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	Principal Investigator: 
Program: 
Name of Building where biological materials will be used: 
Room numbers where biological materials will be produced, used &/or stored: 

Phone number Lab:
Phone number Office: 

PI email address: 
Lab contact email address: 

	Staff and Trainees involved in this work:

Name
email address

     
     
     
     

	Staff and Trainees involved in this work:

Name
email address

     
     
     
     


	Title of Project: 

Funding Agency: 

	Assumption of Responsibility

I accept responsibility for ensuring that:

 FORMCHECKBOX 
  Work will be conducted in accordance with all applicable biosafety guidelines and standards e.g., SickKids’ biosafety practices, the Laboratory Biosafety Guidelines (Office of Laboratory Security, Public Health Agency of Canada), NIH Guidelines for working with rDNA.

 FORMCHECKBOX 
  All personnel involved in this work recognize the hazards and are fully familiar with and understand the appropriate safe work practices to be employed.

 FORMCHECKBOX 
  Any amendments to this project that would alter the risk associated with this work are given to the Biosafety Committee prior to the amendments being employed.

PI Signature: 
  Date:  ______________________


	Objectives of protocol:

Rationale for choice of agent or vector. 
Could non-viral alternative methods be used (DNA transfection etc)?


	Containment Level of Proposed Room(s) 
Room(s) and use (virus production/infection/storage)
CL2

CL3-Ops
SIDNET Rm. 8528 (virus production)


 FORMCHECKBOX 


 FORMCHECKBOX 




 FORMCHECKBOX 


 FORMCHECKBOX 




 FORMCHECKBOX 


 FORMCHECKBOX 

Is room 8528 shared with other labs? 
Yes   FORMCHECKBOX 

No   FORMCHECKBOX 

Is room______shared with other labs? 
Yes   FORMCHECKBOX 

No   FORMCHECKBOX 

Is room______shared with other labs? 
Yes   FORMCHECKBOX 

No   FORMCHECKBOX 

List other PIs using the room:




Details of Viral Vector

	[image: image11.png][image: image12.wmf]Is the vector currently in use in your laboratory?
Yes  FORMCHECKBOX 

No  FORMCHECKBOX 

2.  Host specificity of the viral vector (mouse, human etc)
VSV-G (broad host range, including mouse and human)
Can the viral vector infect human cells?
Yes  FORMCHECKBOX 

No  FORMCHECKBOX 

3.  Name of genes transferred by the vector, their expected or known biological function, and their potential biohazard risk (known oncogene or tumour suppressor, etc)
Does the nature of the genes to be transferred present a potential hazard to humans?


Yes  FORMCHECKBOX 

No  FORMCHECKBOX 

4.  Packaging system to be employed 

pGIPZ is tat dependant and therefore compatible with 2nd Generation packaging systems (i.e. psPAX2, pMD2.G) and NOT compatible with most 3rd generation packaging systems.(i.e Virapower [Invitrogen], pMDLg/pRRE, pRSV-Rev, pMD2.G [Addgene]). The Trans-Lentiviral Packaging System from Openbiosystems. (pTLA1-Pak, pTLA1-Enz, pTLA1-Env, pTLA1-Rev, pTLA1-TOFF) will be used to transiently transfect 293T with the pGIPZ self-inactivating vector and 5 packaging plasmids expessing gag/pol, rev, tat, and vsv-g.

Trans-Lentiviral Packaging System includes the following key safety features:
SPLIT GAG-POL COMPONENTS: The reverse transcriptase (RT) and integrase (IN) proteins are provided in trans producing a class of vectors that contain split gag-pol components on separate vectors.

FIVE SEPARATE PLASMIDS: Genes encoding the structural and other components required for packaging the viral genome are separated onto five plasmids minimizing the threat of recombinant replication competent virus production.

REPLICATION-INCOMPETENT: None of the structural genes are actually present in the packaged viral genome, therefore no new replication-competent virus can be produced.

The expression vector contains a deletion in the 3' LTR that does not affect generation of the viral genome in the producer cell line, but results in “self-inactivation” of the lentivirus after transduction of the target cell.

The number of genes from HIV-1 that are used in the system has been reduced (i.e. gag, pol, rev, tat and vpr).

None of the structural genes are actually present in the packaged viral genome, therefore no new replication-competent virus can be produced.

The VSV-G gene from Vesicular Stomatitis Virus is used to pseudotype the vector particles. The HIV-1 envelope has been completely removed from the vector.

Genes encoding the structural and other components required for packaging the viral genome are separated onto five plasmids minimizing the threat of recombinant replication competent virus production.

Although the four packaging plasmids allow expression in trans of proteins required to produce viral progeny (e.g. gag, pol, rev, env) in the 293T producer cell line, none of them contain LTRs or the Ψ packaging sequence. This means that none of the HIV-1 structural genes are actually present in the packaged viral genome, and thus, are never expressed in the transduced target cell. No new replication-competent virus can be produced.

The reverse transcriptase (RT) and integrase (IN) proteins are provided in trans producing a class of vectors that contain split gag-pol components on separate vectors
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	Summary of Methodology and Procedures:

Virus Production:

Room 8528 is a locked room and contains two Class IIA biosafety cabinets that are dedicated to lentivirus production. The room also has two dedicated biological incubators and an ultracentrifuge for concentrating lentivirus preparations. All waste materials used in the production of lentiviruses are autoclaved in the room using a dedicated floor autoclave. All liquid waste materials will be discarded directly into Virox solution. Any laboratory equipment and waste will be decontaminated by autoclaving or Virox solution.

In the event of personal injury we will do the following:

FOR EYE EXPOSURE

Advise all those present of the accident.

Remove your gloves.

Rinse eyes for a minimum of 15 minutes using the eye wash station.

Seek medical advice at the nearest emergency department for serious injury.

All other exposure should be reported to your supervisor or lab manager and to the Department of Occupational Health and Safety. 

FOR NEEDLESTICK/SHARPS EXPOSURE

Advise all those present of the accident.

Remove your gloves.

Carefully remove any sharps that may be present on the wound.

Wash the affected area with soap and water for a minimum of 15 minutes. Let bleed freely. 

Seek medical advice at the nearest emergency department for serious injury.

All other exposure should be reported to your supervisor or lab manager and to the Department of Occupational Health and Safety.




	Biosecurity Measures in your lab:

The research will be conducted room 8528 on the 8th floor Hill Wing. Room 8528 has a locked door that requires key access. Currently on 2 keys are available. Additional keys are only available through Protection Services. Work with viral preparations will only be done within the confines of biological safety cabinets.



Lentiviral vector production protocol

Outline of lentiviral vector production
Day 1: Seed 7.5 x 106 of 293T cells in T-75 flask

	Dish type
	Surface area [cm2]
	Seeding cell #
	Medium [ml]

	T-75 (100 mm)
	75
	7.5 x 106
	10


Day 2: Transfect the 293T cells with following 5 plasmids late in the evening

	Dish type
	Surface area
	shRNA pGIPZ 
	Trans-Lentiviral Packaging Mix

pTLA1-Pak, pTLA1- Env, pTLA1- Enz, pTLA1- Rev, pTLA1- TOFF 

	T-75
	75 cm2
	9 mg
	28.5 mg


Day 3: Change the medium early in the morning (8-16 hr post-transfection)

Day 4: 
Harvest virus-containing media and concentrate the virus by ultracentrifugation. Soak the virus pellet in appropriate media or buffer (such as 50 ml HBSS) overnight at 4˚C

Day 5: 
Infect the target cells by adding the virus with final 8mg/ml of polybrene

Change the medium after 8-16 hours of infection to wash out the virus

Day 7:
Check transgene expression (eg. eGFP, or start adding antibiotic for resistance gene) 

Transfection of 293T cells with plasmid vectors

A) Calcium Phosphate Transfection (Classical method)

Procedure (for a T-75 flask)

1. Aspirate off old media from 293T cells and gently add 10 ml of fresh & warm media into a flask.

2. In a 1.5 ml tube, dilute following 5 plasmids in sterilized milli-Q water to make 450 ml of DNA solution and mix with 50 ml of 2.5M CaCl2. (Total 500 ml of DNA mixture)


 9mg of pGIPZ vector plasmid.

28.5 mg of Trans-Lentiviral Packaging Mix (pTLA1-Pak, pTLA1-Enz, pTLA1-Env, pTLA1-Rev, pTLA1-TOFF)

3. Prepare a 15 ml Falcon tube with 500 ml of 2xHBS buffer (should be at room temperature) on a stand.

4. Using a 1 ml serological pipet attached to an electronic pipettor in your left hand, make bubbles in the 2xHBS buffer and add dropwise the DNA mixture (from step 1) slowly onto the 2xHBS buffer by using a P1000 Pipetman in your right hand. This mixing step is critical to make close-grained DNA precipitations. Incubate 30 minutes.

5. Add dropwise the 1 ml of complexes into a T-75 flask containing cells and medium. Mix gently by rocking the flask back and forth. 

6. Incubate cells at 37°C in a CO2 incubator. Media may be changed after 12 hours. 
B) Lipofection using Arrest-In
1. Mix following 5 plasmids with 1.0 ml of Opti-MEM I Reduced Serum Medium (without serum). 


9mg of pGIPZ vector plasmid.

28.5 mg of Trans-Lentiviral Packaging Mix (pTLA1-Pak, pTLA1-Enz, pTLA1-Env, pTLA1-Rev, pTLA1-TOFF)

2. Dilute 187.5 ml of Arrest-In in 1.0 ml of Opti-MEM® I Medium. Incubate for 3-5 minutes at room temperature. 

3. After the incubation, combine the diluted DNA with diluted Arrest-In (total volume = 2 ml). Mix gently and incubate for 20 minutes at room temperature (Note: Complexes are stable for 6 hours at room temperature). 

4. During the incubation, aspirate off old media of 293T cells and gently add 10 ml of fresh & warm medium into a flask. 

5. Add the 2 ml of complexes into a T-75 flask containing cells and media. Mix gently by rocking the flask back and forth. 

6. Incubate cells at 37°C in a CO2 incubator. Media may be changed after 4-6 hours. 
Virus concentration by ultracentrifuge

Materials

· Centrifuge: Beckman Optima LE-80K

· Rotor: SORVALL Ultra Speed Rotor F50L-8X39 

· Tubes: SORVALL Ultra Bottles, Cat# 03719 (25 tubes per box)


P sealing assembly Cat# 03276 (25 per pack)


O-rings: Cat# 03688 (25 per pack)

Tubes and caps (except for O-rings) need to be rinsed with Milli Q water and autoclaved in advance. O-rings can be sterilized by soaking in 70% EtOH and drying in the hood. 

· 30 ml syringe and 0.45 mm syringe filter

Note: Since the size of virion particle is about 100 nm, it’s better to use 0.45 mm filter rather than 0.2 mm filter.

· Hanks' balanced salt solution (HBSS), 0.2 mm filterd. 

· TAE buffer [50 mM Tris-HCl (pH 7.8), 130 mM NaCl, 1 mM EDTA], 0.2 mm filterd. 

Procedure

1. Cool the rotor in fridge and turn on the centrifuge machine. Close the cover and press “Vacuum” to start cooling

2. Transfer the virus from T-75 flask to a 10 cm dish using a 10 ml pipette. 25 ml pipettes are thick and will scratch the bottom. If you see floating cells, it’s better to pre-filter the virus by 40 mm or 100 mm mesh filter because it will clog the filter.

3. Aspirate the virus using a 30 ml syringe and attach a 0.45 um syringe filter.

4. Filter the virus into a 50 ml tube. Filtering is required to remove cell debris.

5. Put 20-22 ml of the virus into an ultracentrifuge tube. Typically, 21 ml into a tube. Save some virus to check the titer before concentration. You MUST fill the tubes to more than 90% of capacity, otherwise, the tubes will break under the high centrifugal forces.

6. Balance the tubes by adding the virus, media or HBSS within 0.1 gram. Caution! Always check the balance properly and carefully. 

7. Set the tubes into the chilled rotor. Use grease to seal the rotor cover if necessary.

8. Centrifuge 30,000 rpm, 2 hours, 4 degree (Accel: 9, Decel: 7)Centrifuge speed needs to be adjusted for each rotor size. Since centrifugal efficiency (centrifuge force) depends on the radius from the center, you need to take the size of the tube into account. VSV-G pseudotyped lentiviral vector can stand for up to 100,000 x g.

i. Press “Vacuum” to release the vacuum and open the cover.

ii. Open the cover and set the rotor properly and quickly to keep cool inside.

iii. Shut the cover and press “Vacuum” immediately.

iv. Wait 5-10 min until vacuum and cooling is done.

v. Press “Start” to start running.

9. After running, carefully transfer the tubes NOT TO DISTURB the virus pellet. Remember, the virus pellet is fragile and easy to detach from the tube. Aspirate the supernatant immediately after the running.

10. CAREFULLY remove the whole supernatant using a 10 ml plastic pipette (not 25 ml pipette). The last 1 ml can be removed with a 1 ml plastic pipette. The last 1 ml may contain a certain amount of virus. Spare some for titration if desired (specially for your 1st experiment).

11. Add chilled 40 ml HBSS (or media, TAE, etc.) to soak the virus pellet and incubate overnight at 4 degrees.

12. Next day, resuspend the virus pellet by pipetting at least 20 times. Avoid making bubbles because this makes it difficult to collect the virus. Typically, you will get approximately 80 ml of concentrated virus solution (50 ml HBSS + left over media from the wall of tube).

Note

· Total virus yield after ultracentrifugation should be higher than 90%. 

[image: image13..pict]VB: Amount of virus in a tube before concentration [ml]. Typically, 21 ml.

TB: Viral titer before concentration [IU/ml]

VA: Amount of virus after concentration [ml]. In my hand, 0.08 ml.

TA: Viral titer after concentration [IU/ml]

Yield of centrifugation [%] = (VA x TA x100)/(VB x TB)

· Viruses are temperature sensitive. Virus half-life at 4ºC is more than a week, 2-3 days at 20ºC, but it is less than 4-5 hours at 37ºC. No dramatic difference between 37ºC and 30ºC on virus half-life. It is important to keep virus cool after harvest.

· Viruses are unstable under acidic or alkaline conditions. Keep your eye on the color of the media (phenol red). Add 20 mM of HEPES into 293T media if desired.

· As for virus storage and freezing, virus titer will drop 2-5 fold upon freeze-and-thaw. Store at -80ºC for a long-term storage (more than a week, up to 6 month). You can keep at 4ºC for a few days (less than a week), although titer will be reduced.

Virus infection and titration

Reagents

· Polybrene (= Hexadimethrine bromide) [Sigma-Aldrich, 107689-10G, $48.40] Polybrene is a cationic polymer used to increase the efficiency of infection.
Procedure

Day 1:
Count and seed 293T cells (human) or NIH3T3 cells (mouse) at the density of 5x104 cells per well of 24-well plate. 

CRITICAL: Seeding cell number needs to be optimized in advance depending on the growth ratio of target cells (i.e., 1 x 104 for mouse ES cells). Since the proliferating cells have higher infectivity, it’s better to seed 30-40% confluent at the day of infection to become 80-90% confluent at two days after infection.

Day 2:
 Change the medium of target cells to have final concentration of 8 mg/ml polybrene and add the virus with several 10-fold dilutions. Do not forget the mock infection. For precise calculation of the viral titer, trypsinize one of the well and count the cell number (optional). For unconcentrated virus, try 100 ml, 10 ml, and 1 ml of virus. For concentrated virus, try 1 ml, 0.1 ml, 0.01 ml of virus. To get these dilutions, put 1 ml of virus into 500 ml of media and mix, then simply transfer 50 ml of media plus virus into a next well.

Day 3:
 After overnight infection, change the medium to remove virus and polybrene.

Day 4:
Analyse GFP expression by microscope or flow cytometry.

Note: Since integrated vectors are only a few copies, GFP fluorescence under microscope is much dimmer than that of plasmid transfection. You many need to change the media with PBS and observe in a dark room. 
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The formula for titer calculation

[Infected cell number] x [GFP%/100] / [Amount of virus (ml)]=[Titer (IU/ml)]

IU= infectious unit

Note

· The titer of 1x105 IU/ml means, when you infected 1x105 of cells with 100 ml of virus, you will get 10% of GFP positive cells by flow cytometry. Typically, pGIPZ lentiviral vector system should give you 105 to 106 IU/ml before concentration, and 107 to 108 IU/ml after single concentration.
· Lentivirus infectivity is very dependent on the cell types. Generally mouse cells are harder to infect compared with human cells. 
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		Vector Element

		Utility



		CMV Promoter

		RNA Polymerase II promoter



		cPPT

		Central Polypurine tract 


helps translocation into the nucleus of non-dividing cells



		WRE

		Enhances the stability and translation of transcripts



		turbo GFP

		Marker to track shRNAmir expression



		Puror

		Mammalian selectable marker



		AMPr

		Ampicillin bacterial selectable marker



		5'LTR

		5' long terminal repeat



		pUC ori

		High copy replication and maintenance in e.coli



		SIN-LTR

		3' Self inactivating long terminal repeat



		RRE

		Rev response element



		ZEOr

		Bacterial selectable marker






