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Researchers increasingly study 
both the expression level of a specific 
messenger RNA (mRNA) and the 
expression level of the cognate protein. 
Methods that allow the isolation of 
both from the same experimental 
sample reduce effort and make the 
interpretation of experimental results 
simpler. Many researchers isolate total 
RNA quickly and efficiently using 
column-based kits that do not require 
hazardous chemicals such as phenol 
or chloroform or time-consuming 
CsCl gradient centrifugation (1). The 
denaturing properties of guanidine 
salts and 2-mercaptoethanol inhibit 
RNA degradation, and the charged 
column matrices allow the binding and 
subsequent elution of total RNA pure 
enough for microarray analysis, cDNA 
generation, reverse transcription PCR 
(RT-PCR), or Northern blot analysis. 
Here we show that it is possible to also 
isolate protein for use in immunoblots 
from a sample processed for total RNA 
using these column-based kits.

We used the RNeasy® Mini Kit 
(Qiagen, Valencia, CA, USA) and the 
techniques outlined in the RNeasy 
Mini Handbook (www1.qiagen.com/
literature/handbooks/PDF/RNAStabi
lizationAndPurification/FromAnima
lAndPlantTissuesBacteriaYeastAndF
ungi/RNY_Mini/1016272HBRNY_
062001WW.pdf). We harvested RNA 
from a variety of cells and tissues using 
the Buffer RLT provided in the kit, 
following the addition of 2-mercapto-
ethanol. Cultured cells were homog-
enized with either the QIAshredder™ 
(Qiagen) or passed through a 20 gauge 
needle. Tissue samples were homog-

enized in a glass tube with a Teflon® 
Dounce homogenizer and then passed 
3–5 times through a 27 1/2 gauge 
needle. Because all three methods 
resulted in similar total RNA and 
protein isolation profiles, no further 
distinction among these methods 
will be made. We also found that 
passing tissue or cell culture samples 
through a 20 or 27 1/2 gauge needle or 
QIAshredder sufficiently shears DNA 
so that it does not interfere with these 
preparations. Following the kit instruc-
tions, 70% ethanol was added to the 
lysates and mixed by pipeting prior 
to the application of the sample to the 
RNeasy Mini/Midi column. Following 
the initial centrifugation step outlined 
in the manual, the flow-through in 
the collection tube was retained, not 
discarded, as per the instructions, and 
stored on ice. All subsequent wash/
flow-through with the buffers provided 
with the kit were pooled with the 
original flow-through. Elution of the 
total RNA proceeded as outlined in the 
RNeasy Mini Handbook.

We discovered that the protein 
contained in the pooled flow-through 
solutions precipitates out at ≤-20°C to 
form a white pellet without the use of 
any additional reagents. We typically 
stored the pooled flow-through 
overnight at a temperature of at least 
-20°C and proceeded with the subse-
quent steps the next day. Because the 
guanidine salts contained in the Buffers 
RLT and RW1 are incompatible with 
sodium dodecyl sulfate polyacrylamide 
gel electrophoresis (SDS-PAGE), the 
protein pellet must be treated to remove 
all traces of these salts. To accomplish 

this, the precipitation is centrifuged 
at ≥8000× g, and the supernatant is 
decanted. The pellet is washed with 
prechilled 96%–100% ethanol and 
then returned to -20°C for 10–20 min, 
depending on the mass of the pellet. 
This wash step is repeated twice more 
before air-drying the pellet. After 
drying, the pellet can be resuspended in 
a buffer of personal choice for further 
analysis.

This dual-extraction method for 
proteins was compared with that of a 
typical protein-extraction protocol for 
both cultured cells and tissue samples. 
The protein-extraction method used for 
cultured cells includes lysing the cells 
in a lysis buffer (2% SDS, 10 mM Tris-
HCl, and 0.1 mM sodium vanadate), 
passing the cells through a 20 gauge 
needle, and then centrifuging the lysate 
at 200× g at 4°C for 30 min. Rat brain 
tissue samples were homogenized 
in a glass tube with a Teflon Dounce 
pestle in 15 volumes of ice-cold lysis 
buffer [20 mM HEPES, 1 mM EDTA, 
2 mM EGTA, 150 mM NaCl, 0.1% 
SDS, 1% IGEPAL® (Sigma-Aldrich, 
St. Louis, MO, USA), and 0.5% 
deoxycholic acid, pH 7.5] containing a 
broad-range protease inhibitor cocktail 
(Complete Mini™; Roche Applied 
Science, Indianapolis, IN, USA) and 
then passed 3–5 times through a 27 1/2 
gauge needle prior to protein analysis.

Concurrent mRNA and protein extraction 
from the same experimental sample using a 
commercially available column-based RNA 
preparation kit
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Figure 1. Comparative Ponceau S red stain-
ing of protein lysates. Rat brain tissue samples 
(20 μg) were either prepared by the procedure 
described here utilizing the RNeasy Mini Kit or 
by lysing tissue with a detergent-based buffer 
and then run on a 15% gel. The RNeasy Mini 
Kit provides a similar total protein band profile 
as the protein-only lysis protocol.
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For the tissue samples profiled here, 
protein lysate aliquots of 20 μg as 
measured by the BCA™ Protein Assay 
(Pierce Biotechnology, Rockford, IL, 
USA) from the RNeasy Mini Kit and 
the detergent-based protein-extraction 
method were resolved on 7 1/2% or 
15% SDS-PAGE gels. Following 
electrophoresis, the proteins were 
transferred to Immobilon™-P polyvi-
nylidene fluoride (PVDF) membrane 
(Millipore, Billerica, MA, USA). 
Ponceau S red (Sigma-Aldrich) was 
used to stain membranes to confirm 
successful protein transfer and to 
ensure that an equal amount of protein 
was loaded in each lane (Figure 1). 
After blocking, the immunoblots were 
probed with anti-IP3R1 (Chemicon 
International, Temecula, CA, USA), 
anti-α-tubulin (Sigma-Aldrich), anti-
BiP (BD Transduction Laboratories, 
San Jose, CA, USA), anti-PDI 
(Stressgen Biotechnologies, San Diego, 
CA, USA), anti-AIF-IN (ProSci, 
Poway, CA, USA), or anti-cytochrome 
c (Pharmingen, San Jose, CA, USA) 
antibodies. Following primary and 
secondary antibody incubation, the 
blots were visualized with enhanced 
chemiluminescence (ECL™ Plus 
Western Blotting Detection Kit; 
Amersham Biosciences, Piscataway, 
NJ, USA) on Kodak BioMax® Light 
Film (Kodak, New Haven, CT, USA). 
As is apparent in Figure 2, the protein 

obtained using the RNeasy Mini Kit 
yielded densitometry analyzed results 
[ImageJ, version 1.29x; National 
Institutes of Health (NIH), Bethesda, 
MD, USA] that are similar to the 
protein-only detergent-based extraction 
procedure (Figure 2). We conclude that 
the procedure outlined here allows the 
efficient extraction of both the protein 
and total RNA from the same sample. 
This protocol therefore allows the direct 
comparison of the level of mRNA and 
cognate protein from the same sample.

There are other techniques and 
products, such as Sigma’s TRI 
REAGENT™ (www.sigmaaldrich.
com/sigma/bulletin/t9424bul.pdf), 
that allow for the dual isolation of 
total RNA and protein (2,3). However, 
these protocols are more complicated 
and involve intensive time-consuming 
hands-on efforts when compared with 
the few simple washes that are part 
of the RNeasy Mini Kit plus our few 
additional steps. In addition, these 
more-involved methods require the 
hazardous organic solvents such as 
phenol and chloroform. Several new 
products on the market allow quick 
extraction of both total RNA and protein 
using a preparation column, such as 
Ambion’s PARIS™ Kit, but require a 
division of the original sample, thereby 
reducing the amount of protein and 
mRNA available for extraction (www.
ambion.com/techlib/prot/fm_1921.

pdf). To the best of our knowledge, 
there is no currently available product 
that allows for the simultaneous, fast, 
and relatively simple isolation of 
total RNA and protein from the same 
sample.
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Figure 2. Comparative immunoblot analysis of rat brain tissue lysates using the RNeasy Mini 
Kit and a detergent-based protein-extraction method. (A) AIF-IN uncropped immunoblot shows the 
equivalent response by the two methods. (B) A range of antibodies were used to compare the expression 
of proteins by the two methods. Densitometric analysis of protein expression for all five antibodies, even 
at a protein loading of 20 μg, gives identical results for both samples. RN, RNeasy Mini Kit; Ly, protein-
extraction method. 
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