
Protocol – Tissue culture methods
 

HEK293FT is derived from human embryonic kidney cells, and is used due to its fast growing and highly 

transfectable characteristics, allowing for rapid testing of constructs.  

Media and growth conditions: Cells are cultured at 37°C, 100% humidity, 5% CO2. HEK293FT cells are 

cultured and tested in high glucose DMEM (Nacalai-Tesque) with 10% FBS (Gibco), 1% L-Glutamine 

(Gibco) and 0.2% Penicillin-Streptomycin (Gibco). Cells are grown on 9 cm surface treated cell culture 

dish (SPL Life Sciences) and passaged every 72H. Assays are performed on 24 well surface treated plates 

(SPL Life Sciences) or 12 well surface treated plates (Greiner CELLSTAR).  

Subculturing:  

1) Cells are trypsinized with 1.5ml 0.25% Trypsin-EDTA (Gibco) for 5 minutes at 37°C.  

2) 5ml of media with FBS is used to neutralize trypsin.  

3) Cells are then pelleted at 300g and resuspended with 10ml media.  

4) Cells are grown on 9 cm surface treated cell culture dish (SPL Life Sciences) and passaged every 

72H.  

Mammalian plasmid transfection: 

1) Assays are performed on 24 well surface treated plates (SPL Life Sciences) or 12 well surface 

treated plates (Greiner CELLSTAR), seeded at density of 1*10^5 and 2*10^5 respectively, 

followed by 24H growth.  

2) Plasmid transfection is performed with TurboFect (ThermoFisher) and Opti-MEM (Gibco), using 

manufacturers’ protocol.  

Preparation for flow cytometry:  

1) Preparation for flow cytometry is done by trypsinzation with 100ul trypsin for 5 minutes at 37°C.  

2) Trypsin is then neutralized with 300ul media with FBS and pelleted at 200g/5min.  

3) Cells are then resuspended in 300ul 0.5% FBS (Gibco) in D-PBS (Nacalai-Tesque) and transferred 

into 5ml round bottom tubes. If FACS is performed, cells are strained through 35 µm nylon mesh 

to ensure single cells suspension.  

  



Plasmid design and construction 

Truncations and fusions are performed using Gibson assembly, which allows for scarless cloning 

required by fusion proteins construction. 

1) PCR is performed using high fidelity polymerase (NEB Q5) and primers designed for Gibson 

assembly (IDT Custom DNA Oligos). 

2) Gibson assembly is then performed following manufacturer’s protocol (NEB NEBuilder HiFi DNA 

Assembly). 

3) Plasmids are transformed and propagated in Stbl3 chemically competent cells (ThermoFisher) 

for 18H, and extracted with miniprep (Favorgen Plasmid Extraction Mini Kit).  

Plasmids 

1) The dCas9+VPR plasmid contains dCas9/tCas9-VPR under CMV immearly enhancer and 

promoter for constitutive expression. Negative control only expresses VPR, without the dCas9.  

2) The sgRNA plasmid contains U6 promoter expressing spacer and gRNA. Constitutive mCherry 

fluorescence protein by EF1a promoter serves for gating of successfully transfected cells 

(Addgene 65777).  

3) Reporter plasmid contains a minimal TREtight promoter preceded by 2 replicated protospacer to 

be targeted by gRNA for the dCas/tCas9-VPR to bind to. Downstream ZSGreen fluorescent 

protein gene serves to quantitatively report gene expression level.  

Protocol - Fluorescence reporter activation assay. 

1) HEK293FT cells are seeded at 1*10^5 cells in 24 well plate for 24H.  

2) The 3 plasmids are transfected at 250ng each for 48H.  

3) Analysis is performed by flow cytometry using BD 5-Lasers Fortessa X20 and BD LSRII in NTU SBS 

Cell Biology Core Facility.  

4) Cells are gated for mCherry positive, indicating successfully transfected cells. The mCherry 

positive cells are then analysed for ZSGreen mean fluorescence index, giving quantitative 

information on tCas9-VPR gene activation level.  

5) Data for sample gene activation as a percent of wild-type dCas9-VPR is then calculated as 

follows:  

(Sample MFI – negative control MFI)/WTdCas9-VPR MFI 

  



Protocol - Endogenous gene activation 

1) HEK293FT cells are seeded at 1*10^5 cells in 24 well plate for 24H.  

2) Both plasmids are transfected at 300 ng each for 48H.  

3) Cells are then sorted for mCherry positive transfected cells using BD FACSAria 3 Sorter in NTU 

SBS Cell Biology Core Facility.  

4) Cells are then resuspended in TRIzol reagent (ThermoFisher), followed by RNA extraction (Zymo 

Research, Direct-zol RNA Miniprep).  

5) RNA is then used for cDNA synthesis (Quantabio, qScript cDNA SuperMix). 

6) cDNA is then used for quantitative PCR in technical triplicates (New Englands Biolab, LUNA 

Universal qPCR Mastermix. BioRad CFX96 RT PCR Detection System).  

7) Expression fold change is calculated against negative control.  

 


