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ABSTRACT: A modified alkaline lysis protocol for extracting
DNA from forensicaly relevant specimens is evaluated and com-
pared with the chelex 100 method. For whole blood, bloodstainsand
sperm stains, both methods yielded comparable results after ampli-
fication for a pentameric STR locus (HumCD4). The main advan-
tages of the new method are: only approximately ten minutes and
two pipetting steps are necessary and the expensesfor the extraction
are extremely low as only NaOH, TrisHC1 buffer and a single mi-
crocentrifuge tube are required. Alkaline lysis also proved to yield
DNA suitable for typing longer STRs by using dye-labeled primers
and capillary electrophoresis. These advantages should render this
protocol especially interesting for high-throughput laboratories in
combination with multiplex PCR and fluorescent dye technology,
athough the storahility of the extracts proved to be problematic.
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The process of forensic stain typing using STR loci roughly con-
sists of three steps: extraction of DNA, PCR amplification, and typ-
ing using native or denaturing polyacrylamide gel electrophoresis
(PAGE) (1). Until recently these procedures were equally tedious.
The advent of multiplex PCR and the application of fluorescence
dyes in combination with capillary electrophoresis, however, have
reduced the expenditure of time and work necessary for these pro-
cedures considerably (2). Y et the expenditure for the DNA extrac-
tion could not be reduced up to now, and commonly used protocols
for forensic materials (phenol-chloroform extraction (3), “salting
out” (4) and the chelex 100 protocol (5) require at least two hours
and more. Thereforeit seemsto beworth evaluating new, lesstime-
consuming approaches to this problem.

One possible aternative is alkaline lysis of cells (6). Strong al-
kaline solutions exert a strong denaturing and solubilizing effect
on proteins due to ionization of aspartic, glutamic, cysteic, and ty-
rosine residues (7). Incubation at alkaline pH should therefore
disrupt cell and nucleus membranes, denature nucleases and dis-
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solve the DNA, whose primary structure is relatively stable to
such treatment (8). This approach is widely used for isolation of
plasmid DNA from bacteria (9) and genomic DNA from plant tis-
sue (10), but only one author has reported the application of this
protocol to forensically relevant specimens up to now (11). The
goa of this study was to further evaluate the applicability of the
akaline lysis method in a forensic PCR laboratory, to modify the
method, if necessary, and to compare the results obtained by this
protocol with those of awidely used DNA extraction protocol, the
chelex 100 method (5).

Methods

The protocol for alkalinelysis published by Dissing et a. (11) is
givenin Fig. 1. Nevertheless, theyield of DNA using this protocol
proved to beinsufficient. Better results from both whole blood and
stains were obtained when the initial incubation in distilled water
was omitted. Thisslightly modified protocol gave satisfying results
and was used for comparing the results for atogether 86 experi-
mental stains (Tables 1 and 2) to those of the chelex 100 lysis (5)
aswell asfor real casework (166 stains: Table 3).

Of al samples from both alkaline and chelex lysis, 5 pL (i.e,
2.5%) were used for amplifying a pentameric STR mapped to the
CD4 locus followed by native PAGE and silver staining as de-
scribed (12).

Quantification of the DNA content of the extractswas performed
by using slot blotting as described (13).

For testing the suitability of the extracts yielded by the alkaline
lysisfor typing longer STRs, 50 blood samples were extracted us-
ing both alkaline lysis and a salting out procedure (3). These ex-
tracts were then coamplified for nine STRs ranging between ap-
proximately 100 and 340 bp using the AmpF1STR Profiler Plus
Kit® (PE Applied Biosystems, San Jose, CA) and typed using cap-
illary electrophoresis according to a slightly modified protocol
(14). Subsequently it was judged whether all nine loci were suc-
cessfully amplified or allelic drop out was observed for one or sev-
eral loci.

Results and Discussion

Both chelex 100 (4) and the alkaline lysis are single-tube proto-
cols. Whilethistype of protocol cannot yield 100% pure DNA, the
inevitable loss of DNA during additional purification steps can be
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Put 5 ul whole blood/stain 3x3 mm
into a 1.5 ml centrifuge tube
Add 1ml distilled water

*
5 min incubation at RT
centrifugate at 12 000g for 5 min
Remove the supernatant

*

Add 20 ul 0.1 M NaOH
*

5 minutes incubation:
at RT (whole blood)
at 75°C (stain)

*

Add 180 ul 0.02 M TrisHCI pH 7.5

FIG. 1—Protocol for the alkaline lysis of forensically relevant speci-
mens proposed by Dissing et al. (11).

TABLE 1—Semiquantitative comparison of the sensitivity of alkaline
lysis and chelex 100: different amounts of whole blood and dried blood
on cotton were extracted using both techniques and amplified for the
CD4 locus. The samples were then analyzed using native horizontal
PAGE and the quantity of the PCR products was compared for both
methods (+ ++ very strong band; ++ strong band; + faint but
sufficient bands; - no band or no sufficient band). The
electropherograms for some of these samples are given in Fig. 2.

Alkaline Lysis Chelex
Whole blood (.L): 5 +++ +++
3 +++ +++
2 ++ ++
1 ++ ++
0.5 + +
0.25 + +
0.12 - _
Blood on cotton 4 ++ +4+
thread (mm) 3 ++ ++
2 + +
1 + +
0.5 - _

TABLE 2—Semiquantitative comparison of the sensitivity of alkaline
lysis and chelex 100 using six types of forensically relevant specimens.

Akaline Lysis Chelex

+++ ++ + - +++ ++ + -
10 Cigarette butts 2 4 4 0 3 3 4 0
10 Stamps 0 0 6 4 0 0 5 5
10 Buccal swabs 8 2 0 0 7 3 0 0
15 Hairs 0 0 7 8 0 2 10 3
10 Sperm stains 7 3 0 0 8 2 0 0
10 Bloodstains 8 2 0 0 7 3 0 0

NoTEe: See Table 1 title for symbol identity.

avoided. The question of whether impure DNA without loss or
highly purified DNA of asmaller quantity is more suitable depends
on the method applied for further analysis of the extracts. For DNA
profiling using STRs, which are the most frequently used DNA
polymorphisms for forensic purposes today (15), highly purified
DNA does not seem to be necessary and chelex 100 has become a
recommended routine protocol in aforensic DNA laboratory (16),

TABLE 3—Comparison of the results for alkaline lysis and chelex 100
in real casework (166 samples).

Alkaine Lysis Chelex

z
o

Type of Stain Pos. Neg. Pos. Neg.

Bloodstains on:
glass/leather/plastic/steel
rusty iron
colored wool
blue jeans
black jeans
linen
printed paper (voucher)

Sperm stain on:
silk
cotton
black jeans

Saliva stain on:
bottle
stamp 10
envelope 10
cigarette butt (fabricated) 63
cigarette butt (self-made) 3

Formaline fixed tissue
embedded in paraffin: 3

Fresh muscle: 3
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whose performance is only slightly worse than that for highly puri-
fied extracts yielded by phenol-chloroform extraction followed by
Centricon 100 concentration (17). If the results for the alkaline ly-
sis should be comparable to those for the more tedious chelex 100
protocol, this new method might be an interesting aternative in a
forensic DNA laboratory.

Inthe alkaline lysis protocol described by Dissing et al. (10), the
initial incubation in double distilled water was performed in order
to remove the heme, hematin and hemogl obine, potent inhibitors of
PCR (18,19), from the tube. Surprisingly, the results for these sam-
ples were weak and improved considerably after having omitted
this step. It seems possible that the minute amount of water, which
inevitably escaped removal from the tube before adding NaOH, di-
luted the alkaline solution and thus interfered with the lysis pro-
cess. The extracts obtained after omitting thisincubation step were
of amoderate to dark red color, depending on the amount of blood
used. Nevertheless, this impurity obviously did not exert an ad-
verse effect on the results of the PCR reaction. This phenomenon
might be explained by the fact that the hemoglobin was found to
precipitate during the amplification process and thus sedimented
to the bottom of the tube, while most of the assay solution seemed
to be free of any color.

Asthe results for this modified protocol were encouraging, dif-
ferent quantities of whole blood and experimental stains were ex-
tracted using both chelex and modified alkaline lysis (Tables 1 and
2). For both methods as little as 0.25 pL of whole blood were suf-
ficient to yield enough DNA for successful typing of the CD4 lo-
cus (Fig. 2; Table 1). The results after PCR were also comparable
for small fresh bloodstains on cotton twine (Table 1) and experi-
mental blood-stains and sperm stains on white cotton, cigarette
butts, stamps, and buccal swabs (Table 2). However, using the al-
kaline lysis approach, only 2 of 10 selected hair roots with sheath
were positive with or without adding DDT, while 7 of 10 were pos-
itive using Chelex.

Nevertheless, on retesting these samples after storing at 4°C for
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FIG. 2—Electropherogram of the PCR products amplified for thelocus CD4 (genotype 5,10) using the blood sampleslisted in Table 1. Samples 1 through
7 were extracted by alkaline lysis. Samples 8 through 14 were extracted by chelex 100. Lanes 1 and 8: 5 uL blood; lanes2 and 9: 3 uL blood; lanes 3 and
10: 2 pL blood; lanes4 and 11: 1 uL blood; lanes 5 and 12: 0.5 uL blood; lanes 6 and 13: 0.25 uL blood; lanes 7 and 14: 0.12 uL blood.

Put 5 ul whole blood/stain 3x3 mm
into a 1.5 ml centrifuge tube
Add 20 ul 0.2 M NaOH

*

5 minutes incubation:
at RT (whole blood)
at 75°C (stain)

*

Add 180 ul 0.04 M TrisHCI pH 7.5

FIG. 3—Final protocol for the alkaline lysis of forensically relevant
specimens used in this study.

severa days, amost al akaline lysis samples were negative. Re-
peated experiments reveal ed that some of the alkaline extractswere
even unsuitable for PCR amplification after storage at 4°C for less
than one day. To confirm this disappointing and unexpected find-
ing, which is in contradiction to the results reported by Dissing et
a. (11), the DNA quantities of the extracts were compared with
those obtained by the chelex protocol by slot blotting and hy-
bridization (13). According to this test most of these samples now
only contained minute amounts of DNA or were even negative.
Possible explanations for the insufficient storability of the alkaline
extracts include the incomplete denaturation of nucleases and the
formation of complexes between the denatured proteins and the
DNA set free from the lysed nuclei. In order to overcome this ob-
stacle, new extractions were performed by using the double con-
centrations for both NaOH and Tris buffer (pers. comm., J. Diss-
ing, Copenhagen). The extracts obtained by this modified protocol,
which are described in Fig. 3, yielded the same amount of PCR
fragments after amplification for the CD4 locus as the original pro-
tocol, but the extracts were now considerably more stable. Al-
though they were till not suitable for long-term storage at 4°C or

higher, extracts which were stored at —20° for more than one year,
during which they were monthly thawed and used for amplifica-
tion, did not show any loss of template.

Astheresults for the alkaline lysis on experimental stains using
this new protocol were encouraging, this time-saving method was
implemented into real casework (Table 3). To that end 166 biolog-
ical stains submitted to the DNA laboratory of the Institute of Le-
ga Medicinein Graz for typing over a period six months were se-
lected prospectively for double extraction using both chelex and
alkaline lysis. The only requirement for inclusion into the study
was that enough material was available for allowing double extrac-
tion forensic relevance. These results further confirmed the suit-
ability of the alkaline lysis for forensic purposes.

CD4 isa STR with extremely short fragment lengths (85 to 125
bp). Nevertheless, a DNA extraction method would be suitable
only for routine casework and especially DNA databasing if the ex-
tracts could also be used for the larger STRs implemented into
commercially available multiplex kits. To investigate this question
50 blood samples were extracted by using this protocol and a
method which yields high molecular DNA (salting out (3). The ex-
tracts were amplified using the Profiler Plus® kit. No dropout of a
single locus was observed in any of the samples. Although gener-
aly adight decrease in the peak height was observed for the larger
loci, the same was also observed for the salting out samples (Fig.
4). Thus it might be concluded that DNA yielded by akaline lysis
issuitable aso for amplifying larger STRs and both for dye primer
PCR aswell asfor PCR using unlabeled primers.

There are two explanations for the similar success rates of PCR
amplification with chelex and alkaline lysis extracts:

1. Both methodsyield the same amount of DNA and both are of
comparable quality (i.e., they are equally prone to amplification).

2. One of these methods yields more DNA, yet of poorer qual-
ity, while the DNA extracted by the other method is smaller in
quantity, but more suitable for PCR amplification. Theoretical con-
siderations supporting the latter hypothesis would be, on the one
hand, the presence of inhibitory hemein the alkaline lysis extracts
or, on the other hand, the fact that arecent study found NaOH treat-
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FIG. 4—Typical electropherogram for DNA extracted from fresh blood samples amplified for the Profiler Plus® kit: Above: blood sample extracted us-
ing a method yielding high-quality DNA (proteinase K incubation followed by a salting out protocal). Below: blood sample extracted using alkaline lysis

as described.

ment of extracted DNA helpful for overcoming Tag polymerasein-
hibition (20).

Toinvestigate this question, DNA was extracted from ten blood-
stainsmeasuring 3 X 3 mm by alkalinelysis, and from ten stains of
the same size by chelex 100. The results after PCR for CD4 were
comparable for both groups of stains (Table 2). The extracts were
quantified by slot blotting and hybridization (13). For the chelex
extracts an average amount of 54.8 ng DNA was detected (20 to 76
ng); using the alkaline lysis an average of 49.1 ng DNA (20 to 82
ng) was extracted. Asthese amounts do not differ substantially, the
assumption that both methods yield extracts of both similar quan-
tity and quality is strongly favored.

In conclusion, the alkaline lysis proved to be a quick and inex-
pensive single-tube method for extracting DNA from forensic
specimens such as whole blood or blood, saliva and semen stains.
The results for these types of specimens were comparable to those
of the more tedious chelex extraction. Other forensic specimens,
e.g., hair roots or tissue, proved to be unsuitable for alkaline ly-
sis. One major limitation, nevertheless, is the problematic stora-

. Lazaruk K, Walsh PS, OaksF, Gilbert D, Rosenblum BB, Menchen S, et

a. Genotyping of forensic short tandem repeat (STR) systems based on
sizing precision in a capillary electrophoresis instrument. Electrophore-
sis 1998;19:86-93.

. Gross-Bellard M, Oudet P, Chambon P. Isolation of high molecular

weight DNA from mammalian cells. Eur J Biochem 1973;36:32-8.

. Miller SA, Dykes DD, Polesky HF. A simple salting out procedure for

extracting DNA from human nucleated cells. Nucleic Acids Res
1988;16:1215.

. Walsh PS, Metzger DA, Higuchi R. Chelex 100 as amedium for simple

extraction of DNA for PCR-based typing from forensic material.
Biotechniques 1991;10:506—13.

. Parodi S, Mulivor RA, Martin JT, Nicolini C, Sarma DS, Farber E. Al-

kaline lysis of mammalian cells for sedimentation analysis of nuclear
DNA. Conformation of released DNA asmonitored by physical, electron
microscopic and enzymological techniques. Biochim Biophys Acta
1975;407:174-90.

. Ghélis C, Yon J. Protein folding. New York: Academic Press, 1982;

223-96.

. Felicello |, Chinali G. A modified alkaline lysis method for the prepara-

tion of highly purified plasmid DNA from Escherichia coli. Anal
Biochem 1993;212:394-401.

. Birnboim HC, Doly J. A rapid akaline extraction procedure for screen-

ing recombinant plasmid DNA. Nucleic Acids Res 1979;7:1513-23.

bility of the extracts, especially at temperatures higher than 0°C. 10. ¥VaﬂP£JC l'; ,(\IQi '\I/| Cxt'% Al% Alséigﬂsplzel n;%*g)iOf preparing plant samples
; ifi ; i or . Nucleic Acids Res ;21 .
When using the modified protocol proposed in this paper, how 11. Dissing J, Rudbeck L, Marcher H. A five minute procedure for extrac-
ever, the e)_(traCtS proved to _be stable at Ior!g-term_ storage a tion of genomic DNA from whole blood, semen and forensic stains for
—20°C, which should be sufficient for paternity testing and for PCR. In: Carracedo A, Bér W, Lincoln PJ, editors. Advances in Foren-
most forensic purposes. sic Haemogenetics 6. Berlin, Heidelberg, New York: Springer-Verlag,
1996;269-71.
12. Klintschar M, Crevenna R. HumCD4-validation of a STR system for
Acknowledgments forensic purposes in an Austrian Caucasian population sample. J Foren-
: . sic Sci 1997;42:907-11.
The auth0r§ are indebted to M. Langer for revising the 13. Walsh PS, Reynolds R. A rapid chemoluminescent method for quantita-
manuscript. This study was supported by Grant 6523/1 from the Ju- tion of human DNA. Nucleic Acids Res 1992;20:5061-5.
bilee Fund of the Austrian National Bank to M. Klintschar. 14. Klintschar M, Ebner A, Reichenpfader B. Population genetic studies on
9 tetrameric short tandem repeat loci using fluorescence dye labeled
primers and capillary electrophoresisin the Egyptian population. Foren-
References sic Sci Int 1999; submitted.
1. Hochmeister MN. DNA technology in forensic applications. Molec As- 15. Benecke M. DNA typing in forensic medicine and in criminal investiga-

pects Med 1995;16:315-437.

tions: A current survey. Naturwissenschaften 1997;84:181-8.



16.

17.

18.

19.

Willard JM, Lee DA, Holland MM. Recovery of DNA for PCR ampli-
fication from blood and forensic samples using a chelating resin. In:
Lincoln PJ, Thomson J, editors. Methods in Molecular Biology, Vol.
98: Forensic DNA profiling protocols. Totowa: Humana Press,
1998;9-18.

Comey CT, KoonsBW, Presley KW, Smerick JB, Sobieralski CA, Stan-
ley DM, et a. DNA extraction strategies for amplified length polymor-
phism analysis. J Forensic Sci 1994;39:1254-69.

Walsh S, Higuchi R, Blake E. PCR inhibition and bloodstains. Proceed-
ings of the International Symposium on the forensic aspects of DNA
analysis 189, 19-23 June; Quantico, VA, FBI Research and Training
Center. Washington, DC: U.S. Government Printing, 1990.

Akane A, Matsubara K, Nakamura H, Takahashi S, Kimura K. ldentifi-
cation of the heme compound copurified with deoxyribonucleic acid

KLINTSCHAR AND NEUHUBER + ALKALINE LYSIS METHOD 673

(DNA) from bloodstains, amajor inhibitor of polymerase chain reaction
(PCR) amplification. J Forensic Sci 1994;39:362—72.

20. Bourke MT, Scherczinger CA, Ladd C, Lee HC. NaOH treatment to
neutralize inhibitors of Taq polymerase. J Forensic Sci 1999;44(5):In
press.

Additional information and reprint requests:
Dr. Michael Klintschar

Ingtitute fir Gerichtliche Medizin
Universitét Graz

Universitétsplatz 4

A8010 Graz

Austria

email:michael klintschar@kfunigraz.ac.at



