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s corsmmnicated to the Publifber by Mr. Antony van
Ob{:::,:v':nho’cck, in a Dutch Letter of the 5thof Ottob. xyé 76.
heve Engliftyd : Gomcerning little Animal. by him obferved in
Rain- Well- S:a- and Snew-water ; 4s alfs in water wherein

Pepper had lain infufed. - . .

the year 167 5:1 difcover’d living ercatures in Ra'n water
P urTew aysTa S e e vehen ot gared
blew within, Thisinvited me to view this water with great at-
tention,efpecially thofe little animals appearing to me ten thou-
fand times lefs than thofe reprefented by bionf. Swamerdam,
and by him calle: Wazer- fleas or Warer-lice, which may be pei-
ceived in the water with the naked eye:

The firft fort by me difcover'd in the faid water, I divers
times obferved to confilt of s, 6,7, or 8 clear globuls,without
being able to difcern any film that held them together, or con-
tained them. When thefe ‘F"mnlmll or livin Awoms *id g?gg .
they put forth two little horns,continually noving themfelves:
The place between thefe two horns was flat, though the relt of
the body was roundifh,fharpninga little towards theend,where
they had a rayl, near four times the length of the whole body,of
the thiclnefs (k. my Microfcope) ofa Spidcra-web ; at the end
of which appear da globul,of the bignzisof ane of thofe which
made up the bod 75 which tay! I could not p rceive,even in ve-
ry clear water, t be mov'd by them. Thele litrle creatures, if
they chanced to 'ight upon the lealt filament or ftring,or other
fuch particle, of which there are many in warer,efpecially after
it hath ftood fome days, they ftook intanglec therein,extending
their body ina long round, and flriving eo dif-intangle their
tayl ; whereby it zame to pafs, that their whole body lept back
rowards the globul of the tayl, which then rolled together Ser-
pent-like, and aftzr the manner of Co or [ron.wire that
having been wourdabout a ftick, :nd unwoundagain, retains
thofe windingsand turnings. = This moti fion wad
contradion continued a while; an

it
of grofs faid, ly together 1na few filaments,

Ialfo difcover'd a fecond fort, the figure of which was oval;
and 1 imagined their head to ftand on the fhirp end. Thefe were
a little bigger than the former. The inferior part of their body

is flat, furnifhed with divers incredibly thin feet, which movec!
very




THE BIOFILM LIFESTYLE

J.W. COSTERTON in certain medical, industrial, or environmental systems. Our
ZBIGNIEW LEWANDOWSKI objective was to take the same approach as the organisms

themselves, which show no obvious regard for anthrocentric
Center for Biofilm Engineering points of view and simply make themselves as safe and as
Montana State University comfortable as possible by adhering to available surfaces and
409 Cobleigh Hall forming biofilms in virtually all aquatic systems. Similarly,
Bozeman, Montana 59717 we have sought to understand the basic advantages of the

“biofilm lifestyle” for bacteria growing in any and all aquatic
Adv Dent Res 11(2):192-193, April, 1997 ecosystems,

THE STRUCTURE OF BIOFILMS

t is a distinct pleasure to address the dental research
community on the subject of microbial biofilms because
it was this same community, more years ago than I care
to admit, that inspired many of our initial thoughts in
this area. Gibbons and van Houte, of the Forsyth Dental
Center, had already addressed that most obvious and
troublesome biofilm—dental plague—in direct observations
and elegant experiments, before we began our own oddessey,
and our early 1978 article in Scientific American (Costerton
et al., 1978) made liberal use of their ideas. Their successors
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BIOFILMS DESARROLLADOS

Figura 27: Capacidad de formar biofim.
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Current Opinion in Biotechnology

Schematic presentation showing mechanisms and components involved in biofilm formation and dispersal. Biofilms can contain various extracellular
biopolymers like extracellular DNA (eDNA), extracellular polysaccharides, amyloid fibers, and biofilm-associated proteins (BAP). These matrix
components might be good targets for (combinations of) putative enzymes such as DNases, proteases, and extracellular polysaccharide degrading
enzymes to prevent formation of biofilms or to stimulate dispersal of already formed biofilms. Communication between cells during biofilm
formation and dispersal of biofilms is dependent on quorum sensing systems and molecules like autoinducer 2 (Al-2), b-amino acids, and cis-2-
decenoic acid. Furthermore, motility is an important factor in the establishment of new biofilms and the dispersal of cells from mature biofilms. Also,
aerial structures of the biofilm serve as specific sites for the generation of spores (see text for details and comesponding references).




Fig. 3. Network of the different genetic
pathways related to celdiferentiation in
Bacillus subtils. Genes related specifically for
each differentiation processare located within
the specfic frame.

FEMS Micrabiol Rev 33 (2009) 152- 163
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Fig. 1. Schematic representation of the distinct cell types that differ-
entiate in the communities of Bacilfus subtilis. Each cell type has been
caricaturized, considering its most representative attribute. All the cell
types were classified into subgroups, according to the master regulator
that triggers their differentiation. Arrows indicate the process of differ-
entiation. The master regulator involved is presented in blue. Notice that
motile cells do not require the activation of any master regulator for their
differentiation. The subpopulation of cells subjected to the action of the
cannibalism taxins, labeled as dead cells, is also represented, and yet they
cannot be considered strictly as a differentiated cell type.
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Figure 3. Basic schematic of a dynamic biofilm system. The goal of dynamic systems is to simulate
the natural environment by replenishing nutrients and providing shear conditions. Typically, fresh
media from a receptacle is pumped through a flow-cell and into a waste receptacle. The speed

at which the media flows through the system will dictate the amount of shear force to which the
biofilm cells are exposed. An alternative to the common peristaltic pump setup is to allow media to
flow through the system by gravity, as in the drip flow reactor model. This generates much lower
shear forces, which flow down an angled substratum. Other variations on this basic experimental
setup include using different flow-cell apparatuses, such as a Robbins device, or the use of different
substrates or surfaces within the flow-cell. Once a biofilm has developed within the flow-cell it can
be imaged, either in real-time or after removal from the flow-cell or other apparatus. The main
advantages of dynamic systems include the ability to visualize biofilm development in real-time
under flow conditions, and for longer periods of time due to the replenishment of nutrients.
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Trends in Microbiology

Figure 1. Dental Plaque Architecture: The EPS Matrix, Spatial Organization, and Polymicrobial Composttion. () Plague biofim from a caries-active
subject (photo courtesy of Dr Jaime A. Cury): microscopic image (inset) of plaque-biofilm showing a selected area containing bacterial cells (highlighted in orange)
enmeshed in EPS (in dark blue); the image was pseudo-colored using Adobe Photoshop software for visualization purposes (adapted from [19)). (B) Bacterial clusters
(green) surrounded by EPS matrix (red) detected in mature mixed-species oral biofims formed in sucrose (adapted from [5]). (C) Spatial organization of human dental
plague showing multiple clusters of varying sizes containing different microbial species (adapted from [31]). Abbreviation: EPS, extracellular polymeric substances.
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Fgure 2. The Biofim Properties: Assembling a Complex Microemaronment. Inthe oral cavity, a diet rich in sugar, particularly sucrose, provide a substrate for
tha production of extraceiular pohysacchandas, which form the cora of the extracaliuiar matnix in canoganic biofilms. Tha matnx drastcaly changss the prysca and
bioogeal propeartias of tha biofilm. The exopolysacchandas ennancs microbal adhasion-conason and accumuation on tha tooth sufacs, whie forming a poymerc
matnx that ambeds tha cals. The matnx provdes a muitifunctiona scaffoid for structurad organization and stabdty of tha biofim's microbia community, whars
microorgansmscoaast and compeats with aach other. Tha diffusion-maodifying propeartias of tha matrx, combnad with tha mataboic activtias of ambaddead organisms,
nap to craate a vanaty of chamical microanvironmeants, incudng locaizad gradents of axygan and pH. Furtharmors, tha matrx can trap or sequadler a dvarsa rangs of
substances, ncudng nutnants, maaboitas, and quorum-sensing moscuas. Similarly, arnzymeascan be rstaned and stabiized, transforming the matrix into a de facto
axtanal dgestve systam [1]. These oropeartias provide the dstinctive charactanstics of tha biofim ifastyis, including mechanical stabiity, spatal and chamca
hataroganely, and drug toeancs [1].
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Figure 3. The Biofilm Battleground: Antagonistic, Synergistic, and Mutualstic Intermctons to Build a Pathogenic Habitat, The social nteractions of tha
aral microbéal community stan with aady colonizars that can rapdiy adhana (o tha looth sufacse, and than coadhas with othar microonganaams. Duing thes procass tha
vanous spaces mtaract physcaly and malabolcaly (o shape 1he mika bofim community. The mlaacton: can ba bath antagonishe and cooparalvg, wiech can
dynamcaly changa dapanding on tha hosl. Cartan mBacton s ans banalicd as Sirgafococcus gordoni Siraplococcus salivanus and Aclinamycas nassiundil mlarana
with canas pathogans auch as Shapboocous mafans by sacnalting bactanocns and hydrogan paroxads a3 chamical waapons ar countar the daalarous aflacts of
acdificaton by producsng akal. Howaear, tha balancs batwaan commansas and pathagans can bs denuptad by freguant suger consumpban and poor ordl cam.
Whan sucroses i avalabla, BPS producing axoanzymess such as Gifs, presant in tha palicls and alzo bound to diferant microbes (ncuding Candide albicans), produca
copows amounts of glucans, Futhamoarg, the Gifs can a=o usea starch hydrabysates rom e-amylase actvity on palicla and bactana surfacss) to produca hylond
glucan palymans. Tha surBce-laormad gucans provide noval binding sibas for adhagon and coadhason, wihch madiata naw nlaspacss mlaachans: and mcrobal
dhustarng an 1he tooth aurBcs, wihla assambing a polymanc matnx thal proevdes protactaon and machanical stabdly, makng the ofim ecactant to antmicrobaais
and difficull taramova. Compalite and synangestic nlaacton:s continus to devalop batwaan thae microbs: ambaddad in tha baofilm stroctura, i tha bofim remans an
laain, and the cormsumpbon of cabohydrats-nch dels parasts, tha amount of BPE and the axtant of acdification of the matnix incraasas. The diffusion-madifying
proparbes of the maltrk, comibmead with microbial maetlabaic activities, halp to craate a highly acidic and ncaasngly ansarnba (ypowxs) cha. Such condilions abat
niochamical, scaogesl, and fnuctural changes that favor fha survival and dominanca of lighly acd-stressdolaant onganesmes thal can synagize with aach aothar. Tha
mrecraneEl divarsity can fuhar educs in Bvare af an acdune mecrobota, haEipng o mantan an asdified moroanraonmant Tha ow-pH condban al fa tooth-beafiim
ftarfacs promaolas dammaralizatan of tha anamal, laading 1o tha onst and prograsson of dantal cangs. Thes modal may axpian the rapid acocumulatan of canaganic
plagua in the prasancea of sucrosa (and othar fammantabls sugars) n the del, avan if the inita populaton of pathogans, such a2 5 mudans, B numancaly ow.
Anbraviabons: BPS | axiracalular paymanc substancas; 5 sanguins, Sfrapfococous sanouinis.




Figure 2

Free-living soil bacteria such as the myxococdi, bacilli, and strepromycetes undergo dramatic developmental changes in response to
environmental simuli and are the advanced organic chemists of the microbial world. Secondary metabolism and bacterial development
collide when these soil bacteria encounter cach other in dual-species interactons. (@) Swarms of Myxacoass xanthus converge from four
directions on a colony of prey bacteria, leaving a cross pattern of fruiting bodies where their paths meer, and the prey is exhausted.
(Image courtesy of J. Kirby). (§) Sporuladon by a lawn of Strepromyces coelicolor, visible as white acrial hyphae, is disrupted by Bacillus
subtidis (colony in center of plate) through the acton of surfactn. (¢) Two strepromyceres, S. sviceus (verticaly and S. griseofavus
(borizomntal), are plated as spots in a crosswise patrern on agar medium. A diffusible substance from S. swicens induces acerial development
by S. griseoflavus (white on colony surface) (image by J. Stewart). (d) The structure of a yellow polyene pigment from M. xamrbus
representng the DKxanthene family required for sporulation. (¢) The structure of surfactin from B. sudtilis, the agent acdve in blocking
acrial growth by S. coelicolor (see panel §) and signaling development via K efflux (see text). (f) The A-factor from S. grisens,
y-butyrolacrtone. (g) Chemical structure of pamamycin-607, a macrodiolide antibiotic from Strepromeyces alboniger, which acrs w induce
development by muldple species of Strepromryces.




Figure 1

A pwo-way chemical exchange occurs berween bacteria in the family Rbizoliaceae and leguminous plants during the establishment of
Nz-fixing symbioses. (g) Nodules on the plant roots (muagenta) arise as a resule of a progression of developmental changes in bacteria and
plant during a controlled infecdon. Flavonoid compounds excreted by the roots signal the bacteria to assemble near the root surface. At
a sufficiently high cell densicy, bacterial acylated homoserine lactone (acyl-HSL) quorum signals acdvate the production of Nod factors.
‘The Nod factors instruct the plant root hairs to prepare for invasion. Bacterial exopolysaccharides [succinoglycan (EPSI) and EPSII]
facilitate entry into root hairs and passage into the root cortex. Modified with permission from Reference 42. (F) Chemical structures of
a flavonoid (genistein), a quorum signal (acyl-HSL), and a Nod facror (lipochitooligosaccharide).
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- Bacterial biofilm infections account for a major proportion of chronic and
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- - AL is compromised by their inherent tolerance to antimicrobial agents. Cold atmo-
_O2 i spheric plasma (CAP) represents a promising therapeutic option. CAP treat-
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Figure 1. The Plasma-Biofilm Interface. The plasma-derived reactive species that diffuse into the biofim encounter a hydrated, cationic extracelular polymeric
matrix which may sequester RONS and attenuate plasma cidal efficacy and maintains a 3D architecture supporting heterogeneous microenvironments that in tum
support multispecies microcolonies. Growth rate may be reduced due to nutrient and Os limitations within the biofilm, leading to elevated tolerance and persister
formation. Quorum sensing, leading to dlterations in microbial physiology may aso affect microbial tolerance to plasma-derived RONS. Finally, RONS-mediated
dispersal of microbes from the bioflm may reverse plasma tolerance. Adapted from [7,87). Abbreviations: eDNA, extracellular DNA; RONS, reactive oxygen and
nitrogen species.




Table I. Microbiologic factors that can facilitate surface
environment-mediated transmission of selected pathogens

Table 2. Microbiologic and epidemiologic features of
norovirus that promote epidemics

Pathogen able to survive for prolenged periods of time on
environmental surfaces (all)

Ability to remain virulent after environmental exposure (all)
Contamination of the hospital environment frequent (all)

Ability to colonize patients (Acinetobacter, C difficle, MRSA, VRE)
Ability to transiently colonize the hands of health care workers (all)
Transmission via the contaminated hands of healthcare workers (all)
Small inoculating dose (C diffidle, norovirus)

Relative resistance to disinfectants used on environmental surfaces

aerosol)

High infectivity

. . Prolonged shedding
(C difficile, norovirus) No vaccine available
C difficile, Clostridium difficile; MRSA, methicillin-resistant Staphylococcus qureus; No specific chemotherapy

Large human reservoir of infection
Widespread host susceptibility
Strain-specific immunity is short lived (weeks to months)

Multiple routes of transmission (fecal-oral, foodborne, waterborne,

Very low inoculating dose (<10 virions)
Stable in the environment

VRE, vancomiycin-resistent Enterococcus spp.

——

Table 3. Evidence supporting role of environmental contamination in transmission of emerging health care-associated

pathogens
Clostridium Acinetobacter
Characteristic Norovirus difficile spp
Able to survive for prolonged perieds in the envirenment Yes Yes Yes
Environmental contamination frequently found in rooms of infected patients Yes Yes Yes
Contaminated environmental reservoir demonstrated to be source of an outbreak — Yes Yes
Contamination of health care worker hands demonstrated — Yes Yes
Human challenge studies demonstrate that contaminated health care worker hands can Yes — Yes
transfer pathogen
Level of environmental contamination associated with frequency of health care worker hand — Yes —
contamination
Prevalence of environmental contamination associated with incidence of patient acquisition/ — Yes —
infection
Admission to a room previously occupied by an infected patient associated with risk of — Yes —
colonizationfinfection
Enhanced cleaning demonstrated to reduce hospital incidence of infection — Yes Yes
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A conserved ABC transport system putatively prevents PL accumulation in the outer leaflet of the OM.
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Figure 8 | A new model of OMV formation in Gram-negative bacteria. Step 1: Decreased expression or deletion of vad] and/or yib genes results in
PL accumulation in the outer leaflet of the OM. This asymmetric expansion of the outer leaflet initiates an outward bulging of the OM. Step 2: Further
enrichment of positive and negative curvature-inducing PLs in both leaflets supports the budding of the OM, which finally pinches off to form an OMV.
Step 3: The released OMV is enriched in PLs incorporated into the outer leaflet of the vesicle membrane.
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Opening Panmdora’'s Box:
Nechanisrms of

NIy Ccobactericirr i bherct/os/is
Resuscitationm

Latency:

Clinical term

No visible symptoms
Not infectious

Reactivation:
Clinical term
Visible symptoms
Infectious

Resuscitation:
Bacterial phenotype
Active replication

- @ Dormancy:

‘ @ Bacterial phenotype
! Low levels of replication
(@ Minimal metabolism
Thick cell wall

Trends in Microbiology
Figure 1. Definition of Clinical and Bacterial Terms. Latency and reactivation refer to clinical states of disease during
TB. Latency is a period during which there are no symptoms of the disease and the patient is not infectious. Reactivation is
the return of symptoms, and the patient is infectious. During latency, the bacilli are hypothesized to be dormant. Dormancy

is defined as low levels of replication, minimal metabolism, and a thick cell wall. In favorable conditions, the bacilli are
thought to resuscitate and begin replication and metabolism again, and this is believed to lead to reactivation of disease.



Opening Panmdora’'s Box:

Nechanisrms of
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Figure 3. Dormancy is characterized by low metabolism and growth. and increased lipid accumulationand DosR regulon
expression. Accumulation of Rpf proteins may be part of the groundwork for future resuscitation. Resuscitation is
characterized by decreased DosR and increased ClgR regulon sexpression and increased metabolism using lipids as
an energy source —pathways that are different from aerobic respiratory metabolism. The badilli will increase in number and

escape the granuloma.
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ESTRUCTURA BACTERIANA

ARED CELULAR O CUBIERTA DE LAS ESPORAS
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Bacterial Spores and its Relatives as Agents of Mass Destruction

Sebastian Cogliati, Juan Gabriel Costa, Facundo Rodriguez Ayala, Verdnica Donato and Roberto Grau®

Departamento de Microbiologia, Universidad Nacional de Rosario, Argentina and CONICET

Abstract

The term bioterrorism has acquired full force for the planetary consciousness from the very beginning of the new
century. Indeed, from the events that occurred during October and November of 2001 with the intentional contamination
with spores of pathogenic Bacillus anthracis, of letters distributed by the US public postal service and the terorist
attacks in the last months of 2013 in Eqypt, France, Mali, Afghanistan, Turkey, USA and other countries have warned
again about the reality of the bioterrorist threat and its immeasurable cultural and undesirable economic and political
consequences. In this review, we summarize the main structural characteristics that make the spores of Bacilli and
Clostridia as the ideal agents for use in bioterrorism. In addition, we discuss the properties of non-sporulating Coxiella
bumeti, the causative agent of Q fever, because of its peculiar resistance, high infectivity and environmental persistence
that resembles true spores.




Biological warfare or
bioterrorist attack

Prevention ——

(FBI, military, civilian survaillance,
biodefense education,
biosensors)

b

-
b,

Ay »
PURATETNEE &

Prevention _' Aerosol containing
(vaccination) infective agents

Treatment ——| Diseases v SUDPOFﬁV@
(Antibiotics, antitoxins, hospital care

sporocides)
Figure 3: Ahypothetical scenario showing measures that should be taken to prevent a bioterrorist attack using aerosolized spores or SCV of BacillusClostndium

or Coxiella bumetii, respectively, or in the worst case mitigate its effects. See text for details.
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CORE: resistance to heat, UV radiation, gamma radiation,
hydrogen peroxide, formaldehyde and other biocides

DNA

INNER MEMBRANE:
impermeability to biocides

GERM CELL WALL: ?

CORTEX: resistance to biocides

OUTER MEMBRANE: permeability
barrier to biocides?

COAT: resistance to peroxynitrite,
hydrochlorite,ozone, hydrogen peroxide,
lysozyme, other biocides and mechanical

resistance
EXOSPORIUM: adherence and

biocide protection

Figure 1: Cartoon of a typical bacterial spore. The different structural components of the spores of Bacilli and Clostridia and their roles in resistance to biocides
and chemical/physical treatments are indicated here and explained in the text.
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ALGUNAS APLICACIONES: BACILLUS THURINGIENSIS
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Figura 1.

Microfotografia de Bacillus thuringiensis en microscopio
electronico de transmision. Se muestra el cristal proteini-
co romboide compuesto de toxinas Cry y una espora en
proceso.
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cienciaplius J/ miisiones espaciales

Se estudia enviar bacterias a las estrellas para
probar la panspermia

EREATHROLMIGH INST S vES

Ilii ii iiﬁkiﬁ< T=>.a47 c=v .

Asilo ha asegurado el fisico de la Universidad de Hawai Jeff Kuhn, asesor de Breaktrough Starshot, iniciativa que trabaja en desarrollar
tecnologia para acelerar pequefias naves espaciales a vela hasta un 20 por ciento de la velocidad de la luz, usando potentes laseres. Su
destino seria el planeta Proxima b, tras un viaje de 20 afos.

"Creo que seria divertido colocar en una de estas naves una pequefia colonia de Bacillus, enviarla durante 20 afios, encenderla, darle
algunos nutrientes y ver si todavia esta viva, solo para decidir experimentalmente si la panspermia funciona sobre distancias interestelares",
dijo Kuhn durante una conferencia celebrada en Stanford por Breaktrough Discuss, informa Space.com.




TRUCTURAS BACTERIANAS




endosporas).
Ej. Quistes de Azotobacter

Cuerpo central con fHB

Intina (lipidos y carbohidratos)

Exina ( lipoproteinas-carbohidratos)

Exocistonio

@i v, 1V

Quistes y células de Azotobacter vinelandii a 1000 X. Los
quistes son los mas brillantes y las células las mas oscuras.
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Diferencias entre G(+) y G (-)

Filament

Hook

AL h\l

El flagelo se encuentra anclado en la membrana citoplasmatica y la pared celular.

el cuerpo basal esta formado esencialmente por dos pares de discos o anillos, el par externo
(anillo Ly anillo P) se encuentra a la altura de la pared y membrana externa atravesados por un
cilindro. Cada letra hace referencia al sitio de localizacion del anillo







Descripcion del movimiento de bacterias monétricas

| WYY VALt

b Monotrichous flagellum

M\w Q)

o CCW rotation > CW rotation
Movement Movement (random reorientation)

Copyright © 2005 Nature Publishing Group
Nature Reviews | Microbiology




Flagelos periplasmicos

Presentes exclusivamente el Embedded
proteins
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Estas bacterias Gram- f\ (| 'WM ﬁ” f
negativas de forma \;U\’UULHU\

helicoidal. o Yoo TaTeTa B Yo Yo'
*no sobresale de la
superficie celular

QQQ&?QQ QQ
AnRAAniAnA

(AILATATATATATARALA!,

| va00u60@§00

OFlagelos.Entreelcilindroprotoplasméticoyla ““7} ‘@ QQQQ ,Qg QrQQQQQQ

S s T ) (L LA
denominan flagelos periplasmicos o filamentos axiales ”U ”‘\ ” ,Ul 4 ”F ”, U‘ UUI’
Tiene dos flagelos polares & Og é?@'-..,k,'.%@‘?k{ gQO@

que se unen en el medio
Anchor of flagella
in cell membrane




Flagelos periplasmicos

CAplasma

Cortes transversales de espiroquetas. ME:
membrana externa; MC: membrana celular




Diferentes tipos de movilidad
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Swarming: Es un movimiento multicelular v

coordinando de las bacterias a traves de las

superficies yv es accionado por flagelos helicoidales.

Swimming: Es el movimiento de bacterias

individuales en medio liguido, generalmente

impulsado por rotacion de flagelos.

Twiching: Es un movimiento individual o social

sobre superficies de las bacterias, accionado por

extensiones de pili, que "ataca” las superficies v

Shding consecutivamente se contrae, impulsando la celula
cerca del sitio que ataco.

Gliding: s un movimiento individual o social

Sliding O L = I Eo—i H H

i activo” sobre la superficie que no requiere ni

flagelos ni pili que involucra complejos de adhesion

focal v complejos proteicos de membrana que se
deslizan sobre la superficie.

Sliding: s una translocacion “pasiva” social o colectiva, sobre la superficie
que seria impulsada por el crecimiento cooperativo de las células y facilitada

por la produccion de surfactante.




Swarming colonies
a) P. mirabilis

b) P. aeruginosa

¢) R. etli

d) S. marcescens
e) S. typhymurium

Swarming. Movimiento social
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Proteus mirabilis: ciclo de swarming

Diferenciacifm

L

M|grac|on

Consolidacion

Fraser-Hughes, 1999. Curr Opin Microbiol 2(6)




Ultrastructure of Proteus mirabilis Swarmer Cell Rafts and Role of
Swarming in Catheter-Associated Urinary Tract Infection

Brian V. Jones, Robert Young, Eshwar Mahenthiralingam, and Dawid 1. Stickler”
Cardiff School of Biosciences, Cardiff University, Cardif, Wales, United Kingdom CFI0 3TL

Received 15 January 2004 Renerned for modificavion 28 February 2004 Accepred 17 March 2004

Protens mirabilis is a common cause of catheter-associated wrinary tract infection (C-UTI). It blocks in-
dwelling urethral catheters through the formation of extensive crystalline biofilms. The ohstruction of urine
flow can induce episodes of pyelonephritis, septicemia, and shock. P. mirabilis exhibits a type of motility
referred to as swarming, in which multicellular rafts of elongated, hyperflagellated swarmer cells form and
mave rapidly in concert over solid surfaces. It has been supgested that swarming is imporiant in the patho-
genesis of C-UTL In this study we generated a set of stable transposon mutants deficient in swarming and used
them to assess the role of swarming in the migration of P, mirabilis over urinary catheters. Swarming was found
to be essential for migration over all-silicone catheters. Swarming-deficient mutants were attenuated in
migration over hydrogel-coated latex catheters, but those capable of swimming matility were able to move over
and infect these surfaces. A novel vapor fixation technique for the preparation of specimens and scanning
electron microscopy were used to resolve the ulirastructure of P. mirabilis multicellular rafis. The fagellar
filaments of P. mirabilis were found to be highly organized during raft migration and were interwoven in phase
to form helical connections between adjacent swarmer cells. Mutants lacking these novel organized structures
failed to swarm successfully. We sugpest that these structures are important for migration and formation of
multicellular rafis. In addition, the highly organized structure of multicellular rafis enables F. mirabilis to
initiate C-UT1 by migration over catheter surfaces from the urethral mestus into the bladder.
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FIG. 3. SEM of in situ vapor-fixed swarm fronts of wild-type P. mérabilis and transposon mutants exhibiting helical connections. Strains: B4, wild
tvpe, BVI114, transposon-containing control mutant, G64, poor-swarming mutant. Bars = —1 pm.







FIG. 1. P.mirabilis migrating over 1-cm sections of hydrogel-coated
latex catheter.



From Catheter to Kidney
Stone: The Uropathogenic
Lifestyle of Proteus mirabilis

Allison N. Norsworthy' and Melanie M. Pearson' =%~

Proteus mirabilis is a model organism for urease-producing uropathogens.
These diverse bacteria cause infection stones in the urinary tract and form
crystalline biofilms on indwelling urinary catheters, frequently leading to poly-
microbial infection. Recent work has elucidated how P. mirabilis causes all of
these disease states. Particularly exciting is the discovery that this bacterium
forms large clusters in the bladder lumen that are sites for stone formation.
These clusters, and other steps of infection, require two virulence factors in
particular: urease and MR/P fimbriae. Highlighting the importance of MR/P
fimbriae is the cotranscribed regulator, MrpJ, which globally controls virulence.
Ovwverall, P. mirabilis exhibits an extraordinary lifestyle, and further probing will
answer exciting basic microbiological and clinically relevant questions.

Introduction to Proteus mirabilis

P. mirabilis is a gastrointestinal (Gl) organism notorious for causing catheter-associated urinary
tract infections (CAUTIs, see Glossary) and urinary stones. It is a modeal organism for urease”
bacteria, a phylogenetically diverse group of bacteria encoding the virulence factor urease, that
often form resilient crystaline bicfilms on catheters and potentially deadly stones in the urinary
systemn. Recent studies have elucidated key steps in F. mirabilis's virdlence lfestyle and the
intracelular regulatory mechanisms that control these stages of infection. The combination of
this new information with previous foundational studies has shed light on how this organism, and
perhaps other urease™ bacteria, successfully initiates and establishes infection of the urinary
system.
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Trends in Microbicllogy

Figure 1. Lifestyle of Proteus mirabilis. P. mirabilis cals (grean) form crystaline biofims on the surface of catheters. Onca inside tha bladder [0.5-6 hours post-
infacton i), his organism can imade ntourothaial calis of tha biadder. As asary as 10-24 hpi, P. mivabilis forms intralumnal custears that can extaend the langth of the
bladder and are assocated with urothaiial cafl destruction jpernaps through the producton of toxns (yallow starg) or an incraasa in unng pH| and mnaral depostion
(purpia rods). Host nnate immuna cals such as nautrophis (Dlus) are recruted 1o tha sta of infection and can form NETs (nautrophi extracaliviar traps). Fgura adapted,
with parmission, fom Schafler af &l [1].
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Figure 2. Concepts of Profeus mirabilis Pathogenesis during Urinary Tract Infection (LTI). Bolded classes of
virulence factors have genes that are regulated by Mrpd. For more extensive information on these virulence factors, see
references [21,22,99 100]. Adhaerence: binding catheters, host tissues, and neighboring bacteria may all contribute to
dissase Adherence is mediated by chapsrons-usher fimbrias and autoctransporter adhesins. Ureass: involved in stones,
crystalline biofilms, and possibly nutrition or host sensing. Motility: P. mirabilis swarms across catheters and may ascend to
the kidneys using swimming motility. Both forms of motion are mediated by flagella Chemotaxis proteins allow the bacteria
to follow chemical gradients. Maabolism: likely parmits establishment of a nutritional niche, compstiion with other species,
and response to host cues. Maal scavenging: iron and zinc uptake are essential for growth, but are sequestered by the
host; therefore, specialized proteins are required for bacteria to scavenge these metals. Toxins: protains such as Hpmd and
Fta may aid in nutrient accessibility, immune evasion, or provision of surfaces to colonize. Biofim formation: Crystalline
biofims readily form on cathsters, and bactarial dusters in the bladdser may be a biofilm-mediated process. immune evasion:
this can inclede antibody and antimicrobial peptide degradation. polrmy=in resistance, lipopolysaccharide (LPS) variation,
and physical obstruction of phagooytosis. Viukenos regulation: required to coordinate all steps of infection. MrpJ-controlied
systems in this figure are bolded. Type & secration systam (TESS): invohlved in salf-recognition; unlknown role during LTI
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Movimiento de las proteinas
citoplasmaticas por fuerza protén
motriz..impulsa....

Movimiento lateral de las
adhesinas de superficie

En Flavobacterium hay un movimiento de
las proteinas (adhesinas) de la superficie de

la célula
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Organela de motilidad: Pili Tipo 4
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Apéndices y estructuras superficiales

* Flagelos (swimming y swarming)

* Estructura y composicion quimica y ensamblaje
* Movimiento flagelar

* Las taxias , quimiotaxis y su base molecular
* Bacterias flageladas dispersivas (swarming)
* Flagelos periplasmicos de espiroquetas

* Capsulasy limos

* Fimbrias (adhesion)

* Pilis ( sexualidad y movillidad)

* Prostecas

* Tallos o pedunculos




ADHESINAS: FIMBRIADAS O NO-FIMBRIADAS

Fimbrias y pilis

Existen dos tipos principales
de pili (pilus, en singular):

Fibrillas adhesivas=fimbrias
adhesivas

pelos sexuales y de motilidad




Caracteristicas

*Son apéndices filamentosos rectos y rigidos, mas cortos
y mas finos (3-10 nm de didmetro) que los flagelos,
*Presentes en muchas bacterias (sobre todo Gram-
negativas).

*NUmero variable: desde 1 a varios cientos o miles por
célula.

*Disposicion: alrededor de todo el perimetro celular, y a
veces, de insercion polar.

* La mayoria estan compuestos por un solo tipo de
proteina (la pilina), de unos 17-25 kDa, proteina globular
cuyas subunidades se disponen en una matriz helicoidal
que deja un pequefio hueco central.

*Estan implantados a nivel de membrana citoplasmica
(no en todos)

*Ensamblaje: insercion de subunidades de pilinaen la
base del pelo en crecimiento, a partir de pre-pilina, que
se procesa por escision del correspondiente péptido-lider
a su paso por la membrana citoplasmica.

Proteus wulgaris




Pilis o pelos sexuales

*Son mas largos y gruesos que las fimbrias y estan presentes en menor numero (1-10)
*Permiten ponerse en contacto con otra célula para transmitir el DNA

*Estan codificados por plasmidos conjugativos (plasmido F)

* Permiten la conjugacion.El mecanismo es ponerse en contacto con el receptor en la célula
* aceptora,retraccion ( depolimerizacion) y transferencia del DNA

*Son receptores especificos de fagos




Capsulas y capas mucilaginosa observacion




CAPA “S” (Capa superficial cristalina)

GOAGHIE STREIASS Capa que, en muchas eubacterias (sobre todo
M Gram-positivas), envuelve a la pared celular, formada
) ’ por el ensamblaje regular de subunidades idénticas
Y de proteinas o glucoproteinas.
® Estructura cristalina que adopta simettfa variada

squarestructure  hexagonal structures  En Gram negativas la capa S se une a la ME

% En Gram (+) positivas lo hace al PG.
G P

En muchas Arqueas es la inica capa que rodea al
protoplasto, por lo que en ellas cumple funciones de
auténtica pared celular,




Funciones

En eubacterias provistas de pared celular:

Tamiz Molecular

Proteccion impide la entrada de agentes
antibacterianos y frente a fluctuaciones ionicas y
de pH, estrés osmotico, etc.

Factor de virulencia protege a la bacteria frente
al ataque del complemento y de los fagocitos,
en patdgenos

Es la capa mas externa en contacto con el medio
Adhesion de enzimas

Tiene aplicacion biotecnoldgica, nanobiotech.

En Arqueas :
Forma y rigidez a muchas especies, ejerciendo
papeles equivalentes al de una pared celular.




Bacterias con tallos o pedunculos

Estructuras filamentosas no vivas terminadas en botones de anclaje ( discos adhesivos)
producidas por secrecion continua de materiales polisacaridicos en una zona concreta de
|a superficie bacteriana.

Funcion: Permite la union de ciertas bacterias de habitats acuaticos a sustratos sélidos,
Vivos 0 no.




Vaina y botones de anclaje

Sphaerotilus y Leptothrix

Vaina

Estructura tubular que engloba a células bacilares y
conjuntos de células.

Heteropolimero, a base de proteina, lipidoy
polisacarido que puede recubrirse de oxido de Fe o Mn
En contacto con la pared celular subyacente, pero no
hay enlaces entre ambas

Funcion : mantener las células agrupadas

Las Arqueas Methanothrix y Methanospirillum poseen
vainas proteicas con subunidades dispuestas en
anillos, y son las que confieren la forma.

Botones de anclaje

Material mucilaginoso agregado

En puntos concretos de los extremos de
prostecas y pedtnculos

Adhesion a sustrato




Prostecas

*Son prolongaciones de MP semirigidas
presentes en un grupo especifico de bacterias prostecada
(gemantes y/o con apendices)

*Tiene un didmetro menor que el cuerpo celular
y estan rodados de membranay pared celular

*Tienen forma de yema, hifa o pedinculo




Funciones de las prostecas

Prosthecomicrobium Hyphomicrobium

Funcion:

sSirven como estructura de union a los sustratos inertes

»Aumento de la relacion superficie /volumen lo que favorece

- |a flotabilidad para algunas bacterias planctdnicas

-y mayor superficie para la captacion de nutrientes en ambiente oligotroficos,
en Prosthecomicrobium

sTiene alguna funcion en el proceso de reproduccion en bacterias del género
Hyphomicrobium

*Permiten la agrupacion en rosetas en la bacteria del género Caulobacter
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Tabida 1. Genas That Impact Bactanal Morphology

Nos e punciorms amee Call wall amvcass

Uropathogenic
Escherichia col

c=i2

=3

=S

=&

Hidds Fedin pmesnce of G pravanis
Zring formagion

SPOR domain contaning protan
localees 1 e ssptd ring and binds PG

Prags mummidass daoman contanng
protan, raguirad 1or Stak synthess

LytM (pepadiase tamily M23) OD-
endopepiciass

Sactofiin: cyoakaien!, polymnear-ooming,
proteins DesdT or

LytM pepiciase tamily M23) DD-
erdonspidass

DOD-andop=pidass and OD-
cEDoxypepiciass aciMmly

Dl ~cabooy Dapticiass (Note That Daecasss
Caddramoves atlamnd, unaoossSnked
amno acd, T isrserred toas a3
cabDosypepiciass and Nnot an
erdopspicass)

No Known enzymatic doman but may
modudatse Cadd actaty ([drectly Nisracts
wih C=add and the dpepide product of
he Cadd-catslyrad PG maction)

Acsd4 or

LD-carboxy pepticiass
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DO-carbosypepiciass

LytM (pepidase family M23) DD-
endopeptcdass

LytM {pepidass famiy M23) DD-
endapeptdass
Call wall amdass

Ssurctonal DD-rarspepticiass

Maonotunctionat DD-tmanspepidass

Maonotunctional DD-tmnspepicass

Actin homolog: ssnves as he scatioldng
ProtEn 10 organize the siongasome

Oytoskaanl prosin that medates Mras
croumierental movemeant and couples
MeaSS 1 ol val svnthess argwnas

Could not be deeed. Eassrna?

Oifuse or pachy Dodization pattem undl the onsat of peheca formaton,
when 11 condansas at the prosthecas pole) once a vabie bud has foomead, the
potar complex desppears Vlowead Dy patchy oci appaaing in e mother cel,
the prostheca, and the bud. This suggeats that PEP2 may contrbute to al
aspacts of H. neptunum growth. Could nat be deleed. Essentid?

PEP3 predominanty localizes 10 e dMvsion ste of BE buddng cails where it
remans brsfly associated with the naw pole but then depemeas averly wihin 1he
c=l oncs a visbe prostheca has foomed. Conaistant wih 1B e n oher
DackEra, PEPS thas appears 10 Da an ntegral part of the dvisome invoived n
septd call wal ramodEing. Codd not be deleed. Essentd?

Mre8 Inhbited

MreSS coalesces at the Luture proehecate pole during early stages of the csil
cyce, whare it mmairs untl the prostheca has formed and budding intates. In
eaty buddng calls, patchy flucsacancs I8 appaEnt In Te bud and e
proatheca, but MeES becomes [amealy confired 10 e mother and bud o=l
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Figura 3. Mulimonhic Lifa CSycles of Prosthacata Alphanrotacbac tadia. (A) Dimogpinis e cyclie of Caulobactsr
cearaTius. The prosthecate moieer call prochecss, an acdiees e hoboiast (sSEeosen in red) at the i of the proateeca . Cell
clisdsanit resUlts i amoibe, nonesn heatineg Ssweanmeery Sl At differemtiages nto apeestieacate osll (S Dimoepnes e oy of
AR TIOTE S maaduvhlam. The proathecate moieer ol proo ucess 8 boed at tes cistall e of the prostineca. Lo setafon,
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REVIEW

The role of environmental cleaning in the control
of hospital-acquired infection

S.J. Dancer®

Summary Increasing numbers of hospital-acquired infections have gener-
ated much attention over the last decade. The public has linked the so-
called "superbugs” with their experience of dirty hospitals but the precise
role of environmental cleaning in the control of these organisms remains
unknown. Until cleaning becomes an evidence-based science, with
established methods for assessment, the importance of a clean environment
is likely to remain speculative. This review will examine the links between
the hospital environment and various pathogens, including meticillin-resis-
tant Staphylococcus aureus, vancomycin-resistant enterococci, norovirus,
Clostridium difficile and acinetobacter. These organisms may be able tosur-
vive in healthcare environments but there is evidence to support their vulner-
ability to the cleaning process. Removal with, or without, disinfectants,
appears to be associated with reduced infection rates for patients. Unfortu-
nately, cleaningis often delivered as partof an overallinfectioncontrol pack-
age in response to an outbreak and the importance of cleaning as a single
intervention remains controversial. Recent work has shown that hand-touch
sites are habitually contaminated by hospital pathogens, which are then de-
livered to patients on hands. It is possible that prioritising the cleaning of
these sites might offer a useful adjunct to the current preoccupation with
hand hygiene, since hand-touch sites comprise the less well-studied side of
the hand-touch site equation. In addition, using proposed standards for
hospital hygiene could provide further evidence that cleaning is a cost-effec-
tive intervention for controlling hospital-acquired infection.




Table I. Microbiologic factors that can facilitate surface
environment-mediated transmission of selected pathogens

Table 2. Microbiologic and epidemiologic features of
norovirus that promote epidemics

Pathogen able to survive for prolenged periods of time on
environmental surfaces (all)

Ability to remain virulent after environmental exposure (all)
Contamination of the hospital environment frequent (all)

Ability to colonize patients (Acinetobacter, C difficle, MRSA, VRE)
Ability to transiently colonize the hands of health care workers (all)
Transmission via the contaminated hands of healthcare workers (all)
Small inoculating dose (C diffidle, norovirus)

Relative resistance to disinfectants used on environmental surfaces

aerosol)

High infectivity

. . Prolonged shedding
(C difficile, norovirus) No vaccine available
C difficile, Clostridium difficile; MRSA, methicillin-resistant Staphylococcus qureus; No specific chemotherapy

Large human reservoir of infection
Widespread host susceptibility
Strain-specific immunity is short lived (weeks to months)

Multiple routes of transmission (fecal-oral, foodborne, waterborne,

Very low inoculating dose (<10 virions)
Stable in the environment

VRE, vancomiycin-resistent Enterococcus spp.

——

Table 3. Evidence supporting role of environmental contamination in transmission of emerging health care-associated

pathogens
Clostridium Acinetobacter
Characteristic Norovirus difficile spp
Able to survive for prolonged perieds in the envirenment Yes Yes Yes
Environmental contamination frequently found in rooms of infected patients Yes Yes Yes
Contaminated environmental reservoir demonstrated to be source of an outbreak — Yes Yes
Contamination of health care worker hands demonstrated — Yes Yes
Human challenge studies demonstrate that contaminated health care worker hands can Yes — Yes
transfer pathogen
Level of environmental contamination associated with frequency of health care worker hand — Yes —
contamination
Prevalence of environmental contamination associated with incidence of patient acquisition/ — Yes —
infection
Admission to a room previously occupied by an infected patient associated with risk of — Yes —
colonizationfinfection
Enhanced cleaning demonstrated to reduce hospital incidence of infection — Yes Yes




What is ‘clean’?

If we state that a hospital is clean, we assume that
it looks clean and that it is safe for patients.
Unfortunately, the microbes responsible for HAI
are invisible to the naked eye. This means that
visual assessment is insufficient for defining clean-
liness, nor will it accurately predict the infection
risk for patients.? Cleanliness should not actually
be defined without indicating how it is assessed.
A recent study compared visual assessment against
both biochemical (ATP bioluminescence) and mi-
crobiological screening of the hospital environ-
ment.?> The results showed that whereas most
surfaces looked clean, less than a quarter were
free from organic soil (ATP) and less than half
were microbiologically clean.?® Given the risk of ac-
quiring hospital pathogens from a hospital ward,
visual assessment is outdated, inadequate and sci-
entifically obsolete. The only benefit from a visual
inspection is to appease aesthetic obligations.
There has been suggestion that hospitals would
benefit from cleaning standards emulating those
implemented in the food industry.>*® Food prep-




Where to clean?

There is increasing evidence regarding the impor-
tance of hand-touch sites in the transmission of
pathogens to healthy persons, as well as to
patients.’’>% It is also becoming apparent that
the sites closer to the patient are more likely to
furnish an infection risk than those situated fur-
ther away.””® The role of these near-patient
hand-touch sites in MRSA transmission and, indeed,
other hospital pathogens, has not been given the
priority that it deserves. Ward cleaners work to
a set specification that encompasses general
surfaces and bathrooms, with emphasis on the
cleaning of floors and toilets.>® These are not nec-
essarily near-patient hand-touch sites. Examples
of the latter include bed rails, bedside lockers,
infusion pumps, door handles and various switches,




How to clean?

Most of the studies describing the benefits from
cleaning in this review used disinfectants to clean
the hospital environment. Virtually all were re-
ported as part of the response to an outbreak. Only
a few UK-based studies used detergent and water,
and even fewer reported cleaning benefits in the
absence of an outbreak.’®39 |t appears that when
reviewing the evidence for the role of cleaning in
the control of HAI, there are several issues which
still require clarification. First, is there any differ-
ence between the quantity, quality and methods
for routine cleaning compared with what is needed
in the event of an outbreak; and second, is it suf-
ficient to proclaim the benefits from cleaning with
disinfectants without establishing what can be
achieved using soap and water alone? These ques-
tions require an evidence-based approach before
we can set the best specification for cleaning in
our hospitals. In addition, no one has yet modelled
different cleaning methods against the infection
risk for patients, their degree of vulnerability and

the clinical area in which they are exposed.
U
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How long do nosocomial pathogens persist on inanimate surfaces?

A systematic review
Axel Kramer*!, Ingeborg Schwebke? and Giinter Kampf!3

Abstract

Background: Inanimate surfaces have often been described as the source for outbreaks of
nosocomial infections. The aim of this review is to summarize data on the persistence of different
nosocomial pathogens on inanimate surfaces.

Methods: The literature was systematically reviewed in MedLine without language restrictions. In
addition, cited articles in a report were assessed and standard textbooks on the topic were
reviewed. All reports with experimental evidence on the duration of persistence of a nosocomial
pathogen on any type of surface were included.

Results: Most gram-positive bacteria, such as Enterococcus spp. (including VRE), Staphylococcus
aureus (including MRSA)), or Streptococcus pyogenes, survive for months on dry surfaces. Many gram-
negative species, such as Acinetobacter spp., Escherichia coli, Klebsiella spp., Pseudomonas aeruginosa,
Serratia marcescens, or Shigella spp., can also survive for months. A few others, such as Bordetella
pertussis, Haemophilus influenzae, Proteus vulgaris, or Vibrio cholerae, however, persist only for days.
Mycobacteria, including Mycobacterium tuberculosis, and spore-forming bacteria, including Clostridium
difficile, can also survive for months on surfaces. Candida albicans as the most important nosocomial
fungal pathogen can survive up to 4 months on surfaces. Persistence of other yeasts, such as
Torulopsis glabrata, was described to be similar (5 months) or shorter (Candida parapsilosis, | 4 days).
Most viruses from the respiratory tract, such as corona, coxsackie, influenza, SARS or rhino virus, can
persist on surfaces for a few days. Viruses from the gastrointestinal tract, such as astrovirus, HAV,
polio- or rota virus, persist for approximately 2 months. Blood-borne viruses, such as HBV or HIV,
can persist for more than one week. Herpes viruses, such as CMV or HSV type | and 2, have been
shown to persist from only a few hours up to 7 days.

Conclusion: The most common nosocomial pathogens may well survive or persist on surfaces for
maonthe and can thereby be a3 contintiotlis csatirce of trransmis<ion if no recular nreventive <tirface



Figure |

Common modes of transmission from inanimate surfaces to susceptible patients.
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inanimate direct transmission patient
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Table |: Persistence of clinically relevant bacteria on dry inanimate surfaces.

Type of bacterium Duration of persistence (range) Reference(s)

Acinetobacter spp. 3 days to 5 months [18, 25,28, 29, 87, 88]

Bordetella pertussis 3-5days [89,90]

Campylobacter jejuni up to 6 days [91]

Clostridium difficile (spores) 5 months [92-94]

Chlamydia pneumoniae, C. trachomatis = 30 hours [14,95]

Chlamydia psittaci I5 days [90]

Corynebacterium diphtheriae 7 days — 6 months [90, 96]

Corynebacterium pseudotuberculosis 1-8 days [21]

Escherichia coli 1.5 hours — 16 months [12, 16, 17,22, 28, 52, 90, 97-99]

Enterococcus spp. including VRE and VSE
Haemophilus influenzae

Helicobacter pylori

Klebsiella spp.

Listeria spp.

Mycobacterium bovis

Mycobacterium tuberculosis

Neisseria gonorrhoeae

Proteus vulgaris

Pseudomonas aeruginosa

Salmonella typhi

Salmonela typhimurium

Salmenella spp.

Serratia marcescens

Shigella spp.

Staphylococcus aureus, including MRSA
Streptococcus pneumoniae
Streptococcus pyogenes

Vibrio cholerae

5 days - 4 months

12 days

< 90 minutes

2 hours to > 30 months

| day — months

> 2 months

| day - 4 months

| -3 days

| -2 days

6 hours — 16 months; on dry floor: 5 weeks
6 hours — 4 weeks

10 days — 4.2 years

| day

3 days — 2 months; on dry floor: 5 weeks
2 days - 5 months

7 days — 7 months

| - 20 days

3 days - 6.5 months

| =7 days

[9, 26, 28, 100, 101]
[90]

(23]

[12, 16,28, 52, 90]

[15,90, 102]

[13,90]

[30, 90]

[24,27, 90]

[90]

[12, 16,28, 52,99, 103, 104]
[90]

[15,90, 105]

[52]

[12,90]

90, 106, 107]

[9, 10, 16, 52, 99, 108]

[90]

[90]

[90, 109]




Table 3: Persistence of clinically relevant viruses on dry inanimate surfaces.

Type of virus Duration of persistence (range) Source
Adenovirus 7 days — 3 months [32, 34, 3841, [11]
Astrovirus 7-90 days [38]

Coronavirus 3 hours [112,113]

SARS associated virus 72 - 96 hours [114]

Coxsackie virus > 2 weeks [34, 111]
Cytomegalovirus 8 hours [113]

Echovirus 7 days [39]

HAV 2 hours - 60 days [35,38, 41]

HBV > | week [116]

HIV >7 days [H7-119]
Herpes simplex virus, type | and 2 4.5 hours - 8 weeks [34, 111, 118, 120]
Influenza virus | -2 days [39,43, 121, 122]
Norovirus and feline calici virus (FCV) 8 hours - 7 days [42,45]
Papillomavirus 16 > 7 days [123]
Papovavirus 8 days [H8]

Parvovirus > | year [118]

Poliovirus type | 4 hours — < 8 days [35, 118]
Poliovirus type 2 | day — 8 weeks [34,38, [11]
Pseudorabies virus 27 days [124]

Respiratory syncytial virus up to 6 hours [44]

Rhinovirus 2 hours - 7 days [33, 125]
Rotavirus 6 - 60 days [36-38,41]
Vacciniavirus 3 weeks - > 20 weeks [34, 126]
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Antibioticos

* Qué son, cual es su origen, como se clasifican?
« Modo de accion selectivo

* Quienes los producen

« Origen y desarrollo de resistencia a antibioticos
* Necesidad de nuevos antibioticos



Sustancia quimicas capaz de actuar sobre los microorganismos,
inhibiendo su crecimiento o destruyéndolos

Desde cuando se conocen?




Antecedentes Historicos

Estructura quimica del
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Paul Ehrlich | J U .
Concepto basico de la quimiter apia:

Toxicidad selectiva

Creo el primer compuesto quimico sintético gae -
(Salvarsan en 1901, 606 derivados) que “ '
podia curar una infeccion, la sifilis v A
Premio Nobel Medicina: 1908 .




Antecedentes Historicos

Sulfamidas

Descubiertas por Gerhard Domagk (1932) mientras
buscaba colorantes para tenir S. gureus. Un colorante rojo
(Prontosil Rubrum) protegia a ratones y conejos contra

dosis letales de estafilos y estreptococos hemoliticos.
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Cr. Gerhard P.J. Domagk



Antecedentes Historicos

Penicilina G
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A la sustancia se le dio el nombre de

Penicilina, porque el hongo contaminante
fue identificado como Penicillium notatum.

Efectiva contra las peores enfermedades
infecciosas del momento, como la
tuberculosis, sifilis, colera o neumonia.

Alexander Fleming
Descubrio el primer antibiotico, cuando
por accidente se contamino un cultivo de
Staphylococcus aureus con un hongoy
observo un halo transparente de inhibicion
de crecimiento de este microorganismo
alrededor del hongo (1928).

Premio Nobel de Medicina 1945




Antecedentes Historicos

Streptomicina

Fue aislada en 1944 por el Albert Schatz en el laboratorio de Selman Waksman a partir de
Streptomyces griseus debido a las evidencias de que cepas de Mycobacterias se inactivaban
al mezclarlos con muestras del suelo. Introduce el término "antibiotico”.

Selman Waksman recibe el premio Nobel de medicina 1952
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Aminoglicésidos

Son azucares complejos unidos por enlaces glicosidicos. Atraviesan la membrana
citoplasmatica por un mecanismo oxigeno-dependiente. Los grupos —NH, y -OH interactuan
con proteinas del ribosoma.



Antecedentes Historicos

Timeline | Introduction of new classes of antibiotic into clinical practice

Quinclones
Sulfa diugs teyget Phenyl propanoids Maciokdes target nucleic Steptogramins target
folate metabolzm terget nbasomes target nbosomes acid replication nbosomes for example,
{for example, ffor example, for example (for exampie Synarcid, a quinuprsin and
tmmethoprim) chioramphenical) arythromycn) aiprofloxacin darfoprnstin combination |

1950 1958 1962

p-Lactams target Polvketdes Aminogycosides Glycopeptdes terget Oxazohdnones
crwelope synthesis target nbosomes target ribosomes envelope synthesis target rbosemes
(for exampie, for example, (for example ffor exampie, (for example,
amprailin tetracychne gentamicin) vancomycin) linezohd)

Note the innovation gap between 1962 and 2000. Exampie drugs of each structural class were not necessarily
introduced on the dates shown. Modfied from REE 3 © (2003) ASM Press.

daptomycin (2000) descubierto 1980
pleuromutilins (2007) se usé en vetrinaria por mas de 30 afios
fidaxomicin (2011) primer reporte en 1970



Clasificacion de los antibioticos

1- Segun su origen

2- Segun su estructura quimica

3- Segun su actividad sobre microorganismos
4- Segun su espectro de accion

5- Segun su mecanismo de accion



Clasificacion segun su origen

wulbarel anuds

Iﬁ@;ﬁ H H
., M. &2
pil HU )—E)(

Penicillin G

OCH,
=) —
OCH;

@n =0

N u
O "CHy

QEH_C:}_

Quimioterapeutico o Sintético

Sustancia producida de manera sintéetica que
posee la propiedad de inhibir el crecimiento o
destruir microorganismos

Productos Naturales

Sustancia producida por el metabolismo de
organismos vivos, principalmente hongos vy
bacterias, que posee |la propiedad de inhibir el
crecimiento o destruir microorganismos

Semisintéticos

Productos naturales con modificaciones
guimicas en su estructura, gue poseen mejoras
en sus propiedades fisicoquimicas y/o
farmacologicas



NH,

A Moo g
d T K

u]
Brmgaicillin L0

Q
Tetracycline

mw

_'1.__._

—.L
l:'.l OH

"w-* 1; 5

[T8
M d

T 2] Wanoommyen

H]C —\-nill I?H

J\ZITJ’
HM,,.-
fx

Ciprofloxacin

.-”"-, 5

'--:"N "ﬁ - r x"#ux
}-n

0 Linezchd

Clasificacion segun su estructura

* B-lactamicos | penicilinas
cefalosporinas

* Tetraciclinas
* Aminoglicosidos
*» Quinolonas

* Polipéptidos (sintesis ribosomal o
no ribosomal)

* Macrolidos

* Cloramfenicol

Esta diversidad estructural les
permite interactuar con diferentes

sitios blancos en las bacteria



Efecto de los antimicrobianos sobre el crecimiento bacteriano

Bactericidas: producen la muerte de los agentes infecciosos

Bacteriost a ticos: inhiben el crecimiento bacteriano aunque el
microorganismo permanece viable

Log del Numero de células viables




Log cel number

Log cell number

Log colnumber

Crecimiento bacteriano: N° de células totales vs Viables

Bacteriostatic Total cell count

Z

\
\
' Viable cell count

Time

Bacieriocklal

I

Viable
cel count

/Total cell count

Time

Bacteriolytic

|
/lotal call count

wame/
cell count

Time

Bacteriostaticos: inhiben el crecimiento bacteriano

Bactericidas: producen la muerte sin necesidad de lisis

Bacterioliticos: producen la muerte mediante Ia lisis



Determinacion de la sensibilidad: Antibiograma

Una bacteria frente a distintos antibioticos

Medio Agar
3 Inocular una plato con
Nutritivo g
un cultivo del

microorganismo a
testear

Agregar sobre la
superficie discos de
papel conteniendo los
ATB

Los microorganismo
susceptible a un dado ATB
muestran zonas de inhibicion
del crecimiento cerca de los
discos




Clasificacion de segun su espectro de accion
Un antibidtico frente a distintas bacterias

Espectro reducido:

Son activos selectivamente frente a un grupo determinado de bacterias
Ej: Macrélidos: cocos Gram (+)
Gentamicina: bacilos Gram (-)

Espectro amplio:

Presentan actividad frente a la mayoria de los grupos bacterianos de

importancia clinica

Ej: Penicilina: cocos Gram (+), cocos Gram (-), bacilos Gram (+)
Ampicilina: cocos Gram (+) y Gram (-), algunos bacilos Gram (-)

Gram-positive bacteria

Lipoteichoic acid

Lipoprotain

Gram-negative bacteria

o

TALAIBIAIL R
RTERRT

LPS
\ Porin

LULLAEY

Peptidogiycan

Mycobacteria

LAM

Mycolic acid @

Mannophosphoinositide




Determinacion de CIM: Antibiograma

Antibiograma cuantitativo: la tira de antibiotico posee una
gradiente de la droga que permite a simple vista
determinar la CIM de la bacteria en estudio.



Determinacion de la CIM: Metodo Clasico

Preparar diluciones decrecientes de antibibtico
trangvasando 1 ml desde el primer tubo hasta el penfiltimo, Concentracion Inhibitoria
iml 1ml 1nml 1uml lnl 1al Minima = CIM

i

Suspensidn del microorganismo a ensayar. Mindmum
Inocular una gota en cada uno de los tubos, inhibtory

concentralion -

"

T O bk

Y
IU00t

Indice Terapéutico
IT = Dosis Inhibicion Humana/CIM

Incubacién de una noche a 37 ‘C

Bl crecimiento
ge aprecia por
13 turbidez

(CMI =4 pg/ml)




Accion de antibioticos sobre flora normal
Infection

Bacteria  Patdgeno
Intestinal Normal Inhibicion



Porque es importante conocer los blancos
y los mecanismos de accion de los ATB?

1- Sentar las bases de |a toxicidad selectiva
2- Categorizar los nuevos ATB

3- Encontrar un nuevo sitio blanco



Cual es |a base de la toxicidad selectiva de los antibioticos?

* Procesos celulares presentes solo en microorganismos = Sintesis de pared o folato

* Procesos similares pero con diferencia estructurales suficientes = Ribosomas



Clasificacion de los antibioticos seguin su mecanismo de accion

Sintesis Pared celular 23‘...\ \
\_._.om—»—bm: Mv\‘m ,)
el N THE ~duMP ‘

Periplasm

Metabolismo Ac. Folico 0 Ac. Grasos [~ cytoplasmic

Cytoplasmic b e —— vy |  membrane
membrane |- \ Cell wall
Quter membrane

Gram-positive organism!  Gram-negative organism "¢/ 'P12s™

wall g:




Sitios blanco de accion de los principales antibacterianos

AAALAALS ]
.........
.........

Erythromycin (macrolides)
Chioramphenicol
Clindamycin

Lincomycin

Daptomycin



Antibioticos que inhiben la sintesis de pared celular

a Cell wall biosynthesis

@ Mura
@ MuB, C.D.E.F AL
D-Ala-0-Ala figase

@ MraY

@ MG

® Transglycosylases
® Pyrophosphatase
@ Transpeptidases

Inhiben enzimas hiosintéticas
Fosfomicina, Cicloserina *

Se combinan con moléculas

transportadoras
Bacitracina

Secuestro de sustratos de la
pared
Vancomicina

Inhiben las reacciones de
entrecruzamiento del
peptidoglicano

Penicilinas, Cefalosporinas *

* Analogos de sustratos




Antibioticos que inhiben la sintesis de pared celular

Inhibicion de enzimas hiosintéticas

Cicloserina: Se comporta como anélogo estructural de la D-alanina, por lo que
inhibe la accion de la racemasa que convierte la L-ala a D-ala, asi como de la reaccion
de union de dos D-ala.

o D-Ala-D-Ala
anine ; 0
o _Racemase .\ oH Hgasa g(ﬁ
HaN . HN S HoN OH
0 Pyridoxal 0 : 8 0
\-Alanine  Phosphate D-Alanine pAanine AP ADP D-Alanyl-D-Alanine
5 / +Pi
‘ 0-Ala
Cicloserina |H )5"“"“”2 D-Ala
DAP
i B 1+0-Glu
H Oy L-Ala
3. MurC,ATP, L-Ala
4. MurD, ATP, D-Glu
OH 1. MurA, PEP 0 5. Mur€, ATP, DAP 0
AcHN OH =
mw 2 Mo, naop N LOZ O g GEA, Ay
D-Ala-D-
0-uDP 0-UDP o 0-UDP
UDP-N-Acety'- UDP-N-Acetyl- U :
Glucosamine Muramic Acid ide

(UDP-GlcNAc) (UDP-MurNAc)



Antibioticos que inhiben la sintesis de pared celular

Interaccion con moleculas transportadoras

Bactoprenol: poliisoprenoide de 55 a tomos de C que transportalas
subunidades de peptidoglicano hacia la cara externa de la membrana

IE H H'h:

"
0 g
0-p=

: 0 I
o Mray HO-F=0 MurG HO-P=0
H 7‘:: ¢ 0

p:=
; ‘-: Ho -F=0
UP UM ‘uw wp o
.? |
T ?llpld



Antibioticos que inhiben la sintesis de pared celular

CH
UDP-Murd Ac-pentapeplide sobsirie Tunlcamycin k0 ffl:-]/
naiurel subsiran K = 1
Lm flmressan: substrate K, = dans hda
[ a H
MiAR=r-HH \[/p:u;:..i i
b-in
HK
& 4 Lipeeeidnmycin &
-"m— D 0 o

Mhe

. . . . - Mureldomycin A e “-r‘"
Tunicamicinas vy Mureidomicinas son e

|:.
4
uridil peptidos que actuan como analogos K\Qjﬁi q ]}
¥ i

de sustrato

— E - _.
o it
HO-pa Mea¥ HO -P=0 MurG HO -P=0
0 0
HY -Ir' =0 HO .1: =

UDP Ump 0 ‘ upe  upDe 0

([

E._

Tunicanmyein | Likd| o
ureidomycin " Lipid




Antibioticos que inhiben la sintesis de pared celular

Y : Bacitracina: péptido no ribosémico

Se une al undecaprenol-

pirofosfato en presencia de
Mg*2, bloqueando su _ - -
desfosforilacion, impidiendo i : =
|a regeneracion del |
transportador de membrana

Lipid



Antibioticos que inhiben la sintesis de pared celular

HO
HHa

Secuestro del sustrato de la pared ' |:=H

Vancomicina: glicopéptido

Forma un complejo con los residuos de D-alanina

del muramilpentapéptido, estabilizado por cinco ﬁﬂ?ﬁ )kLr
7&”

puentes de hidrogeno.

Impide la transferencia de los precursores desde
el transportador lipidico y la transpeptidacian.

i

i =e||||l|1|!hl¥|lllill*||||||l|“[ll ‘“LL'L

kS I.i' Uncrodslinked € roaslinked
Fapticaglycan Paplidagycan
innar Mambrang




Etapas finales de la sintesis de pared celular

B
Er F'IJ'

Trans:
fo, glycosylation peptidation

A

r

T B-lactamicos

A- Bactoprenol: transporta los monomeros de peptidoglicano sobre la membrana
citoplasmatica

B- Transglicosilasa: forma la union entre |a unidades f-(1-4)-disacaridicas

C- Transpeptidasa: enlaces interpeptidicos

D- Carboxipeptidasas: eliminan el extremo D-Ala de las cadenas que van a
entrecruzarse



Antibioticos que inhiben la sintesis de pared celular

Inhibicion de las reacciones de entrecruzamiento (transpeptidacion)

del peptidoglicano
O M '
R-Ctid_
&)-lactamicos |
‘M ™
L
: - 3
' 0 4 HCOO‘(Na*, K’) 0,,_,.,3
E f-Lactam  Thiazolidine :
| fing ring il ;
N-Acyl group
 6-Aminopenicillanic acid
| o/,
ﬁ .
HCH 0. CHOH;OH
e € —N— ¢ CH ,
] ]
B AN
(—N—CH 0" i
o// N ® '
C00 oH
- mm«\:\:“l)-l\la -D-Ala H A
0 2000 Pewrson Prentios Hall fec. 04F—N :

R—C-N\r /; S
LN
:\w/J 3

SCH;CHaNH

COOH

Monobactam

Penicillin

Cephalosporin
Cephamycin

Clavulanic acid

Thienamycin



Antibioticos que inhiben la sintesis de pared celular

Inhibicion de las reacciones de entrecruzamiento (transpeptidacion)
del peptidoglicano

0 H
. . i Koo
Monobactamas: ej. Aztreonam. Activos solo ““3‘”“—\ : o
. ' onobaciam
frente a Gram negativos. N
0 b
1503H
. e : g 0 H !
Penicilinas naturales: ej. Penicilina G, [
Y e : . R=C-N , :
Penicilina V: espectro reducido, activas contra "_| ; ECHE Penicillin
nom " Fa "‘i_h] 1
Gram positivos. Sensibles pH acido o7 NooH
. - . . 0 H !
Cefalosporinas: ej. Cefazolina, Cefalexina. Iy is
\ . R=L=Nsr : p
Espectro reducido a Gram positivos. [ s
il Cephamycin
00 N OHR!
Carbapenemas: e]. Imipenem. Amplio espectro. e
Resistentes a &)-lactamasas al igual que las 0. GHOH,0
Monobactamas. i [ Clavulanic acid
¥
0 i COOH
Ac. Clavuldmico: Inhibe las &) -lactamasas - ]
H

L ,SCH:CHaNH,
HiC ! | Thienamycin
N
0

i COOM



Antibioticos que inhiben la sintesis de pared celular

Grupo N-acilo
B-lactamicos de segunda generacion NATURAL PENICILLIN
Banzylpanicillin
. o o @Cﬁrm‘ (penicilin G)
Penicilinas naturales: ej. Penicilina G, Penicilina V: Gram-post acivly
fHactamase-serakhe
espectro reducido, activas contra Gram positivos.
: . SEMISYNTHETIC PENICILLINS
Sensibles pH dcido OCH,
Methicilin
Aminopenicilinas: ej. Ampicilina, Amoxicilina. ditiy e
Amplio espectro. Activas contra Gram positivos y OCH;
Oxacilin
Gram negativos. Mds resistentes al pH dcido. @Hrso— skl stabk,
f-laotamasa-resistant
Carboxipenicilinas: ej. Carbenicilina, Ticarcilina. o O,
N . Ampicilin
Actividad anti Pseudomonas @ CH-CO- broadared spacinum ofabty
| |espectally aganst gram-negathve
NH, Bclexis), Acid-stabie,
f-lactam.asa-sansiive
Carbenicillin
CH-CO— broadenad spectrum af ackivEy
iEapacially Agains! Preudormonas
COOH aerupingsa), acld-stahia bt
Inafactiva oraly,

-iactamase-sensiie



Antibioticos que inhiben la sintesis de pared celular
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Accion bactericida de los B-lactamicos

Accion bactericida de B-lactamicos:

Inhiben la TP, acumulacion de

precursores del PG, activacion de

autolisinas. Si esta en medio hipotdnico

|la bacteria se lisa. Cuando no esta et PG ki B
creciendo no tienen efecto >

beta-lactam
or damage

RN

directicn of
synthase movement

-damaged IP
- uncrosslinked
strand made
< synthase stalls

Sitcleaves
uncrosslinked
material

misincerporation




Proteinas de union a B-lactamicos (PBP)

v Enzimas sensibles a penicilina o cefalosporinas

v Distinto grado de afinidad frente a los distintos B-lactamicos
v Existen distintas PBPs con diferentes actividades.

v Intervienen en elongacion y en la forma de la bacteria

v No todas las especies bacterianas presentan idéntico perfil de PBPs.

v Algunas tienen actividad carboxipeptidasa (CP) que liberan la alanina terminal

v Algunas son bifuncionales (TP y CP)

SDS-PAGE
4C-peniciloil-proteinas

) |

PBPs con actividad Funcion natural Acciondela
transglucosidasay penicilina
transpeptidasa:
PBP 1ay PBP 1b Elongacién del cilindro celular  |lisis rapida
PBP 2 Condiciona la forma de lacélula  |la célula seredondea y
muere
PBP 3 o Filamentacion y
F.ormaaon del septo transversal |

PBPs con actividad Funcién natural Accion penicilina

carboxipeptidasa

(endopeptidasa)

PBP 4, PBP 5, PBP 6 [Eliminan la D-ala terminal no letal

delpentapéptido (maduracion
PG)




Inhibicion de la
sintesis de
proteinas



Antibioticos que inhiben la sintesis de proteinas

Acttan sobre la subunidad 30S del ribosoma

Aminoglicosidos: Estreptomicina, Neomicina,

b Protein biosynthesis

Kanamicina, Gentamicina, Tobramicina, Amikacina
Tetraciclinas: Doxiciclina, Tetraciclina

Acttan sobre la unidad 505 del ribosoma

Ribosome Cloranfenicol
Macrolidos: Eritromicina, Azitromicina, Claritromicina
Lincosamidas: Clindamicina

Actuan sobre el ensamblado del ribosoma

2-Oxazolidona: Linezolida

Actuan sobre las aminoacil-tRNA sintetasas

Mupirocina

Aminoacil-tRNA
sintetasas

Mupirocina




Antibioticos que inhiben la sintesis de proteinas

Acttan sobre la subunidad 305 del ribosoma

Aminoglicdsidos

Son azlcares complejos unidos por enlaces glicosidicos. Atraviesan la membrana
citoplasmatica por un mecanismo oxigeno-dependiente. Los grupos —NH, y -OH interactuan

con proteinas del ribosoma.

HNG—NH;
Hah—CHH
oH
HO
oH
0
,e*‘:'x,.
e CHO
HO
g
—9
HO/GhyoH
Or, sman A W akstnan
Y NH—CH;

La estreptomicina fue aislada en 1944
por el Dr. Selman Waksman a partir de
Streptomyces griseus

GHallM
oy
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HEx Rl S (%l
CHiyHH
M Hil T
I
£
HH . Bk
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Antibioticos que inhiben la sintesis de proteinas

Que actuan sobre la subunidad 30S del rihosoma

Aminoglicosidos: Mecanismo de Accion
Se unen a la subunidad 305 del ribosoma:
- Bloquea la formacion del complejo de iniciacion
- Produce lectura erronea del mensaje: proteina defectuosa
- El resultado final es la muerte de la bacteria, son bactericidas

mMRNA




Antibidticos que inhiben la sintesis de proteinas

Que actuan sobre la subunidad 30S del ribosoma

Aminoglicdsidos: Mecanismo de Accion
Se unen a la subunidad 30S del ribosoma:
- Bloquea la formacion del complejo de iniciacion
- Produce lectura erronea del mensaje: proteina defectuosa
- El resultado final es la muerte de la bacteria, son bactericidas

Normal reading of codons along the mRNA Misreading of codons along the mRNA
a8 a result of aminoglycosides

GGRYCCCCCACE CCCCCAC

A Po Pro




Antibioticos que inhiben la sintesis de proteinas

Que acttan sobre la subunidad 30S del ribosoma

Tetraciclinas: Estructura quimica y Mecanismo de accion

tRNAis
blocked,
no protein is
synthesized

Tetracycline analog R R, R; R, MRNA
Tetracycline H OH CH; H

7-Chlortetracycline H OH CHy Cl

(aurgomycin)

5-Oxytetracycline OH OH CH; H

(terramycin)

Bloquean la insercion del aminoacil-tRNA
La union es transitoria, por lo que su efecto es reversible: son bacteriostaticos.



Antibioticos que inhiben la sintesis de proteinas

El conocimiento del sitio de union e interaccion del ATB con el blanco permite el disefio
racional de nuevos ATB. Es activa en presencia de Mg+



Antibioticos que inhiben la sintesis de proteinas

Que acttan sobre la subunidad 50S del ribosoma

Cloranfenicol: Estructura quimica y Mecanismo de accion

Originalmente producido por Streptomyces venezuelae, actualmente se sintetiza
quimicamente.

Chloramphenicol
0
|
(|3—CHC|2
H NH

||
o,m@-? —<|:——CH20H

O H

MRNA

Se une a la enzima peptidil transferasa

en la subunidad 505
Inhibe la formacion del enlace peptidico. Detiene la sintesis de proteinas.
Es un agente bacteriostatico.



Antibioticos que inhiben la sintesis de proteinas

Que acttan sobre la subunidad 508 del ribosoma

Macrolidos y Lincosamidas: Estructura y Mecanismo de accion

Erythromycin Clindamycin

mRNA

Inhiben la peptidil transferasa y la translocacion

Se detiene la sintesis de proteinas liberando prematuramente el peptidil tRNA.
Son bacteriostaticos.



Antibioticos que inhiben la sintesis de proteinas

Que actuan sobre la subunidad 50S del ribosoma

Macrolidos: Union al ribosoma
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Antibioticos que inhiben la sintesis de proteinas

Inhibicion del ensamblado de los Ribosomas

2-Oxazolidona: Estructura y Mecanismo de accion

o "
ML
g ~/ N © 0}_
\_ku
Linezolida

Previenen la iniciacion y bloquean el ensablado del ribosoma



Antibioticos que inhiben la sintesis de proteinas

Inhibicion de aminoacil-tRNA sintetasas

Mupirocina: Estructura y Mecanismo de accion

Se une a la isoleucil-tRNA sintetasa del microorganismo, de manera que impide la
incorporacion de la isoleucina a las proteinas.

Bacteriostatico a bajas concentraciones y bactericida a altas concentraciones.



Inhibicion de la sintesis de
acidos nucleicos



Antibioticos que inhiben la sintesis de acidos nucleicos

® Inhibicion de la DNA girasa ¢ DNA and RNA replication

Quinolonas

RNA

e s jRNA polymerase
¢ Inhibicion de la RNA polimerasa ‘

Rifampicina

¢Inhibicion de la sintesis de precursores
Sulfamidas

Trimetoprima
d Folate metabolism DNA-
synthesis
GTP st DiycrOpterOale = ==t Diycofolete dTMP == dTTP

dump

Tetrahydrofolate
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Replicacion del DNA

DNA girasa/Topoll
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Antibioticos que inhiben la sintesis de acidos nucleicos

Quinolonas Nalidixic Acid Ciprofloxacin
0 0
/ i coor CMH
el
CHa ' [\ 7
: CaHe N N
/

Interfieren la sintesis de ADN, bloguean la
reaccion de superenrollamiento
dependiente de ATP catalizada por la
girasa.

En altas concentraciones pueden inhibir
la Topoisomerasa Il (enzima que presenta
homologia con la girasa).

: , No afectan la estructura de cromosomas humanos.
En bacterias G(+) actUan sobre

Topoisomerasa IV Tienen un efecto bactericida



Antibioticos que inhiben la sintesis de acidos nucleicos

Rifampicina:
Es unantibidtico semisintético derivado de Amycolatopsis rifamycinica (previamente
conocido como Streptomyces mediterranei).,

Se une de modo no covalente ala subunidad B de [a ARN polimerasa RNA polimerasa

blogueando la sintasis del mRNA.

Es Gtil en el tratamiento de la Tuberculosis, en combinacidn con drogas antituberculosas,

como Isoniazida (inhioe |a sintesis de lipidos de Mycobacterium tuberculosis| y Etambutol.

También se usa en combinacion can esta drogas para el tratamiento de la Lepra.




Antibidticos que inhiben la sintesis de acidos nucleicos

Sulfamidas

Descubiertas por Gerhard Domagk (1932) mientras
buscaba colorantes para tefiir S. aureus. Un colorante rojo
(Prontosil Rubrum) protegia a ratones y conejos contra

dosis letales de estafilos y estreptococos hemoliticos.

Cr. Gerhard PJ. Domagk

0) ol an! anude



Antibioticos que inhiben la sintesis de acidos nucleicos

Sulfamidas
mﬁ-@m}mf S HaH © BD;H.H ﬁD
SULFAMILAMDE SULRDAZHE
o Sies
ey, T

W rran ol reon

SULFACETANIDE B AWINCDENZOIG ACID

Analogos del PABA, antagonistas
competitivos en la sintesis del acido félico
bacteriano.

Tambien inhiben la dihidropteroato sintetasa,
necesaria para la incorporacion del PABA al
acido dihidropteroico (precursor del acido
fdlico).

Pteridina + PABA
Inhibico por
sulfonamicas

Acido Dibidrapterdico

Glutamato #
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Antibioticos que interfieren con la membrana celular

Polimixina B: Péptidos cationicos que se insertan en la membrana. ATB se une
al LPS o a las cargas negativas de la membrana, desorganizando la MCy
generando permeabilidad de la misma y despolarizacion de la membrana.
Relativamente toxicos, poca utilidad terapéutica.
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Antibioticos que interfieren con la membrana celular

Daptomicina: Antibiotico lipopéptido ciclico, producido por Streptomyces
roseosporus. Es bactericida por union a la membrana celular de Gram (+).
En presencia de Ca*2 produce una rapida despolarizacion de la membrana
y muerte bacteriana, sin lisis celular.
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ye \

ANy 1] e

k. :' Cadena lateral altamente lipofilica

(O . u‘
N 7 / (Acido decanoico)
.\.‘ . ./;‘u / »L
b -%“"’0 / Seinsertaenla membrana )
e plasmatica e induce la salida de K+
f ], >_ Requiere
o / - formar un
i / Depolarizacion de la membrana Caraiaia
\Tu / ‘L con Ca+s

¥ o Bacteria no puede sintetiza ATP ,J




Sitios blanco de accion de los antimicrobianos
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(a) Developed countries

(b) Developing countries
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SUMMARY DATA

Estimated minimum number of illnesses and
deaths caused by antibiotic resistance*:

At least )}}?ﬁ 2’049,442 illnesses,
Y
@“ 23 000 deaths
o ’

Estimated minimum number of illnesses and
death due to Clostridium difficile (C. difficile),

a unique bacterial infection that, although

not significantly resistant to the drugs used to
treat it, is directly related to antibiotic use and

resistance:

AV
At least =3 %250 000 :
/,‘,T\‘ v illnesses,

g@ 14’000 deaths

WHERE DO INFECTIONS HAPPEN?

Antibiotic-resistant infections can happen anywhere, Data show that
most happen in the general community; however, most deaths related
to antibiotic resistance happen in healthcare settings, such as hospitals
and nursing homes.

U.S. Department of

Health and Human Services
Centers for Disease

Control and Prevention




How Antibiotic Resistance Happens

|

Some bacteria give
their drug-resistance to
other bacteria, causing
more problems.

3.

The drug-resistant
bacteria are now allowed to
grow and take over.

1 Pl
Lots of germs. “~ Antibiotics kill .
A few are drug resistant, bacteria causing the illness,
as well as good bacteria
protecting the body from

infection.
) X -
| X e” ¥ e \ \
) X x ) x X

> Animals get George gets ‘\}
§ < antibiotics and antibiotics and >
(@ develop resistant develops resistant :
bacteria in their guts. bacteria in his gut. ¢

Drug-resistant George stays at
bacteria can home and in the
remain on meat N A ‘ general community, \
from animals. Spreads resistant
When not handled bacteria, George gets care at a
or cooked properly, \ l hospital, nursing home or
the bacteria can other inpatient care facility.

d to humans. )
sprea: 0 numans. ;‘ \, n? * *

Fertilizer or water Resistant germs spread — -

containing animal feces : directly to other patients or

and drug-resistant bacteria indirectly on unclean hands m

is used on food crops. l " of healthcare providers. -
/ N l

/

' - Resistant bacteria

Drug-resistant bacteria sprgad to other
patients from

in the animal feces can Patients ¢ y e s s

remain on crops and be o home. «— n |
caten. These bacteria : healthcare facility.

can remain in the
human gut.

Simply using antibiotics creates resistance. These drugs should only be used to treat infections.



Antibiético Resistencia
observada

Sulfonamidas
Penicilina

Estreptomicina

Cloramfenicol
Tetracycline
Erythromycin
Vancomicina
Cefalosporinas

Meticilina

Ampicilina

1930 1940
1945 1959
1947 1959
1948 1953
1956 1988
1960 Fines de 1960
1960 1961
1961 1973

|

3 anos

36 anos



Antibiotic Targets

Cell Wall
p-lactams
Vancomycin \

Fluoroquinolo
Rifamycins

Folate Synthesis
Trimethoprim
Sulfonamides
Cell Membrane Protein Synthesis
Daptomycin Linezolid
Tetracyclines
Macrolides

Aminoglycosides

Antibiotic Resistance

Fluoroquinolones

Aminoglycosides
R Tetracyclines
p-lactams
Macrolides
Immunity
& Bypass
» Tetracyclines

Trimethoprim
Sulfonamides

Target Modification

Fluoroquinolones
Rifamycins
Vancomycin
Penicillins
Inactivating Enzymes Macrolides
p-lactams Aminoglycosides
Aminoglycosides
Macrolides
Rifamycins



Vancomycin DNA fragment

n\
Reop

Plasmid donor —= Plasmid




Antibiético Resistencia
observada

Sulfonamidas
Penicilina

Estreptomicina

Cloramfenicol
Tetracycline
Erythromycin
Vancomicina
Cefalosporinas

Meticilina

Ampicilina

1930 1940
1945 1959
1947 1959
1948 1953
1956 1988
1960 Fines de 1960
1960 1961
1961 1973

|

3 anos

36 anos



Penicillin 1946

Methicillin 1961

Y

Vancomycin 1986

Lyvox

Y

1999



Method of
Producer
Self-Protection

Temporary Intracellular
Inactivation of Antibiotic

Efflux of Produced
Antibiotic

Modification of Target
in Producer

Example

of Macrolide
Producer
Self-Protection

Glycosylation of
Oleandomycin

Export of
Oleandomycin
by OleB

Dimethylation of
Adenine in 23S rRNA

a2

N
L
N~ \
LY

RNA

23S rRNA:m,A2085

Analogous Mode
of Clinically
Observed Bacterial
Resistance

Inactivation of Antibiotic

Efflux of Antibiotic

Modification of Target










Developing Resistance

Timeline of Key Antibiotic Resistance Events

ANTIBIOTIC RESISTANCE ANTIBIOTIC
INDENTIFIED INTRODUCED
penicillin-R Staphylococcus 1940 ——
Dates are based upon early reports
of resistance in the literature, In the —— 1943 penicillin
case of pan drug-resistant (PDR)-
Adinetobacter and Pseudomonas,
the date is based upon reports
of healthcare transmission or
outbreaks. Note: penicillin was in —— 1950 tetracycline
limited use prior to widespread
population usage in 1943. —— 1953  erythromycin
ine-R Shigella 1959 —
e — 1960  methicitin
methicillin-R Staphylococcus 1962 ——
penicillin-R pneumococcus 1965 ——
erythromycin-R Streptococcus 1968 .~ 1967 gentamicin
—— 1972 vancomycin
gentamicin-R Enterococcus 1979 ——
T 1985  imipenem and
ceftazidime-R Enterobacteriaceae 1987 —— Geftazidime
vancomycin-R Enterococcus 1988 ~
levofloxacin-R pneumococcus 1996 ——+—— 1996 levofloxacin
imip RE bacteriaceae 1998 ——
XDRtuberculosis 2000 ——+—— 2000 linezolid
linezolld-R Staphylococcus 2001 ——
vancomycin-R Staphylococcus 2002 ——
PDR-Acinetobacter and Pseudomonas 2004/5 — 2003 doptomycin
ceftriaxone-R Neisseria gonorthoege 2009 ——1_
PDR-Enterot oixgee! / 2010 ceftaroline

ceftaroline-R Staphylococcus

2011




Examples of Recently Approved Drugs

Year Key Targeted

Drug Name Approved Pathogens Drug’s Use and Resistance Trends

Quinupristin/ 1999 phyi Thisisa by of two drugs that can be used to

Dalfoprisitin Streptococcus treat gram-positive infections. Because side effects are

commlﬁsaug lsusualynouﬁmchoim(orlhenpy
in 1arget p has been described, but the
pemenugehmeumedsmalssmlow

Moxifloxacin 1999 Enterobacteriaceae  Moxifloxacin, like other fluoroguinol d

madspecmmamvlty,and Iuanbeusedlomla
Stophytococcsis range of infections. L ly, there Is cross e
Streprococcus among the fluorequinoiones, and resistance Is increasing
in all targeted pathogens, especially Enterobacteriaceae.
Linezolid 2000 Staphyic Uinezolid can be used to treat serious gram-
infections. Resistance has occurred but it is still
une
Ertapenem 2001 b Ertap 15 3 carbap .\mlhnlunbeuudtomu
wide range of infections, D
Stophylococcus o jcrant Enterobcteriacese (CRE) is impacting the drug’s
Streplococcus averall effectiveness.

Gemifloxacin 2003 Enterobacteriaceae  Gemifloxacin isa llumquimlooe that can be used to

Strept treat mild 1o mod iated
dimuhmmdﬂmcln,thmism mﬂmmmm
other fl quinolone drugs so isincreasing.

Daptomycin 2003 Stophyiococcus D yein is often used for treatment of serlous gram-

posmve mfecuons. Resistance is emerging in all of the
Streptococcus g pathogens, but the resi e Tates At ty
Enterococcus low.

Tigecycline 2005 E bacteri Tigecydiine is often one of the only active agents for

O N carbap istant gram-negative infections. and

e i els ing. b even in the absence of
Strep ¢, the effective of this agent for treatment of
Enterococcus the most serious Infections is a concern.

Doripenem 2007 Enterobacteriaceae  Doripenem is a carbapenem drug most commanly used
Pievdomonas 1o treat sefious gral gative infections. C¥ ination of
oeruginaso carbap i gt g pathogens like CRE is

reducing the overall effectiveness of this drug.
Adinetobacter spp.
Streptococcus spp.
Telavancin 2008 Staphylococcus d for of gram-positive
d:ln and soﬁ m Inkcuons. Use is limited because itis
Steplocaccys ly and is therefore difficult to use
Enterococcus in an outpatient setting. In addition, it should not be used

in a woman of childbearing age without a pregnancy test.

Year Key Targeted
Drug Name Approved Pathogens Drug’s Use and Resistance Trends
Ceftaroline 2010 E teriaceae  Ceftarolineis ac losporin drug, but unlike other

Staphylococcus

c

us

cephalosporins, this one can be used to treat MRSA
mlecnons Resnstanm has been identified but is rare.

does not d any enhanced activity
d to other cephal ins for Enterobacteriaceae,

ESBL{ ~producing isolates and CRE isolates are resistant to
this drug as well. ESBL (; ded-spectrum B-lac!
Is an enzyme that allows bacteria to become resistant to
a wide variety of penicillins and cephalosporins Bacteria
that contain this enzyme are known as ESBLs or ESBL-
producing bacteria.




Resistencia frente a ATB

Antibidtico Uso Clinico Resistencia
observada

Sulfonamidas
Penicilina
Estreptomicina
Cloramfenicol
Vancomicina
Cefalosporinas

Meticilina

1930
1943
1943
1947
1956
1960

1960

1940
1946
1959
1959
1988
Fines de 1960

1961

l

Necesidad constante de encontrar o

desarrollar nuevos antibioticos



Resistencia microbiana a los antibioticos
Perdida de sensibilidad de un microorganismo a un ATB

Intrinseca Adquirida
- La bacteria no tiene la molécula/reaccion - Adquisicion de genes por transferencia horizontal:
enzimatica que es el blanco del antibidtico Conjugacion
- Diferencias en la permeabilidad Transformacion
- EI ATB es expulsado eficientemente por sistemas de Transduccion
eflujo Vancﬁycin Mutaciones
o ;': 1)
Penicillin ; l ‘

Gram - Gram +



Autoproteccion de Bacterias productoras de Productos Naturales

[ Table 3. Resistance {0 some clinically useful antibiotics in their producing organisms. In a number
of cases, strains have multiple resistance mechanisms for the antibiotic formed (70). Str.,
Streptomyces.
Producing strain Antibiotic Resisiance Mechanism
gene
Str. capreolus Capreomycin cph, cac Phosphotransferase,
acetyltransferase
Nocardia lactamdurans Cephamycin — B-lactamase (7)*
Str. venezuelae Chloramphenicol ~ — Hydrolase}
Str. erythreus Erythromycin erm Target modification
(ribosome)
Str. fradiae Fosfomycin fos Glutathione adduct (?)t
Micromonospora Gentamicin grm Target modification
purpurea (ribosome)
Str. kanamyceticus Kanamycin aac N-Acetyltransferase
Str. antibioticus Oleandomycin mgt Glycosyltransferase
Str. griseus Streptomycin aph O-Phosphotransferase
Str. rimosus Tetracycline otrA, otrB Efflux, resistant
franslation system
Str. tenebrarius Tobramycin aac, kgm, kam  Acelyltransferase, target
modification
(ribosome)
Str. vinaceus Viomycin vph Phosphotransferase
“Los productores de antibioticos desarrollaron mecanismos de
proteccnén e inmunidad contra sus propias armas, son un reservorio
natural de genes de defensa anteriores al uso clinico de los
antibidticos ..."




Mecanismos de Resistencia frente a ATB

Decreased penetration

Clonal spread|

: Target modification
ﬂ Target

‘ 2 Enzymatic inactivation or modification

1- Inactivacion por destruccion o
modificacion de la droga

2- Modificacion del sitio blanco

3- Disminucion de la
concentracion intracelular:
- Disminucion de la entrada
- Aumento de la salida

T Overproduction of target

: : .Amibiotic
g ® Resistance genes |

()] Phosphate ‘




Destruccion o modificacion
de la droga



Destruccion de la droga

Transpeptidasas
PBPs
)Q% W
COOH COOH
TPase ‘O\ TPase
H
p-lactamasas :
Serine
Re p-Lactamase
i J\r
)H CoH Ser COzH
s |
o -
Zinc
R S B-Lactamase
I:N HO‘h
EAM LY
e 4 "'OHz

Inhibicion de la reaccion de
transpeptidacién y del
entrecruzamiento del
peptidoglicano

Activan el mecanismo autolitico
endogeno bacteriano

2L Ho—m:x

COM

Existe enzimas de diferentes tipo:

» Serin-B-lactamasas (Tipo A, Cy D)
* Metalo-B-lactamasas (Zn*?)

* Periplasmicas o unidas a
membrana interna (Gram -) o
extracelulares (Gram +)

* Constitutivas o inducibles



Las B-lactamasas en el periplasma evitan que los ATB lleguen a sus blancos

%ooo‘ oWo s °e°a° QM %ooo" QP
s 0 0 s B "
o QA N NG oA B o0
i m i bl 1 "
R S . R S
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Estrategias para neutralizar las B-lactamasas

Desarrollo de B-lactdmicos semisintéticos que sean hidrolizados lentamente
(ej: carbapenem, monobactam)

Inhibidores (competitivos) de p-lactamasas

1y
H-C-N\'x ‘
_r|1 5 Monobactam
O som
‘A
R=C-Ny___#O\ /M
[ Ha Penicillin
N~
0 ' COOH
70 CHCH0H
| : Clavulanic acid
=N~
0 : COOH
OH '
* AL ,SCH,CH NH,
il | || Thienamycin
r=N-
0

i COOM

Serine R R

R 8§ P-lactamase =2\rs Hs0 ‘hs
2
e M

HXK o< - T

)~ tom lor  COM GoM

OH A

Ser

o

h
0 O/] NH

(|)H (I) COOH
s (|:H2 d cI:H,‘.

0 COOH ~NH—CH—CO-~ “NH—CH,—CO-
f-lactamase inhibitor f-lactamase Acyl enzyme complex
(clavulanic acid)
Complejo Estable
0 0
"_‘ U a_ H 1)
0 _ OH : S'OCHg i g0 N/ﬁ
i t i
COsH CO:H i COM
Clavulanate Sulbactam Tazobactam

Clavulanate-Amoxicilin —> Augmentin
Clavulanate-Ticarcilia ——» Timentin
Sulbactam-Ampicilin ~ ——p Unasyn
Tazobactam-Piperacillin — Zocin



Regulacion de la expresion de los genes de las B-lactamasas

E. coli : ampGDR y ampC




Regulacion de la expresion de los genes de las B-lactamasas

S. aureus : blaR1 -blal-i)laz




Inactivacion enzimatica de la fosfomicina

0-Ala
0-Ala
DAP
" 10-Glu
Al
3, MurC,ATP, L-Ala o=y
4. MurD, ATP, D-Glu
OH DES 5. MurE, ATP, DAP 0
0 %’L 2. M8, NADPH 6.MurF.ATP AcHN mo"
- 0-Ala-0-Ala OH
0-UDP
%?:C::;x UDP-MurNAc-
(UDP-GIcNAC Fosfomicina Pentapeptide
(0 H,  OH
\H "'.
H"'. o ....FEA._... Hoap !
HO4P ) CHs M2+ as CH;
GSH

FosA: fosfomicin-glutation S-transferasa



Modificacion de la droga

Modificaciones quimicas de aminoglicosidos: Kanamicina

ATP

‘ Fosforilacion l

HO
NH,
ATP ~ o HO 0
Adenilacion M
‘ OH  OH .
PP HO

ADP
NH; NH;
HO HO
" WOH i WOH
OH ~LNH, OH ~LNH,
& 0 HO O acetyl-CoA 0 HO O
0O OH , ‘ Acetilacion 0O OH ,
HO ‘ | HO
NH; NH; CoA-SH 0-p=0 NH, NH;
| 0
NH; H;C. 0
/N N I HO
0-p=0 < | ) WOH
0 N N OH | NHZ
; ;| 0 HO O
OH OH OH  OH i



Modificacion de la droga

Modificaciones quimicas de ammogllc05|dos Cloranfenlcol

D/b ch' Hidrélisis

CML (
i Chloramphenicol
Acetilacion o
HO

HSCoA X Wv__\C 0N

ﬁﬁ/ %CI O*/ WH\CI
—II’ =( —ll’ =0
OH OH

J-acetyl chloramphenicol 3-0-phosphoryl chloramphenicol
ﬂ::;m.h.
0 O

ﬁu o ﬁu%

L-acetyl chloramphenicol 0

1,3-diacetyl chloramphenicol



Modificacion del blanco



Reemplazo del sitio blanco
Resistencia a B-lactamicos: Sintesis de PBP2a insensible a B-lactamicos

S. aureus MRSA A

ureus MRS RI“]‘\S)(
2Ny
O tom



Comparacion de mecanismos de regulacion de

resistencia a B-lactamicos

jjs BlaR1 [MecR1]  P-lactamase [PBP2a]
S. aureus MRSA s |
B-lactam
antibiotic L2 N A
out . N
n L1 s
¥, %%
BaR" ", T N
Blal [Mecl] «
=%

blal [mecl] blaR1 [mecR1] } blaZ [mecA]

*
.
[
.
’
.
. 'o
., A
0. .
., )
0.. o‘
" .
[ . ¢
o
A/ .

blal [mecl] blaR1 [mecR1]  blaZ [mecA]



Modificacion del sitio blanco

Resistencia a Vancomicina: vanR, vanS, vanH, vanA,, vanX, vanY'y vanZ

— vanRj>() vanS}—-—ﬂ vanH:D() vani J>() vanX j>—— VanA

Mgbﬂ_vﬁ_s}-/ vanHg vang vanXp VanB

Response  Sensor D-Lactate D-Ala-D-Lactate D-Ala-D-Ala
Regulator  Kinase Dehydrogenase  Ligase  Dipeptidase
Reguiation Resistance

VanS: Proteina sensora

VanR: Activador transcripcional
VanH: Piruvato deshidrogenasa
VanA: Ligasa A-ala-X

VanX: D-ala-D-ala dipeptidasa
VanY: D-D Carboxipeptidasa



R Afo g 0
)kf VanH Hgnﬂr W)LOH
0 D-Ala-D-Lactate

OH OH VanA

= Native Ddl e 0
e

§ : H
\JOH —— AN UDP- D-Glu
HzN/\f( VanX /}g TJKOH Muramyi- ~ LAR
0 Tripeptide qLH

0-Ala-D-Alg

VanH: Piruvato deshidrogenasa

VanA: Ligasa A-ala-X HO Lo
VanX: D-ala-D-ala dipeptidasa

VanY: D-D Carboxipeptidasa



Modificacion del sitio blanco

Resistencia a Vancomicina por modificacion de D-Ala por D-Lac

D-Ala-D-Lac



Modificacion del sitio blanco

Resistencia a Vancomicina: vanR, vanS, vanH, vanA,, vanX, vanYy vanZ

VanS: Proteina sensora

VanR: Activador transcripcional

VanH: Piruvato deshidrogenasa

l VanA: Ligasa A-ala-X

VanX: D-ala-D-ala dipeptidasa

n VanY: D-D Carboxipeptidasa
D-ala-D-Lac

I




Modificacion del sitio blanco

Resistencia a Rifampicina:

Mutaciones puntuales de subunidad B RNA Pol
Resistencia a Quinolonas:

Mutaciones puntuales de subunidad A de DNA Girasa

DNA and RNA replication




Modificacion del sitio blanco

Union de Macrolidos al ribosoma

A2059

NH; f
N TN r’”

QfJ N
N7 \
)

Dimetilacion de residuo Adenina rRNA 23S
Mutaciones puntuales de rRNA o proteinas ribosomales
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Uunctional metagenomic analysis reveals rivers are a reservor @

0r diverse antibiotic resistance genes
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ARTICLE INFO

Keywords:

Functional metagenomics
Antibiofic resistance
Waste water
Environmental resistance
Sewage

ABSTRACT

The environment harbours a significant diversity of uncultured bacteria and a potential
source of novel and extant resistance genes which may recombine with clinically
important bacteria disseminated into environmental reservoirs. There is evidence that
pollution can select for resistance due to the aggregation of adaptive genes on mobile
elements. The aim of this study was to establish the impact of waste water treatment plant
(WWIP) effluent disposal to a river by using culture independent methods to study
diversity of resistance genes downstream of the WWTP in comparison to upstream.
Metagenomic libraries were constructed in Escherichia coli and screened for phenotypic
resistance to amikacin, gentamicin, neomycin, ampicillin and ciprofloxacin. Resistance
genes were identified by using transposon mutagenesis. A significant increase down-
stream of the WWTP was observed in the number of phenotypic resistant clones recovered
in metagenomic libraries. Common P-lactamases such as bla;z, were recovered as well as
a diverse range of acetyltransferases and unusual transporter genes, with evidence for
newly emerging resistance mechanisms. The similarities of the predicted proteins to
known sequences suggested origins of genes from a very diverse range of bacteria. The
study suggests that waste water disposal increases the reservoir of resistance mechanisms
in the environment either by addition of resistance genesor by input of agents selective for
resistant phenotypes.
@ 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC
BY license (http://creativecommons.org/licenses/by/3.0/).



Table 1
Summary of metagenomic libraries made from DS and US samples.

Sample Average Average number Library
Insert size of clones coverage
DS 42kb 2 x10° 8.4Gb

US 4,7kb 2% 10° 0.4Gb




Table 2
Analysis of resistant clones in DS and US libraries,

Antibiotic MIC of Number of ~ Numberof  Proportion of bacteria Proportion of bacteria MIC tested for
Epi300 strain -~ resistant resistant carrying resistant gene  camying resistant gene  resistant clones
(mgl™) clones DS clones US downsteam (%) upstream (%) (mgl™)

Ampicillin § >50 >50 274 245 16

Gentamicin 3 15 9 0.82 0.4 i

Neomycin 8 14 b 0.76 0.29 16

Amikacin 4 4 0 0.22 0 16

Ciprofloxacm 025 4 ] 0.22 0.05 1
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acetyltrans ferasa N-acelylglutamate synthasa Mycobactenum smegmatis
aminoghy cosida 2-M-acalyltransfarase Unknown bacterium

aminogly cosida 2-N-acetyltransfaras e My cobacterium phlgi
— aminaghy coside 2-N-acatyltransfaras e My cobactarium rhodasiae
65— aminogly coside 2-N-acatyliransfaras e My cobactarium tusciae

M-acetylirans ferase GCNS My cobacterium sp.
—— aminogly coside 2-N-acatyliansfaras e My cobactarium hassiacum

100 ——— aminogly coside 2-N-acalyliransfarase My cobaclarium sp.
aminaghycoside 2-N-acalyliransfaras e My cobactarium ¢hubuansa

100 ——— aminogly coside 2-M-acatyliansferas e My cobactarium vanbaalenii
100 L— aminogly coside 2-M-acatyltransfaras e My cobaclarium vaccae

putatne acalyliranskrase Kilasalospora selas

aminogly cosida 2-M-acetyltransferase Saccharmopolyspora spinoza
hy pathatical protain Streptomyceas wlaminophilus

gz [ aminogly coside 2-N-acetyliransferase Straptomyces auratus

— amiinoghy cosida 2-N-acatyltransfarase Straptomyces bingcha
100 ——— aminogly cosida 2-N-acetyltransferase Amycolatopsis methanolica

—— aminoghy cosida 2-N-acalyltransferase Amyocolatopsis sp.
hry pothetical protain Amycolatopsis decaplanina

100 — hypothetical protein Amycolatopsis alba
T2 aminagly cosida 2-N-acatyltransferase Amycolatopsis azurea

aminoghy coside 2-N-acalyltransfarase Nocardioides sp.

acetyltrans ferasa Gordonia spuli

aceatyltrans ferasa Gordonia malaquaa
GENTAMICIN CLONE & (DS

aminoghy cosida 2-N-acetyltra nsfamauq Prowidancia stuartii
Dutgroup adanyly transferasa




Table 3

Identities of resistance genes and predicted proteins Moom clones analysed by bransposon mutagenssis.

Antibiotic resistance conferred
(hibrary)

Predicted size
of protein
[ aml o aclds)

Predicted domains

Mearest sequence identity [baderia identity )

Gentamicin done 1 (LS library)
Centarmcin done 2 [US library)
Gentamicin done 3 [US library)
Gentamicin done 4 (LS library)
Gentamicin done 5 (DS library)
Gentamicin done & (DS lbrary
Centamicin done 7 (DS library)
Amikacin done 1 (DS library
Amikacin 2 (D5 library)
Ampicillin chone 1 (U5 library
Ampleillin clone 2 (D5 lbeary)
Ampicillin chone 3 (D5 library)

Mesmydn clome 1 (D5 libeary)

Meomydn clone 2 (DS library )

Ciprofloxacin clone 1 (DS hibrary)

420

38

264

329

178

7

185

119

289

289

289

107

162

145
154

Potassiwm teans porier superfamaly
W

Aminoslyooside 3-N-acetyltrams ferase
Thiamine pyrophosphate family
Aminoglyooside 3-N-acetyltrams ferase
DUF4111

Am noglycoside ¥ -phosphotransferase (APH)
Aminoglycoside 3-N-acetyltrams ferase
Nucleotidyl transferase superfamily
Beta-lactamase2 superfamily
Beta-lactarmase? superfamily
Beta-lactamase2 superfamily

Trod lke superfamily
FiepB BC-type Fe3+ -hydrokamate transport

system, periplasmic component
G lycosyliransfer ase family 25

Reck (recombination regulator)
Rech (bacterial DMA recombination protein)

77 Potassium anspart probein
Canthinobocerium sp.)

75% Hypothetical protein

(Escherichie colf)

592 Aminoglyooside-{3)-M-acetylranslerase
(Escherichio coh)

B8 Pyruvate dehydrogenase subunit E1
Clantfinbacterium sp.)

362 Acetyltransferase (GMNAT) family protein
(Providencia refigeri)

O Aminoglycoside ¥-adenylytransferase
(Yersinia pestk )

1005 Aminoglycoside 3-phosphotransferase
(Pseudomomas putda)

58E Aminoglycoside NG Facetyltransferase
(rlosocapsa Sp.)

62X Methionyl-tRNA synthetase
(Hal[soomenoborcter by drossis)

99% Beta-lactamase TEM

(Bacilius subtiis)

O Beta-lactamase TEM

(Bacilus subtiis)

992 Beta-lactamase TEM

(Bacillus subtiis)

48% Hypothetical protein

[Streptormpces sp.)

36 Glyomyliransderase 25 family member 1
(Aprobecterium sp.)

33% Regulatory protein RecX

(Listeria secliper)

T4E Recombinase A

(Creaboacter loviey)




Wastewater Treatment Plants Release Large

Amounts of Extended-Spectrum P-Lactamase-
Producing Escherichia col Into the Environment

Caroline Bréchet, Julie Plantin,' Marléne Sauget Michelle Thouverez, Daniel Talon,' Pascal Cholley,
Christophe Guyeux," Didier Hocquet," and Xavier Bemand"



'Service o Hvgiene Hosprraliere, UMA 6209 Chono-environnemant, Centre Hospralier Régicnal Unwersitaire, Unnersite de Franche-Comte, Besangor;
an “Département DISC, Institut FEM10-ST, UME 6178 CNRS, Université de Franche-Lomté BeFort, France

See the Editorial Commentary by Griffiths and Barza on pages 1666-7)

Background. The determinants of the spread of extended-spectrum B-lactamase-producing Escherichie coli
(ESBLEC) in the community remain unclear. To cvaluate its dissemination in the environment, we analyzed the
ESBLEC population throughout an urban wastewater network.

Metheds.  Samples were collected weekly, overa 10-week period, from 11 sites throughout the wastewater network of
Besancon city (France). Total E. coli and ESBLEC loads were determined for each sample. As a confrol, we analyzed 51
clinical ESBLEC isolates collected at our hospital. We genotyped both environmental and clinical ESBLEC by pulsed-
ficld gel clectrophoresis and multilocus sequence typing and identified their blagsy,, genes by sequencing,

Results.  'The F. coli loac was higher in nrhan wastewater than in hospital wastewater (7.5 10° vs 3.5% 10° CFU/mI,,
respectively). ESBLEC was recovered from almost all the environmental samples and accounted for 0.3% of total
E. coli in the untreated water upstream from the wastewater treatment plant (WWTP). The ESBLEC load was higher
in hospital wastewaler han in communily wastewaler (27 x 10° vs 0.8 x 10° CEU/mL, respectively). Treatment by the
WWTP eliminated 98% and 94% of total E. coli and ESBLEC, respectively. The genotyping revealed considerable
diversity within both environmental and clinical ESBLEC and the overrepresentation of some clonal complexes.
Most of the sequence types displayed by the clinical isolates were also found in the environment. CTX-M enzymes
were the most common enzymes whatever the origin of the isolates.

Conclusions, The treatment at the WWTP led to the relative enrichment of ESBLEC. We estimated that »600
billion ot ESBLEC are released into the river Doubs daily and the sludge produced by the WWTP, usad as fertilizer,
contains 2.6 x 10° ESBLEC per gram.

Keywords, sequence types; WWTP; multidrug-resistant bacteria; environmental risk; sludge.
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Table 1. Antimicrobial Susceptibility of Extended-Spectrum ji-Lactamase-Producing Escherichia coliFound in the Wastewater Network
of Besancon, France, and in Patients Hospitalized at the University Hospital of Besancon During the Same Time Period (January-April

2011}
Susceptibility Rate, %°
No. of

sampling Sites or Origin lsolates Caz Ctx Tzp Fox Ipm MNal Ofla Amk Fas
Urban wastewater 59 46 12 97 100 100 A3 66 100 93
Hospital wastewater 45 { 1 20 91 98 100 3 { 33 100 87
Wastewater treatment plant

Untreated inflow 26 42 8 100 96 100 69 73 100 g2

Treated outflow b8 31 2 91 93 100 66 59 100 90
River

Upstream 10 80 0 100 100 100 0 70 90 100

Downstream 27 30 9 96 85 100 0 4 100 85
Sludge 17 63 18 94 94 100 71 76 100 [
Inpatients b1 24 4 88 80 100 41 39 100 94
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[nsects Represent a Link between Food Animal Farms and the Urban
Environment for Antibiotic Resistance Traits

Ludek Zurek *® Anuradha Ghosh®
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Antibiotic-resistant bacterial infections result in higher patient mortality rates, prolonged hospitalizations, and increased health
care costs, Extensive use of antibiotics as growth promoters in the animal industry represents great pressure for evolution and
selection of antibiotic-resistant bacteria on farms. Despite growing evidence showing that antibiotic use and bacterial resistance
in food animals correlate with resistance in human pathogens, the proof for direct transmission of antibiotic resistance is diffi-
cult to provide. In this review, we make a case that insects commonly associated with food animals likely represent a direct and
important link between animal farms and urban communities for antibiotic resistance traits, Houseflies and cockroaches have
been shown to carry multidrug-resistant clonal lineages of bacteria identical to those found in animal manure, Furthermore,
several studies have demonstrated proliferation of bacteria and horizontal transfer of resistance genes in the insect digestive
tract as well as transmission of resistant bacteria by insects to new substrates, We propose that insect management should be an
integral part of pre- and postharvest food safety strategies to minimize spread of zoonotic pathogens and antibiotic resistance
traits from animal farms, Furthermore, the insect link between the agricultural and urban environment presents an additional
argument for adopting prudent use of antibiotics in the food animal industry.




TABLE 1 Insects with antibiotic-resistant bacteria from food animal production farms and surrounding urban environments

Antibiotac reststance
Insact Bactarial species profile Environment(s] Reference
Cockroaches (Dictyoptera)
Czarman cockroach Emferococus _f&'cm'is, Enrem'mrﬁ:rchlm, AMP, CHL, CIF, ERY, Swine farms 5
{ Blartella germamica) Fnterococous hirag, Emterocoms KAN, STR, TET
casseliflavus
Fltes {Dptara)
Housefly (Musca domestica) ~ Emterococrus farcalis, Enterococcus faecium, — CIF, ERY, KAN, TR, TET Fast-food restaurants 5
Enterococrus casseliflavus
Housefly (Musca domestica) ~ Emterococous faecalis, Enferococcus faecium, — CLY, ERY, PEN, 5YN, TET ~ Foaliry farms 55
Blowily | Lucilia spp.) Staphylococous spp.
Battle fly { Phagnicia spp.)
]']I:IIJ.'n!I:JjuI {Miesca domestica) Emferocoorus _ﬁrcm'is, Eﬂt:m'mrfnrchlm, AMP, CHL, CIF, ERY, Swine farms S
Enterococrus hirae, Eterocomus KAN, STR, TET
cassefiflavies
Hosefly (Misca domestica) Ermterococrus faecalis, Enterococous faecium DOX, ERY, GEN, STR, Waslewater trestment 61
TET facilitles
Housefly (Misca domestica) Escherichia coli 0157:H7 AMP, CER, CTE, GEN, Cattle farm 46
WEQ, OXY, 5PC; SXT
Housefly (Misca domestica) Escherickia coli AMP, 5TR, SUL, TET Swine farms 5l
Housafly {Misca domestica) Escherickia coli AMP, AMX, CHL, CEP, Dalry cattle farm 52
stable fy [ Stomays CIP, GEN, NAL, SUL,
calcitrans) STR, SXT, TET
Housefly (Misca domestica) Ercherichia coli AMP, CED, CEZ, 5TR, Cattle farm 53
Falsa stable fly { Muscima TET, TRM
stabikans]
Hosefly (Misca domestica) Escherickia coli CAZ, CEF Pouktry farms 54
Blowfly { Lurilia spp.)
Australian bush fly (Musca Escherictia coli, Salmonella spp., Shigella AME, CLE, ROX Cattle farm, urban 50
vetustizsima] 5P arag, outdoor

eateries
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