


Diagram showing the general structure of a
Plasmodium falciparum merozoite
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A merozoite caught invading an erythrocyte, seen by electron microscopy.
Malaria by A. J. Knell
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Scanning electron micrograph of a merozoite attached to a red 
blood cell. The parasite appears to have distorted the red blood
cell surface. Magnification x 10.000.
Malaria by A. J. Knell
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Bannister L. H., et al, 1977, Cowman A. F., et al, 2000 
Sherman I. W., 1998

FIDICFIDIC



Morphological development of blood forms

Merozoite

A merozoite, showing the apical prominence
with a rhoptry, dense granules, and a very
indented nucleus. 

Bannister L. H., et al. 2000, Sherman I. W., 1998
Anders R. F., et al. 1991
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Morphological development of blood forms

Ring stage

A ring stage of the cup-like form, showing the
nucleus surrounded by ribosomes and some
endoplasmic reticulum. 

Bannister L. H., et al. 2000, Sherman I. W., 1998
Anders R. F., et al. 1991
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Morphological development of blood forms

TrophozoiteMid-trophozoite stage, showing the
nucleus, the pigment vacuole and a 
cytostome with a forming food
vacuole. "Trophozoite" means the
maturing stage. Greek "tropho" 
means "to nurture". Bannister L. H., et al. 2000, Sherman I. W., 1998

Anders R. F., et al. 1991
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Morphological development of blood forms

Schizont

A schizont, showing a series of nuclei and developing merozoites
containing rounded early rhoptries around their perimeters. Note the
irregular appearance of the red blood cell (RBC) surface and the
presence of knobs. The name "schizont" comes from the Greek "schizo", 
meaning "to tear apart". 

Bannister L. H., et al. 2000, Sherman I. W., 1998
Anders R. F., et al. 1991
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Plasmodium falciparum morphology

http://sites.huji.ac.il/malaria/FramInteractions.html
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Morphology throughout the asexual life
cycle of blood stage parasite expressing
targeted Green Fluorescent Protein (GFP)



Merozoite surface proteins

Merozoite pellicle and surface coat

MSP1
MSP2
MSP3
MSP4
MSP5
MSP6
MSP8
AMA1
MAEBL
ABRA
S-antigen

Bannister L. H., et al, 1977, Cowman A. F., et al, 2000 
Sherman I. W., 1998, Cowman and Crabb, 2002
Chitnis and Blackman, 2000
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R     +    L             RL
(r-b)       (l-b)           b

(k + r + l) – ((k + r + l)2 – 4rl)1/2

2
b =

r > 250 binding sites per cell
l < 200 nM 

b/l is the binding slope, if b/l ≥ 0.02

Receptor-ligand interactions
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Behr M., et al., 2001, Attle A. D. and Raines R. T., 1995,
Hulme E. C., et al., 1993, Yamamura H. I., et al., 1978



Receptor-ligand binding assay

90 min/4ºC
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90 min/4ºC
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Urquiza M., et al., 1996, Parasite Immunology, 18: 515
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Urquiza M., et al., 1996, Parasite Immunology, 18: 515
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Factors influencing the binding assay

Binding assay at 20% to 60% haematocrit
T 18 °C, 90 min).

Effects of reaction time on the slope values
of the specific binding curve (haematocrit
50% T 18 °C).

Effects on slope values of specific binding
curve at temperatures between 4oC and
37°C (haematocrit 60% 60 min).

Rodríguez L.E., et al., 2000, Parasitology, 120: 225



HABP saturation curve
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Bmax, maximum amount of
bound peptide

Urquiza M., et al., 1996, Parasite Immunology, 18: 515
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High binding glycine analogue peptides
Suárez J. E., et al., 2000, Mem Inst Oswaldo Cruz, 95: 495
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HABP binding to human and non-human 
erythrocytes

Suárez J. E., et al., 2000, Mem Inst Oswaldo Cruz, 95: 495



Invasion inhibition assay
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Plasmodium vivax

MSP-1

MSP-3α

MSP-3β

MSP-3γ

1 2 3 4 5 6 7 8 9 10 11 12 13

Plasmodium falciparum

MSP-1

MSP-2

MSP-3

MSP-4

1 2 3 45 6 7 8 9 10 11 12 13 14 15 16 17

200 amino-acids

Conserved

Coiled coil

Signal peptide

Semi-conserved

Amino-acid repeats

GPI addition

Variable

EGF-like domain

Merozoite surface proteins

Sherman I. W., 1998
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MSP-1

1983 30 38
33

1       2                                                       3       4      5      6-8        9

EGFBR

Holder A. A. and Blackman 1994, Nikodem D. P. and Davidson E. A. 2000,
Urquiza M. et al., 1996, Patarroyo M. E. et al., 1988, Lozano J. M.  et al., 1998

42

kDa

1 681 901 1601

••TheThe MSPMSP--l protein l protein isis a 195 kDa a 195 kDa polymorphicpolymorphic surfacesurface membranemembrane protein protein ofof thethe merozoite.merozoite.

••MSPMSP--1 1 isis synthesizedsynthesized in in schizogonyschizogony andand containcontain variable, variable, semiconservedsemiconserved andand constantconstant sequencessequences..

••ExtensiveExtensive proteolyticproteolytic processingprocessing ofof 83, 30, 38 83, 30, 38 andand 42 (33, 19) kDa 42 (33, 19) kDa fragmentsfragments..

••19 kDa 19 kDa containcontain twotwo cysteinecysteine--richrich EGFEGF--likelike regionsregions..

••TheThe SPf66SPf66 syntheticsynthetic malaria malaria vaccinevaccine, , containscontains a a sequencesequence fromfrom thethe 83 kDa 83 kDa fragmentfragment: : YYSLFQKEKMVL

33

kDa

1261 1521

1. GYSLFQKEKMVLNEGTSGTA
2.  QIPYNLKIRANELDVLKKLV
3. FKVLSKLEGKLKDNLNLEKK
4.  AESNTITTSQNVDDEVDDVY
5.  EVLYLKPLAGVYRSLKKQLE

6.  LSSYNYIKDSIDTDINFAND
7.  VLGYYKILSEKYKSDLDSIK
8.  KYINDKQGENEKYLPFLNNI
9.  QGMLNISQHQCVKKQCPQNS
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Model of the overall structure of processed MSP-1.

The natural processing fragments, roughly drawn to
scale, are given in white (p83) or in differently shaded
gray as indicated. Interacting subunits overlap with their
circumferences. Linker regions accessible to thrombin
cleavage are drawn as black lines connecting various
domains and amino acid positions where cleavage
occurs are indicated by arrows and respective
numbers.

Kauth C. W., et al., 2003



MSP-119

The 3D structure of PcMSP-119 The 3D structure of PfMSP-119

Chitarra V. et al., 1999, Morgan W.D. et al., 1999
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Specific MSP-l peptide binding to erythrocytes.
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The binding affinity (black bars) is
the slope of the specific binding
graph. The red line separates
peptides having binding capacity
greater than or equal to 0.020 
pmol bound/pmol added peptide

Urquiza M., et al., 1996, Parasite
Immunology, 18: 515

Peptide 1.5 3.0 4.5 6.0
1511
1512
1513
1514
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
152683
1527
1528
1529
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549
1550
1551
1552
1553
1554
1555
1556
1557
1558
1559

30 1560
1561
1562 nd
1563
1564
1565
1566
1567 nd
1569
1570
1571
1572
1573
157438 1575
1576
1577
1578
1579
1580
1581
1582
1583
1584 nd
1585
1586
1587
1588

33
1589
1590
1591
1592
1593
1594
1595 nd
1596
1597
1598
159919 1600
1601

2.0

Peptide Kd (nM)

1513 200 ± 23
1522 150 ± 13
1577 180 ± 23
1582 140 ± 14
1585 180 ± 20
1589 250 ± 25
1590 180 ± 18
1591 190 ± 27
1598 240 ± 36
5501 230 ± 45

kDa



Invasion and development inhibition assays
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Urquiza M., et al., 1996, Parasite Immunology, 18: 515



Structural features for HABPs MSP-1
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Espejo F., et al., 2004, BBRC, 315: 418 
Cubillos M., et al., 2003, Proteins, 50: 400 

1513

1522

1513



1585

Structural features for HABPs MSP-1

Espejo F., et al., 2001, Angew Chem Int Ed Engl., 40: 4654 
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PfMSP-119 and peptide 5501
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Morgan W.D. et al., 1999



Clark et al.,1989, Smythe et al., 1988, Ocampo M., et al. 2000, Saul A. et al., 1992, 
Pye D. et al., 1997, Lougouskoi A. A.., et al., 2000, Shi Y. P. et al., 1999

MSP-2
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TT-SNTFINNA (P. berghei)

SNTFINNA AHA KNESKYSNTFINNAYNMSIRRSM (P. y. yoeli)

SNTFINNA CDC/NIIMALVAC-14

1. KNESKYSNTFINNAYNMSIR 
2. INNAYNMSIRRSMAESKPPT
3. NPNHKNAETNPKGKGEVQKP

C1                             V                               C2

1                     21 43 263193

PfPf MSPMSP--22 has 45 has 45 kDakDa toto 56 56 kDakDa..
��ItIt has a has a highlyhighly polymorphicpolymorphic central central regionregion flankedflanked by by conservedconserved regionsregions..

��PvMSPPvMSP--22 (185 (185 kDakDa) ) andand PkMSPPkMSP--22 (105 (105 kDakDa) are ) are onlyonly relatedrelated in in termsterms ofof structurestructure..
��ItsIts functionfunction has has notnot yetyet beenbeen determineddetermined..



MSP-2 peptide specific binding to erythrocytes.
Ocampo M., et al., 2000, J Peptide Res., 55: 216

FIDICFIDIC

Peptide Kd (nM)

4044 140 
4045 67
4053 230

4042
4043
4044
4045
4046
4047
4048
4049
4050
4051
4052
4053
4054
4055
4056
4057
4058
4059
4060
4061
4063
4064
4065

2.0Peptide



Invasion and development inhibition assays

FIDICFIDIC
Ocampo M., et al., 2000, J Peptide Res., 55: 216



Structural features for HABPs MSA-2
FIDICFIDIC

Cifuentes G., et al., 2003, J Med Chem., 46: 2250 

4044

4044



FIDICFIDICSequencePeptide 2.0

Peptide Kd (nM)

31193 140 
31202 260
31209 215

��PfMSPPfMSP--33 (48 (48 kDakDa) ) isis veryvery polymorphicpolymorphic ((itit doesdoes notnot anchor anchor toto thethe membranemembrane).).
��ItIt has 3 has 3 contiguouscontiguous regionsregions havinghaving alaninealanine--richrich repeatrepeat aminoamino--acidacid motifsmotifs..
��ItIt possiblypossibly includesincludes α α heliceshelices formingforming coiledcoiled--coilscoils in in itsits structurestructure..
��PvMSPPvMSP--3s3s sharesshares itsits general general structurestructure butbut itsits sequencesequence onlyonly sharesshares 30% 30% homologyhomology..
��LeucineLeucine ziperziper

MSP-3
Rodríguez L. E., et al., 2004, submitted

31192 1 M K S F I N I T L S L F L L H L Y I Y I 20

31193 21 N N V A S K E I V K K Y N L N L R N A I 40

31194 41 L N N N S Q I E N E E N D I K Y E L N E 60

31195 61 Q N D E N V N T P I V G N S M E F G E G Y 80

31196 81 F S A D D Q K D I E A Y K K A K Q A S Q 100

31197 101 D A E Q A A K D A E N A S K E A E E A A Y 120

31198 121 K E A V N L K E S D K S Y T K A K E A C 140

31199 141 T A A S K A K K A V E T A L K A K D D A Y 160

31200 161 E T A L K T S E T P E K P S R I N L F S Y 180

31201 181 R K T K E Y A E K A K N A Y E K A K N A 200

31202 201 Y Q K A N Q A V L K A K E A S S Y D Y I 220

31203 221 L G W E F G G G V P E H K K E E N M L S Y 240

31204 241 H L Y V S S K D K E N I S K E N D D V L 260

31205 261 D E K E E E A E E T E E E E L E E K N E Y 280

31206 281 E E T E S E I S E D E E E E E E E E K E Y 300

31207 301 E E N E K K K E Q E K E Q S N E N N D Q Y 320

31208 321 K K D M E A Q N L I S K N Q N N N E K N Y 340

31209 341 V K E A A E S I M K T L A G L I K G N N Y 360

31210 361 Q I D S T L K D L V E E L S K Y F K N H 380



a  Mean ± standard deviation of three experiments.

100   ± 1Control EGTA
100   ± 1Control chloroquine

2  ± 155  ± 131209
38  ± 159  ± 431202

8  ± 685  ± 231193
100 µM a200 µM aPeptide

% Inhibition Invasion

Inhibition of parasite invasion to erythrocytes by 
MSP-3 peptides FIDICFIDIC

Rodríguez L. E., et al., submitted



MSPMSP--44
••ThisThis isis a 40 a 40 kDakDa protein.protein.
••ItIt has has anan EGFEGF--likelike domaindomain towardstowards thethe CC--terminal.terminal.
••ItIt has a has a lowlow degreedegree ofof diversitydiversity..

MSPMSP--55
••ThisThis isis a protein a protein whichwhich isis closelyclosely relatedrelated toto MSP4MSP4
••ItIt isis veryvery conservedconserved..
••ItIt isis presentpresent onon thethe merozoite merozoite surfacesurface

McColl & Anders 1994, Oeuvray et al., 1994, Marshall et al., 1997, Gardner et al., 1998, 
Pearce et al., 2004, Trucco C et al., 2001, Wu T. et  al., 199  Goschnick et al., 2004, 
Przyborski J. M. et al., 2003 
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MSPMSP--77
••ThisThis isis a 22 a 22 kDakDa precursor.precursor.
••ItIt presentspresents αα helix and helix and ββ sheetsheet structuralstructural elementselements. . 
••ItsIts proteolyticproteolytic processingprocessing produces a 19 produces a 19 kDakDa polypeptidepolypeptide..



31173 1 MNKIYNITFLFILLNLYINE 20

31174 21 NNFIRNELINEKNHNLRNGSY 40

31175 41 MYNNDKILSKNEVDTNIESN 60

31176 61 ENSIHESGHKIDGEEVLKANY 80

31177 81 VDDITYKKKNVDDSEIPFSG 100

31178 101 YDIQATYQFPSTSGGNNVIP 120

31179 121 LPIKQSGENQYTVTSISGIQ 140

31180 141 KGANGLTGATENITQVVQANY 160

31181 161 SETNKNPTSHSNSTTTSLNNY 180

31182 181 NILGWEFGGGAPQNGAAEDKY 200

31183 201 KTEYLLEQIKIPSWDRNNIP 220

31184 221 DENEQVIEDPQEDNKDEDEDY 240

31185 241 EETETENLETEDDNNEEIEEY 260

31186 261 NEEDDIDEESVEEKEEEEEKY 280

31187 281 KEEEEKKEEKKEEKKPDNEIY 300

31188 301 TNEVKEEQKYSSPSDINAQN 320

31189 321 LISNKNKKNDETKKTAENIVY 340

31190 341 KTLVGLFNEKNEIDSTINNLY 360

31191 361 EIDSTINNLVQEMIHLFSNNY 380

••ThisThis isis a 36 a 36 kDakDa protein.protein.
••ItIt formsforms a a complexcomplex withwith MSP1 MSP1 andand MSPMSP--77
••ItIt has 85% has 85% similaritysimilarity withwith MSP3 in MSP3 in thethe CC--terminal terminal regionregion..

MSP-6

FIDICFIDICSequencePeptide 2.0

Peptide Kd (nM)

31175 230 
31178 200
31191 150

Lopéz R., et al., 2004, submitted



26348 1 M V F K S S D I F F F L F L V I L Y F N 20

26349 21 N V V E G E N G T T N I E N N P G N N G Y 40

26350 41 N M G P S G P K D K D K N I E K D V N H Y 60

26351 61 N M S M N N N N N N N N N D N N N N I N Y 80

26352 81 N N N N N N I N N N N N N N N N N G N G Y 100

26353 101 F S N F F N K L F G K K K D N K K E G E Y 120

26354 121 E K N E E D L N S N K N I E S N K G S A Y 140

26355 141 V T S N V G D T N N D A K A R D N N N N Y 160

26356 161 D D N D D N D E N D D N D D N D D I D E Y 180

26357 181 I D E R D D N D D N G D D N D D N G D D Y 200

26358 201 D D D N D D D D D N N D N N N K N N S N Y 220

26359 221 N L T D T K K E G E K I D L G V Q N K K Y 240

26360 241 Q N I F S T N N K G L N K Y N I D N E L 260

26361 261 K E V D A L L K N D N Y I L N K Y H V S 280

26362 281 F F N N F E E D T Y N K K K F I R P Y D 300

26363 301 L S L L K S I L I Y R Q R V T R N C V N 320

26364 321 V F Q D L N A V F G K C Y N K D D T K L 340

26365 341 S I T R D K V K K E L S R K N R N F V E Y 360

26366 361 Y L I E M L E N T L N S M N D D F I N K 380

26367 381 D N F D L N N Y V K E F E L I N Y L L I 400

26368 401 H E D S D I F L E T Y N L I S G L N S N 420

26369 421 I E E T S I E K L K Y A I L Q G K Q I N 440

26370 441 Y K I K D D I Y Y I L K N A Y A K Y F K 460

26371 461 I D V Y K K G K L L Y P T L Y Y H R N A 480

26372 481 F I K S F V V E F F N N N K V C E N T K Y 500

26373 501 C P L N S N C Y V I D D E E T C R C L P 520

26374 521 G F N N I K I D D E M N C V R D D T L D Y 540

26375 541 C S R N N G G C D I H A K C S F I N K Q Y 560

26376 561 I V C E C K D K F E G D G I Y C S Y S F 580

26377 581 F S S I H N F I F F F I L C L F I F I L Y 600

MSP-8

FIDICFIDIC

SequencePeptide 2.0
Puentes A., et al., 2003, Peptides, 24: 1015

Peptide Kd (nM)

26360 800 
26361 500
26368 550
26369 650
26373 450

••ThisThis isis a 70 a 70 kDakDa protein.protein.
••ItIt has 2 EGFhas 2 EGF--likelike domainsdomains towardstowards thethe CC--terminal.terminal.
••ItIt has a has a lowlow degreedegree ofof diversitydiversity..
••ItIt formsforms a a complexcomplex withwith MSP1, MSP4 MSP1, MSP4 andand MSP5MSP5



Inhibition of merozoite invasion of human 
erythrocytes by MSP-8 HABPs

FIDICFIDIC

Puentes A., et al., 2003, Peptides, 24: 1015



31111 1 M F F K C N Q V F T L V F L L L L Y F N 20

31112 21 N I V Y T H V D D I K N T S Q K K I T Y 40

31113 41 D K Y N K N K E N M N N E K N D N K D N 60

31114 61 K D N I Y N D N I N N D N I N N D N I N 80

31115 81 N E D E Y K F L S M K H Y K D S L S N K 100

31116 101 L N N E N D H M N Y L I R K R K D N T Q 120

31117 121 G S Q H F N E N I E N N E N V E N N E N Y 140

31118 141 I E N N E N N E N I E N I E N N E N N E Y 160

31119 161 N N E N I E N N E N N E N N E N S S I M Y 180

31120 181 N S E S Y N N I I N S N E H N E E Q I K 200

31121 201 K K E E D L I E A F F P F I L K K L D N Y 220

31122 221 E S L S L D N K Y D D Y Y N L P N D H N 240

31123 241 D T H K E N S S D H N L L G Y K L G N N 260

31124 261 L K S Y L I E E N D V S Q K K T D D I N 280

31125 281 E S A S S D S E N I Q E I L S T D S N T Y 300

31126 301 S H L K E R K N Q K A P P G E H K P E V Y 320

31127 321 K N A L L N S Q V A S P K G E D E K K S Y 340

31128 341 Q P Q H P L V N S G D Q L Q H P K E I D Y 360

31129 361 E N A E K I R R T L L K E S R D I K N T Y 380

31130 381 T A I I D E T V Y K F E Q L I M K G R Y 400

31131 401 Y A T A V R N F V I F K V N Y I C E Y S 420

31132 421 K C G P N S R C Y I V E K D K E Q C R C 440

31133 441 R P N Y I V D M S V N Y F K C I P M K D 460

31134 461 M N C S K N N G G C D V N A E C T I V E Y 480

31135 481 G A V K C Q C S H L Y F G D G V F C V K 500

31136 501 N S Q T K Q T L Y I L F I V I L L V F Q 520

31137 505 K Q T L Y I L F I V I L L V F Q N F F I 524

SequencePeptide 2.0

Puentes A., et al., 2004, Biochimie, In Press

Peptide Kd (nM)

31121 250 
31122 130
31132 600

MSP-10

FIDICFIDIC

••ThisThis isis a 61.2 a 61.2 kDakDa protein.protein.
••ItsIts proteolyticproteolytic processingprocessing produces a 36 produces a 36 kDakDa polypeptidepolypeptide..
••ItIt presentspresents anan ASNASN--richrich regionregion closeclose toto thethe NN--terminal.terminal.



a Mean ± SD from three experiments.

100 ± 3EGTA (12 mM)

100 ± 1Chloroquine (0.3 µg/ml)

7 ± 119 ± 131120Low

16  ± 265 ± 231132

5 ± 145 ± 231122

3 ± 170 ± 131121High

(100 µM)(200 µM)binding

Invasion Inhibition (%) a
Peptide

Activity

Inhibition of merozoite invasion of human 
erythrocytes by MSP-10 HABPs

FIDICFIDIC
Puentes A., et al., 2004, Biochimie, In Press



Superposition of domains EGF-like and HABP 
of proteins MSP-10, MSP-8 and MSP-1.

FIDICFIDIC

MSP-10 MSP-8

MSP-1

Puentes A., et al., 2004, Biochimie, In Press



AMA-1

1.  DAEVAGTQYRLPSGKCPVFG3

2.  QYLKDGGFAFPPTEPPLMSPM
3.  TLDEMRHFYKDNKVVKNLDE
4.  VVDNWEKVCPRKNLQNAKFG

5.  LWVDGNCEDIPHVNETSAID
6.  MIKSAFLPTGAFKADRYKSH
7.  PIEVEHNFPCSLYKNEIMKE
8.  WGEEKRASHTTPVLMEKPYY

LWV DGNCEDIPHVNETSAID L 

Hodder A. N., et al., 1996, Kappe S. et al., 1998, 
Urquiza M., et al., 2000, Shi Y. P., et al., 1999.

D1                          D2             D3           CD

1       2  3       4  5         6         7                     8
S-S

BD (MAEBL M1M2) 

FIDICFIDIC

PfAMA-1

PkAMA-1

150 amino-acids

TransmembraneTransmembrane
domaindomain

SignalSignal
peptidepeptide

CysteinCystein residuesresidues
& & bondsbonds

YY

YY

Domain I Domain II Domain III

1 622133 313 433 533



••Anti AMAAnti AMA--1 Mab Fab fragments inhibit 1 Mab Fab fragments inhibit P. knowlesiP. knowlesi in vitroin vitro invasion.invasion.

••The gene has been cloned and characterised in:The gene has been cloned and characterised in:
--P. falciparumP. falciparum 83/62 kDa83/62 kDa

••It is initially localised in the neck of the rhoptries but becomIt is initially localised in the neck of the rhoptries but becomes rees re--localised on merozoite liberation.localised on merozoite liberation.

••It has 16 conserved extraIt has 16 conserved extra--cellular cysteins and 3 domains linked by disulphur bridges.cellular cysteins and 3 domains linked by disulphur bridges.

••It has been detected in advanced ring stages.It has been detected in advanced ring stages.

Apical Membrane Antigen-1 family
FIDICFIDIC

Anders R. F., et al., 1998, Thomas A. W., et al., 1984



4313 134 D A E V AG T Q Y R L P S GK C P V F G 153

4314 154 K G I I I E N S N T T F L T P V A T GN Y 173

4315 174 Q Y L K D GG F A F P P T E P L MS P M 193

4316 194 T L D E MR H F Y K D N K Y V K N L D E 113

4317 214 L T L C S R H AGN M I P D N D K N S N Y 233

4318 234 Y K Y P A V Y D D K D K K C H I L Y I A 253

4319 254 AQ E N N G P R Y C N K D E S K R N S M 273

4320 274 F C F R P A K D I S F QN Y T Y L S K N 293

4321 294 V V D NWE K V C P R K N L QN A K F G Y 313

4322 314 L WV D GN C E D I P H V N E F S A I D Y 333

4323 334 L F E C N K L V F E L S A S D Q P K Q Y 353

4324 354 E QH L T D Y E K I K E G F K N K N A S 373

4325 374 M I K S A F L P T G A F K A D R Y K S H 393

4326 394 GK G Y NWGN Y N T E T QK C E I F N 413

4327 414 V K P T C L I N N S S Y I A T T A L S H 433

4328 434 P I E V E H N F P C S L Y K N E I MK E 453

4329 454 I E R E S K R I K L N D N D D E GN K K 473

4330 474 I I A P R I F I S D D K D S L K C P C D Y 493

4331 494 P E I V S N S T C N F F V C K C V E R R Y 513

4332 514 A E V T S N N E V V V K E E Y K D E Y A 533

4333 534 D I P E H K P T Y D K MK I I I A S S A 553

4334 554 A V A V L A T I L MV Y L Y K R K GN A 573

4335 574 E K Y D K MD E P QH Y GK S N S R N D 593

4336 594 E ML D P E A S F WG E E K R A S H T T Y 613

4337 603 WG E E K R A S H T T P V L ME K P Y Y 622

Sequence
4307 14 E F T Y M I N F GR GQN YWE H P Y Q 33

4308 34 K S D V Y H P I N E H R E H P K E Y Q Y 53

4309 54 P L H Q E H T Y QQ E D S G E D E N T L 73

4310 74 QH A Y P I D H E G A E P A P Q E QN L 93

4311 94 F S S I E I V E R S N Y MGN PWT E Y 113

114 MAK Y D I E E V H G S G I R V D L G E 1334312

Peptide 2.0

FIDICFIDIC

AMA-1

Peptide Kd (nM)

4313 120 ± 12
4315 120 ± 10
4316 150 ± 14
4322 700 ± 21
4325 100 ± 09
4328 140 ± 11

Urquiza M., et al., 2001, Vaccine, 19: 508



Cubillos M., et al., 2002, Biochimie, 84: 1181

Structural features for HABP 4325 AMA-1

FIDICFIDIC

4325



LocalisationLocalisation:: -- ImmunesImmunes Merozoite Clusters (IMC)Merozoite Clusters (IMC)
-- SchizontsSchizonts
-- Schizont Schizont surfacesurface in in vacuolevacuole
-- MerozoiteMerozoite--free free surfacessurfaces
-- CultureCulture mediummedium

--ItsIts theoreticaltheoretical weightweight isis 87 87 kDakDa
--SDSSDS--PAGE: 101 PAGE: 101 kDakDa

PS

(T/V-ND-E/D-ED) (KE)n / (KEE)n

R1 R2

ABRA ABRA isis a a conservedconserved proteinprotein

FIDICFIDIC

ABRA

Lyon et al., 1986, Stahl et al., 1986, 
Chulay et al., 1987, Weber et al., 1988 

1 74350724

Chymotrypsin protease activity



2143 21 I S C N K N D K N QG V D MN V L N N Y E 41

2144 42 N L F K F V K C E Y C N E H T Y V K G 60

2145 61 K K A P S DP Q C A D I K E E C K E L l 80

2146 81 K E K Q Y T D S V T Y L MDG F K S A N N 101

2147 102 S A N N G K K N N AE E MK N L V N f 120

2148 121 L QS H K KL I K A L K K N I E S i Q N 140

2149 141 K K H L I Y K N K S Y N P L L L S C V K 160

2150 161 KMN ML KE N V D Y I Q K NQ N L F K 180

2151 181 E L MN Q K A T Y S F V N T K K K I I S 200

2152 201 L KS QG H K K E T S Q N Q N E N N D N Q 221

2153 222 K Y QE V N D E D D V N D E E D T N D 240

2154 241 D E DT N D E E D T N D D E D T N D DE 260

2155 261 D T N D E E D T N DE E D H E N N N A T 270

2156 271 A Y E L G I V P V N D V L N V NM K N M 300

2157 301 I T G N N F MD V V K N T L AQ S GG L 320

2158 321 GS N D L I N f L N QG K E I GE N L L 340

2159 341 N I T K MN L G D K N N L E S F P L D E 360

2160 361 L NML K D N L I N Y E F I L D N L K T 390

2161 381 S V L N K L K D L L L R L L Y K A Y V S 400

2162 401 Y K K R K A QE KG L P E P T V T N E E 420

2163 421 Y V E E L K K G I L DMG I K L L F S K 440

2164 441 V K S L L K K L K N K I F P K K K E D N 460

2165 461 Q A V D T KS ME E P K V K A QP A l R 480

2166 481 GE V P T E D S N I MN S i N N V M D E 500

2167 501 I D f F E KE L I E N N N T P N V V P P 520

2168 521 T Q s K K K N K N E T V S GMD E N F D 540

2169 541 N H P E N Y F K E E Y Y Y D E N D DME 560

2170 561 V K V K K I G V T L K K f E P L K N G N 580

2171 581 V S E T I K L I H L G N K D K K H i E A 600

2172 601 I N N D I Q I I KQ E L Q A I Y N E L M 620

2173 621 N y T N G N K N I Q Q I f QQ N I L E N 640

2174 641 D V L N Q E T E E E ME K Q V E A i T K 660

2175 661 Q i E A E V D A L A P K N K E E E E K E 680

2176 681 KE K E K E K E E K E K E E K E K E E 669

2177 700 KE K E K E E K E K E K E E K E E E K 718

2178 719 K E K E E E QE E E E E E i v 733

SequencePeptide 2.0

FIDICFIDIC

Peptide Kd (nM)

2148 175
2149 73
2150 80

Curtidor H., et al., 2001, Vaccine, 19: 4496
ABRA



Salazar L. M., et al., 2004, BBRC, 322: 119

Structural features for 2150 HABP ABRA

FIDICFIDIC



Rhoptry proteins

Rhop-1
Rhop-2
Rhop-3
RAP-1
RAP_2
RAP-3
RAMA
P225
Serine protease
AMA-1
Pf60.1
P52
MCP-1
MAEBL

Bannister L. H., et al, 1977, Cowman A. F., et al, 2000 
Sherman I. W., 1998, Cowman and Crabb, 2002
Chitnis and Blackman, 2000

FIDICFIDIC



• Apical prominence of a merozoite interacting
with red blood cell membrane. 

• Rhoptry in a developing P falciparum 
merozoite, showing the basal bulb and the
duct placed within the apical prominence.

• Merozoites incubated with red cells in the
presence of cytochalasin, showing laminar 
material in rhoptries.

1

2

3

Preiser P. et al., 2000

FIDICFIDIC



FIDICFIDIC

Pinder J. et al., 2000 



FIDICFIDIC

Diagram depicting the structures involved in the
formation of the invasion pit and parasitophorous
vacuole membrane. PVM; parasitophorous vacuole
membrane, JM; close junctional membrane, RCM; 
external red cell membrane.

Bannister L. H., et al, 1977, Cowman A. F., et al, 200 
Sherman I. W., 1998, Cowman and Crabb, 2002
Chitnis and Blackman, 2000, A. J. Knell, 1991



ProteinProtein SizeSize CharacteristicsCharacteristics

RhopRhop complexcomplex AgAg 225225 240/225240/225 Integral Integral membranemembrane protein?protein?
RhopRhop 11 140(150)140(150) RBC RBC bindingbinding proteinprotein
RhopRhop 22 130(140)130(140) RBC RBC bindingbinding proteinprotein
RhopRhop 33 110/100(105)110/100(105) RBC RBC bindingbinding proteinprotein

RAPRAP--I / QF3 / p82I / QF3 / p82 86pr86pr AssociatedAssociated withwith RBC RBC membranemembrane
82/8082/80 --
65/6065/60 --

RAPRAP--22 40 (37/39)40 (37/39) --

RAMARAMA 170 170 RBC RBC bindingbinding proteinprotein

SerineSerine proteaseprotease 80/7680/76 SerineSerine proteaseprotease / / anchoredanchored by GPIby GPI
Pf83 / AMAPf83 / AMA--II 80/6680/66 Integral Integral membranemembrane proteinprotein
Pf60.1Pf60.1 6060 RBC RBC bindingbinding protein?protein?
MCPMCP--II 6060 OxydoreductaseOxydoreductase domaindomain

5555 Integral Integral membranemembrane proteinprotein

Rhoptry proteins

FIDICFIDIC

Cooper et al., 1988, Holder et al.,1985, Bushell et al.,1988



Apical organelle proteins

RESA
RIMA
SUB-1
SUB-2

EBA-175
EBA-140
EBA-181
EBL-1

FIDICFIDIC

Bannister L. H., et al, 1977, Cowman A. F., et al, 2000 
Sherman I. W., 1998, Cowman and Crabb, 2002
Chitnis and Blackman, 2000



White-embedded erythrocyte with a recently invaded merozoite (M). Section was
labelled with a rabbit antibody specific for the contents of dense bodies (DB) and
immunoglobuli-gold. PV; parasitophorous vacuole membrane. Inset: higher
magnification of the merozoite showing release of dense body contents (arrow) 
through the merozoite pellicle.

FIDICFIDIC

Dense bodies



RESA RESA isis associatedassociated withwith erythrocyteerythrocyte cytoskeletoncytoskeleton afterafter beingbeing liberatedliberated..

RIMA (14 RIMA (14 kDkD) ) localisedlocalised onon earlyearly trophozoitetrophozoite membranemembrane..

I- erythrocyte binding sequences
II and V- repeat sequence regions
III- thermal stabiliser regions
IV- spectrin binding region

RESA

FIDICFIDIC

Aikawa et al, 1990, Culvenor et al, 1991,
Trager W et al, 1992, Kulane A. et al., 1997

I          II III                    IV            V

1     2

Peptide Sequence
1.  6671 MTDVNRYRYSNNYEAIPHIS
2.  6673 LGRSGGDIIKKMQTLWDEIM

LGRSGGIIKKM QTLWDEIM DINKRK 

1 1073



6664
6665
6666
6667
6668
6669
6670
6671
6672
6673
6674
6675
6676
6677
6678
6679
6680
6681
6682
6683
6684
6685
6686
6687
6688
6689
6690
6691
6692
6693
6694
6695
6696
6697
6698
6699
6700
6701
6702
6703
6704
6705
6706
6707
6708
6709
6710
6711
6712
6713
6714
6715
6716
6717

1
21
41
61
81

101
121
141
161
181
201
221
241
261
281
301
321
341
361
381
401
421
441
461
481
501
521
541
561
581
601
621
641
661
681
701
721
741
761
781
801
821
841
861
881
901
921
941
961
981

1001
1021
1041

1054º

YKLIDQGGENLEERLNSQFKN 

MRPFHAYSWIFSQQYMGTKN
VKEKNPTIYSFDDEEKRNEN
YKSFLKVLCSKRGVLPIIGIL
YIILNGNLGYNGSSSSGVQF
TDRCSRNLYGETIPVNPYAD
YSENPIVVSQVFGLPFEKPTF
YTLESPPDIDHTNILGFNEKF
MTDVNRYRYSNNYEAIPHIS
EFNPLIVDKVLFDYNEKVDN
YLGRSGGDIIKKMQTLWDEIM
DINKRKYDSLKEKLQKTYSQ
YKVQYDMPKEAYESKWTQCI

WYRQKYLNLEEYRRLTVLNQ
IAWKALSNQIQYSCRKIMNS
YDISSFKHINELKSLEHRAAK
YAAEAEMKKRAQKPKKKKSRR
YGWLCCGGGDIETVEPQQEEP
VQTVQEQQVNEYGDILPSLR
ASITNSAINYYDTVKDGVYL
DHETSDALYTDEDLLFDLEK
QKYMDMLDTSEEESVEENEE
YEHTVDDEHVEEHTADDEHVE
YEPTVADDEHVEEPTVADEHV
YEEPTVAEEHVEEPTVAEEHV
YEEPASDVQQTSEAAPTIEIP
DTLYYDILGVGVNADMNEIT
ERYFKLAENYYPYQRSGSTV
FHNFRKVNEAYQVLGDIDKK
RWYNKYGYDGIKQVNFMNPS
IFYLLSSLEKFKDFTGTPQI
YVTLLRFFFEKRLSMNDLENK
SEHLLKFMEQYQKEREAHVS
EYLLNILQPCIAGDSKWNVP
YIITKLEGLKGSRFDIPILES
YLRWIFKHVAKTHLKKSSKSA
YKKLQQRTQANKQELANINNN
LMSTLKEYLGSSEQMNSITY
YNFENINSNVDNGNQSKNISD
LSYTDQKEILEKIVSYIVDI
SLYDIENTALNAAEQLLSDN
YSVDEKTLKKRAQSLKKLSSI
MERYAGGKRNDKKSKNFDTK
DIVGYIMHGISTINTEMKNQ
YNENVPEHVQHNAEENVEHDA
YEENVEHDAEENVEHDAEENV
YEHDAEENVEHDAEENVEENV
YEEVEENVEENVEENVEENVE
YEVEENVEENVEENVEENVEE
YNVEENVEENVEENVEENVEE
YDEENVEEVEENVEENVEEN
YVEENVEENVEEVEENVEENV
EENVEENVEENVEENVEEYD
ENVEEYDEENVEEHNEEYDE

20
40
60
80

100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400
420
440
460
480
500
520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940
960
980

1000
1020
1040
1060
1073

Sequenc
e

Peptide 2.0

FIDICFIDIC

Peptide Kd (nM)

6671 190
6673 105

Vera R., et al., 2000, Vaccine, 18: 1289
Pf155/RESA



Alba M. P., et al., 2004, BBRC, 315: 1154

Structural features for HABP 6671 RESA
FIDICFIDIC



(140 (140 kDkD))

(135 (135 kDkD))

PvPvDBPDBP

PkDPkDBPBP

PfEBAPfEBA--175175

Duffy Binding Protein/EBA-175 Adhesion Family

ConservedConserved CYSCYS--
richrich domaindomain

Transmembrane Transmembrane 
domaindomain

SignalSignal peptidepeptide

RepeatsRepeats

400 a.a.

Bannister L. H., et al, 1977, Cowman A. F., et al, 2000 
Sherman I. W., 1998, Cowman and Crabb, 2002
Chitnis and Blackman, 2000

FIDICFIDIC



FIDICFIDIC

Representation of P. falciparum and P. vivax ebl multi-exon structure. DBL, 
duffy binding-like, c-cys, carboxyl cys-rich.

Adams J. H. et al., 2001



In the first column the parasites are stained with 4,6-diamidino-2-phenylindole (blue). In the
second column the parasites have been labelled with anti-EBA-175 antibodies (red). In the third
column the parasites have been labelled with anti-EBA181ex antibodies (green). The fourth
column shows co-localisation of EBA-175 and EBA-181 (yellow) shown by an overlay of anti-
EBA175 and anti-EBA181ex micrographs. m, merozoite; rbc, red blood cell.

EBA-181 and EBA-175 co-localisation in schizonts and free merozoites

FIDICFIDIC

Gilberger T. W. et al., 2001



EBA140 and EBA175 proteins co-localise in merozoites

FIDICFIDIC

D10 and E12 parasite free merozoite or schizont smears are shown. Parasites were
made to react with a mixture of anti-EBA140 and anti-EBA175 antibodies, followed by a 
mixture of FITC-labelled anti-mouse and rhodamine-labelled anti-rabbit antibodies. 
‘Phase’ shows the brightfield image, whereas ‘merge’ shows the red and green images 
overlaid.

Jennifer T. et al., 2001



TheThe amino amino cysteinecysteine--richrich domaindomain ofof MAEBL has no MAEBL has no similaritysimilarity toto DBL, DBL, butbut
insteadinstead isis similar similar toto thethe 4444--kDakDa fragmentfragment ofof thethe AMAAMA--1 1 rhoptryrhoptry protein.protein.

MAEBL

FIDICFIDIC

TheThe ancientancient origen origen ofof thethe maeblmaebl, , itsits highlyhighly conservedconserved naturenature amongamong allall PlasmodiumPlasmodium speciesspecies, , itsits differentdifferent
time time ofof expressionexpression andand thethe distinctdistinct localizationlocalization in in merozoitesmerozoites, , suggestsuggest thatthat MAEBL has a MAEBL has a distinctdistinct role role 
fromfrom thethe DBLDBL--EBP EBP productsproducts. . 

Kappe S. H. I.. et al., 1998, Blair P. l., et al., 2002,
Michon P., et al., 2002

M1 M2

c-Cys TM CDAMA-1 like AMA-1 likess

MAEBL MAEBL isis a a ~250 ~250 kDakDa protein, protein, locatedlocated in in thethe rhoptriesrhoptries andand onon thethe surfacesurface ofof
maturemature merozoitesmerozoites..

TheThe originsorigins ofof maeblmaebl,, eblsebls,, andand amaama--11 predate predate speciationspeciation ofof PlasmodiumPlasmodium, , 
maeblmaebl andand otherother eblsebls obviouslyobviously havehave a a commoncommon ancestorancestor gene gene butbut
representrepresent distinctdistinct lineageslineages. . 

TheThe maeblmaebl evolvedevolved as a single locus, as a single locus, includingincluding itsits uniqueunique structurestructure, in , in eacheach PlasmodiumPlasmodium speciesspecies..

1 2055



30181
121

KYKLPIEIPLNKSGLSMYQG
140

30195
401

TGSCYFLKKKPTCVLKKENH
420

30198
461

QTNKRVLYENNKKSKRNVRT
480

30209
681

LNFLNEIRTGYLNKYFKKDV
700

30212
741

KSKIFSNRFTMKEYDPKTRL
760

30213
761

FMYYGLYGLGGRLGANIKRD
780

30219
881

YVSSFIRPDYETKCPPRYPL
900

30220
901

KSKVFGTFDQKTGKCKSLMDY
920

30253
1561 RAEILKQIEKKRIEEVMKLY 1580

SequencePeptide 2.0

MAEBL
FIDICFIDIC

Ocampo M., et al., 2004, BBRC, 315: 319



EBA-175

1.  KSYGTPDNIDKNMSLINKHN
2.  NIDRIYDKNLLMIKEHILAI
3.  HRNKKNDKLFRDEWWKVIKK
4.  DRNSNTLHLKDIRNEENERH
5.  LTNQNINISQERDLQKHGFH
6.  NNNFNNIPSRYNLYDKKLDL

Sim B. K. et al., 1994, Kain K. C. et al., 1993, 
Orlandi P. A. et al., 1990, Sim B. K., 1998, 
Rodriguez L. E., et al., 2000

FIDICFIDIC65 kDa

1                                    2       3                  4 5     6
F2 CP1 P4  

RrICM

1 359 1059 1463

ErythrocyteErythrocyte--binding antigenbinding antigen--175 (EBA175 (EBA--175) interacts directly with the erythrocyte surface by a 175) interacts directly with the erythrocyte surface by a sialicsialic
acidacid--dependent  dependent  epitopeepitope on on glycophoringlycophorin A. However, the A. However, the P. falciparum P. falciparum can use alternative can use alternative 
receptors when the prime receptor (e.g. receptors when the prime receptor (e.g. glycophoringlycophorin A) is absent or blocked. A) is absent or blocked. 



EBA-175

A model for invasion via sialic acid-dependent and -independent
pathways in P. falciparum.

FIDICFIDIC

TheThe EBAEBA--175 ligand 175 ligand isis functionalfunctional in in erythrocyteerythrocyte invasioninvasion by by merozoitesmerozoites thatthat
utilizeutilize eithereither sialicsialic acidacid--dependentdependent oror --independentindependent invasioninvasion pathwayspathways..

sialicsialic acidacid--dependentdependent sialicsialic acidacid--independentindependent
Truncated forms
of EBA-175

Duraisingh M. T., et al., 2003



SequencePeptide 2.0

FIDICFIDIC

Peptide Kd (nM)

1758 112
1779 175
1783 139
1814 64
1815 106
1818 146

Rodríguez L. E., et al., 2000, Parasitology, 120: 225
EBA-175



Cifuentes G., et al., 2003, J Struct Biol., 141: 115
Guzmán F., et al. 2002, Life Sci., 71: 2779,
Cifuentes G., et al., 2004, Vaccine, In Press

Structural features for HABPs EBA-175

FIDICFIDIC

PEPTIDE 1815



EachEach ofof thethe polymorphismspolymorphisms formform in in thethe parasiteparasite ligand, ligand, 
BAEBL, BAEBL, boundbound toto a a differentdifferent receptor receptor onon erythrocyteserythrocytes. . 

FIDICFIDIC

Thompson J. K., et al., 2001, Lobo C. A., et al., 2003, Mayer D. c. G., et al ., 2002, 
Duraisingh M. T., et al., 2003,  Miller H. L., 2004

EBA-140

F1 F2

DBL DBL c-Cys TM CDss

EBAEBA--140 (140 (pfEBPpfEBP--2/BAEBL) 2/BAEBL) isis locatedlocated in in thethe micronemesmicronemes
((thethe samesame locationlocation As EBAAs EBA--175 175 andand EBAEBA--181) 181) thesethese
proteinsproteins bindbind toto sialoglycoproteinssialoglycoproteins onon thethe red red bloodblood cellscells
surfacesurface..

GlycophorinGlycophorin C (GPC) C (GPC) isis receptor receptor forfor EBPEBP--140 140 andand
show show thatthat thethe bindingbinding onon GPC GPC isis limitedlimited toto amino amino acidsacids
((aaaa’s) 14’s) 14--22 in exon 2.22 in exon 2.

WhyWhy has has thethe parasiteparasite evolvedevolved toto havehave suchsuch diversitydiversity? ? 
WhatWhat isis thethe advantageadvantage toto thethe parasiteparasite toto havehave multiplemultiple
nichesniches withwith differentdifferent erythrocyteerythrocyte receptorsreceptors? ? 



FIDICFIDIC

Peptide Kd (nM)

26135 350
26144 350
26147 500
26160 590
26170 600
26177 750

Rodríguez L. E., et al., 2003, J Peptide Res, 62: 175
EBA-140

SequencePeptide 2.0



The EBAThe EBA--181/JESEBL protein was identified as a ligand interacting in a 181/JESEBL protein was identified as a ligand interacting in a sialicsialic acid acid 
dependent manner with the erythrocyte, such binding being sensitdependent manner with the erythrocyte, such binding being sensitive to erythrocyte ive to erythrocyte 
treatment with treatment with chymotrypsinchymotrypsin and resistant to and resistant to trypsintrypsin..

This ligand is expressed at the same time as EBAThis ligand is expressed at the same time as EBA--175 and is located within the 175 and is located within the 
micronemesmicronemes. . 

FIDICFIDIC

Gilberger T. W., et al., 2003, Mayer D. C., et al., 2004,  Lobo C. A., et al., 2003

EBA-181

F1 F2

DBL DBL c-Cys TM CDss

TheThe levellevel ofof expressionexpression ofof EBAEBA--181differs 181differs amongamong parasiteparasite lineslines, , andand thethe importanceimportance
ofof thisthis ligand ligand forfor invasioninvasion appearsappears toto be be strainstrain--dependentdependent..

TheseThese polymorphismspolymorphisms diddid notnot changechange thethe erythrocyteerythrocyte--bindingbinding specificityspecificity. In . In contrastcontrast, , 
eacheach pointpoint mutationmutation in JESEBL in JESEBL ledled toto thethe recognitionrecognition ofof differentdifferent receptorsreceptors onon thethe
erythrocyteerythrocyte..

WhyWhy has has P. falciparum P. falciparum evolvedevolved so so manymany pathwayspathways forfor invasioninvasion??



30026 1 MKGKMNMCLFFFYSILYVVL 20
30027 21 CTYVLGISEEYLKERPQGLN 40
30028 41 VETNNNNNNNNNNNSNSNDAY 60
30029 61 MSFVNEVIRFIENEKDDKEDY 80
30030 81 KKVKIISRPVENTLHRYPVS 100
30031 101 SFLNIKKYGRKGEYLNRNSF 120
30032 121 VQRSYIRGCKGKRSTHTWIC 140
30033 141 ENKGNNNICIPDRRVQLCITY 160
30034 161 ALQDLKNSGSETTDRKLLRDY 180
30035 181 KVFDSAMYETDLLWNKYGFR 200
30036 201 GFDDFCDDVKNSYLDYKDVI 220
30037 221 FGTDLDKNNISKLVEESLKRY 240
30038 241 FFKKDSSVLNPTAWWRRYGT 260
30039 261 RLWKTMIQPYAHLGCRKPDE 280
30040 281 NEPQINRWILEWGKYNCRLM 300
30041 301 KEKEKLLTGECSVNRKKSDCY 320
30042 321 STGCNNECYTYRSLINRQRY 340
30043 341 EVSILGKKYIKVVRYTIFRR 360
30044 361 KIVQPDNALDFLKLNCSECKY 380
30045 381 DIDFKPFFEFEYGKYEEKCM 400
30046 401 CQSYIDLKIQFKNNDICSFN 420
30047 421 AQTDTVSSDKRFCLEKKEFKY 440
30048 441 PWKCDKNSFETVHHKGVCVSY 460
30049 461 PRRQGFCLGNLNYLLNDDIY 480
30050 481 NVHNSQLLIEIIMASKQEGKY 500
30051 501 LLWKKHGTILDNQNACKYIN 520
30052 521 DSYVDYKDIVIGNDLWNDNN 540
30053 541 SIKVQNNLNLIFERNFGYKV 560
30054 561 GRNKLFKTIKELKNVWWILNY 580
30055 581 RNKVWESMRCGIDEVDQRRKY 600
30056 601 TCERIDELENMPQFFRWFSQY 620
30057 621 WAHFFCKEKEYWELKLNDKC 640
30058 641 TGNNGKSLCQDKTCQNVCTNY 660
30059 661 MNYWTYTRKLAYEIQSVKYD 680
30060 681 KDRKLFSLAKDKNVTTFLKEY 700
30061 701 NAKNCSNIDFTKIFDQLDKLY 720
30062 721 FKERCSCMDTQVLEVKNKEMY 740
30063 741 LSIDSNSEDATDISEKNGEEY 760
30064 761 ELYVNHNSVSVASGNKEIEK 780
30065 781 SKDEKQPEKEAKQTNGTLTVY 800
30066 801 RTDKDSDRNKGKDTATDTKNY 820
30067 821 SPENLKVQEHGTNGETIKEEY 840
30068 841 PPKLPESSETLQSQEQLEAEY 860
30069 861 AQKQKQEEEPKKKQEEEPKKY 880
30070 881 KQEEEQKREQEQKQEQEEEEY 900
30071 901 QKQEEEQQIQDQSQSGLDQSY 920
30072 921 SKVGVASEQNEISSGQEQNVY 940
30073 941 KSSSPEVVPQETTSENGSSQY 960
30074 961 DTKISSTEPNENSVVDRATDY 980
30075 981 SMNLDPEKVHNENMSDPNTNY 1000
30076 1001 TEPDASLKDDKKEVDDAKKEY 1020
30077 1021 LQSTVSRIESNEQDVQSTPPY 1040
30078 1041 EDTPTVEGKVGDKAEMLTSPY 1060
30079 1061 HATDNSESESGLNPTDDIKTY 1080
30080 1081 TDGVVKEQEILGGGESATETY 1100
30081 1101 SKSNLEKPKDVEPSHEISEPY 1120
30082 1121 VLSGTTGKEESELLKSKSIEY 1140
30083 1141 TKGETDPRSNDQEDATDDVVY 1160
30084 1161 ENSRDDNNSLSNSVDNQSNVY 1180
30085 1181 LNREDPIASETEVVSEPEDSY 1200
30086 1201 SRIITTEVPSTTVKPPDEKRY 1220
30087 1221 SEEVGEKEAKEIKVEPVVPRY 1240
30088 1241 AIGEPMENSVSVQSPPNVEDY 1260
30089 1261 VEKETLISENNGLHNDTHRGY 1280
30090 1281 NISEKDLIDIHLLRNEAGSTY 1300
30091 1301 ILDDSRRNGEMTEGSESDVGY 1320
30092 1321 ELQEHNFSTQQKDEKDFDQIY 1340
30093 1341 ASDREKEEIQKLLNIGHEEDY 1360
30094 1361 EDVLKMDRTEDSMSDGVNSHY 1380
30095 1381 LYYNNLSSEEKMEQYNNRDA 1400
30096 1401 SKDREEILNRSNTNTCSNEHY 1420
30097 1421 SLKYCQYMERNKDLLETCSE 1440
30098 1441 DKRLHLCCEISDYCLKFFNP 1460
30099 1461 KSIEYFDCTQKEFDDPTYNC 1480
30100 1481 FRKQRFTSMHYIAGGGIIAL 1500
30101 1501 LLFILGSASYRKNLDDEKGF 1520
30102 1521 YDSNLNDSAFEYNNNKYNKL 1540
30103 1541 PYMFDQQINVVNSDLYSEGI 1560
30104 1561 INVVNSDLYSEGIYDDTTTF 1580

SequencePeptide 2.0

FIDICFIDIC

Peptide Kd (nM)

30030 394 ± 91
30031 215 ± 37
30045 348 ± 52
30051 595 ± 117
30060 178 ± 42

Vera R., et al., 2004, Biochimie, In Press
JESEBL / EBA181



Reticulocyte binding protein RBP/NBP 
Adhesion Family

TRANSMEMBRANE DOMAINSIGNAL PEPTIDE

HOMOLOGY REPEATED AMINOACIDS CYSTEINE RESIDUES
& BONDS

FIDICFIDIC

Rayner J. C., et al., 2001
Sherman I.W., et al., 1998 

Y P. vivax RBP-1

P. vivax RBP-2

P. yoelii 235-kDa
Rhoptry protein

500 aminoacids

P. falciparum NBP-1

N1 7G8 3D7

Extracelular domain Cytoplasmatic
domain Plasmodium falciparum 

PfRh/NBP gene family

NBP-1
NBP-2a
NBP-2b
NBP-4

NBP-3



PfNBPs are expressed at merozoites� apical end

FIDICFIDIC

390

250

TheThe PfNBPPfNBP--1 1 andand PfNBPPfNBP--2a 2a andand 2b are 2b are orthologortholog ofof
PvRBPPvRBP--1 1 andand PvRBPPvRBP--2. 2. TheyThey are are locatedlocated atat thethe apical apical 
endend ofof merozoitesmerozoites andand play a role in play a role in thethe recognitionrecognition andand
invasioninvasion ofof erythrocyteserythrocytes by by merozoitesmerozoites..

PfNBP1PfNBP1 formsforms a a complexcomplex withwith PfNBP2bPfNBP2b, , whichwhich isis consistentconsistent withwith thethe
knownknown in in P. vivax. P. vivax. TheThe observedobserved sizesize ofof thethe PfNBPPfNBP--1 in 1 in strainstrain
differentsdifferents, , shownshown expressingexpressing ofof a a truncatedtruncated PfNBPPfNBP--1. 1. ByBy contrastcontrast, , 
therethere werewere no no sizesize differencesdifferences in in PfNBPPfNBP--2a 2a oror PfNBPPfNBP--2b in 2b in thesethese
strainsstrains..

Taylor et al., 2001, Florens et al., 2002, Rayner et al., 2000, Rayner et al., 2001, 
Triglia et al., 2001, Kaneko et al., 2002, Triglia et al., 2001, Kaneko et al., 2002

PfNBP1PfNBP1 bindsbinds toto a a sialicsialic acidacid dependentdependent trypsintrypsin resistantresistant receptor receptor onon
thethe erythrocyteerythrocyte surfacesurface thatthat appearsappears toto be be distinctdistinct fromfrom knownknown
invasioninvasion receptorsreceptors (receptor Y).(receptor Y).



FIDICFIDICValbuena J. J., et al., 2003, Peptides, 24: 1007

SequencePeptide 1.0

Peptide Kd (nM)

26332 650
26336 480

2.0

PfNBP-1



RhoptryRhoptry--associatedassociated protein 1 (RAPprotein 1 (RAP--1), 1), whichwhich isis processedprocessed intointo
moleculesmolecules ofof 86, 82, 70, 86, 82, 70, andand 67 67 kDakDa, , formsforms heterooligomericheterooligomeric protein protein 
complexescomplexes withwith thethe rhoptryrhoptry proteinsproteins RAPRAP--2 2 andand RAPRAP--3.3.

p39 p37
Pr 86 

or p82, p67

RapRap-- 22 RapRap-- 33

RapRap-- 11

FIDICFIDIC

Rap-1
Hydrophobic

domain

Octameric
Repeats122-166

iB1 iB2

Cys region
353-616

p67
191

TheThe genes genes codingcoding forfor RAPRAP--1 1 andand RAPRAP--2 2 havehave beenbeen clonedcloned, , revealingrevealing no no homologyhomology toto otherother knownknown
genes. genes. FurtherFurther, RAP, RAP--1 1 andand RAPRAP--2 show 2 show minimalminimal sequencesequence polymorphismspolymorphisms betweenbetween P. falciparum P. falciparum 
isolatesisolates. . ThisThis protein protein ofof 84 84 kDkD, , withwith 782 782 residuesresidues thatthat isis presentpresent in in thethe rhoptriesrhoptries..

p67 p67 isis relativelyrelatively abundantabundant in in purifiedpurified free free merozoitesmerozoites butbut isis notnot observedobserved in in ringring--stagestage parasitesparasites, , 
indicatingindicating thatthat p67 p67 isis secretedsecreted oror degradeddegraded prior prior toto ringring formationformation andand therethere isis a a narrownarrow time time duringduring
whichwhich thisthis protein may play a role in merozoite protein may play a role in merozoite invasioninvasion ofof erythrocyteserythrocytes..

Plasmodium falciparum
RAP-1 p82



FIDICFIDIC

Peptide Kd (nM)

26188 805
26201 700
26202 900
26204 760

Curtidor H., et al., 2004, Vaccine, 22: 1054

RAP1
26178 1 M S F Y L G S L V I I F H V L F R N V A 20

26179 21 D G I N V N G D N N Y G K T I I N N D F 40

26180 41 N F D D Y N Y W T P I N K K E F L N S Y 60

26181 61 E D E F S S E S F L E N K S S V D D G N Y 80

26182 81 I N L T D T S T S N K S S K K G H G R S Y 100

26183 101 R V R S A S A A A I L E E D D S K D D M Y 120

26184 121 E F K A S P S V V K T S T P S G T Q T S Y 140

26185 141 G L K S S S P S S T K S S S P S N V K S Y 160

26186 161 A S P H G E S N S S E E S T T K S S K R Y 180

26187 181 S A S V A G I V G A D E E A P P A P K N Y 200

26188 201 T L T P L E E L Y P T N V N L F N Y K Y 220

26189 221 S L N N M E E N I N I L K N E G D L V A Y 240

26190 241 Q K E E F E Y D E N M E K A K Q D K K K 260

26191 261 A L E K I G K Q S D E E P F M F S E N K Y 280

26192 281 F L E N Q V K E R N V A G S F S R F F S Y 300

26193 301 K L N P F K K D E V I E K T E V S K K T Y 320

26194 321 F S G I G F N L T D K E A K V L G V G A Y 340

26195 341 T Y Q E Y P E T M L Y N C P N N S N L F 360

26196 361 D T I E S L Q G R I I D I K K R E S M I Y 380

26197 381 S T T F E Q Q K E C L K N M G V L D L E Y 400

26198 401 L N D T Q C K F G T C I G S F G E H H L Y 420

26199 421 R L Y E F E N D L F K F H P N I D Y L T 440

26200 441 L A D G Y K L Q K N H I Y E L S H V N F 460

26201 461 C L L N P K T L E E F L K K K E I K D L Y 480

26202 481 M G G D D L I K Y K E N F D N F M S I S 500

26203 501 I T C H I E S L I Y D D I E A S Q D I A 520

26204 521 A V L K I A K S K L H V I T S G L S Y K 540

26205 541 A R K L V Y K I Y S E I Q K N P D E L Y 560

26206 561 E K L T W I Y D N I Y M I K R Y Y T A Y 580

26207 581 A L E G V C S Y L E H D K S Q M Y T E L 600

26208 601 H I Y N K I V D S V R Y Y S S C F K N V 620

26209 621 I V Y N A I I S G I H E K I K H F L K L 640

26210 641 V P R H N F L L D Y H F N S I F E K E I 660

26211 661 K P A K K Y S T S H I Y F D P T V A S Y 680

26212 681 A Y Y N L D R R T M V T I I N D Y F E A 700

26213 701 K K K E L T V I V S R M K T D M L S L Q Y 720

26214 721 N E E S K I P N D K S A N S K L A T R L Y 740

26215 741 M K K F K A E I R D F F K E M R I Q Y A K 761

26216 762 L I N I R Y R S H L K K N Y F A F K R L D 782

SequencePeptide 2.0



26217
1

MGLKFYVLVFLILCLKNVVK
20

26218
21

GDKCETEFSKLYPESNSLTG
40

26219
41

LIYAHTAHVHKLSMWVYFIY
60

26220
61

NHFSSADELIKYLEKTNINT
80

26221
81

LENSDHTCFARAVTLYLFYY
100

26222
101

YLKDIKSMLSTDDYQSFFKN
120

26223
121

KFKDINPLFINDFILILNDKY
140

26224
141

KFMENLDLYIMKESEREHLV
160

26225
161

IKKNPFLRVLNKASTTTHATY
180

26226
181

YKSNPYFIVGSRVHTPYKDY
200

26227
201

LGDFNKYTEISVLNYVRDYN
220

26228
221

FLIYAGSRENYYNSDIAGPA
240

26229
241

RSVNNVISKNKTLGLRKRSSY
260

26230
261

SLALVGTNNNDPIFAYCEKD
280

26231
281

NKSEYYGTPDDLITSFFSII
300

26232
301

KTKMLNSHKTFLRQFDYALF
320

26233
321

HKTYSIPNLKGFRFLKHLFQ
340

26234
341

KKNLVNFVGMYENHVSTEIN
360

26235
361

FLAEDFVELFDVTMDCYSRQ
380

26236
381

RQYSNRAAENFKAIRELNVL
400

6800 control YNNSAFNNNLCSKNAKGLNLN

SequencePeptide 2.0

FIDICFIDIC

Peptide Kd (nM)

26220 950
26225 700
26229 700
26235 533

RAP2
López R., et al., 2004, Biochimie, 86: 1



Plasmodium falciparum receptors on erythrocyte
membrane surface

FIDICFIDIC

Known receptors

*Glycophorin A
*Glycophorin B
*Glycophorin C

*Band 3

Unknown receptors

*Receptor X
*Receptor Y
*Receptor Z
*Receptor E

http://dwknowles.lbl.gov/membrane/membrane.html, Dolan et al., 1990, Thopmson et 
al., 2001, Rayner et al., 2001, Triglia et al., 2001, Baldi et al., 2000 



FIDICFIDIC



PfEMP1

FIDICFIDIC

Chen B. Q. et al., 1998 
http://sites.huji.ac.il/malaria/FramInteractions.html



Cooke B and Tilley L, 1999, Cooke B and Coppel R, 1995 

Interaction between modified host cell membrane
and endothelial cell

FIDICFIDIC



FIDICFIDIC

Cooke B. M., et al., 2004 

The membrane skeleton of a malaria-infected RBC

Numerous proteins exported from the parasite interact with the red blood cell
membrane skeleton proteins and dramatically alter their structure and function.

PfEMP-3, RESA, MESA FEST y FIRA (playa), KAHRP y PfEMP-1 (Centro)



Knobs by A SEM, B TEM, C Freeze-fracture and D. TEM. Knobs are 40nm in height and 90-100nm in 
width, with an underlying electron-dense material containing several parasite proteins, including histidine
–rich protein. PfEMP 1 (Plasmodium falciparum erythrocyte membrane protein 1) as well as a modified 
form of the intrinsic red cell membrane protein band 3 associated with the knob.

Alteration of infected erythrocyte membrane

FIDICFIDIC

Sherman I. W., 1998, Anders R. F., et al. 1991



KAHRP  I, HRPII and HRPIII
SequencePeptide 2.0

López R., et al., 2004, Acta Tropica, 75: 349 

Peptide Kd (nM)

6786 190
6800 210





FIDICFIDIC

Rosetting, single P. falciparum–infected erythrocyte is 
seen by light microscopy held by a 5-mm micropipette.
Uninfected erythrocytes are stripped off the infected cell
and careful examination confirms that they are indeed
infected by a single parasite. 

Rosetting

Chen B. Q. et al., 1998



Vogt A. M. et al., 2003

Rosette formation between normal and infected RBC

FIDICFIDIC



Membrane profiles in P. falciparum-
infected erythrocytes

FIDICFIDIC

Przyborski J. M. et al., 2003

(a) Field-stained P. falciparum. This staining method
identifies the parasite and reddish stained dot-like
structures, corresponding to Maurer’s clefts, within the 
erythrocyte cytosol. (b) Membrane visualisation by live 
cell fluorometry. Live infected erythrocyte were stained 
with the fluorescent dyes RH237 (red channel) and 
LysoSensor Green DND153 (green channel). (c) 
showing various membrane profiles in the cytoplasm of 
infected erythrocytes. Inset in (c) shows small vesicles 
of 15–25 nm in size, between the erythrocyte plasma 
membrane and Maurer’s clefts. Mc, Maurer’s clefts in 
cross section; Mf, Maurer’s clefts in flat section; R, ring; 
V, vesicle; TVM, tubovesicular membrane network; W, 
whorls.



FIDICFIDIC

Proposed models for protein transport to the plasma membrane of P. falciparum-infected erythrocytes. (a) 
Vesicular transport model and (b) Lateral diffusion model.

Przyborski J. M. et al., 2003



Compilation of Maurer�s cleft-associated 
P. falciparum proteins

FIDICFIDIC

Przyborski J. M. et al., 2003



P. falciparumP. falciparum (126kD).(126kD).

••ThisThis isis secretedsecreted in in thethe parasitophorousparasitophorous vacuolevacuole duringduring trophozoitetrophozoite maturationmaturation..

••TheThe gene gene encodingencoding a protein a protein havinghaving a a signalsignal sequencesequence, , withwith no transmembrane no transmembrane domaindomain..

••ItIt isis processedprocessed intointo 3 3 fragmentsfragments: 50, 43 : 50, 43 andand 18 18 kDakDa. . TheThe lastlast 2 are 2 are boundbound by by cysteinescysteines..

••SERA SERA isis implicatedimplicated in merozoite in merozoite liberationliberation..

••PfSERPPfSERP--H.H.

P.vivax
••5 genes 5 genes havehave beenbeen identifiedidentified in in tandemtandem encodingencoding homologoushomologous sequencessequences withwith PfSERAPfSERA/SERP./SERP.

••ItsIts real real functionfunction may be quite may be quite differentdifferent toto thatthat ofof havinghaving proteolyticproteolytic activityactivity..

SERA/SERP

Delplace et al., 1988, Kiefer et al., 1996

FIDICFIDIC



1.  LKETNNAISFESNSGSLEKK
2. VRGDTEIPSDSSSSSSSS
3  ALGSDIPEKCDTLASNCFLS
4.  DNILVKMFKTNENNDKSELI

Inselburg, 1991, Puentes A. et al., 2000, Weber J. L. et al., 1997

SERA -1

1        2            3           4          5      6         7

47                                       50                     18    

LKETNNAISFESNSGSLEKK KYVKLPSNG  

5. DQGNCDTSWIFASKYHLETI
6.  KKVQNLCGDDTADHAVNIVG
7.  NEVSERVHVYHILKHIKDGK

SERA/SERP

1 380 880 990 kDa



6732 301 I L I H A Y K E H N G T N L I E S K N Y 320

6733 321 Y A L G S D I P E K C D T L A S N C F L S 340

6734 341 Y G N F N I E K C F Q C A L L V E K E N K 360

6735 361 N D V C Y K Y L S E D I V S N F K E I K 380

6718 1 M K S Y I S L F F I L C V I F N K N V I 20

6719 21 Y K C T G E S Q T G N T G G G Q A G N T V 40

6720 41 Y G D Q A G S T G G S P Q G S T G A S QP 60

6721 61 Y G S S E P S N P V S S G H S V S T V S V 80

6728 221 Y S S S S S E S L P A N G P D S P T V K P 240

6729 241 P R N L Q N I C E T G K N F K L V V Y I 260

6730 261 K E N T L I I K WK V Y G E T K D T T E 280

6731 281 N N K V D V R K Y L I N E K E T P F T S 300

6722 81 Y S Q T S T S S E K Q D T I Q V K S A L L 100

6723 101 K D Y M G L K V T G P C N E N F I M F L 120

6724 121 V P H I Y I D V D T E D T N I E L R T T 140

6725 141 Y L K E T N N A I S F E S N S G S L E K K 160

6726 161 K Y V K L P S N G T T G E Q G S S T G T 180

6727 181 Y V R G D T E P I S D S S S S S S S S S S 200

6736 381 A E T E D D D E D D Y T E Y K L T E S I 400

6737 401 Y D N I L V K M F K T N E N N D K S E L I 420

6738 421 K L E E V D D S L K L E L M N Y C S L L 440
6739 441 K D V D T T G T L D N Y G M G N E M D I 460

6740 461 F N N L K R L L I Y H S E E N I N T L K 480

6741 481 Y N K F R N A A V C L K N V D D W I V N K 500

6742 501 R G L V L P E L N Y D L E Y F N E H L Y 520

6743 521 Y N D K N S P E D K D N K G K G V V H V D 540
6744 541 T T L E K E D T L S Y D N S D N M F C N 560

6745 561 K E Y C N R L K D E N N C I S N L Q V E 580

6746 581 D Q G N C D T S W I F A S K Y H L E T I 600

6747 601 R C M K G Y E P T K I S A L Y V A N C Y 620

6748 621 Y K G E H K D R C D E G S S P M E F L Q I 640

6749 641 I E D Y G F L P A E S N Y P Y N Y V K V 660

6750 661 Y G E Q C P K V E D H WM N L WD N G K I 680

6751 681 L H N K N E P N S L D G K G Y T A Y E S 700

6752 701 Y E R F H D N M D A F V K I I K T E V M N 720

6753 721 K G S V I A Y I K A E N V M G T E F S G 740

6754 741 Y K K V Q N L C G D D T A D H A V N I V G 760

6755 761 Y G N Y V N S E G E K K S Y W I V R N S 780

6756 781 W G P Y W G D E G Y F K V D M Y G P T H 800

6757 801 Y C H F N F I H S V V I F N V D L P M N N 820

6758 821 K T T K K E S K I Y D Y Y L K A S P E F 840

6759 841 Y H N L Y F K N F N V G K K N L F S E K 860

6760 861 E D N E N N K K L G N N Y I I F G Q D T 880

6761 881 Y A G S G Q S G K E S N T A L E S A G T S 900

6762 901 N E V S E R V H V Y H I L K H I K D G K 920

6763 921 I R M GM R K Y I D T Q D V N K K H S C 940
6764 941 T R S Y A F N P E N Y E K C V N L C N V 960

6765 961 Y N W K T C E E K T S P G L C L S K L D T 980

6766 971 S P G L C L S K L D T N N E C Y F C Y V 989

SequencePeptide 2.0

FIDICFIDIC

Peptide Kd (nM)

6725 750
6733 550
6737 500
6746 150
6754 1100
6762 350

SERA
Puentes A., et al., 2000, Parasitol International, 49: 105



Cubillos M., et al., 2003, Biochimie, 85: 651 

Structural features for HABPs SERA

FIDICFIDIC

PEPTIDE 6737



Other proteases

gp76 P. falciparum

••ThisThis isis a 83/76 a 83/76 kDakDa proteaseprotease localisedlocalised in in thethe rhoptriesrhoptries..

••ItIt becomesbecomes activatedactivated onon beingbeing liberatedliberated fromfrom GPI GPI anchoringanchoring onon thethe membranemembrane..

••ItIt has a 68 has a 68 kDakDa homologue in homologue in P.chabaudiP.chabaudi whichwhich isis activatedactivated in in thethe samesame wayway..

••ItsIts specificityspecificity isis classifiedclassified as as chymotrypsinchymotrypsin neutral neutral serineserine proteasesproteases..

••A A externalexternal fragmentfragment fromfrom BandBand 3 can be 3 can be cleavedcleaved fromfrom intactintact erythrocyteserythrocytes; ; thisthis seemsseems toto
be be requiredrequired forfor P. falciparumP. falciparum andand P. P. chabaudichabaudi invasioninvasion..

P. falciparum cysteine protease

••ThisThis isis anan 68 68 kDakDa neutral neutral proteaseprotease..

••ItIt isis inhibitedinhibited by by leupeptinleupeptin andand antipainantipain..

••ItIt isis localisedlocalised in in thethe apical part.apical part.

••TheThe lossloss ofof itsits activityactivity inhibitsinhibits P. falciparumP. falciparum merozoite merozoite in in vitrovitro invasioninvasion..

FIDICFIDIC

Braun-Breton et al,1988, Roggwiller et al., 1996, 
Braun-Breton et al.,1992, Grellier et al, 1989



FIDICFIDIC

Contreras-Ochoa C., et al., 2004,
http://www.dpd.cdc.gov/dpdx/HTML/ImageLibrary/Malaria_il.asp?body=M-R/Malaria/falciparum/body_Malaria_falciparum_il4.htm



Plasmodium falciparum gametocytes: P. 
falciparum gametocytes have a crescent or
banana shape.

Plasmodium malariae gametocytes: P. 
malariae gametocytes have a round shape
about the size of red blood cells. They have a 
fine granular appearance. 

Plasmodium ovale gametocytes: these are 
round gametocytes which are larger than
normal red blood cells. They have a granular 
appearance as well as Schuffner's dots. 

FIDICFIDIC

http://www.msu.edu/course/zol/316/psppscope.htm



FIDICFIDIC

Contreras-Ochoa C., et al., 2004, 



Plasmodium falciparum 3D7 genome

Hall N. et al 2002, Gardner M. J., et al 2002, Florents L. et al ., 2002. 



Receptors on RBCs
for invasion.

*Glycophorin A
*Glycophorin B
*Glycophorin C

*Band 3
*Receptor X
*Receptor Y
*Receptor Z
*Receptor E

Receptors involved in merozoite invasion
FIDICFIDIC

Receptors on endothelial
cells for cytoadherence

*ICAM1
*ICAM2

*PECAM1
*VCAM1

*E-selectin
*TSP

*CD31
*CD36

*αVβ3Integrin
*HS

*BgA
*CR1
*IgM
*CSA

* Hyaluronate
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Bozedech Z et al August 18 2003. PLOS Biology 1, 001



C : CONSERVED V: VARIABLE

High RBC binding activity peptides
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PROTEIN C V Reference

MSP1 3 6 Urquiza M. et. al . 1996. Parasite Immunology . 18: 515-526

RESA 2 − Vera R. et al . 2000. Vaccine.  18: 1289-1293

SERA 6 1 Puentes A. et. al . 2000. Parasitology International.  49: 105-117

MSA2 1 2 Ocampo M. et. al . J. Peptide Research.  55: 216-233

EBA175 6 − Rodríguez L.E et. al. 2000. Parasitology.  120: 225-235

GBP130 1 − Suárez J. et. al . 2000. Mem. Inst. Oswaldo Cruz . 95: 495-501

HRP I, II, II 3 1 López R. et a l. 2000. Acta Tropica.  75: 349-359

ABRA 5 − Curtidor H. et. al . 2001. Vaccine.  19: 4496-4504

AMA1 4 3 Urquiza M. et. al . 2001. Vaccine.  19: 508-513

EBA140 6 − Rodríguez L.E.. et. al . 2003. J. Peptide Research.  62: 175-184

NBP1 2 − Valbuena J. et al . 2003. Peptides . 24: 1007-1014

MSP8 5 − Puentes A. et. al.  2003. Peptides .24: 1015-1023

MAEBL 9 − Ocampo M. et al . 2004. Biochem. Biophys. Res. Comm. 315: 319-329

RAP2 4 − López R. et al.  2004. Biochemie . 86: 1-6

RBP2 Ha/Hb 9 3 Ocampo M. et. al . 2004. Parasitol. Int.  53: 77-88

RAP1 4 − Curtidor H. et. al . 2004. Vaccine . 22: 1054-1062

EBA160 5 − Valbuena J. et al. 2004. Biochem. Biophys. Res. Comm . 321: 835-844

CLAG3 5 − Ocampo M. et. al. 2005. Proteins Science . 14: 504-513 

EBL1 5 − Curtidor H. et. al.  2005. Protein Science . 14: 464-473

JESEBL 5 − Vera R. et al . 2004. Biochemie. In press

STEVOR − 3 García J. et al.  2004. Peptides. In press

MSP10 3 − Puentes A. et al . 2004. Biochemie. In press

MSP3 3 − Rodríguez L.E. et. al.  2004. Submitted to Protein Science

SORTILIN 6 − Vera R. et al.  2004. Submitted to Biochemistry

RESA-LIKE 3 − Rodríguez L.E. et. al.  2004. Submitted to J. Int. Parasitol. 

TryThrA 4 − Curtidor H. et. al. 2004. Submitted to Chembiochem

HAP 2 − Valbuena J. et. al . 2004. Submitted to Biol. Chem.

MSP6 2 1 López R. et al.  2004. Submitted to Peptides
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FIDIC’s receptor-ligand group

Ricardo Vera, Marisol Ocampo, John J. Valbuena, Ramsés López front row
Álvaro Puentes, Hernando Curtidor, Javier E. García, Luis E. Rodríguez back row
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