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APPLICATION NOTE

Reinheitsbestimmung von Oligonukleotiden mit IP-RP
Bei der Festphasensynthese von Oligonukleotiden  
werden in der Regel Nukleosid-Phosphoramidite als 
chemische Bausteine eingesetzt. Um unerwünschte  
Nebenreaktionen zu verhindern, werden Schutzgruppen 
in die Nukleoside eingeführt. So wird z.B. die 5‘-Hydroxy-
gruppe des Zuckerteils mit einer Dimethoxytritylgruppe  
(DMT) geschützt.
Doch auch bei diesem Ansatz können Verunreinigungen 
und Abbauprodukte entstehen. Dabei ist die größte He-

rausforderung bei der Aufreinigung von Oligonukleotiden 
das Vorkommen von strukturell ähnlichen Verunreinigun-
gen. Es sind so genannte „Shortmers“ (n–x) und „Long-
mers“ (n+x), die sich nur schwer vom Zielprodukt trennen 
lassen. Der Einsatz von analytischer Chromatographie ist 
deshalb unerlässlich, um Qualität und Quantität vor und 
nach der Aufreinigung zu überwachen.  Selbstverständ-
lich müssen die Ergebnisse zuverlässig und reproduzier-
bar sein. 

Fioretti et al. (1) beschreiben die Trennung eines 
Oligonukleotid-Syntheseprodukts. Zur Analyse des 
Produkts wird eine YMC-Triart C18 UHPLC-Säule im 
Ionenpaar-Umkehrphasenmodus (IP-RP) verwendet. Die 
Methode bestimmt die Reinheit des Produkts, hier ein 

20-mer Einzelstrang-Nukleotid (s. Tab. 1). Darüber hinaus 
können auch Verunreinigungen identifiziert werden. Zur 
weiteren Optimierung der Oligonukleotid-Analyse, für 
eine noch höhere Ausbeute und Sensitivität, ist die YMC-
Accura Triart Bio C18-Säule eine gute Alternative.

Einzelstrang-DNA	 5‘-ATA CCG ATT AAG CGA AGT TT-3‘

Tabelle 1: Oligonukleotid-Sequenz
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Säule:	 YMC-Triart C18 (1,9 µm, 12 nm) 100 x 2,0 mm ID
Artikelnummer:	 TA12SP-1002PT
Eluent:	 A) 4 mM Triethylamin - 100 mM HFIP*
	 B) Methanol
Gradient:	 5%–10%B (1–3 min), 10%–20%B (3–20 min), 20%–90%B (20–22 min)
Flussrate:	 0,2 ml/min
Temperatur:	 50 °C
Detektion:	 UV bei 260 nm
Injektion:	 0,5 µl
Probe:	 Oligonukleotid-Syntheseprodukt

Tabelle 2: Chromatographische Bedingungen

3 | RESULTS AND DISCUSSION

3.1 | Crude characterization

Before running the purification processes, the ON crude was

characterized via RP UHPLC on Triart C18 resin. The corresponding

analytical chromatogram is shown in Figure 2, where the area under

the peak corresponding to the target product is highlighted in gray. It

is seen that the various species are well resolved by the selected

analytical method. The purity of the target product was determined

to be 72.1%, based on the ratio of the area under peak of the target,

eluting at 14.9 min, and the areas of all the peaks. All the impurities

were lumped in two pseudo‐components: one eluting earlier than the

product, and accounting for 24.4% of the crude (hereinafter called

weakly adsorbing impurities, W) and the other eluting later than the

product, accounting for 3.5% of the total (hereinafter called strongly

adsorbing impurities).

3.2 | Displacement effect in batch purification

Various batch preparative purification runs at different feed loadings

were performed to investigate the displacement process and its

effect on the elution times of the different impurities. In particular, in

Figure 3a,b we show two chromatograms obtained under the same

operating conditions but different crude loadings, equal to 10 and

20 g/L, respectively. The chromatograms highlight, in addition to the

target product (red), four pseudocomponents: three (w1, w2, w3)

representing weakly adsorbing impurities (blue) and one (s1)

representing strong impurities (green). It is seen that the most

abundant species, after the target product, are the weakly adsorbing

impurities (w1, w2, and w3), while the strongly adsorbing impurity s1

represents only a minor fraction of the crude. In particular, w1 is well

separated from the product, while w2, which is the most abundant

one, partially overlaps with the product. This represents a challenge

for the separation. If the PEW is in fact taken sufficiently large to

include all the product and then have high yield, the purity is

necessarily low since also the impurity w2 is collected. On the other

hand, high product purities can be obtained only by suitably

restricting the PEW, which negatively impacts on the yield. These

considerations are at the basis of the purity‐yield trade‐off typical for

central‐cut separations using a single column.

The chromatograms reported clearly illustrate the effect of the

displacement mentioned above. At lower loadings (Figure 3a) the

impurity w1 is completely inside the gradient phase, which goes from

14 to 57min. On the other hand, for larger loadings (Figure 3b), the

product peak moves towards shorter elution times, due to the

displacement effect caused by the strong impurities, while for the

same reason the weak impurity w1 is pushed in the wash phase

before the gradient started, namely from 12 to 18.5 min.

F IGURE 2 Analytical chromatogram of the crude material obtained through reverse phase ultrahigh‐performance liquid chromatography on
a YMC Triart C18 resin. The gray‐colored peak corresponds to the target product; the product purity is 72.1%.
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Abbildung 1:	 Trennung des Oligonukleotid-Syntheseprodukts mittels Ionenpaar-Umkehrphasen-Chromatographie unter 
	 Verwendung einer YMC-Triart C18 UHPLC-Säule.
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* Hexafluoroisopropanol


