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A High-Sensitivity Method for Detection and Measurement of HMGB1 Protein Concentration by HighAffinity Binding to DNA Hemicatenanes Claire Gaillard, Chloe´ Borde, Joe¨l Gozlan, Vincent Mare´chal, Franc¸ois Strauss* Centre de Recherche des Cordeliers, Universite´ Pierre et Marie Curie, Universite´ Paris Descartes, INSERM, Paris, France



Abstract Background: Protein HMGB1, an abundant nuclear non-histone protein that interacts with DNA and has an architectural function in chromatin, was strikingly shown some years ago to also possess an extracellular function as an alarmin and a mediator of inflammation. This extracellular function has since been actively studied, both from a fundamental point of view and in relation to the involvement of HMGB1 in inflammatory diseases. A prerequisite for such studies is the ability to detect HMGB1 in blood or other biological fluids and to accurately measure its concentration. Methodology/Principal Findings: In addition to classical techniques (western blot, ELISA) that make use of specific antiHMGB1 antibodies, we present here a new, extremely sensitive technique that is based on the fact that hemicatenated DNA loops (hcDNA) bind HMGB1 with extremely high affinity, higher than the affinity of specific antibodies, similar in that respect to DNA aptamers. DNA-protein complexes formed between HMGB1 and radiolabeled hcDNA are analyzed by electrophoresis on nondenaturing polyacrylamide gels using the band-shift assay method. In addition, using a simple and fast protocol to purify HMGB1 on the basis of its solubility in perchloric acid allowed us to increase the sensitivity by suppressing any nonspecific background. The technique can reliably detect HMGB1 at a concentration of 1 pg per microliter in complex fluids such as serum, and at much lower concentrations in less complex samples. It compares favorably with ELISA in terms of sensitivity and background, and is less prone to interference from masking proteins in serum. Conclusion: The new technique, which illustrates the potential of DNA nanoobjects and aptamers to form high-affinity complexes with selected proteins, should provide a valuable tool to further investigate the extracellular functions of HMGB1 and its involvement in inflammatory pathologies. Citation: Gaillard C, Borde C, Gozlan J, Mare´chal V, Strauss F (2008) A High-Sensitivity Method for Detection and Measurement of HMGB1 Protein Concentration by High-Affinity Binding to DNA Hemicatenanes. PLoS ONE 3(8): e2855. doi:10.1371/journal.pone.0002855 Editor: Dong-Yan Jin, University of Hong Kong, China Received May 19, 2008; Accepted July 10, 2008; Published August 6, 2008 Copyright: ß 2008 Gaillard et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are credited. Funding: This work was made possible in part by grants from Sidaction and ANRS. C.G. and F.S. are members of the Centre National de la Recherche Scientifique (CNRS). C.B. is the recipient of a fellowship from the Ministe`re de l’Enseignement Supe´rieur et de la Recherche. Competing Interests: The authors have declared that no competing interests exist. * E-mail: [email protected]



Experimentally, most of these studies require the ability to detect HMGB1 and measure its concentration in cell culture medium or in biological samples, most frequently blood plasma or serum. Initially the western blotting technique was most widely used [5,11,12], while more recently ELISA have become available [13–15]. In both techniques the detection of HMGB1 rests on the high specificity and affinity of antibodies directed against HMGB1. However antibodies are not the only macromolecules with very high affinity for HMGB1, as this protein also presents a strong affinity for specific alternative conformations of DNA. Indeed, since the first observation of HMGB1 binding to DNA cruciforms [16], several DNA substrates with higher and higher affinities have been identified, culminating with DNA minicircles of less than 100 bp [17–19], (dissociation constant Kd ,100 pM), and with hemicatenated DNA loops (hcDNA) [20], which presently constitute the HMGB1 substrate with the highest affinity known, with a dissociation constant Kd,0.15 pM [21,22]. The structure of hemicatenated DNA loops is schematically represented in Figure 1A; they consist in a DNA loop maintained at its base by a DNA hemicatenane, i.e. the junction of two double-stranded



Introduction Protein HMGB1 (High Mobility Group B1) was initially discovered as one of the most abundant nuclear non-histone proteins in eukaryotic cells. After its discovery [1] it was mostly studied for its interactions with DNA and its function in the nucleus as a constituent of chromatin [2], and as the prototype of the HMG-box family of proteins, many of which are implicated in the control of differentiation or development [3]. For many years the extranuclear functions of HMGB1 were little studied (with the notable exception of studies on amphoterin, the other name of HMGB1, by Rauvala and coworkers [4]), until Wang et al. [5] strikingly showed that, in addition to its nuclear functions, HMGB1 was involved in sepsis as a late mediator of endotoxin lethality in mice. HMGB1 has since been implicated in many other pathologies including arthritis and cancer, and many works have studied the function of extracellular HMGB1 in infectious and inflammatory disorders, its interest as a potential therapeutic target, and its role as a messenger («alarmin») when released from the nuclei of necrotic cells (for recent reviews see e.g. [6–10]). PLoS ONE | www.plosone.org
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inserting the rat HMGB1 gene into expression vector pET15b [22]. The His-tagged protein was purified by affinity chromatography on Ni-NTA, followed by ion exchange chromatography on a mono P column [27]. The concentration of the purified proteins was determined spectrophotometrically and further confirmed by electrophoresis on SDS-polyacrylamide gels, coomassie blue staining, and comparison with samples containing known amounts of a control protein [22]. Measurement of HMGB1 concentration by enzyme-linked immunosorbent assay (ELISA) was performed using the HMGB1 ELISA kit from Shino-Test Corporation, Japan, according to the manufacturer’s protocol.



DNA molecules in which one of the strands of one molecule passes between the two strands of the other, and reciprocally, forming a DNA knot [20] that could be visualized by atomic force microscopy (AFM) [23]. Figure 1B shows that this structure, formed here with a 120 bp DNA fragment and analyzed on a nondenaturing polyacrylamide gel, migrates slightly more slowly than linear DNA and associates with HMGB1 to form very stable complexes that can easily be detected on polyacrylamide gels due to their reduced mobility as compared to the unbound hemicatenated probes. In addition to studying the role of hemicatenanes and their interactions with HMGB1 in genome structure and function [24], we also considered taking advantage of the extremely high affinity of hcDNA for HMGB1, superior to the average affinity of specific antibodies [25], to detect HMGB1 and to measure its concentration in biological fluids. Here we show that HMGB1 can be detected at extremely low concentrations in all kinds of samples, especially in serum. The property of HMGB1 to be soluble in acid allowed us to design a simple and rapid protocol to purify it from most other serum proteins, reducing the nonspecific background and greatly increasing the sensitivity of the technique. Finally we discuss the characteristics of this new technique and its advantages relative to techniques such as ELISA that are based on the binding of HMGB1 to specific antibodies.



Preparation of hcDNA hcDNA was prepared from a DNA fragment containing a tract of poly(CA)?poly(TG), essentially as described previously [20]. In brief, the fragment is heat-denatured and allowed to renature in the presence of HMGB1; shifted reassociation of the repetitive sequences leads to DNA folding into a hemicatenated loop. In practice, the DNA fragment used to prepare hcDNA originated from plasmid pE10 (accession X96980), a pUC19 derivative containing a 62 bp tract of the repetitive DNA sequence poly(CA)?poly(TG). A 120 bp fragment containing the repetitive tract was prepared by digestion of this plasmid with EcoRI and ClaI, polyacrylamide gel purified, dephosphorylated, and end-labeled with 32 P using polynucleotide kinase and [c-32P]ATP (6 000 Ci/ mmol 
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