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Abstract An effective cell lysis method for extraction
of bacterial genomic DNA from compost was developed
in this study. Enzymatic disruption method, physical–
chemical combination method, and commercial kit
method were used to extract DNA from compost
samples and were compared by analyzing DNA yield
and efficient cell lysis. The results showed that all the
three methods can be used to extract high-quality DNA
from compost, but the enzymatic method had better cell
lysis efficiency and DNA yields than others without the
use of special equipment and expensive spending.
Comparison of different methods for lysing gram-
positive bacteria Bacillus subtilis indicated that the
enzymatic cell lysis is superior for destroying the gram-
positive cell wall. Spin-bind DNA column was used for
DNA purification, and the purity of the purified sample
was checked by polymerase chain reaction to amplify a
region of the 16S rRNA. Results indicated that the part of
16S rRNA were amplified from all the purified DNA
samples, and all the amplification products could be
digested by the restriction enzyme HhaI.
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Introduction

Composting is an effective approach to degrade organic
wastes from livestock farm and some other organic wastes
like municipal refuses. It converts organic matter into useful
products, like fertilizers which can be applied to the land
without adversely affecting the environment (Goyal et al.
2005). A typical composting process goes through a series
of stages, including rapid temperature increase, sustaining
high temperature and gradual cooling of the composting
mass. Gradients of oxygen, nutrients, and temperatures in
compost support diverse microbial populations, which
degrade organic matters and some complex polymers
(Guo et al. 2007; Ishii et al. 2000). So there is an increased
interest to the study of bacterial community in composting.
But traditional cultivation-dependent approaches are based
largely on isolation and plate count studies to analyze the
microbial diversity. These classical culture-dependent meth-
ods are strongly biased because only a very small fraction
(0.01–10%) of the microorganisms in natural environments
can be identified (Amann et al. 1995; Torsvik et al. 1996).
Molecular biology introduces new techniques to study
microbial communities, especially unculturable microbes in
various environments (Blanc et al. 1999; Cahyani et al.
2004; Franke-Whittle et al. 2005; Shan et al. 2008;
Kowalchuk et al. 1999; Tiquia et al. 2005). They have been
proven to be an advantageous technique and be applied
widely. But, this molecular biological analysis of microbial
community in compost requires efficient and unbiased DNA
extraction methods which suffer from compounded inhibito-
ry factors in the individual steps, such as incomplete cell
lysis (Miller et al. 1999). Because the composting has
specific conditions like high temperature, the live bacterial
should be high-temperature-resistant. So it seems to be much
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more difficult to extract high-quality microbial DNA from
compost than from other environmental samples.

The direct in situ lysis extraction method has been
published for the extraction and purification of total commu-
nity DNA from environmental samples such as soils and
sediments (Bürgmann et al. 2001; Jiang et al. 2005; Luna et
al. 2006; Martin-Laurent et al. 2001; Roose-Amsaleg et al.
2001). This method, which assumes complete in situ lysis of
all microorganisms, generally provides the highest DNA
yields within acceptable processing times.

Currently, three types of cell lysis (or membrane disruption)
are used alone or in combination: (1) physical, (2) chemical,
and (3) enzymatic disruption (Patrick et al. 2003). The physical
methods have shown efficiencies for disruption of cells, but
they often result in significant DNA shearing (Liesack et al.
1991; More et al. 1994). Many protocols including enzymatic
lysis have been developed from soil and sediments (Niemi et
al. 2001; Rochelle et al. 1992; Tsai and Olson 1991)

In compost, gram-positive bacteria which are more
resistant than gram-negative bacteria are the predominant
bacteria (Guo et al. 2007; Wakase et al. 2008). Here, we
compared enzymatic-disruption method, physical–chemical
combination method, and commercial kit method by
analyzing total DNA yield, DNA purity, DNA recovery,
and polymerase chain reaction (PCR) amplification. And a
more effective lysis method for direct extraction of DNA
from compost was developed.

Materials and methods

Sample collection and processing

The composting experiment was conducted on the Huazhong
Agricultural University Swine Farm, which is subordinate to
the National Engineering Research Center-Animal Science. A
1.2×1.0×1.0 m (length×width×height) composting bin was
designed and built, which was covered to shield from
sunshine and rain. The swine manure was collected from the
swine farm, and sawdust was obtained from a local farm.
About 0.5 kg of fresh sample was collected from surface of
compost (20 cm to surface) containing swine manure and
sawdust on day16 when the temperature was 58°C. The
collected samples were put into Ziploc and immediately
placed into an adiabatic box, which was filled with ice for
transportation to the laboratory, and then stored at −20°C.

Cell lysis and DNA extraction

Enzymatic method (A)

The samples (0.2 g) were mixed with 1.0 ml extraction
buffer (0.1 mol l−1 Tris-HCl, 0.1 mol l−1 ethylenediamine

tetraacetic acid, 1.5 mol l−1 NaCl, pH8.0) and 0.01 ml
snailase solution (50 mg ml−1). After vortexing for 5 min,
the mixtures were incubated in a 37°C water bath for 1 h.
Then, 0.1 ml of 10% sodium dodecyl sulfate (SDS) and
0.01 ml proteinase K (10 mg ml−1) were added into the
tubes and incubated in 65°C water bath for 1 h with
agitation at a 15- to 20-min interval. Afterwards, the
mixtures were centrifuged at 6,000×g for 5 min at room
temperature. The supernatant was transferred to fresh tubes,
and 0.5 ml sterile deionized water was added into the
former tubes to wash the deposition with centrifugation
(6,000×g, 1 min). Both supernatants were put together. All
supernatants were mixed with 1× volume of chloroform/
isoamyl alcohol (24:1) with gentle shaking. The aqueous
layers were transferred to clean tubes after centrifugation
(3,000 × g, 5 min) and were treated with 0.6 volume of
isopropanol for 10 min at 4°C and centrifuged 10 min with
12,000×g. The pellets of crude DNA were washed twice
with 700μl ice-cold 70% ethanol and dried at room
temperature. The crude DNA was dissolved in 100μl
deionized water and stored at −20°C for future research.

Physical–chemical method (B)

We modified the DNA extraction procedures based on the
protocol described by Dees and Ghiorse (2001).The 0.2-g
sample of subsamples were added to 1 ml of 0.1% sodium
phosphoric acid (NaPP) and shaken for 30 min at room
temperature on an orbital shaker at 220 rpm. The mixture
was vibrated for 5 min then centrifuged for 10 min at
6,000×g. The precipitates were added to sterilized centrif-
ugal vial containing 1.0 g of 0.1-mm diameter sterilized
silica and zirconia beads. The vials received 1 ml each of:
sodium phosphate buffer (100 mmol l−1NaH2PO4, pH8.0);
lysis buffer (100 mmol l−1 of NaCl, 500 mmol l−1 of Tris,
pH8.0, 10% SDS); and chloroform-isoamyl alcohol (24: 1).
The mixture was vibrated for 10 min and centrifuged at
3,000×g for 5 min. The aqueous supernatant containing the
community DNA was transferred to another sterile micro-
centrifuge vial and were treated with 0.6 volume of
isopropanol for 10 min at 4°C and centrifuged at
12,000×g for 10 min. The pellets of crude DNA were
washed twice with 0.7 ml ice-cold 70% ethanol and dried at
room temperature. The crude DNA was dissolved in 100μl
deionized water and stored at −20°C for future use.

Commercial kit method (C)

The Fast soil genome DNA isolation kit (Bioteke, Beijing)
was used to extract DNA from compost according to the
manufacturer's instructions.

Control extraction experiment was performed without
compost following each protocol described above.
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DNA extraction from gram-positive bacteria

The gram-positive bacteria Bacillus subtilis (China Center for
Type Culture Collection no. M208122) was used as the
control for comparing the efficiency of cell lysis methods.
The B. subtilis was grown on beef extract peptone liquid
medium. After collecting cell pellets by centrifuging at
8,000×g in 30 s from 10 ml pure cultures which contained
1010 cells ml−1 counted by plate count technique, the pellets
were suspended with the DNA extraction buffer described
above. Then, the DNA was extracted by the protocol
described previously. DNA yield was employed to evaluate
the efficiency of different cell lysis method. The DNA
concentration was determined by the UV spectrophotometer.

DNA purification and recovery

The crude DNA of compost was precipitated by adding two
volumes of anhydrous ethyl alcohol and 0.1 volume of 5 M
NaCl. The samples were mixed by inverting gently and
incubated for 10 min at 4°C. Then, the crude DNA was
added into a SpinBind DNA column (Axygen Scientific,
USA) for purification. The column was centrifuged for
1 min at 12,000×g. The pellet was washed twice with ice-
cold 70% ethanol and centrifuged at 12,000×g for 1 min.
And then, 200μl Tris-Cl-Ethylenediaminetetraaceticacid
buffer was added to the column, settled 1 min in room
temperature, and centrifuged 1 min at 12,000×g. The DNA
pellets were stored in −20°C.

The A260/280 ratios and the concentrations of purified
DNA were quantified on UV spectrophotometer. The DNA
yields were estimated on the basis of at least three
replicated determinations. The F test was carried out to
analyze the variance of DNA yields that were extracted by
the different methods.

Microscopic evaluation of cell lysis

Intact compost samples subjected to the lysis procedures
were examined with a Zeiss Standard 18 microscope under
phase contrast and epifluorescence viewing or a Zeiss laser
scanning microscope (model LSM-10) equipped for fluo-
rescence, phase, and differential interference contrast
imaging under 488-nm light from an argon laser . The
LSM-10 was configured so that a single field of view can
be examined by conventional transmitted and epifluores-
cence illumination or by comparable laser-scanning illumi-
nation. Both microscopes were fitted with ×100 oil
immersion objective lenses with numerical apertures of
1.3 or 1.4. An acridine orange direct count agar-smear
procedure was used to assess the extent of lysis of the
endospores and enumerate the total number of cells in the
intact compost samples (More et al. 1994). Before DNA

extraction, 0.1 g compost was added into 1 ml sterile water
and was vortexed for 5 min. The coarse particles were
allowed to settle for 1 min, and then a 0.1-ml subsample
removed from the upper portion was added into 8.9 ml
sterile water. One microliter of a freshly prepared 1% agar
solution, cooled down to 50°C, was added, and the
suspension was then vigorously shaken. Of the suspension,
0.01 ml was transferred onto a slide and quickly dried at
40°C. Dried smears were stained with 0.01% acridine
orange and examined with a Zeiss Standard 18 microscope
(Trolldenier 1973). The computerized imaging and analysis
systems of the LSM-10 were used to document the size
distribution of microbial cells surviving the various lytic
procedures. The average count and standard deviation were
computed from five duplicate smears prepared from three
independent subsamples of the compost as described
previously.

The cells per gram wet weight were calculated by the
following formula:

E ¼ X �S1=S2�1=V1�n�V�1=W

Where E is the cells per gram wet compost; X is the cells
per microscopic view field; S1 is the area of smear (mm2);
S2 is the area of microscopic view field (mm2); V1 is the
volume of subsample of suspension which was transferred
for smear (ml); n is the dilution factor; V is the volume of
sterile water which the compost sample was added (ml); W
is weight of compost sample (g).

After compost samples had suffered the lysis procedures,
smears were prepared again, and the same general
procedure was followed.

PCR amplification and restriction enzyme digestion

The purity of the purified sample was able to be checked by
the ability of PCR to amplify a region of the 16S rRNA.
Part of 16S rRNA gene was amplified by PCR using the
universal primer pair 1492r (5′-TAC CTT GTT ACG ACT
T-3′) and 27f (5′-AGA GTT TGA TCC TGG CTC AG-3′)
(Dojka et al. 1998). The PCR reaction system was:
1.0×10−5mmol of both primers, 1μl genome DNA, 1.5μl
of 2 mmol l−1 dNTPs, 2.5μl of 10× PCR buffer, 2.0μl of
25 mmol l−1 MgCl2, 2.0 U of Taq DNA polymerase
(1 U μl−1; Jingmei Biotech, Shenzhen), and 13μl of sterile-
filtered water. The PCR was done as follows: 94°C for 40 s,
55°C for 45 s, 72°C for 1 min 30 s, 30 cycles, then 72°C
extension for 10 min, finally 25°C to terminate the reaction.
The amplified products were electrophoretically separated
and visualized in 1.0% agarose gels stained with ethidium
bromide.

The PCR products were ligated into the pMD18-T
Vector (Takara), and the ligation product was transformed
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into Escherichia coli DH5a competent cells. White colonies
(Sambrook et al. 1989) were selected randomly, and the
vector insert size was detected using M13⁄pUC universal
primers P47 and P48.

About 10μl of PCR product was digested with 1 U with
HhaI restriction endonucleases (Fermentas) in 20μl of the
appropriate buffer for 12 to 16 h at 37°C, and the digested
DNA fragments were electrophoresed in 1.5% agarose gels.
After staining with ethidium bromide, the gels were
photographed, and scanning image analyses were per-
formed manually.

Result

DNA yield and recovery efficiency

Figure 1 shows the crude DNA extracted from compost
after electrophoresis and staining with ethidium bromide.
The F test was carried out using the data of the DNA yield.
Because of the different cell lysis protocol, the DNA yields
by the three methods were significantly different (P=0.01).

Of the three methods, method A yielded the most amount
of DNA. The crude DNA was purified with the SpinBind
column. Table 1 indicates that the DNA recovery
efficiency of method B was obviously lower than A and
C. The A260/280 ratios of purified DNA were 1.7–1.8. This
indicates that the DNA was of good quality. In control
experiment, no DNA was detected.

Comparison of different methods for lysing gram-positive
bacteria

Because of the differences of the cell wall structure
between gram-positive and gram-negative bacteria, the
gram-positive bacteria are more difficult to destroy than
gram-negative bacteria. So here, the gram-positive bacte-
ria B. subtilis was used as the control organism to test the
efficiency of cell lysis method. According to the DNA
yields, the results indicate that method A was most
efficient (Table 1).

Cell lysis efficiency

Cell count with the method of fluorescence microscopical
enumeration was an effective approach for evaluating the
effectiveness of cell lysis protocol. So the change of the
cell counts before and after lysis was measured. After
severe treatment with different method, there were still
some small cells that survived. The data in Table 2
showed that after cell lysis, direct microscopic counts of
three methods were considerably lower than before cell
lysis. After treatment with snailase and proteinase K, the
cells dropped to 1.8±0.12×108 from 7.33±0.75×109, and
the efficiency of method A was 97.5%.

PCR amplification and restriction enzyme digestion

The amplification of the 16S rRNA genes was successful
when DNA purified by all extraction methods was used as
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Fig. 1 Crude DNA extracted from compost. Lane 1 crude DNA
extracted by method C, lane 2 crude DNA extracted by method B,
lane 3 crude DNA extracted by method A, lane 4 DNA ladder

Table 1 DNA yield and DNA recovery

Method Crude DNA yielda

(±SD) μgg−1b
Purified DNA yield
(±SD) μgg−1

DNA recovery
efficiency (%)c

A260/A280

ratiod
DNA concentration from
B. subtilis (μgμl−1)e

DNA recovery
efficiency (%)f

A 66±3.2 35±1.9 53.0 1.70±0.03 0.35 70

B 53±2.6 20±1.3 37.7 1.72±0.02 0.22 44

C 48±1.9 23±1.6 47.9 1.75±0.04 0.20 40

a DNA yields were measured using the Nanodrop ND-1000 spectrophotometer and the average yield of at least triplicate
bWet weight
c The efficiency of the purified DNA compared to the crude DNA
d The A260/A280 ratio of purified DNA
eCrude DNA concentration of B. subtilis
f The efficiency of the DNA yields extracted from B. subtilis compared to theoretic DNA yields
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the PCR template. The results are shown in Fig. 2. No PCR
product was observed with the negative control. Figure 3
indicates that the PCR products, which were amplified from
the different 16S rRNA clone libraries, can be digested by
HhaI. The different restriction fragment length polymor-
phisms (RFLP) are shown in Fig. 3.

Discussion

Although many studies have evaluated some DNA extrac-
tion protocols from environment samples (LaMontagne et
al. 2002; Howeler et al. 2003; Yang et al. 2007; Zhou et al.
1996) and the cell lysis and DNA extraction efficiency is
quite high, there are still some cells which have not been
lysed especially some small, round cells (Yang et al. 2007).
So an efficient cell lysis is a very important procedure for
DNA extraction in compost. In this paper, we used snailase
to destroy the cell wall of fungus (Jinxian et al. 1998; Shao
and Sun 2007) to improve the lysis of recalcitrant bacteria.

DNA yield and cell lysis were employed by this study
for the evaluation the effectiveness of DNA extraction and
purification procedure. Among the three methods, method
A has the highest cell lysis, which achieved 97.5%,
compared with other studies (LaMontagne et al. 2002;
Howeler et al. 2003; Yang et al. 2007), and obviously it is a
better method. These results proved that the microorganism
in compost were susceptible to snailase and proteinase K
lysis. Method B is a chemical–physical method. It also
shows an effective disruption (94.4%) percent of the
bacterial cell wall, but it is limited to smaller cells and
spores (Yang et al. 2007).

We have compared the DNA yields of gram-positive B.
subtilis produced by the different extraction methods. Our

findings show that higher DNA yields may be achieved by
method A.

We found that using different extraction method will
lead to different DNA yields. The quantity of DNA
recovered using enzymatic cell lysis (method A) was much
higher compared to physical–chemical disruption (method
B). Because of the bead beating, method B was likely to
cause DNA shearing, resulting in DNA decrease. Method A
yielded about 66±3.2μg g−1, a little lower than the report
of 83±4.1μg g−1 (Yang et al. 2007) but higher than other
DNA yields that had been reported by 10–35μg g−1 (Blanc
et al. 1999) and 18.2μg g−1 (Howeler et al. 2003).
Assuming that bacteria were the predominant source of
DNA in the compost and that each bacterium had a single
stationary-phase genome weighing 5×10−15g (based on
data for E. coli) (Howeler et al. 2003), then theoretically,
1 g of compost might have DNA yields of about 35–39μg
in the samples. The result that the DNA yields obtained in
the crude fraction were higher than the value may probably
be due to greater genome DNA existence in the actively
growing cells and eukaryotic cells.

In purification step, we used spin-bind cartridge to
remove the humic acids and other contaminants. Because
of the humic acids and other substances that may remain
associated with the extracted DNA, it was difficult for
molecular analysis, such as PCR amplification (Hilger and
Myrold 1991; Tebbe and Vahjen 1993). So we performed
the test including PCR amplification for 16S rRNA and

Method Cells before lysis (±SD)·g−1a Cells after lysis (±SD)·g−1 Cell lysis efficiency (%)

A 7.33±0.75·109 1.8±0.12·108 97.5

B 7.72±0.93·109 4.3±0.25·108 94.4

C 7.19±0.85·109 9.3±0.31·108 87.0

Table 2 The effect of different
method on cell lysis

SD standard deviation
aWet weight
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Fig. 2 16s rNA fragment am-
plified by primer pair 1492r and
27 f. Lane 1 (−) control no
template DNA, lane 2 amplified
with the DNA extracted by
method A, lane 3 amplified with
the DNA extracted by method
B, lane 4 amplified with the
DNA extracted by method C,
lane 5 DNA ladder
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Fig. 3 Restriction enzymes digest of PCR-amplified products. Lane 1
HhaI digested with pMD 18-T Vector as a control, lane 2 16S rRNA
PCR products from compost DNA extracted by method A digested
with HhaI, lane 3 16S rRNA PCR products from compost DNA
extracted by method B digested with HhaI, lane 4 16S rRNA PCR
products from compost DNA extracted by method C digested with
HhaI, lane 5 DNA ladder
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restriction enzyme digestion to determine DNA purity.
Figures 2 and 3 show that obtaining DNA from compost
can be successfully amplified using eubacterial 16S rRNA
primer pair of 27F and 1495R and digested by HhaI.
Different RFLP types had been obtained indicating that the
DNA extracted by different methods could be used for
RFLP analysis.

The results of this study suggest that these three methods
were suitable for DNA extraction from compost. Enzymatic
lysis showed the best results with respect to cell lysis and
DNA purity. Compared with enzymatic method, method B
was effective in disrupting cell but shearing the DNA badly
during the course of extraction led to a significant DNA
loss. Method C was very expensive and not suitable for
large-scale DNA extraction. So method A was the best
choice to extract total DNA from compost without using
any special equipment and expensive spending.
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