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Abstract

A methodology to achieve high-throughput de novo sequencing of synthetic peptide mixtures is
reported. The approach leverages shotgun nanoliquid chromatography coupled with tandem mass
spectrometry-based de novo sequencing of library mixtures (up to 2000 peptides) as well as
automated data analysis protocols to filter away incorrect assignments, noise, and synthetic side-
products. For increasing the confidence in the sequencing results, mass spectrometry-friendly
library designs were developed that enabled unambiguous decoding of up to 600 peptide
sequences per hour while maintaining greater than 85% sequence identification rates in most
cases. The reliability of the reported decoding strategy was additionally confirmed by matching
fragmentation spectra for select authentic peptides identified from library sequencing samples. The
methods reported here are directly applicable to screening techniques that yield mixtures of active
compounds, including particle sorting of one-bead one-compound libraries and affinity enrichment
of synthetic library mixtures performed in solution.
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INTRODUCTION

Decoding the structure of identified active compounds is a necessary step in most
embodiments of the combinatorial discovery process. With regard to peptide libraries,
several approaches to sequence determination of identified peptides are established.
DNA/RNA encoding is one of the most commonly used strategies because the DNA
sequencing technology is reliable, fast, and cheap.! This approach is commonly utilized in
phage,23 yeast,*® and mRNA?®7 display strategies. Genetic encoding of peptide libraries is
limited, however, in its ability to successfully incorporate a variety of “privileged”
nonproteogenic amino acids and their analogues (3, -, b-amino acids and peptoids),8-11
although this issue can be circumvented to a certain degree in mRNA display.12:13 The
application of DNA encoding to synthetic peptide libraries was reported more than 20 years
ago.14 However, the strategy has not caught on until recently.15-18

Synthetic peptide libraries are commonly decoded by either Edman degradation®-22 or
MALDI-coupled?3-25 tandem mass spectrometry-based (MS/MS) de novo peptide
sequencing. Edman degradation, although reliable, is slow,2% not easily amenable to
multiplexing, and, like genetic encoding, is generally limited to a-amino acids.2’” Mass
spectrometry-based strategies are able to decode amino acids of great structural
diversity28-30 but require that a peptide forms a complete fragmentation ladder for
unambiguous de novo sequence assignment. Unfortunately, many peptides do not generate
fragmentation spectra of this quality.31-34 In proteomics, partially correct sequence
assignments can be sufficient to identify a peptide by the use of database matching. This
approach is not generally applicable to the sequencing of synthetic peptide libraries when
each of a series of candidate assignments is possible according to the library design.

In this work, we investigate the use of a priori library design considerations to improve the
reliability with which synthetic peptide mixtures can be sequenced by automated de novo
assignment of MS/MS spectra. By constraining library designs (as described below),
candidate de novo assignments can be “matched” to library design features in a fashion
reminiscent of database matching in proteomics. A priori constraints imposed on peptide
sequence features enabled us to reject candidate assignments inconsistent with the library
design and in some cases to replace them with a design-consistent assignment deemed lower
quality by de novo sequencing software. In this way, we were able to improve the reliability
of automated sequence assignments made to peptides exhibiting suboptimal fragmentation
spectra.

This strategy is in principle applicable to any MS/MS-based peptide sequencing approach,
including those employing MALDI-TOF/TOF instrumentation. However, we believe its real
value lies in high-throughput sequencing of MS/MS data generated by liquid
chromatography/tandem mass spectrometry (LC/MS/MS) analysis of synthetic peptide
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mixtures. MS/MS-based decoding of synthetic peptide libraries is generally performed on
individual compounds isolated from screens of one-bead one-compound (OBOC) libraries,
and MALDI-TOF/TOF instrumentation is well suited to such a workflow. In contrast, an
MS/MS-based decoding strategy applicable to complex peptide mixtures has not been
realized despite longstanding interest in such a method.3%:36 LC/MS/MS is capable of
separating mixtures containing thousands of peptides on the time scale of hours, as recent
advances in proteomics indicate.3”-39 Analogous analysis of synthetic peptide mixtures is
complicated by the presence of synthetic side-products, unknown number of input peptides
in the sample, and the absence of useful databases to help discarding incorrect sequence
assignments and noise. Improving the reliability of automated de novo sequence
assignments mitigates these issues and potentially enables the realization of a high-
throughput LC/MS/MS-based decoding strategy. At least two powerful screening
techniques, particle sorting of OBOC libraries!417 and affinity enrichment performed in
solution,#9-42 generate mixtures of active compounds and could benefit from the
development of such a strategy.

To address this need, we investigate the feasibility of a high-throughput LC/MS/MS-based
approach to the decoding of synthetic peptide mixtures (Figure 1). First, we study the utility
of library design rules for improving the accuracy of automated de novo sequence
assignments and demonstrate the benefits of sequence-constrained libraries in the context of
high-throughput de novo sequencing. Second, we describe automated data analysis routines
to identify peptides of interest and filter them away from noise, incorrect assignments, and
synthetic side-products. Finally, we establish conditions for high-throughput nLC/MS/MS
analysis of peptide libraries and demonstrate that decoding can be performed at a rate of 600
peptides/hour without substantial losses in the sequence identification rate.

Constraining the Library Design Rules

We began by identifying the features of a library peptide sequence that might be used to
distinguish a potentially correct assignment from an incorrect one (that is, one inconsistent
with library design rules). In most cases, all intended library members possess some
common features that allow the discrimination of actual peptides from noise, nonsense de
novo assignments, and synthetic impurities such as deletions and truncations. Two such
features are peptide length and the presence of a fixed subsequence (“constant region”). For
instance, in our case, the use of glycyl-OCH,-phenylacetamidomethyl (PAM) ester as a
TFA-stable/base-labile cleavable linker*3:44 for use in OBOC libraries resulted in a fixed C-
terminal Gly residue for all library peptides.

In addition to these features, we introduced an alternating monomer subset (AMS) design in
an attempt to (a) increase de novo sequencing assignment confidence in the peptide variable
region and (b) resolve assignment ambiguities for fragmentation spectra with incomplete ion
ladders, especially for those cases where both complementary £and yions are missing.
Briefly, in this approach, a library is constructed using standard solid-phase peptide
synthesis (SPPS) procedures using two nonintersecting amino acid subsets, alternating them
according to position, i.e., subset;-subsety-subset;-subsety-etc. Monomer subsets are
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constructed by dividing the total monomer pool into subsets of equal size such that the
resulting molecular weight of each subset;-subset, dipeptide is unique (details in Supporting
Information (SI) 3.3).

We anticipated that the AMS approach would improve the overall decoding confidence by
decreasing the probability of randomly assigning a subsequence allowed by the library
design for spectra where definitive assignments may not be possible. More importantly, we
hoped to resolve any potential ambiguous isomeric dipeptide arrangements because every
subset;-subset, dipeptide has a unique molecular weight (the list of all possible dipeptide
molecular weights for the AMS design we utilized in this work is provided in Sl 3.3).
Additionally, this approach is straightforward in its experimental implementation as it does
not require any extra chemical manipulations during or after library assembly, which can
become an important consideration for libraries of great size. One obvious disadvantage of
working with AMS peptide libraries is, of course, their artificially limited diversity, both in
terms of the theoretical library size and limited structural-positional variance of library
members. We expect that this drawback can be mitigated by increasing the size and
structural diversity of the parent monomer set, such that structural differences in alternating
subsets become less prominent. Critical evaluation of the performance of AMS libraries in
screening applications will be required to substantiate this claim.

Automated Decoding of Synthetic Peptide Mixtures

With these considerations in mind, we turned to constructing a model 10-mer OBOC library
to study our hypotheses. For a total amino acid set of 16 amino acids, a number of feasible
monomer subsets exist. We chose the combination where amino acids Asp, Phe, His, Lys,
Met, Pro, Trp, and Leu are combined in subset 1 (ss1) and Ala, Glu, Gly, Gln, Ser, Thr, Val,
and Tyr constitute subset 2 (ssy), trying to separate monomers of similar functionality into
different subsets where possible. Cys, lle, Asn, and Arg were excluded for various reasons
(SI 2.2). The library of the general design sS1-5S»-551-552-551-552-551-552-551-Gly (library 1)
was constructed using established Fmoc SPPS procedures®® on Tentagel S-NH, 30 um resin
(Rapp Polymere, 0.20 mmol/g amine loading) functionalized with PAM linker for TFA-
orthogonal release of peptides from the solid support prior to nLC/MS/MS analysis. Next,
we established a standard protocol for nLC/MS/MS analysis of mixtures containing peptides
from a few hundred beads and found that nLC can successfully detect and separate peptides
for the subsequent MS/MS analysis running a 70 min-long gradient (Sl 3.5) even when only
2% of the total sample volume (~80 fmol/peptide) was submitted for analysis. Collision-
induced dissociation (CID) and higher-energy collisional dissociation (HCD) peptide
fragmentation spectra were obtained for each precursor ion automatically in a data-
dependent fashion on a Thermo Scientific Orbitrap Fusion Lumos Tribrid mass
spectrometer. De novo peptide sequencing of the acquired data was performed in PEAKS 7
or PEAKS 8 (Biolnformatics Solutions Inc.),*647 which is widely regarded as one of the
most reliable de novo sequencing software.344849 Using PEAKS, CID and HCD spectra
were merged, prefiltered to remove noise, and sequenced allowing Met-oxide as a variable
post-translational modification. Fifteen candidate sequence assignments were created for
each merged secondary scan.
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Finally, we created automated Python-based routines for postprocessing data analysis to
eliminate noise, synthetic impurities, duplicates, resolve certain sequencing ambiguities, and
to select the best candidate sequence assignment for each merged MS/MS scan. Briefly, in
the first step of this process, a priori library design rules are used to eliminate all sequence
candidates of length other than 10 not bearing a C-terminal Gly residue or not having a
correct monomer in each of the allocated positions. During this step, peptide candidates with
incorrect amino acid ordering and incorrect dipeptide assignments are removed from further
consideration as a result of the inherent properties of the AMS. For example, one sequence
candidate for a peptide containing Asp-Ala subsequence can be interpreted by the
sequencing software as Gly-Glu if no fragmentation is observed between these two residues,
but because Gly-Glu is not a valid dipeptide in the AMS design, this sequence is rejected
during the data analysis step (Figure 2). Next, for each remaining spectrum, a single
candidate is kept, discarding all other peptides with lower sequencing scores from PEAKS
(average local confidence (ALC) scores, from 0 to 99), and duplicate sequences are labeled
as nonunique. Finally, the resulting unique sequence assignments are refined further by
excluding prominent synthetic impurities that were not eliminated in the previous steps. If
two unique sequences have an identifiable main product/side product relationship, the side
product is eliminated. In this way, peptides containing oxidized Met residues, deamidation
of Gln to Glu, which occasionally happens during saponification of PAM ester, sodium
adducts, and a few less prominent side-reactions are identified, and their corresponding
sequences are discarded. The list of remaining sequence assignments (or “peptides”) is
considered to be the final result of the workflow and can be utilized further to perform
appropriate statistical analysis.

Evaluating the Performance of the Method

Having established the workflow for high-throughput decoding of peptide libraries, we
sought to evaluate the performance of the method. To this end, we analyzed a naive, i.e., not
preselected in any way, aliquot containing 660 beads bearing library 1 peptides by
nLC/MS/MS and performed the downstream data analysis as described above. As
summarized in Table 1, each of the filtration steps played a significant role in filtering out
incorrect assignments, and the final sequence list consisted of 587 unique peptides (0.89
sequence identification rate; full sequence list is provided in SI Appendix I). Manual
analysis of the peptides rejected in each filtration step verified that the automated process
leads to an identical outcome. As shown in Figure 3a, the resulting data set has positional
amino acid frequency distribution close to uniform (;(Z-test; P-value = 0.42, details in SI
3.4), suggesting that the workflow did not bias the results based on amino acid composition,
at least not in an immediately obvious way. Additionally, as demonstrated in Figure 3B and
C, the post de novo noise filtration process primarily removed peptides with low sequencing
scores and high assignment mass errors while retaining high confidence and low mass error
ones. More specifically, the unprocessed PEAKS output data set had average ALC of 57

+ 27 (one standard deviation) and assignment mass error of —0.8 + 5.7 ppm, whereas in the
final peptide data set, these parameters were 82 + 14 and —0.7 = 1.0 ppm, respectively,
reinforcing the notion that low confidence assignments and noise are selected against during
the filtration process.
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Evaluating the Importance of the AMS Library Design

Next, we turned to assessing the utility of the AMS design for gaining confidence in
sequencing results. The above parsed data set (containing 587 unique peptides) was taken as
a reference, operating under the assumption that the AMS does not bias de novo sequencing.
Then, in method 1, the PEAKS output was parsed without imposing the AMS design rules;
that is, assuming that the library monomer composition is uniform with respect to all nine
positions, and the monomer set consists of the 16 amino acids comprising the sum of two
alternating subsets. The resulting data set was expected to contain some erroneous
assignments, inconsistent with the AMS library design. Analysis of sequences present in the
method 1 output but absent from the reference data set could be used to estimate the
frequency at which AMS eliminates a priori incorrect assignments. Processing the data set
using method 1 led to 756 unique sequences, of which only 502 were found in the reference
data set. On the basis of this outcome, we concluded that the use of the AMS in combination
with postsequencing filtration routines improves sequencing accuracy by rejecting 254
incorrectly assigned peptides (38% of 660 analyzed beads).

A portion of the 254 spectra given inaccurate assignments was rescued by use of the AMS
design. In method 2, we parsed the PEAKS output assuming the AMS design but
considering only the single most confident peptide candidate per spectrum, i.e., the
candidate with the highest ALC score. For some spectra, the highest ALC score candidate
will contain dipeptide assignments inconsistent with the AMS design, but a lower ALC
score candidate will be AMS-consistent. Assignments to such spectra will be eliminated by
method 2 but present in the reference data set. Comparison of the method 2 set to the AMS
set allowed us to estimate the frequency at which the AMS approach recovers sequences
containing incorrect dipeptide assignments. We found that method 2 yielded 505 unique
peptides, 500 of which were from the reference data set. Therefore, the AMS design helped
to recover 87 peptides (13% of analyzed beads), which would not have been considered top
candidates by the software.

A precision-recall curve comparing the reference, method 1, and method 2 data sets is
shown in Figure 3D. “Precision” here is the fraction of sequences in a data set that are also
found in the reference set. “Recall” is the ratio of sequences in a data set that match the
reference to the total number of peptides in the sample, in theory (in this case, 660). By
these metrics, both methods 1 and 2 compare unfavorably against the reference data set.
Method 1 suffers from lower recall (0.76 vs 0.89) and lower precision (0.66 vs 1.00), and
method 2 leads to lower recall (0.76 vs 0.89).

A closer look reveals that the data subsets consisting of de novo peptides with high
sequencing confidence (ALCZ= 83) overlapped almost exactly, whereas subsets of medium
sequencing scores (50 < ALC < 83) diverged significantly. This behavior is particularly
evident from the analysis of the absolute sequence recall as a function of a sequencing score:
recall between the data sets diverged in the ALC range of ~50 to ~83; almost no sequences
were found at ALC values lower than 50, and no significant divergence was observed at high
ALC values (Figure 3E).
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These results suggest an alternative strategy for reliable MS/MS sequencing of peptide
libraries, namely, discarding peptides with sequencing scores lower than ~85. Such a
strategy obviates the need for AMS at the expense of a much lower sequence recall. For
instance, parsing the data described above using method 1 and discarding sequences with
ALC scores less than 85 yields 310 unique peptides (recall: 0.47, precision: 0.97). A fully
analogous experiment performed for a separate 306 bead sample of library 1 peptides
(details are in SI 3.1, Appendix I1) corroborated the conclusions listed here.

To further probe the reliability of our approach, we resynthesized individual peptides
identified as described above and subjected the resulting peptidyl resins to the library
analysis conditions. We found that in all cases MS/MS spectra of resynthesized peptides
agreed well with those observed in a corresponding library sequencing experiment (Figure 4,
SI 3.2), reinforcing our belief in the accuracy of PEAKS assignments obtained by our
approach.

Evaluating the Analysis Throughput

Next, we studied the potential throughput of our approach using library 1 as a model AMS
library. In particular, we were interested in investigating the sequence identification rate as a
function of sample complexity. To this end, we prepared bead aliquots and manually counted
the exact number of beads for samples comprised of less than 1000 beads. For more
complex analytes, the number of beads was estimated in three ways, and the average value
was assumed. The targeted complexity of the prepared aliquots was 50, 150, 300, 600, or
1200 beads, but the actual bead counts deviated from these numbers. All aliquots were
analyzed by nano-LC/MS/MS (CID and HCD) running a linear 70 min long 2 — 48%
acetonitrile in water gradient. All downstream data processing was performed as described
above. As summarized in Figure 5, we found that the simplest bead mixtures yielded the
highest sequence identification rates: all samples comprised of approximately 50 beads
recovered more than 95% of analyzed peptides. For samples comprised of between 50 and
660 beads, we observed a gradual decrease in sequence recall with increasing sample
complexity and a steep drop in sequence identification rate for more complex samples. We
attributed these observations to the phenomenon of “peptide interference”: too many
peptides eluting off an nLC column per unit time may cause the mass spectrometer to omit
analysis of some and prevent the isolation of individual precursor ions for others. Indeed,
when we reanalyzed one of the more complex samples comprised of approximately 1600
beads and extended the LC gradient to either 2 or 3 h, we observed a uniform increase of the
sequence identification rates from 0.75 to 0.87, which corresponded to an extra 185 peptides
identified for the 3 h gradient. These results suggest, assuming that the overall sequence
recovery of 85% is deemed satisfactory, that AMS library samples can be routinely analyzed
at a rate of at least 600 peptides/hour and that samples comprised of thousands of peptides
can also be successfully decoded by extending LC gradients accordingly.

Analyzing Libraries Containing Multiple Nonproteogenic Amino Acid Residues

The ability to sequence peptides comprised of structurally diverse unnatural amino acids is
one of the major advantages of mass spectrometry over other decoding techniques.
Accordingly, we sought to demonstrate the applicability of our approach toward sequencing
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libraries comprised of nonproteogenic amino acids. For this study, we prepared another
model library (library 2) comprised of proteogenic and nonproteogenic a-, 5-, and &-amino
acids (details in the SI 2.2.2) and analyzed it using the standard protocol, encoding unnatural
amino acids as fixed post-translational modifications on unused proteogenic amino acids
during the de novo sequencing step in PEAKS. Analysis of three samples containing 183,
212, and 220 beads revealed that library 2 can be decoded nearly as efficiently as library 1
with sequence identification rates reaching 86%. Additionally, the overall quality of
fragmentation spectra was comparable to those observed for libraries of proteogenic
peptides, as evaluated by manual inspection. Two representative high-quality MS/MS
spectra and their respective sequence assignments featuring multiple unnatural amino acids
are demonstrated in Figure 6. Taken together, these observations indicate that our approach
can be utilized to decode structurally diverse libraries of polypeptides and peptidomimetics.
Further work is required to demonstrate the applicability of our approach to the sequencing
of non-natural polymers comprised of tertiary amides (peptoids) or other linkages.

DISCUSSION

In this work, we investigated the use of constraining library designs to increase the reliability
and throughput of de novo sequencing of synthetic peptide mixtures. This involved the
development of new MS/MS-friendly library designs and associated data analysis
procedures to take advantage of these designs for the interpretation of de novo sequencing
output from commercial software. Our results indicate that the proposed library design
principle improves both sequencing accuracy and peptide recovery rate. Using nLC/MS/MS
for high-throughput analysis of synthetic peptide mixtures, at least 600 peptides/hour can be
decoded by the use of this strategy while keeping the peptide identification rate above 85%.
Combined with the fact that our approach is experimentally straightforward, no extra
chemical manipulations or specialty reagents are required at any stage during library
synthesis or analysis, our results suggest that the approach described herein may be a
feasible high-throughput method for decoding mixtures of synthetic peptides. Application of
the described methods to the decoding of compound mixtures obtained from library screens
will be required to test their true utility for this purpose.

One potential application of this methodology is the decoding of compound mixtures
obtained from particle sorting of OBOC libraries. Particle sorting is well suited for the
automated analysis of on-bead screens of OBOC libraries prepared on small monosized
resins (10 or 30 micron),%%51 which are compatible with commercial flow cytometers. In
contrast to manual screening methods in which individual beads displaying active
compounds are selected for decoding, particle sorting generally yields mixtures of beads.
Historically, DNA encoding has been required to decode such libraries, as the amount of
material on a single bead (~100 fmol for 0.2 mmol/g resin) was insufficient for MS/MS
analysis. The unique sensitivity provided by the nLC strategy described here enables the
analysis of ~80 fmol of individual peptides, in principle enabling the decoding of libraries
prepared on 10 um diameter resin.

A second use case of our strategy is the decoding of mixtures obtained by affinity
enrichment performed in solution. Affinity enrichment is a powerful screening technique
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that has become widely used in the pharmaceutical industry for the identification of drug
leads. However, the challenge of identifying active compounds (often small molecules
identified by their exact mass) by mass spectrometry generally limits the complexity of
library pools that can be screened using this strategy.*® A strategy for de novo sequencing of
peptide mixtures should increase the size of synthetic peptide libraries amenable to the
affinity selection approach.

For any conceivable screening application, we believe that the described method will be
most valuable in analyzing sparse libraries of great diversity (both in terms of member size
and variable region length). We consider libraries of theoretical diversity on the order of 107
members, consisting of six variable positions occupied by one of 16 possible amino acids, to
be “low diversity”. MS/MS sequencing of hexapeptides from such a library should be more
robust than the sequencing of analogous decapeptides, and consequently, the value of AMS
can be expected to decrease for libraries of low diversity. Analyzing OBOC peptide libraries
of high redundancy®?2 using our approach may lead to a challenge in identifying the number
of beads on which a given sequence was displayed; this challenge may become prominent
during decoding of selected peptides where some sort of sequence convergence has
occurred. Although technically possible, such identification was not attempted in this work.

We anticipate that the presented experimentation and the reasoning behind it are not
inherently limited to decoding active compounds obtained from screens for binders. Some of
the potential applications of such a methodology may include direct, selection-free reactivity
library profiling to identify unique chemical reactivities displayed by short peptide
sequences, rapid profiling of enzyme specificity for various enzymes acting on peptidic
substrates, or the generation of customized (defined only by the library design) mass spectral
databases to extend our knowledge of peptide fragmentation pathways and improve the
accuracy of modern de novo sequencing algorithms. The development of some of these
techniques is the focus of our ongoing investigations.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Five-step experimental workflow for the proposed library decoding strategy enables
automated sequence assignment and data analysis.
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Figure 2.

Spectra with incomplete &/)~fragmentation ladders can be unambiguously assigned using the
AMS principle. Displayed are merged, preprocessed CID and HCD spectra for 491.243 Da/e
precursor ions. The first candidate sequence does not match the library design pattern due to
the fact that the pair of £3/y4 ions is not observed in the spectrum, and consequently, an
unreliable assignment is made. The molecular weight difference of 186.064 Da between the
observed fragment ions corresponds to four different dipeptides (Gly-Glu, Glu-Gly, Ala-
Asp, and Asp-Ala), but only one of them (Asp-Ala) matches the parent design, which makes
an unambiguous assignment possible. ss1: monomer subset 1, ss2: monomer subset 2, cr:
constant region.
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Figure 3.
Alternating monomer set (AMS) increases confidence in sequencing results. All data are

from the 660-bead sample of library 1 peptides (587 unique sequences identified). (A)
Color-coded positional amino acid frequency is shown on the left, and the mean amino acid
frequencies are plotted on the right. Each nonzero cell in the matrix has the expected value
of 0.125, and the observed values map closely to it. (B) Sequencing quality scatterplot for
the unfiltered PEAKS output. (C) Sequencing quality scatterplot for the final filtered data
set. Most peptides with low sequencing score and/or large assignment errors are removed
during the postsequencing filtration. (D) Precision-recall curves for different data filtration
methods. ALC thresholds (0-99) are applied to the reference and method 1 and 2 data sets,
and the corresponding precision and recall values are calculated for each data set. Method 1
is inferior to AMS in both precision and recall. (E) Total number of sequences recovered as a
function of sequencing score for different data filtration methods. Results diverge in the
region of medium (50-85) sequencing scores.
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Figure 4.
Proposed library decoding workflow yields reliable results. Sequences assigned to spectra

from a library analysis were resynthesized and subjected to analogous analytical conditions.
Original library-derived spectra are shown in blue; spectra of authentic peptides are
displayed in red. (A) Overlaid raw CID fragmentation spectra (collision energy = 20.6 eV,
precursor ion: 710.82 Da/e) for GCAFLDEVEFPHG peptide (8= S-alanine). (B) Overlaid
raw CID fragmentation spectra (collision energy = 21.1 eV, precursor ion: 654.77 Da/e) for
GCBFADASEFPHG peptide.
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Approximately 600 peptides/hour can be decoded while keeping the sequence identification
rate above 0.85. (A) Sequence identification rate as a function of sample complexity.
Gradual reduction of recall values is observed as samples become more complex. (B)
Analysis of a 1600 bead library sample (marked red in panel A) under different nLC
conditions. Extending the gradient time improves sequence recall.
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Figure®6.

Libraries of peptides with multiple unnatural amino acids can be successfully decoded using
the proposed strategy. (A, B) Merged, postprocessed CID and HCD spectra for a 615.84
Dale precursor ion and a 499.78 Da/e precursor ions with corresponding assignments and
decoded sequences. One-letter encoding of unnatural amino acids highlighted in green are
shown on the right.
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Table 1

Three Data Analysis Steps (Matching, Finding Unique Peptides, and Sequence Refinement) Are Necessary to
Eliminate Noise and Incorrect Assignments: Data Analysis Summary for a Sample Consisting of 660 Beads
Bearing Library 1 Peptides

data analysis stage no. of sequences
unfiltered PEAKS output 5526
matched 2396
matched, unique 913
matched, unique, refined 587
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