
Supplementary Materials for
Molecular architecture of the Chikungunya virus replication complex

Yaw Bia Tan et al.

Corresponding author: David Chmielewski, david.chmielewski@stanford.edu; Jing Jin, jjin@vitalant.org; 
Dahai Luo, luodahai@ntu.edu.sg

Sci. Adv. 8, eadd2536 (2022)
DOI: 10.1126/sciadv.add2536

The PDF file includes:

Figs. S1 to S8
Table S1
Legends for movies S1 and S2
References

Other Supplementary Material for this manuscript includes the following:

Movies S1 and S2



   
 

 

Figure S1 Cryo-EM analysis of nsP1+2+4 RC core complex. (A) cryoEM workflow in 
cryoSPARC (51) at C1 refinement symmetry. (B) GFSC resolutions of the map threshold at 0.143: 
masked versus unmasked. (C) map resolution overview and the overall geometrical position at 
the spherule. Scale bar blue-to-red: 2.5-4.5 Å (D) The nsP1+2+4 RC core complex (colored 
according to chain as Fig. 1) is superimposed to nsP1 dodecameric ring (PDB 7DOP here; 
colored green) (10, 11) at RMSD of 0.89 Å (between 416 Cα-pairs from each of nsP1), displayed 
here side-by-side on their top view. (E) The superimposition portrayed the confirmational 
difference at the hooking loop region (HL, dashed circle), focused at nsP1 chain A of nsP1+2+4 
(purple) versus that of nsP1 (green). N- and C-terminal of nsP1 (chain A) are marked: the nsP1 
C-terminal tails (aa 477-535 of nsP1 gene) remains unbuilt in the nsP1+2+4 due to missing 
map density, like the previously published nsP1 structures (10, 11). 



   
 

 



   
 

 

Figure S2. Map density fitting quality at the interaction interfaces and putative RNA 
channel within the RC core complex. The density map fitting (black mesh) on focused 
regions of (A) nsP2:nsP4 interface, (B) nsP2h-RNA interface, (C) nsP1:nsP4 interface at nsP1 
chain L site, and (D) GDD in the nsP4 palm active site (also known as motif C and its first 
tyrosine residue (Y1) on nsP4 N-terminus tip. All parts are colored according to their respective 
protein: nsP4 in magenta, nsP2h NTD-Stalk-1B in tomato-yellow-cyan, RNA-bound in nsP2h 
in green, nsP1 chain L in red, nsP1 chain B in tomato, and nsP1 chain A in purple. (E) From the 
bottom view of the nsP1+2+4 complex, the putative channel of ~2.2nm diameter for 
replicated product RNA that may transport through the unbuilt density between nsP1 (chain 
A-B) and nsP4. (F) The ssRNA was placed as reference of size that is possible to transport 
through the putative channel. 

 
 
 



   
 

 

Figure S3. The structural interfaces in the RC and their sequence conservation. (A) The 
interaction of nsPs (nsP1: A-L; nsP4: X; nsP2-RNA: Y-Z) are presented here with their chain 
name in the form of network linking nodes and individual interface area. (B) The subdomain 
layouts of nsP2, nsP4 and nsP1 show their interacting interfaces via connections by black line. 
[Domain coloring sequence: nsP2h NTD-Stalk-1B (tomato-yellow-cyan), nsP4 NTD-Fingers-
Palm-Thumb (red-green-gray-purple), nsP1 NTD-capping-MLA1-InnerRing-HL-MLA2-CTD 
(peach-light green-gray-pink-blue-gray-light yellow)] (C-F) The Weblogo-3 (62, 63) style 
sequence conservations of the interacting residues are compared through multiple-sequence-
alignment (MSA) among the alphaviruses on their nsPs. The interface residues of nsP2h:nsP4 
are shown in boxes for nsP2h part in (C) while for nsP4 in (D). The interface residues which are 
highlighted here in boxes are for nsP4 in (E) and for nsP1 in (F). The sequences are colored 
based on charges (positive blue letter; negative red letter). [Alphaviruses were used in MSA: 
chikungunya virus (CHIKV; NC_004162), o’nyong nyong virus (ONNV; AF079456.1), Semliki 
forest virus (SFV; NC_003215.1), Sindbis virus (SINV; NC_001547.1), Ross River virus (RRV; 
GQ433354.1), Mayaro virus (MAYV; NC_003417.1), Barmah forest virus (BFV; MN689034.1), 
Venezuelan equine encephalitis virus (VEEV; L01442.2); Eastern equine encephalitis virus (EEEV; 
EF151502.1), Western equine encephalitis virus (WEEV; MN477208.1); Eilat virus (EILV; 
NC_018615.1), and Getah virus (GETV; NC_006558.1).]  



   
 

 

   



   
 

 

Figure S4. Comparison between cryoEM structure nsP4 from ONNV and homologous 
crystal structures of RdRp from alphavirus nsP4, Picornaviridae and Flaviviridae. (A) the 
cryoEM structure of nsP4 from ONNV was colored according to the subdomain (NTD: red; 
Index finger: green; Middle, ring, and pinky fingers: orange; Thumb: purple). (B) the crystal 
structures of the elongation complex from Picornaviridae: enterovirus-71 (EV71) RdRp with its 
RNA substrate (PDB 6KWQ) (RNA colored blue) (33). (C-D) The crystal structrures of alphavirus 
nsP4 homologs: RRV and SINV (PDB 7F0S and 7VB4) (17). (E) The crystal structure of another 
homolog from Flaviviridae: classical swine fever virus RdRp (CSFV; PDB 5Y6R) (68). ONNV nsP4 
in (A) has RMSD of 1.0-1.2 Å (194 Cα-pairs aligned in aa215-575) at RdRp core domain when 
superimposed to nsP4 from RRV and SINV (17). The rearrangement of the index finger (black 
dotted arrow) is shown in (D) to form the folding in (A). When compared to EV71 RdRp and 
CSFV RdRp, they have respective RMSD of 1.3 Å and 1.26 Å (Cα-pairs aligned) at the RdRp 
core domain. [RdRp coloring for (B-D): green Fingers, gray Palm and purple Thumb] 
 

 
  



   
 

 

Figure S5. Subtomogram average map analysis of RC and non-replicative nsP complex. 
(A) RC density map shown as transparent surface with nsP1+4 atomic model (rainbow; nsP2 
excluded) rigid fit into density. Single nsP1 subunit is computationally extracted (dark grey) 
and backbone of nsP1 subunit model is displayed (rainbow). (B) FSC curves of the masked and 
unmasked maps. (C) RC map colored by local resolution. (D) Non-replicative nsP ring density 
map displayed as transparent surface with nsP1+4 atomic model rigid fit into density, with 
single nsP1 subunit displayed. (E) Gold-standard FSC curve of masked and unmasked map with 
(F) density map colored by local resolution.  
 

 
  



   
 

 

Figure S6. Topology of the (+) RNA virus replication complexes. Left: MHV nsp3 (gray) 
pore at the neck of the double-membrane vesicles (DMVs) derived from ER membrane (19). 
Middle: CHIKV replication complex at the neck of the spherule derived from the plasma 
membrane at C12 (cyan) and C1 (pink) symmetries. Right: FHV protein A crown (yellow) at the 
neck of the viral spherule derived from the mitochondrial outer membrane (18).  
 

 
 
 
 
 
 
 
 
 



   
 

 

Figure S7. Non-replicative nsP complexes on the plasma membrane. (A) Low-mag 
montage of the cell periphery reveals numerous cell extensions (red arrows) emanating 
outward from the cell body. Scale bar 2 micron. (B) Slice image of a tomogram reconstruction 
displaying a representative thin cell extension. Zoom-in slice views of different membrane 
surfaces containing nsP complexes (white arrows). (C) Asymmetric 3D class averages of nsP 
complexes reveal presence of nsP1+4 in central pore of nsP1 ring in each class. 

 



   
 

 

Figure S8.  Membrane association of the active RC via the outer surface of the nsP1 
ring.  MA Loops 1 and 2 have been reported previously (10, 11, 20). The MA patches include 
mainly hydrophobic and positively charged residues 125-126, 269-270, 451-455, and 457-
470 which collectively form a surface belt on the nsP1 upper ring.  
 
 

 
 
 
 
  
 
  



Table S1. 

  
nsP1+2+4 

EMDB: 33591 
PDB: 7Y38 

Data collection and 
processing 
Detector Gatan K2 
Magnification 130,000 × 
Voltage (kV) 300 
Electron exposure (e–/Å2) 34 
Defocus range (µm) -0.5 ~-3.2 
Pixel size (Å) 1.10 
Symmetry imposed C1 
Initial particle images (no.) 898,911 
Final particle images (no.) 132,510 
Map resolution (Å) 2.8 
FSC threshold micrographs 0.143 
Map resolution range (Å) 2.4-6.2 
  
Refinement 
Initial model used (PDB code) 7DOP (10) 
Model resolution (Å) 2.8 
FSC threshold 0.143-0.5 
Model resolution range (Å) 2.8~3.3 
Map sharpening B-factor (Å2) ~63 
Model composition 
Non-hydrogen atoms 53,139 
Protein residues Protein: 6704;   
Nucleotide 3 
Water 0 

Ligands 
ZN: 12 
GTP: 12 
ATP: 12  

B factors (Å2) 62.8 
Protein 24.37/215.98/81.44   
Nucleotide 215.58/231.42/224.21           
Water --- 
Ligand 56.25/126.14/65.90 
R.m.s. deviations 
Bonds length (Å) 0.004 
Bonds Angle (˚) 0.66 
Validation 
MolProbity score 1.59 
Clashscore 3.83 

Average Q-score (60) at 2.8 Å  
Protein: 0.57 
Ligand: 0.66  

Nucleotide: 0.31 
Rotamer outliers (%)    0.05 
Ramachandran plot 
Favored (%) 93.72 



   
 

 

Allowed (%) 6.15 
Disallowed (%) 0.14 

  



   
 

 

Movie S1. (separate file) 
CryoET tilt series of the CHIKV infected cell periphery shows the CHIKV RNA replication 
spherules with colored cellular features in 3D, corresponding to Fig. 3. 
 
Movie S2. (separate file) 
CryoET tilt series of the CHIKV infected cell periphery depicts a filopodia-like membrane 
protrusion structure extended from the plasma membrane, with 3D cellular features colored, 
corresponding to Fig. 4. 
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