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Summary. Body fluids, like plasma and urine, are comparatively easy to

obtain and are useful for the detection of novel diagnostic markers by

applying new technologies, like proteomics. However, in plasma, several

high-abundance proteins are dominant and repress the signals of the lower-

abundance proteins, which then become undetectable either by two-

dimensional gels or chromatography. Therefore, depletion of the abundant

proteins is a prerequisite for the detection of the low-abundance compo-

nents. We applied affinity chromatography on blue matrix and Protein G

and removed the most abundant human plasma proteins, albumin and the

immunoglobulin chains. The plasma proteins, prior to albumin and immu-

noglobulin depletion, as well the eluates from the two chromatography

steps were analyzed by two-dimensional electrophoresis and the proteins

were identified by MALDI-TOF-MS. The analysis resulted in the identi-

fication of 83 different gene products in the untreated plasma. Removal of

the high-abundance proteins resulted in the visualization of new protein

signals. In the eluate of the two affinity steps, mostly albumin and immu-

noglobulin spots were detected but also spots representing several other

abundant plasma proteins. The methodology is easy to perform and is

useful as a first step in the detection of diagnostic markers in body fluids

by applying proteomics technologies.

Keywords: Affinity chromatography – Albumin depletion – Antibody

chains depletion – Diagnostic markers – High-abundance proteins – Mass

spectrometry – Plasma – Proteomics

Introduction

Proteomics studies the proteins of biological systems in a

high-throughput mode and has as goal the detection of novel

drug targets and diagnostic markers. A proteomic analysis

usually employs two-dimensional electrophoresis or multi-

dimensional chromatography for protein separation and

mass spectrometry for protein identification. In general, in

the small sample volume (about 10–300�l) that is usually

used in a proteomic analysis, a large percentage of the

expressed proteins are not present in sufficient quantities

to be detected, so that certain low-abundance proteins can

not be readily detected during the analysis of total proteins

(Fountoulakis, 2001). Nevertheless, the study of the low-

copy-number gene products is of highest importance as such

proteins are the most likely drug targets and diagnostic mark-

ers. Low-abundance proteins can be enriched from crude

extracts by biochemical protein-enriching approaches,

where the original protein mixture is separated into less

complex fractions, each containing a lower number of total

proteins in comparison with the starting material. Enrich-

ment of proteins from larger volumes can be achieved by

selective fractionation, chromatography, electrophoretic

procedures or by a combination of the various methods

(Fountoulakis and Takács, 2002; Fountoulakis et al., 2004).

Plasma is very interesting from the medical point of

view as most cells communicate with it and many cells

release at least part of their content into the plasma upon

damage or death (Anderson et al., 2004). Whereas plasma

can be easily obtained and the information it comprises is

immense, it is one of the most difficult samples to analyze

by applying proteomics tools (Anderson and Anderson,

2002). The reason is that it contains about ten high-abun-

dance proteins which together represent about 97% of the

total plasma proteins. Probably, less than 1% of all pro-

teins are prime targets for the identification of novel mar-

kers (Zolg and Langen, 2004). The most abundant pro-

teins are albumin and the immunoglobulin heavy and light

chains, representing together about 80% of the plasma

proteins. Therefore, depletion of at least these two high

abundance proteins is a prerequisite of a successful search

for disease markers in plasma.
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There exist several studies dealing with the proteomic

analysis of plasma and with the depletion of abundant pro-

teins, involving selective fractionation (Jiang et al., 2004),

chromatography steps (Barroso et al., 2003; Govorukhina

et al., 2003; Pieper et al., 2003a and 2003b) and various

proteomics approaches (Veenstra and Conrads, 2003;

Vlahou et al., 2003; Zhang et al., 2004). By using 2-D

gels for protein visualization, about 60–80 different pro-

teins are usually detected. Through combination of pro-

tein enriching steps and 2-D electrophoresis, 325 different

proteins were identified in plasma (Pieper et al., 2003a).

Here we present an updated 2-D protein map of untreated

plasma and report a simple approach involving two chro-

matography steps for the depletion of the two major

plasma components, albumin and IgG chains.

Materials and methods

Materials

Immobilized pH-gradient (IPG) strips and IPG buffers were purchased from

Amersham Biosciences (Uppsala, Sweden). Acrylamide=piperazine-di-

acrylamide (PDA) solution (37.5:1, w=v) was purchased from Biosolve

Ltd. (Valkenswaard, The Netherlands) and the other reagents for the poly-

acrylamide gel preparation were from Bio-Rad Laboratories (Hercules,

CA, USA). CHAPS was obtained from Roche Diagnostics (Mannheim,

Germany), urea from AppliChem (Darmstadt, Germany), thiourea from

Fluka (Buchs, Switzerland), 1,4-dithioerythritol (DTE) and EDTA from

Merck (Darmstadt, Germany) and tributylphosphine (TBP) from Pierce

Biotechnology (Rockford, IL, USA). The reagents were kept at 4�C.

HiTrap blue columns were obtained from Amersham Biosciences. Plasma

samples were from controls, EDTA-treated and were stored at �80�C

until use. The protein content was determined with the Coomassie blue

method (Bradford, 1976). The average plasma protein concentration was

65 mg=ml.

Chromatography on Mimetic blue and Protein G

Protease inhibitors cocktail CompleteTM (Roche Diagnostics) was added

to the plasma (one tablet to 50 ml of volume) upon thawing. 40 mg of

plasma (0.6 ml) was diluted ten-fold with 25 mM MES, pH 6.0, to reduce

the salt concentration and to adjust the pH to about 6.0. Albumin was

removed by chromatography on Mimetic blue SA P6XL (2 ml, ProMetic

BioSciences Ltd.) and the IgG chains were removed by chromatography

on HiTrap Protein G HP (1 ml, Amersham Biosciences). The two columns

were connected in series and equilibrated with 25 mM MES, pH 6.0. The

diluted plasma solution was filtered through a 0.22�m filter and applied

onto the Mimetic blue column at 1 ml=min. The flow through of this

column was directly loaded onto the Protein G column and the flow-

through fraction from the latter column was collected (about 6 mg totally,

16%). The two columns were washed with 10 ml of 25 mM MES, pH 6.0

and then separated. The Mimetic blue column was eluted with a step

gradient of 2 M NaCl in 50 mM Tris-HCl, pH 7.5 and the Protein G

was first eluted with 50 mM Tris-HCl, pH 7.5, containing 1 M NaCl and

then with 100 mM glycine-HCl, pH 2.8 and the eluate was neutralized

with 1 M Tris base. The two eluates were desalted by acetone precipitation

(Jiang et al., 2004). The flow through fraction and the eluates were

analyzed by two-dimensional gels and the proteins were identified by

MALDI-TOF-MS.

Two-dimensional gel electrophoresis

Two-dimensional gel electrophoresis was performed essentially as re-

ported (Langen et al., 1997). Samples of 750�g were applied on immobil-

ized pH 3–7 or pH 3–10 nonlinear IPG strips. Focusing started at 200 V

and the voltage was gradually increased to 5000 V at 3 V=min and kept

constant for a further 6 h. The second-dimensional separation was per-

formed in 12% SDS-polyacrylamide gels. The gels (180� 200� 1.5 mm)

were run at 50 mA per gel, in an ETTAN DALT II apparatus (Amersham

Biosciences). After protein fixation with 50% methanol, containing 5%

phosphoric acid for 2 h, the gels were stained with colloidal Coomassie

blue (Novex, San Diego, CA, USA) for 16 h. Excess of dye was washed

out from the gels with H2O and the gels were scanned in an Agfa

DUOSCAN densitometer (resolution 400). Protein spots were quantified

using the ImageMaster 2-D Elite software (Amersham Biosciences). The

percentage of the volume of the spots representing a certain protein was

determined in comparison with the total proteins present in the 2-D gel.

Matrix-assisted laser desorption ionization time-of-flight

mass spectrometry (MALDI-TOF-MS)

MALDI-TOF-MS analysis was essentially performed as described

(Fountoulakis and Gasser, 2003; Jiang et al., 2003; Fountoulakis, 2004).

The spots were excised from 2-D gels, destained with 30% acetonitrile in

50 mM ammonium bicarbonate and dried in a Speedvac evaporator. Each

dried gel piece was rehydrated with 5�l of 1 mM ammonium bicarbonate,

containing 50 ng trypsin (Roche Diagnostics). After 16 h at room tempera-

ture, 20�l of 50% acetonitrile, containing 0.3% trifluoroacetic acid were

added to each gel piece and incubated for 15 min with constant shaking.

The sample application to the sample target was performed with a

CyBiWell apparatus (Cybio AG, Jena, Germany). Peptide mixture

(1.5�l) was simultaneously applied with 1�l of matrix solution, consist-

ing of 0.025% �-cyano-4-hydroxycinnamic acid (Sigma) and the standard

peptides des-Arg-bradykinin (Sigma, 904.4681 Da) and adrenocorticotro-

pic hormone fragment 18–39 (Sigma, 2465.1989 Da) in 65% ethanol, 35%

acetonitrile and 0.03% trifluoroacetic acid. Samples were analyzed in a

time-of-flight mass spectrometer (Ultraflex, Bruker Daltonics, Bremen,

Germany). Peptide matching and protein searches were performed auto-

matically with the use of in-house developed software (Berndt et al.,

1999). The peptide masses were compared with the theoretical peptide

masses of all available proteins from all species. Monoisotopic masses

were used and a mass tolerance of 0.0025% or lower was allowed. The

probability of a false positive match with a given MS-spectrum was

determined for each analysis. Unmatched peptides or miscleavage were

not considered.

Results

Two-dimensional electrophoretic analysis

of plasma

Prior to chromatographic treatment, plasma was analyzed

by 2-D gels, using narrow pH 3–7 and broad pH 3–10

non-linear IPG strips. Because albumin amounts up to

about 50% of total proteins and because a minimal protein

quantity should be applied per gel for the visualization

and the identification of a large number of spots (0.5–

1.0 mg of total protein per gel stained with Coomassie

blue), various protein amounts were applied, 0.10, 0.25,

0.50, 0.75 and 1.00 mg, in order to find the optimal load

quantity. When 0.10 and 0.25 mg were loaded and the gels
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were stained with Coomassie blue, albumin was the pre-

dominant spot and a relative small number of minor spots

were detected. Upon loading of 1 mg, the albumin amount

was large, usually caused artifacts and influenced the

quality of the 2-D gels. Application of 0.50 to 0.75 mg

appeared to represent the best choice for gels to be stained

with Coomassie blue (data not shown). Figure 1A and 1B

show representative images of the plasma proteins anal-

yzed on narrow pH 3–7 and broad pH 3–10 IPG strips,

respectively, on which 0.75 mg of protein was applied. In

the narrow pH range gel, a more efficient spot resolution

was usually obtained and a larger number of spots in the

acidic region were resolved (Fig. 1A).

Protein identification

The proteins were identified by MALDI-TOF-MS on the

basis of peptide mass matching (Henzel et al., 1993),

following in-gel digestion with trypsin. About 400 spots

were excised from one 2-D gel. Each excised spot was

analyzed individually. The peptide masses were matched

with the theoretical peptide masses of all known proteins

from all species. 83 different gene products were identi-

fied in the unfractionated plasma. The proteins identified

are listed in Table 1 together with their theoretical MW

and pI values and data from the mass spectrometry anal-

ysis, i.e. the numbers of matching peptides and the prob-

ability that the protein identity assigned could be random.

The spots representing the proteins identified are shown in

Fig. 2 and are labeled with their abbreviated names. The

large spots represent albumin (ALBU), IgG heavy and

light chains (GC1, GC2, KAC), serotransferrin (TRFE),

alpha-1 antitrypsin (A1AT), haptoglobin 1 (HPT1), mac-

roglobulin (A2MG), fibrinogen (FIBB), and apolipopro-

tein A-1 (APA1) (Fig. 2).

The relatively low number of different gene products

detected is due to the presence of the high-abundance

proteins and to their high heterogeneity. Most of the pro-

teins are represented by a large number of spots. The

highest heterogeneity showed albumin which is repre-

sented by a very strong spot corresponding to the full-

length protein and many weaker spots with higher and

lower masses (Fig. 2). Excluding database redundancies

and considering the various immunoglobulin chains as

one protein, the number of the identified different gene

products is reduced to 68.

Plasma fractionation

We studied various approaches to remove the high-abun-

dance proteins, albumin and immunoglobulin chains and

the reproducibility of the method. Various chromatogra-

phy steps were tested, including affinity chromatography

on immobilized monoclonal anti-albumin antibodies and

matrix blue gels. The scheme chosen comprises two affin-

ity steps, matrix blue and Protein G. For albumin removal,

we tested two kinds of blue matrix gels, Mimetic blue and

HiTrap blue. Several protein concentration and pH condi-

tions were studied. Application of 20 mg protein per 1 ml

of bed column at pH 6.0 was found to result in optimal

Fig. 1. Two-dimensional electrophoresis analysis of plasma proteins on pH 3–7 non-linear (A) and on pH 3–10 non-linear (B) IPG strips, followed by

12% SDS-gels. 0.75 mg protein was applied on each gel. The gels were stained with Coomassie blue. A higher spot resolution was achieved with the

narrow pH range strip

Depletion of the high-abundance plasma proteins 251
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albumin depletion and recovery of the other proteins. The

two gel types delivered comparable results. The further

work was continued with Mimetic blue as albumin deple-

tion at pH 6.0 was slightly more efficient with this gel

matrix (data not shown). The procedure was repeated

three times to control the reproducibility and to establish

standard operation procedures. A high reproducibility was

achieved and the protein elution profile, the 1-D and the

2-D gel analyses were practically identical.

The columns were connected in series so that the flow-

through fraction of the Mimetic blue step was directly ap-

plied onto the Protein G column. After washing with the

application buffer, the two columns were separated and

Fig. 2. Two-dimensional map of the human plasma

proteins. The proteins were separated on a pH 3–10

non-linear IPG strip, followed by a 12% SDS-poly-

acrylamide gel, as stated under Materials and methods.

The gel was stained with Coomassie blue. The spots

were analyzed by MALDI-TOF-MS. The proteins iden-

tified are designated with their abbreviated names and

are listed in Table 1 (not all proteinsof Table 1 are shown)

Table 2. Albumin and IgG chains depletion. Protein recovery during

albumin and immunoglobulin chains depletion by chromatography on

Mimetic blue and Protein G, respectively. The chromatography was

performed on a 2-ml Mimetic blue and a 1-ml Protein G column as

described in Materials and methods

Purification step Total protein Recovery

(mg) (%)

Starting material 40.0 100

Mimetic blueþ Protein G

flow-through

5.9 15

Mimetic elution 28.6 72

Protein G elution 4.8 12

Fig. 3. SDS-PAGE analysis of the plasma proteins eluted from the

Mimetic blue and protein G columns. 50�g of protein was applied per

lane and the gel (12.5%) was stained with Coomassie blue. Lane 1, flow

through from the Mimetic blue and Protein G columns (the material

applied onto the ion exchange column). Lane 2, eluate from the Mimetic

blue column. Lane 3, eluate from the Protein G with 1 M NaCl. Lane 4,

eluate from the Protein G with a buffer of pH 2.8. Lane 5, unfractionated

plasma (starting material). Lane 6, size markers
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eluted with a high salt and a low-pH buffer. Approxi-

mately 85% of the applied protein amount was retained

on the two columns and 15% was recovered in the flow-

through fraction (Table 2). Figure 3 shows an SDS-PAGE

analysis of the eluate from the two columns (lane 1) and

of the starting material (lane 5). A significant number of

bands are seen in the eluate that were hidden under the

signals of albumin (lane 2) and IgG chains (lane 4). The

Protein G column was first eluted with a high-salt buffer

which did not result in the elution of the heavy and light

chains (lane 3). The chains were eluted with a low-pH

buffer (lane 4).

In Fig. 4, the 2-D gel analysis of the untreated plasma

and of the flow-through fractions from the Mimetic blue

and the Protein G columns are shown. The Mimetic blue

step resulted in an almost complete removal of albumin.

After this step, albumin represented about 1% of total

proteins (Fig. 4B). Albumin could be completely depleted

Fig. 4. Two-dimensional electrophoresis analysis of untreated plasma (A), after albumin-depletion (B) and after albumin- and IgG chain-depletion

(C). The proteins were separated on pH 3–10 non-linear IPG strips, followed by 12% SDS-polyacrylamide gels, which were stained with Coomassie

blue. B, C, the elliptic regions show increased number of signals after the removal of the abundant proteins

Fig. 5. Two-dimensional electrophoresis analysis of proteins eluted from the matrix blue column (A) and the Protein G column (B). Plasma was

applied onto the Mimetic blue and Protein G columns and the proteins bound were eluted as described in Materials and methods. The eluate was

analyzed as described in the legend of Figure 4. The proteins are designated with their abbreviated names and are listed in Table 1
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when 10 mg of plasma were applied per ml of gel, instead

of 20 mg, but this had as a consequence that also other

proteins were retained by the matrix gel (data not shown).

After albumin depletion, a more efficient detection of

weak spots became possible (Fig. 4B, the circled areas).

Passage through the Protein G column resulted in an effi-

cient removal of approx. 95% of the immunoglobulins and

an additional enrichment of weak spots (Fig. 4C). Protein

G retained many other proteins as well which were eluted

with high salt (Fig. 3, lane 3).

We further analyzed the eluates from the two columns

by 2-D gels to identify which proteins were retained in

addition to albumin and immunoglobulins. In the eluate of

the Mimetic blue, mainly spots representing full-length

albumin and protein forms of larger and smaller molecu-

lar mass were detected (Fig. 5A). The larger albumin

forms are most likely artifacts of the 2-D gels and the

shorter forms are fragments, which show a reproducible

distribution profile. The predominant spot represents

intact albumin. Strong spots representing other proteins

are also visible, like serotrasferrin (TRFE), IgG chains,

plasminogen (PLMN), complement proteins (CFAB, CO3,

CO4), alpha-1 antitrypsin (A1AT), antithrombin (ANT3),

haptoglobin (HPT1), apolipoprotein A-1 (APA1) and

others (Fig. 5A). In the eluate from the Protein G column,

mainly heavy and light IgG chains were detected but also

spots representing albumin not bound to Mimetic blue

(ALBU), serotrasferrin (TRFE), plasminogen (PLMN),

alpha-1 antitrypsin (A1AT), antithrombin (ANT3), apoli-

poprotein A-1 (APA1) and others (Fig. 5B). Most of the

other plasma proteins were recovered in the flow through

fraction.

Discussion

Our goal was the establishment of standard operation

procedures for the removal of the most abundant plasma

proteins, albumin and immunoglobulin heavy and light

chains, which together amount to about 80% of total

plasma proteins. Plasma contains a large number of pro-

teins with existing and potential therapeutic value. Appli-

cation of proteomics methods may lead to the develop-

ment of multi-protein, disease-specific biomarkers to

improve the reliability and specificity of diagnostics

(Lathrop et al., 2003). The major drawback of a plasma

proteomic analysis is that the gene product copy number

shows a wide distribution of about 12 orders of magni-

tude (Lescuyer et al., 2004), which makes the detection

of the low-abundance proteins an extremely difficult

undertaking.

The developed purification scheme involves chromato-

graphy on Mimetic blue and Protein G columns. The two

columns mainly bound albumin and IgG chains, respec-

tively; however, the binding was not specific. Both col-

umns bound several other high-abundance plasma pro-

teins as well and probably also low-abundance proteins

which were not visible in the 2-D gels because of the

small amount. The unspecific binding is an unavoidable

compromise in the process of depletion of the high-abun-

dance proteins to increase the probability of detection of

the low-abundance counterparts. The other alternative is

the direct analysis of the untreated plasma. Such an anal-

ysis can result in the detection of differences between the

about 80 abundant proteins in control and diseased sam-

ples but will not result in the detection of differences in

the levels of the low-abundance proteins.

The depletion of albumin and immunoglobulins re-

sulted in the detection of additional weak spots or hidden

spots which were co-migrating with those of abundant

proteins but not many new spots could be detected, in

particular enrichment of the low-molecular-mass proteins

was inefficient. This could be due to the fact that the low-

abundance proteins are present in very small amounts so

that their detection is not possible in the 2-D gels stained

with Coomassie blue and to the technical limitation of

inefficient detection of small proteins in 2-D gels. This

indicates that additional enrichment steps are necessary

for their enrichment and visualization.

Instead of matrix blue columns, albumin can be

retained by immobilized specific antibodies. Comparison

between affinity chromatography on monoclonal antibody

and matrix blue showed that the latter step is more effi-

cient as it has a high capacity (approximately 20 mg=ml of

gel) whereas about 3 mg of antibody are required for the

binding of 1 mg of albumin. Antibodies are more difficult

to produce and the binding specificity is only slightly

higher than that of the matrix blue gels. Thus, in addition

to the albumin forms, several other proteins were detected

in the eluate from antibody columns, i.e. serotransferrin,

alpha-1 anti-trypsin, vitamin D-binding protein, apolipro-

tein A-I, haptoglobin and others (data not shown). Use of

multi-component immunoaffinity chromatography has

resulted in the detection of many lower abundance pro-

teins (Pieper et al., 2003b); however, this approach may

not be practical for the analysis of a large number of

samples.

Govorukhina et al. (2004) have compared several

matrix blue gels for their efficiency in albumin and immu-

noglobulin depletion in serum. They found that with the

Poros anti-albumin=Protein G and the combination of
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HiTrap Blue=HiTrap Protein G columns the protein deple-

tion was the highest. The depletion of those proteins from

serum or plasma has facilitated the detection of disease

markers. Removal of the two most abundant proteins is

indeed essential for the detection of lower abundant pro-

teins; however, the complexity is much larger on account

of the dynamic range of the protein distribution. For ex-

ample, albumin is present in plasma at about 50 mg=ml,

the tumor marker prostate-specific antigen at 1 ng=ml and

troponin at 1 pm=ml. If albumin could be removed to

99.9%, the remaining protein would be present at

50�g=ml, i.e. at a 50000-fold higher concentration in

comparison with the prostate-specific antigen (Zolg and

Langen, 2004).

Therefore, for the detection of the low-copy-number

gene products, in addition to the depletion of the abundant

proteins, technologies for the efficient separation of the

low- from the high-abundant and for the efficient enrich-

ment of the low-abundant proteins to detectable levels

have to be developed. The latter has to include chromato-

graphy and electrophoresis steps. We have applied pre-

parative electrophoresis for the fractionation of plasma

proteins on cylindrical LDS-gels. The method did not

result in a significant enrichment because albumin could

not be efficiently separated from the other proteins (unpub-

lished results). The same method was very successful in

the fractionation of brain and liver proteins (Fountoulakis

and Juranville, 2003; Fountoulakis et al., 2004). A simple

method for albumin depletion comprises ammonium sul-

fate precipitation steps. In the pellet of the 50% ammo-

nium sulfate precipitation, the majority of the plasma

proteins and only a minor amount of albumin were found

and in the pellet of the 70% precipitation mainly albumin,

serotransferrin, anti-trypsin and haptoglobin-1 were detect-

ed. This fraction did not include antibody chains (Jiang

et al., 2004). Following albumin and immunoglobulin

depletion with the approach described in this study, the

flow-through fraction was subjected to chromatography

over an ion exchanger. The step resulted in the identifica-

tion of more than 380 proteins in comparison with the 83

identified in the 2-D gels of the untreated plasma (manu-

script in preparation).

Although approx. 400 different gene products have

been identified in plasma until now using 2-D gels=

MALDI-TOF-MS and a few hundred more may be detect-

ed if additional protein fractionation and enrichment steps

will be employed, still this classical proteomic approach

may not be the right tool in analyzing body fluids which

include dominating proteins like albumin. Complete

removal of such proteins, even if it can be achieved,

may not be desirable because such proteins will trap

many of the low-abundance proteins, their fragments

and peptides, which will thus be lost and not detected.

In parallel to the described method, alternative proteomic

approaches may be useful, such as protein digestion,

multidimensional chromatography for peptide separation

and enrichment and identification by tandem MS or

MALDI-TOF-MS. The presence of the high-abundance

proteins will still be an issue for these methods whereas

their removal will be associated with the drawbacks dis-

cussed above. Moreover, the multidimensional-tandem

MS method is still under development, whereas the

2-D gel=MALDI-TOF-MS is a well documented, robust

method, efficiently applied in most proteomics studies.

The enormous potential of detection of novel drug targets

and diagnostic markers in plasma and other body fluids

will further drive the development of the analytical

techniques.

In conclusion, we constructed a 2-D map for plasma

proteins, including 83 gene products, and developed a

simple and reproducible method for the depletion of the

abundant proteins albumin and immunoglobulin heavy

and light chains. The scheme comprises chromatography

on Mimetic blue and Protein G columns at pH 6.0. The

method is convenient to perform, results in the removal of

about 99% of albumin and 95% of antibody chains and is

useful in the search of molecules of medical interest in

body fluids.
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