
How HPLC and Mass Spectrometry Back Peptide
Certificates of Analysis
When researchers order synthetic peptides for their work, they need to know exactly what they
are getting. A peptide is more than just a sequence of amino acids on paper. Its actual purity,
identity, and the absence of common by-products can vary between batches. This is where a
certificate of analysis becomes essential. It is the document that translates analytical data into
a clear statement of what the batch contains. But the value of that certificate depends entirely
on the methods used to produce the data.

Two analytical techniques dominate the verification process: high-performance liquid
chromatography (HPLC) and mass spectrometry. Each one answers a different question, and
together they give a complete picture. Understanding how they work and where they
complement each other helps a researcher read a certificate of analysis with confidence.

What HPLC Reveals About a Peptide Batch
HPLC is the workhorse of peptide purity analysis. The technique separates the components of
a sample based on their chemical properties as they pass through a column packed with a
stationary phase. A detector records the signal as each component elutes, producing a
chromatogram with peaks that correspond to different substances in the sample.

The main peak in the chromatogram represents the target peptide. Smaller peaks, if any,
indicate impurities. These can include truncated sequences, deletion sequences, oxidation
products, or residual reagents from the synthesis. The area under the main peak, compared to
the total area of all peaks, gives the percentage purity that appears on the certificate of
analysis.

HPLC is particularly good at quantifying purity. It tells you how much of the sample is your
desired peptide and how much is something else. But it does not tell you the identity of those
impurities, nor does it confirm that the main peak is actually the peptide you ordered. A
different compound could elute at the same retention time under the same conditions.

What Mass Spectrometry Adds
Mass spectrometry addresses the identity question directly. The technique measures the
mass-to-charge ratio of ions generated from the sample. For peptide analysis, the most
common approach is electrospray ionization mass spectrometry, which produces a series of
multiply charged ions. The software then deconvolutes these signals to give the molecular
weight of the peptide.



A mass spectrum confirms that the observed molecular weight matches the theoretical mass
calculated from the peptide sequence. If the match is within an acceptable tolerance, typically
a few tenths of a dalton, the identity is confirmed. Mass spectrometry can also detect
impurities that HPLC might miss, especially those with very similar retention times but
different masses.

For example, a common impurity in peptide synthesis is the des-amino variant, where the N-
terminal amino group is missing. This impurity might co-elute with the main peptide under
some HPLC conditions, making it invisible in the chromatogram. Mass spectrometry would
reveal it as a peak at a mass 17 daltons lower than the target.

Another frequent impurity is the oxidation product, where a methionine residue is converted to
methionine sulfoxide. This adds 16 daltons to the mass. Mass spectrometry picks it up readily.

How the Two Techniques Work Together
A certificate of analysis that reports only HPLC purity is incomplete. It tells you how much of
the sample is your peptide based on UV absorbance, but it does not prove that the substance
absorbing that light is actually the peptide you expect. A certificate that includes both HPLC
and mass spectrometry data gives you two independent lines of evidence.



HPLC provides quantitative purity. Mass spectrometry provides identity confirmation. Together
they give you verified peptide purity results that you can trust. This combination is the standard
in the industry for good reason.

The two techniques also complement each other in detecting different types of impurities.
HPLC is excellent at separating and quantifying hydrophobic impurities, such as those from
protecting groups that were not fully removed. Mass spectrometry is better at detecting
impurities that differ by a small mass change, such as deamidation products or sequence
variants.

When HPLC Alone May Be Sufficient
There are situations where HPLC data alone is enough. For routine production of a well-
characterized peptide that has been thoroughly validated in the past, a purity check by HPLC
may be sufficient for quality control. The same holds for early-stage screening, where many
peptides are tested and the cost of full analysis is not justified.

But even in these cases, the certificate of analysis should clearly state that identity was not
confirmed by mass spectrometry. The researcher can then decide whether that level of
documentation is acceptable for their application.

It is also worth noting that HPLC methods can vary. A gradient method that runs from low to
high organic solvent over 20 minutes will separate different impurities than an isocratic
method. The certificate should specify the HPLC conditions so the reader can assess the
separation quality.
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When Mass Spectrometry Is Essential
For peptides intended for critical applications, such as structural biology studies, enzyme
assays, or therapeutic development, mass spectrometry is non-negotiable. The same applies
when the peptide contains unusual amino acids, post-translational modifications, or D-amino
acids. These features can affect retention time in HPLC and may not be detected as impurities
if they co-elute.

Mass spectrometry is also essential when the peptide is long, say over 30 residues. Longer
peptides are more difficult to synthesize to high purity, and the risk of sequence errors
increases. A mass spectrum confirms that the full-length product is present.

Reading a Certificate of Analysis
A well-prepared certificate of analysis should present the data clearly. Look for the following:

HPLC chromatogram with the main peak labeled and the purity percentage stated.
The method parameters should be listed, including column type, gradient, and
detection wavelength.

Mass spectrum showing the observed molecular weight and the theoretical mass.
The tolerance for the match should be stated.



Date of analysis and batch number. These allow traceability back to the production
records.

A signature or electronic approval from the quality control department. This indicates
that the document is an official release record.

Some certificates also include additional data, such as amino acid analysis or water content.
These are useful but not always necessary.

The certificate should never contain ambiguous statements. If the purity is reported as 98%,
the certificate should clarify whether this is based on HPLC area percent or a different method.
Area percent is the most common, but it assumes that all components have equal UV
absorbance at the detection wavelength, which is not always true.

Common Pitfalls and What to Watch For
One common issue is that the HPLC purity reported on the certificate may not reflect the actual
purity of the peptide in solution. Peptides can degrade over time, especially if they contain
labile residues such as asparagine or glutamine. The certificate reflects the purity at the time
of analysis, not the purity at the time of use.

Another issue is that some impurities may not absorb UV light at the detection wavelength.
Trifluoroacetic acid, a common counterion in peptide salts, does not absorb at 214 nm, so it
will not appear in the chromatogram. The certificate should note the presence of counterions
separately.

Mass spectrometry can also have limitations. The ionization efficiency varies between
peptides, so the relative peak heights in the spectrum do not directly correlate with abundance.
A small peak at an unexpected mass could be a real impurity or an artifact of the ionization
process.



Making an Informed Decision
When you review a certificate of analysis, think about what the data means for your specific
application. If you need a peptide for a quantitative assay, high HPLC purity with confirmed
identity is critical. If you are just testing a reaction condition, a lower purity might be acceptable
as long as you know what the impurities are.

The best approach is to request both HPLC and mass spectrometry data on every batch. This
gives you verified peptide purity results that you can rely on. Many suppliers provide this as
standard. If they do not, ask whether they can include it for an additional fee.



Understanding the techniques behind the certificate also helps you communicate with the
supplier. If you have questions about a particular impurity peak or a mass shift, you can
discuss it in terms of the analytical methods. This leads to faster resolution and better
outcomes for your research.

In the end, a certificate of analysis is only as good as the data it summarizes. Knowing what
HPLC and mass spectrometry can and cannot tell you allows you to use that certificate as a
tool, not just a piece of paper.


