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Table S1. Overview on Protein self-assemblies.  

Nature of 

pattern 

Self-assembly 

mechanism 

2D 

Dimension 

Lattice shape of 

2D array/ motif: 

diam, pore size 

Distance 

between 

motifs 

(pitch) 

Average 

height of 2D 

array 

Field of application Ref 

Recrystallisation of S and T layer 

2D array Recrystallisation of T-layer 
500 nm x 500 

nm 

Cylindrical: pore 6.5 

nm 
13 nm ND ND 1 

2D array 

 

Ca2+ coordination of 

monomers from S-layer 
2 µm x 10 µm Square 13 nm 

1-2 layers (9-15 

nm) 
ND 2 

2D array 
Recrystallization of S-layer 

fused to streptavidin 
ND Square: ND 10 1 layer (4.5 nm) 

Nanopatterned matrix to 

arrange biotinylated 

compounds on a surface 

3 

Disulfide formation or metal coordination 

Nanorod, 

2D array 

Metal coordination of 

tunable acetyltransferase 

modified by bipyridine-

alanine 

2 µm x 2 µm Honeycomb: pore 5 nm* 10 nm 1 layer (7 nm) 
Tunable multicomponent 

assemblies 
4 

Nanotube, 2D to 

3D 

different Zn2+ coordination 

of modified monomers 
15 µm x 15 µm 

Rectangular: pore 3 

nm* 
ND 

1 layer (ND)   to 

few layers ( 2D 

stacking) 

ND 5 

2D array 

Disulfide formation or metal 

coordination of modified 

TMVCPa 

1 µm x 1 µm 
Square, honeycomb: 

pore 8 nm* 
19-21 nm 

2-3 layers (20-30 

nma) 
Nanotechnology** 6 

2D array 

Disulfide formation or metal 

coordination of modified 

RhuAa 

2 µm x 2 µm Square: pore 1-4 nm 9-11 nm 
1 layer ( 5 nm*)   

to few layers 
ND 7 

2D array 
Metal coordination  of 

modified STM4215 
100 µm Honeycomb: pore 5 nm 7 nm 1 layer (5 nm) Nanotechnology** 8 

2D array 
Disulfide formation of 

modified rHuHF (ferritin) 
ND Square: pore 8 nm* 12.5 nm ND 

Proof of concept for further 

application to other proteins 
9 

2D array 
Disulfide formation modified 

RhuAa 
2.4 µm x 2.4 µm Square: pore 6 nm* 11.4 nm ND 

Creation of AuNP lattices for 

nanotechnology 
10 

Lectin/Sugar and Rodhamin dimerization 

Nanorod, and 

ribbon, 2D array, 

3D 

Tetrameric lectin (LECA) 

connected by sugar and 

rhodamin interaction 

100 nm x 100 

nm 
Square: pore 3 nm* 5 nm 

1 layer (2 nm) to 

few layers (2D 

stacking) 

Tunable multicomponent 

assemblies 
11 

2D array 

 

Tetrameric lectin (CONA) 

connected by sugar and 

rhodamin interaction 

100 µm x100 

µm 
Square: pore 7 nm* 8 nm* 

Several layers 

(200 nm) 

Tunable multicomponent 

assemblies 
12 

Genetic fusion of subunits from protein assemblies fusion  

2D array 

Interaction between receptor 

(streptavidin) and ligand 

(Steptag)-fused protein  

ND Square: pore 8 nm* 14 nm 1 layer (ND) 
Design biomaterials with 

diverse properties 
13 

Hydrophobic interaction 

2D array 

 

Non-covalent interaction of 

class1-2 hydrophobins 
1 µm x 1 µm* 

-Rodlet (class 1): no 

pores 

-Mesh (class 2): pore 

20-30 nm 

ND 

-Rodlet ND 

-Mesh, 1 layer (2 

nm) 

Modification of the 

wettability of hydrophobic 

surface 

14 

2D array,3D 

 

Hydrophobic interaction 

between amyloid residues of 

modified ferritin 

500 nm x 500 

nm* 
Square: cage  8 nm* 12.6 nm 

1 layer (10 nm) to 

several layers 

(114 nm) 

Control 2D or 3D protein 

self-assemblies 
15 

2D array, 3D 

Hydrophobic interaction 

between aromatic amino 

acids modified ferritin 

ND Square: cage 8 nm 11.4 nm 

1 layer (11.5 nm)  

to several layers 

(ND) 

Templates for the fabrication 

of 2D, 3D nanoparticle 

arrays 

16 

De novo computational design 
2D array 

 

Computational design of   

protein/protein interaction 
1 µm x 1 µm 

Ring, rectangular or 

triangular: pore < 5 nm 
5 - 15 nm 1 layer, 3-8 nm Nanotechnology** 17 

2D array 
Computational design of   

protein/protein interaction 

200 nm x 200 

nm 

Rectangular: pore 2.3 

nm* 
4 nm* 1 layer (2.4 nm) 

Programmable protein 

assembly 
18 

Nanowire,2D 

array 

Computational design of 

protein-surface interaction 

ND ou 

850 mm x 850 

mm* 

Tunable honeycomb: 

pore (9-30 nm) 

Tunable distance 

(11-30 nm) 

 

1 layer (ND) 
Design of protein–inorganic 

hybrid materials 
19 

Enzyme-triggered covalent protein assembly 

Nanotube, 2D 

array 

Covalent assembly of 

modified SP1 via enzyme 

catalysis 

200 nm x 200 

nm 

Honeycomb: pore 2.5 

nm 
11 nm* 1 layer (4 nm) 

Energy transfer through 

quantum-dot 
 20 

Head-tail interaction 

3D array Oligomerization domain 2 µm x 2 µm Honeycomb: pore 5 nm 8 nm 

Helicoidal self-

assembly (31 nm 

= 40 layers) 

Pores modification  for 

Nanotechnology 

This 

work 

 

*Values deduced from publication, ** Potential applications, no work done to test feasibility. ND, not described. 
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Table S2. Amino acid sequences of the N- and C-terminal extensions of the different proteins 

used. 

 N-terminal extension C-terminal extension 

 

GbLFY-SAM 

 

MKHHHHHHPMSDYDIPTTENLYFQGA KKLDLFVDVDGKRKADENALDTLSQA 

 

GbLFY-SAM 

N-terminal mutant 

MKHHHHHHP KKLDLFVDVDGKRKADENALDTLSQA 

 

GbLFY-SAM shortest 

N-terminal mutant 

MHHHHHH KKLDLFVDVDGKRKADENALDTLSQA 

 

GbLFY-SAM short 

C-terminal mutant 

 

MKHHHHHHPMSDYDIPTTENLYFQGA KKLDA 

GbLFY-SAM K110C 

C-terminal mutant 

 

MKHHHHHHPMSDYDIPTTENLYFQGA CKLDLFVDVDGKRKADENALDTLSQA 

GbLFY-SAM linker 3CH 

C-terminal mutant 

 

MKHHHHHHPMSDYDIPTTENLYFQGA GGSGGSCHCHCHC 
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Figure S1. Superposition of GbLFY-SAM crystallographic structures to the self-assemblies. (a) 

Superposition of one helix to the self-assembly of GbLFY-SAM without its N-terminal. (b) 

Superposition of the honeycomb to the self-assembly of GbLFY-SAM with its N-terminal 

extension. The scale bars are 30 nm in both images. 
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Figure S2. STEM image of GbLFY-SAM self-assembling in a honeycomb structure despite the 

addition of 1 mM EDTA. The Fourier Transform shown in inset confirm the conservation of the 

lattice parameters. Scale bar: 100 nm. 
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Figure S3. The polymeric honeycomb structure has a modular platform for broad applications. (a) 

view of 12 monomers modelled by I-TASSER forming one helix round with the first residues of 

the N-terminal shown as green surface and the last residues shown as red surface. For better 

visibility, only 12 out of 40 monomers are represented. (b) same representation with only the first 

and last residues shown as green and red surfaces. (c) and (d) lateral view of one helical polymer. 

(e) honeycomb formation by interaction between one central helical polymer and 6 helical 

polymers. (f) same representation with only the first and last residues shown as green and red 

surfaces (g) only the last residues shown as red surfaces or (h) only the first residues shown as 

green surfaces. Both N- and C-terminal extension are located inside the pores and could be used 

for specific grafting.  
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Figure S4. STEM image of engineered N-terminal (a) and C-terminal (b-d) GbLFY-SAM 

extension. (a) Self-assembly with only the first seven amino acid residues of the N-terminal 

extension. (b) Self-assembly with a deletion of the C-terminal part. (c) Self-assembly of GbLFY-

SAM K110C. (d) Self-assembly with a GGSGGSCHCHC sequence instead of the C-terminal 

extension. The Fourier transform images shown in insert indicate that the engineered GbLFY-SAM 

have an architecture and dimensions similar to those observed with GbLFY-SAM. The scale bars 

are 50 nm in all the images. 

  



S-8 
 

 

Figure S5. Measurement of the average height of the honeycomb of GbLFY-SAM with its N-

terminal extension using AFM on several individual crystals. Scale bar: 1 µm. 
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Figure. S6. STEM image of GbLFY-SAM self-assembly on hydrophobic (a) and hydrophilic (b) 

silicon nitride. (a) Self-assembly on a hydrophobic silicon nitride coated with alumina and fluoro-

methyl-silane. (b) Self-assembly on a hydrophilic silicon nitride coated with hydroxylated alumina. 

The fast Fourier transform of the images shown in insert indicate that the self-assemblies have an 

architecture and dimensions similar to those observed onto carbon and silicon surfaces. The scale 

bars are 50 nm in both images.  
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Figure S7. In presence of 1 mM EDTA, Ni2+ salt are desorbed from GbLFY-SAM self-assembly. 

(a) Top, STEM image in dark field mode of an unstained self-assembly. Bottom, EDX spectrum of 

the self-assembly showing the absence of uranyl acetate. (b) Top, STEM image in dark field mode 

of a self-assembly after the Ni2+ salt desorption chelated thanks to the 1 mM EDTA. Bottom, EDX 

spectrum of the self-assembly showing that nickel is out of the self-assembly. All the scale bars are 

100 nm in both images. 
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Figure S8. Self-assembly as a platform for specific grafting of a huge number of ligands. (a) Self-

assembly of GbLFY-SAM on a 1 µm2 carbon surface. Scale bar: 100 nm. (b) Determination of the 

number of honeycomb pores on the surface of 1 µm2 shown in (a) using Fiji. In this area the self-

assembly provides a surface density of 11 835 available pores per µm2. Considering that each pore 

corresponds to a stacking of an average of 40 GbLFY-SAM monomers, and assuming that at least 

one terminal extension of each monomer could be modified for grafting, this self-assembly presents 

485 235/µm2 specific grafting sites for metal, organic or inorganic compounds for various 

applications.   
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