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O que é um sinal celular?

Quais caracteristicas deveria ter?
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Porque o Ca?* entre outros ions? Na (2.36%)

Mg (2.33%)

K (2.09%)
Ti (0.57%)
H (0.14%)
Ca (4.15%)
Fe (5.63%)

Al (8.32%)

Oxygen
(46.4%)

Most common
elements in the
crust

Silicon
(28.2%)

células devem lidar com 1
[Ca®]
Amplamente disponivel

Quinto elemento e terceiro metal mais abundante na W
crosta terrestre.

Baixa solubilidade e forma sais insoluveis especialmente

———, Demanda regulacao |
com fosfatos (energy currency)

[Ca?*]i (~100 nM)

Quimica de coordenacéao peculiar permite Desenvolvimento de

Carga .

raiog:c“)nico moléculas complexas que
ligam Ca?* com sitios de

polarizabilidade : .
. . ~ geometria variavel
energia de hidratagao

raio do ion metalico hidratado

E. Carafoli and J. Krebs, 2016.



numero de
coordenacao do
Ca®" 6-12

Range of Ca-O distances Range of Mg-O distances
0.230-0.282 nm 0.200-0.212 nm

E. Carafoli and J. Krebs, 2016.



Homeostase de calcio

e Todos os mecanismos usados para regular a concentracgéo intracelular de Ca®*
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Protozoarios:

Trypanosoma cruzi
Trypanosoma brucei

Leishmania spp.

Plasmodium spp.

Toxoplasma gondii

Cryptosporidium parvum
Entamoeba histolytica
Giardia lamblia

Trichomonas vaginalis

Functions regulated by Ca?%*

Flagellar activity (motility), infectivity, cell proliferation
Flagellar activity (motility), infectivity, cell proliferation

Flagellar activity (motility), infectivity, cell proliferation

protein secretion, motility, cell invasion, cell progression, egress from red
blood cells
gliding motility, conoid extrusion, microneme secretion, and host cell

invasion
Surface binding and invasion, protein secretion, gliding motility, and egress

Life cycle development (growth and encystation), cytolytic activity
Excystation and physiopathology

Adherence to mucosal epithelial cells and haemolytic activity

Maldonado Moreno et al., 1994; Yakubu et al., 1994; Docampo and Huang, 2015, Misra et al., 1991; Huang et al., 2013; Douglas A. Pace et al., 2014; Neil
McCallum-Deighton and Anthony A.Holder, 1992; Silvia N.J. Moreno et al., 2011; Tooba Sarkhosh et al., 2019; Qiang Zhang et al., 2021; A. Makioka et al., 2001;
Alok Bhattacharya et al., 2006; Sushumna Gorowara et al., 1991; David. S. Reiner et al., 2003; Koyama et al., 2009


https://www.sciencedirect.com/topics/medicine-and-dentistry/protein-secretion
https://www.sciencedirect.com/topics/immunology-and-microbiology/hemocyte
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00046/full#B72
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00046/full#B39
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00046/full#B68
https://www.frontiersin.org/articles/10.3389/fcimb.2020.00046/full#B54

Mecanismos reguladores de Ca%* em protozoarios:

Ca2+

> | @ pvca @
II 1.Ca?* channel (entrance). 2. PMCA
ATP (extrusado). 3. SERCA. 4. Mitocondria: MCU,
a Na*Ca?* 5. Acidocalcisomas: IP3R homologs
vz e (in T. cruzi), PMCA, H*-ATPase, Na'/H" e
— *-binding L+ ,
a2+ ca Srotali Ca?/H". 6. Nucleo
| 7. Ca?* binding proteins: CaM, CaM-like proteins,
SERCA calcireticulin, and Ca?* binding proteins
Ca2+ present in the flagellum. CDPKs are particularly
> important in apicomplexa.
ER
Ca2+ F ;[f' " Mitocondria em Giardia lamblia, E. Histolytica
\ ‘%\ P ,l/ it ) (mitosome/cryptome), e trichomonads
A H* \\ s ‘
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organelas ainda deve ser estudada.

[Ca?*]~100nM
Silvia NJ Moreno and Roberto Docampo. Current Opinion in Microbiology. 2003
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O Ca?* durante a invasio da célula hospede por T. cruzi
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Liberacao de NETs inducida por Leishmania
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http://www.youtube.com/watch?v=e1aO8Z6s4l4
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Toxoplasma gondii

homeostasis activation
i i ® e o o ® e o
e Ca? H '. i L o ...o o.. 0.: i h DOC2 . PLC
H*/Ca* ° % ° . e o0, °
exchanger . ... o o..O W ADII° ribosyl . CDPK
e %
(ATP) e? °
o o 9
® e
' Ca* channel e¢®
°®
Suats e o e
®
o, ...o.. an ®
... ®q ©
... e oo

Lourido and Moreno, 2016; FrEnal K., Foth B.J., Soldati D. (2008)



O Ca?* no ritmo circadiano de Plasmodium sp.

Anopheles mosquito Huma
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Wania Rezende Lima et al., 2013. Int. J. Mol. Sci.





http://www.youtube.com/watch?v=m87wH9S5TZg

O Ca®* na excistacao de Giardia lamblia:
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David S. Reiner et al., 2003 21
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O Ca?* na patogénesis de Entamoeba histolytica e citélise de células alvo

Katherine Ralston et al., 2014; Mrigya Babuta et al., 2020

Reconhecimento: lectina de adherencia
(Gal/GalNAc 260 KDa)
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morte celular

23





http://www.youtube.com/watch?v=1nXUrhG6EjY

Table 1. List of proteins that interact with calcium and play a role in amebic homeostasis and pathogenesis.

Name of Protein Function/Role Reference
EhPMCA It is present in vacuoles and in cytoplasmic network; however, function is unknown. [7]
EhSERCA It is present in vacuoles and in cytoplasmic network. Function is unknown. [8]
EhSPCA Putative Ca>*-ATPase that is localized in vacuoles stained with NBD C6-ceramide, a Golgi apparatus marker. [10]

Function is unknown.
EhCCX CCX that plays a role in programmed cell death and in virulence. [9] |
Ca®*-dependent ATPase/ADPase | They are localized in the inner membrane of cytoplasmic vacuoles that may or may not be phagolysosomes. [15,17]
Function is unknown.
Calpain-like protein Ca”*-dependent cysteine protease involved in programmed cell death. [13,14]
Ca®*-dependent thiamine They are localized in the inner membrane of cytoplasmic vacuoles that may or may not be phagolysosomes. [16]
pyrophosphatase Function is unknown.
Gal/GalNAc It is involved in the process of invasion because it helps in adhering to the target cells. [19-
22,24,25]
EhCRT Amebic CRT is involved in the phagocytosis of apoptotic immune cells. [26,27]
UREBP It regulates the transcription of amebic genes and inhibits transcription in the presence of Ca>". [40,43,44]
EhC2A It helps in localization of UREBP to the membrane apart from the nucleus. [44]
EhC2PK C2PK that is involved in initiation of phagocytosis. [52,53]
EhCaBP1 Calcium-binding protein 1 that directly regulates erythrophagocytosis and actin dynamics. [49,50,72]
EhCaBP2 It is 79% identical to EnCaBP1 but neither involved in phagocytosis or pseudopod formation. Function is not [66-68]
known.
EhCaBP3 Calcium-binding protein 3 interacts with the Myosin IB and Arp2/3 complex and plays a role in [57,58]
erythrophagocytosis.
EhCaBP5 Calcium-binding protein 5 is likely to be a light chain of myosin IB that is involved in phagocytosis. [59]
EhCaBP6 Calcium-binding protein 6, which is involved in cell division and modulates microtubule dynamics. [69,70]
Graininl and 2 EF-hand-motif-containing calcium-binding proteins involved in amebic virulence. It is also speculated they are also | [63,64]
involved in vesicle maturation and exocytosis.
EhCaBP7-27 Other calcium-binding proteins encoded in the E. histolytica genome. Function is not deciphered yet. [18]

Mrigya Babuta et al., 2020; Martha Valle-Solis et al., 2018
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Conclusoes:

O Ca?* possui uma quimica de coordenagdo Unica que permitiu sua selecdo como molécula
sinalizadora presente em todas as formas de vida.

Ainvasao por T. cruzi € um processo de sinalizagdo que envolve multiplas moléculas e requer a
mobilizacdo do Ca?* tanto na célula hdspede como no parasita.

A mobilizacdo do Ca?* contribui com a producéo de NETs nos neutrdfilos induzida por Leishmania
Sp.

A motilidade de Toxoplasma gondii requer de sinais mediadas por Ca?* para a ativagéo do
glideosoma e secre¢cao de micronemas.

A sincronizacao de Plasmodium com o ciclo circadiano € fundamental na adaptacéo do parasita,
depende da sinalizagdo por Ca?* e a ativacdo de uma série de eventos rio abaixo que modulam o
ciclo celular.

A excistacdo de Giardia lamblia depende de sinais por Ca?* controladas pela entrada do cation,
compartimentalizagdo em reservatorios sensiveis a CaM e CaM.

Diversos processos celulares na patogénese de Entamoeba histolytica dependem de Ca?*
(aderéncia, citolise, facitose, trogocitose) tanto no parasita como na célula alvo.
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Table 1

Ca?* ATPases that have been cloned and sequenced in parasitic protozoa.

Protozoa Accession number Type Expressed Function confirmed®
Trypanosoma cruzi u70620 PMCA Yes Yes
AF093566 SERCA Yes Yes
Trypanosoma brucei M73769 SERCA Yes Yes
AY065988 PMCA Yes Yes!
AY065989 PMCA Yes Yes'
Leishmania mexicana amazonensis U70540 SERCA Yes Yes
Plasmodium falciparum PfATPase6 X71765 SERCA No No
AF203980 New subclass? Yes Yes
Toxoplasma gondlii AF151372 PMCA Yes Yes
Cryptosporidium parvum CpATPaseft U65981 New subclass? Yes No
Entamoeba histolytica U20321 PMCA Yes Yes
Trichomonas vaginalis U65066 SERCA No No
TVCA(2-4)* AF145282 Unknown No No
AF145283
AF145279

“Function confirmed by expression in the same parasite or in a heterologous system and correlation found between expression of the enzyme and

Ca®" transport.

fLuo S., Uyemura SA., Moreno SNJ. and Docampo R., unpublished results.
‘Partial sequence in GenBank.
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ature Publishing Group http://www.nature.com/nsmb

A single amino acid residue can
determine the sensitivity of
SERCAs to artemisinins

Anne-Catrin Uhlemann!, Angus Cameron?,

Ursula Eckstein-Ludwigl, Jorge Fischbarg3, Pavel Iserovich?,
Felipe A Zuniga3, Malcolm East, Anthony Leet, Leo Bradyz,
Richard K Haynes® & Sanjeev Krishna'

Artemisinins are the most important class of antimalarial drugs.

They specifically inhibit PFATP6, a SERCA-type ATPase of
Plasmodium falciparum. Here we show that a single amino
acid in transmembrane segment 3 of SERCAs can determine
susceptibility to artemisinin. An L263E replacement of a
malarial by a mammalian residue abolishes inhibition by
artemisinins. Introducing residues found in other Plasmodium
spp. also modulates artemisinin sensitivity, suggesting that
artemisinins interact with the thapsigargin-binding cleft of
susceptible SERCAs.
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Calflagin Inhibition Prolongs Host Survival and Suppresses
Parasitemia in Trypanosoma brucei Infection”

Brian T. Emmer," Melvin D. Daniels,'{ Joann M. Taylor,'
Conrad L. Epting,”* and David M. Engman'*

Departments of Pathology and Microbiology-Immunology' and Department of Pediatrics,>
Northwestern University, Chicago, Illinois

Received 12 April 2010/Accepted 13 April 2010

African trypanosomes express a family of dually acylated, EF-hand calcium-binding proteins called the
calflagins. These proteins associate with lipid raft microdomains in the flagellar membrane, where they
putatively function as calcium signaling proteins. Here we show that these proteins bind calcium with high
affinity and that their expression is regulated during the life cycle stage of the parasite, with protein levels
approximately 10-fold higher in the mammalian bloodstream form than in the insect vector procyclic stage. We
also demonstrate a role for the calflagins in mammalian infection, as inhibition of the entire calflagin family
by RNA interference dramatically increased host survival and attenuated parasitemia in a mouse model of
sleeping sickness. In contrast to infection with parental wild-type parasites, which demonstrated an unremit-
ting parasitemia and death within 6 to 10 days, infection with calflagin-depleted parasites demonstrated
prolonged survival associated with a sudden decrease in parasitemia at approximately 8 days postinfection.
Subsequent relapsing and remitting waves of parasitemia thereafter were associated with alternate expression
of the variant surface glycoprotein, suggesting that initial clearance was antigen specific. Interestingly, despite
the notable in vivo phenotype and flagellar localization of the calflagins, in vifro analysis of the calflagin-
deficient parasites demonstrated normal proliferation, flagellar motility, and morphology. Further analysis of
the Kinetics of surface antibody clearance also did not demonstrate a deficit in the calflagin-deficient parasites;
thus, the molecular basis for the altered course of infection is independent of an effect on parasite cell cycle
progression, motility, or degradation of surface-bound antibodies.
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Molecular Microbiology (2006) 61(6), 1523—-1532 doi:10.1111/j.1365-2958.2006.05344 .x
First published online 23 August 2006

Comparative proteomic analysis of two Entamoeba
histolytica strains with different virulence phenotypes
identifies peroxiredoxin as an important component of
amoebic virulence

Paul H. Davis,'? Xiaochun Zhang,! Jianhua Guo,’ phenotypic differences, and identify peroxiredoxin as
R. Reid Townsend'! and Samuel L. Stanley, Jr'?* an important component of virulence in amoebic
'Department of Medicine, Washington University School colitis.

of Medicine, St Louis, MO, USA.
2Department of Molecular Microbiology, Washington

University School of Medicine, St Louis, MO, USA. eIl

Increased expression of grainin proteins
associated with decreased virulence
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Table 2

Ca?*-binding proteins in parasitic protozoa.

Protozoa Name Accession number Expected or demonstrated function
Trypanosoma cruzi CaM* M98551 Cell signaling
FcaBP D87512 Unknown
Calreticulin AF107115 Ca?*-store/quality control of
glycoprotein folding/potent immunogen
Leishmania major CaM AL445944 Cell signaling
Leishmania donovani Calreticulin U49191 Ca®* store
Trypanosoma brucei CaM X56511 Cell signaling
Calflagin u0e6644 Unknown
Trypanosoma brucei gambiense CaM K02944 Cell signaling
Plasmodium falciparum CaM AE014850 Cell signaling
Toxoplasma gondii CaM Y08373 Cell signaling
Cryptosporidium parvum CaM AQ842812! Cell signaling
Entamoeba histolytica EhCaBP M84155 Unknown/cytosolic
Grainin 1 AF085196 Unknown/in granules
Grainin 2 AF082530 Unknown/in granules
Giardia lamblia CaM AF359239 Cell signaling
Trichomonas vaginalis CaM U38786 Cell signaling

*CaM, calmodulin.
fPartial sequence.
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Cell Calcium 92 (2020) 102284

Contents lists available at ScienceDirect

cell
calcium

Cell Calcium

o

ELSEVIER journal homepage: www.elsevier.com/locate/ceca

IP5 receptor-mediated Ca®" release from acidocalcisomes regulates | i
mitochondrial bioenergetics and prevents autophagy in Trypanosoma cruzi

Miguel A. Chiurillo™""*, Noelia Lander ®>', Anibal E. Vercesi°, Roberto Docampo ™~

* Center for Tropical and Emerging Global Diseases and Department of Cellular Biology, University of Georgia, Athens, GA, 30602, USA
b Departamento de Patologia Clinica, Faculdade de Ciencias Médicas, Universidade Estadual de Campinas, Campinas, Sao Paulo, 13083, Brazil

PLC (PIP2)--> IP3 + DAG
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Functions regulated by Ca?* in protozoan parasites:

e Flagellar activity and infectivity in T. cruzi (Maldonado Moreno et al., 1994; Yakubu et al.,
1994) and Leishmania spp. (Docampo and Huang, 2015, Misra et al., 1991)

e Cell proliferation in T. cruzi (Docampo and Huang, 2015) and T. brucei (Huang et al., 2013)

e \Virulence traits, such as gliding motility, conoid extrusion, microneme secretion, and host cell
invasion in Toxoplasma gondii (Douglas A. Pace et al., 2014).

e Erythrocyte invasion by Plasmodium falciparum and parasite cell motility
(NeilMcCallum-Deighton and Anthony A.Holder, 1992; Silvia N.J. Moreno et al., 2011)

e Surface binding and invasion, protein secretion, gliding motility, and egress of
Cryptosporidium parvum (Tooba Sarkhosh et al., 2019; Qiang Zhang et al., 2021)

e Life cycle development (growth and encystation), cytolytic activity in Entamoeba histolytica
(A. Makioka et al., 2001; Alok Bhattacharya et al., 2006).

e Excystation and physiopathology in Giardia lamblia (Sushumna Gorowara et al., 1991;
David. S. Reiner et al., 2003)
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