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Figure S1: Binding curves and fit for KD measurements of CHIK-VLP immunogens towards
antibodies CIS43, L9, 317, and 1210, respectively, using BLI. Biolayer interferometry (BLI) curves for
CHIK-VLP immunogens towards antibodies CIS43, L9, 317, and 1210, respectively. Solid lines are the real
processed data, and the dashed lines are the curve fits that were used to obtain the K, values. Curves were
modeled using 1:1 binding stoichiometry and the resulting kinetics were used to obtain K, values. Dilution
series started at 500 nM with 2-fold dilutions. *: KLH-p21 and CSP could not be fit to the 1:1 binding
model used for the other immunogens. To circumvent this issue, KLH-p21 was captured onto amine-
reactive biosensors, while CSP was immobilized via the 6xHis tag. Each immunogen was then dipped into
a solution of the antibody.
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Figure S2. Malaria protection following two immunizations of CHIK-VLP immunogens displaying
CIS43 and L9 epitopes. (A) Immunization and challenge schema. Blue arrows denote immunizations and
red arrows denote blood draws. Liver burden was quantified 40 hours post challenge. (B) Pre-challenge
PfCSP ELISA serum titers. (C) Liver burden following malaria challenge with Pb-PfCSP-GFP/Luc-SPZ.
*a%% P<0.0001 as calculated by two tailed Mann-Whitney test.



Peptide number Peptide sequence

20 9’PADGNPDPNANPNVD11
21 10INPDPNANPNVDPNAN115
22 105NANPNVDPNANPNVD119
23 10SNVDPNANPNVDPNAN123
24 TSNANPNVDPNANPNVD127
25 M7NVDPNANPNVDPNAN131
26 2INANPNVDPNANPNAN135
27 125NVDPNANPNANPNAN139
28 2NANPNANPNANPNAN 143
29-41 NANPNANPNANPNAN
42 185NANPNANPNANPNVD199
43 18SNANPNANPNVDPNAN203
44 19SNANPNVDPNANPNAN207
45 197NVDPNANPNANPNAN211
46-60 NANPNANPNANPNAN
61 26INANPNANPNANPNKN275

Table S1. Overlapping 15-mer peptides to the repeat region of PFCSP, strain 3D7. Superscripts indicate
N-terminal amino acid numbering. Note that the following peptides are identical: 22 and 24; 23 and 25; 26
and 44; 27 and 45; 28-41, 46-60.



Data S1. Amino acid sequences of six junctional epitope-CHIK VLP immunogens.
Junctional epitope residues are highlighted in red.

CHIK-p21y

MEFIPTQTEFYNRRYQOPRPWAPRPTIQVIRPRPRPOROAGQLAQLISAVNKLTMRAVPOQOKPRRN
RKNKKQROKKQAPONDPKOKKQPPOKKPAQKKKKPGRRERMCMKIENDCIFEVKHEGKVMGYAC
LVGDKVMKPAHVKGTIDNADLAKLAFKRSSKYDLECAQIPVHMKSDASKFTHEKPEGYYNWHHG
AVQYSGGRFTIPTGAGKPGDSGRPIFDNKGRVVAIVLGGANEGARTALSVVTWNKDIVTKITPE
GAEEWSLALPVLCLLANTTFPCSQPPCTPCCYEKEPESTLRMLEDNVMRPGYYQLLKASLTCSP
HRORRNPDPNANPNVDPNANSTKDNEFNVYKATRPYLAHCPDCGEGHSCHSPIALERIRNEATDG
TLKIQVSLOQIGIKTDDSHDWTKLRYMDSHTPADAERAGLLVRTSAPCTITGTMGHEFILARCPKG
ETLTVGFTDSRKISHTCTHPFHHEPPVIGRERFHSRPOHGKELPCSTYVQOSTAATAEETIEVHMP
PDTPDRTLMTQQSGNVKITVNGOQTVRYKCNCGGSSGSGSNEGLTTTDKVINNCKIDOCHAAVTN
HKNWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGKNQVTMLLYPDHPTLL
SYRNMGQEPNYHEEWVTHKKEVTLTVPTEGLEVTWGNNEPYKYWPOMSTNGTAHGHPHEITILYY
YELYPTMTVVIVSVASEFVLLSMVGTAVGMCVCARRRCITPYELTPGATVPFLLSLLCCVRTTKA
ATYYEAAAYLWNEQOPLFWLOALIPLAALIVLCNCLKLLPCCCKTLAFLAVMSIGAHTVSAYEH
VIVIPNTVGVPYKTLVNRPGYSPMVLEMELQSVTLEPTLSLDYITCEYKTVIPSPYVKCCGTAE
CKDKSLPDYSCKVFTGVYPFMWGGAYCFCDAENTQLSEAHVEKSESCKTEFASAYRAHTASASA
KLRVLYQGNNITVAAYANGDHAVTVKDAKEFVVGPMSSAWTPEFDNKIVVYKGDVYNMDYPPEFGAG
RPGOFGDIQSRTPESKDVYANTQLVLQRPAAGTVHVPYSQAPSGFKYWLKERGASLQHTAPFEFGC
QIATNPVRAVNCAVGNIPISIDIPDAAFTRVVDAPSVTDMSCEVPACTHSSDEFGGVATIIKYTAS
KKGKCAVHSMTNAVTIREADVEVEGNSQLQISFSTALASAEFRVQVCSTQVHCAAACHPPKDHT
VNYPASHTTLGVQODISTTAMSWVQKITGGVGLIVAVAALILIVVLCVSEFSRH

CHIK-p21-24y

MEFIPTQTFYNRRYQPRPWAPRPTIQVIRPRPRPOROQAGQLAQLISAVNKLTMRAVPQOKPRRN
RKNKKQROKKQAPONDPKOKKQPPOKKPAQKKKKPGRRERMCMKIENDCIFEVKHEGKVMGYAC
LVGDKVMKPAHVKGTIDNADLAKLAFKRSSKYDLECAQIPVHMKSDASKFTHEKPEGYYNWHHG
AVQYSGGRFTIPTGAGKPGDSGRPIFDNKGRVVAIVLGGANEGARTALSVVTWNKDIVTKITPE
GAEEWSLALPVLCLLANTTFPCSQPPCTPCCYEKEPESTLRMLEDNVMRPGYYQLLKASLTCSP
HROQRRNPDPNANPNVDPNANPNVDPNANPNVDPNANSTKDNENVYKATRPYLAHCPDCGEGHSC
HSPTALERIRNEATDGTLKIQVSLQIGIKTDDSHDWTKLRYMDSHTPADAERAGLLVRTSAPCT
ITGTMGHFILARCPKGETLTVGEFTDSRKISHTCTHPFHHEPPVIGRERFHSRPOHGKELPCSTY
VOSTAATAEEIEVHMPPDTPDRTLMTQQSGNVKITVNGQTVRYKCNCGGSSGSGSNEGLTTTDK
VINNCKIDQCHAAVTNHKNWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYG
KNOQVTMLLYPDHPTLLSYRNMGOEPNYHEEWVTHKKEVTLTVPTEGLEVTWGNNEPYKYWPQMS
TNGTAHGHPHEITLYYYELYPTMTVVIVSVASFVLLSMVGTAVGMCVCARRRCITPYELTPGAT
VPFLLSLLCCVRTTKAATYYEAAAYLWNEQOQPLFWLOQALIPLAALIVLCNCLKLLPCCCKTLAF
LAVMSIGAHTVSAYEHVTVIPNTVGVPYKTLVNRPGYSPMVLEMELQSVTLEPTLSLDYITCEY



KTVIPSPYVKCCGTAECKDKSLPDYSCKVETGVYPFMWGGAYCFCDAENTQLSEAHVEKSESCK
TEFASAYRAHTASASAKLRVLYQGNNITVAAYANGDHAVTVKDAKFVVGPMSSAWTPFDNKIVV
YKGDVYNMDYPPFGAGRPGOQFGDIQSRTPESKDVYANTQLVLORPAAGTVHVPYSQAPSGEFKYW
LKERGASLQHTAPFGCQIATNPVRAVNCAVGNIPISIDIPDAAFTRVVDAPSVTDMSCEVPACT
HSSDFGGVAITIKYTASKKGKCAVHSMTNAVTIREADVEVEGNSQLOQISEFSTALASAEFRVQVCS
TOQVHCAAACHPPKDHIVNYPASHTTLGVQDISTTAMSWVQKITGGVGLIVAVAALILIVVLCVS
FSRH

CHIK-p21s

MEFIPTQTEFYNRRYOPRPWAPRPTIQVIRPRPRPOROAGQLAQLISAVNKLTMRAVPOOKPRRN
RKNKKQROKKQAPONDPKOKKQPPOKKPAQKKKKPGRRERMCMKIENDCIFEVKHEGKVMGYAC
LVGDKVMKPAHVKGTIDNADLAKLAFKRSSKYDLECAQIPVHMKSDASKFTHEKPEGYYNWHHG
AVQYSGGRFTIPTGAGKPGDSGRPIFDNKGRVVAIVLGGANEGARTALSVVTWNKDIVTKITPE
GAEEWSLALPVLCLLANTTFPCSQPPCTPCCYEKEPESTLRMLEDNVMRPGYYQLLKASLTCSP
HROQRRSTKDNEFNVYKATRPYLAHCPDCGEGHSCHSPIALERIRNEATDGTLKIQVSLOIGIKTD
DSHDWTKLRYMDSHTPADAERAGLLVRTSAPCTITGTMGHFILARCPKGETLTVGFTDSRKISH
TCTHPFHHEPPVIGRERFHSRPOQHGKELPCSTYVQOSTAATAEEIEVHMPPDTPDRTLMTQQOSGN
VKITVNGQTVRYKCNCGGSNPDPNANPNVDPNANSGSGSNEGLTTTDKVINNCKIDQCHAAVTN
HKNWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGKNQVTMLLYPDHPTLL
SYRNMGOEPNYHEEWVTHKKEVTLTVPTEGLEVTWGNNEPYKYWPOMSTNGTAHGHPHETITILYY
YELYPTMTVVIVSVASEFVLLSMVGTAVGMCVCARRRCITPYELTPGATVPFLLSLLCCVRTTKA
ATYYEAAAYLWNEQOQPLFWLOALTPLAALTVLCNCLKLLPCCCKTLAFLAVMSIGAHTVSAYEH
VIVIPNTVGVPYKTLVNRPGYSPMVLEMELQOSVTLEPTLSLDYITCEYKTVIPSPYVKCCGTAE
CKDKSLPDYSCKVFTGVYPFMWGGAYCEFCDAENTQLSEAHVEKSESCKTEFASAYRAHTASASA
KLRVLYQGNNITVAAYANGDHAVTVKDAKEVVGPMSSAWTPEDNKIVVYKGDVYNMDYPPEFGAG
RPGOFGDIQSRTPESKDVYANTQLVLORPAAGTVHVPYSQAPSGEFKYWLKERGASLOQHTAPEGC
QIATNPVRAVNCAVGNIPISIDIPDAAFTRVVDAPSVTDMSCEVPACTHSSDEGGVAIIKYTAS
KKGKCAVHSMTNAVTIREADVEVEGNSQLQISFSTALASAEFRVQVCSTQVHCAAACHPPKDHT
VNYPASHTTLGVQODISTTAMSWVQKITGGVGLIVAVAALILIVVLCVSFESRH

CHIK-p21n/p21s

MEFIPTQTEFYNRRYQPRPWAPRPTIQVIRPRPRPOROAGQLAQLISAVNKLTMRAVPQOKPRRN
RKNKKQOROKKQAPONDPKOKKOPPOKKPAQKKKKPGRRERMCMKIENDCIFEVKHEGKVMGYAC
LVGDKVMKPAHVKGTIDNADLAKLAFKRSSKYDLECAQIPVHMKSDASKFTHEKPEGYYNWHHG
AVQYSGGRFTIPTGAGKPGDSGRPIFDNKGRVVAIVLGGANEGARTALSVVTWNKDIVTKITPE
GAEEWSLALPVLCLLANTTFPCSQPPCTPCCYEKEPESTLRMLEDNVMRPGYYQLLKASLTCSP
HROQRRNPDPNANPNVDPNANSTKDNEFNVYKATRPYLAHCPDCGEGHSCHSPIALERTIRNEATDG
TLKIQVSLOQIGIKTDDSHDWTKLRYMDSHTPADAERAGLLVRTSAPCTITGTMGHFILARCPKG
ETLTVGFTDSRKISHTCTHPFHHEPPVIGRERFHSRPOQHGKELPCSTYVQSTAATAEEIEVHMP
PDTPDRTLMTQQSGNVKITVNGOTVRYKCNCGGSNPDPNANPNVDPNANSGSGSNEGLTTTDKV



INNCKIDQCHAAVTNHKNWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKARNPTVTYGK
NOQVTMLLYPDHPTLLSYRNMGQEPNYHEEWVTHKKEVTLTVPTEGLEVTWGNNEPYKYWPQOMST
NGTAHGHPHEITILYYYELYPTMTVVIVSVASFVLLSMVGTAVGMCVCARRRCITPYELTPGATV
PFLLSLLCCVRTTKAATYYEAAAYLWNEQOPLFWLOALTIPLAALIVLCNCLKLLPCCCKTLAFL
AVMSIGAHTVSAYEHVTVIPNTVGVPYKTLVNRPGYSPMVLEMELQSVTLEPTLSLDYITCEYK
TVIPSPYVKCCGTAECKDKSLPDYSCKVETGVYPFMWGGAYCEFCDAENTQLSEAHVEKSESCKT
EFASAYRAHTASASAKLRVLYQGNNITVAAYANGDHAVTVKDAKEFVVGPMSSAWTPEDNKIVVY
KGDVYNMDYPPFGAGRPGQFGDIQSRTPESKDVYANTQLVLORPAAGTVHVPYSQAPSGEFKYWL
KERGASLOQHTAPFGCQIATNPVRAVNCAVGNIPISIDIPDAAFTRVVDAPSVTDMSCEVPACTH
SSDEGGVAIIKYTASKKGKCAVHSMTNAVTIREADVEVEGNSQLOISEFSTALASAEFRVQVCST
QVHCAAACHPPKDHIVNYPASHTTLGVQDISTTAMSWVQKITGGVGLIVAVAALTLIVVLCVSE
SRH

CHIK-p21-23n/p21e

MEFIPTQTEFYNRRYQPRPWAPRPTIQVIRPRPRPOROAGQLAQLISAVNKLTMRAVPQOKPRRN
RKNKKQOROKKQAPONDPKOKKOPPOKKPAQKKKKPGRRERMCMKIENDCIFEVKHEGKVMGYAC
LVGDKVMKPAHVKGTIDNADLAKLAFKRSSKYDLECAQIPVHMKSDASKFTHEKPEGYYNWHHG
AVQYSGGRFTIPTGAGKPGDSGRPIFDNKGRVVAIVLGGANEGARTALSVVTWNKDIVTKITPE
GAEEWSLALPVLCLLANTTEFPCSQPPCTPCCYEKEPESTLRMLEDNVMRPGYYQLLKASLTCSP
HRORRNPDPNANPNVDPNANPNVDPNANSTKDNENVYKATRPYLAHCPDCGEGHSCHSPIALER
IRNEATDGTLKIQVSLOIGIKTDDSHDWTKLRYMDSHTPADAERAGLLVRTSAPCTITGTMGHFE
ILARCPKGETLTVGFTDSRKISHTCTHPFHHEPPVIGRERFHSRPOQHGKELPCSTYVQSTAATA
EEIEVHMPPDTPDRTLMTQOSGNVKITVNGQTVRYKCNCGGSNPDPNANPNVDPNANSGSGSNE
GLTTTDKVINNCKIDQCHAAVTNHKNWQYNSPLVPRNAELGDRKGKIHIPFPLANVTCRVPKAR
NPTVTYGKNQVTMLLYPDHPTLLSYRNMGQEPNYHEEWVTHKKEVTLTVPTEGLEVTWGNNEPY
KYWPOMSTNGTAHGHPHEITLYYYELYPTMTVVIVSVASEFVLLSMVGTAVGMCVCARRRCITPY
ELTPGATVPFLLSLLCCVRTTKAATYYEAAAYLWNEQOPLFWLOALIPLAALIVLCNCLKLLPC
CCKTLAFLAVMSIGAHTVSAYEHVTVIPNTVGVPYKTLVNRPGYSPMVLEMELQSVTLEPTLSL
DYITCEYKTVIPSPYVKCCGTAECKDKSLPDYSCKVETGVYPEMWGGAYCEFCDAENTQLSEAHV
EKSESCKTEFASAYRAHTASASAKLRVLYQGNNITVAAYANGDHAVTVKDAKEFVVGPMSSAWTP
FDNKIVVYKGDVYNMDYPPFGAGRPGQFGDIQSRTPESKDVYANTQLVLOQRPAAGTVHVPYSQA
PSGFKYWLKERGASLQHTAPFGCQIATNPVRAVNCAVGNIPISIDIPDAAFTRVVDAPSVTDMS
CEVPACTHSSDFGGVAIIKYTASKKGKCAVHSMTNAVTIREADVEVEGNSQLOISEFSTALASAE
FRVOVCSTQVHCAAACHPPKDHIVNYPASHTTLGVODISTTAMSWVQOKITGGVGLIVAVAALIL
IVVLCVSFESRH

CHIK-p21-23n/p21-235

MEFIPTQTEFYNRRYOQPRPWAPRPTIQVIRPRPRPOROAGQLAQLISAVNKLTMRAVPOQOKPRRN
RKNKKQROQKKQAPONDPKOQKKQPPOQKKPAQKKKKPGRRERMCMKIENDCIFEVKHEGKVMGYAC
LVGDKVMKPAHVKGTIDNADLAKLAFKRSSKYDLECAQIPVHMKSDASKFTHEKPEGYYNWHHG



AVQYSGGRFTIPTGAGKPGDSGRPIFDNKGRVVAIVLGGANEGARTALSVVTWNKDIVTKITPE
GAEEWSLALPVLCLLANTTFPCSQPPCTPCCYEKEPESTLRMLEDNVMRPGYYQLLKASLTCSP
HRORRNPDPNANPNVDPNANPNVDPNANSTKDNEFNVYKATRPYLAHCPDCGEGHSCHSPIALER
IRNEATDGTLKIQVSLOIGIKTDDSHDWTKLRYMDSHTPADAERAGLLVRTSAPCTITGTMGHFE
ILARCPKGETLTVGFTDSRKISHTCTHPFHHEPPVIGRERFHSRPOHGKELPCSTYVQOSTAATA
EETEVHMPPDTPDRTLMTQQSGNVKITVNGQTVRYKCNCGGSNPDPNANPNVDPNANPNVDPNA
NSGSGSNEGLTTTDKVINNCKIDQCHAAVTNHKNWQYNSPLVPRNAELGDRKGKIHIPEFPLANV
TCRVPKARNPTVTYGKNQVTMLLYPDHPTLLSYRNMGQEPNYHEEWVTHKKEVTLTVPTEGLEV
TWGNNEPYKYWPOMSTNGTAHGHPHEITILYYYELYPTMTVVIVSVASEFVLLSMVGTAVGMCVCA
RRRCITPYELTPGATVPFLLSLLCCVRTTKAATYYEAAAYLWNEQOPLFWLOALTPLAALIVLC
NCLKLLPCCCKTLAFLAVMSIGAHTVSAYEHVTVIPNTVGVPYKTLVNRPGYSPMVLEMELQSV
TLEPTLSLDYITCEYKTVIPSPYVKCCGTAECKDKSLPDYSCKVETGVYPFMWGGAYCEFCDAEN
TOLSEAHVEKSESCKTEFASAYRAHTASASAKLRVLYQGNNITVAAYANGDHAVTVKDAKEVVG
PMSSAWTPEFDNKIVVYKGDVYNMDYPPFGAGRPGQFGDIQSRTPESKDVYANTQLVLOQRPAAGT
VHVPYSQAPSGFKYWLKERGASLOQHTAPFGCQIATNPVRAVNCAVGNIPISIDIPDAAFTRVVD
APSVTDMSCEVPACTHSSDEFGGVAITIKYTASKKGKCAVHSMTNAVTIREADVEVEGNSQLQISFE
STALASAEFRVQVCSTQVHCAAACHPPKDHIVNYPASHTTLGVQDISTTAMSWVQOKITGGVGLI
VAVAALILIVVLCVSFSRH
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