
Submission ID #: 57258
Editor Name: Laifong Lee
Videographer name:
Film Date: 
Link: http://www.jove.com/files_upload.php?src=17463738

Authors and Affiliations: 
Faqiang Wu and Yoshie Hanzawa

Department of Biology, California State University, Northridge, CA, USA


Title: A Simple Method for Isolation of Soybean Protoplasts and Application to Transient Gene Expression Analyses


Corresponding Author: 
Yoshie Hanzawa
yoshie.hanzawa@csun.edu
(818)-677-4478


Questionnaire

A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)__N_______  
Can you record movies/images using your own microscope camera? (Y/N)__n.a._______  
If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: __n.a.__
B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__N______ 
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.) 2.1, 2.2, 2.3, 2.4, 2.7, 2.9, 3.3 
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.) ____ Step 2.1. Selection of soybean unifoliate leaves at the right developmental stage is the most critical step. We usually use and compare several unifoliate leaves at slightly different developmental stages to make sure that one of them has high protoplast yield.
E.  Will the filming need to take place in multiple locations? (Y/N) __Y_____ If yes, how far apart are the locations? _ Different floors in the same building 

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 method is to obtain high quality protoplast cells from soybean to examine regulatory and signaling mechanisms in live soybean cells. (Intro)


B.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Yoshie Hanzawa: This method can help answer key questions in regulatory networks, such as what are immediate target genes of a transcription factor and what are interacting partners of a protein. 
1.2. Yoshie Hanzawa: The main advantage of this technique is that it produces large quantities of uniform soybean protoplast cells, and it’s simple and easy. 

C.  Optional Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.3. Faqiang Wu: Generally, individuals new to this method will struggle because it’s very difficult to obtain nice protoplasts from soybean leaves but unifoliate at a specific stage.

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

	N.A.




















Protocol: (read by voice talent at JoVE)

2. Protoplast isolation

2.1. The selection of leaves at an appropriate developmental stage is the key to a successful soybean protoplast preparation. [1-WIDE/MED] Cut newly expanded unifoliate leaves from 10-day-old soybean seedlings. [2-MED] 

2.1.1. Talent setting out a pot with 10-day-old soybean seedlings.
2.1.2. Talent cutting 3 unifoliate leaves from the seedlings.

2.2. Faqiang Wu: “To make sure that one sample gives a high protoplast yield, collect at least 3 samples of unifoliate leaves at slightly different developmental stages.” [1-INTERVIEW]

2.2.1. Talent speaking to camera.

2.3. With a fresh razor blade, remove the midrib from each unifoliate leaf [1-CU] and then cut the remains into 0.5 to 1 mm strips. [2-CU] 

2.3.1. A razor blade being used to remove the midrib from one unifoliate leaf.
2.3.2. The unifoliate leaf (minus the midrib) being cut into 0.5-1-mm strips.

2.4. Using a pair of forceps, gently transfer the leaf strips immediately into 10 mL of freshly prepared enzyme solution in a 15-mL tube. [1-CU] Vacuum infiltrate the leaf strips for 15 minutes at room temperature. [2-MED]

2.4.1. *film as written for one sample.
2.4.2. Talent putting three 15-ml tubes (without lids) into the vacuum desiccator, closes the desiccator cover, and starts the vacuum. 

2.5. Incubate the leaf strips in the enzyme solution with gentle agitation under low light for 4 to 6 hours at room temperature. [1-MED-TXT]

2.5.1. Talent putting the 3 tubes on a shaker at RT (shaker is in a fume hood).  TEXT: 40 rpm; RT; 4-6 h

2.6. As protoplasts are released, the enzyme solution will turn yellow-green in color. [1-CU/ECU] Check the enzyme-protoplast solution under the microscope at 10X magnification to select the sample with the best protoplast digestion. [2-MED] The released protoplasts are spherical in shape, while the undigested cells have irregular or oval shapes. [3-LM]  

2.6.1. A shot of a tube to show that the enzyme solution is yellow-green in color.  
2.6.2. Talent placing a sample on the microscope stage, selecting 10X magnification, and checking the sample.
2.6.3. Show ‘2.5_digested-vs-undigested.jpg’

2.7. To stop the digestion, gently pour the 10 mL of enzyme-protoplast solution with the best protoplast digestion into a 50-mL tube and add 10 mL of W5 solution at room temperature.  [1-CU] Gently invert the tube a few times. [2-CU] Then gently pour the enzyme-protoplast solution onto a clean 75-µm nylon mesh placed on top of a 50-mL tube to remove the undigested leaf tissues. [3-CU]

2.7.1. *film as written.
2.7.2. *film as written.
2.7.3. *film as written.

2.8. Next centrifuge the flow-through enzyme-protoplast solution at 100 x g for 1 to 2 minutes at room temperature. [1-MED] Then use a 10-mL serological pipette to gently remove the supernatant without disturbing the protoplast pellet. [2-CU]

2.8.1. Talent putting the 50-mL tube containing enzyme-protoplast solution (and a balance) into the centrifuge and starting the spin.
2.8.2. *film as written.

2.9. Resuspend the protoplasts in chilled W5 solution and keep the 50-mL tube on ice. [1-CU] After counting protoplast number on a hemocytometer under the microscope, [2-MED] dilute to a concentration of 2 x 105 protoplasts/mL in chilled W5 solution. [3-CU-TXT] Keep the protoplasts on ice for 30 minutes. [4-MED-TXT]  

2.9.1. Talent pipetting a small volume of W5 into the 50-mL tube, resuspends the protoplasts, and then puts the tube on ice.
2.9.2. General shot of talent at microscope counting cells on a hemocytometer.
2.9.3. W5 solution being added to the 50-mL tube to dilute the protoplasts.  TEXT: 2 x 105 protoplasts/mL 
2.9.4. Talent returning the 50-mL tube to ice.  TEXT:  Ice for 30 min

2.10. Centrifuge the suspension at 100 x g for 1 to 2 minutes at room temperature. [1-MED] Then use a 1-mL pipette to gently remove the W5 solution without disturbing the protoplast pellet. [2-CU] Resuspend the protoplasts in MMG solution at room temperature at a concentration of 2 x 105 protoplasts/mL. [3-CU-TXT]

2.10.1. Talent putting the 50-mL tube containing enzyme-protoplast solution (and a balance) into the centrifuge and starting the spin. Only 1 take, can also use 2.8.1.
2.10.2. *film as written.
2.10.3. MMG solution being added to the 50-mL tube and protoplasts are resuspended. TEXT: 2 x 105 protoplasts/mL

3. Protoplast transformation

3.1. To prepare the protoplasts for transformation, use uncut 200-µL pipette tips to make 100-µL aliquots of protoplasts in 1.5-mL low adhesion microcentrifuge tubes. [1-MED-TXT]

3.1.1. Talent pipetting 100-µL of protoplast suspension into each of two 1.5-mL tubes.  TEXT: 2 x 104 protoplasts per transformation

3.2. Set aside one aliquot to serve as a negative control. [1-CU] To the remaining aliquot of protoplasts, add 10 µL of plasmid DNA. [2-CU-TXT] 

3.2.1. One of the two 1.5-mL tubes being placed aside.
3.2.2. 10 µL of plasmid DNA being added to the other 1.5-mL tube. TEXT: 10-20 µg DNA; refer to text protocol for plasmid DNA preparation.

3.3. Slowly add 110 µL of freshly prepared PEG solution on the inner wall of the 1.5-mL microcentrifuge tube, [1-CU] then gently invert and rotate the tube until the solution becomes homogeneous. [2-CU]

3.3.1. PEG solution being slowly pipetted on the inner wall of one of the 1.5-mL tubes.
3.3.2. *film as written for one tube.  

3.4. Incubate the transformation mixtures for 15 minutes at room temperature. [1-MED]

3.4.1. Talent setting aside a rack with the two 1.5-mL tubes at room temperature.  

3.5. To stop the transformation, slowly add 400 µL of W5 solution to each 1.5-mL tube at room temperature [1-CU] and gently invert the tube until the solution becomes homogeneous. [2-CU]

3.5.1. W5 solution being slowly pipetted into one of the 1.5-mL tubes.
3.5.2. [bookmark: _GoBack]*film as written for one tube. DNS; use 3.5.1.

3.6. Centrifuge the tubes at 100 x g for 1 to 2 minutes at room temperature. [1-MED] Discard the supernatant. [2-CU] Add 1 mL of WI solution to each tube [3-CU]

3.6.1. Talent putting the two 1.5-mL tubes into the centrifuge and starting the spin.  Please get multiple usable takes; shot will be repeated later.
3.6.2. A pipette being used to remove the supernatant from one tube.
3.6.3. WI solution added to a tube and pipetted 1-2 times. (Author Comment: pipetting was not filmed)

3.7. Coat the well surface of a 6-well tissue culture plate to prevent the protoplasts from sticking to the plate. [1-MED] Add 1 mL of 5% sterile calf serum to each well and after a few seconds, remove the calf serum using a pipette. [2-CU]

3.7.1. Talent setting out a 6-well tissue culture plate and a bottle of 5% sterile calf serum.
3.7.2. *film as written.

3.8. Transfer the resuspended protoplasts into the wells of the culture plate and cover the plate with a lid. [1-MED]

3.8.1. *film as written.

4. Protoplast incubation and harvesting

4.1. Prior to harvesting, incubate the protoplasts at room temperature for 2 days in the dark. [1-MED] 

4.1.1. Talent putting the covered 6-well plate into a drawer.

4.2. After 2 days, transfer the protoplast solution to a 1.5-mL low adhesion microcentrifuge tube. [1-MED] Centrifuge the tubes at 100 x g for 1 to 2 minutes at room temperature. [2] Remove the supernatant using a pipette. [3-CU] Transfer 10 µL of protoplasts onto a glass slide. [4-MED]

4.2.1. Talent pipetting one of the protoplast solution to a 1.5-mL tube.
4.2.2. Use shot from 3.6.1. 
4.2.3. *film as written for one tube.
4.2.4. *film as written for one sample.

4.3. Observe fluorescent signals under fluorescence or confocal microscopy, using non-transformed protoplasts as a negative control. [1-MED]

4.3.1. Talent placing the glass slide on the microscope stage and looks through the eye piece of the microscope to check the fluorescent signals.

5. Results: efficient isolation of soybean protoplasts for transient gene expression studies 

5.1. Protoplast cells were prepared from different organs of 10-day-old soybeans and observed under the microscope. [1-LM]

5.1.1. Show panels A,B,C,D of ‘Figure 2_revised.pdf’  

5.2. Cell walls from hypocotyl [1-LM] and epicotyl [2-LM] were hardly digested, and some cells stayed attached to each other. [3-LM] In cotyledon [4-LM] and root, [5-LM] cell walls were removed only in a small portion of the cells. [6-LM]

5.2.1. Show only panel B of  ‘Figure 2_revised.pdf’
5.2.2. Show only panel C of  ‘Figure 2_revised.pdf’
5.2.3. Show panels B and C of  ‘Figure 2_revised.pdf’
5.2.4. Show only panel D of  ‘Figure 2_revised.pdf’
5.2.5. Show only panel A of  ‘Figure 2_revised.pdf’
5.2.6. Show panels A and D of  ‘Figure 2_revised.pdf’

5.3. In contrast, a large number of protoplasts were observed when unifoliate was used. [1-LM] The seedlings in this photo, from left to right, illustrate unifoliate leaves that are unexpanded, just expanded, or fully expanded. [2-LM]

5.3.1. Show panels E, F, G of ‘Figure 2_revised.pdf’
5.3.2. Add panel H of ‘Figure 2_revised.pdf’

5.4. While both the unexpanded [1-LM] and just expanded [2-LM] unifoliate leaves resulted in high yields of protoplasts, the size of protoplasts from the just expanded unifoliate was more uniform than the unexpanded unifoliate. For the fully expanded unifoliate, the cell walls were still intact in most of the cells. [3-LM]

5.4.1. Panels E, F, G of ‘Figure 2_revised.pdf’  Highlight panel E.
5.4.2. Panels E, F, G of ‘Figure 2_revised.pdf’  Highlight panel F.
5.4.3. Panels E, F, G of ‘Figure 2_revised.pdf’  Highlight panel G.

5.5. Testing a range of different amounts of plasmid DNA [1-LM] suggested that larger amounts of DNA resulted in higher transformation efficiency. [2-LM]

5.5.1. Figure 3_revised.pdf
5.5.2. Figure 3_revised.pdf.  Highlight panel D.

5.6. Confocal images of soybean protoplasts transformed with a construct that expresses GFP fused to the legume-specific E1 gene show nuclear localization of the E1-GFP fusion protein, consistent with a previous study using the Arabidopsis protoplast system. [1-LM]

5.6.1. 57258fig4large.jpg


6. Conclusion (said by authors on camera)
6.1. Faqiang Wu: Once mastered, this technique can be done in 6 hours, excluding the incubation time for transformation, if it is performed properly.
6.2. Faqiang Wu: While attempting this procedure, it’s important to remember to optimize each experimental condition empirically, such as selection of the right stage of leaf material, length of cell wall-digestion time, PEG concentration, and amount of plasmid DNA for transformation.
6.3. Yoshie Hanzawa: Following this procedure, other methods such as RNA and protein preparation can be performed in order to answer additional questions like what genes or proteins are upregulated or downregulated.
6.4. Faqiang Wu: After watching this video, you should have a good understanding of how to obtain high quality soybean protoplast cells. 
6.5. Yoshie Hanzawa: Don't forget that working with DTT can be extremely hazardous and precautions such as wearing gloves and eye protection should always be taken while performing this procedure.      
 


Provided Media

2.6. 2.5_digested-vs-undigested.jpg
5.1-5.2. Panels A,B,C,D of ‘Figure 2_revised.pdf’
5.3-5.4. Panels E,F,G,H of ‘Figure 2_revised.pdf’
5.5. Figure 3_revised.pdf
5.6. 57258fig4large.jpg


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.
 2017, Journal of Visualized Experiments

