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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/malaria/ldpg.html#BM40



Ookinete

Knell A.J. 1987 Am J Trop Med Hyg. :37:412http://www.brown.edu/Courses/Bio_160/Projects1999/malaria/ldpg.html#BM40



Multiplication in the mosquito

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



Plasmodium oocysts on the surface 
of a mosquito gut 

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



Oocyst ruptures to liberate sporozoites 
which penetrate the salivary gland

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



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

Sporozoites within the salivary gland



Sporozoite motility within the salivary gland

Frischknecht F et al. 2004  Cellular Microbilogy 6:687



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

Phenotypic differences of oocyst sporozites and
salivary gland sporozoites



Sporozoite ejection through the salivary canal 
of a live mosquito’s proboscis

Frischknecht F et al. 2004 Cellular Microbiologi. 6: 687







Kappe Stefan H. I.  Et al 2004.  Annu. Rev. Cell Dev. Biol.. 20: 29-59

Schematic representation of a Plasmodium
sporozoite

micronemes

surface



Kappe Stefan H. I.  et al. 2004.  Annu. Rev. Cell Dev. Biol.. 20: 29

Model of molecular motility machinery
in apicomplexa



Model of molecular motility machinery
in apicomplexa

Sibley D, et al, 1998, Current biol. 8:R12



Malaria sporozoites actively enter and pass
through Kuppffer cells

prior to hepatocyte invasion

www.comparative-hepatology.com



The complexity of sporozoite liver infection

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



Plasmodium sporozoites migrate through
hepatocytes before infection

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



Silvie O. et al. 2003 Nature Med. 9:93

CD81 is required by P yoelli sporozoites for
hepatic infection



Knell A.J. 1987. Am J Trop Med Hyg. 37:412

Electron micrograph of an early hepatic schizont



Plasmodium berghei exo-erythrocyte schizont in
HepG2 cells

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



Functional profile of proteins expressed in different
P. falciparum life-cycle stages

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 -
65 X X - -

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, 17x106, 4.5x109

trophozoites, 2.75x109 merozoites, and 6.5x109 gametocytes.

Florens L. et al. 2002 Nature 419:520



Plasmodium sporozoite surface
and/or apical organelle proteome

Baldacci P et al 2004 Mol microbiol. 



Region I
(KLKQPG)

Region II plus
(EWSPCSVTCGNGIQVRIK)

Central repeat region
Thrombospondin type I repeat

Circumsporozoite protein (Cs)
(42 kDa)

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

1 a.a. 492 a.a. 

(NANP) 37x -(NVDP) 3x

Localisation: 

Surface Spz, EEFs, Liver Stage

Possible function: 

Adhesion, Invasion, glinding motility



Salivary gland tinction with CS protein

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



Sporozoite displacement in an assay with CS protein

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



Sporozoites are enclosed in a vacuole in Kupffer cells

Pradel and Frevert. 2001 Hepatology, 33,1154



Pradel and Frevert. 2001 Hepatology. 33:1154

P. bergei sporozoites pass through Kupffer cells
to hepatocytes in vivo



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

The parasitophorous vacuole enveloping the sporozoite 
in Kupffer cells there is no binding to lysosomes



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

CS protein inhibition of protein synthesis in mammal cells

A B

C D



Cerami C. et al . 1992 Cell, 70:1021

CS protein binding to human hepatocyte microvilli
in the Disse space



CS protein binding in the liver depends on region II

Cerami C. et al . 1992 Cell 70:1021



Suarez J, et al, 2001, Vaccine,19:4487 
PEPTIDE
NUMBER Sequence BINDING  ACTIVITY

20 30 40

4370 1 M M R K L A I L S V S S F L F V E A L F Q E Y 22

4371 8 L S V S S F L F V E A L F Q E Y Q C Y G 27

4372 13 F L F V E A L F Q E Y Q C Y G S S S N T 32
.

4373 18 A L F Q E Y Q C Y G S S S N T R V L N E 37

4374 23 Y Q C Y G S S S N T R V L N E L N Y D N 42

4375 28 S S S N T R V L N E L N Y D N A G T N L 47

4376 33 R V L N E L N Y D N A G T N L Y N E L E 52

4377 38 L N Y D N A G T N L Y N E L E M N Y Y G 57

4378 43 A G T N L Y N E L E M N Y Y G K Q E N W 62

4379 48 Y N E L E M N Y Y G K Q E N W Y S L K K 67

4380 53 M N Y Y G K Q E N W Y S L K K N S R S L 72

4381 58 K Q E N W Y S L K K N S R S L G E N D D 77

4382 63 Y S L K K N S R S L G E N D D G N N E D 82

4383 68 N S R S L G E N D D G N N E D N E K L R Y 87

4384 73 G E N D D G N N E D N E K L R K P K H K Y 92

4525 78 G N N E D N E K L R K P K H K K L K Q P Y 97

4386 83 N E K L R K P K H K K L K Q P A D G N P Y 102

4592 REPEAT D P N A N P V D P N A N P N V Y

4593 REPEATN A N P N A N P N A N P Y nd

4387 281 N K N N Q G N G Q G H N M P N D P N R N Y 300

4388 286 G N G Q G H N M P N D P N R N V D E N A Y 305

4389 291 H N M P N D P N R N V D E N A N A N S A Y 310

4390 296 D P N R N V D E N A N A N S A V K N N N Y 315

4391 301 V D E N A N A N S A V K N N N N E E P S Y 320

4392 306 N A N S A V K N N N N E E P S D K H I K Y 325

4393 311 V K N N N N E E P S D K H I K E Y L N K 330

4394 316 N E E P S D K H I K E Y L N K I Q N S L 335

4395 321 D K H I K E Y L N K I Q N S L S T E W S 340

4396 326 E Y L N K I Q N S L S T E W S P C S V T 345

4397 331 I Q N S L S T E W S P C S V T C G N G I Y 350

4398 336 S T E W S P C S V T C G N G I Q V R I K Y 355

4399 341 P C S V T C G N G I Q V R I K P G S A N Y 360

4400 346 C G N G I Q V R I K P G S A N K P K D E Y 365

4401 351 Q V R I K P G S A N K P K D E L D Y A N 370

4402 356 P G S A N K P K D E L D Y A N D I E K K 375

4403 361 K P K D E L D Y A N D I E K K I C K M E K C S 380

4404 366 L D Y A N D I E K K I C K M E K C S S V 385

4405 371 D I E K K I C K M E K C S S V F N V V N Y 390

4406 376 I C K M E K C S S V F N V V N S S I G L Y 395

4407 381 K C S S V F N V V N S S I G L I M V L S Y 400

4408 386 F N V V N S S I G L I M V L S F L F L N 405

83

383

R
TS

-S

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



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



Polimorphic sequence found in different P. falciparum isolates
Corresponding to amino acids 326 to 345

Of the NF54 P. falciparum

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

Isolates Origin
NF54,XP8,9, X10,11,4271-4,6-10 3D7 Wets Africa, Honduras, The Netherlands E Y L N K I Q N S L S T E W S P C S V T
ltG2G1 Brazil K K
MS2,SO6 Thailand, Brazil K K R
LE5, 3669 Liberia, Gambia K K T
366t, 3991-10, 4061-9, 41910 Gambia K K T K
366 8,10 Gambia K Q
406 10, 419 1-9 Gambia K Q K
366 2-7 Gambia K Q R
Xs,XP 12,13  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 K T K
7G8 Brazil Q K K I

aAmino 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 

Sequence



Sequence similarity Py SSP2

Divergent region

Binding region

(EWSPCSVTCGNGIQVRIK)
Region II plus

SS

N-10

A Domain

TD CD

Conserved region

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

1 a.a 558 a.a.

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



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

IFAs of P. falciparum SSP2 monoclonal and polyclonal
antibodies against sporozoites

mAb SSP2 α SSP2 α CSP



Regulated apical exocytosis is observed as a “cap”
in the sporozoite extreme

HepG2

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



CS and TRAP proteins recognise stellate cells, Kupffer
cells and hepatocytes but not endothelium cells’ sinuosity

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

CS protein TRAP



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

Truncated TRAPs are correctly expressed and
found on the sporozoite surface



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

TRAP(-) sporozoite does not express in vitro
displacement and mobility



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

Phenotypical displacement of wild and mutated sporozoites



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

Immuno-electron microscopy of P. falciparum SSP2



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

Homology modelling based von Willenbrand factor 
and TRAP A domain

R131T-L133 

(Mg++)

Heparin binding



Matuschewski et al. 2002 EMBO J. 21:1597

Plasmodium sporozoite invasion of insect and
mammalian cells is directed by the same dual binding

system



PEPTIDE SEQUENCE BINDING ACTIVITY
NUMBER 2 4 6 8 10

3239 1 M N H L G N V K Y L V I V F L 15 S.S.
3241 11 V I V F L I F F D L F L V N G 25

3243 21 F L V N G R D V Q N N I V D E 35 R I
3245 31 N I V D E I K Y R E E V C N D 45 N-10
3247 41 E V C N D E V D L Y L L M D C 55

3249 51 L L M D C S G S I R R H N W V 65

3251 61 R H N W V N H A V P L A M K L 75

3253 71 L A M K L I Q Q L N L N D N A 85

3255 81 L N D N A I H L Y A S V F S N 95 A
3257 91 S V F S N N A R E I I R L H S 105

3259 101 I R L H S D A S K N K E K A L 115 D
3261 111 K E K A L I I I K S L L S T N 125 o
3263 121 L L S T N L P Y G K T N L T D 135 m
3265 131 T N L T D A L L Q V R K H L N 145 a
3267 141 R K H L N D R I N R E N A N Q 155 i
3269 151 E N A N Q L V V I L T D G I P 165 n
3271 161 T D G I P D S I Q D S L K E S 175

3273 171 S L K E S R K L S D R G V K I 185

3275 181 R G V K I A V F G I G Q G I N 195

3277 191 G Q G I N V A F N R F L V G C 205

3279 201 F L V G C H P S D G K C N L Y 215 R-II
3281 211 gf C N L Y A D S A W E N V K N 225

3283 221 E N V K N V I G P F M K A V C 235

3285 231 M K A V C V E V E K T A S C G 245

3287 241 T A S C G V W D E W S P C S V 255 R-II
3289 251 S P C S V T C G K G T R S R K 265  Plus.

3291 261 T R S R K R E I L H E G C T S 275

3293 271 E G C T S E L Q E Q C E E E R 285 S.Py.
3295 281 C E E E R C L P K R E P L D V 295 SSP2
3297 291 E P L D V P D E P E D D Q P R Y 305

3299 301 D D Q P R P R G D N F A V E K Y 315

3301 311 F A V E K P N E N I I D N N P 325 D
3303 321 I D N N P Q E P S P N P E E G 335 i
3305 331 N P E E G K G E N P N G F D L 345 R III v
3307 341 N G F D L D E N P E N P P N P Y 355 e
3309 351 N P P N P P N P P N P P N P P Y 365 r
3311 361 P P N P P N P P N P D I P E Q 375 g
3313 371 D I P E Q E P N I P E D S E K 385 e
3315 381 E D S E K E V P S D V P K N P Y 395 n
3317 391 V P K N P E D D R E E N F D I 405 t
3319 401 E N F D I P K K P E N K H D N 415 R.
3321 411 N K H D N Q N N L P N D K S D Y 425

3323 421 N D K S D R Y I P Y S P L S P 435 R. 
3325 431 S P L S P K V L D N E R K Q S Y 445 B
3327 441 E R K Q S D P Q S Q D N N G N Y 455 i
3329 451 D N N G N R H V P N S E D R E Y 465 n
3331 461 S E D R E T R P H G R N N E N Y 475 d
3333 471 R N N E N R S Y N R K H N N T 485

nd i
3335 481 K H N N T P K H P E R E E H E Y 495 R IV n
3337 491 R E E H E K P D N N K K K A G Y 505 g
3339 501 K K K A G S D N K Y K I A G G 515

3341 511 K I A G G I A G G L A L L A C 525 S.Py. 
3343 521 A L L A C A G L A Y K F V V P 535 SSP2
3345 531 K F V V P G A A T P Y A G E P 545 T.D
3347 541 Y A G E P A P F D E T L G E E 555 R V
3349 551 T L G E E D K D L D E P E Q F 565 C.D.
3351 561 E P E Q F R L P E E N E W N 575

Control PLGFFPDHQLDPAFGANSNNPDWDFNP

2001, J. Pept. Res, 58: 285



P. falciparum high binding SSP2 peptides containing
B epitopes in their sequences

López 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

P. falciparum high binding SSP2 peptides containing
B epitopes in their sequences

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



Tandem RepeatsSP MI MII C-Cys TD CD CD 

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

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

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



MAEBL sporozoite expression

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



PbMAEBL stage-specific production and
localisation in micronemes

Karin T. et al. 2002 J. Exp. Med.,195:1317



Labelling an oocyst sporozoite section with anti-
MAEBL antibodies reveals micronemal localisation

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



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

Differential localisation of P. Berghei MAEBL salivary
gland sporozoites

MG D15 
sporozoite

MG D22
sporozoite

MG D25
sporozoite



Liver Stage Antigen 1 (LSA-1)

17 aa repeat regionNR region NR region

1 1909

(EQQSDLEQERRAKEKLQ) 25 x

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

154 1629

(240 kDa)

Localisation: 

Tpz, PVM, Liver Schz-Mz

Possible function: 

Adhesion, Invasion



Localisation of LSA-1 during liver stage schizogony

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

R

N N

R

Day 3

Day 5

Day 5

Day 6

Day 6



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

García J. et al, 2003, Peptides, 24:647
PEPTIDE 
NUMBER SEQUENCE % BINDING ACTIVITY

20
20629

1
M K H I L Y I S F Y F I L V N L L I F H

20

20630
21

I N G K I I K N S E K D E I I K S N L R Y
40

20631
41

S G S S N S R N R I N E E N H E K K H V Y
60

20632
61

L S H N S Y E K T K N N E N N K F F D K
80

20633
81

D K E L T M S N V K N V S Q T N F K S L Y
100

20634
101

L R N L G V S E N I F L K E N K L N K E Y
120

20635
121

G K L I E H I I N D D D D K K K Y I K G
140

20636
141

Q D E N R Q E D L E E K A A K E K L Q G Y
160

20637
157

K E K L Q G Q Q S D S E Q E R R A Y
173

20638
174

K E K L Q E Q Q S D L E Q E R L A Y
190

20639
191

K E K L Q E Q Q S D L E Q E R R A Y
207

20641
1434

Q E Q Q S D L E Q D R L A K E K L Y
1450

                       

20640
1604

Q E Q Q S D L E Q E R R A K E K L Y
1620

20642
1621

Q E Q Q R D L E Q R K A D T K K N L E R Y
1640

20643
1641

K K E H G D I L A E D L Y G R L E I P A
1660

20644
1661

I E L P S E N E R G Y Y I P H Q S S L P
1680

20645
1681

Q D N R G N S R D S K E I S I I E K T N Y
1700

20646
1701

R E S I T T N V E G R R D I H K G H L E Y
1720

20647
1721

E K K D G S I K P E Q K E D K S A D I Q Y
1740

20648
1741

N H T L E T V N I S D V N D F Q I S K Y
1760

20649
1761

E D I S A E Y D D S L I D E E E E D D E
1780

20650
1781

D L D E F K P I V Q Y D N F Q D E E N I
1800

20651
1801

G I Y K E L E D L I E K N E N L D D L D
1820

20652
1821

E G I E K S S E E L S E E K I K K G K K Y
1840

20653
1841

Y E K T K D N N F K P N D K S L Y D E H
1860

20654
1861

I K K Y K N D K Q V N K E K E K F I K S
1880

20655
1881

L F H I F D G D N E I L Q I V D E L S E Y
1900

20656
1890

E I L Q I V D E L S E D I T K Y F M K L
1909

ND

Erythrocytes
HepG2 cells



Saturation assays

20630-HepG2

20630-RBC

20633-RBC

Invasion inhibition

HepG2 RBC

Cell membrane assay

LSA-1 peptides bind to HepG2 and RBC
García J. et al, 2003, Peptides, 24:647



Exon 1

NR-A

Exon 2

NR-B NR-C

HR1 R1 R2 R3 HR2

Liver Stage Antigen 3 (LSA-3)

1
1786

1535819222

(200 kDa)

(VEEK/N/S) 6x (VEESVAEN) 75x (DIEEDVEED) 6x

Localisation: 

Surface Spz, PV, Liver Stage

Possible function: 

Adhesion, Invasion

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



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

http://www.pasteur.fr/recherche/unites/parmed//lsa3/lsa3si.pdf



LSA-3 appears to be located in liver schizont 
parasitophorous vacuole

http://www.pasteur.fr/recherche/unites/parmed//lsa3/lsa3si.pdf

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



Number
Peptide
26237 1 M T N S N Y K S N N K T Y N E N N N E Q 20
26238 21 I T T I F N R T N M N P I K K C H M R E Y 40
26239 41 K I N K Y F F L I K I L T C T I L I W A 60
26240 61 V Q Y D N N S D I N K S W K K N T Y V D 80
26241 81 K K L N K L F N R S L G E S Q V N G E L Y 100
26242 101 A S E E V K E K I L D L L E E G N T L T Y 120
26243 121 E S V D D N K N L E E A E D I K E N I L Y 140
26244 141 L S N I E E P K E N I I D N L L N N I G Y 160
26245 161 Q N S E K Q E S V S E N V Q V S D E L F Y 180
26246 181 N E L L N S V D V N G E V K E N I L E E Y 200
26247 201 S Q V N D D I F N S L V K S V Q Q E Q Q Y 220
26248 221 H N V E E K V E E S V E E N D E E S V E Y 240
26249 241 E N V E E N V E E N D D G S V A S S V E Y 260
26250 261 E S I A S S V D E S I D S S I E E N V A Y 280
26251 281 P T V E E I V A P S V V E S V A P S V E Y 300
26252 301 E S V E E N V E E S V A E N V E E S V A Y 320
26253 321 E N V E E S V A E N V E E S V A E N V E Y 340
26254 341 E I V A P T V E E I V A P T V E E I V A Y 360
26255 361 P S V V E S V A P S V E E S V E E N V E Y 380
26256 381 E S V A E N V E E S V A E N V E E S V A Y 400
26257 401 E N V E E S V A E N V E E S V A E N V E Y 420
26259 441 P S V V E S V A P S V E E S V E E N V E Y 460
26260 461 E S V A E N V E E S V A E N V E E S V A Y 480
26261 481 E N V E E S V A E N V E E S V A E N V E Y 500
26262 501 E S V A E N V E E S V A E N V E E I V A Y 520
26263 521 P T V E E I V A P T V E E I V A P S V V Y 540
26264 541 E S V A P S V E E S V E E N V E E S V A Y 560
26265 561 E N V E E S V A E N V E E S V A E N V E Y 580
26266 581 E S V A E N V E E I V A P T V E E I V A Y 600
26268 621 E S V E E N V E E S V A E N V E E S V A Y 640
26269 641 E N V E E S V A E N V E E I V A P T V E Y 660
26270 661 E I V A P T V E E I V A P S V V E S V A Y 680
26271 681 P S V E E S V E E N V E E S V A E N V E Y 700
26272 701 E S V A E N V E E S V A E N V E E S V A Y 720
26273 721 E N V E E I V A P T V E E I V A P T V E Y 740
26274 741 E I V A P S V V E S V A P S V E E S V E Y 760
26275 761 E N V E E S V A E N V E E S V A E N V E Y 780
26276 781 E S V A E N V E E S V A P T V E E I V A Y 800
26277 801 P S V E E S V A P S V E E S V A E N V A Y 820
26278 821 T N L S D N L L S N L L G G I E T E E I Y 840 nd
26279 841 K D S I L N E I E E V K E N V V T T I L Y 860 nd
26280 861 E N V E E T T A E S V T T F S N I L E E Y 880 nd
26281 881 I Q E N T I T N D T I E E K L E E L H E Y 900 nd
26282 901 N V L S A A L E N T Q S E E E K K E V I Y 920
26283 921 D V I E E V K E E V A T T L I E T V E Q Y 940
26284 941 A E E K S A N T I T E I F E N L E E N A Y 960
26285 961 V E S N E N V A E N L E K L N E T V F N Y 980
26286 981 T V L D K V E E T V E I S G E S L E N N Y 1000
26287 1001 E M D K A F F S E I F D N V K G I Q E N Y 1020
26288 1021 L L T G M F R S I E T S I V I Q S E E K Y 1040
26289 1041 V D L N E N V V S S I L D N I E N M K E Y 1060
26290 1061 G L L N K L E N I S S T E G V Q E T V T Y 1080
26291 1081 E H V E Q N V Y V D V D V P A M K D Q F 1100
26292 1101 L G I L N E A G G L K E M F F N L E D V Y 1120
26293 1121 F K S E S D V I T V E E I K D E P V Q K Y 1140
26294 1141 E V E K E T V S I I E E M E E N I V D V Y 1160
26295 1161 L E E E K E D L T D K M I D A V E E S I Y 1180
26296 1181 E I S S D S K E E T E S I K D K E K D V Y 1200
26297 1201 S L V V E E V Q D N D M D E S V E K V L Y 1220
26298 1221 E L K N M E E E L M K D A V E I N D I T Y 1240
26299 1241 S K L I E E T Q E L N E V E A D L I K D Y 1260
26300 1261 M E K L K E L E K A L S E D S K E I I D Y 1280
26301 1281 A K D D T L E K V I E E E H D I T T T L Y 1300
26302 1301 D E V V E L K D V E E D K I E K V S D L Y 1320
26303 1321 K D L E E D I L K E V K E I K E L E S E Y 1340
26304 1341 I L E D Y K E L K T I E T D I L E E K K 1360
26305 1361 E I E K D H F E K F E E E A E E I K D L Y 1380
26306 1381 E A D I L K E V S S L E V E E E K K L E Y 1400
26307 1401 E V H E L K E E V E H I I S G D A H I K Y 1420
26308 1421 G L E E D D L E E V D D L K G S I L D M Y 1440
26309 1441 L K G D M E L G D M D K E S L E D V T T Y 1460
26310 1461 K L G E R V E S L K D V L S S A L G M D Y 1480
26311 1481 E E Q M K T R K K A Q R P K L E E V L L Y 1500
26312 1501 K E E V K E E P K K K I T K K K V R F D Y 1520
26313 1521 I K D K E P K D E I V E V E M K D E D I Y 1540
26314 1541 E E D V E E D I E E D I E E D K V E D I Y 1560
26315 1561 D E D I D E D I G E D K D E V I D L I V Y 1580
26316 1581 Q K E K R I E K V K A K K K K L E K K V Y 1600
26317 1601 E E G V S G L K K H V D E V M K Y V Q K 1620
26318 1621 I D K E V D K E V S K A L E S K N D V T Y 1640
26319 1641 N V L K Q N Q D F F S K V K N F V K K Y 1660
26320 1661 K V F A A P F I S A V A A F A S Y V V G 1680
26321 1681 F F T F S L F S S C V T I A S S T Y L L 1700
26322 1701 S K V D K T I N K N K E R P F Y S F V F 1720
26323 1721 D I F K N L K H Y L Q Q M K E K F S K E 1740
26324 1741 K N N N V I E V T N K A E K K G N V Q V Y 1760
26325 1761 T N K T E K T T K V D K N N K V P K K R Y 1780
26326 1767 T T K V D K N N K V P K K R R T Q K S K Y 1786

SPECIFIC BINDING ACTIVITY To HepG2 CELLS (% )SEQUENCE

Peptide reported for Neurath et al . 
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R
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Saturation assays

Kd= 480-880 nM

Sities/cell= 0.5-1.5x106

HepG2 Cell membrane assay

Garcia J. et al, 2004, J Mol Med, 82:600

Liver Stage Antigen 3 
Plasmodium falciparum

peptides specifically interacting
with HepG2 cells



Sporozoite And Liver Stage Antigen (SALSA)

N C

1 83

(70 kDa) 

(KKDEK, KDDVK, KEEKK, KDDGK, KVLEK)

Salsa-1 Salsa-2

Localisation: 

Surface Spz, PV, Liver Stage

Possible function: 

Adhesion, Invasion

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



Localisation of SALSA in P. falcarum sporozoites
(A, C and D) and liver stage (B)

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



SLOPE
PEPTIDE SEQUENCE 1% 2%

20607 1 RVSTSDTPGGNESSSAFPQFY 20

20608 21 IWSAEKKDEKEASEQGEESHY 40

20609 41 KKENSQESANGKDDVKEEKKY 60

20610 61 TNEKKDDGKTDKVQEKVLEKY 80

20611 64 KKDDGTDKVQEKVLEKSPKY 83

Saturation assay

Spz Schz

IFA assays

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

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



5’ Non-repetitive

M Region 45 Region 10 Region

3’ Non-repetitive

Sporozoite-threonin-asparagine-rich protein  (STARP)
(67 kDa)

1 604

(STDNNNTNTI) 26x

221 497

Localisation: 

Surface Spz, Liver Stage, RBC

Possible function: 

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

anti-20546m anti-20570m



Identification of specific HepG2 cell binding regions
in Plasmodium falciparum

sporozoite-threonine-asparagine-rich protein (STARP)
Lopez, et al, 2003 Vaccine. 21:2404 

HepG2 Cells RBC



Saturation assays

HepG2 cell membrane assay

20547 20570

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



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

Signal and
prosequence Domain I Domain II Domain III

Transmembrane
and cytoplasmic

1 622113 313 433 533

Localisation: 

Surface Spz-Mz, micronemes

Possible function: 

Adhesion, invasion

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



AMA-1 is expressed in P. falciparum sporozoites

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

N



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

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



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

Only mature AMA-1 protein translocates to the sporozoite 
surface

mAb 5G8

mAb 1F9



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

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

EGF-like II domain Thrombospondin I domain

10691 224 541

Exon I Intron Exon II

1 250

PS

Localisation: 

Surface Spz, Liver-Stage, RBC

Possible function: 

Adhesion, invasion

(30 kDa)



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

PfSPATR expression in different P. falciparum stages

Spz Tphz Schz

Mz Gm



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

PfSPATR localisation in P. falciparum by 
electron microscopy

Spz Spz

Schz



Sporozoite microneme Protein Essential for Cell 
Traversal (SPECT)

1 241

(25 kDa)

Localisation: 

Surface Spz, micronemes

Possible function: 

Kupffer cell invasion

PS

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



SPECT protein specifically produced in infected liver
sporozoite stage

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



HepG2 HeLa

SPECT: sporozoite cell-passage activity

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



Scavenger Receptor Protein  (PxSR)

Kappe S, et al, 2003, Trends Parasitol 20:102

SP LH2 LCCL SRCR PTXLCCL LCCL LCCL

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  

1 1304

(148 kDa)

Claudianos Ch, et al, 2002, Mol Microbiol

Localisation: 

Blood stage, gametocytes, Spz, 

Possible function: 

Immune system evasion



PxSR expression

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

sgSpz



Plasmodium Perforin-Like Protein Family (PPLP)

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

PPLP1

PPLP2

PPLP3

PPLP4

PPLP5

Membrane-attack complex/perforin
(MACPF) domain



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



PyPLP1 localises to sporozoite salivary gland micronemes

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



PfEMP3 Plasmodium falciparum erythrocyte membrane
protein 3

Repeat V (81 x 13 mer)

(280 kDa)

Repeat regions

I II III IV V
1 2441

Localisation: 

Blood stage, LS, Spz surface

Possible function: 

Adhesion, invasion

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



PfEMP3 localises to merozoite, sporozoite and liver
schizont of P. falciparum 

Spz

L. Schz

Mz
Host

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



Functional profile of proteins expressed in 
different P. falciparum life-cycle stages

Florens L. et al. 2002 Nature 419: 520



Suarez J, et al, 2001, Vaccine,19:4487 
PEPTIDE
NUMBER Sequence BINDING  ACTIVITY

20 30 40

4370 1 M M R K L A I L S V S S F L F V E A L F Q E Y 22

4371 8 L S V S S F L F V E A L F Q E Y Q C Y G 27

4372 13 F L F V E A L F Q E Y Q C Y G S S S N T 32
.

4373 18 A L F Q E Y Q C Y G S S S N T R V L N E 37

4374 23 Y Q C Y G S S S N T R V L N E L N Y D N 42

4375 28 S S S N T R V L N E L N Y D N A G T N L 47

4376 33 R V L N E L N Y D N A G T N L Y N E L E 52

4377 38 L N Y D N A G T N L Y N E L E M N Y Y G 57

4378 43 A G T N L Y N E L E M N Y Y G K Q E N W 62

4379 48 Y N E L E M N Y Y G K Q E N W Y S L K K 67

4380 53 M N Y Y G K Q E N W Y S L K K N S R S L 72

4381 58 K Q E N W Y S L K K N S R S L G E N D D 77

4382 63 Y S L K K N S R S L G E N D D G N N E D 82

4383 68 N S R S L G E N D D G N N E D N E K L R Y 87

4384 73 G E N D D G N N E D N E K L R K P K H K Y 92

4525 78 G N N E D N E K L R K P K H K K L K Q P Y 97

4386 83 N E K L R K P K H K K L K Q P A D G N P Y 102

4592 REPEAT D P N A N P V D P N A N P N V Y

4593 REPEATN A N P N A N P N A N P Y nd

4387 281 N K N N Q G N G Q G H N M P N D P N R N Y 300

4388 286 G N G Q G H N M P N D P N R N V D E N A Y 305

4389 291 H N M P N D P N R N V D E N A N A N S A Y 310

4390 296 D P N R N V D E N A N A N S A V K N N N Y 315

4391 301 V D E N A N A N S A V K N N N N E E P S Y 320

4392 306 N A N S A V K N N N N E E P S D K H I K Y 325

4393 311 V K N N N N E E P S D K H I K E Y L N K 330

4394 316 N E E P S D K H I K E Y L N K I Q N S L 335

4395 321 D K H I K E Y L N K I Q N S L S T E W S 340

4396 326 E Y L N K I Q N S L S T E W S P C S V T 345

4397 331 I Q N S L S T E W S P C S V T C G N G I Y 350

4398 336 S T E W S P C S V T C G N G I Q V R I K Y 355

4399 341 P C S V T C G N G I Q V R I K P G S A N Y 360

4400 346 C G N G I Q V R I K P G S A N K P K D E Y 365

4401 351 Q V R I K P G S A N K P K D E L D Y A N 370

4402 356 P G S A N K P K D E L D Y A N D I E K K 375

4403 361 K P K D E L D Y A N D I E K K I C K M E K C S 380

4404 366 L D Y A N D I E K K I C K M E K C S S V 385

4405 371 D I E K K I C K M E K C S S V F N V V N Y 390

4406 376 I C K M E K C S S V F N V V N S S I G L Y 395

4407 381 K C S S V F N V V N S S I G L I M V L S Y 400

4408 386 F N V V N S S I G L I M V L S F L F L N 405

83

383

R
TS

-S

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



Plasmodium sporozoite surface
and/or apical organelle proteome

Protein Other stages Subcellular Localization Conserved pep
Cs - Surface 2

TRAP - Surface, micronemes 7
MAEBL - Surface, micronemes
SPECT - Micronemes
EBA175 Mz Surface, micronemes

P235 Mz
AMA1 Mz Surface, micronemes

STARP RBC, LS Surface 5
SALSA RBC, LS Surface 2
PEMP3 RBC, LS Surface
LSA3 LS Surface 11
LSA1 LS 1
P52 - ?

MCP1 MZ ?
SPATR RBC Surface
PPLP1 - Micronemes

PfEMP1 ¡RBC
STEVOR ¡RBC
RIFINS ¡RBC

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




