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Introduction

The PCR is a very sensitive method commonly
used in the emerging field of nucleic acid-based
diagnostics. PCR has been utilized with great
success for the detection of infectious agents and
identification of genetic mutations, as well as in
the study and characterization of the human
genome''SY,

Since its initial introduction in 1985, PCR
technology has advanced significantly. Use of a
thermally stable DNA polymerase has allowed for
enhanced specificity of reactions, as well as au-
tomation of the process”.

Evolution of a variety of detection formats has
transformed PCR from a research tool to a gen-
eral method suitable for DNA diagnostics™.

Because of the powerful amplification potential
of PCR, multiple, so-called 'extra’ bands are of-
ten seen in analytical gels in addition to the desir-
ed single band of amplified template; the mul-
tiple extra products are due to non-specific prim-
ing”. Complete denaturation of the template
DNA is essential for the efficient annealing of
primers to it while stable secondary structures in
the template may interfere with primer extention
¥ If the annealing temperature is low, non-spec-
ific DNA fragments are amplified causing the ap-
pearance of the multiple extra bards. If the an-
nealing temperature is too high, the hybrid
between the template DNA and the primer may
be unstable decreasing the yield of the desired
product®®. Optimizaton of PCR for any DNA
template involves testing the denaturation, an-
nealing temperatures and number of other vari-
ables.

Moreover GC-rich DNAs pose particular prob-
lems as PCR templates because of their high Tm
values®. We wished to amplify a GC-rich(72 %
GC) chromosomal DNA of Mycobacterium para-

tuberculosis which encodes for protein of 34KDa
1. Many extra bands were observed and yields of
PCR products were low in the preliminary ex-
periments by PCR reaction buffer provided
commercially. So, we determined a number of
denaturants or co-solvents to define conditions
for optimizing PCR amplificaton of this GC-rich
DNA of Mycobacterium paratuberculosis.

Materials and Methods

Template DNA of Mycobacterium para-
tuberculosis ATCC 19689 was purified according
to De Kesel's protocol®.

Two oligodeoxyribonucleotide primers were
synthesized by the phosphoramidite method us-
ing Model 394-08 DNA synthesizer(Applied
Biosystems, USA). One was a 23-mer, 5'-AG-
GAGGATCCATGACCTACTCTC-3'; the other
was a 2l-mer, 5'-CACGTTGTCGAC-
TAGGCGCGA-3'. Each PCR mixture contained
100 pl of a master mix consisting of four deox-
ynucleotide triphosphates(dATP, dCTP, dGTP,
and dTTP), two primers, 5 U of AmpliTagq
DNA polymerase(Perkin-Elmer Cetus, USA),
reaction buffer for AmpliTag DNA polymerase
(10mM Tris-HCl pH8.3, 50mM KCl and 3mM
MgCl,), template DNA, and denaturants. The
concentrations of eath denaturant added to PCR
mixtures were such as; 1.2 %, 2.5 %, 5 % and 10
% DMSO; 5 %, 10 %, 15 % and 20 % glycerol; 1.
2%, 2.5 %, 5 % and 10 % formamide; 0.05 %, 0.
1%, 02 %, 04 % Tween 20 and 0.05 %, 0.1 %,
0.2 % and 0.4 % NP 40. Total volume was ad-
justed with destilled water. Each primer con-
centrations was 50 pmol. The cycling conditions
in a Perkin-Elmer Gene Amp System 9600 ther-
mal cycler were an initial incubaton for 10 min
at 94 T, followed by 35 cycles each of 30.s of
denaturation at 94 C, 15 s of annealing at 45
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T, and 30 s of extention at 72 €. And then,
the tubes were kept at 72 € for 15 min. After
reaction, 10 pl of each reaction mixture was elec-
trophoresed on a 0.7 % agarose gel, and stained
with ethidium bromide.

Results

A pumber of denaturants(DMSO, glycerol, for-
mamide, Tween 20 and NP 40) were added to
PCR reaction mixture to establish optimal con-
ditions for amplificicaion of GC-rich chro-
mosomal DNA of Mycobacterium parasuberculosis.
The effect of different concentration of dena-
turants on the specificity of PCR amplification of
GC-rich DNA is shown in Fig 1.

Effects of DMSO : DMSO concentrations up
to 10 % ecliminated most non-specific products
and increased the efficiency of amplification of
GC-rich DNA of Mycobacterium paratuberculosis,
while lower concentrations of DMSO(1.2 % and
2.5 %) decrcased the yields. DMSO eliminated

CM1225510
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510 15 20
Glycerol(%)

most extra bands, while at least one extra band
was seen yet.

Effects of Glycerol : Glycerol increased the
specificity of PCR amplification at higher con-
centrations(15 % and 20 %), but lower con-
centrations(5 % and 10 %) were totally inhibitory,
and the extra bands were seen ar lower con-
centrations. The yields of PCR amplifications
with glycerol were less than those with DMSO.

Effects of formamide : Formamide inhibited
PCR amplification totally at lower concentrations
(1.2 % and 2.5 %). At higher concentrations(5 %
and 10 %), formamide increased the specificity of
PCR amplification and extra band was not seen.
The yields of PCR amplification were, however,
lower than those of other detergents.

Effects of Tween 20 : Tween 20 improved
the specificity and the yields of PCR am-
plification at higher concentrations(0.1 %, 0.2 %
and 04 %), though the two cxta bands were
seen at higher concentrations. But PCR am-
plification was totally inhibited at concentration
of 0.05 % Tween 20.
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Fig 1. Effect of different concentration of denaturants on the specificity amplification of a GC-rich DNA
of Mycobacterium paratuberculosis, The most intense band in each lane is at 948 bp. C, PCR pro-
duct without denaturants; M, Hind 1l digested A DNA for molecular marker.
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Effects of NP 40 : NP 40 was both specific
and more efficient in its effects at lower con-
centrations(0.05 % and 0.1 %). The PCR am-
plification at concentration of 0.2 % NP 40 was
very poor and PCR amplification was totally in-
hibited at 0.4 % NP 40.

Discussion

In general, organic solvents destabilize double-
stranded DNA®™. Solvents such as DMSO and
formamide can paticipate in formation of hy-
drogen bonds and thereby reduce the formation
of intramolecular hydrogen bonds in double-
stranded DNA’. Although the specific mechan-
isms responsible for enhancement of DNA am-
plification by detergents or co-solvents are not
known, it is possible that these agénts may re-
gulate the Tm values of primers and/or DNA
templates by reducing the formation of in-
tramolecular hydrogen bonds. Alternatively, they
may decrease the heat sensitivity of the DNA po-
lymerase®.

DMSO and non-ionic detergents improve
DNA sequencing reactions by decreaseing inter
and intra strand reannealing’”. DMSO was es-
sential for amplification of the some genes’. With
some templates, the presence of DMSO in low
concentrations greatly improved priming spec-
ificity without affecting Tag DNA polymerase ac-
tivity, especially when the primers were short
and/or AT-rich; concentrations between 0.9 %~2
% climinated misprimed products almost com-
pletely®. However DMSO at concentrations high-
er than 2 % inhibited DNA synthesis by Taq
DNA polymerase®. But in this study, the higher
concentrations of DMSO improved the pro-
ductivity of PCR amplification than lower con-
centration.

Even glycerol inhibited amplication of some

templates™, glycerol increased the specificity of
PCR amplification of certain DNA more sig-
nificantly than did DMSO**. In our in-
vestigation, DMSO increased the specificity of
PCR amplification and the yields more than did
glycerol.

Formamide concentration up to 5 % climinated
most non-specific . products and increased cf-
ficiency of amplification of G+C-rich(55 %) seg-
ments of the human dopamine D, receptor gene
while 10 % formamide totally inhibited am-
plification. Specific amplification of the hla dqae
gene with 5 % formamide has also been reported®
*. In our investigation, the higher concentrations
of glycerol were more effective than the lower
concentrations.

Non-ionic detergents such as Tween 20 and
NP 40 reversed the inhibitory effect of 0.01 %
SDS on Taqg DNA polymerase®. Addition of 10
% DMSO or 0.5 % NP 40, or a combination of
0.5 % NP 40 with 0.5 % Tween 20 to DNA
sequencing reacton mixtures enhanced specifity
and the intensity of bands. With either NP 40 or
combination of both non-ionic detergents, syn-
thesis was greater than with DMSO?, while, in
our investigation, the lower concentratons of
Tween 20 and the higher concentrations of NP
40 were more productive than DMSO, glycerol
and formamide.

Muycobacterium paratuberculosis is a causative
agent of Johne,s disease which affects a large pro-
portion of ruminants in all continents and is the
cause of important economic losses.

34KDa protein of Mycobacterium para-
tuberculosis contains B-cell epitopes-specific with
respect to Mycbbacten’um paratuberculosis®, and
was applied to serological analysis of para-
tuberculosis®. In this study, we aimed to amplify
DNA encoding 34KDa protein gene of Mycobac-
terium  paratuberculosis for cloning work, and
we could get right PCR products by addition of

- =908~



above denaturants.

Conclusion

To establish optimal conditions for am-
plificaion of G+C-rich(72 %) chromosomal DNA
of Mpycobacterium paratuberculosis, we added a
pumber of denpaturants(DMSO, glycerol, for-
mamide, Tween 20 and NP 40) to PCR reac-
tion mixtures. In the absence of denaturants, am-
plified PCR products contained so many non-
specific bands and vyields of expected specific
band were very low. Addition of certain dena-
turants to PCR mixtures resulted in the im-
provement of the specificity and productivity of
PCR. DMSO, glycerol, formamide and NP 40 in-
creased the yield or production at high con-
centrations, on the other hand Tween 20 was
more cffective at lower concentraton. Even in
the presence of denaturants, the amlified PCR
products still included one or two extra bands.
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