3. Protocol: pLKO.1 puro

Davide Gabellini
3.1 Map of pLKO.1 puro
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Fig 2: Map of pLKO.1 containing an shRNA insert. The original pLKO.1-TRC cloning vector has a 1.9kb stuffer that is released by digestion with AgeI and EcoRI (see later).

Table 1. Description of pLKO.1-TRC cloning vector elements.

	Description
	Vector Element

	U6
	Human U6 promoter drives RNA Polymerase III transcription for generation of shRNA transcripts.

	cPPT
	Central polypurine tract, cPPT, improves transduction efficiency by facilitating nuclear import of the vector's preintegration complex in the transduced cells.

	hPGK
	Human phosphoglycerate kinase promoter drives expression of puromycin.

	Puro R
	Puromycin resistance gene for selection of pLKO.1 plasmid in mammalian cells.

	sin 3'LTR
	3' Self-inactivating long terminal repeat.

	f1 ori
	f1 bacterial origin of replication.

	Amp R
	Ampicillin resistance gene for selection of pLKO.1 plasmid in bacterial cells

	pUC ori
	pUC bacterial origin of replication.

	5'LTR
	5' long terminal repeat.

	RRE
	Rev response element for nuclear export of RNA.


3.2 Oligos design

Determining the Optimal 21-mer Targets in your Gene

The design of optimal shRNAs follows the same general rules used for siRNAs. 

General guidelines are summarized below.

1. siRNA targeted sequence is usually 21 nt in length. 

2. Avoid regions within 50-100 bp of the start codon and the termination codon. 

3. Avoid intron regions. 

4. Avoid stretches of 4 or more bases such as AAAA, CCCC. 

5. Avoid regions with GC content <30% or > 60%. 

6. Avoid repeats and low complex sequence.

7. Avoid single nucleotide polymorphism (SNP) sites. 

8. Perform BLAST homology search to avoid off-target effects on other genes or sequences. 

Listed below there are some helpful website to design effective costum siRNAs and shRNAs. Alternatively, several companies developed validated siRNA and shRNA libraries to specifically knock down thousands of human and mouse genes. Thus, it is possible to buy ready-to-use siRNAs or vectors for RNAi. Some of these companies are also listed below: 

	COSTUM DESIGN
	WEB SITES

	The University of Hong Kong
	http://i.cs.hku.hk/~sirna/software/sirna.php

	Invivogen
	http://www.sirnawizard.com/

	Integrated DNA Techonolgies
	http://eu.idtdna.com/scitools/applications/rnai/rnai.aspx

	LIBRARIES FROM COMPANIES
	WEB SITES

	Dharmacon
	http://www.dharmacon.com

	The RNAi Consortium
	https://www.broadinstitute.org/rnai/trc

	Qiagen
	http://www.qiagen.com

	Ambion
	http://www.ambion.com

	RNAx
	http://www.rnax.de

	GeneCopoeia
	http://www.genecopoeia.com


Ordering Oligos Compatible with pLKO.1

Each final shRNA construct requires the designing of two complementary oligos containing a sense (in red) and an antisense (in green) sequence, where the first one is identical to the target gene mRNA. Once annealed, the dsDNA molecule obtained will have at the 5’ a sticky end compatible with an AgeI digested site, while at the 3’ the end will be suitable for ligation with an EcoRI-digested site. The sense and antisense sequences are connected by a spacer capable of forming a loop (Fig 3).

Fig 3. Schematic representation of the complementary oligos to be designed. Red: sense sequence; green: antisense sequence[image: image3.emf] 

5 ’ - CCGG xxxxxxxxxxxxxxxxxxxxx CTCGAG xxxxxxxxxxxxxxxxxxxxx TTTTT G - 3 ’  

             3 ’ - xxxxxxxxxxxxxxxxxxxxx GAGCTC xxxxxxxxxxxxxxxxxxxxx AAAAACTTAA - 5 ’  

Forward oligo 

Reverse oligo  

.

3.3 Generating the pLKO.1 puro with shRNA construct

Annealing of the oligos 

1. Resuspend oligos in ddH2O to a concentration of 1 μg/μl, then mix:

5 μL   Forward oligo

5 μL   Reverse Oligo

5 μL   10x NEB buffer 2 (New England Biolabs Restriction Endonuclease Reaction Buffer 2)

35 μL  ddH2O

2. Incubate 4 minutes at 95oC. 

3. Incubate the sample 10 minutes in a beaker containing ddH2O at 70oC, then let it slowly cool down to room temperature. This will take a few hours, but it is important for the cooling to occur slowly in order for the oligos to anneal. 

Preparation of pLKO.1 TRC for cloning 

1. Digest pLKO.1 TRC-cloning vector with AgeI and EcoRI.


2. Purify the 7 kb band by gel extraction. We used The illustra™ GFX™ PCR DNA and Gel Band Purification Kit from GE Healthcare, but a gel extraction method of choice can be used. Quantify the DNA and proceed to ligation. 

Ligating and Transforming into Bacteria 
1. We use T4 DNA ligase from Fermentas, but a ligation method of choice can be used. Ligate 50 ng of digested pLKO.1 TRC-cloning vector with 200 ng of annealed oligos from the previous steps.

2. Incubate at 16oC over night. 

3. Transform 1-2 μL of ligation mix into competent bacteria with your usual transformation protocol. We use chemically competent MDS42recA Blue (Scarab Genomics). Plate on LB agar plates containing 100 μg/mL ampicillin.

Screening for Inserts 

You may screen for plasmids that were successfully ligated by PCR using the primer shown below (Table 2). However, once you have identified the positive clones, it is important to verify the insert by conducting a sequencing reaction (for the sequencing reaction you can use the same primers used for PCR). 

Table 2. Sequence of the primers used for screening clones by PCR.
	oligo
	sequence

	LKO 5’
	tggactatcatatgcttaccgtaac

	LKO 3’
	gtatgtctgttgctattatgtcta


The thermal cycling profile of this PCR reaction is the following: 

3’ at 95° C

30’’ at 95° C

30’’ at 60° C

30’’ at 72° C

5’ at 72° C

Follow the manufacturer’s instruction of the Taq polymerase of your choice for optimal magnesium and oligos concentration.

A cartoon of the shRNA insert cloned inside pLKO.1 puro is shown in Figure 4. 
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Fig 4. Detail of the shRNA insert. The U6 promoter directs RNA Polymerase III transcription of the shRNA. The shRNA contains 21 "sense" bases that are identical to the target gene, a loop and 21 "antisense" bases that are complementary to the "sense" bases. The shRNA is followed by a polyT termination sequence for RNA Polymerase III.
3.4 Production of lentiviral particles

1. Seed HEK 293T (ATCC) cells at 1.3-1.5x105 cells/ml (6 ml per plate) in low antibiotic growth medium (DMEM + 10% FBS + 0.1x Pen/Strep) in 6 cm tissue culture plates.

2. Incubate cells for 24 hours (37 °C, 5% CO2), or until the following afternoon. At this point the cells should be around 70% confluent.

3. Transfect the cells following your transfection reagent’s instructions and using these quantities of DNA (considering a 6 cm plate, scale up or down the quantities accordingly if you use a different growing area):

Packaging plasmid (pCMV-dR8.91)
900 ng

Envelope (VSV-G/pMD2G)

100 ng

Hairpin-pLKO.1 vector


1 μg

4. Incubate cells for 18 hours (37 °C, 5% CO2), or until the following morning.

5. Change the media with high serum growth medium (DMEM + 30% FBS + 1x Pen/Strep) (Euroclone).

6. Incubate cells for 24 hours (37 °C, 5% CO2).

7. Harvest the medium containing the lentiviral particles (~40 hours post transfection). Filter the media using a 0.22 um filter unit, place it in a falcon tube and store it at 4 °C for hours or days (or -20 °C or -80 °C for long term storage). Replace the medium with high serum growth medium (DMEM + 30% FBS + 1x Pen/Strep).

8. After 24 hours repeat the viral harvesting.

9. Pool the virus-containing media as desired. 

3.4 Lentiviral Infection

Lentiviral infections should be optimized for each cell line and cell-based assay. For example, the following parameters should be tested before starting infections to determine the optimal conditions for a given experiment:

            - cell seeding density

            - amount of lentivirus

            - puromycin concentration

            - timecourse

1. Seed cells at appropriate density in 5 ml media in 6 cm plates. 

a.  Adherent cells: seed 1 day prior to infection. Incubate overnight (37 °C, 5% CO2). 

b. Suspension cells: seed at the day of infection in media containing polybrene (Sigma-Aldrich) (final concentration is 8 μg/ml).

2. Add virus to cells: 

a. (Adherent cells) Remove growth media and add fresh media containing polybrene (final concentration is 8 μg/ml). Alternatively, remove a portion of the growth media and supplement with media containing polybrene (hexadimethrine bromide) (Sigma-Aldrich). Polybrene is a small positively charged molecule that is capable of neutralizing the charge repulsion between virions and sialic acid on the cell surface. Thus, its use increases the efficiency of retroviral infection in cell colture. Adjust volumes and polybrene concentration to achieve the correct final polybrene concentration. Add the collected virus to the cells.

Note: In case polybrene results to be toxic to cells, it can be substituted with protamine sulfate (Sigma-Aldrich).

b. Add virus to cells. 

3. Incubate cells overnight (37 °C, 5% CO2). 

Note: If polybrene or protamine sulfate brings toxicity to cells, then remove media and replace with fresh growth media at infection day. 
4. Change media at 24 hours post-infection. Remove media and replace with 5 ml fresh growth media. If puromycin selection is desired, use fresh growth media containing puromycin. 

Note: Puromycin concentration should be optimized for each cell line; typical concentrations range from 2-5 μg/ml. 

5. Incubate cells (37 °C, 5% CO2), replacing growth media (with puromycin, if desired) as needed every few days. Incubation periods are highly dependent on the post-infection assay. Puromycin selection requires at least 48 hours. The following recommendations are general guidelines only, and should be optimized for a given cell line and assay. 
6. Assay infected cells.
Table 3 Timecourse of post-infection assays.

	Post-infection assay 
	Incubation time post-infection 
	Incubation time with puromycin selection 

	mRNA knockdown (qPCR) 
	3+ days 
	2+ days 

	Protein knockdown (Western)
	4+ days 
	3+ days 

	Phenotypic assay 
	4+ days 
	3+ days 
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