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Abstract: Reduction and alkylation of protein disulfides prior to IEF, when performed directly in a centrifugal ultrafiltration device, provides an effective means of terminating the alkylation reaction, concentrating the proteins for analysis, and removing ionic impurities that interfere with IEF. When cells were lysed in “buffers” that support the activity of enzymes such as lysozyme and benzonase, the conductivity of the resulting lysate was an order of magnitude higher than when lysis was induced by chaotropic urea detergent solutions. Following reduction and alkylation, the conductivity of both lysates was lowered by ultrafiltration to the 0.1-0.2 mS/cm range in preparation for IEF. The detergent 3-(4-heptyl)phenyl 3-hydroxypropyl dimethylammonio propanesulfonate (C7BzO), which favors the solubilization of proteins, but which interferes with SDS equilibration and second dimension PAGE, was effectively removed by ultrafiltration and exchanged with CHAPS without measurable loss of protein. Disparate protein patterns of Rhodopseudomonas palustris lysates were revealed by two-dimensional gel electrophoresis depending on which reagent was used to induce cell lysis. Keywords: acrylamide • alkylation • isoelectric focusing • pressure cycling technology • protein solubility • Rhodopseudomonas palustris • tributylphosphine • two-dimensional gel electrophoresis • ultrafiltration



Introduction Sample preparation is crucial to the success of twodimensional gel electrophoresis (2-DE). Frequently, cells are cultured in media enriched in salts that interfere with IEF. Phosphate is particularly problematic, since it is not effectively removed by acetone precipitation.1 The use of centrifugal ultrafiltration devices effectively removes these salts, lowers sample conductivity, and facilitates the concentration of proteins for downstream analyses. * To whom correspondence should be addressed. Pressure BioSciences, 321 Manley Street, West Bridgewater, MA, 02379 USA. Tel: (866) 779-7836. Fax: (781) 932-9294. E-mail: [email protected]. † Pressure BioSciences Inc. ‡ Proteome Systems Inc. § Millipore Corp. 10.1021/pr050439w CCC: $33.50
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For 2-DE, the reduction of protein disulfides must be followed by alkylation to prevent the spurious formation of mixed disulfides during IEF, as they may lead to the formation of unnatural adducts,2 and to prevent the desulfuration of cysteines that generate labile dehydro alanine residues that are susceptible to cleavage at the peptide bond.3 Iodoacetamide (IAA) is relatively inefficient as an alkylating agent. IAA may nonspecifically alkylate lysine and methionine residues in addition to cysteines, and may propagate apocryphal charge trains in two-dimensional gels. Further, IAA is rapidly consumed in the presence of thiourea4 and its activity is inhibited by SDS and CHAPS.5 Therefore, IAA is ineffective for alkylation during the SDS equilibration process that precedes second dimension PAGE. By comparison, vinyl monomers such as acrylamide and dimethylacrylamide do not react with methionine and the modification of lysines is a relatively rare event when the alkylation reaction is promptly terminated.6 Hamdan et al.7 reported that the reactivity of acrylamide with cysteine sulfhydryls was at least 2 orders of magnitude higher than with lysine NH2 when the reaction is terminated within a few hours. It is essential to scavenge, or remove completely, the acrylic monomer since increasing numbers of NH2 groups are alkylated if the reaction is allowed to proceed unchecked. Reduction can proceed simultaneously with alkylation when nonthiols such as tris(carboxyethyl)phosphine (TCEP) or tributylphosphine (TBP) are substituted for the more commonly used dithiols, which would otherwise scavenge the alkylating agent.8 Of possible consequence, Tris or other ionic species with a pKa that closely matches the pH at which alkylation is favored are frequently used to buffer these reactions, but these ions may interfere with downstream IEF.9 Therefore, reduction and alkylation performed directly in a centrifugal ultrafiltration device provides a vehicle for both terminating the alkylation reaction and removing ionic species that cause interference in IEF. Rhodopseudomonas palustris is a gram-negative phototropic bacterium and metabolically versatile microbe. The bacterium can grow in the presence or absence of oxygen. In response to environmental changes, it can engage in alternative metabolic processes for cellular respiration. R. palustris can degrade the aromatic compounds comprising lignin, the second most abundant polymer on earth. As such, it is being investigated for its potential in the removal of environmental pollutants. Journal of Proteome Research 2006, 5, 983-987
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Materials and Methods Materials. R. palustris was obtained from Oak Ridge National Laboratories (Oak Ridge, TN). The Barocycler NEP2017 pressure cycling instrument and corresponding processing containers (PULSE Tubes) were from Pressure BioSciences (West Bridgewater, MA). BugBuster Plus Reagent containing recombinant lysozyme and benzonase was obtained from EMD Biosciences (Madison, WI). C7BzO, CHAPS, and TBP were obtained from Sigma-Aldrich Chemical Co. (St. Louis, MO). Ultrafree-0.5 centrifugal ultrafiltration devices were obtained from Millipore Corporation (Billerica, MA). Bradford reagent and AG 501-X8 ion-exchange resin were obtained from BioRad (Hercules, CA). Conductivity was measured with a B-163 conductivity meter from Horiba Instruments (Kyoto, Japan). Immobilized pH gradients (IPGs), second dimension polyacrylamide gels, and ProteomIQ Blue colloidal Coomassie stain were obtained from Proteome Systems (Woburn, MA). The Progenesis Discovery and Editor image analysis software was obtained from Nonlinear Dynamics (Newcastle Upon Tyne, UK). Cell Lysis Using Pressure Cycling Technology. R. palustris cells were pelleted by centrifugation at 12 000 relative centrifugal forces (RCF) for five minutes and suspended at a density of 0.35 g cells/mL in distilled H2O. For each analysis, 0.57 mL of this suspension (∼200 mg cells) was pelleted by centrifugation. One sample was suspended in 1.5 mL of 7 M urea, 2 M thiourea, and 25 mM C7BzO (the C7BzO reagent). The other sample was mixed with 0.75 mL of 2X BugBuster Plus Reagent and the volume was adjusted to 1.5 mL with water. To lyse the cells, 1.5 mL of each sample was placed in a PULSE Tube and subjected to five pressure cycles in the Barocycler NEP2017. Each cycle consisted of 20 s at 35 000 PSI and 20 s at ambient pressure.10 For each cycle, the pressure reached 35 000 PSI in less than three seconds and returned to ambient in less than 1 s. The resulting lysates were immediately centrifuged at 12 000 RCF to pellet cellular debris. The BugBuster reagent yielded approximately four times more insoluble material than the C7BzO reagent. Reduction and Alkylation. A 0.1 mL aliquot of each supernatant was mixed with 0.4 mL of 7 M urea, 2 M thiourea, and 65 mM CHAPS (the CHAPS reagent) in an Ultrafree 0.5 mL centrifugal ultrafiltration device (Figure 1) with 10 kDa MW cutoff. Following the addition of 40 mM Tris, 5 mM TBP, and 10 mM acrylamide, the devices were incubated 2 h with slow continuous tube inversions. No leakage of sample into the filtration tube was observed. Ultrafiltration. To terminate the alkylation reaction, the Ultrafree devices were centrifuged at 10 000 RCF for 10 min or until a retentate volume of approximately 0.1 mL was obtained. Then 0.4 mL of CHAPS reagent that was ion-exchanged with AG 501-X8 resin was added and centrifugation was continued until a retentate volume of approximately 0.1 mL was again obtained. This process was repeated to ensure the complete removal of Tris, TBP, and acrylamide monomer. Each retentate was transferred to a tared 1.5 mL polypropylene tube, positioned on an analytical balance with a Styrofoam block. The membrane of each Ultrafree device was rinsed with 0.1 mL of CHAPS reagent, and this rinse was combined with its respective retentate. Sample volumes were adjusted to 0.4 mL by adding CHAPS reagent to obtain the appropriate weight (d ) 1.12 g/L, 0.4 mL ) 0.448 g). For normalizing multiple samples, volumes adjusted by weight had a 1.1% coefficient of variation (n ) 10), comparable to the accuracy of a standard pipet. 984
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Figure 1. Diagram of the Ultrafree 0.5 mL centrifugal filtration device. The maximum volume that can be applied is 0.5 mL (although larger volumes can be processed by multiple applications). The minimum retention volume is 0.02 mL.



IEF and 2DGE. Dried IPG strips (110 × 3 × 0.3 mm) were hydrated with 0.2 mL of each sample for 4 h prior to IEF for 100 kVh as described.11 IPGs were equilibrated (2 × 10 min in Tris-acetate pH 7.0 containing 100 mM SDS, 3 M urea, and 0.01% phenol red) prior to running the second dimension PAGE on 6-15% polyacrylamide gradient gels (140 × 100 × 1 mm). Gels were 112 mM Tris-acetate pH 7.0 and contained no SDS. Electrolyte was 50 mM Tris, 50 mM Tricine, and 35 mM SDS pH 8.3. Following electrophoresis, the gels were stained with ProteomIQ Blue colloidal Coomassie stain.12



Results and Discussion BugBuster and C7BzO reagents produced lysates of similar protein concentration, 3.5 and 4.1 mg/mL respectively, as determined by a Bradford assay. The pronounced purple coloration of the BugBuster lysate was indicative of the release of intracellular pigment, presumably bacteriochlorophyll. However, this pigment was largely insoluble and was removed by centrifugation. Residual pigment, not pelleted by centrifugation, accumulated on the membrane of the centrifugal ultrafiltration device resulting in longer filtration times for the BugBuster reagent. It is proposed that the general lack of coloration observed in the C7BzO lysate might be due to the release of magnesium from the porphyrin and its removal by ultrafiltration, or due to an overall increase in the solubility of these proteins. No DNA interference was observed in two-dimensional gels of either lysate, whether benzonase was included. A similar number of proteins were detected in each lysate, but as Figure 2 clearly illustrates, very different protein profiles were observed in two-dimensional gels. It is hypothesized that the inclusion of lysozyme in the BugBuster reagent may promote lysis of more cells, whereas the C7BzO reagent may have lysed fewer cells but solubilized more proteins, particularly membrane proteins. The BugBuster reagent is optimized to
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Figure 2. Differential 2-DE patterns of R. palustris using (A) C7BzO or (B) the BugBuster Reagent for cell lysis. In duplicate gels of each sample, 675 ( 4 proteins spots were detected in the C7BzO lysate; compared to 689 ( 23 in the BugBuster lysate. For 2-DE, the sample volumes were adjusted to 0.4 mL representing a 1:4 dilution of the original lysate. Estimates of molecular mass (kDa) and pI are indicated on the ordinate and abscissa, respectively. IPGs were pH 3-10.



maintain lysozyme activity and was designed for the purification of recombinant proteins, most of which are cytoplasmic. The proprietary BugBuster reagent may not be sufficiently stringent to solubilize membrane proteins, and therefore, it may be biased toward the release of cytoplasmic proteins. In contrast, Rabilloud et al.13 demonstrated that C7BzO is highly efficient for solubilizing membrane proteins. This would explain the multiplicity of proteins isolated in the C7BzO lysate that were absent or diminished in the BugBuster lysate. It has been suggested that some proteins initially solubilized in C7BzO, might precipitate when exchanged into a less stringent detergent such as CHAPS. However, no loss of protein was observed experimentally as a result of this exchange. Figure 3 compares two-dimensional gels of R. palustris lysates exchanged into 7 M urea, 2 M thiourea containing either 25 mM C7BzO or 65 mM CHAPS, respectively. The integrated spot volume of 573 proteins matched from the C7BzO and CHAPS retentates, when plotted against one another, closely aligned to the theoretical slope of 1.00 (Figure 4, dashed line) suggesting equivalence. While the precise mechanism is not known, it is postulated that C7BzO tenaciously binds hydrophobic protein domains, and is not easily displaced by CHAPS. It is mostly
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Figure 3. Two-dimensional gels of R. palustris lysates exchanged into 7 M urea, 2 M thiourea containing either 65 mM CHAPS (top) or 25 mM C7BzO (bottom). Outlined regions are imaged enhanced to show distortion of low molecular weight proteins in the zone of mixed SDS-C7BzO micelles (bottom gel), which results when extraneous C7BzO is not removed. IPGs were pH 4-7.



the extraneous C7BzO that is removed by ultrafiltration and replaced by CHAPS. It is this extraneous C7BzO that would otherwise remain in the IPG strip, where it would form mixed micelles with SDS during equilibration. The electrophoretic transport of mixed micelles into the second dimension gel can negatively affect the resolution of low MW proteins (Figure 3, bottom gel, outlined region). Previously, Chernokalskaya et al.1 showed the deleterious effects of phosphate and other interfering ions carried over from sample preparation on IEF and their efficient removal by ultrafiltration. This was evidenced by the marked decrease in the conductivity of the lysates prior to IEF. The initial conductivity of the BugBuster lysate was 17.4 mS/cm, compared to the C7BzO lysate, which was 1.1 mS/cm. Following ultrafiltration, the conductivity of both lysates was less than 0.2 mS/cm. It is also desirable to remove excess Tris, which was originally added to ensure efficient alkylation, since it forms an ionic boundary that focuses at approximately pH 8.3 at 18 °C. If not removed, Tris may interfere with protein focusing in the alkaline region of the IPG. Tris focuses more rapidly than proteins and produces a localized zone of increased conductivity, the breadth of which directly relates to Tris concentration, corresponding to a precipitous voltage drop in that vicinity. Basic proteins, already near their pI, are frequently observed to align at the peripheries of this zone and fail to migrate to the proper position in the pH gradient.9 Journal of Proteome Research • Vol. 5, No. 4, 2006 985
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Figure 5. Enlargement of lower region of two-dimensional gel showing the mixed SDS-C7BzO micellar front. The hydrophobic micellar front is stained with ProteomIQ Blue when the gel is not fixed prior to staining. IPG was pH 3-5. It is hypothesized that the apparent increase in mixed micelle formation at the acidic extreme of the IPG (left) is related to a slower rate of SDS impregnation due to repulsion by immobilized negative charges. Figure 4. Normalized spot volume of 573 matched spots from duplicate 2D gels of R. palustris lysates derived with 25 mM C7BzO, 7 M urea, and 2 M thiourea, following ultrafiltration and exchange into ion-exchanged 7 M urea, 2 M thiourea containing either 25 mM C7BzO (control, abscissa) or 65 mM CHAPS (ordinate). No significant loss of protein based on differences in spot volume was observed as a result of the exchange from C7BzO into CHAPS. A slope (m) of 0.88 was observed, close to the expected theoretical slope of 1.00 (dashed line). The outliers above the dashed line represent low molecular weight proteins that were distorted in the zone of mixed SDS-C7BzO micelles, which result when C7BzO is not substituted with CHAPS.



Protein Recoveries from Centrifugal Filtration Devices. The centrifugal devices use Biomax membranes that are designed and thoroughly tested for low protein binding. The protein recovery is reported to be in 85-90% range when tested at low protein concentrations (1 mg/mL) in physiological buffer.14 However, it is expected that the use of chaotropic reagents will even further reduce protein losses in the devices. Increased yields of both high and low MW proteins from bovine liver lysate concentrated by ultrafiltration has been reported, compared to acetone precipitation, where the selective loss of endoplasmic reticulum membrane proteins of the disulfide isomerase family was observed.1,15 The depletion of high MW proteins by acetone precipitation of Fasciola hepatica was also reported Jefferies et al.16 Similarly, Yeoman et al.17 recovered more proteins from Streptomyces thermovulgaris by ultrafiltration than by acetone precipitation. Moreover, ultrafiltration has been used as an alternative to dialysis to prepare cerebrospinal fluid from multiple sclerosis patients for 2-DE.18,19 Acrylamide Alkylation Reaction. To obtain reliable IEF, it is critical that the acrylamide alkylation reaction is terminated within a few hours, or the specificity of acrylamide alkylation is curtailed. There is an increase in the number of amines that are alkylated over time, and hence, a gradual shift in protein pI toward the electronegative occurs. The reaction may be terminated by removing the vinyl monomer by centrifugal ultrafiltration, as was done in this experiment, or by the addition of a molar excess of dithiothreitol (DTT) which scavenges the residual acrylamide monomer in a redox reaction. However, this approach further increases sample conductivity. Acrylamide monomer can also be removed by precipitating the proteins in organic solvents, such as acetone or methanol:chloroform, but there is a chance that extremely hydrophobic proteins might partition into the organic phase, which would skew the representation of released proteins.20 986
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Other Redox Reagents. Typically, acrylamide alkylates with only 80% efficiency.7 Sebastiano et al.21 showed that 100% alkylation efficiency was possible with 2- or 4-vinylpyridine, but like acrylamide, the reaction must be controlled to prevent the eventual alkylation of lysines. Bai et al.22 used TCEP and 2-vinylpyridine as a redox couple to avoid issues with TBP toxicity and instability. Within minutes, TBP is almost completely oxidized to Bu3PO.23 The vinylpyridine reaction can also be terminated by the addition of a molar excess of DTT, or more simply, by its removal by ultrafiltration. Detergent Removal by Ultrafiltration. Ultrafiltration of C7BzO lysates and exchange into CHAPS buffer diminishes the formation of mixed detergent micelles that accumulate behind the Kolrausch boundary24 in second dimension SDS-PAGE and skews the separation of low MW proteins (Figure 5). C7BzO has a critical micelle concentration (CMC) in the micromolar range, and therefore it occurs almost entirely in micellar form in the IPG and it is not effectively removed during the SDS equilibration preceding PAGE. Consequently, some SDS monomer is incorporated into the otherwise charge-balanced C7BzO micelles and the resulting mixed detergent micelle, now charged, is electrophoretically transported into the second dimension gel. This is in antithesis to what occurs in micellar electrokinetic chromatography where uncharged species are separated by virtue of their sequestration into charged SDS micelles. While its mean aggregation number has not been reported, the micellar MW of C7BzO is apparently less than 10 kDa as evidenced by its rapid removal using centrifugal ultrafiltration with a 10 kDa MWCO membrane. Considering that the formula weight of C7BzO is 399.6 Da, a mean aggregation number less than 25 is predicted for C7BzO in 7 M urea, and 2 M thiourea. The efficiency of detergent removal appears to be related to CMC. Detergents with a high CMC are most rapidly removed by ultrafiltration, even when the aggregation number and micellar MW exceed the filter pore size, while detergents with a low CMC are more difficult to remove. For example, SDS is effectively removed in a 10 kDa ultrafiltration device, despite the fact that its micellar MW is approximately 18-20 kDa.25 This is because the CMC of SDS is on the order of 16 mM in 6 M urea and approximately 22% of the total detergent mass is monomeric at 70 mM SDS concentration. As monomers freely pass through the membrane and into the filtrate, thermodynamics drives the disaggregation of micelles in the retentate maintaining a constant monomer concentration equal to the CMC. Meanwhile, as SDS monomer accumulates in the filtrate,



technical notes it soon reaches a concentration that exceeds the CMC, and micelles are again formed. Further, SDS removal is expedited when the retentate is supplemented with 10% acetonitrile.13 This is because CMC increases as the molar fraction of water is decreased. In chaotropic solutions, for example, the CMC of SDS increases 16% and 104% at 2 M and 6 M urea concentrations, respectively.26 Other detergents are not as efficiently exchanged by ultrafiltration. The amidosulfobetaine ASB-14 has a high micellar MW and a low CMC and is not removed by ultrafiltration using a 10 kDa membrane. The detergent is almost entirely in micellar form, and consequently, ASB-14 accumulates in the retentate. (Based on the CMCs of similar ASBs synthesized by Rabilloud et al.,27 the CMC of ASB-14 may be in the micromolar range.) Experimentally, nearly 80% of the ASB-14 remains in the IPG following two 10 minute equilibrations in SDS buffer. As a result, there is a propensity toward the formation of mixed SDS-ASB micelles, which are transferred to the second dimension gel. While ASB-14 and C7BzO are highly recommended for 2-DE,13,28,29 these literature have largely ignored the potential interference of these detergents in second dimension PAGE. Conversely, the high micellar MW of ASB-14 could be exploited for the isolation of peptides by ultrafiltration, since the retention of most of the detergent in the retentate would yield a peptide fraction (the filtrate) that is relatively free of this detergent. On the basis of its formula weight of 434.7 Da, and on its inability to pass through a 10 kDa membrane, an aggregation number greater than 23 is predicted for ASB-14. In contrast, CHAPS has a CMC of 6-10 mM and aggregation number of 10, and correspondingly, a small micellar MW (6150 Da). At 65 mM CHAPS concentration, there is approximately 6 mM molar concentration of micelles, or nearly a 1:1 ratio of monomers to micelles (monomers may slightly outnumber micelles).



Conclusions Reduction and alkylation performed in a centrifugal ultrafiltration device provides an effective means of terminating the alkylation reaction while removing interfering substances and lowering sample conductivity prior to IEF. When nonthiol reagents such as TBP and TCEP are used, simultaneous reduction and alkylation is possible. However, the alkylation reaction must be terminated to prevent artifactual alkylation of lysine residues. This is frequently done by adding a molar excess of DTT, but with the compromise of increasing sample conductivity. When performed entirely in a centrifugal ultrafiltration device, sample manipulations are limited and the processing of numerous samples is likely to be more reproducible. Small volumes are easily processed, while minimizing sample losses and larger samples of low protein concentration can be concentrated in the same device. Abbreviations. ASB, amidosulfobetaine; C7BzO, 3-(4-heptyl) phenyl 3-hydroxypropyl dimethylammonio propane sulfonate; IAA, iodoacetamide; TBP, tributylphosphine; TCEP, tris(carboxyethyl) phosphine.



Smejkal et al.



Acknowledgment. The authors acknowledge Susan Theriault of Proteome Systems, Sunny Tam and Douglas Hinerfeld of UMMS Proteomics Consortium Protein Fractionation Group, and Deitmar Kueltz and Nelly Valkova of University CaliforniasDavis for their contributions to this manuscript. References (1) Chernokalskaya, E.; Gutierrez, S.; Pitt, A. M.; Leonard, J. T. Electrophoresis 2004, 25, 2461-2468. (2) Herbert, B.; Galvani, M.; Hamden, M.; Olivieri, E.; McCarthy, J.; Pedersen, S.; Righetti, P. G. Electrophoresis 2001, 22, 2046-2057. (3) Herbert, B. R.; Hopwood, F.; Oxley, D.; McCarthy, J.; Laver, M.; Grinyer, J.; Goodall, A.; Williams, K.; Castagna, A.; Righetti, P. G. Proteomics 2003, 3, 826-831. (4) Galvani, M.; Rovatti, L.; Hamden, M.; Herbert, B.; Righetti, P. G. Electrophoresis 2001, 22, 2066-2074. (5) Galvani, M.; Hamdan, M.; Herbert, B.; Righetti, P. G. Electrophoresis 2001, 22, 2058-2065. (6) Bordini, E.; Hamdan, M.; Righetti, P. G. Rapid Comm. Mass Spectrom. 2000, 13, 840-848. (7) Hamden, M.; Bordini, E.; Galvani, M.; Righetti, P. G. Electrophoresis 2001, 22, 1633-1644. (8) Herbert, B. R.; Malloy, M. P.; Gooley, A. A.; Walsh, B. J.; Bryson, W. G.; Williams, K. L. Electrophoresis 1998, 19, 845-851. (9) Smejkal, G. B. Electrophoresis, submitted. (10) Schumacher, R. T.; Manak, M.; Garrett, P.; Miller, W.; Lawrence, N.; Tao, F. Am. Laboratory 2002, 34, 38-43. (11) Smejkal, G. B.; Robinson, M. H.; Lazarev, A. Electrophoresis 2004, 25, 2511-2519. (12) Smejkal, G. B. Expert Rev. Proteomics 2005, 1, 381-387. (13) Rabilloud, T.; Blisnick, T.; Heller, M.; Luche, S.; Aebersold, R.; Lunardi, J.; Braun-Breton, C. Electrophoresis 1999, 20, 3603-3610. (14) Millpore Corporation, Ultrafree Centrifugal Filter Device Product Specifications; Publication No. P35951, 2002. (15) Chernokalskaya, E.; Gutierrez, S.; Pitt, A. M.; Lazarev, A. V.; Leonard, J. T. Separation Methods in Proteomics; CRC Taylor & Francis: Boca Raton, 89-103. (16) Jefferies, J. R.; Brophy, P. M.; Barrett, J. Electrophoresis 2000, 21, 3724-3729. (17) Yeoman, K. H.; Edwards, C. J. Appl. Microbiol. 1997, 82, 149156. (18) Hammack, B. N.; Owens, G. P.; Burgoon, M. P.; Gilden, D. H. Mult. Scler. 2003, 9, 472-475. (19) Yuan, X.; Russell, T.; Wood, G.; Desiderio, D. M. Electrophoresis 2002, 23, 1185-1196. (20) Malloy, M. P.; Herbert, B. R.; Williams, K. L.; Gooley, A. A. Electrophoresis 1999, 20, 701-704. (21) Sebastiano, R.; Citterio, A.; Lapadula, M.; Righetti. P. G. Rapid Commun. Mass Spectrom. 2003, 17, 2380-2386. (22) Bai, F.; Liu, S.; Witzmann, F. A. Proteomics 2005, 5, 2043-2047. (23) Righetti, P. G.; Stoyanov, A. V.; Zhukov, M. Y. The Proteome Revisited: Theory and Practice of All Relevant Electrophoretic Steps; Elsevier: Amsterdam, 2001; pp 295-297. (24) Kolrausch, F. Ann. Phys. Leipzig 1897, 62, 209. (25) Smejkal, G. B. Jap. J. Electrophoresis 2001, 45, 75-81. (26) Emerson, M. F.; Holtzer, A. J. Phys. Chem. 1967, 71, 3320-3330. (27) Rabilloud, T.; Gianazza, E.; Catto, N.; Righetti, P. G. Anal. Biochem. 1990, 185, 94-102. (28) Tastet C, Charmont S, Chevallet M, Luche S, Rabilloud T. Proteomics 2003, 3, 111-21. (29) Taylor, C. M.; Pfeiffer, S. E. Proteomics 2003, 3, 1303-1312.



PR050439W



Journal of Proteome Research • Vol. 5, No. 4, 2006 987



























des documents recommandant







[image: alt]





Investigation of protein adsorption with simultaneous measurements of 

and to observe the adsorption of proteins in liquid phase with these two .... adsorption of antibodies at a concentration of 10 g/ml con- centrations could result in ...










 


[image: alt]





performance of simultaneous movements in 

212(38). 246(48). 194 (7). 221 (29)*. MTfl. (ms). 638(116). 498 (59). 468 (40). 889 (253). 436 (41). 422 (74). 750 (90). 486 (92). 542 (31). 449 (88). 557 (154)*+.










 


[image: alt]





Metallic Electrodes and Leads in Simultaneous 

Oct 10, 2003 - A realistic, high resolution (1 mm3) head model from individual MRI ... Athinoula A. Martinos Center for Functional Imaging, Building. 149, 13th .... FDTD algorithm for a 3D central difference approx- .... Max 1 g averaged. 0.36 ..... 










 


[image: alt]





Lipid and protein peroxidations in fibromyalgia 

carbonyles (PC), l'oxyde nitrique (NO) ainsi que les paramÃ¨tres antioxydants .... Phosphodiesters peaks observed in FMS patients, on 31P - NMR studies 25,26, are ... (b) decreased nitric oxide (NO), (c) reduced glutathione (GSH) deficit, (d).










 


[image: alt]





Cyclodextrins in peptide and protein delivery .fr 

ethyl)-b-CD. (DE-b-CD) ...... [66] F. Couthon, E. Clottes, C. Vial, Refolding of SDSâ€“ and solubility and ..... ethylene glycol-modified enzymes and sulfated a-cyclo-.










 


[image: alt]





Simultaneous AFM and QCM measurements of biological and 

Nov 20, 2001 - Development of a novel platform for bioanalytical investigations. â€¢ Understanding the oscillation properties of the quartz resonator under.










 


[image: alt]





Noise Reduction in Aircraft 

plained by the fact that a sound wave upon striking a ... dent sound waves and dampen vibrations. ... Remember that a vibrating member has mechanical energy ...










 


[image: alt]





bayesian classification, segmentation and data reduction of 

Introduction to hyperspectral images. â€¢ Spectral classification methods .... Modelling for accounting for both spatial and spectral structures .. gi(r) = fi(r) + ...










 


[image: alt]





Simultaneous AFM and QCM measurements of biological and 

scales (square cm for the QCM, nanometer scale for the AFM) the adsorption process of biological species (fibrinogen, collagen, antigens/antibodies). Secondly ...










 


[image: alt]





Processing and classification of protein mass spectra 

classification problem is to be solved at all. Whatever the classification ...... Though it is beyond data miners' competence to investigate the identities and roles of ...










 


[image: alt]





Simultaneous Contrast Restoration and Obstacles 

One efficient multi-fusion strategy is to detect targets with one sensor, which are then ... black object of intrinsic luminance L0, the apparent lumi- nance of the ...










 


[image: alt]





Simultaneous AFM and QCM Measurements 

We compare the results provided by electrochemistry (cyclic voltammetry), QCM frequency ... Thus, simultaneous analysis of the evolution of the frequency of the.Missing:










 


[image: alt]





Simultaneous exoplanet detection and instrument 

Jan 29, 2013 - M. Ygouf12 and L. M. Mugnier1 and D. Mouillet2 and T. Fusco1 and J.-L. Beuzit2 ...... In this section, we validate the exoplanet detection capa-.










 


[image: alt]





Simultaneous amplitude and frequency noise analysis in Chua's circuit 

1: IMEC, MCP/BIO, Kapeldreef 75, 3001 Leuven, Belgium. 2: Laboratoire de Physique ... CNRS) 32, avenue de l'observatoire, 25044 BesanÃ§on Cedex, France.










 


[image: alt]





Device simultaneous determination of the source and cavity 

Received 19 August 1998; accepted for publication 17 November 1998 .... The inclusion of DBR ... tion program has none of these disadvantages and can be.










 


[image: alt]





Effect of Germination on the Nutritional and Protein Profile of 

ning of the development of seeds into plants. Germina- ... pended in water (1:20 w/v), then adjusted to pH 9.0 with ... were collected for further purification by readjusting the. pH to 7.0 by ..... greatly in the PhD project of Rumiyati. Authors als










 


[image: alt]





Simultaneous Landmarks Detection and Data Association in Noisy 

due to a wrong data association (i.e. a matching between a landmark .... in [7]), JPDA (joint probabilistic data association in [15], .... Unfortunately, those filters.










 


[image: alt]





Simultaneous Sv and TS measurements on Young-of-the-Year 

Feb 4, 2008 - experiment, the main part of the fish biomass comprised ... Before the field stage, the three echosounders had been calibrated in a large ...










 


[image: alt]





Simultaneous multiplexing and encoding of multiple images based on 

Simultaneous multiplexing & encoding of multiple images based on a double random .... (2). Figure 2. Encryption of a multiple target images using a DRP system.










 


[image: alt]





On chip simultaneous determination of source and cavity parameters 

and the extraction eÂ±ciency is limited to only 2% into air. ...... E-beam lithography and reactive ion etching processes[97] are used to define â‰ˆ800nm-deep,.










 


[image: alt]





Simultaneous Atomic Force Microscope and Quartz Crystal 

6. 1.3143E-04. 5. 1.0510E-04. 4. 7.8774E-05. 3. 5.2448E-05. 2. 2.6121E-05. 1 .... approach is 141 m, which is quite close to the theoretical half-wavelength of an ...










 


[image: alt]





Simultaneous surface acoustic wave and surface plasmon 

Sep 8, 2003 - properties variations, to identify physical properties of protein layers, and more ... estimates of the bound mass and dielectric surface properties.










 


[image: alt]





Combined trans-sphenoidal and simultaneous trans-ventricular 

Apr 28, 2009 - reconstructed using fat, fascia lata graft and a piece of septal bone. Results Post-operatively, the patient showed a remarkable improvement of ...










 


[image: alt]





Mechanical Chest Compressions and Simultaneous Defibrillation vs 

Nov 17, 2013 - in 4 Swedish, 1 British, and 1 Dutch ambulance services and their referring hospitals. Duration ... Among patients surviving at 6 months, 99% in the mechanical CPR .... compressions were initiated and continued for 3 minutes;.










 














×
Report Simultaneous Reduction and Alkylation of Protein Disulfides in





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



