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SHORT ABSTRACT:
Here, we describe a detailed protocol for isolating active nuclear extract from larval stage 4 C. elegans and visualizing transcription activity in an in vitro system. 

LONG ABSTRACT:
Caenorhabditis elegans has been an important model system for biological research since it was introduced in 1963. However, C. elegans has not been fully utilized in the biochemical study of biological reactions using its nuclear extracts such as in vitro transcription and DNA replication. A significant hurdle for using C. elegans in biochemical studies is disrupting the nematode’s thick outer cuticle without sacrificing the activity of the nuclear extract. While several methods are used to break the cuticle, such as Dounce homogenization or sonication, they often lead to protein instability. There are no established protocols for isolating active nuclear proteins from larva or adult C. elegans for in vitro reactions. Here, the protocol describes in detail the homogenization of larval stage 4 C. elegans using a Balch homogenizer. The Balch homogenizer uses pressure to slowly force the animals through a narrow gap breaking the cuticle in the process. The uniform design and precise machining of the Balch homogenizer allow for consistent grinding of animals between experiments. Fractionating the homogenate obtained from the Balch homogenizer yields functionally active nuclear extract that can be used in an in vitro method for assaying transcription activity of C. elegans. 

INTRODUCTION:
The small, free-living nematode Caenorhabditis elegans is a simple yet powerful model organism for addressing a wide range of biological questions. Since its introduction in 1963, the nematodes have been invaluable to answering questions in neurobiology, metabolism, aging, development, immunity, and genetics1. Some of the animal’s many characteristics that make it an ideal model organism include short generation time, the effectiveness of RNA interference, transparent body, and the completed maps of both its cellular lineage and nervous system. 

While the nematode’s contributions to science are vast, they have been under-utilized to elucidate the eukaryotic transcription system, with most of our understanding about these mechanisms coming from studies using nuclear extract from yeast, fruit fly, and mammalian cell culture2. The biggest hurdle that dissuades researchers from extracting functional nuclear extract is the nematode’s tough outer cuticle. This exoskeleton comprises cross-linked collagens, cuticlins, glycoproteins, and lipids, making C. elegans from larval stage to adulthood resistant to protein extraction via chemical or mechanical forces3. An in vitro transcription system using C. elegans nuclear extract was once developed but not widely adopted due to the system’s limited scope, and the use of Dounce homogenizer for preparing the extract could lead to protein instability4,5. 

Unlike the previous protocol for nuclear extract isolation which utilized a Dounce homogenizer to break C. elegans, this protocol uses a Balch homogenizer. The Balch homogenizer consists of two main components: a tungsten carbide ball and a stainless-steel block with a channel bored through from one end to another. The Balch homogenizer is loaded with the tungsten carbide ball and capped on either side to seal the grinding chamber. Syringes can be loaded on the two vertical ports leading into the grinding chamber. As the material is passed from one syringe to the other through the grinding chamber, the pressure from the syringes forces the material through a narrow gap between the ball and the wall of the chamber. This slow and constant pressure breaks the material until it reaches a consistent size that is able to pass through the narrow gap easily. Forcing C. elegans through the narrow gap via a constant yet gentle pressure breaks the animals open, releasing their content into the surrounding buffer. Switching ball sizes further tightens the gap, breaking the newly released cells and frees the nuclei into the buffer. Multiple instances of centrifugation separate the nuclei from the rest of the cell debris, allowing for the collection of a clean nuclear extract. The Balch homogenizer is preferred over the Dounce homogenizer for several reasons: the system can handle a large number of animals, making it possible to extract a high amount of active proteins in a single attempt; the precise machining of the balls and the steel block allows for consistent grinding between multiple samples; the heavy steel block act as a heat sink, uniformly drawing heat away from the grinding chamber, preventing denaturing.

After isolation, the nuclear extract transcriptional activity must be verified before being used in any biochemical experiments. Traditionally, transcription activity was measured using radiolabeled nucleotides to track and visualize the newly synthesized RNA. However, radioactive labeling can be burdensome as it requires precaution during use and disposal6. Technological advancements allow researchers today to use much less harmful or troublesome methods to measure even small RNA quantities using techniques such as quantitative real-time PCR (qRT-PCR)7. Here, the protocol describes a method to isolate active nuclear extract from larval stage 4 (L4) C. elegans and visualize transcription activity in an in vitro system. 

PROTOCOL:

1.	Media preparations 

1.1.	Prepare sterile lysogeny broth (LB) agar plates and liquid media following the manufacturer’s instructions.

1.2.	Streak Escherichia coli (E. coli) strain OP50 on a LB agar plate. Incubate the bacteria streak at 37 &#176;C overnight.

1.3.	Store the E. coli OP50 streak plate at 4 &#176;C after incubation. The E. coli OP50 plate can safely be stored at 4 &#176;C for 2 weeks if wrapped in parafilm to prevent moisture loss. 

1.4.	Prepare 2 L of Nematode Growth Media (NGM) using the recipe in Table 1.    

NOTE: Nystatin is optional. Nystatin helps prevent mold, and other fungal contaminates from growing on the NGM plates. The large 150 mm diameter plates have a higher chance of catching fungal spores when the lid is removed for pouring and seeding E. coli OP50. Nystatin can be purchased premixed in sterile solution from vendors at 10,000 units/mL or can be purchased as a sterile powder and mixed with sterile water. Nystatin cannot be autoclaved, nor can it be effectively filter sterilized. Attention to the aseptic technique is crucial while mixing a solution of nystatin in the lab. Autoclave 1 M CaCl2, 1 M KPO4, and 1 M MgSO4 at 121 &#176;C for 15 min. Filter sterilize cholesterol through a 0.22 &#181;m filter after being dissolved in 95% ethanol.

1.5.	After adding the reagents to the media, pour NGM into forty 150 mm Petri dishes. Each 150 mm dish requires 50 mL to fill. Let the NGM plates cool overnight at room temperature.

1.6.	Inoculate two 50 mL conical tubes containing 25 mL of sterile LB with E. coli OP50 from the previous streak plate. Incubate the broth at 37 &#176;C for 24 h in a shaking incubator maintained at 200 rpm. 

NOTE: For consistency, inoculate both tubes with the same single colony from the streak plate. If this proves difficult, inoculate 5 mL of sterile LB with a single colony in a 50 mL conical tube and incubate the culture for 16 h at 37 &#176;C in a shaking incubator maintained at 200 rpm the day before preparing the NGM plates. Store the fresh liquid culture at 4 &#176;C for up to two days. Inoculate the two 25 mL of broth with 25 &#181;L of liquid culture and incubate under the same conditions as mentioned above. 

1.7.	Seed fresh NGM plates with 1 mL of fresh E. coli OP50 liquid culture and spread with a flame sterilized spreader evenly across the surface of the plate aseptically to create a large bacteria lawn that covers the majority of the plate, taking care not to spread the bacteria from edge to edge. Allow the E. coli OP50 to grow at room temperature for 72–96 h or until a visibly thick lawn appears. 

NOTE: After 24 h, move the freshly seeded NGM plates to a covered container to reduce moisture loss and extend the life of the plates. 

2.	 Animal preparations and bleach synchronization

2.1.	Transfer 5 well-fed, wild-type, gravid adult C. elegans to each of the 10 fresh NGM plates seeded with E. coli OP50, for a total of 50 animals.

2.2.	Allow the animals to lay eggs. Let the progeny grow at 20 &#176;C until they reach the gravid adult stage. 

2.3.	Use 15 mL of M9 buffer (Table 2) to collect the new well-fed wild-type, gravid adults from the ten maintenance plates and transfer the animals to a labeled 15 mL conical tube. 

2.4.	Centrifuge the animals at 1,000 x g for 3 min to pellet all animals at the bottom of the tube.

2.5.	In a separate, labeled 15 mL conical tube, mix 2 mL of bleach with 5 mL of 1 N NaOH for bleach synchronization. Vortex the solution to mix thoroughly.

NOTE: Use the bleach + NaOH solution the same day it is prepared to be effective.

2.6.	Gently remove the supernatant from the centrifuged animals using a 10 mL sterile pipette. Attempt to remove as much M9 buffer as possible to improve the breaking of animals. 

2.7.	Add 500 &#181;L of the bleach + NaOH solution to the animal pellet and start a timer for 4 min.

2.8.	Either by hand or using a rocker, gently rock the tube to break the animal pellet completely and let the animals move freely in the bleach + NaOH solution. Continue rocking the tube for the whole 4 min duration.

NOTE: The amount of bleach + NaOH solution needed can vary depending on the size of the animal pellet being synchronized. Optimize this technique beforehand with varying amounts of animals and bleach + NaOH solution. 

2.9.	After 4 min, check the breaking efficiency under a dissection microscope. Ensure that a majority of the gravid adult animals are broken, and their internal contents released, including the eggs.

2.10.	If the animals are not split open, briefly vortex the tube at maximum speed, then check again under the microscope.

NOTE: While the eggs are resistant to the bleach + NaOH solution, they are not impervious. Eggs must not be exposed to the bleach + NaOH solution any longer than necessary. Stalling for too long during the animal breaking step can lead to developmental problems for the progeny.  

2.11.	Add 10 mL of the M9 buffer to the broken animal solution.

2.12.	Centrifuge the eggs and the remains at 1,000 x g for 3 min.

2.13.	Pipette the supernatant away, making sure not to touch the new pellet containing all the eggs at the bottom of the tube.

2.14.	Add another 10 mL of the M9 buffer and centrifuge again for 3 min at 1,000 x g.

2.15.	Repeat steps 2.13–2.14 two more times to ensure that none of the bleach + NaOH solution remains. 

2.16.	After the third M9 buffer wash, remove the supernatant and add 10 mL of the S-basal buffer (Table 2). 

2.17.	Invert the tube to break the pellet at the bottom to suspend the eggs equally in the buffer.

2.18.	Place the tube on a rocker and gently rock the tube for 22 h at 20 &#176;C to allow the eggs to hatch and reach larval stage 1 (L1) arrest.

2.19.	  After 22 h, centrifuge the tube containing synchronized L1 animals for 3 min at 1000 x g.

2.20.	Pipette and discard the supernatant leaving approximately 1 mL of buffer in the tube.

2.21.	Using a micropipette, disturb the animal pellet to make a homogeneous suspension of L1 animals in the remaining buffer.

2.22.	Transfer a single droplet of the homogeneous suspension of L1 animals to a labeled 150 mm NGM plate seeded with E. coli OP50.

2.23.	Calculate the animal density per drop by visually counting the number of L1 animals per drop using a dissection microscope. A 150 mm NGM plate with a fully grown lawn of E. coli OP50 can support up to 500 animals of the L1 stage to reach the gravid adult stage. 

2.24.	Transfer the L1 animals to six 150 mm NGM plates with E. coli OP50. Ensure not to overload the plate.

NOTE: If it is unclear whether the animals will have enough food for development between L1 and gravid adult, add fewer animals to each plate and use more plates.

2.25.	Allow the animals to grow for 72 h at 20 &#176;C until they reach the gravid adult stage and begin laying eggs.

2.26.	Perform a second round of bleach synchronization on the synchronized, well-fed wild-type gravid adult animals. 

2.27.	Place the synchronized L1 animals on ten 150 mm NGM plates seeded with E. coli OP50, with approximately 1,000 animals per plate. 

2.28.	Allow the new synchronized L1 animals to grow for 48 h at 20 &#176;C until they reach the L4 stage.

NOTE: The goal is to obtain an approximately 700 – 800 &#181;L pellet of L4 animals. Too many animals can make it difficult to use the Balch homogenizer; this can lead to muscle strain while operating the homogenizer and possible leakage from the syringes due to the increased pressure. 

3.	Balch homogenizer preparation

3.1.	Prepare both hypotonic and hypertonic buffers as mentioned in Table 3 and Table 4.

NOTE: The hypotonic and hypertonic buffers can be prepared in advance and stored safely at 4 &#176;C. 

3.2.	Clean the Balch homogenizer by flooding the grinding chamber with 70% ethanol, then rinse the chamber with deionized water to remove excess ethanol.

NOTE: Avoid using any caustic agents to clean the Balch homogenizer. Thorough rinsing with ethanol and deionized water should be sufficient to clean it. 

3.3.	Insert the 7.9820 mm (18 &#181;m gap clearance) tungsten carbide ball into the grinding chamber.

3.4.	Cap each end of the barrel of the Balch homogenizer and secure the caps with the provided thumbscrews.

3.5.	Prepare 5 mL of ‘complete hypotonic buffer’ per sample: Add 5 &#181;L of 1 M DTT (final concentration: 1 mM DTT) and 100 &#181;L of 100x protease inhibitor, single-use cocktail (final concentration: 2x). Keep the buffer on ice. 

3.6.	Prepare 5 mL of ‘complete hypertonic buffer’ per sample: Add 5 &#181;L of 1 M DTT (final concentration: 1 mM DTT) and 100 &#181;L of 100x protease inhibitor, single-use cocktail (final concentration: 2x). Keep the buffer on ice. 

NOTE: Use the complete hypotonic and hypertonic buffer the same day of preparation. Do not store it for later use. Store 1 M DTT as single-use aliquots at -20 &#176;C. Store the protease inhibitor single-use cocktail at 4 &#176;C.

3.7.	Fill a sterile 2 mL syringe with 1 mL of ‘complete hypotonic buffer’ and gently flush the grinding chamber of the Balch homogenizer. Leave approximately 500 &#181;L of ‘complete hypotonic buffer’ in the chamber.

3.8.	Store the flushed homogenizer on ice and let it cool for 30 min.

NOTE: The homogenizer must be ice cold before grinding the animals. The grinding process can produce heat due to friction and denature the nuclear proteins. Ensure that the metal homogenizer is ice cold to help prevent this from happening. Be sure to avoid any water from the surrounding ice from entering the homogenizer. Use two sterile syringes to plug the holes in the homogenizer and block any unintentional liquids from entering the grinding chamber. 

4.	Collection of animals

NOTE: A quick reference guide is provided, marking the major steps for collection, disruption, and fractionation of the animals (Figure 1).

4.1.	Collect the well-fed L4 animals with M9 buffer in a 15 mL conical tube and centrifuge the animals at 1000 x g for 3 min. Remove the supernatant and continue washing the animal pellet until the supernatant is clear.

4.2.	Wash the animals with 3 mL of 4 &#176;C hypotonic buffer and centrifuge again at 1000 x g for 3 min.

NOTE: During the final wash with the 4 &#176;C hypotonic buffer, the animals may stick to the side of the tube. This is normal and may result in a small loss of animals during the removal of the supernatant.

4.3.	Remove the hypotonic buffer and add 1 mL of “complete hypotonic buffer” to the animal pellet. Transfer the animal suspension to a new 2 mL sterile syringe. 

NOTE: While transferring the animals to the syringe using a micropipette, gently pipette a sterile 0.1% Tween20 solution to coat the inside of the pipette tip to reduce the number of animals lost due to sticking to the pipette tip walls. 

5.	Fractionation 

5.1.	On ice, homogenize the animals by gently pushing the animals through the grinding chamber of the Balch homogenizer loaded with the 7.9820 mm ball and into a new sterile syringe. Repeat pushing the animals through the grinding chamber for 30 complete cycles. 

NOTE: A ‘complete cycle’ is defined as the complete up and down motion of a syringe’s plunger.
This grinding step uses 7.9820 mm ball (18 &#181;m ball bearing). 

5.2.	After 30 cycles, remove as much of the animal suspension as possible from the Balch homogenizer and store the syringe, tip down in a 1.7 mL microtube.

5.3.	Remove the 7.9820 mm ball from the grinding chamber and clean it with deionized water. Dry and return the ball to its labeled tube. 

5.4.	Insert the 7.9880 mm (12 &#181;m gap clearance) ball into the grinding chamber and reseal the homogenizer.

5.5.	Flush the grinding chamber again with 1 mL of ice-cold ‘complete hypotonic buffer’. 

5.6.	Grind the suspension for 25 complete cycles. 

5.7.	After 25 cycles, remove the animal suspension from the Balch homogenizer, transfer the suspension into a clean 1.7 mL microtube, and store it on ice.

NOTE: Disassemble and clean the Balch homogenizer with 70% ethanol and deionized water. Be sure to return the 7.9880 mm ball to its proper tube.

5.8.	Pellet the animal bodies and debris by centrifuging the suspension at 500 x g, 4 &#176;C for 5 min. 

5.9.	Pipette 40 &#181;L of the supernatant to a tube labeled ‘input fraction’ and store it on ice. 

NOTE: Write all labels with an alcohol-proof pen to avoid smearing them later.

5.10.	Transfer the remaining supernatant to a new 1.7 mL tube, taking care to avoid touching the pellet at the bottom of the tube and then discard the pellet. 

5.11.	Centrifuge the supernatant to pellet the nuclei at 4,000 x g, 4 &#176;C for 5 min.

5.12.	Transfer the supernatant, careful not to disturb the pelleted nuclei, to a new 1.7 mL tube and label the tube as ‘cytosolic fraction’. 

NOTE: Centrifuge the cytosolic fraction further at 17,000 x g, 4 &#176;C for 30 min to remove any remaining insoluble material, and use it as a negative control for western blots (specifically for nuclear proteins). 

5.13.	Wash the nuclei pellet with 500 &#181;L of ‘complete hypotonic buffer’ and transfer the pellet to a new 1.7 mL tube. Centrifuge the suspended pellet at 4,000 x g, 4 &#176;C for 5 min. 

5.14.	Discard the supernatant and add 500 &#181;L of fresh ‘complete hypotonic buffer’ to the nuclear pellet and transfer the suspension to a new 1.7 mL tube. Centrifuge the sample again at 4,000 x g, 4 &#176;C for 5 min. 

5.15.	Remove the supernatant and dissolve the pellet in 40 &#181;L of ‘complete hypertonic buffer’. Transfer the new nuclear suspension to a new 1.7 mL tube, label the tube as ‘nuclear fraction’, and store it on ice.

5.16.	Determine the protein concentration of the three fractions using a fluorescent quantification kit.

NOTE: The amount of nuclear protein acquired from this method can range from 1–2 &#181;g/&#181;L.

5.17.	Aliquot the nuclear fractions into single-use tubes containing 6 &#181;g of the nuclear protein and snap freeze in a dry ice and ethanol bath. Store at -80 &#176;C until further use. 

6.	Transcription assay

6.1.	Turn on and preheat a heat block to 30 &#176;C.

6.2.	Remove the following from the Nulcear Extract in vitro transcription system: 50 mM MgCl2, Nuclear Extract 1x Transcription Buffer, 100 mM rATP, 100 mM rCTP, 100 mM rGTP, 100 mM rUTP, and the CMV promoter positive-control template. Thaw on ice. 

NOTE: Amplify the positive-control DNA template using a high-fidelity polymerase and store it as normalized single-use aliquots.  

6.3.	Mix and centrifuge the thawed rNTPs before preparing a 10 mM working solution. 

NOTE: Add 2 &#181;L of each rATP, rCTP, rGTP, and rUTP to 12 &#181;L of H2O to achieve 10 mM of each rNTP. This composition can be scaled up if necessary.  

6.4.	Aliquot the rNTP mixture to labeled single-use tubes and store at -20 &#176;C for future use. 

6.5.	In a fresh 1.5 mL tube labeled “Mastermix” add the reagents per reaction as mentioned in Table 5

6.6.	Transfer 14 &#181;L of the Mastermix to each reaction tube

6.7.	Add 11 &#181;L (volume for 5 &#181;g of the nuclear extract) of 1x Transcription Buffer to each reaction tube.

6.8.	Add 5 &#181;g of the nuclear extract to each reaction tube.

6.9.	Gently tap the reaction tube to mix the contents inside and pulse centrifuge the tubes after mixing to ensure no reaction material is stuck to the wall of the tubes.

6.10.	Incubate the reactions at 30 &#176;C for 30 min. 

6.11.	 Immediately stop the reaction by adding 400 &#181;L of RLT buffer provided by the RNA extraction kit. 

NOTE: At this point, it is safe to stop. Samples can be stored at -80 &#176;C until further clean up with the RNA extraction kit.

7.	RNA clean up

7.1.	Prepare DNase I stock solution using the RNase-Free DNase set provided in the RNA extraction kit. Dissolve the lyophilized DNase I in 550 &#181;L of RNase-free water. Gently mix the solution. Do not vortex. Aliquot the DNase I solution into 10 &#181;L single-use tubes and store the aliquots at -20 &#176;C. 

7.2.	Prepare 70% and 80% ethanol using molecular grade ethanol and RNase-free water.

7.3.	Move the samples and reagents to an RNase-free workspace before beginning the clean-up. 

7.4.	Add 400 &#181;L of 70% ethanol to each sample and gently pipette to mix well.

7.5.	Transfer 400 &#181;L of the sample to a labeled RNA extraction spin column with a 2 mL collection tube and centrifuge the sample at 8,500 x g for 30 s. Discard the flow-through.

7.6.	Repeat step 7.5 with the remaining sample and discard the flow through.

7.7.	Add 350 &#181;L of RW1 buffer (RNA extraction kit) to each column. Centrifuge the columns at 8,500 x g for 30 s. Discard the flow-through.

7.8.	Add 70 &#181;L of RDD buffer (RNA extraction kit) to a single 10 &#181;L aliquot of DNase I stock solution and mix gently. Do not vortex.

7.9.	Add the DNase I incubation mix (80 &#181;L) directly to the spin column membrane. Incubate the columns at room temperature for 15 min. 

NOTE: Be sure to add the DNase I solution to the membrane. Avoid losing part of the solution to the column wall or O-ring.

7.10.	After 15 min, add 350 &#181;L of RW1 buffer to the columns. Centrifuge for 30 s at 8,500 x g. Discard the flow-through.

7.11.	Place the columns into new 2 mL collection tubes. Add 500 &#181;L of RPE buffer (RNA extraction kit) to the spin column. Centrifuge the columns at 8,500 x g for 30 s to wash the membrane. Discard the flow-through.

7.12.	Add 500 &#181;L of 80% ethanol to each column and centrifuge the columns at 8,500 x g for 30 s. Discard the flow-through.

7.13.	Place the columns into new 2 mL collection tubes. Leaving the column lids open, centrifuge the columns at 17,900 x g for 5 min. Discard the flow-through.

7.14.	Place the columns into labeled 1.7 mL tubes. Add 17 &#181;L of RNase-free water directly to the center of the spin column membrane. Let the columns rest at room temperature for 1 min. Centrifuge the columns at 17,900 x g for 1 min. 

7.15.	Discard the column and keep the 1.7 mL tube with the freshly purified RNA sample.

8.	DNA digestion

8.1.	Preheat two heat blocks at 37 &#176;C and 65 &#176;C.

8.2.	Add 2 &#181;L of 10x Reaction Buffer to each sample.

8.3.	Add 1 &#181;L (1 MBU) of DNase to each sample.

8.4.	Set a pipette to 10 &#181;L and pipette the new solution up and down to mix gently. Do not vortex.

8.5.	Incubate the RNA samples at 37 &#176;C for 30 min to digest any remaining DNA.

8.6.	Inactivate the DNase by incubating the samples on the heat block at 65 &#176;C for 10 min. 

NOTE: It is safe to stop at this step and store the RNA at -80 &#176;C to perform reverse transcription later.

9.	Reverse transcription

9.1.	When programing the thermocycler, add an additional 1 h, 37 &#176;C step before incubation to preheat the thermocycler. Run the program with the ‘preheat step’ while preparing the samples and let the thermocycler reach 37 &#176;C. When the samples for reverse transcription are ready, skip the 37 &#176;C preheat step and proceed to the actual incubation step (Table 6). If the thermocycler does not have a skip feature, add a 1-min 37 &#176;C step before incubation. Allow the thermocycler to heat to the proper temperature before pausing the system and adding the prepared samples.

9.2.	Prepare a 10 &#181;M working solution of transcription reverse primer in RNase-free H2O and store it on ice.

9.3.	Thaw on ice, 10x buffer from the reverse transcription kit, dNTP mix (5 mM each dNTP), RNase Inhibitor, and the reverse transcriptase.

9.4.	Prepare a Mastermix (per reaction) by adding the constituents mentioned in Table 7 into a clean 0.2 mL PCR tube.

9.5.	Aliquot 18 &#181;L of the Mastermix into new 0.2 mL PCR tubes for each sample.

9.6.	Add 2 &#181;L of the DNase treated RNA for each sample into their respectively labeled tubes. 

9.7.	Incubate the samples at 37 &#176;C for 1-h in a preheated thermocycler.

9.8.	Move the samples to the -20 &#176;C for storage after reverse transcription or proceed directly to the next step.

NOTE: It is safe to stop at this step; store the cDNA at -20 &#176;C for later use. 

10.	Specific product amplification

10.1.	Thaw on ice: cDNA, 10 &#181;M transcription forward and 10 &#181;M transcription reverse primers, and the PCR 2x Premix A.

NOTE: Aliquot the PCR 2x Premix A into smaller volumes to reduce the thaw time.

10.2.	Create a Mastermix (per reaction) by adding the constituents mentioned in Table 8 into a clean 0.2 mL PCR tube. 

10.3.	Aliquot 24 &#181;L for each sample into clean labeled 0.2 mL PCR tubes.

10.4.	Add 1 &#181;L of cDNA of each sample into their respective tubes. 

10.5.	Incubate the samples in the thermocycler using the program conditions mentioned in Table 9

10.6.	After the incubation, store the PCR products at 4 &#176;C or -20 &#176;C for longer-term storage.

11.	Gel analysis

11.1.	Use 1x TAE buffer to prepare a gel that contains 2% w/v of agarose and 1x gel stain.

11.2.	Run the PCR products at 50 V and 300 mA for 1 h or until there is a clear band separation.

11.3.	Image the gel using the automated exposure program preloaded in the gel imager. 

REPRESENTATIVE RESULTS:
Following the outlined steps should yield functional nuclear extract (Figure 1.), deviation in the grinding or wash steps can lead to poor activity or low yields. If functional C. elegans nuclear extract is obtained, it will transcribe the region downstream of the CMV promoter on the DNA template when added to the previously described in vitro assay. The resulting RNA transcript can be purified from the nuclear proteins and DNA template using conventional methods. Without the template DNA, reverse transcription and subsequent PCR product can only be the result of the RNA transcribed by the nuclear extract. The PCR products can be visualized on an agarose gel, the intensity of the DNA band can be indicative of the quality of nuclear protein and RNA isolation. A weak band intensity can be caused by the inactivation of the nuclear extract either by heat or poor buffer preparation. An excessively strong band intensity can be the result of DNA contamination either due to poor RNA purification or improper DNase digestion. Consistent and successful nuclear isolations will produce bands of similar intensities, and both transcriptional and PCR negative controls should have no visible PCR product (Figure 2). 

Figure 1. An outline of nuclear extract isolation. The flowchart outlines the major steps for isolating nuclear extract from C. elegans.

Figure 2. C. elegans nuclear extract retains its activity.  The gel image shows the transcription products of C. elegans L4 larvae nuclear extract using the CMV promoter DNA template. Successful isolation of active nuclear proteins will result in a 132 bp PCR product after in vitro transcription, as seen in lanes 1 and 2. Unsuccessful isolation will result in a weak band or the absence of a PCR product similar to lane 3. This visualization of the transcription activity via PCR amplification is a simple way to assess the quality of the nuclear extraction isolation. The positive PCR control is produced by adding the CMV promoter DNA template to the PCR reaction, and the negative control is lacking the template DNA. 

DISCUSSION:
C. elegans is an appealing model organism to study the eukaryotic transcription system because of its low-cost maintenance and the ease of genetic manipulation. Here a protocol for consistent isolation of functionally active nuclear extract from L4 C. elegans is described. Although this protocol focused on visualizing transcription activity, the cDNA produced post-transcriptionally can be quantified using RT-qPCR to obtain a more precise measurement of the transcription activity8. This method of isolating nuclear proteins from C. elegans can help expand the study of the eukaryotic transcription machinery. Since C. elegans is not a culture of cells in a dish or a colony of yeast but rather a free-roaming animal, isolating and researching its nuclear extract may give a clearer insight into how the transcriptional machinery may change over time or in various environments. This allows researchers to take advantage of C. elegans low cost and resilience. C. elegans, unlike other model organisms or cell cultures, is much more forgiving when bacterial or yeast contamination appears. A population of C. elegans can be easily cleaned of contamination using established protocols, saving time and effort when contamination does occur9. Overall, using nuclear extract from C. elegans for biochemical assays can be a more affordable and flexible option as compared to purchasing nuclear extract from a vendor or dealing with less forgiving model organisms.

While this protocol is relatively simple, there are still critical steps that require special attention for the successful isolation of the nuclear extract. It is important that during the preparation of the complete hypotonic and hypertonic buffers, the two solutions are clearly labeled and separated. If the buffers are switched at any point during the isolation, this could lead to inactivation of the nuclear proteins or poor fractionation of the cytosolic proteins from the nuclear proteins. Isolated nuclear proteins should also, if necessary, be diluted in hypertonic buffer, not water or any other solution. The high salt concentration helps preserve the activity of the proteins, and a hypotonic solution can kill this activity10. 

Another challenge that may arise during the grinding portion of this protocol comes from debris adhering to the surface of the tungsten balls. While it is stated that the balls should be washed and dried after every grinding cycle, the material will attach to the smooth surface of the balls. This material usually appears as rust-colored rings around the circumference of the balls and is thick enough to block the gap between the ball and the wall of the grinding chamber. This blockage is noticeable as it becomes more and more difficult to push the animals through the grinder, which can eventually lead to muscle injury or rupturing of the syringe. If the tungsten balls begin to show discoloration, soak them in hot water for 5 min then clean the surface with a new scouring pad. Avoid using acidic or basic cleaning solutions. After gently polishing, the tungsten balls should return to their original shine, and it will be noticeably easier to grind samples.

This protocol is designed to isolate whole nuclear extract from C. elegans. It has not been tested for use on other model organisms. Nuclear extract from other organisms may require different buffers, and the CMV promoter may not be enough to drive transcription in other non-mammalian samples. The nuclear extract collected using this method is also not tissue or cell-specific; any transcription activity measured using this method looks at the animals as a whole which may hide the subtle changes between tissues. 

Future uses of this protocol could be measuring the DNA repair or replication machinery of C. elegans after DNA damage. The cytosolic fraction collected during the isolation process could be utilized to measure the amount of soluble proteins and quantify the activity of these proteins in a manner similar to measuring transcription. 
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