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DNA nanotechnology:
DNA = material and tool



DNA origami - technique
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M13 bacteriophage genome

+
~200 synthetic oligonucleotides
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P. Rothemund, Nature 2006, 297.



DNA origami




50 nm

Nano Letters 2016.
ACS Nano 2018.
ACS Nano 2019.



“Nice. But who cares?”



DNA Origami are fully anisotropic nanoparticles
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Introducing functional elements
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Challenges for single-molecule Cryo EM of MPs

1) MPs not water soluble

2) Solve small MPs

3) MPs denature at air-water interface
4) Generate force to study

mechanosensitive MPs



Challenges for single-molecule Cryo EM of MPs

1) MPs not water soluble



Challenge 1: Solubilize MPs

Detergents

Prevent aggregation

Not native (denaturing!)

Protein- or polymer-
based lipid nanodiscs

Native lipid environment
Established in cryo EM of MPs

Size control difficult
Difficult to functionalize

DNA-lipid nanodiscs

Native lipid environment
Fully customizable (!)




Inspiration: PhD. projects

Schmidt & Heckel,
Nano Lett. 2011.

Ackermann, Schmidt et al., Nature Nanotech. 2010.



Functionalized minicircles

1)

R = ethyl, butyl, heptyl, decyl
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K. Iric et al., Nanoscale 2018.



Controlling location of side chains

(A-tracts)
MacDonald,
JMB 2001, 1081.

ST -TATATAAAAATCTCTAAAAAATATATAAAAATCTCTAAAAAA . .
ST-ATATATTTTTAGAGATTTTTTATATATTTTTAGAGATTTTTT . - .




DNA-encircled lipid bilayer (DEB) assembly

DMPC



AFM characterization



Size easily controllable

2) 1)
= study large
membrane protein
complexes?
= study docking
with viruses?
50 nm 50 nm
147 bp 294 bp

K. Iric et al., Nanoscale 2018.



Next steps

* Stabilize rings against aggregation
e Couple to SMA polymers?
e Embed MPs, Cryo-EM



Rouleaux Effect in TEM Images?

o}

w, ©®e

i




Two-ring nanodisc

e Completely shields lipids

e More stable against
aggregation?

e Larger variety of lipids?

Prof. Y. Sato Dr. S. Aye

26



Empty 2-ring scaffold






Challenges for single-molecule Cryo EM of MPs

1) Solubilize MPs

2) Structures of small MPs



Challenge 2: Small MPs (< 100-200 kDa)

Automated particle picking,
alignment difficult for small MPs.

T\

__‘



Challenge 3: Image MP in all orientations

However, proteins stick to air-water

interface and denature!!!



Challenge 4: Force generation / mechanosensitive MPs

Established nanoscale bilayer mimetics

do not allow for generation of forces.



Swiss pocket knife for for membrane proteins?
e

e Programmable / modular

e Fast design pipeline
e High throughput



Group: Praneetha Sundar Prakash, Soumya
Chandrasekhar, Draven Houser, Dr. Sanjai Karanth.
Interns: Daniel Hollis, Philip Dudones, Samuel
Awelewa

Alumni: Michael Matthies, Nayan Agarwal, Bastian
Joffroy, Katarina Iric, Kristin Joffroy, Prof. Diana
Goncalves-Schmidt, Yavuz Uca, Shikhar Gupta, Foram
Joshi, Dr. Jingjing Ye, Dr. Hafeesudeen Sahabudeen, Dr.
Ashwin Karthick, Dr. Fatih Gur, Chloe Jones, Prof.
Yusuke Sato Alamgir Kabir, Brady Weber, Dr. Parastoo

Maleki
J. Monaghan J. Doye (Oxford)
(Northeastern) S. Diez, F. Schwarz, M.
T. Sakmar, T. Huber Schlierf (BCUBE)
(Rockefeller) K. Osada (Tokyo)
K. FARhmy (HZDR) T. Konig, A. Fery (IPF)

X. Periole (Auckland)  A. Eychmdiiller, N. Gaponik,
M. Brongersma (Stanf.) M. Mertig, M. Loffler (TUD)
A. Zayats (King‘s CL) M. Ader, T. Kurth (CRTD)

W. Shih, T. Wu Petr Sulc (ASU)
(Harvard) Y. Sato, S. L. Aye (Tohoku)
M. Somoza (Vienna)

Alexander von Humboldt
Stiftung/Foundation



	Slide Number 1
	Slide Number 2
	Slide Number 3
	Slide Number 4
	DNA origami - technique
	DNA origami
	Slide Number 7
	Slide Number 8
	DNA Origami are fully anisotropic nanoparticles
	Introducing functional elements
	Introducing functional elements
	Slide Number 12
	Challenges for single-molecule Cryo EM of MPs
	Challenges for single-molecule Cryo EM of MPs
	Challenge 1: Solubilize MPs
	Inspiration: PhD. projects
	Functionalized minicircles
	Controlling location of side chains
	DNA-encircled lipid bilayer (DEB) assembly
	AFM characterization
	Size easily controllable
	Next steps
	Rouleaux Effect in TEM Images?
	Two-ring nanodisc
	Empty 2-ring scaffold
	Slide Number 28
	Challenges for single-molecule Cryo EM of MPs
	Challenge 2: Small MPs (< 100-200 kDa)
	Challenge 3: Image MP in all orientations
	Challenge 4: Force generation / mechanosensitive MPs
	Swiss pocket knife for for membrane proteins?
	Slide Number 34

