
Protein Sample
Preparation Tools
for Signal Transduction Research & Proteomics

Calbiochem®  & Novagen®

Protein Sample Preparation 
Tools for Signal Transduction 
Research & Proteomics

INSIDE:

Subcellular Protein 
Fractionation

New Products
Transmembrane 
Protein Extraction

Phosphopeptide 
Enrichment

Application Notes

Citation List



2 Calbiochem & Novagen • Protein Sample Preparation Tools

The ProteoExtract® Subcellular Proteome Extraction Kit (S-PEK) is 
designed for reproducible extraction of subcellular proteomes from 
mammalian cells. Based on different solubilities of certain subcellular 
compartments, the S-PEK utilizes proprietary chemistries to yield four 
sub-proteome fractions which are enriched in cytosolic, membrane/
organelle, nuclear, and cytoskeletal proteins. In the case of adherent 
cells, the procedure is performed directly in the tissue culture dish 

without the need for cell removal. For suspension grown cells, extrac-
tion starts with gentle sedimentation and washing of cells. For tissues, 
the isolation of viable cells is required before proceeding with the 
extraction protocol. (See ProteoExtract Tissue Dissociation Buffer Set, 
page 4). The especially mild S-PEK procedure results in non-dena-
tured proteins suitable for many downstream applications.

Kit configuration All reagents included: extraction & wash 
 buffers, protease inhibitor
Kit sizes For 10 or 20 samples
Sample type Mammalian adherent and suspension -  
 grown cells mammalian tissue
Sample volume 106-107 cells 
 25-50 mg tissue  
 scalable
Fractions  4 fractions: cytosolic, membrane/ 
 organelles, nuclear, and cytoskeletal
Downstream 1-& 2-D-GE, ELISA, SELDI, 
applications immunoblotting, activity assays, 
 subcellular redistribution assays, arrays

Redistribution of NFkB upon stimulation of cells 

Analysis of protein distribution profiles to characterize cellular changes, exemplified by a 

time-course analysis of NFkB redistribution in stimulated cells.
A431 cells were stimulated with 0.2 μg/ml TNFa, and stepwise extraction of cytosolic fraction (F1), organelle/mem-

brane fraction (F2) nuclear fraction (F3) and cytoskeletal proteins (F4) was performed using the S-PEK procedure. Cell 

fractions were separated by SDS-PAGE and blotted onto nitrocellulose membrane. The membrane was probed with 

anti-NFkB. The time-course analysis demonstrates a measurable  translocation of NFkB from the cytoplasm to the 

nucleus as early as 5 min and a stronger response at 15 min. 

ProteoExtract®  
Subcellular Proteome Extraction Kit
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Product featuresApplications
S-PEK fractions are particularly well suited for sensitive 
proteomics applications:

•	 	Subcellular	redistribution	assays	to	monitor	protein 
translocation

•	 	Enzyme	activity	assays	including	reporter	gene	assays 
and kinase assays

•	SELDI-profiling

•	Non-denaturing	gel	electrophoresis

•	Assaying	protein	expression	levels	using	fluorescent	labeled 
 subcellular extracts, in microarrays

Orders Phone 800 854 3417
 Fax  800 776 0999
Web www.emdbiosciences.com/novagen

Product  Size Cat. No. Price 

ProteoExtract® Subcellular 
Proteome Extraction Kit  20 rxn 539790 $324 

ProteoExtract® Subcellular Proteome 
Extraction Kit, Mini   10 rxn 539791 $185 
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ProteoExtract® 
Native Membrane Protein Extraction Kit 

The ProteoExtract® Native Membrane Protein Extraction Kit 
(M-PEK) is designed for the isolation of native membrane proteins 
from mammalian cells and tissue.  M-PEK extracts proteins based on 
the association of proteins with cellular membranes. The extremely 
mild extraction conditions yield a 3-5 fold enrichment of integral 
membrane and membrane-associated proteins. The simple two-step 

procedure allows  processing of multiple samples in parallel. For tis-
sues, the isolation of viable cells is required before proceeding with 
the extraction protocol. (See ProteoExtract Tissue Dissociation Buffer 
Set, page 4).

HEK293 cells were extracted with buffered 1% Triton® X-100 to generate 

a total lysate or extracted with M-PEK to yield a membrane fraction.
Equal fractions of the fractions obtained were utilized to quantitate the concentration of EGF-

receptor in the samples using a EGF-R ELISA Kit. Protein concentrations were determined and 

utilized to calculate the amount of EGF-R per mg protein in the total lysate and the membrane 

fraction, which are plotted in the depicted graph. The measurements demonstrate a 4.5-fold 

enrichment  of the signaling receptor in the M-PEK extracted membrane fraction.

Product featuresApplications
Extracted membrane proteins can be used for a variety of assays, 
including: 
•	Enzyme	activity	assays,	including	reporter	gene	assays	and	kinase		
 assays

•	 (Non-denaturing)	and	denaturing	gel	electrophoresis, 
 immunoblots and immunoassays

•		Assaying	post-translational	modifications,	such	as		 	 	
 phosphorylation 

•		SELDI-profiling	of	integral	and	membrane-associated 
 proteins

•		NHS	ester	labeling	of	membrane	proteins
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EGF-Receptor Enrichment

Kit configuration Extraction & wash buffers, protease 
 Inhibitor cocktail
Kit size 20 samples
Sample type Adherent & suspension tissue culture cells, 
 mammalian tissue*
Sample volume 2-5 x 106 cells  
 25-50 mg tissue 
 scalable
Processing time 1-1.5 h from sample to membrane  
 protein fraction
Downstream 1- & 2-D GE, co-immunoprecipitation,  
applications ELISA, immunoblotting,  
 enzyme activity assays, SELDI

* requires treatment with tissue dissociation buffer set prior to extraction of membranes 
proteins

Technical Support
Phone 800 628 8470
E-mail novagen@emdchemicals.com

Product  Size Cat. No. Price 

ProteoExtract® Native Membrane 
Protein Extraction Kit  20 rxn 444810 $291 
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ProteoExtract®  
Tissue Dissociation Buffer Set

The ProteoExtract® Tissue Dissociation Buffer Set is a simple buffer 
system for the dissociation of fresh tissue. Fresh tissue is first minced 
into small pieces, washed with PBS, and incubated with Dissociation 
Buffer. Following the incubation, the tissue is strained using a tissue 
sieve. Due to the diversity of tissue samples, the optimal collagenase 
should be selected. (See ProteoExtract Collagenase Set, below). 

The ProteoExtract Tissue Dissociation Buffer Set is an accessory 
product for following kits: 

•	ProteoExtract	Subcellular	Proteome	Extraction	Kit 
 (S-PEK, Cat. No. 539790)
•	ProteoExtract	Subcellular	Proteome	Extraction	Kit,	 
 Mini (S-PEK Mini, Cat. No. 539791)
•	ProteoExtract	Native	Membrane	Protein	Extraction	Kit	 
 (M-PEK, Cat. No. 444810). 

Subcellular Protein Extraction from Tissue Cells
Tissue dissociation of rat pancreatic tissue (panel A) and human pancreatic tissue (panel B) was performed using the 

ProteoExtract Tissue Dissociation Buffer Set. 1.3x 107 cells were used for fractionation following the ProteoExtract 

Subcellular Proteome Extraction Kit procedure (Cat. No. 539790). Proteins from the cytosolic fraction (lane 1), the 

membrane fraction (lane 2), the nuclear fraction (lane 3), and the cytoskeletal fraction (lane 4) were separated by 

SDS-PAGE, transferred to PVDF membrane, and probed with antibodies to the indicated markers.

1 2 3 4 1 2 3 4

Kit configuration Dissociation buffer and protease inhibitor
Kit size 10 tissue samples 
Sample type Fresh mammalian tissue
Amount of sample 1 g tissue
Processing time 1-1.5 h 
Downstream Subcellular fractionation using S-PEK 
applications  or M-PEK

Product features

Collagenase Description Activity Storage

Type I
Generally recommended for adipocytes, epithelial, hepatocytes, lung, and 
adrenal cell isolation. Contains average amounts of collagenase, caseinase, 
clostripain, and trypsin.

≥ 125 Units per milligram dry weight 4° C

Type II
Generally used for cardiomyocytes, bone, cartilage, muscle, thyroid, and 
endothelial cell isolation. Contains higher protease contaminant levels, 
especially clostripain, and trypsin. 

≥ 125 Units per milligram dry weight 4° C

Type III Typically used for mammary and other soft tissues. Contains lower levels of 
contaminating proteases. ≥ 100 Units per milligram dry weight 4° C

Type IV
Typically used for pancreatic islets and other applications where membrane 
protein and receptor integrity is crucial. Contains especially low trypsin 
activity.

≥ 160 Units per milligram dry weight 4° C

ProteoExtract® Collagenase SetN

STAT 3

Calnexin

Phospho STAT 3

Vimentin

 Panel A Panel B

ProteoExtract Collagenase Set is a collection of four types of crude 
preparations of collagenase from Clostridium histolyticum (Type I, II, 
III and IV) that are qualified for tissue dissociation. This kit is ideal 
for use with the ProteoExtract Tissue Dissociation Buffer Set and 

when working with a variety of sample types which often requires the 
optimal collagenase for proper dissociation. The kit includes 100 mg 
of each lyophilized enzyme.

Orders Phone 800 854 3417
 Fax  800 776 0999
Web www.emdbiosciences.com/novagen

Product  Size Cat. No. Price 

ProteoExtract® Collagenase Set   1 Kit 71777-3 $130 

Product  Size Cat. No. Price 

ProteoExtract® Tissue Dissociation 
Buffer Set  10 rxn 539720 $80 
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ProteoExtract® 
S-PEK Antibody Control Kit

The ProteoExtract® S-PEK Antibody Control Kit is a set of four 
monoclonal antibodies that recognize proteins specific for each of the 
four sub-cellular fractions obtained with the ProteoExtract Subcel-
lular Proteome Extraction Kit (S-PEK). These antibodies can be used 
in Western blot procedures to confirm proper sub-fractionation of 
cellular proteomes. The kit provides 15 µg/vial each of the following 
antibodies:	Anti-HSP	90a, Anti-Vimentin, Anti-Calnexin, Anti- 

PARP-1.		HSP90a protein is a marker for the cytosolic fraction, 
calnexin is a trans-membrane protein, PARP is a nuclear protein, and 
vimentin is an intermediate filament protein found in the cytoskele-
ton.	Due	to	the	species	specificity	of	Anti-HSP	90	and	Anti-Vimen-
tin antibodies, we recommend to use this kit with cellular fractions 
obtained from human-derived cell lines and tissues. 

Antibody Epitope Species Reactivity Applications

Anti-Hsp90a Mouse mAb (EMD-17D7) Recognizes the ~90 kDa Hsp90a (heat shock protein 90a) protein 
in HeLa cells. Does not recognize Hsp90b.

human IB, IP, ELISA

Anti-Calnexin Mouse mAb (TO-5) Synthetic peptide corresponding to amino acids 509-524 of 
human calnexin

human IB

Anti-Vimentin/LN6 (Ab-1) 
Mouse mAb (V-9)

Recognizes the ~58 kDa vimentin protein. Does not cross-react 
with closely related intermediate filament proteins including 
desmin and GFA.

chicken, human, porcine, 
rat, not mouse

IB, IF, PS, FS

Anti-PARP-1 (Ab-2) Mouse mAb (C-2-10) Recognizes the ~116 kDa full-length PARP protein and the ~85 
kDa cleaved fragment of PARP in etopside-treated HL-60 cells

hamster, human, monkey, mouse, 
rat, not chicken

IB, IF

ELISA: enzyme-linked immunosorbent assay, FS: Frozen Sections, PS: Paraffin Sections IB: immunoblotting, IP: immunoprecipitation, IF: Immunofluorescence

 M F1 F2 F3 F4 M F1 F2 F3 F4 M F1 F2 F3 F4 M F1 F2 F3 F4

Sub-cellular fractions from suspension SAOS-2 cells were prepared according to the S-PEK protocol and analyzed by Western blot. For each blot, 
2.0 μg of total protein from S-PEK fractions F1, F2, F3, and F4 was run on an 8-12% SDS-PAGE gel and transferred to a nitrocellulose membrane. 
The membranes were blocked with PBST containing 5% (w/v) non-fat dry milk for 30 minutes at room temperature and then incubated in a solution 
containing the primary antibody for one hour at room temperature. After three washes with PBST, blots were incubated with a goat anti-mouse HRP-
conjugated secondary antibody at a 1:10,000 dilution for 30 min at room temperature. Blots were washed three times with PBS-T and developed 
using a chemiluminescent substrate. For all blots, lane 1: molecular weight markers; lane 2: S-PEK fraction F1 (cytoplasmic protein); lane 3: S-PEK 
fraction F2 (membrane/organelle proteins); lane 4: S-PEK fraction F3 (nuclear proteins); lane 5: S-PEK fraction F4 (cytoskeletal proteins).

1° Antibody Concentration (µg/mL) M.W. of Antigen (kDa)

HSP90α 1.0 90

Calnexin 1.0 68

PARP1 1.0 116

Vimentin 0.1 58

N

 A B C D

A - HSP90a
B - Calnexin
C - PARP-1
D - Vimentin

Technical Support
Phone 800 628 8470
E-mail novagen@emdchemicals.com

Product  Size Cat. No. Price 

ProteoExtract® S-PEK Antibody 
Control Kit  1 Kit 71771-3 $295 
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ProteoExtract® 
Transmembrane Protein Extraction Kit

The ProteoExtract® Transmembrane Protein Extraction Kit (TM-PEK) 
provides a novel detergent-free chemistry that enables mild and 
efficient extraction of transmembrane proteins from mammalian 
cells and tissues. GPCRs (G-protein coupled receptors) or 7-TMs 
(seven transmembrane passing proteins) are the largest protein family 
known, which are involved in all types of stimulus-response path-
ways,  from intercellular communication to physiological sensing. 
The GPCR family of receptors is well-established as the premier target 
family for drug development and the new TM-PEK is a unique tool 
to study the function of these drug target proteins in vitro. Extracted 

and enriched protein classes comprise small to very large proteins, 
proteins with single pass to several transmembrane passing domains 
and even large protein complexes. 

Applications
Fraction of enriched membrane proteins can be used for a 
variety of assays including:
•	Enzyme	activity	assays	including	kinase	assays
•	Non-denaturing	gel	electrophoresis
•	Immunoblots	and	immunoassays
•	Tryptic	in-gel	digest	followed	by	MS	analysis

Kit configuration  Extraction buffers, two alternative 
 solubilizing reagents, protease 
 inhibitor cocktail
Kit size  40 samples
Sample type  Tissue culture cells, mammalian tissues
Amount of sample  2-5 x 106 cells  
 25-50 mg tissue 
 scalable
Processing time  1 - 1.5 h from sample to membrane 
 protein fraction
Downstream  1 & 2D PAGE, immunoprecipitation, 
applications ELISA, immunoblotting, enzyme activity 
 assays, MS

Product features

 EGFR (single TM) Frizzled-4 (7-TM) CELSR-3 (7-TM)
 MW: 160 KDa 60 KDa 358 KDa

Transmembrane proteins were extracted from MDA-MB 468 (human breast cancer) using the TM-PEK two-step procedure. In the first step, three identical pools of 1 
× 107 cells were treated with the TM-PEK extraction buffer 1, which recovers proteins from the cytosolic fraction. The insoluble material (i.e., the membrane fraction), 
was then treated with TM-PEK extraction buffer 2A (TM-PEK 2A), 0.5% SDS, or 0.5% Triton® X-100. One-tenth of the total volume from each extraction (equivalent 
to 1 × 106 cells) was run on a 10% SDS-PAGE gel and transferred to a nitrocellulose membrane. The membranes were blocked and incubated with the primary 
antibody. Blots were developed using an HRP-conjugated secondary antibody and a chemiluminescent substrate. 

SDS is a harsh, total extraction of membrane proteins and serves as positive control. Results show that TM-PEK 2A recovers EGFR, a single TM protein, with efficiency 
comparable to Triton X-100. However, TM-2A extracts Frizzled-4 and CELSR-3, both seven transmembrane proteins, with far greater efficiency than does Triton X-100 
(and SDS).
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Extraction of transmembrane proteins

SDS CytoplasmaTriton-X 100SolubilizerSDS CytoplasmaTriton-X 100Solubilizer

EGFR (none 7-TM)  Frizzled-4        CELSR-3
MW: 160 KDa        60 KDa 358 KDa !

MDA-MB 468 (human breast cancer cells) extraction

SDS CytoplasmaTriton-X 100SolubilizerSDS CytoplasmaTriton-X 100SolubilizerSDS CytoplasmaTriton-X 100Solubilizer

EGFR (none 7-TM)  Frizzled-4        CELSR-3
MW: 160 KDa        60 KDa 358 KDa !

MDA-MB 468 (human breast cancer cells) extraction

SDS CytoplasmaTriton-X 100SolubilizerSDS CytoplasmaTriton-X 100SolubilizerSDS CytoplasmaTriton-X 100Solubilizer

EGFR (none 7-TM)  Frizzled-4        CELSR-3
MW: 160 KDa        60 KDa 358 KDa !

MDA-MB 468 (human breast cancer cells) extraction

SDS CytoplasmaTriton-X 100Solubilizer
→

→
→

N

Orders Phone 800 854 3417
 Fax  800 776 0999
Web www.emdbiosciences.com/novagen

Product  Size Cat. No. Price 

ProteoExtract® Transmembrane 
Protein Extraction Kit  20 rxn 71772-3 $320 
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In eukaryotic cells, post-translational modifications of proteins such 
as phosphorylation and dephosphorylation are involved in numerous 
metabolic pathways and in the transmission of signals that control 
proliferation, differentiation, and apoptosis. The dis-regulation of the 
tightly controlled balance between phosphorylation and dephosphor-
ylation may lead to serious pathological conditions. Determining the 
site of phosphorylation is therefore important to understanding essen-
tial signaling pathways and to gain insight into the molecular basis 
of diseases. The identification of phosphorylation sites is routinely 
accomplished by mass spectrometry (MS). Due to the high complexity 
of cellular proteome fractions there is a general need for specific and 
efficient enrichment strategies of phosphorylated peptides prior to 
MS. Efficient enrichment strategies are necessary to compensate for 
the low stoichiometry of phosphopeptides relative to their unphos-
phorylated counterparts and for poor ionization and ion suppression 
effects inherent to MS analysis. 

Of the different chemical- and affinity-based methods for phospho-
peptide capture, no one method is sufficient for enrichment of the 
entire phosphoproteome. The two different kits introduced here enrich 
for different, partially overlapping segments of the phosphoproteome, 
which is especially useful when working with complex samples. 
As a result of different binding mechanisms, maximum subsets of 
phosphopeptides are captured, independent of peptide properties like 
amino acid sequence, additional posttranslational modifications, and 
conformational features.

TiO2 Kit
The TiO2 Kit uses a novel titanium dioxide material to enable iden-
tification of large numbers of phosphorylated species from com-
plex protein mixtures. The titanium dioxide is highly selective for 
phosphorylated peptides in the presence of abundant non-phosphory-
lated peptides. The protocol and buffers are optimized to produce 
high yields of the phosphopeptides. Enrichment and selectivity for 
phosphopeptides	is	further	improved	by	using	a	2.5-DHB	“displacer”	
concentration that is directly compatible with LC-MS and MALDI-MS 
analysis. The efficiency and specificity of phosphopeptide capturing 
by the TiO2 kit is shown in the Figure C (next page). After enrichment, 
the predominant signals derive from phosphopeptide ions (marked 

with arrows) and the majority of non-phosphorylated peptides were 
removed. Only monophosphorylated phosphopeptides were detectable 
under these conditions.

SCIMAC Kit
The SCIMAC Kit utilizes two sequential batch chromatography steps. 
First, samples are applied to a strong cation exchange (SCX) resin. 
Non-acidic peptides bind to the SCX resin, allowing highly acidic 
peptides that interfere with downstream purification and analysis 
to be discarded with the supermatant. The eluted sample from the 
cation exchange step is applied to the MagPrep® Phosphobind Resin, 
a unique Zr2+-charged IMAC resin, which selectively captures phos-
phorylated peptides. The efficiency and specificity of phosphopeptide 
capturing by the SCIMAC Kit is shown in Figure B (next page).

Kit configurations  All reagents included: binding, wash and 
 elution buffers, resins
Kit size  For 100 samples
Sample type  Proteolytic digests of protein samples
Amount of sample  2.5 nanomole phosphopeptides; scalable
Processing time  0.5 - 1 h from sample binding to elution
Downstream 
applications  LC/ESI-MS or MALDI-MS

ProteoExtract® 
Transmembrane Protein Extraction Kit

ProteoExtract® 
Phosphopeptide Enrichment TiO2 Kit &
Phosphopeptide Enrichment SCIMAC Kit 

Product features

N

Technical Support
Phone 800 628 8470
E-mail novagen@emdchemicals.com

Product  Size Cat. No. Price 

ProteoExtract® Phosphopeptide 
Enrichment SCIMAC Kit  100 rxn 539723 $275 

ProteoExtract® Phosphopeptide 
Enrichment Ti02 Kit  100 rxn 539722 $285 
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Titanium dioxide and the combination of SCX and IMAC allow for a 

specific and sensitive phosphopeptide enrichment with reduced 

background from complex mixtures. A complex peptide mixture derived 

from a tryptic digest of porcine liver extract was spiked with alpha-casein 

and two synthetic phosphopeptides (concentrations see above) and 

subsequently processed using optimized materials and protocols for 

strong cation exchange chromatography (SCX) and IMAC or titanium 

dioxide. Mass spectrometry analysis was performed using an ESI-LC/MS 

equipment operated in positive mode. Only monophosphorylated 

phosphopeptides were detectable under these conditions. A: Unprocessed 

sample B: Enrichment of phosphopeptides using SCX in combination with 

IMAC. C: Enrichment of phosphopeptides using titanium dioxide. Arrows 

indicate phosphopeptides.
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Spiked Phosphopeptides: 

1 50pM Angiotensin ~ 6 fmol/ 125µl, ~ 7pg/125µl
2 67pM Calcineurin substrate ~ 8 fmol/ 125µl, ~ 18pg/125µl
3 140pM a-Casein ~  18 fmol/ 125µl, ~ 425pg/125µl

Selective and sensitive enrichment of phosphopeptides
from complex mixtures using either SCX/IMAC or Titanium dioxide

Orders Phone 800 854 3417
 Fax  800 776 0999
Web www.emdbiosciences.com/novagen
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Researchers are increasingly interested in both the expression level 
of a specific mRNA and the expression level of the corresponding 
protein isoform(s). Procedures that allow the combined isolation of 
RNA and protein from the same experimental sample reduce effort 
and costs, and simplify the interpretation of experimental results. 
Although such methods have been described previously, they often 
involve hazardous chemicals, tend to be denaturing, and are cumber-
some due to high sample viscosity. The resulting protein fraction 
tends to be complex, making it difficult to detect low abundance 
proteins.

To overcome these limitations, the procedure of the ProteoExtract® 
Subcellular Proteome Extraction Kit (S-PEK) was successfully 
adapted to enable parallel, quantitative extraction of both RNA 
and protein from a single sample. This was effectively achieved by 
adapting the original extraction buffers of the kit in the following 
way: The ionic strength of Extraction Buffer (EB) I was increased by 
supplementing with 285 mM NaCl. Benzonase® Nuclease was added 
to EB IV rather than to EB III. EB III was supplemented with 3 mM 
MgCl2.

The increased ionic strength of EB I results in the release of bound 
polysomes from cellular structures such as the cytoskeleton and 
ensures that the largest RNA pool (>80%) is collected intact in the 
first fraction. The extra salt might lead to slight differences in the 
extraction selectivity compared to the conventional subcellular 
extraction method. This phenomenon seems to be protein- and 
cell-type dependent, as no fraction shift for c-Jun was observed in 
DU-145	cells,	whereas	in	HEK	293	cells	the	majority	of	c-Jun	was	
found in the cytosolic fraction rather than in the nucleus. Although 
the adapted procedure requires a division of the extracted subcellular 
fractions for subsequent RNA and protein processing, the amount of 
protein and RNA obtained from 1 x106 cells are usually sufficient for 
various applications, including Northern, dot and slot blot analysis, 
RT-PCR, and quantitative real-time RT-PCR for RNA analysis and 
SDS-PAGE, immunoblotting or enzyme assays for protein analysis. 
Following sequential extraction with the adapted buffer formula-
tions, samples to be used for RNA analysis were mixed immediately 
with the same volume of a cocktail for RNA precipitation, consist-
ing of 5 M guanidine thiocyanate in ethanol. After precipitation, the 
RNA can be purified using conventional methods such as oligo-dT 

enrichment or chaotropic adsorption to silica surfaces. The quality 
and	quantity	of	RNA	extracted	by	the	“modified	S-PEK	procedure”	
is comparable to that of RNA extracted by conventional chaotropic 
methods (data not shown).

Stimulation or repression of signal transduction events can lead to 
changes in expression levels of protein isoforms, which are involved 
in the signal cascade. Such a signal transduction pathway can be 
silenced	through	the	use	of	targeted	siRNAs.	Using	the	“modified	
S-PEK	procedure”,	it	should	be	possible	to	specifically	analyse	the	
silencing effect not only on the target RNA and protein level, but 
also on further down stream effector molecules. This assumption was 
proven to be true by investigation of the PDK1-AKT signal transduc-
tion pathway, whereby PDK1 expression should be decreased through 
RNA interference. For this purpose MDA MB 468 cells grown to a 
density of 6x105  cells per 10 cm dish were transfected with 20 µM 
PDK1-4 siRNA or 20 µM control siRNA for 6 h at 37°C and subse-
quently grown in serum-containing medium. Using the modified 
S-PEK procedure, RNA and protein was extracted and fractionated 
from the siRNA-treated cells. RNA was precipitated and purified with 
silica membranes. The level of down regulation of PDK1 mRNA was 
quantified using qRT-PCR in relation to the level of two house keep-
ing	genes	HPRT	and	RNA	polymerase	II	(RPII).	As	depicted	in	table	
below, the siRNA PDK1 knock down led to a ~5 fold down regulation 
of the PDK1 mRNA.

Application Notes 

Fractionate RNA and protein from the 
same sample to study signal transduction 
events in siRNA experiments

Ratio:

siRNA treatment PDK-1 / HPRT PDK-1 / RPII

Control 0.44 0.43

PDK-1 0.1 0.08

Down regulation 
measured:

4.4 fold 5.4 fold

Down regulation of PDK1 mRNA  
by specific siRNA

Technical Support
Phone 800 628 8470
E-mail novagen@emdchemicals.com



10 Calbiochem & Novagen • Protein Sample Preparation Tools

When searching for drug candidates potential substances might 
inhibit most of the current tested drug targets in vitro. One major 
problem is that inhibitors with very low IC50 values lose their inhibi-
tory potential in cell culture and animal models. In order to get more 
insight into the action of various candidates, the subcellular proteome 
extraction procedure was used for measuring drug uptake/and drug 
penetration into living cells. 

In the following experiment, the cellular uptake of small molecules 
was followed. As described in the attached protocol, cells were 
incubated with the desired small molecule. MultiScreen® Assay Plates 
(Millipore) were used to facilitate the collection of fractions after each 
extraction step. The concentration depends on the detection efficiency 
in mass-spectrometry analysis.

After treating epidermal human cancer cells with each drug over night 
the subcellular protein extraction protocol was performed. To test the 

integrity of the fractionation, assays for lactase dehydrogenase (mark-
er protein for the cytoplasmic fraction), and alkaline phosphatase 
(marker protein for the membrane fraction) were employed. Propidium 
iodine (PI) staining was used to confirm the nuclear fraction.

The isolated protein populations were analyzsed using Quattropol ESI 
LC MS analysis. Calibration curves with pure substance in aceto-
nitrile- water solution were recorded in the range from 0.8 to 1000 
ng/ml. The sample (fraction) was prepared by adding 20 µl to 15µl 
internal	standard	[(IS)/250	ng/ml]	plus	150	μl	acetonitile/H2O	(ratio	
60:40). A volume of 10 µl sample was injected using a Chromolith® 
Speedrod 55-3 mm column (Merck KGaA). The subcellular protein 
fractions were analyzed to determine the lower limit of quantification 
(LLOQ) of the particular drug in each fraction. Moreover for each mea-
surement the coefficient of correlation (r) was determined and shows 
the robustness of the method.

Application Notes

High throughput screening by subcellular 
fractionation: Measuring small drug uptake 

The effect of the PDK1 mRNA down regulation was investigated on 
the protein level through immunoblot analysis of the subcellular 
protein extracts with antibodies against total PDK1: Ser214 Phospho- 
PDK1 (phosphorylation of which is required for activation of PDK1) 
and Thr308 Phospho-AKT/PKB. The reduced PDK1 mRNA level result-
ed in a diminished level of PDK1 protein and phosphorylated activat-
ed PDK1 to about 40% and 22%, respectively. Although the level of 
AKT/PKB is not directly influenced by the PDK1 mRNA knock-down, 
the level of activated AKT/PKB, the immediate downstream effector 
of PDK1, was diminished to 25%, both in the cytosolic (F1) and the 
membrane-enriched fraction (F2). In conclusion, the subcellular 
proteome extraction procedure can be modified to enable quantita-
tive extraction of both RNA and protein from a single sample, thus 
facilitating both transcriptomic and proteomic investigations in RNAi 
experiments.

Down regulation of PDK1 mRNA by RNAi leads to down regulation of PDK1 protein and 
subsequently to less activated Akt/PKB, the down stream effector in the related signal 
transduction cascade. 
siRNA treated MDA MB 468 cells were extracted using the described modified S-PEK procedure and proteins of 

designated cytosolic (F1), membrane (F2), nuclear (F3) and cytoskeletal (F4) fractions, separated by SDS-PAGE, 

transferred to nitrocellulose, and blotted using specific antibodies against PDK1, Ser214 Phospho-PDK1 and Thr308 

Phospho-AKT/PKB. 

Western blot analysis of siRNA-mediated 
protein levels
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Fig. 1
Chemicals tested for drug uptake in A431 cells. A: 1-tert-butyl-3-(4-chloro-5-methyl-2 pyrrol-1-
yl-phenyl)-urea (MW 305,81) B:3-chloro-5-[3-(2-ethoxy-phenyl)-ureido]-4-hydroxy-N-(2-
hydroxy-ethyl)-benzamide (MW 393.83). 
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Fig. 2.  Concentration of drug A and B in subcellular fractions
Quantification of molecule A (blue bar) and B (purple bar) in subcellular fractions (cytosolic: F1, 
membrane: F2, nuclear: F3  and cytoskeletal: F4) by Quattropol ESI LC-MS analysis. The lower limit 
of quantification (LLOQ) of drug A and B was determined to be 0.8 ng/ml. Coefficient of correlation 
(r) were in all fractions between  0.94 and 0.99. 

The results show that drug A, which exhibits a low IC50 value in vitro, 
is not able to pass the membrane barrier in vivo. Thus it is not a useful 
drug candidate, because in all four tested fractions the concentra-
tion of drug A is below the LLOQ. By contrast, drug B is detectable in 
various	concentrations	in	all	four	fractions.	High	concentrations	are	
found in the cytosolic fraction. The drug is also detectable passing 
the membrane and accumulating in the cytoskeleton, with the signal 
intensity higher than in the nuclear fraction (F3). Another important 
point regarding the function of the drug is that after passing the mem-
brane barrier, drug A is not degraded or metabolized. The ESI LC-MS 
analysis can be used for the detection of changes in mass to determine 
the metabolic degradation of a drug, and thus its function in vivo. 

Protocol:
Cell-culture and treatment
• Seed 5 x 104 cells per 96-well (A431 cells) in 180 μl RPMI 1640 and 

incubate in an atmosphere of 5 % CO2 at 37°C for 4 h.

• Add test substance in 20 μl volume (final 10μM). 

• Incubate the cells for 18 h in 5 % CO2 at 37°C.

• Proceed with the S-PEK procedure as follows.:

Fractionation
• Set the 96-well plates into an adaptor plate and centrifuge 5 minutes 

at 200 × g at 4°C to remove the cell culture media.

• Wash the cells four times by adding 200 μl ice cold PBS and centrifuge 
5 minutes at 200 × g at 4°C.

• Add 50 μL S-PEK Extraction Buffer I and incubate at 4°C under gentle 
agitation.

• Centrifuge the sample for 5 minutes at 200 × g at 4°C, collecting the 
flow through in a fresh 96-well plate. This is cytosolic fraction (F1).

• Wash the cells by adding 200 μl ice cold PBS and centrifuge 5 minutes 
at 200 × g at 4°C.

• Add 50 μL S-PEK Extraction Buffer II and incubate at 4°C under gentle 
agitation.

• Centrifuge the sample for 5 min at 200 × g at 4°C, collecting the flow 
through in a fresh 96-well plate. This is membrane fraction (F2).

• Wash the cells by adding 200 μl ice cold PBS and centrifuge 5 min at 
200 × g at 4°C.

• Add 50 μL S-PEK Extraction Buffer III and incubate at 4°C under gentle 
agitation.

• Centrifuge the sample for 5 min at 200 × g at 4°C, collecting the flow 
through in a fresh 96-well plate. This is nuclear fraction (F3).

• Wash the cells by adding 200 μl ice cold PBS and centrifuge 5 min at 
200 × g at 4°C.

• Add 50 μL S-PEK Extraction Buffer IV and incubate at 4°C under gentle 
agitation.

• Centrifuge the sample for 5 min at 200 × g at 4°C, collecting the flow 
through in a fresh 96-well plate. This is cytoskeletal fraction (F4).
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Over the past 30 years, a relatively simple growth factor and its 
membrane receptor have provided seminal insights into the under-
standing of the development of cancer, as well as modes of growth 
factor signalling. The epidermal growth factor (EGF), its cognate 
receptor (EGFR) and related family members have been shown to be 
important in normal, and malignant growth of many cell types. The 
following experiment shows that after cellular stimulation of epider-
mal cancer cells with EGF followed by the EGF receptor inhibition 
the signalling events in the receptor mediated membrane fraction are 
efficiently silenced. For inhibition different therapeutically relevant 
receptor tyrosine kinase inhibitors were used. To analyse phosphory-
lation events the described procedure combines the subcellular protein 
fractionation procedure with capture of tryptic phosphopeptides and 
mass spectrometry analysis.

The MS data depicted in Fig. 2 show the effect of three different RTK 
inhibitors after cellular stimulation of epidermal cancer cells with 
EGF. The signalling events in the membrane fraction by phospho-
rylation are efficiently silenced. As expected, the inhibitors repress 
the signalling from the receptor (membrane fraction) to the nucleus. 
More importantly nuclear signalling is repressed in different manners 
depending on the individual RTK inhibitor mode of action. 

Application Notes 
Measuring drug response of receptor  
tyrosine kinase inhibitors on EGFR signaling

Fig. 2  Pathway analysis of therapeutically relevant RTK-inhibitors. The A431 cancer cells were seeded at a density of 

3 × 106 cells per 75 cm2 flask in RPMI 1640 with 10% FCS and 2 mM L-Glutamine. The cells were stimulated with EGF 

prior to RTK-inhibitor treatment. After subcellular protein fractionation, 100 μg of each protein fraction were precipitated 

followed by trypsin digestion. The phosphopeptides of digested S-PEK fractions were captured and analysed by ESI LC/MS. 

Fig. 1  Work flow for phosphoproteome profiling  
After treatment of cell lines the proteomes are fractionated using the ProteoExtract® 
Subcellular Proteome Extraction Kit. The subcellular fractions were digested with trypsin 
followed by phosphopeptide enrichment using zirconium based IMAC prior to MS analysis.
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Cytosol Membrane Nucleus
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Control
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