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Supplementary Fig. 1. a Representative images of three experiments of VAR2CSA staining on
IEs of CS2 using anti-VAR2CSA antibodies visualized using confocal microscope with LASX
software at 63X objective lens. Scale bar-5um. b Representative image of three experiments of
western blot using anti-VAR2CSA and anti-PfHSP70 antibodies comparing the expression of
VAR2CSA in CS2 grown in media containing normal plasma and albumax with HSP70 as
loading control. ¢ FACS analysis of CS2 IEs using anti-VAR2CSA antibodies. The RBCs were
gated using FSC and SSC plots from the unstained cultures (P1 gate, top left) and IEs were gated
after EtBr staining (top right, P2 gate). For analysis of staining, 10,000 IEs were counted and
analyzed for alexa fluor 488 fluorescence after staining with anti-VAR2CSA antibodies, pre-
immune rabbit IgG alone followed by anti-rabbit IgG alexa fluor 488, only secondary antibody
were used as controls. QI represents population positive for only alexa fluor 488 signal, Q2
positive for both alexa fluor 488 and EtBr fluorescence, Q3 for unstained population and Q4

positive for only EtBr fluorescence. VAR2CSA expressing IEs are present in Q2 area.
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Supplementary Fig. 2. Fractions of gradient fixation (GraFix) of IgM-VAR2CSA complex in

presence of crosslinker (top) and

absence of crosslinker (bottom) analyzed after

ultracentrifugation and fractionation on Native-PAGE. The non-crosslinked fractions 1 to 5 were

also resolved on reducing SDS-PAGE(bottom, right) to show the presence of VAR2CSA as well

as IgM in the complex.
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Supplementary Fig. 3. Workflow for Cryo-EM image collection, processing and structure
determination. a Representative raw micrograph of IgM-VAR2CSA complex collected on
300KeV Titan Krios microscope using falcon3 camera. The green circles shows picked particles.
b 2D class averages of IgM-VAR2CSA complex. ¢ Initial model generated from the 2D-class
averages. 3D class averages along with number of particles in each class averages. d 3D-
Autorefined cryo-EM map and Eulerian angle distribution of particles in angular build. e Gold
standard Fourier Shell Correlation (FSC) of the half maps (blue) and of model-to-map FSC
(orange). f Local resolution filtered map of [gM-VAR2CSA complex using RELION Localres.



Supplementary Fig. 4. a The overall organization of IgM tailpieces depicted in different colors
b Five parallel B-sheets of A-E and F-L tailpieces; A (lime), B (green), C (olive drab), D(spring
green), E(aquamarine), F (Cyan), G(green yellow),H(dark turquoise) and K(Teal), L(red) and J
(orange) stack anti-parallel to stabilize the IgM core and facilitate formation of two identical

faces.
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Supplementary Fig. 5. Sequence RMSD based comparison of IgMVAR2CSA-1 and
IgMVAR2CSA-2. The gradient from cyan to red show the increasing RMSD. The RMSD for
2696 residues is 0.99 A and across 3261 residues, RMSD is 6.98 A, due to J chain.



Supplementary Fig. 6. Comparison of apo-VAR2CSA(pdb7B52+pdb7NNH) and VAR2CSA

in the complex. a Sequence RMSD based comparison of apo-VAR2CSA(yellow) and IgM-
VAR2CSA (green). The gradient from blue to red show the increasing RMSD. The RMSD for
580 residues is 1.36 A and across 865 residues, RMSD is 2.070 A. Due to large conformational
shift, Matchmaker did not include DBL5¢. b apo-VAR2CSA (beige). For the complex, IgM is
colored green, VAR2CSA domains from Fig. 2b: ID2- red, DBL3x-cyan, ID3-magenta, DBL4e-
brown, DBL5¢-blue. The right panel shows shift of DBL5¢ domain upon binding to IgM. The
dashed red line shows the distances between corresponding residues of DBLS5e in apo-

VAR2CSA and IgM-VAR2CSA.
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Supplementary Fig. 7. a The orthogonal views showing the interfacing residues of VAR2CSA
and IgM in the complex where 2 VAR2CSA (VAR2CSA-1; salmon, VAR2CSA-2 (medium
purple) are bound by different chains of an IgM b Interacting interfaces along with respective
atomic view of the interfacing residues between chain M (VAR2CSA) and chain F, chain D and
chain B of IgM.
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Supplementary Fig. 8. ESPript multiple sequence alignment of DBL3x domains of P.

falciparumisolates.



PfDd2_120005600/1-392
P£SD01_120005900/1-381
PfIT 120006100/1-378

PfKHO02_120006100/1-382
P£7G8_120005700/1-391
P£fGB4_120005700/1-386
PfHB3_120006000/1-372
P£CD01_120005700/1-392
P£fMLO1_120006200/1-388
P£SNO1_120006700/1-371
PF3D7_1200600/1-387

PfNF54_120005700/1-387
P£GAO1_120005700/1-377
PfKEO1_120006100/1-365
PfKHO1_000031900/1-379

PfDd2_120005600/1-392
P£SD01_120005900/1-381
PfIT 120006100/1-378

PfKHO02_120006100/1-382
P£f7G8_120005700/1-391
PfGB4_120005700/1-386
PfHB3_120006000/1-372
P£fCD01_120005700/1-392
PfMLO1_120006200/1-388
P£SNO1_120006700/1-371
PF3D7_1200600/1-387

PfNF54_120005700/1-387
P£GAO1_120005700/1-377
PfKE01_120006100/1-365
PfKHO1_000031900/1-379

P£fDd2_120005600/1-392
P£SD01_120005900/1-381
P£IT_120006100/1-378
PfKHO02_120006100/1-382
P£7G8_120005700/1-391
PfGEB4_120005700/1-386
PfHB3_120006000/1-372
P£fCD01_120005700/1-392
PfMLO1_120006200/1-388
P£SNO1_120006700/1-371
PF3D7_1200600/1-387
P£NF54_120005700/1-387
PfGAO1_120005700/1-377
PfKEO1_120006100/1-365
PfKHO1_000031900/1-379

IPPRRRQLCFSRIVK
IPPRRRQLCFSRIVR
IPPRRRQLCFS&IVR
IPPRRRQLCFSRIVR
IPPRRRQLCFSRIVR

IPPRRRQLCFSRIVR

20 30

HEEEQLIRE IDNA IKD Y[s]LYP LDRCFDD[E
WEEQ| KEIDNAIKDYQLYPLDRCFDDK
”EEQLNEIDNAIKHYKLYPLDRCFDDQ

40

; KEIDNAIKDYQLYPLDRCFDD“

I 222 Z22ZhZ2 0



130

Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

pfDd2_120005600/1-392
P£fsSD01_120005900/1-381
PfIT_120006100/1-378
PfKHO02_120006100/1-382
P£7G8_120005700/1-391
PfGB4_120005700/1-386
PfHB3_120006000/1-372
pfcD01_120005700/1-392
PEMLO1_120006200/1-388
P£SNO1_120006700/1-371
PF3D7_1200600/1-387
PENF54_120005700/1-387
P£fGA01_120005700/1-377
PfKEO1_120006100/1-365
PfKHO1_000031900/1-379

pfDd2_120005600/1-392
P£5SD01_120005900/1-381
PfIT_120006100/1-378

PfKHO2_ 120006100/1-382
P£7G8_120005700/1-391
P£GB4_120005700/1-386
PfHB3_120006000/1-372
P£CD01_120005700/1-392
PfML0O1_120006200/1-388
P£SNO1_120006700/1-371
PF3D7_1200600/1-387

PENF54_120005700/1-387
pPfGA01_120005700/1-377
PfKEO1_120006100/1-365
PfKHO1_ 000031900/1-379

pfDd2_120005600/1-392
P£sSD01_120005900/1-381
PfIT_120006100/1-378

PfKHO02_120006100/1-382
P£f7G8_120005700/1-391
P£GB4_120005700/1-386
PfHB3 120006000/1-372
P£CD01_120005700/1-392
PfML0O1_120006200/1-388
PE£SN01_120006700/1-371
PF3D7_1200600/1-387

PENF54_120005700/1-387
pfGAO1_120005700/1-377
PfKE01_120006100/1-365
PfKHO1_000031900/1-379

EH

r AR EZEERARER

lx:xx-

EH
FDKDKEKKE .
EDKDKEKKE .
FIDKGKEKKE .
FHKGNY YKEH
FHKGNY YKEH
EKKDKEKKEH
NED

|2y | CE R

R KEKALEAMKNSFYDYERMIIK

140 150

‘KEKALEAMKNSFIDYEDIIK T
KJKEKALEAMKNSFYDYEDIIK 1]
KFKEKALEAMKNSFYDYEVIIK
N KEKALEAMKNSEYDYEBIIK
D KEKALEAMKNSFYDYEVIIK S
MEKEKALEAMKNSFYDYE®SIIKGH
K‘KEKALEAMKNSFYDYEYIIK Y
KJKEKALEAMKWSFYDYEVIIK K
I} KEKALEAMKN SFYDYEMI IKGH
KJKEKALEAMKNSFYDYEYIIK S
KJKEKALEAMKNSFYDYEVIIK S
K?KEKALEAMKNSFYDYEYIIK
K‘KEKALEAMKNSFYDYEVIIK
IS KEKALEAMKNSFYDYEBIIK

L B Bl B M e B D B B B N B B R

[ [ 5 5 [ 558 s o o o [ [



PfDd2_120005600/1-392
P£SD01_120005900/1-381
PE£IT_120006100/1-378
PfKHO2 120006100/1-382
P£7G8_120005700/1-391
P£GB4_120005700/1-386
PEfHB3_120006000/1-372
P£CD01_120005700/1-392
PfMLO1_120006200/1-388
PE£SNO1_120006700/1-371
PF3D7_1200600/1-387
PENF54_120005700/1-387
PfGA01_120005700/1-377
PEKEQ1_120006100/1-365
PfKHO1 000031900/1-379

PfDd2_120005600/1-392
P£SD01_120005900/1-381
PE£IT_120006100/1-378
P£KHO02_120006100/1-382
P£7G8_120005700/1-391
PE£GB4_120005700/1-386
PfHB3 120006000/1-372
P£CD01_120005700/1-392
PEfMLO1_120006200/1-388
P£SNO1_120006700/1-371
PF3D7_1200600/1-387
PEfNF54_120005700/1-387
PE£GA01_120005700/1-377
PfKEO1 120006100/1-365
P£fKHO1_000031900/1-379

P£fDd2_120005600/1-392
P£SD01_120005900/1-381
PfIT_120006100/1-378
PfKHO02_120006100/1-382
P£7G8_120005700/1-391
PfGEB4_120005700/1-386
PfHB3_120006000/1-372
PfCD01_120005700/1-392
PEfMLO1_120006200/1-388
P£SNO1_120006700/1-371
PF3D7_1200600/1-387
PENF54_120005700/1-387
PE£GA01_120005700/1-377
PfKEO1_120006100/1-365
PE£KHO1_000031900/1-379

260
TDSDHI

[<3,
~

SNVTM. .

1. NLGS/OE

. . NLUGAlgE
- NLGsjoE

310
KTNKESN. . ...... Ff_I iMs ELSEE T
KR. |Ma LK. W11 R EP DN S
KK*KRM;:LKD JVKEER .|, . .. D) s
H.K“."K‘GMS-‘VLKN. o (MRS B v o D S
REYKRMOEFKNVENNANEE N s
REYKGOMDEFKNV. . .[.KEPD. . ... 5
REYKGMDVLENY . . .|.KEPD. . ... 5
KKYKRMDOEFPKNTEKNIKEHD i s
KKYKGMDIL . .. .KDVKEED. . .. . AN S
K ... RMDIL....KDVEKESD. . .. : A 5
KKYKGMOEFKNTEFKNIKEP DANEP NEN s
KKYKGMDEFKNTFKNIKEP DANEP NEN S
KKE&GMJEFKNTFKN;KLPD ..... T S
KKYKRMDEF . .. .KNVKEPD{. . ... A s
KKYKGKDEF . .. .KNVKEPD. . .. .BNT s
: 250
TKTLKNENLHEE
TN D EIFNR
NN EAFEKQ
MM EGFEKQ
,=xD DIFKQ
MD|T DIFKQ
MDITE DIFKQ
‘KY'L’ i EAFEKQ
NN ETFNR

1 glKs I[KAS
LG AQAIS
.|. G ajoAls
DFSLQA
DILIS LiOA]
. DLIS LigA
. DD PjOA
. DD PIOA

i 2o

. DILDPigA
. Nlteade

L

[95]

Lo O

. Nz sioE
. NlLz slgr|s

ND|TE
KIY|TN
KY|TH I
N DITE
MDITEN

ND[TEN

4 i
1z

n i ininn
I i <
Slelelolslel ol ol

ARHARARARSRRHA R RH X X HH




PEDd2_120005600/1-392
PE£SDO1_120005900/1-381
PE£IT_120006100/1-378
PEKHO2_120006100/1-382
P£7G8_120005700/1-391
P£GB4_120005700/1-386
PEHB3_120006000/1-372
P£CD0O1_120005700/1-392
PEMLO1_120006200/1-388
PE£SNO1_120006700/1-371
PF3D7_1200600/1-387
PENF54_120005700/1-387
PE£GAO1_120005700/1-377
PE£KEO1_120006100/1-365
PEKHO1_000031900/1-379

Supplementary Fig.
falciparum isolates.

33(?
DRSDVQCPED

39(?
[MeNLYKSIPCK

KHHEY
KHHEYNSN.DY|

KHHEKYNSN. L

KHHKYNSN.
KHHKYNSN.

KHHEYDKGHN
KHHEYDKGN

KNRKYNSN.DY[Z..........

9. ESPript multiple sequence alignment of DBL5¢ domains of P.



Supplementary Fig. 10. Representative fit of the model side chains of the map



Data Collection and Processing

Voltage

Microscope

Detector

Total Electron exposure (e/A?)

Exposure Rate  (e/A%/S)

Exposure Rate  (e/A%/S)

Number of Frames collected per micrograph
Data collection Software

Defocus range (um)

Pixel size

Micrographs used

Symmetry imposed

Final particle in Refine

Resolution of map at 0.143 FSC (masked)
Map Sharpening

Initial Models used
Refinement software
CC mask

CC Box

CC Peaks

CC Volume

Model composition (non-hydrogen)
Protein Residues

Bonds RMSD

Length (A)

Angles

B factor (A?

Validation

MolProbity score

Clashscore

Ramachandran Plot (%)
Favored

Allowed

Outliers

Rama-Z

Whole (N=4327)
Helix (N = 1389)
Sheet (N=753)
Loop (N=2203)
Cbeta outliers
CaBLAM outliers

IgM-VAR2CSA complex EMD-34399, PDB 8GZN

300(keV)
FEI Titan Krios
falcon3
51.2

0.98

0.81

50

EPU

-0.8 to -2.2
1.10

15668

Cl

371049
3.6

None

6KXS, 7NNH, 7B52
PHENIX

0.82

0.82

0.64

0.81

35402
4409

0.003
0.693
244

2.24
15.38

90.53
9.45
0.02

-1.11
0.69
-0.47
-1.82
0.00
5.80

Supplementary Table 1 Cryo-EM data collection, processing and real space refinement validation statistics



