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The present work describes modification
of a widely used salting-out procedure to
rapidly extract DNA suitable for PCR, using
the ARMS method to amplify a target se-
quence in the B-globin gene. The salting-
out DNA extraction procedure did not
completely remove or decrease the pres-

number of cord blood samples. By introduc-
ing a simple phenol/chloroform step, before
ethanol precipitation of the nucleic acid, to
certain samples, we were able to eliminate
or substantially reduce the presence of in-
hibitors to PCR without having to re-extract
the samples. J. Clin. Lab.Anal. 14:280-283,

ence of inhibitors to PCR in a considerable  2000.  © 2000 wiley-Liss, Inc.
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The salting-out procedure is widely used by a numberibfvas impossible to obtain PCR amplification with the salting-
investigators and clinical laboratories throughout the wortait technique, we added another step to the original technique
(1-4). This procedure does not always remove inhibitomevious to DNA precipitation, namely, phenol/chloroform ex-
of PCR from the extracted material (5). The inhibition mayaction. This modification made it possible to obtain highly
be total or partial and can manifest itself as complete reactified DNA in these cases, whereas after several washings
tion failure or as reduced sensitivity of detection. In sonvéth lysis buffer it was impossible to clarify the pellet.
cases, inhibition may be the cause of false-negative reac-
tions, since few workers incorporate internal controls MATERIALS AND METHODS

each reaction tube. One hundred umbilical cord blood samples were obtained
During the past few years polymerase chain reaction (PG, EDTA and stored at —2Q for 1-3 years. DNA was

has become a major research and diagnostic techniqueyiftacted in all the samples by both methods, i.e., (a) the

medicine. For large-scale routine processing of clinicg}iginal salting-out technique and (b) the modified salting-

samples, DNA extraction should be simple and rapid agg technique introducing an extraction step with phenol/
should not affect the PCR results. chloroform.

Up to the present time several slight modifications of the
original procedure (6) have been published. Roman et al. @}iginal Salting-Out Technique
performing DNA extraction on slide smears, changed the ly-
sis conditions utilizing distilled water and buffer lysis,
Benediktas et al. (8) added mechanic lysis to the enzym
one in Ehrlich ascites cellSaccharomyces cerevisipeoto-
o

plasts, and human placenta tissue. Forsthoefel et al. (9) intro: .
duced modifications in lysis time in formaldehyde fixed ang _rtexed. The samples were centrifuged at 14,000 rpm for 1
in, and the supernatant was removed. This step was repeated

paraffin-embedded tissue sections. Lahiri et al. (10), in who]e- . . _
blood DNA extraction, completely eliminated the utilizatiorE; obtain pellets without erythrocytes. The pellets were digested

of proteinase K. Cattaneo et al. (11) performed the salting-

out procedure with saturated sodium acetate on old Skele&%hespondence to: Dr. Nélida I. Noguera, Area Hematologia, Departamento

DNA specimens. Bioquimica Clinica, Facultad de Ciencias Bioquimicas y Farmacéuticas,
Although the salting-out method is a rapid and simple proagiversidad Nacional de Rosario, Suipacha 531, 2000 Rosario, Argentina.

dure for DNA extraction on cord blood samples, the results &#ail: nnofuwe@fbioyf.unr.edu.ar

not always satisfactory regarding DNA quality. In cases whexeceived 10 May 1999; Accepted 13 June 2000

Five hundredul of umbilical cord blood was suspended in
n Eppendorf tube with 1 ml of Tris-EDTA (TE) buffer, pH 8.0
01 M Tris-HCl (Merck, Rahway, NJ), 0.001 M MDTA
{Sigma, St. Louis, MO), 0.1% Nonidet,RSigma)], and

© 2000 Wiley-Liss, Inc.
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overnight at 37C or for 1 hr at 58C with 250pl of K buffer ACCTCACCCTGT GGAGCCAC-3 internal control of
[0.05 M KCI (Merck), 0.01 M Tris-HCI, 0.5% Triton X-100 amplification A, 3-CAATGTATCATGCCTCTTT GCACC-
(Merck), 0.05 mg/ml protease K (Boehringer Mannhein3’; B, 5-GAGTCAAGGCTGAGAGATGCAGGA-3. Five
Mannheim, Germany)]. After complete digestion, 280f pl of extracted DNA sample was added tq4bf reaction
2.5 M NaCl (Merck) was added to each tube and vortexed vigixture containing 20QuM (each) of dNTPs (Promega,
orously for 15 sec, followed by centrifugation at 10,000 rpMadison, WI), 2.5 mM MgGl(Promega), 60 pmol of each
for 2 min. The supernatant containing the DNAwas transfernpedmer of internal control amplification, 25 pmol of each
to another Eppendorf tube; 1 ml of absolute ethanol was adgeidner for normal and mutated sequences, 5 mM Tris-HCI,
at room temperature, and the tube was flip-flopped until DN#H 8.0, 50 mM KCI, and 2 U of Taq DNA polymerase
precipitation occurred. The DNA was removed with a glagBromega). The reaction mixture was submitted to 25 am-
Pasteur pipette, passed through 70% ethanol, and transfeptdatation cycles using a DNA Thermal Mini Cycler (MJ
to an Eppendorf tube containing 100-200f sterile water. Research, \Atertown, MA).Each cycle consisted of 93

for 1 min, 65C for 1 min, and 7ZC for 1.5 min, with a
Modified Salting-Out Technique final extension period of 3 min at 72. The PCR products

.- e . . were visualized on a 3% agarose (Sigma) minigel with
The original method was modified introducing a S'mplgthidium bromide (Sigma) under UV illumination.
phenol/chloroform step before ethanol precipitation of the

nucleic acid. Two hundred and fifgyl of phenol (Merck) rResuLTS

and 125ul of 24:1 chloroform/propanediol (Merck) were N . .
added to the supernatant after the salting out, and the resul-tl:he PCR amplifications obtained were as follows: 861 bp for

ing solution was vortexed and then centrifuged at 101066emal controls and 436 bp for codon 39 ”OTma' and mutated,
rpm for 2 min. The aqueous upper phase was transferred tghe presence of genomic DN.A'was c_onflrmeq by electro-
an Eppendorf tube, and 128 of 24:1 chloroform/ phoresis on a 0.5% agarose minigel with ethidium bromide

propanediol were added, vortexed, and centrifuged at 10,6[%ier UV illumination (Fig. 1).

rpm for 2 min. Afterward, the DNA was prepared as describedAmgligcaﬁon WI"’?S obtained 'r? 7(13 OL:;[ 0f 100 S.‘;mﬁ les (7 ds':@ d
in the original protocol. treated by the salting-out method, whereas with the modifie

method, amplification was obtained in 100% of cagéteét:
28.95,P < 0.0000) (Fig. 2).

Because the Ofg/OD,g, (Beckman DU-640 spectropho-

The quality of DNA preparation was checked by ampltometer) ratio was less than 1.8 in the samples without am-
fication of segments of the most frequent mutationffor plification (see Table 1), the presence of a probable
thalassemia (th) in our country (12), codon 39-(D), in- inhibiting protein was assumed (14). To rectify this in the
vestigated by ARMS (amplification refractory mutatiororiginal salting-out technique, the washings performed with
system) (13). Oligonucleotide primers (CyberSkenni, lysis buffer were increased. Nevertheless, it was not pos-
PA) used for mutation detection were as follofg839 sible to obtain a clear pellet; hence, after salting-out, in the
normal (N), 3-CAGATCCCCCAAAGGACTCAAA- samples in which the supernatant is colored, the phenol/
GAACCTGTG-3; B°39 mutant (M), 5CAGAT CCC- chloroform extraction should be carried out before addi-
AAAGGACTCAAAGAACCTGTA-3'; common primer,’s  tion of 100% ethanol.

Amplification of Extracted DNA

Fig. 1. Genomic DNA obtaineda) with the original salting-out method UV illumination; lanes 1-8 in both panels show extracted DNA from new-
and b) with the modified salting-out method. Electrophoreses were péyern cord blood nucleated cells with the respective salting-out methods.
formed on 0.8% agarose gels and visualized with ethidium bromide under
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DISCUSSION

Even though rapid extraction methods like salting out
widely used for their convenience, they might not be suita
for all specimens or applications. Up to the present time th
are no publications describing modifications of the originai
salting-out technique to extract DNA from umbilical cor

blood.

It is known that red cells from normal newborns are mobe
resistant to osmotic lysis than are those of adults (15) an
that cord blood erythrocytes have 60-90% Hb F, which is
resistant to alkaline denaturation in comparison with ad
Hb A (16). This could explain why the Hb cannot be totalll)é

TABLE 1. OD,6/OD,gg ratios obtained

Noguera et al.

N
2

b

Salting out Modified salting out
With amplification Without amplification with amplification
n  OD 260/280 n OD 260/280 n OD 260/280
2 1.6 1 1.2 8 1.7
11 1.7 1 1.3 48 1.8
45 1.8 6 1.4 26 1.9
6 1.9 6 1.5 10 2.0
7 2.0 8 1.6 7 2.1
1 21 4 1.7 1 2.2
1 2.2 1 1.8

«— 861bp

Fig. 2. PCR-ARMS products using DNA
+«——436bp . ’ g

extracted ) with the original salting-out
method andk) with the modified salting-out
method. Electrophoreses performed on 3%
agarose gel and visualized with ethidium bro-
mide under UV illumination. (a, b) ICA, in-
ternal control of amplification (861 bp); N,
amplification product for codon 39 with com-
mon and normal primers (436 bp); M, ampli-
fication product for codon 39 with common
and mutant primers (436 bp); lane 1, blank
(no target control); lanes 2 and®39 posi-
tive controls with N and M primers, respec-
tively; lane 4, molecular mass marker (100-bp
ladder). (a) Lanes 5 and 6, no PCR products
«— 861 bp with N and M primers, respectively, using
< 436 bp DNA ex.tracted with the original salting—gut

method; lanes 7 and 8, PCR products with N
and M primers, respectively, using DNA ex-
tracted with the original salting-out method.
(b) Lanes 5 and 7, PCR products with N
primer using DNA extracted with the modi-
fied salting-out method; lanes 6 and 8, PCR
products with M primer using DNA extracted
with the modified salting-out method.

eliminated even after increasing buffer lysis washings. Be-
sides, soluble debris in alkaline medium are present in the

are

ﬁ%pernatant after NaCl precipitation and thus inhibit the PCR
rerzgction. Consequently, in samples in which it is impossible
Obtain a clear supernatant after NaCl precipitation, a simple
enol/chloroform step before ethanol precipitation of nucleic
acid should be carried out in order to remove or decrease the
resence of PCR inhibitors.
Jhe modification suggested here allows the original tech-
nique to be modified without starting over from the begin-
fing. This point is of interest because the samples do not need
re-extraction, avoiding a time-consuming procedure and/or
ss of specimen. When applied only in cases where it is nec-
essary, it avoids the routine use of hazardous reagents such as
phenol and chloroform.

Our results demonstrate that the modified salting-out
method allows DNA to be obtained that is suitable to be used
with PCR and that the modified method also is a good option

in the case of a difficult DNA purification.

ACKNOWLEDGMENTS

We are grateful to the Universidad Nacional de Rosario
for financial support and to the anonymous reviewers for the
suggestions made to expand this paper.



Modified Salting-Out Method for DNA Isolation 283

REFERENCES

1.

Kury FD, Schneeberger C, Sliutz G, Kubista E, Salzer H, Medl M, ATPase and protein kinase activity retained in chromatin-depleted
Leodolter S, Swoboda H, Zeillinger R, Spona J. Determination of HER- nuclei. Nucleic Acids Res 1995;23:1359-1366.

2/neu amplification and expression in tumor tissue and cultured cel& Forsthoefel K, Audrey C, Papp B, Pamela J, Snyder B, Prior R. Optimiza-
using a simple, phenol-free method for nucleic acid isolation. Oncogene tion of DNA extraction from formalin-fixed tissue and its clinical applica-
1990;5:1403-1408. tion in Duchenne muscular dystrophy. Am J Clin Pathol 1992;98:98-104.

. Rousseau F, Réhel R, Rouillard P, DeGranpré P, Khandjian EW. Hih Lahiri DK, Bye S, Numberger JI Jr, Hodes ME, Crisp M. A non-or-

throughput and economical mutation detection and RFLP analysis us- ganic and non-enzymatic extraction method gives higher yields of
ing a minimethod for DNA preparation from whole blood and genomic DNA from whole-blood samples than do nine other methods
acrylamide gel electrophoresis. Hum Mutat 1994;4:51-54. tested. J Biochem Biophys Methods 1992;25:193-205.

. Martinez G, Shaw EM, Carrillo M, Zanuy S. Protein salting-out methdd.. Cattaneo C, Smillie DM, Gelsthorpe K, Piccinini A, Gelsthorpe AR,

applied to genomic DNA isolation from fish whole blood. Bio-  Sokol RJ. A simple method for extracting DNA from old skeletal ma-
Techniques 1998;24:238-239. terial. Forensic Sci Int 1995;74:167-174.

. Noguera N, Bragos |, Morisoli L, Milani AScreening for hemoglo- 12. Bragoés I, Noguera N, Morisoli L, Milani A. Most frequent mutations

binopathies in neonates in Argentina. Haematologica 1999;84:387- in 3-thalassemia in a population in Rosario, Argentina. Haematologica
389. 2000;85;101-102.

. Wilson IG. Inhibition and facilitation of nucleic acid amplification.13. Old JM, Vararvalla NY, DJ Weatherall DJ. Rapid detection and prena-

Appl Environ Microbiol 1997;63:3741-3751. tal diagnosis oB-thalassaemia: studies in Indian and Cypriot popula-

. Miller SA, Dykes DD, Polesky HF. A simple salting-out procedure for tions in the UK. Lancet 1990;336:834—-837.

extracting DNA from human nucleated cells. Nucleic Acids Re®4. Maniatis T, Fritsch EF, Sambrook J. Molecular cloning: a laboratory
1988;16:1215. manual. Plainview, NY: Cold Spring Harbor Laboratory Press; 1982.

. Roman J, Pilar A, Alvarez MA, Torres Salting-out procedure for 15. Serrani RE, Alonso D, Corchs JL. States of stability/lysis in human

isolation of DNA from stored bone marrow slides for PCR. Eur J fetal and adult red blood cells. Arch Intern Physiol Biochim
Haematol 1993;50:237-238. 1989;97:309.

. Benediktas J, Eberhard S, Angiolillo A, Joswig G, Karsten R, Werng8. Roa D, Turner E, Aguinaga M. Reference ranges for hemoglobin variants

D. High salt- and SDS-stable DNA binding protein complexes with by HPLC in African Americans. Ann Clin Lab Sci 1995;25:228-235.



	MATERIALS AND METHODS
	RESULTS
	DISCUSSION
	ACKNOWLEDGMENTS
	REFERENCES
	Table 1
	Fig. 1
	Fig. 2

