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Authors, please check the answers to 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 you can record images/videos using your own camera/software, then mark 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)__N______ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.8, 2.9, 2.13, 3.3, 3.11, 3.12, 4.1, 4.5, 5.4,___________________________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) 2.17, 4.4.
E.  Will the filming need to take place in multiple locations? (Y/N) ___No____ If yes, how far apart are the locations? ___________________________________________________


1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 

A. Experimental Goal (read by voice talent at JoVE):

The overall goal of this approach is the fast and reliable screening for microbial exopolysaccharide producers and the identification of their carbohydrate fingerprint. This is an essential step in order to utilize the unexplored diversity of exopolysaccharides. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Volker Sieber: This method can help to speed up the polymer research in the field of microbial exopolysaccharides and enables the identification of novel EPS with different properties for specific applications. Note to videographer and video editor:  Professor Sieber will not be present during the filming.  He will record the interview himself and submit the video to JoVE. He has been given the guidelines/requirements for self-recording. [Link for the video file will be sent separately]
1.2. Jochen Schmid: The main advantage of this technique is the combination of different exopolysaccharide detection systems in a modular and completely automatized screening concept. This makes it extremely fast and reliable.

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Broder Rühmann: This technique can also be performed manually in laboratories, where there is no automatization platform available. Thereby, its use is very flexible and can be adjusted to different screening needs.  

D. Introduction of Demonstrator: (Said by you on camera. Don’t forget to smile!)
	N/A














Protocol (read by voice talent at JoVE):

2. Automated Screening of EPS-producing strains

2.1. This exopolysaccharide, or EPS screening platform has a modular setup, which allows a separation of the protocol into two major parts: automated screening and carbohydrate fingerprinting.  [2.1.1 – LM] The first task is to cultivate the strains for screening and remove the cells by centrifugation.  [2.1.2 – LM]

2.1.1. Figure 1.pptx Highlight the Automated Screening arrow and the Carbohydrate Fingerprint arrow.
2.1.2. Figure 1.pptx.  Highlight the first blue rectangle (task 1)

2.2. The strains are cultured on glucose as C-source in 96-well plates covered with breathable sealing film on a micro titer plate-shaker at 30°C and 1,000 rpm. [2.2.1 – MED] 

2.2.1. Talent opening the door of the incubator, stops the shaker, and removes the 4 deep-well plates.  

2.3. On the day of the screen, prepare the robot worktable and storage carousel as described in the protocol text. [2.3.1 – MED] Remove the breathable sealing film from the plates and allocate the main-cultures in carousel positions 1-1 to 1-4.  [2.3.2 – MED] Start the automated robotic program. [2.3.3 – MED]

2.3.1. General footage of talent placing materials in the worktable and storage carousel.
2.3.2. *film as written.
2.3.3. *film as written.

2.4. To remove cells after cultivation, transfer the main-culture deep well plates from the carousel into the centrifuge [2.4.1 – MED] and centrifuge at 4,300 x g and 20 °C for 30 minutes. [2.4.2 – MED-TXT] 

2.4.1. *film as written.
2.4.2. Centrifugation started. TEXT: 4,300 x g; 20°C; 30 min

2.5. Prepare the worktable via the robotic manipulator: for the precipitation before filtration, move the microtiter plates from carousel positions 6-1 and 6-2 to worktable positions 4-1 and 5-1. [2.5.1 – MED] Move the pH-indicator microtiter plates from carousel positions 7-1 and 7-2 to worktable positions 4-2 and 5-2. [2.5.2 – MED] Transfer the filtration plate together with the collector plate from carousel positions 2-1 and 2-2 to worktable positions 4-3 and 5-3. [2.5.3 – MED]

2.5.1. Robotic manipulator moves plates from carousel to worktable.
2.5.2. Robotic manipulator moves pH-indicator plates from carousel to worktable.
2.5.3. Robotic manipulator moves filtration and collector plates from carousel to worktable.


2.6. After centrifugation, transfer 180 µL of the main-culture supernatant to the filtration plate. [2.6.1 – MED] Aspirate 150 µL from the main-culture supernatant and dispense 50 µL into the microtiter plate for precipitation before filtration and 100 µL to the pH-indicator plate. [2.6.2 – MED]

2.6.1. Robotic liquid handler transfers main-culture supernatant to the filtration plate.
2.6.2. Robotic liquid handler performs described task.

2.7. Precipitation of the supernatant with 2-propanol is performed to assess EPS production.  [2.7.1 – MED] Use a 12.5-mL multi-step pipette to manually add 150 µL of 2-propanol to each well. [2.7.2 – CU]

2.7.1. Talent taking the MTPs with supernatant to fume hood.
2.7.2. *film as written.

2.8. After shaking the microtiter plates at room temperature for 10 minutes at 900 rpm, [2.8.1 – CU] visually observe fiber or flake formations that indicate EPS production. [2.8.2 – MED][2.8.3 – CU/ECU] 

2.8.1. Shot of microtiter plates on shaker.
2.8.2. Talent checking the plates.
2.8.3. Shot of a well containing fiber/flakes.  

2.9. After the main culture plates are stored back to the carousel, examine the fermentation broths, which should show decreased sedimentation after centrifugation [2.9.1-MED]. The increase in viscosity is another indication of EPS production. [2.9.2 – CU/ECU] 

2.9.1. Talent examining the plates.
2.9.2. Robotic manipulator moves plates from worktable to carousel.
2.9.3. [2.9.2] Shot of a well that shows increased viscosity of broth.

2.10. The second task is to ensure complete cell removal from the viscous fermentation broth via a 96-well filtration. [2.10.1 – LM] Centrifuge the filtration plates at 3,000 x g and 20 °C for 10 minutes. [2.10.2 - MED-TXT] Then return the plates to their carousel home position and perform equilibration of the gel-filtration as described in the protocol text. [2.10.3 – MED-TXT] 

2.10.1. Figure 1.pptx.  Highlight second blue rectangle (task 2).
2.10.2. *film as written. TEXT: 3,000 x g; 20°C; 10 min
2.10.3. Robotic manipulator moves plates to their carousel home position.  TEXT: Equilibration of the gel-filtration is described in the protocol text.

2.11. Next pipette 35 µL of filtrate to the center of the equilibrated gel-filtration plate and 50 µL to the microtiter plate that is used for precipitation. [2.11.1 – MED]

2.11.1. Task being performed by robotic liquid handler.

2.12. Move the gel-filtration plates to the centrifuge and move all other plates from the worktable back to the home positions in the carousel. [2.12.1 – MED]

2.12.1. Robotic manipulator moves plates to their correct positions.

2.13. After the storage of all plates back in the carousel, take note of the highly viscous supernatants, as indicated by residuals in the filter plate. [2.13.1 – MED] A lack of filtrate can lead to false negative results in the following analytical modules. [2.13.2 – CU/ECU]

2.13.1. Talent examining the plates.
2.13.2. A shot of a well with highly viscous supernatants

3. Automated Screening: Glucose-assay and Phenol-sulfuric-acid method

3.1. The third task in automated screening is the removal of the remaining monomeric sugars from the growth media via a 96-well gel filtration. [3.1.1 – LM] Centrifuge the gel-filtration plates at 1,000 x g and 20 °C for 2 minutes. [3.1.1 – MED-TXT]

3.1.1. Figure 1.pptx.  Highlight the third blue rectangle (task 3)
3.1.2. After centrifugation the robotic manipulator moves relocates the plates to from the centrifuge and centrifugation is started.  TEXT: 1,000 x g; 20°C; 2 min

3.2. Prepare the worktable via the robotic manipulator for processing the gel-filtrates. [3.2.1 – MED]

3.2.1. General shot of moving tips from storage carousel to the correct WTP, placing MTPs in correct WTPs.  

3.3. To detect the remaining glucose after gel-filtration, use 50 µL tips to transfer 25 µL of ddH2O to a fresh microtiter plate. [3.3.1 – MED] Aspirate 20 µL of ddH2O, 5 µL of air and 5 µL of gel-filtrate and dispense into the same plate. [3.3.2 – MED]

3.3.1. [3.3.1, 3.3.2 and 3.6.1 combined] Robotic liquid handler transferring ddH2O from WTP 1-1 to a fresh microtiter plate.
3.3.2. Robotic liquid handler performing the described task.

3.4. Take 200 µL tips and aspirate 50 µL of glucose-assay reagent-mix from worktable position 1-2, to start the first assay. [3.4.1 – MED] Move the microtiter plates into the incubator. [3.4.2 – MED-TXT]

3.4.1. Robotic liquid handler performing the described task.
3.4.2. *film as written. TEXT: 30°C; 150 rpm; 30 min

3.5. After 30 minutes of incubation, move the plates from the incubator to the microtiter-reader and record absorbance at 418 and 480 nm. [3.5.1 – MED]

3.5.1. Robotic manipulator performing the described task.

3.6. To determine total carbohydrate content by the phenol-sulfuric-acid-method, pipette 20 µL of gel-filtrate to the microtiter plates. [3.6.1 – MED]

3.6.1. Robotic liquid handler performing the described task.

3.7. Manually remove the plates from the carousel and place them into the liquid handling station. [3.7.1 – MED] Include the calibration plate with 20 µL of different glucose concentrations in triplicates. [3.7.2 – MED]

3.7.1. Talent manually removing plates from CP 8-5 to 8-8 from the carousel and placing them into the liquid handling station (Position 4-8).
3.7.2. Talent including the calibration plate.

3.8. Place a waste container at position 1, a 300-µL tip box at position 2, and a 250-mL trough with 110 mL of freshly prepared phenol-sulfuric-acid at position 3. [3.8.1 – MED]

3.8.1. *film as written.

3.9. Use an 8-channel pipette with 300-µL tips to transfer 180 µL of phenol-sulfuric-acid into each row of all the plates. [3.9.1 – MED/CU]

3.9.1. *film as written.

3.10. Cover all microtiter plates with lids [3.10.1 – CU] and mix by shaking for 5 minutes at 900 rpm at room temperature. [3.10.2 – MED-TXT] Incubate for 35 minutes at 80°C in an oven for the color reaction. [3.10.3 – MED-TXT]

3.10.1. *film as written.
3.10.2. Plates being put on shaker.  TEXT: 5 min; 900 rpm
3.10.3. Plates being put into oven. TEXT: 35 min; 80°C

3.11. After cooling down the plates under a fume hood, [3.11.1 – MED] measure the extinction at 480 nm. [3.11.2 – MED]

3.11.1. Talent putting plates into fume hood.
3.11.2. General shot of talent measuring the extinction at 480 nm.

4. Carbohydrate Fingerprinting: 96-well micro hydrolysis

4.1. Strains from the automated screening are designated as EPS positive if they fulfil at least two of the following three criteria: viscosity control, detection of polymer, and calculated glucose equivalent. [4.1.1 – LM] The glucose equivalent is calculated using this equation. [4.1.2 – LM]

4.1.1. Figure 1.pptx.  Highlight fourth blue rectangle (task 4).
4.1.2. 53249_equation.docx. 


4.2. The carbohydrate fingerprint of the screening platform contains the last three tasks, which are manually performed. [4.2.1 – LM] The remaining filtrate of the positive hits from task 2 provides the basis for the gel-filtrate in task 5. [4.2.2 – LM]

4.2.1. Figure 1.pptx.  Highlight rectangles 5, 6, and 7.
4.2.2. Figure 1.pptx.  Highlight the gray arrow from rectangle 2 to rectangle 5.

4.3. Task 6 is the 96-well micro hydrolysis of the gel-filtrate. [4.3.1 – LM] To accomplish this, first use a 12-channel 50-µL pipette to transfer 20 µL of gel-filtrate to a new PCR-plate. [4.3.2 – MED] Then use a 1.25-mL multi-step pipette to add 20 µL of 4 M trifluoroacetic acid to each well. [4.3.3 – CU]

4.3.1. Figure 1.pptx.  Highlight blue rectangle 6 (task 6).
4.3.2. *film as written.
4.3.3. *film as written.

4.4. Cover the PCR-plate with a thermoplastic elastomer cap mat [4.4.1 – CU] and place the PCR-plate in a special clamping device. [4.4.2 – CU] Mix the solutions via inverting the clamping device ten times. [4.4.3 – MED]

4.4.1. *film as written.
4.4.2. *film as written.
4.4.3. *film as written.

4.5. After centrifuging the PCR-plate and securing it in the clamping device, place the secured clamping device in a pre-heated sand bath and incubate at 121 °C for 90 minutes. [4.5.1 – MED-TXT]

4.5.1. Talent putting the secured clamping device with PCR plate in a pre-heated sand bath. TEXT: 121°C; 90 min

4.6. Using a 12-channel 200-µL pipette, add a 3.2% ammonia solution to adjust the pH to approximately 8. [4.6.1 – MED/CU] Cover the PCR plate with a thermoplastic elastomer cap mat and shake it manually using the clamping device. [4.6.2 – MED]

4.6.1. *film as written.
4.6.2. *film as written.

5. Carbohydrate Fingerprinting: HT-PMP-derivatization

5.1. The final task is to analyze the carbohydrate fingerprint via the high-throughput 1-phenyl-3-methyl-5-pyrazolone, or HT-PMP method. [5.1.1 – LM] To begin this procedure, use a 12-channel 50-µL pipette to transfer 25 µL of the neutralized hydrolysate to a fresh PCR plate. [5.1.2 – MED]

5.1.1. Figure 1.pptx. Highlight the last blue rectangle (task 7).
5.1.2. *film as written.

5.2. Add 75 µL of derivatization reagent-mix and cover the plate with a thermoplastic elastomer cap mat. [5.2.1 – MED] Place the PCR plate in a PCR-cycler at 70 °C for 100 minutes followed by cooling down to 20 °C. [5.2.2 – MED-TXT]

5.2.1. *film as written.
5.2.2. Talent putting plate into PCR-cycler and starting the cycle. TEXT: 70°C for 100 min; cool down to 20 °C

5.3. Transfer a 20-µL aliquot into a new microtiter plate [5.3.1 – MED] Then use a 12-channel 200-µL pipette to add 130 µL of 19.23 mM acetic acid to each line. [5.3.2 – MED] Mix directly via aspirating and dispensing at least six times, [5.3.3 – CU] and transfer all the liquid to a 0.2-µm filter plate with a microtiter collector plate. [5.3.4 – MED]

5.3.1. Talent using a 12-channel 50-µL pipette to transfer a 20-µL aliquot into a new microtiter plate.
5.3.2. [5.3.2 to 5.3.4 combined] *film as written.
5.3.3. *film as written.
5.3.4. *film as written.

5.4. Centrifuge the plate at 1,000 x g for 5 minutes, [5.4.1 – MED-TXT] remove the filter plate, and seal the microtiter collector plate with a silicone cap mat. [5.4.2 – CU] Place the microtiter plate into the UHPLC-UV-ESI-MS for the determination of the carbohydrate fingerprint. [5.4.3 – MED]

5.4.1. Talent putting plate into the centrifuge. TEXT: 1,000 x g; 5 min
5.4.2. *film as written.
5.4.3. Talent at the machine putting the plate in.


6. Results: identification and characterization of microbial exopolysaccharides in high-throughput

6.1. This table shows the results of three exemplary novel strains as successfully identified with this screening platform. [6.1.1 – LM] The left part of the table displays the results of the automated screening modules concerning viscosity formation, [6.1.2 – LM] polymer production [6.1.3 – LM] and the glucose equivalent from the total hydrolysis, which were used as evaluation parameters for detailed carbohydrate fingerprint analysis. [6.1.4 – LM]

6.1.1. Table 4.xlsx. Draw box around the last two columns - ‘Genus’ and ‘Evaluation of EPS production’
6.1.2. Table 4.xlsx. Draw box around viscosity formation column.
6.1.3. Table 4.xlsx. Draw box around polymer production column.
6.1.4. Table 4.xlsx. Draw box around Glucose equivalent column.

6.2. The carbohydrate fingerprint based on calibrated sugars as well as unknown sugars, dimers and substituents are given in the right part of the table. By use of this information the monomeric composition can be calculated and compared with already known polymer structures. Furthermore, a targeted screening for interesting monomeric compositions and rare carbohydrates can be performed.

6.2.1. Table 4.xlsx

7. Conclusion (said by authors on camera)
7.1. Broder Rühmann: Once mastered, this technique can be done for 386 strains within only five hours.
7.2. Broder Rühmann: Following this procedure, additional assays like the already existent pyruvate or further assays for acetate, sulfate or phosphate can be included in order to answer additional questions of exopolysaccharide decoration.
7.3. Jochen Schmid: After its development, this technique by its high sensitivity, paved the way for our research in the field of genetic engineered microbial exopolysaccharide producers to explore the effect of altered exopolysaccharide-biosynthetic pathways on the resulting chemical structure.
7.4. [bookmark: _GoBack]Broder Rühmann: After watching this video, you should have a good understanding of how to identify novel exopolysaccharide producers in a very fast and reliable way. 


Provided Media
2.1, 2.10, 3.1, 4.1, 4.2, 4.3, 5.1. Figure 1.pptx
4.1. 53249_equation.docx.  
6.1, 6.2. Table 4.xlsx


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 are included in the email accompanying the finalized script.
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