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Abstract

Tuberculin positive cattle without gross tubercle lesions should be confirmed by the
bacteriological examination to determine the state of the infection. To overcome the
time—consuming and laborious identification by culture and biochemical tests,
polymerase chain reaction (PCR) has been used to identify Mycobacterium bovis. Due
to various lipids in the cell wall of Mycobacterium spp, novel methods of DNA
extraction from AMycobacterium spp have been developed. In this study, a newly
developed guanidium isothiocyanate/silica DNA extraction method was directly applied
to specimens from the tuberculin positive cattle. DNAs were directly extracted from
the lymph nodes and the major polymorphic tandem repeat (MPTR) and mycobacterial
protein of BCG 70 (MPB70) were amplified using PCR. The DNA extraction method
using guanidium isothiocyanate/silica was efficient and safe, and the MPTR and
MPB70 primers were specific to M bovis. Therefore, MPTR and MPB70 PCRs will be
useful for the detection of M bovis in the lymph node from skin—test positive cattle.
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Introduction

Tuberculosis in both humans and animals
is a worldwide problem of an enormous
scale'™”. In many countries, the efforts
to control or eradicate bovine tuberculosis
have been hindered by the lack of an
unequivocal and objective diagnostic test
for the disease. Current diagnosis of
bovine tuberculosis is accomplished by
the caudal fold skin test that is similar
to the human manteux test®.
though the tuberculin test has been used
worldwide for the control of bovine
tuberculosis, the conventional diagnosis
of this disease using bacteriological and
immunological tests has been insufficient
for the field environment because of the
lack of simplicity as well as the low
specificity and sensitivity of the tests?.
Bacteriological identification of Mycobac-
terium bovis includes the isolation and
culture of the bacilli and time-consuming
biochemical assays ®.

The advent of the polymerase chain
reaction (PCR) and the discovery of a
repetitive DNA sequence that is. specific
to the M tuberculosis complex, including
M tubercuiosis, M bovis, M bovis BCG,
M microti and M africanum, offer a fast,
sensitive and specific diagnosis of the
Mycobacterium spp'®. Primers for the
major polymorphic tandem repeat (MPTR)
and the mycobacterial protein of BCG 70
(MPB 70), were used to detect M bovis
by PCR. The MPTR primers have been
used for the differentiation of the M
tuberculosrs complex by Frothingham“).
MPB70, which is highly species-specific

Even

protein of AM bovis, was purified and
characterized by Nagai et al'?. The MPB
70 protein is a potent and specific T—cell
antigen in M bovis and M bovis BCG ™%
and Harboe et al'® used this protein
as the specific antigen in an ELISA to
diagnose tuberculosis.

To remove any contaminating bacteria
from the lymph node of tuberculin skin
test positive cattle, the decontaminants
NaOH-sodium citrate—N—acetyl-L—cysteine
(NALC), sodium hypochlorite, benzalkonium
chloride, and hexadecylpyridinium chloride
have been used''®. We used hexade-
cylpyridinium chloride because it is an
equivalent decontaminant but has a less
detrimental effect to the Mycobacterium
sppZO). To extract DNA from the Myco-
bacterium spp, conventional methods such
as heating, chloroform/phenol extraction,
sonication, hexadecyl tri-
methyl ammonium bromide (CTAB), and
sodium iodide/sodium—N—lauryl sarcosine
have been used1,3—8,17,21—23,25—27)
guanidium isothiocyanate (GuSCN)/silica was
developed for DNA extraction from Myco-
bacterium spng—SO). The
methods were not suitable for the clini-
cal samples of bovine tuberculosis be-
cause they were laborious and time-
consuming30), and the efficiency of DNA

glass beads,

. Recently,

conventional

preparation by some conventional me-
thods, especially heating and chloroform/
phenol extraction,
sequent PCR of
specimensw. In addition, the conventional
methods are also limited by the lipid
content of the M bovis cell wall®??. In
GuSCN/silica DNA extraction
was effective for Gram—negative bacteria

was poor for sub—

tuberculosis clinical

contrast,

- 234 -



Detection of Mycobacterium bovis in the lymph node of tuberculin positive cattle by guanidium isothiocyanate/ silica

DNA extraction and polymerase chain reaction

8),. and was

5,30,32)

from human blood and urine®
also effective for M tuberculosis

In this study, GuSCN/silica DNA extrac-
tion was directly applied to the DNA
from the lymph nodes of tuberculin skin-
test positive cattle, of which the major
infectious agent is M bovis. We ampli-
fied MPTR and MPB70 using PCR to
overcome the slow isolation and identifi-
cation of M bovis by bacteriological and
biochemical tests.

Materials and Methods

Bacterial strains

M bovis AN5 (ATCC 35726), M avium
NVDL 1414 (ATCC 35716), M avium P18
(ATCC 12227), and M phlei (ATCC
11758) were used in this study. After
each strain was cultured at 37°C for 6
weeks in Sauton broth (Asparagine 4.8 g,
Citric acid 2.4 g, MgS0s 0.6 g, KoHPO4
0.6 g, Ferric ammonium citrate 0.06 g,
Glycerine 72 mé, ZnS04 0.0096 g, CuSOs
0.0012 g, Ammonia water 2.7 m¢, DW
1200 m¢, pH 7.0 —7.2), the culture was
transferred into an eppendorf tube for
the extraction of DNA.

Clinical specimens

Lymph nodes of three skin test posi-
tive reactors at necropsy were sampled
and aseptically homogenised. 5mf sterile
saline was added to the minced speci-
mens. The diluted homogenate was
transferred into a 50 mé sterile conical
tube, pretreated with 0.75% HPC (hexa-
decylpyridium chloride: Fluka 52349)
solution and then vortexed for 20 sec.

After the homogenate was allowed to
settle at RT for 30 min, the supernatant
from each sample was precisely collec-
ted by pipette and then centrifuged at
2,500 g for 15 min. The resulting super-
natant was discarded and then 1 mf of
0.2% bovine serum albumin (BSA) was
added to each pellet for DNA extraction.

DNA extraction by GuSCN/silica

A modified GuSCN/silica method was
applied to the Mycobacterium spp control
strains and the clinical specimens. This
procedure was a modification of the
basic 1—h procedure (protocol Y) 2829

Briefly, we first prepared the cell
lysis buffer (100m¢ of 0.1 M Tris—HCI
(pH 6.4), 120g GuSCN, 22m¢ 0.2 M
EDTA (pH 8.0), 2.6 g Triton X—100)
and the silica dioxide solution (60 g
Si02 was resuspended in 500 mé distilled
water and placed at RT for 24 hrs.
Then, 430 m¢ of the supernatants was
carefully removed and discarded. Dis-
tilled water was added to the precipi-
tates to a final volume of 500 m¢, and
then the mixture was shaken and
allowed to settle at RT for 5 hrs. After
that, 440mf of the supernatant were
discarded carefully and the pH of the
precipitates was adjusted to 2.0 by HCI
and then autoclaved.). Then, 900 £ of
the cell lysis buffer and 40 £ of silica
dioxide solution and 50 £ of the test
sample were mixed in a 1.5m tube and
incubated at RT for 10 min. The
mixture was centrifuged at 12,000 g, 15
sec and the supernatant was carefully
removed and discarded. 1mé of the
washing solution (GuSCN 120 g, 0.1 M
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Tris—HC! (pH 6.4) 100mf) was added
to each resultant precipitate and washed
twice. Then each pellet was washed
twice with 70% ethanol, followed by one
acetone wash and dried at 56T. The
silica—DNA pellet was then resuspended
in 50 £ of TE buffer, incubated at 56 T
for 10 min, and centrifuged at 12,000 g,
2 min. The supernatant contained the
DNA used for PCR.

Polymerase chain reaction

Each reaction volume of the MPTR and
MPB70 PCRs was 50 £. In the MPTR
PCR, the mixture consisted «of 1 mM
Tris—HCI (pH8.3), 5 mM KCI, 0.001 %
gelatin, mM MgCls, 200 M dNTP, 20 nM
- of each primer, 1.25 U 7aq polymerase,
10 ng template DNA, and in the MPB70
PCR, the mixture consisted of 5 mM
KCl, 1 mM Tris—HCl (pH 8.0), 0.01 %
gelatin, 1 mM MgCl;, 200 M dNTP, 7.5
% dimethyl sulfoxide, 2.5 U 7ag DNA
polymerase, 20 pmole of each primer, 10
ng template DNA. The MPTR and MPB
70 primers amplified a 343 and 678 bp
product, respectively. The MPTR primers
~were 5'—GGTTACCACTTCGATGCGTCTG
CG-3' (forward primer) and 5'—-AGCC-
GCCGAAACCCATC—-3' (reverse primer).
The MPB70 primers were 5'—AAAGAA-
TTCGGACGGCTCCGAAGAAATC-3'
(forward primer) and 5'-CCCGGATCC-
TTACGCCGGAGGCATTAGCAC-3'
(reverse primer)n'm. The conditions for
the MPTR PCR were as follows: pre—
denaturation at 95°C, 3 min, 30 thermal
cycles of 94°C for 0.5 min, 60°C for 1
min, 72°C for 1 min, and 72°C for 10
min for the final extension. The MPB70

PCR was initiated by a predenaturation
phase of 95°C for 5 min, and followed
by 30 thermal cycles of 95°C for 1 min,
55°C for 2 min, 72°C for 1 min, and
72°C for 5 min for the final extension.
Each amplified product was electropho-
resed on a 1 % agarose gel containing
0.5 g/m¢ ethidium bromide and examined
under the ultraviolet light.

Results

DNA extraction

DNA from the standard Mycobacterium
spp and clinical specimens were extracted
using the GuSCN/silica method, which
took about 90 min per sample. GuSCN/
silica extraction was more efficient than a
phenol extraction method for extracting
mycobacterial DNA, and it was also
safer because phenol and chloroform
were not required and the risk of acci-

dential infection was reduced.

Polymerase chain reaction using the
MPTR primers

PCR wusing the MPTR primers was
specific for the detection of M bovis ANDS
compared with M avium, M paratuber
culosis, and M phlei (Fig 1). A specific
343 bp PCR product was observed for M
bovis, but no PCR product was detected
for the other mycobacterial standard
strains (Fig 1). The size of the PCR
product was the same as that detected
by Frothinghamm. The M bovis infection
in the three clinical specimens, which
were the lymph nodes with granu-
lomatous lesions, was confirmed by the
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MPTR PCR of the DNA extracted by
GuSCN/silica.

bp 1 234567889

Fig 1. Agarose gel electrophoresis of the
PCR products amplified from the DNA of
the Mycobacterium spp and tuberculin
positive reactors using the major polymor-
phic tandem repeat (MPTR) primers.

Lane 1. 123 bp ladder, lane 2. M bovis
ANDS, lane 3. M avium NVDL 1414, lane 4.
M avium P18, lane 5. M phlei, lane 6. DNA
extracted from pulmonary lymph node 1,
lane 7. DNA extracted from mesenteric
lymph node, lane 8. DNA extracted from
pulmonary lymph node 2, lane 9. Negative
control (the same conditions as other lanes
without template DNA). The amplified
products were con-firmed as 343 base
pairs (bp).

Polymerase chain reaction using the
MPB70 primers

The MPB70 PCR was specific for the
detection of M bovis AN5 compared
with M avium and M phlei. The size of
the PCR product was 678 bp (Fig 2),
which was identical to the anticipated
product as determined by NCBI. The
MPB70 PCR was then applied to the
DNA from the pulmonary and mesenteric

lymph nodes from the same tuberculin
positive reactors that were used in the
MPTR PCR. We found the same sized
PCR product in the clinical specimens as
the M bovis standard strains (Fig 2).

bps ™M 1+ 2 3 4 5 6 7 8

700 - E
600 —+ P

Fig 2. Agarose gel electrophoresis of the
PCR products amplified from DNA of the
Mycobacterium spp and the tuberculin
positive reactors using the mycobacterial
protein of BCG 70 (MPB70) primers.

M. 100 bp ladder, lane 1. M bovis AND,
lane 2. M avium NVDL 1414, lane 3. M
avaium P18, lane 4. M phlei, lane 5. DNA
extracted from pulmonary lymph node 1,
lane 6. DNA extracted from mesenteric
lymph node, lane 7. DNA extracted from
pulmonary lymph node 2, lane 8. Negative
control (the same conditions as other lanes
without template DNA). The amplified
products were confirmed as 678 base pairs
{(bp).

Discussion
We have applied the GuSCN/silica
DNA extraction method to M bovis and
lymph nodes of tuberculin positive

cattle, which was introduced by Boom et
al?®?®® and applied to M tuberculosis by
Choi et al”®*%*¥ In the GuSCN/silica
extraction, only DNA was absorbed to
the silica and the impurities were
completely removed during the washing
steps. Therefore, this extraction method

would overcome false positive reactions
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caused by Impurities, such as phenol
and chloroform, in PCR 3033)
Mycobacterium spp isolated from the
specimens selective
were identified at the species level by
bacteriological and biochemical tests,
such as Ziehl—Nielsen staining, njacin
production, nitrate reduction, Tween 80
hydrolysis, catalase production, and the
urease test. The
medium, Herrold Egg Yolk medium, 7H9
THI11 Middlebrook
Ogawa medium, and BM

using a medium

Lowenstein—Jensen
medium, medium,
medium,
medium have been used as the selective
media®”. culture  of
Mycobacterium spp takes a long time
according to its pathogenicity and
usually M bovis takes 6 to 8 weeks for
the visible growth on the surface of
selective media. The biochemical tests

However, the

also require a long time approximately 3
to 4 weeks. Therefore, the identification
of M bovis by the bacteriological and
biochemical tests is both time consuming
and labor intensive. Even though some
specimens contain a small number of
pathogens that cannot be isolated and
cultured, PCR has been used to simul-
taneously and rapidly confirm and iden-
tify the causative microorganism 3 4sing
the insertion'®®®%” and rRNA sequen-
ces®. When the PCR was applied to M
bovis, M avium and M phlei in this
study using the primers specific to the
MPTR gene'”, which can differentiate
between the M tuberculosis complex (M
tuberculosis, M bovis, M microti, and M
africanum), the specific gene of M bovis
was amplified without any non—specific
reactions. In addition, the primers
specific to the MPB70 gene, known as

13,16
3.16) were

M bovis specific protein
applied to the same bacteria standards
as the MPTR PCR in this study. M bovis
was specifically amp-lified because no
products were amplified for M avium,
and M phle/ in the MPB70 PCR. In
addition, the novel extraction method in
this study was more efficient and safer
than the conventional methods. When the
established MPTR and MPB70 PCRs
were directly applied to the DNA from
the lymph nodes of tuberculin positive
reactors, the PCR product confirmed the
tuberculin positive status. Therefore,
the MPTR and MPB70 PCR with GuSCN/
silica DNA extraction would be useful
for the rapid and specific identification
of M bovis directly from the lymph
node.
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