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Peptide Identification by MS/MS
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All b/y Fragments are not Created Equall
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Protein Identification vs. Protein Characterization

e

Protein Identification
|dentify all proteins in a sample

* Protein Characterization
— |dentify all peptides in a sample
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A Predictive Model tor Peptide 1Dr
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“Mobile Proton” Model
gharge—Directed Fragmentation

af“&«< |
%r

Wysocki et al., J. Mass Spectrom. (2000), 35, 1399-1406



Charge-Remote Fragmentation
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Charge-Remote Fragmentation
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Charge-Directed Fragmentation
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Pep__tide Fra_gmentation

« Competition of many different pathways, including
charge-directed and charge remote.

-~ Classical Chemical Kinetics

Knowledge of charge distribution is crucial in
determining the peptide fragmentation behavior.

- Boltzmann Distribution



The Kinetic CID Model

Boltzmann Distribution exp(—E;/ RT,;)

B S exp(—E, I RT )
Arrhenius Equation k= Aexp(—E /RTﬁ_)
First-Order Kinetics d[ﬁ;]
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Zhang, Anal. Chem. (2004), 76, 3908-3927
Zhang, Anal. Chem. (2005), 77, 6364-6373



Fragmentation Channels

Peptide Fragmentation Pathways

Charge loss

Neutral losses
Charge directed & remote

-H20 from STDE, C-term
-NH3 from KRNQ, N-term
-H20 from N-term E

-NH3 from N-term Q
-CH3SOH from oxidized M
-Hz2S from C
-42,44,59,60,61 fromR
-CO from b ions (bx->ax)
-H3PO4 from pSipT

Backbone

cleavages

Charge Directed

b-y

K-, H-, R- cleavages
a1-yn-1
Diketopiperazinesyn-2

C-term residue loss (bx->bx-1)
C-term Immonium loss (ax->ax-1)

Charge Remote

D- and E- cleavages
bn-1
C-terminal rearrangement




Major Assumptions

T« Is related to the mass, charge and collision energy.

Side chain of each residue has a constant gas-phase
basicity (GB).

GB of a backbone amide depends on the neighboring
residues, and the effects are additive.

Intra-molecular proton transfer is a fast process.

E_ for each backbone cleavage depends on the
neighboring residues, and the effects are additive.

Same fragmentation mechanism has the same A factor.



The Model

+++ Cold peptide

44
CID increases T

ATei = (Terr— Ta)/5 ;3 Charge density p by Boltzmann distribution

> + ¥ Charge directed k = p A exp(-E-/RTer)

+ % { Charge remote k = (1-p) A exp(-E/R Ter)
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What Ions Are Predicted?

_ C-term backbone
b, +H,0 Rearrangement Precursor Slenmge” 1Y

-H,0, NH,, CO, etc.

Y

Neutral Loss



Tons Predicted within Tswo Generations

br*HeO .y 41,0 Parent

-Neu D) Jd Parent-2Neu
\( l b n
a +— b+ Parent-Neu—y
b,.,+H,O l l
b-Neu y-Neu
Truncated

peptide Internal ions Llmmonium ions



OPtimizing the Model

336 parameters (15 instrument dependent)

Initial values from best estimates based on literature
values

>10,000 high-guality ion-trap spectra used in the
training
> Il

DS

Similarity




Some Optimized Parameters
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A “Good” Spectrum
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“l.ack of nformation™ 1s also mformation !
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Can you distinguish these two peptides?
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Peptide Distinguished
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Phosphopeptide
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Phosphopeptide
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Q-TOF
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Is_sues in the Model

Computation speed

A long step time has to
be used for computation
speed, with sacrifice of
accuracy

d F]
dt

= k[ P]

|

KPD ) exp( k00

k., /
Step time Af -
« Theoretically infinitely small

* Practically set as time required for
temperature to decrease ~120K

|F]a =




Is_sues in the Model

Similarity score

|sotope peaks weigh the
same as any other peaks

High Intensity peaks
weight too much

| predicted
I

‘ experimental

predicted

experimental




Issues in the Model

> Lo m

Similarity score \/(ZI,L )(ZIi)
|sotope peaks weigh the
same as any other peaks

High Intensity peaks
weight too much

Need a better score
function



Electron-Transfer Dissociation
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ETD of a 2+ Peptide
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ETD of a 3+

Peptide
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ETD of a 4+ Peptide
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Potential Applications n
Proteomics
for Peptide Identifications



Applications in Proteomics

Challenge

Too slow for database search with on-the-fly
predictions (~100 spectra/second)

- Potential solutions

Used for validating results after a loose-criteria
database search

Pre-calculate theoretical mass spectral library



What as Reterence Spectra in a Spectral Library?

Distribution of similarity scores for different reference spectra
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Theoretical or Experimental Spectrar
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Theoretical Spectra as Reference Spectrar

Not perfect but

Noise free!

No incorrect peptide assignment.
Fast way to get large amount of reference spectra.
Include spectra with few sequence ions.

May be better than low-quality experimental
spectra such as those from shotgun experiments.

Definitely better than no experimental spectra at
all.



Conclusions

Physical modeling is a practical method to predict
peptide fragmentation spectra, including CID and
ETD.

The CID model is successfully used for reliable
peptide identification, especially for spectra with
limited sequence information.

The model can be used for more reliable peptide
identification in proteomics experiments.
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