aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

Stanford Genome Technology Center & &

Michael Jensen ~ © 2008 Hr“@ n S e

Side Reaction
Addition (n+1)

uuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuuu
nnnnnnnnnnnnnnnnnnn

Step 1

L Chemical DNA A
g | % Synthesis Cycle P *

Side Reaction E
Deletion (n-1)

Step 4

Oxidation

..................

...................

SR
' ' O H
Support-bound 0 CX, - » ijmd.g., ) L‘

Oligonucleotides O
T

Post-synthesis

Final Product




Protons from acid (in this case 3% Tricholoroacetic Acid in Dichloromethane) are donated to 5’ oxygen of the growing chain of DNA.  This causes elimination of the Dimthoxytrityl group (DMT), producing a bright orange color.  Based on the absorbance of this by-product using a spectrophotometer, coupling efficiency is determined as a matter of quality control during the synthesis



Detritylation
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Protons from acid (in this case 3% Tricholoroacetic Acid in Dichloromethane) are donated to 5’ oxygen of the growing chain of DNA.  This causes elimination of the Dimthoxytrityl group (DMT), producing a bright orange color.  Based on the absorbance of this by-product using a spectrophotometer, coupling efficiency is determined as a matter of quality control during the synthesis


In the second step, an incoming phosphoramidite in the presence of an activator, is coupled to the previous base.  Here a lone pair of electrons from the diisopropyl amine attracts a proton from the activator; electrons are sequentially drawn away from the phosphorus atom by protonation of nitrogen.

The activated phosphorus atom now undergoes nucleophilic attack by the 5’ oxygen of the first base

New bond formation between the two bases causes elimination of the diisopropyl amine group



Coupling
File Attachment
In the second step, an incoming phosphoramidite in the presence of an activator, is coupled to the previous base.  Here a lone pair of electrons from the diisopropyl amine attracts a proton from the activator; electrons are sequentially drawn away from the phosphorus atom by protonation of nitrogen.


Because coupling is not 100%, some nucleosides remain with a free 5’ oxygen that will react in later cycles, thus generating an internal deletion; to prevent this, the oxygen is ‘capped’ off or acetylated in the last step of each cycle

Capping
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Because coupling is not 100%, some nucleosides remain with a free 5’ oxygen that will react in later cycles, thus generating an internal deletion; to prevent this, the oxygen is ‘capped’ off or acetylated in the last step of each cycle


The newly formed phosphite bond between the two bases is weak and needs to be further oxidized to a sugar-phosphate for further backbone stability of the DNA strand.  In the third step, Iodine is used to add another oxygen atom to the phosphorus group





Oxidation
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The newly formed phosphite bond between the two bases is weak and needs to be further oxidized to a sugar-phosphate for further backbone stability of the DNA strand.  In the third step, Iodine is used to add another oxygen atom to the phosphorus group


Because of the slight acidity of the activator, it is possible to prematurely detritylate an incoming phosphoramidite, which in turn could couple to its DMT-on analog generating a di-nucleotide.  When this di-nucleotide further couples to the growing strand of substrate-bound DNA, it forms an ‘addition’ product or n+1.  5-benzylthio-1H-tetrazole (BTT), for instance, has a pKa of 4.08 vs 5-ethylthio-1H-tetrazole (ETT), which as a pKa of 4.28, has a higher probability of premature detritylation.



Addition (n+1)
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Because of the slight acidity of the activator, it is possible to prematurely detritylate an incoming phosphoramidite, which in turn could couple to its DMT-on analog generating a di-nucleotide.  When this di-nucleotide further couples to the growing strand of substrate-bound DNA, it forms an ‘addition’ product or n+1.  5-benzylthio-1H-tetrazole (BTT), for instance, has a pKa of 4.08 vs 5-ethylthio-1H-tetrazole (ETT), which as a pKa of 4.28, has a higher probability of premature detritylation.


Generally, coupling efficiency is 99% for most laboratories generating synthetic DNA.  This means 1% of nucleosides in a given cycle fail to couple to the growing strand, which ultimately effects total full-length product (FLP) at the end of the synthesis.   FLP can be calculated using the following equation:  (coupling efficiency)^(n-1), where n is the number of bases in the sequence.  This explains the relationship between length of DNA synthesized and the FLP—the longer the strand, the less FLP in the total yield.  Deletions are unavoidable due to the acid present in the synthesis cycle.  Adenine (dA), for example, is particularly susceptible to deletions because its glycoside bond is very acid labile.  Deletions primarily occur at the 5’ end, but have been reported at the 3’ as well.
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Generally, coupling efficiency is 99% for most laboratories generating synthetic DNA.  This means 1% of nucleosides in a given cycle fail to couple to the growing strand, which ultimately effects total full-length product (FLP) at the end of the synthesis.   FLP can be calculated using the following equation:  (coupling efficiency)^(n-1), where n is the number of bases in the sequence.  This explains the relationship between length of DNA synthesized and the FLP—the longer the strand, the less FLP in the total yield.  Deletions are unavoidable due to the acid present in the synthesis cycle.  Adenine (dA), for example, is particularly susceptible to deletions because its glycoside bond is very acid labile.  Deletions primarily occur at the 5’ end, but have been reported at the 3’ as well.
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