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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)__N_______  (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.) __4.1-4.7 followed by 4.10_________________________________________
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.) _______4.3-4.5____________________
E.  Will the filming need to take place in multiple locations? (Y/N) _N______ 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 experimental procedure is to demonstrate the use of a coupled whole-cell biocatalytic system immobilized in alginate beads for improved production yield and reusability. (Intro)

B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Hui Gao: This method can help answer key questions in the biocatalysis field, such as biocatalyst immobilization, stability, co-factor regeneration and whole-cell biocatalysts. 
1.2. Eshita Khera: The main advantage of this technique is that it provides a simple yet flexible approach for improved production of many important biomolecules via cofactor dependent pathways.   

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  

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

	N.A.






















Protocol (read by voice talent at JoVE):

2. Whole-cell biocatalysts preparation

2.1. Two recombinant E. coli strains are used in this protocol: E. coliSpNox, (Voiceover: “S.P. Nox E. coli”) which expresses NADH oxidase, and E. coliHjLAD, (Voiceover: “H.J.L.A.D. E. coli”) which expresses L-arabinitol dehydrogenase. [2.1.1 – MED] 

2.1.1. Talent taking two plates out of the incubator.

2.2. Since this procedure is the same for both E.coli strains, it will be demonstrated for only H.J.L.A.D. E. coli. [2.2.1 – MED]

2.2.1. Talent setting the two plates on the work surface/lab bench.

2.3. Inoculate a single colony of H.J.L.A.D. E. coli in 3 mL of LB medium supplemented with 50 µg/mL of kanamycin [2.3.1 – CU] and incubate overnight in an incubator shaker. [2.3.2 – MED-TXT] 

2.3.1. *film as written.
2.3.2. Talent putting the culture into the incubator.  TEXT: 37oC; 250 rpm; overnight

2.4. On the following day, dilute the culture by 1:100 in 200 mL of fresh LB containing 50 µg/mL of kanamycin [2.4.1 – MED] and incubate at 37oC and 250 rpm until the OD600 reaches about 0.6. [2.4.2 – MED-TXT]

2.4.1. Talent diluting the culture.
2.4.2. Talent putting the flask into the incubator/shaker.  TEXT:  Grow to OD600 of 0.6

2.5. Induce H.J.L.A.D. protein expression by adding 0.1 mM IPTG to the culture medium [2.5.1 – CU] and incubating at 25oC, 200 rpm for 6 hours. [2.5.2 – MED-TXT]

2.5.1. IPTG being added to the flask.
2.5.2. Talent putting the flask into the 25oC incubator/shaker.  TEXT:  25oC; 200 rpm; 6 h

2.6. Harvest the induced cells by centrifugation at 3,200 x g and 4oC for 20 minutes [2.6.1 – MED-TXT] Discard the supernatant and proceed with processing the cell pellet as demonstrated in the next segment. [2.6.2 – MED]

2.6.1. Talent putting the culture into the centrifuge.  TEXT: 3,200 x g; 4oC; 20 min
2.6.2. Talent discarding the supernatant from the cells.

3. Biosynthesis of L-xylulose by coupling E.coliHjLAD and E.coliSpNox for cofactor regeneration

3.1. To begin this procedure, resuspend the cell pellets of H.J.L.A.D. E. coli and S.P. Nox E. coli separately in 50 mM of Tris-HCl buffer at a cell density of 5.0 g dry cell weight per liter. [3.1.1 – MED-TXT] 

3.1.1. Talent adding appropriate volume of buffer to one of the cell pellets and resuspending it. TEXT: Refer to protocol text for calculating gDCW from OD600

3.2. In a 14-mL round-bottom tube, mix 600 µL of 5 g dry cell weight per liter H.J.L.A.D. E. coli, 600 µL of 5 g dry cell weight per liter S.P. Nox E. coli, 100 µL of 20 mM NAD+, and 150 µL of 2 M L-arabinitol. [3.2.1 – MED] Bring the reaction volume to 2 mL by adding 550 µL of 50 mM Tris-HCl. [3.2.2 – MED]

3.2.1. *film as written.
3.2.2. *film as written.

3.3. Incubate the reaction mixture at 30oC and 200 rpm for 8 hours. [3.3.1 – MED-multiple shots-TXT]

3.3.1. Multiple takes from different angles of talent putting the 14-mL round-bottom tube into the incubator.  TEXT: 30oC; 200 rpm; 8 h

3.4. After 8 hours, centrifuge the mixture at 3,200 x g and 4oC for 10 minutes [3.4.1 – MED-TXT] and collect the reaction supernatant. [3.4.2 – MED-multiple shots]

3.4.1. Talent putting the tube into the centrifuge.  TEXT: 3,200 x g; 4oC; 10 min
3.4.2. Multiple takes from different angles of talent collecting the reaction supernatant.

3.5. To quantify L-xylulose production by a colorimetric assay, aspirate 100 µL of the collected supernatant into a 1.5-mL tube. [3.5.1 – CU]

3.5.1. 100 µL of the collected supernatant being transferred into a 1.5-mL tube

3.6. Add 50 µL of 1.5% cysteine, 900 µL of 70% sulfuric acid, and 50 µL of 0.1% carbazole dissolved in ethanol and mix gently by inverting the tube 3 times. [3.6.1 – MED]

3.6.1. *film as written.

3.7. Incubate the reaction mixture at 37oC and 200 rpm for 20 minutes. [3.7.1 – MED-TXT]

3.7.1. Talent putting the 1.5-ml tube into the incubator.  TEXT: 37oC; 200 rpm; 20 min

3.8. Measure the optical absorbance of the reaction mixture at 560 nm using a spectrophotometer. [3.8.1 – MED-multiple shots]

3.8.1. Multiple takes from different angles of talent at spectrophotometer taking a measurement.

4. Immobilization of recombinant whole-cell catalysts in calcium alginate beads

4.1. Begin the immobilization protocol by preparing a 4% alginate solution.  Add 0.8 g of sodium alginate to 20 mL of distilled water [4.1.1 – MED] and heat the mixture to dissolve the sodium alginate.  [4.1.2 – MED]

4.1.1. Talent adding 0.8 g of sodium alginate to 20 mL of distilled water in a beaker/flask.
4.1.2. Talent heating the beaker/flask.

4.2. Add 600 µL of 5 g dry cell weight per liter H.J.L.A.D. E. coli and 600 µL of 5 g dry cell weight per liter S.P. Nox E. coli to 1.2 mL of the 4% alginate solution. [4.2.1 – MED] Mix the cells and alginate by gentle pipetting to avoid bubble formation. [4.2.2 – CU]

4.2.1. *film as written.
4.2.2. *film as written.

4.3. Eshita Khera: To ensure the formation of alginate beads with uniform size, morphology and rigidity, it is critical to add the cell-alginate suspension from an optimal distance in a slow dropwise fashion into a sufficient volume of CaCl2 solution to cover all beads. [4.3.1 – interview shot]

4.3.1. Talent speaks to camera.

4.4. Aspirate the alginate-cell suspension into a syringe using a needle. [4.4.1 – MED] Then add the mixture drop-wise into a 0.3 M calcium chloride solution in a 100-mL beaker with continuous stirring. [4.4.2 – MED]

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

4.5. Leave the beads in the calcium chloride solution for 2-3 hours at room temperature without stirring to allow crosslinking to take place. [4.5.1 – MED-TXT]

4.5.1. Talent setting the beaker with the beads aside at room temperature. TEXT: 2-3 h; room temperature

4.6. Decant the calcium chloride solution without disturbing the beads by carefully pouring the calcium chloride solution into a 50-mL conical tube.  [4.6.1 – CU] Transfer the remaining beads into another 50-mL conical tube. [4.6.2 – CU]

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

4.7. To remove excessive calcium chloride and un-encapsulated cells, wash the beads with 50 mM Tris-HCl buffer:  add 10 ml of buffer to the beads and allow the suspension to stand undisturbed for 3-5 minutes. [4.7.1 – MED-multiple shots] Once the beads settle at the bottom, decant the buffer into another container. [4.7.2 – CU]  In this manner, wash the beads 3 times.  [4.7.3 – reuse shot-TXT] Do not centrifuge the beads at any given step or they will rupture! [4.7.4 – CU]

4.7.1. Multiple takes from different angles of talent adding 10 ml of buffer to the beads and then allowing the suspension to stand undisturbed.
4.7.2. Buffer being decanted into a container.
4.7.3. Use shot from 4.7.1.
4.7.4. Buffer from 3rd wash being decanted into the same container as in 4.7.2.

4.8. Do not discard the used Tris-HCl wash buffer. Pool the 30 mL of used wash buffer with the used calcium chloride solution collected earlier. [4.8.1 – MED] 

4.8.1. Talent combining the used wash buffer with the used calcium chloride solution collected in 4.6.1.

4.9. Pellet the un-immobilized E.coli cells by centrifugation of the pooled calcium chloride and Tris-HCl solution at 3,200 x g for 20 minutes. [4.9.1 – MED-TXT]

4.9.1. Talent putting the tube into the centrifuge.  TEXT: 3,200 x g; 20 min

4.10. Transfer the washed beads into a tube. Subsequently, evaluate L-xylulose biosynthesis following the procedure demonstrated for the cell pellets, but using all of the washed beads in place of cell pellets. [4.10.1 – MED]

4.10.1. Talent transferring the washed beads (from step 4.7) into a tube and setting the tube aside.

5. Stability assay of immobilized biocatalysts for L-xylulose production 

5.1. To assess the stability of the immobilized biocatalysts for L-xylulose production, collect the beads after they are formed [5.1.1 – MED] and wash twice with 10 mL of 50 mM Tris-HCl buffer without centrifugation, as shown earlier.  [5.1.2 – MED] 

5.1.1. Talent picking up the tube of beads from step 4.10 and preparing to wash them. Use the shot number 5.1.1/5
5.1.2. [bookmark: _GoBack]Talent adding 10 ml of buffer to the beads and then allowing the suspension to stand undisturbed. Use shot from 4.7.1

5.2. Use all of the washed beads to perform the reaction for L-xylulose production as demonstrated earlier. [5.2.1 – MED-multiple shots] [5.2.2 – reuse shot] [5.2.3 – reuse shot]

5.2.1. Multiple takes from different angles of talent combining the reagents for the reaction in a round-bottom tube. (Author:  use the same kind of tube as in 3.2)
5.2.2. Use shot from 3.3.1.  
5.2.3. Use shot from 3.4.2. (collecting supernatant after centrifugation)

5.3. Quantify L-xylulose production by a colorimetric assay, also as demonstrated earlier. [5.3.1 – reuse shot]

5.3.1. Use shot from 3.8.1.

5.4. Repeat the L-xylulose production reaction for the desired number of production cycles [5.4.1 – reuse shot] and measure the amount of L-xylulose produced in the reaction supernatant in each cycle. [5.4.2 – reuse shot]

5.4.1. Use shot from 5.2.1.
5.4.2. Use shot from 3.8.1.

6. Results: co-immobilization of whole-cell biocatalysts improves reusability

6.1. L-xylulose production is enhanced by this coupled whole-cell biocatalytic system. Starting with an initial concentration of 150 mM L-arabinitol, the use of H.J.L.A.D. E. coli biocatalyst alone produced a yield of 79% L-xylulose. In comparison, the use of the H.J.L.A.D. E. coli and S.P. Nox E. coli cells at a 1:1 ratio produced a yield of 96% L-xylulose. [6.1.1. – LM]

6.1.1. 53944_Wen_Figure1C.jpg

6.2. An evaluation of the parameters influencing biocatalyst immobilization efficiency revealed that efficiency increases with increasing sodium alginate concentration in the range of 1–3%. [6.2.1 – LM]

6.2.1. 53944_Wen_Figure3A.jpg

6.3. However, sodium alginate concentrations greater than 2% result in decreased L-xylulose yield. [6.3.1 – LM]

6.3.1. 53944_Wen_Figure4A.jpg

6.4. Using a sodium alginate concentration of 2%, the optimal calcium chloride concentration for immobilization and L-xylulose yield was determined as 0.3 M. [6.4.1 – LM]

6.4.1. 53944_Wen_Figure3Band4B.jpg Add arrows or highlight the .3 on the x axes of both graphs.

6.5. Biocatalyst reusability was assessed. In this graph, L-xylulose production for 7 successive cycles of re-use of immobilized and free coupled whole-cell biocatalyst are shown in dark and light gray, respectively. [6.5.1 – LM]

6.5.1. 53944_Wen_Figure5.jpg

6.6. Although the maximal L-xylulose yield by immobilized coupled whole-cell biocatalysts is lower than by a free coupled whole-cell system [6.6.1 – LM], reusability is improved by immobilization. At the end of 7 cycles of successive re-use, the immobilized biocatalysts maintained their stability and retained 65% of the original L-xylulose yield. [6.6.2 – LM]

6.6.1. 53944_Wen_Figure5.jpg Highlight the two bars for cycle number 1.
6.6.2. 53944_Wen_Figure5.jpg Highlight the two bars for cycle number 7.

7. Conclusion (said by authors on camera)
7.1. Eshita Khera: Once mastered, this immobilization technique can be done in 2-3 hours if it is performed properly.
7.2. Eshita Khera: While attempting this procedure, it’s important to remember that the calcium alginate beads formed must be uniform spheres of similar size and rigidity to ensure reproducibility of the system with minimal cell leakage.
7.3. Hui Gao: Following this procedure, multiple recombinant biocatalysts can be immobilized into a single whole-cell biocatalytic system in order to facilitate additional applications like one-pot multi-enzyme biosynthesis, microbial biosensors and microbial consortia for biofuels and bioremediation.
7.4. Hui Gao: After its development, this technique paved the way for researchers in the field of biocatalysis to explore the use of multi-whole-cell biocatalysts in improving reactions that involve co-factors.
7.5. Hui Gao: After watching this video, you should have a good understanding of how to make the alginate beads to immobilize whole-cell biocatalysts for different reactions.
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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.
 2013, Journal of Visualized Experiments

