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 Abstract 

 Results  Conclusions 

None of the human-invented technologies can match the 
intricacy with which diatoms self-assemble their 
silica-based cell walls. This biomolecular program 
involves a complex interplay between inorganic 
precursors and organic molecules, including proteins 
and peptides. Using silica- and titania-precipitating R5 
peptide from Cylindrotheca fusiformis and its 
derivatives, we present two strategies to mimic the 
natural capacity of diatoms to produce inorganic 
materials. First, we use amyloid fibril-forming CsgA 
protein, the major proteinaceous component of E. coli 
extracellular matrix, to display the peptides. Second, we 
direct the R5 peptide to the interior of MS2 viral capsids 
and nanotubes. Naturally occurring protein scaffolds 
such as bacterial amyloids and viral capsids could lead 
to sustainable production of inorganic materials for 
applications in energy, medicine and electronics. 

 Goal 

 Approach and Methods 

Figure 1 | R5 peptide-induced precipitation of silica. (A) ~10 mM R5 peptide 
dissolved in 50 mM potassium phosphate buffer (pH 7.0) was incubated with 50 mM 
Si(OH)4 for 30 min at room temperature. The resulting precipitate (inset) was 
visualized using Scanning Electron Microscopy (SEM). (B) Elemental mapping of the 
precipitate using Energy Dispersive Spectroscopy (EDS). (C) and (D) Samples were 
sputter-coated with 5 nm of Pt/Pd and imaged using a Zeiss Supra 55VP FE-SEM.    

• Chemically synthesized R5 peptide induces silica 
precipitation at ambient conditions.  

 

• Genetically engineered biofilms express amyloid 
nanofibrils modified with R5 peptide and its variants. 
 

• E. coli cells readily produce virus-like particles (VLPs) 
of uniform size and shape.  
 

• In vitro experiments with purified wild type VLPs 
suggest that positively charged interior of the VLPs 
facilitates the nucleation of silica. 
 

• R5in1 mutant assembles into hollow nanotubes that 
can be filled with electron dense material. 
 

 Future Directions 
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We aim to test the ability of R5-displaying biofilms and 
purified amyloid nanofibrils to precipitate silica. Next, 
bacterial biofilms will be engineered to display other 
silica- and titania-precipitating peptides. We are also 
interested in designing bifunctional biofilms for metal 
oxide-based enzyme immobilization. In vitro conditions 
under which wild type and mutant VLPs induce 
formation of silica spheres and nanorods, respectively, 
will be optimized. Scanning Transmission Electron 
Microscopy (STEM) and Energy Dispersive 
Spectroscopy (EDS) will be used to study them in more 
detail. Resulting nanomaterials will be assessed for 
optical, catalytic, mechanical, and electronic properties. 
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Figure 2 | R5 peptide and its variants displayed on genetically engineered 
biofilms. (A) Engineered E. coli cells were spotted on plates containing Congo Red 
(amyloid-specific dye) and 0.5 mM IPTG. Spotted cells were incubated at room 
temperature for ~48 h. Dark red indicates the formation of amyloid nanofibrils. (B) 
Quantitative Congo Red assay with the cultures on (A). All measurements were 
normalized to cell density. Standard deviation is shown. TEM images of biofilms 
stained with 1% uranyl acetate: (C) CsgA-R5, (D) CsgA-R5p9, (E) CsgA-R5p2, and (F) 
wild type (WT) CsgA. Silica and titania precipitation is expected in (C) and (D).   

Figure 3 | Phage capsids for the production of silica-based nanomaterials. (A) Wild 
type MS2 coat protein (Cp) overexpressed in E. coli assembles into virus-like 
particles (VLPs) which can be partially purified by polyethylene glycol (PEG) 
precipitation. (B) Partially filled capsids were observed after incubating the purified 
VLPs with 2.5 mM Si(OH)4 at 40 C. (C) R5 peptide-containing MS2 mutant termed 
R5in1 (Cp-R5) forms 27 nm wide and up to 1 µm long hollow nanotubes. (D) 
Incubating enriched R5in1 with 2.5 mM Si(OH)4 at 4°C resulted in the formation of 
electron-dense rods as observed in unstained TEM samples. 
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Our goal is to use natural protein scaffolds for size- and 
shape constrained synthesis of silica- and titania-based 
nanomaterials.  
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