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How to protect your peptides from oxidation during 
HPLC analysis

When analysing biomolecules with standard HPLC 
systems and columns, undesirable side effects 

can occur due to interactions with metal surfaces. Many 
system components and conventional column hardware 
are made of stainless steel. Eluents such as methanol 
or acetonitrile in high concentrations can lead to surface 
corrosion – even on titanium components [1].	   

The resulting positively charged surface can interact 
with the analytes [2], which is particularly problematic for 
peptides and proteins. Unpaired cysteine ​​and methionine 
residues are especially susceptible to oxidation [3]. This 
then leads to adulterated results because the oxidised 
peptide fractions are more polar and therefore elute earlier 
on reversed-phase columns.

Possible sources of oxidation
Catalytic metal residues can enter the system from various 
sources. Digestion buffers, components of the HPLC 
system, and the analytical column can all induce peptide 
oxidation. For example, phosphate buffers typically 
contain higher levels of residual metal ions than Tris buffers. 
Injecting multiple times from a single vial can cause 
iron to enter the sample due to metal leaching from the 
injection needle. Furthermore, long-term use of a column 
with typical eluents like acetonitrile and methanol leads to 
metal leaching and an accumulation of metal residues on 
the stationary phase in the column.

 

The example from Zang et al. [4] (Fig. 1) shows the oxidation 
peptide map induced by two different columns with 
different column history. The monitored peptide contains 
two methionine residues, where oxidation results in two 
separate peptide oxidation peaks (Peak 1 and 2). Peak 3 
is the main peak and Peak 4 represents a deamidated 
species. Column #1, which has been in use longer, clearly 
shows more oxidation of the peptide compared to the  
new column #2, demonstrating that the level of residual 
metals increases over time. It is possible that a visual 
change in chromatographic behavior may not be observed 
until hundreds to thousands of injections have been 
performed [5].
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Fig. 1: Total ion chromatograms of an oxidation peptide map comparing a used column #1 with a new column #2 [4]. 

Fig. 2: Total ion chromatograms of an oxidation peptide map after an overnight EDTA wash of column #1 compared with column #2 [4].

How to reduce peptide oxidation
Residual metals can be masked by flushing the column 
with an EDTA solution [6]. The example (Fig. 2) shows how 
the chromatographic behaviour of column #1 matches that 
of column #2 again after an overnight column-wash with 
20 mM EDTA and 10% acetonitrile solution at 0.3 mL/min 
(18 hours).

This procedure must be repeated regularly to ensure 
the quality of results. Furthermore, it is possible to add 
EDTA or methionine directly to the sample [7,8] to reduce 
oxidation effects. More passivation protocols can be found 
in the previous YMC Expert Tip: Reducing adsorption on 
metal surfaces.
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Avoiding peptide oxidation
On-column peptide oxidation can be avoided by using 
a bioinert and corrosion-resistant column, such as the 
bioinert coated YMC Accura columns. Since the HPLC 
column - including the frits - provides over 70% of the 
surface that comes into contact with the sample, using 
a bioinert column will clearly reduce peptide oxidation. 

However, it is recommended to use a true bioinert  
HPLC system that includes bioinert wetted parts. It should 
be noted that biocompatible systems are not suitable for 
avoiding peptide oxidation, as they include titanium and/or 
alloys that can still cause metal leaching [1]. 

Bioinert 
coated  
YMC Accura 
column 
hardware

Fig. 3: Cross section of a bioinert coated YMC Accura column.
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