Development of a universal vaccine against malaria
caused by Plasmodium vivax.
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Sporozoite major surface antigen: CS protein
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CS Protein of Plasmodium vivax

Repeat region
249 331-3
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VK210 = (DRADGQPAG), (DRAAGQPAG), DRADGQPAGD

VK247 = (ANGAGNQPG),

P. vivax-like = (APGANQEGGAA),

Universal vaccine = immunity to the all three allelic forms.



His,-PvCS-VK210

His,-PvCS-VK247

His,-PvCS-Vivax-like

His,-PvCS-All-CS-epitopes

VK210- (DRADGQPAG), (DRAAGQPAG), DRADGQPAGD,
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Bacterial recombinant CS proteins of Plasmodium vivax

Synthetic genes:
codon optmized

|

Cloning pET28b

|

Expression BL-21

|

Purification
(affinity and FPLC)
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o]] CS protein P. vivax -
Yeast recombinant proteins of va HPLC analysis

: A- yPvCS-VK210-Hisg
Synthetic genes: f
codon optmized

* 116.0
Cloning pPIC9K -

l: 45.0

Expression P. pastoris 35.0

l 25.0

ASIDB C D

Secretion 18.4
l A- yPvCS-VK210-Hisg
£ oot B-yPvCS-VK247-His, D- yPVCS-All-CS-epitopes His,
Purification C- yPVCS-VL-His, f

(affl n Ity and FPLC) D- yPvCS-All-CS-epitopes Hisg



Universal vaccine = immunity to the all three allelic forms.

Three rec. proteins X His,PvCS-All-CS-epitopes

Poly (I:C)
(TLR-3 agonist)

Titers and specificity




C578BIl/6 mice immunization protocol with the recombinant proteins

Rec. Rec. Rec.
protein protein protein

/\ Antibody titers
to the different

Q‘f"? ? @? allelic forms
“-"'_j until day 180

Day 21 Day 42

Gr. 1 Adjuvant alone
Gr. 2 HissPvCS-VK210 1 ng/mouse/dose Adjuvants
Gr. 3 HissPvCS-VK247 1 ng/mouse/dose

; ) : Poly (I:C)
Gr. 4 HisPvCS-Vivax-like 1 pg/mouse/dose (TLR-3 agonist)
Gr. 5 Three rec. proteins 3 ug/mouse/dose
Gr. 6 HisPvCS-All-CS-epitopes 3 ug/mouse/dose



Antibody immune response to the three different allelic
forms of the P. vivax CS protein

Antibodies to
His,PvCSP-VK210

G1: Adjuvant
G2: yPvCSP-VK210 / Adjuvant
G3: yPvCSP-VK247 /| Adjuvant

G4: yPvCSP-Vivax-like / Adjuvant
Gb5: yPvCSP-AIl-CS-epitopes / Adjuvant
G6: Protein Mix /Adjuvant

erpomqe
Amtibody titers
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Days

Antibodies to
Hig,PvCSP-VK247

Antibodies to
His;PvCSP-Vivax-like

Amtibody ftiters
Amtibody titers

20 40 60 80 100 120 140 160 180 200

Days

20 40 60 80 100 120 140 160 180 200

Days




Replication deficient adenovirus

Knob Domain
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Hexon Linear Genomic DNA

Core Protein
Terminal Protein

Representative map of the genome of adenovirus
Expert Reviews in Molecular Medicine @ 1999 Cambridge University Fress

Human type 5
Simian C68
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C57BI/6 mice immunization protocol with the recombinant proteins

Rec. Rec.
Adenovirus protein

Antibody

@? @? T titers

Day 0 Day 42
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/ Adjuvant

AdHu5-Bgal
G2: AdC68-PvCSP / Adjuvant

G3: AdHuU5-PvCSP / Adjuvant
G4: AdHupgal

G1:

AdHu5-Bgal

G1:

G2: AdC68-PvCSP

G3: AdHu5-PvCSP

G4: AdHupgal

/ Protein Mix

G5: AdC68-PvCSP / Protein Mix

G5: AdC68-PvCSP

G6: AdHuU5-PvCSP / Protein Mix

G6: AdHu5-PvCSP




Parasite recognition

A adces-pvesps | B
Protein mix Protein mix pOIy (IC) AdHUBgaI/

poly (I:C) poly (I:C) Poly (I:C)

Protein mix
poly (1:C)




Experimental challenge

Rec. Rec. Challenge P. berghei
protein protein transfected with PvCS
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Conclusions

Three rec. proteins s His,PvCS-All-CS-epitopes
Poly (I:C) Poly (I:C)

Heterologous prime-boost vaccination rec. adenovirus
followed by protein works well in the mouse model using
the P. vivax CS protein.
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