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Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) ___No____ If yes, please list make and model of your microscope: 

B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__ No ___ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps_
1. Alkaline lysis of bacteria.
2. Application of small volumes to working electrode.
3. Consistent washing and drying of sensor chips.
4. Application of well manifold to sensor chip.


D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Washing and drying the sensor chips consistently is difficult to learn from a written description but is relatively easy to learn when it is demonstrated visually.
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Authors, please select from “Procedural Narrative” or “Conceptual Narrative” and complete the statements below. Please do not add additional steps.  Then, attach your finished graphic overview.  See accompanying instructions for details and examples.  
Conceptual Narrative:
The overall goal of the following experiment is to detect and identify bacteria using electrochemical sensors. (Intro) This is achieved by first releasing the ribosomal RNA from the bacteria to allow hybridization with the fluoresceinated detector probe. (C1) As a second step, the detector probe-bound ribosomal RNA is added to the working electrode, which allows hybridization with the capture probe on the sensor surface. (C2) Next, the anti-fluorescein horseradishperoxidase conjugate is allowed to bind to the fluoresceinated detector probe. (C3) Finally, an amperometric current, the intensity of which is correlated with the number of capture probe – ribosomal RNA – detector probe complexes on the sensor surface can be obtained. (C4)
From Conceptual Graphic.jpg

(C1) show (P1) graphic, with “ribosomal RNA” please highlight the black squiggly line and “16S RNA” text; with “fluoresceinated detector probe” please highlight the red squiggly line and green/yellow triangle and “Detector Probe/Fluorescein” text 
(C2) with “As a second step … electrode” have (P1) graphic move down and attach to gold electrode graphic, final graphic looks like (P2); with “allows hybridization .. surface” please highlight the blue squiggly line and “Thiolated Capture Probe” text
(C3) show (P2) graphic, then Blue HRP/anti-fluorcescein graphic and text move in and attach to top of RNA, final graphic looks like (P3)
(C4) Show (P3) graphic, with “amperometric current” have black arrow appear and stretch from e- on electrode up to TMBox:TMBred arrow circle, possible have aqua arrows rotate in a circle? Final graphic looks like (P4)
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
Authors: Below are statements we would like you to complete that are complementary to the information contained within the schematic overview.   

· Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol.    

· Enter the name of the individual who will say each line. 

· Please choose and fill out the statement(s) that convey the most important fact(s) about your protocol. You may revise the given prompts as necessary to improve the sentence flow.

· If any individuals will be doing demonstrations on camera but are not assigned a speaking part in this interview section, please use statement 1.8 to introduce these demonstrators (for example, the PI introduces students)

1.1. Bernard Churchill: The main advantage of this technique over existing culture-based methods, is that bacteria can be detected and identified in a clinical sample in about 45 minutes, avoiding the need to wait overnight for bacteria to form a visible colony on an agar plate.   (take 4)
1.2. David Haake: Application of this technique would improve the management of infectious diseases, as early detection of bacterial pathogens is essential for targeted antibiotic therapy and improved clinical outcomes.   (take 5)
1.3. Colin Halford: Though this method is useful for diagnosis of infectious diseases, it can also be applied to other diagnostic problems, such as immunodiagnosis. (take 2)
1.4. David Haake: Demonstrating the procedure will be Colin Halford a Research Associate from my laboratory.  

1.4.1. Interview style: Author saying the above (take 3)
1.4.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera. (take 3)
Protocol (read by voice talent at JoVE):
Authors:  In order to ensure that your protocol can be filmed in a single day, the protocol text must be limited to 30 steps – each step being defined as 3 lines of 12 pt text in our formatting style below.  This amounts to 3 pages of protocol text.  The scope of the scripted protocol text should include only those aspects of the procedure that require visualization in order to be well understood.     

2. Functionalization of Electrochemical Sensors
2.1. Begin by incubating the thiolated capture probe with hexanedithiol for 10 minutes at room temperature to ensure that the thiol group on the capture probe is reduced, resulting in more consistent results. After the incubation, apply a stream of nitrogen to bare gold 16 sensor array chips for 5 seconds to remove any moisture or particulates.
2.1.1. WIDE: Talent adding hexanedithiol to thiolated capture probe (TEXT: HDT = hexanedithiol) 
2.1.2. MED – over the shoulder: Talent applying nitrogen steam to at least one sensor array chip
2.2. [Spoken by Talent, interview style (looking just off camera)]: “Small volumes of liquid need to be applied carefully to the working electrodes in the sensor array. Visual demonstration of this method is critical, as performing the washing and drying techniques correctly reduces the chip-to-chip variability.”
2.2.1. MED: Talent speaking the above, interview style (Authors: Please change the above words if you’d like. In particular, if there are further tips that you can give to help the viewer with these next few steps, this would be a great time to give it.)  (take 6)  
2.3. Next apply 6 (l of the HDT-thiolated capture probe mix to the working electrode of all 16 sensors of the sensor array and store the sensor chips in a covered petri dish at 4(C overnight. 
2.3.1. CU: Shot of HDT-thiolated capture probe being added to the working electrode of at least one sensor
2.3.2. MED: Talent places covered petri dish of sensor chips at 4°C 
2.4. The following day, wash the sensor chips with deionized water for 2-3 seconds, and then dry the chips under a stream of nitrogen for 5 seconds.
2.4.1. CU: Few seconds of at least one sensor ship being washed

2.4.2. CU: Few seconds of at least one chip being dried under nitrogen stream
2.5. Now apply 6 (l of a Tris-hydorchloride-sodium chloride-EDTA-mercaptohexanol solution to the working electrode of all 16 of the sensors, and incubate the sensors for 50 minutes in a petri dish at room temperature.
2.5.1. CU: Shot of Tris-hydorchloride-sodium chloride-EDTA-mercaptohexanol being added to a few working electrodes of one sensor chip
2.5.2. MED: Talent closing petri dish full of sensor chips on bench to incubate (TEXT: 50 min, RT)
3. Sample Preparation
3.1. To prepare the samples for the electrochemical sensor assay, in a biosafety hood, transfer 1 ml of bacterial culture in the log phase of growth to a microcentrifuge tube, and then centrifuge the cells for 5 minutes at 16,000 x g.  
3.1.1. WIDE: Talent adding bacterial culture to microcentrifuge tube (TEXT: OD600 ≈ 0.1)
3.1.2. MED: Talent placing tubes in centrifuge (TEXT: 5 min, 16,000 x g)
3.2. After removing the supernatant, apply a pipette tip containing 10 (l of 1M sodium hydroxide to the bottom of the microcentrifuge tube and pipette up and down a few times to thoroughly resupened the pellet.
3.2.1. CU: Shot of pellet if visible (TEXT: Optional: pellet can be stored at -80°C after supernatant removal), then tip being applied to bottom of tube, then pellet being pipetted up and down in sodium hydroxide
3.3. After incubating the suspension at room temperature for 5 minutes, add 50 (l of PBS containing bovine serum albumin, or BSA, and a fluorescein-modified detector probe to neutralize the bacterial lysate. Then incubate the neutralized lysate for 10 min at room temperature.  
3.3.1. MED: Talent adding PBS + BSA + probe to tube (TEXT: Fluorescein-modified detector probes hybridize with bacterial rRNA target molecules)

3.3.2. MED: Talent placing tube at room temp for incubation
4. Electrochemical Sensor Assay
4.1. Begin this step by washing the mercaptohexanol solution from one of the prepared sensor chips with deionized water for 2-3 seconds. After drying the chip as just demonstrated, apply 4 (l of the neutralized bacterial lysate to the working electrodes of 14 of the sensors. 
4.2.1  insert 4.2.1 here

4.1.1. WIDE: Few seconds of Talent washing chip

4.1.2. CU: Neutralized bacterial lysate being added to a few of the working electrodes (TEXT: Target-detector probe complexes hybridize to immobilized thiolated capture probes)
4.2. This section was deleted, but left in to maintain the shot numbers.  The following shot (4.2.1) should be placed just before shot 4.1.1.
4.2.1. MED: Talent taking cover off petri dish 

4.3. Then apply 4 (l of the bridging oligonucleotide in the PBS plus BSA plus fluorescein-modified detector probe to the 2 positive control sensors. Then after incubating the lysate and positive control sensors for 15 minutes, wash and then dry the entire sensor chip as before.
4.3.1. MED – over the shoulder: Few seconds of bridging oligonucleotide being added to at least one of the positive sensors (TEXT: Positive control for signal normalization)
4.3.2. MED/CU: Talent washing at least one sensor (TEXT: Deionized H2O 2-3 s) (Multiple takes; shot will be used again)
4.3.3. CU/MED: Few seconds of at least one sensor being dried (TEXT: N2 stream 5 s) (Multiple takes; shot will be used again)
4.4. Now apply 4 (l of anti-fluorescein-horse radish peroxidase, or HRP, in PBS containing casein to the working electrodes of all 16 of the sensors. After a 15 minute incubation, wash and dry the sensor chip.
4.4.1. CU: Anti-fluorescein-horse radish peroxidase being added to working electrode of at least one sensor
4.4.2. Use 4.3.2: Talent washes at least one sensor (TEXT: Deionized H2O 2-3 s) 
4.4.3. Use 4.3.3: CU: Few seconds of at least one sensor being dried (TEXT: N2 stream 5 s) 
4.5. Next apply a film well sticker to the surface of the sensor chip and load the chip into the sensor chip mount. Pipette 50 (l of TMB substrate onto all 16 of the sensors and close the sensor chip mount.
4.5.1. CU: Film well sticker being applied to surface of at least one chip
4.5.2. CU: Chip being loaded in sensor chip mount
4.5.3. MED – over the shoulder: Few seconds of Talent adding TMB substrate chip (TEXT: TMB = 3′,5,5′-Tetramethylbenzidine) 
4.6. Finally, use a Helios Chip Reader to obtain amperometry and cyclic voltammetry measurements for all 16 sensors. (TEXT: Amperometric current proportional to rate of TMB reduction on sensor surface)
4.6.1. LAB MEDIA: Procedural diagram.pdf (Authors: Please submit this file)
5. Results:  Bacterial Detection & Identification using Electrochemical Sensors
5.1. The just described electrochemical assay is structured similarly to a sandwich ELISA. As shown in this figure, target ribosomal RNA hybridization with capture and detector probes is developed by a redox reaction catalyzed by HRP conjugated to anti-fluorescein antibody fragments that bind to the 3’ fluorescein linkage on the detector probe. An important component of assay sensitivity is the surface chemistry of the gold electrode. The gold electrode is coated with mercaptohexanol and hexanedithiol and is functionalized by the addition of thiolated capture probes. 
5.1.1.  LAB MEDIA: Haake Fig. 1.png (Video Editor: with “target ribosomal RNA” please highlight/indicate the black squiggly 16S rRNA line [and text] that extends from the top of the figure on the left all the way down to the gold electrode; with “and capture” please highlight the blue squiggly line and “thiolated capture probe” text; with “and detector probes” please highlight the red squiggly line and “detector probe” text; “catalyzed by HRP” please highlight/indicate the reddish sphere and “HRP” text; with “conjugated to anti-fluorescein antibody fragments” please highlight/indicate the dark red “Y” attached to the red sphere and the “Anti-fluorescein” text; with “that bind to the 3’ fluorescein linkage” please highlight/indicate the yellow/green triangle near the HRP graphic on the detector probe and the yellow green “Fluorescein” text; with “on the detector probe” please highlight/indicate the red squiggly line and the red “Detector Probe” text; with “the surface chemistry of the gold electrode” please highlight/indicate the “Gold Electrode” text and the yellow rectangle at the bottom of the figure; with “coated with mercaptohexanol and hexanedithiol” please highlight/indicate the HO><><S and S><><S graphics attached to the gold electrode; with “functionalized by the addition of thiolated capture probes” please highlight/indicate the blue squiggly line and “thiolated capture probe” text
5.2. The sandwich hybridization of the target ribosomal RNA with the capture probe and the fluorescein-labeled detector probe results in a complex that is detected by addition of the anti-fluorescein-horseradish peroxidase conjugate and the TMB substrate. The amperometric current is generated by the redox cycle that results from the oxidation of the TMB by horseradish peroxidase and the reduction of the TMB by the electrons from the electrode.   
5.2.1. LAB MEDIA: Haake Fig. 1.png. (Video Editor: with “target ribosomal RNA” please highlight/indicate the black squiggly rRNA line again; with “with the capture probe” please highlight/indicate the blue squiggly line again; with “fluorescein-labeled detector probe” please highlight/indicate green/yellow triangle with red squiggly detector probe line again; with “addition of the anti-fluorescein-horseradish peroxidase conjugate” please highlight/indicate the red sphere with red “Y”; with “TMB substrate” please highlight/indicate the aqua TMB ox/TMB red aqua-colored arrows; with “amperometric current” please have the long black arrow stretch from the e- up to the TMB substrate; with “redox cycle” please have the aqua arrows animate in a circle around the TMB texts; with “horseradish peroxidase” please highlight/indicate the HRP sphere again; with “electrons from the electrode” please highlight/indicate the “e-“ on the electrode.
5.3. The assays demonstrated here employ a GeneFluidics 16 sensor array chip. Each of the sensors in the array contain three electrodes, working, reference, and auxiliary, which have contact points at the edge of the chip. The chip reader has pogo pins that connect with each of the contact points. The chip reader serves as an interface for the sensor array with a potentiometer controlled by a computer algorithm.
5.3.1. LAB MEDIA: Fig2-revised.png (Video Editor: with “sensor array chip” please highlight/indicate the image at the top of the figure; with “three electrodes.. auxiliary” please highlight/indicate the three gold squares at the bottom of one of the round gold sensors around the edge of the chip; with “contact points at the edge of the chip” please run a line along the top and bottom edges of the chip or similar; with “the chip reader” please highlight/indicate the bottom image of the figure; with “pogo pins.. contact points” please highlight the gold pins on the green part of the chip reader)
5.4. Here examples of an electrochemical sensor current flow are shown. Current flow in the sensors is artificially high in the sensors during the first few seconds after amperometric measurements begin because of the accumulation of oxidized substrate during the time from application of TMB to the sensor surface to initiating the reader algorithm. The current flow then quickly reaches a steady state, and accurate sensor readings can reliably be obtained within sixty seconds. 
5.4.1. LAB MEDIA: Haake Fig. 3.png (Video Editor: If possible, please highlight/indicate the colored data lines in the graph in some way with “examples of … are shown”; with “first few seconds” please highlight/indicate the “0” and “5” texts on the x-axis and/or the corresponding data; with “within sixty seconds” please have an arrow go from the “5” over to the “60” text on the x-axis, which is then highlighted/indicated)
5.5. Sensor-to-sensor variability is relatively constant, so it is possible to perform 16 different sensor assays in parallel on the GeneFluidics 16-sensor array chip. Positive and negative controls are essential. As a positive control, a synthetic “bridging” DNA oligonucleotide that hybridizes to both the capture and detector probes and serves as a synthetic target of known concentration is used. In this way, the results obtained using the bridging oligonucleotide function as an internal calibration control to minimize chip-to-chip variation. The greater negative current of the electrode, the higher the signal.
5.5.1. LAB MEDIA: Haake Fig. 3.png (Video Editor: with “to perform 16 … chip” please highlight/indicate the “channel” numbers/text/colors in the bottom right quadrant of the graph; with “Positive and” please indicate the data curves in channels 1 and 2; with “negative controls” please indicate the data curves in channels 15 and 16; with “As a positive control” please indicate the data curves in channels 1 and 2 again)
5.6. When testing capture and detector probes, the limit of detection should be determined by the serial dilution of a sample of known concentration. As shown in this figure, there is a linear log-log correlation between the sample concentration and the signal output over the dynamic range of the assay. 
5.6.1.1. LAB MEDIA: Haake Fig. 4.png (Video Editor: with “the limit of detection should” please highlight/indicate the blue line and/or “Limit of detection” text on the figure key; with “linear log-log correlation .. assay” please highlight the black predicted data line and black circle observed data points; at the same time, with “sample concentration” please indicate the x-axis and with “signal output over the dynamic range of the assay” please indicate the y-axis)
5.7. In these bar graphs, the representative results for samples containing Escherichia coli and Klebsiella pneumoniae, which are frequently found in the urine of patients with urinary tract infection, are shown. Signals for most of the sensors will be low and similar, and these negative results can be pooled as the background signal. Reactivity with the KE probe pair distinguishes K. pneumoniae from E.coli. The bridging oligonucleotide serves as a positive control and internal calibration standard.
5.7.1. LAB MEDIA: Haake Fig5-revised.png (Video Editor: with “Escherichia coli” please highlight the E. coli text above the top graph; with “Klebsiella pneumoniae” please highlight the K. pneumoniae text above the bottom graph; with “Signals for .. background signal” please highlight/indicate the KE, EL, PM, and PA data in the top graph and the EL, PM, and PA data in the bottom graph; with “reactivity with the KE probe pair” please highlight the KE data in the bottom graph with “distinguishes K. pneumoniae from E. coli” please highlight the KE data in the bottom graph; with “bridging.. standard” please highlight the “1 nM BrOl” data bars in the top and bottom graphs simultaneously)
INSTRUCTIONS FOR AUTHORS:

Please ensure that the representative results narration is appropriate and correctly describes your images, movies, or figures.  Our editors have ensured that the results are written in our format.   

We consider this section a critical aspect of the video, because here is where you provide validation for your experiments.  For example, if this is a cell culture preparation, this section is where the video will show your cells at various time points following culturing.  If this is an imaging prep, then this part is where you will show examples of your imaging experiments.  

Please limit the extent of narration to no more than 2-3 lines of text per image or movie file being described.   Figures with multiple panels submitted with the original protocol should be broken up so that each panel is a separate image.   Like the schematic, each image or movie file supplied in the results should be referenced by annotation in parenthesis, however for the results, the specific filename should be given in parenthesis.  

Below is an example of results text:

EXAMPLE REPRESENTATIVE RESULTS

5.  Evaluation of Morpholino Injection and Knockdown
5.1   Representative results of both morpholino injection and mRNA injection are shown here. The    

        uninjected control at 48 hours post fertilization looks normal, as expected 

        -LAB MEDIA: 0123_PIname_Figure1.tif  (Replace 0123 with your jove video #)

5.2   However, embryos injected with the morpholino heg_e3i3_egfr1, which knocks down Heg isoforms

                     containing the first of two EGF-like repeats, exhibit brain edema.


        -LAB MEDIA: 0123_PIname_Figure2.tif


5.3   Injection of heart of glass mRNA also produced an obvious phenotype. At 24 hours post fertilization, 

        the heads of the uninjected controls look normal 

        -LAB MEDIA: 0123_PIname_Figure3.tif

5.4   Conversely, some of the embryos injected with the mRNA exhibit cyclopia     

                     -LAB MEDIA: 0123_PIname_Figure4.jpg

Please visit the following URL to see an example of how the results will look when complete:

http://www.jove.com/index/Details.stp?ID=1597
6. Conclusion (said by authors on camera)
Authors: Below are statements we would like you to complete that summarize and conclude the video. Only one statement should be chosen and completed per author who will be on camera demonstrating the protocol. In addition to choosing and filling out the appropriate statement, please enter the name of the individual who will say each line. You may revise the given prompts if necessary to better fit your protocol.
6.1. Colin Halford: This technique can be applied to detection of antibiotic resistant bacteria in clinical specimens. (take 3)
6.2. Bernard Churchill: By measuring the phenotypic response of bacteria to antibiotics, this technique can be utilized to determine the optimum therapy for an individual patient. (take 4)
6.3. David Haake: After watching this video, you should have a good understanding of how to detect and identify bacteria by comparing the amperometric currents in the different species-specific sensors in the chip. (take 2)
Provided Media

Authors, Please list all images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

Conceptual Graphic.jpg

Procedural diagram.pdf (Authors: please provide this media file)

Haake Fig. 1.png

Fig2-revised.png

Haake Fig. 3.png

Haake Fig. 4.png

Fig5-revised.png

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.
You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
( 2011, Journal of Visualized Experiments


