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Purpose:  
 Study Replicate and Biological Variation of Human Serum by 
Waters  Protein Expression System.  
Keys of technology:  

• Data is acquired by Waters/Micromass QTof.   
• Alternating energies (low energy  and elevated energy ) are op-

erated within the collision cell of QTof  to produce multiple pre-
cursors and multiple fragmentations. 

• Retention time is used to link the low energy data (Precursors) to 
the elevated energy data (Fragmentations). 

• Lock mass is used to provide < 10 ppm mass accuracy from the 
QTof. 

• Track AMRTs by accurate mass and retention time in low energy 
among replicate injections and multiple samples. 

• Peptides and proteins are determined by protein database 
search. 

• Statistical study of peptide intensities are done for replicated in-
jections in one sample and between samples. 
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LC Conditions 
• A Waters CapLC HPLC System at 5.0 microliters/min flow rate.   
• The column: 350 micron X 150cm AtlantisTM Column with 5 mi-

• A QTof Ultima mass spectrometer in Vmode (~12K FWHM)  
• A Nano-LockSpray ion source (~ 5ppm mass accuracy).  
• The data was acquired (LE/EE Switch) in alternate scanning mode with a 

data acquisition time of 1.85 second for both the low (CE = 8) and ele-

MS Conditions 

 Understanding the biological variation, inherent variability of the in-
strument and sample preparation methods is a key feature of any biomarker 
discovery platform. Not until one understands the magnitude of these errors 
can one determine if a significant change has occurred between two condi-
tions (disease and control samples). In this study, we characterize the inher-
ent system variation of a novel LCMS proteomic platform and demonstrate 
the precision and accuracy of the method first. Then with the sensitivity and 
specificity of this robust proteomic platform one could determine the small 
changes in protein abundance with high confidence, which will allow one 
to determine the level of biological variation within a particular study.  

Replicated Injections Variation: Statistical Calculation between Replicated Injections in One Sample 

Statistical Calculation between Two Pair Samples 

Protein Name Peptide Sequence 
S1_Inj1 
inten 

S1_Inj2 
inten 

S1_Inj3 
inten 

S1 
avg 

S1 
std 

S1 
CV 

haptoglobin DIAPTLTLYVGK 68637 66039 83830 72836 9610 0.13 
haptoglobin GSFPWQAK 30281 27700 31163 29714 1799 0.06 
haptoglobin VMPICLPSK 37602 33373 57810 42928 13060 0.30 
          
Serotransferrin  CSTSSLLEACTFR 60226 46889 55268 54127 6741 0.12 
Serotransferrin  DGAGDVAFVK 87564 83389 76871 82608 5389 0.07 
Serotransferrin  DSGFQMNQLR 67743 56137 64963 62948 6059 0.10 
Serotransferrin  DYELLCLDGTR 50919 54614 62770 56101 6063 0.11 
Serotransferrin  EDPQTFYYAVAVVK 83150 140099 104547 109265 28766 0.26 
Serotransferrin  EGYYGYTGAFR 86016 77518 102465 88666 12682 0.14 
Serotransferrin  FDEFFSEGCAPGSK 138032 107038 141243 128771 18889 0.15 
Serotransferrin  IECVSAETTEDCIAK 166263 140624 157082 154656 12990 0.08 
Serotransferrin  MYLGYEYVTAIR 58059 67583 74485 66709 8248 0.12 
Serotransferrin  SAGWNIPIGLLYCDLPEPR 78062 62672 84232 74989 11103 0.15 
Serotransferrin  SASDLTWDNLK 74964 58124 73150 68746 9243 0.13 
Serotransferrin  SDNCEDTPEAGYFAVAVVK 92540 76417 88119 85692 8331 0.10 
Serotransferrin  SVIPSDGPSVACVK 172510 126778 145573 148287 22986 0.16 
                
More proteins More Peptides           … 
              avgCV 

About 80 peptides from 10 proteins per sample are used for replicate injec-
tions variation and biological variation study.  The 10 proteins are Albumin,  
Alpha-2-macroglobulin, Complement component 3, Haptoglobin, Ig G1 H Nie, 
Ig kappa chain NIG27, MGC27168, Preproapolipoprotein, Serotransferrin. 

Protein Name Peptide Sequence 
S1_S2 
avgInten 

S1_S2 
stdInten 

S1_S2 
cvInten 

S1_S3 
avgInten 

S1_S3 
stdInten 

S1_S3 
cvInten 

haptoglobin  DIAPTLTLYVGK 75195 3336 0.04 76744 5527 0.07 
haptoglobin  GSFPWQAK 30143 606 0.02 32251 3587 0.11 
haptoglobin  VMPICLPSK 45166 3165 0.07 43755 1169 0.03 
                
Serotransferrin  CSTSSLLEACTFR 53262 1223 0.02 61503 10431 0.17 
Serotransferrin  DGAGDVAFVK 88322 8081 0.09 100946 25933 0.26 
Serotransferrin  DSGFQMNQLR 62520 605 0.01 74533 16384 0.22 
Serotransferrin  DYELLCLDGTR 60067 5608 0.09 65571 13392 0.20 
Serotransferrin  EDPQTFYYAVAVVK 99710 13513 0.14 110297 1458 0.01 
Serotransferrin  EGYYGYTGAFR 88901 331 0.00 98970 14572 0.15 
Serotransferrin  FDEFFSEGCAPGSK 133965 7344 0.05 144989 22935 0.16 
Serotransferrin  IECVSAETTEDCIAK 162497 11088 0.07 201026 65576 0.33 
Serotransferrin  MYLGYEYVTAIR 62451 6021 0.10 66542 236 0.00 
Serotransferrin  SAGWNIPIGLLYCDLPEPR 77856 4055 0.05 89094 19948 0.22 
Serotransferrin  SASDLTWDNLK 68657 125 0.00 76208 10552 0.14 

Serotransferrin 
 SDNCEDTPEAGY-
FAVAVVK 83732 2771 0.03 90624 6975 0.08 

Serotransferrin  SVIPSDGPSVACVK 145387 4101 0.03 167498 27168 0.16 
                
More proteins More Peptides     ...      … 
         avgCV     avgCV 

Sample Preparation 
• Human Serum from 10 Waters’ employee. 
• Blood was collected using BD Vacutainer vials for serum preparation. 
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Replicate Injections Variation Study:  CV of Average Peptide  
Intensity of Replicated Injections in one Sample 
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 We have studied 80 peptides from 10 abundant proteins in each of the 10 patient 
samples.  Replicate Injection Variation (Instrument Measurement Error): The Coeffi-
cient of Variation (CV) of average peptide intensity from 3 replicate injections of one 
patient sample is about 20%. Biological Variation: The Coefficient of Variation (CV) 
of average peptide intensity from all pairs of samples (45 pairs) was less than 20%.  
The Biological Variation for those top 10 proteins in human serum was determined to 
be within the replicate variation of the analytical method . 
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Replicate Injection Variation of AMRTs 

Biological Variation of AMRTs 
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Waters Protein Expression System software is used for 
the following: 
• Generate an inventory of AMRTs from raw data. 
• Track low energy AMRTs to link tracked AMRTs together from all 

injections of all samples to form clusters. 
• Low energy AMRTs and elevated energy AMRTs are tied together 

by retention time to form Precursor-Fragmentation table.  
• Do the protein database search of Precursor-Fragmentation table 
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Replicate and Biological Variation: CV of Intensities of AMRTs 
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