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41. Expanding the subproteome of the inner mitochondria using protein separation technologies: one and two-dimensional liquid chromatography and two-dimensional gel electrophoresis.

McDonald T, Sheng S, Stanley B, Chen D, Ko Y, Cole RN, Pederson P, Van Eyk JE.

Department of Biological Chemistry, Johns Hopkins University, Baltimore, MD 21224, USA.

Mol Cell Proteomics. 2006 Sep 25; [Epub ahead of print]
Currently no single proteomic technology has sufficient analytical power to allow for the detection of an entire proteome of an organelle, cell or tissue. One approach that can be used to expand proteome coverage is the use of multiple separation technologies especially if there is minimal overlap in the proteins observed by the different methods. Using the inner mitochondrial membrane subproteome as a model proteome, we compared for the first time the ability of three protein separation methods (two-dimensional liquid chromatography using the PF2D system from Beckman Coulter, 1-D reverse-phase high performance liquid chromatography and two-dimensional gel electrophoresis) to determine the relative overlap in protein separation for these technologies. Data from these different methods indicated that a strikingly low number of proteins overlapped, with less than 24% of proteins common between any two technologies, and only 7% common amongst all three methods. Utilizing the three technologies allowed the creation of a composite database totaling 348 non-redundant proteins. Eighty two percent of these proteins had not been previously observed in proteomic studies of this subproteome, whereas 44% had not been identified in proteomic studies of intact mitochondria. Each protein separation method was found to successfully resolve a unique subset of proteins with the liquid chromatography methods being more suited for the analysis of transmembrane domain proteins and novel protein discovery. As well, we demonstrated that both the 1- and 2-DLC allowed for the separation of the a-subunit of F1Fo ATP synthase which differed due to a change in pI or hydrophobicity.
40. Proteomic based investigation of rhamnolipid production by Pseudomonas chlororaphis strain NRRL B-30761.

Gunther NW 4th, Nunez A, Fortis L, Solaiman DK.

Agricultural Research Service, Eastern Regional Research Center, U.S. Department of Agriculture, 600 East Mermaid Lane, Wyndmoor, PA, 19038-8598, USA.
J Ind Microbiol Biotechnol. 2006 Nov;33(11):914-20
We recently reported that a strain of the non-pathogenic bacterial species Pseudomonas chlororaphis was capable of producing the biosurfactant molecule, rhamnolipids. Previous to this report the organisms known to produce rhamnolipids were almost exclusively pathogens. The newly described P. chlororaphis strain produced rhamnolipids at room temperature in static minimal media, as opposed to previous reports of rhamnolipid production which occurred at elevated temperatures with mechanical agitation. The non-pathogenic nature and energy conserving production conditions make the P. chlororaphis strain an attractive candidate for commercial rhamnolipid production. However, little characterization of molecular/biochemical processes in P. chlororaphis have been reported. In order to achieve a greater understanding of the process by which P. chlororaphis produces rhamnolipids, a survey of proteins differentially expressed during rhamnolipid production was performed. Separation and measurement of the bacteria's proteome was achieved using Beckman Coulter's Proteome Lab PF2D packed column-based protein fractionation system. Statistical analysis of the data identified differentially expressed proteins and known orthologues of those proteins were identified using an AB 4700 Proteomics Analyzer mass spectrometer system. A list of proteins differentially expressed by P. chlororaphis strain NRRL B-30761 during rhamnolipid production was generated, and confirmed through a repetition of the entire separation process.
39. Protein array staining methods for undefined protein content, manufacturing quality control, and performance validation.
Schabacker DS, Stefanovska I, Gavin I, Pedrak C, Chandler DP
Argonne National Laboratory, 9700 South Cass Avenue, Argonne, IL 60439, USA.
Anal Biochem. 2006 Sep 22; [Epub ahead of print]

Methods to assess the quality and performance of protein microarrays fabricated from undefined protein content are required to elucidate slide-to-slide variability and interpolate resulting signal intensity values after an interaction assay. We therefore developed several simple total- and posttranslational modification-specific, on-chip staining methods to quantitatively assess the quality of gel element protein arrays manufactured with whole-cell lysate in vitro protein fractions derived from two-dimensional liquid-phase fractionation (PF2D) technology. A linear dynamic range of at least 3 logs was observed for protein stains and immobilized protein content, with a lower limit of detection at 8pg of protein per gel element with Deep Purple protein stain and a field-portable microarray imager. Data demonstrate the successful isolation, separation, transfer, and immobilization of putative transmembrane proteins from Yersinia pestis KIM D27 with the combined PF2D and gel element array method. Internal bovine serum albumin standard curves provided a method to assess on-chip PF2D transfer and quantify total protein immobilized per gel element. The basic PF2D array fabrication and quality assurance/quality control methods described here therefore provide a standard operating procedure and basis for developing whole-proteome arrays for interrogating host-pathogen interactions, independent of sequenced genomes, affinity tags, or a priori knowledge of target cell composition.

38. Proteomic analysis of anaplastic lymphoma cell lines: Identification of potential tumour markers

Cussac D, Pichereaux C, Colomba A, Capilla F, Pont F, Gaits-Iacovoni F, Lamant L, Espinos E, Schiltz OB, Monsarrat B, Delsol G, Payrastre B

INSERM U563, Centre de Physiopathologie de Toulouse Purpan, Département d’Oncogenèse et

Signalisation dans les Cellules Hématopoïétiques, CHU Purpan, Toulouse, France and CNRS UMR 5089, Institut de Pharmacologie et de Biologie Structurale, Toulouse, France

Proteomics 2006. 6. 3210–3222
Anaplastic large-cell lymphomas (ALCL) are high grade lymphomas of Tor null phenotype often associated with the t(2;5) translocation leading to the expression of a chimeric protein consisting of the N-terminal portion of nucleophosmin (NPM) and the intracellular domain of the anaplastic lymphoma kinase (ALK). Although ALCL are recognized as distinct clinical, biological and cytogenetic entities, heterogeneities persist in this group of tumours, which exhibit a broad spectrum of morphological features. Particularly, the common type tumour consisting in large cells contrast with the small cell variant that is sometimes associated with a leukemic phase. The ALK-negative ALCL is often associated with a poor prognosis. Here, we investigated the proteome of these subtypes of tumours using patient-derived cell lines. We compared the proteome of the cytosolic fraction of NPM-ALK-positive versus NPM-ALK-negative cells on one hand, and the proteome of common cell type versus small cell variant on the other hand. The identification of a set of proteins differentially expressed in the subtypes of ALCL points to new diagnosis/ prognosis markers. This study also provides interesting information on the molecular mechanisms responsible for the different subtypes of ALCL.
37. Improved protocol for chromatofocusing on the ProteomeLab PF2D.
Barre O, Solioz M.

Department of Clinical Pharmacology, University of Bern, Bern, Switzerland.
Proteomics. 2006 Aug 29; [Epub ahead of print]
Beckman-Coulter has recently introduced the ProteomeLab PF2Dtrade mark for 2-D liquid separation of protein samples. The system features separation in the first dimension by chromatofocusing, followed by RP chromatography in the second dimension, allowing the analysis of complex proteomics samples. When used by the standard protocol, reproducibility and column life times are limited, making the use of the instrument very costly. We here present an improved protocol for chromatofocusing, which enhances column life by at least fivefold.

36. A targeted proteomic approach for the identification of tumor-associated membrane antigens using the ProteomeLab PF-2D in tandem with mass spectrometry

Chahal FC, Entwistle J, Glover N, MacDonald GC
Viventia Biotech Inc., Winnipeg, Manitoba and Mississauga, Ontario, Canada

Biochemical and Biophysical Research Communications 348 2006. 1055–1062

Mapping differential expression of soluble proteins has become fairly routine using chromatofocusing in combination with the reversed-phase HPLC (ProteomeLab_ PF-2D by Beckman Coulter Inc.); however, identification of membrane antigens has not been reported thus far. In this report, we demonstrate a targeted proteomic approach employing immunoprecipitation, prior to 2D-LC separation, in tandem with MS/MS that can be used to identify tumor-associated membrane antigens. This system is very sensitive and reproducible in that only 1/4th the amount of starting material is required for analysis as compared to gel-based analysis, and permits a focused environment for eliminating non-specific interactions leading to an accurate resolution of the cognate antigen. This system also circumvents the well-known limitations associated with gel-based approaches. This approach has been validated in the identification of ErB2/HER-2 and was subsequently used to identify CD44E as the cognate antigen for VB1-008, one of our fully human, tumor-specific, monoclonal antibodies.

35.
Proteome-level display by 2-dimensional chromatography of extracellular matrix-dependent modulation of the phenotype of bladder cancer cells
Hurst RE, Kyker KD, Dozmorov MG,, Takemori N, Singh A, Matsumoto H, Saban R, Betgovargez E, Simonian MH

Oklahoma University Health Sciences Center, Oklahoma City, OK 73104 and Beckman Coulter Inc., Fullerton, CA 92834

Proteome Science 2006 4:13


Background: The extracellular matrix can have a profound effect upon the phenotype of cancer cells. Previous work has shown that growth of bladder cancer cells on a matrix derived from normal basement membrane suppresses many malignant features that are displayed when the cells are grown on a matrix that has been modified by malignant tumors. This work was undertaken to investigate proteome-level changes as determined by a new commercially available proteome display involving 2-dimensional chromatography for bladder cancer cells grown on different extracellular matrix preparations that modulate the expression of the malignant phenotype.
Results: Depending on the matrix, between 1300 and 2000 distinct peaks were detected by twodimensional chromatographic fractionation of 2.1 – 4.4 mg of total cellular protein. The fractions eluting from the reversed-phase fractionation were suitable for mass spectrometric identification following only lyophilization and trypsin digestion and achieved approximately 10-fold higher sensitivity than was obtained with gel-based separations. Abundant proteins that were unique to cells grown on one of the matrices were identified by mass spectrometry. Following concentration, peaks of 0.03 AU provided unambiguous identification of protein components when 10% of the sample was analyzed, whereas peaks of 0.05 AU was approximately the lower limit of detection when the entire sample was separated on a gel and in-gel digestion was used. Although some fractions were homogeneous, others were not, and up to 3 proteins per fraction were identified. Strong evidence for post-translational modification of the unique proteins was noted. All 13 of the unique proteins from cells grown on Matrigel were related to MYC pathway.
Conclusions: The system provides a viable alternative to 2-dimensional gel electrophoresis for proteomic display of biological systems. The findings suggest the importance of MYC to the malignant phenotype of bladder cancer cells.
34.
Proteomic analysis of estrogen response of premalignant human breast cells using a 2-D liquid separation/mass mapping technique.
Zhao J, Zhu K, Lubman DM, Miller FR, Shekhar MP, Gerard B, Barder TJ.
Department of Chemistry, University of Michigan, Ann Arbor, MI 48109

Proteomics. 2006 Jun 12; [Epub ahead of print]


A 2-D liquid-phase separation method based on chromatofocusing and nonporous silica RP-HPLC followed by ESI-TOF-MS was used to analyze proteins in whole cell lysates from estrogen-treated and untreated premalignant, estrogen-responsive cell line MCF10AT1 cells. 2-D mass maps in the pH range 4.6-6.0 were generated with good correlation to theoretical M(r) values for intact proteins. Proteins were identified based on intact M(r), pI and PMF, or MS/MS sequencing. About 300 unique proteins were identified and 120 proteins in mass range 5-75 kDa were quantified upon treatment of estrogen. Around 40 proteins were found to be more highly expressed (>four-fold) and 17 were down-regulated (>four-fold) in treated cells. In our study, we found that many altered proteins have characteristics consistent with the development of a malignant phenotype. Some of them have a role in the ras pathway or play an important role in signal pathways. These changed proteins might be essential in the estrogen regulation mechanism. Our study highlights the use of the MCF10AT1 cell line to examine estrogen-induced changes in premalignant breast cells and the ability of the 2-D mass mapping technique to quantitatively study protein expression changes on a proteomic scale.

33.
Differential phosphoprotein mapping in cancer cells using protein microarrays produced from 2-D liquid fractionation.
Pal M, Moffa A, Sreekumar A, Ethier SP, Barder TJ, Chinnaiyan A, Lubman DM.
Department of Chemistry, University of Michigan, Ann Arbor, MI 48109
Anal Chem. 2006 Feb 1;78(3):702-10.


A combination of protein microarrays and two-dimensional liquid-phase separation of proteins has been used for global profiling of the phosphoproteome in human breast cancer cells. This method has been applied to study changes in phosphorylation profile resulting from treatment of the cancer cells with PD173074, a known receptor tyrosine kinase inhibitor. The proteins separated by 2-D liquid-phase separation were arrayed on epoxy-coated glass slides and first screened for phosphorylation using fluorescent Pro-Q Diamond stain. The candidate proteins were then identified using MALDI/ESI MS/MS analysis. Further, validation was achieved by immunoblot analysis using anti-phosphotyrosine antibodies. A dynamic range of approximately 100 was achieved on the microarray when beta-casein was used as a standard protein for obtaining quantitative data. Importantly, the power of this method lies in its ability to identify a large group of proteins in a single experiment that are coregulated in their posttranslational modifications, upon treatment with the inhibitor. Since proteins are known to form interacting circuits that eventually lead to various signaling events, detection of such global phosphorylation profiles might enable delineation of functional pathways that play an important role during cancer initiation and progression.

32.
Proteomics for the identification of new prostate cancer biomarkers.

David K. Ornstein, Darren R. Tyson
Urol Oncol., 2006; 24(3): 231-236

Molecular profiling studies of human prostate cancer provide great opportunities to identify new prostate cancer biomarkers to improve prostate cancer detection and treatment. Proteomics has distinct advantages over genomic and ribonucleic acid expression studies because it is the proteins that are ultimately responsible for the malignant phenotype. The goal of traditional proteomic studies is to identify disease-specific biomarkers. Two-dimensional (2-D) gel electrophoresis (polyacrylamide gel electrophoresis; PAGE) coupled with mass spectrometry is the most widely used experimental strategy and, to date, has yielded several potentially relevant prostate cancer biomarkers. A promising prostate cancer biomarker identified by 2-D PAGE and mass spectrometry is annexin I. Studies have already confirmed that annexin I is underexpressed in a majority of early stage prostate cancers. Other nongel based proteomic technologies that may have improved sensitivity as compared to 2-D PAGE have recently been developed. An example of this is the ProteomeLab PF 2-D (Beckman Coulter, Inc., Fullerton, CA).
The goal of most proteomic studies is to identify biomarkers that can be measured by enzyme-linked immunosorbent assay or immunohistochemistry. Improvements in proteomic technology may be changing this paradigm because there are now efforts to develop proteomic technologies directly into clinical diagnostic tests. An example of this technology is surface-enhanced laser desorption ionization time-of-flight mass spectrometry. Using this technology combined with a pattern recognition based bioinformatics tool, discriminatory spectrum proteomic profiles were generated that could help discriminate men with prostate cancer from those with benign prostates. If several technologic hurdles can be overcome, it is possible that methodology will improve the specificity and sensitivity of prostate cancer detection.
31.
Proteomic analysis of enamel matrix using a two-dimensional protein fractionation system

Yasuo Yamakoshi, Jan C.-C. Hu, Hengming Zhang, Takanori Iwata, Fumiko Yamakoshi, James P. Simmer

Eur J Oral Sci, 2006; 114 (Suppl. 1): 266–271
Our objectives in this study were to perform separate proteomic analyses of porcine soft and hard enamel matrices, using the ProteomeLab PF-2D System, to compare the contents of the hard and soft enamel and to identify matrix constituents that are absent from the early maturation stage. Developing first permanent molars were dissected from 6-month-old pigs. Both immature and mature enamel samples were obtained by scraping the secretory-stage (soft) and maturation-stage (hard) enamel, respectively. Enamel matrix samples were sequentially extracted and fractionated with 50 mM phosphate buffer (pH 7.4) and then with 50 mM carbonate buffer (pH 10.8). The neutral enamel extract was separated into four fractions by successive ammonium sulfate precipitations. The alkaline enamel extract was separated into four fractions by ion-exchange chromatography. These eight extracts from both the soft and hard enamel were injected for chromatofocusing. Soft enamel fractions containing constituents absent from the hard enamel were further separated by reverse-phase high-performance liquid chromatography. The major soft enamel constituents absent from the hard enamel were acidic glycoproteins, corresponding to the 32-kDa enamelin, and the 29-, 27-, 15-, 13-, 8- and 6-kDa C-terminal fragments of ameloblastin. Loss of these glycoproteins is associated with a post-transition increase in enamel mineralization.
30.
Proteomic analysis of rat plasma by two-dimensional liquid chromatography and matrix-assisted laser desorption ionization time-of-flight mass spectrometry.

Thomas Linke, A. Catharine Ross and Earl H. Harrison

J Chromatogr A. 2006 Jan 31; [Epub ahead of print]

The proteomic analysis of plasma and serum samples represents a formidable challenge due to the presence of a few highly abundant proteins such as albumin and immunoglobulins. Detection of low abundance protein biomarkers therefore requires either the specific depletion of high abundance proteins using immunoaffinity columns and/or optimized protein fractionation methods based on charge, size or hydrophobicity. Here we describe a two-dimensional (2D) liquid chromatography separation method for the fractionation of rat plasma. In the first dimension proteins were separated by chromatofocusing according to their isoelectric point (pI). In the second dimension, proteins were further fractionated by non-porous, reversed-phase chromatography according to their hydrophobicity. The data from both separations was displayed as a 2D protein expression map of pI versus retention time (relative hydrophobicity). Both separations were carried out on the ProteomeLab PF 2D system (Beckman Coulter), an instrument platform that provides a high degree of automation and real-time monitoring of the separation process. The reproducibility of the first-dimension separation was evaluated in terms of pH gradient formation. The second-dimension separation was evaluated in terms of peak retention times on the reversed-phase column. We found in four consecutive chromatofocusing separations that the pH gradient differed by less than 0.2 pH units at any time during the elution step. Second dimension retention times of peaks from identical pI fractions differed by less than 7s in six consecutive separations. Each 2D separation generated a total of 540 fractions which were analyzed by matrix assisted laser desorption ionization time of flight mass spectrometry (MALDI-TOF MS). We detected approximately 275 peptides and proteins with molecular masses ranging from 3 to 225kDa. Most fractions were found to contain multiple low and high molecular weight proteins. Differential display of 2D protein expression maps from retinol-sufficient and -deficient rat plasma samples identified a fraction with several proteins that appeared to be down-regulated in the vitamin A-deficient animal. Quantitative proteomic analysis of complex samples such as plasma is still a difficult task. We discuss the potential of this approach for biomarker discovery and address the experimental challenges that remain.
29.
A 2-D liquid-phase chromatography for proteomic analysis in plant tissues.

Pirondini A, Visioli G, Malcevschi A, Marmiroli N.

J Chromatogr B Analyt Technol Biomed Life Sci. 2006; 833(1): 91-100

Two-dimensional liquid chromatography based on a high-performance chromatofocusing in the first dimension followed by high-resolution reversed-phase chromatography in the second dimension can be used as a complementary approach to protein separation with two-dimensional gel electrophoresis. In this work, Arabidopsis thaliana proteins obtained from different tissue extracts were resolved by using a new automated system, ProteomeLab PF 2D commercialized by Beckman Coulter (Fullerton, CA, USA). In particular, protein patterns obtained after two different extraction procedures (MgSO4 and urea buffer) were compared. Reproducibility of the protein patterns was also confirmed in different injections of the same sample and in the comparative analyses of some proteins by MALDI-TOF/MS. Computer analysis of the chromatograms revealed that with this two-dimensional liquid phase technique, hundreds of "virtual bands" can be identified and compared in crude plant protein lysates.
28.
Proteomic analysis of mammalian basic proteins by liquid-based two-dimensional column chromatography
Yu-Kyong Shin, Hyoung-Joo Lee, Joon Seok Lee, Young-Ki Paik
Proteomics. 2006; 6(4): 1143-1150
To develop a standard method for separating highly basic proteins in mammalian cells, we established a 2-D LC separation system coupled with chromatofocusing/nonporous RP column chromatography (CF/NPRPC) in a ProteomeLab PF2D system. After standardizing conditions for 2-D LC, a 2-D liquid protein map of uninfected macrophage proteins with pH range 8.3-11.3 was constructed, and then compared with a macrophage protein map made after infection with Candida albicans. The results demonstrate that 2-D LC offers both high resolution and reproducibility for separation of highly basic, macrophage proteins. After protein identification using a nano 2-D LC-MS/MS Proteomics Solution System, quantitative determination of the changes in the differentially expressed proteins (e.g., galectin-3) in C. albicans-infected macrophages was also accomplished by measuring the peak area of the chromatogram in 2-D LC. The result from this measurement of galectin-3 expression shows a 3.41-fold decrease in the infected macrophage cells, which was further confirmed by that from the RT-PCR of mRNA of galectin-3. Thus, 2-D LC coupled with CF/NPRPC could be applicable to common analysis of highly basic proteins in a high-throughput manner.
27.
Integrating Cytomics and Proteomics
Tytus Bernas, Gérald Grégori, Eli K. Asem, and J. Paul Robinson
Mol Cell Proteomics. 2006; 5: 2-13

Systems biology along with what is now classified as cytomics provides an excellent opportunity for cytometry to become integrated into studies where identification of functional proteins in complex cellular mixtures is desired. The combination of cell sorting with rapid protein-profiling platforms offers an automated and rapid technique for greater clarity, accuracy, and efficiency in identification of protein expression differences in mixed cell populations. The integration of cell sorting to purify cell populations opens up a new area for proteomic analysis. This article outlines an approach in which well defined cell analysis and separation tools are integrated into the proteomic programs within a core laboratory. In addition we introduce the concepts of flow cytometry sorting to demonstrate the importance of being able to use flow cytometry as a cell separation technology to identify and collect purified cell populations. Data demonstrating the speed and versatility of this combination of flow cytometry-based cell separation and protein separation and subsequent analysis, examples of protein maps from purified sorted cells, and an analysis of the overall procedure will be shown. It is clear that the power of cell sorting to separate heterogeneous populations of cells using specific phenotypic characteristics increases the power of rapid automated protein separation technologies.
26.
Large Scale Protein Profiling by Combination of Protein Fractionation and Multidimensional Protein Identification Technology (MudPIT)

Emily I. Chen, Johannes Hewel, Brunhilde Felding-Habermann and John R. Yates III

Mol Cell Proteomics. 2006; 5(1):53-56

In the past decade, shotgun proteomic analysis has been utilized extensively to answer complex biological questions. New challenges arise in large scale proteomic profiling when dealing with complex biological mixtures such as the mammalian cell lysate. In this study, we explored the approach of protein separation prior to the shotgun multidimensional protein identification technology (MudPIT) analysis. We fractionated the mammalian cancer cell lysate using the PF 2D ProteomeLab system and analyzed the distribution of molecular weight, isoelectric point, and cellular localization of the eluted proteins. As a result, we were able to reduce sample complexity by protein fractionation and increase the possibility of detecting proteins with lower abundance in the complex protein mixture.
25.
Top Down Mass Spectrometry of <60-kDa Proteins from Methanosarcina acetivorans Using Quadrupole FTMS with Automated Octopole Collisionally Activated Dissociation
Steven M. Patrie, Jonathan T. Ferguson, Dana E. Robinson, Dave Whipple, Michael Rother, William W. Metcalf, and Neil L. Kelleher
Mol Cell Proteomics. 2006; 5: 14-25.

A fragmentation geometry based upon axial acceleration of m/z-selected protein ions into a linear octopole ion trap allowed simultaneous production and external accumulation of fragment ions prior to m/z measurement in a FT mass spectrometer. Improved dynamic range resulting from this octopole collisionally activated dissociation resulted in a 2.5x increase in experimental throughput and a 2x increase in fragment ion matches to gene products identified and characterized in the top down fashion. The acceleration voltage for optimal fragmentation has a m/z and mass dependence, knowledge of which facilitated an automated platform for top down MS/MS on a quadrupole FT hybrid mass spectrometer. Controlled by improved software for data acquisition (e.g. using dynamic exclusion of previously identified species), automated octopole collisionally activated dissociation of samples fractionated using chromatofocusing and reversed-phase liquid chromatography achieved a significant increase in protein identification rate versus previous benchmarks. Also a batch analysis version of ProSight PTM facilitated probability-based identification of intact proteins obtained in a higher throughput fashion. In total, 101 unique proteins (5–59 kDa) were identified from whole cell lysates of Methanosarcina acetivorans grown anaerobically, including the characterization of several mispredicted start sites and biologically relevant mass discrepancies.
24.
Classification of Cancer Cell Lines Using an Automated Two-dimensional Liquid Mapping Method with Hierarchical Clustering Techniques.

Wang Y, Wu R, Cho KR, Shedden KA, Barder TJ, Lubman DM
Mol Cell Proteomics. 2006, 5(1):43-52

A two-dimensional liquid mapping method was used to map the protein expression of eight ovarian serous carcinoma cell lines and three immortalized ovarian surface epithelial cell lines. Maps were produced using pI as the separation parameter in the first dimension and hydrophobicity based upon reversed-phase HPLC separation in the second dimension. The method can be reproducibly used to produce protein expression maps over a pH range from 4.0 to 8.5. A dynamic programming method was used to correct for minor shifts in peaks during the HPLC gradient between sample runs. The resulting corrected maps can then be compared using hierarchical clustering to produce dendrograms indicating the relationship between different cell lines. It was found that several of the ovarian surface epithelial cell lines clustered together, whereas specific groups of serous carcinoma cell lines clustered with each other. Although there is limited information on the current biology of these cell lines, it was shown that the protein expression of certain cell lines is closely related to each other. Other cell lines, including one ovarian clear cell carcinoma cell line, two endometrioid carcinoma cell lines, and three breast epithelial cell lines, were also mapped for comparison to show that their protein profiles cluster differently than the serous samples and to study how they cluster relative to each other. In addition, comparisons can be made between proteins differentially expressed between cell lines that may serve as markers of ovarian serous carcinomas. The automation of the method allows reproducible comparison of many samples, and the use of differential analysis limits the number of proteins that might require further analysis by mass spectrometry techniques.
23.
Multidimensional Liquid Chromatography Separation of Intact Proteins by Chromatographic Focusing and Reversed Phase of the Human Serum Proteome: Optimization and Protein Database
Simon Sheng, Dawn Chen, and Jennifer E. Van Eyk
Mol Cell Proteomics, 2006; 5: 26-34

In biomarker discovery, the detection of proteins with low abundance in the serum proteome can be achieved by optimization of protein separation methods as well as selective depletion of the higher abundance proteins such as immunoglobins (e.g. IgG) and albumin. A relative newcomer to the proteomic separation arena is the commercial instrument PF2D from Beckman Coulter that separates proteins in the first dimension using chromatofocusing followed in line by reversed phase chromatography in the second dimension, thereby separating intact proteins based on pI and hydrophobicity. In this study, assessment and optimization of serum separation (undepleted serum and albumin-IgG-depleted serum) by the PF2D is presented. Protein databases were created for serum obtained from a healthy individual under traditional and optimized methods and under different sample preparation protocols. Separation of the doubly depleted serum using the PF2D with 20% isopropanol present in the first dimension running buffer allowed us to unambiguously identify 150 non-redundant serum proteins (excluding all immunoglobulin and albumin, a minimum of two peptide matches with acceptable Mascot score) in which 81 have not been identified previously in serum. Among them, numerous cellular proteins were identified to be specifically the skeletal muscle isoform, such as skeletal muscle fast twitch isoforms of troponin T, myosin alkali light chain 1, and sarcoplasmic/endoplasmic reticulum calcium ATPase. The detection of specific skeletal muscle protein isoforms in the serum from healthy individuals reflects the physiological turnover that occurs in skeletal muscle, which will have an impact on the ability to use generic "cellular" proteins as biomarkers without further characterization of the precise isoforms or post-translational modifications present.
22.
Analysis of Glioma Cell Platinum Response by Metacomparison of Two-dimensional Chromatographic Proteome Profiles
Christine Billecke, Imran Malik, Ashley Movsisyan, Syed Sulghani, Azita Sharif, Tom Mikkelsen, Nicholas P. Farrell, and Oliver Bögler
Mol Cell Proteomics, 2006; 5: 35-42

Successful clinical development of cancer treatments is aided by the development of molecular markers that allow the identification of patients likely to respond. In the case of broadly cytotoxic drugs, such as the multinuclear series of platinum chemotherapeutic agents that we are evaluating for the treatment of glioma, one route to marker identification is proteomic profiling. We are using the two-dimensional chromatography system, the ProteomeLab PF2D, to compare proteomic profiles of glioma cells in culture before and after drug treatment. The existing software tools allowed the rapid identification of peaks increased by treatment of a given drug as compared with control untreated cells. To compare across these pairs, we developed new software, called the MetaComparison Tool (MCT). The MCT uses the chromatographic characteristics of peaks as identifiers, an approach that was validated by mass spectrometry of two independent isolations of a peak, from cells that were treated with two different platinum compounds. The MCT made it possible to rapidly query whether a given peak responded to more than one treatment and so allowed the identification of peaks that were specific to a given drug. As a result, this analysis greatly reduced the list of peaks whose isolation and downstream analysis by mass spectrometry is warranted, accelerating the search for protein markers of response.
21.
Separation of human serum proteins using the Beckman-Coulter PF2D system: analysis of ion exchange-based first dimension chromatography.

Isabella Levreri, Luca Musante, Andrea Petretto, Maurizio Bruschi, Giovanni Candiano, Giovanni Melioli

Clin Chem Lab Med, 2005; 43(12): 1327-33.

The ProteomeLab PF2D protein fractionation system is a rapid, semi-automated, 2 D-HPLC instrument that uses two different methods to separate plasma serum proteins: ion-exchange chromatography using a wide pH range in the first dimension, and non-porous reverse-phase chromatography in the second dimension. Because this methodology has only very recently been introduced in proteomic laboratories, little is known about the characteristics of PF2D fractionation of human serum proteins. To evaluate the system's application in a clinical laboratory setting, the characteristics of the ion-exchange chromatography-based separation were analyzed. Following fractionation of human serum proteins on a linear pH gradient (ranging from 8.0 to 4.0), each fraction was collected in a cool module of the instrument. Different fractions obtained from the first dimension were then pooled together and loaded on classic 2D gel electrophoresis instrumentation. The different spots obtained were then checked against the Swiss-Prot Data-base. A total of 36 human serum proteins were identified in different PF2D-generated fractions. Some important features of the separation system were observed. Different eluted fractions contained different proteins, thus demonstrating the reliability of the fractionation system. The proteins were also fractionated according to the theoretical isoelectric point (pI). This was consistent with the evidence that the vast majority of immunoglobulins, characterized by an alkaline pI, were not retained by the column and were eluted in the unbound fraction. This outcome also underlines a practical advantage: fractions eluted from pH 8 to pH 4 contained virtually immunoglobulin-depleted serum proteins. This finding supports an immediate use of the PF2D system in a clinical setting, where abundant proteins should be clearly identified to enable evaluation of other less abundant, but potentially relevant, species.
20.
Multidimensional Fractionation of the Bovine Skeletal Muscle Proteome with the PF 2D and MS analysis

Ingrid D. Cruzado-Park, Edna Betgovargez, Chitra Ratnayake and Michael H. Simonian

Journal of Biomolecular Techniques, 2005; 16: 311–315

The ultimate goal of proteomics is to understand complex biological systems. The first step toward this end is the discovery of protein differences by profiling a given proteome. One approach to proteome profiling is to fractionate it into intact proteins, with subsequent identification and quantitation. In this work, lysates of bovine skeletal muscle were prepared. Reproducible proteome profiles were generated by an automatic two-dimensional protein fractionation system. Proteins were separated by isoelectric point and then by hydrophobicity. The data collected from both separations were used to generate proteome profiles. A high protein content fraction with pl above 8.5 was digested with trypsin, and its main protein component was identified as lysozyme C by matrix assisted laser desorption/ionization-time of flight mass spectrometry.
19.
Characterization of Proteins in the Human Serum Proteome

Edna Betgovargez, Vita Knudson, and Michael H. Simonian

Journal of Biomolecular Techniques, 2005; 16: 306–310

The purpose of this study was to develop techniques for identifying cancer biomarkers in human serum using differential in-gel electrophoresis (DIGE), and characterizing the protein biomarkers using tandem mass spectrometry (MS/MS). A major problem in profiling protein expression by DIGE comes from the presence of high concentrations of a small number of proteins. Therefore, serum samples were first chromatographed using an immunoaffinity HPLC column (Agilent Technologies), to selectively remove albumin, immunoglobulins, transferrin, haptoglobin, and antitrypsin. Serum samples from three individuals with pancreatic cancer and three individuals without cancer were compared. Serum samples were processed using the immunoaffinity column. Differential protein analysis was performed using DIGE. A total of 56 protein spot-features were found to be significantly increased and 43 significantly decreased in cancer serum samples. These spot features were excised, trypsin digested, and analyzed by MALDI/TOF/TOF (4700 Proteomics Analyzer, Applied Biosystems). We identified 24 unique proteins that were increased and 17 unique proteins that were decreased in cancer serum samples. Western blot analysis confirmed increased levels of several of these proteins in the pancreatic cancer serum samples. In an independent series of serum samples from 20 patients with pancreatic cancer and 14 controls, increased levels of apolipoprotein E, alpha-1-antichymotrypsin, and inter-alpha-trypsin inhibitor were found to be associated with pancreatic cancer. These results suggest that affinity column enrichment and 2-D DIGE can be used to identify numerous proteins differentially expressed in serum from individuals with pancreatic cancer.

18.
Precise and Parallel Characterization of coding Polymorphisms, Alternative Splicing, and Modifications in Human Proteins by Mass Spectrometry.

Michael J. Roth, Andrew J. Forbes, Michael T Boyne II, Yong-Bin Kim, Dana R. Robinson and Neil L. Kelleher.

Molecular and Cellular Proteomics, 2005; 5: 1002

The human proteome is a highly complex extension of the genome wherein a single gene often produces distinct protein forms due to alternative splicing, RNA editing, polymorphisms, and posttranslational modifications. Such biological variation compounded by the high sequence identity within gene families currently overwhelms the complete and routine characterization of mammalian proteins by MS. A new data base of human proteins (and their possible variants) was created and searched using tandem mass spectrometric data from intact proteins. This first application of top down MS/MS to wild-type human proteins demonstrates both gene-specific identification and the unambiguous characterization of multifaceted mass shifts (Deltam values). Such Deltam values found from the precise identification of 45 protein forms from HeLa cells reveal 34 coding single nucleotide polymorphisms, two protein forms from alternative splicing, and 12 diverse modifications (not including simple N-terminal processing), including a previously unknown phosphorylation at 10% occupancy. Automated protein identification was achieved with a median expectation value of 10(-13) and often occurred simultaneously with dissection of diverse sources of protein variability as they occur in combination. Top down MS therefore has a bright future for enabling precise annotation of gene products expressed from the human genome by non-mass spectrometrists.

17.
Protein pI Shifts due to Post-translational Modifications in the Separation and characterization of Proteins.

Kan Zhu, Jia Zhao and David M. Lubman, Fred R. Miller and Timothy J. Barder

Anal. Chem., 2005; 77: 2745-2755

Proteins from breast cancer cell lines are characterized using a 2-D liquid separation technique in which protein pI is used as the first-dimension separation parameter. To effect this protein pI separation, chromatofocusing(CF) is employed whereby a pH gradient is generated on-column using a weak anion exchange medium with the intact proteins fractionated and collected every 0.2 pH unit. It is demonstrated that the pI for expressed intact proteins as generated by CF is an important parameter for identification and characterization of the actual protein modifications occurring in the cancer cell. For most proteins, the experimentally determined pI is very close to that predicted by the databases. In other cases, however, where the pI is observed to be shifted from the expected value, it is shown that this shift is often correlated to protein modifications. The modifications that cause such shifts include truncations and deletions often observed in cancer cells or phosphorylations that can shift the pI by several pH units. It is also shown that the effects of phosphorylation on the observed shift can vary depending upon the protein and the amount of phosphorylation. Moreover, large changes in the pI are often observed for proteins with a pI above 7.0 upon phosphorylation, whereas little change is observed for proteins with a pI of approximately 5.0. The expressed protein's pI value thus becomes an important parameter together with the intact MW value, peptide map, and MS/MS results for identification of the presence and type of posttranslational modifications occurring in the cancer cell.

16.
Mass Mapping of cancer cell Lysates using two-dimensional liquid separations, electrospray-time of flight-mass spectrometry, and automated data processing.

Nathan S. Buchanan, Rick L. Hamler, Peter E. Leopold, Fred R. Miller and David M. Lubman

Electrophoresis, 2005; 26: 248-256

Intact protein masses from immortal, nontransformed MCF10A, a human breast epithelial cell line, and its malignant derivative MCF10CA1a.cl1 have been mapped using a combination of all-liquid separations and automated data interpretation. Preparative liquid isoelectric focusing combined with nonporous silica reverse-phase high-performance liquid chromatography allows efficient separation of a large number of proteins in complex mixtures such as whole-cell lysates. Molecular weight determination of these proteins is achieved using electrospray-time of flight-mass spectrometry, however, manual data analysis for these separations is both complex and time-consuming. Protein mass mapping can be significantly enhanced by automating deconvolution functions typically performed manually, with resulting reductions in hands-on analysis time from 20-30 h per chromatogram to approximately 15 min. This reduction in analysis time allows for rapid screening of cancer cell lines for potential biomarkers over a wider pI range than would otherwise be possible.

15.
Protein Fingerprints of anti-cancer effects of cyclin-dependent Kinase inhibition: Identification of candidate biomarkers using 2D Liquid Phase Separation coupled to Mass Spectrometry.

Helena Skalnikova, Petr Halada, Petr Dzubak, Marian Hajduch and Hana Kovarova

Technology in Cancer Research & Treatment, 2005; 4: 1

The purpose of this study was to apply a recently introduced proteomic based approach to identify candidate biomarkers of the response to anticancer activity of cyclin-dependent kinase inhibitor, bohemine. Mapping of the total protein expression of CEM lymphoblastic leukemia cells following bohemine treatment was performed by 2-D liquid phase separation. Proteins were fractionated by isoelectric points in pH gradient in the first dimension and each of these pI protein fractions was further separated by hydrophobicity using non-porous silica reverse phase chromatography in the second dimension. 2-D protein expression maps of control untreated and bohemine treated cells were generated and inter-sample comparison was performed. Most of the differentially expressed proteins were present at a decreased level after bohemine treatment while there were four proteins, which were up regulated. These proteins representing candidate biomarkers of cancer cell response to the treatment were selected for identification by mass spectrometry. Our results demonstrating down regulation of three histone variants, different in their pI and hydrophobicity, in response to bohemine indicated that anti-mitotic and anti-cancer activities of this compound may be associated with epigenetic regulation at the level of chromatin structure. Furthermore, crk-like adaptor scaffolding protein represents a new important protein family affected by bohemine. This strategy is valuable for comprehensive proteomic analysis of cellular protein targets and pathways that are relevant to anticancer activity of cyclin-dependent kinase inhibition.
14.
Proteome profile of human urine with two-dimensional liquid phase fractionation

Monica Soldi, Cecilia Sarto, Christina Valsecchi, Fulvio Magni, Vanessa Proserpio, Davide Ticozzi and Paolo Mocarelli

Proteomics, 2005; 5: 2641-2647

Two-dimensional liquid chromatography separation (2-DL), based on chromatofocusing for first dimension and hydrophobicity for second, can be used as a complementary method to two-dimensional gel electrophoresis (2-DE). A platform now available, ProteomeLab PF 2D provided by Beckman Coulter, (Fullerton, CA, USA), assembles these methods in automation. This system was applied to resolve large numbers of urine proteins. Reproducibility and sensitivity in protein resolution were evaluated in this study using urines collected from male blood donors. About 1000 peaks were detected at a pH range of 4.0-8.5 by applying 1 mg of proteins. Furthermore, the same fractions showing peaks with high absorbance intensities in second dimension were collected and subjected to matrix-assisted laser desorption/ionization-time of flight/mass spectrometry analysis for identification. The results showed that the 2-DL provides high reproducibility of two-dimensional protein map, and lends fractions to subsequent mass spectrometry analysis without the further need for extraction or solubilization of samples as required for spots excised from 2-DE gels. In addition, this system also allows to separate particularly proteins with 40-9 kDa molecular weight.
13.
Comparison of alternative analytical techniques for the characterization of the human serum proteome in HUPO Plasma Proteome Project.

Xiaohai Li, Yan gong, Ying Wang, Songfeng Wu, Yun Cai, Ping He, Zhuang Lu, Wantao Ying, Yangjun Zhang, Liyan Jiao, Hongzhi He, Zisen Zhang, Funchu He, Xiaohang Zhao and Xiaohong Qian

Proteomics, 2005; 5: 3423-3441

Based on the same HUPO reference specimen (C1-serum) with the six proteins of highest abundance depleted by immunoaffinity chromatography, we have compared five proteomics approaches, which were (1) intact protein fractionation by anion-exchange chromatography followed by 2-DE-MALDI-TOF-MS/MS for protein identification (2-DE strategy); (2) intact protein fractionation by 2-D HPLC followed by tryptic digestion of each fraction and microcapillary RP-HPLC/microESI-MS/MS identification (protein 2-D HPLC fractionation strategy); (3) protein digestion followed by automated online microcapillary 2-D HPLC (strong cation-exchange chromatography (SCX)-RPC) with IT microESI-MS/MS; (online shotgun strategy); (4) same as (3) with the SCX step performed offline (offline shotgun strategy) and (5) same as (4) with the SCX fractions reanalysed by optimised nanoRP-HPLC-nanoESI-MS/MS (offline shotgun-nanospray strategy). All five approaches yielded complementary sets of protein identifications. The total number of unique proteins identified by each of these five approaches was (1) 78, (2) 179, (3) 131, (4) 224 and (5) 330 respectively. In all, 560 unique proteins were identified. One hundred and sixty-five proteins were identified through two or more peptides, which could be considered a high-confidence identification. Only 37 proteins were identified by all five approaches. The 2-DE approach yielded more information on the pI-altered isoforms of some serum proteins and the relative abundance of identified proteins. The protein prefractionation strategy slightly improved the capacity to detect proteins of lower abundance. Optimising the separation at the peptide level and improving the detection sensitivity of ESI-MS/MS were more effective than fractionation of intact proteins in increasing the total number of proteins identified. Overall, electrophoresis and chromatography, coupled respectively with MALDI-TOF/TOF-MS and ESI-MS/MS, identified complementary sets of serum proteins.

12.
Polyanions and the Proteome

LaToya S. Jones, Brian Yazzie, and C. Russell Middaugh

Mol Cell Proteomics. 2004; 3(8): 746-769

The behavior of the proteome reflects spatial and temporal organization both within and without cells. We propose that various macromolecular entities possessing polyanionic character such as proteoglycans, lipid bilayer surfaces, microtubules, microfilaments, and polynucleotides may provide a functional network that mediates a variety of cellular phenomena. The interaction of proteins with this array of polyanions is characterized by a lower degree of specificity than seen with most commonly recognized macromolecular interactions. In this commentary, potential roles for this polyanion network in diverse functions such as protein/protein interactions, protein folding and stabilization, macromolecular transport, and various disease processes are all considered, as well as the use of polyanions as therapeutic agents. The role of small polyanions in the regulation of protein/polyanion interactions is also postulated. We provide preliminary experimental analysis of the extent to which proteins interact with polyanions inside cells using a combination of two-dimensional chromatographic and electrophoretic methods and antibody arrays. We conclude that many hundreds to thousands of such interactions are present in cells and argue that future understanding of the proteome will require that the "polyanion world" be taken into account.
11.
Comprehensive proteome analysis of ovarian cancers using liquid phase separation, mass mapping and tandem mass spectrometry: A strategy for identification of candidate cancer biomarkers

Haixing Wang, Maureen T. Kachman, Donald R. Schwartz, Kathleen R, Cho and David M. Lubman

Proteomics, 2004; 4: 2476-2495

A two-dimensional (2-D) liquid phase separation method, liquid isoelectric focusing followed by nonporous reversed-phase high performance liquid chromatography (HPLC), was used to separate proteins from human ovarian epithelial whole cell lysates. HPLC eluent was interfaced on-line to an electrospray ionization (ESI) time of flight (TOF) mass spectrometer to obtain accurate intact protein molecular weights (Mr). 2-D protein expression maps were generated displaying protein isoelectric point (pI) versus intact protein Mr. Resulting 2-D images effectively displayed quantitative differential protein expression in ovarian cancer cells versus non-neoplastic ovarian epithelial cells. Protein peak fractions were collected from the HPLC eluent, enzymatically digested, and analyzed by matrix-assisted laser desorption/ionization (MALDI) TOF-mass spectrometry (MS) peptide mass fingerprinting and by MALDI-quadrupole TOF tandem mass spectrometry peptide sequencing. Interlysate comparisons of differential protein expression between two ovarian adenocarcinoma cell lines, ES2 and MDAH-2774, and ovarian surface epithelial cells was performed. Five pI fractions from each sample were selected for comparative study and over 300 unique proteins were positively identified from the 2-D liquid expression maps using MS, which covered around 60% of proteins detected by on-line ESI-TOF-MS. This represents one of the most comprehensive proteomic analyses of ovarian cancer samples to date. Protein bands with significant up- or down-regulation in one cell line versus another as viewed in the 2-D expression maps were identified. This strategy may prove useful in identifying novel ovarian cancer marker proteins.
10.
Narrow-band fractionation of proteins from whole cell Lysates using Isoelectric membrane focusing and non porous reversed-phase separations.

Yi Zhu and David M. Lubman

Electrophoresis, 2004; 25: 949-958

Preparative isoelectric focusing (PIEF) is used to achieve narrow-band fractionation of proteins from whole cell lysates of Escherichia coli (E. coli). Isoelectric membranes create well-defined pH ranges that fractionate proteins by isoelectric point (pI) upon application of an electric potential. A commercial IsoPrime device (Amersham-Pharmacia BioTech) is modified for the PIEF separation to lessen run volumes significantly. Two-dimensional polyacrylamide gel electrophoresis (2-D PAGE) analysis of chamber contents indicates that excellent pH fractionation is achieved with little overlap between chambers. PIEF pH fractions are further separated using nonporous reversed-phase high-performance liquid chromatography (NPS-RP-HPLC) and HPLC eluent is analyzed on-line by electrospray ionization-time of flight-mass spectrometry (ESI-TOF-MS) for intact protein molecular weight (MW) analysis. The result is a pI versus MW map of bacterial protein content. IEF fractionation down to 0.1 pH units combined with intact protein MW values result in a highly reproducible map that can be used for comparative analysis of different E. coli strains.

9.
Identification of metastasis-associated proteins in a human tumor metastasis model using the mass-mapping technique.

Paweena Kreunin, Virginia Urquidi, David M. Lubman and Steve Goodison

Proteomics, 2004; 4: 2754

For most cancer cell types, the acquisition of metastatic ability leads to clinically incurable disease. The identification of molecules whose expression is specifically correlated with the metastatic spread of cancer would facilitate the design of therapeutic interventions to inhibit this lethal process. In order to facilitate metastasis gene discovery we have previously characterized a pair of monoclonal cell lines from the human breast carcinoma cell line MDA-MB-435 that have different metastatic phenotypes in immune-compromised mice. In this study, serum-free conditioned media was collected from the cultured monoclonal cell lines and a mass mapping technique was applied in order to profile a component of each cell line proteome. We utilized chromatofocusing in the first dimension to obtain a high resolution separation based on protein pI, and nonporous silica reverse-phase high performance liquid chromatography was used for the second dimension. Selected proteins were identified on the basis of electrospray ionization time of flight mass spectrometry (ESI-TOF MS) intact protein mapping and matrix-assisted laser desorption/ionization time of flight mass spectrometry (MALDI-TOF MS) peptide mass fingerprinting. Using this approach we were able to map over 400 proteins and plot them as a 2-D map of pI versus accurate M(r). This was performed over a pI range of 4.0-6.2, and a mass range of 6-80 kDa. ESI-TOF MS data and further analysis using MALDI-TOF MS confirmed and identified 27 differentially expressed proteins. Proteins associated with the metastatic phenotype included osteopontin and extracellular matrix protein 1, whereas the matrix metalloproteinase-1 and annexin 1 proteins were associated with the non-metastatic phenotype. These findings demonstrate that the mass mapping technique is a powerful tool for the detection and identification of proteins in complex biological samples and which are specifically associated with a cellular phenotype.

8.
A two-dimensional liquid-phase separation method coupled with mass spectrometry for proteomic studies of breast cancer and biomarker identification.

Rick L. Hamler, Kan Zhu, Nathan S. Buchanan, Paweena Kreunin, Maureen T. Kachman, Fred R. Miller and David M. Lubman

Proteomics, 2004; 4: 562-577

A two-dimensional liquid-phase separation scheme coupled with mass spectrometry (MS) is presented for proteomic analysis of cell lysates from normal and malignant breast epithelial cell lines. Liquid-phase separations consist of isoelectric focusing as the first dimension and nonporous silica reverse-phase high-performance liquid chromatography (NPS-RP-HPLC) as the second dimension. Protein quantitation and mass measurement are performed using electrospray ionization-time of flight MS (ESI-TOF MS). Proteins are identified by peptide mass fingerprinting using matrix-assisted laser desorption ionization-time of flight MS (MALDI-TOF MS) and MALDI-quadrupole time of flight (QTOF)-tandem mass spectrometry (MS/MS). Two pH regions with 50-60 unique proteins in each pH range were chosen for analysis. Mass maps were created that allowed visualization of protein quantitation differences between normal and malignant breast epithelial cells. Of the approximately 110 unique proteins observed from mass mapping experiments over the limited pH range, 40 (36%) were positively identified by peptide mass fingerprinting and assigned to bands in the mass maps. Of these 40 proteins, 22 were more highly expressed in one or more of the malignant cell lines. These proteins represent potential breast cancer biomarkers that could aid in diagnosis, therapy, or drug development.

7.
Tackling the plant proteome: practical approaches, hurdles and experimental tools

Jocelyn K.C. Rose, Sajid Bashir, James J. Giovannoni, Molly M. Jahn and Ramu Subramanian Saravanan

The Plant Journal, 2004; 39: 715–733

The study of complex biological questions through comparative proteomics is becoming increasingly attractive to plant biologists as the rapidly expanding plant genomic and expressed sequence tag databases provide improved opportunities for protein identification. This review focuses on practical issues associated with comparative proteomic analysis, including the challenges of effective protein extraction and separation from plant tissues, the pros and cons of two-dimensional gel-based analysis and the problems of identifying proteins from species that are not recognized models for functional genomic studies. Specific points are illustrated using data from an ongoing study of the tomato and pepper fruit proteomes.

6.
Two dimensional liquid chromatography protein expression mapping for differential proteomic analysis of normal and O157:H7 Eschirichia Coli

Suping Zheng, Kimberly A. Schneider, Timothy J. Barder and David M. Lubman

Biotechniques, 2003; 35: 1202-1212

A multidimensional chromatographic method has been applied for the differential analysis of proteins from different strains of Escherichia coli bacteria. Proteins are separated in the first dimension using chromatofocusing (CF) and further separated by nonporous reversed-phase high-performance liquid chromatography (NPS-RP-HPLC) in the second dimension. A 2-dimensional (2-D) expression map of bacterial protein content is created for virulent O157:H7 and nonvirulent E. coli strains depicting protein isoelectric point (pI) versus protein hydrophobicity. Differentially expressed proteins are further characterized using electrospray/ionization time-of-flight mass spectrometry (ESI-TOF-MS) for intact protein molecular weight (MW) determination and matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS) peptide mass fingerprinting for protein identification. Using this method, no significant differential protein expression is exhibited between the two O157:H7 strains examined over a pH range of 4.0-7.0, and O157:H7 strains could be distinguished from nonvirulent E. coli. Several proteins differentially expressed between O157:H7 and nonvirulent E. coli are identified as potential markers for detection and treatment of O157:H7 infection.
5.
A Comparison of Drug-Treated and Untreated HCT-116 Human colon Adenocarcinoma Cells Using a 2-D Liquid Separation Mapping Method Based upon Chromatofocusing pI Fractionation.

Fang Yan, Balanehru Subramanian, Alexander Nakeff, Timothy J. Barder, Steven J. Parus and David M. Lubman

Anal. Chem., 2003; 75: 2299-2308

A multidimensional chromatographic 2-D liquid-phase separation method has been developed for differential display of proteins from cell lysates and applied to a comparison of protein expression between Peninsularinone-treated and untreated HCT-116 human colon adenocarcinoma cells. The method involves fractionation according to pI using chromatofocusing with analytical columns in the first dimension followed by separation of the proteins in each pI fraction using nonporous reversed-phase HPLC. A 2-D map of the protein content of each cell line based upon pI versus hydrophobicity as detected by UV absorption was generated and a differential display map indicating the presence of up- or downregulated proteins displayed using ProteoVue and DeltaVue software. Using this method, > 1000 protein bands could be detected in 0.2 pH fractions over a pH range of 4-7. In addition, the liquid eluent from the separation was directed on-line into an electrospray TOF-MS to obtain an accurate molecular weight of the intact proteins. An accurate molecular weight together with the peptide map was used to obtain protein identification using database searching. The method has been shown to have high reproducibility for quantitative differential display analysis of interlysate comparisons, generation of accurate protein identifications, and ease of data interpretation. It has been used herein to identify proteins that change as a function of drug treatment. The relative simplicity of the current procedure and the potential for full automation will make this technique an essential tool in future proteomic studies.

4.
Protein Microarrays using liquid phase fractionation of cell Lysates

Fang Yan, Arun Sreekumar, Bharathi Laxman, Arul M. Chinnalyan, David M. Lubman

and Timothy J. Barder

Proteomics, 2003; 3: 1228-1235

We describe an approach in which protein microarrays are produced using a two-dimensional (2-D) liquid phase fractionation of cell lysates. The method involves a pI-based fractionation using chromatofocusing in the first dimension followed by nonporous reversed-phase high-performance liquid chromatography (HPLC) of each pI fraction in the second dimension. This allows fractionation of cellular proteins in the liquid phase that could then be arrayed on nitrocellulose slides and used to study humoral response in cancer. Protein microarrays have been used to identify potential serum biomarkers for prostate cancer. It is shown that specific fractions are immunoreactive against prostate cancer serum but not against serum from healthy individuals. These proteins could serve as sero-diagnostic markers for prostate cancer. Importantly, this method allows for use of post-translationally modified proteins as baits for detection of humoral response. Proteins eliciting an immune response are identified using the molecular mass and peptide sequence data obtained using mass spectrometric analysis of the liquid fractions. The fractionation of proteins in the liquid phase make this method amenable to automation.

3.
High Sequence coverage of Proteins isolated from liquid Separations of breast cancer cells using capillary electrophoresis- time-of-flight MS and Maldi-TOF MS mapping

Kan Zhu, Jeongkwon Kim, Chul Yoo, Fred R. Miller and David M. Lubman

Anal. Chem., 2003; 75: 6209-6217

A method has been developed for high sequence coverage analysis of proteins isolated from breast cancer cell lines. Intact proteins are isolated using multidimensional liquid-phase separations that permit the collection of individual protein fractions. Protein digests are then analyzed by both matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) peptide mass fingerprinting and by capillary electrophoresis-electrospray ionization (CE-ESI)-TOF MS peptide mapping. These methods can be readily interfaced to the relatively clean proteins resulting from liquid-phase fractionation of cell lysates with little sample preparation. Using combined sequence information provided by both mapping methods, 100% sequence coverage is often obtained for smaller proteins, while for larger proteins up to 75 kDa, over 90% coverage can be obtained. Furthermore, an accurate intact protein MW value (within 150 ppm) can be obtained from ESI-TOF MS. The intact MW together with high coverage sequence information provides accurate identification. More notably the high sequence coverage of CE-ESI-TOF MS together with the MS/MS information provided by the ion trap/reTOF MS elucidates posttranslational modifications, sequence changes, truncations, and isoforms that may otherwise go undetected when standard MALDI-MS peptide fingerprinting is used. This capability is critical in the analysis of human cancer cells where large numbers of expressed proteins are modified, and these modifications may play an important role in the cancer process.

2.
A 2-D Liquid Separations/Mass Mapping Method for Interlysate Comparison of Ovarian Cancers

Maureen T. Kachman, Haixing Wang, Donald R. Schwartz, Kathleen R. Cho and David M. Lubman

Anal. Chem., 2002; 74: 1779-1791

A two-dimensional liquid phase separation of proteins from whole cell lysates coupled on-line to an electrospray-ionization time-of-flight (ESI-TOF) mass spectrometer (MS) is used to map the protein content of ovarian surface epithelial cells (OSE) and an ovarian carcinoma-derived cell line (ES2). The two dimensions involve the use of liquid isoelectric focusing as the first phase and nonporous silica reversed-phase HPLC as the second phase of separation. Accurate molecular weight (MW) values are then obtained upon the basis of ESI-TOFMS so that an image of isolectric point (pI) versus MW analogous to 2-D gel electrophoresis is produced. The accurate MW together with the pI fraction and corresponding hydrophobicity (%B) are used to tag each protein so that protein expression can be compared in interlysate studies. Each protein is also identified on the basis of matrix-assisted laser desorption-ionization (MALDI) TOFMS peptide mapping and intact MW so that a standard map is produced against which other cell lines can be compared. Quantitative changes in protein expression are measured in these interlysate comparisons using internal standards in the on-line ESI-TOFMS process. In the ovarian epithelial cell lines under study, it is shown that in the three pI fractions chosen for detailed analysis, over 50 unique proteins can be detected per fraction, of which 40% can be identified from web-based databases. It is also shown that when using an accurate MW to compare proteins in the OSE versus ovarian cancer sample, there are proteins highly expressed in cancer cells but not in normal cells. In addition, many of the proteins in the cancer sample appear to be down-regulated, as compared to the normal cells. This two-dimensional (2-D) liquid/mass mapping method may provide a means of studying proteins in interlysate comparisons not readily available by other methods.

1.
Two-Dimensional Liquid Separations-mass mapping of proteins from human Cancer cell Lysates

David M. Lubman, Maureen T. Cachman, Haixing Wang, Siyuan Gong, Fang Yan, Rick L. Hamler, Kimberly A. O’Neil, Kan Zhu, Nathan S. Buchanan and Timothy J. Barder

J. Chrom B, 2002; 782: 183-196

A review of two-dimensional (2D) liquid separation methods used in our laboratory to map the protein content of human cancer cells is presented herein. The methods discussed include various means of fractionating proteins according to isoelectric point (pI) in the first dimension. The proteins in each pI fraction are subsequently separated using nonporous (NPS) reversed-phase high-performance liquid chromatography (RP-HPLC). The liquid eluent of the RP-HPLC separation is directed on-line into an electrospray ionization time-of-flight (ESI-TOF) mass spectrometer where an accurate value of the protein intact M(r) can be obtained. The result is a 2D map of pI versus M(r) analogous to 2D gel electrophoresis; however the highly accurate and reproducible M(r) serves as the basis for interlysate comparisons. In addition, the use of liquid separations allows for the collection of hundreds of purified proteins in the liquid phase for further analysis via peptide mass mapping using matrix assisted laser desorption ionization TOF MS. A description of the methodology used and its applications to analysis of several types of human cancer cell lines is described. The potential of the method for differential proteomic analysis for the identification of biomarkers of disease is discussed.
