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The Application of Mass Spectrometry in Amino Acid and Peptide Chemistry

By K.BI1EMANN

Department of Chemistry, Massachusetts Institute of Technology,
Cambridge (Mass. U.S.A.)

Zusammenfassung

Im Anschluf} an eine kurze Einfithrung iiber das Wesen der
Massenspektrometrie wird deren Anwendung auf folgende Pro-
bleme beschrieben : Identifizierung von Amineséuren, Struktur-
bestimmung unbekannter Aminosiuren, quantitative Amino-
siure-Bestimmung, Sequenzanalyse von Peptiden, Bestim-
mung N-terminaler Aminosiuren und freier Aminogruppen in
Seitenketten.

Am wichtigsten ist die Moglichkeit einer direkten Sequenz-
bestimmung in Oligopeptiden bis mindestens zum Pentapeptid.
In Kombination mit einer gas-chromatographischen Vortren-
nung lassen sich auch komplexe Peptidgemische bearbeiten.

Massenspektrometrische Analysen erfordern sehr wenig Ma-
terial, Bei Serienversuchen ist auch der allgemeine Aufwand und
der Zeitbedarf gering. Die quantitative Aminoséure-Bestim-
mung empfiehlt sich, sobald eine Untersuchung, wie etwa eine
Stoffwechselstudie oder die Konstitutionsaufklirung eines Pro-
teins, eine groe Anzahl von dhnlichen Analysen erfordert. Fiir
gelegentliche Einzelbestimmungen dagegen verwendet man
besser andere Analysenverfahren.

At present, the techniques used for the determination
of the primary structure of peptides and proteins rely
mainly on chromatographic and electrophoretic sepa-
rations and the identification of the ultimate degradation
products, in general amino acids and derivatives thereof,
by nonspecific color reactions. Over the last decade these
techniques have led to a dramatic advance of the knowl-
edge of protein structure. For the solution of the many
more structural problems in the peptide field there
seems to be only one obstacle: the amount of time and
manpower required due to the slowness of the methods
of separation employed, the tedious procedures used for
the determination of the amino acid sequence in the
degradation-peptides and the sometimes not very reli-
able identification of the products by their mobility in
chromatographic and electrophoretic systems.

* Sonderdrucke, in denen alle Autoreferate und die drei nach-
stehend abgedruckten Vortrige von K. Biemann, H. ZaEN und
H.ZuBER zusammengefallt sind, konnen bei geniigendem Interesse
beim Verlag H. R. Sauerlinder & Co., Aarau, bezogen werden.

It was primarily in consideration of these factors that
we began to investigate the possible use of mass spectro-
metric methods in this field, because it is a technique
which combines speed with a high degree of specificity
of information, the latter being also strictly related to
the structure of the molecule. Furthermore, the minute
sample required meets another prerequisite of any
method to be of pratical applicability in this field and
it was also felt that the introduction of an entirely new
approach might be of a general value. In addition, the
isolation of peptides from microorganisms and plants,
which frequently contain new amino acids, makes it
necessary to determine their structure before elucida-
tion of the sequence in the peptide, and also for this
purpose mass spectrometry could be used with success.

The elaboration of mass spectrometric methods was,
therefore, aimed at the following problems:

qualitative identification of amino aids,

determination of the structure of new amino acids,

quantitative determination of amino acids,

sequence of amino acids in peptides,

determination of N-terminal amino acids and free
—-NH, groups,

determination of C-terminal amino acids and free

—COOH groups}

The first five of these have thus far been solved in prin-
ciple!8 and it is the purpose of this review to discuss the
methods involved, their potentialities and limitations.
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Comparison of the spectra of the ester mixtures obtained before
and after dimethylation showed, in the one derived from the
methylated peptide, the intensity at mass 44 unchanged
whereas mass 86 was decreased to one-half and a new pecak at
114 appeared, correspondingly.

Since some of the dimethylated amino esters give rise
to peaks isomeric with the onesfrom unmethylated esters
(e. g. dimethylalanine and valine) quantitative evalua-
tion of the spectra is necessary in the more complex
cases. The use of isotopically labeled formaldehyde will
be of added advantage.

The free amino groups in lysine, which would lead to
N,-dimethyllysine, could be determined in the same
manner.

Conclusions

Mass spectrometric methods have been devised for
the solution of a number of basic problems involved in
the determination of the structure of peptides and pro-
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teins. We feel that the most important contribution
appears to be the one for the direct determination of the
amino acid sequence in small peptides—up to penta-
peptides or, possibly, even higher—since it is much
faster and at least as reliable as conventional methods.
Gas chromatographic separation of the derivatives used
in the sequence determination further facilitates the
work on the complex peptide mixtures obtained on par-
tial hydrolysis of proteins. The mass spectrometric
quantitative analysis of amino acid mixtures might find
its place in those laboratories where a large number of
such determinations is required in a relatively short
period of time. The value of mass spectrometry for the
elucidation of structure as illustrated in the case of
lysopine needs no ‘additional comment.
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