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Abstract—Biopolymer sequencing with mass spectrometry has become increasingly important and accessible with the
. development of matrix-assisted laser desorption/ionization (MALDI) and electrospray ionization (ESI). Here we
examine the use of sequential digestion for the rapid identification of proteolytic fragments, in turn highlighting the
. general utility of enzymatic MALDI ladder sequencing and ESI tandem mass spectrometry. Analyses were performed
on oligonucleotides ranging in size from 2 to 50 residues, on peptides ranging in size from 7 to 44 residues and on viral
coat proteins. MALDI ladder sequencing using exonuclease digestion generated a uniform distribution of ions and
provided complete sequence information on the oligonucleotides 2-30 nucleic acid residues long. Only partial sequence
information was obtained on the longer oligonucleotides. C-terminal peptide ladder sequencing typically provided
information from 4 to 7 amino acids into the peptide. Sequential digestion, or endoprotease followed by exoprotease
exposure, was also successfully applied to a trypsin digest of viral proteins. Analysis of ladder sequenced peptides by
LCMS generated less information than in the MALDI-MS analysis and ESI-MS? normally provided partial sequence
information on both the small oligonucleotides and peptides. In general, MALDI ladder sequencing offered informa-
tion on a broader mass range of biopolymers than ESI-MS? and was relatively straightforward to interpret, especially

for oligonucleotides. © 1998 Elsevier Science Ltd. All rights reserved.

Introduction

An important goal of mass spectrometry is the routine
acquisition of complete sequence information from bio-
polymers. The realization of this goal has significantly
progressed with the development of both electrospray
ionization! (ESI) and matrix-assisted laser desorption/
ionization? (MALDI). More specifically, ESI tandem
mass spectrometry (MS?) has been routinely used to
generate fragment ions from a selected precursor ion by
iitiating jon/molecule collisions (a process known as
collision-induced dissociation) which can then be mass
analyzed and used to obtain sequence information.
Perhaps the most well-known applications of ESI-MS?
are the work performed by Hunt and colleagues to
Wdentify major histocompatibility complex (MHC)
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bound peptides*© and the pioneering work of Mann et
al. to map proteins.” ESI-MS? has also been successfully
applied to the sequencing of small oligonucleotides.?!2

MALDI-MS is playing an equally exciting role in
biopolymer sequencing, used in conjunction with enzy-
matic'>'™ or chemical digestion'’ to generate sequence-
specific ladders for proteins and oligonucleotides. This
process, also known as ‘ladder sequencing’, was first
pioneered by Chait et al.'® for proteins and further
developed by Pieles et al.! for oligonucleotides. Protein
ladder sequencing involves the analysis of a peptide/
protein that has undergone a stepwise degradation in
which ladder-generating chemistry produces a family of
sequence-defining peptide fragments that differ from the
next by one amino acid. Once the mixture of peptides is
obtained, MALDI-MS analysis is performed to generate
a mass spectral sequence ladder. The implementation of
MALDI ladder sequencing to oligonucleotides with the
exonucleases, namely snake venom phosphodiesterase
(SVP) or bovine spleen phosphodiesterase (BSP), offers
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j‘fm—mation; however, ESI-MS? provided virtually no
<quence information. These results were not surprising
;i\'en the size of the molecules and the low energy colli-
gons generated in the ion trap and triple quadrupole
qass spectrometers.

goth ladder sequencing and ESI-MS? were then
rformed on smaller oligonucleotides (Figs 3-6) includ-
ng an 18, 11, 6 (Figs 3 and 4), 4 (Figs 5 and 6), 3, and
Jmer. Similar to the ladder sequencing of the 20 mer
Fig. 1) the 18, 11, and 6 mer (Fig. 3) was straightfor-
w~ard and easily generated complete sequence informa-
ton, with excellent S/N and mass accuracy. It was
possible to generate complete sequence information for
the 4mer (Fig. 5), 3mer and 2 mer as well, however the
Jata was more challenging to interpret due to the back-
ground matrix interference in the low mass region.
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When analyzed by ESI-MS and ESI-MS?2, the 18, 11, 6,
4, 3, and 2 mer produced excellent molecular ion signals
in negative ion mode, while complete sequence infor-
mation was possible only on the 6, 4, 3, and 2 mer (the
entire sequence and cleavage site information of the
6 mer and 4 mer are shown in Figures 4 and 6). It should
be noted that interpretation of the ESI-MS? results was
typically more labor intensive (as compared to ladder
sequencing) because fragmentation can occur at multi-
ple sites on the phosphate, sugar, and base of the oligo-
nucleotides. It should also be noted that computer
programs designed to deconvolute MS? data on oligo-
nucleotides are being developed to facilitate future data
interpretation. In the oligonucleotide sequencing
experiments neither ESI-MS? nor MALDI ladder
sequencing were rigorously optimized to increase sensi-
tivity and in general the amount of material consumed
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Figure 3. Positive ion MALDI-MS data generated from the oligonucleotide 5~ TACGAT-3/ using the ladder sequencing approach.
The BSP digest is shown on the left, while the SVP digest is shown on the right.
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Pigure 4, Negative ion ESI-MS? data generated in the oligonucleotides 5-TACGAT-3 using the collision-induced dissociation.



