
 

 
 

 

 

Supplementary Materials  

 

Supplementary Table S1. Data collection statistics.  

  

Sample: Bateriophage N4

Date: 2024-04-26

Operator: Jaekyung Hyun

EM-Grid Quantifoil R1.2/1.3 Au200 with 2nm C-film

Glow discharge device Solarus II (Gatan)

Glow discharge Negative

Grid prep. Forward RF target 20W

Forward RF range 5W

Gas flow Argon 30sccm

Vacuum 70mTorr

Additional step poly-D-lysine treatment on discharged grid

Loading volume 3.5ul

Loading side carbon

Vitrification Blot time 5sec

Blot force 5

Wait time 1-2 minutes

Temp/hum 4°C/90%

Model Krios G4

Spherical abberation, Cs 2.7mm

Dose rate 10e/pix/sec

Pixel size 0.821Å/pix (super-resolution)

Nominal magnification X53,000

Calibrated magnification X60,901

Microscopy Exposure time 14.45sec

# of fractions 50

Condenser apersure 70um

Objective lense aperture N/A

Total dose 53.59e/Å2

Dose per fraction 1.07e/Å2

AFIS Yes (68 optics groups)

Alpha tilt none

Model Gatan K3 BioContinuum

Energy filter slit width 20eV

Acquisition mode EC / super-resolution

Correlated double sampling (CDS) mode Used

Data Movie format tiff(LZW)

Gain normalization no

Gain rotation of flip (CryoSparc) Y-flip required

Gain rotation of flip (Relion) unknown
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Supplementary Table S2. Reconstruction and refinement statistics.  

 MCP A MCP I gp17α 

Data collection  

Microscope TFS Krios G4 

Voltage 300 kV 

Target defocus range (μm) 0.5 - 1.5 

Pixel size 1.0673 Å  

Average e- dose per fraction 1.07 e-/Å 2 

Particles (initial) 150,000+  

Particles (final (%)) 112,193 () 

Reconstruction  

Symmetry I2 

Resolution (unmasked) 3.0 Å  

Resolution (masked) 2.45 Å  

Map-sharpening B-factor -86.4 Å 2 

Model composition  

Non-hydrogen atoms 3028 3090 3430 

Protein residues 393 401 278 

RMS Deviations    

Bonds (Å ) 0.004 0.004 0.016 

Angles (°) 0.948 0.969 2.029 

Validation    

Clashscore 1.66 0.49 13.51 

Rotamer outliers (%) 0.31 0.30 3.07 

Ramachandran plot favoured (%) 98.20 98.25 97.10 

Ramachandran plot outliers (%) 0 0 1 
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Supplementary Figure S1. Negative stain images of Coliphage N4. (A, B) C-flat grids were plasma discharged in a 

GloQube Plus (Quorum Technologies) and loaded with 10 uL of N4 phage sample at 1 x 1013 PFU/mL. The grid was 

stained with 1% PTA and imaged in a JEOL Flash 1400 TEM. Capsids have a diameter ~80 nm and tail dimensions ~30-

40 nm length from the neck. (C) Cryo-EM micrograph image of N4. (D) 2D class averages of the N4 capsid.  
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Supplementary Figure S2. Plots associated with the cryosSPARC non-uniform refinement of the N4 capsid. Gold-

standard Fourier Shell Correlation plots, Guinier (B factor) plot, real space, Fourier space and mask slices across three 

orthogonal directions (x, y, z), and viewing direction distribution plots are provided.    

 

 

Supplementary Figure S3. Modelled and unmodelled regions. Regions for each protein model which were 

unmodelled due to a lack of clear, well-defined density are indicated by coloured bar.    

 

 

 

MCP a, b, c, 
d, e, f, g, h, i

Decoration α*

Decoration β*

Decoration γ*

Domain I

Domain I

Domain I

Domain II

Domain II

Domain II *Domain III

*Domain III

*Domain III

*Due to lack of continuous density for domain III, AlphaFold3 prediction of Domain III was rigid-body fit into the 
map. 

Supplementary figure … Modelled and unmodelled regions. Regions for each protein 

model which were unmodelled due to a lack of clear, well-defined density are indicated by 

coloured bar.  

100% coverage : residues M1 – L401
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Supplementary Figure S4. Map-to-model fit of MCPs in N4 capsid cryo-EM density map. The map-to-model fit of 

MCP chain A is shown from a series of orthogonal directions according to the recent best practice community guidelines 

[34]. The map is displayed with map contoured to level 0.14 visualised on UCSF ChimeraX.  
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Supplementary Figure S5. Map-model fit of decoration 1. All maps were smoothed and sharpened for display in UCSF 

ChimeraX using commands ‘surfaceSmoothing true smoothingIterations 4 subdivideSurface true’. Residues from Domain I 

(Tyr41 to Asp62) are displayed inside a zoned map contoured at level 0.418 and Domain II (Glu159 to Asp170) is dis-

played with the map contoured to level 0.391. Domain III (Lys269 to Val277) is displayed contoured at 0.222. 
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Supplementary Figure S6. N4 decoration protein secondary structure. (A) A 2D topology diagram was generated 

through the PDBSum server [41]. (B) The domain-based topology plot from PDBSum was replotted manually for ease 

of visual interpretability. (C) Sequence alignments were performed by submitting individual domains to the NCBI 

Constraint-based Multiple Alignment Tool (COBALT) [35].  
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Supplementary Figure S7. Structural comparison of IG-like domains via DALI search. A. Results of the closest 50 

search results from DALI server against PDB of N4 gp17a. The top two search results (B, C) were overlayed in UCSF 

ChimeraX and an RMSD for pruned atoms (only regions which overlay) was calculated for each. The aa sequence of N4 

gp17 was also submitted to BLAST, which returned sequence matches to N4 itself as well as a large array of coliphages. 

All high-fidelity matches belonged to coliphages, with the exception of one Shigella phage sharing high sequence 

homology at 71%, and an Enterococcus phage at 69%. Coliphage AlfredRasser has a 100% identical protein identified as 

a neck whisker protein.   

 

  

N4 gp17a 
3K0W 

Pruned RMSD: 0.933 Å   

N4 gp17a 
7Y9A 

Pruned RMSD: 0.858 Å   

A 

B 

N4 gp17a 
3PUC 

Pruned RMSD: 0.793 Å   

C 

BLAST results against gp17 amino acid sequence 

DALI results against gp17 amino acid sequence 
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Supplementary Figure S8. MCP chains in context of capsomers. (A) Hexamer 1 shown in axial and side view, with 

chain B in ribbon representation (Jones’ rainbow) and chains C-G in surface representation, visualised in UCSF 

ChimeraX. The molecular surface is calculated based on the PDB file in UCSF ChimeraX represented as a smoothed 

van-der Waals surface. (B) Pentamer shown as per panel A, with five copies of MCP chain A. 
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Supplementary Figure S9. MCP topology diagram. Topology diagram replotted manually from results generated 

using PDBSum for visual interpretability. Major conserved motifs of the HK-97 fold are highlighted and coloured 

accordingly in the inset ribbon representation of [41] chain I. Selected secondary structure features are labelled.  
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Supplementary Figure S10. Comparison of the DEV and N4 major capsid proteins (A) Overlay of the MCP structures 

of N4 chain I (green) and the equivalent chain in the DEV capsid (pdb 9BGN, chain I, coloured grey), with an overall 

RMSD of 1.9 Å . Sites where additions are present in a given chain when compared with the other are marked by stars 

of the corresponding colour, including for the A-buff inset. (B) Sequence alignment of N4 and DEV MCP amino acid 

sequences performed using the NCBI Constraint-based Multiple Alignment Tool (COBALT) [35] 
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