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Introduction

HPLC is widely used for the purification and analysis of oligonucleotides due

to its selectivity, stability, and robustness. Oligonucleotide separations can be

very demanding, often requiring separations based on small changes in size or
sequence. It has previously been shown that the resolution of oligonucleotide
separations can be dramatically improved by increasing run temperatures.” In
Application Note 5990-7765EN we have also shown that polymeric columns give
the best performance under these conditions, due to their ability to withstand much
higher temperatures with alkali eluents than silica or hybrid particle columns.' In
this note, the useable lifetimes and resolving capabilities of polymer, hybrid, and
traditional silica columns for oligonucleotide separations are examined.

Agilent Technologies



Materials and Methods

Column A: PLRP-S 100A, 3 um polymeric HPLC column,
50 x 4.6 mm (Part number PL1512-1300)

Column B: 125A, 2.5 um hybrid silica-methylsiloxane C18 column,
50 x 4.6 mm

Column C: 1000A, 3 um Thermally stable bonded silica C18
column, 50 x 3.0 mm

Column D: 100A, 5 pm Traditional silica C18 column, 50 x 4.6 mm

Mobile Phase: Eluent A: 100 mM Triethylammonium acetate (TEAA)
in HPLC-grade water
Eluent B: 100 mM TEAA in 25:75 Acetonitrile:water

Flow rate: 1.0 mL/min or 0.45 mL/min, see Figure 1

Temp: 60 °C or 80 °C

Detection: UV, 254 nm

The thermal stability and lifetime of the columns was
evaluated. Columns were subjected to 25 minute-long
gradient cycles at either 80 °C (PLRP-S) or 60 °C (all other
columns). The resolution (R values) of poly(dT),,,, and 29/30
mer samples were calculated after every 100 gradient cycles.
Columns were considered dead when R values dropped by
more than 25%.

Results and Discussion

Figures 1 and 2 show the results of the lifetime studies.

In Figure 1, the resolution as a function of the number of
runs (gradient cycles) for the four columns is plotted. It is
immediately evident from this plot that the performance,
as measured by the resolution factor, decreases most
dramatically, as would be expected, with the traditional
reversed phase silica column. There is some improvement
in column lifetime for the thermally stable bonded reversed
phase silica. The hybrid silica-methylsiloxane column exhibits
a further improvement. However, the polymeric column,
PLRP-S, showed no deterioration in performance after 1600
gradient cycles at even higher temperature of 80 °C.
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Figure 1. Column lifetimes at elevated temperature.

Figure 2 shows the chromatograms of both samples, the
poly(dT) ,,,, and the 29/30 mer pair, at the beginning of the
stability trial and at the point of failure. Column A, the PLRP-S
column, showed no decrease in performance after 1500

runs at 80 °C. Column B, the hybrid silica-methylsiloxane

C18 column, gave acceptable resolution of the samples for
600 runs, and then died catastrophically between 600 and
700 runs. No chromatograms were available at 700 runs

for Column B, as the column died due to media breakdown
and caused large pressure increases and silica leakage past
the inlet frit. This catastrophic failure was observed with
three different Column Bs. Column C, the thermally stable
bonded silica C18 column, gave unacceptable R values by 400
runs, and Column D, the traditional silica C18 column, gave
unacceptable R values by 250 runs.

At the end of the lifetime experiment the column inlet ends
were removed to assess the state of the media and to identify
the cause of the column failure. The photographs in Figure 2
show the state of the inlet packed bed. The PLRP-S packed
bed was not disrupted and there was no void or channel
formation, but the three other columns all voided.



Column A: PLRP-S 100A, 3 ym, 4.6 mm x 50 mm

Runs before failure: Did not fail. Shown after
1500 runs.

Void: None

Column B: Hybrid silica-methysiloxane C18,
4.6 mm x 50 mm

Runs before failure: 600

Void: 1 mm

Column C: Thermally stable bonded silica C18,
3.0 mm x 75 mm

Runs before failure: 400

Void: 5.5 mm

Column D: Silica C18, 4.6 mm x 50 mm
Runs before failure: 250

Void: 4.5 mm

Figure 2. Separation of poly(dT)., ,, and 29/30 mer oligonucleotide pair.
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50 pmol of each oligonucleotide was injected in a 10 uL sample volume. The gradient was a 5% change in buffer B over 10 minutes with a 2 minute

equilibration.

Conclusions

For high performance oligonucleotide separations, using ion-
pair reversed phase HPLC, it is necessary to run at elevated
temperatures to denature the oligo and improve the mass
transfer, and hence resolution. Although the modern RP-
silica based materials are more stable, operating at elevated
temperatures will accelerate failure of the column packed
bed, stripping of the alkyl functional group and dissolution of
the silica base particle.

All silica-based materials run at elevated temperatures

with eluents routinely used for oligonucleotide analysis and
purification exhibited significant breakdown of the stationary
phase. This phase dissolution adversely affects column
performance, by either reducing the resolving power of the
column, or by plugging the column. This not only represents
a problem for column lifetimes, an obvious economic

disadvantage, but can also mean potential contamination
of purified oligonucleotide fractions with silica and bonded
phase. Hybrid silica-methylsiloxane materials offer better
lifetimes than traditional silica-based materials, but are still
prone to breakdown and contamination of fractions. Only
the polymer media, PLRP-S, has the chemical and thermal
stability necessary to be able to run routinely under the
conditions needed to achieved the maximum resolution for
synthetic oligonucleotide analysis at elevated temperature.

The PLRP-S polymeric HPLC column offered more than
double the lifetime of even the most stable reversed phase
silica or silica—polymer composite columns. This represents
a considerable economic advantage, especially in a high
throughput environment.
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