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Highlights

· Microfluidics are applied to the separation of biomolecules 

· Protein-lipid A binding interaction is studied 
· A recombinant protein has been successfully synthesized and characterized
1. Introduction
The interdisciplinary nature of microfluidics, MFs, as well as its multiple advantages, such as cost and reactants volume reduction, turn out attractive to medical sciences. This novelty has led to the development of bioanalytical devices focusing on different fields like clinical diagnosis, drug discovery or biohazard detection [1]. The favorable characteristics of MFs have paved the way to the design of high performance micro-magnetoforetic devices for the removal of trapped endotoxins from human blood based on the use of functionalized particles [2]. This approach could offer a paramount challenge for prevention, detection and removal of gram-negative bacterial sepsis, as it remains a significant cause of morbidity and mortality in hospitalized patients. Bacterial lipopolysaccharide (LPS) from G(-) is mainly composed of a glycosidic region and a lipidic region or Lipid A,  which is the biological active fraction of the molecule. The interaction between Lipid A and different molecules such as antibiotics (PMB), isoenzymes like glucokinase ligand activators, binding proteins (LBP) and peptides as magainine have been subject of study due to the virulence of this kind of endotoxins. In this context, our work is now focalized on the analysis of the endotoxin selective sequestration by a recombinant protein and at the same time, we pursue a kinetic characterization of the lipid-protein interaction in order to contribute to the optimum design of the micro-device.
2. Methods 
A separation system is intended to be implemented into a magnetophoretic microfluidic device where a biological fluid is contacted to a saline buffer in order to couple the endotoxin sequestration stage and the LPS-beads removal from the blood stream as depicted in Figure 1. 
This sequestration stage needs a selective agent able to trap the lipid A. The functional molecule is a recombinant protein, expressed following the main strategies as vector design, host selection, and protein expression and purification [3]. Initially, a plasmid was designed and optimized for Escherichia coli and a histidine tag was added to bind the protein to Niquel carrying micro-beads. After the plasmid assembly, it was transformed into E. coli competent cells for protein overexpression at low temperature. The obtained soluble protein is loaded in 1mL HisTrap column, purified with affinity liquid chromatography techniques and finally concentrated. Then, it is bound to microbeads o/n to assure its complete functionalization. The sample is then centrifuged, the protein excess is removed and its concentration is measured to determine the beads adsorption capacity.  Moreover, a fluorescent lipopolysaccharide conjugated with fluorescein isothiocyanate (FITC-LPS) stock solution of 1mg/mL is prepared and contacted to the protein-covered beads in order to analyze the selective binding of endotoxins. The fluorescent characteristic of LPS conjugates facilitates the quantification of the endotoxin removal and its quantification by fluorimetric techniques of samples supernatant. 

3. Results and discussion
This work introduces a procedure to obtain a recombinant protein labelled with histidines as a   quelating agent as a strategy to assure its binding to the divalent metallic ions of Ni2+ present in the micro-beads and optimizing its adsorption capacity. Preliminary studies have shown that 1mg of the protein binds to 5 µg of LPS, a promising protein activity, taking into account that septic patients show an endotoxin concentration around 300pg/mL. The specific binding takes place between the active site of the protein and the Lipid A of the lipopolysaccharide, but its mechanism needs to be deeply researched and defined with kinetic studies to precisely describe the lipid-protein interaction.
4. Conclusions
Focusing on the design of high performance microfluidic separation of G(-) bacterial lipopolysaccharide from human blood, we have addressed here the analysis of the binding of the Lipid A fraction to protein. With this purpose, we have developed a method that provides a soluble recombinant histidine tagged protein avoiding undesirable inclusion bodies. Preliminary studies demonstrate that 1 mg of our functional protein is able to sequestrate 5µg of LPS which constitutes promising results because average endotoxin levels in patients with sepsis are around 300 pg/mL. The encouraging data need further work focusing on the kinetic study of the interaction in order to contribute to biodevices microseparations and endotoxin detection and removal. 
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