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Abstract Membrane proteins account for 70–80%

of all pharmaceutical targets emphasizing their clin-

ical relevance. Identification of new, differentially

expressed membrane proteins reflecting distinct dis-

ease properties is thus of high importance. Unfortu-

nately, isolation and analysis of membrane-bound

proteins is hampered by their relative low abundance

in total cell lysates, their frequently large size and their

hydrophobic properties. We thus aimed to identify

protocols that allow for highly efficient isolation and

purification of membrane-bound proteins for subse-

quent protein profiling. We present a comparative

study of different membrane protein extraction meth-

ods that vary in total protein yield between 0.02 and

4.8 mg using constant cell pellets of the colorectal

carcinoma cell line SW620. We also demonstrate by

means of polyacrylamide gel electrophoresis (SDS–

PAGE) and Western blot analysis that the majority of

commercial membrane extraction kits harbor a

substantial cytosolic contamination of their membra-

nous fraction. Based on purity of membranous frac-

tion, protein yield, time and costs, we show superiority

of two commercial extraction kits for downstream

proteome analyses of membrane proteins.

Keywords Extraction techniques � Membrane

proteins � Commercial kits � Sub-cellular fractions �
Contamination � Protein yield

Introduction

Membrane proteins are critical for normal cellular

differentiation and diverse functions (Sanders and

Myers 2004). Alterations in protein patterns often

lead to cell dysfunctions and disease phenotypes

(Carter et al. 2004). The importance of membrane

proteins for clinical application is underlined by the

fact that they account for 70–80% of all drug targets.

Furthermore, it is estimated that about two-thirds of

all future drugs will target membrane proteins

(Hopkins et al. 2006; Overington et al. 2006). Thus,

identification of new, differentially expressed mem-

brane proteins reflecting certain disease properties

has the potential of providing novel biomarkers and

therapeutic targets. The detection of membrane-

bound proteins by standard proteomic methods,

however, is challenging due to their relative low

abundance in total cell lysates, their frequently large

size and most notably their hydrophobic characteris-

tics (Santoni et al. 2000; Wallin and von Heijne

1998). We thus aimed to identify protocols that allow

for highly efficient isolation and purification of
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membrane-bound proteins for subsequent protein

profiling. The traditional method for extraction of

membrane proteins is a multistep detergent extraction

combined with gradient-based ultracentrifugation

(Helenius and Simons 1975; Tanford and Reynolds

1976). This approach is however time-consuming

with up to 6 h processing time and requires an

ultracentrifuge and sonication equipment (Zhang

et al. 1994; Ellis et al. 1992). A potentially faster

and easier way to isolate membrane proteins from

mammalian cells or tissue might be provided by

commercial membrane protein extraction kits. In this

report, we present a comparative analysis of five

commercial extraction kits regarding protein yield,

membranous fraction purity, time and costs. Hereby

we provide evidence that the majority of commercial

kits harbor a substantial cytosolic contamination of

the membranous fraction. We further identify two

commercial extraction kits that prove to be superior

for downstream proteome analyses of membrane-

bound proteins.

Materials and methods

Samples

The colorectal adenocarcinoma cell line SW620 was

obtained from ATCC (accession no. CCL-227TM,

Manassas, VA, USA). Cells were cultured in T175

flasks in Leibovitz L15 medium (PAA Laboratories,

Pasching, Austria), supplemented with 10% (v/v)

unheated fetal bovine serum (FBS, PAA, Laborato-

ries, Pasching, Austria) and 1% (v/v) antibiotics

(penicillin and streptomycin) in a humidified incuba-

tor without CO2 at 37 �C. The cells were grown to

about 80% confluence and harvested by scraping in

phosphate buffered saline or kit buffers, depending

on the different extraction protocols provided by the

kit suppliers.

Protein extraction

The five commercial kits were utilized each for

extraction of 8–10 9 107 colon cancer cells. The

extractions were performed according to the manu-

facturer’s instructions. All extractions were per-

formed as three replicates. Each of the commercial

kits yielded a cytosolic-soluble and one membranous

protein fraction simultaneously.

Both sub-cellular fractions were further quantified

and evaluated for cross contamination in parallel for

each kit.

Protein quantification

Protein concentrations of both sub-cellular fractions

were quantified using either the Micro-BCATM Pro-

tein Assay Reagent Kit (Pierce, Rockford, IL, USA)

or the Bradford method (Bradford 1976) depending on

kit detergents and provider-advices. Fraction V,

protease-free bovine serum albumin ((BSA), Roche

Applied Science, Mannheim, Germany) was used as

the protein standard.

SDS–PAGE and Western blotting

Protein samples were separated first using 7.5% (kit I–

IV) or 16% (kit V) Tris–glycine SDS–PAGE gels and

visualized by CommassieTM Brilliant Blue R-250

(Bio-Rad Laboratories, Hercules, CA, USA) staining

to show differences in protein pattern between the

cytosolic and membranous protein fractions. In order

to check kit’s sub-cellular fractionation potential and

purity of obtained fractions, 10 lg per lane of each

cytosolic and membranous protein fractions were

blotted to a Polyvinylidenfluorid membrane (PVDF,

Carl Roth GmbH, Karlsruhe, Germany). For kit V, only

8 lg per lane could be used due to the low concentra-

tions of both fractions. The blots were blocked in 5%

(w/v) Blocking buffer (5 g non-fat dry milk (# 170-

6404, Bio-Rad Laboratories, Hercules, CA, USA) in

100 mL 1x Tris-Buffered Saline with 0.1% (w/v)

Tween-20 (#9997, Cell Signaling, Danvers, MA, USA)

after probing with specific primary and horseradish

peroxidase (HPR)-conjugated secondary anti mouse

IgG antibody. Detection was performed with Immobi-

lon Western chemiluminescence HRP Substrate (Mil-

lipore Corporation, MA, USA) followed by 30–300 s

exposure to a 16-bit-charge-coupled device (CCD)

camera of the imaging system ChemiDoc XRS? (Bio-

Rad Laboratories, Hercules, CA, USA). Specific

marker-protein-antibodies for each fraction were

selected using GAPDH (0.05–0.5 lg/mL ab37187)

and AnnexinV (3 lg/mL, ab54775) for cytosolic

fractions and panCadherin (3 lg/mL, ab22744),

sodium potassium ATPase pump (0.4 lg/mL
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ab7671) (all of the above named were of Abcam plc,

Cambridge, UK) and Calnexin (0.3 lg/mL,

GTX22798, GeneTex, CA, USA) for membranous

protein fractions.

Costs

The cost per extraction was calculated for each

commercially available kit by dividing the cost by the

number of extractions that could be performed with

the kit.

Statistical analysis

Reproducibility of kits and variability of protein yield

was determined by the coefficient of variation (CV).

Results and discussion

Comparison of selectivity and purity of sub-

cellular fractions

According to the protocols supplied by the manufac-

turers, all five extraction kits yielded two sub-cellular

fractions simultaneously: one cytosolic and one

membranous fraction. Only Kit V yielded two

cytosolic fractions (C1, C2) due to a recurring

separation step in the protocol.

First, assessment of overall differences in protein

patterns was performed by means of SDS–PAGE

analysis. Hereby, cytosolic and membranous frac-

tions of each kit were compared with each other. The

membrane protein patterns (Mem) were distinct from

the patterns of the corresponding cytosolic fractions

(Cyt) particularly for kits I, III and V (Fig. 1). The

membranous fractions of these three kits showed

different protein bands as compared to their corre-

sponding cytosolic fraction. In contrast, hardly any

differences in the overall protein patterns could be

detected between the sub-cellular fractions of kit II

and IV (Fig. 1). Therefore, SDS–PAGE analysis

presented kit I, III and V to show the most

pronounced differences in overall protein patterns

between the membranous and the corresponding

cytosolic fractions. It is noteworthy though, that in

the membranous fraction of Kit V not many distinct

protein bands could be detected as compared to the

corresponding two cytosolic fractions and in com-

parison to the membranous fractions of Kit I and III.

The latter two kits thus seem to be superior in terms

of membrane protein extraction selectivity and pro-

tein yield.

In order to further test the purity of the two sub-

cellular fractions obtained by each kit, we performed

Western blotting for all 11 sub-cellular fractions in

three replicates using three membrane and two

Fig. 1 Comparison of overall protein patterns of membranous

and cytosolic fractions. Extracted cytosolic (Cyt) and mem-

branous (Mem) fractions of colon cancer cells separated using

SDS–PAGE and visualized by Coomassie staining in order to

show overall differences in protein patterns between both

fractions. Kit V yielded two cytosolic fractions (C1, C2) due to

repeated separation steps. Cyt cytosolic fraction, Mem

membranous fraction, vs versus. The membranous fractions

of kits I, III and V showed different protein bands as compared

to their corresponding cytosolic fraction. In contrast, hardly

any differences in the overall expression patterns could be

detected between the sub-cellular fractions of kit II and IV.

Reproducibility of replicates was between 67% (Kit I) and

100% (Kit II, III, IV and V)
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cytosolic protein markers. Reproducibility of repli-

cates was between 73% (Kit IV), 80% (Kit I and II),

87% (Kit III) and 100% (Kit V). The membrane

protein markers have been chosen as well known

tumor biomarkers and proving potential as pharma-

ceutical targets, e.g. for prostate cancer (panCadher-

in—cell membrane receptor), melanomas

(Calnexin—integral ER-membrane), and other malig-

nancies (ATPase—multi-pass integral membrane

protein) (Chen et al. 2006; Mijatovic et al. 2008;

Dissemond et al. 2004; Wehbi et al. 2002). The two

cytosolic protein markers (AnnexinV, GAPDH) were

selected due to their well known cytosolic location

and their potential for anti-cancer treatment response

monitoring (Corsten et al. 2006; Kenis et al. 2007).

Analysis of Kit I revealed that two of the three

membrane protein markers (panCadherin, Calnexin)

showed expression only in the membranous fraction

(M) (Fig. 2). The third membrane protein, ATPase,

could also be detected in the cytosolic fraction. The

two cytosolic marker proteins (GAPDH, Annexin V)

could be observed in both, the cytosolic and the

membranous fraction. They were however less

intensely stained in the membranous fraction. In

summary, Kit I retains all three membrane proteins

and shows a fairly good separation of those compared

to the cytosolic fraction. However, the membranous

fraction shows substantial contamination with both

cytosolic proteins.

Kit II showed a good separation only for one of the

three membrane proteins (Calnexin) (Fig. 2). The

remaining two membrane proteins are present at

fairly similar concentrations in both sub-cellular

fractions: panCadherin is present at very low con-

centrations overall whereas ATPase is strongly

expressed in both fractions. For Kit II, only the

cytosolic marker proteins were separated clearly

between both fractions with the stronger staining

intensity being visible in the cytosolic fraction. In

summary, Kit II only retains two of three membrane

proteins and one of them is also detectable in the

corresponding cytosolic fraction. In contrast, the

cytosolic proteins are well separated.

Kit III very well maintained all three membrane

proteins in the membranous fraction and presented an

overall negligible contamination of the cytosolic

fraction (Fig. 2). Both cytosolic proteins were

strongly retained within their fraction and well

separated from the membranous fraction. In sum-

mary, Kit III shows an almost perfect separation of

Fig. 2 Comparison of the purity of membranous and cytosolic

fractions by Western blotting of fractionated colon cancer cells

using specific antibodies to each sub-cellular fraction. (A - C)

membrane-specific and (D ? E) cytosol specific antibodies.

Cyt cytosolic fraction, Mem membranous fraction, vs versus.

Kit I retains all three membrane proteins and shows a fairly

good separation of those compared to the cytosolic fraction.

However, the membranous fraction shows substantial contam-

ination with both cytosolic proteins. Kit II only retains two of

three membrane proteins and one of them is also detectable in

the corresponding cytosolic fraction. In contrast, the cytosolic

proteins are well separated. Kit III shows an almost perfect

separation of both, the membranous and cytosolic fraction with

minimal cross-contamination. Kit IV shows overall poor

separation characteristics with strong cross-contamination of

both sub-cellular fractions. Kit V poorly retains proteins of the

membranous fraction. Both cytosolic proteins could be well

separated with negligible cross-contamination of the membra-

nous fraction. Reproducibility of replicates was between 73%

(Kit IV), 80% (Kit I and II), 87% (Kit III) and 100% (KitV)
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both, the membranous and cytosolic fraction with

minimal cross-contamination.

Kit IV retains all three membrane proteins in their

fraction, however, shows strong cross-contamination

in the cytosolic fraction for two of them (Fig. 2).

Both cytosolic proteins show strong contamination of

the membranous fraction and only one of them is also

retained sufficiently in the cytosolic fraction. In

summary, Kit IV shows overall poor separation

characteristics with strong cross-contamination of

both sub-cellular fractions.

Kit V maintains only one (Calnexin) of three

proteins in the membranous fraction (Fig. 2). The

remaining two membrane proteins are present at

weak (panCadherin) and strong concentration (ATP-

ase) in the cytosolic fractions only. Overall good

separation was achieved for the two cytosolic

proteins. In summary, Kit V poorly retains proteins

of the membranous fraction. Both cytosolic proteins

could be well separated with negligible cross-con-

tamination of the membranous fraction.

In order to compare the performance of the five

kits in between each other we allocated for each kit

protein scoring points a) in the membranous fraction

if the membrane-bound protein was retained and/or

well separated from the cytosolic fraction and b) in

the cytosolic fraction if the cytosolic protein was

retained and no cross-contamination of the membra-

nous fraction could be detected. We considered a

good separation in between sub-cellular fractions

important for downstream analysis so that the

majority of membrane-bound proteins were contained

in the membranous fraction and that this fraction was

not compromised by contamination of cytosolic

proteins. According to Table 1 it becomes obvious

that Kit III obtained the highest possible score due to

almost perfect separation within both sub-cellular

fractions while retaining all proteins in the desired

fractions. Kit IV showed the poorest score particu-

larly due to overall low separation performance. Also

Kit V showed a low score due to poor separation and

low recovery of membrane-bound proteins. Kit I and

II both obtained the second highest score: Kit II

proved low performance in retaining membrane-

bound proteins but almost perfect separation of

cytosolic proteins and hence almost no contamination

of the membranous fraction. In contrast, Kit I

retained all membrane-bound proteins but showed

high contamination of cytosolic proteins in the

membranous fraction. According to the above eval-

uated parameters we therefore strongly suggest Kit III

to be used for membrane-bound protein extractions

for downstream analyses whereas Kit I and II qualify

as second choice.

Comparison of protein yield, recovery volume,

processing time and costs

Even though purity and selectivity are the most

important characteristics for choosing a certain sub-

cellular extraction method, additional factors may

influence the choice of product: protein yield, recov-

ery volume, processing time and costs impact on the

workflow for downstream analyses and the overall

project design.

Table 1 Scoring of extraction performance for subsequent membrane protein profiling

Scoring parameters Kit I Kit II Kit III Kit IV Kit V

Membrane protein fraction Retaining membrane-bound proteins ??? ?? ??? ??? ?

Well separated from cytosolic fraction ?? ? ??? ? ?

Points 5 3 6 4 2

Cytosolic protein fraction Retaining cytosolic proteins ?? ?? ?? ? ??

No cross contamination of membranous fraction ?? ?? ??

Points 2 4 4 1 4

Score sum 7 7 10 5 6

In order to compare the performance of the five kits in between each other we allocated scoring points (a) in the membranous fraction

if the membrane-bound protein was retained and/or well separated from the cytosolic fraction and (b) in the cytosolic fraction if the

cytosolic protein was retained and no cross-contamination of the membranous fraction could be detected. Description of the Scoring:

(???) excellent, (??) good, (?) poor. According to the evaluated parameters we strongly suggest Kit III to be used for membrane-

bound protein extractions for downstream analyses whereas Kit I and II qualify as second choice
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The protein yield fluctuated in a range of 0.02–

4.8 mg for the membranous fraction depending on

the kit used (Table 2). Interestingly, the two kits with

the lowest total protein yield were the ones that

showed weak staining overall on the SDS–PAGE

(Fig. 1) and that obtained only low recovery of

membrane-bound proteins (Fig. 2, Table 1): Kit II

showed a total membrane protein yield of 0.02–

0.03 mg, and Kit V only of 0.3–0.5 mg. While Kit V

had been observed to be of inferior quality regarding

purity and separation, Kit II had obtained the second

best score in this respect. However, the lowest yield

of membrane-bound proteins across all kits declassi-

fies Kit II as a suitable alternative. Kit IV presented

with the second highest membrane protein yield with

0.5–1.7 mg. However, this kit was not considered as

a true alternative extraction method due to its poor

purity and separation characteristics (Table 1). Kit I

and III had reached the two best scores regarding

purity and separation and also proved to obtain the

highest protein yields for the membranous fraction

overall: Kit I presented the highest yield with 0.3–

10 mg, and Kit III showed the third highest protein

yield with 0.3–1.3 mg. However, it needs to be

acknowledged that despite the relatively high, overall

protein yield, the yield of certain proteins could be

low.

A low recovery volume of the membranous

fraction was considered beneficial regarding

downstream analyses. Unfortunately, Kit III—show-

ing the best performance—gives the highest recovery

volume (4 mL) of the membranous fraction. How-

ever, all other parameters (purity, separation, protein

yield) do outweigh this drawback and justify a likely

concentration step before downstream analyses can

be performed. In line, Kit I—presenting the second

best performance—gives 2 mL recovery volume and

also seems to require concentration before down-

stream analyses.

Concerning required processing time, Kit III

seemed to offer the fastest protocol with less than

1 h. Kit I required about 1.5 h—the overall average

processing time. The most superior Kit III is also the

most costly with € 41 per sample extraction

(Table 2). However, its performance characteristics

prevail over the costs. Kit I offers the second best

performance and ranks third cost-wise with € 26 per

sample extraction.

Conclusions

In this report we compared commercially available

membrane protein extraction kits regarding their

specificity, purity of sub-cellular fractions, protein

yield, costs and processing time. The aim hereby was

to identify the optimal extraction methodology to

obtain membrane-bound proteins for downstream

Table 2 Comparison of sample volume, protein yield, time and costs of each kit

Fraction Kit I Kit II Kit III Kit IV Kit V

Cyt Mem Cyt Mem Cyt Mem Cyt Mem Cyt Mem

Total protein

yield (mg)

0.2–0.6 0.3–10 0.1–0.2 0.01–0.03 3.4–6.8 0.3–1.3 1.5–3 0.5–1.7 1.3–2.8 0.3–0.5

Mean of protein yield

in mg (CV)

0.47

(0.2)

4.8

(5.1)

0.15

(0.08)

0.02

(0.01)

4.6

(2.7)

0.86

(0.5)

2.0

(0.8)

0.88

(0.75)

1.9

(0.7)

0.4

(0.1)

Obtained volume (mL) 2 2 1 1 8 4 0.5 0.25 5 1

Quantification method Bradford BCA BCA BCA Bradford

Representativity

of Western blot replicates

80% 80% 87% 73% 100%

Required time 1.5 h 1.5 h \1 h 1 h [2 h

Costs/sample 26 €/ * 38 $ 14 €/ * 20 $ 41 €/ * 61 $ 15 €/ * 22 $ 39 €/ * 58 $

Euro/US Dollar conversion rate of 2009–11; representativity of Western blot results was calculated by the % of replicates that did

show the same results regarding purity and comparison of sub-cellular fraction per kit

Cyt cytosolic fraction, mem membranous fraction
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analyses. Ideally, the isolation process should be mild

yet rapid and inexpensive. The extraction method of

choice should be compatible with downstream appli-

cations like protein determination assays, Western

blotting and subsequent proteomic analyses such as

2-DE, SELDI, and/or mass spectrometry. None of the

kits evaluated required the use of equipment other

than a bench-top centrifuge.

All necessary chemicals and reagents were sup-

plied by the kit manufacturers. Unfortunately, one

common drawback of all kits was that manufacturers

did not provide information on the elution buffer-

ingredients. This can not only cause difficulties

regarding compatibility to downstream analyses but

different separation procedures may also adversely

affect biological activity of certain proteins. In

addition, specific separation approaches may be

optimal with specific cell types only. Here, we

identified the need to optimize technologies and

exhibited generic means for doing so. Considering all

parameters evaluated we showed kit III (Calbiochem

ProteoExtract Native Membrane protein Extraction

Kit, #444810, Merck, Nottingham, UK) and kit I

(Qproteome Cell Compartment Kit, #37502, Qiagen,

Hilden, Germany) to be superior for subsequent

membrane protein analyses. While kit III presented

an even higher purity than kit I, the latter one

obtained a slightly higher protein yield of the

membranous fraction.
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