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Lec. 1

In the laboratory, under favorable conditions, a growing bactesllption
doubles at regular intervals. Growth is by geometric progressjd? 4, 8,

etc. or 2, 2%, 22, 28......... 2 (where n = the number of generations). This is

calledexponential growth

When a fresh medium is inoculated with a given number of ceits tlee
population growth is monitored over a period of time, plgttine data will

yield atypical bacterial growth curve
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Bacterial Growth Phases
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Four main characteristic phases of the growth cycle are recognized:

1 » Lag Phase

Immediately after inoculation of the cells into fresh medium:
the population remains temporarily unchanged
there is no apparent cell division occurring

the cells may be growing in volume or mass, synthesizing esgym

proteins, RNA, etc., and increasing in metabolic activity.

The length of the lag phase is apparently dependent on a wide tyaniefactors
including:
the size of the inoculum.
time necessary to recover from physical damage or shock in the transfer.
time required for synthesis of essential coenzymes or division factors.

time required for synthesis of new (inducible) enzymes that are necessary

to metabolize the substrates present in the medium.
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2 « EXxponential (log) Phase

The exponential phase of growth is a pattern of balanced growth where in:

all the cells are dividing regularly by binary fission, and aoeving by

geometric progression.

The cells divide at a constant rate depending upon the citiopamf the

growth medium and the conditions of incubation.

The rate of exponential growth of a bacterial culture is expreased
generation time also thedoubling time of the bacterial population.
((Generation time (G) is defined as the time (t) per generation (n mber of
generations). Hence, G=t/n is the equation from which calculations of

generation time derivgp

3 « Stationary Phase

Exponential growth cannot be continued forever imagch culture (e.g. a
closed system such as a test tube or flask). Population giolihited by

one of three factors:
1 . exhaustion of available nutrients.

2 .accumulation of inhibitory metabolites or end products.
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3 . exhaustion of space, in this case called a lack of "biological space".

During the stationary phase, if viable cells are being counted, ibtaen
determined whether some cells are dying and an equal numbersoareell

dividing, or the population of cells has simply stopped gngwnd dividing.

The stationary phase, like the lag phase, is not necessapéri@d of

guiescence

Bacteria that produceecondary metabolites such as antibiotics, do so
during the stationary phase of the growth cy&lecondary metabolites are

defined as metabolites produced after the active stage of growth).

It is during the stationary phase that spore-forming bactewva teainduce
or unmask the activity of dozens of genes that may be iasgtah/sporulation

process.

4 « Death (decline) Phase

If incubation continues after the population reaches stationary phase a deatt
phase follows, in which the viable cell population declines.téNaf
counting by turbidimetric measurements or microscopic courgsgeiath

phase cannot be observed.).
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During the death phase, the number of viable cells decreases gealiyet

(exponentially), essentially the reverse of growth during the log phase.

In most cases the rate of cell death is much slower than teapohential
growth.

Frequently, after the majority of cells have died, the death rate decreases
drastically, so that a small number of survivors may persisibnths or

even years. This persistence may in some cases reflect cell turntaxer, a
cells growing at the expense of nutrients released from cellslithand

lyses.

Calculation of Generation Time

When growing exponentially by binary fission, the increasa bacterial
population is by geometric progression. If we start with cglé when it
divides, there are 2 cells in the first generation, 4 cellshen decond
generation, 8 cells in the third generation, and so ong&heration timeis

the time interval required for the cells (or population) to divide.

G (generation time) = (time, in minutes or hours)/n(number of generations)

G =t/n
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t = time interval in hours or minutes
B = number of bacteria at the beginning of a time interval
b = number of bacteria at the end of the time interval

n = number of generations (humber of times the cell populaboibles

during the time interval)
b = B x 2" (This equation is an expression of growth by binary fission)

G=13.3logh/B

Example: What is the generation time of a bacterial population that

increases from 10,000 cells to 10,000,000 cells in four hours of growth?
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Diauxic Growth of Microorganisms

?

* | In a medium containing two carbon sources, bacteria such daspglayvth

curve which is called diauxic

sugars present
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* | Diauxic growth is a phenomenon in which the microorganisnwgro

successively on two different substrates. In the presence oplawdérbon
sources, the microorganism will preferentially consume one carlisirate
for growth, and only after that carbon substrate is (substgtitdpleted,
will the microorganism consume the second substrate for grambetween,

a short lag period is seen.

Microbes have a choice of carbon source in the mediumin most cases the

substrate which permits the highest growth rate will be used up first

They will utilise first the one which is closest to the one they were using

before inoculation.
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They will use the simplest structure first (usually glucose)

Key features of diauxic growth:

Initially the growth curve is the same as a standard growth curve.

Thestationary phasés in fact anothelag phase.

In this secondag phasenew enzymes are being synthesised by the

bacteria to utilise the secondary carbon source.

The secondag phaseis then followed by a secorekponential phase

followed by the stationary phaseanddeath phase
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Lec. 2

Continuous Culture of Bacteria

The cultures so far discussed for growth of bacterial popuktare called

batch cultures. Since the nutrients are not renewed, exponentidhgsow
limited to a few generations. Bacterial cultures can be maintainectate
of exponential growth over long periods of time using éesyof continuous
culture, designed to relieve the conditions that stop exp@iegrbwth in

batch cultures.

Continuous culture, in a device calledlf@&mostatcan be used to maintain

a bacterial population at a constant density.

10
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Synchronous Growth

f?

: A growing microbial culture contains cells dividing asynchronously

and the properties of the population are the average propertibg of t
individual cells. While studying cell cycle events we want teasure
changes in the biochemical features of individual cells anchexefore
need to amplify the physiological events by producing alsymously
dividing culture in which all the cells divide at roughlyeteame time,
FRQVHTXHQWOAH ®" 3WKADBIHItR T FXUYH UHVX
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f?

: There are two methods available for producing the synchronous

cultures:

: 1. Induction methods -They rely on synchronising an exponential
phase culture by appropriate and usually sudden changesein th

environment, such as:
alteration in temperature
concentration of nutrients

illumination for photoautotrophs

2. Selection methods -The cells are physically separated from an
exponential-phase culture at a particular point in the graytie. The

methods include.

(I) Centrifugation on a density gradient.

(I) Filtration of cells through a cellulose nitrate filter and inverting it and
passing medium through the filter from above. When cells diviele il

off the filter giving a continuous supply of newly born cells.

Synchronous cultures can be obtained in several ways:

15
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External conditions can be changed, so as to arrest growthas#llalin the

culture, and then changed again to resume growth. The neoviyng cells

are now all starting to grow at the same stage, and they are syzekrd-or
example:

1-for cells can be eliminated for several hours and then
re-introduced. 2-Another method is to eliminate an essential from
the and later to re-introduce it.

Cell growth can also be arrested using chemical . After growth

has completely stopped for all cells, the inhibitor can be e&sitpved from

the culture and the cells then begin to grow synchronousiy: . for

example, is often used in biological research for this purpose.

Cells in different growth stages have different physical pragger@ells in a
culture can thus be physically separated based on their:or size, for
instance. This can be achieved using (for density) or

(for size).

In the Helmstetter-Cummings technique, a bacterial culture tesrefl

through a membrane. Most bacteria pass through, but some remagh boun

to the membrane. Fresh medium is then applied to the membratigeand
bound bacteria start to grow. Newborn bacteria that detach from the
membrane are now all at the same stage of growth; they are collected in &
flask that now harbors a synchronous culture.

16
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Lec. 3

Biofilm

1A biofilm is any group omicroorganismsn which cells stick to each other on

a surface. These adherent cells are frequently embedded within a self-
produced matrix oéxtracellular polymeric substan{EPS). is gpolymeric

conglomeration generally composed of :

1) extracellulaiDNA

2) proteins

3) polysaccharides

:I: Biofilms may form on living or non-living surfaces and cangrevalent

in natural, industrial and hospital settings
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:I: The microbial cells growing in a biofilm aghysiologicallydistinct from

planktoniccells of the same organism, which, by contrast, are singlecells

that may float or swim in a liquid medium

:I: Microbes form a biofilm in response to many factors, which melyde :

gcellular recognition of specific or non-specific attachment sites orfacsu
gnutritional cues

gexposure of planktonic cells to sub-inhibitory concentrations dbiatitis

:tWhen a cell switches to the biofilm mode of growth, it undesga
phenotypic shift in behavior in which large suites of genes are

differentially requlated

5 . Formation

:I: Formation of a biofilm begins with the attachment direefloating

microorganisms to a surface. These first colonists adhere to the surface

initially through weak, reversible adhesion vien der Waals forces
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i If the colonists are not immediately separated from the surfacecémey
anchor themselves more permanently usielg adhesiorstructures such as

pil.

:t Hydrophobicity also plays an important role in determining the ability o
bacteria to form biofilms, as those with increased hydrophgbicave

reduced repulsion between thetracellular matrixand the bacterium.

:I: Some species are not able to attach to a surface on their own but are
sometimes able to anchor themselves to the matrix or directhartier

colonists.

:I: It is during this colonization that the cells are able to camiocate via

quorum sensingsing products such as AHL.

:I: Some bacteria are unable to form biofilms as successfully dugitdriited
motility. Nonmotile bacteria cannot recognize the surface or agtgeg

together as easily as motile bacteria.
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i Once colonization has begun, the biofilm grows through a c@nbn of

cell division and recruitment.

:I: Polysaccharidenatrices typically enclose bacterial biofilms. In addition to

the polysaccharides, these matrices may also contain material from the
surrounding environment, including but not limited to emals, soil

particles, and blood components, such as erythrocytes and fibrin.

:t The final stage of biofilm formation is known as dispersion, and is the stage

in which the biofilm is established and may only change in shape and size.

:I: The development of a biofilm may allow for an aggregate cetingo{or
colonies) to be
increasingly antibiotic resistant. Cell-cell communication orrqoo
sensing (QS) has been shown to be involved in the formation of biofilm

in several bacterial species.

:I: Acinetobacter baumannii is infamous for its ability to fonfibns both on

inanimate objects as well as biotic surfaces.

20
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:t A. baumannii has been reported to commence secretion of exapoiysles
once it has successfully adhered to a surface, be it hydrophilic or

hydrophobic like glass and plastic, respectively, or surfaces of loahs;

:I: Previous findings indicate that within the protective envinent of the

biofilm, the pathogen remains protected from:

1) starvation
2) desiccation

3) action of antibiotics

:l: As such, the ability to form biofilms alone may be linketh®increased

virulence in some of the strains.

:l: reports have shown that multidrug resistant strains are effigiiiiim
producers, indicating a direct relationship between biofilm folmnati

and antibiotic resistance.

21
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:l: reports have also shown that the biofilm-associated protein (BAP) in A.
baumannii, involved irbiofilm formation, is capable of stimulating
humoral response in mice, which suggests that it may havee anrol

virulence.

:l: The ability of A. baumannii to form biofilms has been showarbé
related to certain outer membrane surface associated proteingipgg O

and BAP as well as certain pili-associated adhesins.

:l: The presence of metal cations has also been reported to be réguired
biofilm formation as indicated by the reduced ability obAumannii to
produce biofilms in presence of chelators like

ethylenediaminetetraacetic acid.

:t The formation of CsuA/BABCDE-dependent pili appears to benéiste
for the adherence and biofilm formation abiotic surfaces and the
assembly of these pili seems to involve chaperone and usker-lik
proteins. However, this system does not seem to be involvéldei
adherence of A. baumannii li@ing cells

22
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:l: Quorum sensing has also been implicated in the regulafibiofilm
formation. A. baumannii has been shown to be capable of pngduc
guorum sensing molecules namely N-acylhomoserine lactones of
various chain length with(3-hydroxydodecanoyl)-L-HSL reported as
the primary signal molecule. However, only a single autoinduce

synthase gene named abal has been identified till date.

:l: Quorum sensing is the main method of communication between th
bacterial cells within the biofilm and may also serve as a mésthao
coordinate and regulate the multiple virulence factors in A. baumann
There are reports indicating that quorum sensing might lgpsse
involved in hostpathogen interactions as well. Thus, biofilm formation
and quorum sensing are important components in the wide bdena

virulence determinants produced by A. baumannii.

23



Cell-Cell Communication




There are five stages of
biofilm development:
Hinitial attachment
Hirreversible attachment
iMaturation |
IMaturation |
iDispersion
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Lec. 4
Biofilm: Adhesion and

Microcolony Formation

:l: The attachment of a small number of bactegalls is all that is needed to

initiate biofilm formation anywhere along the system.

:l: Within a few secondghe progression of phenotypic changes in the bacteria
remarkably alters protein expression to further produce spspexsfic
adhesions that irreversibly anchor the cell to the surface. Typdilsir@
involved in a type of surface-associated motility called

twitching, and this twitching might be required for

the aggregation of cells into microcolonies.

:t Within as few as 12 minutethe adherent cells upregulate genes that direct

production of accumulation proteins and polysaccharides, wircty
attach the cells to the substratum and to each other as they anderg
exponential binary division.

26
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i After initial attachment, the cells begin to grow and spreaal m®nolayer
on the surface. As the cells continue to divide, the daughter sperlsad
outward and upward from the attachment point to form cell enlsisiThe
production of exopolysaccharides (EPS) or
"slime" embeds the aggregating cells to form microcolonies. Typitche
microcolonies are composed b0% to 25%cells and75% to 90%EPS

matrix, with a consistency similar to a viscous polymer hydrogel.

27
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:l: The continued formation of the biofilm community evolves according to:

1) the biochemical and hydrodynamic conditions

2) the availability of nutrients in the immediate environment.

The structural organization is mainly influenced lbgrmone-like regulatory

signalsproduced by the biofilm cells themselves in reaction

to growth conditions.

@ This interactive network of signals allows for communication anmbegells,

not only controlling colony formation but also regulating:

1) growth rate
2) species interactions
3) toxin production

4) invasive properties
The cell clusters are structurally and metabolically heterogenamals both

aerobic and anaerobic processes occur simultaneously in differenbpart

the multicellular community.
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:1: Cellular density typically increases to a steady state withitnweeks
depending on the species and local environmental conslifitqpanded
growth evolves into complex 3-D structures of tower- amtshroom-

shaped cell clusters.

:t- Joining microcolonies are connected by water channels that a®ve
primitive circulatory system for delivery of nutrients and reaioof

wastes.

30
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iThe thickness of the biofilm is variable (13-60 um) anévem, as
determined by the balance between growth of the biofiim and

detachment of cells.

i Depending on the initial number of attached organisms, thidagared
cell clusters develop as patchy networks or form a contigaygasover

the surface of the catheter.

iThe dimension of biofilms in vivo is only on the orddrtens of
micrometers, but they contain thousands of bacteria in a veryambmp

space.
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Lec. 5

Biofilm formation

The formation of biofilm is a universal strategy for microbial survival.

iln order to colonize new surfaces and to prevent density-meddiate
starvation within the mature biofilm, the cells must detach and
disseminate. However, those released in clumps retain antibiotic
resistance and may embolize at a distant anatomic site toodevel
metastatic infections such as endocarditis or osteomyeligpeBal is

accomplished by:

1) shedding
2) Detachment
3) shearing

i Shedding:

34
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:t occurs when daughter cells from actively growing bacteriagrugiper

regions of the microcolonies are released from the cell clusters.

:I:Due to increased cell density a programmed set of events (cell-cell
signaling) within the biofilm leading to a local hydrolysié the
extracellular polysaccharide matrix (alginase in the case of P.
aeruginosa), and conversion of a subpopulation of cells intdemot

planktonic cells, which leave the biofilm.

:t Shearing:

i biofilms are exposed to variable flow rates and shear forces. When the
shear force of the infusion exceeds the tensile strength of theusis

biofilm, fragments break away.

i Detachment:

i Clumps or fragments of detached biofilm may contain thousairawtdls,
but they leave behind an adherent layer of cells on the surface to

regenerate the biofilm. Intriguingly it has been observed tludilrbs
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with thick extrapolysaccharides have less chance of detachment which

tends to reduce the spread of infections

i Dispersal of cells from the biofilm colony is an essentiagstof the
biofilm life cycle. Dispersal enables biofilms to spread emidnize new

surfaces.

™ Enzymes that degrade thaofilm extracellular matrix such as

dispersin B and deoxyribonucleasemay play a role in biofilm

dispersal. Biofilm matrix degrading enzymes may be useful as

antibiofilm agents.

™ Recent evidence has shown thdhtty acid messengais-2decenoic

acid is capable of inducing dispersion and inhibiting growth

biofilm colonies. Secreted byPseudomonas aerugingsdhis

compound induces cyclo heteromorphic cells in several species of

bacteria and the yeast Candida albicans.

™ " Nitric oxide has also been shown to trigger the disp@fshiofilms

of several bacteria species at sub-toxic concentratidiisc oxide
has the potential for the treatment of patients that suffer from chronic

infections caused by biofilms.
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:l: Properties

:l: Biofilms are usually found on solglbstratesubmerged in or exposed

to anagueousolution although they can form as floating mats on liquid

surfaces and also on the surface of leaves, particularly in higiaity

climates.

:t Given sufficient resources for growth, a biofilm will quickly grow to be
macroscopic (visible to the naked eye). Biofilms can contain many
different types of microorganism,

e.g. bacteria archaeaprotozoa fungi andalgae each group performs

specializedmetabolicfunctions. However, some organisms will form
single-species films under certain conditions. The socialctsim
(cooperation, competition) within a biofilm highly depends the

different species present.

iExtracellular matrix

--I: The biofilm is held together and protected by a matrix of sedpetilymeric
compounds called EPS. EPS is an abbreviation for egk&acellular

polymeric substancer exopolysaccharidealthough the latter one only
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refers to the polysaccharide moiety of EPS. In fact, the EPS matrixtsonsis

not only of polysaccharides but alsowbteins(which may be the major

component in environmental and waste water biofiims)ramdkeic acids

:I: A large proportion of the EPS is more or less strongly hydrataaever,
hydrophobic EPS also occur; one example is cellulose whictodkiped
by a range of microorganisms. This matrix encases the cells witna
facilitates communication among them through biochemical sgsaivell

as gene exchange.

:I: The EPS matrix is an important key to the evolutionary sucédssfims.
One reason is that it traps extracellular enzymes and keepsrihdose

proximity to the cells. Thus, the matrix represents:

1) an external digestion system

2) allows for stable synergistic microconsortia of different species

U Some biofilms have been found to contain water chatimalfielp distribute

nutrientsand signalling molecules.

UThis matrix is strong enough that under certain conditimio&lms can become

fossilized(Stromatolite®
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i Bacteria living in a biofilm usually have significantly diffetgagroperties

from free-floating bacteriaof the same species, as the dense and protected

environment of the film allows them to cooperate and interachiiows

ways.

:!: One benefit of this environment is increased resistandetgrgentsand
antibiotics as the dense extracellular matrix and the outer layer of cells
protect the interior of the community. In some cases antilnesistance

can be increased a thousandfold.

:I: Lateral gene transfas greatly facilitated in biofilms and leads to a more

stable biofilm structure. Extracellular DNA is a major structural
component of many different microbial biofilms. Enzymatic degradat
of extracellular DNA can weaken the biofilm structure and release

microbial cells from the surface.

:I: However, biofilms are not always less susceptible to antibiokcs

instance, the biofilm form oPseudomonas aeruginokas no greater

resistance to antimicrobials than do stationaryphase plaoktsils,
although when the biofilm is compared to logarithmic phdaakponic

cells, the biofilm does have greater resistance to antimicrobibls. T
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resistance to antibiotics in both stationary phase cellg@mfitmns may be

due to the presence pérsister cells

Habitat

:1: Biofilms can be found on rocks and pebbles at the bottomadt streams
or rivers and often form on the surface sithgnanpools of water. In fact,

biofilms are important componentsfobd chaingn rivers and streams and

are grazed by the aquatiovertebratesipon which many fish feed.

'-t Biofilms can grow in the most extreme environments: from, for exampl
the extremely hot, briny waters bbt springsranging from very acidic to

very alkaline, to frozeglaciers

:1: In the human environment, biofilms can growslmowersvery easily since
they provide a moist and warm environment for the biofilmthiove.
Biofilms can form inside water and sewagpesand cause clogging and
corrosion Biofilms on floors and counters can make sanitation difficul

food preparation areas.

:!: Biofilms in cooling- or heating-water systems are known to ceduweat
transfer.
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:t Biofilms in marine engineering systems, such as pipelineseobffishore
oil and gas industry, can lead to substantial corrosion gmablCorrosion
Is mainly due to abiotic factors; however, at least 20% of comesicaused
by microorganisms that are attached to the metal subsurface (i.e.,

microbially influenced corrosidon

:!: Bacterial adhesion to boat hulls serves as the foundtrdrofouling of
seagoing vessels. Once a film of bacteria forms, it is easiethfer marine
organisms such as barnacles to attach. Such fouling can reduiceumax
vessel speed by up to 20%, prolonging voyages and camguuoal. Time
in dry dock for refitting and repainting reduces the produgtof shipping
assets, and the useful life of ships is also reduced due toiooresl

mechanical removal (scraping) of marine organisms from ships' hulls.

i Biofilms can also be harnessed for constructive purposes. Fompkxam

manysewage
treatmenplants include a treatment stage in which waste water passes ov

biofilms grown on filters, which extract and digest orgas@mpounds. In
such biofilms, bacteria are mainly responsible for removal of organic

matter, whileprotozoaandrotifers are mainly responsible for removal of

suspended solids, including pathogens and other microorganisms.

41


http://en.wikipedia.org/wiki/Microbial_corrosion
http://en.wikipedia.org/wiki/Microbial_corrosion
http://en.wikipedia.org/wiki/Microbial_corrosion
http://en.wikipedia.org/wiki/Microbial_corrosion
http://en.wikipedia.org/wiki/Microbial_corrosion
http://en.wikipedia.org/wiki/Biofouling
http://en.wikipedia.org/wiki/Biofouling
http://en.wikipedia.org/wiki/Sewage_treatment
http://en.wikipedia.org/wiki/Sewage_treatment
http://en.wikipedia.org/wiki/Sewage_treatment
http://en.wikipedia.org/wiki/Sewage_treatment
http://en.wikipedia.org/wiki/Protozoa
http://en.wikipedia.org/wiki/Protozoa
http://en.wikipedia.org/wiki/Rotifer
http://en.wikipedia.org/wiki/Rotifer

Advance Microbial Physiology Dr. Sameer A. Alash

:!: Slow sand filtersrely on biofilm development in the same way to filter

surface water from lake, spring or river sources for drinking purpd#est
we regard as clean water is effectively a waste material to these

microcellular organisms.

:!: Biofilms can help eliminatg@etroleumoil from contaminated oceans or

marine systems. The oil is eliminated by thegdrocarbon-degrading

activities of microbial communities, in particular by a remarkaldently
discovered group of specialists, the socaligdrocarbonoclastic bacteria
(HCB).

:1: Stromatolitesare layered accretionary structures formed in shallow water

by the trapping, binding and cementation of sedimentary grans b

microbial biofilms, especially agyanobacteriaStromatolites include some

of the most ancient records of life on Earth, and are still forming today.

i- Biofilms are present on theethof most animals adental plaquewhere

they may causwoth decayandgum disease
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i Biofilms are found on the surface of and inside plants. They can either
contribute to crop disease or, as in the case of nitrogen-fiimzpbium
on roots, exist symbiotically with the plant. Examples ofpcdiseases

related to biofilms include Citrus Cankétierce's Diseasef grapes, and

Bacterial Spot of plants such as peppers and tomatoes.

:!: Biofilms are used imicrobial fuel cellfMFCs) to generate electricity from

a variety of starting materials, including complex organaste and

renewable biomass.

:1: Recent studies in 2003 discovered that the immune systerortaijm-
film development in the large intestine. This was supportedlynaith the
fact that the two most abundantly produced moleculeshbyimmune
system also support bio-film production and are associatedhe biofilms
developed in the gut. This is especially important becausagpbendix
holds a mass amount of these bacterial bio-films. This desgdelps to
distinguish the possible function of the appendix and dea ithat the

appendix can help reinoculate the gut with good gut flora.
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Lac. 6

Biofilms and infectious diseases

-Jl: Dental plaque

:t Dental plagues an oral biofilm that adheres to tteethand consists of:

l) many species of both fungal and bacterial cells (such as Sweptsc

mutans and Candida albicans)

2) salivarypolymers

3) microbial extracellular products.

T The accumulation of microorganisms subjects the teeth and ditigatees
to high concentrations of bacteriatetaboliteswhich results in dental

disease.

¥ The biofilm on the surface of teeth is frequently subjectxidative stress
and acid stress. Dietary carbohydrates can cause a dramatic decrease in p
in oral biofilms to values of 4 and below (acid stress).FAgQh 4 at body
temperature of 37 °C causes depurination of DNA, leaving apu#®r)

sites in DNA, especially loss of guanine.
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T A peptide pheromone quorum sensing signaling system intanshincludes
the Competence Stimulating Peptide (CSP) that

controls genetic competence.

T Genetic competence is the ability of a cell to take up DNA redebge

another cell.

¥ Competence can lead to genetic transformation, a form of sexual imieyact
favored under conditions of high cell density and/or stressravthere is
maximal opportunity for interaction between the competent aiadl the

DNA released from nearby donor cells.

T This system is optimally expressed when S. mutans csitferan an actively
growing biofilm. Biofilm grown S. mutans cells are genetically transformed
at a rate 10- to @-fold higher than S. mutans growing as free-floating
planktonic cells suspended in

liquid.

T When the biofilm, containing S. mutans and related oral sitepti, is
subjected to acid stress, the competence regulon is indwaing to

resistance to being killed by acid.
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T transformation in bacterial pathogens likely provides for effectwnd

efficient recombinational repair of DNA damages.

T ot appears that S. mutans can survive the frequent acid stagss lmofilms,

in part, through the recombinational repair provided by competamd
transformation.

Streptococcus pneumoniae

:I: S. pneumoniae is the main cause of communityacquired pneumonia
and meningitis in children and the elderly, and of septicemilllif+

infected persons.

:I: When S. pneumonia grows in biofilms, genes are specifically exqor&sst

respond to oxidative stress and induce competence.

:I: Formation of a biofilm depends on competence stimulatinggepdSP).
CSP also functions as a quorum-sensing peptide. It not onlgesdiofilm

formation, but also increases virulence in pneumonia and meningitis.
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:I: It has been proposed that competence development ananbliofihation
Is an adaptation of S. pneumoniae to survive the defenseg btiost. In
SDUWLFXODU WKH KRVWTTV SRO\PRU SIGRQUF(
burst to defend against the invading bacteria, and this nespoan Kill

bacteria by damaging their DNA.

:!: Competent S. pneumoniae in a biofilm have the survival advathaighey
can more easily take up transforming DNA from nearby cells in tHinbio

to use for recombinational repair of oxidative damages in their DNA.

:I: Competent S. pneumoniae can also secrete an enzyme

(murein hydrolase) that destroys non-competent cells (fratricidejngau
DNA to be released into the surrounding medium for potensia by the

competent cells.

:I: Legionellosis

i Legionellabacteria are known to grow under certain conditions in bisfilm

in which they are protected againstinfectants
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i Workers incooling towers persons working imir conditioned roomand

people taking ahowerare exposed to Legionella by inhalation when the

systems are not well designed, constructed, or maintained.

:!: Biofilms in medicine

:I: The rapidly expanding worldwide industry for biomedical deviees
tissue engineering related products is already at $180rbpko year, yet

this industry continues to suffer from microbial colonization.

:I: No matter the sophistication, biofilms are known to develop on all medical

devices and tissue engineering constructs.

i Biofilms also account for more than 65% mfsocomialinfections. This
leads to 2 million cases annually in the U.S., costindndadthcare system

over $5 billion in additional healthcare expenses.
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Lec. 7/

Definitions of Oxidation and Reductionwith

respect to Oxygen Transfer

Oxidation is thegain of oxygen.

Reduction is théossof oxygen.

reduction

v

Fe-O3 + 3CO » 2Fe + .

oxidation
tBecause both reduction and oxidation are occurring simultaryedhs is

known as aedox reaction
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6 . Oxidizing and reducing agents

iAn oxidizing agent is substance which oxidizes sometleisg. In the
example, the iron(lll) oxide is the oxidizing ageptve oxygen to another

substance).

:l:A reducing agent reduces something else. In the equation, the carbon

monoxide is the reducing ageiitemove oxygen from another substance).

Definition 2: Oxidation and Reduction with

respect to Hydrogen TransferOxidation is thdossof hydrogen.
Reduction is thgain of hydrogen.

Notice that these are exactly the opposite of the oxygen definitions.

For example, ethanol can be oxidized to ethanal:

reduction

¥

FexO3 <+ S3CO = 2D2Fe -+ 3

oxidation

CHzCH2=20H - GHEGHI

T

oxidation by loss of hydrogen
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reduction by gain of hydrogen

\

CH3CHO » CH3CH20H

iDefinition 3: Oxidation and Reduction with respect to Electron Transfer

:l:Oxidation islossof electrons

:l:Reduction iggain of electrons

reduction by gain of electrons

| ¥

Cuz2+ + Mg = Cu + Mg2+

| f

oXidation by loss of electrons
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7 « 1he Effect of Oxygen

:I;)bligate aerobegequire Q for growth; they use Oas a final electron

acceptor in aerobic respiration and cannot grow in its absence.

-_-F)bligate anaerobg(occasionally calle@erophobe$ do not need or use,O
as a nutrient. In fact, Qs a toxic substance, which either kills or inhibits
their growth; hence, they must depend on other substances a®relect

acceptors. Obligate anaerobic procaryotes may live by:

1) fermentation or anaerobic respiration.
2) bacterial photosynthesis.
3) novel process of methanogenesis.

i Facultative anaerobegor facultative aerobe$ are organisms that can
switch between aerobic and anaerobic types of metabolism. however,

they grow better in the presence of molecular oxygen.

:I: Aerotolerant anaerobesare bacteria with an exclusively anaerobic
(fermentative) type of metabolism but they are insensitive to thenmes

of O,. They live by fermentation alone whether or ngti©present in
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their environment, since they lack the ability to use oxygentasminal

electorn acceptor.

:t are organisms that use oxygen, but only low
concentrations (low micromolar range); their growth is inhibibs

normal oxygen concentrations (approximately 200 micromolar).

i are organisms that cannot grow in the presence of
micromolar concentrations of oxygen, but can grow with and kenefi
from lower (nanomolar) concentrations of oxygen (d3gcteroides

fragilis).

i The response of an organism tei@its environment depends upon the
occurrence and distribution of various enzymes which react witm@
various oxygen radicals that are invariably generated by celigein

presence of @

:I: All cells contain enzymes capable of reacting with. Bor example:

:t oxidations of flavoproteins by LQnvariably result in the formation of
H20. (peroxide) as one major product and small quantities of an even

more toxic free radical, superoxide &

:t Also, chlorophyll and other pigments in cells can react wighnCthe
presence of light and generate singlet oxyf®2, another radical form

of oxygen which is a potent oxidizing agent in biological systems.
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What are Free radicals ?

. b
Free radicals Wt P
: 1 \ A
are like robbers % § L,é
which are k-

deficient in energy.

Free radicals attack
and snatch energy ¢
from the other <=
cells to satisfy
themselves.

A free radical is an atom or group of atoms that has an umeal electron and

is therefore unstable and highly reactive.
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A missing electron creates
a"Free Radical’, highly reactive

Orbitals
N 4

Electrons

TS

Nucleus
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Reactive oxyyen species ( «unpaired electrons)

080 +0u0 0000 0 0

Oxygen  Superoxide anion  Peroxide  Hydroxyl radical  Hydroxyl ion
0, 0y 0% OH Of

—— extra electron

p—
______
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:I:In aerobes and aerotolerant anaerobes the potential for lethal accumaflation

superoxide is prevented by the enzyme superoxide dismutase.

:I:AII organisms which can live in the presence g{@Whether or not they utilize

it in their metabolism) contain superoxide dismutase.

:I:Nearly all organisms contain the enzyme catalase, which decompglgs
Even though certain aerotolerant bacteria such as the lactic acid bacteria lac
catalase, they decomposgd by means of peroxidase enzymes which derive

electrons from NADHto reduce peroxide to 0.

:tOingate anaerobes lack superoxide dismutase and catalase and/or
peroxidase, and therefore undergo lethal oxidations by various oxygen

radicals when they are exposed to £

Superoxide dismutase [Catalase

Iz H202
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Obligate aerobes and mc

facultative anaerobes

(e.g. Enterics)

Most aerotolerant

anaerobes

(e.g. Streptococci)

Obligate anaerobes

(e.g. Clostridia

Methanogens, Bacteroide:

Dr. Sameer A. Alash

:I:AII photosynthetic (and some nonphotosynthetic) organiamsprotected

from lethal oxidations of singlet oxygen by their

possession of carotenoid pigments which physically react withdinglet

oxygen radical and lower it to its nontoxic "ground" (triplet) state.

Carotenoids are said to "quench" singlet oxygen radicals.
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iMuch more usable energy, in the form of highenergy phosphaibtased
when a molecule of glucose is completely catabolized to catinoade and
water in the presence of oxyg&sB molecules of ATP}han when it is only
partially catabolized by a fermentative process in the absenceygéoi?
molecules of ATP) The ability to utilize oxygen as a terminal electron
acceptor provides organisms with an extremely efficient mechafesm

generating energy.

:I:Most facultative and aerobic organisms contain a high condentrat an
enzyme called superoxide dismutase. This enzyme converts the sd@erox
anion into ground-state oxygen and hydrogen peroxide rithdisig the cell

of destructive superoxide anions:

120,- + 2H+ Superoxide Dismutase Oi +Hi Oi |

:I:The hydrogen peroxide generated in this reaction is amzomgdagent, but

it does not damage the cell as much as the superoxide anidanaisdto
diffuse out of the cell. Many organisms possess catalase or Esexul
both to eliminate the ¥D,. Catalase uses.B, as an oxidant (electron
acceptor) and a reductant (electron donor) to convert peroxideateo and

ground-state oxygen:

ZIIHzoz + H202 (IR ase uses a

reductant other than-,:

TH.0,+ HR  Peroidase mseenRe——
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NAD*

NADH,

uperoxide
Dismutase

[02] + [02] t HZ _’02+H202

2 Hy0

Peroxidase

2 Hzo + 02
(atalase

H,0;
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@0One study showed thé&icultative anaerobes and aerobic organitaoking

superoxide dismutase possess high levels of catalase ordasmxHigh
concentrations of these enzymes may alleviate the need for sidgero
dismutase, because they effectively scaveng®, before it can react with

the superoxide anion to form the more active hydroxyl radical.

@However, most organisms show a positive correlation betweeactivity of

superoxide dismutase and resistance to the toxic effects of oxygen.

@In another studyfacultative and aerobic organisidemonstrated high levels

of superoxide dismutase.

:tThe enzyme was present, generally at lower levels, in some of thelaasmero
studied, but was totally absent in othefi®e most oxygen-sensitive

anaerobes as a rule contained little or no superoxide dismutase

:I:In addition to the activity of superoxide dismutase, the ratehéch an
organism takes up and reduces oxygen was determined to be a factor ir

oxygen tolerance.

'-tVery sensitive anaerobes, which reduced relatively large quantfies
oxygen and exhibited no superoxide dismutase activity, Widesl after

short exposure to oxygen.

:I:More tolerant organisms reduced very little oxygen or else dematstrat

high levels of superoxide dismutase activity.
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iThe continuous spectrum of oxygen tolerance among bacteria appgars

bedue to:
1 . The activities of superoxide dismutase, catalase, and peroxidhse#ill.
2 . Partly, to the rate at which the cell takes up oxygen.
3 . The location of protective enzymes in the cell (surface versuslagtop

4. The rate at which cells form toxic oxygen products (e.g., tfuzaxyl

radical or singlet oxygen).

5 . The sensitivities of key cellular components to the toxigexyproducts.
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Use of Proteins, Polysaccharides & Lipids In Aerobic Respiration

Protgins Polysaccharides Lipids
Ist So f Energy to be Used!
to bgUsed! _ .
/ \ Glycerol Fatty Acids
Glycolysis| PGAL
Amino group
removed p ¢
yruvave Lipids are not used as an
Energy Source Until all
Carbos are used!
Remaining Carbon Aresyl to-d Fatty Acid chain converted to
Chain Acetyl Co-A, 2 carbons ata
\ time.
Urea

Urine

Electron Transport & Chemiosmosis
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1 Glucose

2 Pyruvate ANoerobic Respiration

-
= — 2 NADM « H

o — 2 CcO2

o

ﬁ- 2 Acetyl CoA Aa
or — 6 NADM « M ZQ
Q —p 2 FADH2

2 — 4 €O2

S

Q

<<

10 NAD+
Electron Transport Chain 2 FAD
12 H20

~30-32

Aerobic Respiration Total = 34-36 ATP

imac
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From glycolysis,
the linking step,
and Krebs cycle

\

NADH + H* NAD™

2e  + 2 H"

\

Flavin mononucleotide (FIVIN)

\

Iron-sulfur protein

\

From the —  FADH,
Krebs cycle <>—> 2e~ + 2H" ——— > Coenzyme Q
FAD +

Cytochrome b

\

Iron-sulfur protein

\

Cytochrome c,

\

Cytochrome c

\

Cytochrome a

\

Cytochrome a;

v

2e +2H"

N

1/2 02 Hzo

‘Enér-gy

vEnér‘gy '

.Energy ‘
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Lec. 8

Anaerobic Respiration

-_-tUnIike eukaryotes, some prokaryotes can respire using inargasiecule
other than oxygen as a terminal electron acceptor. They all uiseciron
transport system (ETS) in a membrane and synthesis of ATP via ATP

synthase.

:tAnaerobic respiration is a less efficient form of energy transdtion than
Is aerobic respiration. This is partly due to the lesser amofushergy
released in reactions that involve the reduction of inorgamepoands

other than molecular oxygen.

iNitrate reduction

iSome microbes are capable of using nitrate as their terminal electron
accepter. The energy transfer system (ETS) used is somewhat similar to
aerobic respiration, but the terminal electron transport prakenates its

electrons to nitrate instead of oxygen. Nitrate reducti@ome species (the
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best studied being. coli) is a two electron transfer where nitrate is reduced

to nitrite. Electrons flow through the quinone pool and theatyome b/¢
complex and then nitrate reductase resulting in the transpgitotons

across the membrane.

:I:NOS' + 26 + 2H — NO, +

H.O

:I:This reaction is not particularly efficient. Nitrate does navidl;ngly accept
electrons when compared to oxygen and the potential energyfrgan
reducing nitrate is less. If microbes have a choice, they will uggeox
instead of nitrate, but in environments where oxygen igiiignand nitrate

is plentiful, nitrate reduction takes place.

iDenitrification

iNitrite, the product of nitrate reduction, is still a highlidized molecule
and can accept up to six more electrons before being fully reduced to
nitrogen gas. Microbes existPéracoccus denitrificans, Pseudomonas
stutzeri, Pseudomonas aeruginpaadRhodobacter sphaeroidese a few
examples) that are able to reduce nitrate all the way to nitroged lyas.
process is carefully regulated by the microbe since some of thecpsafu
the reduction of nitrate to nitrogen gas are toxic to metaboli$ns may
explain the large number of genes involved in the procesdhanlimited
number of bacteria that are capable of denitrification. Beloweisllemical

eqguation for the reduction of nitrate t@.N
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U S Gy

i Nitrate Nitrite Nitric oxide  Nitrous oxide rdgen

:tThe advantage for the cell of carrying out a complete reduction afenisr

two fold:

1) The nitrate ETS serves as a place to oxidize NADH and fredd tsed

in catabolism of more substrate.

2) Denitrification takes eight electrons from metabolism andsatdm to
nitrate to form N versus just two for nitrate reduction alone. Also,
donation of electrons from NADH through the cytochrome bémplex
and eventually to nitrous oxide 48) reductase provides another

opportunity to pump protons across the membrane.
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Denitrification in the membrane: NADH dehydrogenase complegoH)
nitrate reductaséNAR)

nitrite reductase(NIR) NO reductase(NOR) N2O reductase(N-OR) Nitrate
proton (AP)

:I:Nitrate reduction has been extensively studied in bactera tduits
significance in the global nitrogen cycle. Denitrification remowésate, an
accessible nitrogen source for plants, from the soil and contéotdN, a
much less tractable source of nitrogen that most plants caiseotThis

decreases soil fertility making farming more expensive

:I:Intermediates of denitrification, nitrous oxide and nitricdexiare gases and
will sometimes escape the cell before being completely reducede Thes
compounds, when in the atmosphere, contribute to the greenhouse effect an
exacerbate global warming. The use of high nitrate fertilizers idemo

agriculture makes matters worse.
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:I:Sulfate reduction

:tThe dissimilatory reduction of sulfate seems to be a stricilgraic process
as all the microbes capable of carrying it out only grow inrenments
devoid of oxygen. Sulfate (S®is reduced to sulfide B, typically in the

form of hydrogen sulfide (5%). Eight electrons are added to sulfate to make

sulfide
iThe and energy yield for sulfate reduction is much lower

than for nitrate or oxygen. However, there is still enough energy to allow the
synthesis of ATP when the catabolic substrate used restlie fiormation

of NADH or FADH. Substrates for sulfate reducers range fronydrogen
gasto aromatic compounds such as benzoate. The most commonly utilized
are acetate, lactatand other small organic acids (lactate, malate, pyruvate
and ethanol are some examplesThese compounds are prevalent in
anaerobic environments where anaerobic catabolism of complaxiorg

polymers such as cellulose and starch is taking place.

iBiochemistry of sulfate reducers

tSulfate reducers take these growth substrates and metabolizéotlaeetate.
The reducing power generated travels downeén

eventually reducing sulfate to hydrogen sulfide and generatieggy using
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Pathway of sulfate

reduction when grown on
lactate. Lactate (in blue) is
oxidized to acetate (in red)
and the electrons remove
eventually end up reducing
sulfate (in blue) to sulfide
(in red). Note that the
energy gained in the
process by substrate level
phosphorylation (SLP) -
converting acetyl
phosphate to acetate -is
used up to activate sulfate
in the first step of sulfate
reduction. Energy for
metabolism 5 only
generated via an electron

transport chain.

APS=adenosylphosphosulphate

Dr. Sameer A. Alash
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Dissimilatory sulfate reduction pathway

Microbial sulfate reduction relies on sequential catalytic reactions in which
reduction of sulfate is coupled with oxidation of Hor simple organic
molecules. This anaerobic respiration pathway is less favoeabl
thermodynamically than aerobic respiration.

iCarbonate reduction

iSeveraI groups of microbes are capable of using carbonatg @3Ca

terminal electron accepter.

iCarbonate is a poor choice to leave the electrons with due to:

1) its low reduction potential
2) energy yields from C@reduction are low

:I:However, carbonate is one of the most common anions in nature and

its ready availability makes it a tempting target.
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:I:Several groups of microbes have evolved mechanisms to take
advantage of carbonate. The most important group among these is the

methanogens.
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:I:HCOs' +4H + H* — CHa4 + 3H0

:I:Methanogensuse compounds that contain very high energy electrons
as their electron donors and in the process convestt€@@ethane
(CH,4). Above is shown the use of hydrogen as the source of electrons.
They are the only group of microbes that produce a hydrocarbon as

major end product of their metabolism.

:I:Another group of carbonate reducing microbes idthreoacetogens
They utilize hydrogen as the electron source and use it toeeciQ

to acetic acid.

THeos + arp + 1 — CH5-COO + 4H,0

:I:Fermentation

:tFermentation is defined as an energy yielding process whereby organic
molecules serve as both electron donors and electron accepters. The
molecule being metabolized does not have all its potentmiggn

extracted from it. In other words, it is not completely oxidized.

--tGeneraI Concepts
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:I:Despite the many methods bacteria employ to ferment organic
compounds, there are some unifying concepts that are true of all

fermentations:

:I: " Is almost always reduced to NADH:Remember that

involves the oxidation of the substrate. These electrons are
removed from the organic molecule and most often given to NAD.
(This is true both in and ). Below is shown an

example of NAD reduction.

:I:Z- Fermentation results in an excess of NADHAccumulation of

NADH causes a problem for anaerobes. They have too much of it and
it prevents further oxidation of substrate due to a lack df&D™ pool
to accept electrons. In many fermentation pathways, the steps afte

energy generation are performed in part to get rid of the NADH.

13- Pyruvate is_often _an_important _intermediate: Many of the

reactions that we will look at eventually end up making pate.
Pyruvate is a valuable intermediate because it can be used for cell
synthesis and many different enzymes can act on it. It ghes t

microbe flexibility.
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:I:4— Energy is derived from Substrate-Level PhosphorylationsP):

Is a type of that results in the formation and creation
of (ATP) by the direct transfer and donation of
a group to (ADP) from a
2In , it occurs primarily and firstly in the
(in ) under both and conditions.Unlike
yrhere the and are

not coupled or joined, although both types of phosphaoylaiesult in
ATP.

Figure 5: Phosphoenolpyruvate is converted to pyruvate with therfation of
ATP. The phosphate highlighted in blue is transferred from PEP to ATP.

:I:S- Enerqgy vields are low: is an inefficient process and much of

the energy of the electrons is lost. Typically energy yields-dr& TP

per substrate molecule fermented.
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:I:6— Oxygen is not involved:Fermentation can involve any molecule

that can undergo oxidation. Typical substrates include sugars (such as
glucose) and sTypical products depend upon the substrate
but can include organic acids (lactic acid, acetic acid), alcohols
(ethanol, methanol, butanol), ketones (acetone) and gasean(H
CO,).
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Lec. 9

Quorum Sensing

Bacteria communicate with one another using chemical signalingcaies as
words. Specifically, they release, detect, wspond to the accumulation of

these molecules, which are calmdoinducers.

2 Detection of autoinducers allows bacteria to:

1) distinguish between low and high cell population density
(accumulation of
signaling molecules enable a single cell to sense the number of

bacteria (cell density))

2) control geneexpression in response to changes in cell number
(allows a

population of bacteria to coordinately
control the gene expression of the entire
community)

2 Many bacterial behaviors are regulated by quorum sensing including:
1) symbiosis
2) bioluminescence
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3) virulence

4) antibiotic production
5) sporulation

6) swarming

7) conjugation

8) biofilm formation

2 This phenomenon was first described in the bioluminesosrine

bacteriumVibrio fischeri

2 V. fischeri lives in symbiotic associationath a number of marine animal
hosts. In these partnerships, tustuses the light produced by fischeri

for specific purposesuch as:
1) attracting prey
2) avoiding predators
3) finding a mate

y In exchange for the light it provides. fischeri obtains a nutrient-rich

environment in which to reside
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y A luciferaseenzyme complex is responsible for light productiow. fischeri
Bioluminescence only occurs whenfischeriisat high cell number, and this

process is controlled by quorwgansing.

y Specifically, the production and accumulation of, #imel response to, a

minimum threshold concentration of anylatechomoserine lactone (HSL)

autoinducer will:

1) regulates density-dependdght production in

8 = fischeri

2) enablesv. fischerito emitlight only inside the specialized light organ of the

host bunhot when free-living in the ocean.

2 There are two reasons for this:

y First, only under the nutrient-rich conditions of the lighgan

canV. fischerigrow to high population densities

ysecondtrapping of the diffusible autoinducer molecule in the
light organwith the bacterial cells allows it to accumulate to a

sufficientconcentration tha¥. fischerican deteat
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W.fischerl
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yThe Lux| protein is responsibleor production of the HSL

autoinducer

ythe LuxR protein is responsible for binding the HSL
autoinducer and activating transcriptiaf the luciferase

structural operon at high cell density

y(The receptor/activator proteins that mediate the cell's
response to them constitute evolutionarily conserved families

of regulatory proteins known as the Luxl and LuxR families)

Acyl-HSL autoinducers freely diffuse through the bacterial membrane,
allowing them to increase in concentration in the exteemaironment in

conjunction with cell population growth.
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As an autoinducer-producing population f fischeri cells grows,the
concentration of autoinducer increases as a function of increasigppulation
density. When the autoinducer concentration reatleasiicromolar range, it can
interact with the LuxR protein, artle LuxR-autoinducer complex binds the
luciferase promoter tactivate transcription. Therefore, this quorum sensing
circuit allows light production to be tightly correlated with thel galpulation

density.

y Communication via Luxl/LuxR (HSL/transcriptional activator)
signaling circuits appears to be the standard mechanism by
which Gram-negative bacteria talk to each other, as quorum
sensing system&sembling the/. fischeri circuit have been
shown tacontrol gene expression in over 25 species of Gram-

negative bacteria.
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y In every case, an acylated HSL is #ignal molecule whose

synthesis is dependent on a Luxl-like protein.

yA cognate LuxR-like protein is responsible for recognitdn
the HSL autoinducer and subsequent transcriptional activatio
of downstream target genes.

Escherichia coli

yA new communication factor have been discovered, that is
produced by the intestinal bactefacherichia coliThe new
factor is secreted by the bacteria and serves as a communication

signal between single bacterial cells.

yThe communication factor formed b. coli enables the
activation of a built-in'suicide moduleWwhich is located on the
bacterial chromosome and is responsible for bacterial cell death
under stressful conditions.
Therefore, the new factor has been designateé (Exira-

cellular Death Factor)

90



Advance Microbial Physiology Dr. Sameer A. Alash
yEDF IS a symmetric, linear pentapeptide whose amino acid

sequence is Asn-Asn-TrpAsn-Asn.

y While suicidal cell death is counterproductive for thevidiial
bacterial cell, it becomes effective for the bacterial community
as a whole by the simultaneous action of a group of cells tha

are signaled by EDF.

yUnder stressful conditions in which the EDF is activated, a
major sub-population within the bacterial culture diesyvalhg

the survival of the population as a whole.

y EDF functions may provide a lead for a new and more efficient
class of antibiotics that specifically trigger bacterial cell ieat
in the intestine bacteriascherichia coland probably in many
other bacteria, including
those pathogens that also carry B XLFLGH PRGXOH’
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Lec. 10

Gram-positive bacteria speak with oligopeptides
YV Gram-positivebacteria have evolved a basic communication

mechanism that gifferent from that used by Gram-negative

bacteria.

Y In this casethe signals arenodified oligopeptideghat are

secreted intthe medium and accumulate at high cell density.
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VY The detectorfor the oligopeptide signals at@o-component

adaptive respongeoteins

Y Bacteria use two-component proteins to detect fluctuaiions
environmental stimuli and relay the information regarding
these changes into the cell. The mechanism of signal
transduction 5 via a conserved

phosphorylation/dephosphorylation mechanism.

VY Analogoudo Gram-negative quorum sensing bacteria, Gram-
positive bacteriaemploy a conserved signal-response
mechanism as the foundatiohthe quorum sensing process,
and the addition of diverse regulat@mymponents fine-tunes

each circuit to the individualized neeafghespecies.
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0A specific precursor peptide is produced.

gThe precursor peptide is modified, processed, and an ATibind
cassette ABC) exporter complex secretes the mature

oligopeptide autoinducer
gThe oligopeptide autoinducer accumulates as the cells grow.

gAt high cell density, the autoinducer is detected by a two-

component signal transduction system.

%cSpecificaIIy, the sensor kinase protein recognizes the
autoinducer and subsequently autophosphorylates at a

conserved histidine residui)

%oThe phosphoryl group is transferred to a cognate response
regulator protein, and this protein is phosphorylated on a

conserved aspartate residig.(

%oThe phosphorylated response regulator binds to specific target
promoters to modulate the expression of quorum sensing

regulated genes.

%dD denotes that the mechanism of signal transduction is by

phosphate transfer between the regulatory elements.
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Multilingual bacteria

Y recent studiesuggest that bacteria may have evolved multiple

languages thaterve different purposes.

Y It appears that many bacteria possesgecies-specific language

as well as a species-nonspecific language.

2 These findings imply that bacteria:

1) can assess their own populationmbers and also the

population density of other species of bacterihe vicinity.

2) Furthermore, distinct responses to the intraspeaias
interspecies signals allow a particular species of badteria
properly modulate its behavior depending on whether it

makedup a majority or a minority of any giveonsortium.

2 In Gram-negative bacteria, two typesfo$ have been observed
(Al-1 and Al-2):

1) Al-1 moleculesare N-acyl-homoserine lactones
(AHL)

2) Al-2is a unique furanosyl borate diester
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2 TheAl-1 regulatory system consists of two structural genes :

1) luxl that encodes th&l -1 synthase

2) luxR that encodes th&l -1 response regulator
2 luxl andluxkR homologues are present in a wide variety of gram-

negative bacteria and control numerous processes ranging from

virulence genes to biofilm formation

yThe gene responsible fokl-2 production (luxS) is highly
conserved across many species and the abilityl &f from a
diverse group of species to regulate gene expression in other
bacterial species indicates that it may have a

role in inter-species communication as opposed to intraespeci

communicain typical of Al-1 autoinducers.

yThe Al-2 system is particular interesting because it has been

correlated with pathogenicity of several organisms.

yWith respect to symbiosis multiple signaling systemy ioa
important in a complex community structure such as the
rhizosphere where bacterial species need to coordinate their

activities with bacteria of the same species as well as a host o

other bacterial species.
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y the cognate sensors LuxN and LuxPQ recognize Al-1 and Al-2,

respectively.

y LuxP is a soluble periplasmprotein, which is proposed to be
the primaryreceptor for Al-2. LuxP, in complex with Al-2,

interacts witlLuxQ to send the AI2 signal.

yLuxN and LuxQ are two component hybrid sensor
kinase/response regulatorproteins that funnel their
phosphorylation signals to a shanategrator protein called
LuxU whichis in turnchannels the signal to a final response
regulator protein calleduxO that induces the expression of a

repressor of the luciferase structwpéron (luxCDABE).
y This putative repressa called X.

yA transcriptional activator called LuxB® also required for
expression of luxCDABE. However, the V. harveyi LuxR is not
similarto the LuxR from V. fischeri and other Gram-negative

quorum sensingacteria.

yTheV. harveyi quorum sensing circuit is proposed to function

as follows:

1) At low cell density, in the absence of Al-1 ahld2, LuxN

and LuxQ areautophosphorylating kinasehat transfer

phosphatdo LuxU.
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2) LuxU subsequently transfers the phosphatausd.

3) Phospho-LuxO is active.

4) In conjunction with the alternative sigma factor
54 phospho-LuxO activates the transcription of
X, and X, in turnyepresseshe expression of luxCDABE.
Therefore, under the low cell

density conditiorVV. harveyi makeso light.

yAt high cell density, when the autoinducers have accumylated
interaction of Al-1 and Al-2 with LuxN and LuxPQ induces
LuxN and

LuxQ toswitch from kinase mode to phosphatase mode

yAs phosphatasesuxN and LuxQdrain phosphate from LuxO
via LuxU. DephospholLux@ inactive.Thus, the repressor X is
not transcribed, and the LuxR proteictivates transcription of
luxCDABE. Therefore, under the higell density condition V.
harveyi emitdight.

y Many experiments led to the hypothdbist\/. harveyiuses Al-
1 for intra-species
communication andAl-2 for interspecies cell-cell
signaling
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Two languages are better thanone ——— — — —

2 P. aeruginosdiofilms exist in the lungs of cystic fibrosis (C&)fferers. An
intact quorum sensing circuit is required for prapefilm formation byP.
aeruginosa

2 B. cepacias an emerging pathogen in @ffections. Usually CF individuals
infectedwith B. cepaciare coinfected witl?. aeruginosa

2 Addition of P. aeruginosautoinducers to
B. cepaciainducesthe expression oB. cepaciavirulence factors. It is
hypothesizethat
P. aeruginosas the primary colonizer in the CF lung, ammderspecies
communication allows

B. cepacido establish itseih the host
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