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A note: biomolecules degrade fast

- Fluorophores and fluorescent proteins have a short running lifetime (0.1-1s).
- Other biomolecules have a limited lifetime - minute to hours at ambient temperature.
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Most photostable fluorescent proteins (FPs) by half-life

Only two have a fluorescent 
lifetime above 1500 seconds.



Jin Zhang has done renowned work in this area:

She even references the 
second most photostable FP 
listed in the database and 
creates its equivalent in the 
yellow wavelength region.



Another possible solution: QD-protein conjugation



QD-DNA-Origami Conjugation is also an option



QD-DNA-Origami Cages



In both cases, how do you isolate the proteins?

There are two viable options: 
     DNA origami positioning OR Special Protein Domains

DNA Protein



DNA Origami Positioning

You could attempt a 
similar scheme by 
using a custom protein 
rather than DNA 
origami.



Cleavable proteins binding directly to inorganic substrates

Make a small patch of silica 
that only one protein has 
room to attach to.

You may attempt a similar 
scheme by using DNA 
origami rather than a protein.



Comparison between the two methods

Direct inorganic binding:

- The biomolecule can be completely cleaved without residues left on the 
inorganic substrate.

- This implies replenishability of the biomolecule at the sensing site.

Biotin binding:

- The bond survives in harsh chemical conditions. 
- But, biotin groups leave residues when cleaved.



Comparison between Proteins and DNA origami

1. Proteins have have a smaller footprint than DNA origami (10x smaller).
2. Proteins are more functional than DNA origami (e.g. enzymes, and more).
3. DNA origami is more programmable and modular than designing a protein is.
4. DNA origami is a better scaffold than proteins are and can even serve to 

scaffold proteins.
5. DNA origami is cheaper to synthesize.

However, these two molecules are still prone to biodegradation.



Overcoming the biodegradation problem: “QD fossilization”

The following paper shows how a protein or DNA strand can be encapsulated in 
an inorganic material at room temperature.



DNA-origami mineralization
This study focuses specifically on achieving mineralization on DNA origami 
surfaces.



What if we delivered the QD using a protein and then fossilized the protein, 
permanently trapping the QD in place?

Incorporation of a QD Delivering it to the 
active site

Trapping it in an 
inorganic layer of 
sediment (the protein 
acts as a nucleation site)

All this happens at room temperature (including the QD synthesis)!



Who could be a point of contact for this idea?
Akif Tezcan has worked with MOFs and extensive custom protein design. He is likely able to 
create a nanocarrier for our quantum dots and likely more capable than any other of designing a 
protein capable of nucleating bio-sedimentation due to his knowledge of metal-organic 
frameworks.



Neville Bethal has collaborated strongly with David Baker, a Nobel Prize winner in 
the field of custom protein design. He could likely help create the nanocarrier for 
our quantum dots. He does not have a background in MOFs.



DNA Origami Specialist
Pallak Kosuri has created elaborate DNA origami devices. He is also a part of the Salk 
Institute. Likely, he will be able to use DNA-origami to create a QD nanocarrier and 
nucleation point for sedimentation due to the modularity of DNA origami; for this reason, 
he is a firm contact.



Contact for 
making single 
molecule 
biosensor chips.

Jin Zhang
Contact for using 
proteins as a taxi 
for quantum dots.

Akif Tezcan
Contact for using 
DNA origami as a 
scaffold for 
quantum dots.

Pallack Kosuri
A potential second 
contact after Akif 
Tezcan.

Neville Bethel


