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Protocols

A Simplified Protocol for Preparing DNA from
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Abstract. The preparation of good quality genomic DNA from microalgae and plants is
often time-consuming because of the need to remove contaminants that may interfere with
the downstream enzymatic manipulation of the DNA. Simpler protocols have been re-
ported but these are applicable only to a few species and in many cases are not effective
for removing trace contaminants. In this report, we describe a modification of existing pro-
tocols that significantly simplified the preparation of genomic DNA from cyanobacteria
and plants. A key step in our protocol is the precipitation of DNA in a high concentration
of salt (2-2.5 M NaCl) in the presence of isopropanol, immediately following phenol and
chloroform extractions. The preparation and enzymatic digestion of the DNA can be per-
formed in a single day. The DNA was easily digested in 2 h at normal restriction enzyme
concentrations, and is highly suitable for PCR and Southemn hybridization. We successfully
used this simplified protocol to prepare genomic DNA from several filamentous cyanobacteria,
such as Anabaena sp. PCC 7120, Anabaena siamensis, and Spirulina strains M2 and
Kenya. This protocol may also be uscful for preparing genomic DNA from other algae and
from higher plants.
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Introduction

The elimination of contaminants is a critical step in the preparation of DNA from
many organisms. This is particularly true with cyanobacteria, other microalgae,
and plants, which are rich in polysaccharides, polyphenols, or other substances
that are difficult to remove from DNA preparations and are known to interfere with
the enzymatic manipulation of DNA. Cesium chloride gradient centrifugation is of-
ten used to purify DNA, but this procedure requires the use of sophisticated
equipment and takes one to two days to complete. Simpler procedures have been
developed, such as those that employ glassmilk (Golden et al., 1987) or CTAB
(hexadecyltrimethyl ammonium bromide) and high salt (Porebski et al., 1997) to
purify DNA after ethanol precipitation. However, the cthanol precipitation and
drying steps may actually enhance the association of contaminants to the DNA,
especially after the DNA has been dried, and may thus constrain the effectiveness
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of post-precipitation clean-up steps. Removal of the contaminants prior to ethanol
precipitation may thus be more effective. In this report, we describe a simple pro-
cedure for purifying DNA that makes possible the removal of contaminants and
DNA precipitation in one step. We also describe other techniques useful for effi-
cient DNA extraction from filamentous cyanobacteria and plants.

Material and Methods
Solutions

5 M NaCi

70% ethanol (v/v)

1% and 10% N-lauroylsarcosine (sarkosyl)

Buffer A: 100 mM Tris, S0 mM EDTA, 100 mM NaCl, pH 8

Chaotropic solution: 90.8% Nal and 1.5% Na,SO; in ddH,0:
One hundred mL of the solution was filtered through a sterile 0.22 um filter
and an additional 0.5 g of Na,SO; was added. The solution was stored in the
dark at 4°C (Golden et al., 1987).

Restriction enzymes and buffers, New England Biolabs

Extraction buffer: 100 mM Tris-HCI pH 8, 50 mM Na-EDTA, 1% SDS (W/V), 1%
(W/V) polyvinylpyrrolidone (PVP 40,000), 100-200 g proteinase K mL™! ddH,0

Lysozyme (50 mg mL!)

Isopropanol

Proteinase K: 20 mg/mL ddH,O

TE -saturated phenol

RNase A: 10 mg/mL

Taq polymerase and 10x PCR reaction buffer (Sigma)

TE: 10 mM tris-HCI, 1 mM EDTA, pH 8

TES: 50 mM tris, 5 mM EDTA, 50 mM NaCl, pH 8

Materials

100 mL stationary culture of each following species of cyanobacteria:

Anabaena sp. PCC 7120

Transgenic strains of Anabaena sp. PCC 7120 containing mosquito-larvicidal
genes from Bacillus thuringiensis subsp. israeliensis (Wu et al., 1997): strain
#2 (carrying cry4A and cryllA), strain #11 (carrying cry4A, cryllA, p20),
strain #16A (carrying cry4A), and strain #cryl 1A (carrying cryl1A)

Anahaena siamensis

Spirulina sp. strains M2 and Kenya

Rice (Oryza sativa) roots of 2 week-old seedlings, 2 g

PCR

¢ Primers (12.5 pmole): Un4(d) and un4(r); EE-11A(d) and EE-11A(r) (Ben-Dov
et al., 1997).

¢ PCR mixtures: each 25 pL reaction volume contained 2.5 pl. 10x reaction
buffer for Tag DNA polymerase, 2.5 uL. dNTP (2 mM of each), 1 pL of each
primer, 0.5 units of Tag DNA polymerase, 10 ng of DNA.
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¢ PCR cycles: 30 cycles: 94°C, 1 min; 56°C, 1 min; 72°C, 1 min. 1 cycle; 72°C,

3 min.

DNA Extraction

a) Cell breakage'

e Axenic culture of Anabaena sp. (100 mL) was centrifuged at 6,000 g, 4°C
for 10 min.

e The pellet was resuspended in 10 mL Buffer A, pH 8, and kept at room
temperature for 10 min.

¢ Sarkosyl was added to a final concentration of 0.1%; the sample was kept
at 4°C for 30-90 min (depending on the strain)’.

¢ The filaments were collected by centrifugation at 8,000 g for 10 min (the
supernatant looked bluish)“, washed with 20 mL TES, pH 8, and resus-
pended in 2.5 mL of TES.

+ Lysozyme was added to a final concentration of 0.5 mg/mL. The sample
was incubated at 37°C for 30 min®.

e SDS was added to a final concentration of 1%. The sample was stirred
thoroughly and kept at 37°C for 10 min.

e Proteinase K® was added to 50 pg/mL and the sample incubated at 37°C for
1 h.

Notes

1.

Various methods, either physical or enzymatic or a combination of both, can
be used to break the cells. Cell breakage (which can be checked under a mi-
croscope) is necessary to obtain high yields.

The incubation with 0.1% sarkosyl can be extended for several hours at 4°C;
alternatively, the samples may also be shaken for 30-60 min at 30°C (Kallas et
al., 1985).

Filaments of most filamentous cyanobacteria are often surrounded by a gelati-
nous sheath (polysaccharide) (Philippis and Vincenzini, 1998), which may in-
terfere with the enzymatic digestion of the cell wall. The use of 0.1% sarkosyl
to clean part of these materials (lipid polysaccharide) is essential to cell lysis.
A bluish supernatant after centrifugation is a good indication of the removal
of the sheath. This step can be repeated.

If the above protocol is not effective, other procedures may be used for tough
materials:

i. Cells can be incubated at 60-65°C for 20 min, or treated with penicillin
(200 pg/mL) overnight (Joset, 1987). These procedures will make the cell
wall fragile.

ii. Cells can be washed with Nal or pretreated with 4% SDS at 75°C for
15 min to preclude the use of proteinase K in the following steps. Each
gram of cell pellet is resuspended in 2 mL of saturated Nal (2 g/mL H,0)
and incubated at 37°C for 20 min (Williams, 1987), then washed with a
large volume of water. The supernatant will be bluish. Then the pellet is re-
suspended in 8 mL of TES and treated with lysozyme (70 mg/g cells) at
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S.

37°C for 20 min. Sarkosyl is added to a final concentration of 1%; the sam-
ples are incubated at 37°C for 20 min. The solution becomes sticky, indicat-
ing cells lysis. If the cells are not broken, proteinase K can be added as
described in the main protocol.
iii. The use of a chaotropic salt solution and incubation at 50°C for
30-60 min can also facilitate the breakage of Spirulina filaments and cells.
iv. For plant materials and some tough strains like Spirulina and green al-
gae, grinding in liquid nitrogen to break the cells may be necessary. To
break the filaments into short filaments or single cells, sonication or grind-
ing in a blender may also be necessary. Repeated osmotic shock may also
facilitate the fragmentation of the filaments. The pellet is resuspended in
2-5 M NaCl or 25% sucrose (Kallas et al., 1985; Kallas and Malkin, 1988)
for 10 min, precipitated, and washed with a large volume of water.
Because the structure of the cyanobacterial cell membrane is similar to that of
gram negative bacteria, treatment with lysozyme is usually effective in pro-
moting protoplast formation or cell lysis except for a few tough species.

The combination of SDS and proteinase K is an important factor in cell lysis.
The stability of proteinase K allows the samples to be incubated at 50°C for
90 min (as in other protocols, Golden et al., 1988). Incubation at 4°C over-
night could also be used as an alternative gentle lysis procedure. The solution
should appear sticky when cells are completely lysed. To maximize the yield,
it is important to ensure that the cells are completely lysed before proceeding
to the next steps.

b) Purification of DNA

The sample containing the lysed cells was extracted sequentially with equal
volume of phenol'? and equal volume of chloroform:isoamyl alcohol (1:1).

Notes

1.

)

The phenol extraction may be done only once (mixing at 37°C for 5-10 min or
incubating the samples at 4°C overnight both resulted in satisfactory yields).
However, some standard protocols recommend repeated phenol extractions un-
til the interface between the phenol and aqueous layers is clear.

Before centrifugation, adding a small volume (from % volume up to an amount
equal to the volume of phenol) of chloroform will help separation of the inter-
face and facilitate the recovery of the aqueous phase.

Precipitation of DNA
The top aqueous phase was transferred to a new 50 mL tube using a wide-bore
pipette tip, and mixed sequentially with 2/3 volume 5 M NaCl' and then with 1
volume isopropanol. The DNA formed visible clumps.
Using a 1 mL blue pipette tip or a disposable glass pipette, the DNA was trans-
ferred into 70% ethanol in a 1.5 mL Eppendorf tube. The DNA was collected
by centrifugation and air-dried in a biological hood>.
The DNA was dissolved in ddH,0 or TE (200 to 500 uL).



Preparing DNA from filamentous cyanobacteria 389

Figure 1. Agarose gel electrophoresis of DNA (uncut and cut with restriction enzymes) prepared from
A. siamensis and Spirulina sp. strain M2 using the simplified protocol.

Notes

1. This one step precipitation of DNA with high concentration of NaCl has been
modified from the basic DNA precipitation protocol described by Sambrook et
al. (1989), which includes a step for enzymatic degradation of RNA and an-
other round of phenol-chloroform extractions.

2. Using our protocol, we found that the use of RNase is no longer necessary.
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Hindlll EcoR1

Figure 2. Agarose gel electrophoresis of EcoR I- and Hind Ill-digested DNA prepared from
Anabaena sp. PCC 7120 using the simplified protocol or the CsCl gradient method.

Results and Discussion

Using the simplified protocol, we successfully prepared high quality DNA from
several species of filamentous algae, such as Anabaena sp. PCC 7120, Anabaena
siamensis, strains of Spirulina, and from several transgenic lines of Anabaena sp.
PCC 7120. All the DNA preparations showed satisfactory quality and yield (with
average of 200 ug/g fresh weight pellet). For example, DNA extracted from
A. siamensis and Spirulina sp. strain M2 using the modified protocol was of high
molecular weight and was digested by Cla I and EcoR 1 in 2-4 h (Figure 1). The
DNA prepared from Anabaena sp. PCC 7120 was also digested in 2-4 h by EcoR
I and Hind 111, and in this respect is comparable to CsCl gradient-purified DNA
(Figure 2). The DNA prepared from a number of transgenic lines of Anabaena sp.
PCC 7120 was suitable for PCR (Figure 3), strongly hybridized to probes (por-
tions of mosquito-larvicidal genes from Bacillus thuringiensis subsp. israelensis)
in Southern hybridizations (data not shown), and has a A,q,/ Ay ratio of about
1.7.
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Figure 3. PCR amplification of Bti cry gene fragments from DNA extracted from transgenic lines of
Anabaena sp. PCC 7120 and from wild type A. siamensis using the simplified protocol,

In our hands the previously described methods (e.g. Williams, 1987; Ausubel
et al., 1998) required a longer time to complete and some of them, such as the
Nal method, failed to produce digestible DNA, even after intensive dialysis for
several days. Our improved protocol substantially reduces the time for DNA prep-
aration and seems suitable for DNA preparation from many other strains. The ma-
jor advantage of our protocol is its simplicity, as it requires only one phenol
extraction and no further clean-up steps. This allows all the DNA preparation and
enzymatic digestion steps to be performed in one day.

In addition to streamlining the DNA purification process, we also examined
ways of improving the other DNA extraction steps, particularly cell breakage,



392 Wu et al.

which are critical to DNA extraction from cyanobacteria and plants. DNA yield is
particularly dependent on cell breakage. We have successfully used a number of
techniques, which we described in the main protocol and in a number of alterna-
tive protocols.

Because the basic principle for DNA preparation used in this simplified pro-
tocol should be universally applicable, our protocol may be used for extracting
DNA from organisms belonging to other taxonomic groups. Indeed DNA pre-
pared from rice root cells with this method was well digested by a number of re-
striction enzymes (data not shown).
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