Southern Blot Protocol 
Compiled from Keith Turner, Amy Rohlfing, Kathryn Levasseur and Roche DIG Protocols

Notes: 
All steps at room temperature, unless otherwise indicated
DNA digest and transfer to membrane can be done before probe synthesis, but be sure you have a probe before pre-hybridization!
Never let the membrane dry- move quickly between solutions

Reagents

Gel and transfer to membrane
Agarose
Loading dye, preferably a dye like Qiagen 5x GelPilot Dye, that contains xylene cyanol (light blue) and bromophenol blue (light blue)
20x SSC
Positively charged nylon membrane, Roche, cat # 11 209 272 001
Whatmann filter paper

0.25 M HCl 
244.5mL ddiH2O
    5.5mL 11.6M HCl (add acid to the water!!!)

Denaturation Solution 
1.5M NaCl, 0.5M NaOH
43.83 g NaCl
     10 g NaOH
ddiH2O to 500 mL

Probe Synthesis
PCR DIG Probe Synthesis Kit, Roche, cat #11636090910

Hybridzation and Detection
UltraHyb, Ambion, cat # AM8670
Sealable packets 
(We use an impulse sealer and plastic film cut to size. See Ampac Tubular Roll Stock, 2.5 mil thick, VWR cat # 93001-502)
DIG Wash and Block Buffer Set, Roche, cat # 11585762001
Anti-Digoxigenin-AP, Fab fragments, Roche, cat # 11093274910
CDP-Star, Roche, cat # 11685627001 or # 11759051001
Autoradiography film and exposure cassette




Low Stringency Buffer 
2x SSC, 0.1% SDS
Stock Solution	Volume to add
20x SSC		100 mL
20% SDS 		    5 mL
ddiH2O		895 mL

High Stringency Buffer 
0.5x SSC, 0.1% SDS
Stock Solution	Volume to add
20x SSC		  25 mL
20% SDS		    5 mL
ddiH2O		970 mL

Washing Buffer (from DIG Wash and Block Buffer Set)
Dilute 10x solution

Blocking Buffer (from DIG Wash and Block Buffer Set)
Dilute 10x solution in 1x Maleic Acid Buffer (in kit, 10x solution)
  9 mL 10x Maleic Acid Buffer
81 mL ddiH2O
10 mL 10x Blocking Buffer

Detection Buffer (from DIG Wash and Block Buffer Set)
0.1 M Tris-HCl, 0.1 M NaCl, pH 9.5
Dilute 10x solution




Probe Synthesis
Use Roche PCR DIG synthesis kit

For E. coli Probes: 
	Reagent
	Labeled Probe Rxn
	Unlabeled control probe rxn

	10x PCR buffer (w/ MgCl2)
	5 μL
	5 μL

	10x PCR DIG mix (DIG labeled dNTPs)
	5 μL
	-

	10x dNTP stock sol’n
	-
	5 μL

	FOR and REV primers
	Variable
	Variable

	Enzyme mix
	0.75 μL
	0.75 μL

	Template DNA
	Variable
	Variable

	dH2O
	To 50 μL
	To 50 μL

	Total rxn volume
	50 μL
	50 μL



For E. coli DNA, use 1 μL 1:100 dilution of genomic DNA and 1 μL of 100 μM primers (per A. Rohlfing)

- Run samples in thermocyler
	
	Temperature
	Time
	# of cylces

	Initial denaturation
	95°C
	2 min
	-

	Denaturation
Annealing
Elongation
	95°C
Tm of primers-2°C
72°C
	30 s
30 s
40 s
	
30 cycles

	Final elongation
	72°C
	7 min
	-


- Run PCR products on gel to check synthesis. Unlabeled control probe will be expected size and DIG labeled probe will run at higher molecular weight than control probe

For Francisella probes:
- First do an unlabeled probe reaction with Taq polymerase and 30 μL volume. Use 0.3 μL of 1:10 gDNA as template, 0.3 μM primers

- Program KLSP5:
1. 95°C 2’
2. 95°C 20”
3. 50°C 30”
4. 72°C 1’ 
5. Goto step 2, rep 30x
6. 72°C 5’
7. Hold 4°C  

- Run 5 μL on gel to check. If product looks good, continue to synthesize DIG-labeled probes

- For the second reaction, use the PCR DIG synthesis kit as described, with 1 μL of 1:10 product from first reaction as template and 0.3 μM primers. If probes have about >63% AT content, use ½ the specified amount of DIG dNTPs and supplement with dATP and dTTP (add to a final additional concentration of 200 μM; will result in 100 μM dCTP and dGTP, 300 μM dATP, 265 μM dTTP, and 35 μM DIG-11-dUTP).

- Run 5 μL labeled and unlabeled PCR products on gel to check synthesis. Unlabeled probe will be expected size and DIG labeled probe will run at higher molecular weight than control probe



DNA digestion and gel
- Digest ~2.5 g of genomic DNA at 37°C overnight. (Kathryn use 20 μL volume with 1 μL enzyme)

- Add loading dye to samples and run on 1% agarose gel with SYBR Safe at 95V. Use small gels if possible and runs until separation of appropriately-size fragments occurs, based on ladder. 

-Incubate gel 7’ in 0.25 M HCl to depurinate the DNA

-Wash gel 2x with ddiH2O

-Incubate gel 2x 20’ in Denaturation Solution

-Gel can equilibrate in transfer buffer (10x SSC) while preparing transfer assembly

Transfer to membrane
- Cut wells off of gel and trim away excess gel

- Cut 8 pieces of Whatman filter paper and positively charged nylon membrane to size of gel 

- Cut 3 bridges out of Whatman filter paper large enough to cover the gel and reach to the transfer buffer reservoir

- Prewet membrane, 5 of the 8 pieces of filter paper, and the filter paper bridges in transfer buffer (10x SSC)

- Use downward transfer method (see below) to transfer DNA to positively charged nylon membrane with 10x SSC for transfer buffer

Transfer notes: 
- Make sure there are no bubbles between gel and membrane!
 - Usually do this O/N, but have transferred for as little as 3 hrs
- Keith’s protocol says transfer is done after 75 mins

(Overnight Step!)
[image: ::::Desktop:Screen shot 2012-12-14 at 1.45.21 PM.png]- Disassemble transfer assembly, saving membrane and notching the top right corner

- Place the damp membrane on Whatman soaked in 2x SSC
 
- Use UV crosslinker set to 1200 (120 mJ) to crosslink DNA to membrane

- Rinse membrane in dH2O after crosslinking

- Air dry membrane on a piece of Whatman paper

- The dry membrane can be stored at 4° between two pieces of Whatman paper in a Ziploc bag

Pre-Hybridize
- Warm UltraHyb buffer to 65°C

- Use plastic and pulse-sealer to make a packet for nitrocellulose blot. Leave extra room at the top so you can seal it, cut the packet open again and re-seal. 

- Add UltraHyb buffer to the blot in the packet and seal, removing as many bubbles as possible

- Place packet at the hybridization temperature (see Calculation for Hybridization Temperature) to pre-hybridize for at least an hour. 

- While blots are pre-hybridizing, prepare probe solution
Pre-Hybridize
- Aliquot UltraHyb for each probe (probably about 10mL)

- Aliquot DIG-labeled probe into 1.5 mL tubes with 50 μL water (if probe synthesis looked robust, use 2 μL probe / mL of hyb solution. If probe synthesis looked poor, use 4 μL probe / mL).
- Prepare a boiling water bath and an ice water bath

-Boil probes for 5’, place immediately into ice water bath

- Add probes to pre-warmed aliquots of UltraHyb

Hybridization
-Remove prehyb buffer from blots, immediately add probe-hybridization solution

- Re-seal packet and place at hybridization temperature overnight (for detecting a single copy- check Roche protocols for hybridization times in other situations)

(Overnight Step!)

-Pre-heat High Stringency Buffer and an incubation chamber (hyb oven) to 65°C, make sure SDS in Low Stringency Buffer is dissolved

- Save probe-hyb buffer, store at -20°C (before next use, pre-warm to 65°C for at least 10’)

Detection by chemiluminescence
- Wash membrane 2x 5’ shaking in Low Stringency Buffer
[bookmark: _GoBack]- Wash membrane 2x 15’ shaking in High Stringency Buffer at 65°C
- Wash membrane 2’ shaking in Washing Buffer
- Incubate in Blocking Buffer, shaking, at least 30’ and up to 3 hours
- While blot is blocking, prepare antibody solution (see next two steps)
- Spin Anti-Digoxigenin-AP at 10,000 rpm for 5’ at 4°C  
- Add to blocking buffer at 1:10,000 dilution (2 uL in 20 mL suggested volume)
- Incubate blot in antibody solution for 30’ shaking
- Wash blot 2x 15’ shaking in Washing Buffer 
- Equilibrate blot for 3’ in Detection Buffer (Kathryn has left membrane here for at least an hour)
- Add CDP-Star (1 mL or until membrane surface is evenly soaked- can get away with much less if you use some Detection Buffer to wet the surface of the blot- maybe 100ul?) to blot in sealable packet
- Seal packet, incubate 5’ and expose membrane to film

Calculation for Hybridization temperature (from Roche protocol):

Tm = 49.82 + 0.41 (% G + C) – 600/l 
Thyb = Tm – (20° to 25°C)
Where:  
Tm = melting point of probe-target hybrid
(% G + C) = % of G and C residues in probe sequence 
Thyb = Optimal temperature for hybridization of probe to target in DIG Easy Hyb
For most probes, this will probably be around 42°C and for Francisella probes, this will probably be around 37°C. 
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Figure 4, Downward Transfer Assembly, with Madifications, from Chomczynski, 1992
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