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Abbreviations: Ang II: Angiotensin II
AT,: Angiotensin II type 2 receptor
GAPDH: Glyseraldehyde-3-phosphate dehydrogenase
MMLV: Moloney murine Leukemia Virus
PND: post-natal day
SN: supernatant

For biotechnological purposes, protein expression refers
to the directed synthesis of large amounts of desired
proteins. The aim of the present work was to produce
reversetranscriptase Moloney murine Leukaemia Virus
retro-transcriptase and Tag DNA polymerase, as
bioactive products. In the present paper, we report the
preparation of recombinant enzymes, expressed in E.
coli strains. The enzymes produced exhibited quite good
activity, compared with commercial enzymes, allowing
us to replace the last ones for several lab applications.
We are reporting changes and modifications to
standard protocols described. The standard protocols
were modified, i.e. for the purification step of Tag, a
temperature dependent procedure was designed. The
enzymes produced were used in different applications,
such as PCR, RT-PCR, PCR Multiplex and RAPDs
molecular markers.

Protein expression refers to the directed synthesis of large
amounts of desired proteins. Many of the revolutionary
changes that have occurred in the biological sciences over
the past 15-20 years can be directly attributed to the ability
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Figure 1. Purification of Tag polimerase and activity assay.

to manipulate DNA in defined ways (Thatcher and
Hitchcock, 1994). The major tools for genetic engineering
are the enzymes that catalyze specific reactions on
DNA/RNA molecules. Tag DNA polymerase and Moloney
murine Leukaemia Virus (MMLYV) retrotranscriptase are
widely used enzymes for research in laboratories applying
molecular biology methods. Recombinant enzymes are
available in the market but at high prices. To reduce the
cost of lab experiences, we made the effort to produce our
own recombinant enzymes.

The success of modern biotechnology results from the
ability to express foreign or heterologous genes in a host
organism. However, transcription and translation of a
recombinant gene do not always lead to the accumulation
of a folded fully active protein (Price and Stevens, 1999). It
is well-known that artificially induced abnormal proteins,
as well as foreign proteins accumulate in an insoluble state,
known as inclusion bodies, which contain almost pure
protein held together by non covalent force which could
only be solubilized with strong denaturing agents (Thatcher
and Hitchcock, 1994). The biotechnology challenge is to
exploit the inclusion body phenomenon, and to convert the
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(a) SDS-PAGE (12.5%) of aliquots of the preparation at different purification steps. Lane 1: solubilized proteins after 11 hrs of IPTG (1 mM)
induction. Lane 2: SN obtained after the sonication step. Lane 3: proteins remaining after purification by heat.

(b) SDS-PAGE (12.5%, silver staining) of the commercial (lane 1) and produced (lane 2) Taq polimerase.

(c) Amplification products of the AT, Ang Il receptor, obtained with the produced Taq polimerase (lanes 1-8) and commercial one (lanes 9-
10). Lanes 1-8: volumes of Tagq employed (ul): 1 (0.3), 2 (0.4), 3 (0.5), 4 (0.6), 5 (0.7), 6 (0.8), 7 (0.9), 8 (1). Lanes 9-10: 0.3 and 0.4 pl,

commercial Taq. MW: molecular weight ladder, 1 kb.
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protein encapsulated into a useful bioactive product. It has
been suggested that protein deposited in these inclusions
are aggregates of misfolded protein (Bowden et al. 1991;
Chaffotte et al. 1992; Thatcher and Hitchcock, 1994).

The aim of the present work was to produce reverse
transcriptase  MMLV and Tag DNA polimerase, as
bioactive products. Thus, we set up a protocol for the
expression of recombinant proteins in E. coli to obtain
enzymes of high purity and specific activity. We are
reporting changes and modifications to standard protocols
described in the literature (Engelke et al. 1990; Pluthero,
1993; Ottino, 1998; Taube,1998).

MATERIALS AND METHODS

Standard protocols were used for the production of
recombinant proteins including the following steps.

Transformation of competent cells

Competent cells were generated starting from the strain E.
coli DH5a and BL21(DE3) by using the CaCl, standard
protocol (Ausubel et al. 1999). Competent cells were
transformed using the vector pTTQI18 containing the
sequence of Taq with a selection marker for Ampiciline
(Amp) and a vector containing the MMLV sequence and
selection markers for Chloranfenicol and Kanamycine (both
vectors were generously provided by Ing. Masuelli, Fac.
Cs. Agrarias, Mza). Transformation was carried out by
thermic shock: competent bacteria were incubated with the
vector 10 min on ice, followed by incubation at 42°C for 2
min and a final step at 4°C. The transformants were
resuspended in 500 pl of culture media containing
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Figure 2. Purification of the retrotranscriptase.
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antibiotics, spread on a plate and incubated at 37°C.
Expression induction with IPTG

Induction was performed for different times with Isopropil
B-thiogalactoside (IPTG, 1 mM) in the appropriate culture
media. Expression was controlled by analyzing aliquots of
material obtained at the different steps by SDS-PAGE
(12%). Once the best conditions for time, IPTG
concentration and other variables were set up, a larger scale
culture was performed, which was used for protein
purification (Lawyer et al. 1989; Bollag et al. 1996;
Ausubel et al. 1999).

Purification

Purification of Taq polymerase. To purify Tagq
polymerase we took advantage of the resistance of the
enzyme to high temperatures and designed a purification
based on heating. The pellet of bacteria was resuspended in
PBS with 4 mg/ml of lysozyme and the mixture was
exposed to several cycles of frozen/melting steps to favour
cellular breakage. After sonication (3 pulses), cellular
lysates were centrifuged and the supernatant (SN)
recovered. The SN was heated at 72°C for 1 hr and then
centrifuged at 15000 xg, Taq polymerase remains in the
SN. Purified proteins were dialyzed against storage buffer
(50 mM Tris-HCI1 pH = 8, 100 mM NaCl, 0.1 mM EDTA y
2 mM B-mercaptoethanol), in two steps, lasting three days.
Sterile glycerol was added to the dialyzed material to a final
concentration of 50% to cryoprotect the enzyme and stored
at -20°C. Reaction buffer (10 x) free of Mg was prepared
(10 mM Tris-HCI (pH 9.0), 50 mM KCI and 0.1%, Triton
X-100).

% Tribdn X-100

(a) Induced over expression of MMLV in SN and inclusion bodies SDS-PAGE gels (7.5%), stained with CBB.
(b) Purification from inclusion bodies and dialysis with different triton X-100 concentrations. SDS-PAGE gels (7.5%), stained with CBB.
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MMLYV purification. Bacterial slurry was centrifuged at
4000 rpm for 10 min and the pellet was resuspended in 30
ml wash buffer (50 mM Na,HPO, pH 8, 0.3 M NaCl, 5 mM
2-mercaptoethanol). Cellular lysis was achieved by
treatment with lysozyme 1 mg/ml and sonication as
described above. Aliquots were centrifuged at 5000 xg for
15 min. SDS-PAGE analysis indicates that the protein of
interest was present in the soluble fraction as well as in the
inclusion body fraction. Inclusion bodies were resuspended
in wash buffer containing 0%, 0,5% and 2% of Triton X-
100. Three washes with Triton X-100, followed by 3
washes without detergent were performed. The pellet was
resuspended in 1 ml of solubilization buffer (50 mM Tris
pH 8, 8 M Urea, 0.3 M NaCl, 5 mM 2-B-mercaptoethanol).
Following centrifugation (12000 xg, 1 hr) the SN was
diluted in solubilization buffer and protein was renatured by
dialysis at 4°C against 50-100 V of renaturation buffer. The
dialyzed material was centrifuged at 13000 xg (1 hr) and
the SN resuspended with the same volume of glycerol and
stored at -20°C.

Activity assays

The enzymatic activity was verified by means of different
RT or PCR assays, using variable conditions: enzyme
volume, MgCl, concentrations, etc.

PCR. Aliquots of DNA from adult rat kidney were used to
amplify the AT, receptor subtype of Ang II, following
standard protocols to amplify the fragment of interest
(Dieffenbach and Dveksler, 1995; Nickenig et al. 1997).

RT-PCR assay. RNAs obtained from cerebellum of
different ages (TRIzol, GIBCO) were used to produce
cDNA by retrotranscription in a first step (RT) and then
amplification was conducted for AT, and GAPDH
fragments by PCR assays as described (Ciuffo et al. 1996).

RFLP. Amplification products were digested with the
indicated enzymes.

586 bp
350 bp

Figure 3. RT-PCR co-amplification by PCR Multiplex.
Co-amplification of AT, receptor (586 bp) and GAPDH (350 bp) in
cerebellum at different developmental stages. Upper Panel: PNDO
(PND: post-natal day) and PND4. Lower Panel: PND8 to PND60.
Etidium bromide staining. Experiment representative of four
independent experiences. C+: positive control.

RESULTS AND DISCUSSION

Following the procedures described under Methods, the
recombinant enzymes were expressed and purified from E.
coli DH50 and BL21 cultures (Figure 1 and Figure 2).
Figure 1 shows the purification steps followed to produce
Taq polymerase enzyme (SDS-PAGE, Coomasie staining).
Figure 1b shows the silver staining of the commercial and
the Tag polymerase obtained in this work. In order to test
the enzymatic activity of the enzyme we performed
amplification of the AT, receptor with a commercial
enzyme and compare with the amplification of AT,
receptor with increasing amounts (0.3 to 1 pl) of the
produced enzyme, following a previously described PCR
protocol (Ciuffo et al. 1996). Figure 1¢ shows amplification
products for the AT, receptor (586 bp) with all the enzyme
volumes used, having a more specific amplification product
with the prepared enzyme. A well-defined band of the
expected size was obtained with our enzyme. The signal
obtained with 0.4 pl of the enzyme was comparable to the
one obtained with 0.3 pl of the commercial enzyme. From
these experiences, the estimated specific activity was 2-5
U/ul. In order to determine the best assay conditions,
variable concentrations of MgCl, were included in the
reaction mixture (data not shown).

Figure 2 shows the over-expression of MMLV (65 kDa)
either in the soluble fraction (SN) or in the inclusion bodies
(pellet), with a higher yield in the inclusion bodies (Figure
2a). From the soluble material the enzyme was purified by
using His-tag affinity chromatography. However, a higher
yield was obtained by purification starting from the
inclusion bodies. While most of the authors purify the
enzyme from the soluble material (Sun et al. 1998; Taube et
al. 1998), we decided to pursue the purification from the
inclusion bodies. In Figure 2b it can be observed that a
concentration of Triton X-100 0% to 0.5% gives a better
yield on the purification process than a 2% of Triton X-100.

Recombinant enzymes obtained in the lab were used to
perform different amplification assays by using DNA from
variable sources, such as animal (Figure lc), vegetal or
viral origin with excellent results (Pungitore et al. 2004).

Figure 3 shows an example where we analyzed the
expression of two different genes by RT-PCR in a single
assay (Multiplex PCR): simultaneous amplification was
performed for the Ang II AT, receptor (586 bp) and
GAPDH (350 bp) genes, the second used as control. Both
steps, the RT and the PCR were performed with the
enzymes produced in the lab. These assays allow us to
confirm that both enzymes are functional, since co-
amplification of the two target sequences was achieved.
Different development stages were analyzed and a change
in the expression level of AT, receptor was observed with
maximum expression at PNDI15, in agreement with
previous results obtained by autoradiography (Arce et al.
2001) (Figure 3).

294



The identity of the AT, receptor fragment (586 bp)
amplified from rat kidney DNA with our enzyme, was
verified performing a restriction fragment length
polymorphism (RFLP). Figure 4 shows the digestion
products of the 586 bp fragment with two different
enzymes. Fragments of the expected size were obtained,
thus indicating the correct identity of the amplified
fragment of AT, receptor.

When the goal is to express proteins as a reagent in
biochemical or cell biology experiments, the authenticity of
the protein function, such as high specific enzymatic
activity is very important. The present results show that the
enzymes obtained had their specific activity proved in
different system and complex reactions such as the
Multiplex RT-PCR.

Taq polymerase was a soluble protein, a fact that simplifies
the purification protocol. Most of the published protocols
include a purification step by precipitation with NH;SO,
(Engelke et al. 1990; Ottino, 1998).The novelty of the
present purification protocol is that we took advantage of
the resistance to high temperature of Tag polymerase. At
72°C most proteins were denatured and precipitated while
Taqg polymerase remained in solution. For the dialysis step
we used P-mercaptoethanol instead of the recommended
dTT, to protect the enzyme structure (Engelke et al. 1990;
Ottino, 1998).

Mw 1 2 Cc

500 bp 586 bp

Figure 4. RFLP of the AT, amplified fragment. Lane 1: AT,
fragment digested with Pvull,. Lanel 2: digestion with Sspl. C:
control product. MW molecular weight marker (100 bp ladder).

Different approaches were used to purify MMLV
retrotranscriptase, however, in this paper the best results
were obtained from the inclusion body fraction, while most
of the authors use the soluble fraction. The level of
accumulation and the chemical agent used to solubilize the
inclusion bodies will be the major factors influencing the
choice of refolding strategy. Since MMLYV is a protein of a
relatively small molecular weight (65 kDa) we could
recover the protein by slow dialysis which seems to be
more appropriate than a rapid dilution of the denaturant.
Another advantage of the inclusion bodies is that they can
be stored at -80°C and the enzyme recovered later.

In summary, we are reporting modified protocols for the
expression and purification of both Taq polymerase and
MMLV retrotranscriptase with a high yield and good

Production of recombinant enzymes of wide use for research
specific activity as shown by different assays performed.
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