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A Stabilizing
Serotype combinations Mutations
DENV1 I2-U6-P4-S1 A259W,T262R-F279W,A280P-S29K, T33V,A35M-K204R
DENV2 I2-U6-P4-S1 A259W,T262R-F279W, T280P-S29K, T33V, A35M-K204R
DENV3 19-U6-P4-S1 L251R,Q254L,A257Y,T260L-F277W,A278P-G29K,T33V,A35M-K202R
DENV4 I2-U6-P4-S1 A259W,S262R-F279W,A280P-G29K, T33V, A35M-K204R

B P4
DENV1 MRCVGIGNRDFVEGLSGATWVDVVLEHGKCVTVMYKDKPTLDIELLKTEVTNPAVLRKLC 60
DENV2 MRCIGMSNRDFVEGVSGGSWVDIVLEHGKCVTVMMKNKPTLDFELIKTEAKQPATLRKYC 60
DENV3 MRCVGVGNRDFVEGLSGATWVDVVLEHGKCVTVMYKNKPTLDIELQKTEATQLATLRKLC 60
DENV4 MRCVGVGNRDFVEGVSGGAWVDLVLEHGKCVTVMQGKPTLDFELTKTTAKEVALLRTYC 60

HEK K. KEEEEKEKK KK . KKK REEREKKKRRKKK . REKEKEKK .k KX - X kX% *

DENV1 IEAKISNTTTDSRCPTQGEATLVEEQDTNFVCRRTFVDRGWGNGCGLFGKGSLITCAKFK 120
DENV2 IEAKLTNTTTESRCPTQGEPSLNEEQDKRFVCKHSMVDRGWGNGCGLFGKGGIVTCAMFR 120
DENV3 IEGKITNITTDSRCPTQGEAILPEEQDQNYVCKHTYVDRGWGNGCGLFGKGSLVTCAKFQ 120
DENVA IEASISNITTATRCPTQGEPYLKEEQDQQYICRRDVVDRGWGNGCGLFGKGGVVTCAKFS 120

x X K KX L RKEEKKKXKXK X RKXXKX DR KEREKEKKEKKKKKKKKRKR . . KkXk X

DENV1 CVTKLEGKIVQYENLKYSVIVTVHTGDQHQVGNETTEHGTTATITPQAPTSEIQLTDYGA 180
DENV2 CKKNMEGKVVQPENLEYTIVITPHSGEEHAVGNDTGKHGKEIKITPQSSITEAELTGYGT 180
DENV3 CLESIEGKVVQHENLKYTVIITVHTGDQHQVGNET--QGVTAEITPQASTVEAILPEYGT 178
DENVA CSGKITGNLVQIENLEYTVVVTVHNGDTHAVGNDTSNHGVTAMITPRSPSVEVKLPDYGE 180

X . K..RX RRK.K...ok X K. X kKoK L% *kK . x % k%

Sl

DENV1 LTLDCSPRTGLDFNEMVLLTMKERSWLVHKQWFLDLPLPWTSGASTSQETWNRQDLLVTF 240
DENV2 VTMECSPRTGLDFNEMVLLQMENRAWLVHRQWF LDLPLPWLPGADTQGSNWIQKETLVTF 240
DENV3 LGLECSPRTGLDFNEMILLTMKNRAWMVHRQWFFDLPLPWTSGATTETPTWNRKELLVTF 238
DENVA LTLDCEPRSGIDFNEMILMKMKKRTWLVHKQWF LDLPLPWTAGADTSEVHWNYKERMVTF 240

Cok KK KORERERKLK. K. KK KKRRK L RRKKRX KX X X .. kKX

I9,I2 ué

DENV1 KTAHAKKQEVVVLGSQEGHMHRALTGATEIQTSGTTTIWPGHLKCRLKMDKLTLKGMSYV 300
DENV2 KNPHAKKQDVVVLGSQEGWMHRALTGATEIQMSSGNLLWPGHLKCRLRMDKLQLKGMSYS 300
DENV3 KNAHAKKQEVVVRGSLEGYMHLALTGATEIQNSGGTSIWPGHLKCRLKMDKLELKGMSYA 298
DENVA KVPHAKRQDVTVLGSQEGWMHRALAGATEVDSGDGNHMWPGHLKCKVRMEKLRIKGMSYT 300

x XXkK.K.kK X XX XKXK.XKK KK.KKXKX.. S EKEEEKKK . - KKK LKEKRKK

DENV1 MCTGSFKLEKEVAETQHGTVLVQVKYEGTDAPCKIPFSSQDEKGVTQNGRLITANPIVTD 360
DENV2 MCTGKFKVVKETIAETQHGTIVIRVQYEGDGSPCKIPFEIMDLEKRHVLGRLITVNPIVTE 360
DENV3 MCLNTFVLKKEVSETQHGTILIKVEYKGEDAPCKIPFSTEDGQGKAHNGRLITANPVVTK 358
DENVA MCSGKFSIDKEMAETQHGTTVVKVKYEGAGAPCKVPIEIRDVNKEKVVGRIISSTPLAEN 360

XX K . KK EKEEKEEKEK .. aK.EKLXK « kKK . XK. * . K .K. * .

DENV1 KEKPVNIEAEPPFGESYIVVGAGEKALKLSWFKK 394
DENV2 KDSPVNIEAEPPFGDSYIIIGVEPGQLKLNWFKK 394
DENV3 KEEPVNIEAEPPFGESNIVIGIGDKALKINWYKK 392
DENVA TNSVTNIELEPPFGDSYIVIGVGNSALTLHWFRK 394

SFig 1. Sequences of DENV1-4 sk SC. (A) Mutations made in each serotype. (B) Sequence
alignment of DENV1-4 sk SC. Amino acid sequences are from DENV1 WestPac 74, DENV2

16681, DENV3 CH53489 and DENV4 TVP-376. Stabilizing mutations are highlighted: PM4 in EDI
(cyan), 12 and I9 at the central helix (orange), S1 (pink) and U6 (green) at EDI/Il hinge.



07N S “
B CoPoP PHAD DOPC Chol QS-21 sE
mass ratio 1 0.4 20 5 0.4 0.25
MW (g/mol) 1069 1747.5 786.1 386.7 1990 45500
mol ratio 0.000935 0.000229 0.025442 0.01293 0.000201| 5.49E-06
mol % 2354 0576  64.017 32.534 0.506 0.014
#/particle (80,000 lipid) 1883 461 51213 26027 405 11

SFig 2. Coupling of sk to CPQ liposomes. (A) Chemical structure of PoP and CoPoP lipid
moiety. (B) Stoichiometry calculation based on the coupling mass ratio. (C) SDS-PAGE analysis
of unbound sE post conjugation to CPQ. ‘Beads’ refers to the fraction collected from Ni-beads.
‘FT’ fraction refers to the flow-through fraction after Ni incubation.
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SFig 3. Binding ELISA of DENV2 and DENV3 CPQ-sE against a panel of type-specific and
cross-reactive Abs. DENV2 (A) and DENV3 (B) CPQ-sE were captured by mouse mAb 4G2 and
tested against human anti-E mAbs. Primary Abs were detected using AP-labelled anti-human
IgG. (-) samples contained no primary Ab. Type-specific Abs for each serotype are bolded.
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SFig 4. Binding IgG titer against DENV1-4 as area under the curve (AUC). (A) Binding IgG titer
to mature DENV2, mean = sd. Binding titer of DENV3-vaccinated groups was significantly lower
than LPQ/CPQ 2 SC and bivalent groups with CPQ/LPQ (statistics not depicted on graph). (B)
Binding 1gG titer to mature DENV3, mean * sd. Binding titer of DENV2-vaccinated groups was
significantly lower than LPQ/CPQ 3 SC and bivalent groups containing sk SC (statistics not
depicted on graph). (C) Binding IgG (placebo-subtracted) and neutralizing titer against mature
DENVs across monovalent CPQ-sE groups, bivalent groups and tetravalent CPQ-sE SC. The
horizontal dotted line represents the limit of detection of the neutralization assays. Statistical
analysis by a one-way ANOVA followed by a Tukey’s test (*p<0.05, **p<0.01, ***p<0.001,
****p<0.0001).
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SFig 5. Correlation between binding IgG and neut50 of mouse sera for CPQ-sE SC groups. Total
IgG level represented as area under the curve (AUC) vs logneutso for DENV2 (A), DENV3 (B), DENV1
(C) and DENV4 (D) for mouse sera from monovalent (CPQ 2/3 SC), bivalent (CPQ 2+3 SC) and
tetravalent (CPQ Tet SC) vaccinations. Neut50 is log-transformed to match the scale of AUC, which
was calculated using log-transformed dilution factors.
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SFig 6. Confirmation of sk depletion by ELISA. Sera was pooled in each group for sE
depletion and was incubated with sE-coupled or BSA-coupled beads to remove different Ab
populations. Depletion was confirmed completed at 1:200 serum dilution by Ni ELISA to the
matching depleting proteins for type-specific Ab depletion (A) and cross-reactive Ab depletion
(B). (C) Type-specific and cross-reactive Ab depletion confirmation for CPQ Tet SC group. The
dashed line represents no serum control
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SFig 7. Binding titration of mouse mAb 4G2 against DENV1-4. Mouse mAb 4G2 was titrated
against 1M7-captured viruses. The concentrations of viruses used are equivalent to those in
serology experiments.
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SFig 8 DENV2 binding titrations (A) and virus neutralization (B) by mouse sera.
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SFig 9. DENV3 binding titrations (A) and virus neutralization (B) by mouse sera
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SFig 10. DENV1 binding titrations (A) and virus neutralization (B) by mouse sera
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SFig 11. DENV4 binding titration (A) and virus neutralization (B) by mouse sera.
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