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ABSTRACT

In this work, several major procedures of the electrophoretic mobility shift assay (EMSA) were modified including
swift extraction of the nucleic protein, labeling of the probe and radioautography. The modified assay required
shorter time, simplified the nucleic protein extraction, increased the radioactivity of the labeling probe, skipped the
tedious process of gel drying, and produced clear images. Its results were comparable, reproducible and stable. It
thus has merited for wide application.
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INTRODUCTION agarose gels. The nucleic acid probe is usually
labeled by the radioisotope.

The electrophoretic mobility shift assay (EMSA,In 1983, Dignam et al (1983) firstly built up the
also known as gel retardation assay or band shifgchnique of the nucleic protein extraction,
assay) is the simplest and, perhaps, the mofgllowed by a multitude of such protocols for the
widely used method for investigating the proteinEMSA. In China, over recent years, these
nucleic acid interactions (Lane et al., 1992). Thiechniques have been utilized to probe the activity
technique originated from the early work on theof the nuclear transcription factors in the cellular
rRNA-protein interaction (Dahlberg et al., 1969;Signal transduction pathways. However, these
Shaup et al., 1970), and its widespread use datBeotocols are tedious and difficult to grasp. It is
from its development for the studies on thetherefore imperative to seek a simple, stable, and
transcriptional regulation in the bacteria (Fried andeliable EMSA protocol for studying the cellular
Crothers, 1981; Garner and Revzin, 1981). It i§ignal transduction pathways. _
based on the observation that the protein bound tyccording to the protocols documented, a simple,
the DNA or RNA fragment usually leads to a€conomical and reproducible EMSA protocol was
reduction in the electrophoretic mobility of the established, which was adopted in studying the
fragment in the nondenaturing polyacrylamide o#ctivity of the nuclear transcription factors KB-
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and AP-1 in the mouse peritoneal macrophagedistiled water. The absorbance was measured at
after severe burns, and was compared with th&895 nm using a Bio-Rad Model 550 Plate Reader
other protocols. (USA). A linear regression equation, Y=ax + b,
was obtained. By such means, the sensitive range
of 5 to 100 mg/L previously documented was
MATERIAL AND METHODS raised to 1-30 mg /L (Hu et al., 2000).

Nucleic protein extraction Probe labeling
The modification was made according to the reporthe sequence of the oligonucleotides used as DNA
of Andrews and Faller (1991). The supernatants gfrobes  were: mouse N&B  consensus
1 to 5x 1(° peritoneal macrophages in the cultureoligonucleotide (forward 5- AGT TGA GGG
plate were discarded and adherent cells werl@AC TTT CCC AGG C -3, reverse 5’ - GCC
scrapped into 1.5 mL of the cold PBS. The cell§GG GAA AGT CCC CTC AAC T -3,
were washed twice with the cold PBS. Thesynthesized by Sangon Biotechnology, China) and
following procedures were carried out at 4°C. Thenouse AP-1 consensus oligonucleotide (forward
pelleted cells were resuspended in 100of the 5- CGC TTG ATG AGT CAG CCG GAA-3,
cold Buffer A (10 mM HEPES-NaOH (pH 7.8), reverse 5’ - TTC CGG CTG ACT CAT CAA
15 mM KCl, 1 mM MgC}, 0.1 mM EDTA, 1 mM GCG -3, synthesized by the Sangon
dithiothreitol, 1 mM PMSF, lig/mL leupeptin) by ~Biotechnology, China). Two sets of Eppendorf
flicking the centrifuge tube. The cells weretubes (set A and set B) were aligned, in which 1
allowed to swell on the ice for 15 min, and theruL of oligonucleotidesingle-stranded probe was
vortexed for 10 sec by adding €L of 10% added (forward probe into set A and reverse probe
Nonidet P40. The samples were centrifuged dhto set B; the concentration of both types of
10000 g for 30 sec at the room temperature and tfgobes, 10 pmalL), and then 1uL (10 U) of T4
supernatant containing cytosolic extract wagolynucleotide kinase (Promega Corp, USAnL2
collected and stored at —70°C for other use. Thef 10 x T4 buffer, 2.5uL of y-phosphorus 32-
pellet was resuspended in 50-1010 (according to  labeled adenosine triphosphate[¥p]-ATP) (3.9
starting number of cells) of cold Buffer B (20 mM x 10° Bq/uL, Yahui Corp, China), and 13}8 of
HEPES-NaOH (pH 7.9), 1.5 mM Mg€l0.42 M ribozyme-free redistilled water were added. Both
NaCl, 0.2 mM EDTA, 25% glycerol, 0.5 mM the tubes were incubated at 37°C for 1 h and 68°C
dithiothreitol, 0.5 mM PMSF, fig/mL leupeptin) for 10 min to inactivate the T4 polynucleotide
and incubated on the ice for 30 min for high-salkinase. The solution in two tubes was mixed and
extraction. The cellular debris were removed byncubated at 37°C for 1 h to let the probes combine
the centrifugation at 12000 g for 2 min and thento double strands. The obtained probes were
supernatants (containing DNA binding proteinsktored at —20°C.
were stored at —70°C.

Purification of probes by ethanol precipitation
Nucleic protein quantification The bound products 4L were added into an
According to the Bradford method (1976), thegppendorf tube containing 1QL of 5 M
protein quantification was conducted using a plate mmonium acetate and 100 of the cold ethanol.
reader. For this, 5QL of the diluted sample was The mixture was placed at —20°C for 30 min and
added into 50QuL of the Coomassie bright blue then centrifuged at 12000 g for 10 min at 4°C. The
protein quantification solution (CBBG-250 15mg, sypernatant was removed, and then 0®f 1 M
95% ethanol Sml, 85% phosphoric acid 10 MLammonium acetate and 4QQ of ethanol were
appropriate volume of water was added to the tota)yjed and mixed. The mixture was placed at —
volume of 100 mL, the resultant solution wasygec for 30 min and the centrifugation was re-
subjected to filtration and adjustment of pH tOperformed under the same conditions as described
1.5). Then the solution was mixed and, 5 min latefapyoye. The supernatant was removed. The pellet
pipetted in triplicate into a 96-well plate (1@ \ya5 ajr dried. re-suspended in 100 of Tris-

per well). The controls were set using thegpTa puffer (pH8.0), and then stored at —20°C
multiproportionally diluted standard bovine serumsamprook and Russell, 2001).

albumin (from 1 to 0.0315 mg/L) and blanks using
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Binding of probe to nucleic protein and was exposed to Kodak X film for 18 h at —70°C.
electrophoresis The autoradiograms were quantified by the
The binding assays were performed in|l1 of scanning densitometry with Lablmage 2.6
the binding reaction mixture containing|® of software.

extracted nucleic protein, 37 of DNA binding

buffer (10 mM Tris-HCI (pH8.0), 50 mM NacCl,

0.5 mM EDTA (pH 8.0), 0.5 mM DTT, 1 mM RESULTS

MgCl,, 2.5% Poly (dI-dC), 4% ( v/v) glycerol) and

1 pL (1 nghL) of *?p-labeled DNA probe. The With the use of protein quantification by the
mixture was incubated at room temperature for 3010dified Bradford method, the yield of the nucleic
min. Then 4pL of the loading buffer (0.25% protein was 50 to 6Qg/1C° cells. As determined
bromphenol blue, 0.25% xylene cyanol, 30% (v/vising a Beckman liquid scintillation counter, the
glycerol) was added. The reaction products wertsotope incorporation efficiency of the probes was
analyzed by the electrophoresis in a 5%8 to 70%, and the radioactivity of the labeled
nondenaturing polyacrylamide gel with 0% probes was (1.7-2.7% 10° Bg/uL. The EMSA
Tris/borate/EDTA buffer at 110 V for 2 h. The images indicated a strong black band of free
specificity of the binding was confirmed by thelabeled-probes and DNA-protein binding bands of
addition of a 100-fold excess of the unlabeled/@rious gray scales. The negative control sample
double-stranded oligonucleotides containing th&vith no nucleic protein merely produced a band of
mouse NFkB site to separate reaction mixturesfree labeled probes, but no binding bands. With
As non-specific competition, a 100-fold excess ofh€ specific competition, the binding band
the cold oligonucleotide bearing the AP-1 bindingdisappeared, demonstrating that the binding of the
site was added to separate the reaction mixture[0bes to nucleic protein was specific. The binding
The competition reactions were incubated for 1@ands of different gray scales and area suggested
min before the addition of L (1 ngfiL) of the the dl_screpancy in _the activities of nuclear
labeled oligonucleotide. After the electrophoresistranscription factors (Fig 1 and Fig 2).

the gel containing the DNA—protein complexes

g e—

Figure 1 - Dynamic changes of NkB activity of mouse peritoneal macrophages aftaese
scald. Peritoneal macrophages (1 &/bAL) at different hours following thermal
injury were incubated with 1Qug/mL lipopolysaccharide at 37°C for 2 h. Then,
nuclear extracts were prepared and assayed fatBN&s described imaterials and
methods. 1: negative control; 2: non-specific competition; BOO-fold specific
competition; 4: normal control; 5: 2 PBH; 6: 6 PBH; 12 PBH; 8: 24 PBH; 9: 48
PBH.
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Figure 2 - Dynamic changes of AP-1 activity of mouse peritdrmaacrophages after severe scald.
Peritoneal macrophages (1 ¥*161L) at different hours following thermal injuryese
incubated with 1Qug/mL lipopolysaccharide at 37°C for 2 h. Then, eaclextracts

were prepared and assayed for AP-1 as describredt@nials and methods. 1: negative
control; 2: normal control; 3: 2 PBH; 4: 6 PBH;12 PBH; 6: 24 PBH; 7: 48 PBH.

DISCUSSION The novelty of the present protocols compared

with the conventional EMSA are listed below.
The EMSA is a technique used to analyze thdhe method described by Dignam et al (1983) to
activity of the intracellular nuclear transcription extract the nucleic protein was initially adopted,
factor-DNA  binding using nondenaturing but that method required a whole day’s time (time
polyacrylamide electrophoresis andconsuming), high-speed centrifugation (four times,
radioautography. The nuclear transcription factorsat least 20 min for each), large numbers of cells (at
a group of proteins, bind to certain nucleotiddeast 1G'sample), and tedious dialysis and
sequences in the promoters and enhancers of soi€cipitation. Moreover, any inadvertency cause
genes, triggering the genetic transcription. Théhe failure in the extraction. The modified
nuclear transcription factors, such as kKE-AP-1 procedure was according to Andrews and Faller
and CREB, play pivotal roles in the cellular signal(1991) and established a new protocol for the
transduction. Currently, the most common methoducleic protein extraction, which required only
for assaying the activity of nuclear transcriptionl00 min, two buffers, and small numbers of cells
factors is EMSA, and its rationale is as follows:(1 x 10%/sample), but yielded the similar results as
the nuclear transcription factors bind to theAndrews and Faller's method (50-6@ nucleic
specific DNA probes to form the DNA-protein protein/16 cells).
complexes, which slows the electrophoretidt was thought that the key of the successful
mobility. Accordingly, there is a lagged bandEMSA was in probe labeling. It is generally
behind the band of free probes on thdhought that the prime radioactivity of the labeled
radioautogram. The activity of the transcriptionprobes should be more than 1x110° Bg/uL.
factors can thus be semi-quantified according ttnder that condition, strong radioautograms and
the gray scale and size of the lagged bandiifferences can be found in the DNA-protein
Additionally, the specificity of the reaction can bebinding bands. In this work initially double-
tested using antibody super shift assay or specifistranded NFB and AP-1 probes were labeled
competition assay. The complete EMSA(Promega Corp, USA) for three times according to
procedures include extraction and quantification ofhe company's instructions. But results of the
the nucleic protein, labeling and purification of theradioactivity of the labeled probes were all lower
probes, probe-protein binding, electrophoresis, anghan 2.2 x 10 Bg/uL, and no or faint
radioautography. The quantitative EMSA usingradioautograms were found in the binding band.
the biotin-labeled probes has been reported tphe precise causes were to be elucidated. Then
study RNA-protein interactions (Li et al., 2004). single-stranded probe was labeled wiffP-ATP

at their 5-end, the mixture containing
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complementary  single-stranded probe was|1ST OF ABBREVIATIONS
incubated at 37°C for 1 h to get the double-

stranded probes. In this way, the radioactivity of AP-1 - activator protein-1

the probes was increased dramatically to (1.7-2.7)Bg/pL - becquerel/microliter

x10° Bg/uL, which ensured successful assays CBBG-250 - coomassie bright blue G-250
(Wang et al., 2005). CREB - CAMP response element
Except for the nucleic protein extraction and probe binding protein

labeling above, poly (dI-dC) application, gel DTT - dithiothreitol

drying and radioautography were modified. Poly EDTA - ethylenediamine tetraacetic
(dI-dC) is composed of deoxyinosine and acid

deoxycytosine, which inhibits the binding of the EMSA - electrophoretic mobility shift
labeled probes to nucleic protaion-specificity assay

At present, the amount of Poly (dI-dC) commonly MeV - million electron volt

used is 1 to 2ug /sample. The instructions by NF-kB - nuclear factor-kappaB
Promega Company recommend the use ofyg5 PBH - postburn hour .

of Poly (dI-dC) in 10uL of the reaction system. PBS - phosphate-buffered saline
But this reagent is expensive. During the PMSF - phenylmethyl

experiments according to the method described by sulfonylfluoride

Shenkar et al (1996), Oy of Poly (dI-dC) for 25  Poly (dI-dC) - poly (deoxyinosine

uL of the reaction system produced satisfactory deoxycytosine)

results. These results were not significantly

different from those by the methods recommended

by Promega Company in qualitl? & 0.05, t-test), ACKNOWLEDGEMENTS

but brought a reduction in Poly (dI-dC)

consumption by 70%. Therefore, the presenihis work was supported by the grants from the
method would be economical. After theMilitary Ninth Five-year Instructive Topic (No:
electrophoresis, the gel is usually dried, presse@®L042) and the National Natural Science
and subjected to the radioautography at ultra lokroundation of China (No: 30300452

temperatures. During the experiments, the process

of gel drying was tedious, such as glacial acetic

acid soaking and drying of the filter paper.RESUMO

Moreover, a gel-dryer was required. Sinfe

particles emitted by?P have enough energy to A determinacdo da alteracdo na mobilidade
penetrate the 6 mm-deep water or plastics, and )eletroforética (EMSA), o método de mais ampla
ray films (1.7 MeV) (Tan et al., 2001), the step ofutilizagcdo para o estudo das interagdes proteina-
gel drying could be skipped. There were noacidos nucléicos, é tediosa e dificil de dominar. De
significant differences in the EMSA images withacordo com os protocolos dacumentados e com
or without gel drying. Prior to the exposure to thébase em nossa pratica, nés modificamos os
film, the gel was striped and covered withdiversos processos principais dessa determinagéo
refreshing membrane carefully, especially againdhcluindo no que diz respeito a extracdo de
the formation of the large air bubbles. To increas@roteiinas nucleicas, marcagdo das provas e
the exposure intensity, the sensitizing screen@dioautografia. A determinacdo modificada
made of calcium tungstate should be used. requer menor tempo, simplifica a extracdo de
To conclude, this could be a modified EMSA forécidos nucleicos, eleva a radioatividade da prova
determination of the nuclear transcription factoimarcada, evita o processo tedioso de secagem do
activity. The method simplified the nucleic proteingel e produz claras imagens. Seus resultados sdo
extraction procedures, elevated the radioactivity ofomparaveis, reproduziveis e estaveis, merecendo,
the probes, skipped gel drying, lowered the reagefiesse modo, ampla aplicagéo.

consumption and experimental expenditure, and

thus has merited for wide applications.
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