
INTRODUCTION 
 

Isolation of purified oligonucleotides in an efficient, cost-effective manner can 

be extremely challenging.  These challenges include: 

1)Selecting a mobile phase that is affordable, readily available and is easy to 

remove after fractionation 

2)Scaling the UPLC separation to a larger ID column while minimizing the 

loss in chromatographic resolution 

3)Optimizing all the chromatographic method parameters to ensure each 

step of the process is done as efficiently as possible 

4)Optimizing the preparative on-column loading per injection and subsequent 

fraction collection to maximize the purity and recovery based on the project 

needs.   

Reverse-Phase UPLC using an ion-pairing system of HFIP-TEA has become 

the gold standard for oligonucleotide analysis
1
.  This column and mobile 

system capitalize on the benefits of small columns particles, along with the 

unique ion-pairing properties using HFIP.  The result is a rapid efficient 

method to accurately assess oligonucleotide’s purity.   

This poster will illustrate and explain the process of scaling an 

oligonucleotide separation using a UPLC method with a HFIP-TEA ion pairing 

buffer to preparative scale using a 3 cm ID column.  We systematically 

evaluate the components of each step of the process to understand the 

impact of its variation and its impact on the overall process.  The different 

items tested and varied include mobile buffers, mass and volume column 

loading and fraction collection.    

     

METHODS 

 

INITIAL UPLC ANALYSIS  

A crude 20-mer, 5’-G-C-C-T-C-A-G-T-C-T-G-C-T-T-C-C-A-C-C-T-3, was 

purchased from Oligo Factory, Holliston, MA  for use as the probe 

oligonucleotide compound for this study .  Figure 1 shows analysis of the 20-

mer using a UPLC method with HFIP-TEA  results in an overall purity of 

91.6%.     

 

 

SWITCHING AWAY FROM HFIP 

The previously described UPLC methodology employs HFIP as part of the 

mobile phase and utilizes a column temperature of 60°C.  HFIP is an 

expensive additive and thus substituting this for a simpler, cheaper additive 

would be a cost benefit.  Additionally, the use of a column operating 

temperature of 60°C was to eliminate an impact of secondary structure of 

oligos on separation.  As most oligos do not have this secondary structure 

they can be separated in room temperature which greatly simplifies the scale 

up to preparative scale.  Thus a method using TEAA was developed at the 

analytical scale.    

Although the n-1 , n-x separation is not as efficient as in TEA/HFIP this 

methodology was able to separate target from the terminated sequences 

while providing a cost effective alternative solvent system to HFIP and still be 

volatile. 

 

 

Increasing the Productivity of Oligonucleotide Purification through 

Column Scaling and Method Optimization  

SCALING TO PREP 
 

Using the Waters Gradient Calculator the analytical TEAA method was 

scaled to 30x50mm 2.5 um column.  The scaled loading factor from a 4.6 

mm to a 30 mm column is 42 times.  Therefore, the 10 ug analytical injection 

translates to a 420 ug preparative injection.  Fraction collection was triggered 

by using time, collecting 15 seconds/ tube. 

Analysis of the collected fractions and the pooled fraction, using the initial 

UPLC method, shows the individual fraction ranges from about 98% to 80% 

across the 3 major fractions, with the pooled purity being 96.3% (Figure 5).  

The overall recovery of the pooled fractions was calculated to be 85%.  Note, 

if increased purity is required, not pooling the third fraction would generate a 

pooled purity of over 97% while decreasing the recovery by about 5%.  

INCREASING MASS LOAD 
 
The purification shown in Figure 3 demonstrates a robust analytical 

separation is scalable to a 3 cm preparative column without losing 

performance.  However, the measure of a successful purification method 

also needs to include productivity.  The method above has a productivity of 

~1mg of purified oligonucleotide per hour. One option to improve productivity 

is to increase the injection mass load.  The challenge with this approach is 

potential loss in resolution or recovery to obtain purified material .  Figure  5  

shows how the  chromatography is impacted as the mass load is increased 

up to 50X (25mg).  As expected the peak liftoff moved further forward as the 

load increases.   

ASSESSING PURITY ACROSS THE PEAK 
 

For each injection shown in Figure 5, fractions were collected in 15 second 

time intervals, concentrated and analyzed by the UPLC HFIP:TEA method.  

As previously reported
2
, the region of the peak consisting of the liftoff to the 

apex, is considerable less pure that the other areas of the peak.   However, 

as the peak get larger with increased mass load, the number of pure 

fractions also increase, resulting in a greater recovery and productivity.   

Based on the over purity requirement, the necessary tubes can be pooled to 

generate the final purified material.  Table 2 shows the overall purity, 

recovery and resulting productivity with and without including the possible 

impure fractions.   

 

 

 

 

 

 

 

 

 

 

 

METHOD PARAMETERS 
 

Lower flow rates give improved separations but slower productivity. 

Increasing  gradient flow rate from 17 to 25mL/min was assessed.  Table 3 

shows there is a slight drop in purity but ~ a 50% increase in productivity. 

 

 

 

 

 

 

Another approach is to optimize the parameters of the separation without 

impacting the overall performance of the separation.  Examples include 

using focused gradient to minimize the chromatographic run time and 

modifying the flow rate during the non-separation portions of the run.  An 

optimized focused gradient was already developed, so the non-separation 

flow rate  was modified.  This resulted in a 50% saving in the time required to 

do these steps. 

 

Also, the method run time was slightly reduced to use the time while the 

autosampler is washing and injecting the next sample for the column to 

equilibrate.  In this example the run time was reduced by 1 minute.  This 

combined with the flow rate modifications resulted in an overall increase in 

productivity by approximately 25%.  The optimized prep method is shown in 

Table 4. Based on the desired purity, this provides a method for generating a 

purified oligonucleotides at ~75-100 mg / hour.    

 

ADDITIONAL PRODUCTIVITY INCREASING OPTIONS 
 

One option for increasing productivity that was not tested was using a larger 

column.  The decrease linear velocity  used for these separation, allows 

lower flow rates than typical of all formats.  Therefore increasing from a 30 

mm ID column to a 50 mm ID provides and 2.8X in mass load and 

productivity increase at a flow rate of 47.2 mL/min.   

 

Another option is to use offline column cleaning and equilibration
3
.  This 

does require additional hardware including a switching valve, a regeneration 

pump and a second column.  However, it completely eliminates this time 

from the method.  In the method described in 4, this would result in about a 

25% increase in productivity.  Also this would be almost a 2x increase in 

productivity for the values reported in Table 2.   

 
 

CONCLUSIONS 

 

This application note shows that isolation of purified oligonucleotides is 

possible when the appropriate mobile phase and column conditions are 

selected.  The use of HFIP containing not required for the preparative 

method 

 

We demonstrate a RP-HPLC method on a 30mm ID preparative column 

using TEAA is capable of efficiently generate over 95% pure oligonucleotide, 

even when the purity is assessed using a HFIP-TEA UPLC method.    

 

Optimizing loading, fraction collection and method parameters can improve 

productivity.  However, the overall productivity is driven by the purity 

requirement for the project.   

 

The final method development produces over 95% pure material at a rate of 

over 100 mg / hour.  Furthermore increases could be realized by increasing 

the preparative column and through offline column cleaning and 

regeneration.    

 

REFERENCES 

 

1. Gilar, M. et al., HPLC and UPLC column for Analysis of 

Oligonucleotides, Waters Application Note. 

2. McCarthy, S. et al., HPLC and UPLC column for Analysis of 

Oligonucleotides, Waters Application Note 

3. Lefebvre, P. et al., Evaluating the Tools for Improving Purification 

Productivity, Waters Application Note.    

 

 

 

 

Figure 1:  UPLC analysis with HPIF:TEA.  

Figure 2 : HPLC analysis with TEAA 

Table 1: Analytical methods  using with HFIP:TEA and TEAA 

Figure 3: Scaled Preparative Injection with time-based fractionation 

Figure 4: UPLC Analysis of the collected fractions and the pooled fraction accounting for 85% 
overall recovery.  
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Figure 5: Overlay of preparative injection with varying mass load.  

 Analytical HFIP:TEA 
Method 

Analytical TEAA  
Method 

Scaled Preparative 
TEAA Method 

Mobile 
Phase A: 

8.6/100 mM TEA/HFIP 100 mM TEAA pH 7.0 100 mM TEAA pH 7.0 

Mobile 
Phase B: 

Methanol Acetonitrile Acetonitrile 

Column: Acquity UPLC BEH C18 
2.1x100 mm, 1.7 µm 

XBridge Oligo C18 
4.6x50mm 2.5 µm 

XBridge Oligo C18 
30x50mm 2.5 µm 

Flow 
Rate: 

0.4 mL/min 0.8 mL/min 17 mL/min 

Column 
Temp.: 

60 °C 25 °C 25 °C 

Diluent: 10 mM NH4OAc in Water 100 mM TEAA pH 7.0 100 mM TEAA pH 7.0 

Sample  
Conc.: 

10 µM (59 µg/mL) 1 mg/mL 10 mg/mL 

Injection 
Volume: 

2 µL (120 ng on column) 10 µL (10 µg on column) 42 µL,  then varied 

Gradient: 5%B for 0.25 min, 5-15% 

over 10 min, 15 95% over 

0.25 min, hold 95% 1 

min, 95-5% in0.1 min, 

hold 5% 3.4 min. 

1-7.8% over 0.5, 7.8-
9.8% over 10 min, 9.8-
19% over 0.1 min, hold 
19% 1.4 min, 19-1% in 
0.1 min, hold 1% 4.9 min 

1-7.8% over 0.5, 7.8-
9.8% over 10 min, 9.8-
19% over 0.1 min, hold 
19% 1.4 min, 19-1% in 
0.1 min, hold 1% 4.9 min 

Mass 
Load 

Fractions 
 Pooled 

Overall % 
Purity 

Overall % 
Recovery 

Productivity 
mg/hour 

1 mg 
w/ Imp. Zone 95.0 97.0 3.2 

w/o Imp. Zone 97.9 41.4 1.4 

2.5 mg 
w/ Imp. Zone 92.8 98.9 8.2 

w/o Imp. Zone 97.5 57.3 4.8 

5 mg 
w/ Imp. Zone 95.4 93.2 15.5 

w/o Imp. Zone 97.5 50.8 8.5 

10 mg 
w/ Imp. Zone 92.5 98.4 32.8 

w/o Imp. Zone 96.7 75.6 25.2 

25 mg 
w/ Imp. Zone 94.1 94.3 78.6 

w/o Imp. Zone 96.8 68.5 57.1 

Figure 6 : Fractionation collect w/ 15 sec. time based collection 

Table 2: Purity, recovery and resulting productivity w/ varied mass load 

Mass Load Fractions 
 Pooled 

Overall % 
Purity 

Overall % 
Recovery 

Productivity 
mg/hour 

5 mg @ 
17mL/min 

w/ Imp. Zone 95.4 93.2 15.5 

w/o Imp. Zone 97.5 50.8 8.5 

5 mg @ 
25 mL/min 

w/ Imp. Zone 92.7 96.6 22.3 

w/o Imp. Zone 97.8 57.7 13.3 

Table 3: Purity, recovery and resulting productivity w/ varied gradient flow 

 Optimized Preparative TEAA Method 

Mobile Phase A 100 mM TEAA pH 7.0 

Mobile Phase B Acetonitrile 

Column XBridge Oligo C18 30x50mm 2.5 µm 

Flow Rate 25 mL/min gradient 
40 mL/min cleanout and equilibration 

Column Temp 25 °C 

Diluent 100 mM TEAA pH 7.0 

Sample Concentration 10 mg/mL 

Injection Volume 42 µL,  then varied 

Gradient 1-7.8% over 0.2, 7.8-9.8% over 12 min, 9.8-19% over 
0.1 min, hold 19% 0.9 min, 19-1% in 0.1 min, hold 
1% 2 min 

Table 4: Final optimized preparative method 


