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TEN LEADING CAUSES OF
MORTALITY IN THE WORLD
INDUCED BY TRANSMITTABLE
DISEASES

WHO-1995

Tuberculosis Acute Respiratory Infections
3.1 millions 4.4 millions

ooping cougd
355 thousand
Tetanus
500 thousand

Measles
HIv/AIDS 1 million
Hepatitis 1 million
1.1 millions

Malaria
2.1 millions
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ACTUAL VACCINES

SMALL POX
POLIO
MEASLES
PAROTIDITIS
GERMAN MEASLES
CHICKEN POX

HEPATITISA & B
YELLOW FEVER
RABIES
BCG
DPT

VACCINESIN PROGRESS

MALARIA SCHISTO
AIDS CARIES
TYPHUS LYME
CHOLERA STREPTOCOCCUS
MENINGITIS RICKETS
DENGUE INFLUENZA
HERPES ROTAVIRUS
S.T.D. RSV
LEISHMANIA PAPILOMA, ETC




PURPOSE :

To find a
rational approach
for the
development of
chemically
synthetized
vaccines.
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Why malaria?

300 million people are
infected and 3 million die
annually

Acute disease

Easy diagnosis

Curable with treatment
Experimental model: the
Aotus monkey

Heavy economic burden
for the developing world



















TITRATION OF THE FVO P.
falciparum STRAIN IN AOTUS
MONKEYS

Rodriguez R. et al. 1990. Am. J. Trop. Med. Hyg 43:339
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Logos obtenidos a partir de las secuencias de

los Aotus (Ao-DRB*W) y de las secuencias de

humanos (HLA-DRB)




Promedio y Rango de homologia entre Ao-
DR y HLA-DR[( en el dominio  y

posiciones de los Pockets

B domain Pockets

Owl Monkey Human g £ B g £ B

e ® R®|le =} =
Ao-DRB*W104 vs. HLA-DRB1*04 1 95 91 98193 80 100
Ao-DRB*W304 vs. HLA-DRB1*03 | 92 88 95185 77 091
Ao-DRB*W302 vs. HLA-DRB3 92 89 94|84 7/ 91
Ao-DRB*W11 vs. HLA-DRB1*08 | 92 88 9683 74 091
Ao-DRB*W303 vs. HLA-DRB3 91 86 94|83 71 91
Ao-DRB*W301 vs. HLA-DRB3 90 86 93|84 74 91
Ao-DRB*W11 vs. HLA-DRB1*11 | 90 85 95183 71 091
Ao-DRB*W11 vs. HLA-DRB1*13 ] 90 85 96181 71 91
Ao-DRB*W701/02 vs. HLA-DRB1*07 J] 90 87 93180 74 88
Ao-DRB*W101 vs. HLA-DRB1*01 ] 90 84 94180 74 88
Ao-DRB*W11 vs. HLA-DRB1*14 | 89 85 9680 68 091
Ao-DRB*W4 vs. HLADRB1*10 1 88 84 89174 68 80
Ao-DRB*W4 vs. HLA DRB4 88 83 91|72 65 80










IMMUNOBLOT OF
P. falciparum ISOLATED
PROTEINS

Patarroyo M. E. et. al. 1987. Vaccines. 117-124

112 97 96 95 83

LYSATE v\p kD KD KD KD




PARASITAEMIA IN MONKEYS
IMMUNISED WITH MEROZOITE

PURIFIED PROTEINS

Patarroyo M. E.. et al. 1987. Vaccines 87:117

Immunizing Monkey

Percentage of parasitemia on days (after challenge)

molecule  number 6 7 8 9 10 11 12 13 14 15 16 17 18 19
155K 087 0 "0 "0 0 088 030 20 30 535 88 Q
"090 0 "0 "0 o0 o0 0 08 02 045 09 15 16 20 34
115K "085 0 046 084 348 30 993 Q
"150 0 005 020 112 167 nd 657 Q
105K "165 0 033 192 372 109 Q
"168 0 081 164 333 115 Q
90K "160 0 043 12 339 414 1365 Q
470 0 "040 11 "120 509 540 147 Q
) 0 0 0 0
0 0 16 11 06 0 0 0
0 0 01 005 05 0.07 0.03 0.01
60K 119 0 0 0 01 080 015 45 125 153 Q
"122 0 "043 025 0157080 25 175 Q
55K 081 0 "0 0 0 0 018 024 08 157 30 35 44 74 Q
"2 0 "0 0 0 0 005 005 05 O 01 06 09 54 73
50K "029 0 "040 150 36 467 100 Q
"056 0 066 56 443 642 420 113 Q
"131 0 "031 "150 "050 393 20 165 Q
40K "M o "0 0 0 1027020 27 32 143 Q
"114 0 "0 0o o0 08 05 "20 20 20 76 Q
0 003 003 01 0012 001 0 0
0 21 40 21 16 07 008 0.01
30K 093 0 005 152 25 475 345 254 48 94 Q
711 0 01 25 16 263 205 ‘130 Q
23K "112 0 "006 0 "10 0 360 637 660 120 Q
"437 0 005 005020 0 11 32 nd +
Controls ' 501 '0.40 076 ' 3.0 ~20 782 907 Q
"502 "0.03 006 043 047 36 34 59 892 Q
"199 "10 " 43 311 98 "260 Q

nd indicates not determined
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Mixture of SPf35.1 Mixture of SPr3s. 1

NATURE VOL. 328 13 AUGUST 1987

Induction of protective immunity
against experimental infection
with malaria using synthetic peptides

Manuel E. Patarroyo, Pedro Romero, Martha L. Torres,
Pedro Clavijo, Alberto Moreno, Albertc Martinez,
Raul Rodriguez, Fanny Guzman & Edelmira Cabezas

Instituto de Inmunologia, Hospital San Juan de Dios,
Universidad Nacionzi de Colombia, Bogota, Colombia

, Moske Parasitaemia after challenge on days
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5 B0 0 09 09 5379 102 B4
B0 000 0 051628 40 4 90 Q
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Induction of protective immunity
against experimental infection
with malaria using synthetic peptides

Manuel E. Patarroyo, Pedro Romero, Martha L. Torres,
Pedro Clavijo, Alberte Moreno, Alberto Martinez,
Raul Rodriguez, Fanny Guzman & Edelmira Cabezas

Instituto de Inmunologia, Hospital San Juan de Dios,
Universidad Nacional de Colombia, Bogota, Colombia

Synthetic peptides are potential vaccine candidates because they
may be able to induce high antibody titres and specific cellular
immune responses against native proteins and thus the whole
invading organism'. In a previous study we showed that immuniz-
ation with molecules of relative molecular mass (M,) 155,000
(155K) 83K, 55K and 35K, specific for the late schizont and
merozoite stages of Plasmodium faiciparum, could elicit either
partial or total protection in Aotus trivirgatus monkeys experi-
mentally infected with P. falciparum®. Here we have chemically
synthesized 18 peptides corresponding to different fragments of
these proteins to immunize Aotus trivirgaris monkeys. Some pep-
tides gave partial protection from challenge with P. falciparum
parasites, but none provided complete protection individually. A
combination of three partially protective peptides gave complete
or almost complete protection, however, suggesting that this par-
ticular combination of peptides is a good candidate for a malaria
vaccine.



AMINOACID SEQUENCE OF
THE SYNTHETIC MALARIA
VACCINE
SPf66

Patarroyo M. et al. 1988. Nature. 332:158

4 5 6 7 8 9 10 1 2 3 4
KN el\E Asp- Glu-Leu-Glu- Ala-Glu- Thr-Gin-Asn- Val - Tyr- Ala- Ala

16 7 8 9 20
HGEVCTEWANERVC B F Tyr - Ser - Leu-Phe-GIn - Lys- Glu- Lys-Met- Val

1 2 3 4 ) 6
W:-1IN - Pro-Asn- Ala -Asn- Pro-
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A synthetic vaccine protects humans
against challenge with asexual blood
stages of Plasmodium falciparum malaria

Manuel E. Patarroyo*, Roberto Amador®,

Pedro Clavijo*, Alberto Moreno*, Fanny Guzman®,
Pedro Romero*, Ricardo Tascon®, Antonio Franco®,
Luis A. Murillo*, Gabriel Pontont & Gustavo Trujillot

* Instituto de Inmunologia, Hospital San Juan de Dios,
Universidad Nacional de Colombia, Bogota, Colombia SA.

T Hospital Militar Central de Coulombia, Fuerzas Militares de
Colombia, Bogota, Colombia S.A.

We have previously shown that a mixture of three synthetic peptides
(83.1, 55.1, 35.1), corresponding to fragments of the relative
molecular mass 83,000 (83K), 55K and 35K Plasmodium fak
ciparum merozoite-specific proteins, induces protection in Aotus
trivirgatus monkeys experimentally infected with P. faleiparum™,
Here we describe two polymeric synthetic hybrid proteins based
on these peptides that delay or suppress the development of para-
sitaemia in immunized human volunteers,
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Studies on the humoral immune response to a synthetic vaccine
against Plasmodium falciparum malaria

M. SALCEDO, L. BARRETO, M. ROJAS. R. MOYA, ). COTE & M. E. PATARROYO
Instinute of Immunology, Hospital San Juan de Dios, Universidad Nacional de Colombia, Bogotd, Colombia

Accepted for publication 9 October 1990

SUMMARY

A synthetic vaccine against the asexual blood stages of P Jalciparum, the SPf 66 synthetic hybrid
polymer, composed of peptides derived from three merozoite membrane proteins as well as one
peptide from the sporozoite CS protein, has been developed by our group and tested in different
protection assays in Aotus monkeys as well as in human volunteers. This study evaluates the humoral
immune response induced by the SPf 66 protein vaccination in adult human volunteers from the
Colombian Pacific coas! as lollows: determination of specific IgG antibody levels against SPf 66 by
FAST-ELISA after each immunization; analysis of antibody reactivity with P. faleiparum schizont
lysates by immunoblots; and determination of the in vitro parasite growth inhibition. A clear boosting
effect, dependent on time and dose, was observed in the antibody production kinetics. These
antibodies also specifically recognize three proteins of the P. Jaiciparum schizont lysate correspond-
ing to the molecular weights of the proteins from which the amino acid sequence was derived. These
sera were also capable of markedly inhibiting in vitro parasite growth.
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Study of the safety and immunogenicity
of the synthetic malaria SPf66 vaccine
in children aged 1-14 years

Gloria Patarroyo, Lina Franco, Roberto Amador, Luis Angel Murillo,
Claudia Lucia Rocha, Mauricio Rojas and Manuel Elkin Patarroyo*

Safety and immunogenicity tests of the SPft6 malaria vaccine have been carried out on
a population of children, aged 1 to 14 years, in the town of Tumaco, Colombia. Adverse
reactions measured after each vaccination were local and minimal, and observed in only
a small percentage of the vaccinated children. One year later, no delayed reaction was
evident, The majority of the child population developed high antibody titres against SP/06
and the degree of response did not vary with age. These induced antibodies recognize the
native parasite proteins, in particular the molecules from which the amino acid sequence
of this vaccine was deduced. These studies demonstrate that the SPf66 vaccine is safe and
highly immunogenic for use in children >1 year old.
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Safetyland Immunogenicity of the Synthetic Malaria Vaccine SPf66 in a Large
Field Trial

Roberto Amador, Alberto Moreno, Luis Angel Murillo, Instituto de Inmunologia, Hospital San Juan de Dios,
Oscar Sim David Saavedra, Mauricio Raojas, Universidad Nacional de Colombia, Bogotd
Ana Lucia Mora, Claudia Lucia Rocha,

Fernando|Alvarado, Juan Carlos Falla,

Mauricio Orozco, Carlos Coronell, Norella Ortega,

Alberto Molano, José Fernando Velisquez,

Maria Victoria Valero, Lina Franco, Fanny Guzmén,

Luz Mary Salazar, Fabiola Espejo, Elsa Mora,

Rocio Farfan, Nohora Zapata, Jaiver Rosas,

Julio Cesgr Calvo, Jaime Castro, Teddulo Quiiones,

FranciscoiNuﬁez, and Manuel Elkin Patarroyo

In the first Gild tria with synthetic malaria vaccine SPf66 in a large population naturally
exposed to malaria, 9957 persons 1 year old and residing on the Colombian Paciic coast
received three doses of the vaceine. To evaluate vaceine safety, clinical observations were made
30 mm and 48 b after each immunization, There were no adverse reactions in 95.7% of cases, In
the 4.3% of cases with adverse reactions, loca induration and erythema were the most requent,
In a randomly selected group of vaccinees, anti-SPA66 antibody titers were measured after the
third dose: 93% of the vaccinees raised antibodies to SPf56. Among these, 55% had titers

>1:1600. Thes¢ results demonsirate the safety and immunogenicity of the SPIS6 vaccine in a
large field trial,
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Vaccination with SPf66, a chemically synthesised
vaccine, against Plasmodium falciparum malaria in Colombia

M. V. Valero L. R. Amador C. Galindo ]. Figueroa

M. S.Bello L.A. Murillo A.L.Mora G. Patarroyo

C.L.Rocha M. Rojas ].]. Aponte L. E. Sarmiento
D. M. Lazada C. G. Coronell N. M. Ortega ]. E. Rosas

|P. L. AlonsoM. E. Patarroyo

Reprinted from THE LANCET Saturday 20 March 1993

Preclinical and clinical studies have established
the safety and immunogenicity of the chemically
synthesised SPf66 malaria vaccine. The present
study is a phase Il randomised, double-blind,
placebo-controlled, efficacy trial completed in La
Tola, Colombia. 1548 volunteers over one year of age
received three doses of either the vaccine (n=738)
or placebo (n=810).

Active and passive case detection methods were
used to document clinical episodes of malariaamong
the study population. The follow-up period began
one month after the third dose and lasted for one
year. 168 and 297 episodes of Plasmodium
falfciparum malaria were dﬂuumanted in the SF‘fEE
group and the
corresponds to a
Incidence rates for aiciparum malarna
episodes were 22-3% per annum among the
v efficacy against second episodes was 50-5% (95%

roup (RR=1-5; 95% CI 1-23, 1-:84). Therefore, the

protective efficacy of SPf66 against first or r.:mlyl
e eﬁlcaw against second episodes was 50-5% (95%
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A Population-Based Clinical Trial with the SPf66 Synthetic Plasmodium
falciparum Malaria Vaccine ir| Venezuela ‘

Usm.r Noya G, \"lemll Gabaldon Ber Instituto de Medicing Tropical and Escuela de Salud Publica,

Belkisyolé Alarcdn de Noya, Rafael Borges, Universidad Central de Venezuel, Caracas; Direcicn de Endenias

Noraida Zerpa, José David Urbez, Alberto Madonna, Rurales, Malariologia, Ministerio de Sanidad v Asisiencia Social,
; ; as : Maracay, Vene:

Enrique Garrido, M. Auxiliadora Jimenéz, trecy. Venesiel

Rafael E. Borges, Paul Garcia, Ivan Reyes,

Wolfgang Prieto, Cecilia Colmenares, Rosalba Pabén,

Tito Barraez, Lucia G. de Caceres, Nabor Godoy,

and Rolando Sifontes

A phase 11l malaria vaccine trial in 13 villages in an endemic area, South Venczuela, compared
incidence rates of Plasmodium falciparum and Plasmodium vivax infections in 1422 vaccinated
and 938 nonvaccinated subjects over 18 months, The SPf66 vaccine was given in three doses, on
days 0, 20, and 112, Vaccination was complete in 976 subjects (68.7%). Minor side effects
requiring no treatment were reported by 123 (12.6%), with an apparent increase in frequency
from the first to the third vaccine dose. No autoimmune evidence was observed in a sample of
subjects. Antibodies against SPf66 were present at fow titers in 24,7% of tested subjects before
vaccination, increasing to 53.6% after the second dose and to 73.6% after the third dose; 26.4%

of subjects initially seronegative never Strn-:unvtned,H he SPf66 malaria vaccine showed a pro- |

| tective efficacy of 55% (95% confidence interval, 21%-75%) ! Jalciparum and of 41%
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Safety, immunogenicity and protective
effect of the SPf66 malaria synthetic
vaccine against Plasmodium falciparum
infection in a randomized double-blind
placebo-controlled field trial in an
endemic area of ‘Ecuador\

Fernando Sempértegui**, Bertha Estrella*, Juan Moscoso¥*,

Luis Piedrahita C.*, Denise Hernandez*, José Gaybor*, Plutarco Naranjo*,
Olmedo Mancero®*, Silvio Arias*, Rodolfo Bernal*, Maria E. Cordova®,
Jorge Suarez* and Fabio Zicker'

A total of 537 subjects were randomized to receive either SPf66 malaria vaccine against
Plasmodium falciparum or placebo in three doses (days 0, 30 and 180). Subjects
completing the course of vaccination (230 in the vaccine and 238 in the placebo group)
were followed up for a further 12 months. Case detection surveillance was implemented
by parasitological cross-sectional surveys every 2 months and by monthly household visits
to each participant. Symptomatic subjects were also diagnosed in a local health centre.
Minor local side-effects were observed mainly after the second dose in about 19% of the
vaccinated subjects and in 3.7% of the placebo group. Thirty days after the third dose
the prevalence of anti-SPf66 antibodies was 57% in the vaccine and 8.8% in the placebo
groups. The prevaccination prevalence of antibodies measured by indirect immuno-
fluorescence assay increased with age and seemed to be inversely related to anti-SPf66
antibody production. Immune response to SPf66 was independent of age. Vaccine efficacy
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Evaluation of SPf66 malaria vaccine
durmg a| 22-month follow-up [field trial
in the Pacific coast of Colombia |

M.V. Valero*, R. Amador*, J.J. Aponte*, A. Narvaez*, C. Galindo*,
Y. Silva*, J. Rosas*, F. Guzman* and M.E. Patarroyo*¥

A double-blind randomized placebo-controlled field trial with the SPf66 malaria vaccine
was carried out in an endemic area consisting of 14 small villages with exclusive fluvial
access, in a rain forest area along the Rosario River, Colombia. A total of 1257 subjects
completed the full three dose vaccination schedule on days 0, 30 and 180 (643 vaccinated
groupl623 placebo group ) and were followed-up by passive and active surveillance over a
period of 22 months. One hundred and thirty-four Plasmodium falciparum malaria
episodes were detected {53 in vaccinated group/81 in placebo group ), yielding an attack
rate of 5.47 cases/100 person years o oﬂuw-u { IJI’E‘HI"?J in fh.? vaccine group and
8.441100 pyears in the p.*m: eho group.
(95% CI8.4-54.2%, P=0.01). This result supporis earlier ﬁndmg'; that the SP66 malaria
vaccine diminishes the risk of infection by P. falciparum in endemic areas of South
America. Copyright € 1996 Elsevier Science Ltd







Randomised trial of efficacy of SPf66 vaccine against

Lancet 1994; 344: 1175-81

Plasmodium falciparum malaria in children in suutherananzania

r'th, J R M Armstrong Schellenberg, H Masanja, 5 Mwankusye, H Urassa, | Bastos de Azevedo,
4 Chongela. S5 Kobero, C Menendez, N Hurt, M C Thomas, E Lyimo, N A Weiss, R Hayes, A Y Kitua, M C Lopez,

W L Kilama, T Teuscher, M Tanner

Summary

Effective, safe antimalarial vaccines have proved elusive,
The synthetic polypeptide SPE6 vaccine is based on pre-
erythrocytic and asexual biood-stage proteins of
Plasmodium falciparum. We report here a randomised
double-blind placebocontrolled trial of the efficacy of the
SP66 vaccine against clinical P falciparum malaria in
|dete, southern Tanzania, an area of intense perennial
malaria transmission,

586 children aged 1-5 years received three doses of
vaceine (n=274) or placebo (n=312). The incidence and
density of parasitaemia were assessed through repeated
cross-sectional surveys on subgroups of children. Morbidity
was monitored over a 1 year period through passive case
detection in all children plus active case detection in a
subgroup of 191. An episode of clinical malaria was defined
as measured fever (=37.5°C) and parasite density
>20000/ L.

No severe side-effects were seen and the frequency of
mild side-effects alter the third dose was less than 6%, The
vaccine was highly immunogenic and after three doses all
vaccine recipients had detectable anti-5Pf66 antibodies:
the geometric mean Index of response was 8:3 in the
vaccine group and 0-7 in the placebo group. The incidence
of parasitagmia was similar in both groups. 123 children
had at least one episode of clinical malaria during the
follow-up pericd after the third dose and annual incidence
rates were 0-25 in the vaccine group and 0-35 in the

lacebo group! Estimated vaccine efficacy was 31% (95%
confidence interval 0-52%; p=0-046). lAfter the third dose
there were B deaths among the study cohort (1 vaccine, 5
placebo). This study confirms that SPf66 is safe. immuno-
genic and reduces the risk of clinical malaria among
children exposed Lo intense P falciparum transmission,

Lancet 1994; 344: 1175-81
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Duration of Protection and Age-Dependence of the Effects of the SPf6

Malaria Vaccine in African Children Exposed to Intense Transmission of
Plasmodium falciparum

| Pedro L, Alonso,fom A. Srmith, Unidad de Spdeniolrgi y Biostadsiog, Hosptl Chiic, Bareelong,
Joanna R. M. Armstrong-Schellenberg, Andvew Y. Kitua,  Spai; Dportnen of ubic Helhand Epieminog, Sviss Tropica
Honorathi Masanja, Richard Hayes, Nicole Hurt, ’Wm Lﬁmﬁ ) fpimw Ui

' jcal Medicine, London,
Fidel Font, Clara Menendez, Wencistaus L. Kilama, Unied Kigon; s Cone ond IR Bt
and Marcel Tanner ~ Nafona! s for Medical Resarch, ks, Tz

The SPES6 synthelc vaccne is saf and partly efficacious against Plsmodium faleparum malara
ationg chidren 1-5 year old The esimated vacene effcacy [VE] for ll cinical epides over a
peiod of 18 monthsafethe tin dos s 25% (15% confdence ntervl [C1, 1%-44%: P = ),
The observed temporal variaions in eficacy could have been due to chance (ikelood ratlo y* =
138,8 P = 086). Efey againg cinical mlaria did ot vrysgnificnty with age (= L0,
4 df, P = 30), Overall parasite densty was 21% lower in vaccine recipients than in the placebo
group (9% CL, 0%-38%; P = 044, Futhr development of SPHG6 may reqie s o evalt
safety, immunogenicity, and efficacy when administered in the st year of if, together with other
vaccines contained in the Expanded Programme of Immurization schedule
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Analysis of Multiple Plasmodim faleiparum Infections in Tanzanian Children
during the Phase LI Trial of the Malaria Vaccine SPfb

H.-P, Beck, I Felger, W, Huber, S, Steiger, T. Smith, Sviss Tropical i, Basel, Serlnd: Universty o Witen-
N Weis and M. Tanner Herdecke, Witen, Germany; Unidad de Epidemilogia y Bioestaditica

Hospital Clinic § Provincial, Barcelona, Spain

In the first phase I1I efficacy trial of the malaria vaccine SPi66 in Africa, MOls in SPfo6- and
placebo-vaccinated children were analyzed by polymerase chain reaction-restriction fragment
length polymorphism of the Plasmodium falciparum merozoite surface antigen 2 (MSAZ2). MOIs
were significantly reduced in asymptomatic vaccine recipients compared with those in asymptomatic
placebo recipients; however, no differences were observed among sympiomatic children in the
vaccine and control groups. These results show that immunization with SPf66 modulates the course
of naturally occurring infections, as reflected by reduced MO, In placebo recipients, however, there
was a significant negative correlation between numbers of infecting genotypes, as identified by

M5A2, and morbidity. Asymptomatid placebo recipients had an average of 5 concurrent infections,

_whereas children with clinical cases hiad an average of 34 infecfions, These data provide Turfher

evidence that premunition from concurrent infections is important in immunity agamnst clinical
malaria. No such effect of multiple infections was found in the vaccinated group.




Randomised double-blind placebo-controlled trial of SPf66 malaria

vaccine in children in northwestern|Thailand

Francais Mosten, Christine Luxemburger, Dennis E Kyle, W Ripley Ballou, Janet Wittes, Eh Wah,
Tan Chongsuphajaisiddhi, Daniel M Gordon, Nicholas J White, Jerald C Sadofi, D Gray Heppner, and the

Shoklo 5Pf66 Malaria Vaccine Trial Group *

Summary

Background Previous efficacy trials of SPfEE malaria vaccine
have produced conflicting results in different populations,
We report a randomised double-blind trial of the SPfEE
vaccine conducted in Karen children aged 2-15 living in a
malarious region of northwestern Thailand. Recombinant
hepatitis B vaccine was used as a comparator.

Methods The study had a power of 90% to detect an efficacy
of 308, defined as a reduction in the incidence of first cases
of symptomatic falciparum malaria after three doses of
vaccine, 1221 children received three immunisations and
were eligible for the primary efficacy analysis. Intense active
and passive case detection continued over 15 months of
follow-Lp.

Findings The SPfGE vaccine was well tolerated, although 28
children had mild or moderately severe local or systemic
allergic reactions, compared with nene in the comparator
group. The vaccine was immunogenic; after three doses,
13% of recipients had serocorverted. There were no deaths
due to malaria during the study. During the 15-manth period
of evaluation there were 379 first cases of symptomatic
falciparum malaria (195 in the SPf66 recipients, 184 in the
comparater group); an SPE6 efficacy of —9% (95% Cl -33
to 14, p=0-41). No significant differences between the two
study groups in parasite density or any other measure of
malaria-related morbidity were detected,

Interpretation These findings are consistent with a recent
study showing lack of efficacy of SPfEE among Gambian
infants and differ from earlier positive reports from South
America and evidence of borderline efficacy from Tanzania.
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Figure 1: Cohort | group mean antibody response to SPI66

alter the first dose of vaccing

Bors ano standard ermors.

The vaccine lots used In this
study were produced and formulated in the USA, whereas
the previous studies used vaccine produced in Colombia.
At the request of the WHO, samples from both sources
have undergone extensive independent characterisation by
the National Institute of Biological Standards and
Controls, UK, and remarkable consistency has been found
between lots of bulk and formulated vacclne produced by
the two laborator

We conclude that SPf66 does not protect
against clinical falciparum malaria and that
further efficacy trials are not warranted.

Im our hands, " raro or monomer © polymer was found
to be important in the context of peptide binding to alum
and thus to immunogenicity. Our SPf66 formulations were
prepared with a higher alum concentration per dose than
used in Colombia to achieve optimum peptide binding
ratios (>50%). The seroconversion rates with standard




A pilot safety and immunogenicity study of the malarna vaccine SPf66 in

I.j.‘if'ﬁbian infants I

AMANDA LEACH'. CHRISTOPHER J.DRAKELEY . UMBERTO D'ALESSANDRO'. GREGORY W FEG '
- . 1 . : FEGAN
STEPHEN BENNETT' W.RIPLEY BALLOU*. GEOFFREY A T.TARGETT" & BRIAN M.GREENWOOD'

'M{RC Laborawries Fajura, Banjul. The Gambia

* Deparument of Medicl Purusitology and -’ Deparoment of Epidemiology and Population Scicoors.
E_nnnur. School of Hygiene and Tropical Medidoe, Keppel St.. Loodoa UK
Department of lmmunelagy. DCD & . Walier Reed Army |nstimee of Rescarch. Washiagton, DC. USa

SUMMARY

A piloc safety and immunogenicity irial of the inalaria
vaccine SPf66 has been underraken in [50 Gambian
infunts. No significant systemnic side ejfecis were recorded
but modest local reactions were seen after the adminisira-
tion of a third [-0my dosre|SPf66 produced in Colombia_|

livas more immunorenic than SPf66 produced in ihe USA |
and o 1-0mg dose of each vaccinc gave higher antbody
levels than a 0-5mg dose. However, untibody levels fell
rapidly after administcation of the third dose of vaccine
and showed litctle chanye over the following malaria trans-
mission season,




Comment

The SPf66 Malaria Vaccine:
What is the Evidence for Efficacy?

P Graves, H. Gelband and P Garner

Results of individual tnals were com-

bined using the Peto odds ratio (OR),
for which the trials are weighted by the
inverse of their variancet, The weight-
ing thus takes into account the num-
ber of participants in a trial and the
numnber of outcomes cbserved, The
OR result may be interpreted as the
relative risk in the vaccinated group
compared with the control group. An
OR significantly less than .0 (shown
a the vertical line in Table 1) indicates
a protective effect of the vaccine. The
OR is converted to vaccine efficacy (%)
by the following formula: Efficacy=
(I-0R)X 100,

Parasitology Taday, vol. 14, o, 6, 1998

Systematic review findings. In the cur-
rent edition of the Cochrane malaria
vaccing review, six trials of SPfb6 met
the inclusion critena: three from South
America™, two from Africa!™!! and one
from Thaland? (Table 2), Two other tri-
als in South Amenca were excluded due
to lack of proper randomization. Results
are presented in Table | (upper part) for
the inddence of the first or only attack of

clinical malaria. The Peto OR was 0./7
= ()68~

5% confidence interval (Cl

participants had more than one

episode of clinical malaria, and five of

the six SPfob trials reported the total
number of episodes. The results from
these five trials suppest that vaccine
efficacy was greater against second or
subsequent clinical episodes than it was
in preventing malaria completely, The
overall (unweighted) incidence of the
first or only episode of malaria was
reduced from 240 per 1000 in the
placebo groups to 191 per 1000 in the

Only two trials reported on the most
119
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Fig. 2. A global strategy for malaria vaccine development, This schema illustrates the major contributors to malaria vaccine develop-
ment, Abbreviations: COC, Centers for Disease Control; DOD, Dept of Defence; EU, European Union; LSH&TM, Londen School
of Hygiene and Tropical Medicine; MPS, Mimiotape Peptide Systems; MRC, Medical Research Council; NIAID, National Institutes of
Allergy and Infectious Diseases; NIMR, National Institute for Medical Research, Tanzania; NMRI, Naval Malaria Research Institute:
ODA, Overseas Development Agency; PMC, Pasteur/Merieux/Connaught; QIMR, Queensland Institute for Medical Research; RSG,
Research Strengthening Group of TOR; SKB, SmithKline Biologicals; STI, Swiss Tropical Institute; TRAP, thrombospandin-related
| anonymous protein; WEHI, Walter and Elisa Hall Institute; WRAIR, Walter Reed Army Institute for Research
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Safety, immunogenicity and limited
efficacy study of a recombinant
Plasmodium falciparum circumsporozoite
vaccine in Thai soldiers

A.E. Brown*!, P. Singharaj*, H.K. Webster*, J. Pipithkul*, D.M. Gordon',
J.W. Boslego®, K. Krinchai*, P. Su-archawaratana®, C. Wongsrichanalai®,
W.R. Bullou', B. Permpanich®, K.C. Kain', M.R. Hollingdale*, J. Wittes*,
J.U. Que', M. Gross', S.J. Cryz" and J.C, Sadoff’ |

Thai suldiers were vaceinated with a recombinant protein derived from the central repeat
regin of the circumsporozoite (CS) protein of Plasmodium falciparum conjugated fo
Tuxvin A (detoxified) of Pseudomonas acruginosa (RI2Tox-A) 1o evgly e L1 salely

ommunogenicity ond efficacy. In a randomized, double-blind manne 'm
recvived either R32Tox-A or a control caccine at 0, 8 and 16 weeks. Imuni-ation was
ferfursied wa malario non-transmission arca, after completion "f which polunteers were
deplaved to an endemic border area and nonitared closely 1o allow early detection and
reatient of infection, The vaceine was found to be safe and to elicir antibody responses
i all vaceinees, Peak CS antibody { 19G) concentrations in malaria=¢xperienced vaccinees
exeeeded those in malaria-naice vaceinees (mean 40.6 versus 16,1 pgmi™"; p = {LIN5)
us well us those imduced by previous CS protein-derived vaceines and observed in

) : - — ; =y nialaria
revealeo ces heteen vaccinated and -ﬂpﬂgpqrrfngw.mtr;l Secondary
) S anfihody Tevely were fower i vaceinee malaria cases than tn
nanecases, 3 and 5 months after the third dyse of vaccing (p =006 and p= L,
respeetively). Because antibody fovels had falten substanvially hefore peak  malaris
(ransnission aceurred, the guestion of whether high levels of CS antibody are protective
reniaing 1o be resolved.
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Plasmodium falciparum
circumsporozoite vaccine
Immunogenicity and efficacy trial with
natural challenge quantitation in an
area of endemic human malaria of
Kenya

J.A. Sherwood*t111t, R.S. Copelandt§, K.A. Taylor*y, K. Abok|,
A.l. Oloo||, J,B.O. Were*, G.T. Strickland**, D.M. Gordontt,

W.R. Balloutt, J.D. Bales Jrf, R.A. Wirtz{1, J. Wittes§§, M. Gross8s,
J.U. Quefy, S.J. CryzY, C.N. Oster|||l, C.R. Roberts} and

J.C. Sadoff***

It has been hypothesized that antibody  induced by Plasmodium falciparum

circumsporozoite protein vaccine would he effective dgainst endemic human mafaria, In

a malaria endemic region of Kenya, viunteersy in 38 pairs sleeping adjacently, were

trmunized with subunit circumsparozoite protein Asn-Ala-Asn-Pro tetrapepiide repeat-

preudomonas toxin A, or hepatitis B vaccine. After quinine and doxcycyeline, volunteers

were followed for illness daily, parasitemia weekly, antibody, T-lymphacyte responses,

and treated If indicated. Anopheles mosquitoes resting in houses were collected, and
tested for P. falciparum antigen, or dissected for sporozoites and tested for blood meal
ABO type and P. falciparum antigen. Vaccine was safe, with side-effects similar in both
groups, and immunogenic, engendering lgG antibody as high as 600 yg mi ', bur did
not increase the proportion of volunteers with T-lymphocyte responses. Estimation of P,

falciparum challenge averaged 0.194 potentially infective Angpheles bitesivolunteer/
day. Mosquito blood meals showed no difference in biting intensity between vaccine and
control groups. Both groups had similar malaria-free survival curves. cunularive positive
blood slides, cumulative parasites mm ~°, and numbers of parasites mm " on first
positive blood siide. during three post-vaccination observation periods. Every volunteer
had P. falciparum parastiemia at least once. Waccmees had 2% and conirols 30
incidences of symplomatic parasitemia (P=0.514 ef cacy ¥ou, statistical power 95%;

probability of efficacy <50%). Vaccine-induced anti-sporezoite antibody was ner
protective in this study. Within designed statistical precisions the present study (5 in
agreement with efficacy studies in Colombia, Venezuela and Tanzania
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Phase I/lla Safety, Inmunogenicity, and Efficacy Trial of NYVAC-P{7, a Pox-
Vectored, Multiantigen, Multistage Vaccine Candidate for Plasmodium
falciparum Malaria

Christian F. Ockenhowse, Pei-fang Son, David E. Lanar, Digpariment of mprsofopy. Walter Read Army fiditule of Researcoh,
Bruce T, Wellde, B, Ted Hall, Kent Kester, Jose A, Stooie, Weasiautan, DO Labennkery of Parasiic Diemes, Naroanal dastiisre of
wlan Magill, Urszala Kreveh, Linda Farley Altergy umd Infectious Diseqses, Natonal Inaitwes of Health, and
; rill, Lrszx rveh, ¥,

I ke . e Wirloria Proweom, Novad Meadtord Resomech fastitade. Bechy s,
: i :
Raobert A, Wirte,® Jerald O Sadall, David C. Kaslow, Maryland: Justinte of Moteculor Medicine, Umiverstiy of Onfond,

Sanjai Kumar, L. W, Preston Charch,* Hewdington, (Orgfend, Linited Kinpolom, Pirogewetics o, Trmy, New
James ML Crutcher.” Benjamin Wizel,® Stephen Hol T, Fork; Conmeupht Labemtories, e, Swiffwoier, Penmsilvania,; Paocberr
Ajit Lalvani, Adrian V. 5 Hill, John A. T||||_ Mirieary Comminagnvd, Marcy DEloile, Frumee: Walter omd Efize Ml
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_

Candidate malaria vaccines have failed to elicit consistently protective immune responses against
challenge with Plasmodium falciparum. NYVAC-P{T, a highly attenuated vaccimia virus with 7 P
falctparum genes inserted into its genome, was tested in a phase I/lla safety, immunogenicity, and
efficacy vaccine trial m human volunteers. Malaria genes mserted into the NYVAC genome encoded
proteins from all stages of the parasite’s life cycle. Volunteers received three immunizations of two
different dosages of NYVAC-PAT. The vaccine was safe and well tolerated but variably immunogenic.
While antibody responses were generally poor, cellular immune responses were detected in >90%
of the volunteers, | Of the 35 volunteers challenged with the bite of 3 P. falciparum-infected Anapheles
mosquitoes, 1 was completely protected, hnd there was a significant delay in time to parasite patency

In the groups of volunteers who received either the low or high dose of vaccine compared with
control volunteers.




Effect of vaccination with 3 recombinant asexual-stage
malaria antigens on initial growth rates of Plasmiodium
falciparum in non-immune volunteers

Gregor Lawrence 2, Qin Cheng!:-2, Carol Reed? -2, Darrin Tavlor2, Anthony
Stowers? .2, Nicole Cloonan?, Christine Rzepczyk?, Anne Smillie2, Karen
Anderson?, David Pombo?, Anthony Allworth?, Damon Eisen®?, Robin Anders*
and Allan Saul*

a CRC for Vaccine Technology and Australian Centre for International and Tropical
Health and Nutrition, The Queensland Institute of Medical Research and The University
of Queensland, Post Office, Royal Brisbane Hospital, Brisbane, Qld 4029, Australia

b Infectious Dizease Unit, Royal Brisbane Hospital, Brizsbane, Australia

¢ The Walter and Eliza Hall Institute of Medical Rezearch, Post Office, Royal
Melbourne Hospital, Melbourne, Vic 3050, Australia

Abstract

A placebo controlled, randomised, double blind frial was conducted in human
volunteers to test a Imxture of three recombmant Plasmodim j&lr:zpamm blood stage

cnntamed recnmbmant MSPZ (3DT allele) a pnrl:mn nf MSPI (19DLCS T3) and parl: of
the RESA antigen (C terminal 771 amino acids) in the Montanide ISA 720 adjuvant
SEPPIC). Twelve volunteers received two doses of the vaccine, 6 weeks apart. Lhe five
participants in the placebo group received an equivalent volume of the adjuvant
emulsion using the same schedule. Antibody responses were low, as has been reported
in earlier studies with this combination, while T cell responses were stronger. All the
volunteers were challenged with approximately 140 ring infected red cells of the 3D7
cloned line, 4 weeks after the second dose. Parazitaemia was determined once dailv
from day 4 using a sensitive and quantitative PCR assay. All the volunteers were
infected and were treated on day 8, efore any developed symptoms. There was no
significant difference in initial parasite growth rates between the verum and placebo
groups, nor was there any significant correlation between parasite growth rates and any
of the measured immunological responses. These results suggest that the formulation
tested in this trial did not generate immune responses that were strong enough to reduce
parasite growth in naive volunteers.

Vaccine Volume 18, Iszue 18, March 2000 , P@es 1925-1931
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Enhanced T-cell immunogenicity of plasmid DNA

vaccines boosted by recombinant modified

vaccinia virus Ankara in humans
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Safety, immunogenicity and efficacy of a pre-erythrocytic malaria
candidate vaccine, [CC-1132 formulated in Seppic ISA 720
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Abstract

ICC-1132, a recombinant protein comprising a modified hepatitis B core protein with a B cell (NANF) and twp T cell epilopes of
Plasmodium faleiparom circumsporozoite protein (CSP), was administered i.m. a5 a single 50 pg dose in Seppic ISA 720 5

Local reactogenicity and systemic side effects were acceptable with the predominant finding being mild pain at the injection site, This regimen

induced anti-NANP antibodies in 10/11 and modest T cll esponsd There was 10 cvidence ﬂﬁ'ﬂn from experimental challenge with
P falciparum sporozaitesy Other lormulations and/or multi-dose regimens WilT Be FEQUITEd [0 Cmance e immunogenicity and efficacy ol

[CC-1132,
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Efficacy of the RTS,S/AS02A vaccine against Plasmodium
falciparum infection and disease in young African children:
randomised controlled trial

PedoL Alonsa)enit Sacarll John | Aponte, Amanda Leach, Eusebio Macete,Jessica Miman, Inacio Mandomanda, Bt Spissens,
Caterna Guinovar, Matey Espas, Quique Basat, PeoAide, Opoku Ofrk Anyinam, Margarta M Novi, Sabine Corechan, M Ceuppens,
Marie- e Dubais, Mrie-Ange Demortié Filp Dubovsky, Cora Menéndez Nadia TomieportW Ripley Ballou, Ricerd Thompsan, oe Conen

Summary

Background Development of an effective malaria vaccine could greatly contribute to disease control. RTS,$/AS02A
is a pre-erythrocytic vaccine candidate based on Plasmodium falaparum circumsporozoite surface antigen. We aimed
lo assess vaccine efficacy, immunogenicity, and safety in young African children.

Methods We did a double-blind, phase IIb, randomised controlled trial i Mozambique in 2022 children aged
1-4 years. [he study included two cohorts of children living in two separate areas which underwent ditferent
follow-up schemes. Participants were randomly allocated three doses of either RTS,5/AS02A candidate malaria vac-
cine or control vaccines. The primary endpoint, determined in cohort 1 (n=1605), was time fo first clinical episode
of P falciparum malaria (axillary temperature =37.5°C and P falciparum asexual parasitaemia >2500 per pL) over a
G-month surveillance period. Efficacy for prevention of new infections was determined in cohort 2 (n=417).
Analysis was per protocol.

Findings 115 children in cohort 1 and 50 in cohort 2 did not receive all three doses and were excluded from the per-
protocol analysis . Vaccine efficacy for the first clinical episodes was 29-9% 5% CI 11.0-44.8; p=0.004). At the
end of the 6-month observation period, prevalence of P falciparum infection was 37% lower in the RTS,$/AS02A
group compared with the control group (11.9% vs 18.9%; p=0.0003). Vaccine efficacy for severe malaria was
577% (95% CI 16- 2-80.6; p=0-019). In cohort 2, vaccine efficacy for extending time to first infection was 45.0%
(31.4-55.9; p<0. 0001).

Interpretation The RTS,S/A S02A vaccine was safe, well tolerated, and immunogenic. Our results show development
of an effective vaccine against malaria is feasible.
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Malaria vaccine: 3 or
6 months’ protection?

The results of the trial of the
RTS,S/AS02A  malana  vaccine
reported by Alonso and colleagues
(0ct 16, p 1411 are exciting and
show dearly a protective effect
against severe malaria and delays in
the time to a first attack of dinical
malaria and to the appearance of par-
asites in the blood after vaccination.
However, the authors’ conclusions
that protection against clinical dis-
ease showed no evidence of waning
during the 6 month follow-up and
that there was only limited waning of
the efficacy against malaria infection
during this period should be inter-
preted with caution, particularly since
an earlier trial' with this vaccine in
adults in The Gambia showed evi
dence of @ protactive effect against
malaria infiction that lasted for only
2-3 months. Although the new data
are compatible with sustained protec-

tign gver 6 months they are also

compatible with there being little
protection against clinical malaria of
malaria infection for more than
3 months after vaccination, The datain

figure 4 in the report, for example,
show that amang those who had not
developed clinical disease by 3 months
after vacdnation, the risk of an episode
of malaria in the next 3 months was
similar (about 7-8%) in vaccinated and
unvaccinated groups. Also, the rsk of
acquinng infection by 6 months
among those not infected at 3 months
was similarin both groups (about 63%)
and, overall duning the 6-month
period similar numbers of children were

infected (157 and 166, respectively).

Additionally, there s fittle evidence of
protection against dinical apisodes of

malaria otherthan thefirst. Aftera first

ook e O sumsequent

episodes was sightly higher in the vac-
cinated group than in the unvaccinated
govp (deduced from table 3
30 episodes in 194 person years at isk
[PYAR; rate 1.5 pe year] in the vacti-
nted goup compared  with
31 episodes n 27:2 PYAR [t 11 per
year] in the unvacdnated group)

*P G Smith, P Miligan
Peter.smith@lshtm.ac.uk

R Trapcal Epdamiogy (aep, London Shool
of ygiens anc Tropical Medicne London
WELE THT, LK

L MonsolPL, Sacarst | Aporte [L etal,
Effcacy of the RS, HASO2A vactne
aqanst Pesmodivm [olcipenuminfectian
and disease i yourg Afrcan chikdren
randemicad rontrolied trial. Loncet 2004,
3b&: 41120

2 Boung A Niligen P, Finder M, etal
iy of TS SISO malaaviccie
agairst Phesmidiom fol-pasen infection in
semi-immune adelt men in The Gambi:
a ndomised teial Lancet 2000; 358:
927-34
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Efficacy of RTS,S/AS02 malaria vaccine against Plasmodium
falciparum infection in semi-immune adult men in The Gambia:
a randomised trial

Kaiifa A Bojang, Paul J M Milligan, Margaret Pinder, Laurence Vigneron, Al Alloueche, Kent E H&stelﬂ'fﬂfﬂj" Ballou,

David J Conway, William H H Reece, Philip Gothard, Lawrence Yamuah, Martine Delchambre, Gerald Voss,
Brian M Greenwood, Adrian Hill, Keith P W J McAdam, Nadia Tormieporth, Jog D Cohen, and Tom Doherty, for the
RTS,5 Malaria Vaccirne Trial Team*

Findings 250 men (131 in the RTS,S/AS02 group and 119 in
the control group) received three doses of vaccine and were
|followed up for 15 weeks. |[RTS,S/AS02 was safe and well
tolerated. P falciparum infections occurred significantly earlier
in the control group than the RTS,S/AS02 group (Wilcoxon's
test p=O-018). aajusted for confounders
| was 34% [95% Cl 8:0-53, p=0-014). Protection seemed to
wane: estimated efficacy during the first 9 weeks of follow-up
was 71% (46-85)| but decreased to 0% (-52 to 34) in the last |
6 weeks.|Vaccination induced strong antibody responses 10
circumsporozoite protein and strong T-cell responses.
Protection was not limited to the NF54 parasite genotype from
which the vaccine was derived. 158 men received a fourth

dose the next year and were followed up for 9 weeks; during
this time, vaccine efficacy was 47% (4-71, p=0-037).




Comment

The SPf66 Malaria Vaccine:
What is the Evidence for Efficacy?

P Graves, H. Gelband and P Garner

Results of individual tnals were com-

bined using the Peto odds ratio (OR),
for which the trials are weighted by the
inverse of their variancet, The weight-
ing thus takes into account the num-
ber of participants in a trial and the
numnber of outcomes cbserved, The
OR result may be interpreted as the
relative risk in the vaccinated group
compared with the control group. An
OR significantly less than .0 (shown
a the vertical line in Table 1) indicates
a protective effect of the vaccine. The
OR is converted to vaccine efficacy (%)
by the following formula: Efficacy=
(I-0R)X 100,

Systematic review findings. In the cur-
rent edition of the Cochrane malaria
vaccing review, six trials of SPfb6 met
the inclusion critena three from South
America™, two from Africa!™!! and one
from Thaland? (Table 2), Two other tri-
als in South Amenca were excluded due
to lack of proper randomization. Results
are presented in Table | (upper part) for
the inddence of the first or only attack of
clinical malaria. The Peto OR was 0.77

5% confidence interval (CI) = 0.68-
0.58], giving a combined estimate of vac-
cine efficacy of 23% (95% Q = 12-32%).
During the follow-up period, some

Parasitology Taday, vol. 14, o, 6, 1998

participants had more than one

episode of clinical malaria, and five of

the six SPfeé triaks reported the total
number of episodes. The results from
these five trials suppest that vaccine
efficacy was greater against second or
subsequent clinical episodes than it was
in preventing malaria completely, The
overall (unweighted) incidence of the
first or only episode of malaria was
reduced from 240 per 1000 in the
plar:ebn groups t::: 191 P IEIEID |n the

vdmmmﬂmmdﬂxﬁﬂfstbseqlmt
attacks was reduced from 62 per 000
to 4l perIﬂII:' (a reduction uf34%}

Gni;r two trials repnrted on the most
119



COLFAVAC

The COLombian FAlciparum VACcine




SPECIFIC UPTAKE OF THE
DIFFERENT PEPTIDES BY
HUMAN R.B.C.

Calvo M. et al. Peptide Research, 1991, 4, 324-333

HIGH BINDING ACTIVITY PEPTIDES
BOUND PICOMOLES
0.7
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0.2

0.1

N
00 1530 4560 90 120 180
MINUTES

MEDIUM BINDING ACTIVITY PEPTIDES
0.2 BOUND PICOMOLES

0
0 15304560 90
MINUTES

HIGH BINDING ACTIVITY PEPTIDES
BOUND PICOMOLES

0 N\
0 15304560 90 120 180
MINUTES
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0.2 BOUND PICOMOLES

0 15304560 90 120
MINUTES







PRINCIPLES FOR
VACCINE DEVELOPMENT

Receptor Ligand

Host Cell Par asite

INDUCE IMMUNITY

3

Blocking Receptor- Ligand

. 4

Vaccine







AMINO ACID SEQUENCE OF THE
EBA-1/5 SYNTHETIC PEPTIDES

Peptide
number

Peptide

number

1755
1756
1757
1758
1759
1760
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790

KARNEYDI KENEKFLDVYKE
KFNEL DKKKYG\VQKT DKKI

FTFI ENKLDI LNNSKFNKRW
KSYGTPDNI DKNVBLI NKHN
NEEMFNNNYQSFLSTSSLI K
QNKYVPI NAVRVSRI LSFLD
SRI NNGRNTSSNNEVL SNCR
EKRKGVKWDCKKKNDRSNYV
Cl PDRRI QLCl VNLSI | KTY
TKETMKDHFI EASKKESQLL
L KKNDNKYNSKFCNDL KNSF
L DYGHL AVGNDVDFGGYSTK
AENKI QEVFKGAHGEI SEHK
| KNFRKEWWANEFREKLWEAM
LSEHKNNI NNCKNI PQEELQ
| TQW KEWHGEFL L ERDNRS
KLPKSKCKNNTL YEACEKEC
| DPCVKYRDW | RSKFEWHT
L SKEYETQKVPKENAENYL|

KI SENKNDAKVSL L LNNCDA
EYSKYCDCKHTTTLVKSVLN
GNDNTI KEKREHI DLDDFSK
FGCDKNSVDTNTKVWECKNP
YI LSTKDVCVPPRRQELCLG
NI DRI YDKNLLM KEHI LAl

Al YESRI LKRKYKNKDDKEV
CKI | NKTFADI RDI | GGTDY
VARDL SNRKLVGKI NTNSKYV
HRNKKNDKL FRDEVWAKVI KK
DVWAVI SVWFKDKTVCKEDD
| ENl PQFFRWESEWGEDDYCQ
DKTKM ETLKVECKEKPCED
DNCKSKCNSYKEW SKKKEE
YNKQAKQYQEYQKGNNYKMY
SEFKS| KPEVYLKKYSEKCS
NLNFEDEFKEEL HSDYKNKC

1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1803
1804
1805
1806
1807
1808
1809
1810
1811
1812
1813
1814
1815
1816
1817
1818
1819
1820
1821
1822
1823
1824
1825

740
760
780
800
820
840
860
880
900
920
940
960
980
1000
1020
1040
1060
1080
1100
1120
1140
1160
1180
1200
1220
1240
1260
1280
1300
1320
1340
1360
1380
1400
1420

TMCPEVKDVPI SI | RNNEQT
SQEAVPEENTEI AHRTETPS
| SEGPKGNEQKERDDDSL SK
| SVSPENSRPETDAKDTSNL
LKLKGDVDI SMPKAVI GSSP
NDNI NVTEQGDNI SGVNSKP
L SDDVRPDKKEL EDQNSDES
EETVVNHI SKSPSI NNGDDS
GSGSATVSESSSSNTGLSI D
DDRNGDTFVRTQDTANTEDV
| RKENADKDEDEKGADEERH
STSESL SSPEEKM. TDNEGG
NSL NHEEVKEHT SNSDNVQQ
SGG VNVNVEKELKDTLENP
SSSL DEGKAHEEL SEPNLSS
DQDVENTPGPLDNTSEETTE
Rl SNNEYKVNEREDERTL TK
EYEDI VLKSHVNRESDDGEL
YDENSDL STVNDESEDAEAK
MKGNDTSEMBHNSSQHI ESD
QQKNDVKTVGDL GTTHVQNE
| SVPVTGE| DEKLRESKESK
| HKAEEERL SHTDI HKI NPE
DRNSNTLHLKDI RNEENERH
LTNQNI NI SQERDL QKHGFH
TMNNL HGDGVSERSQ NHSH
HGNRQDRGGNSGNVL NIVRSN
NNNFNNI PSRYNL YDKKL DL
DLYENRNDSTTKEL| KKLAE
| NKCENEI SVKYCDHM HEE
| PLKTCTKEKTRNLCCAVSD
YCVBYFTYDSEEYYNCTKRE
FDDPSYTCFRKEAFSSM FK
FLI TNKI YYYFYTYKTAKVT

| KKI NFSLI FFFFFSF




PEPTIDE RBC BINDING BEHAVIOUR

Peptide Binding activity is the curve’s specific slope

01151 4585 | EBAP. 4
0.055-
0 T ]
0 0.5 1 0 0.5 1

] Added Peptide
1795

|

0 0.5 1

== Total Binding

== Non-specific Binding ™= Specific Binding




Parasite Immunology, 1996: 18: 515-526
Identification of Plasmodium falciparum [MSP-1|peptides able to bind to
human red blood cells

MAURICIO URQUIZA, LUIS E. RODRIGUEZ, JORGE E. SUAREZ, FANNY GUZMAN. MARISOL OCAM
HERNANDO c&rmﬁa, CESAR SEGURA, ESPERANZA TRUJILLO & MANUEL E. PATARROYO LA
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I
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540
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D43
1544
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-_—t———————
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1565
1566,
1567, nd
569
570
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38K
33K

19K




I Peptide Res., 2000, §§, 216-223.

M. Ocampo Twol MSA 2 peptides that bind

?‘qumm to human red blood cells are
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J. Suarez . .
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J. Rosas 1nvasion

M. Diaz

M.E. Patarroyo 20
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Plasmodium falciparum normocyte binding protein|(PINBP-1)
peptides bind specifically to human erythrocytes

John Jairo Valbuena, Ricardo Vera, Javier Garcia, Alvaro Puentes, Hernando Curtidor,
Marisol Ocampo, Mauncio Urquiza, Zuly Rivera, Fanny Guezman, Elhzabeth Torres,
Manuel ElKin Patarroyo®

Normocyte Binding Protein PFNBP-1 Binding Activity
Peptide Sequence 1% 2%
26327 1 JLINIETEMKHKQKQLINKMNY 20
26328 21 |DIEKDNITDQYMHDVQQNIFY 40
26329 41 |EPITLKMNEYNTLLNDNHNN 60
26330 | 61 |[NINNEHQFNHLNSLHTKIFSY 80
26331 81 |[HNYNKEQQQEYITNIMQRID 100
26332 101 |VFINDLDTYQYEYYFYEWNQ 120
26333 | 121 |EYKQIDKNKINQHINNIKNN 140
26334 141 |LIHVKKQFEHTLENIKNNENY 160

26335 | 161 |IFDNIQLKKKDIDDIIININY 180

26336 | 181 |INTKETYLKELNKKKMLQNKK 200

26337 | 201 |KVDEKSEINNHHTLQHDNQNY 220

26338 | 221 [VEQKNKIKDHNLITKPNNNSY 240

26339 | 241 |SEESHQNEQMKEQNKNILEKY 260

26340 | 261 |QTRNIKPHHVHNHNHNHNHNY 280

26341 | 281 |[HNQNQNQKDSTKLQEQDISTY 300

26342 | 301 |[HKLHNTIHEQQSKDNHQGNRY 320

26343 | 321 |EKKQKNGNHERMYFASGIVV 340

26344 | 341 |SILFLSSLGFVINSKNNKQEY 360

26345 |361| YDKEQEKQQQNDFVCDNNKM 380

26346 | 381 |DDKSTQKYGRNQEEVMEISF 400

26347 | 386 |QKYGRNQEEVMEISFDNDY! 405




AMA-1

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

Peptide Sequence 2.0

FIDIC

4308 ** KSDVYHP INEHREHPKEYQY 53

4314 ™ KGI | IENSNTTFLTPVATGNY?" Peptide  Kd (nM)

4315 '* QYLKDGGFAFPPTEPLMSPM 1%

4316 " TLDEMRHFYKDNKYVKNLDE 3 4313 120 + 12
4317 ?** LTLCSRHAGNMI PDNDKNSNY 23 4315 120 £ 10
4318 * YKYPAVYDDKDKKCHILYIA 23 4316 150 + 14
4319 ** AQENNGPRYCNKDESKRNSM 4322 70021
4320 ** FCFRPAKD I SFQNYTYLSKN 2% 4325 100 + 09
R R 4328 140 £ 11
14322 ** LWDGNCED | PHVNEFSA DY
14323 *** LFECNKLVFELSASDQPKQY **
14324 *** EQHLTDYEK IKEGFKNKNAS 7
14325 ** MIKSAFLPTGAFKADRYKSH

4326 ** GKGYNWGNYNTETQKCE I FN 41°

4328 “* PIEVEHNFPCSLYKNE IMKE 3

4331 “* PEIVSNSTCNFFVCKCVERRY **®

4335 °"* EKYDKMDEPQHYGKSNSRND 5%




Parasitolgy (2000), 120, 225-235,

Plasmodwm falciparum EBA-175 kDa protein peptides

which bind to human red blood cells

L.E. RODRIGUEZ* M. URQUIZA, M. OCAMPO, J. SUAREZ, H. CURTIDOR,
F.GUZMAN, L.E.VARGAS, M. TRIVINOS, M. ROSAS and M.E. PATARROYO*

VI

ELSEVIER Vaccine 18 (2000) 12891293

Amino terminal peptides of theiring infected erythrocyte surface
antigen of Plasmodium falciparum bind specifically to erythrocytes

Ricardo Vera Bravo, Viviana Marin, Javier Garcia, Mauricio Urquiza, Elizabeth Torres,
Mary Trujillo, Jaiver Rosas, Manuel Elkin Patarrovo*

ELSEVIER Parasitology International 49 (2000) 105-117 2
Serine repeat antigen peptides which bind specifically
to red blood cells

A. Puentes*, Javier Garcia, Ricardo Vera, Q. Ramses Lopez, Mauricio
Urquiza, Magnolia Vanegas, Luz Mary Salazar, Manuel Elkin Patarroyo

L.E. Rodrigtez 4 5
St i Plasmodium falciparum

R, Ver: -

S EBA-140 kDa protein

R, Lope - o

iy peptides that bind to human
H. Curtid

¥ Vb red blood cells
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M.E. Patarroyo



Available oniine at weww sckencedirect. com

meimmen @ einer- BIOCHIMIE

o By R 1 O ) THORD-RHD

v W Do e o s s i

Plasmodium falciparum: red blood cell binding studies using peptides
derived from rhoptry-associated protein 2 (RAP2)

Ramsés Lopesz LB John Valbuena ®Y, Hermando Curtidor " Alvaro Puentes P, Luis
E. Rodriguez *", Javier Garcia ™", Jorge Suiirez ", Ricardo Vera *%, Marisol Ocampo *"
Mary Trujille ™", Luis E. Ramirez ", Manuel E. Patarroyo *™*
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ELSEYIER Mo Trespsicn TX §300ee) 145 — B8 e e e
Plasmaodium fale Iparun IEd blood cell binding studies of
peptides derived fronmg S —richIK..ﬂLHRP [. HRP-11| and

HRP-III proteins

Ramsés Loper ®. Maoauricio Urgquiza. Hemando Curtidor.
Jorge Eduardo Caminos. Hemondo Mora., Alvaro Puentes.
Manuel Elkin Patarrovo

\faccine

EISEVIER Vnorina 10 SWHIG B0 2514
Plasmodium falciparum acid basic repeat antigen (ABR,ﬂmDeptide:::
ervthrocyte binding and biological activity

H. Curtidor, M. Urgquiza. J.E. Suarez. L E. Rodriguer. M. Ocampo. A. Puentes.
JE. Garcia, R. Yera, R. Lopés, L.E. Ramirez, WM. Pinzon. M.E. Patarroyo ™

ElLSEVIER Vacring 31 (0E) DdDa-24 11

Identification of specific Hep G2 cell binding regions in Plas ]
falciparum sporozoite—threonine—asparagine-rich protein] (STARP)
Ramsés Lopez, Javier Garcia, Alvaro Puentes, Hermmando Curtidor, Marisol Ocampao,

Ricardo Vera. Luis Eduardo Rodrniguez, Jorge Suarez. Mauricio Urguiza, Ana Liliana Rodriguez,
Claudia Alexandra Reves, Carmen Giovana Granados, Manuel E. Patarroyo®*

R. Lope=z Plasmoditiimm falcipariirr:

M. _Urauiza binding studies of peptide
s i from the|sporo=zoite
M. Ocampo surface protein 2 to

L.E. rodrzuez Hep (2 cells
F. Castillo

. Cifuientes :
. Pepride Res., 2001, §8, 285202
A E. Patarroyo f e *
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Spnmzni‘ Liver Stage Antigen ligen Plasmodium falciparum
peptides bind specifically to human hepatocytes

Alvaro Puentes. Javier Garcia, Ricardo Vera, Ramsés Lopez, Jorge Suarez,
Luis Rodriguez, Hernando Curtidor, Marisol Ocampo. Diana Tovar, Martha Forero,
Adriana Bermudez, Jimena Cortes, Mauricio Urquiza, Manuel E. Patarroyo®
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Identificati Plasmodium falciparum reticulocyte binding
proteirf RBP-2 |homologue a and b (PfRBP-2-Ha and -Hb)

sequences that specifically bind to erythrocytes

Marisol Ocampo', Ricardo Vera'. Luis Edvardo Rodriguez. Hemando Cuntidor,
Jorge Suarez, Javier Garcia, Alvaro Puentes. Ramseés Lopez, John Valbuena, Diana Tovar,
Claudia Reyes, Sandra Vega, Manuel Elkin Patarrovo®
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Specific erythrocyte binding capacity and biological activity of
Plasmodium falciparum-derived rhoptry-associated
protein lpeptides

Hernando Curtidor. Marisol Ocampo, Diana Tovar, Ramses Lopez. Javier Garcia,
Jhon Valbuena. Ricardo Vera, Jorge Suirez, Luis E. Rodriguez. Alvaro Puentes,
Fanny Guzméin, Elizabeth Torres. Manuel E. Patarrovo®
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Plasmodium falciparum AMA-1 erythrocyte hindihg peptides
implicate |/ AMA-1| as erythrocyte binding protein

Mauricio Urquiza, Jorge E. Suarez, Constanza Cardenas, Ramses Lopez, Alvaro Puentes,
Francisco Chavez, Julio Cesar Calvo, Manuel Elkin Patarroyo*®
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Plasmodium falciparum: red blood cell binding studies using peptides
derived from rhoptry-associated protein 2f (RAP2

Ramsés Lapez ", John Valbuena *", Hernando Curtidor *®, Alvaro Puentes ™", Luis
E. Rodriguez &, Javier Garcia ™, Jorge Sudrez *P, Ricardo Vera *, Marisol Ocampo *®,

Mary Trujillo *®, Luis E. Ramirez *®, Manuel E. Patarroyo *™#

ELSEVIER
Plasmodium falciparum| circumsporozoite [CS) protein peptides

specifically bind to HepG2 cells

Jorge E. Suarez *, Mauricio Urquiza. Alvaro Puentes, Javier E. Garcia,
Hernando Curtidor, Marisol Ocampo, Ramses Lopez, Luis E. Rodriguez,
Ricardo Vera, Marcia Cubillos, Maria H. Torres, Manuel E. Patarroyo
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P, falciparum:imerozoite surface protein-8 beptidf:s bind
specifically to human erythrocytes

Alvaro Puentes, Javier Garcia, Marisol Ocampo, Luis Rodriguez, Ricardo Vera,
Hernando Curtidor, Ramsés Lopez, Jorge Suarez, John Valbuena. Magnolia Vanegas,
Fanny Guzman, Diana Tovar, Manuel E. Patarroyo®
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Peptides of the liver stage antigen-1|(LSA-1) of Plasmodium falciparum
bind to human hepatocytes

Javier E. Garcia, Alvaro Puentes, Ramsés Lopez, Ricardo Vera, Jorge Sudrez, Luis Rodriguez,
Hernando Curtidor, Marisol Ocampo, Diana Tovar, Martha Forero, Adriana Bermudez,
Jimena Cortés, Mauricio Urquiza, Manuel E. Patarroyo*



Ring . Schizont

o

Ribereiciealida ayntlass
(5.1}

ring/eary trophozoite
" -
.0 ¢

n=dd -
=135 '

O

F

n P

Deomymuciesiide syniasis
(B8}

DA replication machinery
L:)]

TG
|6 ib;m

Proteasome
[25)

Plastid genome
{11.3)

Merazoils invasion
‘ -

.ﬂglmmln i ity

J

.#‘,’:1 ‘% ®

E-ill‘l'r:lr‘i'-g iranscripts

Hours 1 B 12 1B 24 30 38 42 48

log, i CyS/Cy3) I
6 0 B

= 24

IRE .




PHASEOGRAM OF PUTATIVE VACCINE

3

TARGETS

Antigen  Localization

Finc . Schizond MSP4 merczoite plasma membrane
: 41kDa Ag

unkriceyn

MAg1 arythrocyte plasma membrane FIDIC

CLAGY erythrocyte plasma membrane
— CLAG2 erylheocyle plasma mermbrane
P Ag unknown
RhopH3 hspry
RAP-ike  rhoplry
MEP1 mierezaile plasma mermbrane

MSP? merczoite plasma membiene

W\ RhopH1  rhegtry
Mgy

RAFZ rhapiry
RAP] mhatry
M&P3 MErozaile plasma membrans
EBL-1 merazolte plasma membrane

micronemes

MSPS | MICranemes

MSPE mefczalte plagma membrans
REPZa mierczolts plasma membirans
M5Pa4lke  unknown

_/ RBF2b MErozoite: plisma membrans
; RBP2a:like  merozoile plasma membrane
EBL1-lke  merczoits plasma membrana
RBP1-llke  marczole plagma membrane
EBA 140 marczolte plasma mambirans
EBA 175 MiCronemes

RESA1 micronames

—t—

h‘ﬂii'i'l'i";'.l'il Bozedech Z et al August 18 2003. PLOS Biology 1, 001



High RBC binding activity peptides

PROTEIN

MSP1
RESA
SERA
MSA2
EBA175
GBP130
HRP I, 11, I
ABRA
AMA1
EBA140
NBP1
MSP8
MAEBL
RAP2
RBP2 Ha/Hb
RAP1
EBA160
CLAG3
EBL1
JESEBL
STEVOR
MSP10
MSP3
SORTILIN
RESA-LIKE
TryThrA
HAP
MSP6

el v
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Synthetic vaccines - Emerging
principles

1. Plasmodia (falciparum & vivax) use
CONSERVED as well as VARIABLE
sequences to bind to host cells.




ANTIGENICITY

STUDIES




HYPERIMMUNE MONKEYS

Aotus Monkeys develop resistance to
reinfection after being infected several
times with 5 to 500 X 10 P. falciparum FVO
infected erythrocytes and treated with
chloroquine




AOTUS ABS AGAINST MSP-2
PEPTIDES Vs. BINDING ACTIVITY




HUMAN ABS AGAINST MSP-2
PEPTIDES Vs. BINDING ACTIVITY




HUMAN Abs AGAINST EBA-175 PEPTIDES vs. BINDING




Synthetic vaccines - Emerging
principles

1. Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

2. CONSERVED binding sequences are
NOT antigenic, but VARIABLE
sequences are




IMMUNOGENICITY
AND

PROTECTION
STUDIES




PROTOCOL FOR IMMUNIZATION OF
AOTUS MONKEYS




AOTUS SERA REACTIVITY
AGAINST ORIGINAL
EBA-1/5 IMMUNIZING
PEPTIDES

GROUPH 1678 1692 1713 1730 1737

GROUPI 1679 1693 1714 1731 1738

SOMELCH  1814] 100 | 200 | 12800 | 6400| 6400)
WLULEE  1815] 12800 | 25600 | 51200 12800] 1600

GROUPJ 1681 1694 1715 1732 1739

EBA 175 Kd

100 | 00| o
1815 25600 | 204800| 25600| 3200/ 6400




AOTUS MONKEYS IMMUNIZED WITH
EBA UNMODIFIED PEPTIDES

GROUP H: IMMUNIZED WITH CONSERVED HBAP
1758, 1779, 1783.

<
=
w
=
7]
&
<
a
2

GRUPO I: IMMUNIZED WITH VARIABLE HBAP
1814, 1815.

I}

% PARASITEMIA




AOTUS MONKEYS IMMUNIZED WITH
MSP-1
UNMODIFIED PEPTIDE

GROUP A: IMMUNIZED WITH PEPTIDES FROM GROUP B: IMMUNIZED WITH PEPTIDES FROM

83 Kd: 38 Kd:
1513, 1517, 1522 1577, 1582.

g
1

% PARASITAEMIA

<
=
w
<
=
n
g
o
<
o
N

GROUP C: IMMUNIZED WITH PEPTIDES
FROM 33 Kd:
1585, 1590, 4017.

|

GROUP D: IMMUNIZED WITH PEPTIDES
FROM 19 Kd:

1598, 1599.

% PARASITAEMIA

% PARASITAEMIA

13 15 DAYS




MAPS USED IN THE
MONKEY TRIALS

MAP 5A 1512 (HESYQELVKKLEALEDAVLT) 4-PsC

MAP 5B 1513 (GYSLFQKEKMVLNE) 4-PsC

MAP 6A 1522 (QIPFNLKIRANELDVLKKLV) 4-PsC

MAP 6B 1523 (FGYRKPLDNIKDNVGKMEDY ) 4-PsC

MAP 8B 1584 (LGQVVTGEAVTPSVIDNILSKIENEY) 4-PsC

MAP 9B 1585 (DVIYLKPLAGVYRSLKKQIE) 4-PsC

MAP 11A 1596 ( |ADLSTDYNHNNLLTKFLSTG) 4-PsC

MAP 11B 1597x (MVFENLAKTVLSNLLDNLQGMLN I SQHQ) 4-P3C




AOTUS MONKEYS IMMUNIZED
WITH MAP MIXTURES

MAPS 3X
- 1985
— 1994
2003
2005
2010
- 2019
2023
Days
CONTROLS
15 - 1991
2007
3 2035
2025
0 I I B O O
O MM M LW N~O
—~ — A - -

Days

10

MAPS 5X

%

0
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Aminoacid Sequence of the MSP-1,

EBA-175, GBP-130, and MSP-2 Peptides

Patarroyo M. E. et al. Summitted to J. Structural Biology
1512 1313
HESYQELVKKLEALEDAVL
1522 1523
QIPFNLKIR ANELDVLKKLV

1576 1577
LKTLSEESIQTEDNYASLEN

1582 1584

VWTGEAVTPSVIDNILSKIENEY

1584 1585
LDQVVTGEAISVTMDNILSGFENEY

1596
IADLSTDYHNHNMLLTKFLSTGM

1757 1758
FTFIENKLDILNNSKFNKRW

1779 1780

YESRILKRKYKNKDDKEV

1783

1814
DRNSNTLHLKDIRNEEMERH

2209

ADPEYRKHLEVFHKILTNTD

2220

2208

2219
EGQIMREYASDPEYRKHLEI




AOTUS SERA REACTIVITY AGAINST
EBA-175 EXPANDED PEPTIDES

Patarroyo M. E. et al. Summitted to J. Structural Biology

GROUP E

1843 1873 1902 1912 1917 1918

30/ 800 | 0 6400 O | 100

12800| 800 | 3200 |12800| 12800

GROUP F

1845 1874 1903 1919 1934
1757 | 25600 | 3200 0 | 12800 0

1815 | 51200 | 6400 | 6400 | 25600 | 6400




AOTUS MONKEYS IMMUNIZED WITH

MSP-1 EXPANDED PEPTIDES

Patarroyo M. E. et al. Summitted to J. Structural Biology
GROUP A

GROUP C

GROUPE GROUP F

bl k|l bl bl ko
DAYS




IMMUNOGENICITY OF THE

BINDING PEPTIDES IN RABBITS

CONSERVED DIMORPHIC
PEPTIDE Nr. RABBIT Nr.  Ab TITERPEPTIDE Nr. RABBIT Nr.  Ab TITER
1513 182 1600 1589 205 12800
1522 190 0 1825 207 204800
MSA-1 1577 180 800 1890 193 1600
1585 189 0 1561 228 102400
1598 181 0 15865 218 6400
MSP-2 4045 199 8001 4053 192 12800
1758 200 800 1814 199 25600
1779 185 800 1815 184 204800
EBA-176 1783 186 0f 1818 222 25600
1756 209 102400
1782 210 12800
GBP-130 2220 172 1600 2202 204 12800
2204 216 12800




IMMUNOGENICITY OF THE
CONSERVED BINDING PEPTIDES

For the production of Mo Abs groups of
4 Balb/c mice were immunized i.p. 5x
with 15 pgr of the individual MSP1
(1513, 1522, 1585, 5501) EBA - 175
(1758, 1779, 1783, 1818)  GBP - 130
(2220) or MSP, (4044) conserved
peptides. After the 3rd immunization
NOT EVEN A SINGLE MOUSE, showed
antibodies against the corresponding
iImmunizing peptide, as assessed by
ELISA western blots or IFA. The same
was also true for mice of the AKR and
DBA strains.




Synthetic vaccines - Emerging
principles

1. Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

2. CONSERVED binding sequences are NOT antigenic, but
VARIABLE sequences are

3. CONSERVED binding sequences are
NOT immunogenic in ANY of the tested
species when administered as
monomers, polymerized, associated
with T helper epitopes or presented as
MAPs. While VARIABLE sequences can
be Immunogenic they are strain-
specific




AN EMPIRICAL
APPROACH

Changing some residues.

@ To convert putative alpha helices
into beta Il or beta VIl turns.

® To modify putative aromatic
composition.




STRUCTURALLY REPLACED
ANALOGUES OF THE 1513

PEPTIDE

PEPTIDE

SEQUENCE

1513
4863

4865
4887

TGYSLFQKEKMVLNEGI SGTA

TG SL QKEKMVLNE
TG SLFQKEKMVLNE
TGYSL QKEKMVLNE




AOTUS SERA REACTIVITY AGAINST THE
STRUCTURALLY
REPLACED IMMUNIZING PEPTIDES

GROUP1 2024 2027 2033 2042 2081

GROUP 2 2028 2034 2039 2043 2046

GROUP 3 2026 2029 2036 2044 2049




AOTUS MONKEYS IMMUNIZED WITH MSP-1
STRUCTURALLY MODIFIED PEPTIDES

GROUP 1




STRUCTURALLY REPLACED
ANALOGUES OF THE 1598,
PEPTIDE

PEPTIDE

SEQUENCE

4847
4871

4873
4879

FPNTI | SKLI EGKFQDMLNI SQHQ

PN 11 SKLI EGKFQDMLNI SQHQ
FPNTI | SKLI EGKFQDM N SQHQ

FPNTI | SKLI EGK QDM N SQHQ




AOTUS SERA REACTIVITY AGAINST THE
STRUCTURALLY
REPLACED IMMUNIZING PEPTIDES

GROUP 4 1980 2037 2058 2063 2066 2109

GROUPS5 2032 2045 2051 2056 2059 2047

GROUP 6 2053 2061 2068 2072 2077

GROUP 14 2087 2092 2096 2102 2108 2117




AOTUS MONKEYS IMMUNIZED
WITH MSP-1 STRUCTURALLY
MODIFIED PEPTIDES

GROUP 4 GROUP 5

GROUP 14




ANALOGUES OF PEPTIDE 1513

FOR BINDING ASSAYS

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

1513
5146
5147
5148
5149
5150
5151
5152
51583
9154
5155
5156
5157
5158
5159
5160
5161
5162

YSLFQKEKMVLNEGTSGTAY
GESLFQKEKMVLNEGTSGTAY
GY LFQKEKMVLNEGTSGTAY
GYS FQKEKMVLNEGTSGTAY
GYSL QKEKMVLNEGTSGTAY
GYSLF KEKMVLNEGTSGTAY
GYSLFQ EKMVLNEGTSGTAY
GYSLFQK KMVLNEGTSGTAY
GYSLFQKE MVLNEGTSGTAY
GYSLFQKEK VLNEGTSGTAY
GYSLFQKEKM LNEGTSGTAY
GYSLFQKEKMYV NEGTSGTAY
GYSLFQKEKMVL EGTSGTAY
GYSLFQKEKMVLN GTSGTAY
GYSLFQKEKMVLNEG SGTAY
GYSLFQKEKMVLNEGT GTAY
GYSLFQKEKMVLNEGTSG AY
GYSLFQKEKMVLNEGTSGT Y
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SPECIFICALLY REPLACED
ANALOGUES OF THE 1585
PEPTIDE TO IMMUNIZE AOTUS
MONKEYS

Espejo F. et al. 2001. Angewandte Chemie Int. Ed. 40:2631

PEPTIDE SEQUENCE

1585 EVLYL KPLAGVYRSLKKQLE
5187 EVLY' KPLAGVYRSLKKQLE

5190 EVLYLKPGAGVYRSLKKQLE




AOTUS MONKEYS IMMUNIZED WITH
MODIFIED PEPTIDES

Espejo F. et al. 2001. Angewandte Chemie Int. Ed. 40:2631

GROUP 7
I

|

— 2232 = 2359 2387

m— 2256 == 2360 2388




SPECIFICALLY REPLACED
ANALOGUES OF THE 5501
PEPTIDE TO IMMUNIZE
AOTUS MONKEYS

Torres M. H. et al. 2003. European J. Biochemistry 270:3946

PEPTIDE SEQUENCE
5501 MLNI SOHQCVKKQCPONSY

5503 MGENI SOHQCVKKQCPQNSY
5512 MLNI SQHQCV  -KQCPQNSY
5513 M_NI SCHQCVKGQCPQNSY

5516 M_NI SOHQCVKKQC -(ONSY




AOTUS MONKEYS IMMUNIZED
WITH SPECIFICALLY
MODIFIED PEPTIDES

Torres M. H. et al. 2003. European J. Biochemistry 270:3946

GROUP 9 GROUP 10

— 2273 — 2361 — 2389 — 2424| — 2282 — 2390 —— 2422 — 2467

GROUP 11 GROUP 12

— 2297 = 2370 — 2428 — 2298 —— 2372 — 2392 — 2430




Synthetic vaccines - Emerging
principles

. Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

CONSERVED binding sequences are NOT antigenic,
but VARIABLE sequences are

CONSERVED binding sequences are NOT immuno-genic
in ANY of the tested species when administe-

red as monomers, polymerized, associated with T helper
epitopes or presented as MAPs. WhileVARIABLE
sequences can be immunogenic they are strain-specific

4. To overcome this problem the critical

contact residues in the binding

interaction have to be identified and
changed
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COMMUNICATIONS

Structure, Immunogenicity, and Protectivity
Relationship for the 1585 Malarial Peptide and
Its Substitution Analogues

Fabiola Espejo.* Marcia Cubillos, Luz Mary Salazar,
Fanny Guzman, Mauricio Urquiza, Marisol Ocampo,
Yolanda Silva, Raul Rodriguez, Eduardo Lioy, and
Manuel Elkin Patarroyvo™®

Polymerized IFATITERS =320

peptide Nr. Peptide Sequence 1115 Il 20 PROT

1585 EVLYLKPLAGVYRSLKKQLE 0 0 0/5

5187 - - - -GKP A----S8-- - - -- ND. 1(320) 14 )

518 - - --LGP-A----8------ ND. 1(320) 14

589 - - - -LKG-A----8------ ND. 1(1280) 14  GROUP
6187 - - - -LKPG ---8------ 0 0 0 A
6177 ----LKP-A----G------ 0 0 o J

13450 - ---LLD A- -8 - - - -- 2(2560)  1(2560) 24 )

22806 -LLD-A- 8- - - - 3(1280)  1(1280) 2/9

10014 - - - -HVP-A- -8- - - - 2(640) 1(640) 24 . GROUP
22768 -HLP-A- SA- - - - 0 1(5120) 110 B
11860 - - - -HMP - G- -A- - - - - 1(1280)  1(2560) 26

22770 -HLP- G- -A- - - - 1(1280)  1(1280) 29

13454 - - - -LMS-A- -8 - - - - .- 0 0 05 "\

14448 - - - -HMD- G- Y 0 0 03

144%6 - - - -HMD- S- Y 0 0 0/4

13724 - - - -HVT-S- 8- - - - - 0 0 /5

12806 - - --HVP-S- “A- - - - - 0 0 /5

12808 - - --HVP-G- SA- - - - - 0 0 05

15954 - ---LMD-A- -S - - - - -- 0 0 o3 >GROUP
15956 - ---LMP-A- -S-- - - -- 0 0 0/4 C
15%8 - - --LKD-S- -8 - - - - - 0 0 0/6

1560 - ---LMD S- 8- - - - - 0 0 0/4

13728 - - - -NLD-G- 8- - - - - 0 0 /5

1345 - ---LID-A- N - Y 0 0 o5/
CONTROLS 0 0 0/50
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Protection against experimental P. falciparum malaria 1s associated with

short: AMA-1 eptide analogue a-helical structures

Marcia Cubillos ™', Luz Mary Salazar ', Libardo Torres ®, Manuel Elkin Patarroyo **

IFA IFA No. of
Polymerized >1:160 =>1:160 protected
peptide No. Peptide Sequence Post 2nd Post 3rd monkeys Group
4325 MI KSAFLPTGAFKADRY KSH 0 0 0/6
13486 --——-AS-D--—————SP-—- —— - 3(2560) 2(1280) 2/5 A
15516 - ——A-—-H-—"7"""MS--W—-——- 1(1280) 1(160) 1/4 A
20034 --—-A-f"f7"—"—"—M—-~-=- —— - 2(320) 1(160) 2/8 A
20032 -——A-"—f== == == —-= - 1(160) 1(160) 1/8 A
22784 ---v6-D---—-——— SP-- ——-— 1(2560) ND 1/10 A
23404 --——-VS$-D--————-MS- - - ——~— 2(320) ND 1/10 A
23406 --——-VS$-DD--—-——-MS- - - ——~— 1(320) ND 1/10 A
14518 - —-——VG-H-—-—————-SP-W——-- 1(320) 0 0/3 B
14520 -—-—VG-H-—-———-—-MSP-- —— - 2(640) 0 0/3 B
17934 - —-——AS-HV-—-——-MS-~- - ——-— 2(320) 0 o7 B
17936 —-——AS-HV-———-MSP-W-——--— 2(640) 0 0/5 B
9192 -—-———= G~~~ = = - === 0 0 0/5 C
9196 - === G~ = - === 0 0 0/5 C
10100 --—-RG————""""""=>= - ==~ 0 0 0/5 C
10102 --—-FGF——"—""""="= - —— - 0 0 0/5 C
10104 --——-GT-——""""""="~"="== — ==~ 0 0 0/5 C
12708 - — === === W--- 0 0 ND C
15512 --——-A-"—"f7"""——=8- - W——-— 0 0 0/4 C
15510 --——-A-"—"f7"—""—===8-=-=- —= - 0 0 0/4 C
16000 - == 8-~~~ =-=--=- —-=- 0 0 0/5 C
16008 @ - ———-—-— H--—-"——-P-— ——~ 0 0 0/4 C
16002 --——=8-H-"—"""""=-=-= === 0 0 0/5 C
16004 --——-——8-H--—"——=-P-~- ——~ 0 0 0/5 C
16006 - -8 =-P-= —=- 0 0 0/5 C
17932 --——AS-D-—————SP-W-——- 0 0 o/7 C
23178 --——-VS$S-D-—-—————=-=--- -G~ 0 ND 0/9 C
23774 -—-——-VS-HD-——-——-—-MS-~—- ——~— 0 ND 0/9 C
22424 -—-——88-HV-——-"7""""P—-— ——— 0 ND 0/8 C
23000 --—-V--D--—————=8P-~—- —— - 0 ND o/7 C
CONTROLS 0/60 0/60 0/60
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Plasmodium falciparun SERA protein peptide analogues
having short helical regions induce protection against malaria

Marcia Cubillos *, Martha Patricia Alba *, Adriana Bermudez *,
Mary Trujillo %, Manuel Elkin Patarroyo **

IFA IFA No of
Polymerized >1:320 >1:320 protected
peptide No. Peptide Sequence Post 2nd Post 3rd monkeys Group|
6737 DNILVKMFKTNENNDKSEL I 010 010 010
12748 K- - — = — = — = - VIi------- * 12260 U260 V4 A
1380 K- - - - - - - - VIM------- ¥ 360 1300 15 A
ol F- - He - - - - VIi-------- * 12600 ND 29 A
076 K- - - - - - — - VIi-------- 150 NDo29 A
1384 - - H- - - - - VIM------- x AP0 06 U6 A
22006  *- - H- - - - - VIM---- --- * 15120 ND 28 A
14004 <l ------- VIM------- * 1320 2320 05 B
14006 *--H---R-VIM------- * 3640 40 04 B
24308 *— — H- - - - - - PM------- * 1(640) ND 08 B
028 *@- - - - - - - - - - - - — - —= - * 05 a5 05 C
20 *- - G- - - - — - - - - - — - - - - * 05 05 05 C
U e = = - - - - - - G-- - - - ——-- * 05 05 0’5 C
10154 e = = - = = - - - MlI------- * 05 05 a5 C
10152 e — - — — = — — — ML--" - - —-——- - * o5 ND a5 C
10150 e — — — = — — — — MF-- - - - - - * o5 05 05 C
16016 e — — — — — — — vb-- - - - - - - * o5 05 05 C
17970  *- - H---- - - l---=--=--- * o8 07 07 C
D) Km m — —— = = — - I-------- * 010 010 010 C
0148 *---------RAczzzzzz* 05 05 05 C
1o/ *x— - - Z-=C VVI------- * 5 05 N> C
3418 *x— — H-- - - - - Im------- * 10 ND 010 C
M < - He - - - - - AM- - - - - - - * % N 06 C
CONTROLS 050 050 0%




Synthetic vaccines - Emerging
principles

. Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

CONSERVED binding sequences are NOT antigenic,
but VARIABLE sequences are

CONSERVED binding sequences are NOT immuno-genic
in ANY of the tested species when administe-

red as monomers, polymerized, associated with T helper
epitopes or presented as MAPs. While VARIABLE
sequences can be immunogenic they are strain-specific

To overcome this problem the critical contact residues in
the binding interaction have to be identified and changed

. The critical contact residues have to be
changed for aminoacids that ARE NOT
commonly used during the mutational
process in the variable sequences




Synthetic vaccines - Emerging
principles

. Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

. CONSERVED binding sequences are NOT antigenic,
but VARIABLE sequences are

. CONSERVED binding sequences are NOT immuno-genic
in ANY of the tested species when administe-
red as monomers, polymerized, associated with T helper
epitopes or presented as MAPs. While VARIABLE

sequences can be immunogenic they are strain-specific
. To overcome this problem the critical contact residues in

the binding interaction have to be identified and changed

. The critical contact residues have to be changed for
aminoacids that ARE NOT commonly used during the
mutational process in the variable sequences

.Physicochemical characteristics such as
size, charge and volume have to be
considered. Therefore A <+ S; P « D;
F R He L K«<MN<«I| Q<«E;
C <« T;,Y «+ W; can be exchanged.

G and C have special properties.
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NMR structure of Plasmodium falciparum malaria peptide correlates
with protective immunity

Jindra Purmova, Luz Mary Salazar, Fabiola Espejo, Mary Helena Tormes, Marcia Cubillos,
Elizabeth Torres, Yolanda Lopez, Raul Rodriguer, Manuel Elkin Patarrovo®
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Protection against experimental malaria assoclated with
AMA-[ peptide analogue structures

Luz M. Salazar, Martha P. Alba, Maria H. Torres, Martha Pinto, Ximena Cortes,
Libardo Torres, Manuel E. Patarroyo®

250 ) M. Chem, 2008, 46 2250- 225
Distorting Malaria Peptide Backbone Structure to Enable Fitting into MHC

Class II Molecules Renders Modified Peptides Immunogenic and Protective

Gladys Cifuentes, Manuel Elkin Patarroyo,"* Mauricio Urquiza,* Luis E, Ramirez,” Claudia Reyes, and
Raul Rodriguez
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6746 SERA peptide analogues immunogenicity and protective efficacy
against malaria 1s associated with short a helix formation:
Malaria protection associated with peptides o helix shortening

Martha Patricia Alba®, Luz Mary Salazar®, Alvaro Puentes®, Martha Pinto*,
Elizabeth Torres?, Manuel Elkin Patarroyoﬂ’b’*
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Shortening and modifying the 1513 MSP-1 jeptide’s a-helical
region induces protection against malaria

Fabiola Espcjo,l Adriana Bermidez.! Elizabeth Torres, Mauricio Urquiza,
Raul Rodriguez, Yolanda Lopez, and Manuel Elkin Patarroyo”

Biol. Chem,, Vol. 384, pp.000-000, Qctober/Navember 2003 - Copyright © by Water d Gruyter - Berlin - New York

Acriana Bemidez' Gacys Getes! Immunogenicity and Protectivity of Plasmodlium
G, S falciparum EBA-175 Peptide and Its Analog Is
T m— Associated with a-Helical Region Shortening and
i Displacement

Eur. J. Biochem. 270, 1-7 (2003) © FEBS 2003 dloi:10.1046/1.1432-1033.2003.03780.x
Modified ' merozoite surface protein-1)eptides with short alpha helical

regions are associated with inducing protection against malaria

Mary H. Torres'™, Luz M. Salazar'*, Magnolia Vanegas', Fanny Guzman', Raul Rodriguez', Yolanda Silva',
Jaiver Rosas' and Manuel E. Patarroyo"?

PROTEINS:Structure,Function,and Genetics 50:400 —409 (2003)

Alpha Helix Shortening in 1522 MSP-1 Conserved Peptide
Analogs is Associated with Immunogenicity and Protection

Against P. faleiparum Malaria

Marcia Cubillos,' Fabiola Espejo,! Jindra Purmova,” Juan C. Martinez," and M.E. Patarroyo®
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Analysis of a Plasmodium falciparum EBA-175 peptide with
high binding capacity to erythrocytes and their analogues
using '"H NMR

Gladys Cifuentes, Fanny Guzman, Martha Patricia Alba, Luz Mary Salazar,
and Manuel Elkin Patarroyo”
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Induction and displacement of an « helix in the 6725 SERA »eptide
analogue confers protection against P. falciparum malaria

Martha Patricia Alba®, Luz Mary Salazar®, Jindra Purmova®, Magnolia Vanegas®,
Raul Rodriguez®. Manuel Elkin Patarrovo®**

m Life Sciences
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'"H-NMR structures of the Plasmodium falciparum 1758
erythrocyte binding peptide analogues and
protection against malana
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The MHC molecules

the peptide and

the T cell receptor

complex




Class-Il Molecule

Stern J. et al., 1994 Nature 368,215




Native Protective

Patarroyo M. E. et al. 2004. ChemBioChem. 5: 1588




Inmunogenic and  Short-lived antibodies
Protection inducers inducers

Patarroyo M. E. et al. 2005. Biochemistry In press




HLA-DRB1*0401 and 10022 Peptide
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Salazar L. M. et al. 2004. Biochem. Biophys. R. Comun . 322:119




Synthetic vaccines - Emerging
principles

Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

. CONSERVED binding sequences are NOT antigenic,
but VARIABLE sequences are

- CONSERVED binding sequences are NOT immuno-genic
in ANY of the tested species when administe-

red as monomers, polymerized, associated with T helper
epitopes or presented as MAPs. While VARIABLE
sequences can be immunogenic they are strain-specific

. To overcome this problem the critical contact residues in
the binding interaction have to be identified and changed

. The critical contact residues have to be changed for
aminoacids that ARE NOT commonly used during the
mutational process in the variable sequences

- Physicochemical characteristics such as size, charge and
volume have to be considered. Therefore A¥> S; P «»D;
Fe» RRHeL K M;N < QeE C T, Y& W,
can be exchanged. G and C have special properties.

. There must be a 23.5 A + 3.5 A distance
between those residues fitting into
Pockets 1-9 of Class Il molecules.
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Immunogenic and Protection Inducer

Patarroyo M. E. et al. 2004, Submitted to Science



Immunogenic Immunogenic
and Protection inducer NON- Protection inducer

24922

Patarroyo M. E. et al. 2005. Submitted to Angewandte Chemie




Synthetic vaccines - Emerging
principles

Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

. CONSERVED binding sequences are NOT antigenic,
but VARIABLE sequences are

- CONSERVED binding sequences are NOT immuno-genic
in ANY of the tested species when administe-
red as monomers, polymerized, associated with T helper
epitopes or presented as MAPs. While VARIABLE

sequences can be immunogenic they are strain-specific
. To overcome this problem the critical contact residues in

the binding interaction have to be identified and changed

. The critical contact residues have to be changed for
aminoacids that ARE NOT commonly used during the
mutational process in the variable sequences

- Physicochemical characteristics such as size, charge and
volume have to be considered. Therefore A*> S; P +*D;
F* RRH*L K™ M;N Q" Ec™ 1Y w;
can be exchanged. G and C have special properties.

. There must be a 23.5 A + 3.5 A distance between those
residues fitting into Pockets 1-9 of Class Il molecules.

.All the changes made to the
CONSERVED binding peptides are
designed to achieve a perfect fit with the
MHC molecules and the TCR







Synthetic vaccines - Emerging
principles

Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

. CONSERVED binding sequences are NOT antigenic,
but VARIABLE sequences are

. CONSERVED binding sequences are NOT immuno-genic
in ANY of the tested species when administe-
red as monomers, polymerized, associated with T helper
epitopes or presented as MAPs. While VARIABLE

sequences can be immunogenic they are strain-specific
. To overcome this problem the critical contact residues in

the binding interaction have to be identified and changed

. The critical contact residues have to be changed for
aminoacids that ARE NOT commonly used during the
mutational process in the variable sequences

- Physicochemical characteristics such as size, charge and
volume have to be considered. Therefore A*> S; P +*D;
FS* RH<L K M;N L5, ECT ;Y w;
can be exchanged. G and C have special properties.

. There must be a 23.5 A + 3.5 A distance between those
residues fitting into Pockets 1-9 of Class Il molecules.

. All the changes made to the CONSERVED binding peptides

are designed to achieve a perfect fit with the MHC molecules
and the TCR

9 Structural considerations together with
affinity, biological and Immunological
activities should guide the design of
synthetic peptide vaccines.
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PHASEOGRAM OF PUTATIVE VACCINE

3

TARGETS

Antigen  Localization

Finc . Schizond MSP4 merczoite plasma membrane
: 41kDa Ag

unkriceyn

MAg1 arythrocyte plasma membrane FIDIC

CLAGY erythrocyte plasma membrane
— CLAG2 erylheocyle plasma mermbrane
P Ag unknown
RhopH3 hspry
RAP-ike  rhoplry
MEP1 mierezaile plasma mermbrane

MSP? merczoite plasma membiene

W\ RhopH1  rhegtry
Mgy

RAFZ rhapiry
RAP] mhatry
M&P3 MErozaile plasma membrans
EBL-1 merazolte plasma membrane

micronemes

MSPS | MICranemes

MSPE mefczalte plagma membrans
REPZa mierczolts plasma membirans
M5Pa4lke  unknown

_/ RBF2b MErozoite: plisma membrans
; RBP2a:like  merozoile plasma membrane
EBL1-lke  merczoits plasma membrana
RBP1-llke  marczole plagma membrane
EBA 140 marczolte plasma mambirans
EBA 175 MiCronemes

RESA1 micronames

—t—

h‘ﬂii'i'l'i";'.l'il Bozedech Z et al August 18 2003. PLOS Biology 1, 001



High RBC binding activity peptides

PROTEIN

MSP1
RESA
SERA
MSA2
EBA175
GBP130
HRP I, 11, I
ABRA
AMA1
EBA140
NBP1
MSP8
MAEBL
RAP2
RBP2 Ha/Hb
RAP1
EBA160
CLAG3
EBL1
JESEBL
STEVOR
MSP10
MSP3
SORTILIN
RESA-LIKE
TryThrA
HAP
MSP6
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Functional profile of proteins
expressed in different P.
falciparum life-cycle stages

Bporrzaite

TF

I Cell surface {apical organealies)

[ Call cycle {DNA processing)

[ 1 Cell rescus defance (virulence)

[ Callular communicadion (signal fransduction)
[ Cellular traraport fransport mechanism)

B Metabollsm (energy [ Transport facilitation
[ 1 Protein fata [ Conasrved hypothedeal
[ Protein mymithesle [ ] Hypothatical

] Transcripton [ 1 Unelasaifind



Plasmodium spor ozoite
surface
and/or apical organelle
proteome

Protein Other stages Subcellular Localization Conserved pep

MCP1 Mz ?
PEMP3 RBC, LS Surface
SPATR RBC Surface
PfEMP1 iRBC

STEVOR iRBC
RIFINS iRBC
P52 - ?

P235 Mz
PPLP1 - Micronemes
SPECT - Micronemes

Adapted of :Baldacci P et al. 2004 Mol. Micraobiol. 54:298
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ELSEVIER Vaccine 19 (20017 44074495

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

Jorge E. Suarez *. Mauricio Urquiza. Alvaro Puentes, Javier E. Garcia,
Hernando Curtidor, Marisol Ocampo. Ramses Lopez. Luis E. Rodriguez,
Ricardo Vera, Marcia Cubillos, Maria H. Torres, Manuel E. Patarroyo

55522% Sequence BINDING ACTIVITY

30 40

4370 1 MMRKLAILSVSSFLFVEALFQEY 22
4371 8 LSVSSFLFVEALFQEYQCYG 27
4372 13 FLFVEALFQEYQCYGSSSNT 32
4373 18 ALFQEYQCYGSSSNTRVLNE 37
4374 23 YQCYGSSSNTRVLNELNYDN 42
4375 28 SSSNTRVLNELNYDNAGTNL a7
4376 33 RVLNELNYDNAGTNLYNELE 52
4377 38 LNYDNAGTNLYNELEMNYYG 57
4378 4 AGTNLY ELEMNYYGKQENW 62
4379 43 YNELEMNYYGKQENWYSLKK 67
4380 53 MNYYGKQENWYSLKKNSRSL 72
4381 58 KQENWYSLKKNSRSLGENDD 77
4382 63 YSLKKNSRSLGENDDGNNED 82
4383 68 NSRSLGENDDGNNEDNEKLRY 87
4384 73 GENDDGNNEDNEKLRKPKHKY 92 83
4525 78 GNNEDNEKLRKPKHKKLKQPY 97
4386 8 NEKLRKPKHKKLKQPADGNPY 102

4592 EPEABPNANPVDPNANPNVY
4593 EPEATANPNANPNANPY

4387 281 NKNNQGNGQGHNMPNDPNRNY 300
4388 286 GNGQGHNMPNDPNRNVDENAY 305
4389 291 HNMPNDPNRNVDENANANSAY 310
4390 296 DPNRNVDENANANSAVKNNNY 315
4391 301 vYDENANANSAVKNNNNEEPSY 320

4392 306 NANSAVKNNNNEEPSDKH 1KY 325 [

RTS-S

4393 311 VKNNNNEEPSDKHIKEYLNK 330
4394 316 NEEPSDKHIKEYLNKIQNSL 335
4 321 pKHIKEYLNK I QNSLSTEWS 340
326 EYLNKIQNSLSTEWSPCSVT 345
4397 331 IQNSLSTEWSPCSVTCGNGIY 350
4398 336 STEWSPCSVTCGNGIQVRIKY 355
4399 341 PCSVTCGNGIQVRIKPGSANY 360
4400 345 CGNGIQVRIKPGSANKPKDEY 365
4401 351 QVRIKPGSANKPKDELDYAN 370
4402 356 PGSANKPKDELDYAND | EKK 375
4403 361 KPKDELDYAND | EKK I CKMEKCS 380
4404 366 LDYAND | EKK | CKMEKCSSV 385 383
4405 371 DIEKKICKMEKCSSVFNVVNY 390
4406 376 ICKMEKCSSVFNVVNSSIGLY 395
4407 381 KCSSVFNVVNSSIGL IMVLSY 400
4408 386 FNVVNSSIGLIMVLSFLFLN 405




Polimor phic sequence found in different P. falciparum isolates
Corresponding to amino acids 326 to 345
Of the NF54 P. falciparum

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

Isolates Origin Sequence
NF54,XPg g, X1011,4271.4510 3D7  Wets Africa, Honduras, The Netherlands EYLNKIQNSLSTEWSPCSVT
tG2G1 Brazil K K

MS2,S06 Thailand, Brazil K KR

LES, 366, Liberia, Gambia K KT

366, 399;.1, 406,.9, 419, Gambia K KT K

366 519 Gambia K Q

406 1, 419 1o Gambia K Q K

366 5.7 Gambia K Q R

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

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

S24,79-98 Angola, Thailand Q KT K

7G8 Brazil Q K K I

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

Marisol Ocampo®, Ricardo Vera, Luis Eduardo Rodnguez, Hemando Curtador,
Mauricio Urquiza, Jorge Suarez. Javier Garcia, Alvaro Puentes, Ramsés Lopez, Mary Trujillo,

1617 | A&
1618 | =8
1619 | 7o
1620 | =8
1621 a
152z | 1=
1523 | =
1G24 | e
1425 | ™
1626 |#=
1407 |#=
igza |
1628 |7
iGao |
LEV
163z | =
1633 |38
1634 |3
1635 |
1 ﬂsﬁ ai1n
1637 |4
iaza | ae
1630 |4
1640 | 4
1641 | 518
1G4z | =4
1643 |5
1644 |52
1645 | ==
1345 | =8
1647 | ==
1g48 |=a
igan | e
1650 | ==
1661 | #ia
165z |
1653 | =
1654 | T8
1655 | ™
1656 |13
1657 | ==
1658 | ==
1 ﬂ&g am
1860 | =
1661 |2
igE2 | #=
1663 | 6
1664 |78
16GD | 70
1GEE 1018
AGGF 104

—anes ' IEHMQPSTPLDYS

Elizabeth Torres, Manuel Elkin Patarroye

Seguenca

BOVNNVLLERTIETLLECHKMN
EYWVHEENGYHLAKGHHCVEE
DHLERWLAOG THERRSEENIK
YEYGVTELKIKYAOQMMG KRS
SRILEESIYGAHMNFGGEMNSYM
EGHRDGGDETGEERDGEHKTD
SKTDNGHGANNLYMLDYETS
SHGOPFAGTLDNVLEFYTGHE
GHERKNSSNGGNPYDIDHEK

TISSAIINHAFLQNTYME NG
HYKRERRERDWDONTHK KD
IPORRYQLCMEELTHLYMNNT
DTHFHRDITFRELYLHEREKLI

YAAVEGDLLLKLNNYRY MK

DFCHKDIRWSLGLDFGLIIMG T

DMEGIGY SR YVEMMNLHSIFG
TDEKAQOIRR KWW ES KA
WTAMMYSVEHERELEGMFIWIC

K LHAYHIEPGIYRWIREWGS
ROYVSELPTEVGKLEERKC DG
KINYTDEKYCRYPPCQN ACK
SYDOWITREKNOWDLDWYLSENKF

ISVENAEKVOTAGIVTPYDN

LEQELDEFHNEVAFENEINKR

DEAYIELCWCSVEEAKKNTG

EWWTHNVD MNAAKSLAT MENFPI
SFEAPVDSSRALRYPG DS THGM
VHSGODSSTTIGHAVTGDNGON

GHOTPAESDVWARSDIAESYS
ARNYDPORKSYSKRSDDTASY
TGIAEAGKENYGASNSRPSE

STYEANSPGDDTYHSASIPY
VEGENPLYTPYHNGLRHSKDM
SDEDGPAEEMANPDENSKGE
TEKGQDNDMAKATHDEENSE

DETESATEDTTIDAVDREINK
GVYFEDRDKTWVGERDGEGEDMN

SANKDAATVVGED RIKENSA
GESTHDRSKNDTEKHNGASTH

DSROSEDATALSKTESLEST
ESGDRTTHDTTHSLENKNGG
KEKDLOKHDFESHNDTFHEER
HSDATTDAEGHDRDSIKNDHE
AERRKHMHEDTFTENTHSHH

LHNSHNNLENGHELDIKEYHKYR

DVHATREDIILMESSYRECHNM

HISLEYCHEVEDKISSNTCES

REKSKNLOCCSISDFCLNYFLIY

VISYEYLSCMERKEFEDFSYR
CFTHRGGFKDRTYFAAAGALL

ILLLLIASREKMIKNDSEEAT

FHEFEEYCDMIHRIFLMPHM

ar

P
i
M7

IET
arr
T
anr
aAxr
Akt
AFF

i
a7

=T

AT

Reticulocytas

!
—
—

F. s
] +u

Erythrocytas
2%

-

Wl




dvailable online at weow sclencedinect com

.a..uu.@...m. %ﬂ&lﬂe

Wi B (2003 KRR

R LTS R ) TN A [

A highly mfective Plasmaodivm vivax strain adapted to 4ofus monkeys
Quantitative haematological and molecular determinations useful
for P vivax malana vaccine development
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Hepatitis C virus (HCV) E1 and E2 protein regions that
specifically bind to HepG2 cells

Juvier Eduardo Garcia”™, Alvaro Puentes, Jorge Suirez, Ramses Lopez, Ricardo Vera,
Luis Eduardo Rodriguez, Marisol Ocampo, Hemando Curtidor, Fanny Gueman,
Muauricio Urquizn, Manuel Elkin Patsrroyo

FEFTIDE

SEQUENCE

Bindling Activity to HepG2 cells

I T

4935 [ TALNCNDSLNTGWLAGLFY
4936 INTGWLAGLFYHHKFMESGECP
93T HHEFNSSGCFERLASCRPLTY
Ja38 ERLASCRPLTDFDQEGWGEP | &Y
493 DFOQGWGEP ISEYANGSGPDAR
d940 Y ANGSGPDQRPYCWHYPPKP
841 IFYCWHYPFHEPCGIVPFAKSVEE
J42 ICE I VPAKSYVCOCGPYVYCFTPSP
4843 PVYCFTPSEPVVVETTDORSGA
didd (VN VETTODRSEGAPTYEWGEND
JE48 APTYSWGENDDTODVFWVYLNNTR
A48 [ TDVFVLNNTRPPFPLGHWFGOTY
4T FPLGNWFGCTWMHSTGFTHEKNYY
4948 WMMHWETEFTHEVCGAPPCVY IGE Y
dads [CGAPPCYV IGGAGHNTLHCPRPTY
50 AGHWNTLHGCPTODCFRKHFPDATY
4351 DCFREHPDATYSRCGSGPWI
4952 [YSRCGEGPWITPRCLVOYPY
4952 TPRCLYDYPYRLWHYPCOTIN
354 RLWHYPCTINYTIFKIRRMYVW
a8 Y TI FKIRMYVGGNVEHRLEAAMR
356 (GG VEHRLE AACHNWTRGERCDY
95T ICNWTRGERCDLEDRDRSELS Y
4368 ILEDRDRSELSPLLLTTTGWQY
388 (PLLLTTTAGWRANVLPOSESFTTLPRY
4360 (VLPCSFTTLPALSTGLIHLHY
4961 [ALSTGL | HL QyYLY
4962 AW I WDOWEYL ASWA
4962 GV GS S I ASW YVLLF
4964 (ASWA | KWE Y LADA
s c




PERFIL DE UNION DE PEPTIDOS
DERIVADOS DEL CLON
MTCY04C12.18c DE M. tuberculosis

PEPTIDO SEQUENCE

11175 1 MI ATTRDREGATMI TFRLRLY %
11176 ' PCRTI LRVF SRNPLVRGTDRY *°
11177 4 LEAVVMLLAVTVSLLTI PFAY °°
11178 ' AAAGTAVQDSRSHVYAHQAQ &°
11179 8 TRHPATATVI DHEGVI DSNTY %
11180 TATSAPPRTKI TVPARWYVNY '?°
1118121 G| ERSGEVNAKPGT KSGDRVY '#
111824 G| WDSAGQLVDEPAPPARAY '®
1118361 | ADAAL AAL GLWLSVAAVAGY '8

111848 ALLALTRAI LI RVRNASWQHY 2%

111859 RVRNASWQHDI DSLFCTQRY 2'°
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UNION ESPECIFICA cpms

MYCOBACTERIUM TUBERCULOSIS:
ANALOGOS DEL PEPTIDO 11060 DE LA
PROTEINA PUTATIVA DE MEMBRANA
MTCY277.12

*AEl LVKYAQLADKRARVYV

*AEI LVKYAQLADKRARVYVL
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UNION ESPECIFICA cpms
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*AEI LVKYAQLADKRARVYV
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UNION ESPECIFICA cpms
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*AEl LVKYAQLADKRARVYV




PERFIL DE UNION DE PEPTIDOS
DERIVADOS DEL CLON
MTCY159.20c DE M. tuberculosis

PEPTIDO SEQUENCE

11199 "MTNWMLRGLAFAAAMVVLRL 20
112002'FQGAL | NAWQMLSGL | SLVL 40
11201*'LLLFAI GGVVWGVMDGRADA ©°
11202'"KASPDPDRRQDLAMTWL LAGY 80
11203%'LVAGALSGAVAWL | SLFYKA 1%
11204°'l YTGGPI NELTTFAAFTALI 1%
112052VFLVGI VGVAVGRWLVDRQL Y'4¢
11206*+'AKAPVRHHGLAAEHERAADT Y&
11207¢'DVFSAVRADDSP TGEMQVAQY'8!
112088 PEAQTAAVATVEREAPTEV| Y2%
11209°RTTESDTPTEVI RTDTEADQY?*

11216'V 1 RTDTEADQTKPGDEPKKDY?*¢




MYCOBACTERIUM TUBERCULOSIS:
ANALOGOS DEL PEPTIDO 11076 DE LA
PROTEINA PUTATIVA DE MEMBRANA
MTCY277.12

*YVSAVPVRTFFAELRNLAL *YVSAVPVRTFFAELRNLAL

*YVSAVPVRTFFAELRNLAL *YVSAVPVRTFFAELRNLAL




PERFIL DE UNION DE PEPTIDOS
DERIVADOS DEL CLON
MICY277.42 DE M. tuberculesis

PEPTIDO SEQUENCE

11059 'MSQCFAVKGI GGADQATLGSY
11060 ’ AEI LVKYAQLADKRARVYVL
11061 “'VSTWLVVWGI WHVYFVEAVF
11062 " PNAI LWLHYYAASYEFGFVR
11063 " RGLGGELI RMLTGDHFFAGAY
11064"'YTVLWTSI TVWLI ALAVVVW
11065'"'L1 LSTGNRSERRI MLALLVPY
11066"'VLPFAFSYAI YNPHPELFGM
11067"'TALVAFSI FLTRAHTSRTRVY
11068"'I LSTLYGLTMAVLALI HEAI
11069 'PLEFALGAVLAI | VLSKNATY
11070”’GATRRI CTALAI GPGTVSVLY
11071*'LLAVVGRRDI ADQLCAHI PHY
11072®'GMVENPWAVATTPQRVLDYI
11073®'F GRVESHADYHDWVCEHVTP
11074 'WF NLDWI TSAKLVAVVGFRAY
11075°*'LFGAFLLGLLFFVATTSMI RY
11076**'YVSAVPVRTFFAELRGNLAL
11077°*'PVLASALLVPLFI TAVDWTRY
11078°*'WWVMI TLDVAI VYI LYAI DR
11079*'PEI EQPPSRRNVQVFVCVVLY
11080*°VCVVLVLAVI PTGSANNI GRY




MYCOBACTERIUM TUBERCULOSIS:
ANALOGOS DEL PEPTIDO 11073 DE LA
PROTEINA PUTATIVA DE MEMBRANA
MTCY277.12
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B
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HUMAN PAPILLOMAVIRUS TYPE 16 AND 18 L1 PROTEIN PEPTIDE BINDING
TO VERO AND HELA CELLS INHIBITS THEIR VLPS BINDING

Ricardo Vera-Bravo, Mansol Ocampo, Mauricio Urguiza, Javier E. Garcia, Luis E. Ropricurz, Alvaro Puentes, Ramses Lopez,
Hernando Curtinor, Jorge E. Suirez, Elizabeth Torres, Fanny Guzman, Diana Diaz, Jimena Cortes, Maria M. Bravo,
Alba L. Comerra, Oscar Orozeo and Manuel E. Patarroyo®

Fundacian Instituto de Inmunalogia de Colombia, Instituto Nacional de Cancerologio and Universidad Nacional de Colombia,
Bogotd, Colombia

PEPTIDE SEQUENCE High Specific Binding Activity (VERO CELLS) |[High Specific Binding Activity (HeLa CELLS)

NUMBER 2 2

18306 1] MCLYTRVLILHYHLLPLYGP
18307 {2L{ LYHPRPLPLHSILVYMVHII
18308 [4] ICGHYILFLRNVNVFPIFLI
18309 6L QMALWRPSONTVYLPPPSVA
18310{8L{ RVVNTDDYVTPTSIFYHAGS
18311 [101) SRLLTVGNPYFRVPAGGGNK
18312(121) QDIPKVSAYQYRVFRVQLPD

18313 [141) PNKFGLPDTSIYNPETQRLV

183141161 WACAGVEIGRGQPLGVGLSGY
18315 [181] HPFYNKLDDTESSHAATSNV
18316 (201) SEDVRDNVSVDYKQTOQLCIL
18317 1221] GCAPAIGEHWAKGTACKSRPY
18318 | 241] LSQGDCPPLELKNTVLEDGDY
18319 {2%L) MVDTGYGAMDFSTLQDTKCE
18320 (281) VPLDICQSICKYPDYLQMSA

18321 (1) DPYGDSMFFCLRREQLFARH
18322 [%21) FWNRAGTMGDTVPQSLYIKG
18323 [341] TGMPASPGSCVYSPSPSGSI
18324 [%L) VTSDSQLFNKPYWLHKAQGH
18325 (3] NNGVCWHNQLFVTVVDTTPSY
18326 [401] TNLTICASTQSPVPGQYDAT

18327 {41 KFKOQYSRHVEEYDLQFIFQL
18328 {41{ CTITLTADVMSYIHSMNSSI

18329 [461{ LEDWNFGVPPPPTTSLVDTY
18330 1481] RFVQSVAITCOKDAAPAENKY
18331 {501{ DPYDKLKFWNVDLKEKFSLD
18332521 LDQYPLGRKFLVQAGLRRKP
18333 |541] TIGPRKRSAPSATTSSKPAKY
183341561 APSATTSSKPAKRVRVRARKY
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Regions involved in HPV-epithelial cell interaction
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Specifi

SEQUENCE

iic: Binding Activity (OMK)

nding Activity (VERO)

SPSEERCY

L

GEGI I P

[

=
s

A HRTWIYYAK

N VIFSYGPMLHQRLTTSALEL

# QRACKTLELHSILRI
B FTSKAVGYVVENEDD

1
1

# MGHPYPEVESQGIFHYHSSTR

[ TAFACGYYVIST

1
1
1

Ly ¢
AQRY

1AQQP

[ BEY

HHLLALVSPHRGMT Y #

LFEYQMCETPCVESYQRE
FSTL

RRELORCGHNG

ABNTNYY
PALEKAY

KKISKQ

PYSDYAI

i

O

_EVPKEHL3TVTTL

WYAVOTVNHNYVENLS Y

B EMALVHVCLESKELTLISGAVFEY
M EMSFTAFSEHLPDLDTSKLRY
 OMFYAVKHLI SKEHNLYVAGHD

1
11763

HTEE W1 GAL

1 RGLT
1762 B DNGTHLLTES IMILHIKEWMIY

QAT

FPGC

MALCCGELGTOLLAACOVNGDTY
M| | LOALRGT | FODGLWOYLY

M QCD LAKNGCLEEFFORPOTLS Y
MOLRYKHDAQEY IMOQNGT | A
EMIYHSAKINPY LYAMHYPRN

W PHPFYATLOAFANNGFLSYPI
W STEFLLOGHNNLMNAFSCLAVEY
I GESAFEEEGTGTRIAIYT

QLY TCPFSHPVEVAVL

11T
RAKLE
11773
11714
11713
11778
11714
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Constructing a useful tool for characterizing amino acid
conformers by means of quantum chemical and graph theory
indices
Constanza Cérdenas®®*, Mateo Obregon®, Eugenio-José Llanos®®,

Eduardo Machado®, Hugo-Javier Bohorquez®, Jose-Luis Villaveces ®,
Manuel-Elkin Patarroyo®®

£h

21 indices de mecanica quantica

19 indices grafo-tedricos
Ala-X-Ala
NH2-X-CHO Conformaciqn|Alfa

» 2 conformaciones (alfa y beta)

» 3 rotameros (g+, g-, t)

540 moléculas

Aminoacidos
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Electronic Energy and Multipolar Moments Characterize Amino Acid Side Chains into
Chemically Related Groups

Hugo J. Bohorquez* Mateo Obregon, Constanza Cardenas, Eugenio Llanos, Carlos Suarez,
José Luis Villaveces, and Manuel Elkin Patarroyo
Fundacion Instituto de Inmunologia de Colombia-FIDIC, Carrera 50 No. 26-00, Bogotd, Colombia

Received: March 12, 2003; In Final Form: August 4, 2003 J. Phys. Chem. A




Avallable online at www.scencedirect.com

R - BBRC

ELSEVIER Biochemical and Biophysical Research Communications 323 (2004) 12651277

www.elsevier.com/locate/ybbre

Quantum chemical analysis explains hemagglutinin
peptide-MHC Class 11 molecule HLA-DRB1*0101 interactions

Constanza Cardenas®™', José Luis Villaveces™, Hugo Bohorquez®, Eugenio Llanos®,

Carlos Sudrez", Mateo Obregon®, Manuel Elkin Patarroyo™*
# Fundacion seitiere de fmmmoelogia de Colombia, Carrera 50 No. 26-00, Bogord, Colombia
b Gripo de Quimica Tedrica, Universidad Nacional de Colombia, Bogord, Colombia
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Available online 15 September 2004
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A comparative study of MHC Class-11 HLA-DRB1*0401-Col 11
and HLA-DRPB1*0101-HA complexes: a theoretical point of view

b, 1 b a,l

21 Mateo Obregén® !,

Constanza Cardenas . José Lus Villaveces®, Carlos Suarez

:_a,l e .

Marysol Ortiz"*", Manuel Elkin Patarroyo®

* Fundacion fnstituce de fnnmoelogie de Colombia, Cra. 50 # 26-080 Bogord, Colombia
P Grupo de Quimica Tedriva, Universidad Nacional de Colombia, Bogotd, Colombia
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Synthetic vaccines - Emerging
principles

Plasmodia (falciparum & vivax) use CONSERVED as well
as VARIABLE sequences to bind to host cells.

. CONSERVED binding sequences are NOT antigenic,
but VARIABLE sequences are

- CONSERVED binding sequences are NOT immuno-genic
in ANY of the tested species when administe-
red as monomers, polymerized, associated with T helper
epitopes or presented as MAPs. While VARIABLE

sequences can be immunogenic they are strain-specific
. To overcome this problem the critical contact residues in

the binding interaction have to be identified and changed

. The critical contact residues have to be changed for
aminoacids that ARE NOT commonly used during the
mutational process in the variable sequences

- Physicochemical characteristics such as size, charge and
volume have to be considered. Therefore A*> S; P +*D;
F** RH<L K M;N 5, EcCT ;Y w;
can be exchanged. G and C have special properties.

. There must be a 23.5 A + 3.5 A distance between those
residues fitting into Pockets 1-9 of Class Il molecules.

. All the changes made to the CONSERVED binding peptides

are designed to achieve a perfect fit with the MHC molecules

and the TCR
. Structural considerations together with affinity, biological and

Immunological activities should guide the design of synthetic
peptide vaccines.

10.This methodology elicits protective immunity
against NON ANTIGENIC, NON IMMUNOGENIC
CONSERVED BINDING PEPTIDES, providing a
new and powerful tool for the rational
development of synthetic vaccines
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