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Genetic code
pbehaves as a program

For instance, small changes in the code
imply big ditferences
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However we can try

differently

Iale

do




Using DNA to create shapes,
Ned Seeman (1990-




Using DNA to create shapes,
Ned Seeman (1990-)

Create complementary strands
iInducing particular shapes



A tour of
achlievements



Why do we want to use nucleic acids to build
structures, motors and circuits?
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Molecular programming

Seeman, J. Theor. Biol. 1982

self-assembly of
nanostructures




Molecular programming

Chen & Seeman, Nature 1991

self-assembly of
nanostructures
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Winfree et al, Nature 1998

self-assembly of
nanostructures




Molecular programming

Rothemund, Nature 2006

self-assembly of
nanostructures




Molecular programming

Qian et al, Chinese Sci. Bull. 2006

self-assembly of
nanostructures




Molecular programming

self-assembly of
nanostructures




Molecular programming

Dietz et al, Science 2009

self-assembly of
nanostructures




Molecular programming
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Han et al, Science 2011

self-assembly of
nanostructures




Molecular programming

Yurke et al, Nature 2000

nanomechanical
devices

self-assembly of
nanostructures




Molecular programming

Yin et al, Nature 2008
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devices
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Molecular programming
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Lund et al, Nature 2010

nanomechanical
devices

self-assembly of
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Molecular programming

Andersen et al, Nature 2009

assembly of

self-

nanostructures



Molecular programming }
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Molecular programming
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Molecular programming
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Molecular programming
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Molecular programming

fundamental architectures
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Molecular programming
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Molecular programming
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Molecular programming
H1 37— Metastable .~ _;f.. T.'°

hairpins ) =

fundamental architectures - \ // %
1 i L

and wash V// H2
mRNA target

~ Zebrafish embryo oM™

biochemical 'mase i -
o + | mRNA . .

circuits | expression Choi et al, Nat. Biotech. 2010

p
nanomechanical create sense target

, + | an assembly line pH conditions delivery

devices | of molecules in living organisms ] | to cells

4 . .
self-assembly of study : determine organize ensineer

+ | DNA-protein protein nanobarticles biosynthesis

nanostructures | interactions structures P pathways

real-world applications



HEK293
Hela

B~
(=}
o
o

3000 4 I

Molecular programming g F
E 1000 4
. , _ 8
fundamental architectures ez ooy
A Jj Jj __ miR-30a % g =4
J@m=-= qffim=-=-=
CMVL cMv L miR-21 AND miR-17-30a
@ @ AND NOT (miR-141)
v 1 e AND NOT (miR-142(3p))
oThE ‘ oTRE AND NOT (miR-146a)
O mivR\-A1A41 miR\-’lilf(sp) mmsa
= - L L L
(image identify (CAG_LacO, I
biochemical T — D
o + | mMRNA cancer .
circuits expression cells Xie et al, Science 2011
(create sense target
nanomechanical : . g
, + | an assembly line pH conditions delivery
devices | of molecules in living organisms | | to cells
4 . .
self-assembly of study : determlne organize engineer -
+ | DNA-protein protein nanobarticles biosynthesis
nanostructures _interactions structures P pathways
>

real-world applications



Molecular programming

fundamental architectures

—t S ) e

troeP =@, N=3, =1 jD JououuuyougaJl
declare system Bacterium Q13_7{
E R OCOooOoocoootl
component L_m = L(100);
PR [ o Y e o
( ]{ ) El JL U
L ) O aJl
: : (image identify [
biochemical )
o + MRNA cancer
circuits | expression cells
J
(create sense target [
nanomechanical : - 8 —
devi + | an assembly line pH conditions delivery
evices | of molecules in living organisms ] | to cells
\
e . ;
rmin : ngineer
self-assembly of study : dete. € organize engineer
+ | DNA-protein protein nanoparticles biosynthesis
nanostructures | interactions structures pathways

real-world applications



