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Short Abstract (50 words maximum)
We describe the process of isolating high purity viral nucleocapsid DNA from infected cells. The final DNA captured from solution is of high concentration and purity, making it ideally suited for high-throughput sequencing, high fidelity PCR reactions, and transfections to produce new viral recombinants.

Long Abstract (400 words maximum)
Viruses are obligate cellular parasites, and thus the study of their DNA requires isolating viral material away from host cell contaminants and DNA. Several downstream applications require large quantities of clean viral DNA, which is provided by this protocol. These applications include viral genome sequencing, where the removal of host DNA is crucial to optimize data output for viral sequences, and the production of new viral recombinant strains, where co-transfection of clean plasmid and linear viral DNA facilitates recombination.


1,2,3 ADDIN EN.CITE  
This procedure utilizes a combination of extractions and density-based centrifugation to isolate clean linear viral nucleocapsid DNA from infected cells.


4,5 ADDIN EN.CITE  The initial purification steps aim to isolate purified viral capsids, which contain and protect the viral DNA during the extractions and centrifugation steps that remove cellular proteins and DNA. Lysis of nucleocapsids then releases viral DNA, and two final phenol-chloroform steps remove remaining proteins. The final DNA captured from solution is highly concentrated and pure, with an average OD260/280 of 1.90. Depending on the quantity of infected cells used, yields of viral DNA range from 150-800 μg or more. The purity of this DNA makes it stable during long-term storage at 4C. This DNA is thus ideally suited for high-throughput sequencing, high fidelity PCR reactions, and transfections. 
Prior to beginning the protocol, it is important to know the average number of cells per dish (e.g. an average of 8 × 106 PK-15 cells in a confluent 15 cm dish), and the titer of the viral stock to be used (e.g. 1 × 108 plaque-forming units per ml).  These are necessary to calculate the appropriate multiplicity of infection (MOI) for the protocol.6  For instance, to infect one 15 cm dish of PK-15 cells with the above viral stock, at an MOI of 5, you would use 400 μl of viral stock and dilute it with 3.6 ml of media (total inoculation volume of 4 ml for one 15 cm plate).
Multiple viral DNA preps can be prepared at the same time. The number of simultaneous preps is limited only by the number of tubes held by the ultracentrifuge rotor (one per virus; see step 3.9 below). Here we describe the procedure as though being done for one virus.

Protocol 

1) First day: Viral Infection and Preparation of Buffers

1.1) Prepare 5-10 dishes (15cm diameter) of tissue culture cells for infection, e.g. PK-15 cells for pseudorabies virus (PRV) or Vero cells for herpes simplex virus (HSV).

1.2) When cells are 95 - 100% confluent, infect them at a (MOI) of 5-10. To do this, inoculate each plate using virus stock in a total volume of 4 ml per plate, then incubate the plates for 1 hour at 37(C.  Rock plates gently every 15 minutes to ensure that the cell monolayer remains fully coated by the virus inoculum. Meanwhile, warm the replacement media for the next step.

1.3) After one hour of infection, aspirate viral inoculum from the plates, add 15 ml of warm media, and incubate at 37(C for 12-20 hours in a humidified incubator. 

1.4) Prepare a fresh batch of LCM buffers (see Table 1) and rock overnight at 4(C for thorough mixing. Prepare TNE for resuspension of viral DNA (see Table 2).

2) Second day, phase 1: Cell Lysis and Ultracentrifugation

2.1) Visually confirm that infection of cells has caused uniform cytopathic effect (CPE). Allow infection to progress until all cells have rounded up, but have not lifted off the plate.
2.2) Scrape the infected cells into the media, and combine cells and media into 50 ml conical tubes. Optional: Rinse the plates with 10 ml PBS and combine with the cells and media.

2.3) Centrifuge cells and media for 10 minutes at 2000 relative centifugal force (rcf), then aspirate supernatant and resuspend the pellet in 10 ml of PBS. Repeat centrifugation and aspiration. Optional: This pellet may be stored at -20(C and the protocol continued at a later time.
3) Second day, phase 2: Ultracentrifugation

Keep the cell pellet and LCM buffers on ice whenever possible during the following steps.

3.1) Add (-mercaptoethanol to 0% glycerol - LCM buffer. Begin cooling the ultracentrifuge (for step 3.8 below) by setting it to 4(C and turning on the vacuum.
3.2) Resuspend the cell pellet in 5 ml of 0% glycerol - LCM buffer until it is no longer clumpy. If necessary, vortex the tube to break up any undissolved cell pellet.

3.3) Extract by adding 1.5 ml Freon™ (1,1,2-trichloro-1,2,2-trifluoroethane) and vortexing vigorously. Immediately centrifuge for 10 min at 2000 rcf. Collect the top layer with a cut p1000 tip (avoiding the interface) and transfer to a fresh tube. Optional: If the pellet is a gelatinous solid, you can quickly pour the top layer into a fresh tube. 

3.4) Repeat the Freon™ extraction and centrifuge again. 

3.5) Collect the top layer (~5 ml) and transfer to a fresh polyallomer ultracentrifuge tube. Add (-mercaptoethanol to the two remaining glycerol - LCM buffers. 
3.6) Prepare a gradient in the polyallomer centrifuge tube by underlaying the Freon™ extract (top layer) with 3 ml of 5% glycerol –LCM (middle layer), and then underlaying again with 2.5 ml of 45% glycerol – LCM (bottom layer). Use a thin pipette to avoid overflow of the tube contents.
3.7) Prepare an equivalent balance tube using the same proportions of LCM buffers. Optional: Balance tubes are not necessary when processing multiple viral DNA preps together.
3.8) Transfer tubes into ultracentrifuge buckets. Balance buckets to within 0.1 g of each other, by gently adding extra 0% glycerol – LCM buffer to the top layer (~ 50–100 μl at a time).

3.9) Using a cold ultracentrifuge, spin the balanced samples for 1 hour at 77,000 rcf (e.g. 25,000 rpm for a SW41Ti rotor) at a temperature of 4(C. 

3.10) During ultracentrifugation, make a glass hook to capture floating DNA at the ethanol precipitation step (4.5 below). Hold both ends of a glass Pasteur pipet and suspend the middle section over a flame. When a section of glass is warm, pull gently to stretch the glass, bend it gently to create a tightly angled hook (<90 degrees), and pull sharply to seal off the end. If the tip of the glass hook is open, hold the tip over the flame so that the glass melts enough to close it. 
3.11) After the ultracentrifugation, you should see a thin opaque pellet with a dark spot in the middle. Carefully aspirate the liquid from the tube, including drippings along the sides, but avoiding the pellet at the bottom of the tube. 

3.12) Add 0.5 ml TNE at room temperature.
3.13) Let the pellet sit for at least 10 minutes to allow hydration of the pellet. Optional: The pellet may also resuspend in TNE overnight, if kept at 4(C.
4) Third Day: “Ghost” DNA precipitation

4.1) Break up the pellet by pipetting with a p200 tip. Do not worry about shearing at this step, because the viral DNA is still contained in capsids at this point. Combine the following reagents into a 50 ml conical tube at room temperature to destroy capsids:

· 4.25 ml TNE

· 0.25 ml 10% SDS

· a dash of Proteinase K
Gently rock to mix these reagents. There should be a slight increase in viscosity. 

Beware of shearing from here on, e.g. use large-bore pipettes and do not vortex the viral material
4.2) Extract viral proteins by adding 5 ml of phenol-chloroform (10 seconds per extraction) and immediately begin inverting or vortexing to maintain an emulsion. Mix for 10 seconds, then centrifuge the emulsion for 5 minutes at 2000 rcf at room temperature. Collect the top layer with a cut p1000 tip and avoid the interface. Optional: Use phase lock gel (PLG) tubes in this step to avoid contamination from the interface. When using PLG tubes, invert but do not vortex.

4.3) Repeat the phenol-chloroform extraction and centrifuge again. 

4.4) After the second phenol-chloroform extraction, collect the top layer into a 30 ml glass cortex tube and chill the tube at -20(C for 10-15 minutes, taking care that it does not freeze.

4.5) Add 10 ml of ice-cold ethanol, parafilm the tube, and invert to mix immediately. Watch for a DNA “ghost” to appear, which consists of a thin ropy precipitate. Invert the tube gently to mix further and cause the sticky DNA precipitates to cluster together. 

4.6) Use a glass hook to fish out the DNA ghost(s). Carefully blot the DNA to remove excess liquid, then place the hook (tip down) into a 1.5 ml tube and allow to dry. Add 0.25 – 0.5 ml of TE to dissolve the DNA ghost.  Allow resuspension of DNA to proceed for at least one hour. Store DNA at 4C. Optional: To maximize DNA yield, break off the glass hook into the 1.5 ml tube, so that resuspension off the glass fragments can continue over time.
Representative Results

With a sufficiently high MOI, cells should achieve full CPE within ~18 hours post infection (hpi) for wild-type PRV strains, and ~24 hpi for wild-type HSV-1 strains (Figure 1). Once the infected cell pellet is harvested, the remaining protocol steps can be complete in one long day or carried out over two days (Figure 2). 

When preparing glass hooks to capture the DNA ghost, it is important to make the hook angle be less than 90 degrees, so that later it can fit into the base of an 1.5 ml tube (Figure 3). Sealing the tip of this hook prevents DNA loss inside the pipet. 

DNA ghosts form during the precipitation step and will appear as white, ropy threads (Figure 4). These aggregate and stick to each other and/or the glass hook used to capture the DNA. Thus the same glass hook can be used to fish out and gather up multiple threads of DNA from within the precipitation solution.

Discussion

Portions of this protocol were originally developed for viral DNA isolation in BSL4 conditions, but it adapts equally well to non-BSL conditions.4 We commonly use this protocol to isolate DNA from the alpha-herpesviruses PRV and HSV-1, which have DNA genomes enclosed in a proteinaceous capsid and surrounded by a lipid envelope.7,8 However it is likely directly adaptable to other large DNA viruses, including beta- and gamma-herpesviruses and adenoviruses. Similar extractions are commonly used for RNA viruses as well.9
The robustness of this DNA preparation likely result from the multiple methods of purification that are included. The initial Freon™ extractions denature lipid membranes, separating cell components and also releasing the lipid envelope and outer tegument proteins that surround herpesvirus capsids. This is followed by ultracentrifugation, where the heavy viral nucleocapsids pellet through two gradient cushions, effectively separating them from most other cellular components. These capsids are resuspended, and the viral nucleocapsid DNA is released by rupturing the capsids with proteinase K and detergent. Two phenol-chloroform extractions thoroughly remove nucleocapsid components and any remaining cellular proteins. Finally, precipitation of the large viral DNA genomes in solution reduces carryover of salts or particulate contaminants.

This procedure to isolate viral nucleocapsid DNA provides abundant, high purity material for downstream applications. The combination of multiple extraction and centrifugation steps distinguishes this protocol from simpler single-extraction protocols that leave more cellular debris or degraded protein products with the DNA10. Protein contaminants can decrease the storage stability of viral DNA, and reduce transfection efficiency into cells. Cellular DNA contaminants negatively impact PCR reactions and high-throughput sequencing protocols.1 The DNA yield of this protocol is also high, making it well suited to restriction fragment length polymorphism (RFLP) analysis and Southern blotting.


5,11 ADDIN EN.CITE  One nucleocapsid prep provides sufficient material for all of these analyses.
The quantity of cells used for infection impacts the eventual yield of viral DNA. For PRV, input of 4-5 dishes of PK-15 cells (one 15 cm diameter dish holds approximately 8 × 106 cells) typically yields 125-250 μg of viral DNA. Doubling the input number of dishes will approximately double the yield, and can be processed with the same quantities of reagents described here.  To increase the input beyond this point, we recommend separating the input material into two parallel handling streams (e.g. two cell pellets and two extraction tubes) through step 3.13.  Two ultracentrifugation pellets of the same viral strain can be combined into one tube at this resuspension step.  If the DNA fails to cleanly form a ghost at the end of the procedure, increasing the input quantity of cells will increase the DNA yield and improve its precipitation.

Because viral DNA is viscous, the resulting solution can be heterogeneous. Allowing more time for resuspension from the glass hook increases the useful DNA yield and improves solution homogeneity. Standard spectrophotometry can be used to quantitate DNA yield and purity. DNA fluorimetry provides even more precise measures of DNA yield (e.g. Invitrogen PicoGreen® dsDNA stain).  

Tables and Figures
Table 1. Recipes for preparation of LCM buffers
	Choose column based on desired volume:
	10 ml
	15 ml
	20 ml
	40 ml

	1M KCL
	1.3 ml
	1.9 ml
	2.5 ml
	5 ml

	1M Tris (pH 7.4)
	300 μl
	450 μl
	600 μl
	1.2 ml

	1M MgCL2
	50 μl
	75 μl
	100 μl
	200 μl

	0.5 EDTA
	10 μl
	15 μl
	20 μl
	40 μl

	NP40/IGEPAL
	50 μl
	75 μl
	100 μl
	200 μl

	(-mercaptoethanol
(add immediately before use)
	4.3 μl
	6.5 μl
	8.6 μl
	17.2 μl

	Use proportions for desired percent glycerol (0, 5, or 45%)

	0% glycerol
	None
	None
	None
	None

	water
	8.3 ml
	12.5 ml
	16.7 ml
	33.4 ml

	5% glycerol
	0.5 ml
	0.8 ml
	1.0 ml
	2.0 ml

	water
	7.8 ml
	11.7 ml
	15.7 ml
	31.4 ml

	45% glycerol
	4.5 ml
	6.8 ml
	9.0 ml
	18.0 ml

	water
	3.8 ml
	5.7 ml
	7.7 ml
	15.4 ml


Table 2. Preparation of TNE (0.1 M NaCl; 50 mM Tris, pH 7.5; 10 mM EDTA)
	For 50 ml volume

	5 ml 1M NaCl

	2.5 ml 1M Tris, pH 7.5

	1 ml 0.5 EDTA

	41.5 ml H2O


Figure 1. PK15 cells (A) prior to infection and (B) at cytopathic effect (CPE), after a high multiplicity of infection.

Figure 2. Overview of the protocol.

Figure 3. Representative example of a well-formed and abundant DNA “ghost”.
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Tables of Specific Reagents and Equipment
	Name of reagent
	Company
	Catalogue number
	Comments

	Freon™ (1,1,2-trichloro-1,2,2-trifluoroethane)
	Fisher
	T178-4
	Check with your institution for guidelines on appropriate disposal of Freon™-containing waste, or see Mendez et al. for potential Freon™ alternatives.9

	Phase lock gel tubes, Heavy 15ml capacity
	5 PRIME
	2302850
	Optional

	Polyallomer ultracentrifuge tubes
	Beckman*
	331372*
	*Select tubes appropriate for your own ultracentrifuge; these are included as an example only

	NP-40 / IGEPAL
	Sigma
	I-3021
	

	PK-15 cells
	ATCC
	CCL-33
	

	Vero cells
	ATCC
	CCL-81
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