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The human proteome project will demand faster, easier, and more reliable methods to isolate and purify protein targets. Membrane
proteins are the most valuable group of proteins since they are the target for 70–80% of all drugs. Perbio Science has developed a
protocol for the quick, easy, and reproducible isolation of integral membrane proteins from eukaryotic cells. This procedure utilizes
a proprietary formulation to facilitate cell membrane disruption in a mild, nondenaturing environment and efficiently solubilizes
membrane proteins. The technique utilizes a two-phase partitioning system that enables the class separation of hydrophobic and
hydrophilic proteins. A variety of protein markers were used to investigate the partitioning efficiency of the membrane protein ex-
traction reagents (Mem-PER) (Mem-PER is a registered trademark of Pierce Biotechnology, Inc) system. These included membrane
proteins with one or more transmembrane spanning domains as well as peripheral and cytosolic proteins. Based on densitometry
analyses of our Western blots, we obtained excellent solubilization of membrane proteins with less than 10% contamination of the
hydrophobic fraction with hydrophilic proteins. Compared to other methodologies for membrane protein solubilization that use
time-consuming protocols or expensive and cumbersome instrumentation, the Mem-PER reagents system for eukaryotic membrane
protein extraction offers an easy, efficient, and reproducible method to isolate membrane proteins from mammalian and yeast cells.

INTRODUCTION

Based on the sequences from several genomes, trans-
membrane proteins have been predicted to comprise ap-
proximately 30% of eukaryotic proteomes [1]. Membrane
proteins are the most elusive and the most sought after
proteins in drug discovery. They play a key role in sig-
nal transduction, cell adhesion, and ion transport and are
important pharmacological targets. Yet, because of their
hydrophobic and basic nature, and frequently large size,
their isolation is not easy. Traditional methods for mem-
brane isolation are often cumbersome and protein yields
are poor. Techniques used for membrane protein isolation
include gradient separation [2], polymer partitioning [3],
and chemical treatment [4]. These methods typically re-
sult in high purity but low recovery and, with the excep-
tion of polymer partitioning, are time consuming. Deter-
gent extraction combined with ultracentrifugation is by
far the most commonly used method for membrane pro-
tein isolation [5, 6, 7]; however, this method is a multi-
step process involving mechanical disruption of cells fol-
lowed by lengthy centrifugation prior to solubilization of
the proteins in detergent.

Nonionic detergents are widely used for the solubi-
lization and characterization of integral membrane pro-
teins. In particular, members of the Triton X series are
commonly employed in phase separation of these pro-

teins [6, 7]. We have developed a proprietary formula-
tion and a protocol for the preparation of integral mem-
brane proteins that is a nonmechanical alternative to tra-
ditional membrane protein isolation techniques. The pro-
tocol involves the gentle lysis of cells using a mild, pro-
prietary detergent followed by membrane protein extrac-
tion utilizing the nonionic detergent, Triton X-114. Tri-
ton X-114 is a unique detergent in that it not only solu-
bilizes membrane proteins but also separates them from
hydrophilic proteins via phase partitioning at a physio-
logical temperature [8]. Specifically, a solution of Triton
X-114 is homogeneous at 0◦C (forms a clear micellar so-
lution) but separates into an aqueous phase and a deter-
gent phase above 20◦C (the cloud point) as micellar aggre-
gates form and the solution turns turbid. With increased
temperature, phase separation proceeds until two clear
phases are formed where proteins partition according to
their hydrophilic and hydrophobic features. Unlike tra-
ditional protocols involving phase partitioning with Tri-
ton X-114, our protocol does not require preparation of
a membrane fraction as a prerequisite for protein solubi-
lization. Membrane proteins are extracted directly from
crude cell lysates quickly and efficiently with a standard
benchtop microcentrifuge. The entire procedure is com-
pleted in one hour and has been optimized for the iso-
lation of integral membrane proteins from a variety of
mammalian cell lines as well as yeast cells.
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Figure 1. Schematic of Mem-PER Eukaryotic Membrane Protein Extraction Kit protocol. Each step of the procedure is outlined for a
single extraction of either mammalian or yeast membrane proteins.

Detection and identification of proteins is facilitated
through the enrichment of protein families and proteins
in low abundance. Prefractionation of hydrophobic pro-
teins enhances membrane proteomic analysis; therefore,
it is essential to have reliable sample preparation meth-
ods that give high yields of this desired protein fraction.
In this paper, we describe a fast, effective, and conve-
nient protocol for membrane protein isolation involving
temperature-induced phase separation of a proprietary
formulation containing Triton X-114. We show that hy-
drophilic proteins (peripheral and cytosolic) are recov-
ered in the aqueous phase whereas integral membrane
proteins are enriched in the detergent phase. This pro-
cedure combines nonmechanical cell lysis with detergent
fractionation/enrichment of membrane proteins and is
termed the Mem-PER Eukaryotic Membrane Protein Ex-
traction system.

MATERIALS AND METHODS

Cell culture conditions

Mammalian cell lines, rat brain C6, NIH-3T3, and
HeLa, were obtained from American Type Culture Col-
lection (Rockville, Md). The cells were grown to approxi-
mately 75% confluency in high-glucose Dulbecco’s Mod-
ified Eagle’s Medium (DMEM) supplemented with 10%
FBS, 1% antibiotic/antimycotic agent (Gibco BRL), glu-
tamine, and sodium pyruvate. Cells were incubated at
37◦C in an atmosphere of 5% CO2 and harvested with
0.25% trypsin. All cell culture reagents were obtained
from HyClone, Inc (Logan, Utah) except where otherwise
indicated.

Yeast culture conditions

Saccharomyces cerevisiae strain EGY-194 was grown in
YPD media (MobiTec, Marco Island, Fla) at 30◦C with
agitation. Cells were harvested in the exponential growth
phase at a density of 1–5 × 107 cells/ml with an A600 =
0.3–1.7.

Protein extraction protocol

The Mem-PER system consists of three reagents.
Reagent A is a cell lysis buffer, reagent B is a detergent
dilution buffer, and reagent C is a membrane solubiliza-
tion buffer. A schematic of the protocol to extract and
prepare either mammalian or yeast membrane protein
fractions is shown in Figure 1. For yeast, approximately,
15 mg of wet yeast cell paste was resuspended in Mem-
PER reagent A and vortexed with 150 mg of 405–600 mi-
cron acid-washed glass beads for 10 minutes to disrupt the
yeast cell wall. The beads were collected by pulse centrifu-
gation, and the cell suspension was transferred to a fresh
tube. Subsequent fractionation was performed according
to Figure 1. Cultured NIH-3T3, HeLa, and C6 cell lines
were harvested using trypsin, and were washed and pel-
leted in phosphate-buffered saline (PBS) at 850 ×g for 2
minutes. Each cell pellet, containing 5×106 cells, was lysed
at room temperature using Mem-PER reagent A. Yeast
and mammalian membrane proteins were solubilized on
ice with Mem-PER reagent C diluted 2 : 1 with Mem-
PER reagent B. Reagents A and B/C were supplemented
with Halt protease inhibitors cocktail (Pierce Biotechnol-
ogy, Inc, Rockford, Ill). The solubilized protein mixture
was centrifuged to remove cellular debris. The clarified
supernatant was heated at 37◦C for 10 minutes followed
by centrifugation to produce separate membrane and hy-
drophilic protein fractions. Phase partitioning resulted in
the hydrophilic proteins layering at the top and the hy-
drophobic membrane proteins layering at the bottom. A
micropipette was used to carefully remove the top (hy-
drophilic) phase. The hydrophobic fraction was normal-
ized to the volume of the hydrophilic fraction using Mem-
PER reagent B diluted 4-fold with purified water. The
fractions were further diluted 2-fold with diluted Mem-
PER reagent B, to decrease the detergent concentration,
and boiled in 6x-sample buffer. The isolated membrane
protein fraction was used directly in SDS-PAGE and West-
ern blotting.
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Protein quantification

The Micro BCA Protein Assay Reagent Kit (Pierce)
was used to quantify extracted membrane proteins. Mem-
PER reagent C was initially found to interfere with the
assay because it clouds at the required incubation tem-
perature for the assay of 37◦C; however, this interference
was eliminated through dialysis using Slide-A-Lyzer MINI
Dialysis Units (Pierce). Dialysis was performed overnight
at 4◦C against 25 mM Tris, pH 7.4, containing 0.5%
CHAPS. CHAPS formed mixed micelles with reagent C,
thereby raising the cloud point of the solution above 37◦C.
Approximately 100 µg of total protein was obtained from
5× 106 C6 cells, and approximately 130 µg of total mem-
brane protein was isolated from 15 mg of yeast cell pellet.

SDS-PAGE

Precast Novex brand (Invitrogen, Carlsbad, Calif)
SDS-PAGE gels were utilized in all experiments. Standard
electrophoresis conditions recommended by the gel man-
ufacturer were employed.

Optional detergent removal prior to SDS-PAGE

Mem-PER reagent C was found to interfere with elec-
trophoresis of low molecular weight proteins. Specifically,
the detergent caused lane distortion and masked protein
band visualization. This was remedied by treating Mem-
PER-isolated membrane fractions with the PAGEprep
Protein Cleanup and Enrichment Kit (Pierce). The kit
contains a unique resin of modified diatomaceous earth
that binds protein in an organic phase of dimethyl sul-
foxide (DMSO), and allows contaminating chemicals and
gel-incompatible material to be washed away. Cleanup
was performed according to the manufacturer’s instruc-
tions.

Antibodies

Mouse monoclonal antibodies against flotillin and
acetylcholinesterase (AchE) were obtained from transduc-
tion laboratories (San Diego, Calif). Heat shock protein
90 (Hsp90), a polyclonal antibody raised in goats, and
cytochrome oxidase subunit 4 (Cox4), a mouse mono-
clonal antibody, were obtained from Santa Cruz Biotech-
nology, Inc (Santa Cruz, Calif). For the yeast study, pro-
teins were detected using monoclonal antibodies obtained
from Molecular Probes, Inc (Eugene, Ore). Protein bands
were visualized using antigoat and antimouse secondary
antibodies conjugated with horseradish peroxidase from
Pierce Biotechnology, Inc.

Western blotting and densitometric analysis

Protein fractions were prepared for electrophoresis by
boiling in 6x-sample buffer. Prepared mammalian protein
samples were separated using 4–20% Tris-glycine SDS-
PAGE gradient gels while yeast protein samples were elec-
trophoresed using NuPAGE 4–12% Bis-Tris gels. The pro-
tein fractions were then blotted to nitrocellulose. The

blots were blocked in Superblock blocking buffer (Pierce)
containing 0.05% Tween-20. After probing with primary
and secondary antibodies, detection was performed with
SuperSignal West Femto Maximum Sensitivity Substrate
(Pierce) for 5 minutes followed by exposure to X-ray
film for 15 seconds or to a FluorChem CCD camera
(Alpha Innotech Corp, San Leandro, Calif) for 2 min-
utes. Bands were quantified using densitometry analysis
(AlphaEaseFC software, Alpha Innotech) and expressed
as a percentage of the total protein in the combined
hydrophilic and hydrophobic (membrane protein) frac-
tions.

RESULTS

Protein fractionation protocol

The membrane protein extraction protocol was ac-
complished in two parts (Figure 1). First, cells were lysed
with a proprietary detergent and then a second propri-
etary formulation containing Triton X-114 was added to
solubilize the membrane proteins. A white, flocculent ma-
terial appeared following addition of the cell lysis compo-
nent, Mem-PER reagent A. This debris was likely com-
prised of lipid and cell membrane material but not DNA
since the addition of DNase was not found to dimin-
ish the particulate. Solubilization of the membrane pro-
teins with Mem-PER reagent C diluted with Mem-PER
reagent B was performed on ice with vortexing every 5
minutes. Longer incubation was not found to increase
extraction efficiencies (data not shown). The cellular de-
bris was removed during subsequent centrifugation. The
hydrophobic proteins were then separated from the hy-
drophilic proteins through phase partitioning [8] at 37◦C.
Following careful separation of the two layers with a mi-
cropipette, membrane proteins were ready for subsequent
analysis. Complete separation of the two layers was not
possible due to the transient nature of the interface. No
more than 10 samples were processed at one time since
the interface slowly disappeared as the temperature of the
sample fell below 37◦C. Although a distinct separation
could be seen, a small amount of crossover of each phase
into the other could not be avoided during pipetting.
In order to minimize contamination of the hydrophobic
layer with the hydrophilic layer, some of the hydropho-
bic layer was sacrificed during removal of the top layer.
A second round of extraction of the hydrophilic fraction
obtained was not found to significantly increase mem-
brane protein yields (data not shown). The hydrophilic,
hydrophobic, and insoluble debris fractions were analyzed
by SDS-PAGE and Western blotting.

Membrane protein extraction from
mammalian cells

Mem-PER reagents were found to be highly efficient
in the extraction of integral membrane proteins contain-
ing one or two transmembrane spanning domains. These
results were found to be consistent with three different
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Figure 2. Partitioning of solubilized mammalian membrane proteins using the Mem-PER Kit. Proteins from three cell lines were
solubilized and extracted using the Mem-PER Kit. Each set of hydrophilic and hydrophobic (membrane protein) fractions obtained
was normalized to one another and analyzed by Western blot for four proteins from the cellular locations noted. PAGEprep resin was
used to remove the detergent from the membrane fraction prior to SDS-PAGE/Western analysis of Cox4 due to the interference of
detergent with band migration of low molecular weight proteins. A negligible amount of protein was found in all debris fractions
(data not shown). Abbreviations: Acetylcholinesterase (AchE), cytochrome oxidase subunit 4 (Cox4), heat shock protein 90 (Hsp90),
M = solubilized membrane protein fraction, H = hydrophilic protein fraction.

Table 1. Quantification of mammalian cell lysate proteins fractionated with the Mem-PER reagents in Figure 2.

Cell type Fraction∗ Flotillin (2-spanner) Cox4 (1-spanner) AchE (Peripheral) Hsp90 (Cytosolic)

NIH-3T3
Membrane 45.0 90.8 1.7 6.8
Hydrophilic 55.0 9.2 98.3 93.2

HeLa
Membrane 48.4 89.1 4.1 15.5
Hydrophilic 51.6 10.8 95.9 84.4

C6
Membrane 56.0 94.5 6.4 10.6
Hydrophilic 44.0 5.5 93.6 89.4

∗ Percent recovery of proteins following extraction is expressed as a percentage of the total protein in the combined hydrophilic and hydrophobic

(membrane protein) fractions. The data was obtained from a single experiment but is representative of results obtained in multiple independent

experiments.

mammalian cell lines, C6, NIH-3T3, and HeLa. As shown
in Figure 2 and Table 1, the integral plasma membrane
protein flotillin, containing two transmembrane domains,
was extracted with an efficiency of approximately 50%
from the three cell lines. These reported values were found
to be reproducible in several isolated experiments. Ex-
traction of Cox4, an outer mitochondrial membrane pro-
tein containing one transmembrane domain, was found
to be even more efficient with approximately 90% re-
covery in the hydrophobic fractions obtained from the
three cell lines. The membrane fraction probed for Cox4
(17 kd) in Figure 2 was treated with the PAGEprep resin
prior to electrophoresis. The detergent in Mem-PER
reagent C was found to interfere with electrophoresis
of low molecular weight proteins (Figure 3) but did not
affect electrophoresis of mid to high molecular weight
proteins.

Cross-contamination of cytosolic and peripheral pro-
teins into the prepared hydrophobic fraction was mini-
mal. AchE, a peripheral protein, and Hsp90, a cytosolic
protein, were routinely found to partition into the hy-
drophilic fraction with an efficiency of > 90%. The re-
maining 10% or less found in the hydrophobic fraction
was likely due in part to difficulty in obtaining complete

Cox4

M H M H M H M H

Untreated PAGEprep

Figure 3. Removal of detergent from cell lysis fractions by the
PAGEprep resin. Rat C6 cells were lysed and a membrane pro-
tein fraction isolated using the Mem-PER reagents. Membrane
(M) and hydrophilic (H) cell fractions were separated by SDS-
PAGE (4–20% gradient gel) with or without prior treatment us-
ing PAGEprep resin to remove detergent. Western blot analysis
was performed as described in materials and methods using an
antibody against Cox4. PAGEprep-treated samples show better
band resolution than samples that were untreated and still con-
tained the detergent.

separation at the interface between the two phases, and
the slow disappearance of the interface over time when
the temperature fell below the cloud point of the mixture.
Insoluble debris pellets typically contained < 5% of the
membrane proteins examined in this study.
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Figure 4. Partitioning of solubilized yeast membrane proteins using the Mem-PER Kit. Yeast proteins from S cerevisiae (strain: EGY-
194) were solubilized and partitioned based on hydrophobic phase separation. Several proteins were solubilized and extracted using
the Mem-PER reagents. Partitioning efficiency was determined through Western blot of normalized samples. A negligible amount
of protein was found in all debris fractions (data not shown). Abbreviations: mitochondrial porin (MP), 3-phosphoglycerate kinase
(PGK), alkaline phosphatase (AP), Dol-P-Man synthase (Dpm1p), M = solubilized membrane protein, H = hydrophilic protein frac-
tion.

Table 2. Quantification of yeast proteins fractionated with the Mem-PER reagents in Figure 4.

Fraction∗ Dpm1p MP AP V-ATPase PGK
Membrane 52.4 98.4 57.2 22.1 9.1
Hydrophilic 47.6 1.6 42.3 77.9 90.9

∗ Percent recovery of proteins following extraction is expressed as a percentage of the total protein in the combined hydrophilic and hydrophobic

(membrane protein) fractions. The data was obtained from a single experiment but is representative of results obtained in three independent experi-

ments.

Membrane protein preparation from yeast

Extraction efficiencies seen with the mammalian cell
lines were similar to those obtained with yeast cells. Glass
beads were used to lyse the rigid cell wall, and prepa-
ration of the membrane proteins was then performed
with the Mem-PER reagents according to the same proto-
col used for the mammalian cells. Several protein mark-
ers were used to monitor the efficiency of the Mem-PER
system to solubilize and isolate yeast integral membrane
proteins. Figure 4 and Table 2 show the partitioning effi-
ciency observed for these proteins. Mitochondrial porin
(MP), an integral membrane protein of the outer mito-
chondrial membrane containing one transmembrane do-
main, was extracted into the hydrophobic fraction with
an efficiency of greater than 90% with very negligible
cross-contamination from the hydrophilic fraction. PGK
(3-phosphoglycerate kinase), a cytosolic protein, was ex-
tracted into the hydrophilic fraction with an efficiency of
greater than 85%. Alkaline phosphatase (ALP), an inte-
gral membrane protein of yeast vacuoles, was extracted
into the hydrophobic fraction with an efficiency of >
50% whereas greater than 70% of V-ATPase, a periph-
eral membrane protein of yeast vacuoles, was recovered in
the hydrophilic fraction. Dol-P-Man synthase (Dpm1p),
a membrane protein in the yeast endoplasmic reticulum
containing one transmembrane spanning domain, was
extracted into the hydrophobic fraction with an efficiency

of 50%. Similar results were obtained for all of these pro-
teins in several isolated experiments. Insoluble debris pel-
lets typically contained between 3 and 20% of the yeast
membrane proteins examined in this study.

DISCUSSION

Transmembrane proteins are a valuable family of pro-
teins. Functionally they are central to cell life and are the
target of about 80% of all drugs. Preparation of mem-
brane proteins is time consuming and difficult; therefore,
development of analytical systems that allow the isolation
and identification of this group of proteins would be de-
sirable. Ideally, the isolation process should be mild yet
rapid. Detergents have played significant roles in this ef-
fort [6, 7]. Detergents serve as invaluable tools to iso-
late, solubilize, and manipulate membrane proteins for
subsequent biochemical and biophysical characterization
[9]. Consequently, our understanding of the structure and
function of membrane proteins has advanced significantly
over the past decade. Nonionic detergents have been use-
ful in this regard since they are widely used for the solubi-
lization and characterization of integral membrane pro-
teins. These proteins can be separated from hydrophilic
proteins using the nonionic detergent Triton X-114 that
undergoes separation at physiological temperatures into
detergent-rich and aqueous-rich phases [8].
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Many fractionation protocols exist for the enrichment
of hydrophobic proteins [4, 6]; however, isolation of these
proteins can be a tedious and time-consuming process
requiring gradient methods and expensive ultracentrifu-
gation equipment. A more convenient fractionation of
membrane proteins can be achieved through the use of
detergents. We have developed a proprietary mild deter-
gent formulation and a protocol for the lysis of cells fol-
lowed by enrichment of hydrophobic proteins via phase
separation. Our unique cocktail contains Triton X-114.
The protocol was performed with a benchtop microcen-
trifuge and did not require mechanical lysis such as soni-
cation or Dounce homogenization. Separations were per-
formed on a microscale; however, similar methodology
using phase partitioning has been demonstrated on a large
preparative scale [10]. We obtained membrane protein ex-
tracts quickly and efficiently from mammalian cells. Yeast
membrane proteins were obtained in a similar fashion,
except that the yeast cell wall was first removed. Glass
beads were found to disrupt the cell wall quickly and ef-
ficiently [11] and were effective when used in combina-
tion with the cell lysis reagent, Mem-PER reagent A. Ex-
traction efficiencies of approximately 50% or greater were
typically seen with proteins containing one or two trans-
membrane spanning domains. Lower yields may be ob-
tained with more complex integral membrane proteins,
and variability in extraction efficiency may be observed
depending on factors such as posttranslational modifica-
tions, and the number of transmembrane spanning do-
mains. In addition, anomalous partitioning of some in-
tegral membrane glycoproteins has been observed. For
example, intact acetylcholine receptor, an integral mem-
brane protein containing four transmembrane domains,
has been shown to partition into the aqueous-rich hy-
drophilic phase [12]. The reason for this behavior may
be due to the large hydrophilic moieties on the glyco-
protein and/or the channel-forming property of this pro-
tein. Membrane protein activity may be maintained fol-
lowing separation into the mild detergent environment
of the Mem-PER system. Several integral membrane pro-
teins have been found to retain their biological activity
when solubilized in nonionic detergents [13]; however, re-
tention of activity is dependent on the characteristics of
the protein being analyzed and cannot be assured.

Triton X-114 is an effective reagent for the isolation
of membrane proteins from mammalian systems. This
method of fractionation has been used to isolate 75% of
the integral membrane glycoproteins from prepared ery-
throcyte membranes [8] and nearly 100% of cytochrome
b558 from prepared bovine granulocytes [14]. It has also
been used to solubilize membrane proteins of subcellu-
lar fractions from the bovine adrenal medulla [15] as well
as hepatic Golgi membrane proteins [16]. In all of these
reports, an initial purification was performed prior to
phase partitioning in Triton X-114. Our protocol was de-
signed for crude cell lysates and does not require prior
processing.

Membrane protein extracts obtained using Triton
X-114 have been used in many downstream applica-
tions. Golgi proteins partitioned with the nonionic deter-
gent were analyzed by mass spectrometry following one-
dimensional SDS-PAGE [16]. Hydrophobic proteins iso-
lated using Triton X-114 have also been analyzed by 2D gel
electrophoresis following removal of the detergent using
hydroxyapatite column chromatography [17]. A combi-
nation of 2D electrophoresis and mass spectrometry was
used to identify a hydrophobic receptor protein, very-
low-density lipoprotein, in the detergent-enriched phase
and the cytoplasmic protein Hsp90 in the aqueous phase.
Clearly, phase separation of Triton X-114 is a useful tool
in the prefractionation of membrane proteins, and the
detergent-rich extracts obtained with this method have
been used successfully in proteomics applications.

The Mem-PER system is an excellent tool for the ini-
tial purification and preparation of protein fractions for
downstream analysis. It provides a rapid and convenient
protocol for the reproducible partitioning of mammalian
and yeast proteins into hydrophobic and hydrophilic frac-
tions. Interestingly, the extraction of yeast membrane pro-
teins has never been performed with phase partition-
ing, and to our knowledge this is the first report. Pre-
fractionation of complex protein mixtures is critical for
proteomic studies because it increases the resolving power
of many analytical techniques by allowing for the identi-
fication of low-abundance proteins. Selective separation
of hydrophobic proteins enhances membrane proteomic
examination. Integral membrane proteins cannot be ex-
tracted easily; however, phase partitioning is a proven and
valuable technique for the enrichment of this important
protein family.
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