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Summary

Host restriction factors are cellular components that interfere with viral multiplication. They are up-regulated and expressed upon viral infection and in consequence its activity is specific. So far several important restriction factors have been described against diverse viruses. The cellular antiviral mechanisms defined include proteins with the ability to interfere early steps of viral replication and others that have shown to block viral morphogenesis. However other strategies by which the antiviral action is exerted still remain elusive. An additional interesting matter is how viruses also developed ways to by-pass these host precise obstacles. Thus, unusual cell localization or re-localization represents a frequent virus choice in order to evade the cellular surveillance. In the present chapter we summarize methods to identify cell restriction factors, its antiviral activity and possible cellular locations where its activity can take place.
1. Introduction
The identification and characterization of antiviral genes with the ability to interfere with virus replication has established cell-intrinsic innate immunity as the first line of antiviral defense, in addition to the classical innate immunity (1). 
On the beginning, comparative transcriptomics were used to identify genes that were preferentially expressed in restrictive cells relative to susceptible cells (2-4). Currently, the experimental approach to elucidate the function of a gene in vivo is the selective blockage of its expression or activity. This can be achieved by several loss-of-function approaches. Due to their high efficiency and efficacy and low cost compared with other techniques, high-throughput genome-wide RNAi screening approaches are undoubtedly one of the most powerful tools for the identification of host factors and pathways involved in any step of a viral replication cycle (5-7). Upon depletion of a particular host cell factor, virus multiplication can be either reduced or increased. Thus, according to the loss-of-function phenotype, host factors are classified as host dependency factors or host restriction factors. Well-established host restriction factors have been shown to interfere with viral entry, early post-entry steps, viral budding and even to reduce the infectious quality of extracellular released particles (8-9). On the other hand, viruses have evolved in extraordinary ways to counteract these cell antiviral responses through host-viral interactions and mechanisms involving cellular components as lipid droplets to evade intrinsic innate immune pathways (10-11). In immunity, new roles for lipid droplets, not directly linked to lipid metabolism, have been uncovered, evidencing they act as assembly platforms for specific viruses and as reservoirs for host restriction factors (12-13). A better understanding of these cellular antiviral mechanisms may open new avenues towards the design of antiviral drugs. Here we summarize the methods to determine cell restriction factors for dengue and Junín viruses, evaluating their impact on viral gene expression, virus production and viral infectivity. Experimental approaches that allow revealing their subcellular localization and possible interaction with lipid droplets and viral proteins are also included.

2. Materials
Cell cultures and media
Vero cells (ATCC CCL81) cultured at 37°C in Modified Eagle’s Medium (MEM) containing 5% fetal bovine serum (FBS), 100 U penicillin/ml, and 100 μg streptomycin/ml

A549 cells (ATCC CCL-185) cultured at 37°C in MEM containing 10% fetal bovine serum (FBS), 100 U penicillin/ml, and 100 μg streptomycin/ml

Host factor siRNA-mediated knockdown and plasmid-mediated overexpression

Lipofectamine 2000 Transfection Reagent (Thermo Scientific)

Opti-MEM I Reduced Serum Media (Thermo Scientific)

Host-factor specific siRNA

Scrambled-siRNA

Host-factor cDNA cloned into expression vector

Plaque assay

Vero cells cultures

24-well microplate 

PBS: (phosphate buffered saline) 10X 80 g NaCl; 2 g KCl; 2 g KH2PO4; 29 g Na2HPO4 ●12H2O; add to room temperature, deionized water to 1000 ml. Working solution: 1:10 dilution in deionized water

MEM supplemented with 1.5% inactivated calf serum and 50 µg/ml gentamycin

Plaquing medium (PM): MEM 2% inactivated calf serum containing 50 µg/ml gentamycin, 0.7 % methylcellulose

Formaldehyde 10% 

Crystal violet: 0.05% crystal violet in 10% ethanol in water

Indirect immunofluorescence assays

1.5 cover slips (0.17 mm thickness)

Cold methanol (-20°C), 4% PFA or 2% PFA and 0.1% Triton X-100 (depending on fixation method)

PBS and 5% serum-PBS

Primary antibodies

Fluorescently labelled secondary antibodies

Serum from the same species as the secondary antibody 

DAPI  

Mounting medium: 90% glycerin 10% PBS 10X pH 9. Add 2.5% DABCO (1,4-diazabicyclo[2.2.2]octane).

Microscope slides 

Nail polish

Real time PCR

RNA extraction

TRIzol Reagent (Thermo Scientific)

Chloroform 

Isopropyl alcohol 

Ethanol 75%

RNase free water

Microcentrifuge

UV-Vis microvolume spectrophotometer (e.g. Nanodrop)

1.5 ml tubes and Ultra-Clear tubes

cDNA synthesis

Random primers (Promega)

Nuclease free water

M-MLV Reverse Transcriptase (Promega)

dNTP Mix 10 mM (Promega)

qPCR

FastStart SYBR Green Master (Roche)

Primers for amplifying host-factors, viral and housekeeping genes (50 μM)

PCR tubes, plates and caps or strips depending on qPCR instrument

Cellular fractionation

T75 cm2 flasks

15 ml Falcon tubes

20 μM cytochalasin B

Protease inhibitors: leupeptin 2 μg/ml, pepstatin A 2 μg/ml, and aprotinin 0.5%
Buffer A: 110 mM potassium acetate, 2 mM magnesium, 2 mM dithiothreitol (DTT), 10 mM HEPES pH 7.3

Buffer B:10 mM potassium acetate, 2 mM magnesium acetate, 2 mM DTT, 5 mM HEPES pH 7.3 

KCl Stock solution 1M

18-, 21-, and 23-gauge needles

Western blot

Laemmli Sample Buffer (Bio-Rad)

Bis-Tris Pre-Cast gels (Thermo)

Molecular weight markers

polyvinylidene difluoride (PVDF) membrane (Thermo)

Semi-Dry Transfer Cell (Bio-Rad)

Blotting filter paper (Bio-Rad)

Blocking buffer: 5% skimmed milk in 0.05% PBS-Tween buffer

Peroxidase-conjugated secondary antibodies.

Signal development kit (ECL, Bio-Rad)

LDs staining
Distilled water

4% paraformaldehyde (PFA) 

0.1 % Triton X-100

Bodipy 493/503 (Thermo)

0.1 M cacodylate buffer

1.5% OsO4

1% thiocarbohydrazide

1,4-diazabicyclo[2, 2, 2]octane (DABCO)

LDs isolation
T150 cm2 flasks

20 mM Tris

1 mM EDTA

1 mM EGTA

100mM KCl buffer

Protease inhibitors: 10 μg/ml leupeptin, 10 μg/ml benzamidin, 0.7 μg/ml pepstatin, and 0.1 mmol/l phenylmethylsulfonylfluoride

Sucrose isotonic buffer 

Isotonic buffer containing either 1.08 M, 0.27 M or 0.13 M sucrose

Top buffer (25 mM Tris HCl, 1 mM EDTA and 1 mM EGTA)

Trichloroacetic acid (TCA)

Immunoprecipitation assay 
Coimmunoprecipitation buffer: 100 mM KCl, 5 mM EDTA, 1 mM DTT, 10 mM HEPES (pH 7.3), leupeptin 2 μg/ml, pepstatin A 2 μg/ml, aprotinin 0.5%

Primary antibody

Protein A or G agarose beads (Sigma-Aldrich)

0.5% Triton X-100

SDS sample buffer

3. Methods

3.1 Biological activity
3.1.1 Host restriction factor siRNA-mediated knockdown
This protocol should be used to transfect host factor-siRNA into A549 cells using Lipofectamine 2000 in a single well of a 24-well microplate. Add replicates and appropriate controls, including a siRNA negative control (using siRNA with a scrambled sequence).

Plate 4-5 x 104 A549 cells per well in 400 μl of complete growth medium. Cell density should be 60% at the time of transfection.

Dilute 50 pmol of siRNA in 50 μl of Opti-MEM Medium. Mix gently and incubate for 5 min.

Mix Lipofectamine 2000 before use and then dilute 1 μl in 50 μl of Opti-MEM. Mix gently and incubate for 5 min at room temperature.

Combine the diluted siRNA and the diluted Lipofectamine 2000 (the total volume should be 100 μl). Mix and incubate for 15 - 20 min at room temperature.

Add the siRNA-Lipofectamine 2000 complexes (100 μl) to the 400 μl of growth medium of the well containing the cells to be transfected.

Incubate the cells at 37°C in a humidified CO2 incubator for 48 h.

Infect cells with DENV/JUNV at a MOI of 0.1.

Harvest supernatants or cell monolayers and perform viral quantification assays (see 3.1.3).

Compare viral quantification results obtained from host factor-silenced cells and scrambled siRNA transfected cells.
3.1.2 Host restriction factor plasmid-mediated overexpression 
This protocol requires having the protein of interest cloned into a mammalian expression vector, such as pcDNA3.1. It should be used to transfect the expression vector into A549 cells using Lipofectamine 2000 in a single well of a 24-well microplate. Add replicates and appropriate controls, including an empty-vector negative control.
Plate 6-8 x 104 A549 cells per well in 400 μl of complete growth medium. Cell density should be at least 70 - 80% at the time of transfection.

Dilute 0.5 μg of DNA into 50 μl of Opti-MEM. Mix gently and incubate for 5 min.

Mix Lipofectamine 2000 before use and then dilute 2 μl in 50 μl of Opti-MEM. Mix gently and incubate for 5 min at room temperature.

Combine the diluted DNA and the diluted Lipofectamine 2000 (total volume should be 100 μl). Mix gently and incubate for 15 - 20 min at room temperature.

Add the DNA-Lipofectamine 2000 complexes (100 μl) to the 400 μl of growth medium of the well containing the cells to be transfected. 

Incubate cells at 37°C in a humidified CO2 incubator for 48 h.

Infect cells with DENV/JUNV at a MOI of 0.1. 

Harvest supernatants or cell monolayers and perform viral quantification assays (see 3.1.3). 
Compare viral quantification results obtained from host factor-overexpressing cells and empty vector transfected cells.

3.1.3 Viral quantification assays
3.1.3.1 Plaque assay
Harvest supernatants from infected cells at 24, 48 and 72 h p.i. and freeze them at -80°C until ready to perform plaque assay.

Plate 5 - 8 x 104 Vero cells per well in a 24-well microplate. Cell density should be 70 - 80% on the day of infection.

Perform serial tenfold dilutions (10-1 to 10-4) of the supernatants in MEM 1.5%.

Infect Vero cells with 100 µl of each dilution. Incubate for 1 h at 37 °C.

Remove the inoculum and wash three times with PBS.

Add 1 ml of PM to each well.

Incubate cells at 37 °C for 6-7 days, until PFU are clearly visible.

Fix cells by adding 1 ml of formaldehyde 10% per well.

Stain the microplate with crystal violet solution.

Count PFU and determine the virus titer (PFU/ml) as PFU/(inoculum volume * dilution).

3.1.3.2 Indirect immunofluorescence staining
Grow cells on coverslips in a 24-well microplate. Proceed with 3.1.1 or 3.1.2, steps 1-7.

At 24, 48 and 72 h p.i., remove growth medium and wash cells three times with PBS.

Fix cells with methanol for 10 min at -20°C. Wash three times with PBS and dry for 10 min.

Block with 5 % serum-PBS from the same species the secondary antibody was raised and incubate for 30 min.

Incubate with the primary antibody against a major viral protein. Refer to the antibody datasheet for details about incubation time and concentration.

Wash three times with PBS.

Incubate with secondary antibody. Refer to the antibody datasheet for details about incubation time and concentration.

Wash three times with PBS.

Stain cell nuclei with DAPI for 5 min at room temperature.

Wash three times with PBS. 

Wash with water to remove residual salts of PBS.

Mount coverslips with a drop of mounting medium on a microscope slide. 

Seal coverslips with nail polish.

Acquire images following microscope manufacturer’s recommendations.

Count fluorescent cells using FIJI.

Download FIJI software from http://FIJI.sc/ ; FIJI is a software base on Image J plus different plugins. FIJI was developed and it is supported by the NIH.

 Download and install Cell Counter Plugin for FIJI (http://rsbweb.nih.gov/ij/plugins/cell-counter.html) 

Open the image to be analyzed in FIJI. 

If the images acquired using the microscope are 8-bit grayscale, then an overlay should be created. If the images acquired are colored, proceed to step 21.

Select Image( Color( Merge Channels. In the Merge Channels box, select the appropriate fluorescent images in the Blue channel (DAPI) and the Red or Green channels (viral antigen). Select “Create Composite” and click “OK”.

Select Image( Type(  RGB Color.

Run the Cell Counter Plugin. Go to Plugins( Cell counter.

In the cell counter window, click Initialize and select "Type 1".

Count every single DAPI-stained nucleus in the image by clicking over it.

Select "Type 2", and count every single antigen expressing cell by clicking over it.

The total number of cells counted for “Type-1” (DAPI) and “Type-2” (viral antigen) will be shown in the cell counter Window. With this information, calculate the percentage of viral antigen expressing cells.

3.1.3.3 Real time PCR 

3.1.3.3.1 RNA extraction 

Proceed with 3.1.1 or 3.1.2, steps 1-7.

At 24, 48 and 72 h p.i., remove growth medium and wash the cells three times with PBS.

Lyse cell monolayers directly in the culture dish by adding of TRIzol Reagent (Invitrogen-Thermo Fisher Scientific Inc.). 1 ml of TRIzol should be used per 10 cm² of culture dish area. Tissues or suspension cells may require additional steps.

Pipette up and down several times and transfer samples to 1.5 ml tubes.

Incubate the samples for 5 min at room temperature.

Add 0.2 ml of chloroform per 1 ml of TRIzol, cap tubes and shake by hand for 15 sec.

Incubate at room temperature for 3 min.

Centrifuge at 14,000 g for 15 min at 2-8 °C.

Transfer the aqueous phase to new 1.5 ml tubes. Ultra-Clear 1.5 ml tubes are best. Avoid transferring the interphase or the phenol-chloroform (red) phase.

Add 0.5 ml of 100 % isopropyl alcohol per 1 ml of TRIzol.

Incubate samples at room temperature for 10 min.

Centrifuge at 14,000 g for 15 min at 2-8 °C.

A gel-like pellet should be visible. Remove the supernatant and wash the RNA with 1 ml of 75% ethanol per 1 ml of TRIzol.

Vortex for 3 seconds.

Centrifuge at 10,000 g for 5 min at 2-8 °C.

Air-dry the pellet for 10 min.

Dissolve RNA in 50 µl of RNase free water.

Determine RNA yield by using Nanodrop.

Store at -70 °C.

3.1.3.3.2 cDNA synthesis 

In a sterile RNase-free 1.5 ml tube add: 1 µg RNA, 1 µg of random primers and nuclease free water to the final volume of 10 µl.

Incubate for 5 min at 70 °C. 

Cool on ice for 5 min.

Add the following components: 5 µl RT-Buffer 5X, 2.5 µl dNTPs 10 mM, 1 µl M-MLV Reverse Transcriptase (200 units), 6.5 µl nuclease free water.

Mix by pipetting up and down a few times. 

Incubate for 1-2 h at 42°C. 

3.1.3.3.3 q-RT-PCR 

Whether designing a new pair of primers or obtaining their sequence from the literature, always check specificity using Primer-Blast (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) 

Prepare the qPCR mix, as follows: 

12.5 µl SYBR Green qPCR master mix (e.g. Roche SYBR Green Master) 

0.4 µl Forward primer (stock solution 50 µM) 

0.4 µl Reverse primer (stock solution 50 µM) 

9.7 µl nuclease-free water 

2 µl cDNA 

For each sample to be analysed, two reactions should be prepared. One of them including gene of interest-specific primers and the other one including housekeeping gene specific primers. 

 Run the qPCR according to the instrument’s manufacturer instructions.

 Perform the 2-ΔΔCT method to obtain relative expression values:

ΔΔCT = [CT (host factor) - CT (housekeeping)] Infected cells - [CT (host factor) - CT (housekeeping)] Mock infected cells

This protocol can also be used to quantify the expression of a host factor by using specific primers. It could be useful for studying host factor expression in virus-infected cells or to validate gene silencing and overexpression experiments (see sections 3.1.1 and 3.1.2).

Whether designing a new pair of primers or obtaining their sequence from the literature, always check specificity using Primer-Blast (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) 

3.2 Subcellular localization
3.2.1 Indirect immunofluorescence for nuclear and cytoplasmic staining
Plate 5 - 8 x 104 cells on coverslips per well in a 24-well microplate. Cell density should be 70 - 80% on the day of infection.

Infect cells with DENV/JUNV at a MOI of 0.1. Include non-infected controls.

At 24 or 48 h p.i, remove growth medium and wash cells with PBS.

Fix cells with 4 % PFA for 10 min and wash three times with PBS. Cell confluence should not be higher than 80-90% on the day of fixation. 

Permeabilize with 0.1 % TX-100/PBS for 15 min. 

Wash three times with PBS.

Block with 5 % serum-PBS from the same species the secondary antibody was raised and incubate for 30 min.

Incubate with the primary antibody against the host-factor. Refer to the antibody datasheet for details about incubation time and concentration. 

Wash three times with PBS.

Incubate with the secondary antibody. Refer to the antibody datasheet for details about incubation time and concentration.

Repeat steps 8-10 with the primary antibody against a viral component and the appropriate secondary antibody.

Wash three times with PBS.

Stain cell nuclei with DAPI for 5 min at room temperature. 

Wash three times with PBS. 

Wash with water to remove residual salts of PBS.

Mount coverslips with a drop of mounting medium on a microscope slide. 

Seal coverslips with nail polish.

Acquire images following microscope manufacturer’s recommendations.

Compare expression pattern of host factor between non-infected and virus-infected cells. Host factors expression pattern may be affected immediately after infection. Therefore, a time-course study, covering different point p.i. is usually required.

3.2.2 Indirect immunofluorescence for surface staining
Plate 5 - 8 x 104 cells on coverslips per well in a 24-well microplate. Cell density should be 70 - 80% on the day of infection.

Infect cells with DENV/JUNV at a MOI of 0.1. 

At 24 or 48 h p.i., remove growth medium and wash cells with PBS.

Block with 5 % serum-PBS from the same species the secondary antibody was raised and incubate for 30 min.

Incubate with the primary antibody against the host-factor. Refer to the antibody datasheet for details about incubation time and concentration. 

Wash three times with PBS.

Fix cells with 2 % formaldehyde for 5-10 min and wash three times with PBS.

Continue with protocol 3.2.1, steps 10-19.

3.2.3 Cellular fractionation
Trypsinize cells (1 x 107 cells grown in a T75 flask). 

Wash cells with cold PBS and transfer them to 15 ml Falcon tubes.

Centrifuge for 5 min at 1,500 g.

Resuspend cells in buffer A. 

Centrifuge for 5 min at 1,500 g and resuspend cells with 20 μM cytochalasin B in buffer B.  Add protease inhibitors: leupeptin 2 μg/ml, pepstatin A 2 μg/ml, and aprotinin 0.5%. 

Incubate cells on ice for 10 min.

Passage cells through 18-, 21-, and 23-gauge needles. Add KCl to a final concentration of 100 mM.

Centrifuge the lysate at 1,500 g for 15 min at 4°C. The resulting supernatant and pellet are the cytoplasmic and nuclear fractions, respectively.

Further fraction analysis can be performed through Western Blot (3.2.4).

3.2.4 Western Blot
3.2.4.1 Sample preparation
3.2.4.1.1 Cytoplasmic fraction
Mix 3 volumes of supernatant obtained in 3.2.3, step 8 and 1 volume of 4x Laemmli sample buffer.

Boil for 5 min.

3.2.4.1.2 Nuclear fraction
Resuspend the pellet from 3.2.3, step 8 in 50 μl 1x Laemmli sample buffer. 

Boil for 5 min.

3.2.4.2 Gel electrophoresis, transfer and antibody staining
Select the gel percentage according to the size of the protein of interest. SDS-Page pre-cast gels can be used.

Load equal amounts of protein into the wells of an SDS-PAGE gel along with a molecular weight marker.
Run the gel for 1–2 h at 100 V.

Cut a PVDF membrane to the appropriate size of the gel.

Activate PVDF membrane with methanol for 1 min and rinse with transfer buffer.

Transfer proteins from the gel to a PVDF membrane using available equipment and the manufacturer’s instructions. 

Place a pre-wetted sheet of thick filter paper onto the anode of a semi-dry electrophoretic transfer cell. Remove all air bubbles.

Place the pre-wetted PVDF membrane on top of the filter paper and remove bubbles.

Place the gel on top of the PVDF membrane and remove any bubbles.

Place a pre-wetted sheet of thick filter paper on top of the gel and remove any bubbles.

Place the cathode onto the stack and plug the unit to a power supply.

Turn on the power supply. Transfer is usually performed for 30-60 min at 15-25V.

Block the membranes with blocking buffer for 1 h at 37°C.

Incubate overnight at 4°C with appropriate dilutions of primary antibody in blocking buffer. Check the antibody datasheet for detailed information.

Wash 3 times with PBS-Tween for 5 min.

 Incubate for 1 h at 37°C with the appropriate dilution of peroxidase-conjugated secondary antibody.  

For signal development, follow the kit manufacturer's recommendations (ECL, Bio-Rad).

3.2.5 Lipid droplets (LDs) staining
Grow cells on coverslips in a 24-well microplate.

Infect cells with DENV/JUNV at a MOI of 0.1. 

At 24 and 48 h p.i. remove growth medium.

Wash the cells three times with PBS. 

For cell fixing, 4% PFA is recommended instead of methanol because the latter disrupts LDs. 

Wash three times with PBS.

Permeabilize with 0.1% Triton X-100 for 10 min at room temperature. 

Wash three times with PBS and proceed to stain (3.2.5.1 or 3.2.5.2).
3.2.5.1 Bodipy staining

Bodipy consists of a fluorescent probe which is observed by excitating it with a red laser, so LDs are seen like green particles (Fig. 1). [Fig 1 near here]

Stain samples with Bodipy 493/503 1 µM for 15 min.

Wash three times for 5 min with PBS.

Mount samples in a glycerol solution containing DABCO for further analyses (3.2.6).

3.2.5.2 OsO4 staining

OsO4 is a crystal oxide which reacts with lipids; LDs are seen like dark dots, darker than cells (Fig. 1).
Rinse in 0.1 M cacodylate buffer.

Incubate with 1.5% OsO4 for 40 min.

Rinse in water and immerse in 1% thiocarbohydrazide for 5 min.

Rinse in 0.1 M cacodylate buffer.

Incubate in 1.5% OsO4 for 5 min.

Rinse in distilled water, allow drying and mount samples for further analyses (3.2.6).

3.2.6 LDs quantification
3.2.6.1. Image acquisition and calibration 
1. Load sample slide onto the stage of the microscope. 

2. Place highest power objective and observe sample slide.

3. Select red laser from confocal microscope for Bodipy staining or use bright-field for OsO4 staining. 

4. Acquire images of 20 different fields selected randomly. 

5. Set the scale. Go to Image( Show Info. Search for inches-pixels (value between parentheses) equivalency under “Width” or “Height”. 

6. Transform inches value to a more suitable unit of length (µm, nm, pm, etc).

7. Go to Analyze( Set scale. Complete “Distance in pixels” with the number of pixels equivalent to the reference unit of length chosen.

8. Complete “Known Distance” with 1.00, so the number of pixels set on step 7 equals 1.00 of the reference unit length and be coherent when completing other fields. Click Ok.

9. Set the scale bar. Go to Analyze( Tools( Scale Bar.

10. Complete “Width” with the length you want the scale bar to show. Complete remaining fields as preferable (see Note 1). Click Ok.

11. Go to Image(Overlay( Flatten. It will open another window with the same picture (see Note 2).

12. Go to File( Save as( Tiff.

3.2.6.2. Image analysis: LDs quantification by use of FIJI software

A binary image, meaning a black and white one, is required to do an automatic particle analysis.  A threshold is set in order to differentiate the background from the objects suitable for analysis, then create a mask and subtract it from the original image (Fig. 2) [Fig 2 near here].

Go to File( Open. Open the image to be quantified.  

Duplicate the image to keep the original. Go to Image( Duplicate. 

Select the duplicated image by clicking on it. Go to Image( Color( Split Channels for color images and select the one correspondent to the fluorophore used. For grayscale images (OsO4 staining) go to Image( Type( 8-bit.

Go to Image( Adjust( Threshold. 

Select on “Method”: Default. 

Select red as the color LDs will be marked.

Adjust minimum and maximum values with top and down sliders respectively, to select or deselect LDs based on their size. Uncheck “Dark background” box for grayscale images. Apply (see Note 3). 

Improve the quality of the mask. Go to Process( Binary( Dilate.

Go to Process( Smooth.

Go to Process( Image Calculator.

Select on “Image 1”, original image from step 1.

Select on “Operation”, subtract.

Select on “Image 2”, binary mask (black and white image you obtained from step 9). Images from steps 1 and 9 must be opened simultaneously, otherwise subtraction can not be done (see Note 4).

Go to Image( Color( Split Channels for color images and select the one correspondent to the fluorophore used. For grayscale images carry on from step 15. 

Set a new threshold. Go to Image( Adjust( Threshold.

Repeat steps 5 and 6.

Repeat adjustment made on step 7 (see Note 5).

Check “Dark background” box for both color and grayscale images.

Go to Process( Binary( Fill holes. It stains big particles completely red when they were only marked with a dot.

Go to Process( Binary( Watershed. Makes a physical division between two particles that are too close together and separates them to be counted as two independent LDs.

Set the measurements to analyze. Go to Analyze( Set measurements.

Check the following boxes: Area, Min & Max gray value, Integrated density, Area fraction, Mean gray value, Perimeter, Limit to threshold.

Do the automatic analysis. Go to Analyze( Analyze Particles.

Complete on “Size”, range of sizes of LDs you want to count. Notice that the image is calibrated so it measures area in the unit length you set on 3.2.6.1.

Set in “Circularity” values from 0.50 to 1.00. Choose values closer to 1.00 to be stricter and consider particles that are a perfect circle (see Note 6). 

Check the following boxes: Display Results, Exclude on edges and Summarize. 

Extract the total number of LDs. Look in Summary for the “Count” column.

Obtain the average area of LDs. Look in Summary for the “Average size” column.

3.2.7 LDs isolation
Lipid droplets can be isolated by subcellular fractionation based on the buoyancy property of these lipid-rich organelles in sucrose gradients. Isolation and purification of LDs is a useful method to measure the association of viral and cellular factors with LDs. 
Grow cells at 90 % confluence in a T150 cm2 flask. 

Infect cells with DENV/JUNV at a MOI of 0.1. 

At 24 and 48 h p.i. scrape cell monolayers in of 3ml disruption buffer containing a protease inhibitors cocktail. 

Disrupt cell suspension by nitrogen cavitation at 700 ψ for 5 min at 4 °C. 

Collect in an equal volume of buffer containing 1.08 M sucrose. 

Centrifuge the homogenates at 1,500 g for 10 min to remove nuclei.

Transfer the supernatant to a 12-ml ultracentrifugation tube. 
Overlay sequentially 2 ml each of 0.27 M sucrose buffer, 0.13 M sucrose buffer, and top buffer (25 mM Tris HCl, 1 mM EDTA, and 1 mM EGTA). 

Centrifuge gradient at 250,000 g for 1 h at 4 °C. 

Collect fractions from the top containing: LD, cytosol, microsomal fraction, and pellet. 

Precipitate proteins from these fractions overnight with TCA.

Wash with cold acetone, and analyze precipitated proteins by Western blot (3.2.4) to detect LD-associated proteins (e.g. adipose differentiation related protein) or cytosolic-associated proteins (e.g. transferrin).

3.3 Host factor-viral protein interactions
3.3.1 Confocal Imaging

Two antigens should be stained: the host restriction factor and a virus component whose colocalization would like to be analyzed. Therefore, two primary antibodies from different host species are required (e.g. mouse and rabbit). Fluorescently labelled secondary antibodies should be chosen taken into account available microscope filter sets. Alexa Fluor 488 and Alexa Fluor 568 labelled antibodies are commonly used in imaging applications.

Grow cells on coverslips in a 24-well microplate. Cell confluence should not be higher than 80-90% on the day of fixation, so the number of cells to be seeded will have to be adjusted depending on the different time points post infection to be analyzed.
The next day, infect cells with DENV/JUNV at a MOI of 1.

At different time points (12, 24, 48 and 72 h p.i.), remove growth medium and wash cells with PBS.

Fix cells with 4 % PFA for 10 min and wash three times with PBS.

Permeabilize with 0.1 % TX-100/PBS for 15 min. 

Wash three times with PBS.

Block with 5 % serum -PBS from the same species the secondary antibody was raised and incubate for 30 min.

Incubate with a mix of the primary antibody against the host factor and primary antibody against a viral component. Refer to the antibodies datasheets for details about incubation time and concentration. 

Wash three times with PBS.

Incubate with the appropriate mix of secondary antibodies. Refer to the antibodies datasheets for details about incubation time and concentration.

Wash three times with PBS.

Stain cell nuclei with DAPI for 5 min at room temperature. 

Wash three times with PBS. 

Wash with water to remove residual salts of PBS.

Mount coverslips with a drop of mounting medium on a microscope slide. 

Seal coverslips with nail polish.

Collecting images will largely depend on available instrument and software. For basic and general details regarding image acquisition see (14).

3.3.1.1 Image analysis

Open the images to be analyzed in FIJI.

If the image has more than 2 channels, split them into separate images. Go to Image( Color( Split Channels. Keep open only the two windows corresponding to the channels on which the analysis will be performed (e.g. red and green).

Select the region of interest (ROI) in one of the images with any of the FIJI selection tools (rectangular, oval, freehand, etc).

Run the Coloc 2 plugin. Go to Analyze( Colocalization( Coloc 2.

In the plugin's menu, assign one of the images to be analyzed to the channel 1 and the other one to the channel 2 using the first two drop down lists.

In the third drop down list (“ROI or Mask”), choose the image in which the ROI was selected on step 3.

Choose the algorithms to be run and the statistics to be calculated. For beginners, we suggest running default options.

Click OK and wait for the analysis to be completed. The results window will open showing statistics and images. 

Look for Pearson's R value.  This value describes correlation between the pattern overlap in the two channels. Pearson's R values range from −1 (two images whose overlap is perfectly inversed) to 1 (two images whose overlap is perfectly correlated). Values near zero correspond to an uncorrelated overlap pattern.

3.3.2 Immunoprecipitation assay
Proceed with cell fractionation as described in section 3.2.3 to obtain cell lysates.  

Resuspend the nuclear pellet in 1 ml of coimmunoprecipitation buffer.

Add primary antibody to 200 μl of the cell lysates. Refer to the antibody datasheet to find out the recommended concentration.

Incubate overnight with gentle agitation at 4°C.

Add protein A or G agarose beads (20 μl of 50% bead slurry).

Incubate with rotary agitation for 2 h at 4°C.

Centrifuge for 30 sec at 4°C.

Wash pellet three times with 500 µl of coimmunoprecipitation buffer and 0.5% Triton X-100. 

Resuspend pellet with 20 μl 3X SDS sample buffer.

Centrifuge for 30 sec.

Boil samples for 5 min and centrifuge for 1 min at 14,000 g.

Load samples (20 μl) on a SDS-PAGE gel and analyze by Western blotting (3.2.4).

4. Notes

Check the Overlay box. It adds the scale bar to the image without altering the quality of the pixels around it.
Flatten, incorporates the scale bar into the image in one single file so that when you save it, you save the picture along with it. Also, if you are doing the quantification on various images taken under the same magnification you can set the same scale for all by checking the “Global” box.
Selecting LDs for OsO4 staining is more complicated than for Bodipy but it’s preferable to choose bigger particles and not lose the smallest ones in this step and be more selective on particle analysis and restrict size after the second setting of thresholding.
When doing the subtraction operation follow the steps in order and choose the original image first and the binary mask second. This way the background is removed and the chosen particles remained in the new image, otherwise it opens the binary mask again.
Setting of the second threshold is critical because these values determinate which particles are marked in red and hence considered LDs. This step is crucial since it differentiates very small particles (dots almost) that could be considered background from real LDs. Make sure to set the right values since the particle analysis will be based on this.
Circularity is a parameter that measures ratio between area and perimeter of the particle. So, the closer the value to 1.00, the rounder the particle is. Considering that LDs are round, a minimal value between 0.50-0.80 shall work fine. Circularity = 4π * Area / Perimeter2.
5. Laboratory findings and conclusions

Here we summarized a wide range of methods and experimental approaches relevant to the study of novel antiviral host restriction factors. By means of these tools it has been possible to characterize cellular proteins with significant antiviral activity against dissimilar viruses. Most of the characterized restriction factors have been first identified in the context of HIV-1 life cycle (15-17). However, in the last years these studies have been expanded to other viruses that have a meaningful impact on human health such as influenza, human cytomegalovirus, West Nile virus and hepatitis C virus (18-21), and also many studies include hemorrhagic fever viruses (22-25). From these valuable results the scientific community learnt that viral genome replication and expression together with particle release could be endogenously tackled by the host cell in order to constraint viral infection. Thus, restriction factors have emerged as important topics to address. Continuing with this productive field of research will help in better understanding how these cellular factors may help, in the near future, on the design of new drugs and strategies to repress virus infection and spread.
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