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Full length Ron2 amino acid sequence identity matrix

P.gallinace... P.relictum P.facliparum P.reichenowi P.coatneyi  P.knowlesi Pvivax  P.cynomogi P.ovale P.malariae  P.berghei P.yoelii P.chabaudi B.bovis T.gondii

P.gallinaceum T3 14.022%
P.relictum 20.708% | 14.642%
P.facliparum 89.91( 3 | 19.166% | 14.796%
P.reichenowi 89.9 | 19.083% | 14.899%
P.coatneyi 5.39( 1.946 .1 20.621% | 14.496%
P.knowlesi 8 80.61¢ 3 ] 20.555% | 14.687%
P.vivax 81.946 80.616 1 s 14.450%
P.cynomogi 14.815%
P.ovale 3 1% | 20.662% | 14.139%
P.malariae 4 : % | 5% 19.562% | 13.892%
P berghei ; 9.140% | 3¢ ; ; ; 3 ] 80.753 69.407 19.264% | 13.118%
P.yoelii ! : 8 19.321% | 13.359%
P.chabaudi | SET : 8.06 | 37.339% 892% | 34.00 20.340% | 13.911%
8.bovis ) | 20.423% | 20.662% | 19.562% | 19.264% | 19.321% | 20.340% 13.002%
T.gondii 14.022% | 14.642% | 14.796% | 14.899% | 14.496% | 14.687% 14.815% | 14.139% | 13.892% | 13.118% | 13.359% | 13.911% | 13.002%

Full length Ron2 amino acid sequence similarity matrix

P.gallinace... P.relicum P.facliparum P.reichenowi P.coatneyi  P.knowlesi  P.vivax  P.cynomogi  P.ovale  P.malariae hei P.chabaudi  B.bovi T.gondii
P.gallinaceum ~ 59.863% 3 | 45.095%
P.relictum % 45.634%
P.facliparum 3.094 I | 47.047%
P.reichenowi 3.094 R 46.975%
P.coatney! 34.99 )1.765 8 46.169%
P.knowlesi 34.991 31.712 2 46.360%
P.vivax 59.863%

P.cynomogi

P.ovale

P.malariae | 3 f

P.berghei 30.051 5.707 44.233%
?.yoeli : : 60.325% 32 50.051 82.605 44.802%
P.chabaudi | | 2 86!  57.409% EERIN 82.605 45.538%
8.bovis S 57.698; il : 6.709% | 56.122% | 56.775% | 56.887% | 57.361% | 54.832% | 54.961% | 56.667% | 43.363%
T.gondii . 46.105% | 46.385% 44.233% 43.363%

Figure S1: Ron2 protein amino acid sequence identity matrix and similarity matrix



Ron2 peptide amino acid sequence alignment

3" "«
Consensus IGEMIGPEAT S PPPEQECHQ Q ANENATETS
1. P.ovale GMIC AMC.MMQ.C-Q ANMEAABET
2., Pvivax =

3. P.malariae

4, P.coatneyi

5. P.cynomogi

6. P.knowlesi
7.P.berghei

8, P.chabaudi

9, P.yoelii

10. P.gallinaceum
11, Pirelictum
12. P.facliparum
13, P.reichenowi
14, B.bovis

15. T.gondii

Ron2 peptide amino acid sequence identity matrix

P.ovale P.vivax P.malariae  P.coatneyi P.cynomogi P.knowlesi P.berghei P.chabaudi P.yoelii P.gallinace... P.relictum P.facliparum P.reichenowi B.bovis
P.ovale 92.308 87.179 8¢ 89.744 5 33 [ 71.795% 1 41.026% | 15.385%
P.vivax 2.308 8 7 i 15.385%
P.malariae 92.308 2.308 92.308 /¢ / 2 5 i 15.385%
P.coatneyi 2 8 1 )S 7 15.385%
P.cynomogi 2 .3 94 2 5 7 15.385%
P.knowlesi 44 £ 2 2 92 7 7 17.949%
P.berghei 4 76.¢ 7.43¢ 1.026% | 20.513%
P.chabaudi ) 6 2.3 [ 20.513%
P.yoelii 9 ; 4.872 2.308 71.795¢ 20.513%
P.gallinaceum 5% 6.92 76.92 23 71.795 17.949%
P.relictum
P.facliparum 97.43¢ 3 17.949%
P.reichenowi | 17.949%
8.bovis .026% | 41.026% | 43.590% | 38.462% | 38.462% | 38.462% 41.026% 26% | ¢ 4 5 026% 15.789%
T.gondii 15.385% 15.385% 15.385% 15.385% 15.385% 17.949% | 20.513% 8 20.513% 17.949% 20.513% 17.949% 17.949% | 15.789%

Ron2 peptide amino acid sequence difference matrix

P.yoelii P.relictum P.facliparum P.reichenowi  B.bovis T.gondii

P.ovale P.vivax P.malariae  P.coatneyi P.cynomogi P.knowlesi  P.berghei P.chabaudi P.gallinace...
P.ovale 3 5 : 4 9 11
P.vivax
P.malariae
P.coatneyi
P.cynomogi
P.knowlesi
P.berghei
P.chabaudi
p.yoelil
P.gallinaceum
P.relicum
P.facliparum
P.reichenowi
B8.bovis

T.gondii

Figure S2: Ron2 peptide amino acid sequence alignments, identity matrix and amino acid difference
matrix.
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Figure S3. (A) PFAMA-1, (B) PvAMA-1 and (C) PKAMA-1 protein. The purified recombinant
proteins (1 pg) were run on an SDS-PAGE gel and then tested for protein presence using a (i) protein
gel (stained with colloidal blue) or antibody recognition by (ii) western blot. (A-i) PFAMA-1, and (B-
i) PvAMA-1 were tested as reduced (TCEP) and non-reduced and compared to E. coli expressed
protein. (A-ii) PPAMAL was also tested for binding of the 4E11 mAb and (B-ii) polyclonal rabbit

B. PYAMA-1
(i) SDS-PAGE with
colloidal Blue stain

E. coli HEK293F

“NR’R NR\R
250

150 —

100 —
75—

50— T -

(ii)  Western blot with
rabbit anti-PvAMA-1

E coli HEK293F
NR\ R NR| R

i

250

‘e

d
e

150 —

100 —
75

50 —

antibodies. (C) PKAMA-1 was tested as a hon-reduced protein.
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AMAT1 Loop 1E amino acid sequence alignment: extracted from Pfalciparum AMA1 homologues

Consensus

1. P.coatneyi

2. P.knowlesi
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4, Pvivax

5, P.ovale

6. P.malariae
7. P.falciparum
8. P.reichenowi
9, P.gallinaceum
10, P.relictum
11. P.berghei
12. P.yoelii

13. P.chabaudi
14, B.bovis

15. T.gondii
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AMAT1 Loop 1E amino acid sequence identity matrix

P.coatneyl ... P.knowlesl... P.cynomog... P.vivax ext... P.ovale e... P.malariae... P.falciparu... P.reicheno... P.gallinace... P.relicum ...
P.coatneyt 85.714 2.85 2.85 X
P.knowles! 71.429
P.cynomogi 28.571%
Pivax | 28.571% |
P.ovale 21.429%
P.malariae B.571
P.falciparum 21.429% | 21.429%
P.reichenow! 28.571% 28.571% )2.85 28.571%
P.gallinaceum | 28.571% | 28.571% |
P.relicum m
P.berghei mmmms:m
P.yoelii ﬂm z&sru mmmzmmsﬁ
P.chabaudi mmm
8.bovis 28.571% smm
T.gondil il | 1 12.500% 18.750% \ lB 75076

AMAT1 Loop 1E amino acid sequence difference matrix
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P.vivax
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P.malariae
P.faiciparum
P.reichenow!
P.gallinaceum
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T.gondii
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Figure S4: AMAL LooplE amino acid sequence alignments, identity matrix and amino acid

difference matrix.
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Figure S5: Generation of transgenic P. falciparum that express chimeric PvAMAL incorporating P.
falciparum LooplE amino acids. A. Plasmid design and integration. A codon optimised PVAMA1
gene incorporating P .falciparum 3D7 PFAMAL Loop 1E amino acid substitutions at positions 222-
228 was transfected into W2Mef parental parasites. The single-crossover event for allelic replacement
of the wild type (WT) AMAL is illustrated. B. PCR confirmation of allelic exchange of the PvAMAL
PfLooplE gene into the WT AMAL locus. The regions amplified by PCR are indicated by horizontal
lines above the DNA schematics in (A). The expected sizes for wild type (WT), non-integrated
plasmid (P) and integrated 3D7 AMAL (Int) are shown in kilobases (kb). Transgenic parasites were
screened for the presence of the wild-type locus, transfection plasmid, and integrated plasmid. The
first lane shows an absence of the wild-type locus (WT, expected size 1.90 kb). The second lane
shows the presence of the transfection plasmid (P, expected size 0.90 kb), which has integrated into

the parasites' genome (third lane, Int, expected size 0.96 kb).
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Figure S6: Generation of transgenic P .falciparum that expresses chimeric 3D7 AMA1 incorporating
P .vivax LooplE amino acids. A. Plasmid design and integration. A codon optimised 3D7 PFAMAL
gene incorporating P.vivax AMAL Loop 1E amino acid substitutions at positions 222-228 was
transfected into W2Mef parental parasites. The single-crossover event for allelic replacement of the
wild type (WT) AMAL is illustrated. B. PCR confirmation of allelic exchange of the PFAMAL
PvLooplE gene into the WT AMAL1 locus (W2-3D7 AMA1 PvLooplE Clone). The regions amplified
by PCR are indicated by horizontal lines above the DNA schematics in (A). The expected sizes for
wild type (WT), non-integrated plasmid (P) and integrated 3D7 PFAMAL (Int) are shown in kilobases
(kb). Transgenic parasites were screened for the presence of the wild-type locus, transfection plasmid,
and integrated plasmid. The first lane shows lack of detection of the wild-type locus (WT, expected
size 1.90 kb). The second lane shows the presence of the transfection plasmid (P, expected size 0.90
kb), which has integrated into the parasite genome (third lane, Int, expected size 0.96 kb).



Alignment of AMA-1 sequences from P falciparum, P._vivax and P._knowlesi

PfAMA-1 MDAMKRGLCCVLLLCGAVFVSASHHHHHHQNYWEHPYQNSDVYRPTINEHREHPKEYEYPT,

PvAMA-1 MDAMKRGLCCVLLLCGAVFVSASHHHHHH----— x -

PkAMA-1 MDAMKRGLCCVLLILCGAVEVSASHHINIH
R R e

PfAMA-1 HQEHTYQQEDSGEDENTLQHAYPTDHEGAREPAPQREQNTL.FSSTETVERSNYMGNPWTEYMA

PvAMA-1 ——————————— GRNQKPSRLTRSANNVLLEKGP—————————— TVERSTRMSNPWKAFME
PkAMA-1 ERNQKTTRLTRSANNALLEKGP IIERSIRMSNPWKAFME
L s S N S R R i g ST S Rt T R S

|
PfAMA-1 KYDIEEVHGSGIRVDLGEDAEVAGTQYRLPSGKCPVFGKGIIIENSKTTFLTPVATGNQY
PvAMA-1 KYDIERTHSSGVRVDLGEDAEVENAKYRIPAGRCPVEGKGIVIENSAVSFLKPVATGDQR
PKAMA-1 KYDLERAENSGIRIDLGEDAEVGNSXYRIPAGKCPVFGKGIVIENSAVSFLTPVATCAQR

kkk kg Kk kkokokkkhkhkhf - okkokok FkkkkAkkokhkrkf ok rkkxkfig

PfAMA-1 LKDGGFAFPPTEPIMSPMTLDEMRHFYKDNKYVKNLDELTLCSRHAGNMIPDNDKNSNYK
PvAMA-1 LKDGGFAFPNANDHISPMTLENLKARYKDNVEMMKLNDIALCRTHAASFVMAGDQNSNYR
PkAMA-1 TKEGGFAFPNADDHTSPTTTANTLKERYKENADTLMKTLNDTAT.CKTHAASFVTIAEDQNSSYR

et LT el e S ¢ s es - A TRy En R - s R

PfAMA-1 YPAVYDDKDKKCHILY IAAQENNGPRYCNKDESKRNSMFCFRPAKDISEFQNYVYLSKNVV
PvAMA-1 HPAVYDEKEKTCHMLYLSAQENMGPRYCSPDAQNRDAVFCFKPDKDESFENLVYLSKNVR
PKkAMA-1 HPAVYDEKEKTCYMLYLSAQENMGPRYCSPDSQNKDAMFCFKPDKNEKFDNLVYLSKNSR

shdkhk gk ek kg akkgakkhkfhkdkhk fxy shAkk kfk ol ke kfEkExkad

PfAMA-1 DNWEKVCPRKNLONAKFGLWVDGNCEDLPHVNEFPALDLFECNKLVEELSASDQPKQYEQ
PvAMA-1 NDWDEKKCPRKNLGNAKFGLWVDGNCEEIPYVKEVEAKDLRECNRIVFEASASDQPTQYEE
PkAMA-1 NDWENKCPRKNLGNAKFGLWVDGNCEEIPYVNEVEARSLRECNRIVFEASASDQPRQYEE

sk e fRAAKK AP AR I FIKARAKRAE X sk ko k ok A KA dKx sk rAfrrhrkhfrrk,

PfAMA-1 HLTDYEXKTKEGFKNKNADMIKSAFLPTGAFKADRYKSHGKGYNWGNYNTETQKCETFNVK
PvAMA-1 EMTDYQXKIQQGFRQNNREMIKSAFLPVGAFNSDNFKSKGRGFNWANFDSVKKKCYIFNTK
PKAMA-1 ELTDYEXKIQEGERONNRDMIKSAFLPVGAFNSDNEKSKGRGYNWANEDSVNNKCYIFNTK

FrAAh KA aAA 2o AErAAAAAARA AAArah sAKsAh ArAh_Assod sAAEAAA A

PfAMA-1 PTCLINSKSYIATTALSHPIEVENNFPCSLYKDEIMKEIERESKRIKLNDNDDEGNKKII
PvAMA-1 PTCLINDKNFIATTALSHPREVDLEFPCSIYKDEIEREIKKQSRNMNLYSVDGE-—-RIV
PKkAMA-1 PTCLINDKNFFATTALSHPQEVDNEFPCSIYKDEIEREIKKQSENMNLY SVDKE-——RLV

Akwkkhk k ookkkxkkkk kkoflokkkkokkhwkf kk; ok okl dkSaLEd ko

PfAMA-1 APRIFISDDKDSLKCPCDPEMVSESTCRFFVCKCVERRAEVTSNNEVVVKEEYXKDEYADT
PvAMA-1 T,PRTIFTSNDKESTKCPCEPEHTSQSTCNFYVCNCVEKRAETKENNQVVTKEEFRDYYEN-
PkAMA-1 LPRIFISTDKESTKCPCEPEHISQSTCNEFYVCNCVEKRAEIKENNEVITKEEFKEDYEN—

Jrordrrhfihk ok o khrFokhf ok akFh KakkaFhx khkky | kxakgakkk. pEfof

PfAMA-1 PEHXPTYDKME
PvAMA-1 GEEX---SNKQ
PkAMA-1 PDGK HKKEK

EEE S 122 5

Figure S7: Alignment of the PFAMAL, PvAMAL and PKAMAL amino acid sequences expressed as
recombinant proteins in HEK293F cells



Table 1. Details of the sequences used to make the recombinant AMA-1

Modified
Antigen  Species Strain Accession no. s o] B 1o IO
aa (aa) glycosylation
motif?
. XP 001348015.1
P falciparum  3D7 PF11 0344 Q25-K546 522 Yes, Table 2
ACB42433.1
2 iV 2- 2
AMA-1 P vivax Palo Alto EU395595.1 G22-Q484 463 Yes, Table 2
P lmowlesi H AL AR E22-K484 463 Yes, Table 2

PKH_093110




Table 2. Modifications to the AMA-1 protein sequence to remove
potential glycosylation sites.

Potential N-glycosylation Modifications to remove
potential glycosylation sites
Ami i Ami Modifi .
ino acid lino .Odl 1efi Nilifie i
no. acids amino acids
162 NTT 162 N-K KTT
286 NYT 288 T-V NYV
BE 371 NAS 373 S-D NAD
e s NNSS e B=s NSKS
422 423 S-K S
499 NST 499 N-E EST
176 NSS 178 S-N NSN
Pv
22 NE 226 N-D DES
i 6 S 6 D
441 NST 441 N-Q QST
36 NAS 38 S-L NAL
107 NVS 107 N-A AVS
176 NTS 171 "T=8 NSS
Pk —
AMA-1 189 NKT 189 N-E EKT
239 V-8
238 NVS NSR
240 S-R —

441 NST 441 N-Q QST




