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ABSTRACT

The process of bacterial transformation results from the introduction of specific
genetic material into bacteria cells and subsequent gene expression. This technology
has significant applications in gene cloning technology, and allows new possibilities for
genetic breeding. The use of cellulose and babassu mesocarp to improve the process
was not found in the literature. Thus, the objective of this work was to evaluate the effect
of biopolymers (cellulose and biopolymer rich in starch extracted from the babassu
mesocarp) on the efficiency of this process. The biopolymers were characterized by
XRD, FTIR, zeta potential, thermal analysis, agarose gel electrophoresis and DLS. The
transformation was carried out using the plasmid pGEM and E. coli. It was investigated
the cytotoxicity and the effect of different concentrations of the materials and plasmid
DNA on the transformation. The study demonstrated that 0.050 mg/mL of both materials
increased the efficiency of bacteria transformation, and small amount of DNA combining
with the biopolymers allowed obtaining satisfactory results. Therefore, the biopolymers
can be used in genetic studies involving the transfer of DNA into bacterial cells.

Introduction

The bacterial transformation results from the introduction of specific
genetic material into bacterial cells and subsequent gene expression,
adding to the host cell a new genetic trait. This technology is one of the
main techniques in molecular biology with significant applications in
gene cloning technology, and allows new possibilities for genetic breeding
of many species [1]. This technology can be applied to understand the
mechanisms of replication and gene expression, determinate gene
sequences of interest, encode proteins, or develop microbial cultures
capable of producing useful substances such as human insulin [2], growth
hormone [3], vaccines [4], and enzymes in large quantities [5].

In some prokaryotic systems, genetic transformation can occur
naturally through the homologous recombination of free DNA, abundant
in many environments. In addition, transformation can occur by
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transduction, in which a bacteriophage is required
as a transfer vector; the transformation also occurs
by direct contact between two bacteria with transfer
of genetic material, process called conjugation [6].
There are several limitations in the use of in vitro
transformation techniques that open space for future
research aimed at overcoming these barriers [7].
Among these limitations, there is the slow diffusion
of hydrophilic DNA entry through the hydrophobic
lipid bilayer membrane and to the slight electrostatic
repulsion between the anionic DNA and the anionic
groups of the cellular membrane. Furthermore, in
natural processes, the DNA can undergo hydrolysis
or be degraded by any enzymatic process during its
transformation course [1].

One strategy to circumvent these limitations is to
makethetargetcellsmorecompetentthroughtreating
then with chemicals that provide Ca** ions to the cell
membrane, and perform thermal shock treatment.
Competent cells have physiological characteristics
that allows them to bind and incorporate exogenous
high molecular weight DNA. It is assumed that the
divalent cations (Ca*>*, Mg>*) bind first with anionic
DNA and that these DNA molecules are transferred
through the pores in the cell membrane formed
during thermal shock [8].

On this, many DNA vector complements have
been developed [1], these methods mainly involve
the encapsulation of DNA within lipids [9,10],
polymeric nanoparticles [11], mesoporous structure
[12], cationic surfactants [13], and copolymers [14]
have been reported in the literature. Being that, in
studies related to different types of cationic lipids
and cationic polymers, it can be observed that these
materials provide electrostatic interaction due to
their strong opposite charge and spontaneously form
interpolylectrolyte complexeswith negatively charged
nucleic acids, called lipoplexes and polypeptides,
respectively [15]. However, recent studies have shown
a toxicity of these positively charged carriers because
of their strong positive charge, thus, the tendency
has been changed for the production of carriers with
a slightly anionic or zwitterionic surface charge [16].

In this context, two natural anionic biopolymers
that are used in several applications are cellulose
and babassu mesocarp. Cellulose, the most abundant
natural biopolymer on earth, is considered one of
the most important organic compounds produced
in the biosphere. Cellulose is a linear carbohydrate
polymer with long chains of pB-(1>4)-linked
D-anhydroglucopyranose moieties repeating units.

JOURNAL OF BIOMEDICAL RESEARCH & ENVIRONMENTAL SCIENCES Issh:| 2766-2276

Each cellulose manomeric unit has three carbon atoms
attachedtothehydroxylgroups: oneprimaryC-6 atom
in the methylol group (-CH,0H) and two secondary
carbons (C-2and C-3) of the anhydroglucose unit [17].
The presence of the OH groups allows this biopolymer
to be capable of forming hydrogen bonds, inter and
intramolecular, which causes cellulose to have very
specific physicochemical and structural properties
(17,18].

Already the babassu mesocarp (Figure 1) is
obtained from babassu (Orbignya speciosa), which
is a native palm tree that grows in the northern and
northeastern states of Brazil [19]. This biopolymer
is composed mostly of starch, 60 to 90%), moreover,
it contains phenolic compounds which give it
antioxidant properties [20]. The babassu mesocarp
is characterized by being a non-toxic and renewable
biomaterial, besides having a great potential due to
the presence of reactive hydroxyl (OH) groups that
are available in its surface [21-23]. In addition, the
use of babassu mesocarp is extremely important
in economic terms because it is very cultivated
in the regions of Brazil mentioned above and it is
possible to use its different parts in the most diverse
applications. Being that, each tree gives 2.2—15.6 tons
of fruit per hectare per year [24]. Therefore, studies
using babassu mesocarp are necessary to enable
the application of this natural material to increase
the application of this product, which is a source of
income for many people from poor regions of Brazil.

The use of cellulose and babassu mesocarp as
plasmid complements in bacterial transformation
was not found in the literature. Therefore, a study
is necessary to observe the capacity of these
biopolymers as transfer vectors in bacterial genetic
transformation. According to what was presented,
the aim of this study is to characterize the cellulose
and babassu mesocarp by zeta potential (¢?), X-ray
diffraction (XRD), infrared spectroscopy (FTIR),
thermogravimetric analysis (TG/DTG), agarose gel
electrophoresis, Dynamic Light Scattering (DLS) and
evaluate the effect of these biopolymers in the genetic
transformation of bacterial cells.

Material and Methods
Materials

Microcrystalline cellulose (Co) (Fagron) and the
babassu mesocarp (Mo) flour was purchased at a
drug store located in Teresina-PI, Brazil. The Luria-
Bertani (LB) culture medium, CaCl, and MgCl, were
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Figure 1 Babassu coconut palm tree (a), babassu coconut whole and cut in half (b), and babassu mesocarp in natura (c).

purchased from Invitrogen®. In addition, E. coli TOP
10 F' bacterial cells and a recombinant strain with
p-GEM-Teasy (SOD 282-col 3) were obtained from
the functional genomics laboratory of the Research
Center René Rachou-Fiocruz, Belo Horizonte, MG,
Brazil. All reagents were analytical grade and no
previous purification was need. The only exception
was babassu mesocarp which was washed several
times with Milli-Q water and acetone (Dindmica) to
remove impurities.

Characterization of the biopolymers

The X-rays diffraction (XRD) measurements were
carried out with a D600-XR instrument (Shimadzu)
with Cu-target tube at wavelength A = 0.1540 nm.
Diffractograms were collected in a 20 ranging
from 5° to 50° at the rate of 5° min. The absorption
spectra in the infrared (FTIR) were obtained using
a Vertex 70 spectrophotometer (Bruker), with an
accumulation of 64 scans over the range of 4000—400
cm™. Thermogravimetric analyses (TG/DTG) were
obtained on a Q600 V20.9 Build 20 SDT instrument, in
a temperature range of 200 to 1400°C using nitrogen
as the entrainment gas at a flow rate of 100 mL min-.
The potential-( (zeta) of the samples in distilled
water (¢, = 1 mg/mL) and the dynamic light
scattering (DLS) analyzes of the functional structures

of DNA-Co and DNA-Mo were carried out using the
Nano-ZS ZS90 equipment (Malven Instruments) at
25°C.

Evaluation of the DNA interaction with CO and
MO

Agarose gel electrophoresis was performed to
monitor the interaction between DNA and CO or Mo.
Initially, 1% (w/v) Co/DNA and Mo/DNA solutions
were prepared by adding a suitable volume of Co or Mo
solution (the biopolymers were dispersed in 0.1 mol/L
NaCl solution) [25] to an aqueous plasmid p-GEM
solution (40 ng). The complexes were incubated at
37°C for 30 min. The electrophoresis was carried out
on a 1% (w/v) agarose gel containing GelRed at a ratio
of 1: 50,000. To estimate the size of the fragments
was used the standard 1kb DNA Ladder (Promega®).
Electrophoresis was performed in Tris-borate-
EDTA buffer (89 mM Tris-Borate; 2 mM EDTA, pH
8.0) at 80 V for 120 min. Images were obtained using
ImageQuant Las 4000 (GE) equipment.

Cytotoxicity studies of the DNA-C0 and DNA-MO
structures in E. coli cells

Before the transformation studies, the cytotoxicity
of the materials in non-competent bacterial cells was
determined to estimate the threshold concentration
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of Co and Mo which did not show any significant
toxicity to the cells. Different concentrations of the
materials ranging from 0 to 0.1 mg/mL were added
to 3 mL of bacteria cells. Then, the solution was
incubated at 37°C for 6 hours under stirring. Prior
to the incubation, the optical density (OD, ) of the
bacteria cells was determined. After 3 and 6 hours
of incubation, two other OD, , measurements were
carried out. The data analysis were carried out based
on the mean value for each OD, , measuring for the
control compared to the mean value for each OD,
measuring for the different concentrations over 6
hours of incubation. In addition, the effect of Co and
Mo on bacterial growth was also observed on solid
agar plates.

Preparation of competent cells

TOP 10 F' E. coli cells were plated in LB medium
culture at 37°C for 16 h under shaking (fisatom shaker
- 753A) at 200 rpm (100 pL of cells to 10 mL of liquid
LB medium). After incubation, 1 mL of cell culture
was added to 100 mL of fresh LB medium. Cells were
incubated at 37°C with shaking at 200 rpm for 15
minutes (OD,,, between 0.4-0.5). After incubation,
the cultures were centrifuged at 4000 rotations
(1431 rcf) for 7 minutes at 4°C and the supernatant
was removed. Subsequently, the cells were again
suspended in 25 mL of ice cold CaCl, (100 mM/Hepes
10%) and incubated on ice for 30 minutes. Then,
the centrifugation was repeated and the cells were
resuspended in 1 mL of CaCl /glycerol solution (100
mM/10% Hepes). Aliquots of 50 uL of competent cells
were prepared and stored at -70°C.

Transformation of competent cells

Solutions of DNA mixed with Co or Mo were
prepared by adding appropriate volumes of the
materials and DNA in 1.5 mL tubes, which were
incubated at 37°C for 30 min. Then, 50 uL of the
competent cells were homogenized with plasmid
DNA, DNA-Co0 and DNA-Mo. The concentrations of
Co, Mo and DNA were tested in different ranges on
two concentration assays. Cells were incubated on ice
for 30 min and were then heated at 42°C for 45 sec.
After the heat shock, the cells were put on ice for 2
min. Right after, 1 mL of liquid LB medium was added
into the tubes that were incubated on an orbital shaker
(fisatom shaker - 753A) at 37°C/200 rpm for 1 h. The
culture cells (100 pL) was plated on solid LB medium
plate containing 1 pg/mL ampicillin and placed in
growing during the night for a maximum of 16 h.
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Plate images were obtained using the ImageQuant Las
4000 (GE) equipment and the number of colonies
per plaque was determined using the free software
ImageJ. The data analysis was carried out using the
software Microsoft Excel.

Transformation efficiency

The Colony Forming Unit (CFU) per nanogram of
DNA was calculated to determine the transformation
efficiency. The number of cells transformed with and
without the DNA-C0 and DNA-Mo structures, on LB
agar plates supplemented with 100 pg/mL ampicillin,
was determinated by using the software free Image]J.
Subsequently, data analysis was performed using the
software Microsoft Excel.

Results and Discussion
Characterization of the biopolymers

The results from the zeta potential showed a
medium superficial charge value of -23.0 mV for Co
and -26.6 mV for Mo. These negative zeta potential
values for the two biopolymers are compatible with
values already presented in the literature [22,26],
where a negative zeta potential value indicates the
existence of negatively charged functional groups
in the biopolymer structure [26]. Being that, the
hydroxyl groups (-OH) are the groups responsible
for the negative charge on the surface of Co and
Mo, giving these biopolymers an anionic character
[22,26-28].

Figure 2a shows the Co diffraction pattern, where
can be observed four characteristic peaks at 20 =
14.5°, 16.3°, 22.3" and 34.3", ascribed to the primary
diffraction of (101), (101’), (002) and (040) planes of
the microcrystalline cellulose, respectively [29-31].
The microcrystalline cellulose hasboth crystalline and
amorphous domains in its structure, these domains
are originated from the inter and intramolecular
hydrogen interactions that hydroxyl groups (-OH)
can perform [32-34].

Figure 2b shows the diffractogram of Mo. The
figure shows six peaks at 20 = 5.8°, 15.1°, 17.2, 18.1’,
23.1° and 26.6°. This Figure shows a typical type A
starch pattern, with intense reflections at 20 = 15.1°
and 23.1°, and an unresolved doublet at 17.2° and 18.1°
[35]. The A-Type crystallines occur due to the double-
helical arrangement of amylopectin chains [22,36].
Already the peak present at 20 = 5.8°, is related to
the characteristic of the B-type starch pattern [34].
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Finally, the diffractoframa also shows the presence
of the peak at 20 = 26.6°, this peak is related to the
presence of starch amylose that forms the babassu
mesocarp, being that, the intensity of this peak
depends on the degree of starch hydration [35].

The FTIR spectra of Co and Mo are shown in
figure 3. From figure 3a, characteristic absorption
bands of the microcrystalline cellulose structure can
be observed. Where, the main absorption bands of
Co are: 1) the band relates the stretching vibrations
of the OH bonds from the aromatic ring at 3352 cm-
1, 2) the band at 2895 cm™, related to the stretching
vibrations of the C-H groups; 3) the band corresponds
the bending vibrations of the primary and secondary
OH groups at 1647 cm™; 4) the bands between 1500
and 1200 cm™, are related to the deformation of
primary and secondary OH groups; 5) The stretching
vibrations of alcoholic groups (C-0) that occur in the
region between 1200 and 1000 cm™; and 6) Absorption
bands present at values less than 1000 cm* are related
to the absorption of alcohol groups [18,29,31,32,34].

By figure 3b, it is possible to observe the
characteristic absorption bands of the babassu
messocarp. In this spectrum is observed a band at
3348 cm™, which corresponds to stretching vibrations
of the O-H groups. Another band is observed at 2926
cm, this band correspond to stretching CH groups
present in Mo. The band at 1627 cm is related to
the OH deformation vibrations of the Mo structure.
In addition, bands between 1200 and 600 cm™ are
attributed to carbohydrate vibrations. Finally, the
bands in the region of 1110 and 900 cm™ are associated
with the COH bond stretching that occurs due to
the presence of starch that composes the babassu
mesocarp [19,22,23].

Figure 4 shows the thermal stability analyzes (TG/
DTG) of Co and Mo. From figure 4a, two characteristic
thermal decomposition events of microcrystalline
cellulose can be observed. The first event occurred
between 35-120°C, with a mass loss of 1.61%, and
corresponds to the physisorbed water molecules.
The second event occurred with an 89% mass loss,
between 300-380°C (maximum decomposition
temperature = 360°C), and is related to C2 and C3
dehydroxylation and decomposition of cellulose units
(18,29,34].

Figure 4b shows two characteristic decomposition
events of babassu mesocarp thermal decomposition.
The first step of decomposition can be attributed to
the release of water physically sorbed on the surface.
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This stage corresponds to a mass loss of 4.2%, in the
temperature range of 48-129°C (Tpeak at 90°C). The
second stage is related to the decomposition of organic
material and occurs in the 247 to 340°C temperature
range (T, at 325°C). The mass loss that corresponds
to this interval of temperature is 70.8% [23].

Evaluation of the interaction between DNA, CO
and MO

Figure 5 shows the result of the agarose gel
electrophoresis, in which the fragments of pure
DNA and DNA in solution with the Co or the Mo were
separated according to their sizes. The migration
pattern is proportional to size and charge. Since DNA
has a negative charge, the direction of the migration
is toward the positive pole.

The electrophoresis showed two fragments in
common between the plasmid DNA, DNA in solution
with Co, and DNA with Mo, one at 3000 bp and
another at 10000 bp. These fragments were attributed
to DNA that did not interact with the materials in
solution. The migration pattern of the DNA fragments
in solution with the Mo showed a different band with
a higher molecular weight (10000 bp) which was
attributed to the interaction between the DNA and the
Mo.

Dynamic Light Scattering (DLS) was carried out to
study changes in the hydrodynamic radius of plasmid
DNA before and after its interaction with Co and Mo.
DLS studies demonstrated that the hydrodynamic
radius of the plasmid DNA was estimated at 220 + 97
nm, the Co radius was estimated as 404 + 116 nm and
the estimated radius of the Mo was 2740 + 383 nm.
After interaction with Co or Mo, the hydrodynamic
radius of the DNA in solution with Co was estimated
at 620 + 89 nm, and the radius of the DNA with Mo
was estimated at 3548 + 158 nm (Figure 6).

From the results of electrophoresis and DLS, it
can be observed that the interaction of DNA with Co
and Mo occurred. Co and Mo have similar structures
as shown in item 3.1, i.e., the interactions that the
two biopolymer perform with DNA are similar.
The two biopolymers interact with DNA through
hydrophobic interaction and hydrogen bonds, this is
because DNA and biopolymers have got hydrophilic
and hydrophobic regions. Hydrophobic interactions
occur between the carbons present in the biopolymers
rings with the aromatic moieties in the bases of the
DNA, while hydrogen interactions occur through
the hydroxyl (-OH) groups of the biopolymers with
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the proton donor (-NH,) and proton acceptor (C=0)
groups At the DNA bases [37].

Considering the results of the agarose gel
electrophoresis (Figure 5) and the particle sizes
(Figure 6), the difference of transformation between
DNA-Co and DNA-Mo can be explained as result
of the higher interaction between DNA and Mo,
which resulted on the formation of structures with
high molecular weight that allowed increasing the
bacterial transformation process efficiency. This
may be related to two factors: the negative charge
and structure of the biopolymer. An increase in the
negative charge of the system may be responsible for
the increased interaction of the biopolymer with DNA
[37]. Regarding the structure of the two biopolymers,
it can be observed that Co and Mo have different
structures, because the Co is formed the union
of B-glucose molecules through B-1,4-glycosidic
bonds [17,18,31,34], while Mo is mainly composed of
starch, which is formed by amylose and amylopectin
[20,22,35,36]. Thus, the intensity of the negative
charge on the biopolymer surface and the manner in
which the polymer chain is organized promotes the
incorporation of biopolymer, by DNA molecules, in
different amounts.

Cytotoxicity study

In the cytotoxicity assay, E. coli TOP 10 F' bacteria
were incubated with and without the biopolymers (Co
and Mo) in different concentrations ranging from o to
0.1 mg/mL (Figure 7).

The OD, , readings indicated that after 3 hours
of incubation (Figure 7(A.a)), no significant
cytotoxic effect of the materials was observed at all
concentrations tested. After 6 hours of incubation
(Figure 7(A.b)), differences on the bacterial growth
were observed using Co at the concentration of 0.025
mg/mL and Mo at concentrations = 0.050 mg/mL.

It was observed variation from one experiment
to another and, in some cases, large deviations from
the control. Such results may have occurred due
the fact that the materials are not 100% soluble in
the solutions we tested. Both materials presented
solubility in NaCl solution, but babassu mesocarp was
shown to form a small amount of precipitate.

Figure 7 shows that the OD, , readings were
essentially the same in the absence of cellulose and
babassu mesocarp (control) and in 0.1 mg/mL of the
materials after 6h. These results indicate that for
up to a 0.1 mg/mL quantity of cellulose and babassu
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mesocarp, no toxicity was found. Subsequently,
the role of varying amounts of the materials with
a constant amount of DNA and their effect on the
transformation efficiency were studied.

In addition to the OD,  readings, the effect of
different Co and Mo concentrations on bacterial
growth in agar plates was studied (Figure 7B). The
results showed that there is no cytotoxic effect of
biopolymers on the concentrations tested after
bacterial incubation, once bacterial growth was
observed throughout the length of the plates.

Bacterial genetic transformation

The experiment was carried out in order to
investigate the ability of cellulose and mesocarp to
enhance the transformation efficiency of plasmid
DNA into the bacterial cell. Thus, it was investigated
the influence of varying amounts of Co and Mo
solutions with a constant amount of plasmid DNA
on bacterial genetic transformation efficiency. In
this assay, the DNA-C0 and DNA-MO0 mixtures were
prepared by adding variable concentrations of Co
and Mo from 0.015 to 0.1 mg/mL while maintaining
the DNA concentration (0.008 mg/mL). Figure
8 shows the transformed colonies unit obtained
from the assay in which the concentrations of the
materials were varied and the volume of the DNA kept
constant. From these assays, it was observed that Co
at concentrations of 0.050 and 0.1 mg/mL resulted in
the maximum transformation efficiency of E. coli Top
10 F'. For the Mo, it was observed that the maximum
transformation efficiency was obtained using the
concentration of 0.050 mg/mL.

Analyzing the result from figure 8, it was
determined that the concentration of 0.050 mg/
mL of Co and Mo resulted in a higher number of
transformed cells visually compared to the control.
Thus, the concentration of 0.050 mg/mL was used in
the bacterial transformation efficiency assay, varying
the concentrations of the biopolymers.

A new bacterial transformation assay was carried
out by keeping the material concentration constant
and varying the amount of DNA in order to verify
the effect of different DNA concentrations on the
transformation efficiency. We decided to test lower
concentrations based on the results found by other
authors [1] that described that the enhancement of
transformation efficiency as a function of higher
DNA concentration became saturated. The DNA-Co
and DNA-Mo mixtures in the transformation assay
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with decreasing concentrations of DNA (8 to 0.8 ng)
was carried out by maintaining constant the material
concentrations (0.050 mg/mL).

The Co and Mo concentrations were determined
from the assay carried out with different
concentrations of the biopolymers. Plasmid DNA
without biopolymers were used as control for the
transformation. The results are showed in figure
9. From the graphical representation (Figure 9),
it is possible to verify that both Co and the Mo at
concentrations lower than 8 ng did not enhanced
the transformation efficiency as it was tested. The
concentration of 0.8 ng of DNA provided a quantitative
result superior to the control. However, there is no
statistical difference. The variation observed from
experiment showed in figure 8 to the experiment
showed in figure 7 may have occurred because the
materials are not 100% soluble in the solutions we
tested.

The DNA concentration assay allowed verifying
that small amounts of DNA combined to Co and/or Mo
did not resulted in a higher number of transformed
colonies compared to the control.

Therefore, this study showed an improvement of
bacterial transformation efficiency by using Co and
Mo as plasmid complements. In terms of efficiency,
considering the highest number of transformed
colonies obtained using 0.050 mg/mL with 8 ng of
DNA, the biopolymers showed satisfactory results
and allowed improving bacterial transformation,
which can improve the detection limit of DNA.

The relevance of the results from this study lies
in the fact that the biopolymers used as plasmid
DNA complements did not need to be chemically
modified, as most studies reported in the literature
recommend, which provides an improvement in the
bacterial transformation efficiency without increase
the expenses. Regarding the strains used in the study,
these cultures were obtained from non-commercial
strains, which usually have low transformation
efficiencies.

Conclusion

The two biopolymers (Co and Mo0) were
successfully characterized by zeta potential,
XRD, FTIR and TG/DTG, where by these results
the characteristics of these biopolymers were
observed. In addition, the study showed through
electrophoresis and DLS that DNA has incorporated
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Co and Mo through hydrophobic interactions and
hydrogen bonds. Being that, the interaction between
DNA and Mo was the most efficient. Furthermore,
it was demonstrated a new biological application
of Co and Mo as non-viral plasmid complements
to the transport of genes into bacterial cells. The
increase in the number of transformed colonies
after the bacterial transformation process, using Co
and Mo at concentrations of 0.050 mg/mL with a
DNA concentration of 8ng, demonstrated that both
materials can be used as adjuncts to the plasmid vector
being an alternative to improve the transformation
process efficiency. The use of biopolymers without
prior structural chemical modifications provided
good results in genetic studies involving the transfer
of DNA into bacterial cells.
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