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Red blood cell tension controls
Plasmodium falciparum invasion and protects
against severe malaria in the Dantu blood group
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Blood stage malaria: target for interventions
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Malaria invasion process

Egress Pre-invasion Invasion Echinocytosis
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Dantu RBC phenotype

Structural variation of RBC invasion receptors
link to natural malaria resistance

Reference RBC Malaria-resistant Dantu RBC

Malaria parasite
(merozoite)
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Leffler et al., Science, 2017
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Invasion efficiency — Flow cytometry

CHARACTERISTICS NON-IZANTU DANTU HETEROZYGOTE DANTU HOEIIOZYGOTE
(n=6) (n=6) (n=6)
Median age (range; years) 11 (9-13) 13 (10-14) 7 (1-14)
Gender (% F) 33 67 67
Mean platelets (SD; x 108/L) 272.5 (56.0) 275.2 (58.4) 371.3 (130.5)
Mean haemoglobin (SD; g/L) 12.3 (0.5) 12.7 (0.7) 11.5 (1.0)
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Invasion reduced in Dantu for different parasite strains
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Difference in the ability to invade RBCs — Live imaging

Non-Dantu
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Invasion kinetics

RBC membrane deformation scores triggered by parasite contact

Successful invasions Failed invasions
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RBC membrane protein characterisation
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Distribution of reticulocytes and RNA concentration across Dantu genotypes
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Differences in the biophysical properties — Optical tweezers

Quantification merozoite-RBC adhesion force
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Differences in the biophysical properties — Flickering spectroscopy
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Tension affects invasion success and dynamics

Contour detection Egress Deformation
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Measure tension of the same cells that are then invaded by malaria pathogen
Determine the threshold of protective tension from single cell resolution video analysis
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Elevated tension as protective mechanism for Dantu RBCs
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Mimic Dantu: invasion decreases by increasing RBC tension
with glutaraldehyde
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Conclusions

N

e Higher tension correlates with lower invasion efficiency in Dantu Gg/'/é“@ Ay

e Connection, for the first time, between the RBC tension and protection against
malaria observed in a human population

e Tension threshold for successful malaria invasion

e High RBC tension leads to weak RBC deformations and limited parasite wrapping

non-Dantu Dantu homozygote
*% *%
*%
v
v.
T
v Vv'v M
10—6 - "Tv _ AR |
A
A - W
N o [ e e . 7 R AR
£ e k4 A v
— % - A
Z of Ml failed invasions N vY
A A
<k £ 3 d
c L. I | e — P =T
[e] A & v
RS A A S .
7] = failed invasion
2 407k ab s ailed invasions |
[0} A4 ]
~ a3 Al
Ab, A
1081 i
~ ==
successful invasions successful invasions

Viola Introini




Thanks to...

Cicuta group Collaborators

/

Wellcome Sanger Institute

Julian Rayner

e o et - Pietro Cicuta . .
otar Yer ?S\hu,n\l\_\m. L T L e % Alejandro Marin-Menendez
/ P \ Lo o N e
] KEMRI, Kenya
Funding Thomas Williams
= PS RC Raymond and Beverly Silvia Kariuki

Engineering and Physical Sciences SaCk|eI' Foundation

Research Council

Contact: vi21l1@cam.ac.uk

In review: Kariuki*, Marin-Menendez*, Introini* et al. https://www.biorxiv.org




Manipulation of Dantu RBC membrane tension
with phloretin to imitate non-Dantu cells

SLCI9B2 sodium-hydrogen exchanger upregulated in Dantu homozygotes ** p <0.01
* p<0.05
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Comparing parasite invasion of frozen and fresh RBCs
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Comparing biomechanical properties of frozen and fresh RBCs
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Decoupling tension and bending modulus
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Correlation RBC radius-tension
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