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ABSTRACT

In human serum, low molecular weight (LMW) proteifesy an important role in major biological processwhich
were masked by high molecular weight (HMW) proteBeparations and identification of LMW proteinsrdérest
from serum is very intricate task. The objectivataf present study was to develop in-house acetenfACN)
precipitation method for separation of LMW protefnem high abundance and HMW proteins in serum desap
Blood Samples (n=94) were collected from area ah¥iibha region of Maharashtra, India. Serum préeifion
was done by using different dilutions of ACN. Aftiemdardization of ACN, 1:1 dilution was used agdordingly
serum, supernatant and precipitate was used for-dimensional sodium dodecyl sulfate/polyacrylampts
electrophoresis (1D SDS-PAGE) for separation oft@irs. Gel image was analyzed by using Gel anal@940
software. It was noted that LMW proteins were pnége supernatant in the molecular range of 42 kBa kDa, 24
kDa, 19 kDa, 5kDa whereas HMW proteins were founprecipitates at the range of 156kDa, 115 kDa, kD2,
95 kDa, 72 kDa, 69 kDa, 58 kDa, 43 kDa. Resultsvgtsbthat HMW proteins present in precipitated adVi.
proteins were concentrated in supernatadnt.conclusion, a rapid ACN precipitation method hsen developed
that reproducibly depletes high abundance and HMwMgins from serum prior to mass spectrometry based
proteomic approaches.

Keywords: Acetonitrile precipitation, HMW proteins, LMW pradtes, One dimensional electrophoresis, Precipitate,
Supernatant

INTRODUCTION

Human Serum contains thousands of proteins varyingpncentration, the majority of which are low mallar
weight (LMW). The normal laboratory value of sertatal protein is around 7 g/dl (1The analysis of proteins
present in human serum is of great importance énstindy of both health and diseases. Diagnostiecatds are
often LMW proteins secreted into the blood stre@raaesult of the disease progress (2, 3). Howdlerdiverse
range of proteins present in the serum can leatifficulties when looking for those present at loancentrations
(4). In serum the most abundant proteins includesinain and immunoglobulin G (IgG) which masked the
expression of LMW proteins (5). Removal of highlyuadant proteins, coupled to powerful protein safiamn
methods are required for facilitating detection afehtification of low abundant masked proteins.
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Proteins with molecular weights of <25kDa are iweal in major biological processes such as ribosfmmeation,
stress adaption and cell cycle control (6, 7). Dedeir importance, the coverage of smaller pnstén standard
proteome studies is rather sparse. Several teobrige affinity chromatography, ethanol precipitetj specific
antibodies or size-exclusion filtration are avdiafor the separation and identification of majerwsn proteins, but
effective methods are yet to be proven successfulfMW molecules (8 - 13). All the above mentiortedhniques
are costly, time consuming and require tedious gutace. Therefore, there is a need to develop eadycast
effective precipitation method which separate amélywe LMW proteins from serum samples. The use of
acetonitrile precipitation satisfies both critefiarge abundant proteins such as albumin are afédgtprecipitated
while peptides and small proteins remained in smhuand can be analyzed for further studies. Thecebf ACN
precipitation on serum proteins was evaluated byYSTI3-PAGE enabling them to be compared and idedtifising
different mass spectrometry approaches (14, 15).

The objective of the present study is to developirmhouse acetonitrile precipitation method thatuldoallow
selective precipitation of large abundant protesrsd at the same time dissociates and extracts emall
peptides/proteins. The main rationale was to dgvel@ost effective method that would allow separatf such
proteins, which can be used further for identifimatand functional studies.

MATERIALS AND METHODS

Study Subjects and Sample Collection:

A total 94 serum samples were collected from théhdibha region of Maharashtra state, India oututiwn= 46
were males and n= 48 were females. The age of #ncipant was ranged between 15-78 years. Baseline
characteristics and clinical findings of participmawere recorded. Blood samples were collectedcantrifuged at
5000 rpm for 10 min. After centrifugation serum weansferred to sterilized tube and stored afG4fr further
analysis.

Acetonitrile Precipitation

Acetonitrile was used for precipitation of serunotgins. Three different dilutions of serum and ACN 0.5, 1:1,
and 1:2) were used for the precipitation. The seanch ACN mixture was placed on ice for 1 hour. Afteoling it
was centrifuged at 5000 rpm for 5 minutes. The swgtant was removed and precipitate was dissolvetistilled
water. The serum, precipitate and supernatant diezetly applied for 1D electrophoresis after piotestimation.

Estimation of protein concentration:
The protein concentration of the serum sample,ipitate and the supernatant was determined by ubiedBiuret
Biosystem kit (total protein) following the manufarer’'s instructions. The protein absorbance wassueed at
545nm using a semi auto analyzer.

One Dimensional SDS-PAGE gel electrophoresis

Approximately 40-60ug of the serum, supernatant and precipitate weadeld into a well of sodium dodecyl
sulphate polyacrylamide gel electrophoresis (SD&ERA Electrophoresis was performed with verticabsbel
electrophoresis system by standard Laemmlli's ntbthsing 10% running gel and 5% stacking gel. The ge
separation was done at 250 Volts. After completibelectrophoresis gels were developed by Coomasairing.
Briefly the gels were fixed with a methanol: acetaid: water (4:1:5) solution, stained with Coonmrassilliant blue
Stain and destained in a solution of 10% methandl 746 acetic acid.

Densitometric analysis:
After staining, gel images were taken with the h&figel scanner. The densitometric analysis ofginoprofile of
developed gels was then studied using gel anaBE0 software.

RESULTS

The result of 1D SDS PAGE of serum samples prioh@N precipitation method reveal that an albumimdat
approximately 66kDa and the IgG bands at approxipat3 kDa and 29kDa corresponding to heavy ant lig
chain of IgG respectively. Result showed that tAeds of albumin and IgG heavy and light chain wamminent
and both together represent about 98f%he serum proteins. Therefore, the depletiothisf high abundance protein
is very essential for successful separation of Lididteins from serum samples.
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The total average serum protein concentration obslein the present study was 7.8gm/dl. After ACHEgipitation
of serum samples the total protein recovery is 85lyo 40% this demonstrating the efficiency of thethod for the
depletion of HMW proteins. The use of one volumeA@MN can efficiently precipitate or depleted largeundant
HMW protein such as albumin and IgG while LMW pioteremained in the supernatant.
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Note: After standardizationof ACN (1:1) all serum samples were loaded accordingly

Figure: 1. Show protein profiling of 1D SDS PAGE gkof the serum samples 1 & 2 (lane 2 & 5) and itsrpcipitates (lane 3 & 6) and
supernatants (lane 4 & 7) after coomassie staining
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Figure 2: Represents the densitometric analysis @iotein bands intensity in serum samples (1a, 2ajjs precipitate (1b, 2b) and
supernatant (1c, 2c) after 1-Dimensional SDS pageqfile (as shown in Fig. 1)
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The present study included a standardization of A@hod by using three different dilutions (1:015] and 1:2
dilutions) of ACN with serum samples. For standaaton all the dilutions were loaded separatelymthe gel. It
was observed that the ratio of serum to acetomitd. 1: 0.5 is not showed properly for depletddiHMW protein
like albumin and heavy and light chain of IgG. Her, the ratio of serum to ACN i.e. 1:1 & 1:2 gegy effective
for the depletion of high molecular weight proteiasd the high recovery of the protein in precigtand
supernatant. After centrifugation of the reactioixtore, less soluble heavy proteins should be foimdhe
precipitate, while the more soluble lighter onesiaed in the supernatant. The proteins in the reapant and
precipitate were range from approximately 6 — 20&kDhis represents a wide range of proteins witands to
size.

Based on 1D SDS PAGE, proteins were separated img Usl standardized dilution which was differeltyia
expressed in supernatant and precipitates as simdigure 1.

Depending upon expression of proteins, selectesl \gete subjected to densitometric analysis whickhmvn in
figure 2. of each serum samples.

Table 1: Depicts the molecular weight (kDa) of expssed protein bands in serum samples, its precipteaand supernatant after
densitometric analysis of 1-Dimensional SDS pagesahown in fig.1)

Sample Serum samples Protein Bands Precipitate Protein Bands Molecular Supernatant Protein Bands Molecular
Number Molecular Weight (KDa) Weight (KDa) (ACN dilution 1:1) Weight (KDa) (ACN dilution 1:1)

13¢ 11E -
99 95
67 69 -
58 58 52

1 48 43 46, 42
28 24 24
20 - -
15 14 17,14
6,5 6,5 6,5
143 156 -
104 102
93 90
75 72

5 55 55
44 43 -
32 38,33 32
22 - 26
14 - 19,13

- - 7,5

Table. 1 depicts the separated protein bands aogptd their molecular weight in precipitate angstnatant by
ACN precipitation method. In all precipitates piateands were found in the range of 156kDa, 115,KID& kDa,
95 kDa, 72 kDa, 69 kDa, 58 kDa, 43 kDa while in sillpernatants protein bands were found in theerahg2 kDa,
32 kDa, 24 kDa, 19 kDa, 5kDa.

DISCUSSION

Abundance amount of proteins present in the celigny wide range of proteins which create great erity
while analyzing the whole cell (16). Reducing tbisnplexity by analyzing protein subsets has impdcaealysis of
LMW proteins and contributed information about thealization of various proteins in the cell. Salenethods are
available for the separation and identification AW proteins, but effective methods are yet to bevpn
successful for LMW proteins (17, 18). The developtnaf new techniques is needed for the separatidivivv
proteins which were masked by HMW proteins. Thesgné study focused on the development and starzdéiat
of ACN precipitation method for elimination of HMWfoteins from serum sample and separate LMW prstein

The present study was supported by many reseapdrpas separation of LMW proteins from HMW prosefy
ACN precipitation is effective method. Ulunna K.uddmet.al. (19) worked on evaluation of ACN as a method for
separating LMW from HMW proteins in cytosol from M& Breast Cancer Cells . They reported that thelba
from the precipitate revealed the same large pisteis the cytosolic fraction. The supernatant wagaining
mainly LMW proteins. On the basis of their restiitsy concluded that, although ACN precipitation dat result in
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complete protein separation, there is obviouslycbment for LMW proteins in the supernatant. Simfiadings
were observed in our study, more LMW proteins bandse expressed in supernatant while HMW proteiasew
found in precipitate after ACN precipitation method

Wei Sheng Yan Jiwet.al. (20) worked on various separation techniques ssamualtiple affinity chromatography,
ethanol and ACN precipitation method with the aordetermine reliable separation method. On theshasiesult

they concluded that multiple affinity chromatogrgphethod could effectively remove the high abunéammteins

and keep a large number of low abundance proteidsthanol precipitation could eliminate part afthebundance
proteins in serum, but low abundance proteins wss harvested. While serum proteins separation@y Aethod

was able to eliminate the vast majority of high radance proteins and more proteins of LMW were found
supernatant. Their finding strongly suggested &@N precipitation is one of the best methods tcasete LMW

proteins which completely support our findings.

Another study of C. Fernandez. al. (21) compared the three methods to diminish the cormémhost highly
abundant proteins in human serum with ACN, dithieitiol (DTT) and protein equalization with the RroMiner
(PM) which was assessed by 1-D gel electrophoeexisMS. They suggested that out of these threeadstiACN
method allows an effective depletion of the protiaction above 7RDa. The ACN-depletion strategy offers a
viable alternative to the immunochemistry-basedeginedepletion techniqgues commonly used for remg\hiigh
abundance proteins from serum prior to MS-basedepmoic analysis. Thus an establishing the fact &@N
precipitation is used as a viable alternative me:tioo precipitation and/or separation method for\lM\proteins.

In conclusion, ACN precipitation is one of the ganéthods for enrichment of LMW proteins and 1D SBSGE
electrophoresis is an immense proteomic methodsigalize the separation of proteins according &rtMW. In
future, 2D electrophoresis will be performed foread visualization of separation of LMW proteins and
identification/characterization will be carried awith the help of LCMS or MALDI-TOF-MS analysis.

CONCLUSION

Combination of ACN depletion and one-dimension@ctbphoresis enabled the detection of the low dauon
serum proteins which has very low concentratiothin serum. 1D SDS-PAGE analysis of the supernaiaatly
showed the enrichment of LMW proteins after eximct showed the efficiency of the ACN method foe th
depletion of HMW proteins. The ACN-depletion stpte offers a possible alternative to the other
immunochemistry-based protein-depletion techniggeserally used for removing high abundant protdmos
serum prior to MS-based proteomic analyses.
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