





Extended DataFig. 3| MD simulations for thermally equilibrated T=3 valueindicates that the systems are equilibrated. (c) #and ¢ of each cage
and T =13 cage structures. (a,b) Time evolution of potential energy during obtained fromthe equilibrated structures.
equilibration of the cages for 10° MD timesteps. Fluctuation along a constant
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Extended DataFig.4 | MD simulations for thermally equilibrated sub-T3 cages (D6, D3, T symmetries). (left) Relaxed cages by MD simulations for 10 MD

timesteps. (right) Clusters of 6 and ¢ of each cage mapped to the parameter space.




Extended Data Table 1| Designed sequence of dQS_T1, dQS_T1.5, dQS_T3 and dQS_T_hi with a HIS-tag at the C-term

ID Protomer sequence

dQS_T1 GSPELFLODLRSLVEAARILARLARQRGDEHALERAARWAEQAARQAERLARQARKEGNL
ELALKALQILVNAAYVLAEIARDRGNEELLEYAARLAEEAARQAIEIWAQAMEEGNQQLRT
KAAHIILRAAEVLLEIARDRGNQELLEKAASLVDAVAALQQAAAAILEGDVLKAFEAAREAL

KAAEKAGDKDMLKAVAIAVARIIEEAAANDADVEALEKAAEVAREALEAAIKYGLYEEAKK

VVIEVAKLAVKAKNQDVIAKALEVALKAAEKLIKKGVFEEAKEILEELVKALEKLKNLDQDAL

AKAADAAYRIAHEALKQGNLEVALAASKVAMAALKQTGGSGGSHHHHHH

dQS_T1.5 | GSPELFLQDLRSLVEAARILARLARQRGDEHALERAARWAEQAARQAERLARQARKEGNL
ELALKALQILVNAAYVLAEIARDRGNEELLEYAARLAEEAARQAIEIWAQAMEEGNQQLRT
KAAHIILRAAEVLLEIARDRGNQELLEKAASLVDAVAALQQAAAAILEGDVRKAVEAAEEAV
RAAEEAGDIDMLRAAVIAAARVGARAAELGAEPEVLRRAVEVILRALRAAIERGDIDLAVLA
LRALARLIEEITQPEAVDAAILAALEALLEAAELKDPAVEVAVVVVLEAATKKMHLATQDAL
AKIADLAYRLAHEYLKIGNLAVALAASKLAMAALNQTGGSGGSHHHHHH

dQS_T3 GSPELFLODLRSLVEAARILARLARQRGDEHALERAARWAEQAARQAERLARQARKEGNL
ELALKALQILVNAAYVLAEIARDRGNEELLEYAARLAEEAARQAIEIWAQAMEEGNQQLRT
KAAHIILRAAEVLLEIARDRGNQELLEKAASLVDAVAALQQAAAAILEGDVVKAAEAAKEAV
KAAAEAGDEDMLRAAAIAVERIAKKAAEIVTDNEEAEKLVEILVEILKAVAEAGDEDAALKIA
KAVLIAAKVTTNNEAVEKALEAAVEAAEKFVERGDEKAALEFAKAALELLKLLKPESQDALA
KVADRAYRLAHEALKRGNLKVALAFSKVAMAALEQTGGSGGSHHHHHH

dQS_T_hi | GSPELFLODLRSLVEAARILARLARQRGDEHALERAARWAEQAARQAEKLARQARKEGNL
ELALKALQILVNAAYVLAEIARDRGNEELLEYAARLAEEAARQAAEIWAEAARRGNQQLRT
KAAHILLRAAEVLLEIARDRGNQELLEKAQRIVEAVAAAQQVAALALRLAEELDSEEAKKAV
RAIAEAAAAALLAALQGKDEVAKLALKVLKEAIELAKENRSEEALKVVLEIARAAAAAARAA
EEGKTEVAKLALKVLEEAIELAKENRSEEALKVVLEIARAALAAAQAAEEGKTEVAKLALKVL
EEAIELAKENRSEEALKVVLEIARAALAAAQAAEEGKTFIAKAALRILEEAIEMAKENRSEEAL
KQVLEIARAAYDAAEAAREGKGGSGGSHHHHHH

dQS_hex GSPELFLOQDLRSLVEAARILARLARQRGDEHALERAARWAEQAARQAERLARQARKEGNL
ELALKALQILVNAAYVLAEIARDRGNEELLEYAARLAEEAARQAIEIWAQAMEEGNQQLRT
KAAHIILRAAEVLLEIARDRGNQELLEKAASLVDAVAALQQAAAAILEGDVKKAAEAAAEAA
RAAAEAGDLDMLRAVGIAAERIAKEAKKAGDEKEEGLEIFEEIARLLVEAVEKGDKDLAKML
ARGLELAAQLLAAESQDELAKIADQAYRAAHEALKEGNLDAALLASKVAMEALKRTGGSG
GSHHHHHH
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Extended Data Table 2 | CryoEM data collection and map processing statistics for dQS_T3

Data Collection

Microscope Titan Krios

Voltage (kV) 300

Detector Gatan K3

Energy Filter Gatan
BioQuantum Gif

Recording mode Counting

Magnification 81,000 X

Movie micrograph pixel size (A) 1.09

Dose rate (e-/A%s) 9.66

No. of frames per movie micrograph 40

Frame exposure time (s) 0.05

Movie micrograph exposure time (s) 2

Total dose (e-/A2) 50

Under focus range (um) 0.8-2

Number of movie micrographs 3,346

Map Processing

dQS_T3 particle
EMDB ID: EMD-70787

Focused pentamer region
EMDB ID: EMD-70792

Extraction Box Size (pix)

1200 (fourier cropped 720)

1200 (fourier cropped 720)

Initial particle images (no.)

65,645

1,074,780

Final particle images (no.) 24,393 1,074,780
Symmetry imposed I C1
Map resolution (A) 11.3 7.1

FSC threshold 0.143 0.143
Refinement N/A




Extended Data Table 3 | CryoEM data collection and map processing statistics for dQS_T_hi

Data Collection

Microscope Glacios
Voltage (kV) 200
Detector Gatan K3
Energy Filter N/A
Recording mode Counting
Magnification 22,000X
Movie micrograph pixel size (A) 1.81

Tilt scheme Dose symmetric
Starting tilt angle 0°

Tilt series tilt increment 3°
Tomogram tilt range -60° to 60°
Number tilt images per tilt series 41

Dose rate (e-/A%s) 3.33

No. of frames per movie micrograph 6

Frame exposure time (s) 0.14

Tilt movie micrograph exposure time (s) 0.839
Total dose (e-/A?) 115

Under focus range (um) 2-4
Number of movie micrographs 1296
Number of tilt series 33

Map Processing

Focused pentamer
region
EMDB ID: EMD-70797

Focused
hexamer region
EMDB ID: EMD-70798

Extraction Box Size (pix)

512 (4x binned to 128)

512 (4x binned to 128)

Initial particle images (no.)

1416

13,793

Final particle images (no.) 1274 13,103

Symmetry Imposed C1 C1

Map resolution (A) 26.7 20.2
FSC threshold 0.143 0.143
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