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Short Abstract: should include a general description of the article (10 word minimum, 50 word maximum)

In this article we show how to obtain time-resolved single molecule FRET traces from labeled DNA using a confocal fluorescence microscope  by immobilizing the molecules on the surface of a custom designed microfluidic cell.
Long Abstract: (150 word minimum, 400 word maximum)

Fluorescence Resonant Energy Transfer (FRET) between an excited fluorescence donor and a ground state fluorescence acceptor has been widely used to study the structure and dynamics of molecules of biological interest, such as nucleic acids, proteins, and their frequent interaction. Single molecule FRET (sm-FRET) measurements on immobilized molecules allow the system to be interrogated over an extended period of time –effectively until both dyes photobleach–, resulting in time-resolved traces that report on biological dynamics as short as a few milliseconds and as long as minutes. In order to obtain a statistical significant number of traces, the acquisition program must be automated and the sample environment must be kept unaltered over the total measuring process, usually of over 12 hours. To accomplish this we have built an automated scanning confocal microscope that allows the interrogation of thousands of single molecules overnight, and we have designed a microfluidic cell that permits the controlled exchange of buffer, restricts the oxygen content and keeps a constant temperature throughout the entire measuring period. We show how to assemble the micofluidic device and how to activate its surface for DNA immobilization. Then we explain how to prepare a buffer to maximize the photostability and lifetime of the fluorophores. Finally, we show the steps involved in preparing the setup for the automated acquisition of time-resolved single molecule FRET traces of DNA molecules.
Text: should include a step-by-step description of the experimental procedure (protocol). Describe procedures in sufficient detail so that the work can be reproduced.   Please use complete sentences, and write with a style similar to the example below, so that the protocol sounds natural when read.   

1 - Assembling the microfluidic cell

Our microfluidic cell is made by fusing a patterned, 2 mm thick, polydimethylsilicone (PDMS) disk to a freshly cleaned quartz cover slip. The PDMS disk contains four 30 μl rectangular chambers that are accessed by inlet and outlet flexible capillaries connected to a buffer reservoir and a pump, respectively, for the controlled flow of buffer. The ﬂow cell was supported on its back side by a glass window and placed in a custom made cell holder containing a water cooled thermoelectric element to keep the temperature regulated.
1. To make the patterned PDMS disk, mix 10 parts silicone elastomer base with 1 part cure, mix well and leave degassing for 1 hour in vacuum.

2. Gently pour the elastomer mix onto the microfluidic cell mold (in our case, a 1’’ silicon wafer with four strips of (1x104 x 1x103 x 300) μm made from negative photoresist) and leave it curing on a hot plate at 70 C for two hours.

3. Carefully peel off the cured PDMS disk from the mold using a razor. Fuse the disk onto a 1’’ glass window (which has previously been drilled eight 2 mm holes at both ends of the channels) by plasma oxidazing both surfaces for 30 seconds. Fuse the glass windows onto the flat side of the PDMS disk (the side not containing the channels).
4. Insert a 2-inch long flexible fused silica capillary tubing through each glass windows hole until they reach the channel. Inserting first a needle and then following with the capillary might make the process easier. Seal the glass window holes using a fast curing silicone casting compound such as Kwik-Cast.
5. Rinse the channels with ethanol and water, and plasma-activate the cell together with a freshly piranha cleaned, 1 inch circular quartz cover slip for 30 seconds. Fuse the cover slip to the side of the cell containing the channels, thus sealing the chambers.

6. Leave the assembled cell curing overnight at room temperature.
2 – Activating the surface for molecule immobilization
For nucleic acid studies, the simplest surface immobilization scheme consists of first coating a glass or quartz cover slip with biotinylated bovine serum albumin (BSA) and then with streptavidin. This allows the biotinylated sample to be immobilized with high specificity for days at room temperature. 
1. Connect flexible tubing to the capillaries for easy buffer injection using a syringe and needle.

2. Inject a solution of 0.1 mg/ml of biotinylated BSA in buffer A (10 mM TRIS-HCl, pH 8.0, 50 mM NaCl, filtered using 0.02 μm ) into the channel and incubate for at least 30 min.
3. Flow 300-500 μl of buffer A to remove any unadsorpted biotinylated BSA from the channel, being careful not to trap any air bubbles in the chamber.

4. Inject a solution of 0.1 mg/ml of streptavidin (or neutravidin) in buffer A and incubate for 15 min. Then repeat step 3.
5. Flow a solution of 3-5 pM of the biotinylated sample. Perform a surface scan to check the coverage of fluorescent molecules. If needed, increase the sample concentration to obtain better coverage. Incubate for 10 min and repeat step 3.
The microfluidic cell is mounted on a motorized x-y stage allowing coarse (up to 25 mm), and ﬁne (1 nm) motion using two PZT actuators. This can be done either before or after activating the surface for sample immobilization.
3 - Preparing the Imaging Buffer (IB)

The IB consists of an enzymatic oxygen scavenging system and a triplet quencher such as Trolox. Since we will constantly flow the IB overnight we will need to prepare at least 10 ml.
1. Prepare 10 ml of 0.8% w/v D-glucose, 35 mM TRIS-HCl pH 8.0 and 50 mM NaCl in deionized water. The strong buffer is important since Trolox will tend to lower the pH of the solution over time. Since this solution has a long shelf life it can be stored as a stock solution.

2. Dissolve 5 mg of Trolox into the buffer prepared in step 1 by vortexing for a couple of minutes or leaving shaking for >10 min. Filter the solution using a 0.2 μm filter and leave degassing in vacuum.

3. Prepare the “gloxy” enzymatic solution by mixing 60 μl water, 20 μl of 5X buffer A, 20 μl of catalase, 1 mg glucose oxidase and 100 μl of 10 mg/ml BSA. Filter the solution using a 0.22 μm centrifuge filter.
4. Gently mix the buffer from step 2 with the “gloxy” solution from step 3 avoiding the formation of air bubbles.

5. Flow the IB through the channel at a constant rate of 5 μl/min using a mechanical syringe pump to control the flow rate. Bubble argon gas into the IB reservoir to prevent atmospheric oxygen from dissolving into the buffer.
The surface scanning, molecule localization and acquisition of single molecule intensity traces is controlled by a LabView program that permits the unattended data collection. The program scans 20x20 μm2 areas at 0.2 μm resolution, with a rate of 0.1 μm/ms. The data is immediately processed to yield the intensity-weighted locations of all pixels above the background counts. Once the immobilized molecules are found, they are moved one by one into the confocal volume and the intensities of the donor and acceptor fluorophore are recorded as a function of time until both fluorophores photobleach. The stage is then programmed to move to a new origin 100 mm away, and the scanning process is repeated.
Part 7: Representative Results: – What happens when the protocol is done correctly?  What is the purity of your nucleic acid sample?  After performing a cell culture prep, how will the cells look in optimal conditions? What do your labeled cells look like when imaged in vivo using 2-photon laser microscopy? Please add a “representative” outcome to the protocol to show a viewer what a “good” or even “bad” result looks like.  

Results. Attached are pictures of the assembled microfluidic cell, surface scans showing single molecules in the green (donor) and red (acceptor) channels, and some typical single molecule traces showing the acceptor intensity in red and donor in green.
Discussion: Short discussion on critical steps, possible modifications, applications, significance, etc…
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Table of specific reagents and equipment:

	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	Fused silica capillary tubing
	Polymicro Technologies
	TSP150375
	

	Fused silica cover slip
	Esco Products
	R425000
	

	Tubing
	Diba Industries
	-
	

	Biotinylated BSA
	Sigma
	A8549
	

	BSA
	Sigma
	A9085
	

	Streptavidin
	Thermo Scientific
	0021122
	

	Sylgard 184 Elastomer Kit
	DowCorning
	3097366-1004
	Silicone Elastomer Kit

	Trolox
	Aldrich
	238813
	

	Catalase
	Sigma
	C3155
	

	Glucose Oxidase
	Sigma
	G2133
	

	D-Glucose
	Sigma
	G7528
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Figure legends
Figures: should be uploaded electronically as separate files (TIFF, JPEG and other formats are acceptable)

























































