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The limitations of 2-D gels for proteomic analysis have encouraged the 
development of alternative approaches for identifying proteins in complex 
mixtures. In this work, we describe the application of multidimensional 
liquid chromatography (SCX-RPLC) coupled with electrospray quadrupole
time-of-flight tandem mass spectrometry as an alternative proteomic
approach analyzing a whole cell lysate from an embryonal carcinoma (EC) 
cell line.  Through comparative studies of the cell lines NR1-0 (wild-type) 
and NR1-6 (mutant), we have identified 477 proteins including 53 that are 
down-regulated  and 70 that are up-regulated in the NR1-6 mutant. Of 
interest, we identified a new protein (similar to the E74 like factor 1 which 
promotes retinoic acid metabolism) and is expressed only in parental cells. 
We propose that deficiency of this protein in the mutant cell line could 
account for its retinoid-hypersensitivity. Additional evidence will be needed 
to verify this finding. The method presented here will be useful for the 
discovery of new biomarker and drug targets (disease proteomics).

While the human genome project close to completion, attention is
now turning to the question of how to utilize this genetic data to 
better understand disease and more efficiently develop targeted 
therapeutics. Proteins, rather than genes, convey most cellular 
functions. Understanding protein expression and protein function is 
crucial to the identification of new targets for drug development.
Proteomics involves the identification of proteins in the body and the 
determination of their role in activities in homeostasis.  2-D PAGE 
analysis is considered the gold standard in proteomics. However, 
there are numerous disadvantages associated with the 2-D gel 
technique, including low throughput, difficulties in analyzing 
proteins with extremes in pI and molecular weight, and difficuties in 
analyzing membrane proteins and low abundant proteins. LC-MS 
offers a way to overcome these limitations. Although proteins in
simple mixtures can be identified by LC-MS, complex mixtures 
overwhelm the resolution capability of any single dimensional (1D) 
chromatography system (1). Orthogonal two dimensional separation
methods dramatically improve the resolution of highly complex 
mixtures of protein and peptides compared with any 1D separation
(2). The 2D LC-MS/MS uses the independent physical properties of 
charge (strong cation exchange, SCX chromatography) and
hydrophobicity (reversed phase chromatography, RP) to resolve 
complex peptide mixtures before mass spectrometry (3). Retinoids, 
the natural and synthetic derivatives of vitamin A, play an important 
role in cell growth and differentiation, and have been widely used in  
cancer therapy. Elucidation of the exact  mechanisms regulating 
retinoid response or resistance is crucial. Comparative proteomic
analysis can be used to identify proteins that are differentially 
expressed in the retinoid-sensitive (NR1-6) versus resistant (NR1-0) 
cell line and  therefore enhance our understanding of retinoid-
mediated signaling. This will aid in identifying and developing novel 
cancer treatments.  We present here a multidimensional LC-MS/MS 
method to identify these potential RA- target protein markers in EC 
cell lines.

• Over 477 proteins including integral membrane proteins,hydrophobic proteins and 

proteins with extreme pIs have been identified in an EC mutant cell line. Of these, 53 

were down-regulated  and 70 up-regulated as compared to the parental cell line

•A new protein similar to the E74 like factor 1 involved in  retinoic acid metabolism 

has been identified.

•2D LC-MS/MS has been demonstrated as a technique for the separation of tryptic

peptides from a whole cell lysate. It’s a good alternative to 2D gels for protein 

expression profiling because there is no sample loss during manual/semi-automated 

sample handling steps such as staining, excision, de-staining, in-gel digestion, and 

extraction.

•2D LC-MS/MS approach can be integrated to identify posttranslational modifications 

such as phosphorylation and glycosylation.
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Figure 1. Flow Chart of Protein Identification by 2D 
LC-MS/MS with Proteinlynx Global Search

RESULTS

Sample Preparation

Whole cell lysates from EC parental (NR1-0) and mutant (NR1-6) cell 
lines were prepared as described elsewhere (4). After reduction,
alkylation, and digestion with trypsin, the peptide mixture was 
concentrated with a C18 cartridge. About 50 µg of total protein digests 
were injected for 2D LC-MS/MS analysis.

2D-LC conditions

The system was configured with a
CapLC system, a stream selector, an ESI Z-spray probe, and Q-Tof 2 

tandem mass spectrometer.  It was configured with 3 columns including
polysulfoethyl strong cation exchange (SCX) column,  C18 desalting 

(trapping) column (300µm ID×5 mm), and 
analytical column (100 µm ID ×110 mm) packed with a BetaBasic C18 

resin (ThermoHypersil_Keystone).   The solvents used were (A) 3% 
CH3CN+ 0.4% acetic acid+0.005%HFBA, and 

(B) 90% CH3CN+0.4% acetic acid +0.005% HFBA.Fifteen salt steps 
were used for peptide fractionation: 0, 20,30,40,50,60, 
70,80,90,100,150,200,250,500, and 1000 mM KCl.   The peptides were 
eluted off the analytical column by the application of 65 min mobile 
phase B gradient (1 to 10%B in 5 min, 10 to 15%B in 25 min, 15 to 
20% B in15min, 20 to 45%B in 10min, 45 to 80% B in 5 min) at a flow 
rate of 200 nl/min.

MS conditions

The mass spectrometer was operated in a data dependent acquisition 
mode whereby following the interrogation of MS data, ions were 
selected for MS/MS analysis based on their intensity and charge state 
(+2, +3, and +4). Collision energies were chosen automatically based on 
the m/z and charge-state of the selected precursor ions. The tandem 
mass spectra were processed by Masslynx algorithm. Proteins were 
identified by Proteinlyn Global Sever 2.0 using an NCBI non-redundant 
database.  

Table 1. Up-regulated Proteins in Parental Cell Line Identified by 2D LC MS/MS

 Name  mW  pI  Description Function
 NP_031441.2 112650 9.3  ADP ribosyltransferase  NAD  Chaperon activity, cellular DNA repair,Rho A, B
 1609082A 38624 6.0  aldolase C cell surface adhesion, cytoskeleton
 NP_777149.1 18681 6.2  ATP synthase  H  transporting Energy
 NP_035923.1 10096 6.0  barrier to autointegration factor 1 Protects retroviral DNA from autointegration
 CAA35246.1 32988 5.7  Centrosomin A  Mus musculus RNA editing
 NP_666065.1 43539 7.9  cystathionase  cystathionine Cystein/met metabolism
 AAH30895.1 75808 9.7  Ddx21 protein  Mus musculus Manmmary tumor, metallothionie-TGFa
 CAA79894.1 4817 4.8  diazepam binding inhibitor  R mitochondrial steroidogenesis
 NP_660907.1 42131 5.3  DNA polymerase III  beta subu
 AAH43034.1 102434 7.3  Eif4g2 protein  Mus musculus mouse emboryonal
 ENO_XENLA 47474 6.2  Enolase  2 phosphoglycerate d involved in glycolysis
 NP_598568.1 34856 9.9  expressed sequence AA959742  
 AAA18336.1 21961 6.9  heat shock protein HSP27 Small HSP
 AAB48101.1 19708 5.1  HP1Hs gamma gi 5732187 dbj BA nuclar membrane protein, chromosomal protein
 AAB81204.1 60665 6.9  Hpast  Homo sapiens involved in multiple endocrine neoplasia type (cancer sydrome 1
 AAB29956.1 12981 5.8  HSP2Dt small heat shock prote tumor cell line, similar to ATP binding domain of stress-70 protein

 NP_446008.1 17058 9.3  maternal G10 transcript  Ratt G10 protein, edg2, Rho activity spreading motility
 BAB93486.1 14722 6.2  member RAS oncogene family  H
 CAA32818.1 22838 6.5  p25 growth related protein  p ehrlich ascites tumor
 AAB36437.1 2033 4.5  p42 PA700 subunit  internal f proteasome activity of 
 AAB31630.1 1751 3.9  PA700 subunit p56 ATP depende belong to nuclear binding protein
 AF119917_12 36951 7.5  PRO1608  Homo sapiens  gi 140 new gene from fetal liver
 NP_038744.1 51797 5.5  ras GTPase activating protein ras-GTpase-activity protein SH3-domain binding protein
 NP_080750.1 38135 5.4  RIKEN cDNA 2410174K12  Mus mu Suppressor of G2
 NP_077746.1 11206 4.9  RIKEN cDNA 2810410M20  Mus mu Allele of SKP1, dosage compensation related protein ppy30
 SYS_RABIT 4408 4.7  Seryl tRNA synthetase  Serine from mamary tumor, homolog to elongation factor 1
 XP_213492.1 17099 7.0  similar to 116 kDa U5 small n U5 snRNP-specific protein, 
 XP_214690.1 15307 8.3  similar to alanyl tRNA synthe
 XP_170637.2 45463 5.1  similar to beta tubulin 4Q  H microtubules
 XP_139297.1 12905 8.4  similar to data source SPTR  
 XP_230124.1 34170 5.0  similar to dnaK type molecula HSP70 chaperon
 XP_143478.1 40664 4.9  similar to E74 like factor 1 Retinoic acid related
 XP_234476.1 38462 7.5  similar to Hypothetical protein enolase, carbohydrate transport and metabolism
 XP_125429.1 88796 5.2  similar to interferon inducible protein receptor cell divison protein (CDC48) ATPase activity
 AAH44834.1 103281 5.2  Similar to myosin heavy chain mamary tumor
 AAH10318.1 70448 7.3  Similar to phosphoenolpyruvate carboxykinase 2 (mitochondrial 
 XP_228701.1 69393 6.5  similar to RNA helicase  Meso chromosome X DNA replication, and repair /transcription  /translation, ribosomal structureal and b iogenesis

 XP_193202.1 8857 9.0 similar to small nuclear ribonuclear protein polypept U1 snRNP-specific protein C, RNA processing and modification
 NP_104707.1 44623 5.0  similar to trehalose maltose 
 AAN38741.1 8285 9.3  small GTPase  Spodoptera frug related to rho1
 CAA82631.1 31695 6.6  sub2 3  Homo sapiens T lymphocytes nuclear acid binding protein, ologo (dc)
 XP_128337.1 15933 6.4 superoxide dismutase 1  soluble glutamine transportCu/zn superoxide dismutase [inorganic ion transport and metabolism]

 NP_476480.1 87694 6.2  system N1 Na  and H  coupled a nuclear scalfold protein that binds the matrix/scalfold attach region DNA

 CAB93136.1 10464 4.6  ta tubulin  Babesia equi cytoskeleton
 AAH01487 29482 5.3  TAR DNA binding protein  Homo Trans-activation responsive
 PC4373 928 9.4  telomeric and tetraplex DNA binding protein This protein binds either strand of the telomeric DNA as wellas unimolecular or bimolecular tetraplex

 AAC52573.1 24935 9.0  thymopoietin zeta lamina-associated polypeptide 2
 TF1B_RAT 9889 9.1  Transcription intermediary factor-1-beta TIF 1-beta tripartite motif protein 28, nuclear corespressor KAP-1 KRaB-assocaited protein 1

 AF195533_1 60545 6.9  transketolase  Mus musculus mRNA
 NP_035718.1 88807 5.7  tripartite motif protein 28  transcription intermediary factor 1 beta (TIF)
 NP_075686.1 59405 10.3  TSG118 1 protein  Mus musculu new gene from chromsome 7
 AAH00987 64350 5.1  Unknown  protein for IMAGE 34 placenta
 AAH30131.1 91793 6.2  Unknown  protein for IMAGE 41 brain
 AAH51346.1 23988 9.6  Unknown  protein for MGC 5965 ?
 AAH17168 34909 9.9  Unknown  protein for MGC 9517 uterus
 XP_133226.1 25787 9.4  vasodilator stimulated phosphoprotein

Table 2. Down-regulated Proteins in Parental Cell Line 

 Name  mW  pI  Description Function
 AAH05758.1 40727 9.4  2610023M21Rik protein  Mus mu Mammary tumor, Metallothionein-TGF alpha model
 CAC27397.1 10531 10.1  78 kD glucose regulated prote
 AAH42461.1 166070 4.5  Akap12 protein  Mus musculus Mammary tumor, C3 (1)-tag model
 AAA37190.1 47195 5.6  alpha fetoprotein tumor marker
 S13035 46107 7.2  aspartate transaminase  EC 2 
 CAA75074.1 15857 4.7  BAT1  Homo sapiens Related to MHC (major histocompatibility complex)
 NP_704601.1 118170 5.5  beta subunit of coatomer comp
 CAD57690.1 30303 5.9  C  elegans HEL 1 protein  cor
 AAH28539.1 9369 10.9  C530002L11Rik protein  Mus mu Mammary gland
 NP_518849.1 17564 9.1  CONSERVED HYPOTHETICAL PROTEI
 BAB19922.2 43552 8.2  cystathionine gamma lyase  Ra mesenteric vascular smooth muscle cell
 NP_034157.1 13069 6.5  D dopachrome tautomerase  Mus related to macrophage migration inhibitory factor
 AAC47633.1 4206 9.7  elongation factor 1 alpha  Br partial due to oligo-dT mis-priming
 NP_075608.1 47095 6.7  enolase 1  alpha non neuron  Carbohydrate transport and metabolism
 XP_309084.1 52194 4.8  ENSANGP00000019608  Anopheles
 NP_061266.2 24678 4.5  eukaryotic translation elonga translation elongation factor activity 
 CAB46839.1 17728 7.5  F1 ATPase beta subunit  Canis Thyroid
 AF264751_1 51726 9.5  forkhead activin signal trans transcription factor; contains a Smad-interaction domain
 NP_421334.1 35404 5.1  fumarylacetoacetate hydrolase identified by match to  "protein family HMM"
 AAC50892.1 68393 8.7  FUSE binding protein 2  Homo nucleic acid binding transactivator
 1406327A 66881 9.1  growth regulated nuclear 68 p Function as Helicase
 T46601 18009 5.4  heat stress protein 80 1  imp scaffold attachment factor A
 NP_058085.1 87837 6.2  heterogenous nuclear ribonucl
 B35245 1326 9.2  histone H1 c   mouse  fragmen
 AAA72378.1 3398 10.1  histone H2AF  Mirounga leonin
 HSUR6M 13441 10.8  histone H2B 2  embryonic   se
 T04411 14530 11.2  histone H3   barley  fragment
 I48404 6231 9.7  histone H4  55AA   1 is 3rd b
 AAH00506.3 28394 4.8  HNRPA2B1 protein  Homo sapien unknown
 AAB47165.1 1808 7.3  hsp 84 homolog  internal frag involved in p53
 S01175 8474 4.5  hypothetical protein A   mous
 XP_238188.1 10285 10.5  hypothetical protein XP 23818
 S34960 71599 6.1  NADH2 dehydrogenase  ubiquino
 XP_124538.1 44265 7.1  neural precursor cell express developmentally down-regulated gene 7
 AAB23225.1 1695 4.1  nuclear autoantigen RA33 A2 h A2 hnRNP homolog
 CAA09411.1 12393 9.1  p68 RNA helicase  Rattus norv
 AAP03083.1 12177 8.7  peptidylprolyl isomerase A  O peptidylprolyl isomerase A
 AAA39919.1 2243 10.4  phosphoglycerate kinase 1 phosphoglycerate kinase-1
 NP_571986.1 31042 3.9  proliferation related acidic proliferation related acidic leucine rich protein PAL31
 S71296 19912 5.8  proteasome chain p42   bovine *
 AAG17365.1 43810 7.8  PTB associated splicing facto GTP-binding nuclear protein
 AAB07465.1 14721 9.1  RAN Tc4
 CAA24378.1 2873 10.7  reading frame    Psammechinus
 AAB47504.1 44000 7.3  Sam68deltaKH  Homo sapiens 
 ABBOS 69225 6.0  serum albumin precursor  vali
 XP_292105.1 10288 9.8  similar to 10 KD HEAT SHOCK P chaperones
 XP_085239.1 14890 8.2  similar to Acidic leucine ric similar to Acidic leucine-rich nuclear phosphoprotein 32 family 
 BAC56462.1 10373 9.4  similar to alpha tubulin isof
 AAH41279.1 47432 5.8  Similar to enolase 1  alpha n
 XP_219800.1 19470 4.8  similar to eukaryotic transla Translation, ribosomal structure and biogenesis
 XP_135432.2 15203 5.1  similar to high mobility grou Chromatin structure and dynamics
 XP_213680.1 13969 9.0  similar to mitochondrial volt anion channel
 AAP06453.1 47267 6.9  similar to NM 019693 HLA B as Nuclear RNA helicase
 BAC56283.1 14086 5.2  similar to pancreatic tumor r pancreatic tumor-related protein
 BAC56545.1 11560 5.8  similar to peroxiredoxin 1  B chaperones
 BAC56450.1 14858 6.4  similar to poly A  binding pr
 XP_142087.1 15046 4.3  similar to Ras GTPase activat
 AAH08615 42869 8.9  Similar to transketolase  Wer ER membrane domain
 AAA91344.1 31894 10.7  TARBP b gene product RNA binding protein
 NP_072169.1 14217 10.5  testis specific histone 2b  R
 NP_446252.1 11666 4.8  thioredoxin  Rattus norvegicu
 NP_006397.1 30521 6.2  thioredoxin peroxidase  thior
 AAN39138.1 16384 5.1  translation initiation factor
 AF249995_1 18798 5.0  triosephosphate isomerase 2  
 AAD02432.1 4366 4.3  truncated hsp25  Mus musculus chaperones
 BAA25288.1 34815 6.1  tryptophan tRNA synthetase  C
 NP_033483.1 117734 5.6  ubiquitin activating enzyme E
 AAG29873.1 34370 6.4  valosin containing protein  H similar to Cell division protein 48


