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The dynamic proteome

“Our analysis implies that the phenomenon of modification iIs much more widespread
than previously thought”

“The estimated level of modified peptides present at >1% level Is approaching one
modification per amino acid on average.”

“The number of peptides observed from a single protein is at least one order of
magnitude greater than previously assumed”
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Tandem Mass Spectrometry (MS/MS)

Peptide LARGE

Prefix masses

Il— || —
> 2| >
> |
Al B
A || D
0,
QIO O
[T1 || T ITIH

Suffix masses

LAR

RGE
G
E

Intensity
=
-
LA
GE

Mass (m/z)
MS/MS spectrum

Modification: any event

Modified peptide

| ARCG®E that changes the mass
. at a specific site.
Prefix masses
A _r_©
G E |
R o E]
A R o LE]
Suffix masses
LLI [
11] ED O W
S x Y ' -ED
S \ S X
IS <C
— A
- ~ > Mass (m/z)
Mass\gh ifis enter for

omputational
ass

http://proteomics.ucsd.edu | pectrometry




MS/MS spectrum identification

Set of s(P) stP*)
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5TM database search: Modified variants of P

= Virtual database size restricts the allowed number of modifications
— Becomes computationally heavy (l.e., slow)
— Stricter thresholds for same False Discovery Rate enter for
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Computational strategies

 |nsPecT: tag-based search

— Derives amino acid sequence tags from each modified spectrum
and only considers DB peptides containing one of the reconstructed
tags

— Pro: filtered virtual database reduces FDR; much faster than
standard approaches

— Con: misses Identifications If spectrum has no correct sequence tag
(typically 95%+ sensitivity for top 50 tags)

e Alternative approach: two-pass search

— FiIrst identify proteins using spectra from unmodified peptides then
search for modifications only on proteins from the first pass

— Pro: speedup inversely proportional to complexity of the sample

— Con: misses modified proteins with no unmodified peptides,
difficulties estimating FDRs (small Decoy databases, should not re-
search spectra identified In first pass)
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PTMs may change fragmentation

Phosphorylation: weak signal in b and y 1ons due to
phosphate loss
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Modification Changes Fragmentation

 New Ion observed, fragment neutral loss

Offset Frequency Function, Y Ion
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InsPecT Scoring Paradigm

e |lons generated by
fragmentation are not
iIndependent

e Peak Intensities taken
INto account

 Model the probabllity of
observing In CID with a
Bayesian network.

PC|D(T: [l 0, 11, 2,...] Py, S) = H Pcio(li P, | i), S)
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InsPecT results

e Benchmark with SEQUEST and X!'Tandem

— 6410 LTQ MS/MS, IMAC, S. cerevisiae
— Up to 2 phosphorylations (+80 on S,T,Y) per peptide
— 1% FDR

SEQUEST A X!Tandem | R0 TIME .
Inspect: 30 min
X!ITandem: 6 hours
SEQUEST: 36 hours
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PTM Frequency Matrix: strength in numbers

 QOver-represented
mass-shifts
represent the
ubiquitous
modifications.

« Can we reliably
detect the lower
abundance
modifications?
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PTMFInder
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Overlapping peptides help confirm modifications
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Spectral Networks

Peptides

o _ Tandem
Enzymatic d|gest|ori| ||- Mass Spectrometry

Proteinsll‘

Lar ge S et of |

MS/MS spectra . . '

KQGGTLDD
KQGGTLDD
KQGGTLDD
KQGGTLDD
KQGGTLDD
KQGGTLDD

QGGTLDD |

OGGTLDD °LEE

OARE I,
QAR
OAR
. OA

EE'°0OAR
EE'°0
B QAR
OAR

L]

QO J oy U & W N K
il e e B e B e B e B e Bl
_.L _.L_ _.L_ _.L_ _.L_

- Each node Is a spectrum
- Each edge Is a spectrum/spectrum
alignment

omputational
ass

http://proteomics.ucsd.edu | pectrometry




Spectral Alignment

Spectral alignment reveals the mass and location of post-
translational modifications. ANENTNY

Modification site
\ Modification mass

} | OREGON
2

Sample of cataractous lens from a 93-year old patient ) oniveRsITY

e Collaboration with Larry David @ Oregon Health and Science Universitye
e Lens proteins do not turnover and accumulate modifications over time FE&
e Intensively studied Iin Searle et al.’04, Tsur et al.’05 and Wilmarth et al.’#&#
e Detected over 70,000 spectral alignments
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Modifications on cataractous lens

Location Modification Putative annotation
Mass

=1 18 cehydration Table 1: Rediscovered all
Q -17 deamidation o _ _
w -2 cross-linking modifications previously
H 14 methylation : - :
W 6 oxidation identified by blind database
S,H 28 double methylation Search .

N-term 42 acetylation

N-term 43 carbamylation

K,non-terminal 43 carbamylation

W 44 carboxylation
R 55 unknown
K 58 carboxymethylation
K {2 carboxyethylation

Table 2: ldentified 6 new modification events

Location Modification Type Putative annotation Comment
mass
M -48 Chem. artifact loss of methane sulfenic acid reported on same site
W 4 PTM Kynurenine reported In cataractous lenses
S 30/73 unknown unknown
W 32 PTM formylkynurenine reported In cataractous lenses
N-term 57 unknown carboxyamidomethylation In-vivo N-term modification?
N-term 271 unknown unknown
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Spectral networks of modified variants

Focus on a single peptide: MDVTIQHPWEK
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Characterizing monoclonal antibodies

HEAVY CHAIN GENES “Unrearranged” heavy chain gene
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Bandeira et al, Nat Biotech 2008
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Conclusions

Possible strategies

— Known modifications: filtration, PTM-specific scoring
— Blind search: search any mass offsets, singly-modified
peptides

— Spectral Networks: search spectra against spectra,
consensus Interpretation, highly modified peptides

Maln considerations

— False Discovery Rate stringency depends on size of virtual
database, strategies may not be Target/Decoy compliant

— PTM site assignments are often ambiguous
 AScore, Phospho-Loc. Score (PLS)

— Charged PTMs are typically not considered (e.g.,
phosphopantetheinyl)

— Glycosylation, SUMOylation and Ubiquitination (chains)
require special approaches
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