
ABSTRACT
Urinary proteomics is the large scale characterization of the protein content of the urine of any organism which 
is widely used for the diagnosis of a numerous number of human diseases. The ultimate goal of urinary proteome 
analysis is to compare the protein profile of the normal individual with diseased, so that the indifferent expression 
of the protein can be identified, finally leading to the designing and development of an innovative biomarker with 
a diagnostic value. The present study is aimed at standardizing a protocol for the precipitation of the total urinary 
protein, which can yield high protein concentration. Different precipitation methods of protein precipitation using 
the TCA, Acetone and Acetonitrile have been employed for extracting the total protein content of the urine. The 
proteins extracted from the various procedures were validated quantitatively and qualitatively using colorimetric 
analysis and SDS PAGE respectively. The results of the validating processes have proved that the precipitation of 
the urine with Acetone precipitation resulted in better recovery and integrity of proteins.
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INTRODUCTION

A proteome is a complete set of proteins that is normally 
expressed by the organism, at a specific time in a specific 
cell or tissue. The proteome can change with time with 
respect to changes in the physiological behavior of cells, 
(Anderson et al., 2016, Ghosh et al., 2016). Proteomics 

is used to characterize the entire protein complement of 
an individual which deals with the study of expression, 
interactions and functions of proteins(Aslam et al., 2017). 
The genomics research has provided information on the 
protein encoding genes that are expressed by the numerous 
cell types of the human body. The human proteome 
research is the next step to be taken forward from the 
information provided by the genomics research,(Uhlen, 
2008). The applications of proteome research is applied in 
understanding the protein expression, protein interactions 
and post translational modifications, (Aslam et al., 2017, 
Chen, 2017, Bonislawski, 2020).

A biomarker is a biological component characteristic to 
any individual which can be measured and appraised as 
a useful tool to indicate the normal biological processes, 
disease conditions, or effect of the drug response during 
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phenylmethylsulfonyl fluoride (PMSF) (protease inhibitor) 
followed by storage at -20°C for further analysis.

Method 2: An aliquot of 50ml urine sample, mixed with 
6.5ml of 85% ice-cold TCA followed by incubation on 
ice for 2h and spun at 8,000xg for 20min at 4°C. The 
pellet was washed with 90% acetone by vortexing and 
then centrifuged at 12,000xg for 20min at 4°C. The pellet 
was collected, air dried and re-suspended in 2ml PBS & 
50µl of 8% PMSF and stored at -20°C.

Method 3: To 50ml of the urine aliquot, 25ml of 85% 
ice-cold TCA was added, mixed and incubated at 4°C for 
10min. The mixture was then centrifuged at 12,000xg 
for 10min at 4°C and the pellet was re-suspended in 
12.5ml of 90% acetone. The resultant mixture was spun 
at 14,000xg for 30min at 4°C and the above step was 
repeated for three times. The subsequent pellet was air 
dried, re-suspended in 2ml PBS & 50µl of 8% PMSF and 
stored at -20°C.

Acetone Precipitation
Method 1: An aliquot of  50ml urine sample was mixed 
with half the volume of 85% ice-cold acetone, mixed 
well and kept on ice for 2 h. The incubated mixture 
was centrifuged at 12,000xg for 15min at 4°C and then 
collected pellet was washed with ice-cold acetone. Again 
the suspension was centrifuged at 12,000xg for 15min 
at 4°C and the pellet was collected, air dried and re-
suspended in 2ml PBS & 50µl of 8% PMSF for storage 
at -20°C.

Method 2: 50ml aliquot of the urine sample was mixed 
with thrice the volume of 85% ice-cold acetone and kept 
at -20°C for 30 min. After incubation, the mixture was 
centrifuged at 13,000xg for 20min at 4°C and the pellet 
obtained was washed with ice-cold acetone for 3times 
followed by centrifugation. The pellet thus obtained was 
air dried and re-suspended with 2ml PBS & 50µl of 8% 
PMSF before storage at -20°C.

Method 3: To 50ml of the urine sample, twice the volume 
of 85% ice-cold acetone was added, mixed well and 
incubated on ice for 2h. The mixture was then spun at 
12,000 x g for 30min at 4°C and the pellet collected was 
air dried. The dried pellet was re-suspended in  2ml PBS 
& 50µl of 8% PMSF before the storage at -20°C.

Method 4: 50ml of the urine sample was taken in a 
centrifuge tube and equal volume of 85% ice-cold 
acetone was added, followed by incubation overnight 
at -20°C. The mixture was centrifuged at 12,000xg for 
20min at 4°C. The supernatant was discarded and the 
pellet obtained was air dried, re-suspended in 2ml PBS 
& 50µl of 8% PMSF. Sample was stored at -20°C until 
the further use.

Acetonitrile precipitation
Method 1: Four times the volume of ice-cold acetonitrile 
was added to a 50ml aliquot of urine, followed by 
incubation at room temperature for 90min. After 
incubation, the mixture was centrifuged at 12,000xg 

therapeutic process(Strimbu and Tavel, 2010). A good 
biomarker should be accurate, non-invasive and easily 
collectable for performing the tests(Selleck et al., 
2017). Urine is a potential source of a wide variety of 
components ranging from the small molecular weight 
metabolites and peptides to high molecular weight 
macromolecular complexes like exosomes, small vesicles 
and cytosolic proteins (Hildonen et al., 2016). In view 
of this, urine can be used as an excellent tool for the 
analysis of biomarkers because of its simple composition, 
abundant availability and frequent sampling from the 
same individual, (Lin et al., 2018).

Presently, existing tests can be used to determine either 
the level of total protein or a single protein in urine, 
whereas the evolving technology of proteomics facilitate 
the instantaneous analysis of the multiple urinary protein 
patterns and their link with the process of diagnosis or the 
individual’s response to any treatment(Amiri-Dashatan 
et al., 2018). There are various processes available by 
which the proteins of urine can effectively be isolated 
and used for the diagnosis of the diseases. Fractionation 
of the proteins can be done by employing techniques like 
chromatography, electrophoresis, gel filtration column, 
dialysis, centrifugal separation or precipitation,(Potts, 
1965). Precipitation methods are the most commonly 
employed method for separation of proteins from the 
biological samples. The present study involves the 
evaluation of various methods of precipitation which can 
be used for efficient precipitation of the urinary proteins 
in large quantities.

MATERIAL AND METHODS

Sample Collection: About 50 – 100ml of the clean, first 
urine sample in the morning from 4 male and 4 female 
healthy volunteers (between 20 to 40years of age) was 
collected in a sterile polypropylene centrifuge tubes as 
per the method described earlier (Thongboonkerd et al., 
2002).

Precipitation of total proteins from urine: The total 
proteins of the urine samples were fractionated by 
different precipitation methods. Total nine methods 
have been employed, three based on TCA precipitation 
(Magistroni et al., 2009), four based on Acetone 
precipitation (Magistroni et al., 2009) and two based on 
Acetonitrile precipitation (Polson et al., 2003). All the 
methods are different from each other on the basis of 
i) temperature and duration of incubation, ii) duration 
and speed of centrifugation, iii) number and duration of 
washing step, iv) type and volume of solvents used.

TCA precipitation
Method 1: 50ml aliquot of urine sample was mixed 
with 12.5ml of 85% ice-cold TCA and incubated at 
4°C overnight in a refrigerator. The mixture was then 
centrifuged at 8000xg for 20min at 4°C and the pellet 
was washed with 85% ice-cold acetone. The re-suspended 
pellet was again centrifuged at 12,000xg for 15min at 
4°C and the resultant pellet was air dried, re-suspended 
in 2ml of PBS (Phosphate buffer saline) & 50µl of 8% 
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for 15min at 4°C and the pellet obtained was allowed to 
air dry. The pellet was then re-suspended in 2ml PBS & 
50µl of 8% PMSF and stored at -20°C.

Method 2: To 50ml aliquot of the urine sample, equal 
volume of ice-cold acetonitrile was added and then left 
on ice undisturbed for 2h. The incubated mixture was 
then spun at 10,000xg for 15min at 4°C and the pellet 
collected was air dried. The final pellet was re-suspended 
in 2ml PBS & 50µl of 8% PMSF followed by storage at 
-20°C.

Estimation of total protein content: The total protein 
content of the fractionated urine samples were estimated 
by the method  of Lowry (Lowry et al., 1951). Protein was 
estimated using standard curve prepared by BSA (Bovine 
Serum Albumin) in the concentration of 200µg/ml. 

Qualitative analysis of urinary proteins using SDS PAGE: 
The urinary proteins extracted by the precipitation 
methods were analyzed qualitatively by SDS-PAGE 
(He, 2011). The protein fractions were subjected to 
separation through 10% Acrylamide gel. The separated 
bands were then stained using Coomassie Brilliant Blue 
(CBB) staining. 

RESULTS AND DISCUSSION

The protein fractions from eight different urine samples 
precipitated by the nine different methods, when 
subjected to quantitative analysis by Lowry method, 
showed highest concentrations (197.3±41.6mg of protein/
lit of urine) in the fraction obtained by the method no. 
2 of the Acetone precipitation. The other methods of the 
Acetone precipitation have yielded significantly high 
amounts of the protein fractions (129.3mg, 133.4mg 
and 135.3mg of protein/lit of urine) for method 1, 3 
and 4 respectively, compared to other studied methods. 
The TCA precipitation and Acetonitrile precipitation 
methods yielded low concentration of the proteins, as 
shown in fig. 1.

The protein fractions of the urinary samples of the 
eight volunteers were analyzed on the SDS-PAGE and 
visualized after CBB staining. Almost all the protein 
fractions displayed the presence of two high molecular 
weight proteins and one low molecular weight protein 
in protein fractions.As shown in fig 2A two high quality 
bands corresponding to high molecular mass bands 
were observed with the CBB staining of the gel, in the 
almost all the wells except TCA-acetone method no. 
1. The acetonitrile method 1 yielded two low intensity 
high molecular mass bands. TCA-acetone method no. 
1, acetone methods 1 & 4 and acetonitrile method 2 
presented one high intensity band corresponding to a 
high molecular mass protein.

In fig. 2B, except the TCA-acetone method no. 3 and 
acetonitrile method no. 2, all the other methods possessed 
two high intensity high molecular mass spots, out of 
the two bands, one was completely disappeared in 
acetonitrile method no. 1. High level of smearing was 
also observed in all the methods in high intensity, except 
in acetonitrile method no. 2, where the smearing is of 
low intensity. Two high intensity spots equivalent to 
high molecular mass proteins were observed in all the 
methods; however, one protein band was completely 
disappeared in all TCA-acetone precipitation methods.
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Figure 1: Concentration of urinary proteins extracted by 
the various precipitation methods.

*compared to all the studied groups, p<0.005

Figure 2: SDS PAGE analysis of urinary proteins extracted 
from two different samples.

Lane 1: BSA standard,,Lane 2: TCA- Acetone 
Precipitation Method 1,,Lane 3: TCA- Acetone 
Precipitation Method 2, Lane 4: TCA- Acetone 
Precipitation Method 3, Lane 5: Acetone Precipitation 
Method 1, Lane 6: Acetone Precipitation Method 2, 
Lane 7: Acetone Precipitation Method 3, Lane 8: 
Acetone Precipitation Method 4, Lane 9: Acetonitrile 
Precipitation Method 1, Lane 10: Acetonitrile 
Precipitation Method 2

The present study takes its root from the interest in 
clinical proteomics and the subsequent discovery of 
clinically important biological markers. Thus urinary 
proteomics is receiving an increasing application in 
clinical diagnosis and follow up measure to be adopted. 
Even though urine proteomics gains its importance, 
there are some specific parameters viz., salt removal 
from sample, presence of minimal quantity of clinically 
valuable proteins, timing of sample collection, sample 
storage conditions and adaptation of an efficient protein 
sample preparation method, which plays a prominent 
role (Thongboonkerd et al., 2002, González-Buitrago et 
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al., 2007, Candiano et al., 2010, Rastegari et al., 2011). 
The current study employed nine protein precipitation 
methods in order to overcome the choice of variation 
in solubility, hydrophobicity, size, pI and charge of the 
precipitated proteins from urine (Thongboonkerd et al., 
2002).

The first phase of any clinical proteomics is to find out 
the most efficient method for optimized purification / 
separation of the biomarkers from sample. In this way, 
for identifying the most effective method of precipitation 
of the proteins from urine, nine different precipitation 
methods using TCA-acetone (3 methods), acetone (4 
methods) and acetonitrile (2 methods) were selected. All 
these methods differ from either of them in one or other 
in the following parameters: i) temperature & duration 
of incubation, ii) duration & speed of centrifugation, 
iii) number & duration of washing step and iv) choice & 
volume of solvents used. The total protein fractionated 
was quantified using Lowrys method  (1951) and analyzed 
on SDS-PAGE. Quantitative analysis by Lowrys method  
(1951) showed almost similar yield in all the three 
methods of TCA-acetone precipitation, in case of acetone 
precipitation, method no. 2 resulted in higher yield of 
the protein, compared to all other precipitation methods. 
The other three methods of acetone precipitation have 
showed significantly high quantity of the proteins. The 
two methods of acetonitrile have yielded lower quantity 
compared to acetone methods.

However, the highest quantity of the protein yield was 
found to be in method no. 2 of the acetone precipitation 
method resulting in good recovery of the urinary proteins. 
The qualitative analysis of the proteins from the TCA-
acetone method by SDS-PAGE revealed that the bands 
were either absent or, if present, they are of not intact or 
of low intensity. The banding patterns of the proteins were 
varying, in which the bands were sometimes completely 
absent (Contreras et al., 2008, Walliwalagedara et al., 
2010). Besides the presence of some intact bands, the 
smearing of the bands was observed in almost all the 
methods. The method 1 of acetonitrile precipitation 
resulted in better results in terms of band visibility, 
intensity of the bands and resolution of the bands into 
intact ones in comparison to TCA methods. However, 
the band intensity and smearing was similar as in other 
methods of TCA-acetone precipitation (Walliwalagedara 
et al., 2010, Contreras et al., 2008).

The protein obtained from acetone precipitation method 
no. 2 resulted in better bands in terms of number & 
intensity of the bands, resolution and the extent of 
smearing. The TCA-acetone precipitation resulted in 
lower yield and poor resolution of the bands, which may 
be due to the presence of salt that may interfere with 
quantitative estimation and electrophoretic separation, 
and the prolonged exposure to low pH may also result 
in denaturation (Walliwalagedara et al., 2010), or 
the proteins which pI value not in the acidic range, 
because of the addition of TCA, may be lost during the 
subsequent washing steps (Jiang et al., 2004, Simpson 
and Beynon, 2010), or may be due to poor solubility of 

the proteins (Carpentier et al., 2005, Contreras et al., 
2008, Walliwalagedara et al., 2010, Rastegari et al., 2011). 
Sometimes, extended incubation time also resulted in 
noticeable positive effect on the protein precipitation. 
However, change or increase in TCA quantity and 
increase in number of washing steps doesn’t help much 
in high protein recovery.

While comparing the three precipitation methods, 
precipitation using acetonitrile resulted in relatively good 
protein recovery and good separation on the gel, which 
is in accordance with the results of published earlier 
(Romitelli et al., 2007). The acetonitrile precipitation 
methods also resulted in comparably good results, with 
variation in the number, intensity and smearing of the 
bands. This banding pattern of acetonitrile may be due to 
the property of it to remove some high molecular weight 
proteins (Alpert, 1999). Evaporation of acetonitrile 
(Sakuma et al., 1987) may influence the yield of obtained 
results by both the methods. Though, increase in the 
solvent volume does makes a sense in higher yield and 
retrieval of greater number of protein bands, which may 
have lost in the process with lower volume (Alpert, 1999, 
Romitelli et al., 2007).

Of all the methods, precipitation by acetone generated 
better results in terms of protein yield, resolution of 
the bands, number and intensity of the bands, amount 
and intensity of smearing, which is in support of earlier 
results too (Jiang et al., 2004, Walliwalagedara et al., 
2010). This is due to the property of acetone in removing 
the impurities like salts, lipids and pigments that are 
considered as the possible parameters of interference 
in urine analysis (Rastegari et al., 2011). In addition, 
the pH of urine is acidic and that of acetone is 6.0 and 
this minimizes the rate of protein denaturation when 
compared to TCA precipitation (Thongboonkerd et al., 
2002). From the analysis made during the study, the 
acetone precipitation method no. 2 and acetonitrile 
precipitation method no. 1 yielded better urinary proteins 
in terms of quality and better resolution of the protein 
bands on the gel.

In conclusion, present study explains the comparative 
study of precipitation methods for precipitation of 
urinary proteins, insight to open the door of biomarker 
discovery through non invasive sampling method, such 
as urine.
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