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DRAFT

Nanotechnology wants to 
produce nanoscale machines/ 
components and manufacture at 
the nanoscale using bottom-up 
approaches (molecule by 
molecule)1.

2

INTRODUCTION:
(i) Nanotechnology

2

1http://www.cientifica.com/html/docs/NOR_W
hite_Paper.pdf
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DRAFT INTRODUCTION (ii) Biotechnology

1

1http://fig.cox.miami.edu/~cmallery/150/gene/mol_gen.htm
2http://bioch.szote.u-szeged.hu/astrojan/protein2.htm
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Cells are ideal �nano factories� 
and contain enzyme �nano 
machines�.
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DRAFT INTRODUCTION (iii) Nano/Bio Goals

Mazzola, L. Nature Biotechnology, 21 (2003) pp.1137-1143.

Do not believe 
everything 
you read!!
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DRAFT
B. Applications of Bio/Nano Technologies

1Opportunities in Biotechnology for Future Army Applications (2001) Board on Army Science and 
Technology (http://books.nap.edu/books/0309075556/html/R1.html#pagetop)

Traditional Materials
• building materials (hard)

• synthetic bone/artificial tissues/organs 
• clothing/tents etc. (soft)

(i) Biomimetics
• study of nature � spider silk, nacre �mother of pearl� is a 

composite of minerals and organic macromolecules (proteins, 
lipids, and polysaccharides)

• often properties of bio materials are superior to human-made 
materials (if they exist)

> enhance strength                                              
> reduce weight                                                 
> increase chemical/heat resistance                             
> alter surface properties 
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DRAFT APPLICATIONS (i) Biomimetics: Theory

Sarikaya, M. et al., Nature Materials, 2 (2003) pp.577-585.
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DRAFT APPLICATIONS (i) Biomimetics:Nacre

1Sarikaya, M. et al., Nature Materials, 2 (2003) pp.577-585.
2http://www.civil.columbia.edu/em2002/proceedings/papers/595.pdf

1
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DRAFT APPLICATIONS (i) Biomimetics: Theory

Sarikaya, M. et al., Nature Materials, 2 (2003) pp.577-585.
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DRAFT APPLICATIONS (i) Biomimetics:
Potential Uses1

1Opportunities in Biotechnology for Future Army Applications (2001) Board on Army Science and 
Technology (http://books.nap.edu/books/0309075556/html/R1.html#pagetop)

1) Novel ceramics/biocomposites                                                   
• personal armour                                                          

• munitions 
• machine parts

2) Novel biopolymers                                            
• electrical devices (sensors, optoelectronic devices)            
• scaffold for organizing nanocrystals                                                   
• coatings and novel �wet� adhesives on surfaces                  
• fibrils related to prions in BSE, new variant Creutzfeld-Jakob

3) Energy generation/use/storage                                
• novel catalysts to refine fuel                                  
• fuel cells (storage of hydrogen in nanotubes)                        
• �bacterial� batteries
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DRAFT APPLICATIONS (ii) Electronics/Computers1

Electronics                                                     
• top-down approaches to chip manufacturing (photolithography) are 
expected to approach insurmountable size barriers (limited by  

wavelength of light)                                            
• bottom-up approaches using self-assembly properties of DNA/proteins

> DNA to create nano arrays                                                       
> DNA to space molecules (carbon nanotubes)                                 
> DNA for nano scale movement 

Computers
• DNA as a computational device                                  

• protein-based storage devices (bacteriorhodopsin)

1Opportunities in Biotechnology for Future Army Applications (2001) Board on Army Science and 
Technology (http://books.nap.edu/books/0309075556/html/R1.html#pagetop)



Defence R&D Canada – ORD           R & D pour la défense Canada – DRO

DRAFT APPLICATIONS (ii) Electronics: Grids

Yan, H. et al., Science, 301 (2003) pp.1882-1884.
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DRAFT APPLICATIONS (ii) Electronics:
Nanometre Scale Spacing

50 nm

Li, H. et al., J.Am.Chem.Soc., 126 (2004) pp.418-419.
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DRAFT APPLICATIONS (ii) Electronics: 
DNA Computers1

1

7
6

5

4
32

Adelman’s group recently solved 20-Variable 3-satisfiablity problem on a DNA 
Computer (over 1 million possible solutions)2

1Adelman, L.M. Science 266 (1994) pp.1021-1024.
2http://www.usc.edu/dept/molecular-science/SAT20.pdf

ACGGACCATGCTGATCGACC

GCTAGCTACATCGGTACCGT
3` 5`

GCTAGCTACATCGGTACCGT

ACGGACCATGCTGATCGACC
3` 5`

GACTAGCTGGCGATCGATGT

AGCCATGGCATGCCTGGTAC
3`5`
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DRAFT APPLICATIONS (ii) Electronics: 
Potential Uses

1) Electronic components (potential to leap-frog current technologies) 
• cheaper, lighter, faster                                       

> computers                                                     
> guidance systems                                              
> satellites
> photography                                                   
> lasers                                                        
> nanoscale sensors (bacteria/viruses) 

• traditional computer industry is fighting back                 
> sub 100 nm spacing

2) Computing/Storage
• parallel DNA computing                                         

> code breaking                                                 
> flight paths

• information storage                                            
> bacteriorhodopsin                                               
> DNA
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DRAFT APPLICATIONS (iii) Medicine

• Organ healing/transplants                                       
> synthetic tissues/matrices                                    
> synthetic bone

• Disease recognition                                             
> bio machines to monitor/deliver medicines                     
> lab-on-a-chip

• Gene replacement 
> cloning                                                       
> gene delivery/targeting systems 

• Drug Development
> combinatorial chemistry 
> DNA/Protein arrays                                            
> drug delivery/targeting systems 

Fighting Disease
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DRAFT APPLICATIONS (iii) Medicine: 
Drug Development1

Combinatorial Chemistry                                         
• combinatorial chemistry and screen for activity using ultra-high-throughput 

screening                                                       
> 100,000 compounds/day                                         
> 50,000 toxic chemicals/year

1Wheelis, M., Biotechnology and Biochemical Weapons, The Nonproliferation Review/Spring, 2002

DNA/Protein Arrays                                              
• sequencing of genome and DNA arrays allow for the identification of cell-

specific gene expression pattern for ALL genes 
DNA ⇒ RNA ⇒ Protein

Identify targets in specific cell types -
weapons?                                      
> skeletal muscles (movement)               
> smooth muscles (involuntary 

contractions)                                       
> cardiac muscles (heart)
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DRAFT APPLICATIONS (iii) Medicine: 
Drug Delivery

2 nm

Dendrimers

1Yamada, T., et al., Nature Biotechnology 21 (2003) pp.885-890.

Yeast-Derived Nanoparticles1

+

DNA Hollow Nanoparticles

Electroporation
~80 nm



Defence R&D Canada – ORD           R & D pour la défense Canada – DRO

DRAFT APPLICATIONS (iii) Medicine: 
Cloning - Polio

Cello, J., Paul, A.V. and Wimmer, E. (2002) Science 297, pp.1016-1018.

~ 60 bases

Transcription

Cell Extract

~ 400 bases

~ 7500 bases

> small, non-enveloped, one copy of + sense, single-stranded 
RNA genome of 7.5 kilobases (small)                                                 
> sequence available at NCBI website 
(http://www.ncbi.nlm.nih.gov/genomes/VIRUSES/viruses.html)
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DRAFT APPLICATIONS (iii) Medicine: Polio DNA
1 ttaaaacagc tctggggttg tacccacccc agaggcccac gtggcggcta gtactccggt 61 attgcggtac ccttgtacgc ctgttttata ctcccttccc gtaacttaga cgcacaaaac 121 caagttcaat agaagggggt acaaaccagt accaccacga 
acaagcactt ctgtttcccc 181 ggtgatgtcg tatagactgc ttgcgtggtt gaaagcgacg gatccgttat ccgcttatgt 241 acttcgagaa gcccagtacc acctcggaat cttcgatgcg ttgcgctcag cactcaaccc 301 cagagtgtag cttaggctga 
tgagtctgga catccctcac cggtgacggt ggtccaggct 361 gcgttggcgg cctacctatg gctaacgcca tgggacgcta gttgtgaaca aggtgtgaag 421 agcctattga gctacataag aatcctccgg cccctgaatg cggctaatcc caacctcgga 481
gcaggtggtc acaaaccagt gattggcctg tcgtaacgcg caagtccgtg gcggaaccga 541 ctactttggg tgtccgtgtt tccttttatt ttattgtggc tgcttatggt gacaatcaca 601 gattgttatc ataaagcgaa ttggattggc catccggtga aagtgagact 
cattatctat 661 ctgtttgctg gatccgctcc attgagtgtg tttactctaa gtacaatttc aacagttatt 721 tcaatcagac aattgtatca taatgggtgc tcaggtttca tcacagaaag tgggcgcaca 781 tgaaaactca aatagagcgt atggtggttc 
taccattaat tacaccacca ttaattatta 841 tagagattca gctagtaacg cggcttcgaa acaggacttc tctcaagacc cttccaagtt 901 caccgagccc atcaaggatg tcctgataaa aacagcccca atgctaaact cgccaaacat 961 agaggcttgc 
gggtatagcg atagagtact gcaattaaca ctgggaaact ccactataac 1021 cacacaggag gcggctaatt cagtagtcgc ttatgggcgt tggcctgaat atctgaggga 1081 cagcgaagcc aatccagtgg accagccgac agaaccagac 
gtcgctgcat gcaggtttta 1141 tacgctagac accgtgtctt ggacgaaaga gtcgcgaggg tggtggtgga agttgcctga 1201 tgcactgagg gacatgggac tctttgggca aaatatgtac taccactacc taggtaggtc 1261 cgggtacacc 
gtgcatgtac agtgtaacgc ctccaaattc caccaggggg cactaggggt 1321 attcgccgta ccagagatgt gtctggccgg ggatagcaac accactacca tgcacaccag 1381 ctatcaaaat gccaatcctg gcgagaaagg aggcactttc acgggtacgt 
tcactcctga 1441 caacaaccag acatcacctg cccgcaggtt ctgcccggtg gattacctcc ttggaaatgg 1501 cacgttgttg gggaatgcct ttgtgttccc gcaccagata ataaacctac ggaccaacaa 1561 ctgtgctaca ctggtactcc cttacgtgaa 
ctccctctcg atagatagta tggtaaagca 1621 caataattgg ggaattgcaa tattaccatt ggccccatta aattttgcta gtgagtcctc 1681 cccagagatt ccaatcacct tgaccatagc ccctatgtgc tgtgagttca atggattaag 1741 aaacatcacc 
ctgccacgct tacagggcct gccggtcatg aacacccctg gtagcaatca 1801 atatcttact gcagacaact tccagtcacc gtgtgcgctg cctgaatttg atgtgacccc 1861 acctattgac atacccggtg aagtaaagaa catgatggaa ttggcagaaa 
tcgacaccat 1921 gattcccttt gacttaagtg ccacaaaaaa gaacaccatg gaaatgtata gggttcggtt 1981 aagtgacaaa ccacatacag acgatcccat actctgcctg tcactctctc cagcttcaga 2041 tcctaggttg tcacatacta tgcttggaga 
aatcctaaat tactacacac actgggcagg 2101 atccctgaag ttcacgtttc tgttctgtgg attcatgatg gcaactggca aactgttggt 2161 gtcatacgcg cctcctggag ccgacccacc aaagaagcgt aaggaggcga tgttgggaac 2221
acatgtgatc tgggacatag gactgcagtc ctcatgtact atggtagtgc catggattag 2281 caacaccacg tatcggcaaa ccatagatga tagtttcacc gaaggcggat acatcagcgt 2341 cttctaccaa actagaatag tcgtccctct ttcgacaccc 
agagagatgg acatccttgg 2401 ttttgtgtca gcgtgtaatg acttcagcgt gcgcttgttg cgagatacca cacatataga 2461 gcaaaaagcg ctagcacagg ggttaggtca gatgcttgaa agcatgattg acaacacagt 2521 ccgtgaaacg 
gtgggggcgg caacatctag agacgctctc ccaaacactg aagccagtgg 2581 accaacacac tccaaggaaa ttccggcact caccgcagtg gaaactgggg ccacaaatcc 2641 actagtccct tctgatacag tgcaaaccag acatgttgta 
caacataggt caaggtcaga 2701 gtctagcata gagtctttct tcgcgcgggg tgcatgcgtg accattatga ccgtggataa 2761 cccagcttcc accacgaata aggataagct atttgcagtg tggaagatca cttataaaga 2821 tactgtccag 
ttacggagga aattggagtt cttcacctat tctagatttg atatggaact 2881 tacctttgtg gttactgcaa atttcactga gactaacaat gggcatgcct taaatcaagt 2941 gtaccaaatt atgtacgtac caccaggcgc tccagtgccc gagaaatggg 
acgactacac 3001 atggcaaacc tcatcaaatc catcaatctt ttacacctac ggaacagctc cagcccggat 3061 ctcggtaccg tatgttggta tttcgaacgc ctattcacac ttttacgacg gtttttccaa 3121 agtaccactg aaggaccagt cggcagcact 
aggtgactcc ctttatggtg cagcatctct 3181 aaatgacttc ggtattttgg ctgttagagt agtcaatgat cacaacccga ccaaggtcac 3241 ctccaaaatc agagtgtatc taaaacccaa acacatcaga gtctggtgcc cgcgtccacc 3301
gagggcagtg gcgtactacg gccctggagt ggattacaag gatggtacgc ttacacccct 3361 ctccaccaag gatctgacca catatggatt cggacaccaa aacaaagcgg tgtacactgc 3421 aggttacaaa atttgcaact accacttggc cactcaggat 
gatttgcaaa acgcagtgaa 3481 cgtcatgtgg agtagagacc tcttagtcac agaatcaaga gcccagggca ccgattcaat 3541 cgcaaggtgc aattgcaacg caggggtgta ctactgcgag tctagaagga aatactaccc 3601 agtatccttc 
gttggcccaa cgttccagta catggaggct aataactatt acccagctag 3661 gtaccagtcc catatgctca ttggccatgg attcgcatct ccaggggatt gtggtggcat 3721 actcagatgt caccacgggg tgatagggat cattactgct ggtggcgaag 
ggttggttgc 3781 attttcagac attagagact tgtatgccta cgaagaagaa gccatggaac aaggcatcac 3841 caattacata gagtcacttg gggccgcatt tggaagtgga tttactcagc agattagcga 3901 caaaataaca gagttgacca 
atatggtgac cagtaccatc actgaaaagc tacttaagaa 3961 cttgatcaag atcatatcct cactagttat tataactagg aactatgaag acaccacaac 4021 agtgctcgct accctggccc ttcttgggtg tgatgcttca ccatggcagt ggcttagaaa 4081
gaaagcatgc gatgttctgg agatacctta tgtcatcaag caaggtgaca gttggttgaa 4141 gaagtttact gaagcatgca acgcagctaa gggactggag tgggtgtcaa acaaaatctc 4201 aaaattcatt gattggctca aggagaaaat tatcccacaa 
gctagagata agttggaatt 4261 tgtaacaaaa cttagacaac tagaaatgct ggaaaaccaa atctcaacta tacaccaatc 4321 atgccctagt caggaacacc aggaaattct attcaataat gtcagatggt tatccatcca 4381 gtctaagagg 
tttgcccctc tttacgcagt ggaagccaaa agaatacaga aactagagca 4441 tactattaac aactacatac agttcaagag caaacaccgt attgaaccag tatgtttgct 4501 agtacatggc agccccggaa caggtaaatc tgtagcaacc aacctgattg 
ctagagccat 4561 agctgaaaga gaaaacacgt ccacgtactc gctacccccg gatccatcac acttcgacgg 4621 atacaaacaa cagggagtgg tgattatgga cgacctgaat caaaacccag atggtgcgga 4681 catgaagctg ttctgtcaga 
tggtatcaac agtggagttt ataccaccca tggcatccct 4741 ggaggagaaa ggaatcctgt ttacttcaaa ttacgttcta gcatccacaa actcaagcag 4801 aatttccccc cccactgtgg cacacagtga tgcattagcc aggcgctttg cgttcgacat 4861
ggacattcag gtcatgaatg agtattctag agatgggaaa ttgaacatgg ccatggctac 4921 tgaaatgtgt aagaactgtc accaaccagc aaactttaag agatgctgtc ctttagtgtg 4981 tggtaaggca attcaattaa tggacaaatc ttccagagtt 
agatacagta ttgaccagat 5041 cactacaatg attatcaatg agagaaacag aagatccaac attggcaatt gtatggaggc 5101 tttgtttcaa ggaccactcc agtataaaga cttgaaaatt gacatcaaga cgagtccccc 5161 tcctgaatgt 
atcaatgact tgctccaagc agttgactcc caggaggtga gagattactg 5221 tgagaagaag ggttggatag tcaacatcac cagccaggtt caaacagaaa ggaacatcaa 5281 cagggcaatg acaattctac aagcggtgac aaccttcgcc 
gcagtggctg gagttgtcta 5341 tgtcatgtat aaactgtttg ctggacacca gggagcatac actggtttac caaacaaaaa 5401 acccaacgtg cccaccattc ggacagcaaa ggtacaagga ccagggttcg attacgcagt 5461 ggctatggct 
aaaagaaaca ttgttacagc aactactagc aagggagagt tcactatgtt 5521 aggagtccac gacaacgtgg ctattttacc aacccacgct tcacctggtg aaagcattgt 5581 gatcgatggc aaagaagtgg agatcttgga tgccaaagcg ctcgaagatc 
aagcaggaac 5641 caatcttgaa atcactataa tcactctaaa gagaaatgaa aagttcagag acattagacc 5701 acatatacct actcaaatca ctgagacaaa tgatggagtc ttgatcgtga acactagcaa 5761 gtaccccaat atgtatgttc 
ctgtcggtgc tgtgactgaa cagggatatc taaatctcgg 5821 tgggcgccaa actgctcgta ctctaatgta caactttcca accagagcag gacagtgtgg 5881 tggagtcatc acatgtactg ggaaagtcat cgggatgcat gttggtggga acggttcaca
5941 cgggtttgca gcggccctga agcgatcata cttcactcag agtcaaggtg aaatccagtg 6001 gatgagacct tcgaaggaag tgggatatcc aatcataaat gccccgtcca aaaccaagct 6061 tgaacccagt gctttccact atgtgtttga 
aggggtgaag gaaccagcag tcctcactaa 6121 aaacgatccc aggcttaaga cagactttga ggaggcaatt ttctccaagt acgtgggtaa 6181 caaaattact gaagtggatg agtacatgaa agaggcagta gaccactatg ctggccagct 6241
catgtcacta gacatcaaca cagaacaaat gtgcttggag gatgccatgt atggcactga 6301 tggtctagaa gcacttgatt tgtccaccag tgctggctac ccttatgtag caatgggaaa 6361 gaagaagaga gacatcttga acaaacaaac cagagacact 
aaggaaatgc aaaaactgct 6421 cgacacatat ggaatcaacc tcccactggt gacttatgta aaggatgaac ttagatccaa 6481 aacaaaggtt gagcagggga aatccagatt aattgaagct tctagtttga atgactcagt 6541 ggcaatgaga 
atggcttttg ggaacctata tgctgctttt cacaaaaacc caggagtgat 6601 aacaggttca gcagtggggt gcgatccaga tttgttttgg agcaaaattc cggtattgat 6661 ggaagagaag ctgtttgctt ttgactacac agggtatgat gcatctctca 
gccctgcttg 6721 gttcgaggca ctaaagatgg tgcttgagaa aatcggattc ggagacagag ttgactacat 6781 cgactaccta aaccactcac accacctgta caagaataaa acatactgtg tcaagggcgg 6841 tatgccatct ggctgctcag 
gcacttcaat ttttaactca atgattaaca acttgattat 6901 caggacactc ttactgaaaa cctacaaggg catagattta gaccacctaa aaatgattgc 6961 ctatggtgat gatgtaattg cttcctaccc ccatgaagtt gacgctagtc tcctagccca 7021
atcaggaaaa gactatggac taactatgac tccagctgac aaatcagcta catttgaaac 7081 agtcacatgg gagaatgtaa cattcttgaa gagattcttc agggcagacg agaaataccc 7141 atttcttatt catccagtaa tgccaatgaa ggaaattcat 
gaatcaatta gatggactaa 7201 agatcctagg aacactcagg atcacgttcg ctctctgtgc cttttagctt ggcacaatgg 7261 cgaagaagaa tataacaaat tcctagctaa aatcaggagt gtgccaattg gaagagcttt 7321 attgctccca 
gagtactcaa cattgtaccg ccgttggctt gactcatttt agtaacccta 7381 cctcagtcga attggattgg gtcatactgt tgtaggggta aatttttctt taattcggag
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DRAFT APPLICATIONS (iii) Medicine: 
Cloning - Polio

• production of poliovirus required 3 years/$300,000 funding from
Defense Advanced Research Projects Agency (DARPA)

• currently 1734 reference viral sequences at NCBI 
> Variola virus (smallpox) 185,578 
> Marburg Virus 19,112                                          
> Ebola Virus 18,959 

• problems if virus requires viral proteins for replication 
(smallpox/Marburg/Ebola require viral proteins for viral genome 
replication) but with DNA sequence can make protein(s)

• Venter�s group synthesized φX174 bacteriophage (5,386 base pairs) 
using overlapping oligos in

1Smith, H.O., et al., (2003) PNAS 100, pp.15440-15445

2 weeks1
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DRAFT APPLICATIONS (iii) Medicine: 
Possible Uses 

3) Gene replacement (cloning)      

• alter existing microbes (antibiotic/vaccine resistant, 
antimaterials, evade immune system etc. ) 

• manufacture novel microbes (Venter) 
• manufacture existing microbes (polio) 

1) Drug discovery                  

• new drug targets (genomics, DNA arrays)
• new toxic drugs (combinatorial chemistry)

• viral vectors        
• dendrimers, liposomes

2) Drug delivery     
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DRAFT INVESTMENT (i) Country Spending

1DeFrancesco, F. Nature Biotechnology, 21 (2003) pp.1127-1129

Canadian Investment                   

1) National Institute of Nanotechnology         
> located at the University of Alberta 
(2005)    

2) Also numerous labs within National 
Research Council and Department of 
National Defence2

> The Institute for National 
Measurement Standards (INMS)      

> Materials and Component  
Technologies at the Institute for
Microstructureal Sciences (IMS)      

> Polymer Nanocomposites at the 
Industrial Materials Institute (IMI)

India $15/3 years

1

2http://www.nrc-cnrc.gc.ca/nanotech/projects_e.html
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DRAFT Summary

Bio/Nano Technologies (Disruptive)

2) Electronics/Nanoscale Fabrication
• potential for huge impact � current knowledge/needs will drive market 

1) Medicine
• drug delivery
• cloning

4) Computers
• immediate potential limited for DNA computers
• potential for information storage (bacteriorhodopsin) 

3) Materials
• high potential for nanomaterials, but time required for impact of bio 




