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Introduction

Although the classification and identification of
microorganisms such as Archaea, Bacteria, Fungi
(filamentous fungi and yeasts), and microalgae
(cyanobacteria, diatoms and green algae) relies
mainly on the phenotypic characteristics, DNA-
sequence based approaches have also been used for
phylogenetic  purposes in eukaryotic and
prokaryotic microorganisms (1-3). In recent years,
studies on fungal and algal diversity have
increased rapidly (4-6). Due to the fact that the
culture-dependent biodiversity-oriented studies
require the identification of a large number of
specimens, fulfililment of an identification rate
without an efficient and rapid DNA extraction
procedure, followed by PCR amplification, seems
impossible.

The simplest way to turn the genome extraction
is colony-PCR which does not always have
desirable results. Especially, this is highly critical
in culture collections which demand a more
efficient identification rate to satisfy an increasing
deal of service senders. Sequence-based
identification typically requires PCR, and the
initial and the essential step is extraction of a
sufficient amount of as pure genomic DNA
followed by amplification of a target gene.

Excluding as much as possible of hazardous
chemicals from DNA extraction protocols is a
major attention. This is important from a safety
point of view and also from negative effects of
solvents which may have on the PCR
reproducibility.

DNA extraction from cell-wall equipped
microorganisms, fungi and microalgae, generally
involves two major steps including the physical
and/or chemical breaking of cell walls, and the
extraction and purification of genomic DNA. The
first step is usually fulfilled with detergents like
Cetyltrimethylammonium Bromide (CTAB) and
sodium dodecyl sulfate (SDS) (7, 8) and the
genomic DNA can then be purified through
various recipes like phenolchloroform. After this
step, usually precipitation, using isopropanol or
ethanol, is regarded as the final step (9).
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Various methods have been used to break down
cell walls and in the most commonly used methods
the frozen biomass is grounded using glass rods. In
addition, many laboratories have also used dry ice,
glass or magnetic beads, enzyme digestion, benzyl
chloride, microwave exposure, ultra-sonication or
a combination of different methods (10-14).
Although such protocols usually provide DNA of
an acceptable quantity and quality, most of these
recipes are laborious and lengthy and importantly
most of them involve the use of dangerous
chemicals.

Microorganisms bank, normally performs
sequenced-based identification on a wide range of
microbial specimens (mostly from various
universities and research centers of Iran). Hence, a
safe, cheap, rapid and reproducible DNA
extraction procedure for these microorganisms
would be helpful in reducing the work load
significantly, and also to decrease the test volt face
time. The current recipe is an evolved version of
solvent-free DNA extraction protocols which is
optimized to be applied on various groups of
eukaryotic and prokaryotic microorganisms (15,
16).

Materials and Methods

Using a general salting out DNA extraction
recipe as described elsewhere (17) didn’t result in
reproducible results when examined on various
kinds of specimens. Also, the available DNA
extraction Kits including CinnaGen; DN8115C,
IBRC MBKO0011 and IBRC MBKO0041 didn’t
yield the desired amount of pure DNA when a
variety of microbial samples were examined.
Finally, our efforts led to a rapid, reproducible and
safe genome extraction procedure which includes
three main steps: (i) lysis: a small clump of mycelia
(grown exclusively in a liquid medium) of fungal
specimen, or precipitates of a milliliter of the liquid
culture of a given isolate of prokaryotes, alga or
diatoms was washed with Tris-EDTA (TE) buffer
and kept in a 1.5 ml microtube at -20 °C for 15 min.
Then, biomass was suspended in 100 pl of cool
lysis buffer (Tris-HCI 350-500 mM, EDTA 100-
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200 mM, NaCl 100-150 mM, pH ~7.8) and was
briefly grounded using a glass rod. Then, 75 pl of
10-15% SDS was added and the microtube and was
maintained at room temperature for 15 min. After
gently shaking, again, 400 ul of the lysis buffer
was added. (ii) The samples were then freeze-
thawed. Each vial was incubated at 65 °C for 20
min. Then, the vial was transferred to -20 °C for 20
min. (iii) Purification; after another round of 65 °C
and -20 °C incubations, 150 pl of cool potassium
acetate buffer (pH 4.8; which is made of 60 ml of
5 M potassium acetate, 11.5 ml of glacial acetic
acid, and 28.5 ml of distilled water) was added.
The tube was vortexed for 10 seconds and
centrifuged at 11000 rpm for a min. The
supernatant was carefully transferred to a new
microtube and centrifuged again at the above
mentioned condition. After transferring the
supernatant to another 1.5 ml microtube, 800 pul of
-20 °C absolute isopropanol was added and
microtube was gently inverted till the reaction
mixture becomes homogenized. Microtube was
centrifuged, immediately (5 °C, 15000 r.p.m, 15
min) and the supernatant was gently discarded and
the precipitate was washed with 300 ul of -20 °C,
70-80% ethanol. The microtube was centrifuged
again as described above and the supernatant was
again discarded gently. The pellet was air dried at
37-65 °C and re-suspended in 70-100 pl of sterile
DDW. Also, five specimens from each group of
microorganisms were selected randomly and four
commercially available DNA extraction Kits from
two brands; CinnaGen (DN8115C) and IBRC
(MBKO0011 and MBK0041) were applied on each
sample.

Results

Our efforts to extract DNA from various groups
of microorganisms showed that a general salting
out procedure (17, 18) may lead to a significant
amount of pure DNA, but such protocols showed a
low reproducibility when various kinds of
microorganisms examined (data not shown).
Additionally, the efficiency of two brands of the
available DNA extraction kits were studied and the
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results showed that such kits may not be
reproducible when dealing with such a diverse
microbial samples.

Working on our recipe, the whole procedure can
be performed in an hour and even freeze-thawing
steps could be excluded in case of easy-going
specimens such as routine gram negative bacteria
and yeasts. However, in case of recalcitrant
materials, freeze-thawing step seems to be
compulsory. Additionally, with increasing freeze-
thaw rounds a higher amount of DNA can be
yielded in such cases.

Besides, the higher amount of biomass can affect
the extraction efficiency, effectively. Our results
showed that in case of non-reproducible PCR
amplifications, 10-200 times higher dilutions of
the final DNA solution can be applied (Figure 1,
A-C). As is shown in figure 1 A and B, the amount
of biomass which was described in the recipe is
critical and doubling this amount can decrease the
yielded DNA effectively (Figure 1 C). The
efficiency of this method was examined by
amplifying nuclear ribosomal DNA regions;
internal transcribed spacer (ITS), large subunit
(LSU), and small subunit (SSU) of various fungal
and microalgal taxa, and also protein coding
regions; actin, calmodulin, B-tubulin, EF-1, RPB2
of a large number of fungal strains. Up to now, we
have used this technique to isolate DNA from 131
strains as shown in table 1. Sequence-based
identification procedure has been done on all these
isolates.

Discussion

The procedure can be easily applied on
eukaryotic and prokaryotic microorganisms.
Actually, using normal salting out procedures or
commercial kits, we couldn’t extract enough DNA
from recalcitrant samples such as iron-sulfur
bacteria and microalgae.
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Table 1. Microbial genera which their genomic DNA was extracted using this method.
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Specimens rDNA Genomic Regions ? Protein coding Region No. of strains
examined
Cyanobacteria
Anabaena 16S rDNA, ITS 1
Cyanobacterium 16S rDNA 1
Cylindrospermum 16S rDNA 1
Leptolyngbya 16S rDNA, ITS 2
Nostoc 16S rDNA 1
Pseudanabaena 16S rDNA, ITS 1
Synechocystis 16S rDNA 1
Diatoms
Cyclotella SSU, LSU, ITS 3
Fallacia SSU, LSU, ITS 1
Halamphora SSU, LSU, ITS 5
Navicula SSU, LSU, ITS 7
Navicymbula SSU, LSU, ITS 1
Nitzschia SSU, LSU, ITS 3
Staurophora SSU, LSU, ITS 1
Surirella SSU, LSU, ITS 1
Thalassiosira SSU, LSU, ITS 2
Fungi
Acidomyces LSU, ITS 1
Acremonium ITS 2
Actinomucor ITS 2
Alternaria ITS, LSU 8
Arthrinium ITS 1
Aspergillus ITS B-tub, cal 19
Chaetomium ITS 2
Cladosporium SSuU, ITS 2
Curvularia ITS, LSU 1
Emericellopsis ITS B-tub 3
Fusarium LSU, ITS EF-1, RPB-2 31
Megasporoporia SSU, LSU, ITS 1
Microsporum ITS 1
Mucor ITS 4
Neocamarosporium ITS, LSU B-tub 2
Neosetophoma ITS, LSU, SSU 1
Neurospora ITS 1
Nigrospora ITS 1
Paecilomyces SSy, ITS 1
Peniciilum ITS B-tub 17
Phanerochaete ITS 2
Pleospora ITS B-tub 2
Pyrenochaetopsis SSU, LSU, ITS B-tub, act 2
Rhinocladiella ITS 1
Rhizomucor ITS 1
Rhizopus ITS 2
Sarocladium ITS 2
Sordaria ITS 1
Talaromyces ITS B-tub 4
Trichoderma ITS, LSU 2
Trichotecium ITS 1
Green Algae
Chlorella SSU, LSU, ITS 3
Dunaliella SSU, LSU, ITS 4
Scenedesmus SSU, LSU, ITS 5
Selenastrum SSU, LSU, ITS 2
Prokaryotes
Staphylococcus 16S rDNA 3
Halorubrum 16S rDNA 2
Thiobacillus 16S rDNA 1
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2 Small subunit of NrRNA gene (SSU), Large subunit of nrRNA gene (LSU), Internal transcribed spacer fragment of nrRNA gene including
ITS1-5.85-1TS2 (ITS), B-Tubulin (tub), Actin (act), Calmodulin (cal).

Table 1. PicoDrop analysis of the extracted genomes using various versions of this recipe. (A) Performing the
recipe without the solvent based purification and RNase treatment, (B) Performing the recipe with the solvent
based purification and RNase treatment (C) Genome DNA extraction from a given microbial specimen using the

commercial genomic DNA extraction kit of CinnaGen.

Figure 1. Agarose gel of the extracted genomes
using various versions of the recipe. (A-B)
Performing the recipe without the solvent based
purification and RNase treatment, (C), without the
solvent based purification and RNase treatment on a
doubled amount of biomass as the substrate, (D and
E), solvent based purification and RNase treatment
on fungal specimens, (F and G), the solvent based
purification and RNase treatment on green algae and
Diatoms, (H) solvent based purification and RNase
treatment on cyanobacteria, (I) genome DNA
extraction from a given microbial specimen using
CinnaGen commercial genomic DNA extraction kit
of CinnaGen.
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DNA Concentration (ng/pl) 260/280 Ratio 260/230 Ratio
A 1002 1.789 1.88
B 176 1.811 0.824
C 87 2.253 0.1
However, the developed recipe yielded a

reasonable amount of DNA from filamentous
fungi, yeasts, diatoms, cyanobacteria and
microalgae. A clear DNA band can be frequently
seen when 3-5 ul of the extraction product checked
in 1% agarose gel. However, the amount of DNA
obtained from recalcitrant samples was low,
resulting in a faint DNA band. This problem can
affect the PCR reproducibility, effectively, and it
tends to be a critical bottleneck when trying to
amplify the SSU (~1750 bp) fragment (19).
However, addition of a 10 min long
chloroform/isoamyl alcohol purification step
before the alcoholic precipitation, or doubling the
70% ethanol washing step followed by an RNase
treatment, can increase the harvested DNA, in
quality and quantity.

DNA  spectrophotometery  studies  using
PicoDrop showed that the procedure has its own
limitations to purify the DNA. Firstly, it was
assumed that the limitations are related to the lack
of the solvent based purification steps which have
been omitted from the recipe. But, further
investigations indicated that the addition of the
solvent based purification steps can lead to a
considerable decrease of the DNA yield in expense
of an increase of the DNA purity. Our aim was to
achieve the highest possible PCR reproducibility
which is itself dependent on the DNA purity and
quantity. Finally, it was found that the dilution of
the final extracted DNA is the best choice to
increase the liability of this recipe for downstream
procedures. The purity and yield of DNA achieved
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from various versions of this recipe are
summarized in table 2 and figure 1. Accordingly,
it is obvious that the solvent based purification step
followed with an RNase treatment has a detectable
effect on the purity. However, DNA extraction
from most of the strains, especially the fungal
strains, was performed without this step and it
didn’t affect the PCR reproducibility.

Conclusion

Our results showed that the present recipe can
be used for rapid identification of various groups
of microorganisms. Also, having the needed
flexibility in each step makes this protocol
applicable on a very wide range of samples.
Hence, various steps can be included depending
on the desired quantity and quality.
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