHO 
after it has been proven beyond reasonable doubt that the chain of 
local human malaria transmission by Anopheles mosquitoes has been 
fully interrupted in an entire country for at least 3 consecutive years.

Malaria eradication: permanent reduction to zero of the 
worldwide incidence of infection caused by a speci!c agent; applies 
to a particular malaria parasite species. Intervention measures are no 
longer needed once eradication has been achieved.

5.3 WHO position on malaria elimination (4)

1. With rapid scale-up and sustained e"orts, major reductions in 
malaria morbidity and mortality can be made in all epidemio-
logical situations within a relatively short time. Malaria transmis-
sion can be interrupted in low-transmission settings and greatly 
reduced in many areas of high transmission. Global eradication 
cannot, however, be expected with existing tools. 

2. Failure to sustain malaria control and the resulting resurgence of 
malaria, as has happened in the past, must be avoided at all costs. 
Therefore, public and government interest in intensi!ed malaria 
control and elimination must be sustained, even when the malaria 
burden has been greatly reduced.

3. Countries in areas of low, unstable transmission should be encour-
aged to proceed to malaria elimination. Before making this 
decision, however, they should assess its feasibility and take into 
account the malaria situation in neighbouring countries. Malaria 
elimination might require cross-border initiatives and regional 
support and will require strong political commitment.

4. In areas of high, stable transmission, where a marked reduction 
in malaria transmission has been achieved, a “consolidation 
period” should be introduced, in which: i) control achievements 
are sustained, even in the face of limited disease; ii) health services 
adapt to the new clinical and epidemiological situation with a 
lower case load and reduced levels of immunity; and iii) surveil-
lance systems are strengthened to allow rapid response to new 
cases. This transformation phase precedes a decision to reorient 
programmes towards elimination.

5. Complete interruption of malaria transmission is likely to require 
additional, novel tools, especially in high-transmission situations. 

6. Because malaria control today relies heavily on a limited number 
of tools, in particular artemisinin derivatives and pyrethroids, 
which could be lost to resistance at any time, the development 
of new tools for vector control and other preventive measures, 
diagnosis, treatment and surveillance must be a priority.

Figure 5.2  Malaria-free countries and malaria-endemic countries in phases of control*, pre-elimination, elimination and prevention  
of reintroduction, end 2008
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FIG. 10. Spectrophotometric  characterization of native  and 
DFMO-inactivated recombinant mouse ODC. A,  time  course of 
the spectral  changes  exhibited by purified  recombinant  mouse ODC 
holoenzyme (5 p~ in  buffer A, pH 7.5) after the addition of 100 ~ L M  

DFMO. The various  curves  were obtained at 23 “C at the times  (in 
min) indicated. B, comparison of the holo- and apoenzyme forms of 
native  and  DFMO-inactivated  recombinant mouse  ODC. Incubation 
of  ODC  with  DFMO  was  carried out for 1 h at 37 “C before spectra 
were taken. ODC  apoenzyme  was prepared as described  under “Ex- 
perimental  Procedures.”  Results for the holo- and apoenzyme  forms 
were  obtained  using an enzyme concentration of 5.0 and 3.7 p ~ ,  

respectively, at 23 “C in  buffer A (pH 7.5). C, effect of NaBH, 
reduction on the absorption  characteristics of DFMO-inactivated 
mouse  ODC  holoenzyme. The  spectra were obtained at 22 “C before 
and after a 2-h  incubation of the purified enzyme (100 p ~ )  with 1 
mg/ml  NaBH,  in  buffer A. 

The  peak  at 410-430 nm  characteristically reflects the  ab- 
sorption of the charged  aldimine (ketoenamine  form) between 
PLP  and  the lysine  residue on the enzyme. The  pure enzyme 
has  also  an  absorbance maximum a t  277-278 nm; an  extinc- 
tion coefficient  value of 10.1 was  calculated at X = 278 nm 
(0.1% ODC (w/v) in buffer  A after  NaBH, reduction; results 
not  shown). Upon addition of a 20-fold molar  excess of 
DFMO, the  peak  at 418 nm decreased progressively while the 
absorbance at  339 nm  dropped suddenly in  the  first 3 min 
after  the  addition of the  inhibitor  and  then slowly underwent 
a  secondary increase  thereafter (Fig. 10A).The A339/A418 ratio 
increased approximately 1.8-fold (from 1.3-1.6 to 2.3-3.0) 
after complete  enzyme inactivation by DFMO,  although  the 

(major) 
PY ?-Lysm@ 

PY = H& ““)y OPO, - 

H 

final A 3 3 9  value was lower than  that  found  in  unreacted ODC 
(Fig. 10, A and B ) .  An inverse relationship between the 
absorbances at these two maxima has been  described  for the 
PLP-dependent  histidine decarboxylase  from Morganella 
morganii upon  its  inactivation by  2-fluoromethylhistidine (36, 
44). However, in  the  latter case there was no initial decrease 
of the  absorbance at the lower wavelength. As found  with 
bacterial ODCs (16, 49), recombinant mouse ODC holoen- 
zyme was readily (160  min) resolved by the  addition of L- 
cysteine in a phosphate buffer, and  prior  inactivation with 
DFMO showed no protection  in  that respect (Fig. 10B). 

Reduction of DFMO-inactivated mouse ODC with NaBH, 
entailed  the complete disappearance of the  absorption maxi- 
mum at 418 nm  and a shift of the  absorbance maximum  from 
339 to 331 nm (Fig. lOC), reflecting  mostly the reduction of 
an  internal pyridoxylidene imine between Lys-69 and  PLP. 
An identical  change was observed upon  NaBH, reduction of 
the  native holoenzyme (data  not  shown).  The  spectrum of the 
NaBH4-reduced enzyme was unaffected by dialysis as well as 
by treatment with L-cysteine in  phosphate buffer (data  not 
shown). Taken  together,  these  results  are  consistent with 
PLP being bound  to  the  DFMO-inactivated enzyme in  the 
form of an  uncharged Schiff base  or  an  internal  aldimine 
which can be easily cleaved out by the  competing  formation 
of the thiazolidine  between  L-cysteine and  PLP. 

DISCUSSION 

Although a detailed understanding of the active site of ODC 
will require knowledge of the  three-dimensional  structure,  the 
present  results provide  considerable information on key re- 
gions of the  protein.  The Lys-69 found  to  bind  PLP  is found 
in all  known  eukaryotic ODC sequences and  is  contained 
within a heptapeptide, -PFYAVKC-,  which is conserved in 
all of these ODCs (4-13),’ suggesting that  it  is  an  essential 
part of the active  site. The sequence  differs  completely from 
that of the  peptide forming the cofactor  binding site of the E. 
coli ODCs, which is -QSVHKQ- (14, 15).  There is also no 
similarity  with  the  apparent  consensus sequence  for PLP 
binding  sites of several  decarboxylases and  other  PLP-de- 
pendent enzymes, which is -SXHK- (21). It  has been  sug- 
gested that  the  histidine  in  this sequence  helps to  bind  the 
PLP by forming  an ionic interaction  with  the  phosphate group 
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Figure 1 Polyamine biosynthetic pathways and polyamine transporters of trypanosomatid and apicomplexan parasites compared with those of their human
host

The parasites as well as their vectors are depicted. T. brucei is transmitted by tsetse flies and T. cruzi is transmitted by kissing bugs. These trypanosomatids cause sleeping sickness and Chagas’

COLOUR

disease respectively. Leishmania spp. are transmitted by sandflies, whereas malaria-causing Plasmodium parasites are transmitted by Anopheles mosquitoes. Cell membrane transporters (cylinders)
are sized roughly in proportion to their efficiencies. All images are in the public domain with photo images credited to the CDC Public Health Image Library (http://phil.cdc.gov/phil/) and the human
body image to Wikimedia commons (http://commons.wikimedia.org/). Cad, cadaverine; homoT(SH)2, homotrypanothione; Put, putrescine; ROS: reactive oxygen species; Spd, spermidine; Spm,
spermine.

the Lys69 residue in the N-terminal domain. In the C-terminal
domain of the second subunit, the Cys360 residue plays an essential
role in ensuring correct protonation of an intermediate in the
decarboxylation reaction (Figure 2A).

Human AdoMetDC is synthesized as a pro-enzyme, which
undergoes an autocatalytic internal serinolysis reaction [7,8]. This
reaction generates the two subunits (α and β), as well as the active
site pyruvoyl group, which is involved in the decarboxylation
process. Human AdoMetDC is a homodimer with two individual
active sites and two putrescine-binding sites (Figure 2B).

Both of the human aminopropyltransferases SpdS and SpmS
exist as dimers of two identical subunits. Neither of the enzymes
requires a cofactor for catalytic activity. SpdS and SpmS are highly
specific for putrescine and spermidine respectively, as the amine
acceptor for an aminopropyl group from dcAdoMet [15,16]. The
active sites of the two enzymes are similar, but differ in the
sizes of their amine substrate-binding pockets [15,16]. In SpdS
(Figure 2C) [15], as well as in SpmS [16], a flexible gate-keeping
loop keeps the substrate (putrescine or spermidine) in the correct
position for subsequent catalysis and opens to release the product
(Figure 2C).

AFRICAN SLEEPING SICKNESS

African sleeping sickness (African trypanosomiasis) is a fatal
disease caused by infection with two of three subspecies of T.
brucei. The disease is endemic in sub-Saharan Africa in areas

populated by the tsetse fly (genus Glossina), which transmit the
parasites with their bite. It is estimated that 70000–80000 people
are infected and that about 30000 deaths from the disease occur
annually [17]. The disease progresses from a haemolymphatic
stage to a meningoencephalitic stage. More than 90% of the
reported cases of African sleeping sickness are caused by T.
b. gambiense [18]. This subspecies is responsible for the more
chronic disease, occurring in the central and western regions,
whereas T. b. rhodesiense causes the more acute disease and
is encountered in the eastern and southern regions of Africa.
A third subspecies, T. b. brucei, and several other species
(Trypanosoma congolense, Trypanosoma vivax, Trypanosoma
suis and Trypanosoma simiae) cause nagana, a wasting disease
among domestic animals. T. b. brucei is non-pathogenic to
humans, and serves as a model organism for drug discovery.

Despite the death toll and the heavy burden of illness, there is an
acute lack of satisfactory drugs against African sleeping sickness
since all of the drugs in use suffer from serious limitations. These
include a lack of selectivity against the parasite, excessive host
toxicity, emerging drug resistance, requirement for parenteral
administration, limited availability and high cost of treatment.

Polyamine metabolism as drug target in T. brucei

Putrescine and spermidine are synthesized in T. brucei parasites
by ODC, AdoMetDC and SpdS (Figure 1). However, SpmS
is missing in T. brucei as well as in the other parasites
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difluoromethylornithine (DFMO, Ornidyl) than the human homologue!
Nonetheless, the better a target adheres to the above criteria, the more like-
ly a pharmaceutical company can be persuaded to consider investing time
and energy into a drug discovery programme.

2.1. Target discovery
In the pre-genomic era, potential antimicrobial drug targets were identified
through basic research (e.g. comparative biochemistry or molecular biology)
or applied research (e.g. drug mode of action or drug resistance). In the
emerging post-genomic era, these classical biochemical and molecular genet-
ic methods are now being augmented with 'database mining' using bioinfor-
mat ic techniques such as comparat ive genomics, proteomics and
metabolomics (Figure 1). Database mining of the Plasmodium falciparum
genome project has been particularly fruitful with the identification of the
DOXP pathway (isoprenoid biosynthesis)4 and, within the apicoplast, riboso-
mal protein synthesis5,7 and type I I fatty acid biosynthesis8,9 as potential
chemotherapeutic targets. These and other areas of parasite biochemistry
and molecular biology are now under active investigation to fully charac-
terise key components both structurally and mechanistically and to compare
them with the isofunctional components of the host for metabolic, mecha-
nistic or structural evidence for potentially exploitable differences.

Figure 1. Key steps in the identification of novel drug targets and lead inhibitors.

It should be noted that database mining is a useful adjunct to existing tools,
but is unlikely to completely supplant traditional methods of target discov-
ery in the immediate future. Bioinformatics cannot readily predict non-pro-
tein targets such as complex carbohydrate structures (e.g. bacterial cell wall
as the target for penicillin), membrane lipids (e.g. amphotericin) or detoxifi-
cation mechanisms such as haem incorporation into haemozoin (e.g. chloro-
quine and artemisinin); neither can it predict the functions of enzymes asso-
ciated with unique metabolic pathways (e.g. ovothiol10 or trypanothione 11).
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Figure 2. Overview of the P. falciparum IDC Transcriptome

(A) A phaseogram of the IDC transcriptome was created by ordering the transcriptional profiles for 2,712 genes by phase of expression along the
y-axis. The characteristic stages of intraerythrocytic parasite morphology are shown on the left, aligned with the corresponding phase of peak
gene expression.
(B–M) The temporal ordering of biochemical processes and functions is shown on the right. Each graph corresponds to the average expression
profile for the genes in each set and the mean peak-to-trough amplitude is shown in parentheses.
DOI: 10.1371/journal.pbio.0000005.g002
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Cy3.5 NHS esters. 

Fig 29. Structure of  Cy3 NHS ester 
(3 carbon bridge) and Cy5 NHS ester 
(5 carbon bridge ). 
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Amersham Biosciences has developed CyScribe™ Post-Labelling Kit 
(see section 6.14) for this method. In this method, amine-modified cDNA
is first synthesized by incorporating aminoallyl-modified nucleotide in
first-strand cDNA by a reverse transcriptase. After removal of RNA
template and purification of the amine-modified cDNA, chemical
labelling with N-hydroxyl succinimidyl-ester derivative of CyDye is
performed. NHS-esters react with amine groups to form a covalent 
bond between CyDye and the amine group while the NHS-ester group 
is released (Fig 38). A high excess of CyDye NHS-ester is required for
efficient reaction, and any non-reacted label is neutralized with an 
excess of small amine such as hydroxylamine. The cDNA needs to be 
re-purified after labelling to remove CyDye that is not incorporated 
into labelled cDNA.
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Fig 38. The use of CyDye NHS-ester in
labelling amine-modified cDNA
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A

Number of 
clones

PlasmoDB ID PlasmoDB annotation (additional annotation)
Early trophozoites: 
fold upregulated

Late trophozoites: fold 
upregulated

Normal IDC transcript 
expression profile 

Maximum :: minimum 
expression (hpi)

Noteworthy 
characteristics

GO term: Function GO term: Process

1 PFF0435w Ornithine aminotransferase ND 1.5 18 :: 53 PLP Ornithine-oxo-acid transaminase activity Ornithine metabolism

1 PF07_0029 Heat shock protein 86 ND 1.5 18 :: 53 LCR; HSP90; ATPase; 
MC

No GO terms Response to unfolded protein  / response to heat

2 MAL7P1.228 Heat shock 70 kDa protein ND 2 No results SP; LCR; HSP70; AL No GO terms None

1 PF08_0054 Heat shock 70 kDa protein ND 5 19/16 :: 47/53 LCR; HSP70; AL; MC No GO terms Response to unfolded protein  / response to heat

1 PF11_0351 Heat shock protein hsp70 homologue ND 3 19 :: 49 LCR; HSP70; AL; 
CPDNAk; MC

No GO terms Response to unfolded protein  / response to heat

1 PF11_0111 Asparagine-rich antigen ND 2 16/14/23 :: 53/53/16 LCR; GETHR; RNAbr; 
EF

No GO terms No GO terms

1 PF13_0011 P. falciparum  gamete antigen 27/25 ND 1.5 49 :: 17 Pfg27 Molecular function unknown Biological process unknown

1 PF13_0065 Vacuolar ATP synthase catalytic subunit a ND 2 42 :: 53 VATPase; AS No GO terms Vacuolar acidification / ATP hydrolysis coupled 
proton transport

1 PF13_0218 Putative ABC transporter ND 1.5 32 :: 12 4 TM; LCR; PEXEL; 
ABC

ATPase activity, coupled to transmembrane 
movement of substances

Transport

1 PF13_0350 Putative signal recognition particle receptor alpha subunit ND 2 No results LCR; SRP Signal recognition particle binding / GTP binding No GO terms
1 PF14_0425 Fructose-bisphosphate aldolase ND 3 53 :: 43 LCR; FA; MC Fructose-bisphosphate aldolase activity Glycolysis/ gluconeogenesis

1 PFL1125w Putative phospholipid-transporting ATPase ND 1.5 11 :: 53 10 TM; LCR; PATPase Phospholipid-translocating ATPase activity / ATP 
binding

Aminophospholipid transport

1 PF11_0174 Dipeptidyl aminopeptidase 1 ND 2 17 :: 44 SP; 1 TM; LCR; CP No GO terms No GO terms
1 MAL13P1.295 Hypothetical P. falciparum  protein ND 2 27 :: 53 LCR No GO terms No GO terms

1 MAL8P1.139 Hypothetical P. falciparum protein ND 2 37/42/35/46/42/45 :: 
53/53/10/53/53/53

8 TM; LCR; WD; RGD; 
DAG

No GO terms No GO terms

1 PF10_0204 Hypothetical P. falciparum  protein ND 2 47 :: 16 NZP No GO terms No GO terms
1 PFA0255c Hypothetical P. falciparum  protein ND 7 27 :: 7 LCR No GO terms No GO terms
1 MAL13P1.249 Hypothetical P. falciparum  protein ND 2 32/47 :: 53/53 2 TM; LCR No GO terms No GO terms
1 MAL8P1.141 Hypothetical P. falciparum  protein ND 1.5 8/13 :: 37/32 LCR No GO terms No GO terms

1 PF11_0347 Hypothetical P. falciparum  protein ND 15 15/11 :: 31/32 LCR; FHA; RNAbr; 
GETHR

No GO terms No GO terms

1 MAL7P1.170 Ring stage expressed protein 4 2 53 :: 36 LCR; PEXEL; ARM No GO terms No GO terms
1 MAL7P1.228 Heat Shock 70 KDa Protein NS 3 No results SP; LCR; HSP70; AL No GO terms No GO terms

1 PF08_0019 Putative guanine nucleotide-binding protein (RACK receptor) 3 NS 16 :: 47 WD; MC Protein kinase C binding G-protein coupled receptor protein signaling 
pathway

1 PF10_0380 Putative trophozoite antigen R45 (FIKK - kinase) 6 7 14 :: 51 LCR; PEXEL; PKL Protein kinase activity Protein amino acid phosphorylation

3 PF11_0224 Circumsporozoite-related antigen (Exp-1 / antigen 5.1) 6 5 53 :: 42 SP; 1 TM; LCR; CRA; 
MC

Molecular function unknown Biological process unknown

1 PF14_0078 HAP protein 2 NS 18 :: 46 1 TM; ASP Aspartic-type endopeptidase activity Biological process unknown
2 PF14_0231 Putative ribosomal protein L7a 4 3 21 :: 47 LCR; RL7 Structural constituent of ribosome Protein biosynthesis
1 PF14_0579 Putative ribosomal protein L27 6 5 14 :: 47 LCR; RL27 Structural constituent of ribosome Protein biosynthesis
1 PFE0350c Putative 60S ribosomal subunit protein L4/L1 3 NS 16 :: 53 LCR; RL4 RNA binding / structural constituent of ribosome Protein biosynthesis
4 PF14_0678 Exported protein 2 5 5 18/18 :: 46/45 SP; LCR; MC Molecular function unknown Biological process unknown

5 PFE1590w Early transcribed membrane protein (ETRAMP 5) 2 4 16 :: 53 SP; 1 TM; LCR; 
ETRAMP; MC

No GO terms No GO terms

2 PFF0435w Ornithine aminotransferase 3 4 18 :: 53 PLP Ornithine-oxo-acid transaminase activity Ornithine metabolism
1 PF10_0121 Hypoxanthine phosphoribosyltransferase 4 4 18 :: 49 PRT; MC Hypoxanthine phosphoribosyltransferase activity Purine ribonucleoside salvage
1 PFF1095w Putative leucyl-tRNA synthetase cytoplasmic 2 NS 14/20/24 :: 53/53/53 LCR; ABD; ATS Leucine-tRNA ligase activity Leucyl-tRNA aminoacylation

1 MAL13P1.283 Putative TCP-1/cpn60 chaperonin family 2 NS 17 :: 47 TCP ATPase activity, coupled / unfolded protein binding Protein folding

1 MAL8P1.40 Putative RNA-binding protein 4 3 17/17 :: 44/47 LCR; RNAbr; WW RNA binding Regulation of translation
11 PFI1735c Hypothetical P. falciparum  protein (ring exported protein - REX) 9 4 11 :: 36 1 TM; LCR; MC No GO terms No GO terms
1 PF14_0016 Hypothetical P. falciparum  protein (ETRAMP 14.1 / Sep14) 3 2 53 :: 34 SP; 2 TM; LCR; MC Molecular function unknown Biological process unknown
1 PFL0050c Hypothetical P. falciparum  protein 4 4 18 :: 48 LCR; PEXEL; MC No GO terms No GO terms
1 PFF0090w Hypothetical P. falciparum  protein 4 3 No oligos 1 TM; LCR No GO terms No GO terms
1 PF14_0344 Hypothetical P. falciparum  protein 4 NS 53 :: 33 SP; LCR; EF No GO terms No GO terms
1 PF14_0045 Hypothetical P. falciparum  protein NS 4 53 :: 34 SP; 1 TM; LCR Molecular function unknown Biological process unknown
1 PFB0194w Conserved hypothetical P. falciparum  protein 3 2 53/53/53 :: 30/31/27 SP; 1 TM; LCR; AP Molecular function unknown Biological process unknown

Table 1  Identification of differentially expressed transcripts. (A) Transcripts that were upregulated in the absence of the polyamines and (B) Transcripts that were downregulated in the absence of polyamines. 
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Number of 
clones

PlasmoDB ID PlasmoDB annotation (additional annotation)
Early trophozoites: 
fold downregulated

Late trophozoites: fold 
downregulated

Normal IDC transcript 
expression profile 

Maximum :: minimum 
expression (hpi)

Noteworthy 
characteristics

GO term: Function GO term: Process

1 MAL13P1.60 Erythrocyte binding antigen 140 ND 7 49/50 :: 26/25 SP; 1 TM; LCR; DBL Molecular function unknown Biological process unknown

1 PF10_0203 ADP ribosylation factor ND 9 43 :: 14 SAR; Arf; Ras GTP binding Protein amino acid ADP-ribosylation / intracellular 
protein transport 

1 PF14_0102 Rhoptry-associated protein 1 ND 10 47/47 :: 21/20 SP; LCR; RAP Molecular function unknown Biological process unknown
2 PFB0340c Putative cysteine protease (SERA 4) ND 26 44 :: 17 LCR; CP; MC Cysteine-type peptidase activity Proteolysis
1 PFB0935w Cytoadherence linked asexual protein 2 ND 5 47/47 :: 19/16 SP; LCR; CLAG Cell adhesion molecule binding Cytoadherence to microvasculature

1 PFD0020c Erythrocyte membrane protein 1 ND 16 47/7 :: 53/53 LCR; DBL Cell adhesion molecule binding Cell-cell adhesion / rosetting / antigenic variation / 
cytoadherence to microvasculature

1 PFD0255w ag-1 blood stage membrane protein homologue ND 8 47/47/47/47 :: 
16/18/17/16

LCR; C2 No GO terms No GO terms

2 PFI0265c Putative rhoptry protein (RhopH3) ND 22 47/47/47 :: 19/19/20 SP; LCR; MC No GO terms No GO terms

1 PFI1475w Merozoite surface protein 1 precursor ND 8 48/47/47/47 :: 
20/19/19/19

SP; 1 TM; LCR; EGF No GO terms No GO terms

1 MAL8P1.310 Putative senescence-associated protein ND 12 No results None No GO terms No GO terms
2 PFI1445w Hypothetical P.falciparum  protein (RhopH2) ND 9 47/46/47 :: 18/18/18 SP; LCR No GO terms No GO terms
1 PF11_0278 Hypothetical P.falciparum  protein ND 2 48 :: 26 2 TM; LCR; AP Molecular function unknown Biological process unknown
1 PFD1145c Hypothetical P.falciparum  protein (Rhoptry neck protein, Rh5) ND 6 52/52 :: 24/25 LCR No GO terms No GO terms
1 PFB0475c Hypothetical P.falciparum  protein ND 5 50/50 :: 26/25 SP; LCR; C2 No GO terms No GO terms
1 PF11_0513 Hypothetical P.falciparum  protein ND 18 53 :: 30 LCR; HSP No GO terms No GO terms

1 PF14_0260 Hypothetical P.falciparum  protein (Drug:H+ Antiporter-1 family 
(metabolite / drug transporter))

ND 10 12 :: 27 12 TM; LCR; MFS Molecular function unknown Biological process unknown

1 MAL13P1.308 Hypothetical P.falciparum  protein ND 7 48 :: 19 LCR; ARM; EF No GO terms No GO terms

1 PF10_0351 Hypothetical P.falciparum  protein (Peripheral surface or 
parasitophorous vacuole (H103))

ND 22 49 :: 23 SP; LCR; PR No GO terms No GO terms

1 MAL13P1.435 Conserved hypothetical P.falciparum  protein ND 32 No results None No GO terms No GO terms

10 MAL8P1.310 Putative senescence-associated protein 4 NS No results None No GO terms No GO terms
6 PF08_0131 1-cys peroxiredoxin 2 3 34 :: 53 AhpC/TSA; TL Peroxidase activity / antioxidant activity Response to oxidative stress
4 PFB0345c  Putative cysteine protease (SERA 5) 3 5 3 :: 16 SP; LCR; CP Cysteine-type peptidase activity Proteolysis
1 PFB0340c Putative cysteine protease (SERA 4) 2 2 44 :: 17 LCR; CP; MC Cysteine-type peptidase activity Proteolysis
1 PFD0780w Putative glutamyl-tRNA (Gln) amidotransferase subunit A NS 3 7/35 :: 53/12 SP; LCR; AP; AM Glutamyl-tRNA(Gln) amidotransferase activity No GO terms
7 PF13_0338 Hypothetical P.falciparum  protein (Pf92) 2 4 42 :: 15 SP; 1 TM; LCR; SSA No GO terms No GO terms
5 PFI1445w Hypothetical P.falciparum  protein (RhopH2) NS 4 47/46/47 :: 18/18/18 SP; LCR No GO terms No GO terms
1 PFE0400w Hypothetical P.falciparum  protein NS 2 47/47 :: 16/14 LCR; Ank No GO terms No GO terms
8 MAL13P1.460 Conserved hypothetical P.falciparum  protein 6 NS No results None No GO terms No GO terms
1 MAL13P1.455 Conserved hypothetical P.falciparum  protein 2 NS No results None No GO terms No GO terms
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Gene Fold change a Confirmation     

fold change b

Direction of 

change

Exported protein 2 4.91 2.28 Up

Ornithine aminotransferase 2.99 3.38 Up

L27 ribosomal protein 5.13 2.25 Up

1-cys peroxiredoxin -2.6 0.42 * Down

Lactate dehydrogenase ND 1 !
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serum folate concentrations, particularly following high-
dose folate supplementation, were significantly associated
with treatment failure in both children [44] and pregnant
women [45].

Folate biosynthesis as a target for drug intervention
Despite the ability of the parasite to salvage host folate and
thus, in principle, to bypass the need for de novo synthesis,
the importance of such synthesis in natural infections is
clear from the long-established use of sulfa drugs (sulfo-
namides and sulfones) to inhibit DHPS, the fourth activity
in the biosynthetic pathway (Figure 3a). Where such drugs
have been used extensively in the usual combination with
pyrimethamine, parasite strains have commonly emerged
with mutations in the dhps gene that confer sulfa-drug
resistance [46,47]. It is believed that the presence of pyr-
imethamine interferes with the acquisition and/or proces-
sing of salvaged folate such that DHPS is restored as an
effective drug target [7]. With this precedent it is therefore
legitimate to explore other potential targets within the
biosynthetic pathway.

The first enzyme in the biosynthesis of folate, GTP
cyclohydrolase I (GTPCH), was initially detected in para-
site extracts about 25 years ago [48]. However, it has since
been largely neglected despite its key role as the rate-
limiting enzyme in plants [49] and in the developmental
progression of Dictyostelium [50] and Tetrahymena [51],
not least because of considerable difficulties in obtaining
sufficient soluble, active plasmodial enzyme via hetero-
logous expression. However, interest in GTPCH was
recently revived by the discovery that its gene is amplified
up to 11-fold in the genomes of some P. falciparum strains
that have become antifolate resistant bymutations in dhps
and dhfr [52,53]. This could be a compensatory mechanism
for reduced flux of required folate intermediates through

the corresponding mutated enzymes. GTPCH is also
the first enzyme in tetrahydrobiopterin (BH4) synthesis
in humans, but the human enzyme differs significantly
from the plasmodial enzyme, at least in primary structure
[48].

Novel findings have also been reported recently con-
cerning the second step of folate biosynthesis. In plants
and most microorganisms, this step is catalyzed by
dihydroneopterin aldolase (DHNA), but the correspond-
ing gene is ostensibly missing from Plasmodium genome
sequences, and this was a major obstacle to providing a
complete description of the system. This problem was
resolved [54] by the discovery of an alternative pathway
mediated by an unusual variant of 6-pyruvoyltetrahy-
dropterin synthase (PTPS), an enzyme normally
involved in BH4 synthesis in other organisms, including
humans. This unexpected mechanism also occurs in
many microorganisms unrelated to Plasmodium and
other apicomplexans, an interesting example of conver-
gent evolution [55,56]. A key difference between human
and Plasmodium PTPS is the active site nucleophile (Cys
and Glu, respectively) that, together with other struc-
tural differences, could provide scope for differential
inhibition. The other two hitherto untargeted enzyme
activities of folate biosynthesis (the third and fifth steps
in Figure 3a) should also prove tractable: 6-hydroxy-
methyldihydropterin pyrophosphokinase (HPPK) is
unique to the parasite, as is dihydrofolate synthase
(DHFS), although the latter constitutes part of a bifunc-
tional protein with folylpolyglutamate synthase (FPGS)
activity [57], and both are thought to share the same
active site region, as recently demonstrated in bacteria
[58]. Because humans also express an FPGS ortholog,
inhibitors with good selective properties would again be
required.

Table 2. PLP-dependent enzymes in Plasmodium falciparuma

EC-Number EC-Name PlasmoDB Annotated in PlasmoDB as Pathway Refs

2.1.2.1 Glycine
hydroxymethyltransferase

PFL1720w Serine hydroxymethyltransferase Folate metabolism;
amino acid metabolism

[40]
PF14_0534 Serine hydroxymethyltransferase

(mitochondrial), putative
[41]

2.3.1.37 5-Aminolevulinate
synthase

PFL2210w Delta-aminolevulinic acid synthetase Porphyrin metabolism,
amino acid metabolism

[78]

2.3.1.50 Serine C-palmitoyltransferase PF14_0155 Serine C-palmitoyltransferase, putative Sphingolipid metabolism [–]
2.6.1.1 Aspartate aminotransferase PFB0200c Aspartate aminotransferase Amino acid metabolism [79]
2.6.1.13 Ornithine aminotransferase PFF0435w Ornithine aminotransferase Arginine and proline

metabolism
[80]

2.6.1.42 Branched-chain
amino acid
aminotransferase

PF14_0557 Conserved Plasmodium
protein, unknown function

Pantothenate and CoA
biosynthesis; amino
acid metabolism

[–]

2.6.1.57 Aromatic amino-acid
transaminase

PFB0200c Aspartate aminotransferase Amino acid metabolism [79]

2.8.1.7 Cysteine desulfurase PF07_0068 Cysteine desulfurase, putative Iron-sulfur cluster synthesis [81]
MAL7P1.150 Cysteine desulfurase, putative [81]

4.1.1.17 Ornithine decarboxylase PF10_0322 S-Adenosylmethionine
decarboxylase/ornithine
decarboxylase (bifunctional)

Polyamine biosynthesis [82]

4.1.1.18 Lysine decarboxylase PFD0285c Lysine decarboxylase, putative Polyamine metabolism [36]
PFD0670c Lysine decarboxylase, putative [–]

4.1.1.65 Phosphatidylserine
decarboxylase

PFI1370c Phosphatidylserine decarboxylase Glycerophospholipid
metabolism

[37]

4.1.3.38 p-Aminobenzoic
acid synthetase

PFI1100w p-Aminobenzoic acid synthetase, putative Folate biosynthesis [83]

aPlasmodium homologs were identified in PlasmoDB (http://plasmodb.org/plasmo/) by comparative analysis of the Enzyme Commission (EC) numbering (http://
www.chem.qmul.ac.uk/iubmb/enzyme/) and the list published by Percudani and Peracchi [13].
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As a result of the high metabolic rate of the rapidly growing
and multiplying parasite, large quantities of toxic redox-
active by-products are generated. Central to the generation
of oxidative stress is the degradation of host haemoglobin
by the parasite. Haemoglobin represents the major source of
amino acids for Plasmodium, but its degradation in an acidic
food vacuole results in the production of toxic free haem
(ferri/ferroprotoporphyrin IX; FP) and ROS (see Tilley et al.,
2001, for review). Most of the FP is sequestered into a
crystalline form, known as haemozoin or malaria pigment
(Egan et al., 2002; Slater and Cerami, 1992). Alternative
detoxication pathways, including FP degradation (Zhang
et al., 1992; Loria et al., 1999), reaction with glutathione
(Ginsburg et al., 1998), and the binding to FP-binding
proteins (Harwaldt et al., 2002; Campanale et al., 2003),
may also contribute to FP detoxification. However, if even a
small amount (e.g. 0.5%) of the FP escapes the neutrali-
sation processes, it could cause redox damage to host
proteins and membranes, inhibit parasite enzymes and lyse
erythrocytes (see Tilley et al., 2001, for review). Apart from
this metabolically derived oxidative stress, the production of
ROS by the host immune system adds to the overall
oxidative burden of the parasitised cell.

In order to maintain a redox equilibrium, malaria para-
sites are equipped with a range of low molecular weight
antioxidants—the most prominent being the tripeptide

glutathione (GSH)—as well as with antioxidant enzymes
(Fig. 1; see also Ginsburg, 2002, malaria parasite metabolic
maps at http://www.sites.huji.ac.il/malaria/). The latter
include glutathione- and thioredoxin-dependent proteins
(Rahlfs et al., 2002; Becker et al., 2003a) as well as
superoxide dismutase. Notably, Plasmodium possesses
neither a classical catalase nor a classical glutathione
peroxidase (Sztajer et al., 2001). Some of the enzymes
present have been studied in functional and structural detail
over the last years and represent promising targets for the
development of novel antimalarial drugs.

In this regard it is interesting to note that a number of
drugs currently in clinical use exert their activities, at least
in part, by increasing oxidative stress in the parasitised
erythrocyte. For example, chloroquine functions by pre-
venting FP detoxification and its activity can be enhanced
by depletion of GSH. The redox cycling of the metabolites
of primaquine exerts a substantial oxidative stress, and
artemisinin is thought to react with haem moieties forming
cytotoxic radicals. Potential new drugs that act by interfer-
ing with the redox metabolism of malarial parasites include
peroxidic antimalarials, which act by alkylation of haem or
proteins, inhibitors of antioxidant enzymes such as gluta-
thione reductase and glutathione S-transferase, and also
redox-active anthroquinones and xanthones, which are
likely to interfere with haemozoin formation.

Fig. 1. A schematic representation of the antioxidant defence in the Plasmodium-infected erythrocyte.
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62 processes ranging from protection against oxidative
63 stress to reduction of enzymes such as Trx perox-
64 idases and ribonucleotide reductase and regulation
65 of transcription factors.4–8
66 Grx1 from P. falciparum possesses the typical Grx
67 active-site motif CPYC, shows glutathione-dependent
68 Grx activity, and serves as hydrogen donor for
69 ribonucleotide reductase.9,10 Like Trx, Grx is involved
70 in transcriptional control by differentially regulating
71 NF-κB and AP-1, as shown in HEK cells.6
72 Plrx is a highly conserved redox-active protein
73 that is uniquely found in Plasmodium species. It
74 contains the unique active-site motif WCKYC,
75 reduces ribonucleotide reductase and glutathione
76 disulfide, and can in turn be reduced by glutathione,
77 Trx, and Grx.9 Plrx was found to be nonvital for
78 Plasmodium berghei, but may fulfill specific and
79 important functions in combination with other
80 members of the Trx superfamily.11
81 Trx, Grx, and Plrx reduce protein disulfides via a
82 disulfide-exchange mechanism. The first cysteine
83 residue of the Cys-X-X-Cys motif performs a

84nucleophilic attack towards the disulfide of the
85target protein. The intermolecular disulfide bond of
86the resulting mixed-disulfide intermediate is subse-
87quently cleaved by the C-terminally located resolv-
88ing cysteine of the active-site motif. This results in a
89reduced substrate and an oxidized redoxin.12,13
90Employing the disulfide-exchange mechanism
91and active-site mutants, we recently discovered 33
92binding partners and potential target proteins for
93Trx, Grx, and Plrx in P. falciparum by redox-affinity
94chromatography and mass spectrometry. We con-
95firmed some of the interactions using BIAcore
96surface plasmon resonance (SPR) analyses.14 Orni-
97thine δ-aminotransferase (OAT) was shown to
98interact with all three redoxins. Furthermore, we
99could demonstrate that Trx drastically enhances the
100activity of PfOAT in enzymatic assays.14
101PfOAT (L-ornithine: 2-oxo-acid aminotransferase;
102EC 2.6.1.13), an enzyme dependent on pyridoxal-5′-
103phosphate (PLP), is involved in both synthesis and
104degradation of L-ornithine. For the degradation of
105L-ornithine, OAT catalyzes the interconversion of

Fig. 1. Ornithine and proline metabolism. ODC, ornithine decarboxylase; P5CR, P5C reductase; P5CS, P5C synthase.
Broken lines represent reactions that have not been demonstrated in P. falciparum.
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&F$10901(1$&9*$1&L01(1$/)-A)9+&:)$>N$-)'/)A+0.)56$
4F$10901(1$&9*$1&L01(1$31$-)'/)A+0.)56$JA&5A(5&+)*$87-$3!STU$7956$&'$&9A,7-$/7-+079$*7)'$97+$&99)&5O$
V75*F$ -)A7:90+079$ ')@()9A)$ 78$ +,)$ &//-7/-0&+)$ -)'+-0A+079$ )9W61)'$ J;E3XY8!F$ !"#!$ &9*$ ;E3XY-!F$ $%&==O$ -)@(0-)*$ 87-$
*0-)A+079&5$A57909:$09+7$+,)$/X3!P4$)L/-)''079$.)A+7-2$$
Z9*)-509)*F$'05)9+$1(+&+079'$+7$-)*(A)$/-01)-$/&0-$A71/&+04050+6$$
UEF$97+$&//50A&45)2$
$

'() *+&,-.+/01$ [UE$78$ :77*$@(&50+6$ J&'$ ).&5(&+)*$)5)A+-7/,7-)+0A&556O$%&'$(')*$ 87-$ +,)$ '69+,)'0'$ 78$

A\UE$('09:$+,)$E9A,7-D/756D3$/-01)-2$3,)$[UE$%&'$0'75&+)*$8-71$'()*+&,-.+/01$/&-&'0+)$A(5+(-)$+,&+$

%&'$ /-01&-056$ 09$ +,)$ -09:$ '+&:)2$ 3,)$ )-6+,-7A6+)'$ %)-)$ /)55)+)*$ 8-71$ +,)$ A(5+(-)$ 1)*0(1$ 46$

A)9+-08(:&+079$ &+$ "KKK2$ 87-$ !K$109(+)'$ J])-15)$ ^"RKO2$ 3,)$ )-6+,-7A6+)'$%)-)$ 09A(4&+)*$ 09$ K2K!M$

'&/7909$&+$-771$+)1/)-&+(-)$87-$P$109(+)'$&9*$+,)$-)5)&')*$/&-&'0+)'$/)55)+)*$46$A)9+-08(:&+079$&+$

"KKK2$87-$!P$109(+)'$J])-15)$^"RKO2$3,)$/&-&'0+)$/)55)+$%&'$-)'('/)9*)*$09$!L$BV_C$+-&9'8)--)*$+7$

10A-78(:)$+(4)'$&9*$+,)$/&-&'0+)'$'(4')@()9+56$%&',)*$+,-))$+01)'$%0+,$!$15$78$!L$BV_2$3,)$%&',)*$

/&-&'0+)$ /)55)+$ %&'$ 56')*$ 46$ +,)$ &**0+079$ 78$ R$ 15$ 78$ 3-0D[)&:)9+$ J`75)A(5&-$ [)')&-A,$ N)9+-)OC$

87557%)*$46$)L+)9'0.)$,717:)90'&+079$Ja,)&+79$,717:)90')-O2$3,)$,717:)9&+)$%&'$ 09A(4&+)*$&+$

-771$+)1/)-&+(-)$87-$P$109(+)'C$87557%)*$46$+,)$&**0+079$78$?KK$b5$78$A,57-787-12$3,)$10L+(-)$%&'$

.7-+)L)*$ +,7-7(:,56$ &9*$ 09A(4&+)*$ &+$ -771$ +)1/)-&+(-)$ 87-$ !K$ 109(+)'2$ E8+)-$ A)9+-08(:&+079$ &+$

!!PKK2$ 87-$ !P$ 109(+)'$ J?cNC$ _7-.&55$ [`ND!?OC$ +,)$ [UE$ A79+&0909:$ (//)-$ &@()7('$ /,&')$ %&'$

+-&9'8)--)*$ +7$ &$ A5)&9$ 10A-78(:)$ +(4)$ &9*$ +,)$ [UE$ /-)A0/0+&+)*$ 46$ +,)$ &**0+079$ 78$ !$ 15$ 78$

0'7/-7/&975$/)-$R$15$78$3-0D[)&:)9+$(')*2$d7557%09:$09A(4&+079$&+$-771$+)1/)-&+(-)$87-$!K$109(+)'C$

+,)$ [UE$ %&'$ /)55)+)*$ 46$ A)9+-08(:&+079$ &+$ #?KK2$ 87-$ !K$ 109(+)'2$ 3,)$ -)'(5+09:$ [UE$ /)55)+$ %&'$

%&',)*$%0+,$ePM$)+,&975$J!$15$/)-$!$15$78$3-0D[)&:)9+$(')*O2$3,)$/)55)+'$%)-)$&557%)*$+7$&0-D*-6$&9*$

%)-)$-)'('/)9*)*$09$SK$b5$78$d;[`EW75f$J`75)A(5&-$[)')&-A,$N)9+-)O2$3,)$/-7A)*(-)$%&'$-)/)&+)*$

%0+,$&$1&0956$+-7/,7W70+)$A79+&0909:$A(5+(-)$&9*$+,)$[UE$8-71$+,)$+%7$0'75&+079'$/775)*$+7$74+&09$&$

10L+(-)$78$[UE$8-71$+,)$/&-&'0+)$508)DA6A5)2$

BN[$-)&A+079'$78$PK$g5$)&A,$A79+&0909:$RP$9:$78$A\UEC$!L$XL3&@$BN[$4(88)-$J3&h&[&OC$R$1`$`:N5RC$K2R$

1`$ J)&A,O$*U3B_$ J3&h&[&OC$ !K$/175$;E38!C$ !K$/175$ &9A,7-$ &9*$R2P$Z$78$ XL3&@$\UE$/7561)-&')$

Primer name Sequence (5' - 3') Primer length %GC Tm1 3' !G 

(kcal/mol)

Most stable 

dimer (kcal/mol)

Anchor-poly-T2 GCT ATC ATT ACC ACA ACA CTC T18VN 41 21.95 - 26.83 a 36.8 - 40.9 b -7.6 NA

OATf1 GTA AAA ATG GAT TTC GTT AAA G 22 27.27 50.94 -6.4

Anchor GCT ATC ATT ACC ACA ACA CTC 21 42.85 55.92 -6.4

OATr1 ATG GAG CAC CTA ATT TAT CAG 21 38.1 53.97 -6.6 NA

OATEXf1 CTC GAG GAT TTC GTT AAA GAA TTA AAA AG 29 31.03 59.61 -7.3

OATEXr1 GCT CAG CCT CAG TTA TAA GTT GTC ATC 27 44.44 63.45 -6.6
-10
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P6*$+'.$/3,8$';;,;$'8;$/3,$/0G,.$7840G'/,;$'/$-::<$/,<1,-'/0-,$B:-$A#$<780/,.$+7/3$4:8/780'6$,8;[

:O,-[,8;$ <7M7892$ &37.$ +'.$ B:66:+,;$ G5$ !K$ <780/,.$ :8$ 74,@$ +7/3$ :44'.7:8'6$ <7M7892$ &3,$ .7674'$ +'.$

1,66,/,;$G5$4,8/-7B09'/7:8$78$'$G,843/:1$<74-:B09,$B:-$"K$.,4:8;.@$+'.3,;$/+74,$+7/3$K##$P6$:B$+'.3$

G0BB,-$ %!#$<W$&-7.$1\$L2K@$K#$<W$X'E6@$A2K$<W$?]&N@$K#R$,/3'8:6*2$&3,$]XN$+'.$,60/,;$G5$ /3,$

';;7/7:8$:B$F#$P6$:B$\A^$'8;$7840G'/7:8$'/$KKDE$B:-$K$<780/,.@$B:66:+,;$G5$1,66,/789$:B$/3,$.7674'2$&3,$

,60'/,$+'.$'.17-'/,;@$/3,$4:84,8/-'/7:8$;,/,-<78,;$.1,4/-:13:/:<,/-74'665$'8;$./:-,;$'/$[A#DE$08/76$

8,,;,;$B:-$679'/7:82$

$

&3,$10-7B7,;$^N&$'<1674:8$+'.$679'/,;$78/:$1Q?W_$&[?'.5$0.789$/3,$1Q?W_$&[?'.5$>7/$%=-:<,9'*$'8;$

B:66:+789$/3,$<'80B'4/0-,-`.$78./-04/7:8.2$N<1674:8$]XN$%C#$89*$+'.$679'/,;$/:$K#$89$:B$O,4/:-$0.789$

F$a,7..$087/.$:B$&"$]XN$679'.,$78$!M$679'/7:8$G0BB,-2$&3,$-,'4/7:8$+'.$7840G'/,;$'/$"DE$B:-$!V$3:0-.$

'8;$ /3,$ ,8I5<,$ 78'4/7O'/,;$ '/$ L#DE$ B:-$ !K$ <780/,.2$ b7O,$ <74-:67/-,.$ :B$ /3,$ 679'/7:8$ <7M/0-,$ +'.$

.0G.,c0,8/65$/-'8.B:-<,;$78/:$!##$P6$:B$4:<1,/,8/$Zd)?$!"#$%&2$&3,$/-'8.B:-<'/7:8$1-:4,,;,;$+7/3$

F#$<780/,.$:8$74,@$B:66:+,;$G5$"K$.,4:8;.$'/$"ADE@$/3,8$A$<780/,.$:8$74,2$ef[f-:/3$%C##$P6$4:8/'78789$

A#$ <W$ 9604:.,*$ +'.$ ';;,;$ '8;$ /3,$ /0G,.$ 7840G'/,;$ '/$ F#DE@$ +7/3$ O79:-:0.$ .3'>789$ B:-$ !$ 3:0-2$

&-'8.B:-<'/7:8$<7M/0-,$%!##$P6*$+'.$16'/,;$:8/:$ef['9'-$16'/,.$4:8/'78789$!##$g9S<6$'<17476678$'8;$

+7/3$FA$P6$:B$A#$<9S<6$h[9'6$'8;$"$P6$:B$A##$<9S<6$Y=&Q$.1-,';$:8$/3,$.0-B'4,$/:$,8'G6,$G60,[+37/,$

.,6,4/7:82$ &3,$ 16'/,.$ +,-,$ .0G.,c0,8/65$ 7840G'/,;$ '/$ F#DE$ :O,-8793/2$ Z7M$ +37/,$ 1:/,8/7'665$

-,4:<G78'8/$ 4:6:87,.$ +,-,$ 78:406'/,;$ 78/:$ K$ <6$ :B$ ef[G-:/3$ 4:8/'78789$ K#$ P9S<6$ '<17476678$ '8;$

7840G'/,;$'/$F#DE$:O,-8793/$+7/3$O79:-:0.$.3'>7892$$

$

=6'.<7;$ ]XN$ +'.$ 7.:6'/,;$ B-:<$ /3,$ G'4/,-7'6$ 406/0-,.$ 0.789$ /3,$ 4:8O,8/7:8'6$ <787[1-,1$ <,/3:;$

T!CFU2$&3,$406/0-,$%"<6*$+'.$1,66,/,;$G5$4,8/-7B09'/7:8$'/$F###'(B:-$!#$<780/,.$%\,-<6,$iAKAW*2$&3,$

.01,-8'/'8/$+'.$;7.4'-;,;$'8;$/3,$4,66$1,66,/$-,.0.1,8;,;$78$A##$P6$:B$Z:60/7:8$!$%K#$<W$9604:.,@$

AK$<W$&-7.[\E6@$!#$<W$?]&N*2$Z:60/7:8$A$%A##$P6$:B$#2AW$X'^\@$!R$%+SO*$Z]Z*$+'.$';;,;@$<7M,;$
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/F/.,6(WEVTC##

#
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3,.# 6(P1()0%)F#16%)F# &'(#B%F'#X1.(#X8/65%*# M6,8/&%,)#Y%&# ?&'()#J,('.%)F(.#@/))'(%57#),$#H,0'(D#
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#
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!%"&$ `($N5)*/$0&!"#$"%&'$1%MMH2&$',4)5W(+S$5:$.(-($:;-)8,5-$ZS$(>@+(44,5-$@+5:,6,-.$5:$8*($A767+,7$@7+74,8($6,:($
)S)6('"U),(-)(/$%&!E$!YMH?!YMG&$

!%F&$ D5<9()*/$ c&!" #$" %&'$ 1%MMH2&$ Q*($ 8+7-4)+,@85A($ 5:$ 8*($ ,-8+7(+S8*+5)S8,)$ 9(W(65@A(-876$ )S)6($ 5:$
(&%)*+,-.*"/%&0-1%2.*'"V`5U$D,56&/$!1!2E$MGY?M##&$

!%G&$ U*5)L/$ P&a$ I,4)*(+/$ 0&a$ 7-9$ '(N,4,/$ P&$ 1%MMF2&$K*56($ .(-5A($ 7-76S4,4$ 5:$AN[O$ 9()7S$ ,-$(&%)*+,-.*"
/%&0-1%2.*$ +(W(764$ 7$ .65Z76$ 6(-.8*(-,-.$ 5:$AN[O$ *76:?6,:($ 9;+,-.$ 8*($ ,-8+7(+S8*+5)S8,)$ 9(W(65@A(-8$
)S)6($J(-5A($D,56&/$$*+!%)E$95,E!M&!!G"d.Z?%MMF?G?F?+!HT&$

!%#&$ `6,-b4/$ B&!" #$" %&'$ 1%MM"2&$ C5A@7+78,W($ =*56($ .(-5A($ 8+7-4)+,@85A($ 7-76S4,4$ 5:$ 8*+(($ (&%)*+,-.*"
/%&0-1%2.*$48+7,-4'"[;)6(,)$O),94$N(4&/$%)1T2E$!!""?!!FH&$

!HM&$ R766/$ [&!" #$" %&'$ 1%MMY2&$ O$ )5A@+(*(-4,W($ 4;+W(S$ 5:$ 8*($ (&%)*+,-.*$ 6,:($ )S)6($ ZS$ .(-5A,)/$
8+7-4)+,@85A,)/$7-9$@+58(5A,)$7-76S4(4'"U),(-)(/$%&#1YFM"2E$G%?G"&$

!H!&$ U,6W(48+,-,/$ I&!" #$" %&'$ 1%MMY2&$ J(-5A(?=,9($ ,9(-8,e)78,5-$ 5:$ .(-(4$ ;@+(.;678(9$ 78$ 8*($ 5-4(8$ 5:$
.7A(85)S85.(-(4,4$,-$(&%)*+,-.*"/%&0-1%2.*'"B56&$D,5)*(A&$V7+74,856&/$!)%E$!MM?!!M&$

!H%&$ `5W(.+5W(/$ I&!" #$" %&'$ 1%MMF2&$ U,A;687-(5;4$ *548$ 7-9$ @7+74,8($ (>@+(44,5-$ @+5:,6,-.$ ,9(-8,:,(4$ 8,44;(?
4@(),:,)$8+7-4)+,@8,5-76$@+5.+7A4$7445),78(9$=,8*$4;4)(@8,Z,6,8S$5+$+(4,487-)($85$(>@(+,A(-876$)(+(Z+76$
A767+,7'"DBC$J(-5A,)4/$#*,"'195,E!M&!!G"d!TF!?%!"T?F?%#Y2&$

!HH&$ U,7;/$ O&!" #$" %&'$ 1%MMF2&$ K*56(?8+7-4)+,@85A($ 7-76S4,4$ 5:$ (&%)*+,-.*" /%&0-1%2.*$ :,(69$ ,45678(4E$
,9(-8,e)78,5-$5:$-(=$@78*5.(-,),8S$:7)85+4'"P&$3-:()8&$',4&/$!"(E$!"MH?!"!%&$

!HT&$ U8;ZZ4/$ P&!"#$"%&'$ 1%MMY2&$B56();67+$A()*7-,4A$:5+$4=,8)*,-.$5:$('" /%&0-1%2.*$ ,-W74,5-$@78*=7S4$ ,-85$
*;A7-$(+S8*+5)S8(4'"U),(-)(/$%&"1YFH#2E$!HGT?!HGF&$

!HY&$ U*,/$f&!"#$"%&'$1%MMY2&$O68(+78,5-$,-$*548$)(66$8+5@,4A$6,A,84$8*($(::,)7)S$5:$,AA;-,<78,5-$=,8*$7$4;+:7)($
@+58(,-$5:$A767+,7$A(+5<5,8(4'"3-:()8&$3AA;-&/$#%1!M2E$"H"H?"HF!&$

!H"&$ '7,6S/$P&!"#$"%&'$ 1%MMT2&$ 56"3-3+$8+7-4)+,@8,5-76$@+5:,6,-.$5:$(&%)*+,-.*"/%&0-1%2.*'"B767+,7$P&/$%*%&195,E$
!M&!!G"d!TFY?%GFY?!!GH?!!HM2&$

!HF&$ '7,6S/$ P&!" #$" %&'$ 1%MMY2&$ 56" 3-3+" 8+7-4)+,@85A($ 5:$ (&%)*+,-.*" /%&0-1%2.*$ +(W(764$ 5W(+(>@+(44,5-$ 5:$
8+7-4)+,@84$8*78$(-)59($4;+:7)($@+58(,-4'"P&$3-:()8&$',4&/$!"!E$!!#"?!%MH&$



! !"#$

!%&'$ ()*+,-.-/+0$ 1'!" #$" %&'$ 23##"4'$ (&%)*+,-.*" /%&0-1%2.*5$ (-*67-$ 89:-$ ;-/<)/=+<96*,$ 9*$ </+*,>/9;<$
;/6?9@-,$+76*A$79B-:$,<+A-$>)@<)/-,$+?<-/$>C@6/6D)9*-$</-+<7-*<'"EB;'$F+/+,9<6@'0$!!"2!45$&"GH3'$

!%H'$ (+*-,+*0$I'!"#$"%&'$23##&4'$1$A-*-<9>+@@J$C+/:G89/-:$7-<+=6@9>$</+*,>/9;<67-$9*$(&%)*+,-.*"/%&0-1%2.*$
?+9@,$ <6$ 76)*<$ ;/6<-><9K-$ /-,;6*,-,$ <6$ @-<C+@$ +*<9?6@+<-,'" FL6M$ F+<C'0$ #2!!45$ -!###3!N'$
:695!#'!%"!OP6)/*+@';;+<'!###3!N'$

!N#'$ Q+C@0$ E'!" #$" %&'$ 23##R4'$ S-</+>J>@9*-,$ ,;->9?9>+@@J$ <+/A-<$ <C-$ +;9>6;@+,<$ 6?$ <C-$ 7+@+/9+$ ;+/+,9<-$
(&%)*+,-.*"/%&0-1%2.*'"1*<979>/6='$1A-*<,$TC-76<C-/'0$$%2H45$%!3NG%!%!'$

!N!'$ L-$ U6>C0$ I'!" #$" %&'$ 23##&4'$ 1$ ,J,<-7+<9>$ +;;/6+>C$ <6$ )*:-/,<+*:$ <C-$ 7->C+*9,7$ 6?$ +><96*$ 6?$ <C-$
=9,<C9+V6@9)7$>67;6)*:$SN$6*$<C-$C)7+*$7+@+/9+$;+/+,9<-0$(&%)*+,-.*"/%&0-1%2.*'"WXT$(-*679>,0$
&5$Y!%'$:695!#'!!&RO!N"!G3!RNGHGY!%'$

!N3'$ Z+<+@+*A0$ ['!" #$" %&'$ 23##&4'$ QJ*+79>$ UZ1$ ;/6?9@9*A$ 9*$ (&%)*+,-.*" /%&0-1%2.*$ ,J*>C/6*9V-:$ =@66:$
,<+A-,$-B;6,-:$<6$@-<C+@$:6,-,$6?$+/<-,)*+<-'"WXT$(-*679>,0$&2!45$%&&'$

!N%'$ M9+)0$ 1'!" #$" %&'$ 23##&4'$ S-7;-/+<)/-$ ,C9?<$ +*:$C6,<$ >-@@$ >6*<+><$ );G/-A)@+<-$ ,;6/6V69<-$ -B;/-,,96*$6?"
(&%)*+,-.*" /%&0-1%2.*$ A-*-,$ 9*K6@K-:$ 9*$ C-;+<6>J<-$ 9*?-><96*'" FL6M$ F+<C'0$ #2&45$ -!###!3!'$
:695!#'!%"!OP6)/*+@';;+<'!###!3!'$

!NN'$ [+.@-J0$X'!"#$"%&'$23##"4'$X6@->)@+/$?+><6/,$+*:$=96>C-79>+@$;+<C8+J,$9*:)>-:$=J$?-=/9@-$<-7;-/+<)/-$
9*$9*</+-/J<C/6>J<9>$(&%)*+,-.*"/%&0-1%2.*$;+/+,9<-,'"\*?-><'$\77)*'0$"$2N45$3#!3G3#3Y'$

!NY'$ S+7-V0$ F'!" #$" %&'$ 23##&4'$ 1*$ -/J<C/6>J<-$ K-,9>@-$ ;/6<-9*$ -B;6/<-:$ =J$ <C-$7+@+/9+$ ;+/+,9<-$ ;/676<-,$
<)=6K-,9>)@+/$ @9;9:$ 97;6/<$ ?/67$ <C-$ C6,<$ >-@@$ ,)/?+>-'" FL6M$ F+<C'0$ #2&45$ -!###!!&'$
:695!#'!%"!OP6)/*+@';;+<'!###!!&'$

!NR'$ ]@)->.0$T'!"#$"%&'$23##H4'$(&%)*+,-.*"/%&0-1%2.*$$C-<-/6>C/67+<9*$;/6<-9*$!$7+/.,$A-*679>$@6>9$@9*.-:$
<6$;C-*6<J;9>$K+/9+<96*$6?$-B;6/<-:$K9/)@-*>-$?+><6/,'"FL6M$F+<C6A0$$2H45$-!###YRH'$

!N"'$ ^6@V0$ _'!" #$" %&'$ 23#!#4'$ F6<-*<9+@$ -;9A-*-<9>$ /-A)@+<6/J$ ;/6<-9*,$ @6>+@9,-$ <6$ :9,<9*><$ *)>@-+/$ ,)=G
>67;+/<7-*<,$9*"(&%)*+,-.*"/%&0-1%2.*'"\*<'$_'$F+/+,9<6@'0$#%2!45$!#HG!3!'$

!N&'$ TC++@0$W'I'!"#$"%&'$23#!#4'$`9,<6*-$:-+>-<J@+,-,$;@+J$+$7+P6/$/6@-$9*$<C-$</+*,>/9;<96*+@$/-A)@+<96*$6?$<C-$
(&%)*+,-.*"/%&0-1%2.*$@9?-$>J>@-'"FL6M$F+<C6A0$'2!45$-!###"%"'$

!NH'$ T)90$L'!"#$"%&'$23##&4'$`9,<6*-$+>-<J@</+*,?-/+,-$9*C9=9<6/$+*+>+/:9>$+>9:$>+),-,$>C+*A-,$9*$A@6=+@$A-*-$
-B;/-,,96*$:)/9*A$-3"4-$2+"(&%)*+,-.*"/%&0-1%2.*$:-K-@6;7-*<'"E).+/J6<'$T-@@0$"2"45$!3##G!3!#'$

!Y#'$ QC+/9+0$ Z'!" #$" %&'$ 23##H4'$ a,-$ 6?$ C9ACG:-*,9<J$ <9@9*A$ 79>/6+//+J,$ <6$ 9:-*<9?J$ 7)<+<96*,$ A@6=+@@J$ +*:$
-@)>9:+<-$7->C+*9,7,$6?$:/)A$/-,9,<+*>-$9*$(&%)*+,-.*"/%&0-1%2.*'"(-*67-$W96@'0$!%()*+,)!'$

!Y!'$ \,<K+*0$E'M'!" #$"%&'$ 23#!!4'$^+@9:+<96*$6?$ 9,6@-)>9*-$)<9@9V+<96*$ <+/A-<,$ 9*$(&%)*+,-.*"/%&0-1%2.*'"F/6>'$
Z+<@'$1>+:'$M>9'$a$M$10$!%-2N45$!R3"G!R%3'$

!Y3'$ `)0$('!"#$"%&'$ 23#!#4'$S/+*,>/9;<96*+@$;/6?9@9*A$6?$A/68<C$;-/<)/=+<96*,$6?$<C-$C)7+*$7+@+/9+$;+/+,9<-$
(&%)*+,-.*"/%&0-1%2.*'"Z+<$W96<->C0$)-2!45$H!GH&'$

!Y%'$ `-A:-0$F'b$cC9<-0$\'b$+*:$Q-=6)>.0$T'$23##%4'$\*<-/;@+J$6?$</+*,>/9;<679>,$+*:$;/6<-679>,'"T)//'$[;9*'$
W96<->C*6@'0$!#5$RN"GRY!'$

!YN'$ M79<0$ M'!" #$" %&'$ 23#!#4'$ F/6<-679>$ ;/6?9@9*A$ 6?$ (&%)*+,-.*" /%&0-1%2.*$ <C/6)AC$ 97;/6K-:0$
,-79D)+*<9<+<9K-$<86G:97-*,96*+@$A-@$-@-></6;C6/-,9,'"_'$F/6<-67-$U-,'0$&2Y45$3!"#G3!&!'$

!YY'$ L+,6*:-/0$ E'!" #$" %&'$ 23##34'$ 1*+@J,9,$ 6?$ <C-$(&%)*+,-.*" /%&0-1%2.*$ ;/6<-67-$=J$C9ACG+>>)/+>J$7+,,$
,;-></67-</J'"Z+<)/-0$#!&5$Y%"GYN!'$

!YR'$ Z9/7+@+*0$Z'b$ M97,0$ F'b$ +*:$`J:-0$ _'$ 23##N4'$d)+*<9<+<9K-$ ;/6<-679>,$ 6?$ <C-$ C)7+*$7+@+/9+$ ;+/+,9<-$
(&%)*+,-.*"/%&0-1%2.*$+*:$9<,$+;;@9>+<96*$<6$,<):9-,$6?$:-K-@6;7-*<$+*:$9*C9=9<96*'"X6@'$X9>/6=96@'0$
$)2N45$!!&"G!!HH'$

!Y"'$ ]6<C0$ W'_'!" #$" %&'$ 23#!!4'$ d)+*<9<+<9K-$ <97-G>6)/,-$ ;/6?9@9*A$ 6?$ ;+/+,9<-$ +*:$ C6,<$ >-@@$ ;/6<-9*,$ 9*$ <C-$
C)7+*$7+@+/9+$;+/+,9<-$(&%)*+,-.*"/%&0-1%2.*'"X6@'$T-@@'$F/6<-679>,'$

!Y&'$ ^9*>-*,9*90$ L'!" #$" %&'$ 23##Y4'$ F/6<-679>$ +*+@J,9,$ 9:-*<9?9-,$ *6K-@$ ;/6<-9*,$ 6?$ <C-$ X+)/-/e,$ >@-?<,0$ +$
,->/-<6/J$>67;+/<7-*<$:-@9K-/9*A$(&%)*+,-.*"/%&0-1%2.*$;/6<-9*,$<6$<C-$,)/?+>-$6?$9<,$C6,<$>-@@'"X6@'$
T-@@'$F/6<-679>,0$#2N45$Y&3GYH%'$

!YH'$ M+7Gf-@@68-0$ S'f'!" #$" %&'$ 23##N4'$ F/6<-67-$ +*+@J,9,$ 6?$ /C6;</JG-*/9>C-:$ ?/+><96*,$ 9,6@+<-:$ ?/67$
(&%)*+,-.*$7-/6V69<-,'"_'$F/6<-67-$U-,'0$.2Y45$HHYG!##!'$

!R#'$ ZJ+@89:C-0$_'$+*:$L9*A-@=+>C0$I'$23##R4'$F/6<-+,-,$+*:$>C+;-/6*-,$+/-$<C-$76,<$+=)*:+*<$;/6<-9*,$9*$
<C-$;+/+,9<6;C6/6),$K+>)6@-$6?$(&%)*+,-.*"/%&0-1%2.*G9*?-><-:$-/J<C/6>J<-,'"F/6<-679>,0$'2Y45$!YR%G
!Y"%'$

!R!'$ IC+*0$ M'!" #$" %&'$ 23##Y4'$ F/6<-67-$ +*+@J,9,$ 6?$ ,-;+/+<-:$7+@-$ +*:$ ?-7+@-$ A+7-<6>J<-,$ /-K-+@,$ *6K-@$
,-BG,;->9?9>$(&%)*+,-.*"=96@6AJ'"T-@@0$!)!5$R"YGR&"'$

!R3'$ X+.+*A+0$ X'!" #$" %&'$ 23##Y4'$ S68+/:,$ +$ ;/6<-679>$ :-?9*9<96*$ 6?$ T61/<-7$ +><96*$ 9*$ (&%)*+,-.*"
/%&0-1%2.*$7+@+/9+'"F/6<-679>,0$$5$!GH'$



! !"!#

!$%&# '()*+,-# .&!" #$" %&'# /01123&# 45(6*7895:*# ;)<<*(*=+)5:# >(,+*,?*# 5=5:@8)8# )=# (&%)*+,-.*" /%&0-1%2.*# A=;*(#
;(A6#+(*5+?*=+'"'4,B#CDE-!"!!/!03F#*G1H2&#

!$G&# I(),:5=+-# B&!" #$" %&'# /01!13&# (&%)*+,-.*" /%&0-1%2.*# >(,+*,?*# 9J5=6*8# )=# (*8>,=8*# +,# ;,K@9@9:)=*#
+(*5+?*=+'"L5:5()5#.&-##/!3F#!G!&#

!$M&# N:@-# D&!" #$" %&'# /011"3&# '(,+*,?*# 5=5:@8)8# ,<# =*O# 5=+)?5:5()5:# *=;,>*(,K);*# 565)=8+# (&%)*+,-.*"
/%&0-1%2.*'"'5(58)+,:&#P*8&-#$%%/M3F#!!!H7!!0G&#

!$$&# P5;<5(-#N&Q#R)*S-#N&Q#5=;#I5A+)8+5-#.&#/01123&#TJ:,(,UA)=*#?*;)5+*8#8>*9)V9#>(,+*,?*#,K);5+)W*#;5?56*#
59(,88# +J*# *(@+J(,9@+)9# 9@9:*# ,<# (*8)8+5=+#(&%)*+,-.*" /%&0-1%2.*'" X(**# P5;)9&# I),:&#L*;&-# &&F# 01%G7
01G0&#

!$"&# Y,S)5=-#R&#5=;#Y)(89JZ5A?-#I&#/!HHH3&#T,?>5(5+)W*#6*=*#*K>(*88),=#5=5:@8)8'"[)Z+*9J-#$'F#"%7"2&#
!$2&# R*85)-# B&!" #$" %&'# /01113&# \;*=+)<)95+),=# ,<# ;)<<*(*=+)5::@# *K>(*88*;# 6*=*8# Z@# 8A>>(*88),=# 8AZ+(59+)W*#

J@Z();)85+),=&# \=# 3.40$-+4%&" 5#4+*-0)6" 7" (2%0$-0%&" 7112+%08&# ]A=+-# B&'&# 5=;# 4)W*8*@-# P&.&/*;)+,(83&#
CK<,(;#^=)W*(8)+@#'(*88Q#CK<,(;&#>&#2!7!!0&#

!$H&# '5+5=_5(-# B&!" #$" %&'# /011!3&# B*()5:# 5=5:@8)8# ,<# 6*=*# *K>(*88),=# )=# (&%)*+,-.*" /%&0-1%2.*# (*W*5:8# +J*#
6:,Z5:# *K>(*88),=# >(,<):*# ,<# *(@+J(,9@+)9# 8+56*8# 5=;# +J*# >(*8*=9*# ,<# 5=+)78*=8*# +(5=89()>+8# )=# +J*#
?5:5()5:#>5(58)+*'"L,:&#I),:&#T*::-#$(F#%!!G7%!0M&#

!"1&# T:,=+*9J# 45Z,(5+,()*8# \=9# /01123&# 'TP7B*:*9+`# 9RDN# BAZ+(59+),=# Y)+# ^8*(# L5=A5:'" '(,+,9,:# D,&#
'[!!!"7!-#a*(8),=#D,&#'P2H0$1"&#

!"!&# '5;?5=5ZJ5=-#'&#5=;#B5J)-#B&a&#/01!!3&#BA>>(*88),=#8AZ+(59+)W*#J@Z();)S5+),=#(*W*5:8#;)<<*(*=+)5:#6*=*#
*K>(*88),=#)=#8A=<:,O*(#6(,O=#)=#J)6J#''"':5=+#'J@8),:&#I),9J*?&-#&#/$3F#M2G7MH!&#

!"0&# Y()8J=5(5b-#[&!"#$"%&'#/01!!3&#\;*=+)<)95+),=#,<#;)<<*(*=+)5::@#*K>(*88*;#6*=*8#)=#;,(?5=+#/Z5=bJ)3#ZA;#,<#
+*5#/9%*#&&-%")-4#4)-)#/4&3#C&#YA=+S*3#A8)=6#8AZ+(59+)W*#J@Z();)S5+),=#5>>(,59J'"':5=+#'J@8),:&#I),9J*?&-#
&#/$3F#M$M7M"!&#

!"%&# 4,++-# B&!" #$" %&'# /011H3&# RENP!# )8# 5# ;,?)=5=+# (*6A:5+,(# ,<# 59)=5(#?,(>J,6*=*8)8# 5=;# 5=# )=;*>*=;*=+#
>(*;)9+,(#,<#:,95:#(*9A((*=9*7<(**#8A(W)W5:#)=#*5(:@7,=8*+#Z(*58+#95=9*('"':,B#L*;)9)=*-#)/M3F#*!1111$2&#

!"G&# cJ*=6-#d&!"#$"%&'#/011H3&#R*W*:,>?*=+#,<#3%#0%&-:%0$#2-.*"!$B#(PDN#6*=*#?5(_*(#<,(#);*=+)<)95+),=#,<#
JA?5=#<5*9*8'".&#N>>:&#L)9(,Z),:&-#$%)F#$%G7$G!&#

!"M&# R*88*=8-#.&[&!"#$"%&'#/01113&#\;*=+)<)95+),=#,<#;)<<*(*=+)5::@#(*6A:5+*;#6*=*8#,<#(&%)*+,-.*"/%&0-1%2.*#Z@#
8A>>(*88),=#8AZ+(59+)W*#J@Z();)85+),='"'5(58)+,:&#[,;5@-#$)/23F#%MG7%M$&#

!"$&# dJ,8J-# N&!" #$" %&'# /011%3&# L,:*9A:5(# 8+(5+*6)*8# +,# 8+A;@# (&%)*+,-.*7?,8UA)+,# )=+*(59+),=8'" [(*=;8#
'5(58)+,:&-#$#/03F#HG7!1!&#

!""&# B>)*:?5==-#[&# 5=;#I*9_-#]&# /01113&#N=5:@8)8#,<# 8+56*78>*9)<)9# +(5=89()>+),=# )=#(&%)*+,-.*" /%&0-1%2.*"
(*W*5:8# 5# 8*+# ,<# 6*=*8# *K9:A8)W*:@# +(5=89()Z*;# )=# ()=6# 8+56*# >5(58)+*8'"L,:&# I),9J*?&# '5(58)+,:&-#$$$F#
GM%7GM2&#

!"2&# X:,(*=+-#\&Q#TJ5(=*5A-#B&Q#5=;#d(*::)*(-#'&#/011G3&#(&%)*+,-.*"/%&0-1%2.*#6*=*8#;)<<*(*=+)5::@#*K>(*88*;#
;A()=6#?*(,S,)+*#?,(>J,6*=*8)8'"L,:&#I),9J*?&#'5(58)+,:&-#$"*F#!G%7!G2&#

!"H&# Y5)8*(-#Y&!"#$"%&'#/011G3&#R)<<*(*=+)5:#+(5=89()>+,?*#>(,<):)=6#);*=+)<)*8#(&%)*+,-.*#6*=*8#*=9,;)=6#>(*7
*(@+J(,9@+)9#8+56*78>*9)<)9#>(,+*)=8'"L,:&#L)9(,Z),:&-#*$/M3F#!00!7!0%0&#

!21&# L5+A89J*O8_)-#Y&!"#$"%&'# /01103&# \=<*9+)W)+@7588,9)5+*;#9J5=6*8#)=#+J*#+(5=89()>+),=5:#(*>*(+,)(*#,<#+J*#
?5:5()5#>5(58)+*#8>,(,S,)+*#8+56*'".&#I),:&#TJ*?&-#(''/GG3F#G!HG27G!HM%&#

!2!&# P5)Z5A;-#N&!" #$"%&'# /011$3&#R)<<*(*=+)5:# 6*=*#*K>(*88),=# )=# +J*#,,_)=*+*# 8+56*#,<# +J*#?5:5()5#>5(58)+*"
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