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Table 1. The sequences of PCR primers and oligonucleotide probe used in this study

Specific target gene in Primer sequences (5' to 3" References
16S tDNA of POmod:  AGA GTT TGA TCM TGG 17
Prokaryotes PCS5 : TAC CTT GTT ACG ACT T
16S 1DNA of MaF : GAA AGC TTT TGC GGT GTG This study
Mycobacterium spp.  \/.x . CCG CTG GCA ACA TGA GAC
16S rDNA of MAP1:  AAG ACG CAT GTC TIC TGG TG This study
M. avium complex MAP2:  AAA CCC GGA CCT TCG TCG AT
1S900 of 150C : CCG CTA ATT GAG AGA TGC GAT TGG 16
M. paratuberculosis o, . AAT CAA CTC CAG CAG CGC GGC CTC G

probe : AGG TTG TGC CAC AAC CAC CTIC CGT A

9} 21} (Table 1).
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Fig. 1. PCR amplification of mycobacterial strains
with MaF, MaR primer set. PCR products from the
following mycobacterial strains were electrophoresed
on 1.5% agarose gels in different lanes. Lane 1, M.
fortuitum ATCC6841; lane 2, M. smegmatis ATCC
14468; lane 3, M. tuberculosis H37Ra ATCC25177;
lane 4, M. bovis BCG ATCC35726; lane 5, M. in-
tracellulare ATCC13950; lane 6, M. avium ATCC
19075; lane 7, M. paratuberculosis ATCC19698;
lane 8, M. paratuberculosis 4682; lane 9, M. para-
tuberculosis 0098; lane 10, distilled water (negative
control); lane 11, DNA size marker of pBH20 dig-
ested with Hinf 1.

sttt

4 Mycobacterium spp.Z 2213}7] 93t] my-
cobacterial 16S IDNA @71 x| ol E-o]Z ¢l MaF,
MaR primer setZ o] &3l PCR-S A A3 Az}
£ Ao A3 ZE mycobacteriac] 4] 900 bp
o] ¥ FEANEL HAT 5 AU (Fig. 1).

§HH M. paratuberculosisE E3st= M. avium
complex TZ2] 16S tDNA Q7] Qo] Eo]F 9l
primer set®] MAP1, MAP2Z o]-£3}a PCRE A
gt A 2 Aol AME-S 39 M. paratuber-
culosisSF M. aviumol| X 9 270 bpe] %A A=
& 4= v} (data not shown). (L& M. para-
tuberculosis2] 1S900 gene2] F7)| M ol Eo] &)
primer setQl 921, 150CE A}§38lo] PCRE A] 3l &t
A3 3% M. paratuberculosisol) A} ¥+ 229 bp2)
PCR FZAtEo] gRlEon B A A1 83)
T2 mycobacteriad| A &= RF 24 o = ey}
(data not shown).

ol 9} 28 ANE EUlE M. paratuberculosis®]
I1S900 gene2] G7| M F ol Ho]AQl primer set$} M.
avium complex T 2] 16S IDNA F 7] A E o] E o)
Q1 primer setE Z33t] duplex PCRS 53) 3}
g}t 1 Ay 329 M. paratuberculosis®] 73 $-j)
= 229 bpe I1S900 gene] FZALE ko] A 5|
RAom, M. avium TZ2) 732 & 270 bp2| 16S
IDNAd] o] A Q] FZAkE o] g9ls]o] (Fig. 2.),
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-— 270 bp

Fig. 2. Agarose gel clectrophoresis patterns show-
ing PCR-amplified products in duplex PCR for the
IS900 gene of M. paratuberculosis and 16S IDNA
gene of M. avium complex. Lane 1, DNA size mark-
er of pBH20 digested with HinfI; lane 2, M. paratu-
berculosis ATCC19698; lane 3, M. paratuberculo-
sis 4682; lane 4, M. paratuberculosis 0098; lane S,
M. avium ATCC19075; lane 6, M. intracellulare
ATCC13950; lane 7, M. tuberculosis H37Ra ATCC
25177; lane 8, M. bovis BCG ATCC35726; lane 9,
M. fortuitum ATCC6841; lane 10, distilled water
(negative control).
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Fig. 3. Representative results of duplex PCR on
peripheral blood monocytes and milk macrophage spe-
cimens by agarose gel electrophoresis (A) and South-
ern blot hybridization of the same gel (B) were demo-
nstrated. Lane 1, DNA size marker of pBH20 dige-
sted with Hinf1; lane 2, M. paratuberculosis ATCC
19698 (positive control); lane 3, M. paratuberculosis-
positive monocytes from peripheral blood; lane 4, M.
paratuberculosis-positive macrophages from milk; la-
nes 5 to 6, M. paratuberculosis-negative monocytes
from peripheral blood; lanes 7 to 8, M. paratuber-
culosis-negative macrophages from milk; lane 9, dis-
tilled water (negative control).
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Table 2. The detection of M. paratuberculosis DNA
with duplex PCR system with the specimens coll-
ected in Ithaca, N. Y.

Positives in genomic ~ DNAs from

Animal peripheral blood milk

monocytes macrophages

Cow 022 (0%) 3/22 (13.6%)

Sheep 8/35 (22.9%) 135 (20.0%)

Total 8/57 (14.0%) 10/57 (17.5%)
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=Abstract=
Diagnosis of Bovine Johne's Disease Using Multiplex Polymerase Chain Reactions
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In order to improve the early diagnosis of Johne's disease in ruminants, duplex polymerase
chain reaction system for the detection of the etiologic agent of M. paratuberculosis and for the
differentiation of other mycobacterial animal pathogens, such as M. bovis and M. avium, was
applied. Genomic DNAs were purified from peripheral blood monocytes or milk macrophages and
were used as templates in the duplex PCR. Detection of Mycobacterium spp. in the specimen
was carried out by PCR using primer set specific to the mycobacterial 16S rDNA. And then,
mycobacterial DNA-positive specimens were further differentiated with duplex PCR system
which was composed of primer sets specific to 16S rtDNA of M. avium complex and IS900 gene
of M. paratuberculosis. The results were re-confirmed by Southern blot hybridization with
oligonucleotide specific to the internal sequence of IS900 PCR amplicons. The applicability of
this duplex PCR system was evaluated with DNAs extracted from clinical specimens of peripheral
blood monocytes and milk macrophages. In summary, the duplex PCR amplification system
described in this experiment is promising molecular technique for the early diagnosis of Johne's
disease in ruminants.
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