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Abstract: Conventional molecular biology techniques have identified a large number of cell signaling pathways; however, the importance of these pathways is often found to vary according to factors such as treatment type, dose, time after treatment, and cell type.   Here we describe a technique to acquire multiple dimensions of information on protein dynamics in response to DNA damage using "reverse-phase" protein lysate microarrays (RPAs).  Whole-cell lysates from three separate cellular stress treatments (IR, UV, and ADR), were collected at four different doses for each treatment, and each, in turn, at 10 separate time points, resulting in a single-slide RPA consisting of 10,240 features, including replicates.  The dynamic molecular profile of 18 unique protein species was compared to phenotypic fate by FACS analysis for corresponding stress conditions.  Our initial quantitative results in this new platform confirmed that 1) there is clear stress dose-response effect in p53 protein; and 2) a comparison of the rates of increase of p21 and Cyclin D3 in response to DNA damage may be associated with the pattern of DNA contents. The ability of this method to provide quantitative time-course monitoring of protein expression levels can provide an experimental reference for the development of mathematical models of cell signaling dynamics.  Whereas the present study is focused on the DNA-damage-repair pathway, the basic technique is of general utility to the study of protein signaling.
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Introduction 

Information from the human genome sequence and high-throughput transcriptional data sets have offered unique insight into the role of genes in human biology and such information has allowed investigators to speculate what such molecular signatures mean1.  However, biological systems can also be described in the context of dynamic protein networks2, 3, which are likely to predict biological consequences in a substantially more direct manner.  Measurement of protein expression levels within cells has often been performed without consideration of the expression dynamics of the protein of interest within its specific signaling network.  However, protein expression can vary markedly depending on various parameters such as the type of stress imposed, the dose of stress, and the timing of the measurement4. 

For monitoring large scale protein dynamics, the "reverse-phase" protein lysate microarray (RPA) platform can be extremely effective.  The RPA is a large collection of protein micro-dot-blots arranged in a microarray format allowing concurrent analysis of hundreds, thousands or tens-of-thousands of sample lysates from different conditions and time points.   Several successful applications of RPAs have been reported in different biological contexts despite the fact that the RPA requirements are not immediately compatible with many existing microarray technologies5-9. For instance, RPAs require that lysates are arrayed in a dilution series starting at a high concentration so that the system can measure a wide range of protein abundance. Additionally, to keep as many species of proteins as possible denatured at room temperature during production of a large number of arrays, a high concentration of urea was used in the buffer6, 10.  The resulting high viscosity of the lysate severely limits the viable techniques for depositing the lysate on the array substrate. However, we have established a high-throughput RPA production system using a new microarrayer with new solid deposition pins that are compatible with the high viscosity samples (2470 arrayer, Aushon BioSystems, Burlington, MA). The microarrayer includes features that allow such samples to be deposited in an accurate, repeatable manner consistent with the requirements of dilution-series analysis. Here, we first describe a large scale RPA consisting protein lysates from cells treated with three different DNA-damaging agents on multiple dimensions.
Materials and Methods

Isogenic cell lines. Human colon cancer cell lines, HCT116 and its derivative ATR flox/- were obtained through American Type Culture Collection (ATCC). One copy of the ATR gene of ATRflox/- was disrupted, and the other allele was fixed with lox sites flanking the exon 2 making it susceptible to Cre deletion11. Both cell lines were grown in McCoy's 5a Medium with 1.5mM L-glutamine and 2.2g/L sodium bicarbonate supplemented with 10% fetal bovine serum at 37 (C in an incubator.

DNA damage. Before lysate collection for the RPA, doses for each treatment (in which substantial protein responses are seen) were determined by colony formation assay, cell toxicity assay, FACS analysis, WB, and literature search (SI-4). Cells were split into 40 x T-75 flasks (for the UV experiment, cells were grown on a dish with a lid) for each condition for a set of four-doses per type of stress. At 60-80% confluence, cells were exposed to IR, UV, or ADR. For IR, the 137Cs Mark 1 irradiator (Shepard & Associates, San Francisco, CA) was used for the doses of 1, 5, 10, and 30Gy. After irradiation, cells were put on ice until the cold medium was replaced with a 37(C medium. ADR (Doxorubicin Hydrochloride) is a hydrophilic anthracycline antibiotic provided as a red color solution at the concentration of 2mg/ml (Sigma, St. Louis, MO). Concentrations were adjusted for 0.01μM, 0.1μM, 0.5μM, and 1.0μM in the medium. Preliminary experiments revealed that 50% growth suppression occurs at 0.5μM (CCK-8, Dojindo, Gaithersburg, MD). For UV-damage, cells were washed with PBS twice and exposed (without a plastic lid) using a UV cross-linker (Stratagene) at the doses of 10, 20, 50, and 100 J/m2.

Whole cell lysate collection from different treatments. At each time point (0, 5, 20, 40min, 1, 2, 4, 8, 12, 24hours) cells were washed with ice-cold PBS twice, scraped with a rubber scraper, and collected with 1.8mL ice-cold PBS so that the following centrifugation step (1700 g for 2min) could be performed with a tabletop device (Eppendorf 4000A, Hamburg, Germany). After removing the PBS, the cell pellet was immediately frozen in dry ice, and then stored at -80(C until used. The cell pellet volume was measured, and then the pellet was lysed with an approximately equal volume of Pink Buffer (9M urea, 4% Chaps, 2% pH8-10.5 Pharmalyte, 65mM DTT)6, 10.  The pellet was dissolved by gentle finger-tapping, and the resultant was centrifuged at 20800 g for 30min. The resulting cell protein lysate was collected and stored at -80(C. Generally, 20μL of a cell pellet yields 30-35 μL of cell lysate.

RPAs. The Aushon 2470 microarrayer was used to produce the RPAs for this study.  The microarrayer was configured for this experiment with a 4x8 solid-pin head, which extracts 32 samples from a 4x8 well-sector of a 384 microtiter plate at one dip. The array substrate was a nitrocellulose-coated glass slide for which manufacturing conditions were optimized for our RPA (Grace BioLabs, Bend, OR). A set of seventeen 384 microplates was prepared for the present study. Each plate contained 10-time-point, 2-fold serial dilutions for each sample. The dilution series were prepared with a 4.5mm interval, manual multichannel pipetter (Matrix, Hudson, NH). Each sample was duplicated to monitor technical variations. "Mix" samples (mixture of HCT116 cell lysate from various stress conditions) were spotted on different locations of each RPA to monitor overall variations such as those derived from pin-, slide-, and staining differences. Production of 45 high quality RPAs took approximately 18h, but each plate's sample exposure time was less than 65 minutes minimizing sample evaporation from the plate. All printing procedures were carried out under strict environment control, with the relative humidity in the microarrayer kept at 80%. The resulting RPAs were examined for quality control purposes by microscope. Primary antibodies used in the present study were screened by WB to ensure they produced a single, predominant band using HCT116 cell lysates from various stress conditions (SI-4). Only those antibodies that produced a single predominant band were used for signal detection on RPA12. Signal detection was carried out with an autostainer (DAKOcytomation, Carpinteria, CA) according to the method described previously6 with slight modifications (SI-2). Primary antibodies that did not show an analyzable signal on RPA were eliminated from data analysis. Each of RPA consists a set of 1024 cell lysates from different treatments (IR, ADR, UV, and serum starvation) with a series of 10-time two-fold dilutions. A subset of the cell lysates from IR, ADR, and UV treatments were used for analysis in the present study, a total of 4800 features.
WB. To make sure that the findings from RPA, WB was performed independently in the following proteins, within the same time period: p53 (1:1000, Lab Vision), p53-Ser15 and 46 (1:1000, Cell Signaling), Cyclin D3 (1:1000, Cell Signaling), p21 (1:1000, Cell Signaling), and pan-Actin (1:1000, Lab Vision). The protocol is identical to the Strip WB (SI-2) except for no membrane-cutting process.

Data processing. To acquire enough bit depth and pixels per feature, we used an optical 16-bit flatbed scanner (Epson 4870, Epson America, Long Beach, CA) with the resolution of 2400dpi. To avoid the image intensity from being skewed, a Wedge Density Strip (Danes-Picta, Praha, Czech Republic) was used for readout range calibration13. Images of RPAs were stored in TIFF format and subsequently processed by the P-SCAN14 and ProteinSCAN (version 0.21) programs written in MATLAB script language (http://mttab.cancer.gov). Spot intensities produced by P-SCAN were further analyzed by ProteinSCAN to calculate protein expression scores, using a dose interpolation (DI25) algorithm (25 refers to the percentage of the intensity range from the minimum used for the interpolation point). The DI25 value of each cell, dose, and time point were converted to the linear scale for downstream analysis. Comparison of signals derived from different antibodies often introduces some degree of uncertainty. The same intensity between different antibodies doesn't necessarily infer the same amount of antigen because each antibody has a different binding affinity. Although there is no explicit normalization steps, the signal readout of the present system is a function of the relative intensity which cancels the difference between antibodies6. After data processing, RPA results were confirmed by conventional WB (Figures 2B, 3D).

FACS analysis. Cells at each time point after stress exposure were collected by tripsinization, washed with PBS, and fixed in 70% ethanol at -20(C until use. Fixed cells were then centrifuged; the resulting cell pellet was mixed with a staining solution containing 0.05μg/ml of propidium iodine, and 0.2μg/ml of RNase A for 15min at room temperature. DNA contents were measured by FACScaliber and analyzed with the CellQuest software (BD Biosciences, San Jose, CA).
Results and Discussion

Isogenic pair of cell lines. The ATR protein, a member of the phosphatidylinositol-3 kinase-related family, is an essential sensor component of the  DNA damage response pathway15, 16. In accordance with the original report by Cortez, et al.11, we found ATR protein expression in the ATRflox/- cells to be 12.5% to 25% of wild type (data not shown). To confirm a distinct difference in protein expression in response to DNA damage between HCT116 and ATRflox/- cell lines, we assayed several known damage response proteins by WB.  We found that DNA-PK, p53-Ser15, and p53-Ser46 showed visible differences whereas p21 and -H2AX showed similar responses over time between the cells demonstrating that this isogenic pair is a suitable system to see the differences and similarities in protein network relevant and irrelevant to ATR genotype in response to DNA damage (SI-4).

RPA fabrication. Using the Aushon 2470 microarrayer, we were able to increase the RPA density to 10,240 features on a single slide (Figure 1A) in which cell lysaes collected from different treatments described in Materials and Methods. Extensive quality control studies were carried out prior to the large scale experiments and analysis (SI-5). The DNA damaging agents used in the present study cause lesions by oxidative damage (IR), by modified DNA bases and DNA strand breaks (UV), and by targeting topoisomerase (ADR)17. Cells were exposed to each stress condition at 4 different doses and each was sampled at 10 time points. To create an array, ten-point serial dilutions of each lysate corresponding to a unique dose of a damaging agent, and a unique time point were spotted.  Overall, the protein expression signals detected (SI-2) in each dose-response curve (Figure 1B) showed smoother, more exponential-like, or more sigmoid-like shape than those in our previous study with a pin-and-ring format arrayer6. Those show lower or equal level of signals to negative control slides were eliminated from analysis. This low signals are considered to be due to: (i) abundance of target protein is too low; (ii) antibody affinity is too low; and (iii) the combination of (i) and (ii). It should be noted, however, that the measurement of the signals is a relative comparison in a given sample set. True range of signals can only be assessed when a true positive/negative controls in the same degree of sample complexity. The DI25 algorithm gives a reasonable interpretation of protein expression change over many samples as well as dealing with possible multi-type of dose response curves in a slide. By assigning each lysate a different color it becomes apparent that each sample behaves differently depending on which protein was assayed (Figure 1B). This implies that each antibody is specific enough to trace pathway dynamics.

Dynamics of p53 protein in response to DNA damage. We first focused on the p53 expression pattern over time between the wild type and ATRflox/- cell lines (Figure 2A).  We found that a remarkable ADR dose response effect exists in both cell lines despite the reduced ATR levels in the ATRflox/- cells, this may be due to ATM activity similar to those have hypomorphic ATR mutation18.  A p53 dose response effect exists in response to UV in both cell lines, and, surprisingly, protein induction in the ATRflox/-cells seems to be higher than that seen in wild type cells. The subtle difference was also observed in WB (Figure 2B). In response to IR, p53 levels also raised in response to increasing doses in both cell lines. The levels seemed to be saturated at lower doses, although the similar fluctuation patterns were seen in WB at 30Gy (Figure 2B). In a separate study, we have confirmed the fluctuation of p53 in response to IR19.

These panels also allow comparison of the extent of p53 expression levels across different stresses. For instance, ADR with concentrations of 0.5μM and 1.0μM induced p53 protein expression over 24 hours up to about 300 DI25 units; whereas other stress induced less than 200 DI25 units.  A possible speculation is that ADR exposure was prolonged whereas UV and IR were delivered in a single short pulse. Since p53 is believed to be the molecule that plays the central role in stress response in the cell, it is a reasonable indicator of the degree of stress applied.  
Physiological relevance of protein dynamics. We next analyzed other proteins that play important roles in response to DNA damage, including proteins involved in p53-mediated, and cell cycle pathways. Several of the protein species in the respective categories are displayed simultaneously (Figure 3A and SI-6). We compared each group of proteins to each type of stress, dose, and genotype. Additionally, to monitor the physiological relevance of the results we independently measured DNA content by FACS analysis (Figure 3B and SI-7). 

To evaluate the p53-mediated stress response pathway, phosphorylated p53 levels were determined (Figure 3A). The phosphorylation of p53-Ser 46 has been known to play an important role in the induction of apoptosis in response to UV light20-22. At 50 and 100 J/m2, p53-Ser 15 and 46 phosphorylation rose constantly in ATRflox/- whereas the level and rate in HCT116 did not show the same degree of induction. Analysis of DNA content at the 24 hr time point revealed a decrease in G1 and G2 fraction in both lines (Fig. 3B).  After 24h, a G1 peak became obvious and the arrest lasted at least 72h in both lines. It is likely that the level of p53-Ser46 phosphorylation seen in this experiment is not sufficient to drive either cell line into apoptosis, rather both cells were able to induce a cell cycle arrest regardless of the ATR genotype. ATR is a gene whose complete deletion leads cells lethal. The present model is a conditional knockout of which one of the alleles remains somewhat functional. The higher response in ATR flox/- may indicate that the partial knockout is a considerable cell crisis to induce a higher p53 activation, presumably through redundant pathways 18, 23 in which ATR is not involved. In fact, we have found a prolonged DNA-PK23, 24 induction in ATR flox/- in preliminary studies (SI-4). The phosphorylation induced in both, without saturation in ATR flox/- was confirmed by WB (Figure 3D).

We next analyzed eight cell cycle proteins in the ATRflox/- cell line after exposure to ADR (Figure 3A).  Distinct difference in DNA contents between 0.5 and 1.0M ADR exposure led us to investigate the behavior of molecules involved in the p53-cell cylcle pathway (Fig. 3B). Total p53 protein was induced at the same degree in both concentrations; whereas Ser-15 was induced constantly in 1.0M and reached a plateau in 0.5M (Fig. 3C). Ser-15 phosphorylation of p53 has been reported to be involved in transactivation of downstream genes including p2125, 26. Despite of the plateau of Ser15, p21 level is more rapidly increased in 0.5M than 1.0M, suggesting other regulators than the p53 (Figure 3CD). Although degrees of transcriptional regulation of cyclin D3 by p53 are unclear, cyclin D3 was more induced in 1.0M. Apparently these observations themselves are not enough to conclude that they are the only predominant markers for determining whether cell cycle arrest or apoptosis; however, rapid inductions up to 24h of p21 and cyclin D3 p53-Ser15 seemed to be associated with the inductions of predominant cell cycle arrest 22 and apoptosis27 at 72h, respectively, in this system (Fig 3D).

 Conclusion

The RPA was able to capture the subtle difference in increasing expression rates between p21 and Cyclin D3/p53-Ser15 for different doses; this difference appears to be a potential predictor of distinct phenotypic fate expressed by DNA contents. The subtle differences in expression rates can not be observed unless all such measurements are done simultaneously within a quantitative platform; this is a clear advantage of the RPA measurement technique. Conventional WB can provide information as to whether a given protein in increasing or not; but currently, measurement of the rate of change is not a plausible data output due to signal saturation problems.  To elucidate protein signaling, providing the ability to observe time-dependent signaling dynamics can be of great value. A number of time-spaced measurements are needed to investigate expression dynamics of each protein, and such measurements are ideally performed for all candidate elements of the signalling pathway under investigation.  In this regard, the high throughput provided by the RPA also has very clear advantages in terms of minimizing experiment duration and expense. Although it is clear that the RPA data presented here does not cover all possible protein networks activated in response to DNA damage, we believe that this approach to protein network monitoring may prove to be a powerful tool in quantitative biology at the systems level.

Abbreviations: WB, Western blotting; RPA, “Reverse-phase” protein lysate microarrays; IR, ionizing radiation; UV, ultraviolet light; ADR, adriamycin; FACS, fluorescent activated cell sorting; DTT, dithiothreitol.

Acknowledgment. We thank Toni Holway for critical discussion and reading of the manuscript; Martina Rudelius and Daisaku Morita for excellent technical advice. The content of this publication does not necessarily reflect the views or policies of the Department of Health and Human Services, nor does mention of trade names, commercial products, or organization imply endorsement by the U.S. Government.  This project has been funded in whole or in part with Federal funds from the National Cancer Institute, National Institutes of Health, under Contract No. NO1-CO-12400. 
References

1.
Kallioniemi, O., Medicine: profile of a tumour. Nature 2004, 428, (6981), 379-82.

2.
Han, J. D.; Bertin, N.; Hao, T.; Goldberg, D. S.; Berriz, G. F.; Zhang, L. V.; Dupuy, D.; Walhout, A. J.; Cusick, M. E.; Roth, F. P.; Vidal, M., Evidence for dynamically organized modularity in the yeast protein-protein interaction network. Nature 2004, 430, (6995), 88-93.

3.
Huh, W. K.; Falvo, J. V.; Gerke, L. C.; Carroll, A. S.; Howson, R. W.; Weissman, J. S.; O'Shea, E. K., Global analysis of protein localization in budding yeast. Nature 2003, 425, (6959), 686-91.

4.
Liu, Z. G.; Baskaran, R.; Lea-Chou, E. T.; Wood, L. D.; Chen, Y.; Karin, M.; Wang, J. Y., Three distinct signalling responses by murine fibroblasts to genotoxic stress. Nature 1996, 384, (6606), 273-6.

5.
Chan, S. M.; Ermann, J.; Su, L.; Fathman, C. G.; Utz, P. J., Protein microarrays for multiplex analysis of signal transduction pathways. Nat Med 2004, 10, (12), 1390-6.

6.
Nishizuka, S.; Charboneau, L.; Young, L.; Major, S.; Reinhold, W. C.; Waltham, M.; Kouros-Mehr, H.; Bussey, K. J.; Lee, J. K.; Espina, V.; Munson, P. J.; Petricoin, E., 3rd; Liotta, L. A.; Weinstein, J. N., Proteomic profiling of the NCI-60 cancer cell lines using new high-density reverse-phase lysate microarrays. Proc Natl Acad Sci U S A 2003, 100, (24), 14229-34.

7.
Paweletz, C. P.; Charboneau, L.; Bichsel, V. E.; Simone, N. L.; Chen, T.; Gillespie, J. W.; Emmert-Buck, M. R.; Roth, M. J.; Petricoin, I. E.; Liotta, L. A., Reverse phase protein microarrays which capture disease progression show activation of pro-survival pathways at the cancer invasion front. Oncogene 2001, 20, (16), 1981-9.

8.
Rudelius, M.; Pittaluga, S.; Nishizuka, S.; Pham, T. H.; Fend, F.; Jaffe, E. S.; Quintanilla-Martinez, L.; Raffeld, M., Constitutive activation of Akt contributes to the pathogenesis and survival of mantle cell lymphoma. Blood 2006, 108, (5), 1668-76.

9.
Winters, M. E.; Mehta, A. I.; Petricoin, E. F., 3rd; Kohn, E. C.; Liotta, L. A., Supra-additive growth inhibition by a celecoxib analogue and carboxyamido-triazole is primarily mediated through apoptosis. Cancer Res 2005, 65, (9), 3853-60.

10.
Anderson, N. L.; Esquer-Blasco, R.; Hofmann, J. P.; Anderson, N. G., A two-dimensional gel database of rat liver proteins useful in gene regulation and drug effects studies. Electrophoresis 1991, 12, (11), 907-30.

11.
Cortez, D.; Guntuku, S.; Qin, J.; Elledge, S. J., ATR and ATRIP: partners in checkpoint signaling. Science 2001, 294, (5547), 1713-6.

12.
Spurrier, B.; Washburn, F. L.; Asin, S.; Ramalingam, S.; Nishizuka, S., Antibody screening database for protein kinetic modeling. Submitted.

13.
Nishizuka, S.; Washburn, N. R.; Munson, P. J., Evaluation method of ordinary flatbed scanners for quantitative density analysis. Biotechniques 2006, 40, (4), 442, 444, 446 passim.

14.
Carlisle, A. J.; Prabhu, V. V.; Elkahloun, A.; Hudson, J.; Trent, J. M.; Linehan, W. M.; Williams, E. D.; Emmert-Buck, M. R.; Liotta, L. A.; Munson, P. J.; Krizman, D. B., Development of a prostate cDNA microarray and statistical gene expression analysis package. Mol Carcinog 2000, 28, (1), 12-22.

15.
Abraham, R. T., Cell cycle checkpoint signaling through the ATM and ATR kinases. Genes Dev 2001, 15, (17), 2177-96.

16.
Zhou, B. B.; Elledge, S. J., The DNA damage response: putting checkpoints in perspective. Nature 2000, 408, (6811), 433-9.

17.
Nelson, W. G.; Kastan, M. B., DNA strand breaks: the DNA template alterations that trigger p53-dependent DNA damage response pathways. Mol Cell Biol 1994, 14, (3), 1815-23.

18.
Hurley, P. J.; Bunz, F., ATM and ATR: components of an integrated circuit. Cell Cycle 2007, 6, (4), 414-7.

19.
Ramalingam, S.; Honkanen, P.; Young, L.; Shimura, T.; Austin, J.; Steeg, P.; Nishizuka, S., Quantitative assessment of the p53-Mdm2 feedback loop using protein lysate microarrays. Cancer Res in press.

20.
Bulavin, D. V.; Saito, S.; Hollander, M. C.; Sakaguchi, K.; Anderson, C. W.; Appella, E.; Fornace, A. J., Jr., Phosphorylation of human p53 by p38 kinase coordinates N-terminal phosphorylation and apoptosis in response to UV radiation. Embo J 1999, 18, (23), 6845-54.

21.
Fukunaga-Takenaka, R.; Fukunaga, K.; Tatemichi, M.; Ohshima, H., Nitric oxide prevents UV-induced phosphorylation of the p53 tumor-suppressor protein at serine 46: a possible role in inhibition of apoptosis. Biochem Biophys Res Commun 2003, 308, (4), 966-74.

22.
Oda, K.; Arakawa, H.; Tanaka, T.; Matsuda, K.; Tanikawa, C.; Mori, T.; Nishimori, H.; Tamai, K.; Tokino, T.; Nakamura, Y.; Taya, Y., p53AIP1, a potential mediator of p53-dependent apoptosis, and its regulation by Ser-46-phosphorylated p53. Cell 2000, 102, (6), 849-62.

23.
Nghiem, P.; Park, P. K.; Kim Ys, Y. S.; Desai, B. N.; Schreiber, S. L., ATR is not required for p53 activation but synergizes with p53 in the replication checkpoint. J Biol Chem 2002, 277, (6), 4428-34.

24.
Kim, S. T.; Lim, D. S.; Canman, C. E.; Kastan, M. B., Substrate specificities and identification of putative substrates of ATM kinase family members. J Biol Chem 1999, 274, (53), 37538-43.

25.
Dumaz, N.; Meek, D. W., Serine15 phosphorylation stimulates p53 transactivation but does not directly influence interaction with HDM2. Embo J 1999, 18, (24), 7002-10.

26.
Yagi, A.; Hasegawa, Y.; Xiao, H.; Haneda, M.; Kojima, E.; Nishikimi, A.; Hasegawa, T.; Shimokata, K.; Isobe, K., GADD34 induces p53 phosphorylation and p21/WAF1 transcription. J Cell Biochem 2003, 90, (6), 1242-9.

27.
Mendelsohn, A. R.; Hamer, J. D.; Wang, Z. B.; Brent, R., Cyclin D3 activates Caspase 2, connecting cell proliferation with cell death. Proc Natl Acad Sci U S A 2002, 99, (10), 6871-6.



Figure Legends
Figure 1. "Reverse-phase" protein lysate microarray (RPA). (A) A high-density array with 10-point serial dilutions. A total of 10,240 features were printed on a single RPA. Each sub-array row (one dilution series) represents a protein lysate from one cell line, one dose of stress condition, and one time-point. (B) Dose-response curves from RPAs. One RPA generates 1024 dose-response curves, each of which is displayed with different colors. The annotation in the right top corner of each panel indicates the antibody used for staining. The color distribution varies depending on which antibody is used.

Figure 2. Dose- and stress-dependent kinetics of p53 protein. (A) Each set of four panels illustrate the response of p53 for various stress types. From left to right, the doses increase. Red and blue lines indicate ATRFLOX and HCT116, respectively. This display is designed to illustrate the differences between cell types with the various doses. (B) Each stress response of p53 protein was confirmed by conventional WB.
Figure 3. Protein kinetics and DNA content analysis. From the full range of proteins tested, these kinetic profiles were isolated as important subsets for comparing to biological fate by FACS analysis. (A) From left to right, proteins involved in p53-mediated-, and cell cycle pathways were illustrated, respectively. (B) Comparison between cells in UV, and between doses of ADR. P53-Ser15 is saturates in HCT116 whereas keeps increasing in ATRFLOX. 0.5M ADR exposure, Ser15 and Cyclin D3 reached a plateau. Total p53 showed the similar trend. (C) Cells were treated and followed up to 72h to examine the change of DNA contents by FACS analysis. (D) RPA results were confirmed by conventional WB.
