
 
 

PCR
Primestar Max PCR protocol — for plasmid
1. General Composition of PCR Reaction Mixture 

NOTE: When using plasmids as the template, the mass of the mixture should 
not exceed 1ng. 

2. PCR condition 

Before cycles: 98°C 10 
After cycles: 72°C 7min; 16°C ∞  (4°C is more suitable for storing PCR product, but storing 
4°C overnight may result in damage of some PCR equipments) 

(A) For reactions in which the quantity of template is 200 ng / 50 μl or less:* 
-98°C 10 sec.  
-55°C 5 sec. or 15 sec 
-72°C 5 sec./kb  
-30-35 cycles 

Protocols



(B) For reactions in which the quantity of template exceeds 200 ng / 50 μl:* 
-98°C 10 sec. 
-55°C 5 sec. or 15 sec. 
-72°C 30 - 60 sec./kb  
-30-35 cycles 

or  
-98°C 10 sec. 
-68°C 30 - 60 sec./kb  
-30 - 35 cycles [2-step PCR]  

NOTE: For amplifying fragments more than 3kb, extension time should be increased to 40 sec./kb 

・Denaturing conditions: 98°C for 5 to 10 sec. is recommended. If performing denaturation at 

94°C, set the denaturation step for 10 to 15 sec.  
・Annealing temperature: Use 55°C as the default annealing temperature.  

・Annealing time:  

For primers that are 25-mer or shorter:  
-For primer Tm values (calculated by the formula below) of 55°C or greater, anneal for 5 sec.  
-For primer Tm values (calculated by the formula below) less than 55°C, anneal for 15 sec.  

For primers longer than 25-mers:  
-Use an annealing time of 5 sec.  
* Tm value calculation method:  
Tm (°C) = 2(NA + NT) + 4(NC + NG) - 5  
where N represents the number of primer nucleotides having the specified identity (A, T, C, or G)  

TaKaRa Premix Taq PCR protocol — for bacterial colony
1, General reaction mixture for PCR  
Premix Taq                                        25ul 
Template                                           <500ng 
Primer 1                                            0.1-1.0uM(final conc.) 
Primer 2                                            0.1-1.0uM(final conc.) 
Sterilized distilled water                    up to 50ul 

When using bacterial colony as the template, we take a very small sample (a dip) from the colony  

2. PCR conditions 
Before cycles: 98°C 10 
After cycles: 72°C 7min; 16°C ∞ 

When amplifying a 1 kb DNA fragment 
-98°C 10 sec.  
-55°C 30 sec.  
-72°C 1 min.  



-30 cycles  
or: 
-98°C 10 sec. 
-68°C 1min. 
-30 cycles  

Recombination

Set up the following reaction on ice. Spin briefly to bring the sample to the 
bottom of the tube before reaction 

ddH20                              up to 20ul 
5x CE II Buffer                  4ul 
Linearized Vector              50ng-200ng 
Amplified Insert                 20ng-200ng 
Exnase II                           2ul 

The optimal amount of vector for recombination is 0.03 pmol. The optimal 
molar ratio of vector to insertion is 1:2, which means the optimal amount of 
insert for recombination is 0.06 pmol. Their amount in molar can be roughly 
calculated according to the following formula:  

The amount of vector required = [0.02 × number of base pairs] ng (0.03 pmol) 
The amount of insert required = [0.04 × number of base pairs] ng (0.06 pmol)  

For example, when cloning an insert of 2 kb to a vector of 5 kb, the optimal 
amount of vector is 0.02 × 5000 = 100 ng, and the optimal amount of insert is 
0.04 × 2000 = 80 ng.  

After finishing setting up, gently pipette for several times to mix thoroughly and 
avoid bubbles. DO NOT VOTEX! Incubate at 37°C for 30 min and immediately 
place the tube on ice for 5 min. The recombination products is now ready for 
transformation or storage at -20°C for future use.  



A PCR thermo-cyclers or water bath are recommended for the reaction. The 
recombination efficiency can reach its peak at 30 min. Longer or shorter 
reaction time will decrease on the cloning efficiency.  

Plasmid extraction Miniprep  

1. Spin the cell culture in a centrifuge to pellet the cells, empty the supernatant (media) into a 
waste collection container.  

2. Resuspend pelleted bacterial cells in 250 μl Buffer P1 (kept at 4 °C) and transfer to a 
microcentrifuge tube. No cell clumps should be visible after  
resuspension of the pellet. Important: Ensure that RNase A has been added to Buffer P1.  

3. Add 250 μl Buffer P2 and gently invert the tube 4–6 times to mix. Do not vortex, as this will 
result in shearing of genomic DNA. If necessary, continue  
inverting the tube until the solution becomes viscous and slightly clear. Do not allow the 
lysis reaction to proceed for more than 5 min.  

4. Add 350 μl Buffer N3 and invert the tube immediately and gently 4–6 times. To avoid 
localized precipitation, mix the solution gently but thoroughly,  
immediately after addition of Buffer N3. The solution should become cloudy.  

5. Centrifuge for 10 min at 13,000 rpm (~17,900 x g) in a table-top microcentrifuge. A white 
pellet will form.  

6. Apply the supernatants from step 4 to the QIAprep spin column by decanting or pipetting.  

7. Centrifuge for 30–60 s. Discard the flow-through.  

8. Wash QIAprep spin column by adding 0.75 ml Buffer PE and centrifuging for 30–60 s.  
Spinning for 60 seconds produces good results.  

9. Discard the flow-through, and centrifuge for an additional 1 min to remove residual wash 
buffer. 
IMPORTANT: Residual wash buffer will not be completely removed unless the flow-through 
is discarded before this additional centrifugation. Residual ethanol from Buffer PE may inhibit 
subsequent enzymatic reactions. They are right about this.  

10. Open the lid and wait for 10 min for residual ethanol from Buffer PE to evaporate 
completely. 

11. Place the QIAprep column in a clean 1.5 ml microcentrifuge tube. To elute DNA, add 50 μl 
water to the center of each QIAprep spin column, let stand for 1 min, and centrifuge for 1 
min.  

 Adapted from http://parts.igem.org/Help:Protocols/Miniprep  



Agarose Gel Electrophoresis  

With reference to the corresponding protocol provided  by Joseph Sambrook and David W. 
Russell. Cold Spring Harbor Laboratory Press, Cold  
Spring Harbor, NY, USA, 2001  

INTRODUCTION  
how to pour, load, and run an agarose gel.  
MATERIALS  
6x Gel-loading buffer  
Agarose solutions (please see Step 3)  
DNA samples  
DNA size standards  
Samples of DNAs of known size are typically generated by restriction enzyme digestion Of a 
plasmid or bacteriophage DNA of known sequence. Alternatively, they are produced by 
ligating a monomer DNA fragment of known size into a ladder of polymeric  
DNA staining solution  
Electrophoresis buffer  

METHOD  
1. Seal the edges of a clean, dry glass plate (or the open ends of the plastic tray supplied with 
the electrophoresis apparatus) with tape to form a mold. Set the mold on a horizontal section 
ofthe bench.  

2. Prepare sufficient electrophoresis buffer (Ix TAE) to fill the electrophoresis tank and to cast 
the gel.  
It is important to use the same batch of electrophoresis buffer in both the electrophoresis tank 
and the gel.  

3. Prepare a solution of 1xTAE buffer. Add 1% powdered agarose to measured quantity of 
1xTAE buffer in a flask.  

4. Loosely plug the neck of the Erlenmeyer flask with Kimwipes. If using a glass bottle, make 
certain the cap is loose. Heat the slurry in a microwave oven until the agarose dissolves.  

5. Use cool water to wash the flask. When the molten gel has cooled, add 1/10000 volume 
of SYBR-Safe stain. 

6. While the agarose solution is cooling, choose an appropriate comb for forming the sample 
slots in the gel. Position the comb 0.5-1.0 mm above the plate so that a complete well is 
formed when the agarose is added to the mold.  

7. Pour the warm agarose solution into the mold.  
The gel should he between 3 mm and 5 mm thick. Check that no air bubbles are under or 
between the teeth Of the comb. Air bubbles present in the molten gel can be removed easily 
by poking them with the corner of a Kimwipe.  

8. Allow the gel to set completely (30-45 minutes at room temperature), then pour a small 
amount of electrophoresis buffer on the top of the gel, and carefully remove the comb. Pour 
off the electrophoresis buffer and carefully remove the tape.  
Mount the gel in the electrophoresis tank.  



9. Add just enough electrophoresis buffer to cover the gel to a depth of approx. 1 mm.  

10. Mix the samples of DNA with 0.50 volume of the desired 6x gel-loading buffer.  
The maximum amount of DNA that can be applied to a slot depends on the number of 
fragments in the sample and their sizes. 

11. Slowly load the sample mixture into the slots of the submerged gel using a disposable 
micropipette. Load size standards into slots on both the right and left sides of the gel.  

12. Attach the electrical leads so that the DNA will migrate toward the positive anode (red 
lead). Apply a voltage of 120V. If the leads have been attached correctly, bubbles should be 
generated at the anode and cathode (due to electrolysis), and within a few minutes, the 
bromophenol blue should migrate from the wells into the body of the gel. Run the gel until 
the bromophenol blue and xylene cyanol FF have migrated an appropriate distance through 
the gel.  

*The presence of ethidium bromide allows the gel to be examined by UV illumination at any 
stage during electrophoresis.  
The gel tray may be removed and placed directly on a transilluminator. Alternatively, the gel 
may be examined using a hand-held source of UV light. In either case, turn off the power 
supply before examining the gel !  

13. When the DNA samples or dyes have migrated a sufficient distance through the gel, turn 
off the electric current and remove the leads and lid from the gel tank. 

PCR purification

—QIAquick
® 

PCR Purification Kit  

Notes before starting  

•   Add ethanol (96–100%) to Buffer PE before use (see bottle label for volume).  

•   All centrifugation steps are carried out at 17,900 x g (13,000 rpm) in a  
conventional table-top microcentrifuge at room temperature.  

•   Add 1:250 volume pH indicator I to Buffer PB. The yellow color of Buffer PB with  
pH indicator I indicates a pH of ≤7.5. If the purified PCR product is to be used in sensitive 
microarray applications, it may be beneficial to use Buffer PB without the addition of pH 
indicator I. Do not add pH indicator I to buffer aliquots.  

1. Add 5 volumes Buffer PB to 1 volume of the PCR reaction and mix. Optional: If the color of 
the mixture is orange or violet, add 10 μl 3 M sodium acetate, pH 5.0, and mix. The color of 
the mixture will turn yellow.  

2. Place a QIAquick column in a provided 2 ml collection tube or into 
a vacuum manifold. For details on how to set up a vacuum manifold, refer to the QIAquick 
Spin Handbook.  



3. To bind DNA, apply the sample to the QIAquick column and centrifuge for 30–60 s until all 
the samples have passed through the column.Discard flow-through and place the QIAquick 
column back in the same tube.  

4. To wash, add 0.75 ml Buffer PE to the QIAquick column centrifuge for 30–60 s.Discard flow-
through and place the QIAquick column back in the same tube.  

5. Centrifuge the QIAquick column once more in the provided 2 ml collection tube for 1 min to 
remove residual wash buffer.  

6. Place each QIAquick column in a clean 1.5 ml microcentrifuge tube.  

7. Open the cap and wait for 10 min for residual ethanol from Buffer PE to evaporate 
completely. 

8. To elute DNA, add 50 μl water (pH 7.0– 8.5) to the center of the QIAquick membrane and 
stand for at least 10 min. Centrifuge the column for 1 min. For increased DNA concentration, 
add 30 μl elution buffer to the center of the QIAquick membrane, let the column stand for 1 
min, and then centrifuge.  

DpnI Restriction Endonuclease Reactions 

Extracted from https://international.neb.com/protocols/2012/12/07/optimizing-restriction-
endonuclease-reactions 

BEFORE STARTING 

Enzyme 
•  Keep on ice when not in the freezer 
•  Should be the last component added to reaction 
•  Mix components by pipetting the reaction mixture up and down, or by "flicking" the reaction 

tube. Follow with a quick ("touch") spin-down in a microcentrifuge. Do not vortex the reaction. 
•  In general, we recommend 5–10 units of enzyme per µg DNA, and 10–20 units for genomic 

DNA in a 1 hour digest. 
Buffer (CutSmart Buffer) 

• Use at a 1X concentration 
Storage 

•  Storage at -20°C is recommended for most restriction enzymes.  
•  10X NEBuffers should also be stored at -20°C  

Method 
• Prepare a clean, sterile 1.5ml EP tube. 
• Add the following components to the reaction mixture. 

A "Typical" Restriction Digest 

DpnI Restriction Enzyme 10 units is sufficient, generally 1 µl is used

DNA 1 µg

10X NEBuffer (CutSmart Buffer) 5 µl (1X)

https://international.neb.com/protocols/2012/12/07/optimizing-restriction-endonuclease-reactions


• Incubate the mixture at 37 °C for 1.5 - 2 hour 

Gel Extraction 

E.Z.N.A.® Gel Extraction Kit - Spin Protocol  
Materials and Equipment to be Supplied by User:  
• Heat block or water bath capable of 60°C  

• Microcentrifuge capable of at least 13,000 x g  

• Vortexer  

• Nuclease-free 1.5 mL microcentrifuge tubes  

• 100% ethanol  

• Optional: 5M Sodium Acetate, pH 5.2  

• Optional: Sterile deionized water  

Before starting:  

• Prepare SPW Wash Buffer according to the “Preparing Reagents” section on Page 5  

• Set heating block or water bath to 60°C  
Note: The yellow color of the Binding Buffer (XP2) signifies a pH of ≤ 7.5.  

1. Perform agarose gel/ethidium bromide electrophoresis to fractionate DNA fragments. Any type 
or grade of agarose may be used. However, it is strongly recommended that fresh TAE buffer or 
TBE buffer be used as running buffer. Do not reuse running buffer as its pH will increase and 
reduce yields.  

2. When adequate separation of bands has occurred, carefully excise the DNA fragment of 
interest using a wide, clean, sharp scalpel. Minimize the size of the gel slice by removing extra 
agarose.  

3. Determine the appropriate volume of the gel slice by weighing it in a clean 1.5 mL 
microcentrifuge tube. Assuming a density of 1 g/mL, the volume of gel is derived as follows: a 
gel slice of mass 0.3 g will have a volume of 0.3 mL.  

ddH2O Up to 50 µl

Total Reaction Volume 50 µl

Incubation Time 1.5 - 2 hour*

Incubation Temperature 37 °C



4. Add 1 volume Binding Buffer (XP2).  

5. Incubate at 60°C for 7 minutes or until the gel has completely melted. Vortex or shake the tube 
every 2-3 minutes.  

6. Insert a HiBind® DNA Mini Column in a 2 mL Collection Tube.  

7. Add no more than 700 μL DNA/agarose solution from Step 5 to the HiBind® DNA Mini 
Column.  

8. Centrifuge at 10,000 x g for 1 minute at room temperature.  

9. Discard the filtrate and reuse collection tube.  

10. Repeat Steps 7-9 until all of the sample has been transferred to the column.  

11. Add 300 μL Binding Buffer (XP2).  

12. Centrifuge at maximum speed (≥13,000 x g) for 1 minute at room temperature.  

13. Discard the filtrate and reuse collection tube.  

14. Add 700 μL SPW Wash Buffer.  
Note: SPW Wash Buffer must be diluted with 100% ethanol prior to use. Please see Page 5 for 
instructions.  

15. Centrifuge at maximum speed for 1 minute at room temperature.  

16. Discard the filtrate and reuse collection tube.  
Optional: Repeat Steps 14-16 for a second SPW Wash Buffer wash step. Perform the second 
wash step for any salt sensitive downstream applications.  

17. Centrifuge the empty HiBind® DNA Mini Column for 2 minutes at maximum speed to dry the 
column matrix.  
Note: It is important to dry the HiBind® DNA Mini Column matrix before elution. Residual 
ethanol may interfere with downstream applications.  

18. Transfer the HiBind® DNA Mini Column to a clean 1.5 mL microcentrifuge tube.  

19. Open the cap and wait for 10 min for residual ethanol from Buffer PE to evaporate 
completely. 

20. Add 50 μL deionized water directly to the center of the column membrane.  
Note: The efficiency of eluting DNA from the HiBind® DNA Mini Column is dependent on 
pH. If eluting DNA with deionized water, make sure that the pH is around 8.5.  

21. Let sit at room temperature for 2 minutes.  

22. Centrifuge at maximum speed for 1 minute.  
Note: This represents approximately 70% of bound DNA. An optional second elution will 
yield any residual DNA, though at a lower concentration.  

23. Store DNA at -20°C.  



Making Competent Cell 

Adapted from http://parts.igem.org/Help:Protocols/Competent_Cells  

MATERIALS  
SOB 
CCMB80 buffer  
10 mM KOAc pH 7.0 (10 ml of a 1M stock/L) 80 mM CaCl

2
.2H

2
O (11.8 g/L) 

20 mM MnCl
2
.4H

2
O (4.0 g/L)  

10 mM MgCl
2
.6H

2
O (2.0 g/L)  

10% glycerol (100 ml/L) 
adjust pH DOWN to 6.4 with 0.1N HCl if necessary  
adjusting pH up will precipitate manganese dioxide from Mn containing solutions. sterile filter and 
store at 4°C 
slight dark precipitate appears not to affect its function  

EQUIPMENT  
Detergent-free, sterile glassware and plasticware (see above) Table-top OD600nm spectrophotometer  

METHOD 
1. Ethanol treat all working areas for sterility.  

2. Inoculate 250 ml of SOB medium with 1 ml vial of seed stock and grow at 20°C to an 
OD600nm of 0.3. Use the "cell culture" function on the Nanodrop to  
determine OD value. OD value = 600nm Abs reading x 10 This takes approximately 16 
hours.  
Controlling the temperature makes this a more reproducible process, but is not essential. 
Room temperature will work. You can adjust this temperature somewhat to fit your 
schedule Aim for lower, not higher OD if you can't hit this mark  

3. Fill an ice bucket halfway with ice. Use the ice to pre-chill as many flat bottom centrifuge 
bottles as needed.  

4. Transfer the culture to the flat bottom centrifuge tubes. Weigh and balance the tubes 
using a scale  
Try to get the weights as close as possible, within 1 gram.  

5. Centrifuge at 3000g at 4°C for 10 minutes in a flat bottom centrifuge bottle.  
Flat bottom centrifuge tubes make the fragile cells much easier to resuspend  

6. Decant supernatant into waste receptacle, bleach before pouring down the drain.  

7. Gently resuspend in 80 ml of ice cold CCMB80 buffer  
Pro tip: add 40ml first to resuspend the cells. When cells are in suspension, add another 
40ml CCMB80 buffer for a total of 80ml Pipet buffer against the wall of the centrifuge 
bottle to resuspend cells. Do not pipet directly into cell pellet!  
After pipetting, there will still be some residual cells stuck to the bottom. Swirl the bottles 
gently to resuspend these remaining cells  



8. Incubate on ice for 20 minutes  

9. Centrifuge again at 3000G at 4°C. Decant supernatant into waste receptacle, and bleach 
before pouring down the drain.  

10.Optional: Repeat step 7-9 one more time  

11.Resuspend cell pellet in 10 ml of ice cold CCMB80 buffer.  
If using multiple flat bottom centrifuge bottles, combine the cells post-resuspension  

12.Use Nanodrop to measure OD of a mixture of 200 μl SOC and 50 μl of the resuspended 
cells  
Use a mixture of 200 μl SOC and 50 μl CCMB80 buffer as the blank  

13.Add chilled CCMB80 to yield a final OD of 1.0-1.5 in this test.  

14. Incubate on ice for 20 minutes. Prepare for aliquoting  
Make labels for aliquots. Use these to label storage microcentrifuge tubes/microtiter 
plates  
Prepare dry ice in a separate ice bucket. Pre-chill tubes/plates on dry ice.  

15.Aliquot into chilled 2ml microcentrifuge tubes or 50 μl into chilled microtiter plates  

16.Store at -80°C indefinitely.  
Flash freezing does not appear to be necessary  

17.Perform test transformations to calculate your competent cell efficiency  
Thawing and refreezing partially used cell aliquots dramatically reduces transformation 
efficiency by about 3x the first time, and about 6x total after several freeze/thaw cycles. 

Transformation 
Single Tube Transformation Protocol  

BEFORE YOU START  

Estimated bench time: 1 hour  
Estimated total time: 2 hours (plus 14-18 hour incubation)  
When transforming competent cells, both timing and temperature are very important. Use a lab timer, 
follow the incubation temperatures closely, and keep materials on ice when required.  

MATERIALS  
Resuspended DNA to be transformed  
10pg/μl Positive transformation control DNA (e.g. pSB1C3 w/ BBa_J04450, RFP on high-copy 
chloramphenicol resistant plasmid. Located in the Competent Cell Test Kit.) 
Competent Cells (50μl per sample)  
1.5mL Microtubes  
SOC Media (950μL per sample) 
Petri plates w/ LB agar and antibiotic (2 per sample)  



EQUIPMENT  
Floating Foam Tube Rack Ice & ice bucket  
Lab Timer 
42°C water bath  
37°C incubator 
Sterile spreader or glass beads 
Pipettes and Tips (10μl, 20μl, 200μl recommended) Microcentrifuge  

METHOD  
1. Resuspend DNA in selected wells in the Distribution Kit with 10μl dH20. Pipet up and down 

several times, let sit for a few minutes. Resuspension will be red from cresol red dye.  

2. Label 1.5ml tubes with part name or well location. Fill lab ice bucket with ice, and pre-chill 
1.5ml tubes (one tube for each transformation, including your control) in a floating foam tube 
rack.  

3. Thaw competent cells on ice: This may take 10-15min for a 260μl stock. Dispose of unused 
competent cells. Do not refreeze unused thawed cells, as it will drastically reduce transformation 
efficiency.  

4. Pipette 50μl of competent cells into 1.5ml tube: 50μl in a 1.5ml tube per transformation. Tubes 
should be labeled, pre-chilled, and in a floating tube rack for support. Keep all tubes on ice. Don’t 
forget a 1.5ml tube for your control.  

5. Pipette 1μl of resuspended DNA into 1.5ml tube: Pipette from well into appropriately labeled 
tube. Gently pipette up and down a few times. Keep all tubes  
on ice.  
1. The volume of resuspended DNA may increase if the concentration is low, but its volume 

should not exceed 10% the volume of competent cell.  

6. Pipette the same volume of control DNA as that of resuspended DNA into 2ml tube: Pipette 1μl 
of 10pg/μl control into your control transformation. Gently pipette up and down a few times. 
Keep all  
tubes on ice.  

7. Close 1.5ml tubes, incubate on ice for at least 30min: Tubes may be gently agitated/flicked to 
mix solution, but return to ice immediately.  

8. Heat shock tubes at 42°C for 45 sec or 90 sec: 1.5ml tubes should be in a floating foam tube 
rack. Place in water bath to ensure the bottoms of the tubes are  
submerged. Timing is critical.  

9. Incubate on ice for 5min: Return transformation tubes to ice bucket.  

10. Pipette 950μl SOC media to each transformation: SOC should be stored at 4°C, but can be 
warmed to room temperature before use. Check for contamination.  
1. SOB and LB media may be used as substitute. 

11. Incubate at 37°C for 1 hours, shaking at 200-300rpm  
1. If using SOC instead, 45 min is sufficient for this step.  

12. Pipette 100-150μL of each transformation onto petri plates Spread with sterilized spreader or 
glass beads immediately. This helps ensure that you will be able  



to pick out a single colony.  

13. Spin down cells at 6800g for 3mins and discard 170-800μL of the supernatant. Resuspend the 
cells in the remaining 100μL, and pipette each transformation onto petri plates. Spread with 
sterilized spreader or glass beads immediately. This increases the chance of getting colonies from 
lower  
concentration DNA samples.  

14. Incubate transformations overnight (14-18hr) at 37°C: Incubate the plates upside down (agar 
side up). If incubated for too long, colonies may overgrow and the antibiotics may start to break 
down; un-transformed cells will begin to grow.  

15. Pick single colonies: Pick single colonies from transformations: do a colony PCR to verify part 
size, make glycerol stocks, grow up cell cultures and  
miniprep.  

16. Optional: Count colonies for control transformation: Count colonies on the 100μl control plate 
and calculate your competent cell efficiency. Competent cells should  
have an efficiency of 1.5x10^8 to 6x10^8 cfu/μg DNA.  

OMV Isolation — ExoBacteria™ OMV Isolation Kit 

1. Prepare clarified supernatant from bacterial culture 
A. Culture the bacteria in its appropriate condition until the desired OD is reached. 
B.  Spin down bacteria at 5000 x g for 20 mins at 4°C. 
C.  Transfer the supernatant to a fresh tube and spin again at 5000 x g for 20 mins at 4°C [To remove 

cell debris completely] 
D.  Repeat the filtration step with a 0.22 μm vacuum filter and collect the material. 

 >>>Filtered culture supernatant is now ready for OMV isolation. 

2. Column preparation and OMV capture 
 a. Shake the OMV Binding Resin thoroughly to prevent  
 b. Pipette 1 mL of the OMV Binding Resin onto the column. 
 c. Equilibrate by adding 10 mL of the 1X Binding Buffer to column 
 d. Snap off the existing column tip cap, and allow solution to completely flow through.   
  e. Discard the flow through. (tip cap is kept) 
 f. Place a yellow column stopper onto the bottom of the column. 
 g. Add 30 mL of the clarified bacterial culture supernatant (prepared in step 1) to the resin, place 
column cap on top of the column. 
 h. Incubate on a rotating rack at 4°C for 30 minutes to allow for OMV binding 

3. OMV Elution 
 a. Place the column onto a rack and uncap the top and bottom of the column 
 b. Allow the resin/supernatant mixture to flow through 
 c. Wash the resin with 15 mL Binding Buffer. Discard the flow through. Repeat the wash step 2 
times. 
 d. Cap the column at the bottom with the stopper and add 1.5 mL OMV Elution Buffer.   
  e. Incubate for 2mins at room temperature, gently shaking the column every 30 secs. 
 f. Uncap the column at the bottom and collect the eluate containing the OMVs in a fresh 
microcentrifuge tube. 



OMV Isolation — Ultracentrifuging 

1. Prepare clarified supernatant from bacterial culture 
1. Culture the bacteria in its appropriate condition until the desired OD is reached. 
2. Spin down bacteria at 5000 x g for 20 mins at 4°C. 
3. Transfer the supernatant to a fresh tube and spin again at 5000 x g for 20 mins at 4°C [To 

remove cell debris completely] 
4. Repeat the filtration step with a 0.22 μm vacuum filter and collect the material. 

 >>>Filtered culture supernatant is now ready for OMV isolation. 

2. Ultracentrifuging 
1.  The supernatant upon 2,000 × g centrifugation was centrifuged at 100,000 × g for 2 h at 4 °C 
2.  The pellet was washed with 12.5 mL of PBS and followed by a second ultracentrifugation at 

100,000 × g for 2 h at 4 °C. 
3.  Afterwards, the supernatant was discarded and EVs were resuspended in PBS 

BCA
Prepare standard curve solution 
1. Prepare ten 1.5ml microcentrifugal tubes 
2. Add 100 μl water into tube 2-10 
3. Add 100 μl bovine serum abumin (BSA) into the first and second tube 
4. Vertex and transfer 100 μl solution from the second tube into the third one 
5. Repeat dilution 6 more times (the last tube should only contain 100 μl 

water) 
6. End up with standard curve solution with 10 different concentrations 
  
Prepare BCA working reagent (WR) 
1. Calculate the total volume of WR needed.  
2. Prepare WR by mixing 50 parts of BCA Reagent A with 1 part of BCA 

Reagent B (50: 1, Reagent A: B)  
3. The mixture appears to be clear and green solution 

Pipette solution into microplate 
For microplate measurement, 200 μl of WR reagent is required to react with solution 
in each microplate well 
Standard curve solution 



1. Pipette 25 μl from each of the ten tubes standard curve solution prepared 
before into a microplate well, respectively (from left to right in a row) 

2. Repeat 2 more times 

Sample 
Sample to WR ratio is 1: 8 
1. Pipette 25 μl of each protein sample into a microplate well 
2. Repeat one more time 
3. Use water or protein sample preparation buffer(PBS) as blank solutions 

Cover with aluminum foil and incubate tubes at 37 °C for 30 min. 
Take absorbance readings at 562 nm on a plate reader. 

Drawing standard curve 
1. Choose wells 
2. Choose layout ‘à’ to set up standard curve 
3. Choose standard transcript: 3 
 1.  Concentration of wells from left to right: 

I. 2 
II. 1 
III. 0.5 
IV. 0.25 
V. 0.125 
VI. 0.0625 
VII.0.3125 
VIII.0.015625 
IX. 0.0078125 
X. 0 

4. Choose sample transcript: 2 
5. Choose position of the plate 
6. Choose ‘data processing:standard curve’ 
7. Start detection 

     	 




SDS-PAGE Gel Analysis Protocol 

PREPARE THE GEL 

With reference to SDS-PAGE Gel Protocol from http://cshprotocols.cshlp.org/ 

Prepare clean, dry spacers with thickness of 1.5mm before starting. 

1. Prepare the separation gel (12% 10ml). Mix in the following order: 

* The gel will polymerize quickly (resembling coagulation) when TEMED is added to the gel solution, 
so add this reagent at last, precisely before pouring the gel. 

2. Before pouring the gel, apply a comb and draw a straight line ~1 cm below the bottom of the 
comb. 

3. Add gel using pipette until it reaches the line drawn in step 2. 

4. Fill the top of the gel with a layer of isopropanol. This will help remove bubbles at the top of the 
gel and keep the polymerized gel from drying out (desiccation). Put the gel stack in 37°C constant 
temperature incubator. 

 Within ∼30 min, the gel should be completely polymerized.  

5. Remove the isopropanol and cleanse the remaining traces of isopropanol with distilled water. 

6. Prepare the stacking gel (5%, 3ml). Mix in the following order: 

•
 

7. Pour stacking gel on top of the separation gel.  

H2O 3.3 mL

Acrylamide 30% 4.0 mL

Tris–HCl (1.5 M, pH 8.8) 2.5 mL

SDS, 10% 100 µL

Ammonium persulfate (APS), 10% 100 µL

N,N,N′,N′-tetramethylethylene-diamine (TEMED) 4 µL

H2O 2.1 mL

Acrylamide/bis (30%) 0.5 mL

Tris–HCl (1.0 M, pH 6.8) 380 µL

Ammonium persulfate (APS), 10% 30 µL

SDS, 10% 30 µL

TEMED 3 µL

http://cshprotocols.cshlp.org/


8. Add combs to make wells. Put the gel stack in 37°C constant temperature incubator. 
In ∼30 min, the stacking gel should become completely polymerized.  

9. Clamp gel into the apparatus, and fill both buffer chambers with gel running buffer. 

10. Load samples and molecular mass protein markers into wells for separation by electrophoresis. 

11. If not used instantly, the gel should be kept in 1x gel running buffer in 4°C. 

SAMPLE PREPARATION 

1. Take out the loading buffer and molecular mass protein markers from the refrigerator, vortex 
thoroughly before use. 

2. For each well mix 4 volumes of the protein sample solutions to 1 volume of loading buffer. Then 
heat the mixtures at 98°C for 5 min. 

3. In our experiment, 10 µL of the marker is used. 

ELECTROPHORESIS 

1. Load the samples and marker precisely into each well. 

2. A voltage of 80V is applied for 30 min, which causes a migration of negatively charged molecules 
through the gel in the direction of the positively charged anode. 

3. Check the gel, then apply a voltage of 180V for 60min to finish the protein electrophoresis. 

GEL STAINING AND DESTAINING 

A. Coomassie staining 

1.  Place the gel in a staining tray with a lid. Discard the stacking gel by carefully cutting the 
gel. 

2.  Add Coomassie Brilliant Blue dye to the case, make sure the gel is immersed. 

3.  Place the tray on a recolouring shaker (with horizontal movements) and shake for 20 min. 

4. Discard the dye solution, apply destaining solution to the gel, and shake for another 30 
min. 

5. Change the destaining solution for every 30-60 min, until the gel is destained completely. 
Or leave the gel in destaining solution on the shaker overnight. 

B. Silver Staining — for low concentration of protein 

Required reagent: 
Note: 
The dyeing solution and the decolorizing solution are all prepared according to your 
required volume (usually 50ml for a gel), here are the formulae of 1L solution. 
The sodium thiosulfate solution is prepared as 10mg/ml 

• Fixation/Terminating solution (10% glacial acetic acid): 10 ml acetic acid + 90 ml ddH2O 
• 30% ethanol: 30ml ethanol + 70ml ddH2O 



• Sensitizing solution: 2ml sodium thiosulfate NaS2O3 (10mg/ml) +98ml ddH2O 
• 1L staining solution (pre-cooling at 4 degrees ): 1g AgNO3+1L ddH2O+ (add 37% formaldehyde 

1.5ml before use) 
• 1L developer solution (4 degrees pre-cooling): 30g anhydrous Na2CO3+1L ddH2O [add 1.5ml 

37% formaldehyde +200ul sodium thiosulfate NaS2O3 (10mg/ml) before use] 

Procedure 
1. Fixation: Put the protein gel in the fixing solution in a staining tray and shake on the shaker at 

room temperature for about 20 minutes until the color of the indicator (the blue indicator 
inside the gel) is removed. 

2. Washing with water: Put the gel into ddH2O and shake for 10min. 
3. Alcohol washing: pour off the fixative and shake with 20% ethanol for 20 min. 
4. Washing: shake the gel twice with ddH2O, 5 min each time. Then the gel was taken out of the 

water and drained for 15 s. 
5. Sensitization: Add sensitizing solution and shake for 1 min. 
6. Washing: Add and ddH2O shake the gel twice, each time for 1 min. Then the gel was taken 

out of the water and drained vertically for 15 s. 
7. Staining: The gel was moved to a pre-cooled staining solution and shaken gently for 4 minutes 

at 4 degrees on a horizontal shaker. 
8. Development: The stained gel was placed in ddH2O for 2-3 s, then quickly removed and 

drained vertically. The gel was placed in a pre-cooled developer solution(4 degrees), and 
shake on a 4 degree horizontal shaker until an appropriate shade of colour is observed. 
Record the time, usually only 2-3min (when brown strips are seen on the gel, do not wait 
until the whole gel is stained to a brown colour) 

9. Fixation: Put the rubber plate into the terminating solution and shake for 7-8min. 
10. Cleaning: cleaning with ddH2O 
11. Storage: Store in 1%glacial acetic acid at 4 degree.


