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Abstract

Interrogation of the urinary proteome for clinically useful biomarkers of disease will require 

normalization of methods for protein extraction and sample handling. Variations in collection 

methods and sample handling may introduce significant discrepancies in qualitative and 

quantitative. Here we demonstrate that the method of protein extraction, length of handling at 

room temperature, and repetitive freeze-thaw cycles do not seem to alter the urinary proteome at 

either the protein or peptide level.
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Introduction

In the search for clinically applicable biomarkers of disease, numerous studies on body 

fluids are being conducted with special emphasis on plasma and serum. Analyses of low 

complexity body fluids, such as urine, may increase the likelihood of biomarker discovery, 

particularly in diseases of the urinary tract. Recently, several published proteomic studies of 

normal adult human urine have identified a large, but variable number of proteins1–11. 

Variations in sample handling may contribute to the discrepancies in protein identification. 

To date, there are no defined standards for sample handling.

A recent review on urinary proteomics described practical considerations for the handling of 

urine12. The review highlights various disparities throughout the literature on sample 

handling and preparation. The inconsistencies in published reports may also be a function of 

the method of peptide identification and data analysis as opposed to variations in sample 

handling and protein extraction. However, before agreement on an optimal peptide and 

protein identification method can be achieved, it is critical to assess potential degradative 

effects of alternative approaches in sample handling. Currently, very few studies have 
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examined the effect of different methods of protein extraction or the effect of other variables. 

These variables may be critical in discovery-oriented experiments or in attempts to translate 

biomarker findings to the clinical setting.

Without doubt, the very nature of clinical medicine introduces a significant number of 

potentially unavoidable variations in sample handling. Many questions remain as to how to 

best acquire the sample, transport the sample, and process the sample for immediate and 

future use. Because of the complexity of delivering and distributing health care, variations in 

sample handling may significantly alter the urinary proteome and create artifactual 

differences. As an example, post-analytical discrepancies in the serum proteome have been 

attributed to variable sample handling13–17.

Nevertheless, urine and serum may not be comparable. Urine is significantly less complex 

than serum and has a different protein composition. Variations in sample handling may be 

more problematic with serum because of the greater protein complexity. Lower protease 

concentrations in urine in comparison to serum may also make urine samples more stable.

The purpose of this study is to identify potential variations in urine sample handling, 

focusing on variables that mimic variables of clinical practice to determine their effect on the 

urinary proteome. In particular, we examine the effect of prolonged exposure to room 

temperature, repetitive freeze-thaw cycles (e.g. repetitive handling and analysis of samples), 

and method of protein extraction (e.g. variability of technique) on urine proteome 

composition. Samples are processed using downstream equipment that allows for both 

qualitative and quantitative identification of peptide/proteins, which may be the most 

sensitive method of determining variations in the proteome. These variables are examined as 

they best represent the real life challenges of clinical sample collection.

Methods

Urine Collection

One healthy adult circumcised male (35 year old) provided a midstream clean catch urine 

sample. Voided samples were the second, not the first void of the day. Samples were 

collected in sterile specimen containers (VWR cat# 15704-051, Falcon 4.5 oz / 110 ml # 

35-4013) under sterile conditions. Biological repeats were obtained from the same volunteer 

on different days.

Experiment 1: Comparative Protein Extraction (Figure 1A)

To determine the optimal method of protein extraction from urine, a fresh 100 ml urine core 

sample was acquired. The sample was centrifuged (2500x g at 4 °C) for 10 minutes to clear 

any debris. 500 μl aliquots were made. The following four methods of protein extraction 

were tested.

• Method 1 was lyophylization. Samples were directly dried at room temperature 

in a vacuum centrifuge (SPD1010 Thermo Savant).

• Method 2 utilized 90% ethanol precipitation. 4.5 ml of 90% ethanol was added 

to the 500 μl aliquot, centrifuged at 2500x g for 25 min at 4 °C. All of the 
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supernatant except for ~200μl was removed. The pellet was resuspended in the 

remaining supernatant, transferred to a 1.5 ml tube, and then dried in the vacuum 

centrifuge (Thermo Savant) at room temperature.

• Method 3 used a Vivaspin 5kDa microconcentrator (Sartorius Group). Samples 

were centrifuged at 13,000x g for 15 min 4 °C. The remaining retentate was 

vacuum centrifuged at room temperature.

• Method 4 extracted proteins using a reverse phase trapping column (Michrom 

Bioresources). 55 μl of 10X Buffer A (79% HPLC water, 20% acetonitrile, 1% 

TFA) was added to a 500 μl sample aliquot. The sample was loaded onto the 

column and desalted with 500 μl of Buffer A (~98% HPLC water; 2% 

acetonitrile; 0.1% TFA). Proteins were eluted with 500 μl of Buffer B (90% 

acetonitrile, 10% HPLC water, 0.1% TFA). Samples were dried using a vacuum 

centrifuge (Thermo Savant).

After proteins were extracted, samples underwent standard Bradford assay to determine the 

overall protein concentration of each method. The Bradford assay was performed in 

triplicate for each biological replicate and each method. The average value of the protein 

concentration is reported.

SDS-PAGE and LC/MS (GeLC/MS)

Samples from each experiment were resuspended in 21 μl of 100 mM ammonium 

bicarbonate and 8 μl 4X LDS sample buffer (Invitrogen). 1μl of 1M DTT was added for 50 

min at 50°C to reduce the sample. Samples were alkylated with 2 μl of 40% acrylamide at 

room temperature for 10 min. Samples were heated at 70°C for 10 min and then all samples 

from one particular experiment (e.g. all method samples) were loaded into a single 4–12% 

Bis-Tris precast gel (Invitrogen). Gels were run at 100 V and stained overnight in colloidal 

blue as per manufacturer protocol (Invitrogen).

In each experiment three horizontal sections were chosen from each SDS-PAGE gel (Figure 

1B, 2B, and 3B). The horizontal section represents the same mass region across each 

sample, therefore allowing for a comparative analysis in specific areas of the proteome. The 

gel regions from each lane (e.g. sample) were excised, in-gel digested with trypsin, extracted 

and analyzed by LC/MS. Analysis was performed on the LTQ equipped with a Surveyor 

HPLC pump and a microautosampler (all: Thermo Scientific). A 34 min gradient was used 

(94 to 64% Buffer A (0.4 % formic acid in H2O vs. 0.4 % formic acid in acetonitrile Buffer 

B)). The instrument was operated in data dependent acquisition mode, fragmenting the 6 

most abundant species after each survey scan.

Experiment 2: Freeze-Delay (Figure 2A)

To determine the effect of prolonged exposure to room temperature a fresh 100 ml urine 

sample was acquired. The sample was centrifuged at 2500x g at 4°C for 10 min to clear any 

debris. Multiple 500 μl aliquots were immediately frozen at −80°C. The remainder of the 

core sample was left at room temperature for 4 h. Multiple 500 μl aliquots were then 

removed and frozen at −80°C. The remainder of the core sample was left at room 

temperature for an additional 4 h (total 8 h). After a total of 8 h at room temperature, 
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additional 500 μl aliquots were removed and frozen at −80°C. Finally the remainder of the 

sample was left at room temperature overnight. After a total of 24 h at room temperature, 

additional 500 μl aliquots were stored at −80°C.

One aliquot from each time (T0, T4, T8, and T24 hour) were removed from −80°C and 

proteins were extracted using ethanol precipitation as described above. Samples then 

underwent SDS-PAGE and LC/MS as described above for experiment 1.

Experiment 3: Freeze-Thaw (Figure 3A)

To determine the effect of repetitive freeze thawing events on sample stability, a fresh 100 

ml urine core sample was acquired. As in previous methods, 500 μl aliquots were stored at 

−80°C. Ten samples were removed and thawed in a 37°C water bath. All 10 aliquots were 

pooled into a 15 ml tube and then 500ul were drawn off into tube C0 (cycle 0). The 

remaining pooled urine was snap frozen in liquid nitrogen for 15 min.

The pooled refrozen urine was thawed in a 37°C water bath until ice melted, resuspended, 

and then another 500 μl were drawn off into tube C1 (cycle 1). The remaining sample was 

again snap frozen in liquid nitrogen for 15 min. This process was repeated until 6 samples 

were collected (C0 to C5). Protein was extracted from each sample by ethanol precipitation 

as described above. Each sample underwent SDS-PAGE and LC/MS as described above.

Database searching and validation

Each sample in all experiments was analyzed by LC/MS in triplicate. The order of running 

the samples was grouped within each experiment but randomized within the experiment. A 

blank sample was placed between each LC run. Each experiment was run twice with a 

biological replicate. Different areas of the gel were sampled in each biological replicate as 

compared to the original sample.

The 200 most intense fragment ions of the raw spectra were used for searches against 

IPI_human database (version 3.36) using Mascot version 2.1.04. The following search 

parameter were applied: default charge states of 1+, 2+, 3+ and 4+ were used; A maximum 

of one missed cleavage was allowed with an average peptide mass tolerance of ±1.5 Da. A 

fragment ion search tolerance of ±0.8 Da was permitted. Fixed modification on cysteine was 

acrylamide and variable modifications were deamidation, oxidation of methionine, and pyro-

glutamic acid formation.

All data were searched against a target database and the corresponding decoy database18. In 

order to determine the false discovery rate and the accurate cutoff per run, the results of the 

individual target/decoy searches were merged. The initial false discovery rate was 

determined by dividing the number of target search peptide hits with a score greater than the 

identity score (as given by Mascot) by the number of decoy peptide hits with a score higher 

than the identity score threshold. The initial identity score threshold was then iteratively 

changed in order to obtain a 1% false discovery rate. The average ion score cutoff per 

sample was determined to be 46. The ion cutoff for each of the runs was automatically 

adjusted to ensure a 1% false positive rate throughout the experiments. In order to allow a 

sound comparison of the samples a parsimonious protein grouping was performed (non 
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redundant proteins) based on a unique list of peptides obtained from the sample 

comparisons. This step is necessary to generate a minimal list of proteins that are able to 

explain all peptides in the combined sample sets. This list of proteins is then used as base for 

the comparison of the samples at the protein level.

Peptide quantitation by spectral counting was determined by calculating the total number of 

tandem MS spectra matching to a particular peptide across all the technical replicates19, 20. 

This number corresponds to the spectral count for that peptide. To compare peptide 

quantitation in either the freeze-delay or freeze-thaw experiment, we used a normalized 

peptide spectral count. The normalized spectral count for a peptide at a particular time point 

(e.g. T4) was calculated by dividing that peptide’s spectral count by the sum total of that 

peptide’s spectral counts for all time points. The normalized spectral count was used to 

determine the effect of prolonged room temperature and repetitive freeze-thaw cycles on 

peptide abundance.

Results

Comparative Protein Extraction

To determine the most effective method of extracting proteins from urine we compared four 

common methods of protein extraction. We first compared the total concentration of protein 

extracted from each method by standard Bradford assay. Results were measured in triplicate 

and represent the average of two biological replicates. By this assay lyophylization yielded 

the highest amount of protein (33.3 μg/ml), as compared to ethanol (16.9 μg/ml), 

microconcentrator (12.0 μg/ml), and trapping column (15.0 μg/ml).

To further evaluate each method beyond the standard Bradford assay, we separated samples 

by SDS-PAGE (Figure 1B). Interestingly the findings of the Bradford assay were not 

confirmed. It appeared that each method may have yielded a similar amount of protein. For a 

more detailed analysis, we compared identical molecular weight gel bands from each 

method at three distinct molecular weights regions by LC-MS. We purposefully chose low 

staining intensity areas because they represent low abundant proteins where differences will 

most likely be amplified and detected.

Overall, there was no demonstrable difference in any of the four methods of protein 

extraction (Figure 4). Identified proteins and peptides are detailed in Supplementary Data 

Table 1 and 2. Comparison of the overall number of peptides detected, total cumulative 

spectral count of all peptides identified, and number of proteins matched by 2 or more 

unique peptides did not demonstrate any difference between methods. Repeating the 

experiment with a biological replicate demonstrated identical results.

Furthermore when comparing how many proteins were found in common between each of 

the methods (e.g. biological replicate 2) we found that 55.3% (110 out of 199) were found 

by all four methods. The same analysis on the top 100 proteins identified (the 50th 

percentile) revealed that 89% of these proteins were found by all four methods. Similar 

results were seen in the other biological replicate.
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Effect of prolonged room temperature exposure

To determine the effect of prolonged exposure to room temperature on peptide quantitation, 

only one method of protein extraction (ethanol precipitation) was used. Again comparative 

analysis was conducted at the peptide level as described previously. Visual SDS-PAGE 

comparison did not reveal substantial differences between successive time points (Figure 

2B).

As in the methods experiment, three low staining intensity molecular weight gel regions 

were analyzed across each time point by LC/MS. There was no obvious effect of prolonged 

room temperature exposure on the number of peptides matched or the number of proteins 

matched by 2 unique peptides (Figure 5). A biological replicate confirmed these results. 

Identified proteins and peptides are detailed in Supplementary Data Table 3 and 4. As in the 

methods experiment, protein identity across all 4 time points was consistent. 60.2% (97) of 

all the identified proteins (161) were seen at all times, and of the top 50th percentile of 

identified proteins 97.5% were seen at all times.

To determine if prolonged room temperature exposure resulted in quantitative changes, 

normalized spectral counts of the 200 most abundant peptides (e.g. highest spectral count) 

present at each time point were compared. Peptides were grouped into sets of 50 by their 

overall abundance and analyzed by box plot. For each group of 50 peptides the mean 

normalized spectral count was stable with increasing exposure to room temperature (Figure 

6). The number of outliers increased among the lower abundant peptides (e.g. peptides 151–

200). These results demonstrate that peptide and, by inference, urine protein levels are very 

stable at room temperature up to 24 h.

Effect of multiple freeze-thaw cycles on the urinary proteome

Samples that underwent 0 to 5 repetitive freeze-thaw cycles were separated by SDS-PAGE 

as previously described. There was no obvious visual change in SDS-PAGE with each 

additional cycle (Figure 3B). As in the previous experiments, three sets of identical 

molecular weight low intensity gel bands were selected and analyzed by LC/MS. At the 

protein level, there was no obvious effect in the number of proteins identified after each 

freeze-thaw cycle (Figure 7). Identified proteins and peptides are detailed in Supplementary 

Data Table 5 and 6. Interestingly at the peptide level, the initial number of peptides 

identified prior to freezing was low as compared to the repetitive cycles in one biological 

sample. However, the biological replicate demonstrated that this discrepancy may have been 

secondary to technical variation. As in the other experiments, protein identification across 

each cycle was very stable. 63.8% (150) of all the identified proteins (235) were seen at all 

times, and of the top 50th percentile of identified proteins 98.3% were seen at all times.

Quantitation of peptides was also compared using normalized spectral count. As before we 

quantitatively compared the 200 most abundant peptides identified from low staining areas. 

Box plot analysis of peptide groups did not demonstrate any appreciable quantitative 

variation in identified proteins after multiple freeze-thaw cycles (Figure 8). The less 

abundant peptides had the greatest number of outliers, which again may be a reflection of 

technical limitations or using spectral counting for quantitative comparison. Regardless, 
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these results demonstrate that multiple freeze-thaw cycles do not appear to affect the overall 

peptide and therefore protein quantitation.

Discussion

The ability to identify clinically useful biomarkers of disease in urine will require 

normalization of methods for protein extraction and sample handling so that findings 

between laboratories can be compared. In this report we attempt to address some of the 

variables of sample collection and handling that may affect proteome analysis. One 

advantage of our experimental design is that we used one donor sample, which limits subject 

variability. Additionally, we performed multiple technical repeats on each sample in order to 

limit instrument and technical variability. Furthermore, by using a biological replicate and 

sampling the proteome purposefully in different low abundance areas as determined by 

SDS-PAGE, we test the robustness and reproducibility of our experiments and conclusions. 

Finally, by performing quantitative comparisons only at the peptide level, we eliminate any 

bias associated with database redundancy and peptide assignments to similar protein 

isoforms that can lead to erroneous protein identification or quantitation.

Comparing Protein Extraction Methods

Our results did not demonstrate significant differences arising from alternative methods of 

protein extraction at the qualitative protein level and quantitative peptide level. Previous 

studies and ours have demonstrated by standard Bradford assay that lyophilized urine has 

the highest protein concentration3. The measurement of urine protein concentration by the 

standard or modified Bradford assay has inherent error because of the optical complexity of 

urine, high amount of salts and other interfering compounds, and low concentrations of 

proteins21–23. The high concentration measured for lyophylization is most likely an artifact 

due to the lack of salt removal. The inability of lyophylization to remove salt is 

demonstrated by ineffective first dimensional separation and protein recovery by 2D-gel 

electrophoresis (2D-GE) even though the samples had high Bradford assay results3. For 

subjects with no significant nephropathy leading to high degrees of albuminuria, the results 

of Bradford assays for the determination of concentrations of urinary protein extracts should 

only be used with reservations.

Previous comparisons of urinary protein extraction methods relied on visual comparisons 

and spot counting on 2D-GE3. Although differences were identified on 2D-GE, the 

disparities may be a result of the efficacy of salt removal as opposed to the method of protein 

extraction. Additionally, reproducibility of 2D-GE separation, staining sensitivity, and 

variance in spot identification may play a critical role in determining the most efficacious 

method by visual comparison.

To further evaluate each method beyond the standard Bradford assay, we separated samples 

by SDS-PAGE. We purposefully chose low intensity staining areas because previous 

experiments have demonstrated that the high abundance proteins in the urine (e.g. albumin) 

are stable through various manipulations24–26. Additionally, it is more likely that low 

abundance areas will be more affected by the different variables being tested. Protein 

identification was stable in our analysis, particularly when examining the highest scoring 
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proteins. The variation seen in the lower scoring proteins is most likely secondary to our 

inability to precisely excise the same MW region in each trial. Overall, our analysis 

demonstrated that methods of extraction were comparable and robust and yielded very 

similar results. The choice of method should be more dependent upon the technical ease, 

cost, speed, parallelization-capabilities, and compatibility with downstream protocols.

Effect of prolonged room temperature exposure

Overall there did not appear to be any effect on the urinary proteome at either the qualitative 

protein level or the quantitative peptide level by prolonged exposure to room temperature up 

to 24 h. This finding is supported by other studies on urinary proteins. ELISA assays of 

urinary matrix metalloproteinase demonstrated stability beyond 24 h at room temperature. 

However, protein/enzymatic activity measured by zymography was affected by prolonged 

storage, in that the enzyme activity decreases after a few hours at room temperature27. Thus, 

although the protein quantity may be stable, protein activity may not be.

Two factors that may limit our ability to detect the effect of room temperature exposure is 1) 

not analyzing the entire proteome; and 2) limiting our analysis to the top 200 peptides. To 

simplify data acquisition and analysis we limited our analysis to 3 areas with low staining 

intensities on the SDS-PAGE. As previously demonstrated, high abundance proteins are 

stable in urine, therefore the low abundance proteins are potentially more likely to be 

affected24–26. Inclusion of higher intensity areas, may lead to suppression of less abundant 

peptides and inability to detect differences. If variations are found in the low abundant 

proteins, further investigation of the more abundant species would be required.

In each experiment approximately 284 to 385 peptides were identified using our stringent 

search criteria. When we incorporated these additional peptides into the analysis, the overall 

mean quantitation score did not change, but the standard deviation increased, indicating that 

there may be some effect of temperature on very low abundant peptides. However, this 

variability may also be a result of other factors such as: 1) instrument reproducibility and 

sensitivity; 2) precision of MW matching between time points; and 3) efficiency of peptide 

digestion and recovery. By limiting the analysis to the more abundant peptides we may be 

able to detect variations that are a function of prolonged room temperature exposure and not 

technical limitations.

Previous reports describe increased bacterial contamination and dramatic changes in the 

proteome after >8 h of exposure at room temperature28. Our analysis did not demonstrate 

any contamination or changes in the proteome with increased exposure to room temperature. 

Without doubt midstream urine collection, which is the standard clinically for in adults, has 

the potential for contamination regardless of the method of cleansing the genital area29–31. 

For these reasons, bacterial growth in urine at 8 h implies that the starting sample may be 

contaminated, not that prolonged exposure to room temperature leads to increased risk of 

new contamination. Additives such as sodium azide may prevent contamination during 

sample handling, but not suppress the effects of prior existing contamination on the urinary 

proteome28. Regardless of additives, the primary goal should be to use only culture negative 

samples as active infection and inflammation, regardless of the bacterial type, may 

significantly change the complement of detectable proteins/peptides. As a corollary, 
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continuous 24-h urine collection sample is never used in clinical practice to identify a 

bacterial infection because of the high risk of contamination and therefore should be avoided 

in discovery based proteomic studies.

Effect of multiple freeze-thaw cycles on the urinary proteome

We did not identify any effect of repetitive freeze-thaw cycles on protein identification or 

quantitative peptide analysis. Repetitive freeze-thaw cycles of urine have been reported to 

alter SELDI-TOF MS peak intensities after the fourth freeze-thaw cycle32. In those studies, 

urine samples underwent repetitive freeze-thaw cycles and were evaluated by SELDI-TOF 

MS. Peak profiles and intensities were compared between each cycle. Profiles remained 

similar but selective peak intensities decreased after the fourth cycle. The differences may be 

explained by the lack of technical and biological repeats. Additionally, comparative 

quantitative SELDI-TOF analysis in complex solutions such as urine may be affected by 

competition for binding sites and ion suppression leading to variations in peak intensity not 

related to the freeze-thaw cycle.

To further explore whether repetitive freeze-thaw cycles have an effect on the urinary 

proteome, we compared the peptide quantitation after each freeze-thaw cycle. As in the 

other experiments we did not detect a significant difference at the protein or peptide level. 

We may have limited our ability to identify differences by not analyzing the entire proteome 

and focusing our analysis on the top 200 peptides. Although these are the most abundant 

peptides seen in this analysis, they are not the most abundant urinary peptides and most 

likely represent low abundance proteins. By limiting the comparative analysis we can 

effectively remove the technical and human variations that are prevalent in this type of 

comparative experiment.

Additionally, we limited the analysis to abundant peptides, because quantitation by spectral 

counting is as robust as conventional quantitative labeling methods such as SILAC for 

higher abundance peptides20. For lower abundant peptides, spectral counting may not be 

appropriate. Overall, our analysis identified approximately 600 peptides at each cycle. 

Incorporating the additional peptides did not change the mean normalized quantitation 

between each cycle, the standard deviation again increased. The increased variability from 

the additional peptides again most likely represents technical limitations of spectral counting 

and measurement as opposed to the effect of repetitive freeze/thaw cycles.

Conclusion

Interrogation of the urinary proteome for clinically useful biomarkers of disease will require 

normalization of methods for protein extraction and sample handling. By analyzing low 

abundance areas of the urinary proteome, we demonstrated that several methods of protein 

extraction are equally effective for quantitation by MS. The choice of method may be more 

dependent on the method of downstream separation or analysis. Additionally, prolonged 

exposure to room temperature and multiple freeze-thaw cycles did not appreciably affect the 

stability of urine protein composition at either the protein or quantitative peptide level. These 

results imply that urine is a very stable body fluid and may be an optimal source for 

clinically applicable biomarker discovery using a bottom-up LC/MS approach. However, to 
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make further definitive recommendations on these variables, various urinary subproteomes 

such as the phosphoproteome, and bioactivity of enzyme families, should be further 

investigated. Until that time we recommend that culture negative urine be obtained in a 

sterile fashion, transported in a sterile container, divided into multiple single-use aliquots; 

and be stored at −80°C.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Abbreviations

MS mass spectrometry

2D-GE two dimensional gel electrophoresis

SDS-PAGE one dimensional polyacrylamide gel electrophoresis

IPG immobilized pH gradient

LC-MS liquid chromatography - mass spectrometry

MW molecular weight
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Figure 1. 
Figure 1 is the workflow for the methods experiment. (A) Depicts the various methods of 

protein extraction in this experiment. Urine samples underwent either 90% ethanol 

precipitation, lyophilization by speed vacuum, 5 kDa microconcentrator separation, or 

reverse phase trapping column. Protein extractions were then separated by SDS-PAGE (B). 

Three different low intensity horizontal sections corresponding to the same approximate 

MW region were excised, digested and evaluated by LC-MS.
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Figure 2. 
Figure 2 is the workflow for the freeze-delay experiment. (A) Aliquots of urine are removed 

from one biological sample (core) starting at 0 hours. The 0 hour sample is stored at −80°C 

until the other time points are obtained. The core biological sample is left at room 

temperature and then successive aliquots are removed 4 hours, 8 hours and 24 hours later. 

All aliquots are stored at −80°C. Proteins then are extracted by 90 % ethanol precipitation. 

(B) Samples are separated by SDS-PAGE. Three different low intensity horizontal sections 

corresponding to the same approximate MW region were excised, digested and evaluated by 

LC-MS.
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Figure 3. 
Figure 3 is the workflow for the freeze-thaw experiment. (A) One core biological sample is 

obtained and 500 μl aliquots are made and stored at −80°C. Multiple aliquots are removed, 

thawed in a water bath to 37C. One aliquot is removed and labeled as C0. The remaining 

aliquots are snap frozen in liquid nitrogen for 15 minutes. They are then thawed to 37°C and 

another aliquot is removed and labeled as C1. This process continues for five cycles. 90 % 

ethanol precipitation is used to extract the proteins. (B) Aliquots are separated by SDS-

PAGE. Three different low intensity horizontal sections corresponding to the same 

approximate MW region were excised, digested and evaluated by LC-MS.
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Figure 4. 
Figure 4 demonstrates the number of peptides, proteins and cumulative spectral count for 

each method of protein extraction. (A) Two biological replicates were tested. Each 

biological replicate was run in triplicate. There was no difference in the number of peptides 

identified between each method for both biological replicates. (B) Cumulative spectra count 

for all identified peptides for each method remained consistent per biological replicate. (C) 

At the protein level there was no difference in the number of proteins identified between 

each method.
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Figure 5. 
Figure 5 demonstrates that there is no difference in the number of proteins (A) or peptides 

(B) identified after prolonged exposure to room temperature. A biological replicate 

demonstrates identical results.
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Figure 6. 
Figure 6 is a quantitative comparison of the effect of prolonged room temperature exposure 

on peptide abundance. The normalized spectra counts of the top 200 abundant peptides were 

compared in groups of 50. The box plots demonstrate that peptide quantitation remained 

stable with prolonged exposure to room temperature. There were a minimal number of 

outliers.
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Figure 7. 
Figure 7 shows that repetitive five freeze-thaw cycles does not seem to affect the number of 

proteins (A) or peptides (B) identified. A biological replicate demonstrates identical results.
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Figure 8. 
Figure 8 displays the effect of repetitive freeze-thaw cycles on peptide quantitation. The 

normalized spectra count for the top 200 abundant peptides were compared in groups of 50 

by box plot analysis. We did not identify any significant change in peptide quantitation with 

increasing number of freeze-thaw cycles.
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