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APRESENTACAO

Atecnologia esta ganhando cada dia mais espaco na vida das pessoas e em tudo
que as cerca. Compreende-se por tecnologia todo o conhecimento técnico e cientifico
e sua aplicacao utilizando ferramentas, processos e materiais que foram criados e
podem ser utilizados a partir deste conhecimento. Quando, para o desenvolvimento
da tecnologia estédo envolvidos sistemas biol6gicos, seres vivos ou seus metabdlitos,
passa-se a trabalhar em uma area fundamental da ciéncia, a Biotecnologia.

Toda produgéo de conhecimento em Biotecnologia envolve areas como Biologia,
Quimica, Engenharia, Bioquimica, Biologia Molecular, Engenharia Bioquimica,
Quimica Industrial, entre outras, impactando diretamente no desenvolvimento das
Ciéncias Biologicas e da Saude. A aplicagéo dos resultados obtidos nos estudos em
Biotecnologia esta permitindo um aumento gradativo nos avancgos relacionados a
qualidade de vida da populacéo, preservacéo da saude e bem estar.

Neste ebook & possivel identificar varios destes aspectos, onde a produgao
cientifica realizada por pesquisadores das grandes academias possuem a proposta
de aplicagdes que podem contribuir para um melhor aproveitamento dos recursos
que a natureza nos oferece, bem como encontrar novas solugcdées para problemas
relacionados a manutencéo da vida em equilibrio.

No volume 2 sao apresentados artigos relacionados a Bioquimica, Tecnologia em
Saude e as Engenharias. Inicialmente é discutida a producéo e acao de biocompostos
tais como acido hialurénico, enzimas fungicas, asparaginase, lipase, biossurfactantes,
xilanase e eritritol. Em seguida sdo apresentados aspectos relacionados a anélise
do mobiliario hospitalar, uso de oxigenoterpia hospitalar, engenharia clinica, e
novos equipamentos utilizados para diagnéstico. Também sdo apresentados artigos
que trabalham com a tecnologia da informacdo no desenvolvimento de sistemas e
equipamentos para o tratamento dos pacientes.

No volume 3 estao apresentados estudos relacionados a Biologia Molecular
envolvendo a leptospirose e diabetes melitus. Também foram investigados alguns
impactos da tecnologia no estudo da microcefalia, agregacéo plaquetéaria, bem como
melhorias no atendimento nas clinicas e farmacias da atencao basica em saude.

Em seguida discute-se a respeito da utilizagcdo de extratos vegetais e fungicos
na farmacologia e preservagcdo do meio ambiente. Finalmente sdo questionados
conceitos envolvendo Educacdo em Saude, onde sao propostos novos materiais
didaticos para o ensino de Bioquimica, Biologia, polinizagao de plantas, prevencédo em
saude e educacgao continuada.

Christiane Trevisan Slivinski
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CAPITULO 1

A SOS BOX PATTERN FOR LEPTOSPIRA SPP.

Livia de Moraes Bomediano
Centro de Engenharia, Modelagem e Ciéncias
Sociais Aplicadas — UFABC

Santo André — SP

Renata Maria Augusto da Costa

Centro de Ciencias Naturais e Humanas — UFABC
Santo André — SP

Ana Carolina Quirino Simoes

Centro de Engenharia, Modelagem e Ciéncias
Sociais Aplicadas — UFABC

Santo André — SP

ABSTRACT: Leptospirosis is an important
zoonosis classified as a neglected tropical
disease, responsible for serious public health
problems resulting in costs to the economy. The
disease is caused by pathogenic bacteria of
the Leptospira genus which comprehends both
pathogenic species and saprophytic ones. The
SOS response is a bacteria defense mechanism
against DNA damage caused by ultraviolet
radiation, high concentrations of O, and Fe
inside the cell and antibiotics. This system is
well studied in Escherichia coliwhere more than
40 genes, including recA, dinP, uvrA and recN
genes, were found to be involved in this kind
of response and regulated by lexA and recA
regulators. In Leptospira spp this response is
not well characterized, especially regarding the
saprophytic species. This study characterized

Impactos das Tecnologias nas Ciéncias Biologicas e da Saude 3

a SOS box motif in three leptospira species
using genes regulated by lexA previously
studied in Leptospira interrogans with ChIP-Seq
experiment (chromosome immunoprecipitation
sequencing
culture of

coupled with massive parallel

experiment) when exponential
bacteria were irradiated (IR) or not (NI) to a
UV-C germicidal lamp (254nm), to a dose known
to kill 50 - 60\% of cells. MEME generated the
SOS box motif that was subsequently used
within MAST to search for this pattern in the
genomes of Leptospira borgpetersenii serovar
serovar bovis, Leptospira interrogans serovar
Copenhageni Fiocruz and Leptospira biflexa
serovar Patoc Patoc Ames 1. The SOS box
motif retrieved genes known to be regulated
by lexA, therefore indicating that the SOS box
identified can be used to identified other genes
involved in the SOS response.

KEYWORDS: SOS

Leptospira spp.

genomics, response,

11 INTRODUCTION

Considered as an emerging zoonotic
disease, leptospirosis is caused by pathogenic
bacteria of the genus Leptospira. It is an
endemic disease throughout the world with the
highest incidence in tropical regions where the
climate, hot and humid, is ideal for the survival
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and reproduction of leptospira bacteria (Haake, 2015). The disease is maintained in
nature by chronic infection in renal tubules of animal hosts, also called reservoirs or
maintenance hosts.

The leptospiral major reservoirs are small mammals and rodents. These can be
infected by the bacteria still in the growth phase and expelling leptospires in their urine
for life (Haake, 2015). The leptospirosis infection involves a complex pathogen-host
relationship. The host activates its immunological response while the pathogen uses
its virulence factors to overcome the challenge of the immune defense of the host in an
attempt to colonize the tissue. The pathogen interaction with the host in leptospirosis is
not well known and there is no explanation for the development gap and aggressiveness
of the disease in some patients while others are completely asymptomatic. It is very
important to study the many forms that these bacteria can defense itself from the stress
agents that can lead them to cell death.

The bacteria in general have a defense mechanism to DNA damage and injury
called SOS response. A variety of stress agents can activate such response, for
example, ultraviolet radiation, high oxygen and iron concentrations inside the cell,
antibiotics, among others. The DNA lesion lead to blockage of the replication fork,
since the DNA polymerase is unable to handle this kind of damage (Friedberg, 2006).
The SOS response aims to start DNA replication before the cell dies. It has been well
studied Escherichia coli and 40 genes were found to be involved in this response
(Courcelle, 2001).

The expression of these genes is regulated by the lexA repressor and the
recombinase recA. In Escherichia coli, genes regulated by the lexA are involved with the
inhibition of cell division, translesion synthesis and excision repair. The lexA repressor
is bound to the promoter region, also called SOS box region of the genes that belongs
to the system, repressing the transcription of these genes. In a situation of stress which
causes DNA damage, blockage of replication fork leads to the formation of single
stranded DNA (ssDNA). The recombinase recA then links itself up with these single
stranded DNA, changing its conformation to the active state. This new conformation
of the recombinase recA, activated, binds to the lexA repressor leading to its auto
cleavage, releasing the SOS box region and allowing transcription of the genes that
composes the system.

After the repair of DNA damage, recA levels in their active conformation fall and
it sets lexA free to repress again the genes and the system returns to its non-induced
state. The activation of the SOS system leads to the freezing of the cell cycle for the
translesion synthesis and repair of DNA lesion to occur. These events can increase the
number of mutations, gene rearrangements and activation of virulence genes and its
very important to be studied in pathogenic and saprophytic organisms.

Impactos das Tecnologias nas Ciéncias Biologicas e da Saude 3 Capitulo 1




2| MATERIALS AND METHODS

Selection of genomic regions of the training set to MEME — A previous work
from our group (Fonseca, 2015). found which genes are regulated by lexA in Leptospira
interrogans serovar Copenhageni Fiocruz L1-130 by ChIP-Seq (chromosome
immunoprecipitation coupled with massive parallel sequencing experiment) when
exponential culture of bacteria were irradiated (IR) or not (NI) to a UV-C germicidal
lamp (254nm), to a dose known to kill 50 - 60% of cells (5 J.m?). The cross-linked
lysates preparation and immunoprecipitation were performed as described by Lins
and Grossman (Alseth, 2006) and immunoprecipitation were performed with anti-
LexA1 mouse serum (Fonseca, 2015). Sequencing was performed in a HiSeq 2500
(Hlumina) platform. The peak-calling tool from CisGenome (Hedge, 2010) was used to
define enriched regions in each immunoprecipitated sample, using the total sample as
background control. Only regions with fold enrichment of at least 2-fold, present in both
immunoprecipitated samples and absent from total samples were selected. The most
enriched binding sites for lexA were selected to continue the investigation of the SOS
box. These sequences were used as a training set to the MEME Suite (Bailey, 2015) to
identify a consensus SOS motif.

Identification of the SOS box in Leptospiragenomes — FASTA sequences from
these genes were submitted to the software and the resulting matrix with the SOS box
pattern was submitted to the MAST (Bailey, 2015) software to find homologous pattern
in genes of the other three species of leptospira, i.e., Leptospira biflexa serovar Patoc
Patoc 1 Ames, Leptospira biflexa serovar Patoc strain ‘Patoc 1 (Paris)’, Leptospira
interrogans serovar Lai str. 56601, Leptospira interrogans serovar Copenhageni str.
Fiocruz L1-130 and Leptospira borgpetersenii serovar hardjo bovis.

31 RESULTS

The strategy to define SOS box from Leptospira interrogans revealed one motif
considered for further studies, shown in Figure 1. This motif had the best score and
p-value which is a measure of significance of a data set used to evaluated how significant
is that data in compare to other results. The lower the p-value, the more significant is
the data. In this case, the motif shown in figure 1 had the lowest p-value and was
chosen as a model for the search in the other species aside Leptospira interrogans.

Figure 2 shows how conserved is the SOS box motif in all the species studied
for the main genes of the system which are the two regulators lexA and recA and recN
and dinP genes, involved with the DNA repair. It also shows that there is the same
number of spacers between the most conserved parts of the box. For example, from
the first cytosine (blue) to the adenine (red), number seven of the moitif, there is a great
degeneration (spacers) in these nucleotides in all studied genes.
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Figure 1: The best SOS box pattern found in the analysis. In the x axis is the position of the
bases in the motif and in the y axis is the number of bits, representing the logo (graphical

representation of the sequence conservation of nucleotides) during the scan for the consensus
motif by MEME.

-

Name Strand
recACopenhageni - TAAAATATAT CTAACTATTTSTATAC CAAARATTTG
lexAdmes + CGCCCATTTC CTATTTATCTGTTTAG TATGAAAGAC
lexAHardjo - CATTTATTCA CTACTAAGTTGTTTAG TATGAAAGAT
lexACopenhageni + CATCTATTCA CTACTAAGTTGTTTAG TATGAAAGAC
recAHardjo . TAAAATATAT GTAATTATTTGTATAC CAAAAATTTG
rechbiflexadmes - TACAAGTAGT CAATAAARATTTTTTAG AAAACTTAAR
rechNCopenhageni + ARARATGATT CCAATCATTTCSTATAC CAATTAAATA
dinPFiocruz i TTGAARAAGA CATTACARATGTTTAG CTATTTATARA
racibiflaxaieas & TAARAAAATA CTATACAAGTACTTAC ATTTTGTTTA
uviAbiflexaAmes - TATCGTGTTT CGAATTCTTTTTTTAC TTCTTTTTTT

Figure 2: The SOS box found present in the main genes studied in Leptospira species with
conserved regions alongside their promoter region.

Another important result is presented in figure 3. It shows the position of the motif
found in each studied gene in the studied species. The recA, recN and lexA SOS boxes
are well conserved in the studied species.

Gene
recABiflexa
recAHardjo
recACopen
recNBiflexa
recNCopen
lexABiflexa
lexACopen
lexAHardjo

Figure 3: Position of the SOS box pattern in the genome for the studied species for the main
genes of the SOS system. The horizontal line represents the genome length and the circled
areas show the conservation of the position of the pattern for each gene among the species.

The homologous pattern found for SOS box in the studied genomes through
MAST software are shown in Figure 4. The horizontal line represents the entire length
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of the genome of the bacteria. The black blocks represent the positions where the
software found the studied SOS box homologue. Each black block has a p-value that
corroborate with each position. The start and end positions of the pattern in the genome
is also shown alongside with length of the genomes.

Leptospira biflexa (Ames)

I+“" 1 1 I T W T | 1 1 [T 1] [T 1 (| Ll 1 w1

L L R L R S DL S B R |
0 360000 720000 1080000 1440000 1800000 2160000 2520000 2880000 3240000 36000
Leptospira biflexa (Paris)
I+l||l 1 1 Luoe e | I - 1 1 1 1l L e 1 Lin Ll n | N |
L e e . ) R N L N |
0 358000 716000 1074000 1432000 1790000 2148000 2506000 2864000 3222000 358000

Leptospira interrogans (fiocruz)

I+III n | B 1L L1 i o 1 ) I | n 1 | . ] L | - 1 L I -]

. e e e O e R B N |
0 426000 852000 1278000 1704000 2130000 2556000 2982000 3408000 3834000 426000
Leptospira interrogans (lai)

I+||l [T | (| L LT T T | n L ] e 1 [ W] [N T T T

DL N L L B UL R DAL AR DL AL L L B LR LI UL AL N TN S BT L R T |
0 432000 864000 1296000 1728000 2160000 2592000 3024000 3456000 3888000 432000

Figure 4: Homologous pattern found for SOS box in the studied genomes through MAST
software.

4 | DISCUSSION

The motif found by MEME software with the best p-value based on the list of the
genes regulated by lexA in Leptospira interrogans is CTAAGAAGAATTAG. Figure 2
shows the promoter region of the main genes (lexA, recA, recN and dinP) of the SOS
system for the studied species. There are conserved nucleotides alongside the promoter,
as well as conserved spacers between these nucleotides. This is an important result
because it confirms the presence of the pattern in the Leptospira studied genomes.

For lexA and recN genes the SOS box position in different species remained
conserved. The analysis revealed a downstream position for the motif for lexA, recN,
uvrA and dinP genes and an upstream position for recA gene. The position of the
motif found among species also appear, in general, very similar and it infers that this
region remained conserved and that there was no significant breaks or insertions in the
Leptospira species studied, which could alter the regulation of transcription of these
genes in lexA.

Saprophytic bacteria showed a similar distribution of the studied SOS box pattern
and it was found 44 locations (figure 4) where the same pattern appears. As for
pathogenic bacteria, the distribution of the pattern is different in some positions, but it
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has the same number of positions where the pattern appears in a total of 47 (figure 4).
These positions with the motif, as well as their p-values were well annotated and stored
for future reference.

51 CONCLUSION

The computational analysis and experimental validations performed so far
confirm the existence of a SOS box pattern between these three species of the genus
Leptospira: Leptospira borgpetersenii serovar serovar bovis, Leptospira interrogans
serovar Copenhageni Fiocruz and Leptospira biflexa serovar Patoc Patoc Ames 1. The
box in these species remained well preserved, consisting in a motif and characterized
region where lexA can bind to regulate the SOS system genes. A further study using
the MAST tool with the SOS box used for this study may reveal other genes involved
with the SOS response for these Leptospira species.
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