Sporozoite - host interactions
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Plasmodium falciparum life cycle
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Plasmodium gametocyte

www.bio.ic.ac.uk/researh/res/sinden.htm



Zygote formation

http://www.brown.edu/Courses/Bio_160/Projects1999/mal arial/ldpg.html#BM40



Ookinete

http://www.brown.edu/Courses/Bio_160/Projects1999/mal aria/l dpg.html#BM40 Knell A.J. 1987 Am J Trop Med Hyg. :37:412



Multiplication in the mosquito

http://www.brown.edu/Courses/Bio_160/Projects1999/mal arial/ldpg.html#BM40



Plasmodium oocysts on the surface
of a mosguito gut

Plasmodium

http://www.brown.edu/Courses/Bio_160/Projects1999/mal arial/ldpg.html#BM40



Oocyst rupturesto liberate sporozoites
which penetrate the salivary gland

phase

porozoites in

alivery gland
FEETILIZATION

Matuschewski K. et al. 2002 J Biol Chem 277: 41948



Sporozoiteswithin the salivary gland

Frischknecht F, et a, 2004, Cell Microbiol., Matuschewski K. et al. 2002 J Biol Chem 277: 41948



Sporozoite motility within the salivary gland

Frischknecht F et al. 2004 Cellular Microbilogy 6:687



Phenotypic differ ences of oocyst sporozites and
salivary gland spor ozoites

midgut-oocyst salivary gland
oocyst sporozoites sporozoites
non-virulent virulent

do not elicit protection elicit protection

discontinuous gliding continuous gliding

Matuschewski K. et al. 2002 J Biol Chem 277: 41948



Spor ozoite g ection through the salivary canal
of a live mosquito’s proboscis
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Frischknecht F et al. 2004 Cellular Microbiologi. 6: 687









Schematic representation of a Plasmodium
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Model of molecular motility machinery
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Model of molecular motility machinery
INn apicomplexa
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Malaria sporozoites actively enter and pass
through Kuppffer cells
prior to hepatocyte invasion

www.comparative-hepatology.com



The complexity of sporozoite liver infection
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Kappe S et a, 2003, Trends Parasitol. 19:135



Plasmodium spor ozoites migrate through
hepatocytes befor e infection

Infection

Mota M.M. et al. 2001 Sciencie :291: 141



CD8lisrequired by P yoelli sporozoitesfor
hepatic infection
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Knell A.J. 1987. Am J Trop Med Hyg. 37:412



Plasmodium berghel exo-erythrocyte schizont In
HepG2 cdlls




Functional profile of proteins expressed in different
P. falciparum Iifecyclestages
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Florens L. et al. 2002 Nature 419 520



Table 1. Comparative summary of the protein lists for each stage

Protein count Sporozoites Merozoites  Trophozoites Gametocytes
152 X X X X
197 - X X X
53 X - X X
28 X X - X
36 X X X -
148 - - X X
73 - X - X
120 X - - X
84 - X X -
80 X - X -
S
376 - - - X
286 - - X -
204 - X - -
513 X - - -
2,415 1,049 839 1,036 1,147

Whole-cell protein lysates were obtained from, on average, 17x108, 4.5x10°
trophozoites, 2.75x10° merozoites, and 6.5x10° gametocytes.

Florens L. et al. 2002 Nature 419:520



Plasmodium spor ozoite sur face
and/or apical organelle proteome

Protein Cther stages’ Subecellular localization
Cs - Surface

TRAF - Surface, micronemes
MAaEBL - surface, micronemes
SPECT - Micronemes

EBA1TS Mz Surface, micronemes
P23g? Mz Hhoptries

AlAA Mz Surface, micronemes
STaRP REC, L= Surface

SALSA REC, L= Surface

FEMP3 REBC, LS Surface

LsA3 LS Surface

P52 - 7

M Mz 7

SPATH REC Surface

FFLF1 - Micronemes

FIER P 1" IRBC ?

STEVOR2R IRBC ?

RIFIMNS™ IRBC ?

Baldacci P et a 2004 Mol microbiol.



Circumspor ozoite protein (Cs)

(42 kDa)
Region | Region Il plus
(KLKQPG) (EWSPCSVTCGNGIQVRIK)
1la.a. l l 492 a.a.

Central repeat region ! !
(NANP) 37x -(NVDP) 3x Thrombospondin type | repeat

Localisation: Possible function:

Surface Spz, EEFs, Liver Stage Adhesion, Invasion, glinding motility

Kappe S. H. et al. 2003 Trends Parasitol 19:135



Salivary gland tinction with CS protein

http://www.med.nyu.edu/parasitology/research/psinnis.html



Sporozoite digplacement in an assay with CS protein

Mota M.M. et al 2002 Bio assayss 24, 149



Sporozoites are enclosed in avacuole in Kupffer cells

Pradel and Frevert. 2001 Hepatology, 33,1154



P. bergel sporozoites passthrough Kupffer cells
to hepatocytesin vivo

Pradel and Frevert. 2001 Hepatology. 33:1154



The parasitophor ous vacuole enveloping the spor ozoite
In Kupffer cellsthereisno binding to lysosomes

www.med.nyu.edu/parasitology/ research/ufrevert.html




CSproten inhibition of protein synthesisin mammal cells

www.med.nyu.edu/parasitology/ research/ufrevert.html




CS protein binding to human hepatocyte microvilli
In the Disse space

Cerami C. etal . 1992 Cell, 70:1021



CSproten binding in theliver dependson region ||
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Cerami C. et al . 1992 Cell 70:1021



Plasmodiun falciparum circumsporozoite (CS) protein peptides
specifically bind to HepG2 cells

Suarez J, et al, 2001, Vaccine,19:4487
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CS peptides specifically binding to HepG2 cells

Suarez J, et al, 2001, Vaccine,19:4487
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Polimor phic sequence found in different P. falciparum isolates
Corresponding to amino acids 326 to 345
Of the NF54 P. falciparum

Moreno A. et a. 1993 J Immunol. 151:489.

Isolates Origin Sequence
NF54,XPg g, X1011,4271.46.10 3D7  Wets Africa, Honduras, The Netherlands EYLNKIOQONSLSTEWSPCSVT
tG2G1 Brazil K K

MS2,S06 Thailand, Brazil K KR

LES, 366 Liberia, Gambia K KT

366, 399,19, 406,49, 419,, Gambia K KT K

366 519 Gambia K Q

406 19, 419 14 Gambia K Q K

366 5., Gambia K Q R

Xs,XP 1,13 HB3, D10, T4, T9-101, Honduras, The Netherlands, Papua New Guinea, Q K

WEL, B11, PA, FCR3 Thailand, West Africa, Uganda, Gambia

S24,T9-98 Angola, Thailand Q KT K

7G8 Brazil Q K K I

@Amino acids numbering is based on the CS protein of the NF54 strain of P. falciparum . The polimorphic residues are underline, and only amino acids
that differ from the NF54 sequence are shown for each strain or isolate. The subscript numbers correspond to the isolate name described in materials and methods



Thrombospondin-Related Anonymous Protein (TRAP)/SSP2
(63 kDa)

(EWSPCSVTCGNGIQVRIK)
N-10 Region |1 plus

\ | TD 1 CD
I

laa 558 a.a.

- Binding region

- Conserved region

- Sequence similarity Py SSP,

= Divergent region

Rogers O.W. et al. 1992 PNAS 89: 9176



| FAs of P. falciparum SSP2 monoclonal and polyclonal
antibodies against sporozoites

mAb SSP2 a SSP2 a CSP

Charoenvit Y. et al. 1997 Infect. Immun., 65: 3430



Regulated apical exocytosisisobserved asa “cap”
IN the sporozoite extreme

HepG2
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Mota M. et al. 2002 Nature Med 11:1318




CSand TRAP proteinsrecognise stellate cells, Kupffer
cells and hepatocytes but not endothelium cells' sinuosity

Hepatocytgs - Kupffer cells

Endothelia

CS protein CS protein TRAP

Pradel G. et al. 2002 Mol. Microbiol. 45: 637



Truncated TRAPs are correctly expressed and
found on the sporozoite surface

[E HEM Spe:

WT incoTASTAL

Permeabilized Live

WT KO WT INCO TAS TAL
Antibodies: Rep. Tall Fep. Rep. Tal Fep. Rep. Eep.
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Kappe S. et al. 1999 J Cell Biol. 147: 937



TRARP(-) sporozoite does not expressin vitro
displacement and mobility

Sultan A.A. et al. 1997 Cell, 90: 511



Phenotypical displacement of wild and mutated sporozoites

[a]

WT
INCO

TrIC

ACHD
TRYF
TAS

TAL

[A] NH__ADOMAIN

BEPEATS

C

|
PbTRAP YNFIAGSSAARMAGEAAFPFEDVMADDERGIVENEQFELPEDNDWN

CoTRAP Y.Fiuuaw A...AGE.APF++. . .+++KD. .E.+QFEKLPE+N+WN

TAS YNFIAGSSAAAMAGEAAPFEDVMADDEKGIVVN
TAL YNFIAGSSVH

TMIC YNFIAGSSAAGSPSAEIEYEADDGATKVVMEEERETLVEVDDDSDMWME
TRYP YNFIAGSSAAAMAGEAAPFEDVMADDEEGIVENEQFKLFEDMDAS
ACID YNFIAGSSAARMAGEAAPFEDVMADDERGIVENEQFELPASHAWH

TEAP Tl |
—— .
0o 5
i — )
e

|:|:|‘
— )
0 3

—

o MO GLIDIMG

Kappe S. et al. 1999 J Cell Biol. 147: 937



| mmuno-electron microscopy of P. falciparum SSP2
b

Rogers O. W. et al. 1992 PNAS 89 :9176



Homology modelling based von Willenbrand factor
and TRAP A domain

(Mg™)

R131T_|_ 133
Heparin binding

Akhouri R.R. et al. 2004 J. Biochem. 379: 815



Plasmodium spor ozoite invasion of insect and
mammalian cellsis directed by the same dual binding

system
A B

B domaniE e TSR

TRAP X311 DGSGSI X7; TNL X7 TDGI X732 TRAP WEEWSECSTTCD X3 KIRKRK
CD11b Xg DGSGSI Xg3 THT X339 TDGE Xsg thrombosp. WsS-W--CS--CG X,,. R-R
coll. a-2 (V1) X,,,;D-SES— Xg;,75 T—— X;6_3sTDG— X, properdin W—-W X, ,, C- X;,; R-RR/K
matrilin-1 Xg;1,D-S—S— Xgs TMT X.,,,,TDGR Xgo,6z UNC-5 WS-W--C——-C- X,,, R-R
factor C2 Xg DCSQSV X5g TNT X35 TDGK X94 MiCc2 Ww——-Ws—-cs—-sCG X, . R-R-R
T20G5.3 X7 DGSGSI Xgg TRT X32 TDGR X49 Cs STEWSPCSVTCG X5 RIK
1 20 38 232 280 543 562 606
|:| A-domaz TSR repeats
i ' T
' i T
r L T
' ' S
.i' | T et
P. b. TRAP ¥X,, DGSGSI X,, TNL X,, TDG X,;, CGKWEEWSECSTTCDNGTKIRKRK X; C X, C X, C
AdoT A
AdoD
Tsrw
Tsr+ ATAAAR.
Ado/Tsr T n T

Matuschewski et al. 2002 EMBO J. 21:1597



Plasmodinm falciparum:
binding studies of peptide

derived from the sporozoite

surface protein 2 to
Hep Ga cells

2001, J. Pept. Res, 58: 285

R. Lopez

H. Curtidor
M. Urguiza

. Crarcia

A, Paentes

[ Suarez

M. Qcampno

K. Vera

[.E. Rodrignez
F. Castilln

(s Cifuentes
MLE Patarrovo
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E G |
L E S.Py.
L P SSP2
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R A ]
N D D
i
R v
3307 FDLDENPENPPNP e
3309 NPPNPPNPPNPPNPP [
3311 PPNPPNPPNP | g9
3313 EQEPNIPEDSEK 8
3315 EXKEVPSDVP 0
3317 NPEDDRE i
3319 D I P K K P E R.
3321 DNQNNLP ]
3323 SDRYI PYSPLSP R.
3325 SPLSPKVLDNE K Q B
i
n
3331 DRETRPHG d
3333 N ENRSYNR i
3335 NNTPKHPE RIV n
3337 EHEKPDNN g
3339 KAGS D NKY
S.Py.
3343 AL LACAGLAYKEFEUVVP ] SSP2
3345 KFVVPGAATPYAGEFP T.D
3347 YA GEPAPFDETTLGEE W
3349 TLGEEDKDLDEPEQF | C.D.
3351 EPEQFRLPEENEWN L
Control | PLGFFPDHQLDPAFGANSNNPDWDFNP |




P. falciparum high binding SSP2 peptides containing
B epitopesin their sequences

Lopez R. et al. 2001, J. Pept. Res, 58: 285

Table 2. Pf SSP2/TRAFP peptide affinity constants and critical residue binding to cell Hep G2 cells

Peptide Amino acids Sequence Kd (nn)  NrsC* Hill
5873 19-41 DLFLVNGRDVQMNIVDEIKYREE 658+ 10 390000 +2500 1.7
5877 336-355 KGENPNGFDLDENPENPPNP 301 +4 4600041000 1.2
58E5 461485 SEDRETRPHGRNMEMRSYNRKHNNT 585+ 5 490000 + 7000 1.3
6481 478-498 YNRKHNNTPKHPEREEHE KPD 543+7 570000 + 4000 1.5
5897 490-510 REEHEKPDNNKKKAGSDNKY 457+ 8 220000 + 8000 1.3
5891 535-555 GAATPYAGEPAPFDETLGEE G85+3 77000041000 1.

a. NrSC, number of

ursder|imned,

binding sites per cell. b. Mean+5D of three experiments. The critical residue is

n

97.4

55.0
41,7

40.0¢

3.0



P. falciparum high binding SSP2 peptides containing
B epitopesin their sequences

Lopez R. et al. 2001, J. Pept. Res, 58: 285

Peptide amino sequence
acids
3243 (21-35) FLVNGRDVQNNIVDE
5873 (19-41) DLFLVNGRDVQNNIVDEIKYREEYCND
S-S
3287 (241-265) TASCGVWDEWSPCSVTCGKGTRSR
3279 (201-215) FLVGCHPSDGKCNLY
3299 (298-313) DDQPRPRGDNFAVEKP
3323 (417-431) NDKSDRYIPYSPLSP

5885 (456-485) SEDRETRPHGRNNENRSYNRKHNNT



Apical Membrane Antigen/Erythrocyte Binding-Like
Protein (MAEBL)(243 kDa)

SP MI MII Tandem Repeats C-Cys TD CD CD

1a.a. Homology with AMA-1 2054 a.a.

Kappe S et a, 2003, Trends Parasitol. 19:135



MAEBL sporozoite expression

kb
4.0— oy
603 —
310 —
0.5—

Kappe S. et al, 2001 PNAS, 98: 9895



PoMAEBL stage-specific production and
localisation In micronemes
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KarinT. et al. 2002 J. Exp. Med.,195:1317



L abelling an oocyst sporozoite section with anti-
MAEBL antibodiesreveals micronemal localisation

Kappe Set a, 2003, Trends Parasitol. 19:135



Differential localisation of P. Berghel MAEBL salivary
gland sporozoites

MG D15
Spor ozoite

MG D22
Spor ozoite

MG D25
Spor ozoite

Prakash S, et al, 2004 J Biol Chem, 279:5581



Liver Stage Antigen 1 (L SA-1)

(240 kDa)

154 1629 1909

NR region 17 aa repeat region NR region

(EQQSDLEQERRAKEKLQ) 25
Localisation: Possible function:

Tpz, PVM, Liver Schz-Mz Adhesion, Invasion

Fidock D, et al, 1994, J Immunol. 153:190



L ocalisation of L SA-1 during liver stage schizogony

Fidock D, et al, 1994, J Immunol 153:190



Peptide of the liver stage antigen-1 (L SA-1) of
Plasmodium falciparum bind to human hepatocytes

GarciaJ. et al, 2003, Peptides, 24:647

s SEQUENCE % BINDING ACTIVITY Erythrocytes
HepG2 cells % Binding Activity
20 1 2
41 60
20631 SGSSNSRNRINETENHTETKTEKHVY
0
20632 | ® |[L S HNSYEKTKNNTENNEKTEFD K 8
100
20633  IDKELTMSNVKNYSQTNTEEKSLY
20634 | ™ /LR NLGVSENIFLKENEKTLTNGKE Y™
20635 | " | K L Il EHI | NDDDDEKZKEKY I KG 1a0
160
20636 | " /O DENROQEDLEEKAAKTERKTLO QG GY
157 173
20637 KEKLQGQQSDSEQETRRAY
174 190
20638 KEKLQEQOQOSDLTEQERTLAY
191 207
20639 KEKLQEQOQOSDLTEQERRAY
1434 1450
20641 QEQQSDLEQDRLAKET KITLY
1604 1620
20640 QEQQSDLEQERRAKET KITLY
1640
20642 | " O EQQRDLEQREKADTKKN L R Y
1641 1660
20643 KKEHGD I LAEDLYGRLE ]I




Bound Peptide (pmaol)

LSA-1 peptides bind to HepG2 and RBC

GarciaJ. et al, 2003, Peptides, 24:647

Saturation assays

“*1 20630-HepG2 1
/
0.8 ,-:
y/ -
-l,-'ll o 2
0.0 “"’j t
457 20630-RBC -

o GO0 200 1800

Free peptide {nM)

Peptide va () Sites per cell = 10 Hill coefficiam
206301 450 0.7 20
206307 850 83 33
206330 TOO B4 2.5

Invasion inhibition

L5A-1 protemn high binding peptides and sera analogues mvasion and

development inhibilion assavs

e Invasion imhibition

%o Development mbnbation

100 LM 200 M 100 WM 200 uM
Peptide
20630 10+4 3442 0+3 043
20633 48 £ 1 B8 £ 1 15 £+ 4 85 + 1
6762 13+£2 10042 0+5 5742
Chloroquine 100 £ 2 100 £ 2 100 +2 100 £ 2
Cell membrane assay
HepG2 RBC
-~ — M e M kD 1 2 ; ._
=TT 1H
—
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" —
ax
. e . ! o, 1
-’!—ﬂ e — "'. —I




Liver Stage Antigen 3 (L SA-3)

(200 kDa)
Exon 1 Exon 2
1 NR-A 222 819 NR-B 1535 NR-C

1786

HR1 R1 R2 R3 HR2
(VEEK/N/S) 6x  (VEESVAEN) 75x (DIEEDVEED) 6x

Localisation: Possible function:

Surface Spz, PV, Liver Stage Adhesion, Invasion

Daubersies P, et al. 2000 Nat Med 6:1258



Localisation of LSA-3 in P. falciparum sporozoite
cytoplasm and membrane

http://lwww.pasteur.fr/recherche/unites/parmed//Isa3/Isa3si.pdf



L SA-3 appearsto belocated in liver schizont
parasitophorous vacuole

Anti-NRA Schizont (mouse) Anti-NRA Schizont (chimpanzee)

http://lwww.pasteur.fr/recherche/unites/parmed//Isa3/Isa3si.pdf



Liver Stage Antigen 3
Plasmodium falciparum
peptides specifically interacting

with HepG2 cells
Garcia J. et al, 2004, J Mol Med, 82

SPECIFIC BINDING ACTIVITY To HepG2 CELLS (%)

SEQUENCE

Number
Peptide

600

S|

g
@®
2
%)
@®
c
o
3
S
=
@®
N

Kd= 480-880 nM

Sities/cell= 0.5-1.5x10°%

224

|rovind) arppyocd ey

-
=

punog

gaN

Fran " ).ppade (nld)

HepG2 Cell membrane assay

—
—

:

A

7
4

€d

V_A Y] e80

SVAPSVE Y| 300

IVAPSVYV

IVAPSVYV

I VAPTVE

| ASSVDES

VvV E

N

221]HNVEEKVEESVEENDEESVE Y| 240

281|P T V

261 |E S
301

26248

26250

2625,
26252

etal.

or Neurat

Peptide reported

26239



Sporozoite And Liver Stage Antigen (SALSA)

(70 kDa)

N S~o
N S~
N S~
N S~o
N ~<
N S~o
N -~
N ~
N
N
N
N

Salsa-1 \Séilsa—z\

S : S
I I -
1/ 83
'(KKDEK, KDDVK, KEEKK, KDDGK, KVLE‘K\)
Localisation: Possible function:
Surface Spz, PV, Liver Stage Adhesion, Invasion

Bottius E. et al. 1996. J Immunol 156:2874



L ocalisation of SAL SA in P. falcarum spor ozoites
(A, C and D) and liver stage (B)

Bottius E. et al. J Immunol. 1996 156(8):2874



- 640
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Sporozoite and Liver Stage Antigen Plasmodium
falciparum peptides bind specifically to human
hepatocytes

Puentes A, et al, 2004 Vaccine, 22:1150

SLOPE

PEPTIDE

SEQUENCE

1%

20607| *

RVSTSDTPGGNESSSAFPQFY

20608

|WSAEKKDEKEASEQGEESHY

20609] “

KKENSQESANGKDDVKEEKKY

20610| &

TNEKKDDGKTDKVQEKVLEKY

20611] *

KKDDGTDKVQEKVLEKSPKY

Saturation assay

20608

D

"7 20811

[ 40 -
0

Bl '
r B o 500
gl e 1500

Frea peptide (nM)




Spor ozoite-threonin-asparagine-rich protein (STARP)

(67 kDa)

1 M Region 45 Region 10 Region 604

221",

5 Non-repetitive /M7 3 Non-repetitive
" (STDNNNTNTI) 26x
Localisation: Possible function:
Surface Spz, Liver Stage, RBC Sporozoite invasion

Fidock DA. Et al. 1997. Eur J Immunol. 27:2502



Anti-sporozoite indirect immunofluorescence with
Aotus monkey sera immunises STARP
protein peptide analogues

Lopez R. et al, 2003. Vaccine 21:2404

anti-20546m anti-20570m




| dentification of specific HePG2 cdl binding regions
In Plasmodium falciparum
spor ozoite-threonine-asparagine-rich protein (STARP)

Lopez, et al, 2003 Vaccine. 21:2404

LT I s WIFYETAITFTLS IWTTLL =
apses | By s NEKNLEOCNFYYNNMNLSE TY
T Rl :'I-'l]{IIHlF[.-:EE'I"l}EHFI..'E-GGT -
2n=gT G 5 % LELY NS KK SGTHNYNTEKT =
L E 8l N E EEMNTNTSNMNNIPFES S S TYTHMN 100
EoEEa M9 g g L A ANNSTTTS TTEY TINe N v 120
20000 | E TRNIKELTGRNNS TTINTNS TE Y 140
20051 | N TS ATEKYTE®NY ITNGIL TG Y 160
2uSST Bl o M T T T NTS TTEHNMN®NLNT Ny 180
2esss IFl s TEMT S A TEKYTENY | TNy 200
2p=sd |3 QI L TEM NN T T TNTE TTEHNN Y 320
2pmes |23 g N TR T NS TDOMNS N TNHNTNLTR ¥ 24
2ot [P N TS TTERKLTODNINTTQNLTT v 280
wssT |FF E TNTT TN STONNSNINTEKP I DY 280
2058 |[2Fl MM N TODIKS TONY SN TGTEK ETDR v 30
2oss? | MM N KN TDIKATDRNS I TTTTODN Y 30
pmsn |3 TR TVISTONSKETSN VIS TDMN Y v 0
sl |H R K THNTISTODMBNLADT I LTOD N Y MO
e [Pl pNNTDI ILTONNENNTODYT [ & W0y 280
2oses ¥ N DNADTHEHATDNNSNTRNTEA T v 4O
2= Hl pN NN TEI IS PRONNYNNTHETTSS Ty 0
apss | g N NN AT R TRE AT SN NTRET @ 5 v W0
2O Hl T DNAMNTETIS TENSNNTE T S v+
oss? |l T p NN N THKTISNDINMNMNTNT IS ¢ 480
2ossn | 481 j'l'.DIH-H.H.H-H-T.H.Q.T.\-'- FANNYNET v 50
s | T RS DD ELNKDSCBYSEEKEMNE =0
s [FlESMINAYVLDPELDLET YVRAK I H S50
sty M S DI STOCITEKKNNP RNG [ THL Y 550
2esTE |l MM LK NMYN I IEF IVY LY LAy S0
2psrs | FFl W s EVEYTKYVGEKLITLAF ALY 2 HO
2eera [#9 v v K NVGKL ILAFALYVML I N S0
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Saturation assays

Lopez R, et al, 2003 Vaccine. 21:2404

PEETARE pephde entical tesaduies for Hep G2 eell atfinity constants and nimsher of Hep G2 cell bading sifes

Peplide Ao acads Sequende fy £ S0 (nb) NrsC® 4 8D (2 10F)
25446 4160 NIKHNRELSEY QS MELGUGY Tt 5 uli 5
20547 il -%0 SAALKLVNSKESGIMVMIKY 219 £ 10 A+ 10
2548 B1-100 MEEN IR TS LPESSS 1Y TH 110 + 8 |40 + §
2564 H1-520 FSDDELERDSS0Y sERRER] LU B+ 6
2057 521-540 B SMINAYLORLDLETVERIN A0+ 9 60+ 4
HepG2 cell membrane assay
— T
— “

20547 20570



Apical membrane antigen-1 (AMA-1)
(83 kDa)

Signal and _ . _ Transmembrane

Localisation: Possible function:

Surface Spz-Mz, micronemes Adhesion, invasion

Silvie O. et al. 2004 J Biol Chem. 279:9490.



AMA-1isexpressed in P. falciparum spor ozoites

50 sSpz = 1F9 50G8
— J7.4
838— + AMA-1
e o= s
- s —— 65 58— D + AMA-1;
’ 50.1—

- 39.8

Silvie O. et al. 2004 J Biol Chem. 279:9490



AMA-1lislost after hepatocyte invasion and re-
expressed in liver merozoites

AMA-1 DAPI

day 3

day 8

day 10

Silvie O. et al. 2004 J Biol Chem. 279:9490.



Only mature AMA-1 proten translocates to the spor ozoite
surface

mAb 5G8

mADb 1F9

Silvie O. et al. 2004 J Biol Chem. 279:9490.



Secreted Protein With Altered Thrombonspondin Type
| Repeat Domain (SPATR)

(30 kDa)
1 224 241 1069

Exon | Intron Exon Il

250

PS EGF-like Il domain Thrombospondin | domain
Localisation: Possible function:
Surface Spz, Liver-Stage, RBC Adhesion, invasion

Chattopadhyay R, et al, 2003, J. Biol Chem. 278: 25977



PfSPATR expression in different P. falciparum stages

Chattopadhyay R, et al, 2003, J. Biol Chem. 278:25977



PfSPATR localisation in P. falciparum by
el ectr on microscopy

W - " A Thpn

Chattopadhyay R, et al, 2003, J. Biol Chem 278: 25977



Spor ozoite microneme Protein Essential for Cell
Traversal (SPECT)

(25 kDa)
1 241
PS
Localisation: Possible function:
Surface Spz, micronemes Kupffer cell invasion

Ishino T. et al. 2004. Plos Biol. 2:077



SPECT proten specifically produced in infected liver

Spor ozoite stage
( A] sporozoite
ookinete midgut salivary gland  merozoite

IFAT

Phase
or
DAPI
B
® g ©
HD'I'J .; l':_;‘:lfmn _I
75, Hh'—;::..
50 = by a1
. - LR R, — ! :
3 g s *i:-,_'- f"ﬁ
L — _‘ .dr;: " -‘I.
e ‘.. £
Jr il

Ishino T. et al. 2004. Plos Biol. 2:077



SPECT: sporozoite cell-passage activity

HelLa

HepG2

5433 10 =quunu ey |

A 300

Ishino T. et al. 2004. Plos Biol. 2:077



Scavenger Receptor Protein (PxSR)

(148 kDa)
SP LH2  LCCL SRCR LCCL PTX LCCL LCCL
1 1304
SP: Signal peptide. 1x LH2: Lipoxygenase homology 2 domain. 1x

LCCL: Limulus factor C-like-Coch-5b2-Lf1 clotting domain. 4x

SRCR: Scavenger receptor cysteine-rich. 2x PTX: PenTraXin domain. 1x

Localisation: Possible function:

Blood stage, gametocytes, Spz, Immune system evasion

Claudianos Ch, et al, 2002, Mol Microbiol
Kappe S, et al, 2003, Trends Parasitol 20:102



PXSR expression

_F;hasé l::-nt_l"-ast il FITC

Claudianos Ch, et al, 2002, Mol Microbiol 45: 1473



Plasmodium Perforin-Like Protein Family (PPL P)

.Membrane-attack complex/perforin.
(MACPF) domain )

PPLP1
PPLP2
PPLP3
PPLP4

PPLP5

’
7
7
’
7
7
7
’
7
’
7
\
\
\
A}
A}
\
\
\
\
\
A}
\

Kaiser K et al, 2004, Mol Biochem Parasitol. 133:15



Chvaview of the Plasmodivr pefforin-like protein (PPLF) amily in P faliparam (P oad & voeltt (Py)

Cine accession numbier Probein aceession numbsar Chromesome localization Predictad mass* (k[Da) Amino acid identity (%6
PPLFI
P PF e300 NP 02743 Chro 4 4 57
Py Y 00434 FEAA 160400 I 21
PPLF2Z
Pr PFL. CEO5W NP 01526 Chro 12 25 49
Py PY 0018l EAA 21179 §E 14
PPLP:
P PFL 1145%W NP 04772 Chro @ o3 iy
Py PYOS 180 EAA 1T16TY 1 a2
PP1.P4
P PEOE_ 0050 MNP 04361 Chro & T 52
Py PYCR0TH FEAMA 226067 I 79
PPLPS
Pr PFOE_O052 WP 04363 Chro & 79 47
Py PYTiEad3 EAA 15731 §E &0

ma: not available,
LWith signal pepticde.
P Predicted protein was incomectly annotated.

Kaiser K et al, 2004, Mol Biochem Parasitol. 133:15



PyPL P1 localises to spor ozoite salivary gland micronemes

Kaiser K et al, 2004, Mol Biochem Parasitol. 133:15



PfEM P3 Plasmodium falciparum erythrocyte membrane
protein 3

(280 kDa)

I | 11V Vv
1 2441

I Repeat regions I

Repeat V (81 x 13 mer)

Localisation: Possible function:

Blood stage, LS, Spz surface Adhesion, invasion

Grlner AC, et al. 2001. Mol. Biochem. Parasitol. 112:253



PfEM P3 localises to mer ozoite, sporozoite and liver
schizont of P. falciparum

Grlner A, et al. 2001. Mol. Biochem. Parasitol. 112:253



Functional profile of proteins expressed in
different P. falci parum Iifecyclestages

Spororaite
I Cell surface {apical organalles) I Msetabolism (energyy [ Transport faciiitation
[ Call cycle {DNA processing) [ Protain fata [ Conssrved hypothstical
[ Cell rescus cefance {virulence) [ 1 Protein mymthesle [ 1 Hypothatical
[ Cellular communication (signal fransduction) [N Trarscription [ ] Unelnssified

[0 Cellular traraport fransport mechaniem)

Florens L. et al. 2002 Nature 419: 520



Plasmodiun falciparum circumsporozoite (CS) protein peptides
specifically bind to HepG2 cells

Suarez J, et al, 2001, Vaccine,19:4487

PEPTIDE
NUMBER

Sequence

4370
4371
4372
4373
4374
4375
4376
4377
4378
4379
4380
4381
4382
4383
4384
4525
4386

13
18
23
28
33
38
43
48
53
58
63
68
73
78
83

MMRKLAILSVSSFLFEVEALFQEY

LSVSSFLFVEALFQEYQCYG
FLFVEALFQEYQCYGSSSNT
ALFQEYQCYGSSSNTRVLNE
YQCYGSSSNTRVLNELNYDN
SSSNTRVLNELNYDNAGTNL
RVLNELNYDNAGTNLYNELE
LNYDNAGTNLYNELEMNYYG
AGTNLYNELEMNYYGKQENW
YNELEMNYYGKQENWYSLKK
MNYYGKQENWYSLKKNSRSL
KQENWYSLKKNSRSLGENDD
YSLKKNSRSLGENDDGNNED
NSRSLGENDDGNNEDNEKLRY
GENDDGNNEDNEKLRKPKHKY
GNNEDNEKLRKPKHKKLKQPY
NEKLRKPKHKKLKQPADGNPY

22

27

32

37

42

47

52

57

62

67

72

7

82

87

92

97

102

4592
4593

REPEATD PNANPVDPNANPNVY
REPEATN ANPNANPNANPY

4387
4388
4389
4390
4391
4392
4393
4394
4395

4397
4398
4399
4400
4401
4402
4403
4404
4405
4406
4407

4408

281
286
291
296
301
306
311
316

321

331

336

341

346

351

356

361

366

371

376

381

386

NKNNQGNGQGHNMPNDPNRNY
GNGQGHNMPNDPNRNVDENAY
HNMPNDPNRNVDENANANSAY
DPNRNVDENANANSAVKNNNY
VDENANANSAVKNNNNEEPSY
NANSAVKNNNNEEPSDKHIKY
VKNNNNEEPSDKHI KEYLNK
NEEPSDKHIKEYLNKIQNSL
DKHIKEYLNKIQNSLSTEWS

IQNSLSTEWSPCSVTCGNG 1Y
STEWSPCSVTCGNGIQVRIKY
PCSVTCGNGIQVRIKPGSANY
CGNGIQVRIKPGSANKPKDEY
QVRIKPGSANKPKDELDYAN
PGSANKPKDELDYANDI EKK

KPKDELDYANDIEKKICKMEKCS

LDYANDIEKKICKMEKCSSYV
DIEKKICKMEKCSSVFNVVNY
ICKMEKCSSVFNVVNSSIGLY
KCSSVFNVVNSSIGL IMVLSY
FNVVNSSIGLIMVLSFLFLN

300

305

310

315

320

335

340

350

355

360
365

370

380

385

390

395

400

405

BINDING ACTIVITY

20 30

83

383

RTS -S



Plasmodium spor ozoite surface
and/or apical organelle proteome

Protein

MAEBL

SPECT

EBA175
P235
AMA1

Other stages

Mz
Mz
Mz

Subcellular Localization Conserved pep

Surface, micronemes
Micronemes
Surface, micronemes

Surface, micronemes

PEMP3

RBC, LS

Surface

P52
MCP1
SPATR
PPLP1
PIEMP1
STEVOR
RIFINS

MZ
RBC
iRBC
iRBC
iRBC

?
?
Surface
Micronemes

Adapted of :Baldacci P et al. 2004 Mol. Microbiol. 54:298
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