
TO DOWNLOAD A COPY OF THIS POSTER VISIT WWW.WATERS.COM/POSTERS  ©2006 Waters Corporation 

Red protein (RER protein (IK factor

Insulin-like growth factor binding prote

Coagulation factor XIII B chain precurs

Lumican precursor (LUM (Keratan sulfate

Hypothetical 34.3 kDa protein (Similar to h

CDNA: FLJ21827 fis

Inter-alpha-trypsin inhibitor heavy cha

Thyroxine-binding globulin precursor (T

Attractin precursor (Mahogany homolog

HGF ACTIVATOR LIKE PROTEIN

Olfactory receptor (Fragment

Complement C2 precursor (EC 3.4.21.43 (

Plasma kallikrein precursor (EC 3.4.21.3

Leucine-rich alpha-2-glycoprotein precursor

Kallistatin precursor (Kallikrein inhib

Leucine-rich alpha-2-glycoprotein (LRG

Tetranectin precursor (TN (Plasminogen

Complement component C8 alpha chain pre

Complement component C9 precursor

Complement factor H-related protein 1 p

Complement component C8 gamma chain pre

Complement factor I precursor (EC 3.4.2

Zinc-alpha-2-glycoprotein precursor (Zn

Vitamin K-dependent protein S precursor

Corticosteroid-binding globulin precurso

Coagulation factor XII precursor (EC 3.

Complement component C8 beta chain prec

Plasma retinol-binding protein precurso

MDS024

Apolipoprotein C-I precursor (Apo-CI

Pigment epithelium-derived factor precu

Pigment epithelium-derived factor precursor (PEDF)

Complement C1r component precursor (EC 3

Apolipoprotein C-II precursor (Apo-CII

Apolipoprotein D precursor (ApoD

Carboxypeptidase N 83 kDa chain (Carbox

Inner centromere protein INCENP

Retinoic acid-binding protein II

Complement component C7 precursor

Plasma protease C1 inhibitor precursor (

Hypothetical protein KIAA0182 (Fragment

Complement component C6 precursor

Serum paraoxonase/ arylesterase 1 (EC 3.
Apolipoprotein E precursor (Apo-E

PRO2769
ZA (region between exons 35 and 36 of the c

Peptidoglycan recognition protein L precurs
Transthyretin precursor (Prealbumin (T

Serum amyloid P-component precursor (SA
AMBP protein precursor [Contains: Alpha

C4 complement C4d region (Fragment
Heparin cofactor II precursor (HC-II (

Afamin precursor (Alpha-albumin (Alpha
Alpha-2-antiplasmin precursor (Alpha-2-

Gelsolin precursor
Angiotensinogen precursor [Contains: An

Complement C5 precursor [Contains: C5a a
Apolipoprotein A-IV precursor (Apo-AIV

Inter-alpha-trypsin inhibitor heavy cha
Plasminogen precursor (EC 3.4.21.7 [Co
C4b-binding protein alpha chain precurs

Clusterin precursor (Complement-associa
Antithrombin-III precursor (ATIII (PRO

Megakaryocyte stimulating factor
Ig heavy chain V-III region TIL

Pregnancy zone protein precursor
Prothrombin precursor (EC 3.4.21.5 (Co

PRO1851
Histidine-rich glycoprotein precursor (H
Apolipoprotein C-III precursor (Apo-CII

Vitronectin precursor (Serum spreading
g pp g

0

1

2

3

4

5

6

7

8

9

10

11

A
lb

um
in

Tr
an

sf
er

in

Ig
A

 T
ot

al

Ig
M

 T
ot

al

C
3

 C
om

pl
em

en
t

A
po

lip
op

ro
te

in
 A

-1

A
lp

ha
-1

-a
ci

d 
G

ly
co

pr
ot

ei
n

Fa
ct

or
 H

C
4

 C
om

pl
em

en
t

Pr
ea

lb
um

in

C
1

q 
C

om
pl

em
en

t

C
5

 C
om

pl
em

en
t

Ig
D

C
6

 C
om

pl
em

en
t

C
om

pl
em

en
t F

ac
to

r 
I

iC
3

b

C
2

 C
om

pl
em

en
t P

ro
te

in

C
-re

ac
tiv

e 
Pr

ot
ei

n

C
3

a 
C

om
pl

em
en

t P
ro

te
in

Ra
nt

es

M
yo

gl
ob

in

TP
A

N
eu

ro
n-

Sp
ec

ifi
c 

En
ol

as
e

A
lp

ha
-fe

to
pr

ot
ei

n

Pr
os

ta
te

-S
pe

ci
fic

 A
nt

ig
en

C
EA

Tr
op

on
in

 I

M
IP

-1
 b

et
a

In
te

rle
uk

in
-8

Ti
ss

ue
 F

ac
to

r

In
te

rfe
ro

n 
A

lp
ha

In
te

rle
uk

in
-4

In
te

rfe
ro

n 
G

am
m

a

In
te

rle
uk

in
-1

2

In
te

rle
uk

in
-5

~1
011

 D
yn

am
ic

 R
an

ge
 (l

og
 c

on
ce

nt
ra

tio
n,

 p
g/

m
l)

Adapted from Anderson and Anderson, Mol Cell Proteomics. 2003 Jan;2(1):50

OVERVIEW 

♦ Selective affinity subtraction of abundant proteins from serum 
and plasma is an attractive solution for reducing dynamic range 
by orders of magnitude without reducing sample throughput. 

♦ Abundant serum protein affinity removal devices (Top6 or Top20 
protein) were used to generate depleted fractions of a human 
serum sample in triplicate. Removal of these proteins allowed 
selective removal of 90 - 97% of total protein from serum. 

♦ Tryptic digests of serum and depleted serum proteins were 
analyzed in triplicate by a novel LC/MSE approach, where 
alternating cycles of MS and MSE (global multiplex 
fragmentation) analysis provided both quantitative and 
qualitative information for all detectable peptide ions. 

♦ Resulting data sets were processed by time-resolved mass 
alignment of the ions identified in MS and MSE detection cycles. 

♦ Processed data was searched against a human database, and 
identifications were presumed when a protein was detected by 
multiple peptides and a majority of replicate analyses. 

IS SELECTIVE AFFINITY DEPLETION OF ABUNDANT SERUM PROTEINS USEFUL AND REPRODUCIBLE? 

Asish B. Chakraborty; Scott J. Berger; Craig Dorschel; Scott Geromanos, Guo-Zhong Li, and John C. Gebler 
Life Sciences R&D and Advanced MS Technology Group, Waters Corporation, Milford, MA 

INSTRUMENTATION 
Samples were analyzed by LC/MSE analysis using the Waters Protein 
Expression System that consisted of a nanoACQUITY UPLCTM 
chromatograph coupled with a Q-Tof Premier™ mass detector.   
 
nanoACQUITY UPLC Parameters 
 
Binary Solvent Manager (BSM) 
 Solvent A:    0.1% Formic acid in MilliQ water 
 Solvent B:  0.1% Formic acid in acetonitrile 
 Gradient:   90 min 5 - 40 %B, 10 min 40 - 90 %B,  
   10 min 90 %B (wash), 30 min 5 %B (regen) 
 Flow rate:     5.0 µl/min 
                        
Auxiliary Solvent Manager (ASM) 
 Solvent B:     200 fmol/µl (Glu1)-Fibrinopeptide B (GFP) in 25%  
   acetonitrile containing 0.1% formic acid 
 Flow rate:     4 µl/min 
 
Chemistry Details 
 
300 µ x 100 mm NanoEase AtlantisTM dC18 3µ (Waters) 
Column Temperature: 35 °C 
 
Q-Tof Premier Parameters 
 
Scan:  ESI+ V-mode 
Resolution: >10,000  
Lockspray  1 every 30 sec  
Capillary: 3.1 kV 
Cone:   40 V 
Source:  100° C 
Collision cell:  
 MS: 4 V 
 MSE: 15 - 40 V 

RESULTS 

• Sample enrichment by abundant protein depletion was 
found to expand the effective dynamic range of LC/MSE 
analysis by up to two orders of magnitude protein 
concentration. 

• Both the Top6 and Top20 depletion workflows appear 
robust, and sufficient quantitative capability is retained to 
permit depleted serum to be used for biomarker 
identification. 

• Samples processed using Top20 depletion produced 
significantly more protein identifications than the 
comparable Top6 depletion strategy. 

• The high sequence coverage and reproducible peptide 
intensities obtained from LC/MSE analysis permitted 
confident calculation of protein depletion efficiencies. 

• In some cases, biologically relevant protein fragments could 
be enriched and detected following the targeted removal of 
the intact form(s) of the protein.  

• Overall, targeted affinity depletion of high abundance 
serum proteins appeared to be an effective sample 
preparation strategy prior to LC/MSE analysis by the 
Waters Protein Expression System. 

SAMPLE PREP 

LC/MSE ANALYSIS 

Agilent Top6 (Three Runs-One Column) 

 Top6 Depleted Serum 
(160 µg) 

20 µl Serum 
(1600 µg) ~90% Removal 

 of Protein 
 
 

Alliance™  Bioseparations 
System 

Concentrate 
Buffer Exchange 
Reduce/Alkylate 
Digest (+RapiGest SF) 
Dilute (1mg/ml) 

Collision cell cycles between low (MS) 
and elevated (MSE)  energy states. 

Used for  
Quantitation and  

Qualitative ID 

Used for 
Qualitative ID 

LC/MSE utilizes a cycle where there is no bias or selection of precursor 
ions for MS or MSE  detection (see ref. 1 and 2 for more detail). During 
the MS acquisition cycle, the Q- Tof collision cell is held at low potential, 
while in the MSE cycle (multiplex fragmentation) the collision cell is at 
elevated potential.  Data from MS cycles are analyzed to determine 
accurate peptide masses for identification and associated intensities for 
peptide quantitation across analyses. The MSE spectra are complex, and 
represents the global fragmentation of all components detected during an 
MS cycle. Peptides and their fragments show identical chromatographic 
profiles (time-alignments), which are used to produce proper associations. 

  

Serum 
(3 µg ) 

Agilent Top6  
(4 µg ) 

Sigma Top20 
(4 µg ) 

Serum 
(3 µg ) 

Digested Samples were Analyzed in Triplicate by LC/MSE  

Sigma Top20 (Three Runs-Different Column Batches) 

 Top20 Depleted Serum 
(192 µg) 

80 µl Serum 
(6400 µg) ~97% Removal 

 of Protein 
 
 
 

Microcentrifuge 

Concentrate 
Buffer Exchange 
Reduce/Alkylate 
Digest (+RapiGest SF) 
Dilute (1mg/ml) 

Effects of Top6/Top20 Protein Depletion on Identification  
of Serum Proteins by the Waters Protein Expression System 

Most  
Abundant 

Least  
Abundant 

Sum of Peptide Ion Intensities for Identified Proteins  

SERUM TOP6 TOP20SERUM TOP6 TOP20

Proteins 
detected  
in serum 

Additional 
proteins 
detected 
following 
abundant 
protein 
removal 

No Data 

What happens to the proteins observed in Serum? 
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IgA Heavy Chain

Haptoglobin-1 precursor

Serum albumin precursor

Ig gamma-2 chain C region
Alpha-2-macroglobulin precursor (Alpha-

Complement C3 precursor [Contains: C3a a

Haptoglobin-2 precursor

PRO1557

Factor VII active site mutant immunoconjuga
Apolipoprotein A-I precursor (Apo-AI

Ig kappa chain C region

Ig gamma-1 chain C region

Serotransferrin precursor (Siderophilin

Serum albumin precursor

Serum Top20 (n=9) Top6 (n=9) 

TARGETED PROTEIN CLASSES 

What new proteins are detected post-depletion? 

Some targeted Top20 proteins can be detected after 
depletion due to significant but incomplete removal.  

Biologically significant fragments of other Top20 
depleted proteins (e.g. Complement proteins) can be 

detected when the parent protein is removed.  

Abundant serum protein depletion (90 - 97% of 
total protein) predictably lowered the detection 
limits of serum proteins by ~2 orders of magnitude. 
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RED = Peptides removed by 
TOP20 depletion 
 
GREEN = Peptides enhanced 
by TOP20 depletion 
 
BOLD AA=Known 
Complement C3 fragments 
C3c and C3dg 
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• The consistent protein profiles of nondepleted serum analyzed at the 
start and end of the experiment demonstrated the robustness of the 
LC/MSE method over three days of data acquisition. 

• Protein identifications and related intensities are observed to be 
reproducible across both analytical and experimental replicates in 
serum and depleted serum. 

• Top6 protein depletion appeared highly efficient at removing a 
subset of proteins from the samples, and enrichment of lower-level 
proteins produced a significant number of new protein ID’s.  

• Top20 protein depletion removes a greater number of components 
from the sample, with slightly less efficiency, but enriches Top6 
protein ID’s to a much greater extent, and produces a large number 
of additional protein ID’s from the depleted fraction. 

• In some cases, Top20 targeted proteins appeared to be enriched, 
which arose from the presence of proteolytic processed fragments of 
some serum proteins (see later panels for details). 

CONCLUSIONS 

 Proteins detected in serum 

Proteins detected in depleted serum 
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