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SI Figure 1. Structural comparison of ZIKV NS3 protease from homology model with HCV protease.
The HCV protease was obtained from high-resolution crystal structure (PDBID 3M5L). The catalytic triad
residues are indicated. Residues are colored from identical (blue) to dissimilar (white) according to
sequence entropy in the VMD Multiseq tool.
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Sl Figure 2. Predicted membrane-spanning scheme of ZIKV p2K-NS4B. The domains were assigned by
alignment to that proposed for JEV (GenBank D90195.1). Residues are numbered starting from the N-
terminus of ZIKV NS4B. There are two membrane-interacting regions (pTM1 and 2) denoted along the
ZIKV sequence with three segments spanning the membrane (TM3, 4 and 5) interrupted by a cytosolic
domain between TM3 and TM4. Highlighted in red are residues not conserved among ZIKV strains.



DENV3 52Q §’ERN 119Y 251EKDVD 263HVNAEPETPN 296E 300K 349F 353R 357EK 362 582p 584p
JEV 63R 67TERG 119Y 254EEDVN 266AVGKEVHGSN 299F 303R 351F 355R 359 K 364K 585p 587p
ZIKV 3R STERG 119Y 255EEDVN 265AVVSCAEAPN 298N 302R 350y 354R 358EK 363R 584p 586p

Sl Figure 3. Residues at the RDRP-MTase interface predicted for ZIKV compared to those from fell-
length DENV and JEV crystal structures. Colored in blue are interface residues shared by ZIKV and JEV,
green are residues common between ZIVK and DENV-3, and red residues are ZIKV dissimilar to both
templates.



SI Figure 4. Comparison of ZIKV MTase binding pockets. A) Homology model of full-length ZIKV NS5
derived from JEV structural template (PDBID 4K6M) with the indicated MTase and RDRP subunits. The
MTase domain is aligned to that from DENV-3 crystal structure (PDBID 4VOR). The ZIKV model is
colored by sequence entropy compared to the DENV structure. Shown in (B) and (C) are the identical
MTase binding sites for S-adenosine methionine/homocysteine (SAM/SAH) and GTP, respectively.



Sl Table 1. NS5 RDRP Active site residues between Flaviviridae.

HCV Residue JEV DENV Zika Model
48 Arg Arg Arg Arg
141 Lys Lys Lys Lys
158 Arg Arg Arg Arg
159 Leu Leu Leu Ala
160 lle lle Ile lle
220 Asp Asp Asp Asp
221 Thr Thr Thr Thr
222 Arg Ala Ala Ala
223 His Gly Gly Gly
224 Phe Trp Trp Trp
225 Asp Asp Asp Asp
226 Ser Thr Thr Thr
280 Arg Arg Arg Arg
281 Ala Gly Gly Gly
282 Ser Ser Ser Ser
287 Thr Thr Thr Thr
291 Asn Asn Asn Asn
316 Cys Ser Ser Ser
317 Gly Gly Gly Gly
318 Asp Asp Asp Asp

319 Asp Asp Asp Asp




Sl Figure 5. Homology model of ZIKV anchC protein. The model was constructed based on an NMR-
structure of the DENV C protein (PDBID 1R6R). Blue regions are structurally conserved residues
between the model and the DENV template while white residues are dissimilar.

The anchCis 122 residues long and implicated in binding and stabilization of viral RNA. Sequential
comparison reveals that the ZIKV anchC is 40% identical to the DENV C protein (PDBID 1R6R)." A
homology model of ZIKV anchC protein (residues 25-100) was created using this NMR structure as a
template. The DENV template predicts the ZIKV anchC is highly helical. The ZIKV and DENV sequences
contain many positively charged residues to facilitate RNA interaction and stabilization. Though highly
similar, the positions of basic residues in DENV are not conserved in the ZIKV model (K67N, K73G, K76E,
R90A and R97A). To retain overall positive character, the ZIKV sequence substitutes Lys and Arg at other
positions (N93R, G83K, P60K and S75K). These results suggest that the anchC protein maintains similar
functional roles between ZIKV and DENV.

The anchC protein sequence is highly conserved among ZIKV strains. Two minor mutations occur
outside the window of the homology model between the Asian/South American and African strains.
These mutations are very similar (R101K and 1110V) suggesting little impact on the overall function of
ZIKV anchC.
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S| Figure 6. Predicted membrane-spanning scheme of ZIKV NS2A. A) The scheme was built by
alignment to that proposed for DENV-2 (strain NGC). Residues are numbered starting from the N-
terminus of ZIKV NS2A. There are eight membrane-interacting regions from DENV (pTM1-8) denoted
along the ZIKV sequence with five segments spanning the membrane (TM3, 4, 6, 7 and 8). Highlighted in
red are residues not conserved among ZIKV strains. B) Three membrane-interacting helices identified
previously for DENV-2 NS2A are predicted to retain amphihelical character for ZIKV as predicted by
HeliQuest. The predicted hydrophobic face is indicated with a grey swipe.

The flavivirus NS2A is responsible for multiple roles in viral replication and pathogenesis as a component
to the replication complex. The N-terminal portion of the protein regulates NS1 cleavage and
processing. NS2A also interacts with other viral proteins and host endoplasmic reticulum membrane to
assemble and anchor the complex. The ZIKV NS2A protein is 226 residues long, but no X-ray or NMR
structure is available to serve as a template for homology modeling. However, a recent study proposed
the membrane topology of DENV NS2A.> The model proposed by Xie, et al. includes 8 membrane
interacting regions numbered 1 to 8 along the sequence. Five of these regions were determined to span
the membrane (TM3, 4, 6, 7 and 8), and the remaining three were membrane-interacting amphipathic
helices (pTM1, pTM2 and pTM5). The ZIKV sequence was aligned to DENV-2 NS2A from this model and
compared to the membrane-spanning topology. Though the DENV-2 and ZIKV NS2A proteins have low
identity (27%) and modest similarity (48%), the amphipathic helices are predicted at the same loci
supporting the ZIKV scheme. The NS2A has been probed for various flaviviruses to elucidate roles in
viral replication, and ZIKV NS2A retains many of the residues required for viral production and



replication. A cluster at the N-terminus is required for NS1 processing in YFV (D50, K53, D70, E162, and
R164),® and these residues are likewise in the ZIKV sequence (D52, K55, D71, and R166) though missing
E162. The F113L mutant increased JEV production in Neuro-2a cells,* and by alignment ZIKV contains
L111 at this position in TM4. The C-terminus is required for RNA replication in DENV.> This analysis
predicts divergent sequences between DENV-2 and ZIKV in TM7 and TM8. Yet, the cytosolic C-terminal
are similar (DENV-2: Z°TLSTYNKKR?'; ZIKV: *LLTRSGKR?®). These results suggest that ZIKV NS2A
utilizes the same machinery as DENV and YFV to regulate NS1 cleavage, span the membrane, and
promote viral replication.

Comparing the NS2A sequences across ZIKV strains reveals seven mutations between the African and
Asian/Brazilian SIKV strains. Interestingly, these mutations occur solely in the endoplasmic reticulum
(ER). Six of the mutants are replace similar residues in the transmembrane and ER lumen; M34l and A58
at pTM2, V80I in TM3, V1291 and A132V in pTM5, and V/1208L in TMS8. A single dissimilar mutation
presents in TM6 (A151T), which may suggest different positioning of this region between ZIKV strains.
Studies on Kunjin WNV support a single NS2A mutation in the ER lumen promotes apoptosis likely by a
ER-stress mechanism.® These mutations merit additional studies in ZIKV NS2A modulation of virus-
induced apoptosis.
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SI Figure 7. Comparison of DENV and ZIKV NS4A N-terminus. A) Comparison of the consensus DENV
and ZIKV NS4 revealing 36% identity and 58% similarity in this region. B and C) Helical wheel
representation of the amphipathic helix predicted between residues 3 — 20 for ZIKV strains. The only
major difference between the strains is an L4F mutation, and the N- and C-terminal residues are
indicated.

The NS4 proteins are membrane-associated members of the flavivirus replication complex. Post-
translational proteolytic cleavage results in the formation of NS4A (127 residues) and NS4B (251
residues) which contains an N-terminal protein 2K (p2K) motif (23 residues). NS4A modifies the host ER
membrane to accommodate the replication complex. The DENV NS4A has a cytosolic amphipathic helix
at the 48-residue N-terminal, and the biochemical nature of this structure is required for viral
replication.” Comparison of DENV helix consensus sequence (residues 1 —48) and ZIKV NS4A shows 36%
identity and 58% similarity. Furthermore, the HeliQuest server predicts the ZIKV NS4 residues 1-48
likewise form an amphipathic helix. It is here that a L4F mutation occurs between ZIKV strains, but this
mutation is not predicted to disrupt the secondary structure. These results suggest that, despite low
identity, the DENV and ZIKV NS4A are similar at the N-terminus and likely perform similar roles.
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