Experiment 12

Southern Blot
Analysis of Plaanids
PRIT4501and pRIT4502

It is often desirable to screen nudeic acidsto determine whether or notthey carry specific
sequences. Typicadly, thisis doneby making thenudeic acid in question single-stranded, fixingit to a
solid suppot, and chdlenging it with asmall, labded, single-stranded DNA (probe unde conditions
tha promote hybridization. If the probesequence isfoundwithin thetarget DNA, the probewill bind to
its complementary sequence onthesuppot. All that isleft isto detect probebinding. Probeisusudly a

cloned geneor other DNA fragment tha is labded with either 32p or biotin. Uponautoradiography or
development with a chromogenic subdrate, it is passible to visudize boundprobe

Both DNA and RNA can be boundto amembrane and there are avariety of ways in which this
can bedone For example, whde bacteria colonies can be screened by tranderring them to a solid
suppot, lysing them in situ, denaturing thereleased DNA, and binding it irreversibly to the suppot.
DNA can also be separated by size onagd and trangerred to asuppot by capillary action (blotting) or
by electrophoktic trander. Theblottingmethodwas invented by E. M. Southernin 1975and has come
to beknown as Southern Blotting. Subsequently, Southern@ techniquewas applied to RNA and came to
be known as Northern Blotting.O Thetechniquehas also been adapted to proteins Proteinsare
sepaated by SDS-PAGE electrophosesis, blotted to a solid suppot, and chdlenged nat by nudeic acid
probes, but by labded antibodies. Thejargonhas aso been adgpted to proteins and this techniqueis
known as QVestern Blotting O

After trander of the DNAQ, the membraneis treated with salmon sperm DNA. Salmon sperm
DNA is heterologousi.e. it has norelationship to any of the DNA sequencesthat you areusng, butit
servesto block non-specific hybridization of the probe Typically, thereis aways some low level of
nonspecific hybridization, and theintention is tha any such non-specific hybridization be carried out by
theunlabded sailmon sperm DNA and not by thelabded probe Findly, the probeis added and only
specific hybridization sites are available. The conditionsunde which probeis pemitted to hybridize
can bevaried to demand greater or lesser degrees of complementarily. Thisis known as stringency.
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Stringency can be defined as the degree of complementarily that you demandfor a specific
hybrdization. Asstringency decreases, the probecan bind to an increasing number of sequences tha
are smilar butnotidentical. Thelower thestringency, theless the complementary mus the sequences
be Sometimes, low stringency isdesirable. For example, genesin eukaryotes form familiesand alow
stringency hybridization may pemit probeto bindto related, but notidentical genesin the same family.
Another example would bea case in which you have clonad a genefrom onespecies and want to find a
similar genein anothe species. Depending onevolutionay distance, the sequencesin thetwo species
may have diverged quite bit. Stringency during hybridization can be controlled by varying the
temperature, or by adjuging the salt concentration and/or the amounts of urea or formamidein the
hybrndization solution. Urea and formamide are denauring agents tha lower the melting temperature
of thehybrid. In atypical Southern blot, hybridizationis performed at low stringency andthen the
membraneis putthrougha series of washesin which the stringency is progressively increased by
progressively decreasing salt concentration. Thestrategy is to promote the maximum hyhridization and
then wash away any probethat isonly loosly bound.

Thefind stagein a Southern Blot isto visualize the probe If theprobeisradioactively labded,
then onemerely peforms an autoradiography. GE lab is not equipped to use radioisotopeprobes, so
youwill use abiotinylated probe Biotin isincorporated into theprobeviaanick trandationreactionin
which nomal dATP isreplaced by biotin-7-dATP . In biotin-7-dATP, the biotin is attached to the
dATP by a7-carbonlinker. Detection of the probeis based on the strongaffinity between biotin and
avidin. Avidinis conjugéaed to an enzyme such as dkaline phogphaase, which can subsquently be
used with a chromogenic subdrate to produe acolor change Generaly, avidin, which comes from egg
white, is replaced with streptavidin, which comes from Steptococcus Both compoundshave similar
affinities for biotin butin practice, streptavidin produces alower background. In a standad protocol,
themembraneis blocked to prevent streptavidin¥lkaline phogphaase conjugae from binding non
specifically to the membrane Blodking isaccomplished by coaing the membranewith alayer of bovine
serum abumin. Streptavidin¥kalineis added to the membrane and findly, a chromogenic subdrateis
adde which the alkaline phogphaase conveats to a pumple colored end produd. Thechromogenic
subgrate is a combinaion of nitro bluetetrazolium (NBT) and 5-bromo-4-chloro-3-indolyl phogphéae
(BCIP). Thereactionisshown in thediagram bdow.
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Southern Blot

In thefind experiment of this course, youwill use Southern Blotting to examine plasmids
pRIT4501and pRIT4502. First, youwill cut pRIT4501and pRIT4502as well asther parent plasmids
pUC9 and pPL608and blot them to a nitrocellulose membrane. In addition, youwill also begiven a
sample of chromosomal DNA. Then, youwill use thetwo parent plasmidsto prepare probes. At the
end of the experiment, you will be able to correlate parent plasmid DNA with the particular regionsof
therestriction mapsof therecombinants.

First Day
Preparation
of Probe

Probewill be made by the nick-trandation reaction usng either
pPL608or pUC9. Youshould team up with another lab par so
tha onepar does oneplasmid and onedoes the other.

Prepare thefollowing reaction mix:

50ul dTTP+dCTP+dGTP
25ul biotin-7-dATP

X ul  DNA (2 ugtota)

Y ul water

450 ul total volume

+50ul DNA polymerase| + endonudease A

¥ X dependson the conaentration of your DNA
¥ Y isthevolume of water necessary to bringthe
reactionupto 45 ul

Prepare a 140 water bath by addingice to 4 liters of tap water
untl it cools to the prope temperature (we will dothisasa
class). Place your nick-trandationreactionin thewater bah and
allow it to incubae for 90 minutes.

Adjug thereaction mix to 0.1 M NaCl. Add100ul ice-cold
ethanol and place in freezer for 30 minutes.

Centrifugefor 20 minutes at 17,000 rpm.

Resugpendin 50 ul TE buffer.
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First Day
Electrophoresis
and Blotting

Cut pUC9, pPL608,pRIT4501,pRIT4502 and
chromosomal DNA with EcoRI. Youwill need two samples of
each, so scale your reactionsup accordingly.

Prepare 2 samples each of 1 kb ladde and A Hindlll molecular
weight standards

Pour a 1% (piggy-backOgd.

Load your gds so tha thesamples are in themiddle wells
according to thetable:

lane  top bottom
1
2
3
4 A A
5 1kb 1kb
6 puUC9 puUC9
7 pPL608 pPL608
8 pRIT4501 pRIT4501
9 pRIT4502 pRIT4502
10 Chrom Chrom
11
12
13
14

At theend of theelectrophokesis, stain thegd and take two
phoographs

Trander thegd to aplastic dish and add several volumes of 1.5
M NaCl + 0.5 M NaOH. Shake gently at roomtemperature for
onehour. Thiswill denture the DNA so tha single-stranded
DNA istranderred to the membrane

Neutralize thegd by washingin 1 M Tris, pH8 + 1.5 M NaCl
for 1 hour. If thegd isnotneutralized, then the NaOH will
degrade the membrane and cause it to turn brittle and shatter
when you try to unload the blot.
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7. Setupthetrander accordingto theindructionsbdow and the
following diagram:

a. Cutapiece of nitrocelulose pgoe to thesame size asthe
gd. Floa it onthesurface of 2X SSC until itis
completely wet. Submergethefilter for 1 - 3 minutes.

b. Sugpendthegd tray in aplastic dish and cover it with a
piece of 3MM pagper, draping down into thedish.

c. Fill thedish partialy with 10X SSC. Removeall
bubbks from thefilter pgper with aglassrod.

d. Lay the gd face down onthefilter pgoer. Smooth outall
bubbles.

e. Retrieve thenitrocellulose from step GxOand place it on
top of thegd. Smooth outall bubHtes.

f. Cutstripsof saran wrap and lay them on each edgeof
themembrane and drape them over theside of thetray.
Be careful to cover aslittle of thewells as possible.

g. cuttwo sheets of 3MM paoer to the same size asthe gd,
soak in 2X SSC and lay them over the nitrocel lulose.

h. Place astack of pgoe towels 10 - 12 cm thick ontop of
the 3MM pape and place aweightontop. Thedry
towels will draw the 10X SSC by capillary actionup
throughthegd, elutingthe DNA onto thenitrocelulose
whereit istrapped.

weight

paper towels

2 sheets 3MM paper

nitrocellulose membrane
gel

filter paper wick

| __— transfer buffer
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Second Day
Blotting

Third Day
Hybridization

Removethetowels and discard thegd. Make anick in one
corner of the nitrocellulose membrane so that when theside
toudhingthegd islaying face up, the nick will bein theuppe
left-hand corer. Thiswill allow you to orient theblot later on.

Allow the membraneto dry and then loosely sandwich it between

two sheets of 3MM paper and bake it for 2 hoursat 80P ina
vacuumoven. Thiswill irreversibly bindthe DNA to the
membrane.

Lay themembranein atray and soak with 6X SSC for 5 minutes.

Remove SSC and add pre-wash solution. Cover the tray and
incubae for 90 minutes at 420.

At theend of the 90 minutes, put 15 ml of hybridization solution.
into alargedisposable plastic centrifugetube Obtain a
microfugetubecontaining 150ul of salmon sperm DNA and boll
it for 10 minutes to denaure it, then chill quickly inice. Trander
the salmon sperm DNA to the hybndization solutionin the
centrifugetubeand vortex vigoroudy to mix, asthe DNA is quite
Viscous

Removethe pre-wash solution from the membraneand replace it
with the hybrdization solution + DNA. Incubaefor 4 - 6 hours

at 420,

Remove abouthdf of the hybridization solution so that thefilter
is covered with the minimum amountof liquid as possible. Boil
your probefor 10 minutes, chill and add to the membrane Do
not pipette the probedirectly ontop of themembrane Rather,
dip thetray so that al of theliqud pools at oneend. Addthe
probeto thepooled liquid, mix, and then rock thetray to cover

themembrane Incubae overnight at 420,
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Fourth Day
Stringency
Washes

Fourth Day
Probe Detection

Removethe hybridization solution.

Theeis ill usable probein the solution. If you wanted to probe
anothe blot, youwould useit at step 5 of Day Three. Ingead of
removing hdf of the hybridization solution and adding fresh
probe youwould removeall of thesolution andreplace it with
your re-cycled probe Before adding therecycled probe you
would haveto first boil and chill it to denaurethe DNA.
Biotinylated probecan be stored in thefreezer for upto ayear,
and can bereused several times.

Wash the membranetwice, 3 minutes per wash, in 2X SSC with
0.1% SDS.

Wash twicein 0.2X SSC with 0.1% SDS. Each wash should be3
minutes.

Wash twicein 0.16X SSC with 0.1% SDS at 500. Each wash
should last 15 minutes.

Briefly rinsein 2X SSC with 0.1% SDS at roomtemperature.

Wash for 1 minutein Triton X-100buffer.

Incubae filter for 20 minutes in blocking buffer at 65°. The
blocking buffer should be pre-warmed.

If youwish to pause, thisis a convenient braking point. You

could dry in avacuumoven for 20 min. at 80° and come back to
it later.

We will notstop here.

Obtain streptavidin¥alkaline phophaase (1 mg/ml) and dilute it
to 1 ug/ml (i.e. 1:1000 in Triton X-100buffer. Ittakes13.6 ml
to cove theface of the membrane so you should add 13.6 ul of
streptavidin*alkaline phophaase.

This should bedonein a polypropylenetube Addthe
streptavidin¥lkaline phogphaase and incubae at room
temperature for 10 minutes with gentle agitation.

Trander themembraneto afresh tray and wash the previous
one Thistrander will hdp reduce background

101



Experiment 12

10.

Wash the membrane, with gentle agitation, 3 timeswith Triton
X-100buffer. Use 20-40times as much buffer asyou used
streptavidin¥élkaline phoghaase solution. Each wash should
last three or four minutes.

Wash twice with TSM buffer.

Trander themembraneto a heat-seal bag. Thereaction works
best if notexpoed to air.

Add 10 ml of thechromogenic subdrate (NBT + BCIP) to the
bag and seal. Incubae themembranein dak or low light Color
will appear quickly, maximum development usudly takes 4
hours.

Terminate the color reaction by rinangin 20 mM Tris, pH 7.6)
and5 mM EDTA, pH8. Allow to dry and then take a phobgraph.
Themembranewill eventudly fade

Cut your membrang, your photograph, and the phaograph of the
origind gd into four quadrants. Keep oneof each to pasteinto
your lab notebookand give a secondto your partner. Exchange
theremaining pieces with anothe par who did the probetha
you did notdo.
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20X SSC
NACL ... e e 17539
SOAIUM CITTAEE. ...t e 882¢g
WEBLET ...ttt et e e e en e 800ml
AdjugtopH7
Bringvolume upto 1 liter
Dilute as needed
20X SSPE
NACL ... e e 17409
NAH2POA. ..o 27649
EDTA ettt st st 7449
Per 800ml

AdjugtopH 7.4
Bringvolume upto 1 liter
Dilute as needed

Pre-Wash Solution

IMTHS PH 8, 125 ml

OS5 MEDTA, PHS. .o 1.0ml

LOUOSDS......ooceeeeee ettt e 25ml

NN = ! APPSR 14619
per 250ml

Hybridization Solution

formamide.........coooiiiece 676 ml
50X Denhadt@ SOIULON..........cvoceeeeceeeeeee e 1.0 ml
20X SSPE.......ooce e 375 ml
TOGOSDS.....co e e 10ml
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50X Denhardt!s Solution

polyvinylpyrolidone.........cccooiierieniineeeeeee
bovineserumalbumin..........cccceoiiinnie

per 500ml

Triton X-100 Buffer
0.1M Tris,pH7.5
0.1 M NaCl

2mM MgCi2
0.05%Triton X-100

Blocking Solution

3% bovineserum abumin in Triton X-100buffer

TSM Buffer

0.1 M Tris,pH9.5
0.1 M NaCl
50mM MgCi2
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