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<Short Communication>

Effective DNA extraction method to improve detection
of Mycobacterium avium subsp. paratuberculosis in bovine feces
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Abstract : Paratuberculosis caused by Mycobacterium avium subsp. paratuberculosis (MAP) has extended latent periods
of infection. Due to this property, difficulties in the detection of fecal shedder have been raised. A newly designed
method for DNA extraction from fecal specimens, mGITC/SC was evaluated in terms of diagnostic efficiency. The
detection limit of IS900 real-time PCR was about 50 MAP (1.5 cfu) in 250 mg of feces (6 cfu per g). Also, this DNA
extraction method was faster and cheaper than that using commercial kit or other methods. Consequently, the mGITC/
SC is an economical DNA extraction method that could be a useful tool for detecting MAP from fecal specimens.
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studies have also focused on obtaining high yields of DNA
from fecal specimens, as well as on its purity, in order to
diagnose MAP effectively [1, 7, 15].
In the present study, we designed a new method for
extracting MAP DNA from fecal specimens. The diagnostic
efficiency of this new DNA extraction method was compared with a commercial kit and other published DNA
extraction methods [5-7, 15].
Mycobacterium avium subsp. paratuberculosis ATCC19698
was cultured in modified Herrold’s egg yolk medium (HEYM)
supplemented with 2 mg/L of mycobactin J (ID-Vet; Montpellier, France) and three antibiotics (nalidixic acid, vancomycin, amphotericin B) conditioned at 37oC for 8 weeks.
Colonies were harvested by swab and transferred into 5 mL
of phosphate buffered saline (PBS) supplemented with
0.25% Tween 80, and then vortexed for 1 min to minimize
the clumping of cells [15]. Optical density (OD600) of suspended cells was OD600 1.012 and cell concentration was
estimated by direct microscopic count and confirmed by colony forming unit (cfu) enumeration on HEYM slant. Concentration of MAP at OD600 1.012 was about 1.02 × 109 cells/
mL, HEYM enumeration resulted in 3.03 × 107 cfu/mL.
DNA was extracted from pure cultured MAP and MAPspiked fecal samples. DNA extraction was composed of two
major steps, bacterial cell lysis and DNA purification. The
guanidinium thiocyanate (GITC) buffer was used in lysis

Paratuberculosis (PTB), or Johne’s disease, caused by
Mycobacterium avium subsp. paratuberculosis (MAP) is one
of the most widespread and economically significant diseases in cattle [10]. Because PTB has long incubation period,
infected cows without clinical signs of the disease might
excrete feces containing MAP for months and years, contaminating their environment [14]. Therefore, finding a fecal
shedder in the subclinical stage is the most important and
efficient strategy for controlling PTB.
To detect subclinical fecal shedders, bacterial culture has
always been used as the gold standard [13]. However, MAP
is a slow-growing bacteria and identifying the colony would
take a long time (up to 16 weeks) [4]. Indeed, the culture
method has relatively low sensitivity and sometimes yields
false negative results in cattle that are shedding low levels of
bacteria [4].
In the case of MAP diagnosis, a PCR method using DNA
extracted from fecal specimens has the advantage of identifying infected cattle more rapidly than the bacterial culture
method. The insertion sequence IS900 has been used to
detect MAP because of presence of multicopy (12~20) of the
gene [3].
Because MAP has a thick and lipid-rich cell wall, bacterial cell lysis is more difficult when using lysing methods
typically used for other bacteria [1]. Additionally, many PCR
inhibitors are inherently present in feces [7]. Therefore, many
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step previously described by Boom et al. [2] and spin column (SC) was used for purification of DNA [2]. This method
was named as mGITC/SC. First, one mL of GITC L6 lysis
buffer [5.25 M GuSCN, 50 mM Tris-HCl (pH 6.4), 20 mM
EDTA, 1.3% Triton X-100, distilled water] [2] was added to
the MAP suspensions (100 µL of pure culture and 250 mg of
MAP-spiked feces) in a 2 mL tube, vortexed for 30 sec, and
then incubated at 95oC for 15 min. The tube was vortexed
again and centrifuged at 13,000 × g for 2 min. The supernatant (300 µL) was transferred into a new 1.5 mL tube containing 700 µL of L6 lysis buffer and incubated at 70oC for 5
min, after which 250 µL of 100% ethanol were added; the
mixture was then incubated at 56oC for 5 min. After incubation, the mixture was passed through a mini spin column fitted with a silica membrane (Epoch Biolab, Sugarland, TX),
washed with 700 µL of L2 washing buffer (5.25 M GuSCN,
50 mM Tris-HCl, distilled water) [2] and washed again with
700 µL of 70% ethanol twice. Finally, DNA was eluted with
40 µL of nuclease-free water.
The extracted DNA samples were analyzed by real-time
PCR targeting the IS900 elements specific for MAP. The
primer sequences were SF214; 5’-ATGACGGTTACGGAGGTGGTT-3’ (forward primer), SR289; 5’-TGCAGTAATGGTCGGCCTTAC-3’ (reverse primer), and PR265; 5’-FAM
CGACCACGCCCGCCCAGATAMRA-3’ (probe) as described
previously [11]. The real-time PCR reaction was conducted
using a Rotor-Gene Q real-time PCR cycler (Qiagen, USA)
and a reaction mixture consisting of 1× Rotor-Gene Probe
PCR master mix (Qiagen), 400 nM primers, 100 nM probe, 4
µL of template DNA, and nuclease-free water to give a total
volume of 20 µL. Samples were amplified according to the
following conditions: 1 cycle at 95oC for 5 min, 45 cycles at
95oC for 15 sec, 60oC for 1 min. The positive control consisted of 10 ng of MAP (ATCC 19698) genomic DNA, and
nuclease-free water was used as no template control for this
reaction.
Real-time PCR sensitivity was evaluated. A pure cultured
3.03 × 107 cfu of MAP’s DNA was extracted using mGITC/
SC method and yield of the DNA was measured by spectrophotometer (ND-1000; Thermo Fisher Scientific, USA). The
concentration of the DNA harvested from 3.03 × 107 cfu of
MAP was 2.3 ± 0.15 ng/uL (SE), corresponds to 3.04 fg of
DNA extracted per cfu. Serial dilutions of template DNA
were assayed to determine the detection limit of IS900 realtime PCR. Minimum detectable limit was 4.6 fg of DNA, Ct
value of 37.03 (Fig. 1).
Diagnostic efficiency of the mGITC/SC method was analyzed using MAP spiked fecal samples. 10-fold diluted MAP
ranged from 1.5 × 106 to 0.15 cfu were spiked into 250 mg of
feces. Negative control of feces was treated with PBS supplemented with 0.25% Tween 80.
The average yield, concentration and purity of extracted
DNA were estimated. In the 250 mg of feces, the average
concentration of DNA was 7.22 ± 0.38 ng/µL, yield per sample was 116 ± 6.0 ng/100 mg. The average purity of DNA

Fig. 1. Real-time PCR assay of serial dilutions of DNA
extracted from pure cultured MAP ATCC19698. R2 (the coefficient of determination) are indicated on the graph.

Fig. 2. The detection limit and amplification efficiency of
mGITC/SC in MAP-spiked fecal samples. Ct values are the
average of 3 independent experiments. R2 (the coefficient of
determination) are indicated on the graph.

(Abs260/Abs280) was 1.67 ± 0.03. Quantitative analysis was
conducted by real-time PCR. Ct values for the real-time PCR
ranged from 18.9 ± 0.43 to 38.3 ± 0.1 and linear correlation
between the Ct values and MAP concentration was analyzed
using standard curve analysis (Fig. 2). Experimental detection limit was 1.5 cfu in 250 mg of feces (6 cfu/g). No amplification signal was observed with the all negative controls
(no template controls, negative fecal samples).
In this study, DNA extraction method for the detection of
MAP in bovine feces was described. To lyse MAP’s thick
and lipid-rich cell wall, the bead beating method has been
used in MAP DNA extraction [9]. However, heating method
combined with guanidine lysis was used in mGITC/SC and
this could also provide high yield and PCR sensitivity.
Diagnostic efficiency of this new method was evaluated.
DNA purity is major consideration in fecal DNA extraction
because of many inhibitors in feces affecting PCR reaction
[8, 12]. Purity of DNA with mGITC/SC recorded the fourth
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highest value compared to other methods described in Leite
et al. [6]. According to et al. [6], there were no significant
correlation between DNA purity and PCR sensitivity due to
the inaccuracy of measuring DNA purity by spectrophotometry.
In quantitative analysis, minimum detectable amount of
DNA extracted from pure cultured MAP was about 4.6 fg,
corresponds to 1.5 cfu (3.04 fg per cfu). Detection limit of
real-time PCR on MAP-spiked fecal samples was also appeared
similar level to pure cultured MAP. This result suggests that
mGITC/SC can detect the lowest level of MAP in the MAPspiked feces.
Major advantageous feature of the mGITC/SC method is
that there is no need for pre-treatment of the fecal specimen.
The mGITC/SC method uses 250 mg of feces mixed directly
with 1 mL of GITC buffer to lyse the MAP cells. Other inhouse DNA extraction methods use about 1 g of feces mixed
with large amounts of water or buffers followed by a settle
down and washing step; the time required for this step is
more than 1 h [5, 15]. Because of differences between the
initial extraction steps in the mGITC/SC method and the
other methods, mGITC/SC has the advantage of extraction
time. Another feature of mGITC/SC method is relatively low
cost compared to other in house methods or commercial kits.
These two features allow to extraction of MAP DNA from
bovine feces more quickly and economically.

