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Supplementary Figure 1:
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Supplementary Figure S1: Invasion inhibition assays and complement deposition on
merozoites (see also Figure 1).

A. Procedure for isolation of merozoites and invasion inhibition assays — refer to

Supplementary Experimental Procedures; 1) synchronized mature parasites are purified
via MACs separation. 2) Cultures are matured to segmented schizonts and treated with
E64. 3) Mature merozoites are formed within E64 treated schizonts. 4) Merozoites are
isolated via membrane filtration. 5) Isolated merozoites are incubated with uninfected
RBCs, normal or heat-inactivated serum and purified IgG for 30 minutes in invasion
inhibition assays. 6) Invaded rings are washed and returned to standard culture conditions.
7) Parasites are cultured in standard conditions until mature and enumerated via flow-
cytometry. Figure is modified from (Boyle et al., 2013). B. Invasion inhibition assays
with Normal Serum (NS) and Heat-inactivated serum (HIS) are reproducible; purified
IgG from 33 Kenyan donors were tested with 50% NS and 50% HIS in invasion
inhibition assays on two separate experimental days. Assays were reproducible;
Spearman’s tho was 0.83 for inhibition with NS (95% CI; 0.69 0.92, p<0.001) and r=0.73
for inhibition in HIS (95% CI; 0.51 0.86, p<0.001). C. IgG from unexposed donors has
no inhibitory activity with NS or HIS; Purified merozoites were allowed to invade RBCs

in the presence of 50% NS or HIS with IgG from serum pools from residents in

Melbourne, Australia (data are mean + range of two assays in duplicate). D. Complement
alone does not inhibit invasion; Purified merozoites were allowed to invade RBCs in the

presence of normal serum (NS) or heat-inactivated serum (HIS) at 50% and 80% final
serum concentrations (data is mean + SEM. of four assays in duplicate). E. Specificity of
Clq antibodies used in complement deposition assays; Entire western blot of Clq

deposition on merozoites from Figure 1b, indicating that anti-C1q antibody is specific,
and reacts with a single protein of approximately 30kDa, consistent with C1q. F.
Specificity of C3 antibodies and reactivity to C3b and iC3b; Right panel shows C3

antibody reactivity with recombinant C3b and iC3b, with arrows indicating o and 3
chains. Left panel shows complement deposition on merozoites incubated with IgG from
PNG or Melbourne donors, incubated with normal serum (NS) or heat-inactivated serum
(HIS). G. Deposition of C3b on merozoites by immune-electron microscopy; Two

example images of C3b deposition on the merozoite surface with merozoites incubated
with PNG IgG and normal serum (left panels), and the lack of C3b deposition on
merozoites incubated with PNG IgG and heat-inactivated serum (right panels).
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Supplementary Figure S2: Importance of different complement components in
mediating inhibition (see also Figure 2).

A. Alternative complement pathway is less important than classical complement
pathway:; Invasion inhibition activity of PNG IgG was tested in 25% serum that heat-
inactivated serum at 56°C for 30 minutes (HIS), normal serum (NS) and serum heat-
treated at 50°C for 20 minute (50°C HIS). Heat-inactivation at 56°C for 30 minutes
disrupts all complement activation cascades, while heat-treatment at 50°C for 20 minutes

disrupts only the alternative complement cascade by inactivation of Factor B, while
leaving the classical complement cascade intact. The 50°C treatment of serum had no
significant effect on the invasion-enhancing activity of serum; invasion-inhibition by
PNG IgG was significantly greater in the presence of NS and 50°C-treated serum,
compared to HIS. B. Analysis of merozoite lysis; Merozoites were incubated with HIS or
NS and lysis monitored via flow cytometry by assessing loss of cytosolyic GFP
expression by P. falciparum merozoites. In NS, merozoites lost GFP expression as
indicated by the red circle. Intact merozoites were counted with count bright counting
beads by gating on EtBr positive and GFP positive merozoites. C. Merozoite lysis occurs
in the absence of 1eG in extended incubations; Merozoites were incubated for 30 or 60
minutes with NS and HIS in the absence of IgG. Merozoite lysis was evident after
prolonged incubation, indicating that over extended time periods lysis of merozoites did




occur, likely mediated by the activation of alternative complement pathways on the
merozoite surface. D. Rapid lysis of merozoites requires C1q; Merozoites were incubated
for 10 minutes with NS or HIS or C1g-depleted serum together with IgG from PNG or
Melbourne, Australian donors. Merozoite lysis after ten minutes of incubation was only
observed in NS with IgG from PNG donors, indicating that lysis was dependent on the
activation of the classical complement cascade by merozoite specific IgG. E. Gating
strategies for assessing the rate of merozoite lysis; To assess the rate of lysis of
merozoites incubated with NS and malaria-specific IgG, merozoites were incubated at
37°C with PNG IgG and NS and monitored via flow-cytometry during lysis. Merozoites
were gated on EtBr positive cells, and then GFP MFI was monitored. GFP positive cells
were rapidly lost within 1-4 minutes of incubation, as indicated by the loss of positive
GPF cells and overall decreased MFI of merozoites.
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Supplementary Figure S3: Ab-C’ inhibition in individuals and fixation of
complement components on merozoites (see also Figure 3).
A. Ab-C’ is the predominant mechanism of invasion-inhibition in naturally acquired

antibodies; Invasion inhibition activity profiles of purified IgG from all 33 Kenyan
individuals in the presence of NS and HIS; no inhibition activity (blue), invasion
enhancement activity (in HIS and not NS) (yellow), Ab-C’ inhibition (orange) and Ab-C’
and direct inhibitory activity (red) (data are mean =+ range of two assays in duplicate).
Sample numbers do not necessarily correspond with those represented in Figure 3b. B.
Quantification of C1q deposition with PNG individuals using C1q and C5-deficient

serum on merozoite; C1g-fixation on the merozoite surface by IgG from PNG individuals
(A-G), IgG from Melbourne donors (MC34) or control (PBS). Either purified Clq or C5-
deficient serum was used as the source of C1q in the assays. C. Quantification of C3b

deposition with PNG individuals using C5-deficient serum on merozoites; C3b-fixation

on the merozoite surface by IgG from PNG individuals (A-G), IgG from Melbourne
donors (MC34) or control (PBS). C5-deficient serum was used as the source of
complement in the assays.
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Supplementary Figure S4: Analysis of complement fixation in the children’s cohort
stratified by age and parasite status (see also Figure 4).
A. Clq fixation by children; C1q fixation (median OD) by children’s samples was

stratified by parasitemia status at enrolment (determined by PCR) and age. C1q fixation
was significantly higher in the presence of parasitemia among older and younger children.
Older children had greater C1q fixation than younger children regardless of whether there
was active parasitemia. B. Association between complement fixing antibodies and

clinical malaria; Kaplan Meier survival curves for time to first clinical episode of malaria

with children stratified into the groups of high, medium and low C1q fixation. Survival
curves are shown for children stratified by parasitemia status at time of enrolment; all
children were subsequently treated to clear parasitemia prior to follow-up (p=0.003 for
aparasitemic children, and p=0.0001 for parasite positive children, comparing high
medium and low responder groups.)



Supplementary Figure 5:
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Supplementary Figure S5: Pre-vaccination samples and placebo vaccine serum
pools in invasion inhibition assays (see also Figure 5).

Purified IgG from individuals prior to vaccination and from day 120 post vaccination
placebo sample pools were tested in invasion inhibition assays with normal serum (NS)
and heat-inactivated serum (HIS). Data represent two assays in duplicate and normalized
to invasion with Australian IgG. PNG IgG and Australian IgG were used as positive and
negative controls respectively.



Supplementary Table S1: Prevalence and levels of antibody-mediated Clq
deposition on the merozoite surface in the cohort of children (related to table Table

2).

. Enrolment P. falciparum
Age s
parasitemic status
All < 9yrs > 9yrs PCR- PCR+
n=200" n=90 n=110 P n=65 n=135 P
Seropositive' 198 88 110 64 134
) 0.116 0.5

% 99% 97.8% 100% 98.5% 99.3%

Median OD 0.30 0.24 0.35 0.23 0.34
s <0.0001 <0.0001
[IQR] [0.20-0.41] [0.14-0.33] [0.26-0.43] [0.08-0.34] [0.23-0.43]

"Number of individuals from the cohort with C1q deposition on merozoites’ surface
% %: percent of individuals from the cohort with C1q deposition on merozoites” surface
? [IQR]: inter-quartile range

* Age: the cohort was stratified by age into two groups: children 9 years of age an younger (<) or older than
9 years of age

> Enrolment P. falciparum parasitemic status: PCR- indicates aparasitemic status at enrolment, PCR+
indicates parasitemic status at enrolment, both as determined by PCR

"Number of samples is 200 due to insufficient sample volume or excluded values where the discrepancy
between duplicates was >25%.



Supplementary Experimental Procedures

Parasite culture and synchronization

The P. falciparum D10-GFP expression line (Wilson et al., 2010) was cultured as
described (Persson et al., 2006) in culture medium of RPMI-HEPES (pH 7.4)
supplemented with 50 ug/ml hypoxanthine, 20 ug/ml gentamicin, 25 mM sodium
bicarbonate and 10% (volume/volume) pooled human serum from unexposed Melbourne,
Australia blood donors (supplied by the Australian Red Cross Blood service). RBCs from
group O+ blood donors (supplied by the Australian Red Cross Blood service) were used
to culture parasites. Typically cultures were maintained at 3% hematocrit, with a
parasitemia of 1-5%. Cultures were maintained in 1% O,, 4% CO,, 95% N, and
incubated at 37°C. For monitoring of cultures, blood slides were stained with 10%

Giemsa (Merck).

Parasites were synchronized using 5% D-sorbitol-treatment; cultures were
incubated for 5 minutes with 5% D-sorbitol, pelleted and washed one time with culture
media before returning to culture. Cultures were further synchronized using the invasion
inhibitory properties of heparin (Boyle et al., 2010a; Wilson et al., 2010). Parasites were
cultured in the presence of 301U (approximately 230 ug/ml) of medical grade heparin
(Porcine mucous, Pfizer) until the majority of parasites were at the schizont stage. Under
heparin inhibition, invasion of RBCs by merozoites rupturing from schizonts was
inhibited. Heparin was then removed from cultures by centrifugation of the culture and
re-suspension of cells in fresh culture medium for 4-6 hours allowing merozoite invasion

and the development of ring stages in RBCs.
Invasion inhibition assays

Invasion inhibition assays were performed with isolated viable merozoites as
described (Boyle et al., 2013; 2010b) (Figure S1). A detailed method for the isolation for
viable merozoites and invasion inhibition assasy can be found at Methods in Malaria
Research, http://www.mr4.org/Publications/MethodsinMalariaResearch.aspx. Late stage
trophozoites were magnet purified on MACs purification column to remove uninfected

RBCs. Following purification, parasites were incubated in standard culture media with



