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Abstract 
PRC2 complex interacts with accessory proteins such as JARID2 to regulate its recruitment and activity. It was shown that PRC2 function and stability can be controlled by the PTMs of PRC2 proteins. The PTMs may result in different effects on PRC2 through undertaking novel functions. We recently discovered that JARID2 is cleaved, producing low molecular weight form spanning the C-terminal conserved jumonji domains. In this protocol, we describe the point mutation method which allows to introduce base substitutions into plasmid. We used JARID2 as an example in attempt to identify the cleavage site and whether this proteolytic cleavage is affected by PTMs such as phosphorylation. 
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1 Introduction 
Polycomb repressive complex-2 (PRC2) is a group of proteins that plays a crucial role in regulating gene expression patterns during development [1,2]. Many additional proteins, such as MTF2, EPOP, AEBP2 and JARID2, interact with core PRC2 regulating its recruitment and activity [3-5]. However, understanding the molecular mechanisms controlling PRC2 function is not well understood. Recent proteomics studies have revealed that PRC2 proteins in particular EZH2, SUZ12 and JARID2 undergo different post-translational modifications (PTMs), such as methylation, acetylation, phosphorylation, ubiquitination and sumoylation [6,7]. Little is known about the functional mechanistic of how these PTMs modulate the PRC2 function. 
[bookmark: _GoBack]Site directed mutagenesis (SDM) is such technique in molecular biology and protein engineering that widely used to determine the significance of specific residues involved in PTMs, protein structure, function and stability [8]. This method generates specific mutations including point mutation, deletion and insertion, which mostly mediated by polymerase chain reaction (PCR)[9-11]. There are several PCR-based methods that have been applied to the generation of gene mutants [12-14]. One of the most powerful and widely used method in many laboratories such as Quick-Change SDM is based on PCR with complementary primers and double-stranded DNA, digestion by the restriction enzyme Dpn I and transformation [15]. The advantages of this method are that it is simple, cost effective, time consuming and suitable for the laboratories require to generate point mutation, short addition or deletions. 
Here, point mutation method (Fig. 1) was used to introduce base substitutions into JARID2 plasmid in attempt to identify the JARID2 cleavage site and whether this proteolytic cleavage is affected by post-translational modifications. Our previous data showed that full length JARID2 is cleaved by serine protease enzyme producing low molecular weight form, spanning the C-terminal conserved jumonji domains [16]. Based on Phosphosite plus site and mass spectrometry data, JARID2 is highly phosphorylated at its N-terminus [17]. As an example, point mutation was introduced to full-length JARID2 N-terminally flag-tagged construct by replacing phosphorylation site serine at 78 and cleavage site Tyrosine at 573 with alanine using PCR with complementary primers. This can give an understanding of the functional role of the PTMs on regulation of protein stability, activity, and function. 

2 Materials 

Maintain Nuclease free condition. All solutions should be made in DEPC-treated RNase-and DNase-free H2O (see Note 1).
2.1 General Reagents
1. DEPC-treated RNase-and DNase-free H2O 
2. 70% Ethanol 
2.2 PCR amplification   
1. DNA template: Circular and double strand DNA stock in RNase-and DNase-free H2O. The concentration of the stock depends on the plasmid size which can be ranging from 5ng to 50ng (see Note 2).
2. PCR primers: Prepare 10μM working stock and store at -20 o C avoiding repeated freezing and thawing. Primers were purchased from Sigma or from other oligonucleotide synthesizing companies (see Note 3). 
3. High-fidelity DNA polymerase: PfuTurbo DNA polymerase (2.5U/μl) or other suitable high-fidelity DNA polymerase (see Note 4). 
4. DNA polymerase buffer: 10X Pfu reaction buffer with MgSO4  (supplied with DNA polymerase). 
5. dNTPs mix (10mM solution) from Bioline or a suitable alternative. 
6. SYBR Safe DNA gel stain (Invitrogen) or a suitable alternative. 
7. TBE buffer: For 1 L of a 10x stock, mix 108 g Tris base, 55 g boric acid, 80 mL 0.5 M EDTA, and 700 mL of dH2O. Adjust pH to 8.0 and bring to 1 L volume with dH2O. 
8. Agarose gel: For 100 ml 0.7% gel, 0.7g of agarose in 100 ml 1x TBE buffer. 
9. DNA ladder (1Kb) 
10. DNA Loading buffer. 

2.3 DpnI treatment
1. Dpn I restriction enzyme (10U/μl) from ThermoFisher Scientific or other suitable         alternative.
2.4 Transformation
1. TOP10 cells from ThermoFisher Scientific or other suitable E. coli XL1 Blue competent cells.
2. pUC19 control plasmid (supplied with TOP10 competent cells kit).
3. S.O.C. medium ( supplied with TOP10 competent cells).
4. Ampicillin: Prepare 100mg/ml stock of ampicillin in dH2O and sterilize using 0.45μm membrane filter. Aliquot and store at -20 o C.
5. LB- agar plate containing100μg/ml ampicillin: Dissolve 15g of agar and 20g of Luria Broth (LB)  in 1L dH2O. Following autoclaving and cooling, add 1ml of 100mg/ml ampicillin stock into medium. Mix well and pour to petri dishes. Optional: Keep some petri dishes without antibiotic for control (see Note 5).

2.5 Colony PCR (Optional)
1. 10μM stock of PCR primers: Use forward primer on the plasmid (such as: T7 promoter 5’-TAATACGACTCACTATAGGG-3’) and reverse primer on the insert gene.
2. MyTaq Red mix (Bioline) or a suitable alternative ready-to-use PCR mix. 

2.6 Mutant Purification 
1. Luria Broth (LB) containing100μg/ml ampicillin:  Dissolve 20g of LB powder in 1L dH2O and autoclave to sterilize. After cooling, add 1ml of 100mg/ml ampicillin stock into medium.
2. Plasmid DNA extraction kit: QIAprep Spin Miniprep kit (QIAgen) or a suitable alternative (see Note 6). 


2.7 Equipment
1. RNase free: Eppendorfs, pipette tips, PCR tubes, falcon tubes. 
2. Thermocycler 
3. DNA gel electrophoresis 
4. UV transilluminator 
5. NanoDrop spectrophotometer 
6. Centrifuge
7. Water bath 
8. Inoculating loop, culture tubes, culture dishes and flasks. 
9. Shaking incubator at 37 o C. 
10. Non-shaking incubator at 37 o C.

3 Methods 

We used this method to introduce point mutation in PRC2 protein, JARID2 (3.7kba sequence) inserted into pEF6 plasmid, with a total size is ~9.4kb. All the methods should be done in Nuclease free conditions (see Note 1). 

3.1 Design primers

1. For point site mutation, primers should be complementary, anneal to the same sequence on opposite strands of the plasmid. 
2. Using online tool or using SnapGene Viewer, primers contain 25-45 bases with a melting temperature (Tm) close or greater than 78oC and with a 40% minimum GC content. 
3. Primers should terminate with one or more C or G bases.
4. Point mutation should be in the middle of the primers with 10-15 bases on both sides. 
5. For JARID2 primers: Phosphorylation site on JARID2 at serine 78 and predicated cleavage site at  Tyrosine at 573  were mutated to alanine (JARID2 S78A forward: 5’ -CCAGCATCAGAACAGGCAGAGAATGAAAAGGACG-3’), reverse: 5’-CGTCCTTTTCATTCTCTGCCTGTTCTGATGCTGG-3’) and (JARID2 Y573A forward: 5’-ACGATCCGCTCATCGCCATCGAGTCGGTCC-3’), reverse: 5’- GGACCGACTCGATGGCGATGAGCGGATCGT -3’). For calculating melting temperature for these primers, see Note 7).




3.2 PCR amplification

1. PCR reaction: Set up a 50μl PCR reaction as follows: 50ng plasmid (JARID2 pEF6), 1μl forward primer (10μM stock), 1μl reverse primer (10μM stock), 1μl dNTPs (10mM solution), 5μl 10X Pfu reaction buffer with MgSO4 ,1μl PfuTurbo DNA polymerase (2.5U/μl) and RNase- free H2O to make a final volume of 50μl (see Note 8). 

2. PCR programme: Amplify DNA through PCR as follows or according to vendor’s instruction in case of using other HF DNA polymerase (see Note 9). 
(a) Denaturation: 95 o C for 3min
(b) Amplification: 18 cycles of 50 Sec at 95 o C, 1min at 55 o C and 10min (1min/1kb) at  68 o C. 
(c) Final Extension: 68 o C for 10 min. Hold at 4 o C (see Note 10).

3. Gel electrophoresis: check the amplification by loading 10μl of the PCR product on a 0.7% agarose gel containing 0.3μg/mL SYBR safe DNA gel stain. If there is a clear band of desired plasmid size, process with Dpn I treatment subheading 3.3 (see Note 11 &Fig. 2A). 

3.3 Dpn I Digestion 

1. Treat PCR product by adding 1μl of the Dpn I restriction enzyme (10U/μl) to the reaction, gently pipette the solution up and down several times and centrifuge for 1min. Incubate the reaction in incubator at 37 o C for 1 hour (see Note 12). 
2. Load 10μl of the treated DNA with Dpn I on a 0.7% agarose containing 0.3μg/mL SYBR safe DNA gel stain to test digestion. Use a standard UV illuminator to visualize the gel. If there is a band corresponding to desired size of the plasmid, then process to subheading 3.4 (see Note 13 & Fig 2B). 

3.4 DNA transformation

1. For each transformation, thaw 50μl of TOP 10 competent cells on ice (see Note 14). Add 3μl of Dpn I treated DNA into competent cells and stir gently using a pipette tip (do not mix by pipetting). Incubate the cells for 30 min on ice and store the remaining Dpn I reaction at -20 o C (see Note 15). As controls, carry out a negative control with only competent cells and a positive control with 1μl (0.1ng/ μl) of pUC19 control plasmid.
2. Heat shock the cells at 42oC for 45 sec without shaking, and then incubate for 2min on ice. Following, incubate cells with 250μl of room temperature S.O.C. medium at 225 rpm in a shaking water bath at 37 oC for 1hour. 
3. Spread 100μl of transformed cells on LB ampicillin agar plates (see Note 16). Incubate plates at 37 oC incubator overnight. There should see colonies in both sample and positive control, but no colonies in negative control. 

3.5 Colony PCR (Optional)

1. Prepare 50μl PCR reactions as follows: pick colonies into 21μl RNase free H2O in PCR tubes, 2μl forward primer (10μM), 2μl reverse primer (10μM) and 25μl red mix reagent or other alternative PCR mix.
2. Amplify DNA through PCR as follows (or according to vendor’s instruction in case of using other PCR mix):  
(a) Denaturation: 94 oC for 1min
(b) Amplification: 35 cycles of 94 oC for 15 sec, 58 oC for 30 sec, and 72 oC for 10 sec.
(c) Final single extension at 72oC for 1min. 
3. Check the size of PCR products on a 0.7% agarose containing 0.3μg/mL SYBR safe DNA gel stain using a standard UV illuminator. Process to subheading 3.6 if there is a band of desired size observed (see Note 17).  

3.6 Mutant purification and confirmation 

1. Pick two to three transformant colonies. Inoculate a single colony into 5ml LB supplemented with ampicillin in a 15 culture tube overnight at 37 o C, using shaking incubator (see Note 18). 
2. Extract DNA using a commercial plasmid purification kit (QIAprep Spin Miniprep Kit (QIAGEN) or other alternative. To harvest the bacterial cells, centrifuge the 5 ml of LB culture at 8000 rpm for 3 min at room temperature. Invert the tube to discard all the medium. 
3. Re-suspend pelleted bacterial cells in 250μl P1 buffer containing RNase A, ensuring there are no cell clumps in suspension and then transfer to a microcentrifuge tube.  Lyse cells in 250μl P2 buffer for no more than 5 mins by inverting the tube 4 – 6 times until the solution becomes viscous and slightly clear. 
4. Add 350μl N buffer to lysed cells, and invert the tube 4-6 times to mix gently and thoroughly. Centrifuge at 13000 rpm for 10min to remove cell debris. Apply the supernatant to QIAprep spin column and centrifuge for 1min. Discard the flow-through that is collected in the bottom tube. 
5. Wash the column in 0.5ml PB buffer and centrifuge for 1min. Discard the flow-through that is collected in the bottom tube. Wash the column in 0.75ml PE buffer containing 70% ethanol and centrifuge for 1min. Discard the flow-through and centrifuge for 1min at full speed to remove residual ethanol from PE buffer. 
6. Elute DNA by placing QIAprep spin column in 1.5 microcentrifuge tube and adding 40μl RNase free H2O to center of column. Incubate for 1min and centrifuge for 1min (see Note 19). Measure the concentration of DNA using a NanoDrop spectrophotometer.
7. Forward the purified DNA for sequencing with specific primers on both direction using DNA Sequencer (see Note 20). The reaction can be given for DNA sequencing to the local facility. 


4 Notes 

1. Clean workplace with RNase Zap and ethanol if possible and use disposal, sterile Eppendorfs and pipette to maintain Nucleases free conditions. Ensure that disposal gloves and a lab coat are worn at all the times. 

2. It is important that the template is double strand DNA, isolated from a dam+ E. coli strain which methylates adenine residue in the GATC sequence by its dam methylase. The restriction enzyme Dpn I digests non-mutated dsDNA through targeting this methylated sequence. Thus, plasmid purified from dam- strains such as JM110 and SCS110 should not be used. 

3. Primers may require to be purified by HPLC or PAGE for high mutation efficiency. However, desalted primers work well for us without any issues. 

4. It is necessary to use a high-fidelity DNA polymerase that exhibits 3’ 5’ exonuclease proofreading activity and a high extension rate to minimize the chances of unwanted mutation. We advise to use Pfu Ultra High-Fidelity DNA polymerase exhibiting 18-fold higher fidelity than Taq DNA polymerase.

5. Optional: prepare LB- agar plates without antibiotic for transformed bacteria without plasmid as control to check if the competent cells work.

6. At this stage, small scale DNA purification using miniprep kit is enough. If required, use Midiprep kit or Maxiprep kit for large scale purifications.  

7. Calculate melting temperature values for primers using online tools such as (http://depts.washington.edu/bakerpg/primertemp/). The melting temperature (Tm) is calculated based on this equation Tm= 81.5 + 0.41(%GC) - 675/N - % mismatch, where N = total number of bases.

8. PCR conditions should be optimized according to the plasmid size and HF DNA polymerase used. To optimize the concentration of the plasmid, use different concentration of desired plasmid template (5ng, 10 ng, 20 ng and 50 ng) with constant concentration of the primers. Adjust the concentration of primers according to vendor’s recommendations for HF DNA polymerase used. Excess in concentration of primers causes primer dimers by favouring the primer -primer annealing. 

9. For PCR amplification, setting up “Hot start” of the enzyme is required for its activity to reduce non-specific binding, primer dimers and background. Initial denaturation may increase up to 5min with higher complexity (GC-rich) templates. The annealing temperature at 55 o C should work fine, if this does not work try annealing temperature between 50 o C -60 o C. Number of cycles depends on the type of mutations,12-18 cycles are sufficient for point mutation to avoid the chances of introducing unwanted mutations. Change extension time based on template size and polymerase used. 

10. Final extension step is not required for Quick-Change site-directed mutagenesis protocol. 

11. Using gel electrophoresis there should a visible band corresponding to mutated DNA plasmid with correct size. It might be seen another faint band running lower corresponding to parental supercoiled dsDNA (non-mutated). In case there is no seen any band, give a try and process with protocol. If the PCR failed, adjust annealing temperature, check primers design and concentration, denaturation time, extension time and Mg 2+ concentration. 

12. The restriction enzyme Dpn I digests DNA purified from a dam+ strain through cleaving  methylated sites, removing non-mutated DNA (parental) from amplified PCR product. The Dpn I is highly active in most of polymerase reaction buffers, thus it can be directly added to amplification reaction. 

13. A clear band of the mutated plasmid should be seen on a 0.7% agarose gel. If there is a faint band corresponding to non-mutated DNA, this means the digestion is not complete, try to increase incubation time to 2hrs or more. 

14. Transformation is a crucial for SDM protocol. We advise to use super competent cells with high transformation efficiency. To be noted that E coli XL1-Blue cells are not suitable to use with plasmid containing tetracycline resistance markers because they are resistance to tetracycline. We found no colonies when used in house prepared DH5-alpha E.coli.  Then, TOP 10 cells were used, allowing for transformation efficiency of 1 × 109 cfu/μg DNA. 

15. PCR buffers inhibit the transformation. Therefore, 3μl of Dpn I treated DNA is enough to transform into competent cells with the good PCR yield. In case of low colony number and there is a need to use a large volume of Dpn I treated DNA, we advise to clean-up the reaction first using DNA purification kit and elute in water before transformation. 

16. Plate two dishes for each transformation by spreading two different volumes for well-spaced colonies. To plate a small volume, pellet the cells by centrifuging at 8000rpm for 3min, and re-suspend in 100μl of S.O.C. medium. An optional step, spread transformed cells on LB ampicillin agar plates with 80μg/ml X-gal to confirm the transformation.

17. This step is optional. Before processing with mutant purification, verify the transformation using specific primers that covers the anneal across the inserted gene and plasmid and check the product size using gel. 

18. Growth of bacteria in LB medium with antibiotic should be for no more than 16 hrs as cells begin to lyse, leading to reduce the plasmid DNA yields. 

19. A short incubation after addition of the elution buffer is necessary to increase DNA yield. 

20. For sequencing, use 500ng of DNA and different primers covering the whole gene sequence and plasmid backbone in both directions as possible. 
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