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I ntroduction

Ful | -1 ength de-novo sequenci ng of unknown proteins such as anti bodi es
or proteins fromorganisns with unsequenced genones remai ns an open
probl em Conventional de-novo net hods sequence M5/ MS spectra

i ndi vi dually, which yields poor accuracy and |limted sequence | ength.
G ven these Iimtations, current techni ques for sequenci ng unknown
proteins rely on hybrid approaches invol ving de-novo sequenci ng

foll owed by error-tol erant dat abase search and/or honol ogous nmappi ng
to reconstruct protein sequences [1,2]. In contrast with current
approaches, our approach aggregates and jointly sequences nmultiple
spectra from overl appi ng peptides. Qur Meta Shotgun Protein
Sequenci ng (Met a- SPS) approach assenbl ed unidentified MS/ M5 spectra
into “neta” de-novo sequences up to 97 am no acids in length w thout
any sequence honol ogy steps and while ms-predicting only 1 in 33

am no aci ds.

Met hod

Tandem mass (MS/ MS) spectra are de-isotoped by converting each

i sotopi c envel ope to its nonoi sotopic peak. SPS [3] is then used to
sequence spectra from overl appi ng peptides into ‘contig spectra,

whi ch have 18X | ess noi se than i nput MS/ MS spectra. Contigs are first
aligned to one another to find where they can be reliably extended
and then nerged into |onger ‘neta-contigs’ using a new spectrum

al i gnnent score and a new iterative assenbly algorithm Briefly,

mul tiple contigs aligned to each other are joined by re-sequencing
into a single "neta-contig', which inposes new alignnent scores with
overl apping contigs that are then used to further extend the neta-
contig.

Prelimnary Data

To guarantee appropri ate sequence coverage by acquired MS/ M5 spectra
we analyzed a m xture of 6 known proteins. Spectra were acquired by
LC- M5/ M5 using a Therno LTQ Orbitrap to record both M5 and MS/ M5
spectra at high resolution in the Orbitrap. The protein m xture was
separately digested with different enzynes (trypsin, chynotrypsin,
Lys-C, Qu-C, Asp-N, and Arg-C) and cyanogen brom de to yield a

di stribution of overlapping peptides of a variety of |engths. MS/ M5
spectra were acquired in both HCD and CI D fragnmentati on nodes. HCD
spectra gave nore conplete b/y ion | adders on average than CID
spectra. The majority of identified CID spectra had at |east 40% of



expected b/y ions, while the majority of identified HCD spectra had
at | east 60% of expected b/y ions. Because each fragnentati on node
yi el ds characteristic peptide fragnentati on and noi se distributions,
spectra were de-isotoped and separately assenbled into 463 CI D and
763 HCD contigs. There were a total of 1226 SPS contigs of average
length 9.5 amino acids, with the |ongest contig covering 36 am no
acids. Contigs covered 88% of all targeted proteins with 93%
accuracy, while collectively overl apping nore than 6X the covered
regions. Using this high degree of overlap, SPS contigs were
ultimately assenbled into 45 neta-contigs, each conbining 4 contigs
or nore and covering 30 am no acids on average (3x |onger than SPS
contigs). Twelve of them covered 40 ami no acids or nore, with one of
them covering 97 am no acids. Meta-contigs that conbined 2 SPS
contigs or nore still covered 80% of target proteins at |ower
coverage redundancy of 1.2X in covered regions. Alignnments were
ultimately selected with 96% accuracy and 94%recal |l of alignnents
with 6 or nore matching peaks. Only 1 in 33 am no acids of neta-
contigs were called incorrectly (97% accuracy).

Novel Aspect
Approaching full |ength de-novo protein sequenci ng using new contig
spectral alignnent and iterative contig assenbly techni ques.
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