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Abstract

Vaccine research entered a new era when several useful molecular research tools were established. Instead
of attenuated virulent microorganisms or killed virulent microorganisms, effective subunit vaccines were
developed using recombinant DNA technology. By using the technology, selected genes of the virulent
microorganisms can be amplified, cloned, expressed, and evaluated as vaccine components in challenge
studies. However, a major bottleneck with the amplification of functional genes from Mycobacterium
tubeculosis containing guanine plus cytosin-rich templates is often hampered by the formation of secondary
structures like hairpins and higher melting temperatures. To solve this problem in this research, the
amplification reaction was modified by addition of dimethyl sulfoxide (DMSO) into amplification reaction
mixtures. It was found that 10% (v/v) of DMSO in the reaction mixture improved the amplification of GC-rich
template of M. tuberculosis gene. This result indicating that amplification of unbalanced content of G and C
deoxyribonucleotides genome could be improved using low-cost organic molecule, DMSO. Therefore, the
DMSO should be widely useful as an enhancer to improve the amplification of GC rich construct from other
genome.
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Introduction tuberculosis strains are associated with a
Tuberculosis (TB) is still one of the very high mortality rate as witnessed in an
deadliest human infectious diseases, outbreak that ravaged New York City almost
included together with AIDS and malaria two decades ago. More recently, M.
(known collectively as The Big Three) in the tuberculosis strains that show an extended
poverty-related diseases that correlate with spectrum of antibiotic resistance (Extensively
the tremendous imbalance between rich and Drug Resistant TB strains, XDR-TB) have
poor countries. World Health Organization been isolated. These are MDRTB strains that
(WHO) reported that in 2006 more than 1.5 are also resistant to a fluoroquinolone and at
million people died of TB, and new cases least one second-line injectable drug such as
were estimated at 9.1 million . Total number kanamycin, capreomycin or amikacin . The
of TB cases worldwide is about 14 million, emergence of XDR-TB is posing a major
with most of the TB cases occur in Southeast threat in many regions of the world?®,
Asia’s most populous countries, namely India Bacillus Calmette-Guerin (BCG), the only
which has the highest number of TB cases available vaccine for tuberculosis discovered
(1.9 million new cases and 3,4 million total nearly 100 years ago and generated from
number), followed by China and Indonesia®. attenuated strain of Mycobacterium bovis by
In the last few years, multi-drug resistant serial passages in potato slices imbibed with
of M. tuberculosis (MDR-TB) has also glycerol, has demonstrated varying levels of
emerged and reported. These M. efficacy in different clinical trials and
tuberculosis strains are resistant to two geographically distinct population. Moreover,
antibiotics used most frequently, isoniazid the vaccine not only can cause disseminated
and rifampicin. Therefore, these M. disease in immunocompromised individuals
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but also does not consistently prevent the
development of pulmonary tuberculosis in
adults. Therefore, development of new and
more effective vaccine for tuberculosis is
urgently needed*”.

Vaccine research entered a new era when
several molecular research tools were
Instead of attenuated virulent
killed

microorganisms, effective subunit vaccines

established.

microorganisms or virulent

were developed using recombinant DNA

technology. Vaccine production using the
DNA recombinant technology not only
replaced the traditional technologies using
the killed

microorganisms, but also permit simple and

attenuated or virulent
rapid approaches to generate a novel
vaccine against the new outbreak pathogens.
Therefore, whole protein vaccine produced
by traditional technique which associated
with problems and withdrawn from the
market can be improved.

Polymerase chain reaction (PCR) is
believed as the most an indispensable and
widely used tool to accomplish amplification
of DNA sequences that can be used for
many purposes, such as sequencing for
molecular diagnosis or cloning into vectors
and for vaccine production. Combination of
the
methods available now in molecular research
the ability
assemble, and derive proteins or antigens of

techniques and others molecular

are enhancing

to engineer,

interest to the development of new vaccine

design.

Despite of these achievements has
revolutionized the field of
biotechnology,amplification of GC-rich

fragments remains a major obstacle because

of secondary structure like hairpins and
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higher melting temperature. Sequence
populated with G repeats produce complex
inter and intrastrand folding due to increased
hydrogen bonding with neighboring
guanines. This complication also occurred
when genomes of Mycobacterium
tubeculosis which contain guanine plus
cytosin-rich templates was used as a
template to amplify several genes-encoding
proteins for vaccine generation. According to
Dale et al (1990), mycobacterial genes have
a GC content of 65 to 70%°. In amplification
result, this phenomenon is marked by the
appearance of shorted bands following gel

electrophoresis. These truncated versions of

the target amplicon are primarily the
consequence of arrest sites (hairpins)
introduced into the template causing
premature termination to  polymerase
extension®.

In this research, the amplification reaction
was modified by using dimethyl sulfoxide
(DMSO). DMSO was chosen because of
PCR

amplification of GC-rich construct in de novo

previously reported success in
synthesis’. It was found that 10% (v/v) of
DMSO in the

improved the amplification. Since DMSO is

reaction mixture greatly

very inexpensive and easily obtainable, make
the reagent is very useful for any gene

synthesis assay’.

Materials And Methods

Genomic DNA isolation and PCR
confirmation
In  this research, Mycobacterium

tuberculosis strain H37Rvwas used to isolate
genome of the bacteria as a template. Before
use, the bacteria were grown on solid Luria-

Bertani media. Genome isolation was



conducted wusing Plasmid Isolation Kit
(Machenery, Germany). PCR confirmation of

the genome was conducted using primers

TB-F (5-TACTACGACCACATCAACCG-3’)
and TB-R (5-
GGGCTGTGGCCGGATCAGCG-3)). The

isolated genome then diluted with Tris-EDTA
(TE) buffer and stored at -20°C for further

used.

PCR Amplification reactions

The amplification reactions were carried
out in a total volume of 10 ul with 0.1 units of
Pfu TurboTM DNA polymerase (Stratagene,
L Jolla, CA, USA) and reaction buffers, 0.2
mM each of dNTPs, 0.5 uM primers, and 1
ng/ul of genome as template. DMSO (99.9%)
was added 0% (control) and 10%
reaction mixture. The primers used in this
Table 1.

into

research are listed in

Table 1. List of primers used in this research

Primers Sequence (5’ 3) —>
Mtb32Cf caattacatatgcatcaccatcaccatcacacggccgcgtccgataacttc
Mtb32Cr ctaatcgaatccggecgggggtcectcggccaa
Mtb39F ctaatcgaattcatggtggatttcggggcgtta
Mtb39R Ctaatcgatatcgccggctgccggagaatgcgg
Mtb32Nf Ctaatcgatatcgccccgcecggccttgtcgcaggac
Mtb32nR Ctaatcgatatcctaggacgcggccgtgttcatac
Twenty five cycles of PCR were

performed as follows: 10 s of denaturation at
94°C, 10 s of annealing at 50°C, and 40 s of
elongation at 72°C, and were then continued

with electrophoresis on 1.0% agarose gel.

Gel Purification, cloning, and Sequencing
of PCR products

To remove miss-amplification products
PCR

not

(primer-dimer) and reaction

components  which used after
amplification processes (dNTPs mix etc.),
PCR products purification was conducted
(Qiagen,
USA). These PCR products were then ligated

into pGEMT-Easy vector (Promega, USA)

using MinElute Purification Kit

and sequenced using standard procedures®.
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Results And Discussion
Several M.
identified by Skeiky et al (2004) in the context
of controlled infection in human and mice. Of

tuberculosis antigens were

these, two proteins, Mtb32 and Mtb39 were

expressed as a single recombinant
polyprotein with a predicted size of 72 kDa
(Mtb72F). Immunization of mice with the
antigen resulted in the elicitation of immune
responses. In addition, immunization of
guinea pigs with the antigen prolonged the
after aerosol

survival of the animals

challenge with virulent M. tuberculosis.
Therefore, Mth72 antigen is very prospective
TB vaccine candidate for ease the
tuberculosis pandemic®.

Since the Mth72 construct is generated by

fusing at either end of Mth39, the N- and C-



terminal portions of Mtb32 (designated
Mtb32N and Mtb32C), amplification of each
fragment should be performed using M.
tuberculosis genome as a template. As
mentioned previously, however, amplification
of these fragments from M. tuberculosis
genome was hampered by secondary
structure like hairpins and higher melting
temperature because of M. tuberculosis
genome GC-rich gene.

To overcome the problems associated
with the amplification of GC-rich gene,
several approaches have been developed.
Organic molecules such as DMSO, glycerol,
polyethylene glycol, formamide, betaine have
been included in the reaction mixture and
have shown to improve the amplification of
GC-rich DNA sequences. Musso et al., 2006
reported that combination of betaine, DMSO,
and 7-deaza-dGTP are powerful mixture for
amplification of DNA sequences of three
disease genes showing GC content ranging
from 67 to 79%. Furthermore, DMSO and
betaine were used successfully to improve
de novo synthesis of two GC-rich gene
fragments implicated in tumorigenesis, the
Growth  Factor

Insulin-like 2 Receptor

(IGF2R) and V-raf murine sarcoma viral
oncogene homolog B1 (BRAF)"*%*,

In this research, DMSO only was tried to
obtain three GC-rich fragments from M.
this

research shows no observable target band of

tuberculosis genome. Results of
the Mtb gene fragments when DMSO was
not added into reaction mixtures (Figure 1A).
On the other hand, primer dimer or mis-
annealing amplification fragments were
appeared in large amount in electrophoresis
results when no DMSO in the reaction

mixtures (bold arrow in Fig 1A). According to
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Mammedov et al (2008), three contributing
events are considered occurs in this reaction.
Firstly, primers may anneal at incorrect
sequence of template, the probability of such
an occurrence depend on the difference
between the melting rates of primers at
correct versus incorrect sites. Secondly, DNA
polymerases molecules may bind to
annealed primers, including ones in incorrect
sites to further stabilize the formed
complexes. Lastly, the complexes begin to
elongate, albeit at reduced rates (at the
annealing temperature), and further stabilize
the double stands DNA'.

PCR

optimization, especially melting time and

Therefore, several steps of
temperature, were also applied to change
intramolecular stable stem loops in GC-rich
template due to the strong G-C pairing in the
M. tuberculosis genome. This effort was
conducted since it is well known that GC
content influences both optimal annealing
temperatures and primer specificity. GC-rich
primers may be need higher annealing
temperature than low GC primers. The time
of melting also considered because it is
based mainly on the time it takes to reach
the proper temperature for annealing.
Optimum annealing times for GC-rich genes
lie in the range 3 to 6 second and depend on
annealing temperature®. However, these
steps have no effect to produce unique
specific target bands.

Conversely, when 10% of DMSO was
included in the reaction mixtures, a unique
specific PCR product with right bands size
to Mth32C, Mth39,
Mtb32N without no nonspecific product were

obtained. The size of Mtb32C (Fig 1B,),

corresponding and



Mtb39 (Fig 1B,), and Mtb32N (Fig 1B3) are

396, 1173, 585 base pairs respectively.

—~1000 bp
- «_ 500 bp

\200 bp

R 3TN

B

Fig 1. Agarose gel images showing the effects of DMSO during amplification (B) and control (no
DMSO, B). 1 = Mth32C, 2 = Mtb39, 3 = Mtb32N, M = Marker

This result indicated that DMSO greatly
improved amplification of three GC-rich gene
fragments of Mycobacterium tuberculosis
(Mth32C, Mth32N, and Mtbh39) without
to modify
composition. It is because DMSO has ability

having nucleotide sequence
to prevent intramolecular stable stem loops
in GC-rich template due to the strong G-C
pairing. Musso et al (1998) reported that
DMSO disrupts base pairing of DNA duplex
which then can facilitate the amplification™*.

The amplification results were then
confirmed by DNA sequencing in which
BLAST analysis showed these sequences of
three genes completely overlapping with M.
The
nucleotide sequences of these genes are
illustrated in Fig 2 (A, B, and C).

A

tuberculosis  genome. complete

atgacggccgcgtccgataacttccagctacggecgeg
tccgataacttccagctgtcccagggtgggcagggattcgec
attccgatcgggcaggcgatggcgatcgecgggcecagatce
gatcgggtggggggtcacccaccgttcatatcgggectace
gccttectcggcttgggtgttgtcgacaacaacggcaacgge
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gcacgagtccaacgcgtggtcgggagegctccggeggea
agtctcggcatctccaccggegacgtgatcaccgeggtcga
cggcgctccgatcaactcggccaccgcgatggeggacgc
gcttaacgggcatcatcccggtgacgtcatctcggtgacctg
gcaaaccaagtcgggcggcacgcgtacagggaacgtga
cattggccgagggacccccggec
B

gtggatttcggggcgttaccaccggagatcaactccge

gaggatgtacgccggeccgggttcggectegetggtggec
gcggctcagatgtgggacagcgtggcgagtgacctgttttcg
gccgegteggegtttcagtcggtggtetggggtetgacggtg
gggtcgtggataggttegtcggegggtetgatggtggcgge
ggcctcgecgtatgtggegtggatgagegtcaccgegggg
caggccgagctgaccgecgeccaggtcegggttgctgegg
cggcctacgagacggcgtatgggctgacggtgeccccgec
ggtgatcgccgagaaccgtgctgaactgatgattctgatage
gaccaacctcttggggcaaaacaccccggcegatcgeggte
aacgaggccgaatacggcgagatgtgggcccaagacgce
cgccgcegatgtttggctacgececgeggegacggegacggeg
acggcgacgttgctgccgttcgaggaggcgecggagatga
ccagcgcegggtgggctcetcgagcaggecgecgeggteg
aggaggcctccgacaccgecgeggegaaccagttgatga
acaatgtgccccaggcgctgcaacagctggcccagecca

cgcagggcaccacgccttcttccaagcetgggtggectgtgg



aagacggtctcgecgcatcggtcgecgatcagcaacatgg
tgtcgatggccaacaaccacatgtcgatgaccaactcgggt
gtgtcgatgaccaacaccttgagctcgatgttgaagggctttg
ctccggeggeggecgeccaggecgtgcaaaccgeggeg
caaaacggggtccgggcgatgagctegetgggeagetcg
ctgggttcttcgggtcetgggeggtggggtggecgecaactty
ggtcgggeggcctcggteggttegttgtcggtgccgcagge
ctgggcegeggecaaccaggcagtcaccccggeggege
gggcgctgecgctgaccagectgaccagegecgeggaaa
gagggcccgggceagatgetgggegggetgceggtgggge
agatgggcgccagggccggtggtgggctcagtggtgtget
gcgtgttccgecgegaccctatgtgatgecgceattcetccgge
ggcegge
C

gccccgecggcecttgtcgcaggaccggttcgecgactt
cccegegctgeccctegaccegtcegegatggtcgeccaa
gtggggccacaggtggtcaacatcaacaccaaactgggct
acaacaacgccgtgggcgccgggaccggcatcgtcateg
atcccaacggtgtcgtgctgaccaacaaccacgtgatcgeg
ggcgccaccgacatcaatgegttcagegteggeteecggec
aaacctacggcgtcgatgtggtcgggtatgaccgcaccca
ggatgtcgcggtgctgcagetgegeggtgecggtggectge
cgtcggeggegatcggtggeggegtegeggttggtgagee
cgtcgtcgcgatgggcaacagceggtgggcagggeggaac
gccccgtgeggtgectggcagggtggtcgegeteggecaa
accgtgcaggcgtcggattcgctgaccggtgccgaagaga
cattgaacgggttgatccagttcgatgccgcegatccagecc

ggtgattcgggcgggceccgtcgtcaacggectaggacagg
tggtcggtatgaacacggccgcgtcctaa

Fig. 2. Nucleotide sequences of Mth32C (A),
Mtb39 (B), and Mtb32N (C)
PCR products and their

sequencing confirmation, addition of DMSO

Based on

in the PCR reaction mixture was successfully
used for amplification of DNA sequences of
three GC-rich genes of M. tuberculosis.
Therefore, inclusion of the low-cost organic
molecule in the amplification reaction mixture

will substantially enhance gene target-
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specific amplification from moderately high
GC-rich content of genome. This result will
provide a low cost, general and reliable
means to improve the molecular analysis of
DNA sequences that are otherwise refractory

to amplification.

Conclusion

We demonstrated that the use of 10%
(v/v) of DMSO in the reaction mixture was
essential to achieve amplification of DNA
sequences of three GC-rich genes of M.
tuberculosis. Therefore, inclusion of the low-
cost organic molecule in the amplification
reaction mixture will substantially enhance
gene target-specific amplification  from
moderately high GC-rich content of genome.
Since DMSO is very inexpensive and easily
obtainable, make the reagent is very useful

for any gene synthesis assay.
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