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Sc.D. in ChemE – MIT – 2002
– Co-Advised in Mass. General Hospital

Post-Doc – Stanford Genome Technology 
Center – 2002-3
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Biomolecular and Biotechnology Drugs

More than 250 million people have already benefited

371 biotechnology medicines in development for 
nearly 200 diseases

95 biotechnology medicines already approved and 
available to patients

Most early medicines were protein drugs
– Recombinant insulin, HGH, Clotting factor, and EPO

First antisense drug approved in 1998

Data from http://www.phrma.org, circa 2002
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Primary Sequence Dictates mRNA 2° Structure

Structures predicted by free-energy minimization.  Energies based on empirical 
data from short oligonucleotide pairs extrapolated to full-length RNAs.
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Thermodynamics of Hybridization

M = mRNA
O = oligonucleotide
H = hybrid

S = structured
U = unstructured
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rabbit β-globin mRNA
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Association kinetics depend on target sequence

139:  ka = 21 x104 M-1-s-1

147:  ka = 0.13 x104 M-1-s-10
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Affinity Determined Mainly by Association
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RNase H Cleavage
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RNase H Cleavage Limited by Association Rate

147:  ka = 0.13 x104 M-1-s-1

keff = 0.47 x10-4 s-1

33:  ka > 45 x104 M-1 s-1

keff = 6.5 x10-4 s-1

259:  ka = 45 x104 M-1-s-1

keff = 4.6 x10-4 s-1

0

0.2

0.4

0.6

0.8

1

Fr
ac

tio
n 

of
 M

ax
im

um
 C

le
av

ag
e

0 1 2 3 4 5
Time [h]

259
33
147



Protein Cytoplasm
Nucleus

Cell Membrane

Normal Protein Production Antisense Inhibition
DNADNA

mRNA

Principle of Antisense Activity

Protein 
Production 
Reduced

mRNA

Antisense Oligonucleotide

Inhibition by complementary base pairing
5’…-A-G-G-U-C-A-C-U-U-U-G-C-A-A-C-G-…3’

• • • • • • • • • • • •
3’-C-A-G-T-G-A-A-A-C-G-T-T-5’

target mRNA
antisense DNA



Small RNAs



Small RNAs



RNA Interference

Figure adapted from Hannon, G.J., Nature, 2002. 418(6894): p. 244-51

1.) Upon recognition of dsRNA, 
Dicer dimerizes to cleave the 
dsRNA, generating siRNAs.

2.) Free siRNAs initiate RISC 
formation (shown in green).  

3.) RISC relies on homology to 
direct specific cleavage of the 
substrate.

Subsequent events in the 
pathway have not yet been 
characterized

1.)

2.)

3.)
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RNAi in the Clinic?

Success of RNAi in the treatment of human disease will 
depend on the rigorous design of the siRNA strands 
used as well as the clear understanding of the 
mechanism by which these molecules exert their action.



RNAi in the Clinic?

Success of RNAi in the treatment of human disease will 
depend on the rigorous design of the siRNA strands 
used as well as the clear understanding of the 
mechanism by which these molecules exert their action.

RNAi is today where antisense was 10 years ago.




