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Purpose:  
 Track isotope ions or peptides (EMRT: Exact Mass Retention Time) from the  

Waters® Protein Expression System for quantitative studies of peptides/
proteins 

Keys of technology:  
•Data is acquired by the Protein Expression System.  The collision cell of the  

Micromass® Q-Tof Ultima Mass Spectrometer is operated in alternating 
low energy (to produce mutiple peptide ions) and elevated energy mode 
(to produce all fragmentation ions from multiple peptides) 

•Lock mass and < 10 ppm mass accuracy of the Q-Tof instrument 
•Low energy data (parents) and elevated energy data (daughters) are linked 

together by retention time 
•Exact mass and retention time are used to track ions or peptides between 

injections and samples 
 

EMRT: Exact Mass Retention Time 
MPDS: Protein Expression System Standards 

A Novel Algorithm to Track Ions or Peptides Found by LC/MS in Multiple Injections of Multiple Complex Biological Samples  

Guo-Zhong Li; Marc V. Gorenstein; Scott Geromanos; Jeff C. Silva; Craig A. Dorschel; and Timothy Riley 
Waters Corporation, Milford, MA, USA 

Overview Methods 

Conclusions 

LC/MS System: Waters Protein Expression System comprised of the Waters CapLC® System with the  
Waters Micromass® Q-Tof Ultima API Mass Spectrometer equipped with a NanoLockSpray™ Source  
operated at 12,000 mass resolving power  
Column: Waters Atlantis™ dC18 Column, 350 µm x 150 cm with 5 micron particles 
Mobile Phase: A = 1% Acetonitrile in Water, 0.1% Formic Acid, B = 80% Acetonitrile in Water,  
0.1% Formic Acid 
Gradient: 6% to 40% B over 100 min. at 5.0 µL/min, followed by 10 min. rinse (99% B) and 20 min.  
re-equilibration at initial conditions 
The data was acquired (LE/EE Switch) in alternate scanning mode with a data acquisition time of 1.85 sec-
onds for both the low (CE = 8) and high energy (CE = 28-35) channels. 
Sample Preparation: Waters Protein Expression System Standards (Tryptically digested and prepared in 
equimolar mixtures):   

Bovine serum albumin, Alcohol dehydrogenase (S. cerevisiea), Enolase (S. cerevisiea),  
Bovine Hemoglobin (a Hb), Glycogen phosphorylase B (Rabbit, PHS2) 
 

Sample = Human serum tryptic digest  +   
Tryptically digested  Protein Expression System Standards (MPDS Proteins)  

Statistics for Two Samples: 6 injections 

Tracking Parent Isotope Ions or Peptides (EMRT) in Low Collision Energy 

Tracking Fragmented Ions or EMRT in Elevated Collision Energy (MSE) 

• Data is collected by the Waters Protein  
Expression System (LC/MS/MSE) 

 
• Precursor ions (MS) and their fragmentation 

ions (MSE) are linked together by retention 
time  

 
• Precursor ions (or fragmentation ions) of dif-

ferent LC/MS/MSE injections can be tracked 
by mass and retention time  

 
• After tracking, the intensity difference of ions 

from different injections of different samples 
is used for quantitation of peptides or pro-
teins 

 
• The ions with expression changes can be sent 

to do protein database search to identify bio-
markers 

Retention Time Backbones Between Two Injections 

Results 
Number of Peptides (in Human Serum) in a mass x retTime 

LC/LowEng/ElevatedEng/MS Raw Data

One LC/MS Injection

Peptides (or EMRT) ((M+H)+, retTime, Intensity, charge)Peptides (or EMRT) ((M+H)+, retTime, Intensity, charge)

Ion Sticks (m/z, retTime, Intensity) Ion Sticks (m/z, retTime, Intensity) 

Apex3D: Smooth & Peak Picking

Peptide3D: Charge & Isotopic Deconvolution

Apex3D & Peptide 3D: M. Gorenstein et al.  #WPJ 161

Track Isotope Ions or Peptides (EMRT) between Injections

Multiple LC/MS InjectionsMultiple LC/MS Injections

Data Processing Flow

Quantitation and Identification of Proteins
Group
(Normal)
(or 
Disease)

Sample
(Person)

Injection
(LC/MS/MSE)

Group 1

SampleReplication
(Repl samples/person)

Sample 1
Sample 2
Sample N

Sample 1
Sample 2
Sample N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

Track Injections by
LowEngMass/RetT

or ElevEngMass/RetT
& Statistical Calculation

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Group N

Group 2
Sample 1
Sample 2
Sample N

Sample 1
Sample 2
Sample N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

SampleRep 1
SampleRep 2
SampleRep N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Injection 1
Injection 2
Injection N

Fi
n
d
 E

x
p
re

ss
io

n
 C

h
a
n
g
e

Protein
Database

Search

B
io

m
a
rk

er

(Normal)

(Disease)

ASMS 2004 Posters for the Waters Protein Expression System
Peak Picking:     M. Gorenstein et al.  #WPJ 161;    Track: G.Z. Li et al.                 #TPR 354;
Quantitation:      S. Geromanos et al.  #TPR 357;     Identification : J. Silva et al.   #MPX 452; 
Reproducibility: C. Dorschel et al.        #TPY 458;     Novel MS: T. Mckenna et al. #THPG 117; 

Introduction 

Waters Protein Expression System Data Acquisition
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Injection 1:  (M+H)+_1, retTime_1, Intensity_1, charge_1

Injection 2: (M+H)+_ 2, retTime_2, Intensity_2, charge_2
CompareTrackPair Pair

Each peptide has 
mass accuracy < 10 ppm
retTime can wander +/- 5 min

Two peptides “track” if
delta m/z < 0.02 amu
delta retTime +/- 5 minutes.
delta Charge < 0.5

Compare intensity after track

Tracking Algorithm for Two LC/MS Injections

• retTime backbone between two injections:
– A molecule that elutes at retTime T in injection_1
– will elute at (T + deltaT) in injection_2
– deltaT vs T is the RetTime backbone
– How do we find it?   By exact mass matching.

• retTime Tracking

delta retTime
Between 
pair of peptides

Pair of Peptides between two injectionsPair of Peptides between two injections

0
backbone

retTime

retTime

0
delta retTime
Between 
pair of peptides

backboneReal

Ideal

The retTime for each peptide in all injections in real case will 
be modified based on the backbone to look like ideal case.

Outliers

Sample 2Sample 1

12.24%

CV_avgInt

12.01%6 out of 6

CV_avgIntReplication

Sample 2Sample 1

12.24%

CV_avgInt

12.01%6 out of 6

CV_avgIntReplication

CV_avgInt
(Average Coefficient Variation of Intensity from All Match in Each Sample)

indicates how well the injection is replicated
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Number of Peptides and Intensity from Two Samples

Tracking E. coli in Two Conditions  
(special thanks to Dan Wall for sample preparation and data acquisition) 
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