Jovraal of Chrumatography, 618 (19933 133 145
Browicdical Applications
Elsevier scicnwe Publishers B Y., Amsterdam

CHROMBEIO. 6520

Review

Southern and Northern analysis

Richard A. Kroczek

Molecylor Immiunology, Roberi-Koch-franute, Nordufer 20, 13333 Berlin [ Gerviuny )

(lirst received November 2/th, 1992; revised manuscript received March 28th, [993)

ABSTRACT

This review on southern ard horthern analysis, rather than praviding stzp by-slep protocols, focuses oo o oritival evaluation of the
existing experimental methnds and modifcations thereof. Principal parameters mfluencing electzophoresis of DNAZRNA in agarose
gels are outlined and al the sane time alterations in these parameters for oplimal resolution of DNA of varying lenglh are discussed.
Further, methods for evaluating the quality of DNA/RNA size separation in agarose gels are deseribed. Since effcicnt trunsfer of
DNA/RNA from the gzl onlo a membrane support is critical in both methods, scveral experimental approaches for transfer are
compared. Also discussed in this review are alternative methods for radioactive and ron-radiouctive labelling of DNA prebes. Finally,
detailed protocols are provided for an effzctive hybridizatian of Southern and Northern blots.
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1. INTRODUCTION

Soulhern analysis allows the deteclion of a giv-
¢n DNA sequence in a complex mixture of DNA
sequences. The method was developed to identity
homeolegous sequences in genomic DNA and to
facilitate gene mapning. Southern blotting is also
commonly used in a variety of DNA cloning
techniques, since it allows the identification of
correct DNA fragment(s) in analytical restriction
cnzyme digestions of cloned DNA matenal. The
method is similarly applied for the verification of
products obtained by the polymerase chain reac-
tion (PCR) technique. Northem analysis allows
the detection of a given RNA sequence in a com-
plex mixture of RNA sequences. It is used to de-
tect and guanlitale a given mRNA specics in cells
and ussues,

The basic principles of Southern and Northern
analysis techniques are very similar. First, the nu-
cleic acid (DWA or RNA) has to be purified from
eukaryotic cells or bacteria. In a second step the
(charped) nuelcic acid is separated according to
length in a gel matrix placed into an electrical
field. Following size separation, the DINA (dena-
tured to single strands) or RNA is transferred
onto a Nylon membrane and fixed Lo it. Subse-
quently, the immokilized DNA or RNA is hy-
bridized ro a homologous, labelled single-strand-
ed nucleic acid {(“probe”). The detection of the
hybridized probe depends on the lahelling meth-
od used. With *?P-lubelled probes the signal is
detected and quantified using X-ray films (or au-
toradiography. Stundard molecular  biology
manuals [1-3] provide step-by-step protocols for
Southern and Morthern analvsis. [Lis suggested
thal readers famihiarize themselves with these
protocols before reading this review. Here, the
aim is to critically cvaluate methodological varia-
tions of crsential steps in both techniques and to
provide an overview ol reeent lechnical develop-
ments.
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2.4, Principal factors influencing electrophoreinc
mobility of nucleic acids in agarose gels

MNucleic acids are negatively charged at neutral
nll and can therefore he separated according to
length using the sieving propertics of agarose {a
highly porous polysaccharide) and the driving
force of an electrical field. In a svstem where the
clectrical resistance of all components remains
constant (low-voltage conditions), linear nucleic
acid molecules will move in agarose at a veleoity
praportional 1o the voltage applied. Tt should be
emphasized that the driving force for oucleic
acids in an agarose gel is not the vollage set on
the power supply, bul the woliage gradical per
uiit length effective in the gel matrix. In a typical
electrophoresis system this voltage gradient is
mainly dependent on the geometry of the electro-
phoresis chamber, on the geometry and composi-
tion {f.e. the total resistance) of the gel. and or
the volwme and ionic strength (i.e. the total resis-
tance) of the buflfer used. At a set voltage the
following riles apply: ‘The greater the distance
between the electrodes of the electrophoresis
chamber, the lower the cifective voltage pradient
and the velocity of nucleic acid migration. An
increase in gel thickness or buller volume also
leads to a lower effective voltage gradient in the
gel matrix. Theoretically. the actual voltage pra-
dient in the gel could be measured with a
high-resistance voltmeter, bt in practice this is
nol done. In many publications the parameter
Viem (voltage set at the power supply per cm
distunce belween the two electrodes ot the
voltage gradient per unil length!) is indicated —
Lhis is obviously not sullicient to define exactly an
clectrophoresis svstem. (For o more detailed dis-
cussion of physicul parameters influencing aga-
rose clectrophoresis see ref. 4.) In practice, one
should keep the gel geometry as well as the buffer
valume and composition constant and determine
the optimal vollage for a piven application em-
pirically. Ideally, the agarose gel should be cov-
ered by 3—4 mm of buffer. The maximal voltage
applicable is limited by the heat generated in the
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rel. With higher effective voltage gradients. con-
stant buffer recirculation is recommended to pre-
vent temperature gradicats. Increasc in voltage
will eventually lead to melting af the agarose gel.
However, since optimal separation of nucleic
acids 1s usually achieved at low-voltage condi-
tions, overheating of the gel is not a limitation
with the commonly used low-salt buffers,

As a general rule, double-strunded (ds) lincar
DINA or RNA migrates through a gel matrix a1 a
velocity approximately inversely proportional to
the loge of the number of base pairs [5]. Condi-
tions used to achieve optimal size separation vary
depending on whether DINA or RNA is analysed.
Electraphoresis paramgters for both technigues
are lherefore discussed in detail in the following
chapters.

2.2, Aparose gel electrophoresis mrd blorting of

DN A

Southern analysis was developed by E. M.
Southern in 1973 [a]. Tt is used to detect a given
DNA sequence in a complex mixture of DNA
sequences, o.g. in restriction mapping of genes or
in the detection ol restriction [ragment length
polymorphism. Since its original descriplion, the
principle of Southern analysis hus remained es-
sentially unchanged. The main modifications
have been the introduction of Nylon membranes
instead of cellulase nitrate for binding of blotlexl
DNA, and the establishment of vacuum blatting
instead of capillary transfer {7,8]. Today, agarose
electrophoresis allows separation of IDNA rang-
ing [rom 200 base pairs (bp) to 10 - 10° bp. Haw-
ever, no single gel system allows the separation of
aucleic acids over this range of length. The “clas-
sical” Southern analysis can resolve DNA he-
tween 200 bp and 20 kilobase pairs {(kbp). For
separation of DNA shorter than 200 bp or for
ophimal resolution in the range of 10 bp to 1 kbp,
pelyacrylamide gel systems are applied [9- 11].
DNA larger than 20 kbp is analysed vsing the
pulsed-ticld gel clectrophoresis technigue [12].

By far the majority of applications of Southern
analysig require the discrimination of DNA in the
range of (.2 20 kbp, and this is discussed below.
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In “classical” Southern analysis various param-
eters are modified (o achieve optimal resclution
in the desired range of DNA length. Two impor-
tant parameters are the percentage and the com-
position of the agarose gel used. When resolving
DXNA of 0.2 1 kbp, good results are achieved
with 2-4% apurose gels using a 31 mixcore of
low-melting agarose and standard agurose {prod-
ucl information provided by FMC BioProducts,
Rocklund, ME. USA). These high-percentage
gels arc typically used for Southern analysis of
IMCR products or cloned DINA. Since the amount
of target DNA is nol lmiting in these applica-
tions, suflicient amounts of size-separated DNA
can be transierred onto a membrane support in
spite of the high density of the aparosc matrix.
For the analysis of genomic DINA, 0.7-1.2% aga-
rose gels are used. Gels below 0.7% are difficult
te: handle, while transfer efliciencies with high-
percentage pels (> 1.2%) are unsatislactory in
the analysis of single-copy penes where the
amount of target DNA is the limiting [uctor. Ta-
ble | provides a gudceline for the pereentage of
agarose gels used to achieve an optimal reselu-
tion i the 0.2-20 kbp range, as well as the ap-
proximate migration of two commonly used
dyes, relative 1o DINA length standards, in gels of
Various 4garose percentage.

TABLE |

OPTIMAL RESOLUTION OF DNA OF VARYING
LENGTH IN AGARCSE GELS?

Size of DNA
fragment (kbp)

Azarose Bromophens] blue

concentration {w,v¥)  dyve migration®

0105 4% agarese blend* 35 bp
0.5-1.0 3% agarose blend Mot determined
046 1.29% agnrose 400 by

1204 0.7% apurose 700 bn

Partly adapted from rel. 2 and product information provided
by FMC BioProducts (Rockland, ML, USA).

Approzimate dve migration in TAE bufer (0.04 A TTis—ace-
tare, | mM EDTA, pH B.0) relative to DNA standards, varies
shightly with various agarose brands

Agarosc blend of thres parts Jow-meltng agarose and one parl
standard agarose (FMC BioPraducts).

B3

-
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231 — — 231
94 — — 94
6.6 — — 66
4.4 — — 44

— 24
23 — — 20
20 —

Fig. 1. Elect of voltzge conditions un slee separation of GsLDHNA
of varivus lengths, Miedlll-cat lambda [DNA wes separated elec-
trophoretically at 28 V37 mA for 16 h{A) or at 70 V.97 mA for
5.22 = with builer recirculation (B): all ather parantcters were
idevtical 1t is epparcat thar low-valtapa comditions favour sive
seaaration of NDMNA herween 2.0 sncd 9.4 kbp whereas TINA be-
tween 2.4 and 2201 khp migrates relalively fuster at Ingh voliage
cisrditions.

A second parameter 1 DNA clectrophoresis,
which has major eflects on resolution, is the volt-
age applied. High voltage combined with short
run times gives optimal size separation of DNA
1020 kbp in length, whereas low voltage com-
bined with leng run times pives good reselution
between 1 and 10 kbp. An example is given in
Fig. 1. As mentioned before. the application off
high voltage requires a conslant buffer recircula-
tion to avoid uncven heat distribution in the gel/
bufler svstem, whereas this is not necessary with
low-voltage runs.

For the analysis of single-copy genes most
standard protocols suggest the use of 10 pyg of
NDNA. By changing the geemetry of the sample
welts in the gel, the same signal can in my cxperi-
ence be achieved with 2.5 pg of DNA. an impor-
lant aspect in all anplications where the amount
of DNA is limiting. Te this end I use 2.7 mm x>
1.5 mm combs to generate gel pockets wilth a val-
ume of 13 gt Electrophoresis and blotiing are
performed according to standard protocols. An
important prerequisile in the analysis of single-
copy genes is an optimal restriction cnzyme di-
gestion of genomic DNA. Staustically, if 80% of
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restriction enzyme sites are cut, only 64% (0.8 =
1.8) of [ragments with the correct size are gener-
ated. When digesting mini-prep genomic DNA,
which is ollen less pure than standard prepara-
tians, the addition of spermidine {3 mAM final) to
intermediate- or high-salt enzymate reactions
considerably improves the final result [13-15].

Staining of the electrophoresed TINA is very
informative. This can easily be achicved with the
use of dyes binding to DNA (and RNA), such as
ethidium bromide (E1Br). The gels can be stained
after clectrophoresis. but the resules are subopti-
mal. Best staining ol DNA is achieved with EtBr
present during electrophoresis. EtBr is added toa
final concentration of {1.5 ug/ml, both to the melt-
ed agarose (ceoled Lo 35°C) wnd to the clectroe-
phoresis buffer. This procedure allows o constant
monitoring of DNA migration and also a fnal
photographic documentation of the size-separat-
ed DNA . Staining of restriction enzyvme-digested
genomic DNA is particularly informative. When
size-scparating enzyme-restricted genomic DNA
I use 153-em-long gels and electrophoresis condi-
tiens under which shorr DNA fragments are still
retained in the lower portion ol the gel. After
electrophoresis. distinct bands hecome visible in
this lower portion of the gel. These bands result
[rom restriction site repeats in genomic DA and
are charactaristic of the restriction enzyme used
(Fig. 2}. Their appeirance confirms an adequate
cnezymatic dipestion of the genomic TINA as well
as a correel size separation during gel electrapho-
resis. Alter photographing, 1 eut off the lower 3
cm of the gel and use the remaimng gel for South-
ern blotling (when analysing DNA =25 kbp). It
should be noted that LiBr s & powerlul mutagen.
The use of BB requires appropriate inactivation
of the mutagenic pronertics ol the dye betore dis-
posal [2].

Alter electrophoresis, the DXNA s transferred
onte a membrane support, Many protocols still
sugeest the use of nitrocellulose for this purposc.
In my opinion, Nylon membrancs are clearly su-
periar to nitroccllulose because of their higher
DINA/RNA binding capacily und their greater
mechanical strength on stripping and reprobing,.
A systemalic comparison of a large number of
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Fag 2 Restriction sites repeats in genomie IPNA. Human genom-
ic DNA was digested with the restriction engyme Hindil and
size-separated by agarose (1.7%) gel electrophoresis wl 28 ¥ lor
16 h in the vresence of ethidivm bromide (0.5 pg/ml). Note the
appearance of 4 band characteristic of a HimdlII digestion (ar-
row) caused by restriciion sile repeals in genomic DINA.

Nylon membranes lor use in Southern and
MNorthern analysis has been conducted [16,17].
however, the hybrdization protocols used may
not have been oplimal lor all membrane types
esled. [ have compared Nyvlon membrances from
several major manulgclurers under identical
blotling/hybridization conditions and found only
wsignilicant dilferenees, Before DNA transfer |
sirongly recommend “soaking’ the Nylon mem-
branc in Lhe transter buffer used (typically 20
S8C; 1 =< 88C7 i3 0.15 M sodium chloride, 0.015
A sodium citrate, pH 7.0) for more than 30 min,
since this prevents a “moth-eaten™ appearance of
transterred DNA on hybridization.

Scveral paramelers arve critical to achieve an
optimal transfer of TYNA from a gel to a mem-
brang support. First of all. the dsDPNA has (0 be
denatured ro single-stranded DINA, and this is
achicved by soaking the gel in 0.5 M sodium hy-
droxide plus 1.5 M sodium chloride (or 45 min.
For the analysis of DNA >3 kbp muany proto-
cols recommend depurinating the DNA prior o
denaturation by soaking the gel in 0.2 M hydro-
chloric acid tor 5—15 min [17. The depurination by
hydrochloride, upon subsequent dencturation by
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sodium hydroxide, leads to nicks in the DNA
strands, resulting in a hreakdown of long DNA
fragments into shorter pieces. These shorter [rag-
ments are more efliciently transferrad in the blot-
ting process. In my experience the depurinalion
step imroduced by Wald er 4l [18] is not required.
However, if used, the duration ol the cxposure ol
the gel to 0.2 M hydrochloric acid shoueld be care-
fully delermined, since cxlensive depurination
and nicking ol DNA will druslically reduce the
hybridization signal finally obtained. Obviously,
the size of targel DINA as well as gel thickness
and percentage have o be taken into account in
this procedure. For high-molecular-mass DNA,
as used in pulsed-ficld pel ¢clectrophoresis, nicking
ol DNA 15 an absolute requirement and can also
be achieved by ¢xposing the gel to short-wave
UV light [19]. In contrast to the depurination
step, the denaturation step with 0.5 M sodium
hydroxide plus 1.5 M sodium chloride is abliga-
tory. Alter a suhseguent neutralization step
(soaking of the gel in 1 M Tris. 1.3 M sodium
chloride, pH 7.4, for 43 min), the DNA is trans-
ferred onto a membrane support.

For the physical transfer of DNA onto the
1membrane support various methods are used.
Southern [6] deseribed  “ascending™  capillary
trunsfer. which is still the most widely used meth-
od. Recently, s modilication of this procedure,
designated “descending” capillarv transfer, has
been introdueed. In this modification there is
gravitational flow of the transfer bufler which,
according to the ohservations of the authors, al-
lows a more rapid blotting of DNA [20,21]. 1
have routinely used “ascending” capillary trans-
ler with 20x 88C as rransfer buffer and have
determined that a transfer time of 12 h clearly
gives hetter resubis than transfers over 4 or 8 I
When using this “classical” method one should
avold an early comipression of the gel matrix,
which prevents an efficient dilTusion of DNA on-
to the memhrane support, The weight on lop ol
the stack of blotting puper should therefore be
iimited to appraximately 350 g For standard-sizc
pels.

Regarding the transfer buffer, Southern has
determincd that retention of DINA on cellulose



138

mitrate Ller supports 15 best with high-salt buf-
ers, e.g. 20 x 88C [0]. Later, Reed und Mann [22]
miroduced 0.4 M sodium bydroxide as an alter-
native transfer buffer applicable with Nylon
membrancs, This was the basts for several tnod-
ifications of “alkaline blotting” [23,24]. In my ex-
nerience, however, the use of 0.4 A sodium hy-
droxade lor transter leads to a diminished specific
sipnal and to increased non-specific background
on hybridizalion, an observation also made by
athers [16,25]. The use of 0.025 M sodium phos-
phate, pIl 6.5, for transler onto Nylon mem-
brancs in my hands also vielded sukoptimal re-
sults when compared with 20 x §SC. In this con-
text. one should kecp in mind that optimal trans-
fer of DNA onto a membrane support does not
necessarily lead o an eptimal hybridization sig-
nal. In fact, only a fraction of the membrane-
bound IDNA (or RNA) is accessible Lo the hy-
bridizing probe. Lhe size ol this lraction is deter-
mincd by the degree of cross-linking achieved by
baking or UY [ixation (see below), by the
strength of 1XNA binding 10 the membrane and
hy other ill-defined factors. Saluz and Jost [26]
have obtained optimal hybridization signals with
blatting/fixation conditions under which only
30% of the DNA bound to the membrane. When
camparing two methods far Southern blotting it
iz therefore critical to compare the final hybrid-
Ization signals obtained and not the transfer rates
of P-labelled DNA onto a membrane support.

Recently, vacuum bloting has been intro-
duced ws un alternative to capillary transfer [7.8]
and commercial apparatuses are available for
this purposc. With vacuum blotting, the gel is
pretreated in the same manner as lor capiliary
transler and is also blotted with 20 = S5C, Major
advantages of vacuum blotting are the rapidity
and reproducibility of the transfer. The degres
and duration of negative pressure applied Lo Lhe
gel have to be delermined experimentally and de-
pend on the agarose percentage and the thickness
of the gel. Wilh 4 1% agarose, [-cm-thick gel,
vacuum blotting at -40 o — 30 ermH-0 lor 4 h
is a reasonable sturtng point. Owing to its speed,
vacuum blotting is convenicnt for blotting of sin-
gle gels. 11 several gels have to be subjected 10

RA Kvavzek P Chramotoge. QI8 (10930 133 [4F

Southern blotting in parallel. the method be-
comes more cumbersome. When using vacuum
blotting, we recommend replacing the useal rub-
ber mask with an appropriate silicone material.
This simple modification significantly improves
the seal, and soothes the nerves ol Lhe experi-
menter! Eleciroblotting, which was described as
an alternative to capillary transfer and vacuum
hlotting [27], never gained populanity bocause of
1ts poor reproducibility and the equipment re-
quired.

Aftcr transfer, the DNA has to be “fixed™ onto
the membrane support. This is achieved by bak-
ing the stll damp () membrane at 30°C for 2 h or
ly T light irradiation for a few minutes, fol-
lowed by air drying. Both methods are equally
cffective for fixation of TYNA to a Nylon mem-
brane suppert, With UV irradiation the optimal
expuosure wmes have to be determined experimen-
tallv {for details ses the lollowing section on blor-
ting of RNA). The baked or UV-ixed Southern
blots can be stored for prolonged peariads of time
at room temperature. Afler capillary or vacuum
wransler 1 suggest restaining the gel in 500 pg/ml
EiBr for several hours or overnight and deter-
mining the ellicieney of DA translor under TV
light.

2.3. Aguarose gef elecirophoresis end hlorting of
RNA

<

Narthern analysis allows detection of a given
RMA species in a mixture of hetcrogencous
RNA. and is therefore anather basic technique in
molecular biology. For standard protocols the
reader is again referred to molecular hiology
manuals [1-3]. In contrast to electrophoresis of
DNA, where separation of nucleic acids varying
between 100 hp and 10 - 10° bp in length is per-
formed, electraphoresis of RNA typically re-
quires separation in the 0.5-6.0 kbn range. Con-
sequently, ta obtain optimal resolution. the use
of 1.2% agarose gels is standard practice. Com-
parcd with DNA, RNA is more prons to degra-
dation. The reagents used to prepare RNA have
to be kept free from ubiquitous R NAses, which is
achieved by lreatment of most rcagents with
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diethvl pyrocarbonate (DTPC [2,28]). Tiqually
important but less frequently observed is the fact
that RNA will e chemically degraded at pH val-
ues = 7.5 or <4.0. A meliculous adjustment of
the pH of all solution coming into contact with
the R™A 13 therelore critical.

Several methods are used to extract RNA [rom
cetls and Lissue. The method described by Chirg-
win ¢t al. [29} and Ghsin et af. [30] necds ultracen-
rifugation equipment. Another drawback of this
methed 13 that (wilhout special modificulions)
one requires a relatively hiph amount of starting
material (e.g. 50 - 10® primary T-cells} to recover
the RNA. However, the quality of the RNA ob-
tained by the method of Chirgwin e+ al. [29] is to
date unsurpassed, making it the standard method
for RINA extraction in mast laboratories. includ-
ing mv own. A quick RNA preparation method
recently introduced by Chomezynski [21] yields
RNA of acceptable guality for Northern analy-
sis. but the quantitation of RNA {ollowing ex-
traction is difficult owing to the presence of uni-
denltificd malerial ubsorbing in the 230 280 nm
UV range. In our view this latter method 1s opu-
mal (ot oblaining RNA from limited number of
cells, as 13 often required for PCR analysis.

Since single-stranded, native RNA tends to
form sceondary structures. it has (o be denatured
before electrophoresis and kept in a denatured

TABLE 2
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state during clectrophoresis. Before electrophore-
sis, demaluration is achieved by heating Lhe sam-
ple wo 55°C m the presence of Tormaldehyde and
formamide. During electrophoresis of RINA, ad-
dition ol Tormaldehyde to the gel prevents re-for-
mation of secondary structures [31]. As an alter-
native to formaldehvde denaturation. moditica-
tion of RNA with glyoxal was introduced by
McMaster and Carmichael [32], yielding excel-
lent results. However, the glyoxal products have
to be removed from the RNA after blotting, and
this requires an additional experimental step. De-
naturation of RNA by mercury has alse been do-
seribed [33], bui did not gain broad acceptance
becuuse of the inherent Loxicity ol Lhe system. As
a rasult, formaldehyde denaturation of RNA for
Morthern analysis is the stundard method momost
laboratories.

Standurd protocols for Northern blotting sug-
gest the use of 10 pg of RINA lor analysis. 1 have
downscaled the amount of RINA loaded to 5 ug
withoul loss of signal. The RNA 1s denalured (sce
Table 2) and loaded into small gel pockets (2.7
mm x 1.5 mm). Using an appropriate comb, up
to 30 RNA samplcs can be analysed at the same
time. After loading, RNA is size-separated at 70
VY for 3.5 h with bufler recirculation (for details
see ref. 28).

RMNA can be stained by addition ol EtBr to the

DENATURATION, STATNING AND TLECT ROPHORETIC SEPARATION IN NORTHERN RIOTTING

{1 Th: RNA sample finally loaded orto the get is compesed of:

A5 0 RNA (5 pg) in water
19.5 gl premix

5.0l loading solulian

LU gl EtBr ot 0.5 mg/ml stock

31040
[ The sample is heated o 33°C for 15 min {denaturation of RNA).
(3] The sumpic is bricfly quenched on ice. lcaded onto a 1.2% agarose- 1.1% formaldehyde pol. The RNA is separated eiectropho

reticadly ul 70V [ir 3.5 h with huffer recirenlation (for further details see ref. 28).

Premix: 1.3 % MOPS buffer, 3 M formaldehyde, 64%. formamide.

Louding solulion: 1 mM FI¥TA, pH %100 0.25%, saturated bromophenos! blue soiutior, 0125% saturaled xyene cyanal solution, 50%

glveerol.

1« MOPE butfer: 0.02 M 4-merpholinepropancsulphonic acid, § mAM sodium acetate, 1 mM BDTA, pH 5.5 7.0.
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sample prior to heat denaturation {2&,34]. Alter-
natively. T:tBr can be added to the gel, hut this
wives unsatistactory results. Aller electrophoresis
the gel 1s photographed on an UV transillum-
inatar. The image obrained provides information
on the size separation of the RNA, on RNA in-
tegrity and on the relative positions of the 285
(5.00 kb [33]), 185 {1.87 kb [36]) und 5.85 (0.16 kb
[37]) ribosomal RINA bands that serve as size
markers. At the sume time. the amount o RNA
loaded per lane can casily be asscssed (Fig. 3A
and rel. 34).

Aller electrophoresis the size-sepurated 1ANA
has to be transferred onto a membrane support,
oreferentiatly 4 Nylon membrane. As with
sSouthern analysis, capillary bletting or vacuum
blotting can he used. We have directly compared
both principles for Northern blotung and ob-
taired a clearly berter hybridization signal with
vacuum blotiing (—60 cmlIl.0) for 4 h), com-
pared with overnight capillary transfer [28]. Like
transferred DNA, RINA has to be {ixed onto the
membrane. With RNA | fixation by LV light irra-
diztion is clearly superior to baking at 80°C
[16.28,38]. The optunal VY irradiation dose has
to be determinad experimentally, since overexpo-
surc leads Lo a decrease in hybridization signal

A B
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{(author’s own obscrvation) thought to result
from extensive cross-tinking of the RNA. Prior te
LV exonosure the membranc 1s bricfly air-dried.
The degree of moisture still contained in the filter
has 1o be kept constant since waler significantly
absorbs UV light. Another potential variable 1s
the ageing of UV light bulbs. Commercial suppli-
ers of UV fixation ovens try to check the decrease
of UV light intensity over time by directly mea-
suring UV light over a given nanomeler range, or
by measuring otal light energy, which is lass sat-
isfactory. UV fixation of RNA cun also be per-
formed by placing the Nylon incmbrane, RNA
side down, onto a LV transilluminalor covered
with plastic wrap. Since the EtBr is still bound to
the blotted RNA, the lanes containing size-sep-
arated RNA light up. By taking a4 photograph ol
the UV-cxposed membrane one can easily docu-
ment hoth the quality and quantity ol transter
(Tig. 3B). The use of EtBr to stain RNA in
Naorthern analysis decreases the final hybridiza-
tion signal by 12-18% compared with unstained
RMNA [28,34]. However, in my view this moderate
decrease in signal iz clearly outweighed by the
critical information available when stained RNA
1s ysed. Afller UV fixation the membrane is com-
pletely air dried and can be stored at room tem-
perature for prolonged periods of time.

Fig. 3 Ellect ol ethidiun Bromide stamnmg of RNA in Morthern hlotting. Various amounls of total RNA (200 (0.5 pg) were sinnad with
ethidiam brom:de, separaled slectraphoretically (for delaiis see ref. 28) and photographed (A) The RNA was then blotad ente «
Nylor membrine by vacuum transfer. The photograph shown in (B) was abrained dunng LY fixelon ol the blotied RMA, Nete that
the pictare is side-reversed. since the blat was phorographed with the 1R NA facing dewn. The bright flucrescence signal i the lower par:
of the blot was cansed By the concomitantly transferred brorzophenel »lue dye.
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3, PROBE LABELLING AMD HYRRIDIZATION

3. General considerationy

Since many aspects of signal detection are
common Lo both Southern and Narcthern analy-
515, they are discussed together in this section. In
principle, a labelled, denatured single-stranded
probe is hybridized to membrane-bound homo-
lopous DNA or RNA. Temperature. salt und sol-
vents (e.g. formamide) are important parameters
influencing the kinctics of this reaction and the
relative hinding strength of DNA-RNA und
RNA-RNA duplexes. These parameters are ex-
rensively reviewed elsewhere [39].

Conventionally, a dsDNA probe 1s labelled,
using  P-medified  deoxynuclenside triphos-
phates (ANTP), by “nick translation™ [40] or by
“rundom-primed” DNA labelling [41] 1o a specif-
ic activity of > 1 - 10%¥ cpm/ug DNA. In the nick
translation method, DNAsc 1 first nicks one
strand of the DNA, then Eschericiia coli poly-
merase I incorporates lubelled dNTPs at this site.
In random-primed labelling, the dsDNA is dena-
turcd and random hexamers or nanomers are hy-
bridized to the lemplute DINA strands. The an-
nealed primers are then extended by the Klenow
enzyme or by the T7 DNA polymerase utilizing

564 —

125 —

Fig. 4. Length ef single-stranded, *2P-labelled DINA fragments
abtamed with the “nick translanon™ and the “random-prinmed
lahelling™ methods. ane | — *2P labeliod size marker (364 and
123 bp); lane 2 = random-primed lubelled DNA {commercial kit
AY lane 3 — nick translation labelled BMNA; une 4 — random-
primed labelled DINA {comnzercial kit B). Far size acalysis the
DNA was separated on an alkzline 1% agarose gel 2]

4]

lahelied ANTPs. Witk random-primed labelling
the probe can be labelled te a higher specific ac-
nvity. however, the resultant probe is statistically
shorrer than the rick-labelled probe (Fig. ).
Theorcticaily, one should achieve a stronger hy-
hridization signal with random-primed probes.
[u practice the signals obtained are often similar
in both methods (author’s own ohservation) —
the shorter random-primed prabes apparcntly
hybridize less efficiently to target DNA/RRNA ]
routingly use the nick Llranslation reaction be-
cause labetling of DNA is more consistent. How-
ever, random-primed labelling has one important
advanlage over nick translation. It allows the la-
helling of short {> 100 bp) dsDMNA fragments
that are ineflicient substrales lor the nick trans-
lation reaction. Recently. non-radioactive labell-
ing methods have been designed |[42-4%]. They
offer the advantape of long storage times of the
labetled nrobe and avoid radiation hazards. Un-
Fertunately, the lower sensitivity obtained with
non-radioactive labelling methods does not easily
allow a rautine detection of single-copy genes on
Southern blots [49,30]. In Northern analysis the
sipnals generatzd with most of the availzble non-
radioactive delection svslemns are not lnearly re-
lated to the amount of RNA presant on the mem-
brane, & mujor druwback [or a method designed
to quantitate tarset mRNA [47]. In addition,
backyround signals are often high with these
non-radipactive methods. These shortcomings
have to date prevented a general use of non-ra-
diouctive probe labelling in Southern and borth-
ern analysis.

Once labelled, the DNA probe is denatured at
95°C for 4 min and is hybridized to the mem-
hrane-fixed DNA or RNA at 1-2 . [0° cpm/ml
hybridization solution tor 18-24 h. For hybrid-
ization, we strongly recommend the use of com-
mercially available hybridization ovens since hy-
hridization performed in plastic baps, as still sug-
gested in some modern molecular biology
manuals, pose radiation hazards and the danger
of radioacuive spills. After hyhridization, the
blots are washed to rcmove non-specifically
hound probe. In spite of theoretical predictions,
the temperature of the washing solution in the
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42°C 47°C 52°C 57°C

INgz. 5. Cffect of the hyvbridization terzperature on the tinal hy-
hridization sig=al Total RNA from LleLa cells (5 pg per lanch
was soparated o a 1.2% agaronse— 134 formaldehyde ool After
vacuum Lransfer onte o Mylon membrane the lanzs were cul
wpinrt and o bridized al varying temperaluces bul othierseise stz
dard conditiens (see Teble 1) taoa rat glyceraldehyde phogprhete
debydzogenase (GAFPDI) probe that 15 §5% idenlica. to human
GAPDIL ATl hybridized hlots were washad under -he conditions
outlined in Takle 4.

“siringent” washmyg step [low salt, hngh sodium
dodecyl sulphate {SDS) concentration] has only a
maderate eiiect on the speciticity of the signal ob-
tained. The effect of the washing temperatiuee is
dramatic only in hvbridization experimenis with
labelled shore synthetic oligonucleotudes. Rather,
the snecificity of the hybridization signal in
Southern and Northern analvsis 15 mainly deter-
mined by the hybridization temperature (Tig. 3).
The higher the hybridization temperature. the
moere stringent the hybridization reaction. With a
given hybridization protocol the temperature
limits shouvld be determined cmpirically.

After hvbridization and washing. the blots are
cxposed o appropriale X-ray Olms. Intensifying
screens achieve an approximately ten-fold ampli-
ficution of the signal, when applied ut — 70°C.
For inlensifying screcns we recoimmmend modern
tungstate-based screens. which replaced the less
cileeuive rare carth sereens.

After film exposure, both Southern and Morth-
ern blots cun be stripped multple times and re-
hybridized with different probes. The stripping
procedure differs for the two methods and 15 1n-
dicated in the approporiate sections below. Re-
gardless of the stripping procedure used, carce
should be taken thar the blows are only briefly
gir-dried and sealed in a humid state o a plastic
bag. Drving of the membrane would result in un-
aceeplably high background on rehyvbridization.

R A Kroczel § J. Chromaroagr. 618 (1993 f35-143

The scaled blots can be stared at 4°C for extended
periods of time without loss of signal.

3.2, Hybridizution of Southern bl

The baked or UV-fixed Southern blot is “pre-
hybridized™ with an appropriale solution Lo re-
duee non-spectfic binding of labelled DNA upon
hybridization. Subsequently. the prehybridiza-
tion selution 13 repluced by the hybridization so-
luticn and the labelled probe added. After exten-
sive testing I recommend protocols that use
formamide to lower the hybridization temper-
ature [31 33]. Since there are several formamide-
based prchybridization solutions, 1 provide a
proftocol, which T have successfully used with Ze-
tabind (Cune, Meriden. CT, USA), Zetaprobe
{Bio-Rad, Cambridge, MA, TJSA), and Biodyne
(Pall. Glen Cove, NY., 1JSA)} membranes lor
Southern analysis. The composition of the pre-
hybridization and hybrdization solutions. as
well as the hybridication temperature used arc
given in Table 3.1 usa high-maolecular-mass poly-
cthylene glycol {PEG 33 000) 1o increase probe
concentration [54]. PEG 35 000 1s an alternative
to the addition of the expensive dextran sulphate
[18]. which Is similarly effective (Fig. ).

After hybridization, the blols ure washed Lo re-
move non-specifically bound probe. Again, sev-
aral equally effective variations of this procedure
exist. My protocol lor washing of Southern blots
is indicated in Table 3. Swipping of Southern
hlots 13 hest achieved with 0.4 Af sodium hydrox-
ide fcllowed by a neutrahization step (Table 3).

3.3, Hybridization of Novthern Blors

For Morthern analvsis 1 routinely usc a mad-
ification of a recently introduced hybridization
methaod [53]. The blot 1s pretreated for only 10
min and is then immediately hyvbridized with the
lubelled probe (lable 4). The high percentage of
SDS prevents high hackground signals and con-
centrates the probe. ‘The addition of PEG 35 OO0
to this hybridization sclulion leads o back-
ground problems without increasing the specilic
signal (author’s own observation). The stripping
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TABLE 3
HYBRIDIZATION AND STRIPPING OF SOUTHERN BLOTS

th The Mylon membrane iz prehvbradized i 50% dejonized formamide, 0.6 M sodium chlonde, 0.04 M sodium dihydrogen-
phosphate, pll 7.4, 4 mM TDOTA, 1% SDS, | me/ml veast RNA for 8-16 2 at 42°C.

[ Hybridization i3 performed in 50%; deienized formamide, 0.6 M sodium chlorida, 004 Af sodium dihydragenphosphaic, pH 7.4
4 mM EDTA, 1% SD%, 5% PEG 35000, Tor 24 h a1 42°C.

Allerpatively, the mewbrane 15 prehybridized and hybridized aceording 1o the prolocol wsed [or Northern plols (see Table 4).

(3] The labelled IXNA probes is denatured for 4 mir at S8, briefly quenched on ce and added at the begionng of the Liybridization

al 1-2 - 109 cpmyml hybridization solution.

4 IFollowing hyvbridization the membrane is rinsed in 2= 55C and vigorously washed in 2 x S5C-0.1% 5DS, 1.5 % S3C0.1"%
SDS and 0.1 x SKC-0.1% SIS Tor 13 mir cach at room temporalure, followed by a final washin 0,1 ® $5C—-1% SIS for 30 min

at 80°C.
(51 After bricl air-drying the membrane is sealed o o plastic bag and cxposed to an autoradiography film.
(6} Far stripping of the probe the membranz is washad in 0.4 Af sodiurm hydroxide for 30 min at 42°C and subscquently in 0.1 =

SR 001 SE¥s, 0.2 M Trnis HOL pH 7.4, Jor 20 min at 42°C (neutralization step)

of Northern blots is also performed dillerently
from Southern blots, since vse of 0.4 A sodiam
hydroxide would lead (o degradalion ol the
RNA. lustead, melting of DNA-RNA hybrids is
achicved by raising the temperature ac low-salt
conditions (Lable 4). As with Southern blots,
sizipping of Northern blots allows multiple re-
hybridizalion experiments. Autoradiography of
Northern blots is performed as described previ-
ously.

The protocol given above is the stundard meth-
od for the detection and quantitation of targel
mRNA in cells und tissue. In the case that the
analysed cell population contains only low
amounts of the turget RNA species, more sensi-
tive detection metheds must be epplied. Instead
ol DNA probes obtained by nick translation or
random priming one can generate single-strand-
ad RNA probes by in vitre transcription of
d3sDNA templates cloned into appropriate vee-

Fig. & Effect of dextran sulphate and PEG 35 000 on the finai by bridizalion signal. Human genomic 13NA was digested with appropri-
ule resrriction enzymes and hybridized to a humar T-cell receptor f-chain probe. Hybridicalion was in 50% formamide. 4 < S5PE, 1%,
508 (vee Tuble 3) withoul dextran suiphate (A), in the presence of 3% dextran sulphate (B and C) orin the presence of 3% PEG 33 00
1)
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TABLE 4

HYBRIDIZATION AND STRIPPING OF NORTIIERN BLOTS
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(n Ihe Nylan membrane 15 prehybridized in 0.1 » S8C. 0.3% SDS, pH 7.4 for 10 min at 65°C.
(2) Hybridiztian 15 performed in 50% deiormized formamide, 0.2 M sodivm hydrogenphosphate, pH 7.2, 025 M sodium chloride,

7% SDS {(wiv) Tor 24 hoal 47°C.

n The labelled BMNA probe is denatured for 4 min at 98°C, briclly quenched on iec and added at he beginning of the hvbrislizalion

at 1-2 - 10° cpm/ml of hybridization solution,

) Following hybridization the membrane is rinsed in 2% S5C and vigorously washed in 2% S8C-0,1% S5DS, 0.3 = 35C-0.0%
SDSand 0.1 = 85C-0.1"% 5D fer 15 nan each at room temperature, followed by a final wash in 0§ ¥ $8C [% SDS for 30 min

al M°C.

&) Alter briel uir-drying the mombrane is sauled in 8 plastic bap and cxposcd 1o an autaradiography film.

(G For stopping ol the probe (e membrune 15 washed in 12 mAM Tris-HCL pH 2.4, 0.2% STS for 1.3 hoat T0°C

tors |2]. These RNA probes (“"nboprobes™) can
be Tabelled to very high specific activity, In addi-
tiomn, because of the higher stahilitv of RINA—
RNA duplexes, RNA probes give stronger sig-
nals on hyhridization than DINA prohes of equal
specific activity. If even this approach fails to de-
tect the target mRINA, the experimenter has to
resort 1o the PCR method performed on reverse-
transernibed mRNA [56,57]. This type of analysis
offers exquisite sensitivity at the cost of an. at
besl, semniquantitative determination of mRNA
abundance.
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