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Summary

In conditiona of halted or limited genome replication,
like those experienced in sporulating cells of Bacillus
subtilia, 8 more immediate detriment caused by DHA
damage is altering the transcriptional programme that
drives this developmental process. Here, we report
that mfd, which encodes a conserved bacterial protein
that mediates transcription-coupled DNA repair (TCR).
is expressed together with twrd in both compartments
of B. subtilis sporangia. The function of Mid was found
to be important for processing the genstic damage
during B subtiiz sporulation. Disruption of mfd
sensitized developing spores to mitomycin-C (M-C)
treatment and UV-C irradiation. Interestingly, in non-
growing sporulating cells, Mid played an ant-
miutagenic role as its absence promoted UV-inducead
mutagenesis through a pathway invelving YqjHYq)W-
medigted translesion synthesis (TLS). Two observe-
tions supported the participation of Mid-dependent
TCA in spore morphogenesis: (i) disruption of mfd
notoricusly affectad the efficiency of B. subtilis spons-
lation and (ji} in comparison with the wild-type strain, a
significant proportion of Mid-deficient sporangia that
sunvived UV-C treatmeant developed an asporogenous
phenctype. We propose that the Mid-dependant repair
pathway cperates during B. subtiis sporulation and
that its function is reguired to eliminate genetic
damage from transcriptionally active genses.
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Intraduction

Endospore formation in Bacilbs subtiis involves a com-
plex celular differentiaion programme that s exguissely
regulated in great part by a cascade of sigma (5) factors
that bind the core of the RNA polymerase (RMAF) and
regulaie iemporally and spatially the expression of genes
required for the synthesis of the spore (Emington, 2003,
Hibert and Piggot. 2004). This developmental procass,
tnggered by nuinent-limiting conditions and high cel
density. allows B. subifiis spores 1o survive under condi-
tions that are detimental for s vegetative life. The genesis
of the spore begins with an asymmetnc call division that
results into two unequal-sized compartments, the mother
c=ll (Jarger comgarmant) and the forespors (smaller com-
parment), each with iis own chromosome and pattemn of
gene expression (Stragier and Losick, 1008). B. subiiiz
spores show no detectable metabolism, exhibit a hegh
degree of resistance to heat, radiation and chemical
agents (Michokson et al., 2000; Setlow, 2008), and possess
the ability fo survive for very long penods of dommancy
(Kennedy efal, 1994; Pedrara-Reyes af al, 2H2) and
germinata upon sensing growth-fevourable conditions
[ Setlow, 2003).

Dwring spore formation, the two call types of the spoan-
gium no kongar replicate their chromosomes (Veening
et al., 2009) but process OMA damage under unfavourabls
metabodic conditions. Indead, recant reports have revealad
that processing of genetic damage in sporangia is necss-
sary for an efficient spore development [Rivas-Castllo
et al., 201 0; Ramirez-Guadiana et al., 204 2). Inferestingly,
translesion synthesis [TLS) pedormed by the Y-DMNA poby-
merases YgH and YqjW was found fo be mporant for
processing sporfaneces and nduced genstic damags
during spore synthesis [Rivas-Castllo et al, 2010). Fur-
thermore, an aliemafive excision repair pathway (AER)
imvoheed in eliminating UV-inducad DA damage operatas
in eporangia and spores of 8. subidiie (Hamirez-Guadiana
et al., 2012). So while metabolic activities directly imobead
in cell growth and division are decressing, DMA repair
transactions appear very active in the sponsating call.

Premutagenic DMA lesions, if left unepaired. kead to
gencioxic events and may also afect pattems of gens
expression during sporulation which has led fo speculate
that OMA repair could be directed fo actively transcribed
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Error-Prone Processing of Apurinic/Apyrimidinic (AP) Sites by PolX
Underlies a Novel Mechanism That Promotes Adaptive Mutagenesis in

Bacillus subtilis
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In growing cells, apurindciapyrimidinkc (AP) sites generated spontaneously or resalting from the enrymatic elimination of oxi-
dired bases must be processed by AP endonundeases before they compromise cell integrity. Here, we Investipated how AP sites
and the processing of these nonooding lestons by the AP endonndeases Nfio, Exod, and Nth contribute to the production of mu-
tatlons (sC952, metBS, and lewC427) In starved cells of the Beol Tus subilts YR955 strain. Interestingly, cells from this strain
that were deficlent for Nfo, ExoA, and MNth acoammulated a greater amount of AP sites in the stattonary phase than daring expo-
nential growth. Moreover, ander growth-Iimiting conditions, the triple nfo exod nih knodoout strain significantly increased the
amounts of edaptive his, met, and lew revertants produaced by the B, subtilis YB955 parental strain. Of note, the mamber of sta-
tionary-phase-assoclated reversions in the his, met, and lew allales produoced by the nfo exod nif strain was significantly de-
creased following disruption of pollX. In contrast, during growth, the reversion rates in the three alleles tested were significantly
increasad in cells of the mfe exed nih kneckont strain defident for polymerase X (PolX). Therefore, we postulate that adaptive
mutations in B. subtills can be penerated through a novel mechanism mediated by error-prone processing of AP sites scoumu-

lated in the stationary phase by the PolX DNA polymerass.

he genetic alterations that allow organisms bo escape from

growth-limiting conditions in response to natural or artificlal
selection during prolonged nonlethal selectlve pressure are re-
ferred to as adapiive or stationary-phase mutzgenests (1) This
biological process, originally discovered In Escherichia coli (2, 3],
was later found to ocour In other prokaryotes (1, 4] as well as in
some enkaryotes (5. The existence of adaptive mutagenesis was
demonstrated In Becillus swhtifis by employing siraim YBgss,
which allows measuring the reverslon frequencles o chromo-
somal auxotrophies of kisC252 (TAG nonsense mutation), metBS
(TAA nonsense mutation ), and lewC427 (missense mutation] (1).

It has been proposed that during periods of environmental
stress, such 35 those ocourring in the stationary phase of growth, a
group of cells in 2 B. subtlis culture can be differenttated into 2
subpopulation with suppressed DNA repalr systems in which
adaptive mutations may be generated (1, &) [n agreement with
this tdea, 1t has been shown that the genetic Inactivation of the
mismaich (MMR) and guanine-oxidized ((z0) systems patenti-
ates the mutagenic events that ocour in nongrowing B. subili cells
(6. 7). Thus, It appears that the acoomolation of mismatched and
oxidized DMA bases In nongrowing B. subsili= cells 15 2 key factor
that promotes mutations under conditions of mutridonal o met-
abalic stress (6, 7).

Reactive oxygen specles (FLO5) generated in cells elther as by-
prosdacts of normal ceflular metabolism or by exogenous agents
have the potentlal to react with lipids. proteins, and DNA (5, 9).
Accordingly, 1t has been shown that attack of DMA by ROS resulis
in the formation of 2 myriad of oxidized bases, Including wractl
glyool and thymine ghycol, 5-hydroxy-uracy and 5-hydroxy-cpto-
cine, and E-oxo-zdenine and &-oxo-gouanine [E-oxo-(), among
others (10, 1 1. However, In addition to inducing the formation of
oxidized bases, ROS may generate other types of genetic injures,
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incloding formaton of apurnicfapyrimidinic (4F) sites, damage
to the decxyribose sagar, and fragmentation of the DINA back-
bane, producing single-strand andfor double-strand DMA breaks
{12). AP sltes are among of the most frequently formed lesions in
DA, and they may arise spontaneously or following the catalyiic
action of spectfic DNA glycosylases that hydrolyze damaged bases
from DM A: If these enzymes possess 2 kyase activity, 2 second cat-
alytic event canses the rupture of the decxyribose swgar, genera -
ing a single-strand break (13-15). AP sftes and strand breaks are
potentially mutagenic and toxic for cells; therefore, If left unre-
paired, they affect replication, transaription, and cal sarvival (16,
17). The first step in the processing of AP sites 15 carmied oot by AP
endonucheases, 3 group of enrymes which excise the DNA back-
bone at the 5" end of the AP site. This cut generates 5'-phosphiate
deaxyribose and 3 -hydroxyl deoxyribose ends that are recog-
nized by 2 DNA polymerase that & responsible for incorporating
the appropriate macleatide(s): finally, the DNA ligase seals the
DMA patch (8). B. subtilis possesses Nio and Exod, two AP endo-
nucheases that are frequently found in organisms of the three do-
mains of life (17). [n addition to processing AP sites, these pro-
tedns may process 3'-0H blocking lestons, including those that
result from elimination of modified bases by glycosylases with
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Aag Hypoxanthine-DNA Glycosylase Is Synthesized in the Forespore
Compartment and Involved in Counteracting the Genotoxic and
Mutagenic Effects of Hypoxanthine and Alkylated Bases in DNA

during Bacillus subtilis Sporulation
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ABSTRACT

Aag from Bacillis subii Nz has been implicated In in witro removal of hypoxanthine and alkylated bases from DNA. The regula-
tion of expression of amg in B. subiilis and the resistance to genotoxic agents and mutagenic properties of an Aag-deficlent strain
were studled here. A strain with a transcriptional aag-lec fuston expressed low levels of fB-galactosidase daring growth and
early sporulation but exhibited increased transoription during late stages of this developmental process. Motably, amg-lac? ex-
pression was higher inside the forespore than in the mother cell compartment, and this expression was abolished in a siglr-defi-
dent backgronnd, supgesting a forespore-spedfic mechantsm of aag transcription. Two addittonal findings supported this sup-
gestion: (1) expression of an agg-yfp fuslon was observed In the forespore, and () i vive mapping of the sag transoription start

site revealad the axistence of upstream regulatory saquences posssssing homology to o “-dependent promoters. In comparison
with the wild-type sirain, disruption of aag significantly reduced survival of sporalating B. sabei lis cells following nitrous add or

miethyl methanesulfonate treatments, and the FAf° mutation frequency was significantly increased in an aag strain. These resnlts
suggest that Aag protects the genome of developing B. subilis sporangla from the oytotoxic and genotoxic effects of base deami-
natbon and alkoylation.

IMPORTANCE

In this stady, evidence Is presented revealing that asg, encoding a DNA glycosylase implicated in processing of hypoxanthine
and alkylated DNNA bases, exhibits a forespore-specific pattern of gene expression daring B. subdlis sporalaton. Consistent with
this spatiotemporal mode of expression, Aag was found to protect the spomlating cells of this microorgantsm from the noxlous
and mutagenlc effects of base deamimation and alkylation.

he Integrity of genomes of organisms is constantly compro-

mised by Intracellular and extracellular factors that have the
potential to generate different base modifications, including,
oxldations, alkylations, and deaminations (1). These types of
nonbulky genetic insults are detected primarily by specific
DMA glycosylases and eliminated through the base exclsion
repair (BER) pathway (2). DMA deamination |5 2 major type of
spontaneous genetic damage with which cells must contend
(3], and the spontaneons loss of the exocyclic amino groups In
cyiosine, guanine, and adenine ylelds the bases wracil, xan-
thine, and hypoxanthine (HX), respectively (4, 51. HX In DNA
is potentially mutagenic, since 1t can pair not only with thy-
mine but also with cytosine and therefore wouald result in AT-
to-GC transitions after DM A replication (&), Organisms sach
25 Feckerichia coli and Seccharomryces cerevisae employ the
3-methyladenine DMA glyoosylases AlkA and MAG, respec-
tively, to process HX and the modified bases 3-methyladenine,
7-methylguanine, and 7-methyladenine (7, ). Other enzymes
of mammalian orlgin, which are strocturally wnrelated to E. coli
AlkA, inclade alkyl-adenine-DNA glycosylase (AAG), alkyl-N-
purine-DMNA glycosylase (ANPG), and N-methyipurine-DiNA
glycosylase (MPG) from haman, mowse, and rat, respectively, and
these also can exclse alkylated and deaminated bases from DINA
(7, 8-16). The physiological relevance of eliminating the base an-
aleg HX from DMA 1s evidenced by the mutator phenotype exhib-
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fted by bacteria and mammals deficlent in these glycosylases
{6 171

Deaminated bases can also be exclsed from DNA by endonn-
clease ¥ [Endo¥), an endonuclease that hydrolyzes the second
phosphodiester bond located at the 3' end of the modified base,
and homodogs of sach enzymes have been described 1n hacteria,
archaea, and enkaryotes (18-21).

A recent Teport revealed that Bacilles subtilis employs wracil
DMA glycosylase (Ung) as well 25 Ywgl, an EndoV homolog, to
contend with the mutagenic effects of base deamination [Z2).
However, HX can be processed by another repair proiein, termed
Aags this alkyl adenine glycosylase is encoded 1n the genomse of B.
subtilis by acg ( formerly yod[), and 1is prodoct possesses functional
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Plant organellar DNA polymerases paralogs exhibit
dissimilar nucleotide incorporation fidelity
Victor M. Ayala-Garcia, Noe Baruch-Torres, Paola L. Garcia-Medel and Luis G. Brigba
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The coding sequences of plant mitochondnial and chloroplast genomes pre-
sent a lower mutation mte than the coding sequences of animal mitochon-
dria. However, plant mitochonddal genomes freguently meamange and
present bgh mutation rates in their noncoding sequences. DWNA replication
in plant organells & camied out by two DMNA polymemses (DNAP) par-
alops. In Arabidopris thaliona at lesst one DMNAP paralog (AtPolldA or
AtPollB) i3 necessary for plant viahility, suegesting that both genes ane
partially redundant. To undestand how AtPolls meplicate genomes that
present bow and high mutation @ies, we mesiured their nucleotide incor-
poration for &l 16-base pair combinations in vire. AtPollA presents an
ermor rate of 726 x 1077, whenesas AtPolIB has an error raie of
545 = 107 Thus, AtPollA and AtPollB are 3.5 and 26-times ks aocu-
rate than human mitechondal DNAP . The Sfold difference in fidelity
betweoen both AtPolls nsults from a higher catalytic effciency in AtPollA.
Both AtPolls extend from mismatches and the fidelity of AtPoll ranks
between high fidelity and ledon bypas DMAPS. The different mucleatide
incorporation fidelity between AtPolls predicts 2 prevalent role of AtPolla
in DA replication and AtPollB in DMA repair. We hypothesze that
plant organelles, DA mimatches generated dunng DMNA rephication an
repaited via necombination- mediated or DMNA mismateh repair mechandams
that selectively tarpet the coding megion and that the mismaiches penerated
by AtPolls may result in the freguent expandion and rearangements poe-
sent in plant mitochondrial genomes.
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Introduction

The mechanizms that mediate DMNA replication in
plant organelles are largely wnknown, Several mecha-
nisms like DHloop, theta-like, rolling circle, and recom-
bination-dependent DMA replication are proposed to
accpunt for DMA meplcation in mitochoendnal and
chloroplast genomes [1-5] Animal and plant mitoe-
chondrial genomes code for approximately the same
nmber of esgential penes. However, animal mitoch on-
drial genomes ane circular DNA molkeculs of approsi-

mately 15 kb and have few noncoding negions,
whereas  plant  mitechondrial — genomes are
Ak v ation s

predominantly large hnear DMNA moelecules (11 Mb in
some angiospenns Trom the genms Silene), present a
comples siruciure, are abundant in noncoding regions,
amnd freguently reamange [§]. Chlomplast genomes ane
abo congderad to e prodominan tly linear and harbor
inverted repeais that may function as ongns of nepli-
cation [7,8].

Animal and plant mitechondria differ in their
content of noncoding DMA. Mutation rates in the
coding regon of plant orgaellar genomes are S0-
10kfold lower than in amimal mitochondra [910.

DelaP, DA poymeases {r, MshoopoRton feguencies MDA, multpe dsplaemant anplficaton; MMS, DMA mismalch rapar, POPs,

pamprotst oganelar DNAPS TLS, ransesion DG symthess.
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Transcriptional coupling (Mfd) and DNA damage scanning
(DisA) coordinate excision repair events for efficient Bacillus
subtilis spore outgrowth
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1 | INTRODUCTION

Abstract

The absence of base ewcsion repair (BER) proteins involved in processing ROS-
promoted genetic insults activates 3 DNA damage scanning (DizA)-dependsnt check-
point event in cwtgrowing Boecillus subdilis spores. Here, we report that genetic disabling
of transcription-coupled repair (TCR) or nucleotide excision repair (MER) pathways
severely affected outgrowth of AdisA spores, and much more so than the effects of
these mutations on log phase growth. This defect delayed the first division of spare’s
nuclenid suggesting that unrepaired lesions affected transoription andor replication
during outgrowth. Accordinghy, return to life of spores deficient in DisAsSMfd or DisAs
UhirA was severely affected by a ROS-inducer or a replication blocking agent, hydro-
gen peroxide and 4-nitroguincline-cxide, respectively. Mutation frequencies to ri-
fampin resistance (Fif) revealed that DisA allowed faithful MER-dependent DMNA
repair but activated ermor-prone repair in TCR-deficient owtgrowing spores. Sequendcing
anahyziz of rpoB from spontaneous R colonies revealed that mutations resulting from
base deamination predominated in outgrowing wild-bype spores. Interestingly, a wids
range of base substitutions promoted by mddized DNA bases were detected in AdisA
and Amfd outgrown spores. Cherall, our results suggest that Mfd and DisA coordinate
ECizhon repair events in spore outgronth to eliminate DA lesions that interfere with
replication and transcription during thiz developmental period.

KEYWORDS

Bacilus subhiliz, DizA, permination/cutgrowth, MER, TOR

of sporulation [Sethoe, 19E88]. After detecting sppropriste condriions,
SpOr=s can refurm o vepstsiiee prowth throush 2 twoestep prooess

Bocillus subhliz spores are metabobcally dormant a5 well a2 resistant
to @ rumber of DMA-damaging apent= ncluding hest, rediaton,
desiccation, svireme pH, and modizing agents (Setlow, 2007 This
DA resistance is dus in lerpe part fo 2 group of DMNA-bindng, acid-
soluble spore proteins (afg-5A5P), oynthested during the [ast stapes

termed permination and then cutgroerth (Setlow, 2003; Setlow, Wang,
& L5, 2017) Thiz process is frigpered by speofic perminants, pererslby
amino acids or sugars that are specificaly senss=d by receptors in the
spor="s irmer membrane [Padhungat & Setiow, 2002 Setlow. 20030
Thits racaptor-s=rminant interaction activates several mverts, including

Thiis i e open oo arbice wnder the tsmes of the: Cregtie Commions Sbritution License, which permits wse, distributon and reproduction in @y mediom,

provided the original work is properly cited
& 2018 The Authorz. MicrobislgeiOpen published by John Wikey & Sons Lid,
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Identification of a unigue insertion in plant organellar DNA polymerases m
responsible for 5'-dRP lyase and strand-displacement activities: Implications =
for Base Excision Repair
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Hapwords: Plagad muitecbenedrial and cdacopd 2 il p for oxdative phesphorslation and

Hamt Kroirer Ragair photarnibests, For peaper celbalar funelion, plest sepenelled il ensuré pemsse inegrity. Although plasa

CNA palyrearas: wrgnra oz ropwir damaged OMA wring the selti-sexymy Ean Excivion Repaic (RER) pathveesy, the detsils of this

Lyase paibmay in plant prgenelles are largely unknewm, The inlial ervymatic seps in BER produce a 5" deoxyriboss

rrured-dplacerzent phosphate [5=48P) mdety that must b removed w0 allow DS Eration and in plant orgenelles, the eneymes
respeasible for the remeval of a S%dRF froup efe uninaws. 1n melaieats, DNA palyserases (DNAPS) pemeve
the 57dRP moiety using their intsinse lyase asd fee strand-displacement setivitdes during sheaet er leng-patch
RER sub-peibemyr, respectively, The plant medel Arabidepns shobans sncader bwe family-A [INAP: pamslopy,
MtPolls and AtPallB, which are the sole DRAPs in plant orgenelles identifed oo dase. Herein we demonsrate
tiat bath AtPell present 5wdRP lyvase ectivitles. AtPollB perfores efliclent srandedisplacessent on 4 EERsam
sitiabed 1-nl pap DNA sobdtrale, whita AlPollA cxhibils suly mederale dmand-displacestenl activity. Beth
Iyase aml etranddivplscement setivitios sre depesdent on an amins scid maestion that i exclusvely proesst in
plant arganellar NAPy 'Within this maerien, we identified that residue AtPalliad 3553 acts s pucheaphile for
Iyase acthvery. Onr reseles demeritrate that Atfalls are fanetionally eguipped w play & rele In shorspasch BER
el sUpTest o majar mle aof AiPallR b o prediened langpecth BER sulbspachmay. We thit the aequisii
af insertion 1 in he pelymerizstion dsmain of APl was a key P in Usaeir | ur BEE taldl
srd replicative DNAPE

1. Introdaction activity [I=3]. Froen this peint forward, the BER pathway ix divided into

tee subwpathways, In the first subspathway, dubbed shortapeich, the 5«

Plants are sessile organisms exposed to DNA damaging apents like
Reactive Omedative Species (ROE), alkylating moieties, beavy metals or
Uvwradiaton. Those apents creats D0A lesions that alter the coding
potertial of DRA or patentially bleck the replication fork [1,2]. Besldes
a nuelear gemame, plapts harber mitschandrial and chloroplast gen-
emes and the imtegrity of thase geromes i eritieal far plans susvival, An
impartant pathway to makntain geneene integrity is Rase Excizion Re-
pair [RER]), BER starts e repabfing process with a DNA glycasylase that
bydrelyees a slamaged base leaving an apurinic/apyrimidinic [AP) =i,
Afterwands, an AP endenuclease cleaves immediately 5' 4o the AP site
generating o ¥ehydroxyl (30 and 2 S'«leoxyriboscphosphabe (5%
diP) meiety. Bifunctionel glyoosylases harbor an associabed Dyase

* Cerrumending auther,
Prmad eddrrarc i brisba@cinveray me {1LG Hriska),

hittpr Sl crp 10 1 00ESL dnarsp. 201 QL O1D

dBP is removed by & DNA palymerase (DMAF) with an assocated lyase
setivity amd ealy o single nucleotéde is incorperated. In the second suk=
pathway, dubbed lonppatch, a DNAP synth several mucleotd

after the intiston site using an associated strand-displocemsent activity
and ring & single ded OMNA flap that 5 eleaved by a Rap-spe-
cille mucleass (rewiewed in [1—4] 1 In animals, the sher and long-pacch
sub-pathways of BER are funetional in the necleus and mitschondsia.
As maivschandrial DINA 3 prane ta BOS, it (= suggestid] that BER plave »
predemirant rele in mainlaining ergancllar DMA inlegrity [1.5.6].
TFuretiooa] and biech | studies indicate that land plasts perform
nuglear BER via the long and shortgaich subspathways {for recent nes
views [Fml2]} [n contrast to the wealth of information of EEE in yeast
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Non-canonical processing of DNA photodimers with Bacillus subtilis UV-
endonuclease YwjD, 5'==3" exonuclease YpcP and low-fidelity DNA

polymerases YqjH and YqjW
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The synthesis of spores in B subalis is dharacerized by the esiab-
lishment of a sporangium compossd of two wnequally cell sized com-
pariments, the mother cd] (larger compartment) and the fonespone
(smaller compartment) [ 1,2] . Afier segregating inio esch com paniment,
the two identical chromosomal copies are no Jonger replicated in for-
ther stages of the spomilation process Instesd, completion of this de-
velopmental program is largely dependent on a transcriptional program
cantrolled by different sigma fadors that upon binding &ie core RNA
palymerase defermine ina hiearchial manner the time and the space
in which spor lation-specific genes are expressed [1,3,4]).

It has been shownm that trestment of B, sbéls sporangia with
Mitormycn<C (M<C) and wlimawialet hight (UV) affects spomolation,

suggesting that DNA crosslinks and pyrimidine dimers (PDs) may -
terfers with the transciptional program that drives sporalation in ghis
microorganism [5]. n support of giis notion, sporolating cells deficent
for nucksotide excision repadr (NER) are severdy sensitized by dhiese
genoindc agents [5]. In addiion to NER, sporolating eells rely on ad-
ditional repair frtors o contend with the noons efferts of UV hght
inchding the UVendomdess: YwjD and the translesion synthesis
(TLE) DHA polymerases YgiH and YqiW [4]). In agreement with this
report, dhe yeast fission Sdesar charomgyoes pomabe employs the NER
sysiem as well as an Aliemative Excision Repadr (AER) patinway de-
pendent om @ homolog of Ywjl to repatr DNA lesions indoced by LWV
light [7]. A recent report [5] revesled that ywiD, i) is expressed doring
sporulaton under the contral of the forespone- sped fic AN A palymenase
factar o, H) its fanction i neressary 0 counieract e DN A-damaging
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CARACTERIZACION GENETICA Y FISIOLOGICA DE MUTANTES
DE BACILLUS SUBTILIS DEFICIENTES EN LOS SISTEMAS DE
REPARACION DE DNA UNG, YWQL Y MMR

ValtierraVargas Lucia Sabina (1), Ayala-Garcia Victor Manuel (2), Pedraza-Reyes Mario (2)

1 Lic. Quimico Farmacéution Bidlogo, Universidad de Guanajuata| Lsabinasw{@igmail.com

2 Departamento de Biologia, Divisidn de Gendias Natursles y Exactas, Campus Guanajusto, Universided de
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Resumen
Seharepnnadnmeﬂﬁdunh‘mu[HM}zﬁdesaﬂinalashasanimgﬂm:hsmmiu,ajenhay
guanina dando hugar a las bases analogas uracilo, hipoxantina y xanting respectivamente, las cuales son
alumtemmmm;debenmrmpaajaseﬁnatm Tdrepawmﬂechpudferentﬁmas
el sisterma de reparacion por escision de bases (BER), la via de reparacion por escision altemativa
[AER) v el sistemnia de reparacion de bases emoneamente apareadas (MMR). Agui investigamos |a
posible mterconexion entre Ywol v &l sistema MMR asi come la participacion de Ung, usando como
medelo de estudio a Bacilus subfits. Celulas deficientes de los sistemas antes mencionados fusmon
tratadas con HMNO: v calodada su supenvivencia. Muestros resultados sugieren que MMR es altamente
eficients reconociendo malos apareamientos promowides por HNC: pues una mutantes carente de mutSL
fue dramaticaments afectada por HMO,. Interesanternente, |a intermupcion de Ywal (una endonucleasa
del sistema AER) en el fondo mutSL afectd positivamente |a viabilidad celular &l tratamiento con HNO-.
Estos resultados sugieren que la actividad fosfohidrolitica de Ywqgl dependiente de bases desaminadas
sobre &l DMA podria propiciar [a entrada del sistema MMR para commegir bas lesiones promovidas por la
perdida de grupos amino del material genetico.

Abstract

It has besn reported that nirous acid (HMO:) deaminates the nuckecbases cytosine, adenine and
guanine generating the analogous bases wrac, hypoxanthine and xanthine respectively, which are highly
mutagenic and must be promplly repaired befiore replication. Such repair may operate through distinct
repair mechanisms; incleding, the base excision repair systemn (BER), the alemative excision repair
patiwvay (AER) and presumably through the mismatch repar system (MMR)L Here we investigated the
possitle intenrconnection between Ywgl (an endonuclease of AER) and MMR system (Mut3-L) as well as
the participation of the wracl DMA glycosylase (Ung), using Baciilus subtils as study model. B. subfiis
cells deficient for Ywgl Ung and'or MutSL were reated with HNC: and the fraction of sursivors was
calculated by wiable counts. Owerall, our resulis suggest that MMR = highly efficient recognizing
missmatches promoted by HNO: because a mutant Lacking mutSL was dramatically affected by HMNO..
Interestingly, disruption of ywqgl (AER) in the medSL background increased cell wiability to HWOC:
treatment. These results suggest that base-deamidated-dependent phosphohydrofytic achwity of Yegl
could promote the entry of MMR systern to process DMA lesions promated by the loss of amino growps. in
the gensiic material of B subhills.
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Prevalence of Helicobacter pylori cagA and vacA
genotypes in a population from Northeastern Mexico
with chronic gastritis and intestinal metaplasia
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Accapted 15 March, 2013

Helicobacter pylor is associated with the development of a variety of gastroduocdenal diseases. In this
study, we evaluated the prevalence of H. pylon cagA and vacA genotypes from a Mortheastern Mexico
population. DMA was extracted from 135 gastric biopsies from patients with gastric disease: 110 with
chronic gastritis (CG) and 25 with intestinal metaplasia (IM). Polymerase Chain Reaction (PCR) was
used to detect cagd and vacA (51, 52, m1, m2) genes of H. pylor. The study showed that the dominant
genotypes were cagd vacA s1/m1 43 (31.8%), followed by cagAd vacA s2'm2 18 (13.3%) and cagd wacA
s1/m2 3 (2.2%). This study did not find any presence of the genotype vacA s2mi. For the genotype
cagd vacA s1/mi, a significant association was found bebtween its presence in patients with IM
compared with patient with CG (P < 0.05). In conclusion, the results show that the predominant
genotype in the Mortheastern Mexico population was cagA vacA s1/mi, which was found fo be
significantly associated with patients with I8.

Key words: Gastric biopsies; Helicobacter i - vacA; Chronic Gastritis; Intestinal lasia.
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Standardization of the method to obtain therapeutic-
quality platelet-rich plasma
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Plateletrich plasma {(PRF) is a reliable source for obtaining cells to regenerate tissues, with ease of
availability inorder to implement and standardize the ideal methodology in centrifugation strength and
time for obtaining therapeutic-quality PRP, allowing its application to provide better and rapid recowery
of muscular injuries, tendinitis, bone and ligament lesions. To evaluate PRP therapy, 150 patients with
muscular lesions, tendinitis, shoulder, knee, ankle, hand and elbow injuries were treated. On
application of PRP, we obiained 100% clinically significant symptomatic improvement in all 150 patients
treated, who had musculoskeletal and ligament injuries, with a marked reduction of pain and
inflammation. We concluded that the ideal concentration for obtaining PRP is at 1000 rpm with a time of
5 min; in addition, under these conditions the plasma lacks leukocytes and erythrocytes. The results
were reproducible because the experiment was repeated at two institutions under the same conditicns
and similar results were obtained. The regeneration obtained in the affected patients is due to the fact
that growth factors were released from the activated platelets; these initiate and modulate cicatrization
in the tissues, which is a recent innovation to promote cicatrization, accelerating the power of tissue
regeneration, with a platelet concentrate suspended in plasma.

Key words: Growth factors, platelet actvation, application, tissue regensration, therapeutic quality.

INTRODUCTION

Flatelet-rich plasma (PRF)} is a reliable source for
obiaining cells to regenerate tissues, with ease of availa-
bility. In short term clinical practice, it is utilized fo con-
cenirate growth factor-rich plasma (GFRP) by up to 388%
abowe values found in normal plasma, for later application

in tissues, in a search to enhance the ostec-induction bio-
logical cascade. The phamaceutical way in which PRP is
utifized climically is obtained by means of its gelling on
adding thrombin and CaCl, to it. PRP gel is a compound
of fibimogen and activated platelsts (by the addition of
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Immunity towards tuberculosis infection: A review
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Immune response represents the intial am of host defense against Koch's bacillus. This review
describes and discusses cumment knowledge of the host's immune response to Mycobacterium
tuberculosis infection. To improve the diagnosis of tuberculosis, more rapid diagnostic techniques
hawve been investigated in recent years, such as mediators, receptors and activators of immunity,
gamma-interfercn, tumor necrosis factor-alpha, reactive nitrogen intermediates, T cells, and natural
killer. We consider it a first prionty to implement programs of education for the development of a
strategy to prevent tuberculosis. & is recommended to implement an immunotherapy treatment
following chemotherapy to prevent reactivation of the bacillus due to the presence of latent bacilli in
tissues.

Key words: Immune response, prevention, control, reactivafion, nifric oxide, interferon, latent infecton,

granuloma, Mycobactenum.

INTRODUCTION

Tuberculosis (TB) has been and remains 8 major global
health problem. TB is a pandemic and is amongst the top
10 Ekiller infectious diseases, second only to human
immunodeficiency virus (HIWV) (Jain et al., 2012). |t has
extensively affected millions of people world-wide.
causes bad health among millions of people each year
(WHO, 2013). TB is prmarly a pulmonary infectious
disease (Wang et al., 3013). it affects espedally young
adults and therefore has a high impact on the socio-
economic status of a country (Zakham et al., 2012).
Im Africa, the study of TB is complicated by the parallel

epidemic of HIV because co-infection is common. This
makes it necessary to consider HIV infection, especially
in high HIV prevalent areas (Mormis et al., 2011 HIVis a
prerequisite condition for the acguisition of TB. The latest
ecfimates included im this report are that there were 8.8
million new TB cases in 2012 and 1.3 milion TE deaths
wioridwide. The number of TB deaths is unacceptably
high given that maost are preventable if people can acoess.
health care for diagnosis and right treatment is provided.
Short-course regimens of firsidine drugs (isoniazid,
pyrazinamide, ethambutol, and rfampin} that can cure
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Bacterial Diversity in Two Aerated Lagoons of a Pulp
and Paper Effluent and their Interaction with a
Commercial Inoculum using PCR-DGGE
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e Ledn-Mata® and Juan A_ Rojas-Contreras **

Aerated lagoons are a main unit operation for wastewater treatment in
the paper industry. Many such operations involee inoculation with
bacteral formmulations im which in situ effectiveness has not been proven:
this can be translated into low efficiency in treatment and unnecessary
investments. Lack of knowledge of bactenal biodiversity present in a
lagoon limits the capacity to exploit the maximum degradation. To
owvercome such problems, vanous methods to identify and study these
microorganisms have been developed. I this study, a PCR-DGGE
analysis was performed to estimate the bactenal diversity and o venfy
the presence of bacteria present in a commercial incculum in two
aerated lagoons of a pulp and paper effluent Phylogenstic affiliation of
predominant member's comespondent to v and B-protecbacteria and
Firmicutes were found. The domimant bacteria present in lagoon 2
belonged to the following genus Microbactenium sp. Rhodocyclaceas
sp., Bubacfenum sp. and B. subhiis. In lagoon 1 the dominant genus
incduded Microbacfenum sp., Rhodocyciaceas sp. Tepidimonas sp.,
Aceignaerobacienum sp., and FAavobactera sp. The two characterzed
lagoons were not similar to the commercial inoculum. In addition, non-
dominant bactera (less relative intensity) were composad mostly of
bactena of the commercial inoculum.

Eywords: Pulp and paper gffuent; Bacterial drversity; PCR-DNGGEE, 185 rDINA: Commrcial moculion

Contact igformanon: o Chemiical and Biochemical Engineering Deparmmend, Duramgo Instituie af
Techmology (TTD, Durange, Maxico; b Emironmental Engimeering Technology, Universidad Politécnica
de Durango, Durange, Mivico; ¢ Faculted de Clencias Quimicas, Uiiversidad Jidres del Extado de
Duremgo, Diuramgo, México, “PhD Student; *Corresponding author: juanrocoi@hotmaLcom

INTRODUCTION

Wastewaters of pulp-and-paper mills can be potenfially polluting and wery
dangerous, so they should be reated before bemng discharged (Ashrafl ef ol 2015). The
most commoen aerobic biological methods used m the treatment of pulp mill effluents are
aerated lagoons (Bajpal 2012). Of the microorganisms involved in the depuration process,
bacteria stand out; they are able to convert organic matter to carbon dioxide, water, and
biomass, which can be removed by physical methods (Welander ef al. 1997; Forster et al.
2003). The stability and permanence of bactenia in the system ensures an efficient process.
However, lagoons are subjected to vanous perturbations such as varations in pH, high
orgamc loads, presence of toxic compounds, and seasonal changes (Mueller ef al 1977).
To counteract these effects. a biomass support matenal (Welander & al. 1997) or lagoons
that are inoculated with commercial inoculum are mtroduced.

Bailon-Salas ef &l (2017). “Bacteria in asrated lagoon,” BioResources 12(3), 5487-5501. 3487
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Review of Molecular Techniques for the Identification of
Bacterial Communities in Biological Effluent Treatment
Facilities at Pulp and Paper Mills
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Ome of the processes most wsed in bictechnology today for handling
industrial liguid wastes is biclogical wastewater freatment. The eficency
amd quality of its operation depends on the composition and activity of
the microbial commumity that is present. The application of traditional and
modecular techmiques has provided a glimpse into the "black box™ amd
has given information fo improve the wastewatsr treatment process.
Howeever, bleach pulp and paper mill effluents require a better
understanding of the active bacterial population. For the study of these
microorganisms, molecular techmiques have been used for more than 15
years. However, there has been a lack of knowledge of the physiclogical
requirements and relations with the environment, which seems to be very
difficult to obtain imvolving profile on the diversity. Mowadays, high-
throughput sequencing technology is & promising method that makes it
possible to identify the entre profile of microbial communities. In
combinafion with fingerprint methods, this approach  allows  the
identification amd analysis of the whole biodiversity of microbial
communities. In this review, several identification technigues will be
discussed.

Eaywomrds: Microbial characrerizaton; Pulp and paper; Biolosical reatment; Molecular technigues;
Bacterial commumiiies
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Discovery of Entamoeba histolytica hexokinase 1 inhibitors through
homology modeling and virtual screening
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Abstrac

Entamocha hiiolytica, the parasite which cuses amebiss is responsible for 110 000 deaths a
year. Entamosha hisiohtion depends onglycolyss 1o obtain ATP for aellular work. Acording 1o
meetabalic flux studies, hexolinese exers the highest fux contral of this metsbalic pathway;

Keywords
Entomosba histohtion, hexokinese 1, hit

discowery, homalogy maodeling, virtusl
sareening

thesfore, it & an excellent target in the search of new antiamebic drugs. To this end, a

tridimensional model of £ hisiodetion hexoldnase 1 {EhiHK1 ] wes constucied and valdated by
homology modeling. A frer virtual scmening of 14 200 small moleaules, the 100 with the best
dacking scones wene selected, purchased and 2ssesced in their inhibbosy capscity. The results
showed that three moleoules icompounds 221, 11275 and 2755) inhibied EhHK1 with an ks
af 48, 91 and 96 pM, mespe dively. Thas, we found the fimt inhibitors of BhHK] that can be used

in the searnch of new chemotherapeutic agents aganst amehixck.

Introduction

Amehizsis csmed by parssile Enomoeba higehdica, slTecs moe
than 1075 of the workl's populstion, the uniresied mlsction mey
lexl i severe complcations including hepetic amehiss ancd
imestina] (Esue destuction. More than 50 million  people
wirldwide sre infected and up to 110000 of thes die every
year'. Marphokgcally, £ higoltica exib = oyl and =
troghasoite, which are the infective and the nvasive forms aof the
diseme, repectively”. In genersl smebizds can be clssifisd =
irdestina], that ranges from s mplomstie (o Nl mmetng coliis™,
1l ¢cam ako be exiramiedmal, where the mos common 15 amehac
liver shscess™. Metonilarole and Snitroim idaeoles ame used
the firs line drugs for the trestment of amehizds®, paromom yein,
chloroguine, diiodohydrogyquin, dilosanide furosle and emetine
have sl heen wed 25 slernstive drugs™”. However, these drugs
have impartani side effecs such 25 nenrocyiopema, dizness,
anoreda, disulfiram-like alooho] mtolerance, dismhes, candio-
lomicity, endemess, vormiting, nauses, loczl pain and occasimally

Address for comespondence: Dr Alfreds Téllez-Nalkncia, Centm de
Imvestigaciin en Alimentss vy Nuomiciin, Famltad de Medicia v
Wotridi om, Universidad faimz del Esado de Darango, Av. Universidad
y Fammy Amisia SN, Dwrango, CP M000, Mevica Telfax
(#SEAIERI 2167, Email: atell e @ mjed mx

History
Recerved 13 January 2013
Revised 18 February 2013

Aaepted 19 Febnury 2013
Published online 26 Masch 2013

encephakpethy =nd comulsion™ . Moreover, they are inefTect-
ive sgmind luminsl cyds®. Additonally, metromds e has been
desonbed & & carcinogemc and mutsgenic apenl in rodents 2ncd
hactens; il & clasified 2 a clss B ngk facior for pregnancy by
the FDA'™ ", Therefire, there & 2n ugent need of new drugs for
ithe reatment of amehiss.

Becsuse E higolyfica wophoxoies do nod have moiochondris,
the smeba is totlly dependent on glyeolyas e ATP supply®.
Moreover, glycolyss regulation i ameba differs from tal in
humars. One of the principal differences is the pyrophosphate-
dependent e ymes phasphofruciokinae (PPi-PFK ) and pyruvate
phosphate dikinese (PPDOEYY. Anoher difference & hesokinae
(HE) which is nal mhibited by it product gluoose-G-phosphate
((i6F) like some verlehrste HEs', imtesl @t & mhibited by
physokgicsl concentations of AMPand ADP'™'. Furthermaorne,
metshalic Nux studies showed that HE cmimls 73% of the (ux
in E hisielviica ghcaysia'™. Therefore, ERHE is an excellent
targel in the sesrch of specific inhibitors that can be developed
into new drugs for the restmen of amebizas. HE exigs in two
isfirms i E hixgrlyfca, namely hexokinese 1 (EBhHE 1) and
hewokinase 2 l:HlHFEJL"”; these two eniymes have very smmlar
milecular weights, 498 and 49 4kDe for ERHE1 and EhHEZ,
respectively™; both enrymes are formed by 45 residues with
BY% sequence identity. In this work, EhHE 1 was clined, over-
expresed and punfed A indimensonal madel of the enzyme
was oblzinsd and a2 vinuwl soeening staegy wa apphed 0
discower the fird st of ERHE] inhibiors.
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Regulation of cytokine gene expression during Brucella
abortus infection
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Tolklike receptors (TLA) play a key role in antimicrobial host defense. Bacterial cell wall components
and lipopolysaccharide (LPS) are recognized by macrophages via TLR, mesulting in activation of
professional antigen-presenting cells, initiation of acquired immune responses and further elimination
of the invasive bacteria. TLR2 and TLR4 have been shown to recognize bacterial components. TLR2 is
required for signaling by numerous ligands from gram-negative and gram-positive bacteria such as
lipoteichoic acids, peptidoglycan and lipoproteins. In comtrast, TLR4 fails to confer responsiveness to
gram-positive bacteria and their components, but it is the main LPS signaling recepior. LPS is a major
constituent of the outer membrane of gram-negative bacteria, such as Brucella, and is known to
activate neutrophilz, monocytes, macrophages, and other cell ypes to up-regulate expression of
adhesion molecules and produce a number of pro- and anti-inflammatory cytokines. This study
demonstrates that the artenuawed strain Brucella abortus RB51 can stimulate cells through TLR4 and
My D28, resulting in NF-xB activation. The virulent strain B. aborius 2308 can also stimulate the cells by
a MyDes-dependent pathway without involving either TLR4 or TLR2. It also induced NF-xB activation
and muclear translocation, suggesting that B. aborfus RBS1 induces activation of the proinflammatory
responsa by a TLR4-dependent pathway with the subsegquent NF-xB activation and nuclear
translocation; nevertheless, the 2308 strain induced NF-xB nuclear translocation that was activated by
an alternative pathway, different from that induced by TLR.

Key words: Brucolia aborfus, RBS1, TLR, MF-xB, transduction signals, cytokings.

INTRODUCTION

Brucallosis is a major zoonotic diseasa that cawses a infections throughowt many pans of the world with major
sanious health and economic problam worldwide. In spite economical and public health implications. About 500,000
of the growing number of countrias declared Brucella- new cases occur annually worldwide with predominance
free, the disease romains ome of the main zoonotic in the Middle East, Mediterranean countrios, South




