
Sample complexity reduction is an essential first step for biomarker discovery. 
Many depletion strategies have been developed to remove the more common, 
abundant proteins in sera or plasma. Many of these abundant proteins, 
however, are ‘carrier’ proteins and contain a vast assortment of interesting 
protein fragments [Mehta et al., Dis. Markers. 2003-2004, V19, N1, p. 1–10]. In 
fact, with an albumin blood concentration exceeding 6x10-4 M, the probability 
that even molecules with relatively low binding affinities will be complexed 
with albumin is greater than 98%. Thus, many potentially interesting 
biomarkers may be inadvertently lost during protein depletion strategies. This 
presentation will focus on application of a novel Cibacron blue based 
membrane absorber technology (Sartorius) for the mining of the human serum 
fragmentome. Multiple fragments representing over 160 unique proteins were 
fractionated/enriched from ovarian cancer sera using this strategy and 
subsequently identified by FT-ICR MS. 

Peptides carry valuable diagnostic information and most are bound to carrier proteins

TIME 

A rich trove of protein fragments, 
many from low abundance 
proteins or proteins not 
previously seen in serum, were 
recovered from the ovarian 
cancer sera. In this study, we 
identified a number of proteins 
associated with cellular 
proliferation, cancer and cancer 
signaling pathways in the ovarian 
cancer samples. Although we 
could not be certain that these 
peptides/proteins were exclusive 
to the cancer sera, many of the 
peptides were not found in the 
pooled healthy serum samples. 
Samples eluted from the 
Cibachron Blue plates were 
ported directly into the 
LC/MS/MS. This process resulted 
in accurate sequence 
identification for numerous 
peptides and proteins (Table 2). 
Multiple protein fragments (with 
very high identification 
probabilities) were obtained for 
most serum proteins (Table 3).

In summary, we identified ca. 162 proteins from peptides and protein fragments bound to carrier proteins in a period of 2-3 weeks 
from ovarian cancer patient serum samples. These fragment analytes represent a remarkable collection of peptides derived from 
proteins involved in cellular inflammation, differentiation, signaling, apoptosis, transcriptional regulation and other regulatory 
mechanisms. It is remarkable that this rich variety of low abundance species are so well represented in the fraction bound to serum 
albumin. 

Figure 2. Ultra High Resolution Tandem Mass 
Spectrometry de novo sequencing was performed on 
a Finningan LTQ FT.

1.08E-034257.13W.NRQAGAAGSRM*NFRPGVLSSRQLGLPGPPDVPDHAAYHPF.R

2.66E-043986.98R.QAGAAGSRM*NFRPGVLSSRQLGLPGPPDVPDHAAYHPF.R

1.58E-053970.99R.QAGAAGSRMNFRPGVLSSRQLGLPGPPDVPDHAAYHPF.R

2.37E-053288.64R.M*NFRPGVLSSRQLGLPGPPDVPDHAAYHPF.R

2.01E-063272.64R.MNFRPGVLSSRQLGLPGPPDVPDHAAYHPF.R

1.91E-093156.63R.NVHSGSTFFKYYLQGAKIPKPEASFSPR.R

2.97E-063027.56N.FRPGVLSSRQLGLPGPPDVPDHAAYHPF.R

7.05E-042880.49N.FRPGVLSSRQLGLPGPPDVPDHAAYHP.F

2.71E-132806.46H.SGSTFFKYYLQGAKIPKPEASFSPR.R

1.62E-112724.39R.PGVLSSRQLGLPGPPDVPDHAAYHPF.R

7.81E-052669.37R.NVHSGSTFFKYYLQGAKIPKPEAS.F

8.04E-132627.34P.GVLSSRQLGLPGPPDVPDHAAYHPF.R

8.10E-052369.23V.HSGSTFFKYYLQGAKIPKPEA.S

5.56E-072319.2H.SGSTFFKYYLQGAKIPKPEAS.F

9.15E-102052.09K.YYLQGAKIPKPEASFSPR.R

6.05E-091987.07T.FFKYYLQGAKIPKPEAS.F

9.07E-081900.04T.FFKYYLQGAKIPKPEA.S

3.41E-071889.03Y.YLQGAKIPKPEASFSPR.R

1.09E-041752.97F.FKYYLQGAKIPKPEA.S

2.59E-081616.75L.PGPPDVPDHAAYHPF.R

1.20E-031519.7P.GPPDVPDHAAYHPF.R

1.45E-031462.67G.PPDVPDHAAYHPF.R

1.11E-031365.62P.PDVPDHAAYHPF.R

5.26E-041115.58I.PKPEASFSPR.R

7.29E-04890.44K.PEASFSPR.R

P 
(Pep)

Fragment 
MW (Da)Observed Fragment

2.45E-03904.47K.RPPGFSPF.RKininogen 1 
gi|4504893|ref|NP_000884.1|

9.20E-04860.51S.EEKTKIL.GSodium channel, voltage-
gated, type X, alpha 
gi|5730033|ref|NP_006505.1|  

1.81E-031208.54K.RDPGKEVGM*CT.QNedd4 binding protein 2 
gi|31742492|ref|NP_060647.2| 

2.28E-031673.68N.SPSCDSSLQSSMSGPGF
.C

Zonadhesin isoform 1 
gi|27881486|ref|NP_775078.1| 

4.67E-03920.46A.WLDRSPF.AConnector enhancer of Kinase 
suppressor of Ras 2
gi|41393057|ref|NP_055742.2|

8.21E-031643.98I.GILVFNKLVSRDGIL.DBrain-specific angiogenesis 
inhibitor 3 
gi|4502359|ref|NP_001695.1|

3.28E-041284.56Y.GSGSGWSSSRGPY.EHornerin 
gi|57864582|ref|NP_00100993
1.1| 

1.26E-091555.71Y.VVTGNM*GSNDKVGDF.VDesmoglein 1 preproprotein 
gi|4503401|ref|NP_001933.1|

1.25E-041083.59K.REQPPSLTR.NCoagulation factor XII 
precursor 
gi|4503629|ref|NP_000496.1|

6.55E-031375.69Q.GVSRILAHWACY.KVacuolar protein sorting 16 
isoform 3 
gi|17978481|ref|NP_536338.1|  

2.04E-051485.77K.KKIEISGPSNFEH.Rp21-activated kinase 7
gi|24308191

3.52E-033988.76P.ESAADSGVEEADTRSSS
DPHLETTSTISTVSSMSTLS
SE.S

PREDICTED: proline-rich 
synapse-associated protein 2 
gi|51476101|ref|XP_037493.5|

1.95E-031819.03R.SVRLAPVYQKLLERM*.KTransforming growth factor, 
beta-induced, 
gi|4507467|ref|NP_000349.1| 

2.75E-031276.61R.TLPMLTSACPGW.VNuclear prelamin A 
recognition factor isoform b
gi|14165461|ref|NP_114174.1|

3.22E-031161.59C.SDMEGAALLRV.SApolipoprotein L1 isoform b 
precursor 
gi|21735616|ref|NP_663318.1|

3.72E-041723.74Q.YYCSHCHWNDLAVI.PDifferentially expressed in 
FDCP 8 isoform 1
gi|46447820|ref|NP_997397.1|  

4.80E-061674.79R.GILNPSQPGQSSSSSQT.
F

Corneodesmosin precursor 
gi|67782356|ref|NP_001255.3| 

7.86E-031027.41A.EASLMDQM*S.SELL associated factor 2 
gi|21361796|ref|NP_060926.2| 

2.27E-041538.96D.KEIVPVLVSTRKGL.IAcetyl-Coenzyme A 
acetyltransferase 2 
gi|5174389|ref|NP_005882.1|

1.68E-031451.84I.PRAALARLLRDAE.GF-box and leucine-rich repeat 
protein 15 
gi|71061449|ref|NP_077302.2|

6.40E-031768.86D.MPHNQFIKM*M*IIFS.ILysosomal associated 
multispanning membrane 
protein 5
gi|5803056|ref|NP_006753.1|

3.85E-042435.17F.IFM*GVTEFYILTAMSYDR
YV.A

Olfactory Receptor, family 6, 
subfamily C, member 3
gi|50080213|ref|NP_473445.1|

8.73E-041260.51-.M*PSCDPGPGPACL.PYippee-like 4
gi|21450727|ref|NP_659445.1| 

2.47E-033173.68Q.EKSRKRCGGILVRKDFVL
TAAHCQGSSIN.V

Granzyme H
gi|15529990|ref|NP_219491.

2.68E-042516.34
R.RYTIAALLSPYSYSTTAVV
TNPK.E

Transthyretin
gi|4507725|ref|NP_000362.1|

P 
(Pep)

MW 
(Da)

Observed 
Fragment

Protein

2.46E-031166.68N.KDLLLGGVAPSP.SSET binding protein 1
gi|7662122|ref|NP_056374.1| 

5.49E-031157.59Y.SERSPPAKGATG.PATP-binding cassette, sub-
family C, member 12 isoform 
b 
gi|21729888|ref|NP_660189.1| 

2.43E-033428.76H.KM*TVSKNCPDQDLKIKL
AVRM*DKPQNMKH.S

Ca2+-dependent secretion 
activator isoform 2 
gi|34452713|ref|NP_899631.1|

9.99E-044289.04T.AVIDKLKHGVVTSGPGGE
DPLDGQMGVSTNSSSHPM
SSKHNM.S

Peroxisome proliferator-
activated receptor (PPAR) 
binding protein 
gi|28559039|ref|NP_004765.2| 

1.80E-032054.21A.RQLKERLRSKQQSLQR.QMAX dimerization protein 3 
gi|13775222|ref|NP_112590.1|

3.46E-031300.69N.YELVGVIVHSGQ.APREDICTED: ubiquitin 
specific protease 24 [
gi|51458553|ref|XP_371254.3|  

6.15E-031627.85L.NKSQDAQLVLLNMPG.PSolute carrier family 12 
(potassium/chloride 
transporters), member 7 
gi|5730043|ref|NP_006589.1|

4.57E-032088.25D.LKKLRRSSSLKERSRPF.
T

Epithelial protein lost in 
neoplasm beta 
gi|7705373|ref|NP_057441.1| 

3.72E-032520.42D.PERRPSAMALVKHSVLLS
ASRKS.A

Wee1 tyrosine kinase
gi|4507917|ref|NP_003381.1| 

1.79E-031477.68T.EGEKDHELRGNHG.ACalcium channel, voltage-
dependent, alpha 1E subunit 
gi|53832005|ref|NP_000712.2| 

3.99E-031154.44G.TCQNSAGSFHC.VNotch4 preproprotein 
gi|55770876|ref|NP_004548.3| 

2.59E-031616.72E.SDGKSSTSSDSGRSMK.
W

PiggyBac transposable 
element derived 4 
gi|25777746|ref|NP_689808.2| 

1.22E-031639.76G.PSWASGDSSNNHKPR.EDiscoidin, CUB and LCCL 
domain containing 1 
gi|27735143|ref|NP_775945.1| 

9.22E-032182.20H.KPNIYFKPKKGGGISFNS
TV.T

Developmentally regulated 
GTP binding protein 2 
gi|4557537|ref|NP_001379.1|  

1.46E-051049.55S.KPRPFAGGGY.Rp47 protein isoform a 
gi|20149635|ref|NP_057227.2| 

1.55E-032754.50D.FDKKLTEADAYLQILIEQL
KLFD.D

Oxysterol-binding protein-like 
protein 9 isoform e 
gi|20070331|ref|NP_078862.2| 

3.67E-051724.96E.SAVHPREIFKQKER.ADrebrin-like isoform a 
gi|21361670|ref|NP_054782.2| 

4.42E-053839.91K.SGAKEEAGPGGAGGGG
SRVELLVFGYACKLFRDDE
RAL.A

Splicing factor, 
arginine/serine-rich 8 isoform 
1 
gi|23111062|ref|NP_004583.2|  

4.03E-031391.77M.PVTVTRTTITTTT.TMyeloid-associated 
differentiation marker 
gi|19923903|ref|NP_612382.1| 

2.02E-042655.44K.SVQKSSGVKSTHQAAIVS
KIDSRLE.Q

Caldesmon 1 isoform 4 
gi|15149463|ref|NP_149130.1| 

2.10E-042788.45A.AEYPAVKFCKVKSSVIGA
SSQFTRNA.L

Phosducin-like 
gi|9943842|ref|NP_005379.2|  

3.83E-052059.15G.KTKEGVLYVGSKTKEGV
VH.G

Alpha-synuclein isoform 
NACP112 
gi|6806898|ref|NP_009292.1| 

5.72E-083215.72S.LANTQPRGPPASSPAPA
PKFSPVTPKFTPVAS.K

Zyxin 
gi|4508047|ref|NP_003452.1| 

2.25E-121687.86R.KGPGPGGPGGAGVARG
GAGGGP.S

Neurogranin 
gi|5453800|ref|NP_006167.1| 

3.95E-042113.08E.KNPLPSKETIEQEKQAGE
S.-

Thymosin-like 3 
gi|34013530|ref|NP_898870.1| 

P 
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MW 
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Table 2. Partial listing of observed 
protein fragments of Inter-Alpha 
(globulin) Inhibitor H4 (Plasma 
Kallikrein-Sensitive Glycoprotein) [P 
Protein = 2.71E-13]. Multiple fragments 
were identified for most proteins in 
this study.

Table 1. Partial listing of some of the protein fragments identified using the Cibachron Blue 
ProXPRESSION Kit. Thousands of fragments representing over 160 human serum proteins have been 
identified.

Figure 3. Processing of 96 samples using ProXPRESSION Biomarker HT Kits. These 
kits fractionate/enrich carrier-protein bound protein fragments (processing may be 
automated on liquid handlers).
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•Tissues are continuously perfused by the 
serum
•Physiologic state reflected in serum proteomic 
patterns
•Small proteins and cleaved peptides are 
produces by proteolytic cascades
•Due to the equilibrium ratio, low mw fragments 
and peptides are likely to exist almost entirely in 
complexed association with a carrier protein 
(albumin), even when the innate binding affinity, 
kf, is low. 
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Cibachron Blue capture of albumin facilitates 
the enrichment of putative peptide and 
protein fragment biomarker candidates 

Cibachron Blue capture of albumin facilitates 
the enrichment of putative peptide and 
protein fragment biomarker candidates 

Figure 1. Serum samples (obtained from the National Ovarian Cancer Early Detection Program 
(NOCEDP) and gynecologic oncology clinic at Northwestern University, Chicago, IL) were 
processed using prototype ProXPRESSION™ biomarker enrichment kits (PerkinElmer, 
Boston, MA).  This Cibachron blue (CB) dye affinity chromatography-based technology is 
designed to capture high-abundance carrier proteins in blood (such as albumin) and 
dramatically enriches for the peptide and protein fragments bound to the carrier proteins. 
ZipPlates™ and vacuum manifold were purchased from Millipore (Bedford, MA).  

7 T Actively Shielded
Superconducting Magnet

FTMS Data

210L/s

Linear Ion Trap Data

60m3/hr 300L/s 400L/s 210L/s15L/s

Triple Ported Turbo Pump

ECD Assembly

IRMPD Laser Assembly

Finnigan LTQ FT

Accurate mass, isotopically-resolved, 
differentially-expressed BioXPRESSION 
processed peptides are selected for lc-ms/ms

007740_17


