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Abstract

Safe and effective vaccines against co-circulating mosquito-borne orthoflaviviruses such as Zika virus
(ZikV) and the four serotypes of dengue virus (DenV1-4) must elicit broadly neutralizing antibodies (bnAbs)
to prevent the risk of enhancement of infection by non-neutralizing antibodies. We recently discovered
new orthoflavivirus-directed bnAbs, including F25.502, which neutralizes DenV1-4 and ZikV with
comparable or superior potency to the previously characterized E dimer epitope (EDE) bnAbs.
Mutagenesis studies of viral envelope proteins showed that the epitope specificity of F25.502 is distinct
from EDE1 bnAbs. Here, we used cryoEM and X-ray crystallography to understand the basis of cross-
neutralization of F25.502 at the molecular level. We obtained a ~4.2 A cryoEM structure of F25.502 Fab
bound to a stabilized DenV3 soluble E protein dimer and a 2.3 A crystal structure of F25.502 Fab bound to
ZikV soluble E protein dimer. Like previously described EDE1 bnAbs, the structural epitope of F25.502 is
at the E dimer interface, encompassing predominantly conserved regions in domain Il, including the fusion
loop. However, unlike EDE1 bnAbs, F25.502 binding is almost entirely dependent on the heavy chain and
is shifted slightly away from the dimer symmetry axis. Our findings emphasize the importance of this
cross-neutralizing site of vulnerability for DenV and ZikV that can facilitate rational design of vaccines and

therapeutics.
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Introduction

Orthoflaviviruses are arthropod-borne, enveloped RNA viruses that can cause symptoms ranging from a
self-limiting fever to potentially fatal hemorrhagic or neuroinvasive disease for which there is no
treatment beyond supportive care. Many orthoflaviviruses are emerging threats to global health: the four
DenV serotypes (DenV1-4) infect an estimated 390 million people annually[1]; ZikV emerged outside of
Asia and Africa for the first time in 2007 and was repeatedly introduced into the Americas in 2014-2015,
leading to considerable morbidity[2]. The ability of orthoflaviviruses to rapidly emerge from relative
obscurity to serious public health threats combined with the geographical expansion of mosquito
vectors[3], further facilitated by climate change [4], underscores the importance of effective clinical
interventions.

The envelope (E) protein of orthoflaviviruses, including DenV1-4 and ZikV, is a key structural protein
involved in viral entry and membrane fusion, and is the target of antibodies [5]. The soluble form of this
protein (sE) retains many of the antigenic properties of the native virion-associated E protein [6]. While
structurally conserved across DenV1—4 and ZikV, variations in sE can influence virus-specific interactions
with host antibodies and receptors, impacting cross-reactivity and immune protection [7].

The complex antibody response to co-circulating and antigenically related orthoflaviviruses presents a
major challenge for vaccine development. Specifically, the presence of cross-reactive, non-neutralizing
antibodies to E protein from a prior exposure to ZikV or a given DenV serotype predicts the risk of severe
disease following secondary exposure to a different DenV serotype(8, 9] - a process known as antibody-
dependent enhancement (ADE) of infection. To minimize the risk of ADE, a safe and effective vaccine must
elicit antibodies that simultaneously neutralize DenV1-4, and ideally, ZikV. Despite decades of research,
ADE-related safety concerns ultimately derailed the widespread use of the first licensed DenV vaccine[10].
This unfortunate outcome eroded public confidence in vaccines in general[11]. Thus, although many

successful vaccines have been developed without first knowing the specific targets of the antibodies they
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elicited, such empirical approaches to developing DenV vaccines have been insufficient. A rational
approach to vaccine design to limit the elicitation of non-neutralizing antibodies is needed and this
requires improving our fundamental understanding of how orthoflavivirus bnAbs recognize their targets.
A few bnAbs that can potently neutralize DenV1-4 and in some cases, ZikV, have been isolated from
infected individuals. The most well-characterized bnAbs target an envelope-dimer epitope (EDE) spanning
both E protein protomers within the dimer subunit as defined by X-ray crystallography and cryo-electron
microscopy (cryo-EM)[12, 13]. There are two subclasses of EDE bnAbs, of which EDE1 but not EDE2 can
potently neutralize ZikV in addition to DenV1-4[14]. Until recently, SIgN-3C was the only known naturally
occurring, cross-neutralizing antibody outside the EDE1 class[15]. Unlike EDE antibodies, which target an
intra-dimer epitope, SIgN-3C binds an epitope at the inter-dimer interface[16], as determined by cryo-EM.
Recently, we identified F25.502, another naturally occurring bnAb with broad and potent cross-
neutralization of DenV1-4 and ZikV [17]. Mutational and neutralization analysis showed that the F25.502
epitope was distinct from the EDE1 bnAb C10 [17]. Here, we determined the binding mechanism of
F25.502 to DenV3 sk dimer by cryoEM and to ZikV st dimer using X-ray crystallography. The structures
revealed that F25.502 differs in its mode of binding compared to other cross-neutralizing EDE1 antibodies.
Our results can ultimately guide structure-based vaccine design, the promise of which is best exemplified

by the recently approved vaccine for respiratory syncytial virus[18].

Results

F25.502 binds a highly conserved patch on DenV3 sE

We previously showed that F25.502 had the highest neutralization potency against DenV3[17]. We
expressed and purified a previously described stabilized sE protein dimers (DenV3 sE sc30)[19] and a His-
tagged antigen binding fragment (Fab) of F25.502. We formed a stable complex as indicated by a

monodisperse peak by size-exclusion chromatography (SEC) (Supplementary Fig. 1a) and used this
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complex to obtain a cryoEM reconstruction to 4.2 A resolution (Fig. 1a, Supplementary Fig. 2,
Supplementary Table 1). The map revealed the sE dimer with two Fabs bound at the envelope dimer
interface, similar to what has been shown with previously identified EDE1 antibodies [14, 20]. F25.502
interacts with domain | and Il of one protomer and domain Il and fusion loop of the other protomer (Fig.
1A). The local resolution of the F25.502 for most of the binding site is around 3.5 A, increasing the
confidence in sidechain assignment (Supplementary Fig. 2d, e). F25.502 binds DenV3 with a total buried
surface area (BSA) of ~1,157 A2 with ~1,010 A2 from the heavy chain (HC) and ~147 A2 from the light chain
(LC). Thus, nearly 87% of the BSA comes from the HC (Fig. 1B). The F25.502 binding site is a highly
conserved patch on the E protein among all DenV serotypes and ZikV (Fig. 1C) as shown by mapping the
surface with a conservation score generated by the Consurf server[21].

The cryoEM map shows clear density for the first N-acetylglucosamine (GIcNAc) of the N67 glycan
(Supplementary Fig. 3a) and two GIcNAc and one mannose of the N153 glycan (Supplementary Fig. 3b);
both glycans are conserved among DenV serotypes. F25.502 does not contact the glycan at N67 but
interacts with the glycan at N153. This was unexpected because we previously showed that mutations at
either N153 or T155 to remove the glycan increased F25.502 neutralization potency against DenV2 [17].
To determine if the glycan was needed for DenV3 recognition, we removed the glycan by mutating
threonine 155 to alanine (T155A) and tested binding of F25.502 to DenV3 sE sc30 T155A by biolayer
interferometry (BLI). The BLI data showed that the T155A mutation had no effect on F25.502 Fab binding
to DenV3 sE sc30, indicating that the N153 glycan is not necessary for binding (Supplementary Fig. 1b)

even though it contributes ~213 A? of buried surface area (18% of the total BSA for DenV3).

F25.502 binds ZikV sE at the E dimer interface
As F25.S02 cross-neutralized DenV and ZikV, we next determined its structure bound to ZikV to

understand the basis of its cross-reactivity. The wildtype (WT) ZikV st dimer showed high affinity binding
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97  for F25.502 (Supplementary Fig. 1c). To increase yield for structural studies, we co-expressed ZikV s WT

98  with F25.502 Fab and obtained enough complex for crystallization experiments. The purified complex was

99  confirmed by SEC to be sk dimer with two Fabs bound (Supplementary Fig. 1d). Well diffracting crystals
100  were obtained, and an X-ray structure was determined to 2.3 A resolution (Fig. 2a, Supplementary Table
101 2). The crystal had a P412,2 space group with an s dimer and two Fabs in the asymmetric unit (ASU). The
102 structure was solved by molecular replacement with Rwork and Ree Of 0.225 and 0.274, respectively
103 (Supplementary Table 2). Like in the DenV3 structure, the ZikV structure shows that the F25.502 epitope
104 is mostly HC dependent, accounting for ~77% of the total BSA (Fig2. b, f). The total BSA of F25.502 on ZikV
105  is ~1,464 A? with ~1,130 A2from the HC and ~334 A? from the LC. All three CDRHs are involved in binding
106  but only the CDRL2 is involved in binding with single residues in framework region (FR) 2 and FR3 having
107  minor contributions (Fig. 2f).
108  The majority of the interactions between F25.502 and ZikV sE are located on domain Il and the fusion loop
109  of protomer A (Fig. 2c). The CDRH2 sits in a shallow pocket formed by the fusion loop, the B-strand b and
110  theijloop of domain Il. The CDRH3 contains a one turn a-helix and sits on the surface formed by B-strand
111 b and the fusion loop. Glusuc in FR3 of the HC forms a H-bond with Argasaziky in domain Il while Serzanc of
112 FR3 interacts with Aspy7szikv of protomer B. The CDRH1 of F25.502 interacts with the 150 loop of domain |
113 of protomer B, which contains the N154 glycan (Fig. 2d), that is equivalent to N153 in DenV (of note, ZikV
114  lacks the glycan at position 67 present in DenV). Interactions between F25.502 LC and ZikV sE are all
115 located on domain Ill with the CDRL2 forming three H-bonds with domain Il of protomer B. The HC forms
116 a single interaction with domain lll with Leuiooenc sitting between Lyssis of one protomer and the fusion
117  loop of the other (Fig. 2e).
118  The N154 glycan is well resolved in the electron density, unlike in many other structures of antibodies
119 bound to orthoflavivirus sk proteins [14, 20]. For both protomers, electron density can clearly be seen up

120  to the branching mannose, with electron density resolving the al-3 and al-6 mannose in protomer A
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121  while only the al-3 mannose is seen with protomer B (Fig. 2d, Supplementary Fig. 3¢, d). Interestingly,
122 there are numerous interactions and H-bonds between F25.502 and the N154 glycan. The first two N-
123  terminal residues of the HC interact with the first and second GIcNAc and Argoanc forms a hydrogen bond
124  with the C3 hydroxyl of the first GIcNAc. Additionally, Lysaaic and Lysasic of the LC interact with al-3
125 mannose with Lysassic forming a H-bond with the C4 hydroxyl (Fig. 2d). In total, the interactions with the
126 N154 glycan account for ~23% of the total BSA (350 A%) between F25.502 and ZikV sE (Fig. 2f). Due to poor
127 expression levels of ZikV s WT, we were not able to produce enough to confirm if the removal of the
128 glycan would affect F25.502 binding affinity but it was previously shown that removal of the N154 glycan
129  increased the neutralization potency of F25.502 against ZikV [22], indicating that the glycan is not required
130  for binding or neutralization.

131

132 F25.502 binds ZikV sE in a nearly identical manner as DenV3

133  Theresidues of F25.502 that interact with ZikV st and DenV3 sE dimers are highly similar and most V-gene
134  interactions are germline encoded, with only Metsiyc being mutated from lle (Fig. 2f). An alignment of the
135  sE dimer of the ZikV and DenV3-F25.502 bound structures shows good overlap with a root mean square
136  deviation (RMSD) of 3.94 A over 775 paired a carbons (Ca) (Fig. 3a). DenV3-bound F25.502 Fv is shifted
137  outward slightly relative to the ZikV-bound F25.502 Fv, but this is mostly due to the slight difference in
138  conformations of the sE proteins. When aligning the Fv domains of one of the F25.502 Fabs in each
139  structure, the overall RMSD is 1.02 A over 234 paired Ca (Fig. 3b). In this alignment, the fusion loop and
140 bound portions of domain Il almost completely overlap. If you remove the interactions with the
141 N153/N154 glycan from the BSA data, F25.501 binds DenV3 sk with 85% HC and ZikV sk with 82% HC. The
142 contact with the glycan in ZikV is 222 A? from the HC and 128 A2 from the LC, while in DenV3, the HC and
143 LC contact with an area of 201 and 13 A?, respectively. The LC binding contribution to the glycans in the

144  ZikV bound structure explains the difference between the 87% vs 77% overall BSA contribution of the HC
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145  to Denv3 versus ZikV. In all, F25.502 primarily utilizes its HC to bind to the highly conserved fusion loop of
146 DenV1-4 and ZikV. The light chain interactions are primarily with main chain atoms of ZikV sE that are not
147  highly conserved, the only side chain H-bond is from Argsaic to Glussozivin ZikV and a similar residue (Gluszo
148  inDenV1and 3, Asps7in DenV2 and Asn in DenV4) is present in DenV1-4 that would be capable of forming
149  thisinteraction (Fig. 3c).

150

151 F25.502 binds a similar but distinct epitope to EDE1 antibodies

152 We compared the binding mechanism of F25.502 to two EDE1 bnAbs, C8[14] and C10[20], which also
153  cross-neutralize DenV1-4 and ZikV. An alignment of the ZikV-bound C8 and C10 to ZikV-bound F25.502
154  structure shows that both C8 and C10 have a larger footprint on domain Il and bind closer to the dimer
155  symmetry axis (Fig. 4a). Both C8 and C10 were shown to interact with N67 glycan on DenV (absent in ZikV)
156  that is not required for binding or neutralization [14, 20]. F25.502 does not interact with this glycan on
157 DenV3 (Fig. 3b). For both C8 and C10, the CDRL3 occupies the position of the F25.502 CDRH3 (Fig. 4b),
158  highlighting this shift towards the center of the st dimer. An alignment of the Fv domains of C8 and C10
159  to F25.502 further shows the distinction between the binding mechanisms. When C8 is aligned with
160 F25.502, the two Fv domains align with an RMSD of 2.73 A over 227 paired Ca. The C8-bound sE dimer is
161 shifted toward the interior relative to the F25.502-bound st dimer (Fig. 4c, top). When C10 is aligned with
162 F25.502, the Fv domains have an RMSD of 2.50 A over 233 paired Ca. Not only is the sE dimer shifted to
163  the center relative to F25.502 bound ZikV sE, but the angle of approach is rotated about 20° (Fig. 4c,
164 bottom). In comparison, C8 and C10 have an RMSD of 2.01 A over 229 paired Ca, highlighting that F25.502
165 is more distinct from C8 and C10 than they are from each other. The difference in binding is further shown
166 by comparing the footprint on the ZikV st dimer (Fig. 4d). Both C8 and C10 bind with a nearly equal split
167  of BSA between HC and LC. C8 has a HC contribution of 46% and C10 has a HC contribution of 50% to ZikV

168  sE, while F25.502 is 82% HC binding by BSA (Fig. 4f).
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169  Another cross-neutralizing bnAb against DenV1-4 and ZikV is SIgN-3C, which differs from EDE1 antibodies
170 by making both intra- and inter-dimer contacts [16]. When compared to F25.502, SIgN-3C binding
171  footprint on ZikV sE is shifted away from domain | of the intra-dimer pair and to the exterior face of the
172 adjacent dimer, interacting with both domain | and Il (Fig. 4e). SIgN-3C binds with a similar amount of BSA
173 as F25.502 and is also mostly HC dependent (Fig. 4f), but its footprint is shifted to make the inter-dimer
174 interaction (Fig. 4d, bottom). In all, F25.502 binds a similar epitope as EDE1 antibodies but employs a
175 distinct method of binding that is HC dependent and is confined to intra-dimer interactions, unlike SIgN-
176 3C.

177

178  Discussion

179  Our structural analysis of F25.502, a potent cross-neutralizing antibody against ZikV and the four DenV
180  serotypes, reveals a common heavy chain-dominant binding mechanism to a highly conserved patch on
181  the E protein at the interface of the two protomers. The F25.02 epitope encompasses domain Il and the
182  fusion loop of one protomer and domains | and Il of the other protomer in the st dimer. Interestingly, it
183  appears that F25.502 can readily accommodate glycans within the epitope but is not glycan-dependent
184  for binding or neutralization. This has been observed in HIV envelope-directed antibodies where bnAbs
185 mature to accommodate glycans but are not needed for neutralization [23-25].

186

187  The main differences in binding of F25.502 to DenV3 and ZikV are observed at the residue insertion
188 present in ZikV. First, the insertion in the domain | loop, which includes the glycan at position N153/N154
189 (DenV3/ZikV, respectively), results in N154z being in closer proximity to the F25.502 Fab, with its light
190 chain making additional glycan contacts as seen in that structure (Fig. 2d and Supplementary Fig. 3).
191 Second, the insertion in domain Il (residues 359-360 in DenV3, residues 370-373 in ZikV) also contributes

192  to more interactions of ZikV sk with F25.502 light chain compared to DenV3 (Fig. 2e).
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193  The analysis suggests F25.502 crosslinks the dimer, which would inhibit conformational changes required
194  for viral fusion with the host membrane. This mechanism of neutralization has been reported for EDE1
195 bnAbs, which also cross-neutralize DenV1-4 and ZikV [14, 20]. However, as we only obtained structures
196 with the sk dimer, we cannot conclude if F25.502 would induce a similar conformational change as EDE1
197 antibodies on viral particles [17]. We presently do not observe the asymmetric conformation reported
198 before of the sk dimer and thus cannot readily explain the differences in affinity and potency observed
199 for F25.502 with ZikV and DenV1-4 [20]. In addition, we did not obtain structures of F25.502 with the other
200 DenV serotypes and could not come up with a plausible explanation for the reported differences in

201 neutralization potency across serotypes by modeling the interactions at the residue level [20].

202  Further structural studies with the virions would need to be done to determine how F25.502 binds to E
203 protein in its native form on the viral particle. We nevertheless modeled F25.502 Fab binding to the virus,
204 by aligning our F25.502-ZikV sE crystal structure on the whole virus cryoEM structure of ZikV (PDBid 6C0O8)
205 [26] (Fig. 5a). The alignment indicated F25.502 Fab could bind on the particle in every position on the
206  three-dimer raft (Fig. 5c), as well as all positions around the 3-fold symmetry axis (Fig. 5b) without steric
207  clashes. There could be a potential clash of F25.502 light chain at the 5-fold symmetry axis (5f position)
208  (Fig. 5d) that could have an impact on the avidity of binding of F25.502 antibody as seen for other EDE1
209 antibodies.[20].

210

211  While F25.502’s epitope is similar to previously reported cross-neutralizing EDE-antibodies, its binding
212 mode is distinct as 1) it uses predominantly heavy chain recognition, 2) its binding is shifted away from
213  the 2-fold symmetry axis of the dimer and N67 glycan in DenV3, and 3) most of its interactions are
214 mediated by germline residues [14, 20]. With SIgN-3C and F25.502, the interactions to ZikV E protein use

215 a similar footprint area and both utilize a predominantly heavy chain mode of binding, but F25.502 lacks


https://doi.org/10.1101/2025.06.05.658091
http://creativecommons.org/licenses/by-nc/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2025.06.05.658091; this version posted June 8, 2025. The copyright holder for this preprint (which
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made
available under aCC-BY-NC 4.0 International license.

216  theinter-dimer interactions that are necessary for SIgN-3C recognition [16]. Thus, F25.502 binds a similar
217  site with a distinct mode of binding and could be a distinct class of cross-neutralizing antibody.

218

219  The structural information that F25.502 binds a highly conserved epitope present on both ZikV and DenV,
220 and that its mode of binding is primarily heavy chain dependent with little affinity maturation required
221 for broad neutralization makes its epitope an interesting target for rational or computational vaccine
222 design that would elicit broadly neutralizing antibodies.
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240 Methods

241 Fab expression and purification

242  The gene encoding the variable region of the heavy chain of F25.502 was cloned into a vector with a
243 human CH1 domain with a C-terminal his-tag using the Platinum SuperFi Il DNA polymerase
244  (ThermoFisher, 12368010) and the In-Fusion cloning system (Takara Bio, 638948). The Fab was expressed
245 in HEK293E (RRID:CVCL_HF20) cells at 1x10° cells/mL using a total of 500 pug DNA per liter of culture (1:1
246  ratio of HC-to-LC DNA). PEIl was used as the transfection reagent at a ratio of 4:1 PEI-to-DNA. Culture was
247  harvested after 6 days and Fab was purified from cultural supernatant using His60 Ni Superflow resin
248  (Takara Bio). Fab was eluted from column using buffer containing 50 mM Tris, pH 7.5, 300 mM NacCl, and
249 150 mM Imidazole. F25.502 Fab was further purified using a HiLoad 16/600 Superdex 200 size exclusion
250  column (Cytivia) on an AKTApure system (GE Biosciences) into a buffer containing 5 mM HEPES, 150 mM
251 NaCl, pH 7.5.

252

253 sE protein expression

254 Plasmids for WT and stabilized sE proteins were kindly provided by Brian Kulhman (University of North
255 Carolina at Chapel Hill) [19]. sE proteins were expressed in Expi293F cells according to manufacturer’s
256  protocol (ThermoFisher, A14635). Cultures were harvested 6 days after transfection and cleared
257  supernatant was incubated with His60 Ni Superflow resin (Takara Bio, 635660). sk protein was eluted from
258 column using buffer containing 50 mM Tris, pH 7.5, 300 mM NaCl, and 300 mM imidazole. For structural
259  studies, protein was further purified by size exclusion chromatography (SEC) using a HiLoad 16/600
260  Superdex 200 column (Cytiva) or a Superdex 200 Increase 10/300 column (Cytiva) on a AKTApure system
261 (GE Biosciences). SEC peak corresponding to dimer was kept and concentrated using a 10K MWCO Amicon

262 Ultra Centrifugal Filter (Millipore Sigma, UFC901024).

11
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263 Plasmid for DenV3 sk sc30 T155A was made via site-directed mutagenesis using the Platinum SuperfFi Il
264  DNA polymerase (ThermoFisher, 12368010) and DenV3 sE sc30 T155A expressed and purified as above.
265

266 sE+F25.502 complex formation

267 For DenV3 sE sc30, sk protein was mixed with F25.502 Fab in a 1:2.5 dimer-to-Fab ratio for 2 hours at 4°C
268  with nutation. Complex was purified on a HiLoad 16/600 Superdex 200 column (Cytiva) and fractions
269 corresponding to complex were pooled and concentrated to OD,s0=8. Complex was divided into 20 pL
270 aliquots, flash frozen in LN2, and stored at -80°C.

271 For the ZikV s WT + F25.502 Fab complex, the plasmid for ZikV s WT was mutated to remove the 8x His-
272  tag using the In-Fusion cloning system (Takara Bio, 638948). Complex was expressed in Expi293F cells
273  according to manufacturer’s protocol using a plasmid DNA ratio of 2:1:1 sE-to-HC-to-LC. Culture was
274  harvested 6 days after transfection and complex was purified from cultural supernatant using His60 Ni
275  Superflow resin (Takara Bio). Protein was eluted using buffer containing 50 mM Tris, pH 7.5, 300 mM NaCl,
276  and 300 mM Imidazole. Complex was further purified using a HiLoad 16/600 Superdex 200 size exclusion
277  column (Cytivia) on an AKTApure system (GE Biosciences) into a buffer containing 5 mM HEPES, 150 mM
278 NaCl, pH 7.5. Fractions corresponding to complex were pooled and concentrated to OD2s=25, divided into
279 50 pL aliquots and flash frozen in LN2. All aliquots were stored at -80°C.

280

281 Biolayer interferometry

282 F25.502 binding was measured using biolayer interferometry on an Octet 96 Red instrument (ForteBio)
283 using FAB2G biosensors (Sartorius). F25.502 Fab was diluted to 10 ug/mL in kinetics buffer (1x PBS, 0.01%
284  Tween 20, 0.01% BSA and 0.005% NaN3, pH 7.4). Each sE protein was diluted to 1 uM in kinetics buffer.
285 Fab was loaded onto biosensor until a threshold of 1.0 nm shift was reached. After loading, biosensors

286  were placed in kinetics buffer for 60 sec for a baseline reading. Biosensors were then immersed in analyte
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287  for 300 sec in the association phase, followed by 300 sec in the dissociation phase in kinetics buffer. The
288  background signal from a biosensor loaded with Fab but with no analyte was subtracted from each loaded
289  biosensor.

290

291 CryoEM sample preparation

292 DenV3 sE sc30+F25.502 Fab complex was thawed and diluted to OD.g0=5. Just prior to grid preparation,
293 complex was mixed with 0.1% Tween20 to a final concentration of 0.25 CMC (0.5 pL of 0.1% Tween20 into
294 20 plL of complex). 3 uL of complex was loaded onto UltrAuFoil R1.2/1.3 300mesh grids (Ted Pella) and
295 manually blotted. Another 3 pL was loaded onto grid and vitrified on a Vitrobot Mark IV (ThermoFisher)
296  with a blot force of 2, blot time of 4 sec at 4°C and 100% humidity before plunging into liquid ethane.
297

298  CryoEM data collection and processing

299 Data was collected on a 200 kV Glacios microscope (ThermoFisher) with a K3 direct electron detector
300 (Gatan) at a magnification of 36,000x (1.122 A per pixel) using SerialEM [27]. A total of 1,195 movies were
301  collected with 100 exposures over 6 sec. Motion correction was performed using Warp [28] and processed
302 using cryoSPARC (V4.5) [29]. Initial 2D templates were generated through multiple rounds of 2D
303 classification. Using 2D templates, particles were re-extracted using template picker. A total of ~2 million
304 particles were extracted and after 3 rounds of 2D classification, 111,111 particles were used for Ab-initio
305 reconstruction without symmetry. The reconstruction was refined using homogenous refinement
306 followed by non-uniform refinement [30] with C2 symmetry. Local refinement was performed using a
307 mask to exclude the Fc domain of F25.502. The FSC curve suggested heterogeneity in the particles and a
308 3D classification was used to separate particles into two classes. Following homogeneous refinement, one

309 class showed better quality and was further refined with local refinement with a mask to exclude the Fc
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310 domain and 64,110 particles. The resolution was estimated to be 4.16 A per the gold standard FSCo 143.
311 Local resolution was estimated based on gold standard FSCo 143 and is shown in Supplementary Fig. 2.
312

313  CryoEM model building and refinement

314 The model of DenV3 sk protomer from PDBid 7A3P [20] was used as the initial model and a model of
315 F25.502 Fab was generated by AlphaFold3 [31]. Both models were docked into the cryoEM map using
316 ChimeraX (v1.9) [32]. Model building was completed using Coot (v0.9.8.1) [33] and an initial refinement
317 was run using Phenix (v1.21) real_space_refinement [34]. Further refinement was performed using
318 ISOLDE [35] in ChimeraX [32] and Coot [33]. Data collection and refinement statistics are summarized in
319  Supplementary Table 1. Structural figures were generated using ChimeraX and the conserved residue
320 map was generated using the ConSurf web server [21] with the E protein sequences from the reference
321 strains of DenV1-4 and ZikV. BSA data was determined using the PDBePISA server [36].

322

323  Crystallization and structure determination

324 Initial crystallization screening was performed by sitting-drop vapor diffusion using ProPlex crystallization
325  screen (Molecular Dimensions) and an NT8 drop setting robot (Formulatrix) at a complex concentration
326 of OD2g0=15. Initial crystals grew in drop F5 (0.1 M Tris, pH 8.0, 0.1 M NaCl, 8% w/v PEG 20K). Well
327 diffracting crystals were grown via hanging-drop vapor diffusion in 0.1 M Tris, pH 8.0, 0.1 M NaCl, 5% w/v
328 PEG 20K and were frozen with 40% PEG 200 as a cryoprotectant. Diffraction data was collected at
329  Advanced Light Source beamline 5.0.3 at 12.7 keV. The dataset was processed using XDS [37] and AIMLESS
330 [38] to a resolution of 2.30 A. Initial phases were solved by molecular replacement using Phaser in Phenix
331 [34] with a search model of ZikV st protomer from PDBid 5JHM [39] and the AlphaFold3 [31] model of
332 F25.502 Fab split into Fv and CH1/CL domains. Model building was completed using Coot [33] and

333 refinement was performed in Phenix. Additional model refinement was done using ISOLDE [35] in
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334  ChimeraX [32]. Data collection and refinement statistics are summarized in Supplementary Table 2. BSA
335 data was determined using the PDBePISA server [36].

336
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516 Figures
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518  Figure 1. CryoEM structure of F25.502 bound to DenV3 sE a) The cryoEM map of F25.502 Fab bound to
519 DenV3 sk sc30. The map is colored to highlight the domains of the sE protein with the glycans labeled and
520 their locations shown. F25.502 Fv is shown in dark green for the heavy chain and light green for the light
521  chain. Cyan diamond represents the 2-fold symmetry axis of the dimer. b) Model of DenV3 sE sc30 dimer
522  shown in surface representation with one protomer colored to show the domains and the other in gray.
523  The binding footprint of F25.502 is highlighted with the heavy chain binding site in dark green and the
524  light chain in light green. c) The same model from b) but colored to show conservation of residues across

525 DenV serotypes and ZikV sE proteins. Coloring was generated using the ConSurf server.
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527  Figure 2. X-ray crystal structure of F25.502 bound to ZikV sE a) The X-ray crystal structure of F25.502 Fab
528  bound to ZikV sE dimer is shown in cartoon representation. The sE protein includes a transparent surface
529  representation with one protomer colored to highlight domains I, Il, and Ill and the other shown in grey.
530 F25.502 Fab is shown in dark green for the heavy chain and light green for the light chain. Cyan diamond
531 represents the 2-fold symmetry axis of the dimer. b) Surface representation of the ZikV st dimer with the
532 F25.502 epitope outlined in dark green for the heavy chain and light green for the light chain. ¢) Zoom in
533 of the binding interactions of F25.502 with domain Il and the fusion loop. Hydrogen bonds are indicated
534  bythe blue dashed lines and interacting residues are labeled and shown in sticks. d) Zoom in of the binding
535 interactions of F25.502 with domain | and the N154 glycan. Hydrogen bonds are indicated by the blue
536  dashed lines. The diagram of the N154 glycan is shown with the amount of BSA of each carbohydrate
537 listed. Blue square represents N-acetylglucosamine, red triangle is fucose, and green circle is mannose. e)
538  Zoom in of the binding interactions of F25.502 with domain Ill. Hydrogen bonds are indicated by the blue
539  dashed lines. f) BSA plot showing which residues of F25.502 are involved in the binding to ZikV sg. The
540  germline V-genes of both heavy and light chains are shown and the CDRs are indicated. The residues
541  involved in binding to ZikV and DenV3 sE are shown and color coded to indicate which domain they

542 interact with.
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543

544  Figure 3. Comparison of F25.502 bound to DenV3 and ZikV sE a) Alignment of ZikV and DenV3 sE
545  structure. Alignment was made by matchmaking the st dimer in ChimeraX. b) Alignment of ZikV and
546 DenV3 sE structure highlighting a single Fab-dimer interaction. Alignment was made by matchmaking the

547 Fv domain of F25.502 in ChimeraX. c) BSA plot of ZikV sk bound by F25.502 with an alignment of DenV1-4
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548  sE.The DenV3 residues interacting with F25.502 are highlighted in the alignment. The domains and fusion

549  loop are colored and the secondary structural elements of ZikV sE as well as the N-linked glycan sites are

550 shown.
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552 Figure 4. Structural comparison of F25.502 to other orthoflavivirus bnAb a) Alignment of EDE1l
553 antibodies, C8 and C10, bound to ZikV sk and the F25.502 bound ZikV st. Alignment was made by
554  matchmaking the sk dimer in ChimeraX. Only the F25.502 bound ZikV sE is shown for simplicity. b) Zoom
555 in of the interactions of F25.502, C8, and C10 to the fusion loop. Both C8 and C10 CDRL3 bind in the
556 location of the F25.502 CDRH3. c¢) Alignment of C8 and C10 to F25.502 by Fv domain of one Fab in the
557 dimer. Alignment of C8-ZikV sk and F25.502-ZikV sE (top). Alignment of C10-ZikV st and F25.502-ZikV sE
558  (bottom). d) Surface representation of the ZikV sk dimer with epitopes of F25.502, C8, and C10 outlined.
559 e) Alignment of F25.502 and SIgN-3C of bound ZikV st dimer. The alignment was made by matchmaking
560 the sk dimer in ChimeraX. F) Table showing the total BSA of each bnAb footprint on ZikV st and the

561 respective contribution of the heavy and light chains.

562
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564

565 Figure 5. Alignment of F25.502 to ZikV viral particle a) Alignment of the F25.502-ZikV sE crystal

566  structure on the whole virus cryoEM structure of ZikV (PDBid 6CO8). The sE raft is highlighted in cyan.
567  The sk dimer 2-fold symmetry is shown by the diamond, the icosahedral 3-fold and 5-fold symmetry
568  axes are shown by the triangle and pentagon, respectively. The E protein binding sites, 2f, 3f, and 5f are
569  shown with blue circles b) Zoom in showing potential binding of F25.502 at the 3f site. c) zoom in

570  showing potential F25.502 binding in an E protein raft on the particle. d) Zoom in showing potential

571 binding of F25.502 at the 5f site. Light chain would potentially clash with adjacent dimer.

572

573
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