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Abstract

In the course of detecting nuclear transcription factors by electrophoretic mobility shift assay 

using digoxigenin (DIG)-labeled probes, we encountered a problem with a considerable 

nonspecific shift band in negative control lanes from which protein extracts were omitted. This 

nonspecific shift band can interfere with the detection of the desired target protein. Purification of 

the DIG-labeled probes by removing unincorporated DIG-labeled nucleotides did not resolve the 

problem. However, the introduction of an additional step of heating at 95°C for 5 min and 

subsequent re-annealing after DIG-labeled probe synthesis eliminated these nonspecific shift 

bands and allowed accurate analysis of the target protein.
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The use of non-radioisotopic (non-RI)1 nucleic acid probes has increased extensively in the 

past two decades. Advantages of the non-RI labeling systems over RI labeled probes include 

economy, stability and safety, and have led to applications in various techniques. One of the 

most successful labeling and detection systems is the DIG system [1–7], based on the hapten 

digoxigenin (DIG) (derived from Digitalis) and anti-DIG antibody conjugates [6, 7]. In the 

course of analysis of nuclear transcription factors by electrophoretic mobility shift assay 

(EMSA) using DIG-labeled probes, we encountered a problem with a considerable 

nonspecific shift band in a negative control lane from which protein extract had been 

omitted. This nonspecific shift band interfered with the detection of the desired target 

protein and disturbed accurate analysis. Here, we report on a method to eliminate the 

nonspecific shift band in EMSA using the DIG system.
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EMSAs were carried out using a DIG gel shift kit (Roche Diagnostic Corporation, 

Indianapolis, IN, USA) according to the manufacturer’s instructions. The oligonucleotide 

containing the consensus binding sequence for the nuclear factor-kappa B (NF-κB) (sense, 

5′-AGTTGAGGGGACTTTCCCAGGC-3′; antisense, 5′-

GCCTGGGAAAGTCCCCTCAACT-3′) was DIG-labeled by terminal transferase (TdT) 

using a 3′-end labeling kit after annealing. The reaction mix included 4 μL of 5× 

concentrated buffer (1 M potassium cacodylate, 0.125 M Tris-HCl, 1.25 mg/mL bovine 

serum albumin; pH 6.6), 4 μL of 25 mM CoCl2, 1 μL of 1 mM Dig-ddUTP, 100 ng of 

double-stranded oligonucleotide, 400 units of TdT and double-distilled H2O to obtain a final 

reaction volume of 20 μL. The labeling reaction was carried out by incubating at 37°C for 15 

min and then stopped with 2 μL of a 0.2 M ethylenediaminetetraacetic acid (EDTA) (pH 

8.0). Then we added double-distilled H2O to obtain a final probe concentration of 4 ng/μl. 

We confirmed that the labeling reaction produced the expected amount of labeled 

oligonucleotides by dot-blot. Nuclear extracts were prepared as described previously [8]. 

Nuclear extracts were added to 20 μL (final volume) of reaction buffer (20 mM Hepes, pH 

7.6, 30 mM KCl, 10 mM (NH4)2SO4, 1 mM dithiothreitol(DTT), 1 mM EDTA, 0.2% (v/v) 

Tween 20, 1 μg poly (dI-dC) · poly(dI-dC) and 0.1 μg poly L-lysine) together with the DIG-

labeled probes (~0.8 ng) and the reaction mixture was incubated at room temperature for 15 

min. Protein-DNA complexes were then separated on a 5 % (w/v) native polyacrylamide gel 

run in 0.5× TBE buffer and electrically transferred to a nylon membrane (Roche). The DIG-

label was detected by chemiluminescence and film exposure employing alkaline 

phosphatase-conjugated anti-DIG antibody (Roche) and CSPD (Roche).

The problem we encountered involving a band in negative control lanes with no protein 

extracts is illustrated in Fig. 1, lane 1. A band of equal intensity and migration position was 

also observed in all lanes containing protein extracts (Fig. 1, lane 2, 3). The non-specificity 

of these observed bands was demonstrated by a lack of competition with a 200-fold excess 

of cold oligonucleotides (Fig. 1, lane 3). This nonspecific shift band could interfere with 

detection of a specific band, particularly when a target band might have similar mobility 

(e.g. [9]).

In the standard protocol of the DIG system, it is considered unnecessary to purify the DIG-

labeled probes after the labeling reaction, because the unincorporated free DIG-labeled 

nucleotides do not bind to the membrane and do not cause background signal, unlike RI-

labeled probes [5]. Just to be sure, the unincorporated free DIG-labeled nucleotides were 

separated from the DIG-labeled probes using Amicon Ultra Centrifugal Filters 10K 

(Millipore Corporation, Billerica, MA, USA), but that did not resolve the problem. 

Additionally, we used fresh reagents of the highest quality, and avoided denaturation of the 

DIG-labeled probes that might result from overheating during electrophoresis by performing 

the electrophoresis at 4°C, and used fresh oligonucleotides of the highest grade available. 

However, the problem was not resolved, although the intensity of the nonspecific shift band 

decreased somewhat by using the highest-grade oligonucleotides compared to the signal 

seen when using oligonucleotides purified just by desalting.

On examining the molecular weight of the nonspecific shift band, we noticed that it was 

about 50 kDa, which is near the molecular weight of TdT (Fig. 2A, lane 1). The molecular 
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weight of TdT is about 58 kDa [10], but the TdT that we used was a recombinant enzyme 

with a molecular weight of about 45 kDa (according to the manufacturer, Roche). We 

speculated that TdT is involved in the nonspecific shift band. To test this hypothesis, we 

heated the DIG-labeled probes at 95°C for 5 min and subsequently cooled the probes slowly 

to 15°C to re-anneal. We then used this probe as is for EMSA. The addition of this simple 

manipulation resulted in the complete elimination of the nonspecific shift band in the 

negative control lane (Fig. 2B, lane 2), thereby eliminating also the interference with the 

detection of the desired target protein (Fig. 2B, lane 4).

It has been reported that TdT can bind to double stranded DNA and retard the band 

corresponding to double-stranded DNA in EMSA [11]. We surmised that the nonspecific 

shift band was caused by binding of TdT to double stranded DNA (DIG-labeled probes). In 

order to verify this, we used TdT antibody (Fig. 2C). The addition of increasing amounts of 

TdT antibody decreased the nonspecific shift band intensity; 3 μg of TdT antibody almost 

completely disrupted the band, suggesting that this band was formed by binding of TdT with 

the DIG-labeled probes.

A likely explanation for the cause of the nonspecific shift band that was eliminated 

following the heating step is as follows: It is conceivable that TdT remained bound to a part 

of the double-stranded DIG-labeled probes for some reason, and that it thereby contributed 

to the nonspecific shift bands we observed, by the difference in mobility from the free 

double-stranded DIG-labeled probes to which TdT was not bound. The same problems with 

the nonspecific shift band in negative control lanes occurred also for DIG-labeled probes 

with various DNA sequences and chain length (data not shown), which suggests that this 

problem occurs for some reason that is not dependent on the DNA sequence. According to 

the Manufacturer’s instructions for the DIG-system (e.g. [5]), the labeling reaction of DNA 

is stopped by addition of EDTA. This is a non-denaturing method of stopping catalytic 

activity that makes use of the property of TdT whereby catalytic activity is dramatically 

enhanced by the presence of divalent metal ions [12]. However, restart of catalysis could 

happen, if conditions recover that allow the enhancement of catalysis. In enzyme catalysis, 

the enzyme temporarily binds to a substrate and separates from a product through 

intermediate enzyme/substrate complex and enzyme/product complex. Even under the 

divalent metal ion-absent condition following the chelation by EDTA, catalysis might have 

proceeded at very slow rate and the intermediate might have been observed as the 

nonspecific shift band. A portion of the DIG-labeled oligonucleotides appears to have 

separated from the enzyme (TdT) as products normally, because the desired target proteins 

were observed along with the nonspecific band in EMSA (Fig. 1, lane 2). We have no 

definite information on the reasons why TdT remains bound to the DIG-labeled probes. A 

further analysis could include purification of the labeled probe by agarose gel 

electrophoresis and recombine that with fresh terminal transferase to evaluate the conditions 

for complex formation. However, while TdT may not be able to separate completely from 

the products under certain conditions, this appears to be corrected by thermal denaturation, 

accomplished by heating at 95°C.

TdT is routinely used to add one or more deoxynucleotides to the 3′-termini of single-

stranded [13] or double-stranded DNA [14] and to label oligodeoxyribonucleotides with 
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modified nucleotides (e.g. biotin- [15], fluorescein- [16], and digoxigenin- [3] labeled 

nucleotides). In order to label nucleic acid, TdT is used not only for EMSA, but also for 

Southern blot, Northern blot, dotblot, slotblot, in situ hybridization and so on, extensively. 

Therefore, not only in EMSA but also in these methods, similar problems involving TdT 

remaining bound to the labeled probes might happen under some conditions. In most cases, 

experimental data with a problem, such as nonspecific bands in negative control lanes in 

EMSA, would not likely be published. Therefore, these issues may not come to light, even if 

there are widespread problems. However, it also is possible that not a few researchers have 

had similar problems. In any case, our results highlight the utility of adding a simple step of 

heating the DIG-labeled probes once and re-annealing them, in cases in which nonspecific 

bands or signals have been observed.
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Fig. 1. 
Nonspecific shift bands in EMSA using DIG-labeled probes. 1 μg of total nuclear extract 

from WEHI-231 cells was used for EMSA with DIG-labeled double-stranded NF-κB 

consensus oligonucleotide probes. Lane 1: negative control, WEHI-231 nuclear extract 

omitted. Lane 2: WEHI-231 nuclear extract included. Lane 3: WEHI-231 nuclear extract 

plus 200-fold excess of unlabeled NF-κB consensus oligonucleotide (specific competitor). 

The open arrow indicates the position of NF-κB band; the closed arrow indicates the 

nonspecific shift band.
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Fig. 2. 
Elimination of nonspecific shift bands in EMSA using DIG-labeled probes. Non-specific 

bands were eliminated by heating at 95°C for 5 min and subsequent re-annealing of DIG-

labeled probes. (A) Approximate molecular weight (MW) of the nonspecific shift band. 

EMSA was performed with a sample from which nuclear extracts were omitted (lane 1). 

SeeBlue marker (Invitrogen, Carlsbad, CA, USA) was used as a reference to determine the 

approximate MW (lane M). (B) EMSA with DIG-labeled double-stranded NF-κB consensus 

oligonucleotide probes that were unheated (lane 1, 3) or heated at 95°C for 5 min and re-
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annealed (lane 2, 4). Lane 1, 2: Negative control, WEHI-231 nuclear extracts were omitted. 

Lane 3, 4: WEHI-231 nuclear extracts (1 μg) were included. (C) Identification of the protein 

bound to DIG-labeled probes. Lane 1: no TdT antibody (Santa Cruz Biotechnologies, Santa 

Cruz, CA, USA) added. Lanes 2 and 3: addition of 1 μg and 3 μg of TdT antibody 

respectively. The open arrow indicates the position of NF-κB band; the closed arrow 

indicates the nonspecific shift band.
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