
Scien&fic	
  Adventurism	
  

[	
  don’t	
  be	
  this	
  fellow…	
  ]	
  





Henderson	
  Trajectory	
  

•  Poor	
  scholas&c	
  skills	
  
•  Good	
  mechanical	
  ap&tude	
  
•  A	
  few	
  lucky	
  moments	
  and	
  kind	
  mentors	
  
•  Molecular	
  machines	
  and	
  scien&fic	
  instruments	
  
•  Music,	
  wri&ng,	
  perpetual	
  existen&al	
  crisis	
  

I	
  like	
  inven&ng	
  and	
  making	
  stuff!	
  



Ribosomes	
  and	
  Telomeres	
  

Two	
  exemplary	
  biological	
  nanosystems	
  



DNA Nanobots to the Rescue! 



Two Classics 

1953	
   2006	
  



DNA Has a Multidimensional Code 

Gene&c	
   Hint…?	
  Chemical	
  



DNA’s Engineering Code is No Laughing Matter : ) 



DNA Origami 
(breaking “rules”, awesome!) Paul	
  Rothemund	
  



Precise Positioning 



Orchestrating Molecular Events 

Nadrian	
  Seeman	
  



Delivering Drugs 

Shawn	
  Douglas	
  



Going 3D: Part 1 
(and breaking more “rules”) 

William	
  Shih	
  



Amazing “Gee-Whiz” Stuff 



More Gee-Whiz Stuff 

Fully	
  automated	
  process	
  now	
  exists…	
  

Peng	
  Yin	
  



More Gee-Whiz Stuff 



Going 3D: Part II 



OMG (in 3D) 



Finally! Good Question! 



Amazing Useful Stuff 



•  Cheap and available 
•  Chemically and physically malleable 
•  ”Simple” and well understood 
•  Dynamic and controllable 
•  Biologically compatible 
•  Works in solid and liquid phase 

Hey,	
  here’s	
  an	
  idea,	
  let’s	
  build	
  a	
  machine	
  that	
  detects	
  
and	
  measures	
  molecular	
  forces,	
  kind	
  of	
  like	
  an	
  AFM,	
  
but	
  at	
  4	
  trillionths	
  of	
  a	
  dollar	
  per	
  machine	
  that’s	
  like	
  
1300000000000000(±	
  .06)	
  &mes	
  cheaper!	
  

Well,	
  DNA	
  is…	
  



Slider v.1.x 



Slider v.1.x 



Slider v.1.x 



Slider v.1.x 



Enter Divita Mathur: Slider v.2.x 



The “Slider” v.2.0 



Slider v.2.x Stability 



Slider 2.x Top View 

v.2.x	
   v.1.x	
  



Slider 2.x Side View 



Slider 2.x End View 



Slider is a Platform Technology 



And The Darn Thing Actually Works! 



Four Years and One Great Student Later… 

Slider	
  .v.3.x	
  

Dr.	
  Divita	
  Mathur	
  



Beautiful! 
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GGTAAATTCAGAGACTGCGCTTTCCATTCTGGCTTTAATGAGGATTTATTTGTTTGTGAATATCAAGGCCAATCGTCTGACCTGCCTCAACCTCCTGTCAATGCTGGCGGCGGCTCTGGTGGTGGTTCTGGTGGCGGCTCTGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGC+GT TCAAGATTACTCTTGAT TCAAAACCTCCCGCAAGTCGGGAGGTTCGCTAAAACGCCTCGCGTTCTTAGAATACCGGATAAGCCTTCTATATCTGATTTGCTTGCTATTGGGCGCGGTAATGATTCCTAC

A A T C T A C G C A A T T T C T T T A T T T C T G T T T T A C G T G C A A A T A A T T T T G A T A T G G T A G G T T C T A A C C C T T C C A T T A T T C A G A A G T A T A A T C C A A A C A A T C A G G A T T A T A T T G A T G A A T T G C C A T C A T C T G A T A A T C A G G A A T A T G A T G A T A A T T C C G C T C C T T C T G G T G G T T T C T T T G T T C C G C A T G G G T A A T G A A T A T C C G G T T C T T G G A T G A A A A T A A A A A C G G C T T G C T T G T T C T C G A T G A G T G C G G T A C T T G G T T T A A T A C C C G T T C T T G G A A T G A T A A G G A A A G A C A G C C G A T T A T T G A T T G G T T T C T A C A T G C T C G T A A A T T

AAATGATAATGTTACTCAAACTTTTAAAATTAATAACGTTCGGGCAAAGGATTTAATACGAGTTGTCGAATTGTTTGTAAAGTCTAATACTTCTAAATCCTCAAATGTATTATCTATTGACGGCTCTAATCTATTAGTTGTTAGTGCTCCTAAAGATATTTTAGATAACCTTCCT CTGAATGAGCAGCTTTGTTACGTTGATT TGATAGACGGTT TCA+CGGGGGCTCCCTTTAGGGTTCCGATTTAGTGCTTTACGGCACCTCGACCCCAAAAAACTTGATTTGGGTGATGGTTCACGTAGTGGGCCATCGCCC

T A T T G G T T A A A A A A T G A G C T G A T T T A A C A A A A A T T T A A T G C G A A T T T T A A C A A A A T A T T A A C G T T T A C A A T T T A A A T A T T T G C T T A T A C A A T C T T C C T G T T T T T G G G G C T T T T C T G A T T A T C A A C C G G G G T A C A T A T G A T T G A C A T G C T A G T T T T A C G A T T A C C G T T C A T C G A T T C T C T T G T T T C T C G T C A G G G C A A G C C T T A T T C A T T T C G C C C T T T G A C G T T G G A G T C C A C G T T C T T T A A T A G T G G A C T C T T G T T C C A A A C T G G A A C A A C A C T C A A C C C T A T C T C G G G C T A T T C T T T T G A T T T A T A A G G G A T T

TTGCTCCAGACTCTCAGGCAATGACCTGATAGCCTTTGTAGATCTCTCAAAAATAGCTACCCTCTCCGGCATTAATTTATCAGCTAGAACGGTTGAATATCATATTGATGGTGATTTGACTGTCTCCGGCCTTTCTCACCCTTTTGAATCTTTACCTACACATTACTCAGGCATTGCAT+TAAAA TCGTTTTATTAACGTAGATTTTTCTTCCCAACGTCCTGACTGGTATAATGAGCCAGTTCTTAAAATCGCATAAGGTAATTCACAATGATTAAAGTTGAAATTAAACCATCTCAAGCCCAATTTACTACTCGTTCTGGTGT

AAACCCCGCTAATCCTA CTTGCTATCCCTGAAAATGAGGGTGGTGGCTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTTCTGAGGGTGGCGGTACTAAACCTCCTGAGTACGGTGATA CGTTGTAGTTTGTACTGGTGACGAAACTCAGTGTTACGGTACATGGGTTCCTATTGGG TTAGGTTGGTGCCTTCGTAGTGGCATTACGTATTTTACCCGTTTAATGGAAACTTCCTCATGAAAAAGTCTTTAGTCCTCAAAG ATT+TGATACAAAT

C C T G G T A C T G A G C A C A C C T A T T C C G G G C T A T A T T C T A T T C T C A C T C C G C T G A A A C T G T T G A A A G T T G T T T A G C A A A A T C C C A T A C A G A A A A T T C A T T T A C T A A C G T C T G G A A A G A C G A C A A A A C T T T A G A T C G T T A C G C T A A C T A T G A G G G C T G T C T G T G G A A T G C T A C A G G C C T C T G T A G C C G T T G C T A C C C T C G T T C C G A T G C T G T C T T T C G C T G C T G A G G G T G A C G A T A G T G T A T T C T T T T G C C T C T T T C G T T C T C C G T T G T A C T T T G T T

CTTATATCAACCCTCTCGACGGCACTTATCCG ATTAAAGGCTCCTTTTGGAGCCTTTTTTTTGGAGATTTTCAACGTGAAAAAATTATTATTCGCAATTCCTTTAGTTGTTCCT CCCGCAAAAGCGGCCTTTAACTCCCTGCAAGCCTCAGCGACCGAATATATCGGTTA+ACTATCGGTATCAAGCTGTTTAAGAAATTCACCTCGAAAGCAAGCTGATAAACCGATACA TCGCGCTTGGTATAATCGCTGGGGGTCAAAGATGAGTGTTTT

G A T + T A T G A C C G A A A A T G C C G A T G A A A A T T C C G G C C T T G C T A A T G G T A A T G G T G C T A C T G G T G A T T T T G C T G G C T C T A A T T C C C A A A T G G C T C A A G T C G G T G A C G G T G A T A A T T C A C C T T T A A T G A A T A A T T T C C G T C A A T A T T T A C C T T C C C T C C C T C A A T C G G T T G A A T G T C G C T G C T A T T T T C A T T T T T G A C G T T A A A C A A A A A A T C G T T T C T T A T T T G G A T T G G G A T A A A T A A T A T G G C T G T T T A T T T T G T A A C T C T T G A T T T A A G G C T

CGCGCTACAGTCTGACGCTAAAGG TGGTTTCATTGGTGACGT TAAACTTATTCCGTGGTGTCTTTGCGTTTCTTTTATATGTTGCCACCTTTATGTATGTATTTTCTACGTTTGC CCCTTTTGTCTTTGGCGCTGGTAAACCATATGAATTTTCTATTGATTGTGACAAAA TTCAGTTAATTCTCCCGTCTAATGCGCTTCCCTGTTTTTATGTTATTCTCTCTGTAAAGG GGCAAATTAGGCTCTGGAAAGACG TGCAAAATAGCAACTAAT

C A A A C T T G A T T C T G T C G C T A C T G A T T A C G G T G C T G C T A T C G A T A A C A T A C T G C G T A A T A A G G A G T C T T A A T C A T G C C A G T T C T T T T G G G T A T T C C G T T A T T A T T G C G T T T C C T C G G T T T C C T T C T G G T A A C T T T G T T C G G C T A T C T G C T T A C T T T T C T T A A A A A G G G C T T C G G + T T G T G G G T T A T C T C T C T G A T A T T A G C G C T C A A T T A C C C T C T G A C T T T G T T C A G G G T G C T C G T T A G C G T T G G T A A G A T T C A G G A T A A A A T T G T A G C T G G G
TGTATATTCATCTGACGTTAAACCTGAA GGTAATTCAAATGAAATTGTTAAATGTAATTAATTTTGTTTTCTTGATGTTTGTTTCATCATCTTCTTTTGCTCAGGTAATTGAAATGAATAATTC CAAGGTTATTCACTCACATATATTGATTTATGTACTGTTTCCATTAAAAAA GTACTTTATATTCTCTTATTACTGGCTCGAAAATGCCTCTGCCTAAATTACATGTTGGCGTTGTTAAATATGG AGG+GATATTATTTTTCTTGTTCAGGACTTATCTA

C T C C C G A T G T A A A A G G T A C T G T T A C G C C T C T G C G C G A T T T T G A A A G G T A G T C T C T C A G A C C T A T G A T T T T G A T A A A T T C A C T A T T G A C T C T T C T C A G C G T C T T A A T C T A A G C T A T C G C T A T G T T T T C A A G G A T T C T A A G G G A A A A T T A A T T A A T A G C G A C G A T T T A C A G A A G C G A T T C T C A A T T A A G C C C T A C T G T T G A G C G T T G G C T T T A T A C T G G T A A G A A T T T G T A T A T T T A C C T T T T G T C G T T G T T G A T A A A C A G G C G C G T T C T G C A T T

TAACTTGGTATTCAAAGCAATCAGGCGAATCCGTTATTGTTT CTCGCGTTCTTTGTCTTGCGATTGGATTTGCATCAGCATTTACATATAGTTATATAACCCAACCTAAGCCGGAGGTTAA ACGCATATGATACTAAACAGGCTTTTTCTAGTAATTATGATTCCGGTGTTTAT+ACCATTAAATTTAGGTCAGAAGATGAAATTAACTAAAATATATTTGAAAAAGTTTT AGCTGAACATGTTGTTTATTGTCGTCGTCTGGACAGAATTAC

C A + C C T T T C A A C T G T T G A T T T G C C A A C T G G C A C T G T T G C A G G C G G T G T T A A T A C T G A C C G C C T C A C C T C T G T T T T A T C T T C T G C T G G T G G T T C G T T C G G T A T T T T T A A T G G C G A T G T T T T A G G G C T A T C A G T T C G C G C A T T A A A G A C T A A T A G C C A T T C A A A A A T A T T G T C T G T G C A C G T T A T A C G T G C T C G T C A A A G C A A C C A T A G T A C G C G C C C T G T A G C G G C G C A T T A A G C G C G G C G G G T G T G G T C C T T C C T T T C T C G C C A C G T T C G + C G

GACCAGATATTGATTGAGGGTTTGA CTGCTGGCTCTCAGCGT CTTTTATTACTGGTCGTGTGACTGGTGAATCTGCCAATGTAAATAATCCATTTCAGACGATTGAGCGTCAAA CCACGTATTCTTACGCTTTCAGGTCAGAAGGGTTCTATCTCTGTTGGCCAGAATGTCC TCTAAAATCCCTTTAATCGGCCTCCTGTTTAGCTCCCGCTCTGATTCTAACGAGGAAAG GGTTACGCGCAGCG GCTCCTTTCGCTTTCTTC

T A T T T G A G G T T C A G C A A G G T G A T G C T T T A G A T T T T T C A T T T G A T G T A G G T A T T T C C A T G A G C G T T T T T C C T G T T G C A A T G G C T G G C G G T A A T A T T G T T C T G G A T A T T A C C A G C A A G G C C G A T A G T T T G A G T T C T T C T A C T C A G G C A A G T G A T G T T A T T A C T A A T C A A A G A + T T A C T C G G T G G C C T C A C T G A T T A T A A A A A C A C T T C T C A G G A T T C T G G C G T A C C G T T C C T G T G A C C G C T A C A C T T G C C A G C G C C C T A G C G C C C

AGACGCGAATTATTTTTGATGGCGTTCC GAGGCCGATACTGTCGTCGTCCCCTCAAACTGGCAGATGCACGGTTACGATGCGCCCATCTACACCAACGTGACCTATCCCATTACGGTCA CCTGGTTTCCGGCACCAGAAGCGGTGCCGGAAAGCTGGCTGGAGTGCGATCTTCCT GTTGCCCGTCTCACTGGTGAAAAGAAAAACCACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGG T+CCGATTTCGGAACCACCATCAA

A T G A A A G C T G G C T A C A G G A A G G C C A T C C G C C G T T T G T T C C C A A C C C T G G C G T T A C C C A A C T T A A T C G C C T T G C A G C A C A T C C C C C T T T C G C C A G C T G G C G T A A T A G C G A A G A G G C C C G C A C C G A T C G C C C T T C C C A A C A G T T G C G C A G C C T G A A T G G C G A A T G G C G C T T T G C C G A T T C A T T A A T G C A G C T G G C A C G A C A G G T T T C C C G A C T G G A A A G C G G G C A G T G A G C G C A A G G G C A A T C A G C T A C A G G A T T T T C G C C T G C T G G G G C A A A C C

CGGAGAATCCGACGGGTTGTTACTCGCTCACATTTAATGTTG GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAAA AACGCAATTAATGTGAGTTAGCTCACTCATTAGGCACCCCAGGCTTTACACTTTATG+CAATTTCACACAGGAAACAGCTATGACCATGATTACGAATTCGAGCTCGGTACCCG AGCGTGGACCGCTTGCTGCAACTCTCTCAGGGCCAGGCGGTG

A T T T T + G G C T T C T C C C G C A A A A G T A T T A C T G T A T G A T T T A T T G G A T G T T A A T G C T A C T A C T A T T A G T A G A A T T G A T G C C A C C T T T T C A G C T C G C G C C C C A A A T G A A A A T A T A G C T A A A C A G G T T A T T G A C C A T T T G C G A A A T G T A T C T A A T G G T C A A A C T A A A T C T A C T C G T T C G C A A A A C T T C T T T T G C A A A A G C C T C T C G C T A T T T T G G T T T T T A T C G T C G T C T G G T A A A C G A G G G T T A T G A T A G T G T T G C T C T T A C C T G T A A T A A T G T T G T T C C G T T A G T

CAGGGTCATAATGTTTTTGGTACAA CTAATTCTTTGCCTTGC TTAGTTGCATATTTAAAACATGTTGAGCTACAGCATTATATTCAGCAATTAAGCTCTAAGCCATCCGCAAAAATGACCT CAGAATTGGGAATCAACTGTTATATGGAATGAAACTTCCAGACACCGTACT GACGATTCCGCAGTATTGGACGCTATCCAGTCTAAACATTTTACTATTACCCCCTCTGG TATGCCTCGTAATTCCTTTTGGCGT CTGATGAATCTTTCTAC

C C G A T T T A G C T T T A T G C T C T G A G G C T T T A T T G C T T A A T T T T G C T T A T C A A A A G G A G C A A T T A A A G G T A C T C T C T A A T C C T G A C C T G T T G G A G T T T G C T T C C G G T C T G G T T C G C T T T G A A G C T C G A A T T A A A A C G C G A T A T T T G A A G T C T T T C G G G C T T C C T C T T A A T C T T T T T G A T G + T C T C G T T T T C T G A A C T G T T T A A A G C A T T T G A G G G G G A T T C A A T G A A T A T T T A T T A T G T A T C T G C A T T A G T T G A A T G T G G T A T T C C T A A A T C T C A A
CAAGAGA GACTCCT AGGCTGA TATTAAG ATGAAAG CTGAAAC TATTATT CGGAACC CCTATTT CCCCCTG ATG GTTA ATAAACA TGCCCGT GTAACAG GGTCAGTGCCTTGA CGG TTAA ACTGGTAATAAGTT GGAGTGT CTTTTGATGATACA TGG TACA TCCAGTAAGCGTCA CATAGGCTGGCTGACCTTCGT GCG CCAG ACAGA GAACGGTGT GACAGAT GAAAGAG CAACTTT AACTGAC GGAACCG TCATAAG CGGTCAA GCGCAGA GAACGAG TTAGCCG ATGTTAC CTGCTCC

A C C C T C A G A A C C G C C A C C C T C A G A G C C A C C A C C C T C A G A G C C G C C A C C A G A A C C A C C A C C A G A G C C G C C G C C A G C A T T G A C A G G A G G T T G A G G C A G G T C A G A C G A T T G G C C T T G A T A T T C A C A A A C A A A T A A A T C C T C A T T A A A G C C A G A A T G G A A A G C G C A G T C T C T G A A T T T A C C A T C A A G A G T A A T C T T G A G T A G G A A T C A T T A C C G C G C C C A A T A G C A A G C A A A T C A G A T A T A G A A G G C T T A T C C G G T A T T C T A A G A A C G C G A G G C G T T T T A G C G A A C C T C C C G A C T T G C G G G A G G T

TAAAGAA ACAGAAA AAA ACGT TATTTGC TCAAAAT ATA TACC TAGAACC GAAGGGT ATG AATA ACTTCTG GGATTAT ATTGTTT CTG AATC CAATTCATCAATAT ATGATGG TTCCTGATTATCAG ATA CATC AGGAGCGGAATTAT CACCAGA CGGAACAAAGAAAC TCCAAGAACCGGATATTCATTACCCATG CGTTTTTATTTTCA AGCAAGC GAGAACA ACTCATC GTACCGC AAACCAA ATT GGGT CAAGAAC ATCATTC CTT TTTC GGCTGTC AATAATC ACCAATC TGTAGAA

G G T T A T C T A A A A T A T C T T T A G G A G C A C T A A C A A C T A A T A G A T T A G A G C C G T C A A T A G A T A A T A C A T T T G A G G A T T T A G A A G T A T T A G A C T T T A C A A A C A A T T C G A C A A C T C G T A T T A A A T C C T T T G C C C G A A C G T T A T T A A T T T T A A A A G T T T G A G T A A C A T T A T C A T T T A A T C A A C G T A A C A A A G C T G C T C A T T C A G A A C C G T C T A T C A G G G C G A T G G C C C A C T A C G T G A A C C A T C A C C C A A A T C A A G T T T T T T G G G G T C G A G G T G C C G T A A A G C A C T A A A T C G G A A C C C T A A A G G G A G C

CATTTTT ATCAGCT TTGTTAA TAAATTT TTCGCAT GTTAAAA TTT ATAT AACGTTA AATTGTA ATATTTA CAA TAAG GATTGTA CCCAAAAACAGGAA AGC GAAA CCGGTTGATAATCA ATGTACC AGCATGTCAATCAT ACT TAAA ATGAACGGTAATCG TCG TGACGAGAAACAAGAGAA CCC CTTG CAAAGGGCGAAATGAATAAGG CCAACGT ACT GTGG AAAGAAC ATT CACT AAGAGTC TTGGAAC TTCCAGT AGTGTTG AGGGTTG GAT CCGA GAATAGC AAA ATCA CTTATAA

T G C C T G A G T A A T G T G T A G G T A A A G A T T C A A A A G G G T G A G A A A G G C C G G A G A C A G T C A A A T C A C C A T C A A T A T G A T A T T C A A C C G T T C T A G C T G A T A A A T T A A T G C C G G A G A G G G T A G C T A T T T T T G A G A G A T C T A C A A A G G C T A T C A G G T C A T T G C C T G A G A G T C T G G A G C A A A C A C C A G A A C G A G T A G T A A A T T G G G C T T G A G A T G G T T T A A T T T C A A C T T T A A T C A T T G T G A A T T A C C T T A T G C G A T T T T A A G A A C T G G C T C A T T A T A C C A G T C A G G A C G T T G G G A A G A A A A A T C T A C G

T T A G C G G G G T T T T A T C A C C G T A C T C A G G A G G T T T A G T A C C G C C A C C C T C A G A A C C G C C A C C C T C A G A A C C G C C A C C C T C A G A G C C A C C A C C C T C A T T T T C A G G G A T A G C A A G C C C A A T A G G A A C C C A T G T A C C G T A A C A C T G A G T T T C G T C A C C A G T A C A A A C T A C A A C G C T T T G A G G A C T A A A G A C T T T T T C A T G A G G A A G T T T C C A T T A A A C G G G T A A A A T A C G T A A T G C C A C T A C G A A G G C A C C A A C C T A A A T T T G

TGTGCTCAGTACCA CCGGAATAGG TAGC CAGCGGAGTGAGAATAGAATA ACAGTTT CTAAACAACTTTCA GATTTTG CTTTCCAGACGTTAGTAAATGAATTTTCTGTATGG TTGTCGT AACGATCTAAAGTT CGT TTAG GACAGCCCTCATAG ACA TTCC CCTGTAGCA CGGCTACAGAGG AACGAGGGTAGCAA GCATCGG AGCAGCGAAAGACA GAATACACTATCGTCACCCTC AAA GGCA CGGAGAACGAAAGA

G A T A A G T G C C G T C G A G A G G G T T G A T A T A A G A G G A A C A A C T A A A G G A A T T G C G A A T A A T A A T T T T T T C A C G T T G A A A A T C T C C A A A A A A A A G G C T C C A A A A G G A G C C T T T A A T T G T A T C G G T T T A T C A G C T T G C T T T C G A G G T G A A T T T C T T A A A C A G C T T G A T A C C G A T A G T T A A C C G A T A T A T T C G G T C G C T G A G G C T T G C A G G G A G T T A A A G G C C G C T T T T G C G G G A A A A C A C T C A T C T T T G A C C C C C A G C G A T T A

CGG TTTT AATTTTCATCGGCA CGG AGGC ATTAGCA CATTACC CAC GTAG ATCACCA CAGCAAA AGC TTAG TTGGGAA AGGTGAATTATCACCGTCACCGACTTGAGCCAT ATTCATTAA ATT GGAA AGGTAAATATTGAC GGAGGGA CGACATTCAACCGATTGAG AAATAGCAG AAAATGA TCA AACG TTTGTTT TTT ACGA ATAAGAA AATCCAA TTATCCC ATATTAT AACAGCC AGAGTTACAAAATA TAAATCA

A G C G T C A G A C T G T A G C G C G A C G T C A C C A A T G A A A C C A G C A A A C G T A G A A A A T A C A T A C A T A A A G G T G G C A A C A T A T A A A A G A A A C G C A A A G A C A C C A C G G A A T A A G T T T A T T T T G T C A C A A T C A A T A G A A A A T T C A T A T G G T T T A C C A G C G C C A A A G A C A A A A G G G C C T T T A C A G A G A G A A T A A C A T A A A A A C A G G G A A G C G C A T T A G A C G G G A G A A T T A A C T G A A C G T C T T T C C A G A G C C T A A T T T G C C A T T A G T T G C

CAA GAAT ACA AATCAGTAGCG GCACCGT CGCAGTATGTTATCGATAGCA AAGACTCCTTATTA ATT CATG GAACTGG ACCGAGGAAACGCAATAATAACGGAATACCCAAAA GTTACCAGAAGGAA AAA GAAC GTAAGCAGATAGCC AAGAAAA CCGAAGCCCTTTTT CCACAA ATCAGAGAGATAAC CGCTAAT AGAGGGTAATTGAG CAAAGTC GAA AACGCTAACGAGCACCCT TCCTGAATCTTACC AATTTTA
G T C A G A T G A A T A T A C A G A A T T A T T C A T T T C A A T T A C C T G A G C A A A A G A A G A T G A T G A A A C A A A C A T C A A G A A A A C A A A A T T A A T T A C A T T T A A C A A T T T C A T T T G A A T T A C C T T T T T T A A T G G A A A C A G T A C A T A A A T C A A T A T A T G T G A G T G A A T A A C C T T G C C A T A T T T A A C A A C G C C A A C A T G T A A T T T A G G C A G A G G C A T T T T C G A G C C A G T A A T A A G A G A A T A T A A A G T A C T A G A T A A G T C C T G A A C A A G A A A A

CCTTTTA ACTACCTTTCAAAATCGCGCAGAGGCGTAACAGTA GAG CTGA TCAAAATCATAGGT GAATTTA CAATAGT ATAGCGATAGCTTAGATTAAGACGCTGAGAAGAGT AAC GAATCCTTGAA TCCCTTA CTATTAATTAATTT ATCGTCG CTTCTGTAA AATTGAGAATCG CAACAGTAGGGCTT GCT CAAC TACCAGTATAAAGC AACGACAAAAGGTAAATATACAAATTCT GCCTGTTTATCAAC CGC AGAA

C G G A T T C G C C T G A T T G C T T T G A A T A C C A A G T T A T T A A C C T C C G G C T T A G G T T G G G T T A T A T A A C T A T A T G T A A A T G C T G A T G C A A A T C C A A T C G C A A G A C A A A G A A C G C G A G A A A A C T T T T T C A A A T A T A T T T T A G T T A A T T T C A T C T T C T G A C C T A A A T T T A A T G G T A T A A A C A C C G G A A T C A T A A T T A C T A G A A A A A G C C T G T T T A G T A T C A T A T G C G T G T A A T T C T G T C C A G A C G A C G A C A A T A A A C A A C A T G T T

GTTGAAA ATCAACA TTGGCAA ACAGTGCCAG TGCA CACCGCC GTATTAA TCA GCGG GAG AGGT AAAACAG AGAAGAT ACATCGCCATTAAAAATACCGAACGAACCACCAGC CCCTAAA TAG GCGCGAACTGA CTTTAAT TATTAGT GAATGGC TATTTTT CACAGACAA ACGTATAACGTG GACGAGC TTGCTTT TGG ACTA CGT GGCG CAG GCTA ATGCGCC TTA GCGC GCC GGACCACACCC AAAGGAA GAG TGGC

A A A C C C T C A A T C A A T A T C T G G T C A C G C T G A G A G C C A G C A G T T T G A C G C T C A A T C G T C T G A A A T G G A T T A T T T A C A T T G G C A G A T T C A C C A G T C A C A C G A C C A G T A A T A A A A G G G A C A T T C T G G C C A A C A G A G A T A G A A C C C T T C T G A C C T G A A A G C G T A A G A A T A C G T G G C T T T C C T C G T T A G A A T C A G A G C G G G A G C T A A A C A G G A G G C C G A T T A A A G G G A T T T T A G A C G C T G C G C G T A A C C G A A G A A A G C G A A A G G A

TGCTGAACCTCAAA CCT ATCA ATCAAATGAAAAATCTAAAGC ATGGAAATACCTAC CTC AACG ATTGCAACAGGAAA TGCTGGTAATATCCAGAACAATATTACCGCCAGCC TCGGCCT CAAACTA TGAGTAGAAGAACT ACTTGCC ATC TTAGTAATAAC TCTTTGA GGCCACCGAGTAA TCAGTGA AAGTGTTTTTATAA TCCTGAG CACAGGAACGGTACGCCAGAA GCAAGTGTAGCGGT GGCGCTG GCGCTAG

T C A A A A A T A A T T C G C G T C T T G A C C G T A A T G G G A T A G G T C A C G T T G G T G T A G A T G G G C G C A T C G T A A C C G T G C A T C T G C C A G T T T G A G G G G A C G A C G A C A G T A T C G G C C T C A G G A A G A T C G C A C T C C A G C C A G C T T T C C G G C A C C G C T T C T G G T G C C G G A A A C C A G G C C A A C G C G C G G G G A G A G G C G G T T T G C G T A T T G G G C G C C A G G G T G G T T T T T C T T T T C A C C A G T G A G A C G G G C A A C T T G A T G G T G G T T C C G A A A T

GTAGCCAGCT ATGGCCTTCCT CAAACGGCGG GGAA GGGTAACGCCAGGGTTG AGTT GCGATTA GGATGTGCTGCAAG GCCTCTTCGCTATTACGCCAGCTGGCGAAAGGG TCGGTGCGG AGGGCGA ACTGTTGGGA CGCA CAGGCTG CAAAGCGCCATTCGCCATT TGCATTAATGAATCGG TGCCAGC CGGGAAACCTGTCG AGT TTCC GCTCACTGCCCGCT CGAAAATCCTGTAGCTGATTGCCCTTGC CAGCAGG

T T A A A T G T G A G C G A G T A A C A A C C C G T C G G A T T C T C C G T T T C C C A G T C A C G A C G T T G T A A A A C G A C G G C C A G T G C C A A G C T T G C A T G C C T G C A G G T C G A C T C T A G A G G A T C C C C G G G T A C C G A G C T C G A A T T C G T A A T C A T G G T C A T A G C T G T T T C C T G T G T G A A A T T G C A T A A A G T G T A A A G C C T G G G G T G C C T A A T G A G T G A G C T A A C T C A C A T T A A T T G C G T T C A C C G C C T G G C C C T G A G A G A G T T G C A G C A A G C G

TGCGGGA ATACTTT TAAATCATACAGTA CATCCAA TAA GCAT GTA AGTA AAT TACT TCAATTC GCA GGTG CTGAAAA AACCTGTTTAGCTATATTTTCATTTGGGGCGCGAG AATGGTCAAT CGCA TACATTT GACCATTAGA GTTT AGATTTA CGAACGAGT AAAGAAGTTTTG TTTTGCA GGC GAGA AAATAGC AAAACCA GACGATA ACCAGAC CTCGTTT CATAACC TAT ACAC GCA AAGA ACATTATTACAGGT

A A A C A T T A T G A C C C T G G C A A G G C A A A G A A T T A G A G G T C A T T T T T G C G G A T G G C T T A G A G C T T A A T T G C T G A A T A T A A T G C T G T A G C T C A A C A T G T T T T A A A T A T G C A A C T A A A G T A C G G T G T C T G G A A G T T T C A T T C C A T A T A A C A G T T G A T T C C C A A T T C T G C C A G A G G G G G T A A T A G T A A A A T G T T T A G A C T G G A T A G C G T C C A A T A C T G C G G A A T C G T C A C G C C A A A A G G A A T T A C G A G G C A T A G T A G A A A G A T T C

CATAAAGC CTCAGAG AGCAAAATTAAGCAATAAAGC TGCTCCTTTTGATA AAT CTTT GGATTAGAGAGTAC CAGGTCA GCTTCAAAGCGAACCAGACCGGAAGCAAACTCCAA AATTCGA ATCGCGTTTT AAAT AGACTTC AGAGGAAGCCCGAA AAGATTA CATCAAA ACGAGA TCAGAAA ATGCTTTAAACAGT CAA CCCT TAATAAATATTCATTGAATCC CTAATGCAGATACA CATTCAA CCA ATTTAGGAATA
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Beautiful! 
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Overall	
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Ring	
  mo&on	
  is	
  challenged	
  by	
  ac&ve	
  site	
  modifica&on	
  



*	
  p<0.05;	
  ****	
  p<0.0001	
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Influencers	
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Stacked	
  Scaffold	
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Structures	
  with	
  random	
  sequence	
  +	
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•  Create	
  structures	
  with	
  random	
  sequences	
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  structures	
  in	
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  single	
  reac&on	
  

53	
  Single	
  vial	
  



It Can Be Done! 



Not To Overlook… 



Targe&ng	
  Latent	
  HIV	
  

Target Molecule
(Actuator)

Nanosystem Closed Nanosystem Open

Toehold

CRISPR/Cas9 gene
editor released

CRISPR/Cas9 gene
editor contained

Actuator + Toehold strand
(now duplexed and released)
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  Dr.	
  Divita	
  Mathur	
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  (hpp://www.cs.iastate.edu/~lamp/)	
  
Henderson	
  Lab	
  (hpp://www.public.iastate.edu/~telomere/)	
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