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A series of experiments was performed wtilizing Methylene Blue (MeB) in place of the intercalating dyes
ethidium bromide ( EtBr) and acridine orange ( AQ) to stain, visualize, and isolate DNA and BENA. MeR
proved to be superior o the other dyes for several purposes: 1) visualization of glyoxaluted (chemically
denatured} RNA in agarose gels, 2) staining of nucleic acids that are to be used in subsequent hybridization
experiments, and 3) isolation and purification of plasmid DNA by CsCl ultracentrifugation. MeB was
found to perform at least as well as EtBr or AQ for visualization of DNA in agarose of acryvlamide gels,
and DNA stained with MeB can be purified from agarose gel slices by the Gene Clean pratocol, These
results indicate that MeB is a very effective nucleic acid stain. Ity safety versus conventional intercalating

dves will be discussed.

Introduction. Detection and analysis of nuclcic acids
is an integral part of molecular biology, and several
dyes are commonly used for this purpose, including
ethidium bromide (EtBr) and acridine orange (AQ).
The ideal stain is rapid, sensitive, stable, non-toxic,
required no special cquipment for use, is useful for
double and single stranded nuclcic acids, and does
not interfere with subsequent hybridization expe-
riments. We have investigated the use of methylene
blue {MeB) as an alternative to EtBr and AQO, and
found it to perform as well as or better than these
intercalating dyes in many expcrimental procedurcs.
Additional advantages to the use of MeB are that
exposure to ultra-violet (UV) light is not necessary to
visualize DNA or RNA, thus eliminaling undesirable
UV cross linking of samples and exposure of labo-
ratory personnel to the potentially harmful effects of
UV light.

Evidence also indicates that MeB is less toxic
than cither EtBr or AQ, making it safer to use and
easicr to dispose of than standard intercalating dyes.
The lowest reported lethal dose (LDLo)y for intra-
peritoneal administration in mice is 20 mg/kg for
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EtBr 1], and 64 mg/kg for AQ [2|. The LDLo of
MeB for subcutaneous administration in guinea pig is
300 mg/kg, and 1000 mg/kg and 500 mg/kg in rabbit
and dog, respectively, for oral administration [3].

Materials and Methods. Methylene blue staining
of denatured RNA. Duplicate sets of samples, con-
sisting of 15 ug total soybean lcaf RNA, were
electrophoresed in identical 1.0 % (w/v) agarose gels
in 10 mM sodium phosphate buffer, pH 7.0. RNA was
visualized by one of two methods: 1) stained in 10
ug/ml McB in DEPC-treated, sterile water for 15
min, then destaincd in 3 changes of deionized water
over approximately 1 hr, or 2) stained in 1 pg/ml AQ
in sterile water, then destaincd.

RNA was then transferred by capillary blotting to
Scileicher and Schuell Nytran nylon membranes in
10-88C (1-88C = 0.15 M NaCl, 0.015 M Na-Citrate)
overnight. Nylon membranes were baked at 67 °C for
approximately 1.5 hr, then pre-hybridized in Solution
1 (5 % (w/vy SDS, 4-S8C, 5 Denhardt’s, 50 mM
NaPO,, pH 6.8, 100 ug/ml denatured salmon sperm
DNA) at 42 °C for at least 6 hr. Hybridization to a
?p_labeled (random priming; specific activity of at
least 1-10° ¢pm) cDNA probe was performed in
Solution 2 (50 % (v/v) formamide, 0.5 %, (w/v) SDS,



4-85C. 5-Denhardt’s, 50 mM NaPO,, pH 6.8,
50 pg/ml denatured salmon sperm DNA)Y at 42 °C for
at least 12 hr. Blots were washed in 0.1-S8C plus
0.1% (w/v) 5DS, and exposcd to film (Kodak X-AR).

Densitometer scans of autoradiographs were per-
formed or an [LKB. Ultroscan XXL Lascr Den-
sitomcter with TLKB 2400 Gelscan XL software version
1.0. Peak arcas were calculated as:

peak area=mm- AU

LERNCT Y

The valley-to-valley method was used to calculate
baselines, and data were normalized to the strongest
stgnal.

Methylene blue staining of DNA in agarose and
polyacryiamide gels, Duplicate samples of 500, 100,
50, and 10 ng of lambda DNA digested with Hindif!
were electrophoresed in ideatical 1.0 % (w/v) agarose
gels in 1-TAE (40 mM Tris acclate, T mM EDTA).
Similarly, duplicate sets of samples were separated in
7 % acrylamide gels (prepared from a 40 % (w/v)
solution of acrylamide:bisacrylamide, 19:1) in t-TBE
(90 mM Tris borate, 2 mM EDTA; 4 Gels were
stained with cither | ag/mb EtBr or 10 pg/mM McB
in water, then destained.

Use of methviene blue in DNA isolation and
recovery. Standard large scale preparations of
pUCTIS/ 119 plasmid DNA were prepared by the
alkaline lysis mcthod [4]. The density of the crude
plasmid DNA sohlutions was adjusted to 1.55 g/mi
with solid CsCi, and equal volumes (0.2 mb of this
solution were transferred to 2 15-ml Corex tubes. 300
el of 10 mg/ml EtBr or 300 !l of 2 mg/ml MeB was
added, the density readjusted to 1.55 g CsCl/ml, and
lubcs were centrifuged for 5 min at 7000xg 1o pellct
remaining precipitated proteins and cell debris, The
supernatant fractions were transferred to 3-ml Beck-
man gquick-scal tubes (the pellet in the MeB tube was
iooser and more flaky than that in the EtBr tube,
making it more difficult to avoid transferring somce
solid 1o the quick-seal tube).

Ultracentrifugation was performed at 50,000xg
for about 15 hr at 20 "C. Plasmid DNA bands were
clearly visible in cach tubc, and were extracted with
a 16 gauge ncedle attached to a 3-ml syringe. 100 ul
more of cach stain was added to the appropriate
sample, and a second round of ultracentrifugation was
pertormed as aboave. Distinet plasmid bands were
visible in both tubes (Fig. 4); notc that McB-stained
ptasmid DNA migrates further down the CsCl gra-
dient due 1o its increased density. Plasmid DNA
bands were exiracted from the tubes as above.
n-Butanol was found to extract MeB and E(Br equally
well from the samples (data not shown). Following
dialysis in TE buffer pH 8.0 (TE = 10 mM Tris,
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I mM EDTA) o remove remaining CsCl 4], DNA
samples were precipitated with 95 % (v/v) ethanol,
dried under vacuum, and resuspended in sterile TE.
Concentrations were determined spectrophotometri-
cally on duoplicatc samples.

Results and Discussion. Although methylene blue
is commonly used as a stain for the detection of RNA
on Northern blots [5, 6], it has not been tested as a
geperal purpose nucleic acid stain. Thus. we sub-
stituted MeB for traditional intercalating dyes, cthi-
dium bromide and acriding orange. in several mole-
cular biology procedurcs. Use of McB was found to be
preferable to intercalating dyes for staining glvo-
xalatcd RNA in agarose gels (Fig. 1), Glyoxal che-
mically denatures RNA by covalently modifving gua-
nine residues, and glyoxalated RNA does not stain
well with EitBr or AO unless the glyoxal is first
removed from the gel by bricf trcatment with 0.05 M
NaQOH and neutralization {7}, which we found 1o have
undesirable cffects on RNA stabilitv and its transfer

Methviene Bl

Aertdoie Crranpe

Fig. 1. Visualization of 1ot RNA isolated from the sovhean cultivars
Acme (A} and Norchiel (A). Fiftcen wpg samples of glvoxalated
tdenaturcd? RNA were ofcctrophoresed as described in «Maierials
and Mcthads» and stained with 1 gg/ml AG or 10 wg/ml McB. MeB
was more eflective than intercalating dves for staining chemically
denatured RNA

251



JOERINSGN K M FET Al

1) E
Acmie
- Morehivf
3z a0
E
fa
- 60—
-~
o
£
5 40
3
=
& 20—
o-l_E=

Methvlene Blue Acrdine COrange

Fig. 2. Northern blot analysis of total RNA isolated from the soybean
cultivars Acme () and Norchicf (N). After electrophoresis and
staining of RNA samples with either AQ or MeB, RNA was
transferred 10 nylen membranes by blotting and hvbridized with a
P Jabeled TINA probe specific for an mRNA transcript found in N.
hut not A (A was incinded as a negative control). Visual inspection
ol the auleradiograph revealed that MeB-stained RNA hound the
probe more effectively (top panel). Densitometric analysis of the film
showed that the increase in hvbridization efficiency over AQ-stained
BNA was approximatelv 100 7%, (bottom panel)

to nylon membranes. In addition, our results indicate
that binding of a “’P-labcled c¢cDNA probc to AO-
staincd RNA samples was inhibited about two-fold in
comparison to MeB-stained samples (Fig. 2), de-
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monstrating that MeB-stained RNA s also superior
for hybridization 10 DNA probes. Becausc  visu-
alization of RNA by MeB shiining does not require
prior removal of glvoxal from the gel, denatured RNA
can be processed as the glyoxalated adduct throu-
ghomt electrophoresis and transfer, thues minimizing
the risk of RNA degradation [8 .

For visualizing DNA afier e¢lectrophoresis, M¢B
provides comparable sensitivity to EtBr in agarosc
gels (Fig. 3, and in acryvlamide gels (data not
shown). M¢B-stained gels can be vicwed in ambient
room light and photlographed on a white light box;
they require no exposure of the investigator or DNA
samples to UV light. In contrast to EtBr, howcver,
MeB can not be used in the gel to stain nucleic acids
during clecirophoresis, as this was found to cause
distortions in the migration of DNA fragments.

MeB can also be substituted for tradilional inter-
calating dyes in ihc isolation and purnfication of
plasmid DNA by CsCl density ultracentrifugation
(Fig. 4). Surprisingly, plasmid yicld after CsCl den-

Methviene Blue

Ethidium Bromide

Fig. 3. Visualization of find!l! restriction endonuclease-digeste
lambda DNA after electrophoresis. Duplicate scts of 500, 100, 50
and 'O ng samples danes / through 4, respectively) were elec
tropharesed and stained with cither 1 ag/mi FABr ar 10 xg/ml MeB
MeB stained the DNA arn Teast ag effectively as the more commoni
used dve, LeHr
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Fig. 4. CUsstum chloride density gradient purification of pfasmid
DNA. Crade plasmid DNA was prepared hy a standard alkaline lysis
protocol and then purified by ultracentrifugation in a CsCl gradient,
ufilizing cither FitBr or MeR for visualization of the plasmid band
(sec «Materials and Methods» for details). Arrows indicate the
position of vach hand: npte that MeB increaseés the density of the
DNAL resulting in its migration further down the tube

sity ultracentrifugation with MeB staining was up 1o
10-fold higher than with EtBr staining. While we
cannot cxplain this result, the increased yield with
MeB was consistent and repeatable. Both MeB and
EtBr plasmid preparations yiclded very pure DNA
that was casily digestible with restriction cndonuc-
leasces.

Finally, we determined that agarose gel slices
containing MeB-stained DNA bands could be pro-
cessed by the Gene Clean protocol (Biol(1, La Jolla,
CAY to recover DNA fragments for cloning. DNA
fragments stained with cither Et8r or MeB arc ¢cqually
recoverabic by this procedure (data not shown),

In this safety-conscious age, it is desirable to
develop molecular biology protocols that ace less
hazardous to the scientist and have fewer negative
cavironmental side cffects than conventional methods.
This series of experiments was carried out to demon-
stratc that McB can be used in place of the more
hazardous intercalating dyes EiBr or AQ in many
applications involving DNA or RNA.
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MeTHACHORKME CUHIE: AIRTCPHATURHME BATATONIRORKI BAPRHIK L

BUYRJICHH, avaNizy Td AWAINCHHE HYRJACTHIOBRMX KUCTOT

Peame

FeincHenn cepily eRCHOPUMCHINIG 3 GUKOPUHCTAHRA MeIACHOBOZ )
cumrbnco (MC) samicme iHmepxwaniouux GopsHuKia GpoMucmos
emuciv: ( KB ) ma arepuiurososo apansxesngn ( ACY) das 3abapaiey
i, aizyarizauil ma audizewns JHK | PHK. Hoxasano, wpo MC
REPEAUKAE [HUW DAPGHWKI ¥ BUKOpUCHIann! (L OPRLALKOX yired:
1) aisyanizauii eniciccurbosanol ( Ximinun denamypocanor) PHE a
GeupoIMNX ceanX; 2) 3a0uapsiOGaHes NYKACIMOBUX KUciom, sKi @
nodanbtomy  BYGYMe  GUKNPUCIIANE G eKCACpumMeHmax 3 cipu-
dusanit; 3) audiaenna Mo onucmrw nadmicdnol JHE soosmmpaues-
mpuchyeysanuam 8 UsCL Juaideno, wo 1a donomoemo MC JHEK
moe camn Q0pe BUSIGAREINBCH 6 2CARX aeapaiu alo orpuitdmidy,
st § o3 guxopucianrm R 1 AO, g AHK, subapaacna MO, moxe
Oymu puuweHd i3 IpI3ia  ceafu Qeapodd nn apomaxniy  «Gene
Cleans. I{i peayasmunniu @easvwome Ha Mo, wn MO« dyxe
eqheMUGHUM BApaHUKOM HYKACTHOSUX KucAnm. (Mco80pmeninis
H0en  Pe3neKd NOPIGHAHG 3 300 IRHORDRUHS PIHEMIC e DRI
U BOPEHUKAMU.

K. M. Iwoncon, T, Xenexamn, M. M. Cmobdmon

METHACIIOBLIA CHHEUI ANRTEPHATUAHLI MHOIOICACHOR KPACHTens

AR ODURAPYRKEHUA, AHANMIA W BRUICJIEHUA HYKISUHOBBIX KUCAOT

Pemome

lHipngedena copust JKCRCDUMCHIINE RO UCHOABINAAHIKT MePLAACHO-
et cuneed (MO} amectn uHmepK@pYowux Kpacuineaei Hpo-
mucmnen amudus (26) u acpudurodoen oparxeanco { A3) das
ORPUNGARUS, ARIYUAUIAWUG  ebtderenus AHK w PHK. Towasa-
no, w0 MO npescexodumt Opyiue Kpachmend 8 UCNOALIOSIHUU
dag neckorsiuX goereits T) GU3YamU3auuy 2 AuOKCARDOGIHAHOW ( Xit-
MUNCCRK denamypupoaurtoli) PHK g geaposiueX ceasx; 2} okpa
WIHBUHUA  HYKWURNGHLX  KUCaom, KOMopoke anacacdcmeann Geoym
UCHOABIVBAMBCA 8 IKCREPUMEHINMGX NG cubpudulagin; 31 amdone-
HUS W OWUCIMKY naadsuduoi K VALMpaue HIpaibyzupoaariie s o
CsCL Ofnapyxero, «mo MC mak Xxe npueodes dng Guayarasoqun
AHK a6 cengx aeapoint n axpuagsnca, xax 365 wan A€, o JHK,
orpaiitenngs MC, moxem Soimth OUWLOHU B3 CPEIOR 2EACH U2aP0IH
ner npomiocoay «Gene Cledans, IHL pedy ininaimnl YEbiGuion Hi
Mo, ae MO — ogwens SMeMUEsHBG KPACK MERE  BY AU HORKX
Ko, OBeyxdaenicst ¢en DeIONACHNCMA 10 CRUEGHPHING © 0Bie-
HDUIHEINBLAU {HMEPICAUPVIOUS KPECUINCITMU.
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