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APRESENTACAO

Ha exatos dezenove anos, mais precisamente na data de 21 de junho de 2000,
um dos anuncios mais esperados nos ultimos tempos pela comunidade cientifica era
feito: simultaneamente nos Estados Unidos e em Londres o presidente Bill Clinton e o
primeiro ministro Tony Blair divulgaram, o que segundo eles seria uma nova era para
a humanidade, o sequenciamento do genoma humano. O “rascunho da vida” como
denominaram traria novas expectativas quanto a doencas incuraveis, desafios éticos,
novas propostas tecnolbgicas para a pesquisa, mas principalmente uma acessibilidade
muito maior ao conceito de genética para a populagao.

Desde entdo uma revolucdo molecular péde ser observada, novos conceitos
adentraram as salas de aula, novos equipamentos evoluiram os laboratérios de
pesquisa, novos e milhares de artigos passaram a publicar quase que “em tempo real”
as descobertas no campo ambiental, microbioldgico, industrial e da saude. Podemos
dizer também que a genética chegou como nunca as mesas das familias, deixando de
ser um assunto apenas dos cientistas.

Portanto a literatura aqui apresentada e intitulada “Conceitos basicos da
genética” torna-se relevante ndo apenas por abordar assuntos relativos a comunidade
académica, mas principalmente por demonstrar a diversidade de areas que hoje utilizam
das ferramentas genéticas e moleculares em seus estudos que estdo diretamente
relacionados ao dia-a-dia da populagao.

Cada vez mais, o acelerado mundo das descobertas cientificas caminha a passos
largos e rapidos no sentido de transformar a pesquisa basica em aplicada, portanto €
relevante destacar que investimentos e esforcos nessa area contribuem grandemente
com o desenvolvimento de uma nacgéo. A genética como sabemos possui um campo
vasto de aplicabilidades que podem colaborar e cooperar grandemente com 0s
avancos cientificos e tecnolégicos.

Esperamos que seja apenas o primeiro de muitos outros livros na area, ja que a
cada dia novas tecnologias genéticas tornam-se acessiveis e novas descobertas sao
possiveis. Parabenizamos cada autor pela teoria bem fundamentada aliada a resultados
promissores, e principalmente a Atena Editora por permitir que o conhecimento seja
difundido e disponibilizado para que as novas geragdes se interessem cada vez mais
pelo ensino e pesquisa em genética.
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CAPITULO 10
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ABSTRACT:Since the improvement of gene
the expression of
heterologous proteins is gaining increasing

sequencing techniques,

relevance given the possibility of large-scale
production when compared to the isolation of
these same molecules in their original sources.
However, heterologous expression systems
continue to require for a suitable induction
relevant amounts of synthetic molecules like
IPTG (lsopropyl B-D-1-thiogalactopyranoside)
which have toxicity and cost limitation when
used in large scale. Thus, the objective of this
work was to evaluate the effects of bivalent
salts such as MgSQO, in association with IPTG
on heterologous expression system pDMI.1
for a possible better cost-benefit proposal in
the current heterologous protein expression
protocol. Magnesium Sulfate contributes to an
increase in bacterial physiology as a whole,
inducing a higher protein expression acting
as an indirect and alternative inducer in these
conditions, with the advantages of presenting
low cost and low cellular toxicity. Based on
these obtained data, we propose the usage
of low MgSO, molar concentrations in current

heterologous protein expression protocols
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performed in our group for the pDMI.1 vector. Additional studies are still needed in
order to evaluate the effects of this salt on different expression systems at wide range
of microorganisms.

KEYWORDS: Escherichia coli, Heterologous protein, H-ras.

INTRODUCTION

Escherichia coli is the first host microorganism widely used for the production
of recombinant proteins (SWARTZ, 2001). Many of the proteins made by E. coli are
expressed through complicated processes of production, which increases costs and
makes productivity unfeasible (VILLAVERDE & CARRIO, 2003).

Several studies on cell culture systems have been published, showing the best
compositions of culture media, factors such as pH, temperature, amount of oxygen and
inducers of gene expression, which affect mRNA translation, and the levels of proteins
production (BIRD, et al, 2004; CORISDEO; WANG, 2004).

The expression of recombinant proteins results from rapid responses of changes
in the metabolism of microorganisms (DONG, et al, 1995; RINAS, 1996).

Currently, IPTG (Isopropyl B-D-1-thiogalactopyranoside) is one of the most widely
used inductors in many high-end systems. Despite its effectiveness as a catalyst in
various expression systems, one of the major drawbacks to using it is that it is toxic to
most cells which limits its use in large-scale protein production systems (HUMBERTO
and SILVA, 2006). Therefore, the discovery of new fewer toxic inductors than IPTG is
of great use for the production of proteins (HUMBERTO, SILVA, 2006).

Minerals are involved in the functioning of the organisms as key components in
cellular metabolism, from the lowest level of functioning of organisms to the most complex
(BURGER, M.M, 2008). Magnesium is the second most abundant intracellular that
serves as a cofactor for over 300 different enzymatic reactions, including carbohydrates,
fat, electrolyte metabolism, nerve conduction, muscle contractility, protein synthesis
and integrity (BURGER, 2008). It is considered as a group of mineral micronutrients
classified as "major mineral" (essential mineral for life) and the fourth most abundant
element in the intracellular grinding organ, but it is second only to potassium, which
makes it a nutrient which has some important implications for essential metabolic
functions (NIELSEN, 2006; LAI RES, 1991).

The H-ras protein has 188 amino acids and can be found in all tissues, whether
they are adult or fetal. It is estimated that there are approximately 3x10° molecules per
cell and that tumor cells can express up to six times as much H-ras protein (LOWY;
WILLUMSEN, 1993). Based on the difficulties of producing proteins using IPTG as an
inducer, the present study aims to evaluate the expression of total proteins from the
wild-type and mutated H-ras group in E. coli W110 strains in different concentrations of
magnesium sulfate (MgSO,) compared to IPTG.
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MATERIALS AND METHODS
Cell culture

Cultures were carried out in Luria-Bertani Agar (LB) strains with E. coli W110
strains containing the 5262 base pair pDMI.1 plasmid and 3740 base pairs with a gene
encoding the wild-type H-ras protein. Another culture was made using recombinant
E. coli W110 carrying the pDMI.1 plasmid encoding the mutated H-ras protein, with
a cysteine substituting a glycine at position 12, and the plasmid pDMI.1, according to
Santos (1999).

Colonies were selected and submitted to culture in 5 mL of LB medium in the
presence of antibiotics, in order to promote the selection of colonies of resistant bacteria.
Cultures were incubated under stirring at 160 RPM (Controlled Environment Incubator
Shaker, New Brunswick Scientific) for 24 hours at 37 ° C.

Induction test

Colonies of both wild and muted condition were selected and submitted to liquid
culture in 5 ml of LB broth in the presence of antibiotics (ampicillin and kanamycin)
in order to select resistant colonies (i.e. having successfully internalized functional
plasmids) being incubated overnight under stirring at 160 RPM and 37 °C.

After incubation period, 10 ul of the cultures were transferred to individual tubes
containing 10 ml of LB with IPTG and MgSO4 at concentrations of 0.05 M, 0.16 M,
0.25 M or 0.5 M. The bacterial cells were kept under stirring for 8 hours at 37° C and
then centrifuged, lysed by ultrasonication and its protein content quantified according
to Bradford method and analyzed by SDS-PAGE 12,5% according to Laemmli.

EXTRACTION, QUALIFICATION AND QUANTIFICATION OF TOTAL PROTEINS

For the extraction, previously weighed microtubes were separated, where Lysis
buffer (20 mM Tris-HCI, Lysozyme 1 mg / mL, pH 7.0) was added in a 0.2 g / mL ratio,
where a same cell mass, 50mg, for all experiments. Initially, the microtubes containing
the cells were immersed in ice and then in lysis buffer. Subsequently, the biomasses
were submitted to ultrasonic lysis (HD2070, Bandelin Sonoplus) in six cycles of 12
seconds, with a maximum power of 40%.

This mixture was centrifuged for 10 minutes at 4 ° C and 12.000 RPM, and the
supernatants were transferred to new microtubes for analysis. To qualify the total
proteins, electrophoresis was performed with 100 ul of the supernatants, which were
separated and precipitated overnight with acetone and then centrifuged at 15.000 RPM
at 40 ° C for 15 minutes. The precipitate was loaded into 12.5% SDS-PAGE.

The protein quantification was made from the initial supernatant according to
the Bradford methodology in A595 (BRADFORD, 1976). The results were analyzed
applying the values of the readings are given in the equation y = 0.0087x + 0.0025 and
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R2 = 0.9954. The experiments were carried out in triplicates and the mean values were

adopted for protein quantification.

RESULTS AND DISCUSSION

The results showed that cultures of E. coli carrying the mutated H-ras gene in

pDMI.1 plasmid (Figure 1) showed a higher growth in the concentrations of 0.05 to 0.25

M of magnesium sulfate (MgSO,) compared to the other concentrations and negative

control as well as when compared with the absence of such ion in the presence of

IPTG.
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Figure 1. Circular and linear maps of pDMI1 plasmid.

At concentrations of 0.16 to 0.5M MgSQO,, protein expression was better in relation

to the IPTG-induced cultures and the other MgSO, concentrations, data confirmed in

electrophoresis (Figure 2), and protein quantification by the Bradford (Figure 3).
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Figure 2. SDS-PAGE of E. coli carrying the mutated H-ras gene in different concentrations of
IPTG and MgSO,,.

At the concentration of 0.16 M MgSO,, the cultures showed a better protein
concentration in relation to the others, in the presence of MgSO,, and in relation to
those in the presence of IPTG, data visualized in electrophoresis and by total protein
dosage (Figure 2 and Figure 3).
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Figure 3. Total proteins (ug/ml) quantification of E. coli transporting the mutated

H-ras gene at different concentrations of IPTG and MgSO,,.

The results suggest that, at these concentrations, MgSO, may act as a promoter
of growth and expression of mutated and total H-Ras protein. As most of the proteins
are accumulated in the intracellular portion of recombinant E. coli, the productivity is
proportional to the final cell density (BA-BAEIPOUR et al., 2007).

To deviate from this variable, all experiments were standardized on the same
amount of cellular biomass.




Figure 4. SDS-PAGE of E. coli carrying the wild H-ras gene in different concentrations of IPTG
and MgSO,.

The use of magnesium sulphate in the composition of the culture medium plays an
important role in cell metabolism. The Mg?* and Cu?* ions present an important role for
the living being (BURGER, 2008; PROHASKA, 2004). The Magnesium is incorporated
as a source of magnesium ion, which is required in a variety of enzymatic reactions,
including DNA replication (BIOSYSTEMS, 2009; EXPRESSION TECHNOLOGIES
INC., 2003), which interferes, directly and quantitatively, in the protein expression of
the cell culture.
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Figure 5. Total proteins (ng/ml) quantification of E. coli transporting the wild

H-ras gene at different concentrations of IPTG and MgSO,,.

In cultures carrying the wild-type H-ras gene, the behavior is not very distant from
that of the mutated H-ras gene. In the cultures carrying the wild-type gene, good protein
expression was observed at concentrations between 0.05 and 0.5 M (MgSO,), while
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in the cultures of the mutated gene, a better expression was observed at 0.25 to 0.5
M (MgSO,), relative to the IPTG-induced cultures. These results can be visualized in
electrophoresis and total protein dosage of the bacterial and recombinant proteins from
wild-type (Figure 4). In cultures carrying the mutated gene, the protein quantification
differences were quite proportional to observed at wild-type (Figure 3 and Figure 5).

CONCLUSIONS

Magnesium sulphate was the best inducer of the expression of the mutated protein
in comparison with IPTG at concentrations of 0.16, 0.25 and 0.5M MgSO4, and in the
expression of the wild-type protein in concentrations 0.05, 0.16 and 0.25M compared
to expression with IPTG in strains of E. coli.

MgSO, is suggested as an alternative inducer under these conditions, because it
presents low cost, low cellular toxicity and excellent protein expression. The difference
in protein quantification may be from bacterial proteins, but also from expressed
recombinant protein, as shown in the results. The difference in the scale of the induction
power of the expression between the mutated and the wild-type protein may be related
to the structure of the inserted gene.

Based on these obtained data, we propose the usage of low MgSO, molar
concentrations in current heterologous protein expression protocols performed in our
group for the pDMI.1 vector. Additional studies are still needed in order to evaluate the
effects of this salt on different expression systems at wide range of microorganisms.
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