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Short Abstract: 
This protocol is to demonstrate how Xenopus egg extracts are used as extract is a useful model system to investigate the DNA damage checkpoint signaling pathway. This technique is . This protocol is for the preparation of Xenopus egg extracts and DNA damage checkpoint inducing reagents. These techniques are adaptable for the study of the DNA damage checkpoint usingto a variety of DNA damaging approaches in the study of the DNA damage checkpoint signaling. 
Long Abstract: 
Genomes of living organisms faceOn a daily basis, cells are subjected to a variety of endogenous and environmental insults. In response to such To combat these insults, cells have evolved a DNA damage checkpoint signaling as a surveillance mechanism, DNA damage checkpoint, to sense the DNA damage and to direct cellular responseresponses to suchDNA damage. FailureThere are several groups of proteins called sensors, transducers and effectors involved in DNA damage checkpoint signaling (Figure 1). In this complex signaling pathway, ATR (ATM and Rad3-related) is one of the major kinases that can respond to DNA damage and replication stress. Activated ATR can phosphorylate its downstream substrates such as Chk1 (Checkpoint kinase 1). Consequently, phosphorylated and activated Chk1 leads to many downstream effects in the DNA damage checkpoint including cell cycle arrest, transcription activation, DNA damage repair, and apoptosis or senescence (Figure 1). When DNA is damaged, failing to activate the DNA damage checkpoint results in unrepaired damage and, subsequently leads to, genomic instability and tumor formation. Ultimately, research. The study of the DNA damage checkpoint will elucidate how cells maintain genomic integrity and provide a better understanding of how human diseases, such as cancer development, develop.
In the studies of the DNA damage checkpoint, Xenopus laevis egg extracts are emerging as a powerful cell-free extract model system. in DNA damage checkpoint research. Low-speed extract (LSE) was firstlyinitially described by the Masui group1. The addition of demembranated sperm chromatin to LSE will resultresults in nuclei formation where DNA is replicated in a semiconservative fashion once per cell cycle. Therefore, LSE is widely used as a model system for replication studies. The LSE system is also providing essential insights into the molecular mechanism of DNA damage checkpoint signaling pathway.  
The ATR-/Chk1 -mediated checkpoint signaling pathway is triggered by DNA damage or replication stress 2. Two methods are currently used to induce the DNA damage checkpoint: DNA damaging reagent/treatmentapproaches and DNA damage-mimicking structurestructures 3. DNA damage can be induced by ultraviolet (UV), ) irradiation, γ-irradiation, methyl methane sulfonatemethanesulfonate (MMS), Mitomycinmitomycin C (MMC), 4-nitroquinoline-1-oxide (4-NQO), or aphidicolin3, 4. MMS is used to triggeran alkylating agent that inhibits DNA replication and activates the ATR/Chk1-mediated Chk1 phosphorylation in Xenopus egg extractDNA damage checkpoint 4, 5. MMS is an alkylating agent that inhibits replication and activates the DNA damage checkpoint 6,7. UV irradiation also triggers ATR-7. UV irradiation also triggers the ATR/Chk1-dependent DNA damage checkpoint 8.
 The DNA damage-mimicking structure AT70 is an annealed complex of two oligonucleotides poly-(dA)70 and poly-(dT)70. DevelopedThe AT70 system was developed in Bill Dunphy’s laboratory, the AT70 system  and is widely used in the field of DNA damageto induce ATR/Chk1 checkpoint signaling 9-12. One advantage of this method is that AT70-induced checkpoint activation bypasses the requirement of DNA replication for checkpoint activation 11. 
Here, we describe protocols (1) to prepare cell-free egg extracts (LSE), (2) to treat Xenopus sperm chromatin with two different DNA damaging reagent/approachapproaches (MMS and UV), (3) to prepare the DNA damage-mimicking structure AT70, and (4) to studytrigger the ATR/Chk1-mediated phosphorylation of Chk1 using different DNA damaging approaches.DNA damage checkpoint in LSE with damaged sperm chromatin or a DNA damage-mimicking structure. 

Protocol Text: 
1. LSE preparation
1.1 Prime female frog Female frogs (Xenopus laevis) withare injected twice for egg collection. The first injection (priming) is 100 U PMSG (Pregnant Mare Serum Gonadotropin, 100IU) per frog). Frogs must be primed at least two days before inducing egg laying and primed frogs are usable for up to two weeks. To prime frogs, inject PMSG subcutaneously in the dorsal lymph sacs using 3mla 3 ml syringe and 27 G needle. The priming should be done in at least 2 days before the second injection of
1.2 To induce egg laying, inject 500 U hCG (human chorionic gonadotropin). Primed frogs will be ready for a second injection for around 1-2 weeks.
1.3 Induce female frog to lay eggs by injecting 500U hCGChorionic Gonadotrophin) per primed frog subcutaneously in the dorsal lymph sacs using a 27 G needle. Then suchIncubate injected frogs will be incubated in a separate bucketbuckets containing 2 Lliters of 1x Marc’s modified Ringer’s solution (MMR). Allow frogs 14-20 hours will be needed for frogs to lay enough eggs before collection. 
1.4 Remove the frogs from the bucket,buckets and pour off the MMR solution until around 100ml100 ml is left. Obtain frog eggs from bucketthe buckets by transferring eggs to a 250ml250 ml beaker. 
1.5 Dejelly eggs by 100ml adding 100 ml of 2% cysteine (adjust pH to 7.8 with 10M10 M KOH). SwirlGently swirl the eggs by awith an inverted glass Pasteur pipet (0.7 cm in diameter) approximately every 30 seconds or so. Decant and addreplace with fresh cysteine twice during incubation. Dejellying should be The dejellying process is complete in aroundabout 5-15 minutes. Dejellied when the eggs can form a more condensed layer at the bottom of the beaker. 
1.6 Discard the cysteine solution, and wash eggs three times with 0.25x25 x MMR. Swirl the eggs in the solution by a glass pipet. “Bad” eggs are determined by simple visual inspection and are “puffy” white in appearance. The “bad” eggs (puffy white eggs) will be accumulatedaccumulate at the center of the beaker. Bad eggs can be easily found as “puffy” white in appearance. Remove such after swirling. Remove “bad” eggs by a Pasteur pipet. 
1.7 Wash eggs with Egg Lysis Buffer (ELB) three times. Remove any additional “bad” eggs whenever you find them by a Pasteur pipet. Pour eggs into a 14ml14 ml Falcon tube, and remove excess buffer.
1.8 Spin eggs the Falcon tube for 55 seconds at 188 x g (1,100 rpm in) using the CL2 IEC clinical table-top centrifuge. with a swinging bucket rotor to compact the eggs. Remove excess buffer. from the top of the egg layer. Add 0.5μl5 μl of Aprotinin/Leupeptin per ml compact eggs (Aprotinin/Leupeptin stock concentration is 10mg/ml each).and 0.5 μl of Cytochalasin B stock per ml of compacted eggs. 
1.9 Centrifuge eggs in at 16,500 x g (10,000 rpm) for 15 minutes at 4°C using the Sorvall RC6 plus using superspeed centrifuge with HB6 swinging bucket rotor at 10,000 rpm for 15 minutes at 4°C.. After centrifugation, eggs are fractionated into three layers in the tube: lipid, extract, and yolk/pigment from top to bottom, respectively. Puncture the side of the Falcon tube in the lower portion of the middle extract layer with a 21 G needle. Remove Carefully remove the needle and insertas the puncturing needle may be obstructed by plastic. Insert a fresh 21 G needle attached to a 1ml syringe into the holepuncture site to collect the extracts (tryextract. Slowly aspirate the extract into syringe to avoid air bubbles and contamination with the pigment layerlipid and yolk layer). /pigment layers.
1.10 Place the extracts into a chilled 1.5 ml microcentrifuge tube. AddFor each milliliter of egg extract, add the following chemicalschemical stock solutions to egg extracts until desiredthe indicated final concentration: ( (shown in parentheses): (1) 10 μl Cycloheximide (100 μg/ml); (2) 1) cycloheximide (100μg/ml); (2) μl Aprotinin/Leupeptin (10 μg/ml each); (3) cytochalasin1 μl Cytochalasin B (5μg5 μg/ml); (4) 1 μl Dithiothreitol (DTT, 1mM1 mM); and (5) nocodazole (3μg0.33 μl Nocodazole (3 μg/ml). Invert the egg extractsextract at least 10 times gently. This is the “LSE” extractLSE, which must be made fresh and used within 4hrs. The quality of LSE is compromised after 4hrs or freeze-thaw. 

2. Treatment of sperm chromatin bywith DNA damaging reagentsapproaches
2.1 Prepare normal sperm chromatin according to the method described previously 13.
2.2 Prepare MMS-treated sperm chromatin. 
(1) Resuspend normal sperm chromatin in 0.5ml5 ml Buffer X.
(2) Add ~ 5.5 μl of MMS (9.1 M in stock) to the500 μl resuspended chromatin to a final concentration of 100mM (around 5.5μl from 9.1M stock of MMS).100 mM.
(3) Incubate thesperm chromatin in microcentrifuge tube at room temperature for 30 minutes with rotation.
(4) Spin the microcentrifuge tube at 686 x g (2,100 rpm) for 10 minutes at room temperature using the IEC CL2 clinical centrifuge with swinging bucket rotor and tube adaptors.
(5) Discard the supernatant and resuspend the pellet in 0.5ml5 ml of Buffer X plus BSA (3%), DTT (0.1mM1 mM) and Aprotinin/Leupeptin (10 μg/ml each).
(6) Repeat steps (4) and (5) twice to wash the sperm chromatin.
(7) Determine the concentration of sperm chromatin with a hemocytometer and dilute them intoto 100,000 sperm/μl. Save 5 μl aliquots in -80°C freezer for further use.
2.3 Prepare UV-treated sperm chromatin
(1) Add desired amount of (e.g. 10μl)10 μl) of normal sperm chromatin on the surface of a piece of Parafilm.
(2) PutPlace the Parafilm into the chamber of a UV crosslinker. Set desired energy parameter (e.g., 1000J/m2),, depending on your experiment, and start damagingto damage the sperm chromatin by thevia UV light. For example, it takes approximately 21 seconds to reach 1,000 J/m2.
(3) After UV irradiation, UV-treated sperm chromatin willshould be added to egg extracts right awayimmediately. 
3. Preparation of a DNA damage -mimicking structure (AT70)
3.1 Synthetic oligo d(ADissolve two synthetic oligonucleotides poly-(dA)70 (designated as A70) and synthetic oligo d(Tpoly-(dT)70 (designated as T70) are dissolved in water intoto a concentration of 2 μg/μl, respectively.  
3.2 Add 100 μl of A70 and 100 μl of T70 to one 1.5 ml microcentrifuge tube. Boil such mixed synthetic oligo solution for 5 minutes at 95°C in a heatblock.
3.3 Take the dry bath block out of the equipment,(with the tube containing AT mixture in it), and let it cool down to room temperature on a lab bench. ItThis temperature adjustment takes around 45-60 minutes.
3.4 ThisThe cooled mixture is AT70 with a final concentration of 2 μg/μl. 
3.5 AliquotStore 10 μl of AT70 into 10 μl, and savealiquots in -20°C freezer for further use.
4. Triggering the DNA damage checkpoint in LSE with damaged sperm chromatin or a DNA damage -mimicking structure
4.1 Induce DNA damage checkpoint in LSE with damaged sperm chromatin
(1) Add 50 μl of LSE to a 1.5 ml microcentrifuge tube, and complement it with 1 μl of Energy Mixture and 2 μl of damaged sperm chromatin (final concentration ~4,000 sperm/μl reaction).
(2) Incubate for 90 minutes the reaction tube at room temperature with flickingfor 90 minutes and flick the tube every 10 minutes.
(3) Check the nuclei formation Dispense 1 μl of reaction mixture onto a microscope slide supplemented with 1 μl of nuclear dye solution after at least 30-minute incubation . Place a cover slip over the reaction mixture and check for nuclei formation via fluorescence microscope. Typically, round nuclei will form after 30 minutes of incubation, indicating DNA replication has initiated.
(4) Take 10 μl of the reaction mixture into 90 μl of sample buffer. Then the samples will beSamples are analyzed via immunoblotting using anti-Chk1 P-S344 or anti-Chk1 antibodies.
4.2 Induce DNA damage checkpoint in LSE with the AT70
(1) Add 50 μl of LSE to a 1.5 ml microcentrifuge tube, and complement it supplemented with 1 μl of Energy Mixture and 1.6 μl of Tautomycin (stock concentration 100 μM)..
(2) Add 1.25 μl of pre-made AT70 (2μg/μl) or water (as negative control) to such reactions, respectively.each reaction. Incubate this reaction the reactions at room temperature for 90 minutes. Flick the reactions reaction tubes every 10 minutes.
(3) TakeAdd 10 μl of the reaction mixture into 90 μl of sample buffer. Then the samples will beSamples are examined via immunoblotting using anti-Chk1 P-S344 or anti-Chk1 antibodies.
Representative Results:
The damaged sperm chromatin or DNA damage -mimicking structure can trigger the ATR/Chk1-mediated DNA damage checkpoint in the Xenopus egg extract system. Figure 1A2A shows that MMS induces Chk1 phosphorylation at Ser344 (Chk1 P-S344), which is an indicator of ATR kinase activation. Figure 1B2B shows that AT70, as a DNA damage -mimicking structure, also triggers Chk1 phosphorylation too. Total Chk1 issamples are used as loading controlcontrols in both casesexamples. 
Tables and Figures:  
Figure 1. A diagram of the DNA damage checkpoint signaling.
Figure 2. Chk1 phosphorylation is induced by either MMS or AT70 treatments in Xenopus egg extracts. (A) MMS-damaged sperm chromatin (MMS) or normal sperm chromatin (Con) are incubated in egg extracts for 90 min. Chk1 phosphorylation at Ser344 (Chk1 P-S344) and total Chk1 in egg extracts are examined via immunoblotting. (B) AT70 or water (Con) are added into egg extracts, respectively. Samples are also analyzed via immunoblotting as the same as in (A).
Reagents:
	Reagents name
	Vendor
	Catalog number

	Anti-Chk1 P-S344 antibody
	Cell Signaling
	2348L

	Anti-Chk1 antibody
	Santa Cruz
	SC7898

	Aprotinin
	MP Biomedicals
	0219115880

	Cycloheximide
	Sigma
	C7698-5G

	Cytochalasin B
	EMD
	250233

	Dithiothreitol (DTT)
	VWR
	JTF780-2

	hCG
	Sigma
	CG10-10VL

	L-Cysteine
	Sigma
	C7352-1KG

	Leupeptin
	VWR
	97063-922

	Methyl methane sulfonatemethanesulfonate (MMS)
	Sigma
	129925-5G

	Nocodazole
	Sigma
	M1404-2MG

	PMSG
	Calbiochem
	367222

	Sample buffer
	Sigma 
	S3401

	Tautomycin
	Wako Chemicals USA
	209-12041



Buffers used in the protocol:
Solutions:
	1x MMR
	100mM100 mM NaCl, 2mM2 mM KCl, 0.5mM5 mM MgSO4, 2.5mM5 mM CaCl2, 5mM5 mM HEPES, adjust pH to 7.8 with 10M10 M NaOH

	Aprotinin/Leupeptin stock
	10 mg/ml each in water. Store 20 μl aliquots at -80°C.

	Buffer X
	 0.2M2 M sucrose, 80mM80 mM KCl, 15mM15 mM NaCl, 5mM5 mM MgCl2, 1mM1 mM EDTA, 10mM10 mM HEPES, adjust pH to 7.5 by HCl

	Cycloheximide stock
	10 mg/ml in water. Store 1 ml aliquots at -20°C.

	Cytochalasin B stock
	5 mg/ml in DMSO. Store 20 μl aliquots at -20°C.

	Dithiothreitol (DTT) stock
	1 M in water. Store 1 ml aliquots at -20°C.

	ELB
	0.25M25 M sucrose, 1mM1 mM DTT, 50μg50 μg/ml cycloheximide, 2.5mM5 mM MgCl2, 50mM50 mM KCl, 10mM10 mM HEPES, pH7.7

	Nocodazole stock
	10 mg/ml in DMSO. Store 5 μl aliquots at -80°C.

	Energy Mixture
	375mM375 mM creatine phosphate, 50mM50 mM ATP, and 25mM25 mM MgCl2. Aliquots are saved at -80°C.

	Nuclear dye solution
	0.4 μg/ml Hoechst 33258, 25% glycerol (v/v), in 1x PBS 

	Tautomycin stock
	100 μM in DMSO. Store 10 μl aliquots at -80°C.



Equipment:
	Equipment name
	Vendor
	Catalog number

	Bucket for egg laying
	Rubbermaid commercial products
	6308

	CL2 IEC centrifuge with swinging bucket rotor
	Thermo Scientific
	004260F

	HB6 swinging bucket rotor
	Thermo Scientific
	11860

	Sorvall RC6 plus superspeed centrifuge
	Thermo Scientific
	46910

	UV crosslinker
	UVP
	95-0174-01



Discussion: 
It takes around 1 hour to make the LSE, and LSE is typically stable on ice for around 3-4 hours. There are several advantages in studying the DNA damage checkpoint using Xenopus egg extracts. The use of egg extracts provides a large quantity of cell-free extracts synchronized at interphase of the cell cycle. The egg extracts can be easily and inexpensively made. It is relatively easy to damage DNA or chromatin and to reveal a defect in the DNA damage checkpoint after immunodepleting a target protein from egg extract. Subsequently, a potential function defect can be “rescued” by addback of wild type or mutant recombinant proteins. Therefore, Xenopus egg extract is a powerful model system for structure and function analysis of DNA damage checkpoint. 
The LSE preparation has been demonstrated previously14, but our protocol has some modifications. LSE Generally, 1-3 ml of LSE can be prepared from eggs derived from one frog. It takes approximately one hour to prepare the LSE and it is typically stable on ice for around 4 hours. LSE has to be made freshly every timefresh when it is needed since freezing and thawing compromises the quality of the LSE does not work properly for use in DNA damage checkpoint experiments. LSE can also be used for immunodepletions to remove specific target proteins, thereby testing if a target protein is requiredIn Step 1.9, we recommend making stock solutions, saving aliquots in freezers, and using frozen aliquoted stocks for DNA damage checkpoint signalingeach chemical. In our experience, these aliquots are usable for up to 3 freeze-thaw cycles. 
DNA damaging reagents such as MMS have been examined in LSE for triggering Chk1 phosphorylation (see Figure 1A). Most of the2A). DNA damaging reagents can either be added directly to egg extractsLSE or be used to damage sperm chromatin first via a similar approach like the MMS-treatment.before addition to LSE. The concentration of DNA damaging reagents mightwill most likely need optimizationto be optimized for specific experiments in order to getobtain the best conditionconditions to trigger Chk1 phosphorylation. UV irradiation can also be utilized to cause damage on thesperm chromatin, thereby leading to  and study activation of the DNA damage checkpoint via Chk1 phosphorylation (data not shown). The Chk1 phosphorylation site Ser344 in Xenopus is the conserved site ofanalogous to Chk1 Ser345 in humans 8.
The synthetic oligo AT70 mixture mimics the structure of DNA damage. WithIn the presence of tautomycin (inhibitor ofTautomycin (a phosphatase inhibitor), AT70-induced Chk1 phosphorylation is stabilized and can be examined via immunoblotting (as shown in Figure 1B2B). The total endogenous Chk1 is used as a loading control, and. AT70 triggers a mobility shift in total Chk1. The antibodies again that can be visualized on a Western blot, indicating Chk1 is phosphorylated. Antibodies against Chk1 phosphorylation and total Chk1 are suitable for immunoblotting analysis of DNA damage checkpoint signaling in Xenopus. 
Overall, the Xenopus egg extractextracts system is widely utilizeda powerful cell-free model system to studyinvestigate the DNA damage checkpoint. This protocol provides the basic techniques for such purposes, and demonstrates the detailed procedureprocedures for such analysis. This technique is adaptable for the studiessystem can be modulated to study the molecular mechanisms of the DNA damage checkpoint using a variety of different DNA damaging approaches.
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