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Short Abstract:
Two protocols are described to study host restriction of HIV-1. One is the single-round viral replication assay, which is useful to analyze known restriction factors for their antiviral activity. The other is the multiple-round viral replication assay, which is useful to study HIV restriction in different human cells.
Long Abstract: 
Recently, intrinsic immunity has emerged as an exciting field in retroviral research.  Unlike the majority of the other viruses, retroviruses are targeted by a unique type of cellular factors; these are called restriction factors, and they inhibit viral replication at different steps of the viral life cycle. Together, these factors compose an intrinsic immune system that defends against retrovirus invasion.  Understanding the mechanisms of the antiviral activity of these restriction factors holds significant promise in the development of new antiretroviral therapies.  
Studies of retrovirus restriction can take advantage of a variety of experimental designs. Here, we provide two fundamental protocols to study host restriction of HIV-1.  The first is a single-round HIV-1 replication assay, which can be used to analyze potential restriction factors for their antiviral activity; and the second is a multiple-round HIV-1 replication assay, which can be used to study HIV restriction in different human cells.  We will use Moloney Leukemia Virus 10 (MOV10), a protein recently discovered to have antiretroviral activity against HIV-1, to demonstrate the single-round HIV-1 replication assay; and use CEM.NKR, a human T cell line recently shown to restrict HIV-1 replication, to demonstrate the multiple-round HIV-1 replication assay.  For single round infection, vesicular stomatitis virus glycoprotein (VSVG)-pseudotyped HIV-1 luciferase-reporter virus is produced by co-transfection of the envelop-deficient HIV-1 proviral reporter vector pNL-Luc∆env, a VSV-G expression vector, and a MOV10-expression vector.  After normalization of viral production by p24Gag ELISA, collected viruses are used to infect the permissive human T cell line CEM-SS, and viral infection is then quantified by measuring intracellular luciferase activity.  For multiple-round infection, wild-type (WT) virus is produced by transfection of HIV-1 proviral vector pNL4-3.  After normalization of viral production, collected viruses are used to infect human T cell lines CEM-SS, and CEM.NKR, and viral replication is measured by p24Gag ELISA.  
These protocols contain detailed information on how to produce retroviruses and how to use these viruses to infect human T cell lines. They will prove very useful to researchers unaccustomed to the field that wish to pursue retroviral research.
Protocol Text: 
These methods were used in our previous studies
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1) Production of HIV-1 viral stocks from 293T cells by CaCl​2 Transfection
Reagents:

i) Supplemented DMEM media (560 mL)

DMEM


10% Bovine Calf Serum


1% Penstrep

Add 56 mL of Bovine Calf Serum (BCS) and 5.6 mL of Penstrep to 500 mL of DMEM. Store at 4 (C. 
ii) 2.5 M CaCl2 (100 mL)3
1. Dissolve 36.75 g of CaCl2.2H2O in a final volume of 100 mL of distilled H2O. 
2. Sterilize the solution by passing through a 0.22 um filter.  Store at -20 (C.

iii) 2X HEPES buffered saline (100 mL)3

140 mM NaCl


1.5 mM Na2HPO4

50 mM HEPES

1. Dissolve 0.8g of NaCl, 0.021 g of Na2HPO4, and 1.2 g of HEPES in a total volume of 

    90 mL of distilled H2O. 
2. Precisely adjust the pH to 7.05 with 1N NaOH. 

3. Add distilled H2O to final volume of 100 mL. 

4. Sterilize the solution by passing through a 0.22 um filter. 

5. Divide into 10 mL aliquots and store at -20 (C for up to one year.
1) Phosphate Buffered Saline (PBS) (1000 mL)3

137 mM NaCl


2.7 mM KCl


10 mM Na2HPO4

2 mM KH2PO4
1. Dissolve 8 g of NaCl, 0.2 g of KCl, 1.44 g of Na2HPO4, and 0.24 g of KH2PO4 in 800 
    mL of distilled H​2O. 

2. Adjust the pH to 7.4 with HCl. Add H2​O to 1 liter. 
3. Sterilize the solution by passing through a 0.22 um filter.
iv) p24Gag HIV-1 Antigen ELISA kit (PekinElmer)
Procedure:

(Day 1)
1.1) Plate a total of 2.0 x 106  293T/17 cells in a 10-cm tissue culture dish in 10 mL of supplemented DMEM media.  Ensure even distribution of cells by gently shaking the dish.  Culture cells in a CO2 incubator at 37 (C for eighteen hours.  Normally, cells become adherent to the dish after six hours, which is a sign that the cells are growing well.
(Day 2)
1.2) Prepare the transfection solution in one of the following ways:
For virus to be used in the multiple-round replication assay:

340 uL of distilled H2O

40 uL of 2.5 M CaCl2
20 uL of pNL4-3 (1ug/uL)

400 uL of 2x HEPES Buffer 

For virus to be used in the single round replication assay:

340 uL of distilled H2O, 

40 uL of 2.5 M CaCl2

10 uL of pNL-∆env-Luc (1ug/uL), 

10 uL of MOV10 expression vector (1 ug/uL)

1 uL of VSV-G expression vector (1 ug/uL) 

400 uL of 2x HEPES Buffer,

1.3) Mix the tranfection solution well by vortexing.  Remove 293T cells from the incubator and immediately add the transfection solution to the cell culture drip by drip.  Gently shake the culture dish to make sure that the mixture is evenly spread throughout the dish. Be careful not to disturb the culture to prevent 293T cells from dislodging from the dish surface. Return 293T cells back to the incubator.
1.4) After six hours, remove culture media from the dish by aspiration.  Gently wash cells by adding 10 mL PBS slowly to the dish.   Make sure to prevent suspension of the cells.
1.5) Remove PBS by aspiration.  Carefully add 7 mL of warm supplemented DMEM. Return cells to incubator and culture for 36-48 hours.
Day 4)
1.6) Collect culture media from the dish into 15 mL conical vial.  Spin the media at 2000 rpm for 5 min and pass the supernatant through a 0.40 um filter to remove any cellular debris.  Divide the media into 1 mL aliquots and store them at -80 (C.  These are viral stocks.  After quantification using a commercially available p24Gag HIV-1 Antigen ELISA kit, the viral stocks are ready to be used in the infection assays.

2) Multiple-round infection
Reagents:

i) Supplemented RPMI media


RPMI


10% Fetal Bovine Serum (FBS)


1% Penstrep

Add 56 mL of fetal bovine serum and 5.6 mL of Penstrep to 500 mL of RPMI.  Store at 4 (C. 
Procedure:

2.1) H9, CEM.SS, and CEM.NKR cells are cultured in supplemented RPMI media at 0.5 to 2 x106 cells / mL density.  Collect a total of 2 x 105 cells into a 1.8 mL microcentrifuge tube.  Spin cells down at 4500 rpm (2000 x g) for 5 minutes.

2.2) Remove supernatant.  Resuspend cells in 250 uL of culture media.  Infect cells with HIV-1 by adding 50 uL viral stock containing 200 ng of p24Gag antigen.  Incubate cells in the CO2 incubator for 3 hours.
2.3) Spin cells down at 4500 rpm (2000 x g) for 5 minutes.  Wash cells three times with 1 mL supplemented RPMI media to remove cell-free virus.

2.4) Resuspend cells in 1 mL of supplemented RPMI media.  Transfer cells to a 24-well plate. Add an additional 1 mL of media to bring the total culture volume to 2 mL per well.

2.5) Every other day for the next 15 days, collect 200 uL of supernatant from each well into a 96-well plate. Seal the plate and store at -80 (C throughout the collection period. Add 200 uL of supplemented RPMI media back to the infection culture to replace the collected supernatant.

2.6) At the end of the collection period, use p24Gag HIV-1 Antigen ELISA kit to measure viral concentration in the collected samples. Use this data to create viral infection kinetics curves.
3) Single-round Infection
Reagents:

i) Steady-Glo( luciferase assay system with reporter lysis buffer

Procedure
Day 1)

3.1) Suspend a total of 3 x 106 CEM-SS cells into 5 mL supplemented RPMI media.  Add 100 uL cell suspension into each well of a 48-well tissue-culture plate so that each well contains 3 x 105 cells.

3.2) Add 500 uL of HIV-1 luciferase-reporter virus stocks that contain 0 ng, 8 ng, or 80 ng  of HIV-1 p24Gag antigen into each well, respectively.  Culture cells in a CO2-incubator at 37(C for 36 to 48 hours.

Day 3)

3.3) Aspirate the supernatant carefully so that the semi-adherent CEM-SS cells stay attached to the surface of the well. Add 150 (l of Lysis Buffer. Let the plates shake for 30 minutes at room temperature so that the cells are lysed. 
3.4) Take 20 (l from each well and add it to a Lumitrac 96-well plate. Add 30 (l of luciferase substrate to each of these wells. This step needs to occur as simultaneously as possible so that the read is accurate. Quickly read the Lumitrac plate 3 times, using the Veritas Microplate Luminometer and the program Veritas 1.7.1.  Use this luciferase activity data to create viral infectivity curves. 

Representative Results: 
In a successful experiment, MOV10 should be able to reduce HIV-1 infectivity by ~200-fold, as shown in Fig. 1, indicating that MOV10 has very potent anti-HIV activity.  In addition, it is detectable that HIV-1 replicates poorly in CEM.NKR-derived cell lines CEM.NKR #2, #5, and #8, when compared to the permissive cell lines CEM-SS and H9, as shown in Fig. 2.  In this case, CEM.NKR #2 is the most non-permissive among these CEM.NKR clones, and almost no viral production was detected from this cell line. 
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	Figure 1.  Determination of MOV10 anti-HIV activity by single-round replication assay.  HIV-1 luciferase reporter viruses were produced from 293T cells in the presence or absence of a MOV10 expression vector.  Viral stocks were quantified by HIV-1 p24Gag ELISA.  After that, CEM-SS cells were infected with indicated amounts of these two different types of viruses, and viral infection was quantitated by measuring intracellular luciferase activity after 36 hours of infection. 
	Figure 2. Determination of cellular restriction of HIV-1 in human T cells.  Indicated human T cell lines were infected with the same amounts of wild-type HIV-1.  After removal of the inocula by extensive washing, viral replication was determined for 15 days by HIV-1 p24Gag ELISA.  Samples were collected every two days.


Discussion:
Understandably, the efficiency and consistency of virus production from transfected and infected cells is a main factor in determining the success of these experiments. In all of the procedures described here, it is critical to keep cells at optimal growth conditions.  Cells should be passaged at least once at optimal density before the experiments.  This procedure avoids over-growth and sub-optimal nutrient and pH conditions, which may push cells to enter lag phase of growth and make them unresponsive to transfection or infection.

For transfection, it is crucial that the 293T cells are plated at the correct confluency.  Cells in an overcrowded plate will enter lag phase too early, which reduces viral production.  In addition, at too low of a concentration, transfection efficiency also decreases, resulting in low virus concentration.  When making aliquots of viral stocks, the size of the aliquots depends on the planned use of the virus. Multiple freeze-thaw cycles reduces viral infectivity, so it is best to aliquot at volumes adequate for a single subsequent experiment. 

For infection, it is best to use warmed (37(C) media and to minimize time outside of the incubator as much as possible. It is also important to consider how many cells are used in each infection.  Since cells are not passaged during the infection period, the number of cells used for the multiple-round infection may need to be adjusted to avoid over-growth of the cells at the end of the collection period.

The methods described here lend themselves readily to adaption. Deeper understanding of the retrovirus-host battlefield can emerge through several mutagenesis experiments. Viral targets of cellular restriction factors and also viral opponents to restriction factors can be investigated through these infection assays using viral mutants lacking certain genes. Additionally, infections with mutagenic cellular restriction factors could offer information about which sequence motifs are important for the restrictive function. 

In summary, we have described a highly adaptable procedure for studying intrinsic cellular restriction of HIV-1.  The same procedures can be applied to studies of any potential restriction factor or restrictive cell line, and the insights gained through this research are a critical step toward finding novel targets for therapies against retroviral infection.
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Table of specific reagents and equipment:
	Name of the reagent
	Company
	Catalogue number
	Comments (optional)

	DMEM

	Gibco
	11965
	 

	RPMI Medium 1649
	Gibco
	11875
	

	PenStrep
	Gibco
	15140
	

	HyClone Bovine Calf Serum (BCS)
	Thermo Scientific
	SH30072.03
	

	Fetal Bovine Serum (FBS)
	Sigma
	F4135
	

	293T/17 cells
	ATCC
	CRL-11268
	This is a clone of the 293T cell line, capable of producing high titers of infectious retrovirus.

	H9 cell line
	NIH AIDS Reagent Program
	87
	

	CEM-SS cell line
	NIH AIDS Reagent Program
	776
	

	CEM.NKR cell line
	NIH AIDS Reagent Program
	458
	

	p24Gag HIV-1 Antigen ELISA kit
	PekinElmer
	NEK050001KT
	

	Steady-Glo® Luciferase Assay System
	Promega
	E2520
	

	VersaMax® ELISA Microplate Reader
	Molecular Devices
	N/A
	

	Veritas Microplate Luminator
	Promega
	E6501
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